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Abstract

Background: Dementia is an age-related disorder associated with elderly population, resulting from interaction of lifestyle risk
factors with genetic, vascular, and other risk factors to affect risk of disease. Alzheimer’s disease (AD) is the most common form
of dementia, estimated to be affecting 4.4% of the population older than 65 years of age. Apolipoprotein E (ApoE) €4 allele is a
known genetic risk factor for AD, which not only predisposes and influences the severity of pathological changes in the brain,
thereby modifying the age at onset, but also promotes cognitive decline early in nondemented older people. Objectives: To
review the published evidence on ApoE polymorphism with the susceptibility to AD and frequency of ApoE €4 genotype (¢4/-) and
homozygotes (¢4/4) among patients diagnosed with AD as compared to controls in Indian Population. Materials and Methods:
In the present study, MEDLINE was reviewed for articles published till June 2013 supplemented by citation analysis from retrieved
articles to select case—control studies. A meta-analysis was performed to demonstrate the association of ApoE gene with vascular
dementia by random effects to demonstrate models. The association was assessed by odds ratio (OR) with 95% confidence inter-
vals (Cls). Study Selection: Case—control studies, using clinical criteria for AD with ApoE polymorphism determined for allele
and genotype in both cases and controls. Statistical Analysis: A meta-analysis was performed to demonstrate the association of
ApoE gene with AD by random effects to demonstrate models. The association was assessed by OR with 95% Cls. We also
looked for publication bias and performed sensitivity analysis to investigate the influence of each individual study. Results: A
total of 7 studies representing data from 417 patients with AD and 65| controls in the Indian population were eligible. The ApoE
€2/4, €3/4, and €4/4 genotypes (OR = 3.93, 95% Cl: 1.60-9.68; OR = 4.18, 95% Cl: 2.54-6.87; OR = 4.81, 95% CI: 1.95-11.86,
respectively) as well as ApoE €4 allele (OR = 5.90, 95% CI: 3.44-10.13) were associated with an increased risk of AD, whereas
ApoE €2/3, £3/3 genotypes (OR = 0.52, 95% CI: 0.32-0.83; OR = 0.28, 95% CI: 0.19-0.42), and ApoE &3 allele (OR = 0.29, 95% ClI:
0.17-0.50) were found to be marginally significant protective factors for AD. There was no significant difference in ApoE €2/2
genotype and ApoE €2 allele frequency (OR = 0.42; 95% CI: 0.11-1.68; OR = 0.69, 95% ClI: 0.37-1.31, respectively) in patients
with AD and controls. Conclusions: These results indicate that all genotypes of ApoE €4 allele, that is, €2/4, €3/4, and €4/4, are
associated with an increased risk of AD, whereas ApoE £2/2, €2/3, and €3/3 are protective for AD.
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risk factor for AD, which not only predisposes and influences
the severity of pathological changes in the brain, thereby mod-
ifying the age at onset,” but also promotes cognitive decline
early in nondemented older people.® It is estimated that the
lifetime risk of developing AD increases to 29% for carriers

Introduction

Dementia is an age-related disorder associated with elderly
population.' In the coming decades, increased prevalence of
Alzheimer’s disease (AD) may pose burden on the society and
halt care services, given the rapid increase in aging population
in developed and developing countries. According to the
Alzheimer’s Disease International, it is estimated that there are
currently 30 million people with dementia in world which will
increase to 100 million by 2050.% It is a life course illness
resulting from the interaction of lifestyle risk factors with
genetic, vascular, and other factors to affect risk of disease.’
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Apolipoprotein E (ApoE) has been recognized as an inde-
pendent risk factor for developing late-onset AD*” as well as
early familial forms.® The ApoE &4 allele is a known genetic
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with 1 ApoE &4 allele and 9% for those with no ApoE &4
allele.'® Although factors contributing to the susceptibility of
ApoE &4 to AD is not clear till now, differential binding capac-
ity for amyloid B (AB) peptide and t protein among ApoE
alleles with increased binding in ApoE &4 explains increased
deposition of AP peptide in brain in transgenic mouse models
having ApoE &4 alleles.!' Apolipoprotein E also has a promi-
nent role in the transport and metabolism of plasma choles-
terol.'? Carriers of the €4 allele of the ApoE gene (ApoE £4)
have higher total and low-density lipoprotein cholesterol levels
than noncarriers.'*> Many animal models of AD show that high
cholesterol levels increase AP protein concentration and may
increase ApoE expression, explaining the mechanism of action
of ApoE by which it increases the risk of AD.'*'> Some studies
have found association of ApoE €4 with increased peripheral
lipid levels, decreased cerebral glucose metabolism, and
increased AP deposition and neurofibrillary tangles formation
in the brain,'® along with contemporary environmental condi-
tions such as high intake of carbohydrates and fat, low fiber,
and reduced physical activity,'” increases the susceptibility of
ApoE4 carriers to developing AD.

Apolipoprotein E, a polymorphic gene on chromosome 19,
has attracted immense attention lately, being a independent
genetic factor for modifying the risk of late- and early-onset
AD. Also, ApoE genotyping increases the specificity of
the clinical diagnosis of AD.'® There are 3 common alleles
(€2, €3, and €4) that form 6 genotypes (£2/2, €2/3, €2/4, €3/3,
€3/4, and €4/4). Epidemiological studies show that ApoE &3
allele is most frequent.'

Studies have reported low prevalence of AD in Indian pop-
ulation when compared to the Western population.”® Apolipo-
protein E €4 has been found to be more common in North
European population when compared to population residing
in Mediterranean region of France and Italy and in Asia.'’
Similarly, frequency of ApoE €4 allele has been found vary
widely across India (from 0.07%! to 0.127%2). In the view of the
above-mentioned facts, the purpose of conducting this meta-
analysis is to summarize and reproduce the conclusive evi-
dence based on published articles on ApoE polymorphism with
the susceptibility to AD and frequency of ApoE &4 genotype
(e4/-) and homozygotes (€4/4) among patients diagnosed with
AD when compared to controls in Indian population.

Materials and Methods

A protocol was followed for this meta-analysis per current
practices for conducting systematic reviews and meta-
analysis of the literature. Studies that fulfilled all the following
criteria were included in the present meta-analysis.

Criteria for Study Identification

1. Patients of all age groups with clinically diagnosed and
confirmed AD as defined by the National Institute of
Neurological and Communicative Diseases and

Stroke/Alzheimer’s Disease and Related Disorders
Association were included.”

2. Case—control or cohort study in Indian population with
healthy persons without dementia as controls.

3. Allele frequencies in all cases and the control group in
Hardy-Weinberg equilibrium.

4. The ApoE polymorphism determined for allele and
genotype in both cases and controls.

Search Strategy

A comprehensive search was conducted using both electronic
and manual methods to obtain all published case—control stud-
ies; MEDLINE (via PubMed) was searched till June 2013 to
identify eligible studies. Additional articles were also obtained
from reference citations within the retrieved articles. The
search was conducted using key words apolipoprotein, ApoE,
gene polymorphism, and AD. The search was limited to Eng-
lish language, humans, and study designs such as longitudinal,
cohort, and cross-sectional studies performed in patients with
AD and controls.

The articles obtained after electronic and manual searches
were screened initially for the title and abstract based on the
above-mentioned inclusion criteria per the protocol developed.
Full text was retrieved for the potentially eligible articles and
screened by 2 independent reviewers to determine whether it
fulfilled the eligibility criteria. All uncertainties were resolved
by consensus.

Statistical Analysis

The presence of heterogeneity in effect size (odds ratio [OR])
between studies was examined with the help of test of signifi-
cance (Q-statistics), and if heterogeneity in effect size was sig-
nificantly present between the studies, then degree of
heterogeneity was evaluated by I” test, taking the values in the
range of 0% to 100%. Random effect model was applied to
pool the overall OR, as heterogeneity was detected across stud-
ies. The Mantel-Haenszel (MH) method was used to pool the
OR of various studies to eliminate the confounding effect.
The Forest plot (graphical method) was applied to present
the results of meta-analysis. Publication bias was examined
by funnel plot, by plotting MH log OR on x-axis and its preci-
sion on y-axis. As large studies are expected to be published
regardless of their effect size, and small studies tend to be pub-
lished when they show comparatively large effect size, an
inverse correlation exists between effect size and study size.
The rank correlation test, developed by Begg and Mazumdar,**
explores the association between effect size and their variances
(which is inversely related to study size) to examine the fact
that publication bias tends to induce a correlation between
these 2 factors. As this test is a nonparametric method that
involves no normality assumptions and has lack of power, the
possibility of publication bias cannot be ruled out completely,
even when the test is nonsignificant. Hence, in the present
study, emphasis has been given on both the methods, funnel
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Table I. Characteristics and Results of All Case—Control Studies Included in the Meta-analysis.
ApoE Genotypes, No. of Patients

Source No. of Patients Age,y Gender, M/F €2/2 €2/3 €2/4 €3/3 €3/4 €4/4
Singh et al'®

Case 70 50-85 NR 00 04 02 23 40 ol

Control 75 Age matched NR 00 09 0l 55 10 00
Kandimalla et al*®

Case 44 61.84 26/18 00 07 04 07 21 05

Control 46 60.84 32/14 00 14 00 32 00 00
Mansoori et al*®

Case 74 66.48 50/24 00 00 00 40 28 06

Control 113 64.08 72/41 00 06 0l 92 14 00
Bharath et al”’

Case 137 64.08 72/65 00 10 13 73 37 04

Control 195 64.88 120/75 ol 24 05 141 22 02
Kapur et al*®

Case 14 NR 717 00 00 06 04 02 02

Control 46 NR NR 05 I 0l 23 03 03
Luthra et al®®

Case 29 66.6 NR ol 02 0l I 12 02

Control 76 63.2 NR 06 09 0l 48 I 0l
Chandak et al*®

Case 49 71.9 NR 00 03 00 29 15 02

Control 100 733 NR ol 04 0l 78 16 00

Abbreviations: ApoE, apolipoprotein E; NR, not reported.

plot and rank correlation test, to examine the publication bias.
Sensitivity analysis was conducted to investigate the influence
of each individual study. The statistical software used for anal-
ysis was Comprehensive Meta-Analysis: a computer program
for meta-analysis version 2, developed by a team of experts
from United States and United Kingdom.

Results

The primary search identified 18 studies on the association of
ApoE polymorphism with AD in the literature, of which 11 stud-
ies were excluded. A total of 7 studies that met our selection cri-
teria were included in the meta-analysis as 1 study only had
abstract available, 5 studies were done in general population, 2
studies were done in dementia other than AD, 2 studies’ controls
were not taken, and 1 study was done in American Indians. All the
studies undertaken for meta-analysis were case—control studies.

Seven'®%53 studies included in the final meta-analysis rep-
resented data from 417 patients with AD and 651 controls in the
Indian population. The study characteristics have been sum-
marized in Table 1. On pooling of the data by random effect
model from 7 studies, the association of ApoE €2 allele fre-
quency was found not to be statistically significant with AD
(OR = 0.69, 95% confidence interval [CI]: 0.37-1.31), whereas
association of both allele ApoE €3 and ApoE &4 frequencies
were statistically significant with AD (OR = 0.29, 95%
CL: 0.17-0.50; OR = 5.90, 95% CI: 3.44-10.13; Figures 1-3).
This indicates that ApoE €4 allele was a significant risk factor
for AD due to its higher frequency, whereas €3 allele had a
weak protective role in the development of the disease.

On genotypic analysis, it was found that ApoE €2/3, €3/3,
€2/4, €3/4, and €4/4 had a strong association with AD (OR =
0.52, 95% CI: 0.32-0.83; OR = 0.28, 95% CIL 0.19-0.42;
OR = 3.93, 95% CI: 1.60-9.68; OR = 4.18, 95% CI: 2.54-
6.87; OR = 4.81, 95% CI: 1.95-11.86), while ApoE €2/2 was
not significantly associated with AD (OR = 0.42; 95% CI:
0.11-1.68). The ApoE €2/3 and €3/3 genotypes were found to
be marginally significant protective factors for AD, whereas
ApoE €2/4, €3/4, and €4/4 genotypes had strong association
with increased risk of AD (Table 2). Also, ApoE €2/3 and
€3/3 genotypes were found to be significantly higher in the con-
trols, whereas ApoE €2/4, €3/4, and €4/4 genotypes were higher
in AD. These results suggest that all genotypes of ApoE &4
allele, that is, €2/4, €3/4, and €4/4, were significantly associated
with an increased risk of AD, whereas ApoE €2/3 and €3/3 were
protective against AD.

In this study, both random effect and fixed effect models
were applied to pool the ORs. On comparison of both models,
almost similar results were observed. Publication bias was
examined by funnel plot, by plotting study size (usually stan-
dard error or precision) on the vertical axis and effect size on
the horizontal axis. Funnel plot showed considerably low pub-
lication bias, plotted for pooling of effect size (OR) of ApoE &4
allele (Figure 4). Begg and Mazumdar’s correlation test also
showed that nonsignificant publication bias (P = .13) exists
in the present study. It may be due to low statistical power of
the included studies.

A sensitivity assessment was performed by repeating the
meta-analysis systematically by excluding each individual
study in turn. This assessment indicates which studies are most
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Study name Statistics for each study Event / Total

MH Lower Upper Relative

oddsratio limit  limit Z-Value p-Value Cases Controls weight

Singh et al 2012 0.61 021 178 -0091 0.36 6/70 10/75 17.49
Kandimalla etal 2011  0.76 0.30 1.93  -0.57 0.57 11/44  14/46 19.94
Mansoori et al 2010 0.10 0.01 1.80 -1.56  0.12 0/74  7/120 4.27
Bharath et al 2010 1.11 0.61 201 034 073  23/137 30/195 26.64
Kapur et al 2006 1.28 038 432 040  0.69 6/14 17/46 15.27
Luthra et al 2004 0.01 0.00 029 277 0.0l 4/29 6/6 & 3.86
Chandak et al 2002 0.80 0.19 337 030 0.77 3/49 6/80 12.53

0.69 037 131 -1.13 0.26  53/417 90/568

001 01 1 10 100
ApoE AD

Figure |. Meta-analysis of apolipoprotein E (ApoE) €2 allele and risk of Alzheimer’s Disease (AD) in the Indian Population.

Study name Statistics for each study Event / Total
MH Lower Upper Relative
odds ratio limit  limit Z-Value p-Value Cases Controls weight

Singh et al 2012 0.30 0.03 297 -1.03 0.30 67/70 74/75 5.77

Kandimalla et al 2011 0.04 0.00 0.71 -2.19 0.03 35/44 46/46 3.65

Mansoori et al 2010 0.10 0.01 0.86 -2.10 0.04 68/74 112/113 6.60

Bharath et al 2010 0.30 0.13 072  -2.69 0.01 120/137 187/195 S o 39.79

Kapur et al 2006 0.18 0.05 0.66  -2.60 0.01 6/14 37/46 -+ 18.28

Luthra et al 2004 0.74 020 266 -0.47 0.64  25/29 68/76 —a— 18.29

Chandak et al 2002 0.48 0.07 351 -0.72 047  47/49 98/100 7.62

0.29 0.17 050 —441 0.00 368/417 622/651 <@
0.01 0.1 1 10 100
ApoE AD
Figure 2. Meta-analysis of apolipoprotein E (ApoE) €3 allele and risk of Alzheimer’s Disease (AD) in the Indian Population.
Study name Statistics for each study Event / Total
MH Lower Upper Relative
odds ratio  limit limit Z-Value p-Value Cases Controls weight
Singh et al 2012 9.27 4.16 20.63 5.45 0.00 43/70 11/75 16.68
Kandimalla etal 2011  951.62  11.25 3402.00 3.62 0.00 30/44 0/46 — 3.15
Mansoori et al 2010 5.55 2.73 11.30 4.73 0.00 34/74  15/113 18.10
Bharath et al 2010 3.72 2.21 6.28 493 0.00  54/137  29/195 ] 21.13
Kapur et al 2006 13.93 3.40 57.13 3.66 0.00 10/14 7/46 9.41
Luthra et al 2004 5.19 2.02 13.32 343 0.00 15/29 13/76 14.62
Chandak et al 2002 2.59 1.18 5.69 2.38 0.02 17/49  17/100 s 16.90
5.90 3.44 10.13 6.44 0.00 203/417 92/651
0.01 0.1 1 10 100
ApoE AD

Figure 3. Meta-analysis of apolipoprotein E (ApoE) €4 allele and risk of Alzheimer’s Disease (AD) in the Indian Population.
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Table 2. Meta-analysis of ApoE Genotypes and Risk of AD in the Indian Population.

Random Effects Model,

Fixed Effects Model,

Heterogeneity Test,  Degree of Heterogeneity,

OR (95% Cl) OR (95% Cl) P Value 1in %
Genotype Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted  Adjusted
ApoE €2/2 042 (0.11-1.68) 0.42 (0.11-1.68) 0.42 (0.11-1.68) 0.4 (0.10-1.60) .98 .98 0.00 0.00
ApoE €2/3 0.52 (0.32-0.83)  0.52 (0.32-0.83)  0.52 (0.32-0.83)  0.48 (0.30-0.76) .62 .60 0.00 0.00
ApoE €3/3 0.28 (0.19-042) 0.28 (0.19-0.42) 0.3 (0.23-0.40)  0.30 (0.23-0.40) .07 .07 49.19 49.22
ApoE €2/4 3.93 (1.60-9.67) 3.93 (1.60-9.67) 4.00 (1.86-8.61) 4.10 (2.04-8.25) .32 .32 13.81 13.86
ApoE €3/4 4.16 (2.56-6.77) 4.18 (2.54-6.87)  3.92 (2.82-5.44)  4.38 (3.20-6.01) .09 .07 45.85 48.00
ApoE ¢4/4 4.8 (1.95-11.86) 4.81 (1.95-11.86) 4.81 (1.95-11.86) 5.84 (2.48-13.78) .85 .83 0.00 0.00

Abbreviations: AD, Alzheimer’s disease; ApoE, apolipoprotein E; OR, odds ratio; Cl, confidence interval.

Funnel Plot of Precision by MH log odds ratio
4
0
e 3
=
<= 0
&
2 0
=
;]
g o
A
0
0 =
-6 -5 4 -3 -2 -1 0 1 2 3 4 5 6
MH log odds ratio

Figure 4. Funnel plot of MH odds ratio for apolipoprotein E (ApoE)
€4 in Alzheimer’s Disease (AD) in Indian population.

influential. Here, sensitivity analysis was conducted for ApoE
€4 allele only, because it was found to be the most significant
risk factor for AD. Studies were pooled using random effect
model. Figure 5 shows that the OR and CI did not change mate-
rially with exclusion of any individual study. However, it does
suggest that of the 7 studies, study by Chandak et al>* was most
influential.

Discussion

In Indian population, the prevalence of AD and other dementias
has been found to be lower than the Western population.?!-!~?
Luthra et al?® have reported ApoE &4 allele frequency (29.3%)
among AD in Indian population almost similar to African
American® (32.2%) and Japanese® (27.8%) population but
lower than that of the caucasian population® (36.7%). Another
study by Ganguli et al*' reported 16.07% frequency of ApoE &4
among patients with AD in Indian population. Ward et al'” in
their meta-analysis showed prevalence of the ApoE €4 geno-
type (¢4 =/-) and homozygotes (g4/4) among patients from

Asia, Europe, North America, and South America, diagnosed
with AD. They reported lowest regional estimates for €4 carrier
status in Asia (41.9%) and South Europe (40.5%), where
majority of patients with AD were not ApoE &4 carriers. Sim-
ilar patterns were observed for ApoE &4/4 estimates. However,
in their meta-analysis, only 1 study’® undertaken on Indian
population was included in the Asian studies. Hence, the pres-
ent meta-analysis was performed in Indian population.

In the present analysis, ApoE €2/2 genotype and €2 allele
frequency were not significantly associated with AD. However,
ApoE €2/4, 3/4, and 4/4 and ApoE &4 allele were associated
with increased risk of AD. There is suggestion of an inverse
association between ApoE €2/3 and €3/3 and AD. Raygani
et al>* and Kim et al** also showed higher frequency of ApoE
€4 allele in both patients with early- and late-onset AD than in
controls. Similar findings have been reported by Tang et al*
in caucasian and Hispanic population and by de Andrade
et al*® in Brazilian population. Tang et al*® showed that relative
risk of AD associated with ApoE &4 homozygosity was
increased in African American, Caucasians, and Hispanic pop-
ulation, but with ApoE &4 heterozygotes, risk of AD increased
only in caucasians and Hispanic population. Such variability is
attributed to existence of possible gene—environment interac-
tion in AD, including smoking,”'39 serum cholesterol level,’
blood glucose level, and head trauma,*® well known to modify
ApoE-related risk as well as gene—gene interaction. However,
any interaction between ApoE and the putative susceptibility
genes remains controversial.*' Studies show no consensus on
ApoE g2 frequency in AD. Raygani et al*> observed low
ApoEg2 frequency in patients with AD in Iranian population,
but Kim et al** found no difference in ApoE &2 frequency
between AD and control in Korean population. Also, the
patients carrying ApoE €2 alleles showed delayed age at onset
for AD. Similarly, Tang et al*® observed disease risk associated
with ApoE €2 among caucasians but not in Africans and Hispa-
nics. Meta-analysis performed by Bang et al** showed low pre-
valence of ApoE €2 allele in AD group and significantly
reduced ORs in all subtypes of AD.

As seen in this meta-analysis, ApoE €4 is associated with an
increased risk of AD. But, many people with ApoE €4 allele did
not develop AD and AD also developed in its absence. Hence,
neither ApoE genotyping is recommended for routine clinical
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Study name Statistics with study removed MH odds ratio (95%
CI) with study removed
Lower Upper

Point  limit limit Z-Value p-Value
Singh et al 2012 539 299 975 558 0.00
Kandimallaetal 2011 527 3.04 9.12 594 0.00 B
Mansoori et al 2010 598 329 10.87 5.88 0.00
Bharath et al 2010 6.68 3.64 1227 6.12 0.00
Kapur et al 2006 540 3.06 9.52 583 0.00 B
Luthra et al 2004 6.03 336 10.83 6.03 0.00
Chandak et al 2002 698 3.86 1262 643 0.00

590 344 10.13 644 0.00

0.0l 0.1 1 10 100
ApoE AD

Figure 5. Investigating the impact of each individual study on overall pooled odds ratio (OR) of apolipoprotein E (ApoE) €4 allele.

Table 3. Meta-Analysis of ApoE Alleles and Risk of AD in the Indian Population.

Random Effects Model,

Fixed Effects Model,

Heterogeneity Test, Degree of Heterogeneity,

OR (95% Cl) OR (95% Cl) P Value *in %
Alleles Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted  Unadjusted Adjusted
ApoE €2 0.70 (0.38-1.30) 0.69 (0.37-1.31)  0.84 (0.56-1.24) 0.73 (0.50-1.07) .09 .08 4451 46.72
ApoE €3 0.29 (0.17-0.50) 0.29 (0.17-0.50)  0.29 (0.17-0.50) 0.26 (0.15-0.44) A48 46 0.00 0.00
ApoE €4  5.87 (3.46-9.96) 5.90 (3.44-10.13) 5.02 (3.69-6.82) 5.65 (4.21-7.59) .02 .02 58.98 60.53

Abbreviations: AD, Alzheimer’s disease; ApoE, apolipoprotein E; OR, odds ratio; Cl, confidence interval.

diagnosis nor can it be used for predictive testing.*> However,
ApoE genotyping may be applied to differentiate AD and non-
AD dementia. It can also play a vital role in subgrouping of
both AD and non-AD dementia.** Two meta-analysis have
been conducted**** to evaluate the differential diagnostic role
of ApoE genotype in dementia. In meta-analysis of 42 case—
control series performed by Rubinsztein et al** to quantify the
effects of ApoE on early- and late-onset, sporadic, and familial
AD, the authors have reported association of ApoE &4 allele
with significantly higher relative risk in early-onset AD (age
< 65 years), whereas ApoE €2 was found to be associated with
a significantly reduced risk of AD above the age of 65 years.
They concluded that 60% of patients with AD older than 65
years of age and 92% of patients younger than 65 years of age
would be attributable to ApoE. Another meta-analysis underta-
ken by Bang et al*? including 78 case—control studies having a
total 10 654 elderly controls, 7812 patients with AD, and 1272
patients with non-AD dementia, was reviewed to evaluate the
role of ApoE genotyping in differential diagnosis of dementia.
In their meta-analysis, the authors found low frequency of
ApoE €4 allele in vascular dementia (VD) compared to the
AD group for both caucasian and East Asian population. Also,
patients with dementia carrying ApoE &4 allele had a 3-fold
greater probability of acquiring AD than VD. Their results also

showed high ApoE &4 allele frequency and ApoE e4-associated
OR in familial and late-onset AD.

The current literature indicates that ApoE €4 exerts broad,
but specific, adverse small effects on a range of neurocognitive
functions in cognitively healthy adults.*>*® Their studies show
that carriers of ApoE &4 allele perform significantly worse on
measures of episodic memory, executive functioning, and over-
all global cognitive ability and increase in age results in signif-
icantly larger differences between ApoE €4 carriers and ApoE
non-g4 carriers on measures of episodic memory and global
cognitive ability in these patients.

In the present meta-analysis, heterogeneity among studies
regarding the strength of risk of AD for carriers of ApoE &4
allele has been observed which may be due to small sample size
in certain studies,”’*® genotyping methods used, and regional
variations (Table 3). Also, other than selection bias, factors
such as age, sex, smoking, hypercholesterolemia, and hyper-
glycemia are known to modify ApoE-related risk in AD.

Conclusion

Most studies confirm that ApoE €4 allele is a risk factor for AD,
and when used with conventional clinical criteria, the presence
and absence of ApoE &4 allele significantly increased
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diagnostic confidence by 10% to 30% in all clinical criteria
with varying accuracy of AD and non-AD dementia, respec-
tively. Our study also shows that ApoE €4/4 homozygotes and
ApoE e4/-heterozygote genotype had strong association with
increased risk of AD. However, one cannot conclude that the
presence of ApoE €4 allele will lead to development of AD
even if there is familial predisposition. As, there is no consen-
sus on it, it is not clear whether ApoE polymorphism should be
performed or not for every person who is at risk of AD. How-
ever, it can be proposed that ApoE genotyping may be per-
formed in all individuals at risk of coronary arterial disease
or not responding to drugs.
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