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Abstract
A meta-analysis was performed to identify empirical data assessing the effects of a single nucleotide polymorphisms of sortilin-
related receptor on Alzheimer’s disease based on 14 studies involving 37941 cases and 49727 control studies. Analysis showed,
(i) Increased risk between the single nucleotide polymorphisms (rs641120, rs1010159) and Alzheimer’s disease susceptibility
in Asian populations, (ii) Single nucleotide polymorphism rs689021 was associated with decreased risk in Caucasians, and (iii)
Single nucleotide polymorphism rs641120 was detected as a decreased risk in both populations. Given these data, crucial
evidence is provided to demonstrate that a significant relationship exists between SORL1 polymorphisms and susceptibility to
Alzheimer’s disease.
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1. Introduction
Alzheimer’s disease (AD) is the most common age-dependent dis-
ease in most elderly groups [1]. It has been considered to indicate
explicit memory decline followed by a loss of a wider range of cogni-
tive functions, personality changes, and language disorders [2]. AD
is a chronic and irreversible neurodegenerative disease, presumably
due to the over-accumulation of beta-amyloid (Aβ ) and hyperphos-
phorylated Tau [3]. The Aβ domain in amyloid precursor protein
(APP) is located toward the C-terminal of the precursor protein [4],
and is released extracellularly after cleavage by β and γ-secretase.
The Aβ is a 4-kDa peptide [5] produced in neurons [6] which can
evoke oxidative stress, neurotoxic Aβ aggregation leads to synaptic
loss through oxidative stress and is significantly related to memory,
cognitive function, and eventually neuronal cell death [7, 8]. Hy-
perphosphorylated Tau protein, formed Neurofibrillary tangles, can
independently exacerbate mitochondrial dysfunction and reactive
oxygen species production, leading to a cause of AD [9].

Gene polymorphisms have been identified as risk factors of
neurodegenerative diseases with abnormal protein aggregates, such
as AD [10]. Cytological and molecular biological studies have
identified the sortilin related receptor 1 (SORL1) as an candidate
gene for AD [11] located on human chromosome 11q24.1. It encodes
a mosaic protein that consists of the vacuolar protein sorting 10
(VPS10) domain-containing receptor family and the low density
lipoprotein receptor (LDLR) family. The encoded lipoprotein is
proteolytically processed to generate the mature receptor, which has
a significant role in endocytosis and protein sorting [12]. The gene
variants may be associated with AD [13]. On the other hand, it is
biologically reasonable for SORL1 to be an AD risk because of the
differential sorting of the APP and regulation of Aβ production [14].

It is reported that the SORL1 gene might affect AD risk as a candidate
gene [15]. SORL1 over-expression significantly decreases total
cellular APP and extracellular Aβ [16]. On the contrary, increased
amyloid β could be attributed to SORL1 protein expression [17].

Previously, studies have been conducted to investigate the asso-
ciation between SORL1 polymorphism and AD risk, however, it has
to be noted that such studies had relatively a small sample size and
the evidence for the role of SORL1 as a genetic marker for AD risk
was unclear and controversial. Thus, a meta-analysis was carried out
to provide a more convincing conclusion about the association be-
tween the six single nucleotide polymorphisms of SORL1 (rs668387,
rs689021, rs3824968, rs1010159, rs641120, rs2070045) and AD
susceptibility.

2. Materials and methods
A systematic search strategy of relevant studies was conducted to
identify published articles on the association of AD risk with SORL1
gene polymorphisms. PubMed, Embase, Cochrane Library, China
National Knowledge Infrastructure database (CNKI), and Wanfang
databases (an affiliate of the Chinese Ministry of Science & Technol-
ogy) were searched with the terms: SORL1 (also known as SORLA,
LR11) sortilin-related receptor 1, gene polymorphisms, variant, vari-
ation. References of relative studies were searched manually to
identify additional eligible studies.

Inclusion criteria included:
(1) Human case-control studies based on the six polymor-

phisms, rs668387, rs689021, rs3824968, rs1010159, rs641120,
rs2070045 of SORL1, and AD risk.

(2) The diagnosis of AD was identified by NINCDS-ADRDA
Alzheimer’s Criteria (National Institute of Neurological and
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Communicative Disorders and Stroke and the Alzheimer’s
disease and Related Disorders Association).

(3) The genotype distribution of controls conform to the Hardy–
Weinberg equilibrium (HWE).

(4) Sufficient genotype frequency data to calculate odds ratios
(ORs) and 95% confidence intervals (95% CI).

Exclusion criteria included:
(1) Reviews, meta-analysis, abstracts, case reports, comments

and editorial excluded.
(2) Duplications, grey literatures, unpublished articles ex-

cluded.
(3) Studies in which data was not insufficient.
The following search terms were independently extracted from

all eligible publications according to the inclusion and exclusion
criteria listed above: first author, publication year, country of origin,
number of cases and controls, genotype frequency, method of HWE
test. Different ethnicity descents were classified as Asian, Caucasian,
and mixed. Any disagreements were resolved by consensus with the
third investigator’s reexamination of the full text.

Association of the SORL1, rs668387, rs689021, rs3824968,
rs1010159, rs641120, rs2070045 polymorphisms with the risk of
Alzheimer’s disease. The subgroup analysis was performed accord-
ing to different the ethnicities of the subjects.

Allele, dominant, recessive, and additive models were separately
evaluated for each polymorphismy. The association between SORL1
and Alzheimer’s disease risk was estimated by calculation of Odds
ratios (ORs) and 95% confidence intervals (CIs). Tests for Hetero-
geneity assumption were checked by the Cochran Q-statistic and I2

test. When the p value of the Cochran Q-statistic was less than or
equal to 0.05 or I2 was greater than or equal to 50% (p≤ 0.10 or I2 ≥
50%), the random effects model was used for analysis. Otherwise, if
the p value of the Cochran Q-statistic was greater than 0.05 and I2

was less than 50% (p > 0.10 and I2 < 50%), the fixed-effects model
was applied to pool the data. Sensitivity analyses were performed to
identify individual study effects contributing to pooled results and to
test the result reliability. A subgroup analysis by ethnicity (Asian,
Caucasian, and Mixed) was implemented to identify whether each
SNP was susceptible to AD for different populations. Publication
bias was checked by Begg funnel plots and Egger publication-bias
plots. When p < 0.05 in the test, the publication bias was considered
significant. All analyses were performed using RevMan 5.3 (Review
Manager) and Stata 12.0 software (StataCorp LP, College Station,
Texas, USA).

3. Results

A total of 178 eligible publications were identified from the PubMed
database, Embase, and Cochrane Library, of which 33 were found
not relevant to SORL1 polymorphisms. 29 duplicates were excluded
after initial review. Following data extraction, 102 articles did not
meet the inclusion criteria. Thus, 14 case-control studies involving
37941 cases and 49727 controls (updated in January 2017) were
identified and classified for inclusion in the final meta-analysis [11,
17–29]. All the compiled case-control studies were published from
2007 to 2017. Further, these studies were mostly conducted among
Caucasian or Asian populations. Only one article was composed of
Caucasian and Asian populations and was considered as mixed. The
main characteristics of each study are listed in Table 1.

Six single nucleotide polymorphisms of SORL1 were analysed,
the genotype and allele distributions are presented in Table 2. There
were 11 case-control studies on SORL1 rs668387 polymorphism, 12
case-control studies on SORL1 rs689021 polymorphism, 11 case-
control studies on SORL1 rs641120 polymorphism, 12 case-control
studies on SORL1 rs3824968 polymorphism, 9 case-control studies
on SORL1 rs1010159 polymorphism, and 8 case-control studies on
SORL1 rs2070045 polymorphism; where subgroup analysis was
performed and stratified by ethnicity.

SORL1 rs668387 was investigated in eleven studies including
6875 cases and 8859 controls. A fixed effect model was performed
for the comparison of TT vs CC, TT + CT vs CC. Because of het-
erogeneity, a random-effect model was used for other comparisons.
However, the rs668387 gene single nucleotide polymorphisms did
not show any differences between AD patients and controls in the
four genetic models tested (T vs C: OR = 0.94, 95% CI = 0.86–1.02,
p = 0.13; phete = 0.01, I2 = 55%; TT + CT vs CC: OR = 0.98, 95%
CI = 0.84–1.16, p = 0.85; phete = 0.07, I2 = 62%; CC + CT vs
TT: OR = 0.92, 95% CI = 0.85–1.01, p = 0.06; phete = 0.09, I2 =
0%; TT vs CC: OR = 0.94, 95% CI = 0.85–1.05, p = 0.31; phete
= 0.28, I2 = 18%). Meanwhile, no associations were found in the
ethnicity-stratified groups. Collectively, no significant association
was found between rs668387 and AD.

There were twelve case-control studies with a total of 7076 cases
and 9116 controls that examined the association between rs689021
and AD. According to the study on heterogeneity, a fixed-effect
model was conducted. The association between Alzheimer’s disease
and SORL1 rs689021 gene single nucleotide polymorphisms for
different ethnicities is given in Fig. 1. As suggested, the analysis did
not show any significant association between the rs689021 SNP and
AD under any genetic model (A vs G: OR = 0.95, 95% CI = 0.91–
1.00, p = 0.06; AA + AG vs GG: OR = 0.94, 95% CI = 0.86–1.03,
p = 0.19; AA vs AG + GG: OR = 0.99, 95% CI = 0.89–1.09, p =
0.83; AA vs GG: OR = 0.93, 95% CI = 0.83–1.05, p = 0.24). No
significant heterogeneity was proved by Cochran’s Q-statistic and I2

(A vs G: phete = 0.14, I2 = 31%; AA AG vs GG: phete = 0.19, I2 =
28%; AA vs AG + GG: phete = 0.07, I2 = 45%; AA vs GG: phete =
0.38, I2 = 7%). But when ethnicity-ranked analysis was performed,
a decreased risk was found to be associated with the allele genotypes
among Caucasians (A vs G: OR = 0.92, 95% CI = 0.86–0.98, p =
0.01) (Fig. 1). As highlighted in the review, results reveal that SNP
rs689021 of SORL1 was only associated with a protection effect for
Alzheimer’s disease in Caucasians.

Twelve independent studies composed of 7019 cases and 9335
controls were investigated for any association of rs3824968 and AD.
Fixed-effect models were used for analysis in the recessive model
and additive model without heterogeneity, while the random-effects
model was used in other models due to the presence of heterogeneity.
Overall, no significant association was observed for any model (A
vs T: OR = 0.99, 95% CI = 0.90–1.08, p = 0.80; phete = 0.008, I2 =
57%; AA + AT vs TT: OR = 1.03, 95% CI = 0.89–1.20, p = 0.66;
phete = 0.01, I2 = 58%; AA vs AT + TT: OR = 1.00, 95% CI =
0.88–1.13, p = 1.00; phete = 0.47, I2 = 0%; AA vs TT: OR = 1.04,
95% CI = 0.91–1.19, p = 0.57; phete = 0.08, I2 = 44%). This was
also the case for different ethnicity.

In summary, no significant association was detected between
SORL1 rs3824968 and AD susceptibility. The association of SORL1
rs1010159 polymorphism with risk of AD was evaluated by nine
studies, including 4308 case subjects and 5671 control subjects.
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Table 1. Characteristics of the studies included in this meta-analysis

First author Year Ethnicity Country SNP Case/control

Ekaterina Rogaeva [17] 2007 Caucasian Canada rs668387, rs689021, rs641120, rs3824968, rs1010159, rs2070045 1554/2333
Emmanuelle Cousin [11] 2011 Caucasian France rs668387, rs689021, rs641120, rs3824968, rs1010159 428/475
Ryo Kimura [18] 2009 Asian Japan rs668387, rs689021, rs3824968, rs1010159, rs2070045 437/451
Xialu Feng [19] 2014 Asian China rs689021 201/257
Nobuto Shibata [20] 2008 Asian Japan rs668387, rs689021, rs641120, rs3824968, rs1010159 180/130
Mei Ning [21] 2010 Asian China rs2070045, rs3824968 144/476
Giselle Izzo [22] 2013 Caucasian Brazil rs641120 130/71
Yanan Wen [23] 2013 Asian Japan rs668387, rs689021, rs641120, rs3824968, rs1010159 213/370
Ryan L. Minster [24] 2008 Mixed USA rs668387, rs689021, rs641120, rs3824968, rs2070045 1009/1009
Joseph H. Lee [25] 2007 Caucasian USA rs668387, rs689021, rs641120, rs3824968, rs1010159, rs2070045 296/428
Chandra A. Reynolds [26] 2010 Caucasian Sweden rs668387, rs689021, rs641120, rs2070045, rs3824968 1558/2179
Yonghong Li [27] 2008 Caucasian Britain rs668387, rs689021, rs641120, rs3824968, rs1010159, rs2070045 998/1033
Joseph H. Lee [28] 2008 Caucasian USA rs668387, rs689021, rs641120, rs3824968, rs1010159 103/93
Elena Cellini [29] 2009 Caucasian Italy rs668387, rs689021, rs641120, rs2070045, rs3824968, rs1010159 99/358

Table 2. Meta-analysis of association between SORL1 polymorphisms and AD susceptibility

SNP
M vs m (allele model) MM+Mm vs mm (dominant model) MM vs Mm+mm (recessive model) MM vs mm (additive e model)

OR 95% CI p ph OR 95% CI p ph OR 95% CI p ph OR 95% CI p ph

rs668387 (C > T)
Overall 0.94 0.86–1.02 0.13 0.01 0.92 0.85–1.01 0.06 0.09 0.98 0.84–1.16 0.85 0.07 0.94 0.85–1.05 0.31 0.28
Asian 0.93 0.06–1.31 0.69 0.003 1.08 0.87–1.35 0.49 0.40 0.96 0.78–1.19 0.73 0.001 1.00 0.64–1.57 1.00 0.08
Caucasian 1.09 0.87–1.36 0.44 < 0.00001 0.92 0.84–1.01 0.09 0.61 0.95 0.85–1.07 0.44 0.33 0.89 0.78–1.02 0.11 0.59
rs689021 (G > A)
Overall 0.95 0.91–1.00 0.06 0.14 0.94 0.86–1.03 0.19 0.19 0.99 0.89–1.09 0.83 0.07 0.93 0.83–1.05 0.24 0.38
Asian 1.06 0.94–1.19 0.37 0.33 1.15 0.95–1.39 0.17 0.19 1.17 0.87–1.58 0.30 0.09 1.08 0.85–1.37 0.51 0.34
Caucasian 0.92 0.86–0.98 0.01* 0.24 0.93 0.84–1.03 0.15 0.48 0.96 0.82–1.12 0.61 0.21 0.89 0.78–1.02 0.09 0.51
rs641120 (G > A)
Overall 0.77 0.62–0.96 0.02* < 0.00001 0.93 0.86–1.01 0.08 0.83 1.01 0.91–1.11 0.91 0.10 0.94 0.84–1.05 0.28 0.17
Asian 0.33 0.02–4.61 0.41 < 0.00001 1.07 0.79–1.44 0.67 0.69 1.53 1.09–2.53 0.01* 0.59 1.46 0.99–2.16 0.06 0.50
Caucasian 0.94 0.88–1.00 0.04 0.52 0.92 0.84–1.02 0.10 0.60 0.95 0.85–1.07 0.41 0.28 0.89 0.78–1.02 0.08 0.35
rs3824968 (T > A)
Overall 0.99 0.90–1.08 0.80 0.008 1.03 0.89–1.20 0.66 0.01 1.00 0.88–1.13 1.00 0.47 1.04 0.91–1.19 0.57 0.08
Asian 1.01 0.78–1.31 0.94 0.005 1.03 0.66–1.60 0.90 0.008 0.99 0.74–1.33 0.97 0.10 1.02 0.60–1.74 0.94 0.009
Caucasian 0.98 0.89–1.09 0.77 0.07 1.02 0.90–1.15 0.75 0.19 0.99 0.85–1.16 0.89 0.83 1.01 0.86–1.19 0.87 0.71
rs1010159 (T > C)
Overall 1.05 0.97–1.12 0.21 0.38 1.08 0.97–1.20 0.15 0.10 1.02 0.88–1.18 0.84 0.90 1.09 0.92–1.28 0.32 0.40
Asian 1.14 1.00–1.31 0.05 0.39 1.27 1.02–1.58 0.03* 0.13 1.13 0.90–1.42 0.31 0.97 1.35 1.03–1.79 0.03* 0.55
Caucasian 1.01 0.93–1.10 0.79 0.49 1.03 0.91–1.16 0.69 0.30 0.95 0.78–1.14 0.56 0.84 0.97 0.79–1.18 0.74 0.74
rs2070045 (T > G)
Overall 0.76 0.54–1.06 0.11 < 0.00001 1.06 0.91–1.23 0.46 0.009 0.92 0.73–1.15 0.45 0.05 1.00 0.74–1.34 0.98 0.008
Asian 0.29 0.07–1.22 0.09 < 0.00001 0.90 0.30–2.72 0.85 0.002 0.78 0.36–1.67 0.52 0.002 0.74 0.17–3.18 0.68 0.0002
Caucasian 1.14 0.87–1.49 0.35 < 0.00001 1.09 0.95–1.25 0.22 0.16 1.04 0.84–1.27 0.73 0.78 1.59 0.79–3.20 0.20 < 0.00001
*Statistically significant.

A fixed-effects model was applied in the absence of any apparent
heterogeneity, otherwise, a random-effects model was used. The data
did not provide a significant association between SORL1 rs1010159
polymorphism and AD susceptibility in the overall population. (C vs
T: OR = 1.05, 95% CI = 0.97–1.12, p = 0.21; phete = 0.38, I2 = 7%;
CC + CT vs TT: OR = 1.08, 95% CI = 0.97–1.20, p = 0.15; phete =
0.10, I2 = 43%; CC vs TT + CT: OR = 1.02, 95% CI = 0.88–1.18,
p = 0.84; phete = 0.90, I2 = 0%; CC VS TT: OR = 1.09, 95% CI =
0.92–1.28, p = 0.32; phete = 0.40, I2 = 3%). Therefore, analysis was
performed for subgroups by different ethnicity, where an increase
risk was observed for the Asian population (CC vs TT: OR = 1.35,
95% CI = 1.03–1.78, p = 0.03; phete = 0.55, I2 = 0% (Fig. 2); CC
+ CT vs TT: OR = 1.27, 95% CI = 1.02–1.58, p = 0.03; phete =
0.13, I2 = 51% (Fig. 3)). According to the data, the conclusion was
drawn that SORL1 rs1010159 polymorphism may contribute to an
increased risk of AD in Asians.

SORL1 rs641120 polymorphism was examined in eleven studies
including 6568 cases and 8479 controls. A random-effect model

was specifically adopted in cases where there was heterogeneity.
From the given figure, there is a significantly decreased risk of AD
susceptibility in the overall population for the allele model (A vs G:
OR = 0.77, 95% CI = 0.62–0.96, p = 0.02; phete < 0.00001, I2 =
92%) (Fig. 4). But it did not show significant association under the
remaining model (AA + AG vs GG: OR = 0.93, 95% CI = 0.86–1.01,
p = 0.08; phete = 0.83, I2 = 0%; AA vs AG + GG: OR = 1.01, 95%
CI = 0.91–1.11, p = 0.91; phete = 0.10, I2 = 42%; AA vs GG: OR
= 0.94, 95% CI = 0.84–1.05, p = 0.28; phete = 0.17, I2 = 32%).
However, when ethnicity-stratification was performed, it was seen
there was a significantly increased risk for AD for the recessive
model in Asians (AA vs AG GG: OR = 1.53, 95% CI = 1.09–2.13, p
= 0.01; phete = 0.59, I2 = 0%) (Fig. 5). Pooled results revealed that
SORL1 rs641120 single nucleotide polymorphisms are associated
with a decreased risk in the overall population. Conversely, in a
separate meta-analysis by ethnicity an increased AD susceptibility
was found in Asian populations. Thus, these data support that SORL1
rs641120 polymorphism has a preventive effect among the overall
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Fig. 1. Forest plot shows the association between SORL1 rs689021 and AD risk under allele model (A vs G) for different ethnicity.

Fig. 2. Forest plot shows the association between SORL1 rs1010159 and AD risk under the additive model (CC vs TT) for different ethnicity.
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Fig. 3. Forest plot shows the association between SORL1 rs1010159 and AD risk under the dominant model (CC CT vs TT) for different ethnicity.

Fig. 4. Forest plot shows the association between SORL1 rs641120 and AD risk under allele model (A vs G) for the overall population.

populations, but increases risk for Asians.
The association between SORL1 rs207045 polymorphism and

AD susceptibility was evaluated for eight studies with a total of 6095
case subjects and 8276 control subjects; a random-effect model was
performed because of the presence of heterogeneity. There was no
significant association observed, even for subgroups, for any tested
model (G vs T: OR = 0.76, 95% CI = 0.54–1.06, p = 0.11; phete <

0.00001, I2 = 96%; GG + GT vs TT: OR = 1.06, 95% CI = 0.91–1.23,
p = 0.46; phete = 0.009, I2 = 65%; GG vs TT: OR = 0.92, 95% CI =
0.73–1.15, p = 0.45; phete = 0.05, I2 = 52%; GG vs TT: OR = 1.00,
95% CI = 0.74–1.34, p = 0.98; phete = 0.008, I2 = 65%). Data did not
provide any evidence for relationship between SORL1 rs2070045
polymorphism and AD prevalence. Sensitivity analysis was per-
formed for each study to estimate whether any single study had an
effect on the OR. When the study from Wen [23] under the allele
model was excluded, heterogeneity decreased from p < 0.00001, I2

= 92% to p = 0.46, I2 = 0%. For other studies of this meta-analysis,
no individual study affected the OR qualitatively, which indicated
that the studies brought into our meta-analysis were accurate. Begg’s
and Egger’s tests were used to identify any publication bias. Funnel
plots show no publication bias (Fig. 6). Egger’s test did not show
publication bias (rs641120: t = 1.47, p = 0.175; rs668387: t = 1.66,
p = 0.132; rs3824968: t = 0.29, p = 0.776; rs689021: t = 0.22,
p = 0.831; rs1010159: t = 0.66, p = 0.530; rs2070045: t = 1.61,
p = 0.159). The meta-analysis indicated results were stable.

4. Discussion

It is widely accepted that SORL1 plays a significant role in AD
pathogenesis [30]. The meta-analysis reported here included data
from different ethnicities, thus may provide a fresh perspective into
the association between SORL1 gene and AD risk. Meta-analysis can
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Fig. 5. Forest plot shows the association between SORL1 rs641120 and AD risk under the recessive model (AA vs AG GG) for different ethnicity.

Fig. 6. Egger’s publication bias plot for rs641120 and AD risk under allele model (A vs G).
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enhance synthesis on a specific issue but it also contains limitations
that must be considered. Firstly, only published data was included in
this meta-analysis, unpublished studies were not included, which may
lead to a biased conclusion. Secondly, only allele model genotype
data were provided in four of the fourteen studies. Thus, it is unclear
as to how each study affects the results of this meta analysis.

In this research, a meta-analysis based on data aggregated across
fourteen studies was reported, based in investigation of six SNP
polymorphisms in AD (rs668387, rs689021, rs3824968, rs1010159,
rs641120, rs2070045). Several polymorphisms were identified as a
risk factor for AD susceptibility, including: rs1010159 and rs641120
(Asian). However, rs689021 and rs641120 were associated with a
preventive effect on AD, and no significant association was found be-
tween rs668387, rs2070045 and rs3824968, and AD prevalence. Sub-
group analysis suggested that association between single nucleotide
polymorphisms and AD could be affected by ethnicity.

Previous studies have revealed significant association between
rs668387 and AD susceptibility [31–35]. Further, a meta-analysis by
Wang et al. [36] based on 35 studies suggested that SNP (rs668387,
rs641120) has a decreased risk on AD susceptibility. However, Ol-
giati et al. [37] found that there was no significant association be-
tween rs668387 and AD as was also supported by the current meta-
analysis results. While analyzing the fourteen studies with a total of
37941 cases and 49727 controls, no association between rs668387
and AD was observed. It was also found that SNP rs641120 could
not be described as a decreased in general populations, but when
compared to Asians it was increased. Previous studies have sug-
gested that a series of SNPs from SORL1 were associated with
AD [38]. The SNP rs1010159 was one of these. It was observed
that SNP rs1010159 was increased in AD prevalence among Asian
populations, which is consistent with the conclusion of Liu et al. [39]
that SNP rs1010159 and rs3824968 are an increased risk for AD
susceptibility, but no significant association was observed between
rs3824968 and AD susceptibility in this meta-analysis. The reason
for this distinction may be that different data were included in this
meta-analysis. A meta-analysis performed by Reynolds et al. [40]
found that rs2070045 was a risk factor for AD, especially in females.
In our meta-analysis, it was observed there were no significant as-
sociations between SNPs (rs2070045, rs3824968) and AD patients
when stratified by ethnicity. Additionally, Kimura et al. [18], Feng et
al. [19], Shibata et al. [20] and Wen et al. [23] agreed that there is no
association between rs689021 and AD. However Cousin et al. [11],
Ryan et al. [24], Lee et al. [25], Reynolds et al. [26], Rowland et
al. [27], Lee et al. [28], Cellini et al. [29], and Chou et al. [30] found
a significant association between rs689021 and AD. It was the cur-
rent authors who first analyzed the association between rs689021 and
AD and reported that SNP rs689021 was associated with a decreased
risk to AD among Caucasians.

5. Conclusion

In conclusion, the results of this meta-analysis provide further ev-
idence that genetic variation of SORL1 plays an important role in
AD susceptibility. However, no single SNP rs668387, rs2070045
and rs3824968 of SORL1 were found to be associated with AD. It
seemed that SNP rs1010159 was associated with an increased risk in
AD. Altogether, the SNP rs689021 was associated with decreased
risk of AD susceptibility in Caucasians, SNP rs641120 was associ-
ated with decreased risk of AD susceptibility in overall populations,

whereas when subgroup analysis by ethnicity was performed, SNP
rs641120 showed an increased risk of AD susceptibility in Asian
populations.
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