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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease mostly occurred in the elderly. Genetic mutation 
is one of well-established risk factors for AD. Several polymorphisms on chromosome 11q were reported to be as-
sociated with AD susceptibility. Hence we performed a meta-analysis to systematically assess the association be-
tween the most-reported polymorphisms on chromosome 11q (rs10793294, rs7115850, rs7101429, rs4945261, 
rs2373115, rs670142, rs610932, rs541458 and rs3851179) and AD risk. A comprehensive literature search in the 
electronic databases was performed to identify all eligible studies. The pooled odds ratios (OR) and 95% confidence 
intervals (95% CI) were calculated to evaluate the association between 11q variants and AD risk by using the allelic 
model. Sensitivity analysis was carried out to analyze the influence of single study on the overall results. Begg’s fun-
nel plots and Egger’s test were used to assess the publication biases among studies. All the statistical analyses were 
conducted by using STATA 12.0 Software (Stata Corp, College Station, TX, USA). A total of 35 eligible articles were 
included in our meta-analysis. Our data showed that the polymorphism of rs610932 were significantly associated 
with lower AD risk with a pooled OR of 0.88 (95% CI: 0.84-0.92, P=0.005). The other SNPs of rs494526 (OR=0.83, 
95% CI: 0.65-1.00, P<0.001), rs2373115 (OR=0.85, 95% CI: 0.75-0.95, P<0.001) and rs670139 (OR=1.09, 95% 
CI: 1.05-1.12, P=0.554) were shown to be correlated with lower AD risk. Subgroup analysis revealed a similar result 
in Caucasians. But only the rs610932 polymorphism was found to be associated with lower AD risk in Asians. The 
polymorphism of rs610932 was shown to be a risk factor for AD while the other three genetic variants (rs494526, 
rs2373115 and rs610932) may act as protective factors against AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegenera-
tive disease characterized by progressive mem-
ory loss and cognitive impairment, accounting 
for approximately 60% to 80% of dementia 
cases in the elderly [1]. The disease seriously 
affects the patient’s ability to carry out daily 
tasks and activities and imposes a severe bur-
den on their caregivers. The main pathological 
hallmarks of Alzheimer’s disease are the accu-
mulation of beta-amyloid plaques outside the 
neurons and the presence of neurofibrillary 
tangles inside the neurons [2]. However, the 
genetic mechanism and etiology of the disease 
is not fully understood. To date, there’s no treat-
ment or intervention available for the cure or 
prevention of Alzheimer’s disease. Most of the 
current approaches in treatment or medication 

lie in helping patients maintain the mental func-
tion and delay the symptoms of the disease [3]. 
A number of factors are likely to contribute to 
the increased risk of Alzheimer’s disease, 
including age, diet, lifestyle, environment, 
genetics, etc. Among them, age and genetic 
factors are the two unequivocally established 
risk factors for Alzheimer’s disease [4]. Most of 
the AD patients are diagnosed at age 65 or 
older. The incidence of Alzheimer’s disease 
doubles every 5 years after age 65 [5]. Growing 
evidences have indicated that genetic muta-
tions also play important role in the develop-
ment of Alzheimer’s disease. Several risk genes 
have been identified to be associated with AD. 
One of the most studied AD-related genes is 
Apolipoprotein E (APOE) and previous studies 
confirmed that APOE ε4 increase the risk of 
developing the disease [6]. 
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The APOE4 gene, located on chromosome 19, 
encodes the apolipoprotein E, which is one of 
major component of very low-density lipopro-
teins (VLDLs) responsible for transporting the 
cholesterol to bloodstream and further deliver-
ing it to the liver for further processing [7]. 
Therefore, apolipoprotein E is essential for 
maintaining the homeostasis of cholesterol in 
the body and thereby preventing the cardiovas-
cular diseases such as stroke and heart attack 
[8]. So far, at least three different alleles of 
APOE gene are identified as follows: ε2, ε3, and 
ε4. The ε3 is the most common allele in the 
general population and over half of the general 
population is found to carry ε3 allele [9]. The ε4 
allele is associated with increased risk of late-
onset Alzheimer’s disease [10]. But it’s impor-
tant to note that not all of the AD cases were 
found to be ε4 carriers and not all of ε4 carriers 
will surely develop the disease. 

In addition to APOE4, several genome-wide 
association studies (GWAS) have been per-
formed to identify the additional risk genes for 
AD. Evidences show that the loci on chromo-
some 11q are likely to be associated with the 
increased risk of AD, in which most reported 
AD-associated polymorphisms are rs1079- 
3294, rs7115850, rs7101429, rs4945261, 
and rs2373115 located in the GRB2 associat-
ed binding protein 2 (GRB2), rs670142 and 
rs610932 in Membrane-spanning 4-domains 
subfamily A (MS4A), as well as rs541458 and 
rs3851179 in the Phosphatidylinositol binding 
clathrin assembly protein (PICALM) [11-14]. 
Hence, it’s of great value to investigate the 
association between AD susceptibility and sin-
gle nucleotide polymorphisms (SNP) on chro-
mosome 11q. Moreover, a number of studies 
have examined the association between the 
common susceptible variants on chromosome 
11q and AD risk. But no conclusive finding was 
reported due to inconsistent results among 
existing studies. Therefore, we conducted a 
meta-analysis to systematically evaluate the 
association between the 11q variants and AD 
susceptibility.

Materials and methods

Selection of studies

The meta-analysis was performed under the 
guidelines of Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRI- 
SMA). We searched the electronic database 

such as PubMed/Medline, EMBASE, the Coch- 
rane Library and Chinese National Knowledge 
Infrastructure (CNKI) to identify all relevant arti-
cles published between January 2009 and 
November 2014 without language limitation. 
The following search terms “Alzheimer’s dis-
ease”, “Polymorphism”, “SNP”, “Genetic vari-
ants”, “Chromosome 11q”, “GAB2”, “MS4A6A”, 
“MS4A4E”, “PICALM” were used in the litera-
ture retrieval. Additionally, we also reviewed the 
reference list in the retrieved articles to manu-
ally search the additional relevant articles. 

Inclusion and exclusion of studies

Two reviewers independently screened the 
retrieved publications. Studies qualified for 
inclusion in the meta-analysis have to meet the 
following criteria: 1) they are case-control stud-
ies focused on the association between the 
genetic variants of GAB2 (rs10793294, rs711- 
5850, rs7101429, rs4945261, rs2373115), 
MS4A (rs670142, rs610932), PICALM (rs- 
541458, rs3851179) on chromosome 11q and 
AD susceptibility; 2) the diagnosis of AD 
patients was confirmed by histopathological 
examination; 3) studies provided the data of 
odds ratios (OR) and their 95% confidence 
interval (CI); 4) the genotype frequencies are 
consistent with the Hardy Weinberg Equilibrium. 
Studies were excluded if 1) they were not case-
control studies; 2) they were irrelevant to the 
research topic; 3) they were duplicated publica-
tion; 4) relevant data was unavailable. 

Data extraction

Two reviewers independently extracted the 
information and data from all eligible publica-
tions. Disagreement between the two review-
ers was resolved by third reviewer. The follow-
ing characteristics of each study was docu-
mented: first author’s surname, publication 
year, ethnicity of subjects, genotyping methods, 
studied SNP, number of total AD cases and 
healthy controls, number of AD cases and 
healthy controls for each genotype. 

Statistical analyses

The Chi-square test was used to examine 
whether the genotype distribution in healthy 
controls was consistent with Hardy Weinberg 
equilibrium. The pooled OR and its correspond-
ing 95% CI were calculated to assess the asso-
ciation between the common SNPs on chromo-
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some 11q and AD under allele model. Z test 
was carried out to determine the statistical sig-
nificance of OR, which P<0.05 was considered 
as statically significant. Cochran’s Q and 
Higgin’s I2 test was used to assess the level of 
heterogeneity among studies. If the result 
showed P>0.05 and I2<0.5, the pooled OR 
should be calculated with fixed effect model 
(Mantel Haenszel method). Otherwise, random 
model (DerSimonian and Laird method) should 
be applied. Sensitivity analyses were per-
formed to evaluate the impact of each study on 
the overall result of meta-analysis. Publication 
bias was assessed by Begg’s funnel plot and 
Egger’s regression. STATA 12.0 Software (Stata 
Corp, College Station, TX, USA) was used to per-
form all the statistical analyses. 

Results

Study characteristics

The flow chart of study selection is presented in 
Figure 1. Firstly, we retrieved a total of 190 
articles from electronic database and manual 
search. According to the inclusion and exclu-

case-control studies performed in different 
samples or in different stages. In this case, we 
divided the entire study into several indepen-
dent studies in this meta-analysis. The detailed 
characteristics of studies were presented in 
the Supplementary Table 1. The whole study 
subjects were mostly Caucasians and Asians 
recruited from Europe, North America and East 
Asia. This meta-analysis includes 45,674 cases 
and 79,218 controls in total. Several studies 
have further carried out the subgroup analyses 
based on APOE ε4 status. 

Meta-analysis of association between 11q 
variants and AD risk

The overall results of meta-analysis for the as- 
sociation between 11q variants and AD risk we- 
re summarized in Figure 2 and Supplementary 
Tables 2, 3 and 4. Under the allele model, poly- 
morphisms of rs610932 (G>T) on MS4A6A 
were significantly associated with lower AD risk 
with a pooled OR of 0.88 (95% CI: 0.84-0.92, 
P=0.005). Similarly, the genetic variants of 
rs2373115 (G>T) on GAB2 were shown to sig-
nificantly decrease the risk of developing AD 

Figure 1. Flow chart of literature search and study selection. 

sion criteria, 15 duplicated 
publications and 29 reviews 
were removed in the prelimi-
nary screening. After review-
ing the titles and abstracts, 
77 irrelevant articles were 
further excluded. The remain-
ing articles were subjected to 
full-text review by two inde-
pendent investigators. 34 
articles were removed since 
they failed to provide data 
needed to construct 2×2 
table for meta-analysis. Fi- 
nally, 35 eligible articles 
were included in this meta-
analysis, in which the articles 
focused on the GAB2, MS4A 
and PICALM variants were 
13, 5 and 19, respectively 
[12-46]. Besides, 23 of 35 
identified articles study on 
the Caucasians while the 
other 23 studies on the 
Asians. The articles such as 
Hollingworth et al., Harold et 
al., Lambert et al., Reiman et 
al., and Miyashita et al. con-
tained several independent 
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(OR=0.85, 95% CI: 0.75-0.95, P<0.001). Be- 
sides, the polymorphism of rs4945261 (G>A) 
was also found to associate with lower AD risk 
(OR=0.83, 95% CI: 0.65-1.00, P<0.001). On 
the contrary, rs670139 (G>T) risk-allele carri-
ers appear to show a higher risk of developing 
AD compared with non risk-allele carriers 
(OR=1.09, 95% CI: 1.05-1.12, P=0.554). There 
was no evidence of association between the 
rs10793294, rs7101429, rs7115850, rs38- 
51179, rs541458 polymorphisms and AD 
susceptibility. 

Subgroup analysis

We further conducted a subgroup analysis 
stratified by ethnicity (Figure 3). The polymor-

phism of rs670139 conferred an increased risk 
for AD (OR=1.09, 95% CI: 1.05-1.12, P=0.618) 
in Caucasians while the other three SNPs, 
rs4945261 (OR=0.71, 95% CI: 0.58-0.83, 
P=0.15), rs2373115 (OR=0.81, 95% CI: 0.68-
0.94, P<0.001) and rs610932 (OR=0.89, 95% 
CI: 0.86-0.92, P=0.148), were associated with 
lower risk of AD. Nonetheless, only the 
rs610932 variant was shown to be associated 
with a lower risk of AD in Asians (OR=0.78, 95% 
CI: 0.59-0.96, P=0.035). 

Publication bias and sensitivity analysis

Begg’s funnel plots and Egger’s test were per-
formed to assess the publication biases among 

Figure 2. Summary of forest plots with ORs and 95% CI for all studied SNPs on chromosome 11q.

Figure 3. Summary of forest plots with ORs and 95% CI stratified by ethnicity for SNP.
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studies. There was no obvious asymmetry in 
the shape of Begg’s funnel plots. And the result 
of Egger’s test showed no evidence of statisti-
cally significant asymmetry in the Begg’s funnel 
plots (Table 1), and indicated no publication 
bias in this meta-analysis. The impact of each 
study on the overall OR was evaluated by using 
sensitivity analysis. The result of sensitivity 
analysis revealed no significant variation in the 
pooled OR when any one of single study was 
removed (data not shown), which suggested 
the overall results in this meta-analysis were 
robust and reliable. 

Discussion

In this meta-analysis, we performed a compre-
hensive literature search to identify all eligible 
articles. According to the inclusion and exclu-
sion criteria, a total of 35 articles were included 
in this meta-analysis. Our results showed that 
the four SNPs (rs4945261, rs670139, rs- 
2373115 and rs610932) were significantly 
associated with AD risk. Among which, the 
rs670142 variant carriers were likely to have a 
higher risk of developing AD. However, the other 
three SNPs (rs494526, rs2373115 and rs- 
610932) were shown to act as protective fac-
tors against AD. Stratified by ethnicity, sub-
group analysis also revealed a similar result in 
Caucasians. Only the rs610932 variant was 
significantly associated with lower AD in Asians. 
Collectively, the meta-analysis showed that the 
four polymorphisms on chromosome 11q have 
significant association with AD risk. 

GAB2 is a member of highly conserved human 
adaptor protein Gab/DOS subfamily, which 
ubiquitously expressed in white blood cells, 
posterior cingulated cortex and hypothalamus 

[47]. Gab/DOS subfamily play important role in 
various differentiation and proliferation path-
ways. The transduction and amplification of sig-
nals from growth factors, cell adhesion mole-
cules, and cytokines was mediated by Gab/
DOS proteins [48]. GAB proteins usually act as 
the downstream effector in response to the sig-
nal triggered by tyrosine kinase in the upstream 
pathway. Phosphorylated GAB proteins may 
mainly lead to the recruitment and activation of 
various signaling molecules, such as PI3K, CrK, 
SHP2, etc, which are critical for cell prolifera-
tion, survival, differentiation and apoptosis 
[49]. In addition, evidences showed that GAB2 
may suppress the glycogen synthase kinase-3 
(Gsk3)-dependent phosphorylation of AD- 
related tau tangles [50]. Hyperphosphorylated 
tau is unable to stimulate microtubule assem-
bly, which disrupts the maintenance of microtu-
bule network and promotes the tau aggrega-
tion [51]. Reiman et al. performed a GAB2 
knock-down assay by using small-interfering 
RNA (siRNA). And it showed a marked increase 
of tau formation and aggregation in the neu-
rons in absence of GAB2 [14]. Hence, the 
abnormal hyperphophorylated tau may contrib-
ute to the development of neurodegenerative 
disease, especially AD. Alternatively, mutations 
in GAB2 may facilitate the phosphorylation of 
tau and thereby result in the formation of neu-
rofibrillary tangles. Moreover, GAB2 is also 
reported to interact with other potential 
AD-related genes, but the underlying mecha-
nism is still not elucidated. Collectively, it can 
be hypothesized that GAB2 play a protective 
role against AD. In this meta-analysis, two  
polymorphisms of GAB2 (rs2373115 and 
rs4945261) were identified as protective fac-
tors against AD. 

Table 1. Meta-analysis of association between 11q variants and AD risk
Studied SNPs Gene OR 95% CI I-squared Ph Z P* Model Pr
rs541458 PICALM 1.08 0.98-1.19 82.3% <0.001 19.72 <0.001 Random 0.33 
rs610932 MS4A6A 0.87 0.83-0.91 54.6% <0.001 42.12 0.007 Random 0.85 
rs670142 MS4A6E 1.09 1.06-1.12 0.0% 0.55 70.67 <0.001 Random 0.88 
rs2373115 GAB2 0.85 0.75-0.95 65.9% <0.001 16.77 <0.001 Random 0.11 
rs3851179 PICALM 1.01 0.92-1.11 84.7% <0.001 20.7 <0.001 Random 0.29 
rs4945261 GAB2 0.83 0.65-1.00 81.4% <0.001 9.16 <0.001 Random 0.29 
rs7101429 GAB2 0.88 0.62-1.14 87.7% <0.001 6.7 <0.001 Random 0.70 
rs7115850 GAB2 0.85 0.64-1.06 82.4% <0.001 8.03 <0.001 Random 0.46 
rs10793294 GAB2 0.82 0.57-1.06 90.7% <0.001 6.55 <0.001 Random 0.16 
Note: Ph=P-value for heterogeneity; P*=P-value for Q test; Pr=P-value for publication bias.
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MS4A cluster consist of at least 16 paralogues 
including MS4A6A and MS4A6E on chromo-
some 11q in humans. MS4A cluster encodes a 
variety of cell membrane proteins with N- and 
C-terminal cytoplasmic domains and extracel-
lular and intracellular loops. MS4A genes 
encode proteins with sequence homology and 
they are likely to share similar functional prop-
erties [52]. Although functional properties of 
most MS4A genes still remain unexplored, they 
have been shown to play important role in 
immunity. Several SNPs within MS4A has been 
reported to be correlated with atopic allergic 
diseases. MS4A1 may result in the activation 
and differentiation of B cells through interact-
ing with activated B cell antigen receptor com-
plex (BCR) [53]. MS4A4B appear to involve in 
the survival and apoptosis of T cells [54, 55]. 
Low expression of MS4A4B promotes the apop-
tosis of T-cells while high level of MS4A4B 
inhibits the apoptosis of T-cells. MS4A genes 
were previously identified to regulate the intra-
cellular calcium homeostasis as well [56]. The 
release or uptake of Ca2+ is an important intra-
cellular signal that regulates a wide range of 
physiological functions. The function of intra-
cellular Ca2+ varies across the diverse cell 
types. La Ferla et al. revealed that high level of 
intracellular Ca2+ is likely to facilitate the forma-
tion of amyloid plaque, hyperphophorylation of 
tau, and neuronal cell death, subsequently 
leading to the pathogenesis of neurodegenera-
tive disease [57]. The study of Berridge et al. 
also revealed the dysregulation of Ca2+ signal-
ing may affect the memory formation and con-
solidation followed by cognition decline and 
dementia [58]. The genetic variants of 
rs610932 in MS4A6A were significantly associ-
ated with increased AD risk, but the other poly-
morphisms of rs670142 were found to be cor-
related with lower AD risk. 

PICALM encodes a phosphatidylinositol-bind-
ing clathrin assembly protein, which is predomi-
nately expressed in the endothelial cells [59]. 
PICALM is reported to be involved in the modu-
lation of APP uptake, trafficking and process-
ing. Inhibition of endocytosis or PICALM expres-
sion has been found to result in the reduced 
APP internalization and diminished AB release 
[60]. The APP needs to be internalized through 
endocytosis prior to the proteolysis of APP. The 
formation of amyloid beta peptides requires 
the proteolysis of APP. Therefore, overexpres-
sion of PICALM may contribute to increase the 
level of amyloid beta peptides. Contradictorily, 

PICALM also participate in the elimination of 
amyloid beta peptides. The transportation of 
amyloid beta peptides across the blood-brain 
barrier into blood circulation is the main path-
way to eliminate the amyloid beta peptide in 
brain [61]. The abundance of PICALM in endo-
thelial cells is thought to facilitate the clear-
ance process [59]. Altered expression of 
PICALM modulate the APP metabolism through 
various mechanism, thereby further research-
es are needed to illuminate the role of PICALM 
in the pathogenesis of AD. In this meta-analy-
sis, no evidence was found for the association 
between PICALM variants and AD risk. 

This is a first report investigating the correlation 
between aforementioned SNPs in the same 
chromosome region and AD susceptibility. On 
the other hand, there’re still some limitations 
that should be acknowledged. We only used the 
allele model to estimate the odds ratio in this 
meta-analysis since some studies only report 
the allele frequencies. In addition, AD is a mul-
tifactorial disease resulting from a combination 
of environmental factors and genetic factors. 
Due to the different ethnicity and limited data 
available, it is unlikely to adjust the estimate of 
AD risk with different environmental factors, 
which may lead to a part of between-study het-
erogeneity. Hence, we only focused on the 
unadjusted OR and P-value in the meta- 
analysis. 

In conclusion, our results revealed a significant 
association between four SNPs on chromo-
some 11q and AD risk. The polymorphism of 
rs610932 were shown to be a risk factor for AD 
while the other three genetic variants 
(rs494526, rs2373115 and rs610932) may 
act as protective factors against AD. 
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Supplementary Table 1. Characteristics of included studies
First author Country Ethnicity Year Case Control Studied SNPs Ref.
Reiman USA Caucasian 2007 861 551 rs10793294; rs2373115; rs4945261; rs7101429; rs7115850 [14]

Chapuis France & UK Caucasian 2008 1759 1406 rs2373115 [15]

Harold Multi-nations Caucasian 2009 3941 7848 rs3851179; rs541458 [12]

Ikram Netherland Caucasian 2009 443 5064 rs4945261 [16]

Miyashita JAPAN Asian 2009 1656 1656 rs10793294; rs2373115; rs4945261; rs7101429; rs7115850 [17]

Nacmiasa Italy Caucasian 2009 241 338 rs2373115 [18]

Ramirez-Lorca Spain Caucasian 2009 521 476 rs2373115 [19]

Sleegers Belgium Caucasian 2009 508 601 rs10793294; rs2373115; rs4945261; rs7101429; rs7115850 [20]

Biffi USA Caucasian 2010 168 205 rs3851179 [21]

Carrasquillo USA Caucasian 2010 1829 2576 rs3851179 [22]

Corneveaux USA Caucasian 2010 1019 591 rs541458 [23]

Lin China Asian 2010 292 227 rs2373115 [24]

Sheshadri USA Caucasian 2010 1140 1209 rs541458 [25]

Zhou Mongolia Asian 2010 107 100 rs2373115 [26]

Hollingworth Multi-nations Caucasian 2011 18897 39846 rs610932; rs670139 [13]

Lambert Multi-nations Caucasian 2011 2744 2597 rs541458 [27]

Li China Asian 2011 474 591 rs3851179 [28]

Wang China Asian 2011 159 151 rs2373115; rs4945261; rs7101429; rs7115850 [29]

Yu China Asian 2011 266 343 rs3851179 [30]

Zhong China Asian 2011 358 366 rs10793294 [31]

Chen Hong Kong Asian 2012 462 350 rs3851179; rs541458 [32]

Deng China Asian 2012 190 193 rs610932 [33]

Kamboh USA Caucasian 2012 1348 1359 rs3851179; rs541458 [34]

Nizamutdinova Russia Caucasian 2012 166 128 rs3851179; rs2373115 [35]

Ohara Japan Asian 2012 825 2934 rs3851179 [36]

Schott UK Caucasian 2012 102 114 rs3851179; rs541458 [37]

Izzo Brazil Caucasian 2013 130 71 rs2373115 [38]

Kohannim USA Caucasian 2013 106 160 rs3851179 [39]

Miyashita Japan Asian 2013 1224 2114 rs3851179; rs541458 [40]

Tan China Asian 2013 612 612 rs610932; rs670139 [41]

Belcavello Brazil Caucasian 2014 82 161 rs3851179 [42]

Carrasquillo USA Caucasian 2014 135 2422 rs3851179 [43]

Gharesouran Turkey Caucasian 2014 160 163 rs3851179 [44]

Proitsi UK Caucasian 2014 411 399 rs610932 [45]

Wang China Asian 2014 1082 1094 rs610932; rs670139 [46]
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Supplementary Table 2. Odds ratio and corresponding P-value in the included studies investigating the 
GAB2 variants

Studied SNP Study Ethnicity
Sample Size Sub-

group OR (95% CI) P-value
Case Control

rs10793294 (C>A) Reiman et al. (Discovery), 2007, USA Caucasian 446 290 - 0.55 (0.43, 0.70) 9.49E-07

Reiman et al. (Neuropathology Replication), 2007, USA Caucasian 197 114 - 0.61 (0.41, 0.90) 1.26E-02

Reiman et al. (Clinical Replication), 2007, USA Caucasian 218 146 - 0.51 (0.36, 0.72) 8.23E-05

Miyashita et al., 2009, Japan Asian 1616 1631 APOE e4 1.08 (0.96, 1.22) 2.03E-01

Sleegers et al., 2009, Belgium Caucasian 528 601 APOE e4 0.91 (0.74, 1.12) 3.86E-01

Zhong et al., 2011, China Asian 358 366 APOE e4 1.33 (1.03, 1.72) 2.58E-02

rs2373115 (G>T) Reiman et al. (Discovery), 2007, USA Caucasian 446 290 APOE e4 0.53 (0.40, 0.70) 7.04E-06

Reiman et al. (Neuropathology Replication), 2007, USA Caucasian 197 114 APOE e4 0.86 (0.55, 1.32) 4.85E-01

Reiman et al. (Clinical Replication), 2007, USA Caucasian 218 146 APOE e4 0.60 (0.39, 0.91) 1.68E-02

Chapuis et al., 2008, France & UK Caucasian 1759 1406 APOE e4 0.92 (0.81, 1.05) 2.16E-01

Miyashita et al., 2009, Japan Asian 1627 1645 APOE e4 0.96 (0.87, 1.06) 4.36E-01

Sleegers et al., 2009, Belgium Caucasian 527 601 APOE e4 0.92 (0.73, 1.15) 4.64E-01

Nacmiasa et al., 2009, Italy Caucasian 241 338 APOE e4 0.65 (0.48, 0.88) 5.32E-03

Ramirez-Lorca et al., 2009, Spain Caucasian 521 476 APOE e4 1.02 (0.81, 1.28) 8.83E-01

Zhou et al., 2010, Mongolia Asian 107 100 APOE e4 1.10 (0.74, 1.63) 6.49E-01

Lin et al., 2010, China Asian 292 227 APOE e4 0.91 (0.71, 1.16) 4.38E-01

Wang et al., 2011, China Asian 129 109 - 0.92 (0.64, 1.33) 6.65E-01

Ikram et al., 2009, Netherlands Caucasian 443 5064 APOE e4 1.00 (0.83, 1.21) 9.92E-01

Izzo et al., 2013, Brazail Caucasian 130 71 - 0.73 (0.44, 1.22) 2.27E-01

Nizamutdinova et al., 2013, Russia Caucasian 166 128 - 1.00 (0.60, 1.66) 9.92E-01

rs4945261 (G>A) Reiman et al. (Discovery), 2007, USA Caucasian 446 290 - 0.54 (0.40, 0.72) 1.81E-05

Reiman et al. (Clinical Replication), 2007, USA Caucasian 218 146 - 0.70 (0.46, 1.06) 1.13E-01

Reiman et al. (Neuropathology Replication), 2007, USA Caucasian 197 114 - 0.70 (0.46, 1.06) 9.05E-02

Ikram et al., 2009, Netherlands Caucasian 443 5064 APOE e4 0.78 (0.63, 0.97) 9.92E-01

Miyashita et al., 2009, Japan Asian 1630 1631 APOE e4 0.97 (0.88, 1.07) 4.98E-01

Sleegers et al., 2009, Belgium Caucasian 528 597 APOE e4 0.85 (0.67, 1.08) 1.76E-01

Wang et al., 2011, China Asian 159 151 - 1.72 (1.24, 2.36) 9.30E-04

rs7101429 (A>G) Reiman et al. (Discovery), 2007, USA Caucasian 446 290 - 0.66 (0.49, 0.90) 6.87E-03

Reiman et al. (Clinical Replication), 2007, USA Caucasian 218 146 - 1.02 (0.67, 1.55) 9.29E-01

Reiman et al. (Neuropathology Replication), 2007, USA Caucasian 197 114 - 0.41 (0.26, 0.65) 1.11E-04

Miyashita et al., 2009, Japan Asian 1634 1644 APOE e4 0.98 (0.89, 1.09) 7.60E-01

Sleegers et al., 2009, Belgium Caucasian 525 595 APOE e4 0.86 (0.68, 1.08) 1.98E-01

Wang et al., 2011, China Asian 159 151 - 2.01 (1.44, 2.82) 4.44E-05

rs7115850 (G>C) Reiman et al. (Discovery), 2007, USA Caucasian 446 290 - 0.57 (0.43, 0.75) 5.25E-05

Reiman et al. (Clinical Replication), 2007, USA Caucasian 218 146 - 0.61 (0.40, 0.92) 1.91E-02

Reiman et al. (Neuropathology Replication), 2007, USA Caucasian 197 114 - 0.78 (0.50, 1.20) 2.56E-01

Miyashita et al., 2009, Japan Asian 1649 1652 APOE e4 0.97 (0.88, 1.07) 5.61E-01

Sleegers et al., 2009, Belgium Caucasian 527 599 APOE e4 0.95 (0.76, 1.19) 6.57E-01

Wang et al., 2011, China Asian 159 151 - 1.55 (1.10, 2.18) 1.24E-02
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Supplementary Table 3. Odds ratio and corresponding P-value in the included studies investigating the MS4A6A, MS4A6E variants

Studied SNP Study Ethnicity
Sample Size

Subgroup OR (95% CI) P-value
Cases Controls

rs610932 (G>T) (MS4A6A) Hollingworth et al. (Stage 1, GERAD1), 2011, Europe & USA Caucasian 3941 7848 0.87 (0.82, 0.92) 1.49E-06
Hollingworth et al. (Stage 1, EADI1), 2011, Europe & USA Caucasian 2025 5328 0.93 (0.86, 1) 4.60E-02
Hollingworth et al. (Stage 1, ADNI), 2011, Europe & USA Caucasian 151 177 0.88 (0.64, 1.22) 4.48E-01
Hollingworth et al. (Stage 1, TGEN1), 2011, Europe & USA Caucasian 571 332 0.74 (0.6, 0.9) 2.79E-03
Hollingworth et al. (Stage 2, GERAD2), 2011, Europe & USA Caucasian 3262 3320 0.94 (0.87, 1.02) 1.40E-01
Hollingworth et al. (Stage 2, AD-IG), 2011, Europe & USA Caucasian 709 971 0.79 (0.65, 0.96) 2.00E-02
Hollingworth et al. (Stage 2, deCODE), 2011, Europe & USA Caucasian 925 612 0.81 (0.7, 0.95) 9.00E-03
Hollingworth et al. (Stage 3, EADI2), 2011, Europe & USA Caucasian 2751 2620 0.9 (0.83, 0.97) 7.70E-03
Hollingworth et al. (Stage 3, Mayo2), 2011, Europe & USA Caucasian 4168 5734 0.89 (0.83, 0.95) 8.80E-04
Hollingworth et al. (Stage 3, CHARGE), 2011, Europe & USA Caucasian 394 12904 0.95 (0.88, 1.03) 2.17E-01
Deng et al., 2012, China Asian 190 193 APOE e4 0.62 (0.47, 0.83) 1.08E-03
Tan et al., 2013, China Asian 612 612 0.75 (0.64, 0.89) 9.45E-04
Proitsi et al., 2014, UK Caucasian 411 399 0.77 (0.6, 0.99) 4.30E-02
Wang et al., 2014, China Asian 333 334 1 (0.8, 1.25) 1.00E+00

rs670139 (G>T) (MS4A6E) Hollingworth et al. (Stage 1, GERAD1), 2011, Europe & USA Caucasian 3941 7848 1.13 (1.06, 1.21) 8.66E-05
Hollingworth et al. (Stage 1, EADI1), 2011, Europe & USA Caucasian 2025 5328 1.06 (0.99, 1.14) 1.20E-01
Hollingworth et al. (Stage 1, ADNI), 2011, Europe & USA Caucasian 151 177 1.08 (0.78, 1.49) 6.62E-01
Hollingworth et al. (Stage 1, TGEN1), 2011, Europe & USA Caucasian 571 332 1.26 (1.03, 1.54) 2.25E-02
Hollingworth et al. (Stage 2, GERAD2), 2011, Europe & USA Caucasian 3262 3320 1.1 (1.02, 1.19) 1.44E-02
Hollingworth et al. (Stage 2, AD-IG), 2011, Europe & USA Caucasian 709 971 1.13 (0.93, 1.38) 2.10E-01
Hollingworth et al. (Stage 2, deCODE), 2011, Europe & USA Caucasian 925 612 1.15 (0.99, 1.35) 7.50E-02
Hollingworth et al. (Stage 3, EADI2), 2011, Europe & USA Caucasian 2751 2620 1.02 (0.94, 1.11) 5.85E-01
Hollingworth et al. (Stage 3, Mayo2), 2011, Europe & USA Caucasian 4168 5734 1.09 (1.03, 1.16) 2.50E-03
Hollingworth et al. (Stage 3, CHARGE), 2011, Europe & USA Caucasian 394 12904 1.05 (0.96, 1.15) 2.69E-01
Tan et al., 2013, China Asian 612 612 1.2 (1.02, 1.4) 2.80E-02
Wang et al., 2014, China Asian 333 334 0.97 (0.78, 1.2) 7.67E-01
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Supplementary Table 4. Odds ratio and corresponding P-value in the included studies investigating the GAB2 variants

Studied SNP Study Ethnicity
Sample Size

Subgroup OR (95% CI) P-Value
Case Control

rs3851179 (A>G) Harold et al. (USA), 2009, USA, UK, Ireland & Germany Caucasian 1159 2188 - 1.14 (1.03, 1.27) 1.37E-02
Harold et al. (Germany), 2009, USA, UK, Ireland & Germany Caucasian 555 824 - 1.10 (0.94, 1.30) 2.23E-01
Harold et al. (UK & Ireland), 2009, USA, UK, Ireland & Germany Caucasian 2227 4836 - 1.22 (1.13, 1.31) 1.83E-07
Biffi et al., 2010, USA Caucasian 168 205 - 0.99 (0.81, 1.20) 8.80E-01
Carrasquillo et al., 2010, USA Caucasian 1829 2576 - 0.80 (0.73, 0.89) 1.30E-05
Li et al., 2011, China Asian 474 591 APOE e4 1.04 (0.87, 1.24) 6.86E-01
Yu et al., 2011, China Asian 266 343 APOE e4 1.15 (0.91, 1.46) 2.35E-01
Chen et al., 2012, Hong Kong Asian 457 341 - 1.02 (0.83, 1.25) 8.41E-01
Kamboh et al., 2012, USA Caucasian 1328 1337 - 1.12 (1.00, 1.25) 5.53E-02
Ohara et al., 2012, Japan Asian 825 2934 - 1.13 (1.01, 1.27) 2.88E-02
Schott et al., 2012, UK Caucasian 102 114 - 0.82 (0.58, 1.18) 2.90E-01
Nizamutdinov et al., 2012, Russia Caucasian 166 128 - 0.75 (0.53, 1.05) 9.64E-02
Kohannim et al., 2013, USA Caucasian 106 160 - 1.15 (0.80, 1.65) 4.51E-01
Miyashita et al. (Japan), 2013, Japan Asian 885 985 - 0.80 (0.73, 0.89) 1.71E-05
Miyashita et al. (South Korea), 2013, Japan Asian 339 1129 - 0.79 (0.66, 0.96) 1.99E-02
Belcavello et al., 2014, Brazil Caucasian/African 82 161 - 1.40 (0.93, 2.10) 1.03E-01
Carrasquillo et al., 2014, USA Caucasian 135 2422 - 0.82 (0.64, 1.05) 1.12E-01
Gharesouran et al., 2014, Turkey Caucasian 160 163 APOE e4 4.85 (3.16, 7.43) 1.95E-14
Wang et al., 2014, China Asian 749 760 1.12 (0.97, 1.3) 1.28E-01

rs541458 (T>C) Harold et al. (USA), 2009, USA, UK, Ireland & Germany Caucasian 1159 2188 - 1.13 (1.01, 1.26) 3.00E-02
Harold et al. (Germany), 2009, USA, UK, Ireland & Germany Caucasian 555 824 - 1.05 (0.89, 1.23) 5.72E-01
Harold et al. (UK & Ireland), 2009, USA, UK, Ireland & Germany Caucasian 2227 4836 - 1.21 (1.12, 1.31) 1.45E-06
Corneveaux et al., 2010, USA Caucasian 1019 591 - 1.25 (1.07, 1.46) 5.75E-03
Sheshadri et al., 2010, USA Caucasian 1140 1209 - 1.20 (1.06, 1.36) 3.32E-03
Lambert et al. (Finland), 2011, Finland, Italy & Spain Caucasian 561 521 - 1.19 (1.00, 1.42) 5.26E-02
Lambert et al. (Italy), 2011, Finland, Italy & Spain Caucasian 1460 1257 - 0.82 (0.73, 0.92) 1.08E-03
Lambert et al. (Spain), 2011, Finland, Italy & Spain Caucasian 723 819 - 1.22 (1.04, 1.43) 1.37E-02
Chen et al., 2012, Hong Kong Asian 449 340 - 0.97 (0.79, 1.18) 7.47E-01
Schott et al., 2012, UK Caucasian 102 114 - 0.68 (0.47, 0.98) 4.00E-02
Kamboh et al., 2012, USA Caucasian 1322 1338 - 1.14 (1.01, 1.28) 3.21E-02


