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Abstract.

Background: The relationship between alpha 2-macroglobulin (A2M) gene and Alzheimer’s disease (AD) has been widely
studied across populations; however, the results are inconsistent.

Objective: This study aimed to evaluate the association of A2ZM gene with AD by the application of meta-analysis.
Methods: Relevant studies were identified by comprehensive searches. The quality of each study was assessed using the
Newcastle-Ottawa Scale. Allele and genotype frequencies were extracted from each of the included studies. Odds ratio (OR)
with corresponding 95% confidence intervals (CI) was calculated using a random-effects or fixed-effects model. The Cochran
Q statistic and 1> metric was used to evaluate heterogeneity, and Egger’s test and Funnel plot were used to assess publication
bias.

Results: A total of 62 studies were identified and included in the current meta-analysis. The G allele of rs226380 reduced AD
risk (OR: 0.64, 95%CI: 0.47-0.87, pFDR =0.012), but carrier with the TT genotype was more likely to develop AD in Asian
populations (OR: 1.56, 95%CI: 1.12-2.19, pFDR =0.0135). The V allele of the A2M-I/V (rs669) increased susceptibility
to AD in female population (OR, 95%CI: 2.15, 1.38-3.35, pFDR =0.0024); however, the II genotype could be a protective
factor in these populations (OR, 95%CI: 0.43, 0.26-0.73, pFDR = 0.003). Sensitivity analyses confirmed the reliability of the
original results.

Conclusions: Existing evidence indicate that A2M single nucleotide polymorphisms (SNPs) may be associated with AD risk
in sub-populations. Future studies with larger sample sizes will be necessary to confirm the results.
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INTRODUCTION

With the extension of human life expectancy,
the prevalence of dementia in the global aging
population is increasing. The World Health Organiza-
tion estimates that approximately 55 million people
worldwide have dementia, of which 40 million are
believed to suffer from Alzheimer’s disease (AD) [1].
It is estimated that the total spending on long-term
care, health care, and hospice services for people
aged 65 and older with dementia will be around
$345 billion in 2023 [2]. In China, the number of
dementia patients accounts for approximately 25% of
all dementia worldwide, and the annual total expen-
diture related to dementia was $248.71 billion in
2020, showing an increasing trend year by year. It
is expected to reach $1.89 trillion by 2050 [3].

AD has become a major threat to the grow-
ing elderly population due to the lack of effective
therapies. Therefore, it is urgent to study the etiol-
ogy of AD and implement effective prevention and
treatment. AD is a complex, heterogeneous poly-
genic disorder primarily related to environmental and
genetic factors, and its risk increases with genetic
variation, age, and family history [1]. Presumably,
genetic risk factors contribute to approximately over
70% of the incidence of AD, so that the identifica-
tion of genetic risk factors enables us to understand
the disease mechanism in a sensible way. Dozens
of genetic variants have been implicated in AD risk
through large-scale genome-wide association study,
such as presenilin 1, presenilin 2, amyloid-f3 protein
precursor, and apolipoprotein E €4 (APOE &4) [4].
However, the precise mechanistic effects of most of
these variants have yet to be determined. It is still
necessary to explore other genetic variations in AD.

Alpha 2-macroglobulin (A2M) is a high molecular
weight glycoprotein rich in plasma, which has a broad
spectrum of protease inhibition and is also an acute
phase reactive protein for the inflammatory immune
response in brain tissue. Previous studies have found
that A2M also plays an essential role in certain central
nervous system diseases, especially neurodegenera-
tive diseases, including AD [5]. There is evidence that
A2M is a highly plausible candidate gene for AD [6].
However, the inconsistent conclusion of A2M gene
polymorphisms with susceptibility to AD in previous
studies can be attributed to limitations such as small
sample sizes, ethnic differences, or methodological
differences. Meta-analysis is often used to detect and
validate minimal biological effects in genetic asso-
ciation studies of complex diseases [7]. There have

also been meta-analyses on the relationship of sev-
eral polymorphisms in A2M gene and AD, including
I/V (rs669) and I/D (rs3832852/rs1799759) [8-10].
However, these meta-analyses did not include all the
original studies [8, 9], were short of detailed analy-
sis of AD subgroups [8-10], and did not exclude the
control population deviating from Hardy-Weinberg
equilibrium (HWE) [9]. Moreover, the results from
these meta-analyses [8—10] are inconsistent. In addi-
tion, the latest meta-analysis was published in 2014
[10], and the new A2M and AD-related studies have
been published in recent ten years.

Therefore, we performed the present meta-analysis
with increased statistical power using a well-
established method to assess the association between
genetic mutation in A2M gene and AD through incor-
porating all available published data.

MATERIALS AND METHODS

Search strategy and data collection

Until August 31, 2023, all studies on the rela-
tionship between A2M gene polymorphisms and
AD were independently identified by three inves-
tigators (Zhang HW, Liu D, and Duan YY) by
searching the following databases: PubMed (from
1966), EMBASE (from 1966), the Cochrane Library
(August 2023), Web of Science (from 1990), Pro-
Quest Dissertations & Theses Database (from 1980),
China National Knowledge Infrastructure (from
1994,) and Wanfang Database (from 1990) (including
journal articles, dissertations or theses, and confer-
ences literature). The following keywords were used
in our search strategies: “Alzheimer” or “dementia”
and “alpha 2 macroglobulin” or “A2M”. This search
was limited to human studies.

There were no language restrictions when search-
ing English databases, and equivalent Chinese terms
were used when searching Chinese databases. We
furthermore searched for possible eligible studies in
the references within the retrieved articles, as well
as in review articles and abstracts from recent con-
ferences. When the same or similar patient cohort
was included in multiple publications, only the most
recent or more complete reports with more compre-
hensive subgroups were selected for further analysis.
The control group came from an unrestricted source
and could have come from the general population
or hospital or clinic participants without suffering
from the disease of interest. In addition, to more thor-
oughly analyze the association of A2M gene with
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AD, we included studies in which the control group
was not in HWE. However, sensitivity analyses will
be performed after excluding these studies.

Studies were included for the meta-analysis if they
fulfilled the following criteria: 1) the association
between A2M gene variants and AD was exam-
ined by using a population-based, case-control, or
cohort designs; 2) diagnostic criteria for AD have
been widely accepted worldwide; 3) control subjects
were unrelated individuals, with no symptoms of
dementia-related diseases confirmed by researchers
after physical examination, medical history evalu-
ation, and diagnostic tests; 4) The A2M variants
frequency was investigated using the validated geno-
typing method, and the genotype or allele frequencies
of cases and controls were reported or can be obtained
through calculating; 5) the variants of A2M gene had
been reported in at least two studies [11].

Data extraction

Data were carefully extracted from all eligible
studies, and any disagreements were resolved through
discussion. The following information was extracted
from each study: first author, date of publication,
country of origin of the study, ethnicity of the par-
ticipants, the total number of participants, definitions
and characteristics of cases and controls, genetic
variants involved, genotyping methods, distribution
of genotypes and alleles. We calculate the geno-
type frequency whenever possible. For those studies
that included participants of different ethnicities, data
were extracted separately for each ethnicity. If some
of the above information is unavailable, we will con-
tact the corresponding author for further information.

Data analysis and statistical methods

The quality of the included studies was assessed
using the Newcastle-Ottawa Scale (NOS). The scores
range from O (the worst) to 9 (the best), and studies
with a NOS score of 7 or above were considered to
be of high quality [12].

We used the Cochrane Review Manager (version
5.3) and Stata (version: Stata/MP 14.2) software
to assess the association of different A2M gene
polymorphisms with AD risk. Odds ratios (OR)
and corresponding 95% confidence intervals (CI)
were calculated using fixed-effect and random-effects
models. A chi-square test based on the Cochran
Q statistic was used to evaluate the heterogeneity
between studies (p-values<0.10 considered statis-

tically significant), and the I? index was used to
quantify the heterogeneity. When there was hetero-
geneity between studies, a random-effects model was
used to estimate pooled OR, as the model assumed
true diversity in study results. The chi-square test was
used to verify the effect of HWE. We used allele, dom-
inant, and recessive models for the meta-analysis.
Such as one single nucleotide polymorphism (SNP)
usually has two alleles, including A (major allele) and
a (minor allele). The three models can be described
as follows: the allelic comparison (a allele versus A
allele), the dominant model (AA versus aa + aA), and
the recessive model (aa versus aA + AA) [13]. Mul-
tiple testing correction was conducted using the false
discovery rate (FDR) method proposed by Benjamini
and Hochberg. Funnel plots were used to investigate
potential publication bias in analyses involving dif-
ferent genetic variations, and the asymmetries were
considered if the Egger’s test has a p <0.10 [12].

Sub-population analyses were conducted for eth-
nicity [14], and subgroup analyses for AD subtype,
AD samples source, family history, or sex were
also performed. Sensitivity analyses were performed
after excluding specific studies, such as studies in
which populations in the control group did not con-
form to HWE distribution, studies with poor quality
(NOS <7), studies with 0 genotype distribution in
each study group, as well as studies with mixed data
(from neuropathological and clinical diagnosis). A
probability value of p <0.05 (two-tailed) was consid-
ered significant unless indicated otherwise.

RESULTS
Included studies and study characteristics

The search results showed that there were 58
items in Chinese database, including 24 in China
National Knowledge Infrastructure and 34 in Wan-
fang Database, and 1,084 items from the English
database, including 217 in Pubmed, 435 in Embase, 2
inthe Cochrane Library, 416 in Web of science as well
as 14 in ProQuest Dissertations & Theses Database.
At the same time, eight items were screened out
of the reference lists of the meta-analysis articles
retrieved above. So, the total of 1,150 items were
retrieved. Initially, 820 records (27 in Chinese and
793 in English databases) were excluded because of
duplicate items included across databases. And then,
194 items (including 6 Chinese and 188 English ones)
were excluded after reading the titles and abstracts
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Fig. 1. Flowchart of the literature search and article selection for the meta-analysis.

as they are not relevant to the purpose of this study.
At last, 71 potentially relevant articles (12 in Chi-
nese and 59 in English) were initially selected for
meta-analyses after reading the full text of these arti-
cles according to the inclusion and exclusion criteria.
Of which, 62 articles [8, 15-75] were considered to
be eligible for the final meta-analysis after removing
9 articles because of their duplicate or insufficient
data. The results of the systematic literature search
and article selection are summarized in Fig. 1. The
excluded articles and the reasons for excluding each
article are given (Supplementary Table 1). Of these
articles included, 59 were full-text reports published
in peer-reviewed journals [8, 15-49, 51-56, 58-60,
62-75] and 3 were doctoral dissertations [50, 57, 61].

In these included studies, only SNPs variation
in A2M is eligible for the meta-analysis. Common
methods such as polymerase chain reaction, enzyme

digestion, and gel electrophoresis or sequencing were
used to identify genotypes of these SNPs. NOS scores
of these studies ranged from 4 to 9, suggesting that the
methodological quality of most studies was accept-
able. The characteristics of studies included and the
A2M SNPs involved were summarized in Tables 1
and 2, including the number of studies with different
SNPs in A2M gene, the characteristics of AD cases
and controls, as well as the number and proportion of
studies from the different populations.

Relationship between A2M-1/D polymorphism
and AD

The pooled results showed that there was no sig-
nificant association of this SNP with AD in three
genetic comparisons in combined population, sub-
populations, or AD subtypes (Fig. 2, Table 3).



Table 1

Characteristics of included studies and A2M polymorphisms for meta-analysis

First author Countries Variants Samples Selection/Characteristics NOS HWE
(Year) (Populations) AD Cases Controls Score
Koster 2000 Netherland 1/V (rs669) EOAD, n=100, age: 57 £4.9. F: 77 (77%). N=116. PB, age: 61 £3.3. F: 64 (55%). 8 Y
[8] Caucasians I/D (rs3832852) LOAD, n=356, age: 82+7.1, F: 261 (76%). N=242. PB, age: 81 £5.0. F: 145 (60%).
Liao 1998 [15]  America I/V (1s669) N=737. N=449. PB. 8 N
Germany No description of age and gender. No description of age and gender.
Italy
Caucasians
Song 2010 China 1s226379 N=179, age of onset: 68.21 +6.59. F: 107 (59.8%). N=179. PB, age: 67.20 £ 6.58. F: 107 8 Y
[16] Asians 1$226380 (59.8%).
Millard 2014 America rs226379 N=099, age: 71 £ 10. F: 45 (45%). N=168. age: 67 £9. F: 103 (61%). 7 Y
[17] Mixed 97% Caucasians. 91% Caucasians.
populations
Wavrant- UK I/V (1s669) N=1,337. SAD, n=1,200. FAD, n=137. N=1531. PB. 5 Y
DeVrieze America No description of age and gender. No description of age and gender.
1999 [18] France
Caucasians
Dow 1999 UK I/D (rs3832852) N=125. Samples from neuropathological diagnosis. No N =218. PB. No description of age and 8 Y
[19] Caucasians precise description of age and gender. gender exactly.
Rogaeva 1999 Canada 1/D (rs3832852) Toronto, n=207. Duke, n=185. Toronto, n=164. Duke, n=156. PB. 4 Y
[20] America No description of age and gender. No description of age and gender.
Caucasians
Rudrasingham France 1/D (rs3832852) UK: Cardiff, n =152, age of onset: 71.9 +8.13. F: 96 UK: Cardiff, n=99, age: 72.6 +6.55. F: 6 Y
1999 [21] America (63%). 53(54%).
UK France: Lille, n=616, age of onset: 69.4 £ 8.6. F: 388 France: Lille, n =648, age: 73.1 £8.5. F:
Caucasians (63%). 408 (63%).
US: Wash U, n= 143, age of onset: 73.7 £9.51. F: 89 US: Wash U, n=144, age: 77+£9.2. F: 94
(62.4%). (65.2%).
US: Mayo, n=327, age of onset: 75.5+9.7. F: 214 US: Mayo, n=487, age: 82.7 £7.5. F:327
(65.5%). (67.1%).
Singleton UK I/V (1s669) N=213, age: 79.2£0.6. F: 137 (64.32%). N=116. HB, age at death: 789+ 10.8. F: 63 7 Y
1999 [22] Caucasians I/D (rs3832852) (54.31%).
Chen 1999 China (HK) I/D (rs3832852) N=196, age: 79.5 £8.5. F: 146 (74.49%). N=180. HB, age: 79.2+7.5. F: 118 8 Y
[23] Asians (65.56%).
Crawford America I/D (rs3832852) N=295.PB, n=118, age: 74.21 £6.65; HB, n=177, N=113. PB, age: 72.73+7.72. F: 70 8 Y
1999 [24] Mixed populations age: 72.20£6.13. F: 166 (56.27%). (61.95%).
97.4% Caucasians. 74.5% Caucasians.
(Continued)
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Table 1
(Continued)
First author Countries Variants Samples Selection/Characteristics NOS HWE
(Year) (Populations) AD Cases Controls Score
Hu 1999 [25] China (Taiwan) 1/D (rs3832852) N =65, age: 79.58 £6.87. F: 32 (49.23%). N =284, age: 76.88 £4.77. PB. F: 29 9 N
Asians (34.52%).
Korovaitseva Russia 1/D (rs3832852) N=146. EOAD, n=70. LOAD, n=76. N=160. HB. 8 Y
1999 [26] Caucasians No description of age and gender. No description of age and gender.
Shibata 1999 Japan I/D (rs3832852) N =55, age: 72.15 £9.52. F: 33 (60%). N=69. PB, age: 71.00 £ 8.10. F: 29 7 Y
[27] Asians (42.03%).
Myllykangas Finland I/V (rs669) I/D LOAD. Subjects from clinical diagnosis, n=114, age: From clinical diagnosis, n =204, age: 8 Y
1999 [28] Caucasians (rs3832852) 89.1£2.7. F: 94 (82.5%). 88.1+2.7. F: 164 (80.4%).
Samples from neuropathological diagnosis, n=77, age: From neuropathological diagnosis, n=52,
89.3+£2.7. F: 67 (87.0%). age: 89.3 +3.8. F: 44 (84.6%).
Alvarez 1999 Spain I/D (rs3832852) LOAD, n=190, age: 72 £9.14. No description of N=400. PB or HB. No description of age 8 Y
[29] Caucasians gender. and gender.
Yamada 1999 Japan I/D (rs3832852) N=68. From the autopsy series, age at death: N=110. From the autopsy series, age at 8 Y
[30] Asians 86.4£7.8. death: 85.4£7.9.
No description of gender. No description of gender.
Blennow 2000 Sweden I/D (rs3832852) Subjects from clinical diagnosis, n =449, age: N=349, age: 66.7 £ 12.5. F: 153 (43.84%). 7 Y
[31] Scotland 73.1+10.4. F: 277 (61.69%). N=107, age: 76.6 £ 9.4. F: 50 (46.73%).
Caucasians Samples from neuropathological diagnosis, n =94, age:
80.1 £8.2. F:58 (61.70%).
Dodel 2000 America 1/D (rs3832852) 1U: n=83, age: 72.7+£9.5. F: 44 (53.01%). IU: n=83. PB, age: 72.9+9.4. F: 43 9 Y
[32] Germany MU: n=175, age: 71.8 = 10.5. No description of gender. (51.81%).
Caucasians SU: n=151, age: 74.8 £7.6. F: 72 (47.68%). MU: n=75. PB, age: 72.7 £ 10.1. F: 45
(60.00%).
SU: n=123. PB, age: 68.2+8.1. F: 83
(60.00%).
Romas 2000 Dominican I/V (1s669) FAD, n=100. age of onset: 74.4 +9.5. Unaffected individuals in family. N=47. 9 Y
[33] Republic 1/D (rs3832852) No description of gender. No description of age and gender.
America
Puerto Rico
Caucasians
Higuchi 2000 Japan I/V (1s669) Subjects form Japanese, n =426, age: 76.24+9.0. F: 309  From Japanese, n=382, age: 74.0 £ 5.6. F: 7 Y
[34] Mixed populations  I/D (rs3832852) (72.54%). 265 (69.37%).

Samples from neuropathological diagnosis in
Caucasians, n =85, age at death: 77.6 £ 7.3. F: 48
(56.47%).

From Caucasians, n =65, age: 60.9 £ 14.8.
F: 30 (46.15%).
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Bullido 2000 Spain I/D (rs3832852) LOAD, n=154, age: 70.4 £ 6.3. F: 92 (59.74%). N=217, age: 72+7.6. F: 135 (62.21%). Y
[35] Caucasians
Shibata 2000 Japan I/V (1s669) N=111, age: 69.6 £ 10.4. N=095. PB, age: 69.8 +9.3. Y
[36] Asians No description of gender. No description of gender.
Halimi 2000 France 1/D (rs3832852) N=218, age: 76.9 £8.3. N=84,age: 77.0+7.4. Y
[37] Caucasians No description of gender. No description of gender.
Zill 2000 [38] Germany 1/V (rs669) N=88, age: 73£9. F: 50 (56.82%). N=118. PB, age: 47 £ 12. F: 63 (53.39%). Y
Caucasians 1/D (rs3832852)
Bagli 2000 Germany I/D (rs3832852) N =102, age: 74.4+10.3. F: 68 (66.67%). N=191. PB, age: 74.4+10.3. F: 99 Y
[39] Caucasians (51.83%).
Hu 2000 [40] China (Taiwan) I/V (rs669) N =82, age: 78.2. N=110. PB, age: 79.2. K
Asians No description of gender. No description of gender.
Jhoo 2001 [41] ~ South Korea I/D (rs3832852) N =100, age: 68.1 +8.2. F: 77 (77%). EOAD, n=38. N=203. PB, age: 69.0+4.7. F: 160 Y
Asians LOAD, n=62. (78.82%).
Nacmias 2001 Italy I/V (rs669) SAD, n=90, age of onset: 66.7 = 8.12. From DNA bank of C.N.R. (National Y
[42] Caucasians 1/D (rs3832852) LOFAD, n=40, age: 71.63 £ 4.06. Research Council, Florence, Italy). N=98.
EOFAD, n=49, age: 57.61 £6.78. Age: 74.5 £ 25.1. No description of gender.
No description of gender.
Ki 2001 [43] South Korea I/D (rs3832852) LOAD, n=289.F: 69 (77.53%). N=50. PB, age: 73.24+7.8. F: 29 (58%). Y
Asians No description of age.
Perry 2001 America I/D (rs3832852) N=111, age: 71.3+7.7. F: 87 (78.38%). 22 with family = N =78, age: 75.2+7.6. F: 59 (75.64%). Y
[44] Mixed populations history-positive.
Prince 2001 Sweden I/D (rs3832852) LOAD, n=204. F: 125 (61.27%). N=186. F: 106 (58.06%). No description of Y
[45] Caucasians No description of age. age. PB, n=76. Autopsy cases, n=108.
Subjects from clinical diagnosis, n=111.
Samples from neuropathological diagnosis, n=93.
Pirskanen Finland I/V (1s669) N =098, from neuropathological diagnosis, age at death: N=240. PB, age at death: 71.7£0.7. F: 108 Y
2001 [46] Caucasians 82.7+£0.9. F: 77 (78.57%). (45%).
Mcllroy 2001 Northern Ireland 1/V (rs669) LOAD, n=219, age: 77.5+6.0. F: 147 (67.12%). N=237.PB, age: 77.2£6.1. F: 166 Y
[47] UK I/D (rs3832852) (70.04%).
Caucasians
Shi 2001 [48] China I/D (rs3832852) LOAD, n=97, age: 82.5+9.8. F: 65 (67.01%). N=111.PB, age: 81.4+9.4. F: 54 (48.65%). Y
Asians
Nicosia 2001 Italy I/D (rs3832852) N=100, age: 79.2 £7.3. F: 75 (75%). N=49. PB, age: 68.3+£9.2. F: 31 (63.27%). Y
[49] Caucasians
Zimmer 2001 America I/V (15669) LOAD, n=604, age: 77.5 +6.4. F: 411 (68.1%). 35% N=541.PB, age: 75.9 +6.3. F: 353 (65.2%). Y
[50] Caucasians I/D (rs3832852) from neuropathological diagnosis.
Janka 2002 Hungary I/V (rs669) LOAD, n=53, age: 73+ 6.2. F: 36 (67.92%). N=51.PB, age: 72+ 7. F: 37 (72.55%). Y
[51] Caucasians
Scacchi 2002 Italy I/D (rs3832852) LOAD, n=93, age: 85.8 +3.8. N=157, age: 83.9+3.1. F: 93 (59.24%). Y
[52] Caucasians F: 71 (76.00%).
(Continued)
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Table 1
(Continued)
First author Countries Variants Samples Selection/Characteristics NOS HWE
(Year) (Populations) AD Cases Controls Score
Poduslo 2002 America I/V (rs669) N =398, age of onset: 69.4 £8.5. F: 67%. 137 from N=216. PB. No description of age and 7 Y
[53] Caucasians I/D (rs3832852) neuropathological diagnosis. gender.
Zappia 2002 Ttaly I/V (rs669) N=132, age: 72.3+ 6.4. F: 79 (59.85%). EOAD, n=37. N =184. PB, age: 76.6 = 7.5. F: 101 8 Y
[54] Caucasians I/D (rs3832852) LOAD, n=95. (54.89%).
Clarimé6n Spain 1/V (rs669) N=112, age: 76.7 £5.4. F: 82 (73.21%). N=89. PB, age: 74.8 £5.2. F: 47 (52.81%). 8 Y
2003 [55] Caucasians 1/D (rs3832852)
Styczynska Poland Caucasians  I/V (rs669) N=100, age: 76.4 £4.7. F: 66 (66%). N=100. PB, age: 74.24 £ 6.6. F: 58 (58%). 7 Y
2003 [56]
Chen 2003 China 1/V (rs669) N=160, age of onset: 69.4 +9.4. F: 86 (53.75%). N=195.PB, age: 69.8 £7.8. F: 87 (44.62%). 9 Y
[57] Asians 1/D (rs3832852)
Zhang 2004 China I/D (rs3832852) LOAD, n=67, age: 80.0 £ 6.6. F: 40 (59.70%). N=142, age: 69.0+£9.4. F: 46 (32.39%). 8 Y
[58] Asians
Zhao 2004 China 1/V (rs669) N=115, age: 76.2 £9.1. F: 65 (56.52%). N=190. PB, age: 62+ 11. F: 91 (47.89%). 7 For I/V
[59] Asians 1/D (rs3832852) (rs669):
Y.
For I/D
(rs3832
852):
N
Camelo 2004 Colombia I/D (rs3832852) N =83, age: 69 £ 8.9. F: 60 (72.29%). EOAD, n=28. N=69, age: 71.4 £ 12.3. F: 50 (72.46%). 7 Y
[60] Caucasians LOAD, n=54. SAD, n=47. FAD, n=36.
Shi 2004 [61] China 1/V (rs669) N =257, age: 76.7 £8.8. F: 153 (59.53%). N=242. PB or HB, age: 80.0+7.6. F: 128 8 Y
Asians (52.89%).
Sleegers 2004 The Netherlands I/D (rs3832852) LOAD, n=122, age: 82.2+5.3. F: 96 (78.7%). N=120. PB. No description of age and 5 Y
[62] Caucasians EOAD, n=17, age: 70.9 = 5.8. F: 13 (76.5%). gender.
Sun 2005 [63] China I/V (rs669) N=112, age: 81.5£7.8, F: 72 (64.29%). N=113. PB or HB, age: 72.0+8.7. F: 62 8 Y
Asians (54.87%).
Cai 2005 [64] China I/D (rs3832852) N=116, age: 74.51. F: 72 (62.07%). N=271. PB, age: 57.8. F: 153 (56.46%). 8 Y
Asians
Bian 2005 [65] China 1/V (rs669) LOAD, n=216, age of onset: 74.69. N=200. PB, age: 72.02. 8 Y
Asians 1s226379 No description of gender. No description of gender.
rs226380
Chen 2005 China I/D (rs3832852) N=81, age >75.F: 71 (87.65%). N=143, age > 75. PB. F: 106 (74.13%). 8 Y
[66] Asians

8S¢1
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Depboylu Germany I/V (1s669) N =271, age: 70.7 £9.6. F: 100 (36.90%). N=280. PB, age: 66.9 £ 10.6. F: 87 Y

2006 [67] Caucasians (31.07%).

Mariani 2006 Italy I/V (1s669) LOAD, n=100, age: 76.4 £4.7. F: 74 (74%). N=136. PB, age: 72.9+7.3. F: 100 Y

[68] Caucasians (73.53%).

Hong 2008 China I/V (rs669) N =209, age: 74.2+12.6. F: 131 (62.68%). N=220. PB, age: 73.8 £ 13.1. F: 137 N

[69] Mixed populations Han Chinese, n=98. F: 62 (63.27%). (62.27).

Uyghur population, n=111. F: 69 (62.16%). Han Chinese, n=103. F: 65 (63.11%).
Uyghur population, n=117. F: 72 (61.54%).
Han 2008 [70] China I/V (rs669) N=55, age: 75.5£9.13. F: 21 (38.18%). N=59.PB, age: 72.3 +8.01. F: 24 (40.68%). Y
Asians
Colacicco Italy I/V (rs669) N=169. F: 107 (63.31%). N=264. PB or HB, age: 71.7+7.09, F: 146 Y
2009 [71] Caucasians LOAD, n=99, age: 76.4 +4.46. F: 57 (57.58%). (55.30%).
EOAD, n=70, age: 59.7 £ 6.18. F: 50 (71.43%).

Bruno 2010 Italy I/V (1s669) N =125, age: 75.4+7.0. F: 69 (55.20%). N=310. PB, age: 74.7+6.6. F: 175 Y

[72] Caucasians (56.45%).

Yuan 2013 China 1/V (rs669) N =364, age: 74.9 £8.5. F: 208 (57.14%). N=291. HB, age: 73.7+7.3. F: 175 Y

[73] Asians (60.14%).

Michatowska- Poland 1/V (rs669) N=50. F: 38 (76%). LOAD, n=35. EOAD, n=15. No N=50. HB. F: 36 (72%). No description of For I/D

Wender 2014 Caucasians 1/D (rs3832852) description of age. age. (rs3832

[74] 852):
Y. For
1A%
(rs669):
N

Zamani 2016 Iran I/V (rs669) LOAD, n=150, age: 77.73 £7.6. N=150. PB. No description of age and N

[75] Caucasians No description of gender. gender.

AD, Alzheimer’s disease; EOAD, early-onset AD; LOAD, late-onset AD; HWE, Hardy-Weinberg equilibrium; Y, the controls being HWE; N, the controls being not HWE; NOS, Newcastle-
Ottawa Scale; PB, population-based; HB, hospital-based; F, female; IU, Indiana University Medical School, Indianapolis, Indiana; MU, Technische Universitit, Miinchen, Germany; SU, Stanford
University Medical Center, Stanford, California; SAD, sporadic AD; FAD, familial AD; EOFAD, early-onset FAD; LOFAD, late-onset FAD; ?The HWE analysis is not performed due to only

allele frequencies.
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Table 2
A2M SNPs included in the meta-analysis

SNPs Studies (n) Cases (n) Controls (n) Composition of studies n (%)
Asians Caucasians Mixed populations
1/D (rs3832852) 42 8,804 8,820 12 (28.57%) 27 (64.29%) 3 (7.14%)
1/V (rs669) 33 7,919 7,789 9 (27.27%) 22 (66.67%) 2 (6.06%)
rs226379 3 494 547 2 (66.67%) 0 1(33.33%)
rs226380 2 395 379 2 (100.00%) 0 0
AD Control Odds Ratio 0Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Korovaitseva G1 1999 48 292 56 320 2.8% 0.93[0.61,1.42] 1998 I

Chen L1999 8 390 10 358 07% 0.73[0.28,1.87] 1998 R

Alvarez'v 1999 80 380 13 800  4.2% 1.36[1.00,1.86] 1998 -

Hu CJ 1989 8 130 17 168 08% 0.58 [0.24,1.40] 1998 —

Shibata N 1988 7 110 13 138 0.7% 0.65[0.25,1.70] 1999 —

Rudrasingham ¥ 1998 379 2476 420 2756 7.6% 1.01 [0.86,1.17] 1999 T

Rogaeva EA 1999 141 784 101 640 4.7% 1.17[0.88,1.55] 1999 S =

Myllykangas L 1999 43 382 57 510 2.9% 1.01 [0.66, 1.53] 1999 =il

Crawford F 1999 89 590 32 226 2.7% 1.08 [0.70,1.67] 1999 -

Dow DJ 1999 36 250 78 436 2.8% 0.77[0.50,1.19] 1999 -/

Yamada M 1999 3 136 15 220 0.4% 0.31 [0.09,1.09] 1999

Singleton AB 1999 73 418 29 210 2.4% 1.32[0.83,2.11] 1999 T

Blennow K 2000 160 1076 142 912 5.4% 0.95[0.74,1.21] 2000 -

Halimi G 2000 95 560 32 168  2.6% 0.87 [0.56,1.35] 2000 /1

Dodel RC 2000 115 618 80 562 4.2% 1.38[1.01,1.88] 2000 —

Bullido MJ 2000 30 288 a7 408 2.4% 0.72 [0.45,1.15] 2000 S

Koster MN 2000 133 812 103 678  47% 1.08[0.83,1.45] 2000 T

Bagli M 2000 27 204 57 382 22% 0.87 [0.53,1.42] 2000 /T

Higuchi 8 2000 56 1022 56 884  33% 0.87 [0.59,1.27] 2000 T

Zill P 2000 26 178 41 236 2.0% 0.81 [0.48,1.39] 2000 B B

Romas SN 2000 30 200 7 94 0.9% 2.19[0.93,5.20] 2000 B

Perry RT 2001 47 222 32 156 2.2% 1.04 [0.63,1.72] 2001 -

Ki CS 2001 8 176 5 100 0.5% 0.90 [0.29, 2.84] 2001 - 1

Nacmias B 2001 55 358 47 196 2.7% 0.58 [0.37,0.89] 2001 _—

Nicosia F 2001 39 200 17 98 1.5% 1.15[0.62,2.17] 2001 I RS

Prince JA 2001 66 400 52 366 3.1% 1.18[0.80,1.77] 2001 -T—

Mcllroy SP 2001 69 438 73 474 35% 1.03[0.72,1.47] 2001 T

Zimmer EL 2001 184 1110 138 872  55% 1.12[0.88,1.42] 2001 1T

ShiJJ 2001 5 194 3] 222 05% 0.95[0.29,3.17] 2001 -

Jhoo JH 2001 12 200 1M 406 09% 2.29(0.99,5.29] 2001

Scacchi R 2002 30 178 45 308 22% 1.18[0.72,1.96] 2002 T

Zappia M 2002 42 264 86 368 3.0% 0.62 [0.41,0.93] 2002 -

Poduslo SE 2002 135 772 7 432 4.3% 0.98[0.72,1.33] 2002 e

Clarimdn J 2003 38 224 27 178 2.0% 1.14 [0.67,1.96] 2003 N

Chen D 2003 8 320 20 390 0.9% 0.47[0.21,1.09] 2003 .

Camelo D 2004 17 166 10 138 1.0% 1.46 [0.65, 3.30] 2004 B

Sleegers K 2004 36 232 49 240 2.4% 0.72[0.45,1.15] 2004 —

Zhao XP 2004 4 230 14 368 0.5% 0.45[0.15,1.38] 2004 |

Zhang P 2004 4 134 8 284 0.5% 1.06 [0.31,3.59] 2004

Chen YB 2005 7 162 5 286 05% 254 [0.79,8.13] 2005 ]

Cail 2005 5 232 A 542 0.7% 0.55[0.20,1.47] 2005 - 1

Michatowska-¥Wender G 2014 22 100 14 100 11% 1.73[0.83,3.62] 2014 = -

Total (95% CI) 17608 17640 100.0% 0.99[0.91, 1.08] !

Total events 2430 2282

it L. - Chi= aa - - I } + {
Heterogeneity: Tau?= 0.02; Chi*= 57.16, df= 41 (P = 0.05); F= 28% 0.05 07 5 20

Testfor overall effect: Z=0.14 (P = 0.89)

Favours Control Favours AD

Fig. 2. Forest plot of A2M-I/D allele frequency (D versus I) and AD susceptibility in combined population. Horizontal lines are 95%
confidence intervals (CI). The contrast has an OR of 0.99 (95%CI: 0.91-1.08, p =0.89) in the random-effects model.

However, significant inter-study heterogeneity
was observed in two genetic comparison mod-
els in combined population (I>=28%, p=0.05 in
allelic comparison; 12=27%, p=0.06 in domi-
nant model). In subgroup analyses, we observed
a different extent heterogeneity in allelic compari-
son (Iz=60%, p=0.003) and the dominant model

(1> =60%, p=0.003) of the sporadic AD samples,
and the allelic comparison (12 =29%, p=0.06) and
dominant model (I =27%, p =0.07) of the clinically
diagnosed AD samples, and the allelic comparison
(I =29%, p=0.07) and dominant model (I =33%,
p=0.05) of the Caucasian samples, as well as the
allelic comparison (12 =33%, p=0.08) of late-onset



Table 3

Summary of Meta-analysis results

A2M Groups Cases Controls Comparison models

Polymorphisms OR, 95%ClI, p (pFDR)

1/D (rs3832852) ID I DD ID 1I DD A D R
Combined 2012 6583 209 1932 6708 180 0.99, 0.91-1.08, 0.89 (0.89) 1.02, 0.93-1.12, 0.71 (0.89) 1.08, 0.88-1.32, 0.48 (0.89)
Population
Familial AD 62 159 4 47 118 5 1.05, 0.70-1.56, 0.83 (0.83) 0.92, 0.58-1.45, 0.72 (0.83) 0.75, 0.20-2.75, 0.66 (0.83)
Sporadic AD 553 2002 54 583 2073 49 0.93, 0.75-1.14, 0.47 (0.59) 1.10, 0.87-1.38, 0.44 (0.59) 1.11, 0.75-1.64, 0.59 (0.59)
Clinical diagnosis 1600 5451 163 1559 5724 150 1.00, 0.91-1.10, 1.00 (1.00) 1.01, 0.91-1.12, 0.90 (1.00) 1.03, 0.82-1.29, 0.79 (1.00)
Neuropathological 97 346 [§ 137 401 14 0.78, 0.59-1.01, 0.06 (0.15) 1.29, 0.95-1.74, 0.10 (0.15) 0.51,0.19-1.37, 0.18 (0.18)
diagnosis
Male 63 248 9 62 289 3 0.99, 0.69-1.42, 0.96 (0.96) 1.11, 0.74-1.66, 0.62 (0.93) 2.06, 0.59-7.14, 0.26 (0.78)
Female 125 483 14 106 470 5 1.17,0.90-1.52, 0.23 (0.35) 0.89, 0.67-1.20, 0.46 (0.46) 2.57,0.91-7.22, 0.07 (0.21)
Asians 103 1527 3 154 1958 11 0.78, 0.61-1.00, 0.05 (0.15) 1.24, 0.96-1.60, 0.10 (0.15) 0.54,0.20-1.44, 0.22 (0.22)
Caucasians 1805 4770 190 1728 4616 162 1.01, 0.93-1.10, 0.78 (0.97) 1.00, 0.90-1.11, 0.97 (0.97) 1.11, 0.89-1.37, 0.36 (0.97)
EOAD 93 313 12 115 349 8 0.91, 0.70-1.19, 0.49 (0.54) 1.11, 0.80-1.55, 0.54 (0.54) 1.78,0.72-4.41, 0.21 (0.54)
LOAD 655 2111 71 757 2565 62 1.02, 0.89-1.17, 0.74 (0.74) 0.97, 0.86-1.09, 0.58 (0.74) 1.32,0.93-1.87, 0.12 (0.36)

1/V (rs669) v I \A% v I \A% A D R
Combined 2922 4217 698 2850 4131 698 1.01, 0.93-1.10, 0.84 (0.98) 1.00, 0.89-1.12, 0.98 (0.98) 1.01, 0.85-1.20, 0.92 (0.98)
Population
Familial AD 141 166 44 211 144 69 0.87, 0.70-1.09, 0.23 (0.35) 1.40, 0.81-2.43, 0.22 (0.35) 0.98, 0.62-1.56, 0.95 (0.95)
Sporadic AD 1287 2352 290 1431 2366 394 0.96, 0.86-1.08, 0.52 (0.59) 1.08, 0.98-1.19, 0.11 (0.33) 0.88, 0.57-1.38, 0.59 (0.59)
Clinical diagnosis 2338 3802 558 2384 3790 563 1.01, 0.92-1.11, 0.85 (0.90) 1.01, 0.89-1.14, 0.90 (0.90) 1.03, 0.84-1.25, 0.80 (0.90)
Neuropathological 113 91 42 159 100 53 0.94, 0.53-1.68, 0.84 (0.84) 1.26, 0.53-2.98, 0.60 (0.84) 1.10, 0.69-1.74, 0.69 (0.84)
diagnosis
Male 90 217 23 86 238 22 0.95, 0.71-1.27, 0.73 (0.8) 1.05, 0.73-1.51, 0.79 (0.8) 0.92, 0.50-1.70, 0.80 (0.8)
Female 204 341 39 177 342 45 1.59, 0.77-3.29, 0.21 (0.32) 0.58,0.26-1.31, 0.19 (0.32) 0.83,0.53-1.31, 0.42 (0.42)
Asians 261 1640 13 248 1605 17 1.05, 0.83-1.32, 0.71 (0.71) 0.93, 0.70-1.22, 0.59 (0.71) 0.74,0.37-1.48, 0.40 (0.71)
Caucasians 2647 2483 682 2595 2419 678 1.00, 0.91-1.10, 0.99 (0.99) 1.03, 0.90-1.17, 0.68 (0.99) 1.03, 0.85-1.24, 0.76 (0.99)
EOAD 159 214 30 146 280 34 1.18,0.95-1.48, 0.14 (0.23) 0.80, 0.59-1.08, 0.15 (0.23) 0.78,0.43-1.41, 0.41 (0.41)
LOAD 940 1266 224 943 1361 311 0.93, 0.70-1.23, 0.61 (0.86) 1.02, 0.85-1.21, 0.86 (0.86) 0.90, 0.66-1.22, 0.49 (0.86)

15226379 AG AA GG AG AA GG A D R
Combined 101 348 45 139 329 79 0.86, 0.67-1.12, 0.27 (0.41) 1.23,0.87-1.72,0.24 (0.41) 0.90, 0.56-1.44, 0.66 (0.66)
Population

1226380 TG TT GG TG TT GG A D R
Combined 74 319 2 95 276 8 0.64, 0.47-0.87, 0.004* (0.012)*  1.56, 1.12-2.19, 0.009* (0.0135)*  0.24, 0.05-1.11, 0.07 (0.07)
Population

AD, Alzheimer’s disease; EOAD, Early-onset AD; LOAD, Late-onset AD; A, Allelic model; D, Dominant model; R, Recessive model; pFDR, p-value corrected by FDR method; *significant

statistically.
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Fig. 3. Funnel plot of A2M-I/D allele distribution in the allelic
comparison in combined population.

AD (LOAD) samples. After excluding familial sam-
ples [33, 42, 60], the heterogeneity disappeared in
combined population, the clinical diagnostic sam-
ples, and the Caucasians. After removing studies with
NOS scores < 7 [62], the heterogeneity disappeared in
LOAD samples, while the final relationship between
A2M-I/D polymorphism and AD remained no sig-
nificant (data not shown). The heterogeneity was not
analyzed in sporadic subgroup because of limited
studies included.

In sensitivity analyses, we excluded studies with
NOS scores<7 [20, 21, 62], studies deviating from
HWE [25, 59], studies with zero in frequency for
genotype distribution [22, 27, 33, 35, 39, 41, 43, 59,
64], studies with all samples from neuropathological
diagnosis [19, 30], or studies with samples from the
mixed neuropathological and clinical diagnoses [28,
31,34,45,50, 53], and it is found that all genetic com-
parisons results remained unchanged, confirming the
results’ stability and reliability.

We did not find publication bias for this SNP using
the funnel plots based on allele comparisons and
Egger’s test (p =0.29) (Fig. 3).

Relationship between A2M-1/V polymorphism
and AD

The combined results did not show a significant
association of A2M-1/V polymorphism with AD in all
genetic comparisons in the whole studied populations
or in all subgroups (Fig. 4, Table 3).

Significant heterogeneity at different levels
between studies was found in all genetic contrasts
in combined population or in several subgroups
with the exception of male and early-onset AD
groups (data not shown). After excluding studies

with deviation from HWE [15, 40, 69, 74, 75],
the heterogeneity decreased significantly or disap-
peared in combined population or subgroups. The
final relationship between this polymorphism and AD
remained unchanged (data not shown) in all genetic
comparisons. We did not explore the heterogeneity
in subgroups with samples from neuropathological
diagnosis due to the small number of studies.

The sensitivity analyses were performed after
removing the aforementioned specific studies, such
as studies with NOS scores<7 [18, 46], studies
being not in HWE [15, 40, 69, 74, 75], studies
with zero in frequency for genotype distribution[59,
63], studies with all samples from neuropathologi-
cal diagnosis [46], or studies with samples from the
mixed neuropathological and clinical diagnoses [28,
34, 50, 53]. The final results were not altered in
all comparisons except for female group, in which,
the analysis demonstrated a significant association
of II homozygote and V allele with AD risk after
excluding studies with samples from mixed neu-
ropathological and clinical diagnosis [50] (For II: OR,
95%CI: 0.43, 0.26-0.73, pFDR=0.003 and for V:
OR, 95%CI: 2.15, 1.38-3.35, pFDR =0.0024) (Sup-
plementary Figures 1 and 2).

In publication bias assessment based on the allelic
comparison in combined population, we found possi-
ble bias due to asymmetric distribution of the funnel
plot and Egger’s test (p =0.05), indicating that more
studies are needed to verify the conclusion. However,
the trim-and-fill method was performed with eight
imputed studies, which produced a symmetrical fun-
nel plot (Fig. 5). The imputed estimate (OR, 95%CI,
0.93, 0.85-1.02, p=0.11) was similar to that in the
primary analysis, indicating that results are unlikely
to be explained by publication bias.

The association of rs226379 and rs226380
with AD

There was no evidence of significant association
of rs226379 with AD in all genetic comparisons in
all populations (Table 3). Due to the limited number
of published studies (n=3), the sensitivity and het-
erogeneity analysis as well as publication bias testing
were not conducted.

For rs226380 polymorphism in the whole studied
population, the summary ORs showed statistically
significant association of the TT homozygote (OR,
95%CI: 1.56, 1.12-2.19, pFDR =0.0135) or G allele
(OR, 95%CI: 0.64, 0.47-0.87, pFDR =0.012) with
the susceptibility to AD (Table 3, Figs. 6 and 7).
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AD Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random, 95% Cl Year M-H, Random, 95% CI
Liao A 1998 501 1474 287 898 57% 1.10([0.82,1.31] 1998 ™
Myllykangas L 1999 144 376 2N 510  4.3% 0.75[0.57,0.98] 1999 ]
Wavrant-DeVrieze F 1899 878 2674 1067 3062 6.8% 0.91[0.82,1.02] 1999 =
Singleton AB 1939 162 416 84 206 3.4% 0.93 [0.66,1.30] 1999 =
Shibata N 2000 15 222 14 190 1.1% 0.91 [0.43,1.94] 2000 N
Higuchi S 2000 107 1022 91 894  3.9% 1.03[0.77,1.39] 2000 =
Zill P 2000 53 178 76 236 26% 0.89 [0.59,1.36] 2000 —
Romas SN 2000 62 172 25 78 1.7% 1.19[0.68, 2.11] 2000 — =
Hu CJ 2000 10 164 12 220 08% 1.13[0.47, 2.67] 2000 -
Koster MN 2000 305 888 238 716 52% 1.05[0.85,1.29] 2000 T
Nacmias B 2001 98 358 51 196 2.8% 1.07 [0.72,1.59] 2001 —
Pirskanen M 2001 77 170 173 390 3.2% 1.04[0.72,1.49] 2001 S
Zimmer EL 2001 317 990 322 892 55% 0.83 [0.69,1.01] 2001 ]
Mcllroy SP 2001 140 438 143 474 4.1% 1.08([0.82,1.44] 2001 T
Janka Z 2002 29 106 29 102 1.5% 0.95[0.52,1.74] 2002 T
Zappia M 2002 94 264 95 368  3.4% 1.59[1.13,2.24] 2002 T
Poduslo SE 2002 350 796 1439 368 4.6% 1.15[0.90, 1.48] 2002 T
Clarimdn J 2003 78 224 58 178 2.7% 1.11[0.73,1.68] 2003 T
Styczynska M 2003 65 200 79 200 27% 0.74 [0.49,1.11] 2003 —r
Chen D 2003 33 320 28 390 1.9% 1.48[0.88, 2.52] 2003 S N
Zhao XP 2004 18 230 15 380 1.2% 2.07[1.02,4.18] 2004
ShiJJ 2004 42 514 46 484  2.5% 0.85 [0.55,1.31] 2004 I
Bian L 2005 34 432 33 400 21% 0.95 [0.58, 1.57] 2005 i
SunY 2005 15 224 17 226 1.2% 0.88[0.43,1.81] 2005 N
Depboylu C 2006 175 542 241 560  4.6% 0.63 [0.49, 0.81] 2006 ot
Mariani E 2006 61 200 83 272 28% 1.00 [0.67,1.49] 2006 s
Hong Y 2008 26 418 16 440  1.4% 1.76[0.93, 3.33] 2008 1
Han B 2008 17 110 8 118 0.8% 2.51 [1.04,6.09] 2008
Colacicco Ah 2009 84 338 112 528  3.6% 1.23[0.89,1.70] 2009 2
Bruno E 2010 78 250 161 620 3.6% 1.29[0.94,1.78] 2010 ™
YuanQ 2013 62 728 62 582 3.1% 0.78[0.54,113] 2013 - I
Michatowska-¥Yvender G 2014 43 100 33 100 1.7% 1.53[0.86,2.72] 2014 T
Zamani M 2016 155 300 179 300 36% 0.72[0.52,1.00] 2016 ]
Total (95% CI) 15838 15578 100.0% 1.01[0.93, 1.10] L ]
Total events 4328 4258 . ‘ )
Heterogeneity: Tau®= 0.02; Chi*= 62.24, df= 32 (P=0.001); F= 49% 'CI.US sz 1 5 ZD‘

Test for overall effect Z=0.20 (P = 0.84)

Fig. 4. Forest plot of A2M-I/V allelic comparison (V versus I) and AD

1.01 (95% CI: 0.93-1.10, p=0.84) in the random-effects model.

Filled funnel plot with pseudo 95% confidence limits

theta, filled

s.e. of: theta, filled

Fig. 5. Filled funnel plot of OR from studies that investigated the
association between A2M-1/V allele frequency (V versus I) and
the risk of AD. The circles alone are real studies and the circles
enclosed in boxes are ‘filled’ studies. The horizontal line repre-
sents the summary effect estimates, and the diagonal lines represent
pseudo-95 % CI limits.

However, it is worth noting that the total sample of
this polymorphism is entirely Asian population. The

Favours Control Favours AD

susceptibility in combined population. The contrast has an OR of

sensitivity, heterogeneity and the funnel plot analyses
were not performed because of the small number of
studies (only two studies).

DISCUSSION

Relationship between A2M gene polymorphisms
and AD

The meta-analysis results revealed that two SNPs
(rs226380 and I/V polymorphism) in A2M were sig-
nificantly associated with AD risk. The G allele of
1s226380 had a decreased risk for AD in Asians, on
the contrary, the TT homozygote was more common
in Asian patients. The V allele of the I/V polymor-
phism was associated with increased risk of AD only
in female population, and the Il homozygote could be
a protective factor in these population. However, no
association of AD was found in the I/D polymorphism
widely discussed in the literature.
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AD Control Odds Ratio Odds Ratio
or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Bian L 2005 173 216 150 200 57.2% 1.34[0.84,2.13] 2005
Song H 2010 146 179 126 179 428% 1.86[1.13,3.05] 2010 —a—
Total (95% CI) 395 379 100.0% 1.56[1.12,2.19] -
Total events 3149 276
Heterogeneity. Chi*=0.90, df=1 (P =0.34), F= 0% b.05 0:2 1' 15 20'

Testfor overall effect: Z= 2.60 (P = 0.009)

Favours Control Favours AD

Fig. 6. Forest plot of 15226380 genotype frequency (TT versus (TG+GG)) and AD susceptibility in combined population. The contrast has
an OR of 1.56 (95% CI: 1.12-2.19, p=0.009) in the Fixed-effects model.

Bian L 2005 44 432 55 400 50.3%

0.71[0.47,1.08] 2005

Song H 2010 34 358 56 358 49.7% 0.57 [0.36,0.89] 2010 ——

Total (95% CI) 790 758 100.0%  0.64[0.47, 0.87] <>

Total events 78 111

Heterogeneity. Chi*=0.52, df=1 (P=0.47);F= 0% h.Uﬁ IJ.[2 ‘i é 20'

Test for overall effect: Z= 2.84 (P = 0.004)

Favours Control Favours AD

Fig. 7. Forest plot of rs226380 allele frequency (G versus T) and AD susceptibility in combined population. The contrast has an OR of 0.64

(95%ClI: 0.47-0.87, p=0.004) in the Fixed-effects model.

Several previous meta-analyses focused on the
relationship of A2M gene polymorphisms and AD.
Studies by Koster et al. (2000) found that the D allele
frequency was lower in combined analyses including
three Asian studies (OR, 95%CI: 0.70, 0.53-0.92)
[8]. The meta-analysis from Xu et al. (2013) included
14 original studies, and showed a significant associa-
tion of A2M-I/V polymorphism with AD in different
populations, such as German, Korean, Chinese, Span-
ish, Italian, and Polish populations [9]. However,
Chen H’s meta-analysis published in 2014, including
39 primary studies, found no evidence of signifi-
cant relationship of A2M-I/D or I/V polymorphism
and AD risk [10]. The inconsistent results obtained
from these meta-analyses may be related to follow-
ing reasons, such as not including all original studies
[8, 9], being short of detailed analysis on AD sub-
groups [8—10], not excluding the controls deviating
from HWE [9], or the obtained results with significant
heterogeneity [10].

The present meta-analysis contained 62 original
studies (including 8,804 cases and 8,820 controls for
A2M-1/D, 7,919 cases and 7,789 controls for A2M-
1/V, 494 cases and 547 controls for rs226379, as well
as 395 cases and 379 controls for rs226380 polymor-
phism), providing more comprehensive analyses on
the relationship between A2M gene polymorphisms
and AD risk.

Possible mechanisms of A2M gene
polymorphisms in AD

The neuropathological characteristics of AD are
defined as abnormal aggregation of amyloid-$3 (AB)
peptide in the brain parenchyma and neurofibrillary
tangles composed of abnormal hyperphosphorylation
of tau protein in neurons [76]. A2M is a tetrameric
protein be found widely in human plasma and cere-
brospinal fluid. Many noncovalent ligands of A2M,
including AD-associated AP peptide, neurotrophic
factor, and tumor necrosis factor-alpha, preferen-
tially bind to convert A2M [77]. A2M functions are
primarily as a pan-protease inhibitory activity [5].
In addition, through its chaperone role, A2M binds
and facilitates the clearance of the AP peptide [78].
Some studies have shown that A2M is found in the
brain neural plaques of AD patients after death, and
tetrameric A2M plays a role in controlling the forma-
tion of amyloid fibers [79]. This indicates that A2M
is associated with amyloid protein deposition in the
brain. The specific binding of A2M with A peptide
leads to the soluble state of A peptide, preventing
fibril formation. It is suggested that A2M is involved
in preventing the formation of neurofibrillary tangles
in the brain of AD patients [75]. The latest study has
also shown that A2M with a novel p.N410T mutation
(c.1229A > C) binding to A peptide can prevent the
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formation of fibrils and weaken the neurotoxicity of
AR [80].

The previous study found that the haplotypes
grouped by eight polymorphisms in A2M were all
associated with AD [81], including polymorphisms
at 5> UTR, exon 12, 24 (rs669), and intron 7, 15,
18 (rs3832852), 21, and 28. Moreover, DNA varia-
tions in the A2M gene lead to a significant increase
in the accumulation of amyloid plaques in AD brains
[82]. In addition, the inefficient clearance of AP
peptide has been identified as the main pathogenic
pathway in sporadic AD cases [83]. These findings
further confirmed the correlation of A2M gene in the
pathogenesis of AD. The evidence also shows that
A2M-1I/V polymorphism influences A2M levels and
may modify A2M activity, therefore altering the ratio
of cleaved/uncleaved A2M monomer [84]. However,
there was also evidence to the contrary that no dif-
ferent aberrant A2M splicing products were detected
in the brains of carriers with A2M-D allele, imply-
ing that the I/D mutation had no biological effect
[20]. These results were consistent with our results
in present meta-analysis.

Our results also showed that the significant rela-
tionship of A2M mutants to AD risk mainly in Asians.
AD is genetically complex and shows heritability
of up to 60-80% [1]. Because there are population
differences in linkage disequilibrium and allele fre-
quencies, while differing ethnicities share risk genes
and alleles, the consequences may be different in dis-
tinct populations for AD. From studies in individuals
of African and Hispanic ancestry, notable ancestry-
related differences have been identified in the genetic
architecture of AD [1]. For example, the effect of
APOE &4 is weaker in African American and His-
panic populations, however, its effect is higher in East
Asian populations [85]. This supports the fact that the
risk of AD inheritance is not always the same in dif-
ferent ethnic groups, reflecting the heterogeneity of
AD gene inheritance.

Our results suggested a larger risk for AD in female
with the V allele of A2M-I/V polymorphism. The
genetic risk of AD may be more closely linked to
women, for example, Female carriers of APOE €4
are at a greater risk than male carriers, particularly
those aged 65 to 75 years [86]. In the latest survey in
2023, almost two-thirds of Americans with AD were
women [2]. Pathologic tau levels are higher in women
[87], and these differences are particularly pro-
nounced in individuals with higher levels of A3 load
[88]. These theories may partially explain the suscep-
tibility to AD in female with I/V polymorphism.

Publication bias

Publication bias was found in studies involving
A2M-1/V polymorphism. An important source of bias
in meta-analysis is that the source material may be
skewed due to the tendency of journals to publish only
studies with positive findings. This suggests the pos-
sibility of publication bias, although there are other
reasons for funnel plot asymmetry, such as differ-
ences in methodological quality or, simply, a play of
chance. However, we used the trim and fill method
to correct the bias, which did not alter the signifi-
cant relationship between the allele of the A2M-I/'V
polymorphism and AD risk, suggesting that the pub-
lication bias did not affect the final pooled results.

Heterogeneity and sensitivity analysis

A varying degree of heterogeneity between stud-
ies were found in multiple genetic comparisons in AD
for A2M-1/D or I/V polymorphism. Multiple reasons
may result in heterogeneity in meta-analyses, such as
source of the samples, ethnicity, and the characteris-
tics of the single study. In the present analyses, the
familial samples may be main cause of heterogene-
ity. The heterogeneity disappeared when we excluded
the familial samples in combined population or sub-
groups for A2M-I/D polymorphism. Secondly, the
HWE could partly explain the heterogeneity in some
comparison models. After excluding studies with
deviation from HWE in A2M-I/V polymorphism,
the heterogeneity among studies has decreased sig-
nificantly or disappeared in combined population
or sub-groups. In addition, the heterogeneity disap-
peared when the studies with NOS < 7 were removing
from the analyses in LOAD subgroup for A2M-1/D.
It is worth noting that, sometimes, individual stud-
ies may cause heterogeneity. Properly, the observed
heterogeneity could be attributable to differences
in environmental factors, methodological factors in
design, and how the studies were conducted.

The sensitivity analyses after removing specific
studies did not alter the final results in any of the
A2M-I/D polymorphism genetic comparisons in the
whole studied population or subgroups, further con-
firming the reliability and stability of the results.
Sensitivity analysis found a significant association
of A2M-I/V polymorphism with AD risk in the
female subgroup after excluding studies with samples
from mixed neuropathological and clinical diagno-
sis, while all other comparative results remained
unchanged. This suggested that the individual studies
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seemed to have minor effect in sub-population, nev-
ertheless, the final overall results still kept reliable
and stable.

NOS evaluation

Since all the included studies were non-
randomized and had a cohort or case-control design,
the NOS was used to judge study quality, as recom-
mended by the Cochrane Collaboration [89]. Only
five studies had a score of NOS <7 in original stud-
ies, indicating a higher quality of studies included in
present meta-analysis as a whole.

Limitations of this meta-analysis

Our meta-analysis has some limitations. The first,
one limitation of using a meta-analytic approach
for population-based observational studies is that
these studies yield only estimates of associations
that are influenced by confounding factors such as
sex, age or ethnic admixture, either between stud-
ies or between cases and controls within each study
[7]. For example, five studies [17, 24, 34, 44, 69]
in current meta-analysis mixed other races in the
Caucasian population (Table 1), however, remov-
ing these studies in all analyses did not alter the
total results. In addition, the clinical characteristics
of individual studies may also be a confounding
factor. One original study we included define AD
with onset age greater than 60 [75] or 70 years [71]
rather than current standard (65 years and more) as
LOAD, which may also affect our results, Although
the sample size is small. Second, we did not track
the complete unpublished articles to obtain data for
analysis. The potential effect of this publication bias
is unknown. We did not succeed in searching relative
information through other resources of grey docu-
ments such as house journal, preprints, government
documents, newsletters, trade literature, standards,
patents, and translations. Third, language bias must
be noted. We found no other language literature
that meets our inclusion criteria besides those in
Chinese and English. However, we have to acknowl-
edge that some articles were published in journals
which were not found on the international journal
databases. Fourth, some data cannot be obtained
because of incomplete information. A few studies
(Supplementary Table 1) involving A2M polymor-
phism and AD did not demonstrate the distribution
of alleles or genotypes in AD and controls. We
were unable to obtain the data from these authors

as well. These articles were excluded from our meta-
analysis. Fifth, the number of studies involving the
rs226380 or rs226379 polymorphisms is relatively
small, and the samples of the rs226380 polymor-
phism are all from the Asians. And so, the results
need to be further confirmed and updated in the future.
At last, heterogeneity was evident among the origi-
nal studies involving A2M-1/V polymorphism in our
meta-analysis. We cannot make the heterogeneity dis-
appear, despite using different methods.

Based on the limitations above mentioned, the con-
clusions we draw should be treated with caution.

Conclusions

In summary, accumulated evidence so far indicated
that the A2M SNPs were associated with AD risk in
some sub-populations. Improved methodologies and
larger sample sizes are required to verify the present
findings in future studies.
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