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Evidence suggests that there is a close association between
myeloperoxidase (MPO) gene rs2333227 G>A polymorphism with
Alzheimer's disease (AD) susceptibility. We conducted a meta-
analysis to explore the precise association between MPO rs2333227
G>A polymorphism and AD susceptibility. Online databases were
searched and the relevant information was collected. Crudeodds
ratios with 95% confidence intervals were calculated. Trial sequen-
tial analysis (TSA), heterogeneity analyses, accumulative analyses,
sensitivity analyses, and publication biasestests were performed.
Overall, nine publications (ten independent case-controls) were
included in this meta-analysis, involving 3260 participants. Pooled
results revealed no significant association between MPO rs2333227
G>A polymorphism and AD susceptibility was observed. TSA
showed that the present meta-analysis remained inconclusive due
to insu ficient evidence. In summary, the current meta-analysis
indicated that the MPO rs2333227 G>A polymorphism may not be
acausalfactor in the development of AD.
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1. Introduction
Alzheimer’s disease (AD) is a chronic, progressive and ir-

reversible neurodegenerative disease. The prevalence of AD
is continuously rising due to the increasing longevity of the
global population [1]. AD is the most common cause of de-
mentia and is considered one of the largest health challenges
worldwide. According to a recent epidemiological report,
4.7 million individuals aged 65 years or older are estimated
to have AD dementia, and the disease will cause more than
600,000 deaths, comprising 32% of all older adult deaths in
the US. By 2050, the number of people with AD demen-
tia is projected to be 13.8 million, causing approximately 1.6

million deaths, thereby accounting for 43% of all older adult
deaths [2, 3]. AD cases are likely to increase among devel-
oping and developed countries, and their complications will
place tremendous mental and economic burdens on patients
and families. Globally, AD and other dementias are consid-
ered to be one of the most important causes of disability ad-
justed life years (DALYs), accounting for 28.8 million DALY
sin 2016 [4].

To date, the etiology and pathogenesis of AD have been
extensively explored, but still, the underlyingmechanisms re-
main unclear. Increasing evidence suggests that the accumu-
lation of abnormally folded amyloid β protein (Aβ) and tau
proteins in amyloid plaques and neuronal tangles are causally
related to neurodegenerative processes in AD patients [5, 6].
Other factors such as cerebrovascular pathological changes,
diabetes, chronic inflammation [7], and unhealthy life styles
have also been proposed to be associated with AD develop-
ment. Moreover, increasing evidence suggests that genetic
abnormalities, including genetic mutations, may confer an
increased risk of AD [8]. The mutation of apolipoprotein
E (ApoE)ϵ4 is a critical genetic risk factor for AD, and the
risk of AD lifetime risks rose to 51% for ApoEϵ4/ϵ4 male
carriers to 60% for ApoEϵ4/ϵ4 female carriers, as well as for
ApoEϵ3/ϵ4carriers [9]. Other mutations in amyloid precur-
sor protein genes can influence the accumulation and clear-
ance of Aβ and cause AD [10]. Moreover, many genetic loci
have been identified to associate with AD risk by genome-
wide association studies (GWAS) [11, 12].

Myeloperoxidase (MPO) is an oxidative lysosomal en-
zyme released by activated polymerphonuclear neutrophils.
MPO participates in the defense mechanisms of an organ-
ism through its catalytic activities in the hydrogen peroxide-
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halide reaction to kill infectious pathogens [13]. Studies have
reported that chronic inflammation with oxidative stress
contributes to the development of numerous neurodegener-
ative conditions, such as AD, Parkinson’s disease, multiple
sclerosis and stroke. Epidemiological studies have demon-
strated a positive association between aberrant MPO plasma
levels, and AD and cardiovascular disease susceptibility [14].
The MPO gene is located on the long arm of chromosome
17q23.1 in humans, is 14kb in length, and comprises 12 ex-
ons and 11 introns [15]. To date, many single nucleotide
polymorphisms (SNPs) loci have been identified in the MPO
gene and the rs2333227 G>A (-463 G>A) polymorphism
was first identified in the promoter region by Austin et al.
[16] in leukemic bone marrow cells. The MPO A allele dis-
rupts the Sp1transcription factor binding region and affects
transcription; carriers show decreasedmRNAexpression and
transcriptional activity compared with the wild-type G allele
carriers [17].

Since 1999, several case-control studies have been con-
ducted to investigate the role of this polymorphism and AD
susceptibility, but their results were inconsistent. In 2002,
Combarros et al. [18] conducted the firstmeta-analysis on the
association between MPO rs2333227 G>A polymorphism
andAD risk. Regrettably, only four case-control studies were
conducted, and the hypothesis that MPO rs2333227 G>A
polymorphismwas causally related to ADwas nullified. Con-
sidering the present situation and the absence of a compre-
hensive evaluation, thismeta-analysiswas conducted tomore
accurately assess the association between MPO rs2333227
G>A polymorphism, and AD risk.

2. Materials andmethods
This current meta-analysis was conducted with the guid-

ance of the PreferredReporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. All collected data
were extracted from published studies; hence, there were no
ethics issues to consider.
2.1 Searching strategy

Online databases (PubMed, Embase, Web of Science,
CNKI and Wanfang) were searched for all published case-
control studies on the association between MPO rs2333227
G>A polymorphism and AD susceptibility from inception
up to December 1, 2020. Only articles published in English
or Chinese were selected. The bibliographies of all identi-
fied studies were reviewed for further potential studies of in-
terest. The following search terms were used: “(myeloper-
oxidase OR MPO) AND (-463 OR rs2333227 OR polymor-
phism OR variant ORmutation) AND ((Alzheimer’s disease)
OR dementia)”, and the strategy was listed (e.g., in PubMed):

#1 myeloperoxidase
#2 MPO
#3 #1 OR #2
#4 -463
#5 rs2333227
#6 polymorphism

#7 variant
#8 mutation
#9 #4 OR #5 OR #6 OR #7 OR #8
#10 Alzheimer’s disease
#11 dementia
#12#10 OR #11
#15 #3 AND #9 AND #12

2.2 Inclusion and exclusion criteria
Studies were included if they were: (1) case-control stud-

ies that examined the association between MPO rs2333227
G>A polymorphism and AD susceptibility; (2) studies that
assessed genotypes related information of the genotypes dis-
tributions in the case and control groups to determine odds
ratios (ORs) and 95% confidence intervals (CIs); and (3) stud-
ies that were published only in English. In cases where there
was an overlap in data reported by different studies, we used
the study that contained the largest or most recent data. We
excluded: (1) case reports, review articles or animal studies;
(2) molecular biology research not addressing the relation-
ship between MPO rs2333227 G>A polymorphism, and AD
risk; (3) studies without sufficient data; and (4) studies with
duplicated or overlapping data.

2.3 Data extraction and quality evaluation
Two authors (Fang andMao) reviewed the included stud-

ies independently, and the following information was ex-
tracted and listed for analysis: the first authors’ name, publi-
cation date, study country, sample sizes of the cases and con-
trols, control design, genotyping method, frequency data of
the genotype distribution, and assessment of hardy-weinberg
equilibrium (HWE) in the control group. The newcastle-
ottawa scale (NOS) was employed to evaluate the quality of
all included studies. The scores ranged from 0 (worst) to 9
(best). Studies with a score of 7 points or higher indicated
that they were of good research quality [19].

2.4 Statistical analysis
Overall, pooled ORs and 95% CIs were calculated to eval-

uate the association between MPO rs2333227 G>A poly-
morphism and AD susceptibility. Heterogeneity among the
included studies was examine dusing Cochran’s Q test and
I2 test. I2 > 40% or P < 0.1 was considered indicative of
significant heterogeneity. The fixed-effect model (Mantel-
Haenszel method) was adopted where heterogeneity was not
significant; otherwise, a random-effects model (I–V hetero-
geneity method model) was adopted. Genetic models were
applied, including the allele contrast model (A vs. G), the co-
dominant model (heterozygote comparison: GA vs. GG and
homozygote comparison: AA vs. GG), the dominant model
(GA + AA vs. GG), and the recessive model (AA vs. GG
+ GA). Subgroup analyses were conducted based on HWE
status, ethnicity differences, control design, and NOS evalu-
ation. Meta-regression was performed to explore the poten-
tial factors contributing to heterogeneity. Cumulative meta-
analyses and sensitivity analyses were conducted to examine
the statistical tendency and stability of the results. Egger’s
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Fig. 1. Flow diagram of the study selection process.

[20] linear regression test was applied and Begg’s [21] funnel
plots were constructed to explore whether there was publi-
cation bias. Finally, a trial sequential analysis (TSA) was con-
ducted [22]. All the statistical calculations were conducted
using Stata version 14.0 (Stata Corporation, College Station,
TX, USA). A two-sided P-value < 0.05 was considered sta-
tistically significant.

3. Results
3.1 Study characteristics

The selection process is presented in Fig. 1. In the first
step of the literature search, 496 potential case-control stud-
ies were identified. A total of 169 studies were excluded
due to duplication, 306 studies were deleted through full-
text review or title and abstract screening, and 12 studies
were excluded for other deficiencies. Then, nine publica-
tions (10 independent case-control studies) involving 1630
patients and 1630 controls were included to assess the asso-
ciation between MPO rs2333227 G>A polymorphism with
AD risk [18, 23–30]. Eight studies were conducted in Cau-
casian or European populations, and two studies were con-
ducted in Asian populations. All the studies used the poly-
merase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) genotyping method. In terms of geno-
type distributions, only two studies had control groups that

deviated from HWE (Table 1). Overall, the studies included
in this work were of moderate to high quality according to
the NOS evaluation (Table 1).
3.2 Quantitative analyses of MPO rs2333227 G>A polymorphism
and AD susceptibility

Overall, the pooled results did not show any significant as-
sociation betweenMPO rs2333227 G>A polymorphism and
AD susceptibility under any genetic model (A vs. G: OR =
1.09, 95% CI = 0.85–1.40, P = 0.51, I2 = 73.9%; GA vs. GG:
OR = 1.04, 95% CI = 0.83–1.31, P = 0.75, I2 = 47.5%; AA vs.
GG: OR = 1.16, 95% CI = 0.61–2.19, P = 0.65, I2 = 68.5%; GA
+ AA vs. GG: OR = 1.06, 95% CI = 0.83–1.34, P = 0.65, I2 =
59.3% (Fig. 2); AA vs. GG + GA: OR = 1.14, 95% CI = 0.64–
2.02, P = 0.65, I2 = 62.3%) (Table 2). In the stratified analysis,
negative associations were found between MPO rs2333227
G>A polymorphism and AD susceptibility based on HWE
status, ethnicity diversity, control design, and NOS evalua-
tion.
3.3 Heterogeneity and publication bias

Initially, some heterogeneity was observed among the in-
cluded studies in the general population under all five genetic
models (A vs. G: I2 = 73.9%; GA vs. GG: I2 = 47.5%; AA vs.
GG: I2 = 68.5%; GA + AA vs. GG: I2 = 59.3%; AA vs. GG +
GA: I2 = 62.3%). Many factors, such as HWE status, ethnicity
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Table 1. Characteristics of case-control studies onMPO rs2333227 G>A polymorphism and Alzheimer’s disease risk included in the meta-analysis.

First author Year Country/Ethnicity Control design Case Control
Genotype distribution

P for HWE Genotyping method MAF NOSCase Control

GG GA AA GG GA AA

Reynolds-1 1999 US Not available 69 160 43 25 1 96 a 64 b NA NA PCR-RFLP NA 5
Reynolds-2 2000 Finnish Hospital-based 127 174 77 45 5 117 54 3 0.25 PCR-RFLP 0.17 7
Crawford-A 2001 US Population-based 226 166 138 70 18 83 62 21 0.09 PCR-RFLP 0.31 8
Crawford-B 2001 US Population-based 59 75 26 27 6 42 29 4 0.73 PCR-RFLP 0.25 8
Combarros 2002 Spain Hospital-based 315 327 160 142 13 168 139 20 0.21 PCR-RFLP 0.27 7
Styczynska 2003 Poland Not available 100 100 71 10 19 72 17 11 <0.01 PCR-RFLP 0.20 6
Leininger-Muller 2003 Europe Hospital-based 265 246 147 101 17 157 84 5 0.10 PCR-RFLP 0.19 6
Zappia 2004 Italy Healthy-based 148 158 84 60 4 67 74 17 0.61 PCR-RFLP 0.34 7
Usui 2006 Japan Population-based 205 92 166 38 1 75 15 0 0.39 PCR-RFLP 0.08 8
Ji 2017 China Hospital-based 116 134 68 41 7 95 34 5 0.08 PCR-RFLP 0.16 7

HWE in control.
a Data of the GG genotype; b Data of the GA/AA genotypes.
MAF, Minor allele frequency in control group; PCR-RFLP, Polymerase chain reaction-restriction fragment length polymorphism.

Table 2. Summary ORs and 95% CI of MPO rs2333227 G>A polymorphism and Alzheimer’s disease risk.

N*
A vs. G GA vs. GG AA vs. GG GA + AA vs. GG AA vs. GG + GA

OR 95% CI P I2 (%) OR 95% CI P I2 (%) OR 95% CI P I2 (%) OR 95% CI P I2 (%) OR 95% CI P I2 (%)

Total 10 1.09 0.85–1.40 0.51 73.9 1.04 0.83–1.31 0.75 47.5 1.16 0.61–2.19 0.65 68.5 1.06 0.83–1.34 0.65 59.3 1.14 0.64–2.02 0.65 62.3
HWE-yes 8 1.07 0.81–1.40 0.64 76.5 1.07 0.85–1.35 0.55 48.2 1.09 0.53–2.25 0.81 69.9 1.08 0.81–1.43 0.60 68.0 1.05 0.56–1.98 0.87 62.1
Ethnicity

Caucasian 8 1.03 0.77–1.37 0.85 77.4 0.97 0.75–1.25 0.81 49.5 1.08 0.52–2.25 0.83 75.0 0.99 0.76–1.29 0.94 61.3 1.09 0.56–2.11 0.80 70.7
Asian 2 1.44 1.00–2.06 0.05 0 1.44 0.94–2.19 0.09 0 1.87 0.61–5.71 0.27 0 1.48 0.98–2.23 0.06 0 1.61 0.54–4.87 0.40 0
Design
HB 5 1.10 0.78–1.55 0.59 80.3 1.12 0.85–1.48 0.40 51.5 1.15 0.41–3.19 0.79 78.1 1.12 0.80–1.59 0.51 71.5 1.10 0.44–2.77 0.84 73.9
PB 3 1.02 0.59–1.78 0.94 73.6 0.99 0.60–1.66 0.95 51.0 0.99 0.31–3.20 0.98 51.7 1.01 0.56–1.81 0.97 67.6 0.79 0.44–1.40 0.42 26.4
NA 2 1.30 0.81–2.10 0.28 NA 0.60 0.26–1.39 0.23 NA 1.75 0.78–3.94 0.18 NA 0.97 0.64–1.48 0.90 0 1.90 0.85–4.23 0.12 NA

NOS evaluation
≥7 7 1.01 0.76–1.36 0.92 74.2 1.04 0.80–1.36 0.77 51.0 0.87 0.44–1.73 0.70 60.3 1.03 0.75–1.41 0.85 67.7 0.84 0.47–1.49 0.55 46.9
<7 3 1.41 1.09–1.81 0.01 0 0.97 0.47–2.00 0.93 62.3 2.38 1.27–4.45 0.01 16.9 1.21 0.92–1.59 0.17 0 2.35 1.25–4.40 0.01 0

* Numbers of comparisons.
I2 for Heterogeneity test.
HB, Hospital-based or Healthy based; PB, Population-based.
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Fig. 2. OR and 95% CIs of the associations betweenMPO rs2333227 G>A polymorphism and AD risk in GA + AA vs. GGmodel.

difference, control design, and NOS evaluation differences
between studies may contribute to heterogeneity. We per-
formed subgroup analyses based on these factors. Hetero-
geneity was greatly reduced in the Asian group and the
subgroup with a low NOS score but not in the Caucasian
group or other subgroups (Table 2). Meta-regression anal-
ysis was conducted with the stratified factors, but the anal-
ysis did not identify any factor contributing to the hetero-
geneity (for GA + AA vs. GG model: PHWEstatus =
0.78, P Ethnicitydifference = 0.26, PControldesign = 0.95,
PNOSevaluation = 0.71; results were similar in other data not
shown). Publication bias has been always recognized as a key
factor influencing the synthesis of results from prior studies.
Egger’s linear regression test was conducted, and no asymme-
try was observed in the funnel plots in the five genetic mod-
els. These funnel-plot results were confirmed by Egger’s test
(A vs. G: P = 0.37; GA vs. GG: P = 0.93; AA vs. GG: P =
0.39; GA + AA vs. GG: P = 0.66 (Fig. 3); AA vs. GG + GA: P
= 0.42).
3.4 Accumulative and sensitivity analyses

Accumulative analyses (Fig. 4 for GA + AA vs. GG) and
sensitivity analyses (Fig. 5 for GA + AA vs. GG) were con-
ducted based on the published date of each study. No signif-
icant fluctuations were found in the results, which indicated
that the results were stable and credible.

Fig. 3. Funnel plot analysis to detect publication bias for GA + AA vs.
GGmodel ofMPO rs2333227 G>Apolymorphism andAD risk. Circles
represent the weight of the studies.

3.5 Trial sequential analysis (TSA)
TSA was conducted in the dominant model. An overall

type I error rate of 5% and type II error rate of 20% were
used. The total number of participants in this meta-analysis
did not exceed the required information size of 11,452 (Fig. 6
for GA + AA vs. GG). The TSA indicated that the cumu-
lative z-curve neither crossed the trial monitoring boundary
nor reached the required information size, indicating that the
current evidence is insufficient and further studies are neces-
sary.
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Fig. 4. Cumulative meta-analyses according to publication year in GA + AA vs. GGmodel of MPO rs2333227 G>A polymorphism and AD risk.

Fig. 5. Sensitivity analysis through deleting each study to reflect the influence of the individual dataset to the pooled ORs in GA + AA vs. GG
model of MPO rs2333227 G>A polymorphism and AD risk.

4. Discussion

AD is one of the most important neurodegenerative dis-
eases and has been considered the most common cause of
aging-associated dementia. The World Health Organization

predicts that AD and other causes of dementia will overtake
cancer and become the second leading cause of death [31].
The accumulation of plaques formed by Aβ peptide is the
upstream causative factor that promotes neurodegeneration
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Fig. 6. Trial sequential analysis ofMPOrs2333227G>ApolymorphismandADrisk inGA+AAvs. GGmodel. The blue line represents the cumulative
Z-score of the meta-analysis. The red straight represent the conventional P = 0.05 statistical boundaries.

[32, 33]. MPO is an iron-containing heme protein, which
is thought to be a hydrogen peroxide oxidoreductase and be-
longs to themammalian family of peroxidases. Increasing ev-
idence suggests a close relationship betweenMPO and its cy-
totoxic product, hypochlorous acid and AD. Animal research
has also indicated that MPO expression and production pro-
motes the stress-induced cross-linking of Aβ into insoluble
beta sheet structures, thereby increasing the Aβ deposition
in the brain [24, 34]. Whether MPO can be considered as
a biomarker of AD is a concept for future investigations. In
2014, Tzikas et al. [14] conducted a case-control study on the
plasma concentrations ofMPO using enzyme linked immune
absorbent assays and showed significantly higher plasma con-
centrations inADpatients than in comparison to elderly con-
trols (AD vs. controls (mean ± SD): 132.8 ± 114.8 ng/mL
vs. 55.0 ± 42.6 ng/mL). Jin et al. [23] evaluated the plasma
concentration of MPO in AD patients (326.50± 52.28µg/L)
and healthy controls (276.01± 24.87µg/L) using an enzyme-
linked immunosorbent assay and found significantly lower
concentrations of MPO in individuals with AA genotypes
than individuals with GA and GG genotypes carriers in both
groups.

In term of rs2333227 G>A polymorphism, some studies
have suggested that this polymorphism influencesMPO tran-
scription level and strongly reduces mRNA expression. This
may be due to this polymorphic site being located within an
Alu hormone-responsive element, whichmay lead to the loss
of a SP1 transcription factor binding site, and play a protec-
tive role by reducingMPOactivity [16, 35, 36]. Subsequently,
numerous studies have demonstrated that MPO rs2333227
G>A polymorphismmay influence susceptibilities to several

diseases, such as different types of cancer [37–39], coronary
artery disease [40], and diabetic nephropathy [41].

Firstly, Reynolds et al. [24] conducted acase-control study
and reported that the MPO rs2333227 GG genotype in-
creased the risk for AD in females in a US population in
1999. Since then, many studies that focused on the relation-
ship between MPO rs2333227 G>A polymorphism and AD
risk have been published. Similarly, Crawford et al. [26] also
reported increased AD risk in MPO rs2333227 Gallelecarri-
ers (OR = 2.45, 95% CI = 1.08–2.05) in the Caucasian popu-
lation, but not in the Hispanic population. Moreover, Zappia
et al. [29] reported a similar elevated risk for AD in individ-
uals with the GG genotype (OR = 1.78, 95% CI = 1.13–2.80).
In contrast, Leininger-Muller et al. [28] suggested that the
MPO rs2333227Aallelemight play a role in ADdevelopment.
Ji et al. [23] also suggested that the MPO rs2333227 Aallele
significantly increased the risk of AD in a Chinese popula-
tion (OR = 1.58, 95% CI = 1.02–2.46). Moreover, Usui et al.
[30] and others did not find any significant association be-
tween theMPO rs2333227 G>A polymorphism and AD risk
[18, 27, 30].

These discrepancies among published studies may have
been derived from the following: (1) the study population
came from different countries or ethnicities; (2) small sam-
ple size in the studies; (3) the quality of the included studies,
which was inconsistent according to NOS evaluation; and (4)
the controls of each study comprised population-based and
hospital-based controls. So, our meta-analysis was therefore
conducted to investigate and clarify the precise association.
The pooled results, using general and stratified analyses based
on the current evidence, indicated that no significant associ-
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ation exists between MPO rs2333227 G>A polymorphism
and AD risk. Notably, the results of this meta-analysis need
to be verified in additional studies using larger sample sizes,
according to our TSA.

Compared with previous meta-analyses, five additional
studies were enrolled in the presentmeta-analysis and amore
comprehensive stratified analysiswas conducted. In addition,
cumulative and sensitivity analyses were conducted, as well
as tests for publication bias, and the influence of NOS eval-
uation differences. Finally, a TSA was conducted to guar-
antee the stability and accuracy of our results. Furthermore,
our meta-analysis had the following advantages: (1) a larger
sample size contributing to more reliable results; (2) the use
of a more scientific retrieval strategy and rigorous method-
ologies; (3) more subgroup analyses to explore potential rela-
tionships; (4) the use of TSA,which indicated that the current
evidence is insufficient and further studies are necessary; and
(5) no significant publication bias was identified that might
have influenced the results.

Nevertheless, this meta-analysis had some limitations that
should be addressed: (1) only nine studies could be found that
focused on the association between rs2333227 G>A poly-
morphism and AD susceptibility; (2) only the unadjusted as-
sessment was included, without using controls measured in
the original data, such as lifestyle, environmental exposure,
and gene-environment interactions, which limited the explo-
ration of interaction mechanisms; (3) published studies were
all focused on Caucasian and Asian populations, which may
have led to race bias; and (4) significant heterogeneity was
found among the included studies, which was alleviated by
subgroup analysis, suggesting that theremay be potential fac-
tors that lead to heterogeneity, but these could not be iden-
tified using regression analysis due to the limited amount of
currently available data.

5. Conclusions
In summary, the current meta-analysis suggested that the

MPO rs2333227 G>A polymorphism is not a causal factor
for AD. However, further case-control studies in various eth-
nicities, and using large sample sizes, are necessary to further
validate our findings.
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