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Abstract

studied in older populations.

(odds of MMSE <25 =0.35, 95% CI 0.14-0.90; p = 0.03).

Background: APOE is the biomarker with the greatest known influence on cognitive function; however, the effect
of complex haplotypes involving polymorphisms rs449647, rs405509, rs440446, rs429358 and rs7412 has never been

Methods: We evaluated APOE polymorphisms using multiplex PCR for genotyping and Mini-Mental State Examination
(MMSE) to evaluate cognitive function in 819 individuals from VA Normative Aging Study.

Results: Combinatorial analysis of all polymorphisms and individual analysis of polymorphisms rs449647, rs405509,
rs440446 and rs7412 did not show any association with cognitive performance. Polymorphism rs429358 was associated
with better cognitive performance (odds of MMSE <25 = 0.63, 95% Cl 0.42-0.95; p = 0.03) in the oldest subsample
(5™ quintile of age) (odds of MMSE < 25 = 0.34; 95% Cl 0.13-0.86; p = 0.02). APOE allele €4 was also associated with
better cognitive performance (odds of MMSE <25 =0.61, 95% CI 0.40-0.94; p = 0.02), also in the oldest subsample

Conclusions: These results suggest a beneficial effect of polymorphism rs429358 in the oldest men.

Keywords: APOE, Epsilon, Alleles, Haplotypes, Cognitive decline, Aging, Genetic variants

Background
As the U.S. population ages, there is growing concern
about the loss of mental acuity that is common through
aging and associated with high financial cost [1], loss of
independence [2] and mortality [3-5]. It has been estimated
that at least 10% of people 65 years or older and 50%
of those > 85 years old have some form of cognitive
impairment, ranging from mild deficits to dementia [6].
Biomarkers that predict future risks are critical to design
targeted prevention of cognitive decline. Apolipoprotein E
(APOE) is a protein involved in transport of cholesterol
and lipids throughout the body. It also mediates clearance
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of plasma lipoproteins and contributes to redistribution
of lipids to cells [7]. APOE &4 allele, derived from the
combination of polymorphisms rs429358 and rs7412, is
the biomarker with the greatest known influence on the
risk of developing Alzheimer’s disease (AD). Nonetheless,
the €4 allele has been found to be “protective” for AD in
specific age groups, such as younger ages that precede the
bulk of AD diagnosis [8-10] and in population older than
90 years old [11].

In addition to the single nucleotide polymorphisms
(SNPs) used to define the epsilon alleles, two SNPs located
in the promoter region of APOE have been described:
rs449647 and rs405509 [12]. Evidence suggests that this
region modulates transcriptional activity of APOE and that
these polymorphisms may influence its effect on AD
[13,14]. Two studies in populations from Italy have
found an increased frequency of the A/A genotype and
A allele of rs449647 in AD [15,16]. Bizarro et al. [15],
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and Lescai et al. [17], have reported higher frequencies of
the G allele in rs405509 in AD than in controls (42.60%
vs. 29.29%), whereas the frequency of the T allele for this
polymorphism was lower in AD than in controls (32.5%
vs. 48.0%) [15]. Polymorphism rs440446, located in intron
1 (enhancer), also affects transcriptional activity of APOE
[18,19]. However, the effect of polymorphisms rs449647,
rs405509, rs440446 and their haplotypes on cognitive
function in older populations has never been studied.
In this study, we evaluated the influence five APOE poly-
morphisms, including the epsilon alleles, in modulating
cognitive function in men between the ages of 49 and
97 years participating in the prospective VA (Veterans
Affairs) Normative Aging Study cohort.

Methods

Study participants

The U.S. Department of Veterans Affairs (VA) Normative
Aging Study (NAS) is an ongoing longitudinal cohort
that was established in 1963, which included men who
were 21-81 years old and free of known chronic medical
conditions at entry [20]. Men have been subsequently
invited to medical examinations every three to five years.
Additionally, participants completed cognitive testing
since 1993. Participants who had experienced a stroke
before the first cognitive test were excluded (3% of indi-
viduals), leaving a total of 819 individuals with cognitive
testing and complete genotyping. The NAS study was
approved by the Institutional Review Boards (IRB) at
participating institutions and all participants provided
written informed consent at each visit.

Genotyping

Genetic polymorphism measurements included rs449647,
rs405509, rs440446, rs429358 and rs7412. Multiplex PCR
assays were designed using Sequenom SpectroDESIGNER
software by inputting sequences containing the single
nucleotide polymorphism (SNP) site and 100 bp flanking
sequence on either side of the SNP. Most assays were
genotyped using the Sequenom MassArray MALDI-
TOF mass spectrometer (SpectroDESIGNER, Sequenom).
Assays that failed to multiplex were genotyped using
TagMan 5" exonuclease (Applied Biosystems, Foster City,
CA) and ABI PRISM 7900 Sequence Detector System.

Cognitive test

We administered the Mini-Mental State Examination
(MMSE), a test of global cognition that assesses multiple
cognitive areas, including orientation, immediate and
short-term recall, attention and calculation, word finding,
figure construction, reading and writing skills, and the
ability to follow a 3-step command [21]. MMSE was
designed as a dementia screening tool, but has been
extensively validated and used in epidemiological research.
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The range of scores in MMSE is 0 to 30, corresponding to
the lowest and the highest cognitive performance, respect-
ively; however, in this study, the maximum MMSE score
was 29 due to the exclusion of the question on the county
of residence, which has limited meaning in Massachusetts
[21,22]. We included cognitive data from study visits
performed from 1993 through 2004. Although up to 4
cognitive tests were completed by some study partici-
pants, we analyzed only the first cognitive test for each
participant to avoid bias related to better MMSE scores
in repeated tests for each participant due to practice
effect [23]. Also, we note that a large proportion of
participants did not have repeated MMSE measures
over time. Analyses considering cognitive decline are
beyond the scope of this manuscript.

Statistical analysis

Because of the presence of a ceiling effect at the highest
MMSE score (MMSE score = 29), which was observed
in 13.06% of our measures, we created a dichotomized
variable for inferior MMSE performance. This approach
has been used previously to provide more robust results
on this dataset [24-26]”. As the MMSE is often used
clinically to screen for dementia, inferior MMSE per-
formance is likely to reflect clinically relevant cognitive
impairment. Only 5.01% of our observations exhibited
scores <24, which is the typical screening cut-off score
used in research on dementia. Therefore we considered
scores <25 as low performance (22.10% of our observa-
tions), as used in previous studies [27,28]. We evaluated the
main effect of APOE epsilon alleles, complex haplotypes
(observed combinations), and individual polymorphisms
on the odds of having a low MMSE score using logistic
regression with generalized estimating equations (GEE).
All models were adjusted for potential confounders or
predictors of cognitive function assessed at the time of
the MMSE, including age at cognitive assessments (as a
continuous variable), education (<12, 12-16, >16 years),
total cholesterol (continuous), first language (English/not
English), computer experience (yes/no), smoking (current,
former, never), body mass index (BMI) (<25, >25 Kg/mz),
physical activity (<12, 12-30, 230 metabolic equivalent
hours (MET-hr) per week), alcohol intake (<2, >2 drinks/
day), percentage of the participants that are non-white,
percentage of the participants with at least a college
degree, hypertension (yes/no), dark fish consumption
(<once a week, >once a week), and diabetes (yes/no;
defined as having reported diagnosis of diabetes or
having fasting glucose above 126 mg/dl). To determine
the presence of a beneficial effect in the youngest
population, described as the “antagonistic pleiotropyc
effect” and previously reported for APOE €4 [29], a
similar GEE approach was performed, stratified by
quintiles of age. Additionally, to assess potential interaction
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between age and APOE ¢4, we created a multiplicative term
between age (as a continuous variable) and APOE ¢4,
and included it in the model along with the main
effects. Hardy-Weinberg and linkage disequilibrium were
determined using the PROC HAPLOTYPE statement
from SAS software. Finally, all tests were two-sided and
p-values < 0.05 were considered statistically significant.
SAS software (Version 9.3, SAS Institute Inc., Cary,
NC) was used for all statistical analyses.

Results

Characteristics of participants and frequencies

Most of the participants (48.72%) were in the 60—69
years age group, and 34.68% were 70-79 years old. All
of the participants were male and 95% of them were
white. The study sample had 7.33% current smokers and
50.67% reported 12—16 years of education (Table 1). The
minimum value for years of education was 6 years. All
five polymorphisms had minor allelic frequency of at
least 7%, although the frequency of persons who were
homozygous variant ranged from 0.5% to 23% (Table 2).
We constructed a model of all the observed haplotypes
using the three genetic conditions (wild-type, heterozygous,
polymorphic homozygous) for each polymorphism and
we found 54 combinations. The top ten most frequent
haplotypes are shown in Table 3. Based on epsilon alleles
distribution, alleles €3, €4 and €2 showed frequencies of
78.91%, 13.87%, and 6.16%, respectively. Frequencies of
epsilon haplotypes are also shown in Table 3.

Cognitive function according to APOE polymorphisms
and haplotypes
Complex haplotypes (combination of genotypes) exhibited
no association with MMSE < 25 (p > 0.05) (Table 4). Also,
analysis of each polymorphism was not associated with
effect on cognitive performance for most of the alleles
(Table 5). Only individuals homozygous for rs429358
minor allele exhibited better cognitive performance rela-
tive to wild type and heterozygous in both unadjusted
(OR =0.63, 95% CI 0.42-0.95 for the odds of MMSE < 25;
p=0.03) and adjusted models (OR =0.62, 95% CI 0.41-
0.95; p = 0.03) (Table 5). Multivariable adjusted analysis of
the effect of rs429358 on quintiles of age showed better
cognitive performance only in the oldest population
(5™ quintile of age, Q5) (OR for MMSE < 25 = 0.34;
95% CI 0.13-0.86; p =0.02) (Figure 1; Additional file 1:
Table S1). Age also modified the association between
rs429358 and cognitive function using the subset Q3-Q5
(OR using unadjusted model =0.89, 95% CI = 0.80-0.99,
p =0.03; OR using fully adjusted model = 0.90, 95% CI
0.81-1.01; p = 0.072) (Additional file 1: Table S2).
Analysis of APOE &4 allele showed that this allele was
also associated with better cognitive performance (odds of
MMSE <25 =0.61; 95% CI 0.40-0.94; p = 0.02) compared
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Table 1 Demographic characteristics of participants
(n=819)

Variable n %
Age, years

<60 92 11.23%

60-69 399 48.72%

70-79 284 34.68%

280 44 537%
Education

6-12 yrs 245 29.91%

12to 16 yrs 415 50.67%

> 16 yrs 159 1941%
Smoking status

Never 245 29.91%

Former 514 62.76%

Current 60 7.33%
Alcohol consumption

Yes 643 7851%

No 176 21.49%
History of diabetes*

Yes 719 87.79%

No 100 12.21%
Computer experience

Yes 352 42.98%

No 467 57.02%
English as first language

Yes 814 99.39%

No 5 0.61%
Hypertension

Yes 504 61.54%

No 315 38.46%
BMI

>25 640 78.14%

<25 179 21.86%
Physical activity (MET-hr)

<12 442 53.97%

12-30 217 26.50%

>30 160 19.54%
Dark fish consumption

< once a week 674 82.30%

2once a week 145 17.70%

*History of diabetes defined as having reported diagnosis of diabetes or
having fasting glucose above 126 mg/dl.
MET-hr: metabolic equivalent hours.

to non-carriers. Analysis by quintiles of age exhibited a
progressive improvement of cognitive function associated
with APOE €4 in the population within the highest
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Table 2 Frequencies of genotypes and alleles in APOE

Genotypic frequencies

Allelic frequencies

1449647

rs405509

15440446

rs429358

rs7412

WT (AA)
HT (AT)
Poly (TT)
WT (AA)
HT (AQ)
Poly (CO)
WT (GG)
HT (GO)
Poly (CO)
WT (TT)
HT (TO)
Poly (CO)
WT (CQO)
HT (CT)
Poly (TT)

64.47%
32.23%
3.30%
28.08%
49.08%
22.83%
40.78%
44.69%
14.53%
74.4%
23.7%
2.0%
85.59%
13.92%
0.49%

A
T

80.59%
1941%

52.63%
47.37%

63.13%
36.87%

86.20%
13.80%

92.55%
7.45%

WT = Wild-type; HT = Heterozygous; Poly = Polymorphic.

three quintiles of age (Q3-Q5), although APOE €4 was
significantly associated with better cognition only in the
oldest group (Q5) (odds of MMSE <25 in Q5=0.35,
95% CI 0.14-0.90; p = 0.03) (Figure 2; Additional file 1:
Table S3). Although all APOE haplotypes were tested,
only €4 decreased the risk of having low cognitive

Table 3 Frequency of APOE haplotypes

Table 4 Association between APOE combinatorial
haplotypes and MMSE <25 (carriers vs. non-carriers)
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Unadjusted

Combinatorial OR (95% CI) p

a 0913 (0.572 - 1457) 0.704
b 1.406 (0.890 - 2.221) 0.144
C 1.260 (0.773 - 2.053) 0.354
d 1410 (0.807 - 2.462) 0227
e 0.724 (0346 - 1.514) 0.391
f 1.655 (0.795 - 3.447) 0.178
g 051 (0.177 - 1.481) 0216
h 1.007 (0400 - 2.534) 0.988
i 1.007 (0400 - 2.535) 0.988
j 0364 (0.084 - 1.578) 0.177

scores (Table 6). To determine the role of age in the
association between APOE €4 and cognitive function in
the oldest group (Q5), we analyzed the effect of age
using the last three quintiles of age (Q3-Q5). Results
exhibited a modest interaction of age on the association
between APOE €4 and cognitive function in the oldest
population (Q3-Q5) (OR using unadjusted model = 0.89,
95% CI=0.81-0.99, p=0.03; OR using fully adjusted
model = 0.90, 95% CI 0.80-1.01; p = 0.08) (Additional file 1:
Table S4). Additional analysis of polymorphisms rs449647,

Combinatorial n rs449647 rs405509 rs440446 rs429358 rs7412 Frequency
a 125 AA AC GC T cC 15.26%
b 109 AA AA GG T CcC 1331%
C 97 AT AC GC T cC 11.84%
d 68 AA cC cC T CcC 8.30%
e 52 AA AC GG TC CcC 6.35%
f 35 AT CcC cC T CcC 4.27%
g 31 AA cC GC TC cC 3.79%
h 27 AA AA GG TC CcC 3.30%

i 27 AT AA GG T (@) 3.30%

j 21 AA AA GG T CcT 2.56%
Other 227 27.72%
Epsilon

€3e2 93 11.36%
€2¢e2 4 0.49%
€3e4 174 21.25%
g4e4 20 2.44%
g4el 15 1.83%
elel 1 0.12%
€3e3 512 62.52%
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Table 5 Association between APOE polymorphisms and MMSE <25
Unadjusted Fully adjusted*
Analysis OR (95% Cl) p OR (95% Cl) p
15449647 a 0431 (0.128 - 1.449) 0.174 0420 (0121 - 1.462) 0424
b 1.190 (0.846 - 1.673) 0317 1.166 (0815 - 1.669) 0401
rs405509 a 1.201 (0.819 - 1.762) 0.349 1.237 (0.824 - 1.857) 0.304
b 0.994 (0.689 - 1.435) 0.975 0.955 (0.649 - 1.406) 0817
15440446 a 1.360 (0.873 - 2.120) 0.174 1.305 (0813 - 2.094) 0.271
b 1.024 (0.732 - 1.434) 0.889 0.997 (0.700 - 1.421) 0.989
1s429358 a 0498 0112 -2212) 0.359 0.591 (0125 - 2.799) 0.507
b 0634 (0422 - 0.954) 0.029 0620 (0.405 - 0.950) 0.028
1s7412 a N/A N/A
b 0.732 (0442 - 1.211) 0.225 0.697 (0411 -1.182) 0.180

N/A: Low number of individuals.
OR = 0dds Ratio; 95%Cl = 95% Confidence Interval.

*Adjusted for race, education, alcohol consumption, physical activity, diabetes mellitus, fish consumption, computer experience, English as a first language,

cholesterol, smoking, obesity, and hypertension.

Analysis a = (Wildtype + Heterozygous) vs. Polymorphic Homozygous genotypes. Analysis b = Wildtype vs. (Heterozygous + Polymorphic Homozygous) genotypes.

Bold highlights statistical significant result.

rs405509 and rs440446, adjusted by APOE €4 allele, did not
show modification of the risk.

All the polymorphisms analyzed were in Hardy-
Weinberg equilibrium (Additional file 1: Table S5). Link-
age disequilibrium analysis showed dependence between
polymorphisms located at the 3" APOE coding region,
including the APOE epsilon constituents: rs424358 and
rs7412 (D’=0.70). A strong linkage between other poly-
morphisms was also observed (Additional file 1: Table S6).

Discussion
Our results showed that neither complex haplotypes —
product of the combination of all APOE polymorphisms

Quintile 1 — }

L ]

Quintile 2 — |

L |

v

*

Quintile 3 —

Quintile 4 — }

.-

*

Quintile 5 — |

]

| T T TTTT
0.1 1 4

QOdds ratio

Figure 1 Association between rs429358 polymorphism and
MMSE <25 by quintiles of age. Adjusted for race, education, alcohol
consumption, physical activity, diabetes mellitus, fish consumption,
computer experience, English as a first language, cholesterol, smoking,
obesity, and hypertension. Results from wild type + heterozygous vs.
polymorphic individuals. Q1-Q5 = 1 to 5™ quintile. Numeric values for
Figure 1 are shown in Additional file 1: Table S1.

evaluated in the present study —, nor the polymorphisms
rs449647, rs405509, rs440446, and rs7412 analyzed indi-
vidually had any association with cognitive function.
However, we found a protective effect of rs429358 on
cognitive function, including a beneficial effect in the
oldest population, as well as an interaction of age with
the same polymorphism in determining cognitive func-
tion. Also, we found a protective effect of the APOE &4
allele on cognition. Stratified analysis by quintiles of
age also showed that APOE e4 carriers exhibited better
cognitive performance in the oldest subsample.

APOE is a protein associated with cholesterol-rich and
triglyceride-rich plasma proteins. It is secreted into the

Quintile 1 —  } - E {
Quintile 2 — | - i -
Quintile 3 — | qi |
Quintile 4 —| | © i {
Quintile 5 — | - | i
T T T T 1
0.1 Odds ratio ! 4

Figure 2 Association between APOE €4 status and MMSE <25
by quintiles of age. OR = Odds ratio; Variability bars =95% Cl.
Adjusted for race, education, alcohol consumption, physical activity,
diabetes mellitus, fish consumption, computer experience, English
as a first language, cholesterol, smoking, obesity, and hypertension.
Results from carriers vs. non-carriers. Q1-Q5 = 1% to 5™ quintile.

Numeric values for Figure 1 are shown in Additional file 1: Table S3.
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Table 6 Association between APOE epsilon alleles and
MMSE <25 (carriers vs. non-carriers)

Unadjusted Fully adjusted*
Allele OR  (95% CI) p OR  (95% Cl) p
€l 0498 (0.112-2212) 0359 0615 (0.131-2893) 0538
€2 0.781 (0455-1.342) 0371 0784 (0443-1386) 0402
€2 2043 (0788-5293) 0.141 2103 (0.781-56603) 0.141
€4 0639 (0425-0961) 0.032 0612 (0398-0940) 0.024

OR = 0dds Ratio; 95%Cl = 95% Confidence Interval.

*Adjusted for race, education, alcohol consumption, physical activity, diabetes
mellitus, fish consumption, computer experience, English as a first language,
cholesterol, smoking, obesity, and hypertension. Bold highlights statistical
significant result.

circulation as a protein incorporated into very low-density
lipoproteins (VLDLs), chylomicron remnants, and a sub-
class of high-density proteins. APOE regulates transport
of cholesterol and lipids throughout the body and medi-
ates clearance of plasma lipoproteins [30]. In the central
nervous system, APOE is produced by astrocytes and
circulates incorporated into small particles and disks
resembling high-density lipoproteins. APOE contributes
to redistribution of lipids to cells that require cholesterol
and phospholipids [30].

APOE polymorphisms and haplotypes have been associ-
ated with AD and other human pathological conditions,
but the effects of these combinations on healthy popula-
tions are not completely known. The frequencies of APOE
genotypic and allelic frequencies analyzed here were
similar to those reported in other samples [15,19,31].
Our results did not show associations between cognitive
performance and any of APOE polymorphisms analyzed
here, except for rs429358. This polymorphism exhibited a
beneficial effect on cognitive function which was very
similar to that observed for APOE €4 allele (which is
derived from the combination of polymorphisms rs429358
and rs7412), including its effect in the oldest population
and the interaction of age between the polymorphism and
cognitive function. This finding suggest that APOE €4
effect could depend of rs429358 only, and is supported
by the strong absence of linkage disequilibrium, a meas-
urement of non-random association between alleles,
between rs429358 and rs7412. Similar linkage disequi-
librium between these two polymorphisms has been
described previously [15]. On the other hand, although
the main effect of the polymorphism could be influenced
by the subset in the first two quintiles of age (Figure 1),
the mediation analysis was statistically significant only
using the oldest populations (Q3-Q5).

Recent work has analyzed cognitive and functional
effects of the APOE €4 allele. Evans et al. found than
€4+ individuals perform as well or even better than
€4- in middle age, possibly due to enhanced-age related
frontal activity and diminished parietal recruitment [32].
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These functional data indicate that APOE may participate
in compensatory mechanisms at different life stages;
these mechanisms could be activated in older individuals
as a response to impaired activations of brain areas
functionally affected during early ages, and could be ref-
lected in better cognitive performance. Further studies are
warranted to explore cognitive and neural functions in
population of similar age as the NAS cohort.

Interestingly, we are not the first group reporting a
better cognitive function in very old individuals carrying
the APOE €4 allele. Previous studies have found a reduction
in the impact of the APOE &4 allele on dementia in extreme
old age, [33] and even a beneficial effect nonagenarians
[11]; therefore, our findings in a subset of our population
(the last quintile of age: mean =77.8; min = 74, max =97
years old) could reflect this previously reported effect. Ad-
ditionally, some European studies have suggested that the
effect of the APOE €4 allele on dementia and mortality dis-
appears in very old age [34]. Also, other studies have found
that the relative prevalence of AD increased from the age of
60 to 89 years old and decreased slightly after age 90 [35].
On the other hand, beneficial effects of APOE €4 allele have
been reported in other human diseases, including myocar-
dial infarction [36,37].

One of the factors that could influence our results is
the role of sex hormones on the brain and on cognitive
function, as it has been reported previously. AD affects
approximately twice as many women as men and some
studies have suggested that the effect of APOE €4 on
cognitive function is stronger in women than in men
[8,9,38-42]. We recognize that gender/sex-hormones
could interact in the association between genetic factors
and cognitive performance, and therefore our result is
applicable to men only.

Potential beneficial effects of APOE €4 on cognition
have been reported in children [41], teenagers [10], young
adults [43], and middle-age adults [9,44]. Based on these
findings, the APOE &4 allele has been proposed as an ex-
ample of antagonistic pleiotropic effect [45]. Antagonistic
pleiotropy occurs when one gene controls for more than
one trait, where at least one of these traits is beneficial to
the organism’s fitness, and at least one is detrimental to
the organism’s fitness [45]. However, our results did not
show a beneficial effect of APOE €4 allele in individuals
less than 61 years old (1** quintile of age, Q1). Previous
additional studies have also failed in demonstrating the
APOE antagonistic pleiotropic effect [46].

We recognize several limitations in our investigation.
Our study is limited by using MMSE as the only score
for cognitive function; therefore these results cannot be
generalized to performance in specific cognitive domains,
which needs to be evaluated in further analyses. Also, our
findings are based on a cohort of older white men and
may apply only to populations with similar characteristics.



Prada et al. BMC Psychiatry 2014, 14:223
http://www.biomedcentral.com/1471-244X/14/223

In fact, the impact of APOE €4 allele has shown to vary in
different populations, including an attenuated effect of
APOE €4 allele on Hispanics [47]. Tang et al.,, have also
reported that APOE €4 allele is a determinant in whites,
but African Americans and Hispanics have an increased
frequency of AD regardless of their APOE genotype [48].
On the other hand, a possible source of bias could be the
inclusion of super-healthy people at the beginning of the
study. Exploratory analysis deleting data from the subset
of population older than 45 during the recruitment did
not affected the results. Also, in this population, we did
not collect data to investigate the role of cognitive reserve.
Cognitive reserve may enhance cognition and modify the
negative effects of pathological changes occurred during
AD, as well as increase cognitive efficiency, capacity, and
flexibility. Although our results were obtained after adjust-
ment by education and computer experience, additional
evaluations of specific domains, including literacy and
vocabulary, may be better suited to reflect the effect of
cognitive reserve [49].

We also recognize that the APOE €4 allele has been
consistently linked with impaired cognition in older popu-
lations [50-52]. We did not observe any negative effects of
the APOE €4 allele on cognitive function in our popula-
tion. Several factors might explain this discrepancy, in-
cluding gender, cognitive reserves and differential
functional effect.

Additional studies are warranted to confirm our results
among women and other ethnic groups. Although we
attempted to control for a number of factors involved in
cognitive function (e.g. age, education, computer experi-
ence, etc.), like any other epidemiological study, we cannot
exclude the role of other potential confounders. Although
our results suggest there is no effect of complex APOE
haplotypes on cognitive function, we cannot conclude an
absence of effect on cognition based on the low number
of subjects in each group.

Conclusions

Our study supports the possibility of a beneficial effect of
rs429358 and APOE ¢4 allele on cognition in subsets of the
general population, specifically in the oldest men, and sug-
gests that rs429358, and not the combination of other poly-
morphisms, may underlie the effect of the APOE &4 allele.
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and MMSE <25 by quintiles of age. Table S2. Analysis of the interaction
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Page 7 of 9

Abbreviations

95% Cl: 95% confidence interval; AD: Alzheimer's disease; BMI: Body mass
index; GEE: Generalized estimated equations; MET-hr: Metabolic equivalent
hours; MMSE: Mini-mental state examination; NAS: Normative aging study;
OR: Odds ratio; PCR: Polymerase chain reaction; Q1-Q5: 1% to 5" quintile;

SNP: Single nucleotide polymorphism; U.S.: United States; VLDL: Very low-density
lipoproteins; €4: Epsilon 4.

Competing interest
The authors declare that they have no competing interest.

Authors’ contributions

DP and EC developed and executed the statistical analysis and wrote the
manuscript. MP, DC, MW, LH, MSG, JZ, LAH, JS, AS, PV, and AB contributed in
the study design and discussion of results. AS and PV contributed in the
participants’ recruitment and execution of cognitive tests. JS reviewed the
statistical procedures and data analysis. AB proposed the original idea,
discussed the results, and contributed writing the manuscript. All authors
read and approved the final manuscript.

Authors’ information

DP is a postdoctoral fellow at Harvard School of Public Health (HSPH),
Research Associate at the Instituto Nacional de Cancerologia-México, and
associate professor in Universidad Nacional Auténoma de México. EC and
MSG are postdoctoral fellows at HSPH. MP is a postdoctoral fellow at John
Hopkins Bloomberg School of Public Health. DC is a Research Associate at
the Cancer Research Center of Lyon. MW is Associate Professor of
Environmental and Occupational Epidemiology at HSPH. LAH is Researcher
and Professor at the Universidad Nacional Auténoma de México and
Instituto Nacional de Cancerologia-México. JZ is a Doctoral Candidate at
HSPH. ASIII is Research Professor at the Boston University School of Medicine.
PV is Professor at the Boston University School of Public Health. LH is
Associate Professor at the Northwestern University Feinberg School of
Medicine. JS is Professor of Environmental Epidemiology at HSPH. AB is
the Mark and Catherine Winkler Associate Professor of Environmental
Epigenetics at HSPH.

Acknowledgements

DP is financially supported by Consejo Nacional de Ciencia y Tecnologfa
(CONACYT) and the Fundacion México en Harvard from the program
“Postdoctoral Fellowships in the Sciences at Harvard University: Mexico”. The
present work has been supported by a grant from the National Institute of
Environmental Health Sciences (NIEHS) (ROTES021733).

MP is supported by a grant from the National Institute of Aging (NIA) (T32
AG027668). AS was supported by a Senior Research Career Scientist award from
the Clinical Science Research and Development Service for the US Department
of Veterans Affairs. The US Department of Veterans Affairs (VA) Normative Aging
Study (NAS) is supported by the Cooperative Studies Program/ERIC, US
Department of Veterans Affairs, and is a research component of the
Massachusetts Veterans Epidemiology Research and Information Center
(MAVERIC). Additional support to the VA Normative Aging Study was provided
by the US Department of Agriculture, Agricultural Research Service (contract
53-K06-510). The views expressed in this paper are those of the authors and do
not necessarily represent the views of the US Department of Veterans Affairs.

Author details

1Depar‘[mem of Environmental Health, Harvard School of Public Health, 665
Huntington Ave, Boston, MA 02115, USA. “Department of Epidemiology,
Harvard School of Public Health, 665 Huntington Ave, Boston, MA 02115,
USA. *Department of Epidemiology, Johns Hopkins Bloomberg School of
Public Health, 615 N, Wolfe Street, Baltimore, MD 21205, USA. “INSERM
U1052, Centre de Recherche en Cancérologie de Lyon, Lyon F-69000, France.
>Centre Léon Bérard, Pole de Recherche Translationnelle, Lyon F-69008,
France. 6Departmem of Preventive Medicine, Northwestern University
Feinberg School of Medicine, 420 East Superior St, Chicago, IL 60611, USA.
Veterans Affairs Boston Healthcare System, 150 South Huntington Ave,
Boston, MA 02130, USA. ®Boston University School of Public Health, 715
Albany Street, Boston, MA 02118, USA. ‘Instituto Nacional de Cancerologia —
Instituto de Investigaciones Biomédicas, Unidad de Investigacion Biomédica
en Cancer, Universidad Nacional Autonoma de México, Mexico City 14080,
Mexico. '®Department of Biomedical Informatics, Faculty of Medicine,


http://www.biomedcentral.com/content/supplementary/12888_2014_223_MOESM1_ESM.docx

Prada et al. BMC Psychiatry 2014, 14:223
http://www.biomedcentral.com/1471-244X/14/223

Universidad Nacional Auténoma de México, Mexico City 04510, Mexico.
"Harvard School of Public Health, Landmark Center, Room 415E West, 401
Park Drive, PO Box 15677, Boston, MA 02215, USA.

Received: 20 April 2014 Accepted: 23 July 2014
Published: 1 August 2014

References

1.

2.

Hurd MD, Martorell P, Delavande A, Mullen KJ, Langa KM: Monetary costs
of dementia in the United States. N Engl J Med 2013, 368:1326-1334.
Guralnik JM, Leveille SG, Hirsch R, Ferrucci L, Fried LP: The impact of
disability in older women. J Am Med Womens Assoc 1997, 52:113-120.
Thies W, Bleiler L, Association A's: Alzheimer's disease facts and figures.
Alzheimers Dement 2013, 2013(9):208-245.

Bassuk SS, Wypij D, Berkman LF: Cognitive impairment and mortality in
the community-dwelling elderly. Am J Epidemiol 2000, 151:676-688.
Nguyen HT, Black SA, Ray LA, Espino DV, Markides KS: Cognitive
impairment and mortality in older mexican americans. / Am Geriatr Soc
2003, 51:178-183.

Jorm AF, Jolley D: The incidence of dementia: a meta-analysis. Neurology
1998, 51:728-733.

Yang Y, Cao Z, Tian L, Garvey WT, Cheng G: VPO1 mediates ApoE oxidation
and impairs the clearance of plasma lipids. PLoS ONE 2013, 8:e57571.
Alexander DM, Williams LM, Gatt JM, Dobson-Stone C, Kuan SA, Todd EG,
Schofield PR, Cooper NJ, Gordon E: The contribution of apolipoprotein E
alleles on cognitive performance and dynamic neural activity over six
decades. Biol Psychol 2007, 75:229-238.

Puttonen S, Elovainio M, Kiviméki M, Lehtimaki T, Keltikangas-Jarvinen L:
The combined effects of apolipoprotein E polymorphism and low-density
lipoprotein cholesterol on cognitive performance in young adults.
Neuropsychobiology 2003, 48:35-40.

Bloss CS, Delis DC, Salmon DP, Bondi MW: APOE genotype is associated
with left-handedness and visuospatial skills in children. Neurobiol Aging
2010, 31:787-795.

Carrién-Baralt JR, Meléndez-Cabrero J, Rodriguez-Ubifias H, Schmeidler J,
Beeri MS, Angelo G, Sano M, Silverman JM: Impact of APOE epsilon4 on
the cognitive performance of a sample of non-demented Puerto Rican
nonagenarians. J Alzheimers Dis 2009, 18:533-540.

Artiga MJ, Bullido MJ, Sastre I, Recuero M, Garcia MA, Aldudo J, Vézquez J,
Valdivieso F: Allelic polymorphisms in the transcriptional regulatory
region of apolipoprotein E gene. FEBS Lett 1998, 421:105-108.

Bray NJ, Jehu L, Moskvina V, Buxbaum JD, Dracheva S, Haroutunian V,
Williams J, Buckland PR, Owen MJ, O'Donovan MC: Allelic expression of
APOE in human brain: effects of epsilon status and promoter
haplotypes. Hum Mol Genet 2004, 13:2885-2892.

Artiga MJ, Bullido MJ, Frank A, Sastre |, Recuero M, Garcfa MA, Lendon CL,
Han SW, Morris JC, Vazquez J, Goate A, Valdivieso F: Risk for Alzheimer’s
disease correlates with transcriptional activity of the APOE gene.

Hum Mol Genet 1998, 7:1887-1892.

Bizzarro A, Seripa D, Acciarri A, Matera MG, Pilotto A, Tiziano FD, Brahe C,
Masullo C: The complex interaction between APOE promoter and AD: an
Italian case-control study. Fur J Hum Genet 2009, 17:938-945.

Casadei VM, Ferri C, Veglia F, Gavazzi A, Salani G, Cattaneo M, Sorbi S, Annoni
G, Licastro F, Mariani C, Franceschi M, Grimaldi LM: APOE-491 promoter
polymorphism is a risk factor for late-onset Alzheimer’s disease. Neurology
1999, 53:1888-1889.

Lescai F, Chiamenti AM, Codemo A, Pirazzini C, D'’Agostino G, Ruaro C,
Ghidoni R, Benussi L, Galimberti D, Esposito F, Marchegiani F, Cardelli M,
Olivieri F, Nacmias B, Sorbi S, Tagliavini F, Albani D, Martinelli Boneschi F,
Binetti G, Santoro A, Forloni G, Scarpini E, Crepaldi G, Gabelli C, Franceschi
C: An APOE haplotype associated with decreased €4 expression
increases the risk of late onset Alzheimer's disease. J Alzheimers Dis 2011,
24:235-245.

Viiri LE, Loimaala A, Nenonen A, Islam S, Vuori |, Karhunen PJ, Lehtimaki T:
The association of the apolipoprotein E gene promoter polymorphisms
and haplotypes with serum lipid and lipoprotein concentrations.
Atherosclerosis 2005, 179:161-167.

Tong TYY, Yong RYY, Goh VHH, Liang S, Chong APL, Mok HPP, Yong EL,
Yap EPH, Moochhala S: Association between an intronic apolipoprotein E
polymorphism and bone mineral density in Singaporean Chinese
females. Bone 2010, 47:503-510.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 8 of 9

Bell B, Rose CL, Damon A: The veterans administration longitudinal study
of healthy aging. Gerontologist 1966, 6:179-184.

Tombaugh TN, Mclntyre NJ: The mini-mental state examination: a
comprehensive review. J Am Geriatr Soc 1992,

Weisskopf MG, Proctor SP, Wright RO, Schwartz J, Spiro A lll, Sparrow D, Nie H,
Hu H: Cumulative lead exposure and cognitive performance among elderly
men. Epidemiology (Cambridge, Mass) 2007, 18:59-66.

Abner EL, Dennis BC, Mathews MJ, Mendiondo MS: Practice effects in a
longitudinal, multi-center Alzheimer’s disease prevention clinical trial.
Trials 2012,

Power MC, Weisskopf MG, Alexeeff SE, Coull BA, Spiro A, Schwartz J:
Traffic-related air pollution and cognitive function in a cohort of older
men. Environ Health Perspect 2010, 119:682-687.

Colicino E, Power MC, Cox DG, Weisskopf MG, Hou L, Alexeeff SE,
Sanchez-Guerra M, Vokonas P, Spiro A Ill, Schwartz J, Baccarelli AA:
Mitochondrial haplogroups modify the effect of black carbon on
age-related cognitive impairment. £nviron Health 2014, 13:42.

Wright RO, Tsaih SW, Schwartz J, Spiro A lll, McDonald K, Weiss ST, Hu H:
Lead exposure biomarkers and mini-mental status exam scores in older
men. Epidemiology 2003, 14:713-718.

Mackin RS, Ayalon L, Feliciano L, Aredn PA: The sensitivity and specificity
of cognitive screening instruments to detect cognitive impairment in
older adults with severe psychiatric illness. J Geriatr Psychiatry Neurol 2010,
23:94-99.

Aevarsson O, Skoog I: A longitudinal population study of the mini-mental
state examination in the very old: relation to dementia and education.
Dement Geriatr Cogn Disord 2000, 11:166-175.

Rusted JM, Evans SL, King SL, Dowell N, Tabet N, Tofts PS: APOE e4
polymorphism in young adults is associated with improved attention
and indexed by distinct neural signatures. Neuroimage 2013, 65:364-373.
Zlokovic BV: Cerebrovascular effects of apolipoprotein E: implications for
Alzheimer disease. JAMA Neurol 2013, 70:440-444.

Komurcu-Bayrak E, Onat A, Yuzbasiogullari B, Mononen N, Laaksonen R,
Kéhonen M, Hergenc G, Lehtimaki T, Erginel-Unaltuna N: The APOE -219G/T
and +113G/C polymorphisms affect insulin resistance among Turks.
Metab Clin Exp 2011, 60:655-663.

Evans S, Dowell NG, Tabet N, Tofts PS, King SL, Rusted JM: Cognitive and
neural signatures of the APOE E4 allele in mid-aged adults. Neurobiol
Aging 2014, 35:1615-1623.

Valerio D, Raventos H, Schmeidler J, Beeri MS, Villalobos LM, Bolafos-
Palmieri P, Carrion-Baralt JR, Fornaguera J, Silverman JM: Association of
apolipoprotein E-e4 and dementia declines with age. Am J Geriatr
Psychiatry 2014,

Corrada MM, Paganini-Hill A, Berlau DJ, Kawas CH: Apolipoprotein E
genotype, dementia, and mortality in the oldest old: the 90+ study.
Alzheimers Dement 2013, 9:12-18.

Jellinger KA, Attems J: Prevalence of dementia disorders in the oldest-old:
an autopsy study. Acta Neuropathol 2010, 119:421-433.

Kulminski AM, Culminskaya |, Arbeev KG, Ukraintseva SV, Stallard E, Arbeeva L,
Yashin Al: The role of lipid-related genes, aging-related processes, and
environment in healthspan. Aging Cell 2013, 12:237-246.

Utermann G, Hardewig A, Zimmer F: Apolipoprotein E phenotypes in
patients with myocardial infarction. Hum Genet 1984, 65:237-241.

Kawas CH, Corrada MM: Alzheimer’s and dementia in the oldest-old: a
century of challenges. Curr Alzheimer Res 2006, 3:411-419.

Holland D, Desikan RS, Dale AM, McEvoy LK, Alzheimer’s Disease Neuroimaging
Initiative: Higher rates of decline for women and apolipoprotein E epsilon4
carriers. AJNR Am J Neuroradiol 2013, 34:2287-2293.

Han SD, Drake Al, Cessante LM, Jak AJ, Houston WS, Delis DC, Filoteo JV,
Bondi MW: Apolipoprotein E and traumatic brain injury in a military
population: evidence of a neuropsychological compensatory
mechanism? J Neurol Neurosurg Psychiatr 2007, 78:1103-1108.

Acevedo SF, Piper BJ, Craytor MJ, Benice TS, Raber J: Apolipoprotein E4
and sex affect neurobehavioral performance in primary school children.
Pediatr Res 2010, 67:293-299.

Mortensen EL, Hagh P: A gender difference in the association between APOE
genotype and age-related cognitive decline. Neurology 2001, 57:89-95.
Mondadori CRA, de Quervain DJ-F, Buchmann A, Mustovic H, Wollmer MA,
Schmidt CF, Boesiger P, Hock C, Nitsch RM, Papassotiropoulos A, Henke K:
Better memory and neural efficiency in young apolipoprotein E epsilon4
carriers. Cereb Cortex 2007, 17:1934-1947.



Prada et al. BMC Psychiatry 2014, 14:223
http://www.biomedcentral.com/1471-244X/14/223

44,

45,

46.

47.

48.

49.

50.

51.

52.

Marchant NL, King SL, Tabet N, Rusted JM: Positive effects of cholinergic
stimulation favor young APOE &epsiv;4 carriers.
Neuropsychopharmacology 2010, 35:1090-1096.

Han SD, Bondi MW: Revision of the apolipoprotein E compensatory
mechanism recruitment hypothesis. Alzheimers Dement 2008, 4:251-254.
Ihle A, Bunce D, Kliegel M: APOE €4 and cognitive function in early life: a
meta-analysis. Neuropsychology 2012, 26:267-277.

Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers RH,
Pericak-Vance MA, Risch N, van Duijn CM: Effects of age, sex, and ethnicity
on the association between apolipoprotein E genotype and Alzheimer
disease: a meta-analysis: APOE and Alzheimer disease meta analysis
Consortium. JAMA 1997, 278:1349-1356.

Tang MX, Stern Y, Marder K, Bell K, Gurland B, Lantigua R, Andrews H, Feng
L, Tycko B, Mayeux R: The APOE-epsilon4 allele and the risk of Alzheimer
disease among African Americans, whites, and Hispanics. JAMA 1998,
279:751-755.

Pettigrew C, Soldan A, Li S, Lu Y, Wang MC: Relationship of cognitive
reserve and APOE status to the emergence of clinical symptoms in
preclinical Alzheimer's disease. Cognitive 2013,

Berr C, Dufouil C, Brousseau T, Richard F, Amouyel P, Marceteau E,
Alpérovitch A: Early effect of ApoE-epsilon 4 allele on cognitive results
in a group of highly performing subjects: the EVA study: Etude sur le
Vieillissement Artériel. Neurosci Lett 1996, 218:9-12.

De Blasi S, Montesanto A, Martino C, Dato S, De Rango F, Bruni AC, Mari V,
Feraco E, Passarino G: APOE polymorphism affects episodic memory
among non demented elderly subjects. Exp Gerontol 2009, 44:224-227.
Driscoll I, McDaniel MA, Guynn MJ: Apolipoprotein E and prospective
memory in normally aging adults. Neuropsychology 2005, 19:28-34.

doi:10.1186/512888-014-0223-x

Cite this article as: Prada et al.: Influence of multiple APOE genetic
variants on cognitive function in a cohort of older men - results from
the Normative Aging Study. BMC Psychiatry 2014 14:223.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study participants
	Genotyping
	Cognitive test
	Statistical analysis

	Results
	Characteristics of participants and frequencies
	Cognitive function according to APOE polymorphisms and haplotypes

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Competing interest
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


