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ABSTRACT

The APOE €4 allele polymorphism is associated with the increased risk of behavio-
ral and psychological signs and symptoms of dementia. Treatment strategies based on
APOE genotypes are being developed. In this study, we aimed to assess the frequenci-
es of APOEA4 alleles in patients with Alzheimer’s disease (AD) and vascular dementia
(VaD) in different ethnic and geographic groups, and compare them with our results.

Method: We determined APOE polymorphisms in patients with VaD, AD, and in
controls. For comparison, the literature was searched systematically. Out of 80 papers,
42 papers were assessed for APOE genotype and allele frequencies from several regi-
ons of America, Asia and Europe.

Results: There were marked variations in the APOE allele and genotype frequencies
in all groups. The strength of association between AD and APOE €4 allele carrying
was found significant [OR:2.905 (95%CI: 1.237-6.823)]. APOE &4 allele frequenci-
es (%) showed gradual increase from controls to the AD patients (Control: n . =42;
11.3345.95; VaD: n=7; 154+5.7; AD: n=21; 28.5+8.83).

Conclusion: Although there are more risk factors which accelerate the onset of AD
or VaD, these results of comparison confirmed that having APOE €4 allele was one of
risk factors for accelerating the onset of AD. The regional determination of frequen-
cies can be invaluable tool for planning the healthcare policy, and also disease mana-
gement at the individual basis.
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OZET

APOE €4 allel polimorfizmi Alzheimer olmak iizere demans hastaliklarinin gelisme-
siyle iliskilidir. APOE genotipine gore tedavi stratejileri gelistirilmektedir. Bu yayin-
da, farkli etnik ve cografik gruplardaki Alzheimer hastalar1 (AD), vaskiiler demans
hastalar1 (VaD) ve saglikli bireylerin APOE4 allel sikliklarinin degerlendirilmesi ve
Denizli’deki AD ve VaD hastalarinin ve saglikli bireylerin sonuglariyla karsilastiril-
mas1 amaglandi.

Yontem: Denizli’deki AD ve VaD hastalari ile saglikli bireylerde APOE allel ve geno-
tip dagilimi belirlendi. Karsilastirma igin literatiir sistematik olarak tarand1 ve deger-
lendirildi. Degerlendirmeye alinan 80 yayindan 42’si Amerika, Asya ve Avrupa kita-
larinin gesitli bolgelerindeki APOE allel ve genotip siklig1 agisindan incelendi.

Sonug¢lar: Tiim gruplarda APOE allel ve genotip dagilimlar1 arasinda farkliliklar
gozlendi. Beklendigi gibi APOE4 alleli tasiyanlarla AD arasinda giiglii iligki saptan-
di. [OR:2.905 (95%CI: 1.237-6.823)]. APOE4 sikliklarinda (%) kontrollerden AD’ye
dogru artig saptandi (kontrol: n =42; 11.33+5.95; VaD: n=7; 15+5.7; AD: n=21;
28.5+8.83).

Sonug¢: AD veya VaD’ye neden olan ve hizlandiran ¢ok sayida etken olmasina karsin,
bizim ve diger ¢calismalarin ¢ogunun sonuglart APOE4 alleli tasimanin AD agisindan
risk faktorii oldugunu desteklemektedir. Bolgesel dagilimlarda farkliliklarin gozlen-
mesi de APOE4 alleline sahiplik derecesinin bolgesel olarak belirlenmesi saglik poli-
tikasinin planlanmasinda ¢ok yararli bilgiler saglayabilecektir.

galismalar
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Introduction

A great number of studies have been performed in order
to evaluate polymorphisms in apolipoprotein E (APOE)
gene as genetic risk factors for dementia, especially
Alzheimer’s Disease (AD) [1-17]. Most of them have
shown that the APOE €4 allele polymorphism was as-
sociated with the increased risk of AD, and also behavi-
oral and psychological signs and symptoms of dementia.

As a results of studies which showed that apolipoprote-
in E (APOE) gene was susceptibility gene most clearly
linked to late — onset Alzheimer’s disease (AD) [1-3,6-
9,11-16], the APOE genotyping is becoming useful indi-
cator in the combination of genetic, neuropsychological,
and neuroimaging findings which are useful to identify
asymptomatic adults who will go on to develop late-
onset AD [1,18-20].

Treatments are also being developed in order to prevent
or delay the onset of symptoms of AD [21-25], and some
studies have suggested that APOE e4 allele might also
modify effects of some drugs [21,25,26).

According to these findings and practices, it may be ne-
cessary and helpful to determine the APOE genotype in

each population especially for patients with AD and the-
ir family. Although there are some ethical problems for
this genotyping issue, the new treatment strategies have

been promising for preventing or delay the symptoms for
individuals who are at risk for late-onset AD by virtue of
their APOE genotype and family history.

Since AD is one of the most common dementias among
older people [22,27-29], it causes high expenses to the
national healthcare expenditures as well as affects the
quality of life in elderly. Although there are tools for sca-
ling and determining of dementias [30-32], APOE €4 is
one of the risk factors of AD, determination of APOE
polymorphism in the population may be valuable tool
for establishment of regional and national healthcare po-
licy, especially for older population.

Our aim is to assess the APOE allele and genotype fre-
quencies obtained from the other related studies, and
compare with our results from patients with AD which
were previously published [33] and from patients with
VaD. One of our objectives was to provide a database
for future studies for making decision about what stra-
tegy should be improved for prevention or delay the on-
set of symptoms of AD in the regional basis in Turkey.

Methods

APOE genotyping was performed in patients with VaD
(n=53 (M/F: 29/24); mean age: 73.3 +7.54), [57-91]. Sam-
ple preparation, neuropsychological examination, and
APOE genotyping were described in our study for AD
patients which was published previously [33]. For com-
parison, the literature was searched by the key words,
“ApoE4 AND polymorphism AND alzheimer AND dis-
ease”, and “ApoE4 AND polymorphism AND vascu-
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lar AND dementia”, in the PubMed with the limitations
of “English” and “any date”. The “Google”, and Turkish
Journals also were searched. The total number of papers
accessed was 600. The papers were screened individually
by title and abstract searching. Among 600 papers, 80 pa-
pers were reviewed, and the APOE genotype and allele
frequencies were assessed in 42 papers which have the
results from several regions of America, Asia and Europe.

Analysis of distribution of APOE alleles and
genotype frequencies in different populations

We evaluated the allele and genotype frequencies from
the studies which investigated the role of APOE gene
polymorphism in the development of AD, VaD, and the
studies which had the values of populations without
VaD and AD [2,3,5,7-9,12,14-16,18-20,26,34-36,38-49].
The distribution graphics of alleles and genotypes for
controls, VaD and AD patients; and also the forest plots
of ODDS ratios obtained from studies were produced
according to the populations and countries: Af. Ame
His_ Wh, Hispanic, Caucasian, US [2,5,15], Asia/East
[12], Belgian [14], Cau_E.As, Cau S.EU E.As [12,45],
Caucasian [12,38], Croatia, Europe, France Germany/
North Ireland/North, Italy, Macedonia, Scotland, Ser-
bia, Spain [16], Europe/Southern [12], Greece [48], Iran
[8], Koreans [3,12], Netherlands [50], Saudi Arabia
[41], Slovakia [20], Swed Fin_Canada [26], Turkey,
Turkey/East, Turkey/Ist, Turkey/South,Turkey/West [7,9,
35,36,40,43,44,46,47].

Statistical Analysis

We used y Statistics, one-way ANOVA: Post Hoc Mul-
tiple Comparisons (LSD), and nonparametric Kruskal
Wallis test for comparisons. The correlations were eval-
uated by using Spearman’s rank order test.

Whether APOE genotypes were in Hardy-Weinberg
equilibrium among cases and controls were tested.

We computed odds ratios (ORs) for carriers of APOE
€4 alleles versus non-APOE e4 carriers for VaD, AD pa-
tients groups, and all patients. A p value less than 0.05
was considered as statistically significant. Statistical
analysis was made by using the Statistical Package for
Social Sciences (SPSS) for Window (version 11.0 SPSS
Inc., Chicago, IL, US), and Comprehensive Meta-Analy-
sis Program (version 2.0, Biostat, USA) for construction
of Forest Plot.

Results

The distributions of APOE allele, and APOE genotype
frequencies, gender, ages, cognitive function measure-
ment scores, and APOE €4 allele carrying in the cont-
rol, VaD and AD patients groups are listed in the Table 1.

APOE allele frequencies and genotype distributions
was found as APOE €2: 8.5%, APOE €3: 74.9%, APOE
€4: 16.7%, and E2E2: 0.6%, E2E3: 13.5%, E2E4: 1.8%,
E3E3: 54.4%, E3E4: 28.7%, E4E4: 1.2% in the study po-
pulation [n= 171; age: 72.5 (55-91)].
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Table 1. Cognitive function scores and APOE allele and genotype frequencies of our study group.

Groups
Controls Vascular Dementia Alzheimer’s Disease
56 (30/26) 53 (29/24) 62 (24/38)
n (M/F)
p=0.559 p=0.492 p=0.075
. . . 70.8 (7.65) 73.3 (7.54) 73.3 (6.85)
Age at inclusion Years (SD) (Min-max)
56-88 57-91 55-87
. 70.5 (7.84) 70.8 (6.74)
Age onset Years (SD) (Min-max)
54-87 52-84
Cognitive function Score Mean (SD) min-max
MMSE 18.0 (3.19) 17.9 (6.0)
>25
11-24 3-27
ADAS-Cog 25.4 (9.58) 31.4 (13.4)
13-48 9-64
GDS 1.83 (0.727) 2.9 (1.41)
1-3 1-6
Allele frequency n (%)
E2 8 (7.1) 10 (10.4) 10 (8.1)
E3 94 (83.9) 75 (70.8)" 87 (70.2)"
E4 10 (8.9) 20 (18.9)™ 27 (21.8)™
Genotype frequency n (%)
E2E2 (n=1) 1(1.9)
E2E3 (n=23) 8 (14.3) 7 (13.0) 8 (12.9)
E2E4 (n=3) 1(1.9) 2(3.2)
E3E3 (n=93) 38 (67.9) 25 (47.2) 30 (48.4)
E3E4 (n=49) 10 (17.9) 19 ( 35.8) 20 (32.2)
E4E4 (n=2) 2(3.2)
E4 Carriers n (%) 10 (17.0) 20 (37.7) 24 (38.7)
Non E4 carriers n (%) 46 (82.1) 33 (62.2) 38 (61.3)

“no significant differences between patients (both VaD and AD) and controls (p>0.05)
“significant differences between patients and controls (p values are 0.012, 0.02, 0.007; AD vs C, VaD vs C, and VaD+AD vs C, respectively)
***significant differences between patients and controls (p values are 0.007, 0.033, and 0.007, AD vs C, VaD vs C, VaD+AD vs C, respectively)

APOE allele and genotype distributions in male and fe-
male subjects were not different in all groups (p>0.05).
The age-onset of AD and VaD didn’t show significant
difference between two groups (p>0.05), and there was
no correlation between age-onset of dementia and ha-
ving APOE &4 allele (r=-0.037, p=0.579).

APOE allele and genotype frequencies were in Hardy-
Weinberg equilibrium in control, VaD, and AD groups
(p>0.05).

There were no significant differences for APOE allele
distribution between age groups (50-55, 56-60, and so
on) in control, VaD, and AD patients groups (p>0.05).

APOE €2 allele distributions showed no difference bet-
ween three groups (p>0.05). APOE €3 and APOE &4
allele distributions in VaD and AD patients were signifi-
cantly different compared with controls as shown in the
Table 1. There were no significant differences for APOE
allele distributions between VaD and AD patient groups
(p>0.05).
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The APOE €4 allele carriers to the non-APOE €4 allele
carriers ratios were 10/46, 20/33, and 24/38 for controls,
VaD nad AD patients groups. There were only two ho-
mozygous for APOE €4 in AD patients group.

Cognitive functions according to the MMSE, ADAS-
Cog and GDS scores showed no significant differences
comparing to APOE €4 carriers with non-APOE €4 car-
riers (p>0.05) in both VaD and AD patients. The ADAS-
Cog and GDS scores showed significant difference bet-
ween VaD and AD patients groups, p=0.047, p=0.0001,
respectively.

The strength of association between AD and APOE €4
allele carrying was significant for AD patients [OR:
2.905 (95%CI: 1.237-6.823)].

The variation of distribution of APOE alleles and
genotype frequencies obtained from studies which
published the values in their controls, patients with
VaD, and AD can be seen in the Figures 1 and 2,
and the ODDS ratios in the Figure 3.
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Figure 2. APOE genotype frequencies in several populations and people living in different localizations.
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Localization Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Turkey (*) 290 124 679 245 0.014 ——
Slovakia (20) 2.76 1.42 5.36 2.99 0.003 -
Koreans (3) 4.11 240 7.05 514  0.000 . 3
Germany (16) 3.94 1.82 852  3.49  0.000 ——
France (16) 3.36 1.31 8.60 2.53 0.011 ——
Scotland (16) 4.42 1.39 14.05 2.52 0.012 —
Ireland (16) 6.19 2.64 14.51 4.20 0.000 —-
Spain (16) 366 174 768 3.43  0.001 —
Italy (16) 296 0.64 1373 139  0.166 T
Croatia (16) 13.96 6.48 30.08 6.73 0.000 i
Iran (8) 4.50 244 8.32 4.80 0.000 5 B

4.31 3.42 544 1237 0.000 ¢

0.01 0.1 1 10 100
*Present Study

Figure 3. Forest plots of ODDS ratios for APOE &4 allele in Alzheimer’s Disease.

Discussion

We found high frequency of APOE €4 allele in patients
with AD (21.8%), and in patients with VaD (18.9%). Our
results also confirmed that APOE genotype is a risk fac-
tor for AD (ODDS Ratio 2.905; 95% CI 1,237 — 6,823).
Although there are more risk factors which accelerate
the onset of AD or VaD, our results are consistent with
most of the study results [2,5,6,9,10,12,19,20,26].

When APOE allele and genotype frequencies in all gro-
ups (controls, VaD and AD groups) between populations
(Figure 1, and 2) are examined, it can be seen that the-
re are great variations between populations according to
their geographic localizations and also ethnic considera-
tions, and in most of the studies have significant APOE
€4 allele frequencies of AD patients from those of cont-
rols [2,3,5,7-9,12,14-16, 18-20, 26,34-36,38-40,43-48].
The results of two studies, from Macedonia [16] and Me-
xico [4], show no differences in the APOE €4 allele fre-
quencies of AD patients from those of controls.

APOE allele and genotype frequencies showed differen-
ces between VaD patients and controls in all populati-
ons in the studies reviewed [3,14], however, we estima-
ted a significant difference in APOE €4 allele frequenci-
es between controls and VaD groups (p=0.033) while the
significant differences were found in the frequencies of
APOE €2, €3 and €4 alleles (for all groups p=0.000), and
of E2E3 (p=0.011), E3E3 (p=0.002), E3E4 (p=0.000),
and E4E4 (p=0.003) genotypes between controls and
AD patients (Figures 1, and 2).
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The VaD and AD patients in Denizli showed signifi-
cant differences from controls in APOE €3 and APOE
€4 frequencies (for APOE €3: p=0.02, p=0.012; for
APOE €4: p= 0.033, p=0.007, respectively). We also fo-
und significant difference in genotype frequencies for
E2E3 (p=0.002 for both patient groups), and for E3E4
(p=0.002 in VaD, p=0.008 in AD patients) between
controls and both VaD and AD patients. The differences
are consistent with the findings of the other studies in
different populations and in ethnic groups except a study
from Macedonia [16], and one from Mexico [4] (Figure
1,2). The Koreans show lower APOE allele frequencies
in VaD patients than controls or similar pattern [3]. As
seen in the Figures 1 and 2, there are marked variations
in the APOE allele and genotype frequencies in all gro-
ups between populations. These variations are also seen
between different regions of Turkey [9,35,36,40,47,49].

If these variations in the distributions of APOE allele
and genotype frequencies between populations are com-
bined with the importance of ApoE protein in lipopro-
tein metabolism and lipid transport, the determination
of APOE polymorphism in a population may be useful
tool for monitoring the demented patients, managing the
intervention after brain damages, and planning the he-
althcare policy, especially for elderly. This is also true
in country basis because the variations are determined
between different regions of Turkey as seen in the Figu-
res 1-2.

ODDS ratios for APOE €4 allele carriers against non-
carriers in patients with AD (3,8,16) except Mexicans

Aslan et al.



(OR 1.15 (0.54-2.47 CI 95%) (4) have been shown that
APOE ¢4 allele is a strong risk factor for AD, especially
late-onset AD. According to the OR’s (between 0.34-
1.27) of having APOE ¢4 allele against VaD from the
present study and other studies [3,12,20], it can be sug-
gested that demented subjects who carried the APOE €4
allele had greater probability of AD than VaD.

Cognitive functions according to the MMSE, ADAS-
Cog and GDS scores showed no significant differences
comparing to APOE €4 carriers with non-APOE ¢4 car-
riers (p>0.05) such as the finding of Kleiman et al [51].
Blazer et al [13] found no significant association betwe-
en the €4 allele presence and quality of life in the group
of individuals who were at age 72 or higher by evalua-
ting the five states (social, economic, mental and physi-
cal health and functional status).

They also found that some conditions such as diabetes
(22%), hypertension (69%), stroke (9%), and heart attack
(18%) in their sample group had related to the presence
of APOE ¢4 allele. In their study, the frequencies of €4
allele were estimated as 29% in diabetes, 31% in hyper-
tension, 32% in stroke, 16% in heart attack.

Although most of the studies have shown that APOE &4
allele is a risk factor for dementia, especially AD in el-
derly, the reality is that having APOE ¢4 allele doesn’t
mean that AD will be developed even if there is famili-
al predisposition. Therefore there is no consensus whet-
her APOE polymorphism should be performed for every
person who is at risk for VaD and AD. This is an ethi-
cal issue when we think about only one individual con-
cerned. But the other consequences due to the APOE &4
presence such as being at risk of coronary artery disease
(CAD), and having no response to some drugs may be a
strong reason for performing regional APOE polymorp-
hism studies in large groups. Then ethical issue may be
solved in this manner.

But in the light of studies which have been showing that
APOE €4 allele is one of causes for not responding the
drugs, and responsible for poor prognosis after brain da-
mages, it may be needed to determine APOE polymorp-
hism in individual basis.

Conclusion

Although there are more risk factors which accelerate
the onset of AD or VaD, this results of comparison con-
firmed that having APOE €4 allele was one of risk fac-
tors for accelerating the onset of AD. The regional deter-
mination of frequencies can be invaluable tool for plan-
ning the healthcare policy, and also disease management
at the individual basis.
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