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Abstract T!

Objective: To study the association between APOE genotype and PD with or without dementia.



Methods: The study formed part of the Rotterdam Study, a prospective, population-based cohort study
on the frequency, etiology, and prognosis of chronic diseases. The cohort examined for PD consisted
of 6969 independently living or institutionalized inhabitants from a suburb of Rotterdam, the
Netherlands, aged 55 years or older. All participants were screened at baseline (1990 to 1993) and at
follow-up (1993 to 1994) for symptoms of parkinsonism by study physicians; screen positives received

a diagnostic workup by a neurologist.

Results: APOE genotyping was available for 107 PD patients (26 with and 81 without dementia) and
4805 non-PD control subjects. The presence of at least one [epsilon]2 allele significantly increased the
risk of PD (OR = 1.7; 95% Cl, 1.0 to 2.8). When we looked separately for demented and nondemented
PD patients as compared with nonparkinsonian controls, APOE did not appear to be associated with PD
without dementia, but both the [epsilon]2 and the [epsilon]4 allele increased the risk of PD with
dementia (OR = 5.6; 95% Cl, 2.0 to 15.2 and OR = 3.6; 95% Cl, 1.3 to 9.9). The risk of dementia for
[epsilon]4 allele carriers was not significantly different for persons with or without PD. However, the

[epsilon]2 allele strongly increased the risk of dementia in patients with PD (interaction p < 0.007).

Conclusions: In the elderly the APOE-[epsilon]2 allele increases the risk of PD and, in particular, the

risk of PD with dementia.

It has been suggested that PD and AD share clinical and neuropathologic features. 1-3 It is known that
PD patients frequently develop dementia, and AD patients frequently develop parkinsonism. Both are

age-related disorders characterized by intraneuronal inclusion bodies. 4

The APOE-[epsilon]4 allele has been associated with both AD 5 and Lewy body disease. 6,7 Reports on
APOE genotype and PD are not consistent. Some studies have reported an association between the
APOE-[epsilon]4 allele and PD or PD with dementia, whereas others have not. 8,9 In the majority of
these studies little attention was paid to the [epsilon]2 allele and PD. However, in most of these
studies, but not all, 10 the [epsilon]2 allele frequency was higher in PD patients 8,11-13 or in PD
patients with dementia, 14,15 although this was not statistically significant. Recently, a significant
association of the [epsilon]2 allele with sporadic PD was reported, although no subdivision was made
between demented and nondemented PD patients. 16 We studied differences in the APOE genotype
distribution among PD patients with and without dementia as compared with nonparkinsonian control

subjects from the Rotterdam Study.



Methods. T

Study population. ¥

The study formed part of the Rotterdam Study, a prospective, population-based cohort study on the
frequency, etiology, and prognosis of neurologic, cardiovascular, locomotor, and ophthalmologic
diseases, as described previously. 17 Briefly, all inhabitants of a suburb of Rotterdam aged 55 years
and over, including those living in homes for the elderly, were invited to participate. A total of 7,983
individuals (a 78% response rate) agreed to participate and of these, 6,969 (68%) underwent screening
for parkinsonism at baseline (1990 to 1993), as described extensively elsewhere. 18 Informed consent
was obtained from each participant and the study was approved by the Medical Ethics Committee of

the Erasmus Medical Center Rotterdam, The Netherlands.

Case ascertainment and diagnosis of PD. *

All 6969 participants were interviewed about previous diagnosis of PD or antiparkinsonian drug use and
screened for symptoms of parkinsonism by study physicians at the research center. All individuals who
either used antiparkinsonian drugs, reported that they had PD, or had at least one possible cardinal
sign of parkinsonism (resting tremor, bradykinesia, rigidity, and postural disturbances) at the
screening examination received a structural diagnostic workup by a neurologist. PD was diagnosed in
persons with at least two of four cardinal signs and no other apparent cause of parkinsonism. 18 At
baseline, of 129 individuals with parkinsonism 98 had PD. The other causes of parkinsonism were:
parkinsonism associated with dementia (9); drug-induced parkinsonism (3); parkinsonism related to
vascular disease (1); multisystem atrophy (2); progressive supranuclear palsy (1); and other causes
(15), which included parkinsonism and dementia with no clear time relationship between the two,
more than one possible cause, as well as subjects in whom all causes of PD could be excluded but who
had not shown any progression over more than 15 years in the course of disease and who did not
respond to antiparkinsonian drugs. 18 At follow-up (1993 to 1994), 6,840 participants, screened for
symptoms of parkinsonism at baseline, were at risk for developing parkinsonism. Participants who
were demented at baseline were considered at risk for parkinsonism but not for PD. Follow-up
information was available on 6,778 (99%) individuals either through complete reexamination at the
research center or through our surveillance system, which continuously monitors the total cohort for
incident cases of parkinsonism. Through this surveillance system, which consists of computer links to
general practitioners and pharmacies’ automated medical record systems, we were notified of
incident cases of parkinsonism, including PD, and had access to the patients medical records. A total
of 5,310 participants were completely reexamined in a similar manner to the two-phase design used

at baseline. Of those who could not be reexamined, 449 had died and 558 refused screening



examinations; in 461 the screening examination was incomplete. In the follow-up period, 62
individuals with parkinsonism were identified, of whom 35 had PD, three with dementia. The other
causes of parkinsonism were similar to those at baseline: parkinsonism with dementia (8 cases, of
whom 6 were already demented at baseline); drug-induced parkinsonism (1); multisystem atrophy (2)
progressive supranuclear palsy (1); and other causes (15), which included parkinsonism and dementia
with no clear time relationship between the two (7), more than one possible cause, and subjects in
whom all other causes of parkinsonism could be excluded but who did not respond to antiparkinsonian
drugs (8). Neuroimaging was only performed in 20 subjects (35%) in whom the cause of parkinsonism

was not obvious from physical examination alone.

In total, 133 individuals with PD were identified, of whom 107 had the APOE genotype. Of these 107
patients, 26 were diagnosed as having PD with dementia and 81 as having PD without dementia. Of
the 26 PD patients with dementia, the diagnosis was obtained from general practitioners in nine and
confirmed by a neurologist not affiliated to our institute in eight. Of the 81 PD patients without
dementia, the diagnosis was obtained from the general practitioner in 12 and confirmed by a
neurologist in 10. All other PD patients were seen in person and the diagnosis was made by
neurologists affiliated with our department. In total, six of the 61 PD patients with APOE genotyping

who were not demented at baseline developed dementia at follow-up.

Diagnosis of dementia. *

A three-phase design was used, both at baseline and at follow-up, to diagnose dementia according to
the American Psychiatric Association’s criteria (Diagnostic and Statistical Manual of Mental Disorders,
3rd Edition, Revised) 19 and has been described elsewhere. 20,21 Briefly, all participants were
screened with a cognitive test; those who screened positive underwent further neuropsychological
testing and those suspected for dementia were examined in detail and, if possible, had a MRI brain
scan. Of subjects who could not be examined in person, diagnosis was obtained from the general
practitioner and medical records through our surveillance system. For the diagnosis of PD with

dementia, the onset of PD had to clearly precede the onset of dementia.

APOE genotyping. *|

APOE genotyping was performed on coded DNA samples from the total cohort as described previously,
22 without knowledge of the clinical diagnosis. PCR was performed and the amplification products

were digested with H ha |, separated on an agarose gel, stained with ethidium bromide, and visualized



with ultraviolet light. The results were analyzed by three independent experts. APOE genotyping was

repeated in case of discrepancies.

Data analysis. *

We used multivariate logistic regression analysis to calculate the OR with 95% ClI, to assess whether
the presence of at least one [epsilon]4 allele (APOE *4) or [epsilon]2 allele (APOE *2) was associated
with PD with or without dementia, as compared with nonparkinsonian control subjects from the
Rotterdam Study. In this logistic model, PD was the dependent variable whereas APOE genotype (with
dummy indicating APOE *4, APOE *2, and APOE 3E3) was the independent variable. The most frequent
genotype APOE 3E3 was used as the reference. Additionally we used multivariate logistic regression
analysis to examine the risk of dementia in PD patients as compared with nonparkinsonian control
subjects, stratified by APOE genotype. In this model, dementia was the dependent variable whereas
PD, APOE genotype, and the multiplicative interaction between PD and APOE were used as
independent variables. To test whether our results were due to misclassification of AD as PD with
dementia, we conducted similar analyses for patients with dementia with parkinsonism from the same
study population. The diagnosis of dementia with parkinsonism was made for patients with at least
two cardinal signs and no other apparent cause of parkinsonism except dementia, taking into account
that the onset of dementia had to clearly precede the onset of parkinsonism or both were diagnosed
at the same time. Moreover, to rule out the possibility of survivorship bias as an alternative
explanation for our results, we used COX proportional hazard models, first to determine prospectively
if the presence of an [epsilon]2 or [epsilon]4 allele increased the risk of PD, and second to determine
the risk of the development of dementia during longitudinal follow-up in PD patients who were not
demented at baseline. In the first analysis, PD was the dependent and APOE genotype the
independent variable, whereas in the second analysis dementia was the dependent and APOE
genotype the independent variable. In all analyses we adjusted for age at examination at baseline and
gender and we excluded subjects with the APOE 2E4 genotype, as this genotype may obscure
differences between APOE *2 and APOE *4.

Results. *

The characteristics of the study population and the APOE genotype distributions are summarized in
table 1. After exclusion of participants with the APOE 2E4 genotype (three patients with PD and 132
nonparkinsonian participants), APOE genotype was available for analyses for 104 PD patients (22
prevalent and three incident PD with dementia and 55 prevalent and 24 incident PD without

dementia) and 4673 nonparkinsonian controls. All genotype distributions were in Hardy-Weinberg



equilibrium. The crude and adjusted ORs with 95% CI for the associations between the APOE genotype

with PD with and without dementia are listed in table 2. Persons with at least one [epsilon]2 allele

had PD significantly more often (OR = 1.7; 95% Cl, 1.0 to 2.8). We found no association between the
[epsilon]4 allele and PD (OR = 1.0; 95% ClI, 0.6 to 1.6). For nondemented PD patients as compared with
nonparkinsonian subjects, no association was found for either the [epsilon]2 allele (OR = 1.2; 95% Cl,
0.7 to 2.2) or the [epsilon]4 allele (OR = 0.7; 95% Cl, 0.4 to 1.2). However, the risk of PD with
dementia was strongly increased by both the [epsilon]2 allele (OR = 5.6; 95% ClI, 2.2 to 15.2) and the
[epsilon]4 allele (OR = 3.6; 95% Cl, 1.3 to 9.9). To assess whether these findings could be explained by
misclassification of AD as PD with dementia, we performed similar analyses for 27 patients with
dementia with parkinsonism. We found a strong association for the [epsilon]4 allele (OR = 4.1; 95% Cl,
1.7 t0 9.7) as expected, but no association for the [epsilon]2 allele (OR = 1.7; 0.5 to 5.6) with
dementia with parkinsonism (see table 2). When we restricted ourselves to incident cases of PD,
results were similar to those for the entire group of PD patients (for at least one [epsilon]2 allele,
adjusted OR = 2.0; 95% ClI, 0.8 to 5.2; for at least one [epsilon]4 allele, OR = 1.5; 95% Cl, 0.6 to 3.6).
When we looked prospectively at the risk of dementia in PD patients who were not demented at
baseline, we found that the presence of at least one [epsilon]2 allele strongly increased the risk of
dementia (OR = 13.5; 95% CI, 1.3 to 136.2), but we found no such relation for at least one [epsilon]4
allele (OR =1.5; 95% Cl, 0.6 to 3.7).

Table 1. The characteristics and the distribution of the APOE
- genotype and alleles of the study population* Numbers of subjects

* are given in parenthesis.T Numbers of alleles are given in

[Help with image viewing] parenthesis.
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Table 2. The association between the APOE genotype and PD with
and without dementia and dementia with parkinsonismValues are

expressed as OR (95% Cl).* Adjusted for age and gender.
[Help with image viewing]
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The ORs with 95% CI for the association between PD and dementia stratified by APOE genotype are

listed in table 3. Overall, patients with PD had an almost three times higher risk of dementia as

compared with nonparkinsonian participants. This appeared entirely due to the increased risk of
dementia among PD patients with either an APOE *4 or APOE *2 genotype. The strength of the
association between PD and dementia in the APOE *2 stratum as compared with the APOE *4 stratum
or the APOE 3E3 stratum suggested a multiplicative interaction between PD and the APOE *2
genotype. Adding a multiplicative interaction term for PD and the APOE genotype to the multivariate

model revealed a strong interaction between the APOE *2 genotype and PD (p < 0.007).

Table 3. The risk of dementia in patients with PD stratified by the

APOE genotypeValues are expressed as OR (95% Cl).* Adjusted for
[Help with image viewing]

age and gender.
[Email Jumpstart To Image]

Finally, we verified the well-established association of the [epsilon]4 allele with dementia in the
control population (n = 4763). As expected, the presence of at least one [epsilon]4 allele significantly
increased the risk of dementia (OR = 2.2; 95% Cl, 1.7 to 2.9), whereas the [epsilon]2 allele was not

associated with dementia (OR = 0.8; 95% Cl, 0.5 to 1.2).

Discussion. |

In this study of the elderly, we found that carriers of the APOE-[epsilon]2 allele had a significantly
increased risk of PD, in particular of PD with dementia, and that presence of at least one [epsilon]2
allele multiplied the risk for developing dementia in PD patients. The APOE-[epsilon]4 allele was not
associated with PD overall, but, as expected, the [epsilon]4 allele increased the risk of dementia in PD
patients in a manner similar to the way it increases the risk of dementia in the general population. No

associations were found between the APOE genotype and PD without dementia.



One should consider whether our findings could result from bias, in particular misclassification, or
selection or survival bias. We consider misclassification of AD or Lewy body disease as PD with
dementia unlikely, as we carefully restricted the diagnosis of PD to those in whom the onset of
parkinsonian signs had clearly preceded the cognitive changes in absence of other clinical features.
Moreover, if misclassification had occurred, it might in part account for the associations we found for
the [epsilon]4 but not for the [epsilon]2 allele. Selection bias is a potential threat in association
studies. In contrast to other studies, 8,9 our control population was both derived from the same
source population as the PD patients and based on a general, not necessarily healthy, elderly
population, including institutionalized persons. This minimized the possibility of selection bias in our
study. Finally, because the [epsilon]2 allele has been reported to be a genetic factor for longevity, 23
one should consider that our findings might be a result of selective survival. In order to rule out bias
due to selective survivorship, we looked at the risk of dementia prospectively in nondemented PD
patients and found that presence of the [epsilon]2 allele did increase the risk of the development of
dementia in nondemented PD patients. Although the CI of the point estimate was wide, mainly due to
the small sample size, these results confirmed the overall findings. Moreover, we studied survival of
carriers of the [epsilon]2 allele in the Rotterdam Study, but found no association between APOE *2 and
survival (unpublished data). Hitherto, only one study reported an association between the [epsilon]2
allele and PD, but without distinguishing between PD patients with or without dementia. 16
Nevertheless, when we reviewed the studies that investigated APOE genotype in relation to PD, we
found that in most the frequency of the [epsilon]2 allele in PD patients 8,11-13 or in PD patients with
dementia 14,15 was actually increased, although this increase was not statistically significant. These
other observations corroborate our view that the association we found between the [epsilon]2 allele
and PD with dementia is true. However, the population screened in this survey was aged 55 years and

older and our findings therefore may not generalize to younger patients with PD.

It is as yet unclear what the underlying pathologic mechanism might be. Whereas the [epsilon]4 allele
occurs at an increased frequency in patients with AD, 24 and [beta]-amyloid plaques and
neurofibrillary tangles are increased in the brains of individuals with as compared with those without
the [epsilon]4 allele, 25,26 the [epsilon]2 allele does not increase the risk of AD. If anything, it has
been suggested to play a protective role in AD and senile plaque formation. 24,27 Interestingly,
however, a high frequency of the [epsilon]2 allele in a subset of patients with neurofibrillary tangle-
predominant senile dementia was recently reported. 28 The authors hypothesized that this type of
dementia was distinct from AD. 28 Moreover, the [epsilon]2 allele has been associated with
argyrophilic grain disease, 29 and an association of the [epsilon]2 allele with cerebral amyloid

angiopathy has been reported. 30



The strong association of APOE *2 with PD with dementia and not PD without dementia or dementia
with parkinsonism, and the observation that the [epsilon]2 allele strongly increases the risk of
dementia in nondemented PD patients suggests that PD with and without dementia have, at least
partly, a different pathogenesis. Further research to elucidate a possible specific role of the

[epsilon]2 allele in neurodegeneration is required.
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