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Abstract

Background: Numerous epidemiological studies have evaluated the associations between ATP-binding cassette transporter
1 (ABCA1) R219K (rs2230806) and M883I| (rs4149313) polymorphisms and atherosclerosis (AS), but results remain
controversial. The purpose of the present study is to investigate whether these two polymorphisms facilitate the
susceptibility to AS using a meta-analysis.

Methods: PubMed, Embase, Web of Science, Medline, Cochrane database, Clinicaltrials.gov, Current Controlled Trials,
Chinese Clinical Trial Registry, CBMdisc, CNKI, Google Scholar and Baidu Library were searched to get the genetic association
studies. All statistical analyses were done with Stata 11.0.

Results: Forty-seven articles involving 58 studies were included in the final meta-analysis. For the ABCA1 R219K
polymorphism, 42 studies involving 12,551 AS cases and 19,548 controls were combined showing significant association
between this variant and AS risk (for K allele vs. R allele: OR=0.77, 95% Cl =0.71-0.84, P<<0.01; for K/K vs. R/R: OR = 0.60, 95%
Cl=0.51-0.71, P<0.01; for K/K vs. R/K+R/R: OR=0.69, 95% Cl=0.60-0.80, P<0.01; for K/K+R/K vs. R/R: OR=0.74, 95%
Cl=0.66-0.83, P<0.01). For the ABCA1 M883I polymorphism, 16 studies involving 4,224 AS cases and 3,462 controls were
combined. There was also significant association between the variant and AS risk (for | allele vs. M allele: OR=0.85, 95%
Cl=0.77-0.95, P<<0.01).

Conclusions: The present meta-analysis suggested that the ABCA1 R219K and M883I polymorphisms were associated with
the susceptibility to AS. However, due to the high heterogeneity in the meta-analysis, the results should be interpreted with

caution.
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Introduction

Atherosclerosis (AS) is a common, multifactorial disease that
causes significant morbidity and mortality worldwide [1]. Its exact
mechanisms are still unclear. Multiple environmental and lifestyle
factors may significantly contribute to the AS risk, such as climate,
diet, age, and economic status. The risk of developing AS tends to
run in families, which suggests the genetic factors play a crucial
role in the development of AS. Until recently, many studies have
focused on this field, and ATP-binding cassette transporter 1
(ABCAL) gene has been extensively studied [2-48].

It 1s widely accepted that a low level of plasma high-density
lipoprotein cholesterol (HDL-C) is a major risk factor for
atherosclerotic diseases in the general population [49]. ABCAI,
a member of the ATP-binding cassette family,could promote the
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HDL formation and the cholesterol efflux, thus impacting the
development of AS [50]. Previous studies have reported that the
mutations in ABCAL1 are responsible for two forms of heritable
HDL disorders, namely Tangier disease (Homozygosity) and
familial hypoalphalipoproteinemia (heterozygosity) [51,52]. Given
the crucial role of ABCAl in the HDL formation and the
cholesterol efflux, the mutations in ABCAl may also play a
significant role in the development of atherosclerotic diseases.
Recently, a number of molecular epidemiological studies have
been done to evaluate the associations between the ABCAIL gene
polymorphisms (such as R219K, M883I, C69T, V8251, R1587K,
V771M and —565C/T) and the risk of atherosclerotic diseases [2—
48]. However, results of different studies have been inconsistent,
possibly due to small sample sizes in the individual studies. In
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2011, Ma etal. performed a meta-analysis to evaluate the
association between the ABCAI R219K polymorphism and
coronary artery disease (CAD), and demonstrated that the ABCA1
R219K polymorphism was a protective role for CAD both in
Asians and Caucasians [53]. In 2012, Li et al. also conducted a
meta-analysis to evaluate the association of this variant with CAD
[564]. However, they just found the ABCA1 R219K polymorphism
was a protective factor in Asians, but not in Caucasians.
Considering the above two meta-analyses only focused on the
association of ABCAl R219K polymorphism with the single
atherosclerotic disease, we therefore performed this meta-analysis
of all the studies available now to derive a more precise estimation
of the associations between the ABCAl R219K and MS883I
polymorphisms and overall AS risk.

Materials and Methods

Literature Search

This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) criteria and
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [55,56]. Eligible literatures published before
the end of November 15, 2013 were identified by the search of
PubMed, Embase, Web of Science, Medline, Cochrane database,
Clinicaltrials.gov, Current Controlled Trials, Chinese Clinical
Trial Registry, CBMdisc, CNKI, Google Scholar and Baidu
Library using combinations of the following keywords: (“ATP-
binding cassette transporter A1’ OR “ATP-binding cassette sub-
family A member-1” OR “ABCA1”) AND (“polymorphism” OR
“mutation” OR “variant” OR “‘variation” OR “‘genotype”’) AND
(“coronary artery disease” OR “CAD” OR “coronary heart
disease” OR “CHD” OR “myocardial infarction” OR “MI” OR
“ischemic cardiovascular disease” OR “‘ischemic cardiovascular
events” OR “ischemic stroke” OR “IS” OR “cerebrovascular
disease” OR ““ischemic cerebrovascular events” OR “cerebral
infarction” OR “cerebral ischemia” OR “brain infarction” OR
“carotid artery stenosis” OR “CAAD” OR “transient ischemic
attack” OR “TIA” OR “peripheral Arterial Disease” OR “PAD”
OR “peripheral artery occlusive disease” OR “PAOD” OR
“renal artery stenosis” OR “RAS” OR “retinal artery occlusion”
OR “RAO” OR “aortic aneurysm” OR “atherosclerosis”). In
addition, all references cited were reviewed to identify additional
studies. Two reviewers (Yin YW and Zhang LL) searched the
above databases independently. Decisions were compared and
disagreements about study selection were resolved by involving a
third reviewer (Li JC). The search was limited to English and
Chinese language papers. There was no restriction on time period,
sample size, or population.

Inclusion and Exclusion Criteria

To be included in the present meta-analysis, the studies had to
comply with the following major criteria: (1) case-control or cohort
studies evaluating the associations between the ABCAl R219K
and M883I polymorphisms and AS risk; (2) published studies with
full text articles; (3) Diagnosises of atherosclerotic diseases were
made according to the internationally recognized diagnostic
criterion. The diagnosis of ischemic heart disease (CAD and MI)
is accorded with the result of coronary angiography, criteria of
World Health Organization (WHO), criteria of European Society
of Cardiology (ESC), or criteria of American College of
Cardiology/American Heart Association (ACC/AHA), and the
diagnosis of IS is accorded with result of computed tomography
(CT) or magnetic resonance imaging (MRI); (4) sufficient
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published data for calculating odds ratios (ORs) with their 95%
confidence intervals (Cls).

Studies were excluded if they were: (1) Review; (2) Not
conducted in humans; (3) Duplicate studies.

Data Extraction

Data, including name of the first author, year of publication,
study population (country, ethnicity), study type (case-control and
cohort study), type of atherosclerotic disease, source of controls
(population-based studies and hospital-based studies), sample size
(total numbers of cases and controls), and number of genotypes in
cases and controls, were extracted from each study by two
reviewers independently (Yin YW and Zhang LL) according to the
pre-specified inclusion criteria. Decisions were compared and
disagreements about study selection were resolved by consensus or
by involving a third reviewer (Li JC).

Quality Assessment for Individual Studies

The quality of the individual studies was evaluated and scored
by two reviewers independently based on the Newcastle-Ottawa
Scale (NOS) [57]. Each study was assessed based on three broad
perspectives: selection, comparability, and exposure, and each
satisfactory answer received one point. The NOS ranges between
zero (none of the quality criterion was met) up to nine stars (all the
quality criteria were met), and the high-quality study was
considered as the one with a score equal to or higher than seven.
The third reviewer (Li BH) examined the results, and a consensus
was reached.

GRADE Quality Assessment

GRADE (Grades of Recommendation, Assessment, Develop-
ment and Evaluation) approach was adopted to grade quality of
evidence for each association [58]. The GRADE system included:
level of evidence: (1) high quality; we are very confident that the
true effect lies close to that of the estimate of the effect, (2)
moderate quality; we are moderately confident in the effect
estimate: The true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different, (3)
low quality; our confidence in the effect estimate is limited: The
true effect may be substantially different from the estimate of the
effect and (4) very low quality; we have very little confidence in the
effect estimate: The true effect is likely to be substantially different
from the estimate of effect. Two reviewers (Wang JZ and Zhang
M]) assessed quality independently and solved disagreement by
discussion.

Statistical Analysis

For the controls of each study, Hardy-Weinberg equilibrium
(HWE) was assessed using the chi-square test (P<0.05 was
considered significant deviation from HWE). The strength of
associations between the ABCAl R219K and M883I polymor-
phisms and AS risk were assessed by ORs with 95% CIs. The
pooled ORs were performed for allelic model (K allele vs. R allele
for R219K; I allele vs. M allele for M883I), additive model (K/K
vs. R/R for R219K; I/ vs. M/M for M883I), recessive model
(K/K vs. R/K+R/R for R219K; I/1 vs. M/I+M/M for M883I),
and dominant model (K/K+R/K vs. R/R for R219K; I/I+M/1
vs. M/M for M883I). Heterogeneity across individual studies was
calculated using the Cochran’s Q statistic and the I? statistic
(P<0.10 and I*>50% indicated evidence of heterogeneity)
[59,60]. Meta-regression was performed subsequently to explore
the heterogeneity sources. The pooled OR was estimated by the
random-effects model. Subgroup analyses were performed based
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on ethnicity (Caucasians and Asians), atherosclerotic diseases
(CAD and IS), source of controls (population-based studies and
hospital-based studies) and study type (case-control and cohort
study). Sensitivity analyses were performed based on HWE (studies
without HWE were excluded), NOS score (studies with score =6
were excluded) and article type (master theses were excluded).
Begg’s funnel plot and Egger’s regression test were conducted to
identify possible publication bias in the current meta-analysis
(P<0.05 was considered representative of statistically significant
publication bias) [61]. In addition, fail-safe number (Nfs ¢ 5) was
calculated to explore the extent to which the “file drawer
problem” may have affected study results. All statistical analyses
were done with Stata software (Version 11; StataCorp LP, College
Station, TX).

Results

Characteristics of the Studies

The present study met the PRISMA statements and MOOSE
guidelines (Checklist S1, Table S1 and Fig. 1). A total of 1184
articles were identified after searching. After careful review, 47
articles involving 58 studies (42 studies for R219K polymorphism
and 16 studies for M883I polymorphism) met the inclusion criteria
and were selected in this meta-analysis [2-48]. For the ABCAI
R219K polymorphism, 12551 AS cases and 19548 controls were
included to assess the association between the variant and AS risk
[2-41]. For the ABCA1 M883I polymorphism, 4224 AS cases and
3462 controls were identified to assess the association of the
variant with AS risk [14,15,22,23,29,30,42-48]. Main character-
istics of the included studies were listed in Table 1 and Table 2.
The most commonly atherosclerotic disease included in the
present meta-analysis was CAD. In addition, there were nine
studies involving IS, five studies involving MI, and one study
involving IS and carotid artery atherosclerosis (CAA). There were
40 studies of Asians, 18 studies of Caucasians, and one study of
mixed population. Four studies did not follow the HWE
[16,18,42,46] and two studies have insufficient data for calculation
of the HWE [22,29]. The NOS results showed that the average
scores were 6.9 and 6.8, respectively. In addition, the results of
GRADE were shown in Table S2.

Quantitative Synthesis

For the ABCAl R219K polymorphism, 42 studies were
combined. The overall results showed evidence of significant
association between the ABCA1 R219K polymorphism and the
susceptibility to AS, suggesting that the ABCAI R219K polymor-
phism was a protective role for AS (for K allele vs. R allele:
OR=0.77, 95% CI=0.71-0.84, P<0.01; for K/K vs. R/R:
OR =0.60, 95% CI=0.51-0.71, P<0.01; for K/K vs. R/K+R/
R: OR=0.69, 95% CI=0.60-0.80, P<0.01; for K/K+R/K vs.
R/R: OR=0.74, 95% CI=0.66-0.83, P<0.01). In addition,
significant associations were also found between this variant and
the susceptibility to AS in the Asians group (for K allele vs. R
allele: OR=0.71, 95% CI=0.64-0.79, P<0.01; for K/K vs. R/
R: OR=0.52, 95% CI=0.42-0.63, P<0.01; for K/K vs. R/
K+R/R: OR =0.62, 95% CI=0.52-0.75, P<0.01; for K/K+R/
K vs. R/R: OR=0.66, 95% CI=0.59-0.74, P<0.01), CAD
group (for K allele vs. R allele: OR=0.74, 95% CI=0.67-0.82,
P<0.01; for K/K vs. R/R: OR=0.56, 95% CI=0.47-0.67,
P<0.01; for K/K vs. R/K+R/R: OR=0.64, 95% CI=0.55-
0.74, P<0.01; for K/K+R/K vs. R/R: OR=0.72, 95%
CI=0.64-0.82, P<0.01), population-based group (for K allele
vs. R allele: OR =0.76, 95% CI=0.67-0.85, P<0.01; for K/K vs.
R/R: OR=0.58, 95% CI=0.47-0.72, P<0.01; for K/K vs.
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R/K+R/R: OR=0.68, 95% CI=0.56-0.82, P<0.01; for K/
K+R/K vs. R/R: OR=0.72, 95% CI=0.62-0.83, P<0.01),
hospital-based group (for K allele vs. R allele: OR=0.81, 95%
CI=0.71-0.92, P<0.01; for K/K vs. R/R: OR=0.65, 95%
CI=0.51-0.82, P<0.01; for K/K vs. R/K+R/R: OR=0.72,
95% CI=0.59-0.87, P<0.01; for K/K+R/K wvs. R/R:
OR =0.80, 95% CI=0.68-0.94, P<0.01) and the subgroup of
case-control study (for K allele vs. R allele: OR=0.74, 95%
CI=0.67-0.82, P<0.01; for K/K vs. R/R: OR=0.57, 95%
CI=0.47-0.68, P<0.01; for K/K vs. R/K+R/R: OR=0.67,
95% CI=0.57-0.78, P<0.01; for K/K+R/K wvs. R/R:
OR =0.70, 95% CI=0.62-0.79, P<0.01), respectively. The main
results of meta-analysis were shown in Table 2, Fig. 2, Fig. S1, Fig.
S2 and Fig. S3.

For the ABCAl MS883I polymorphism, 16 studies were
combined. When all 16 studies were pooled into the meta-
analysis, there was significant association between the ABCAI
M883I polymorphism and the susceptibility to AS in the allelic
model (for I allele vs. M allele: OR =0.85, 95% CI=0.77-0.95,
P<0.01). However, no obvious evidence of association was found
in the additive model (for I/I vs. M/M: OR=0.79, 95%
CI=0.61-1.01, P=0.06), recessive model (for I/1 vs. M/I+M/
M: OR=0.92, 95% CI=0.74-1.13, P=0.42) and dominant
model (for I/T+M/T vs. M/M: OR =0.86, 95% CI=0.72-1.02,
P=0.08). In the subgroup analyses, significant associations were
found between this variant and the susceptibility to AS in the
Asians group (for I allele vs. M allele: OR =0.82, 95% CI=0.72—
0.93, P<0.01; for I/I vs. M/M: OR =0.72, 95% CI=0.54-0.95,
P=0.02; for I/T+M/I vs. M/M: OR =0.75, 95% CI=0.61-0.91,
P<0.01), CAD group (for I allele vs. M allele: OR =0.82, 95%
CI=0.74-0.90, P<0.01; for I/I vs. M/M: OR=0.73, 95%
CI=0.57-0.94, P=0.01; for I/I+M/I vs. M/M: OR =0.81, 95%
CI=0.68-0.97, P=0.02), IS group (for I allele vs. M allele:
OR =143, 95% CI=1.02-2.02, P=0.04), population-based
group (for I allele vs. M allele: OR =0.87, 95% CI=0.78-0.97,
P<0.01) and the subgroup of case-control study (for I allele vs.
M allele: OR =0.85, 95% CI=0.75-0.97, P=0.01; for I/I+M/I
vs. M/M: OR =0.79, 95% CI=0.65-0.95, P=0.01), respectively.
The main results of meta-analysis were shown in Table 2, Fig. 3,
Fig. S4, Fig. S5, and Fig. S6.

Sensitivity Analysis

Sensitivity analyses were conducted to determine whether
modification of the inclusion criteria of the meta-analysis affected
the final results. The included studies were limited to those
conforming to HWE or the high quality studies (NOS score =7).
In addition, we also performed sensitivity analysis by removing the
master thesis. Overall, the corresponding pooled ORs were not
materially altered, either for the ABCA1 R219K polymorphism or
for M883I polymorphism. This suggested that the overall results of
this meta-analysis were statistically robust. The main results of
sensitivity analyses were shown in Table 2.

Heterogeneity Analysis

For the ABCA1 R219K polymorphism, significant heterogene-
ity existed in the overall comparisons (for allelic model: P<0.01,
I? = 77.4%; for additive model: Pp<0.01, I? = 67.9%; for recessive
model: Pp<0.01, I =64.2%; for dominant model: Pp<0.01,
1=69.7%). For the ABCA1 M883I polymorphism, significant
heterogeneity existed in the dominant model (for P;<0.01,
I’= 64.3%). In contrast, the allelic model, additive model and
recessive model did not present significant heterogeneity (for allelic
model:  Py=0.24, I°=19.5%; additive model: Pp=0.37,
1?=7.9%; for recessive model: Pp=0.75, ’=0%). To clarify
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No outcome of interest (n =108)

Figure 1. Flow diagram of the study selection process.
doi:10.1371/journal.pone.0086480.9001

the sources of heterogeneity, we conducted the meta-regression
analysis.

For the ABCAI R219K polymorphism, heterogeneity can be
explained by the subtype of atherosclerotic diseases (allelic model:
P75=0.013, additive model: P7»=0.034, and recessive model:
P;»,=0.017) and study type (dominant model: P;,=0.037).
According to the results of the meta-regression, we performed
subgroup analyses based on the atherosclerotic diseases (CAD and
IS) and study type (case-control and cohort study). Heterogeneity
was distinctly reduced, although it was still significant in the allelic
model (IS group: Pp=0.0005, 1?=71%; CAD group: Pp<0.01,
I?=79%), additive model (IS group: Py=0.001, I?=69%; CAD
group:  Pp<<0.01, I?=68%), recessive model (IS group:
Pp=0.0008, I”=70%; CAD group: Pp<<0.01, I°=59%) and
dominant model (CS group: Py=0.14, I?=42%; CCS group:
Py<0.01, 1=66%). For the ABCA1 M883I polymorphism, we
did not indentify the sources of heterogeneity by the meta-
regression. The main results of meta-regression were shown in
Table S3 and Table S4.

Publication Bias

Begg’s funnel plot and Egger’s regression test were performed to
assess potential publication bias. For the ABCAl R219K
polymorphism, visual inspection of the funnel plot (Fig. 4: K
allele vs. R allele) displays asymmetrical distribution of OR
estimations, suggesting significant publication bias. In addition, the
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results of Egger’s regression test also provided evidence for
publication bias (P<0.01 for allelic model, P<<0.01 for additive
model, P<0.01 for recessive model, and P<0.01 for dominant
model). For the ABCAl MS883I polymorphism, no obvious
asymmetry was observed in any genetic model according to the
visual assessment of funnel plot (Fig. 4: I allele vs. M allele).
Moreover, the results of Egger’s regression test did not provide any
statistical evidence for publication bias (P= 0.34 for allelic model,
P=0.24 for additive model, P=0.10 for recessive model, and
P=0.09 for dominant model). In addition to the above analyses,
we also calculated the Nfs (for the ABCA1 R219K polymorphism,
Nfs =133 for allelic model, Nfs = 146 for additive model, Nfs =75
for recessive model, and Nfs =49 for dominant model; for the
ABCAI M883I polymorphism, Nfs =50 for allelic model), which
reflected the minimum number of non-significant studies that
would lead to the P-value to non-significant (P>0.05).

Discussion

To the best of our knowledge, this is the first comprehensive
meta-analysis to date investigating the associations between
the ABCAI R219K and M883I polymorphisms and AS risk.
Forty-two studies investigating the association between the
ABCA1 R219K polymorphism and AS risk were combined [2—
41], and 16 studies investigating the association between the
ABCA1 M883I polymorphism and AS risk were combined
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Table 1. Characteristics of studies included in this meta-analysis.
Source Sample
Study of size HWE

First (case/

Position . thor Year Country Ethnicity type pisease <ontrols control) Genotypes distribution (case/control) Y/N(P) gcore

R219K R/R R/K K/K R K
Clee 2001 Canada Caucasians CS CAD HB 432/358 248/176 170/160 14/22 666/512  198/204 Y(0.067) 6
Brousseau 2001 USA Caucasians CCS CAD PB 1014/1013 454/543 484/402 76/68 1392/1488 636/538 Y(0.580) 7
Cenarro 2003 Spain Caucasians CCS CAD HB 216/158 123/72 78/71 15/15 324/215 108/101 Y(0.676) 6
Evans 2003 Germany Caucasians CCS CAD HB 114/629 72/337  35/245 7/47  179/919  49/339 Y(0.789) 7
Harada 2003 Japan Asian Cccs CAD HB 273/137 73/31 139/73 61/33 285/135 261/139 Y(0.440) 6
Wang 2004 China Asian CccCs CAD PB 222/278 79/76 94/125 49/77 252/277  192/279 Y(0.093) 7
Zhao 2004 China Asian CCs CAD PB 236/251 96/80 111/123 29/48 303/283  169/219 Y(0.953) 8
Wang-a 2004 China Asian CcCs IS PB 58/60 23/21 27/34 8/5 73/76 43/44 Y(0.088) 7
Wang-b 2004 China Asian CcCs IS PB 58/60 19/14 35/36 4/10 73/64 43/56 Y(0.112) 7
Xiao 2004 China Asian CcCs IS PB 379/351 149/112  172/172 58/67 470/396  288/306 Y(0.947) 8
Woll 2005 USA Caucasians CCS CAD PB 838/257 450/115  327/112 61/30 1227/342 449/172 Y(0.732) 6
Cui 2005 China Asian Cccs IS PB 96/90 15/21 35/45 46/24 65/87 127/93  Y(0.992) 7
Whiting 2005 USA Mixed (&) CAD HB 2468/834  1298/449 975/318 195/67 3571/1216 1365/452 Y(0.313) 6
Sun 2005 China Asian Cccs CAD PB 224/248 105/62  85/129 34/57 295/253  153/243 Y(0.521) 8
Li 2005 China Asian Cccs CAD PB 264/278 104/83 116/132 44/63 324/298  204/258 Y(0.449) 7
Chang 2005 China Asian CccCs CAD PB 178/83 66/17 75/22 37/44 207/56 149/110 N(0.000) 7
Wang 2006 China Asian CCs CAD PB 396/417 158/124 174/198 64/95 490/446  302/388 Y(0.350)
Wang 2006 China Asian Cccs CAD HB 150/139 61/47 69/53 20/39 191/147  109/131 N(0.006) 6
Wang 2006 China Asian CCs CAD PB 234/198 108/67 105/101 21/30 321/235 147/161 Y(0.422) 8
Cha 2006 China Asian Cccs CAD PB 112/108 47/34 53/52 12/22  147/120  77/96 Y(0.795) 7
Wu 2006 China Asian Cccs CAD PB 67/20 26/2 30/7 11/11 82/11 52/29 Y(0.585) 6
Martin 2006 Spain Caucasians CS Mi HB 100/100 48/49 42/40 10/11  138/138  62/62 Y(0.516) 6
Andrikovics 2006 Hungary Caucasians CCS IS PB 244/193 131/97  84/73 29/23 346/267 142/119 Y(0.116) 7
-a
Andrikovics 2006 Hungary Caucasians CCS CAD PB 150/193 84/97 55/73 11/23  223/267 77/119 Y(0.116) 7
-b
Yu 2008 China Asian Cccs Mi PB 49/72 29/24 18/35 2/13  76/83 22/61 Y(0.969) 7
Zhang 2008 China Asian Cccs IS PB 177/234 43/40 87/129 47/65 173/209  181/259 Y(0.078) 7
Wang 2008 China Asian Cccs CAD HB 111/75 30/17 54/41 27/17 114/75 108/75 Y(0.419) 6
Zhang 2008 China Asian Cccs Mi PB 162/186 71/49 65/93 26/44 207/191 117/181 Y(0.992) 8
Balcerzyk 2008 Poland  Caucasians CCS CAD PB 178/180  90/91 68/78  20/11 248/260 108/100 Y(0.283) 6
Frikke- 2008 Denmark Caucasians CS CAD PB 1107/7858 603/4260 429/3032 75/566 1635/ 579/4164 Y(0.405) 7
Schmidt 11552
Porchay- 2009 France  Caucasians CS CAD HB 223/2906  106/1491 102/1183 15/232 314/4165 132/1647 Y(0.901) 6
Baldérelli
Li 2009 China Asian Cccs CAD PB 365/246 140/92 170/116 55/38 450/300  280/192 Y(0.886) 8
Shi 2009 China Asian Cccs CAD HB 132/157 49/53 60/66 23/38 158/172  106/142 Y(0.058) 7
Doosti 2009 Iran Asian Cccs CAD HB 207/94 7117 77/38 59/39 219/72 195/116 Y(0.161) 6
Guo 2010 China Asian Cccs CAD PB 71/83 30/29 37/38 4/16  97/96 45/70 Y(0.576) 7
Xu 2011 China Asian CcCs CAD PB 246/109 95/31 128/53 23/25 318/115  174/103 Y(0.798) 8
Yuan 2011 China Asian CCs CAD PB 60/55 22/16 28/21 10/18 72/53 48/57 Y(0.081) 7
Yi 2011 China Asian Cccs IS PB 240/240 36/45 97/109 107/86 169/199  311/281 Y(0.319) 7
Xue 2012 China Asian Cccs CAA, IS PB 182/229 70/62 91/118  21/49 231/242  133/216 Y(0.608) 8
Wang 2012 China Asian Cccs CAD PB 141/109 63/31 63/53 15/25 189/115  93/103  Y(0.798) 7
Li 2012 China Asian Cccs Mi PB 150/100 52/30 74/48 24/22 178/108  122/92  Y(0.735) 7
Xia 2012 China Asian Cccs CAD HB 227/162 96/51 107/78 24/33 299/180  155/144 Y(0.750) 6

PLOS ONE | www.plosone.org 5 January 2014 | Volume 9 | Issue 1 | 86480



Associations between ABCA1 Polymorphisms and AS

[14,15,22,23,29,30,42-48]. According to the GRADE approach,
the quality of the evidence was very low in the ABCA1 R219K
polymorphism. For the ABCA1 M883I polymorphism, GRADE
suggested that the quality of the evidence was moderate, except for
the dominant model (Low). The overall findings showed that the
ABCAT1 R219K and M883I polymorphisms may exert an reduced
risk effect on AS. For the ABCA1 R219K polymorphism, the risk
of developing AS in R allele carriers was 1.30-fold higher than
those without R allele. Furthermore, the individuals with K/K
genotype had a significantly lower risk for developing AS (for
OR =0.60 in additive model and OR =0.69 in recessive model)
compared to those with R/K genotype and R/R genotype. As for
the ABCAl1 MS883I polymorphism, the combined evidence
showed that the individuals with I allele had a significantly lower
risk for developing AS (for OR =0.85 in allelic model) compared
to those without I allele. Therefore, it is reasonable to assume that
the ABCA1 R219K K allele and M883I I allele are the protective
factors for the development of AS.

To make a more comprehensive analysis, subgroup analyses
were performed based on ethnicity, atherosclerotic disease, source
of controls and study type. For the ABCA1 R219K polymorphism,
significant associations were found between this variant and the
susceptibility to AS in the Asians group, CAD group, population-
based group, hospital-based group and the subgroup of case-
control study, respectively. These results further strengthened the
conclusion that the ABCAl R219K K allele was a protective

PLOS ONE | www.plosone.org 6

Table 1. Cont.
Source Sample
Study of size HWE
First (case/
Position ,uthor Year Country Ethnicity tYP® Disease controls control) Genotypes distribution (case/control) Y/N(P)  gcore
M883I M/M M/ 1 M |
Tan-a 2003 Singapore Asian Cccs CAD PB 364/250 168/97 169/134 27/19 505/328  223/172 N(0.003) 7
Tan-b 2003 Singapore Asian Cccs CAD PB 100/167 26/22 45/87 29/58 97/131 103/203 Y(0.231) 7
Tan-c 2003 Singapore Asian ccs CAD PB 152/223 6/3 20/34 126/ 32/40 272/406 Y(0.322) 7
186
Li 2005 China Asian Cccs CAD PB 264/278 233/230 31/48 0/0 497/508  31/48 Y(0.115) 7
Sun 2005 China Asian Cccs CAD PB 224/248 119/127  91/97 14/24 329/351 119/145 Y(0.389) 8
Andrikovics- 2006 Hungary Caucasians CCS IS PB 244/105 176/80  61/24 71 413/184  75/26  Y(0.583) 7
a
Andrikovics- 2006 Hungary Caucasians CCS CAD PB 150/105 117/80  29/24 41 263/184  37/26 Y(0.583) 7
b
Guo 2007 China Asian CCs CAD PB 112/108 54/51 50/43 8/14 158/145  66/71 Y(0.309) 7
Tsai 2007 China Asian Cccs CAD PB 205/201 124/103 65/84 16/14 313/290 97/112  Y(0.574) 7
Jensen 2007 USA Caucasians CS CAD PB 243/482 187/352 51/120 5/10  425/824 61/140 Y(0.951) 7
Porchay- 2009 France Caucasians CS CAD HB 223/2906 165/2057 52/782 6/67  382/4896 64/916 Y(0.469) 6
Baldérelli
Zhang 2010 China Asian CCs CAD HB 289/171 201/94  83/73 5/4 485/261  93/81 N(0.018) 6
Mao 2011 China Asian ccs CAD PB 357/160 140/55 150/73 67/32 430/183  284/137 Y(0.388) 6
Liu 2011 China Asian Cccs IS PB 90/100 51/68 31/28 8/4 133/164  47/36 Y(0.607) 7
M/M M/1+1/1
Martin 2006 Spain Caucasians CS Mi HB 100/100 69/80 31/20 - 6
Frikke- 2008 Denmark Caucasians CS CAD PB 1107/7858 827/6107 280/1751 - 7
Schmidt
CCS: case-control study, CS: cohort study, PB: population-based, HB: hospital-based, HWE: Hardy-Weinberg equilibrium, Y: yes, N: no, CAD: coronary artery disease, CAA:
carotid artery atherosclerosis, 1S: ischemic stroke, MI: myocardial infarction.
doi:10.1371/journal.pone.0086480.t001

factor for AS. However, we did not find significant association
between this variant and AS risk in Caucasians group, IS group
and the subgroup of cohort study. For the ABCAl MS883I
polymorphism, significant associations were found between this
variant and the susceptibility to AS in the Asians group, CAD
group, IS group, population-based group and the subgroup of
case-control study, respectively. Similarly, no significant associa-
tion was found between the ABCA1 M883I polymorphism and AS
risk in Caucasians group and the subgroup of cohort study.
Moreover, we also did not find significant association between this
variant and AS risk in hospital-based group. One potential
explanation is that controls in the hospital-based group may not
truly represent the underlying source populations because the
ABCAT1 M883I polymorphism has been reported to be associated
with various diseases. For instance, in 2004, Katzov et al. found
that the ABCA1 polymorphism were involved in the process of
cholesterol metabolism of the brain and may affect the risk of
Alzheimer’s disease [62]. In 2007, Kitjaroentham et al. indicated
that the presence of ABCA1 polymorphism could be a risk factor
for overweight/obesity among Thai males [63]. However, there
was a noteworthy result in the IS group which suggested the
ABCAI MS883I polymorphism was associated with an increased
AS risk. This finding was inconsistent with the overall results,
which may affect the interpretation of the final results. Through-
out the IS group, it should be noted that the sample size in this
group was really small (334 IS cases and 205 controls), which could
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Table 2. Meta-analyses of ABCA1 R219K and M883I polymorphisms and risk of AS in each subgroup.

Allelic model

Additive model

Recessive model Dominant model

Position SS (case/control) OR (95% CI) P value

OR (95% CI)

P value OR (95% CI) P value OR (95%Cl) P value

Overall analysis
R219K
M883I

12551/19548
4224/13462

0.77[0.71,0.84] <0.01
0.85[0.77,0.95] <0.01

Subgroup analysis based on ethnicity

R219K (C) 4616/13845 0.91[0.80,1.04]  0.16
R219K (A) 7935/5703 0.71[0.64,0.79] <0.01
M883I (C) 2067/11556 0.94[0.78,1.12]  0.48
M883lI (A) 2157/1906 0.82[0.72,0.93] <0.01

Subgroup analysis based on type of diseases

R219K (CAD) 11117/18091 0.74[0.67,0.82]  <0.01
R219K (IS) 1434/1457 0.94[0.75,1.17] 0.58
M8831 (CAD) 3890/13257 0.82[0.74,0.90]  <0.01
M883I (15) 334/205 1.43[1.02,2.02]  0.04
Subgroup analysis based on source of controls

R219K (PB) 7898/13799 0.76[0.67,0.85]  <0.01
R219K (HB) 4653/5749 0.81[0.71,092]  <0.01
M883I (PB) 3612/10285 0.87[0.78,0.97] 0.01
M883| (HB) 612/3177 0.75[0.52,1.08]* 0.13

Subgroup analysis based on study type

R219K (CS) 4330/12056 0.97[0.88,1.071  0.55
R219K (CCS) 8221/7492 0.74[0.67,0.82] <0.01
M883I (CS) 1673/11346 0.87[0.71,1.08]  0.21
M883I (CCS) 2551/2116 0.85[0.75,0.97]  0.01
Sensitivity analysis

R219K (BS) 7061/14128 0.76[0.68,0.85] <0.01
R219K (BH) 12223/19326 0.79[0.72,0.86]  <0.01
R219K (BT) 11647/18669 0.78[0.71,0.85] <0.01
M883I (BS) 3255/10125 0.87[0.77,099]  0.03
M883I (BH) 3571/13041 0.88[0.79,0.98] 0.02
M883lI (BT) 3870/13084 0.84[0.76,0.92]  <0.01

0.60[0.51,0.71] <0.01
0.79 [0.61,1.01]  0.06

0.83[0.65,1.06]  0.14
0.52[0.42,0.63] <0.01
1.24[0.67,2.29]  0.50
0.72[0.54,0.95]  0.02

0.56[0.47,0.67] <0.01
0.86[0.55,1.35]  0.51
0.73[0.57,0.94]  0.01
2.79[0.95,8.21]  0.06

0.58[0.47,0.72] <0.01
0.65[0.51,0.82] <0.01
0.77[0.58,1.04]  0.09
0.93[0.45,1.90] 0.84

0.91[0.75,1.10]  0.32
0.57[0.47,0.68] <0.01
1.05[0.54,2.04]  0.89
0.75[0.56,1.02]  0.06

0.60[0.49,0.73] <0.01
0.62[0.53,0.74] <0.01
0.60[0.51,0.71] <0.01
0.77[0.54,1.10] 0.16
0.80[0.58,1.10] 0.17
0.75[0.58,0.95] 0.02

0.69[0.60,0.80] <0.01
0.92[0.74,1.13]  0.42

0.74[0.66,0.83] <0.01
0.86[0.72,1.02] 0.08

0.87[0.72,1.05]  0.14
0.62[0.52,0.75] <0.01
1.29[0.70,2.38]  0.41
0.88[0.70,1.09]  0.25

0.90[0.76,1.07] 0.23
0.66[0.59,0.74] <0.01
1.05[0.86,1.28] 0.66
0.75[0.61,0.91] <0.01

0.64[0.55,0.74] <0.01
1.00[0.69,1.45] 1.00
0.88[0.71,1.09] 0.24
2.51[0.86,7.29] 0.09

0.72[0.64,0.82] <0.01
0.82[0.65,1.02] 0.08
0.81[0.68,0.97] 0.02
1.40[0.94,2.07] 0.10

0.68[0.56,0.82] <0.01
0.72[0.59,0.87] <0.01
0.91[0.73,1.13] 0.39
1.02[0.50,2.09] 0.95

0.72[0.62,0.83] <0.01
0.80[0.68,0.94] <0.01
0.86[0.72,1.04] 0.1
0.88[0.51,1.55] 0.67

0.91[0.76,1.07]  0.25
0.67[0.57,0.78] <0.01
1.10[0.56,2.14]  0.78
0.90[0.72,1.12]  0.34

0.99[0.87,1.12] 0.84
0.70[0.62,0.79] <0.01
1.04[0.80,1.36] 0.77
0.79[0.65,0.95] 0.01
0.69[0.58,0.82] <0.01 0.72[0.62,0.83] <0.01
0.73[0.64,0.83] <0.01
0.70[0.61,0.80] <0.01
0.90[0.71,1.16] 0.42
0.92[0.73,1.15] 0.44
0.89[0.72,1.10] 0.29

0.75[0.67,0.84] <0.01
0.74[0.66,0.83] <0.01
0.87[0.71,1.05] 0.15
0.84[0.71,0.98] 0.03
0.85[0.71,1.01] 0.07

A: Asians, C: Caucasians, PB: population-based, HB: hospital-based.
CS: cohort study, CCS: case-control study.

BS: based on score (Studies with score =6 were excluded).

BH: based on HWE (Studies without HWE were excluded).

BT: based on article type (Master theses were excluded).

CAD: coronary artery disease, IS: ischemic stroke. SS: sample size.
doi:10.1371/journal.pone.0086480.t002

increase the probability of false positives or false negatives.
Therefore, this result should be interpreted with caution.

In the subgroup analysis based on ethnicity, we only obtained
the positive result in the Asians. For Caucasians, we did not find
significant association between the ABCA1 R219K and M883I
polymorphisms and AS risk. In fact, the minor allele frequencies
(MAF) of ABCAl R219K and MS883l are low among utah
residents with Northern and Western European ancestry (CEU)
(MAF=0.210 and 0.133 in HapMap CEU) [64]. However, the
ABCA1 R219K and M883I polymorphisms are common among
Han Chinese in Beijing, China (CHB) and Japanese in Tokyo,
Japan (JPT) (MAF =0.453/0.434 and 0.255/0.438, respectively)
[64]. Compared with the overall results, the inconsistent results of
Caucasians group may be partly due to genetic diversity among
ethnicities. Moreover, as AS is a multifactorial disease, in addition

PLOS ONE | www.plosone.org

to genetic factors, environmental factors also play an important
role in AS etiology. Thus, this discrepancy may also be caused by
varied geographic distribution, linked to climate, diet, lifestyle and
economic status.

Considering the studies without HWE or with low NOS score
may influence the overall results, subsequent sensitivity analyses
restricted to the studies with HWE or high NOS score were
performed. Although the corresponding pooled OR was materially
altered in the dominant model (OR =0.84, 95% CI=0.71-0.98,
P=0.03) of the ABCA1 M883I polymorphism (Based on HWE),
this result further strengthened the conclusion that the ABCAI
M883I polymorphism was a protective factor for AS. As for the
ABCA1 R219K polymorphism, the corresponding pooled ORs
were not materially altered in all comparisons. These results
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Study %
ID OR (95% Cl)  Weight
Clee 2001 — 0.75 (0.59,0.94) 2.82
Brousseau 2001 e 1.26 (1.10, 1.45) 3.19
Cenarro 2003 —— 0.71(0.51,0.98) 2.38
Evans 2003 — 0.74 (0.53, 1.04) 2. 30
Harada 2003 — 0.89(0.67,1.19) 2.5
Wang-a 2004 —_— 1.02 (0.60, 1.73) 1. 55
Wang 2004 —_— 0.76 (0.59,0.97) 2.71
Zhao 2004 —_— 0.72 (0.56, 0.93) 2.67
Xiao 2004 — 0.79 (0.64,0.98) 2.90
Wang-b 2004 *>— 0.67 (0.40, 1.13) 1.58
Woll 2005 - 0.73 (0.59,0.90) 2.88
Cui 2005 I —_— 1.83 (1.20, 2.78) 1.96
Whiting 2005 | 1.03 (0.91, 1.16) 3.23
Chang 2005 —_— I 0.37 (0.25,0.54) 2.10
Li 2005 —_— 0.73 (0.57,0.93) 2.75
Sun 2005 — 0.54 (0.42,0.70) 2.65
Wang. 2006 —_—— 0.64 (0.46, 0.89) 2.33
Wang.. 2006 —+:— 0.67 (0.51, 0.88) 2.57
Wu 2006 € -¢- I 0.24 (0.11,0.52) 0.95
Wang 2006 —— 0.71 (0.58, 0.86) 2.95
Andrikovics-b 2006 —_— 0.77 (0.55, 1.09) 2.31
Cha 2006 —+—:— 0.65 (0.45,0.96) 2.10
Martin 2006 —_—— 1.00 (0.65, 1.53) 1.94
Andrikovics-a 2006 —— 0.92 (0.69, 1.23) 2.52
Yu 2008 —_— 0.39 (0.22, 0.70) 1.40
Balcerzyk 2008 | —— 1.13 (0.82, 1.56) 2.37
Wang 2008 —_— 0.95 (0.63, 1.43) 1.97
Zhang. 2008 —_— 0.60 (0.44,0.81) 2.46
Zhang 2008 —"+- 0.84 (0.64, 1.11) 2.59
Frikke-Schmidt 2008 | == 0.98 (0.89, 1.09) 3.30
Li 2009 ‘I—O— 0.97 (0.77,1.23) 2.78
Porchay-Baldérelli 2009 | ——— 1.06 (0.86, 1.31) 2.89
Doosti 2009 —_—— 0.55 (0.39,0.79) 2.24
Shi 2009 — 0.81(0.58, 1.13) 2.33
Guo 2010 —_— 0.64 (0.40, 1.02) 1.76
Xu 2011 —— 0.61 (0.44, 0.84) 2.37
Yuan 2011 ——t 0.62(0.37, 1.05) 1.57
Yi2011 : —— 1.30 (1.00, 1.69) 2.66
Wang 2012 —_— 0.55 (0.38, 0.79) 2.19
Xia 2012 —_— 0.65 (0.48,0.87) 2.51
Li 2012 —_— 0.80 (0.56, 1.15) 2.20
Xue 2012 —_— 0.65 (0.49, 0.85) 2.56
Overall (l-squared = 77.4%, p = 0.000) S 0.77 (0.71, 0.84) 100.00
NOTE: Weights are from random effects analysis :

| |

A1 1

9.03

Figure 2. Forest plot for ABCA1 R219K polymorphism and AS risk in the allelic model (K allele vs. R allele).

doi:10.1371/journal.pone.0086480.g002

suggested that the studies without HWE should be considered as a
factor influencing the overall results.

Significant heterogeneity existed in the present meta-analysis,
either for the ABCA1 R219K polymorphism or for the ABCAI
M883I polymorphism. Heterogeneity should not be ignored and
should be carefully factored in the interpretation of the finally
results [65]. For the ABCAl R219K polymorphism, the hetero-
geneity can be explained by the subtype of atherosclerotic diseases
(CAD and IS) and study type (case-control and cohort study). For
the ABCA1 MB883I polymorphism, we did not indentify the
sources of heterogeneity by the meta-regression. Common reasons
of heterogeneity may include diversity in design, measurement
errors, difference of ethnicity, or the interaction with other risk

PLOS ONE | www.plosone.org

factors. Due to lack of original data, we did not perform further
meta-regression analysis by the other factors.

For better interpreting the results, some limitations of this meta-
analysis should be acknowledged. Firstly, there was significant
heterogeneity in this meta-analysis. Heterogeneity may affect the
precision of overall results, despite the use of appropriate meta-
analytic techniques with random-effects model. Secondly, in the
subgroup analyses, the sample sizes in some subgroup, such as the
IS group and the hospital-based group of the ABCA1 M883I
polymorphism, were relatively small, not having enough statistical
power to explore the real association. Thirdly, publication bias was
a potential problem that may bias the present results. Due to
language restriction, some inevitable publication bias may exist in
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Study %
ID OR (95% Cl) Weight
f
Tan-a 2003 _— 0.84 (0.66, 1.07) 12.29
I
Tan-b 2003 + : 0.69 (0.48, 0.98) 7.00
1
Tan-c 2003 -+ 0.84 (0.51,1.37)  4.02
1
Li 2005 > 1 0.66 (0.41, 1.05) 4.35
|
Sun 2005 I 0.88 (0.66, 1.16) 9.78
(
Andrikovics-b 2006 i 1.00 (0.58, 1.70) 341
Andrikovics-a 2006 : -+ 1.29 (0.80, 2.07) 418
I
Jensen 2007 o 0.84 (0.61,1.17) 8.11
I
Guo 2007 -~ 0.85 (0.57,1.27) 5.61
|
Tsai 2007 f: 0.80 (0.59, 1.10) 8.41
|
Porchay-Baldérelli 2009 —:—0—— 0.90 (0.68, 1.18) 10.38
(
Zhang 2010 " 0.62 (0.44, 0.86) 7.69
Mao 2011 —i—‘—— 0.88 (0.68, 1.15) 10.75
Liu 2011 : + > 1.61(0.99, 2.63) 4.00
Overall (I-squared =19.5%, p =0.241) <> 0.85 (0.77, 0.95) 100.00
1
NOTE: Weights are from random effects analysis i
I |
.38 1 2.63
Figure 3. Forest plot for ABCA1 M883I polymorphism and AS risk in the allelic model (I allele vs. M allele).
doi:10.1371/journal.pone.0086480.g003
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Figure 4. Funnel plots for ABCA1 R219K and M883I polymorphisms and AS risk. K allele vs. R allele for ABCA1 R219K polymorphism. | allele

vs. M allele for ABCA1 M883I polymorphism.

doi:10.1371/journal.pone.0086480.9004
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the present meta-analysis. Moreover, AS is a complex disease,
mvolving potential interactions among gene-gene and gene-
environment. A single gene polymorphism is insufficient to
provide the complete explanation of genetic risk for AS. However,
many eligible studies included in this meta-analysis did not
consider the environmental factors.

In conclusion, the present meta-analysis suggested that the
ABCA1 R219K and M883I polymorphisms were associated with
the susceptibility to AS, especially in Asians. However, the result
should be interpreted with caution because of its limitations.
Further studies with large sample size, especially with the
consideration of gene-gene and gene-environment interactions,
will be needed to confirm our findings.

Supporting Information

Figure S1 Forest plot for ABCA1 R219K polymorphism and AS
risk in the additive model (K/K vs. R/R).
(TIF)

Figure S2 Forest plot for ABCA1 R219K polymorphism and AS
risk in the rssive model (K/K vs. R/K+R/R).
(TIF)

Figure 83 Forest plot for ABCA1 R219K polymorphism and AS
risk in the dominant model (K/K+R/K vs. R/R).
(TTF)

Figure S84 Torest plot for ABCA1 M883I polymorphism and AS
risk in the additive model (I/1 vs. M/M).
(TTF)

References

1. World Health Organization (2008) Causes of death 2008. http://www.who.int/
healthinfo/global_burden_disease/cod_2008_sources_ methods.pdf.

2. Clee SM, Zwinderman AH, Engert JC, Zwarts KY, Molhuizen HO, et al. (2001)
Common genetic variation in ABCAI is associated with altered lipoprotein levels
and a modified risk for coronary artery disease. Circulation 103: 1198-1205.

3. Brousscau ME, Bodzioch M, Schacfer EJ, Goldkamp AL, Kielar D, et al. (2001)
Common variants in the gene encoding ATP-binding cassette transporter 1 in
men with low HDL cholesterol levels and coronary heart disease. Atherosclerosis
154: 607-611.

4. Cenarro A, Artieda M, Castillo S, Mozas P, Reyes G, et al. (2003) A common
variant in the ABCAIl gene is associated with a lower risk for premature
coronary heart disease in familial hypercholesterolaemia. J Med Genet 40: 163~
168.

. Evans D, Beil FU (2003) The association of the R219K polymorphism in the
ATP-binding cassette transporter 1 (ABCA1) gene with coronary heart disease
and hyperlipidaemia. ] Mol Med (Berl) 81: 264-270.

6. Harada T, Imai Y, Nojiri T, Morita H, Hayashi D, et al. (2003) A common Ile
823 Met variant of ATP-binding cassette transporter Al gene (ABCAL) alters
high density lipoprotein cholesterol level in Japanese population. Atherosclerosis
169: 105-112.

7. Wang XD, Fu Y, Jiang HJ (2004) Polymorphism of R219K of ABCA 1 gene in
patients with coronary artery disease. J Clin Cardiol (China) 20: 215-218.

8. Zhao SP, Xiao Z]J, Nie S, Li QZ, Tan LM, et al. (2004) The study on ABCA1
R219K genetic variation in patients with coronary heart disease. Chin J Cardiol
32: 712-716.

9. Wang L (2004) Study of the Polymorphism of eNOS Gene G894T, 4a/b and
ABCAI gene with cerebral infarction in Xinjiang Kazakh Group. Fujian
Medical University (Master thesis) 1-29.

10. Xiao ZJ, Zhao SP, Nie S, Tan LM, Zhou HN, et al. (2004) The study on the
ATP-binding cassette transporter 1 gene polymorphlsm in patients with cerebral
infarction. Chin J Neurol 37: 516-520.

11. Woll PS, Hanson NQ, Arends VL, Tsai MY (2005) Effect of two common
polymorphisms in the ATP binding cassette transporter Al gene on HDL-
cholesterol concentration. Clin Chem 51: 907-909.

12. Cui HB, Liu HY, Cui CZ (2005) The relationship between ABCA 1 gene
polymorphism and the development of cerebral infarction. Journal of Xi’an
Jiaotong University (Medical Sciences) 26: 572-574.

13. Whiting BM, Anderson JL, Muhlestein JB, Horne BD, Bair TL, et al. (2005)
Intermountain Heart Collaborative Study Group. Candidate gene susceptibility
variants predict intermediate end points but not angiographic coronary artery
disease. Am Heart J 150: 243-250.

o

PLOS ONE | www.plosone.org

Associations between ABCA1 Polymorphisms and AS

Figure 85 TForest plot for ABCA1 M883I polymorphism and AS
risk in the recessive model (I/1 vs. M/I+M/M).

(TTF)

Figure S6 Forest plot for ABCA1 M883I polymorphism and AS
risk in the dominant model (I/I+M/1 vs. M/M).

(TIF)

Table S1
DOC)

Table S2 GRADE profile evidence of the included studies.
(DOC)

MOOSE checklist.

Table S3 The meta-regression results for the association of the
ABCAI1 R219K polymorphism and AS.
(DOC)

Table S4 The meta-regression results for the association of the
ABCA1 M883I polymorphism and AS.
(DOC)

Checklist S1 PRISMA 2009 checklist.
DOC)

Author Contributions

Conceived and designed the experiments: YWY LLZ. Performed the
experiments: YWY LLZ JCL DG YXC BHL JZW YL. Analyzed the data:
YWY LLZ JCL DG YXC BHL JZW YL SQL. Contributed reagents/
materials/analysis tools: MJZ CYG. Wrote the paper: YWY LLZ BHL.

14. Sun P, Bo XP, Guo DP, Li XY, Hu ZB, et al. (2005) Study on the association of
ABCAI gene common variants with the risk of coronary atherosclerotic heart
disease. Chin J Cardiol 33: 627-630.

15. Li Y (2005) Study on the assoeiation bewteen PolymorPhisms in the ABCAI
gene and coronary heart disease. Sichuan University (Master thesis) 1-51.

16. Chang YF (2005) Relationship between G1051A (R219K) genetic variationin
membrane transporter ABCAI and blood lipids or Susceptibility of Coronary
Heart Disease. Capital Medical University (Master thesis) 1-37.

17. Wang YM, Li Y, Zheng RY, Pan K] (2006) Relationship between the R219K
Polymorphism Gene and Coronary Heart Disease. Journal of Chengdu Medical
College 1: 102-105.

18. Wang Y, Zhang XY, Xu X]J, Chen YL, Zhao L (2009) Association between
R219K polymorphism of ATP-binding cassette transporter 1 gene in Xinjiang
Uygur population and coronary heart disease. Chin J Cardiovasc Rehabil Med
18: 35-39.

19. Wang XP, Qi XY, Li RY, Liu SX (2006) Association between ATP binding
cassette transporter Al R219K polymorphism and coronary heart disease. J Clin
Cardiol (China) 22: 516-518.

20. Cha Z, Wu FF, Wang QG, Guo ZG (2006) The Research of R219K SNP 0f
ABCA1 Gene and the Association between R219K SNP and the Levels of IL-1B
and ICAM-1. Journal of Tropical Medicine 6: 510-513.

21. Wu YF, Zhou YC, Zhang XS (2006) Assoeiation between traditional Chinese
medlclne syndrome of coronary atherosclerotic heart disease and polymorphism
of R219K of ABCAI gene in Chinese Han male patients. Chinese Journal of
Clinical Rehabilitation 10: 7-9.

22. Martin M, Gonzalez P, Reguero JJ, Batalla A, Garcia Castro M, et al. (2006)
ABCAI polymorphisms and prognosis after myocardial infarction in young
patients. Int J Cardiol 110: 267-268.

23. Andrikovics H, Pongracz E, Kalina E, Szilvasi A, Aslanidis C, et al. (2006).
Decreased frequencies of ABCA1 polymorphisms R219K and V771M in
Hungarian patients with cerebrovascular and cardiovascular diseases. Cere-
brovasc Dis 21: 254-259.

24. Yu B, Deng B (2008) Correlation of polymorphism of R219K in ABCAI with
lipid metabolism and the risk Of AMI. Journal of Tongji University (Medical
Science) 29: 64-67.

25. Zhang LF, Chen B, Du YH, Kong FY, Fang XH, et al. (2008) Relationship
between the R219K polymorphism of ATP-binding cassette transporter 1 gene
and cerebral infarction. Chin J Geriatr Heart Brain Vessel Dis 10: 270-273.

26. Wang SH, Chen XM, Zhang FX, Chu HM, Wang Y, et al. (2008) Relationship
between ABCA1-G596A Variant and the Development of Coronary Artery
Disease in Ningbo Han Population. Prevention and Treatment of Cardio-
Cerebral-Vascular Disease 8: 18-20.

January 2014 | Volume 9 | Issue 1 | 86480



27.

29.

30.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Zhang XX, Xu LX, Zhang HQ, Lin J, Huang WJ (2008) The Association
between ABCA1 Gene R219K Polymorphism and Coronary Heart Disease.
Prevention and Treatment of Cardio-Cerebral-Vascular Disease 8: 304-307.

. Balcerzyk A, Zak I, Krauze J (2008) Protective effect of R allele of PON1 gene

on the coronary artery disease in the presence of specific genetic background.
Dis Markers 24: 81-88.

Frikke-Schmidt R, Nordestgaard BG, Jensen GB, Steffensen R, Tybjaerg-
Hansen A (2008) Genetic variation in ABCA1 predicts ischemic heart disease in
the general population. Arterioscler Thromb Vasc Biol 28: 180-186.
Porchay-Baldérelli I, Péan F, Emery N, Maimaitiming S, Bellili N, et al. (2009)
Relationships between common polymorphisms of adenosine triphosphate-
binding cassette transporter Al and high-density lipoprotein cholesterol and
coronary heart disease in a population with type 2 diabetes mellitus. Metabolism
58: 74-79.

. LiJ, Wang LF, Li ZQ, Pan W (2009) Effect of R219K polymorphism of the

ABCALI gene on the lipid-lowering effect of pravastatin in Chinese patients with
coronary heart disease. Clin Exp Pharmacol Physiol 36: 567-570.

Shi WY, Zhao ZZ, Xiao DM, Tang CK, Xu GZ, et al. (2009) Study on Single-
nucleotide Polymorphisms of ABCAl R219K in Han Population. Practical
Preventive Medicine 16: 1057-1060.

Doosti M, Najafi M, Reza JZ, Nikzamir A (2010) The role of ATP-binding-
cassette-transporter-Al (ABCAT1) gene polymorphism on coronary artery disease
risk. Transl Res 155: 185-190.

Guo Q, Gao QG, Liu J (2010) The relationship of R219K polymorphism in
ABCAI gene with characteristics of plasma lipids in patients with type 2 diabetes
mellitus and coronary heart disease. Chin J Diabetes 18: 827-830.

. Xu H, Peng H, Jiang Y (2011) The frequency of the ABCAl R219K

polymorphism in Patients with Coronary Heart Disease and Type 2 Diabetes
Mellitus. Chin J Lab Diagn 15: 1104-1107.

Yuan TY, Wang L, Hu G, Wang XY, Ji YM, et al. (2011) Association between
R219K Polymorphism of ATP-binding Cassette Transporter 1 Gene and

Coronary Heart Disease in Mongolian Population. Chinese Journal of

Integrative Medicine on Cardio—/Cerebrovascular Disease 9: 62-64.

Yi Y (2011) Association of ABCA1 gene PolymorPhism and risk factors with
cerebral infarction. Zunyi Medical University (Master thesis) 1-45.

Xue JH, Huang SE, Hong JC, Wu JY, Lin ZC, et al. (2012) Association of the
R219K Polymorphism in ABCAl Gene with Carotid Atherosclerosis and
Atherosclerotic Cerebral Infarction. Chinese Journal of Integrative Medicine on
Cardio—/Cerebrovascular Disease 10: 574-576.

Wang B, Jia M, Wan JH, Luo ZM, Jia SJ (2012) Relationship between ABCA1
gene R219K polymorphism and coronary heart disease and blood lipids. Journal
of Cardiovascular and Pulmonary Diseases 31: 716-719.

Li J, Wang LF, Huang YP, Wang ZH, Wang H (2012) Effect of R219K
polymorphism of ABCAI gene on lipid-lowering response to statin in patients
with acute myocardial infarction. Chin Heart J 24: 185-188.

Xia ZH, Huang J, Dai L (2012) Relationship between ATP-binding cassette
transporter Al gene R219K polymorphism and serum lipid level. Acta
Medicinae Sinica 25: 1-5.

Tan JH, Low PS, Tan YS, Tong MC, Saha N, et al. (2003) ABCAI gene
polymorphisms and their associations with coronary artery disease and plasma
lipids in males from three ethnic populations in Singapore. Hum Genet 113:
106-117.

Guo ZG, Wu PS, Liu YY, Wang QG, Lai WY (2007) Associations between the
ABCAI gene R1587K AND M883I polymorphisms and coronary heart disease
and high-density lipoprotein cholesterol level. Guangdong Medical Journal 28:
378-381.

Tsai CT, Hwang JJ, Chiang FT, Tseng CD, Lin JL, et al. (2007) ATP-binding
cassette transporter Al gene 1823M polymorphism affects plasma high-density
lipoprotein cholesterol level and modifies the effect of low high-density
lipoprotein cholesterol on the risk of coronary artery disease. Cardiology 107:
321-328.

PLOS ONE | www.plosone.org

1

46.

47.

48.

49.

50.

51.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Associations between ABCA1 Polymorphisms and AS

. Jensen MK, Pai JK, Mukamal KJ, Overvad K, Rimm EB (2007) Common

genetic variation in the ATP-binding cassette transporter Al, plasma lipids, and
risk of coronary heart discase. Atherosclerosis 195: ¢172-180.

Zhang T, Li HB, Wang DQ (2010) Association between the ABCAIl gene
M883I polymorphism and coronary heart disease. Shaanxi Medical Journal 39:
1596-1597.

Mao Y, Wu GZ, Chen YL, Zou JP, He BX (2011) The Relationship Between
M883I Polymorphism of ATP-Binding Casette Transporter Al Gene and
Coronary Heart Disease in Uygur and Han Nationalities in Xinjiang Area.
Chinese Circulation Journal 26: 23-26.

Liu XJ (2011) Association of ABCA1 and HMG-Co A Polymorphisms reductase
gene with Cerebral Infarction. Hebei Medical University (Master thesis) 1-41.
Stampfer M]J, Sacks FM, Salvini S, Willett WC, Hennekens CH (1991)
A prospective study of cholesterol, apolipoproteins, and the risk of myocardial
infarction. N Engl J Med 325: 373-381.

Nebel A, Croucher PJ, El Mokhtari NE, Flachsbart F, Schreiber S (2007)
Common coding polymorphisms in the ABCAI gene and risk of early-onset
coronary heart disease in northern Germany. Atherosclerosis 193: 458-460.
Brooks-Wilson A, Marcil M, Clee SM, Zhang LH, Roomp K, et al. (1999)
Mutations in ABC1 in Tangier disease and familial high-density lipoprotein
deficiency. Nat Genet 22: 336-345.

. Bodzioch M, Orso E, Klucken J, Langmann T, Béttcher A, et al. (1999) The

gene encoding ATP-binding cassette transporter 1 is mutated in Tangier disease.
Nat Genet 22: 347-351.

. Ma XY, Liu JP, Song ZY (2011) Associations of the ATP-binding cassette

transporter Al R219K polymorphism with HDL-C level and coronary artery
discase risk: a meta-analysis. Atherosclerosis 215: 428-434.

. LiY, Tang K, Zhou K, Wei Z, Zeng Z, et al. (2012) Quantitative assessment of

the effect of ABCAT R219K polymorphism on the risk of coronary heart disease.
Mol Biol Rep 39: 1809-1813.

. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group (2009) Preferred

reporting items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 151: 264-269.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, et al. (2000) Meta-
analysis of observational studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA
283: 2008-2012.

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, et al. (2011) The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ottawa Health Research Institute. www.ohri.ca/
programs/clinical_epidemiology/oxford.asp (accessed Oct 20, 2011).

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, et al. GRADE: an
emerging consensus on rating quality of evidence and strength of recommen-
dations. BM]J 336: 924-926.

Higgins JP, Thompson SG, Decks JJ, Altman DG (2003) Measuring
inconsistency in meta-analyses. BMJ 327: 557-560.

Berkey CS, Hoaglin DC, Mosteller F, Colditz GA (1995) A random-effects
regression model for meta-analysis. Stat Med 14: 395-411.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

Katzov H, Chalmers K, Palmgren J, Andreasen N, Johansson B, et al. (2004)
Genetic variants of ABCAI modify Alzheimer disease risk and quantitative traits
related to beta-amyloid metabolism. Hum Mutat 23: 358-367.

Kitgaroentham A, Hananantachai H, Tungtrongchitr A, Pooudong S,
Tungtrongchitr R (2007) R219K  polymorphism of ATP binding cassette
transporter Al related with low HDL in overweight/obese Thai males. Arch
Med Res 38: 834-838.

International HapMap Project (2013) Available at: http://hapmap.nchi.nlm.
nih.gov. Accessed: November 20, 2013.

. loannidis JP, Patsopoulos NA, Evangelou E (2007) Heterogeneity in meta-

analyses of genome-wide association investigations. PLoS One 2: e841.

January 2014 | Volume 9 | Issue 1 | 86480



