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Abstract
Background: Studies on the associations of the adenosine triphosphate-binding cassette transporter A1 gene (ABCA1)
rs2230806, rs2230808, and rs2066714 polymorphisms with plasma lipid levels have reported apparently conflicting findings. This
meta-analysis aimed to clarify the relationships between the 3 polymorphisms and fasting lipid levels.

Methods: A comprehensive search of the literature was carried out by using the databases including Medline, Google Scholar,
Web of Science, Embase, Cochrane Library, CNKI, Wanfang, and VIP. The studies that presented mean lipids and standard
deviations or standard errors according to the rs2230806, rs2230808, and/or rs2066714 genotypes were examined and included.
The random effects model was used. Standardized mean difference and 95% confidence interval were used to assess the
differences in lipid levels between the genotypes. Heterogeneity among studies was tested by Cochran’s x2-based Q-statistic, and
Galbraith plots were used to detect the potential sources of heterogeneity. Publication bias was assessed by Begg’s rank correlation
test as well as funnel plots.

Results: Sixty-two studies (48,452 subjects), 12 studies (9853 subjects) and 14 studies (10,727 subjects) were identified for the
rs2230806, rs2230808, and rs2066714 polymorphisms, respectively. A dominant model was used for all the polymorphisms in this
meta-analysis. The A allele carriers of the rs2230806 polymorphism had higher levels of high-density lipoprotein cholesterol (HDL-C)
(P<.001), and lower levels of low-density lipoprotein cholesterol (LDL-C) (P=.03) and triglycerides (TG) (P<.01) than the non-carriers.
The A allele carriers of the rs2230808 polymorphism had higher levels of total cholesterol (TC) (P<.001) than the non-carriers. The G
allele carriers of the rs2066714 polymorphism had higher levels of TC (P<.01) and HDL-C (P= .02) than the non-carriers.

Conclusion: The ABCA1 rs2230806, rs2230808, and rs2066714 polymorphisms are significantly associated with plasma lipid
levels in the present meta-analysis.

Abbreviations: 95CI%= 95% confidence interval,ABCA1= adenosine triphosphate-binding cassette transporter A1 gene, CHD
= coronary heart disease, HDL-C = high-density lipoprotein cholesterol, HWE = Hardy–Weinberg equilibrium, LDL-C = low-density
lipoprotein cholesterol, RCT = reverse cholesterol transport, SMD = standardized mean difference, T2DM= type 2 diabetes mellitus,
TC = total cholesterol, TG = triglycerides.
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1. Introduction

Coronary heart disease (CHD) is a common, multifactorial
disease that causes significant morbidity and mortality world-
wide.[1] A number of cardiovascular risk factors have been
identified. Dyslipidemia is one of the most important risk factors
for CHD and accounts for at least 50% of the population-
attributable risk.[2] Dyslipidemia is characterized by elevated
levels of triglycerides (TG), total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C), and/or reduced levels of high-
density lipoprotein cholesterol (HDL-C) in circulation. Over the
past several decades, intensive efforts have been made in the
scientific community to investigate the genetic polymorphisms or
mutations that affect plasma lipid levels. However, the research
results were inconclusive and inconsistent due to various reasons
such as small sample sizes and differences in ethnicities and
health conditions.
Adenosine triphosphate-binding cassette transporter A1

(ABCA1) plays a critical role in reverse cholesterol transport
(RCT) and has anti-atherosclerosis effects.[3] RCT is a process in
which cholesterol is effluxed from peripheral tissues, arterial wall
macrophages and atherosclerotic plaques to high-density lip-
oproteins and subsequently delivered to the liver for clearance.
ABCA1 is one of the most important lipid transporters that
significantly affect plasma HDL-C levels.[4] Low HDL-C and
isolated lowHDL-C constitute an important risk factor for CHD.
Singaraja et al.[5] demonstrated that a 50% increase in ABCA1-
mediated cholesterol efflux can result in a 30% increase in HDL-
C concentrations and consequently a 35% to 50% reduction in
the risk of CHD. The ABCA1 gene is located on the long arm of
human chromosome 9 (9q22–31) and contains 50 exons and 49
introns with a total length of approximately 50 kB. The ABCA1
gene is highly polymorphic. There are over 5000 polymorphisms
in or around the ABCA1 gene according to the NCBI database of
genetic variation (https://www.ncbi.nlm.nih.gov/SNP). Most of
the polymorphisms are located in the introns of this gene, and
some polymorphisms located in the promoter region and exons
usually have great effects on the expression and function of
ABCA1 protein. Three nonsynonymous polymorphisms
(rs2230806, rs2230808, and rs2066714) within the exons of
ABCA1 gene have been extensively studied in terms of their
associations with CHD risk and plasma lipid levels over the past 2
decades. The rs2230806 polymorphism (also known as R219K
or G1051A) is located in exon 7 and formed by a transition from
G to A. The 219th amino acid residue is changed accordingly
from arginine (R) to lysine (K). The frequency range of the variant
A allele is 0.21 to 0.27 in Caucasians, 0.34 to 0.50 in Asians, and
0.16 to 0.23 in Arabs (https://www.ncbi.nlm.nih.gov/SNP). The
rs2230808 polymorphism (also known as R1587K or G5155A)
is located in exon 35 of ABCA1 gene and formed by a transition
from G to A, and the 1587th amino acid residue of ABCA1
polypeptide is changed accordingly from arginine to lysine. The
frequency range of A allele is 0.23 to 0.27 in Caucasians and 0.28
to 0.46 in Asians (https://www.ncbi.nlm.nih.gov/SNP). The
rs2066714 polymorphism (also known as I883M, A3044G,
rs4149313, rs2853570, or rs58387182) is located in exon 18 of
ABCA1 gene, and its 2 alleles, A and G, encode an isoleucine (I)
and a methionine (M) in ABCA1 polypeptide, respectively. There
is a big difference in allele frequencies between Caucasians and
Asians. The G allele is the minor allele with a frequency range of
0.11 to 0.15 in Caucasians, whereas it is the major allele with a
frequency range of 0.49 to 0.73 in Asians (https://www.ncbi.nlm.
nih.gov/SNP). Some studies have demonstrated that the
2

rs2230806, rs2230808 and rs2066714 polymor-
phisms are significantly associated with CHD, but whether these
polymorphisms are also associated with dyslipidemia remains to
be examined. A large body of literature has investigated the
associations of these polymorphisms with plasma lipid levels, but
the results were inconsistent and inconclusive. In some of these
studies, A allele of the rs2230806 polymorphism was reported to
be significantly associated with lower levels of TG,[14–28] TC[29–

34] and LDL-C,[24–27] and higher levels of HDL-C;[35–49] A allele
of the rs2230808 polymorphism was associated with higher
levels of TG,[50] TC[51,52] and LDL-C,[52–54] and lower levels of
HDL-C;[6] G allele of the rs2066714 polymorphism was
associated with higher levels of TC,[29] LDL-C,[29,50,55] and
HDL-C.[56,57] However, the results from other studies did not
support these findings.[58–77] Hence, a meta-analysis is required
to clarify the relationships of the 3 polymorphisms with plasma
lipid levels.
In the present study, a meta-analysis was performed based on

previous publications to investigate the associations of the
rs2230806, rs2230808, and rs2066714 polymorphisms with
fasting lipid levels. Our analysis results can provide an
opportunity to unveil the interrelationships among the
rs2230806, rs2230808, and rs2066714 polymorphisms, dysli-
pidemia, and CHD.
2. Methods

2.1. Search strategy

A comprehensive search of the literature was carried out by using
the databases including Medline, Google Scholar, Web of
Science, Embase, Cochrane Library, China National Knowledge
Infrastructure (CNKI), Wanfang and VIP. The keywords used for
the search are “adenosine triphosphate-binding cassette trans-
porter A1 or ATP-binding cassette transporter A1 or ABCA1”
and “polymorphism or variant or mutation or SNP” and “lipid
or triglyceride or cholesterol”. The variables of this meta-analysis
were limited to TG, TC, LDL-C, and HDL-C. All articles
published before July 2018 on the associations of the rs2230806,
rs2230808, and rs2066714 polymorphisms with plasma lipid
levels were identified. The languages of the articles were limited to
English and Chinese. All references cited in the included articles
were reviewed to check the published work which was not
indexed by Medline, Google Scholar, Web of Science, Embase,
Cochrane Library, CNKI, Wanfang, or VIP database. Email,
phone, and fax were used to contact authors to identify studies
and to request missing data. Ethical approval is not necessary
since this study is a meta-analysis.
2.2. Inclusion criteria

The studies that fulfilled the following criteria were included:
(1)
 studies in which mean lipids and standard deviations (SD) or
standard errors (SE) according to the rs2230806, rs2230808,
and rs2066714 genotypes were available;
data which reported at least one of the 4 variables (TG, TC,
(2)

LDL-C, and HDL-C);
data which reported fasting lipid variables.
(3)
Baseline data were used for interventional studies. Reports
with incomplete data, studies based on pedigree data, case
reports, review articles, abstracts, and animal studies were
excluded from the meta-analysis.

https://www.ncbi.nlm.nih.gov/SNP
https://www.ncbi.nlm.nih.gov/SNP
https://www.ncbi.nlm.nih.gov/SNP
https://www.ncbi.nlm.nih.gov/SNP
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2.3. Data extraction

Data were extracted by using a structured collection form. The
irrelevant studies or studies that did notmeet the inclusion criteria
were excluded after being reviewed independently by 2 reviewers.
The data were double-checked and compared after extraction.
Data uncertainty was discussed and solved by the whole group
members. For the overlapping articles, only those publications
that presented the most detailed information were included. In
the present meta-analysis, the data extracted from each of the
studies are as follows: first author, year of publication, age,
ethnicity, gender, health condition, genotype and lipid assay
methods, sample size, mean lipid variables and SD or SE
by genotypes.
2.4. Meta-analysis

The STATA software package (Version 10, Stata Corporation,
College Station, TX) was used for the meta-analysis. All data
were presented as mean±SD in this meta-analysis. For those
articles in which mean±SE was given, the value of SD was
calculated. The unit “mmol/L”was used for all the lipid variables
in the meta-analysis, and unit conversion was conducted for the
articles in which other units were used. Hardy–Weinberg
equilibrium (HWE) of the populations was tested by x2 test,
and the significance level was defined as a<.05. Since most of the
included studies reported results in a dominant way [i.e., GG vs
(GA+AA) for the rs2230806 polymorphism; GG vs (GA+AA)
for the rs2230808 polymorphism; AA vs (AG+GG) for the
rs2066714 polymorphism], a dominant model was employed to
ensure adequate statistical power. When data were presented for
more than one subpopulation (e.g., male or female subjects, the
subjects from different ethnicities, or the subjects with different
health statuses) in 1 article, each subpopulation was treated as a
separate comparison in this meta-analysis. Subgroup analyses
were conducted according to gender, ethnicity, and health
condition. Ethnic subgroups were defined as Caucasians,
Chinese, and other ethnicities. Health condition subgroups were
Figure 1. Flow diagram of
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defined as healthy/control subjects, CHD patients, diabetic
patients, and so on. The subgroup analyses were performed with
at least 3 comparisons to ensure adequate statistical power.
The random effects model was used in the meta-analysis in

that:
(1)
stud
both between-study and within-study heterogeneity is
considered in random effects model;
the random effects model provides a more conservative
(2)

evaluation of the significance of the associations than the
fixed effects model.[78]

Standardized mean difference (SMD) and 95% confidence
interval (CI) were used to assess the differences in lipid levels
between the genotypes. Heterogeneity among studies was tested
by Cochran’s x2-basedQ-statistic at a significance level of P<.05,
and Galbraith plots were used to detect the potential sources of
heterogeneity. Publication bias was assessed by Begg rank
correlation test and funnel plots, and a significance level of .05
was used to indicate the presence of potential publication bias.[79]
3. Results

3.1. Literature search and characteristics of included
studies

The literature selection process is presented in Figure 1. Initial
search of the databases yielded 1249 articles. One thousand and
seventy-eight studies were excluded according to the titles and
abstracts. Then full-text articles were retrieved and assessed on
the basis of the inclusion criteria. One hundred and 5 articles were
ineligible for the following reasons: 64 articles did not provide
lipid data; 21 articles provided invalid data; 16 articles presented
data for other polymorphisms, 1 article had subjects overlapping
with other publication; and 3 articles were based on pedigree
analysis. In the end, 66 studies[6,7,14–77] were selected for this
meta-analysis. Among the included studies, 48 studies[6,7,14,16,23,
25–30,32,34–39,44,45,49–61,63–77] were published in English, and 18
studies[15,17–22,24,31,33,40–43,46–48,62] were published in Chinese.
y selection process.

http://www.md-journal.com
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The characteristics of the included 66 studies are summarized
in Table in Supplementary S1 Table, http://links.lww.com/MD/
C684. Sixty-two studies[6,7,14–49,53–75,77] presented lipid data for
the rs2230806 polymorphism according to genotypes. Among
them, 48 studies,[6,14–33,35–43,46–49,55,58–62,64,66,69,72–75,77] 49
studies,[6,14–24,26–37,39–43,46–49,53–55,58–62,64,69,71–75,77] 48 stud-
ies[6,14–33,35–37,39–43,46–49,53–55,58–62,64,69,71–75] and 59 stud-
ies[6,7,14–33,35–49,55–75,77] presented the data for TG, TC, LDL-
C and HDL-C, respectively. Twelve studies[6,7,38,50–54,56,61,67,68]

presented lipid data for the rs2230808 polymorphism according
to genotypes, and 5 studies,[6,38,50,51,61] 7 studies,[6,50–54,61] 7
studies[6,50–54,61] and 10 studies[6,7,38,50–52,56,61,67,68] of which
presented the data for TG, TC, LDL-C and HDL-C, respectively.
Fourteen studies[6,7,14,29,38,50,53–57,61,67,76] presented lipid data
for the rs2066714 polymorphism according to genotypes, and 9
studies,[6,14,29,38,50,53,55,61,76] 7 studies,[14,29,50,54,55,61,76] 8 stud-
ies[14,29,50,53–55,61,76] and 12 studies[6,7,14,29,38,50,55–57,61,67,76] of
them presented the data for TG, TC, LDL-C and HDL-C,
respectively. Twenty-two studies,[6,7,25,30,34,44,45,50,52–56,58,60,61,
63–66,71,72] 36 studies[14,15,17–25,28,31–33,35–43,46–49,51,59,62,68–70,
73,74] and 11 studies[16,25–27,29,57,66,67,75–77] involved Caucasians,
Chinese and the subjects of other ethnic origins, respectively.
Four studies[6,19,55,60] and 2 studies[50,52] involved males and
females, respectively, and the rest 60 studies[7,14–18,20–49,51,53,
54,56–59,61–77] involved both genders. Twenty-two studies,[6,14,17–
19,21–23,26,27,30–32,43,45–48,56,64,72,77] 5 studies,[15,33,35,39,40] 2
studies,[61,76] 4 studies,[29,44,49,57] 5 studies,[7,20,42,68,69] 5
studies,[16,24,34,58,65] 2 studies[37,75] and 1 study[36] involved
CHD, stroke, dyslipidemia, overweight/obesity, type 2 diabetes
mellitus (T2DM), hypertension, Alzheimer’s disease and abdom-
inal aortic aneurysm, respectively. Twenty-two stud-
ies[16,18,22,24,26,28,32,35,40,44,45,47,49,57,59,63,66,67,69,70,72,75] sepa-
rately provided data for more than one subpopulation, and
each subpopulation was treated as a comparison.
3.2. Summary statistics

Eighty-seven comparisons, 13 comparisons, and 16 comparisons
were distinguished for the rs2230806, rs2230808, and
rs2066714 polymorphisms, respectively, according to the
categories such as gender, ethnicity and health condition.
Sixty-seven, 67, 66 and 84 comparisons were included to
compare the differences in TG, TC, LDL-C, and HDL-C,
respectively, for the rs2230806 polymorphism (Table in Supple-
mentary S2 Table, http://links.lww.com/MD/C684). Five, 6, 6
and 10 comparisons were included to compare the differences in
TG, TC, LDL-C, and HDL-C, respectively, for the rs2230808
polymorphism (Table in Supplementary S3 Table, http://links.
lww.com/MD/C684). Nine, 7, 8, and 14 comparisons were
included to compare the differences in TG, TC, LDL-C, and
HDL-C, respectively, for the rs2066714 polymorphism (Table in
Supplementary S4 Table, http://links.lww.com/MD/C684).
Forty-eight thousand four hundred fifty-two subjects, 9853

subjects and 10,727 subjects were enrolled in the analyses for the
rs2230806, rs2230808, and rs2066714 polymorphisms, respec-
tively. For the rs2230806 polymorphism, 42.3% of the subjects
(20,511 subjects) had GG genotype, and 57.7% of them (27,941
subjects) had GA or AA genotype. For the rs2230808
polymorphism, 49.8% of the subjects (4906 subjects) had GG
genotype, and 50.2% of them (4947 subjects) had GA or AA
genotype. For the rs2066714 polymorphism, 61.1% of the
subjects (6553 subjects) had AA genotype, and 38.9% of them
(4174 subjects) had AG or GG genotype.
4

3.3. Associations of the ABCA1 rs2230806 polymorphism
with plasma lipid levels

The details of the associations of the ABCA1 rs2230806
polymorphism with plasma lipid levels are presented in Table 1.
The analyses on all comparisons showed that the A carriers have
higher levels of HDL-C [SMD=0.18, 95% CI= (0.13, 0.24),
P<.001] and lower levels of TG [SMD=�0.10, 95% CI=
(�0.16, �0.03), P<.01] and LDL-C [SMD=�0.05, 95% CI =
(�0.09, �0.00), P=.03] than the non-carriers (Table 1, Figs. 2–
4). There was no significant difference in TC levels between
the genotypes (Table 1, Fig. 5). When the analyses were limited to
the studies in HWE, the significant associations between the
rs2230806 polymorphism and plasma levels of HDL-C [SMD=
0.13, 95% CI= (0.08, 0.18), P<.001], TG [SMD=�0.10, 95%
CI = (�0.18, �0.02), P= .01] and LDL-C [SMD=�0.06, 95%
CI = (�0.11, �0.02), P= .01] were also detected.
Then the subgroup analyses stratified by the characteristics of
the subjects were performed. The significant associations of the
rs2230806 polymorphism with lower levels of TG and higher
levels of HDL-C were detected in males, but not in females. The
significant associations of the rs2230806 polymorphism with
lower levels of TG and LDL-C, and higher levels of HDL-C were
detected in Chinese. In Caucasians, however, it was found that
the rs2230806 polymorphism is only significantly associated
with TG levels, but not with LDL-C and HDL-C levels.
The association between the rs2230806 polymorphism and
lower levels of TG was significant in hyperlipidemic patients
and marginally insignificant in T2DM. In healthy/control
subjects, the rs2230806 polymorphism was significantly associ-
ated with lower levels of TG and higher levels of HDL-C. The
rs2230806 polymorphism was also significantly associated with
higher levels of HDL-C, and lower levels of TG and LDL-C in
CHD patients.
3.4. Associations of the ABCA1 rs2230808 polymorphism
with plasma lipid levels

The details of the associations of the ABCA1 rs2230808
polymorphism with plasma lipid levels are listed in Table 2.
The analyses on all comparisons showed that the variant A
allele carriers had higher levels of TC [SMD=0.15, 95% CI =
(0.08, 0.22), P<.001] than the non-carriers (Table 2, Supple-
mentary S1 Fig, http://links.lww.com/MD/C683). The associa-
tion between the rs2230808 polymorphism and higher levels of
LDL-C was marginally insignificant [SMD=0.13, 95% CI =
(�0.01, 0.28), P= .08] (Table 2, Supplementary S2 Fig, http://
links.lww.com/MD/C683). There were no significant differ-
ences detected in TG and HDL-C levels between the genotypes
(Table 2, Supplementary S3 and S4 Figs, http://links.lww.com/
MD/C683). The significant associations of the rs2230808
polymorphism with TC [SMD=0.15, 95% CI = (0.08, 0.23),
P<.001] and LDL-C [SMD=0.18, 95% CI = (0.05, 0.31),
P= .01] were detected when the analyses were limited in the
studies in HWE.
The subgroup analyses stratified by the characteristics of the

subjects were performed, and the significant association between
the rs2230808 polymorphism and higher levels of TC was
detected in Caucasians and healthy/control subjects. The
significant association between the rs2230808 polymorphism
and higher levels of LDL-C was detected in healthy/control
subjects. No other significant associations were detected in the
subgroup analyses.

http://links.lww.com/MD/C684
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Table 1

Meta-analysis of the rs2230806 polymorphism in ABCA1 with plasma lipid levels.

Groups or subgroups Comparisons (Subjects) PHeterogeneity SMD (95% CI) PSMD

TG
All 67 (27,053) <.001 �0.10 (�0.16–0.03) <.01
Studies in HWE 51 (21,413) <.001 �0.10 (�0.18–0.02) .01
Male 10 (6005) <.001 �0.19 (�0.36–0.03) .02
Female 6 (4304) <.001 0.22 (�0.15–0.60) .24
Children 4 (1498) .20 0.06 (�0.09–0.22) .40
Caucasian 13 (12,415) .47 �0.04 (�0.07–0.00) .04
Chinese 33 (9558) .14 �0.13 (�0.18–0.08) <.001
Other ethnicity 21 (5080) <.001 �0.07 (�0.33–0.19) .59
CHD 14 (3504) .03 �0.13 (�0.23–0.03) .01
T2DM 3 (379) .88 �0.20 (�0.40–0.01) .06
Hyperlipidemia 3 (848) .22 �0.21 (�0.40–0.02) .03
Healthy/control 19 (6156) .03 �0.08 (�0.15–0.00) .05

TC
All 67 (27,194) <.001 0.01 (�0.07–0.08) .83
Studies in HWE 52 (22,162) <.001 �0.03 (�0.11–0.05) .48
Male 10 (6005) .66 �0.03 (�0.08–0.02) .28
Female 6 (4304) .37 0.04 (�0.03–0.11) .28
Children 3 (1171) .03 �0.08 (�0.19–0.35) .56
Caucasian 15 (13,273) .13 �0.02 (�0.06–0.03) .46
Chinese 33 (9558) .20 �0.02 (�0.07–0.03) .45
Other ethnicity 19 (4363) <.001 0.24 (�0.11–0.58) .18
CHD 14 (3504) .82 �0.01 (�0.08–0.06) .73
T2DM 3 (379) .62 �0.02 (�0.22–0.19) .86
Hyperlipidemia 4 (1434) .07 �0.16 (�0.33–0.02) .08
Healthy/control 18 (5711) <.001 0.11 (�0.07–0.30) .24

LDL-C
All 66 (27,112) <.001 �0.05 (�0.09–0.00) .03
Studies in HWE 50 (21,111) <.001 �0.06 (�0.11–0.02) .01
Male 10 (6005) .24 �0.02 (�0.08–0.05) .62
Female 6 (4304) .40 �0.00 (�0.06–0.06) .96
Children 3 (1171) .05 0.08 (�0.18–0.33) .56
Caucasian 15 (13,656) .46 �0.01 (�0.04–0.03) .78
Chinese 33 (9558) .40 �0.05 (�0.09–0.00) .04
Other ethnicity 18 (3898) <.001 �0.08 (�0.26–0.10) .37
CHD 13 (3039) .21 �0.10 (�0.19–0.01) .02
T2DM 3 (379) .61 �0.02 (�0.22–0.19) .87
Hyperlipidemia 3 (848) .38 �0.02 (�0.16–0.12) .76
Healthy/control 19 (6680) <.001 �0.06 (�0.16–0.04) .22

HDL-C
All 84 (46,986) <.001 0.18 (0.13–0.24) <.001
Studies in HWE 64 (39,262) <.001 0.13 (0.08–0.18) <.001
Male 13 (9269) .13 0.06 (0.00–0.12) .04
Female 9 (9378) .01 0.08 (�0.01–0.16) .08
Children 4 (1498) .28 0.11 (�0.02–0.25) .10
Caucasian 23 (24,125) .03 0.02 (�0.02–0.05) .43
Chinese 34 (9651) .01 0.24 (0.18–0.29) <.001
Other ethnicity 27 (13,210) <.001 0.34 (0.18–0.50) <.001
CHD 16 (4593) .11 0.13 (0.06–0.21) <.01
T2DM 5 (3601) .25 0.11 (�0.03–0.24) .11
Hyperlipidemia 3 (848) .21 0.13 (�0.06–0.33) .17
Overweight/obese 4 (2690) .01 �0.01 (�0.27–0.26) .97
Healthy/control 29 (19,222) <.01 0.07 (0.02–0.12) <.01

95 CI%=95% confidence interval, ABCA1= adenosine triphosphate-binding cassette transporter A1 gene, CHD=coronary heart disease, HDL-C=high-density lipoprotein cholesterol, HWE=Hardy–Weinberg
equilibrium, LDL-C= low-density lipoprotein cholesterol, SMD= standardized mean difference, T2DM= type 2 diabetes mellitus, TC= total cholesterol, TG= triglycerides.
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3.5. Associations of the ABCA1 rs2066714 polymorphism
with plasma lipid levels

The details of the associations of the ABCA1 rs2066714
polymorphism with lipid levels are listed in Table 3.
The analyses on all comparisons showed that the carriers of
5

the variant G allele had higher levels of TC [SMD=0.13, 95%
CI = (0.04, 0.21), P<.01] and HDL-C [SMD=0.10, 95% CI =
(0.02, 0.18), P= .02] than the non-carriers (Table 3, Supplemen-
tary S5 and S6 Fig, http://links.lww.com/MD/C683). There were
no significant differences detected in TG and LDL-C levels
between the genotypes (Table 3, Supplementary S7 and S8 Fig,
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Figure 2. Forest plot of the meta-analysis between ABCA1 rs2230806 polymorphism and plasma HDL-C levels.

Lu et al. Medicine (2018) 97:50 Medicine
http://links.lww.com/MD/C683).When the analyses were limited
to the studies in HWE, the associations of the rs2066714
polymorphism with high levels of TC [SMD=0.13, 95% CI =
(0.04, 0.22), P<.01] and HDL-C [SMD=0.09, 95% CI = (0.00,
0.18), P= .03] were also detected.
6

The subgroup analyses stratified by the characteristics of the
subjects were performed, and the significant associations between
the rs2066714 polymorphism and higher levels of TC and HDL-
C were detected in Caucasians. No other significant associations
were detected in the subgroup analyses.
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Figure 3. Forest plot of the meta-analysis between ABCA1 rs2230806 polymorphism and plasma TG levels.
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3.6. Heterogeneity analysis

In the analyses for the rs2230806 polymorphism, there was
significant heterogeneity in the total comparisons for TG, TC,
LDL-C, and HDL-C (Table 1). Nine comparisons (Harada T
7

2003, Li J 2009, Coban N1 2014, Coban N2 2014, Fawzy MS
2015, Yuan TY1 2017, Ya L1 2017, Ya L2 2017 and Ya L3
2017), 6 comparisons (Kolovou G 2013, Abd El-Aziz TA 2014,
Yuan TY1 2017, Ya L1 2017, Ya L2 2017 and Ya L3 2017), 6
comparisons (Sun P 2005, Coban N2 2014, Abd El-Aziz TA
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Figure 4. Forest plot of the meta-analysis between ABCA1 rs2230806 polymorphism and plasma LDL-C levels.
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2014, Fawzy MS 2015, Ya L2 2017 and Ya L3 2017) and 15
comparisons (Sun P 2005, Porchay I2 2006, Benton JL 2007,
Sandhofer A 2008, Zhang XX 2008, Chen LC 2009, Wang N1
2010, Huang Y1 2011, Xiao ZJ 2012, Abd El-Aziz TA 2014,
Haghvirdizadeh P2 2015, Zhao L 2016, Ya L1 2017, Ya L2 2017
8

and Ya L3 2017) were identified as the main contributors to the
heterogeneity for TG, TC, LDL-C and HDL-C, respectively, by
using Galbraith plots (Supplementary S9-S12 Figs, http://links.
lww.com/MD/C683). The heterogeneity was effectively removed
or decreased after exclusion of the outlier studies, but the SMD
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Figure 5. Forest plot of the meta-analysis between ABCA1 rs2230806 polymorphism and plasma TC levels.
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values and their 95% CIs did not change substantially
[TG: SMD=�0.07, 95% CI = (�0.10, �0.04), PSMD<.001,
PHeterogeneity= .11; TC: SMD=0.00, 95% CI = (�0.03, 0.03),
PSMD= .91, PHeterogeneity= .54; LDL-C: SMD=�0.03, 95% CI=
(�0.06, �0.00), PSMD= .04, PHeterogeneity= .27; HDL-C: SMD=
9

0.08, 95% CI = (0.06, 0.11), PSMD<.001, PHeterogeneity= .07]
after exclusion of the outlier studies.
In the analyses for the rs2230808 polymorphism, there

was significant heterogeneity in the total comparison for
LDL-C (Table 2), and 2 comparisons (MantaringM 2006

http://www.md-journal.com


Table 2

Meta-analysis between the rs2230808 polymorphism in ABCA1 and plasma lipid levels.

Groups or subgroups Comparisons (subjects) PHeterogeneity SMD (95% CI) PSMD

TG
All 5 (2921) .44 �0.02 (�0.09–0.06) .65
Studies in HWE 3 (2025) .44 �0.02 (�0.09–0.06) .65
Caucasian 3 (1834) .24 0.02 (�0.11–0.14) .81
Healthy/control 3 (2025) .77 �0.03 (�0.12–0.06) .47

TC
All 6 (3003) .63 0.15 (0.08–0.22) <.001
Studies in HWE 5 (2886) .61 0.15 (0.08–0.23) <.001
Caucasian 5 (2243) .51 0.14 (0.06–0.22) <.01
Healthy/control 5 (2886) .61 0.15 (0.08–0.23) <.001

LDL-C
All 6 (3003) <.01 0.13 (�0.01–0.28) .08
Studies in HWE 5 (2886) .02 0.18 (0.05–0.31) .01
Caucasian 5 (2243) <.01 0.13 (�0.06–0.32) .19
Healthy/control 5 (2886) .02 0.18 (0.05–0.31) .01

HDL-C
All 10 (8738) .26 �0.04 (�0.09–0.01) .09
Studies in HWE 10 (8738) .52 �0.03 (�0.08–0.01) .13
Female 3 (2183) .95 �0.02 (�0.07–0.10) .72
Caucasian 5 (5270) .23 �0.05 (�0.12–0.02) .19
Other ethnicity 3 (2615) .52 �0.06 (�0.14–0.02) .13
Healthy/control 6 (4621) .45 �0.01 (�0.07–0.05) .65

95 CI%=95% confidence interval, ABCA1=adenosine triphosphate-binding cassette transporter A1 gene, HDL-C=high-density lipoprotein cholesterol, HWE=Hardy–Weinberg equilibrium, LDL-C= low-
density lipoprotein cholesterol, SMD= standardized mean difference, TC= total cholesterol, TG= triglycerides.

Lu et al. Medicine (2018) 97:50 Medicine
and Jensen MK 2007) were identified as the main contributors
to the heterogeneity by using Galbraith plot (Supplementary
S13 Fig, http://links.lww.com/MD/C683). The heterogeneity
was removed after exclusion of the outlier studies, and
the SMD value and its 95% CI changed significantly
[SMD=0.23, 95% CI = (0.14, 0.32), PSMD<.001,
PHeterogeneity= .38].
Table 3

Meta-analysis between the rs2066714 polymorphism in ABCA1 and p

Groups or subgroups Comparisons (Subjects)

TG
All 9 (3847)
Studies in HWE 7 (3162)
Caucasian 5 (2594)
Other ethnicity 3 (720)
Healthy/control 3 (1447)

TC
All 7 (3116)
Studies in HWE 6 (2851)
Caucasian 4 (2190)

LDL-C
All 8 (3548)
Studies in HWE 7 (3283)
Caucasian 5 (2622)
Healthy/control 3 (1568)

HDL-C
All 14 (9847)
Studies in HWE 12 (9162)
Male 3 (2556)
Caucasian 6 (5527)
Other ethnicity 7 (3787)
Healthy/control 5 (3823)

95 CI%=95% confidence interval, ABCA1=adenosine triphosphate-binding cassette transporter A1 ge
density lipoprotein cholesterol, SMD= standardized mean difference, TC= total cholesterol, TG= triglyce

10
In the analyses for the rs2066714 polymorphism, there was
significant heterogeneity in the total comparison for HDL-C
(Table 3), and 1 comparison (Kyriakou T 2007) was identified as
the main contributor to the heterogeneity by using Galbraith plot
(Supplementary S14 Fig, http://links.lww.com/MD/C683). The
heterogeneity was removed after exclusion of the outlier study,
and the SMD value and its 95% CI did not change significantly
lasma lipid levels.

PHeterogeneity SMD (95% CI) PSMD

.75 0.02 (�0.05–0.10) .58

.68 0.04 (�0.05–0.12) .42

.45 �0.00 (�0.09–0.09) .97

.85 0.09 (�0.08–0.26) .29

.56 0.04 (�0.08–0.16) .50

.96 0.13 (0.04–0.21) <.01

.93 0.13 (0.04–0.22) <.01

.90 0.12 (0.03–0.21) .01

.46 0.03 (�0.05–0.11) .45

.06 0.02 (�0.15–0.18) .81

.20 0.03 (�0.08–0.13) .65

.09 0.06 (�0.12–0.23) .53

<.01 0.10 (0.02–0.18) .02
<.01 0.09 (0.00–0.18) .03
.91 0.04 (�0.05–0.12) .36
.01 0.13 (0.00–0.26) .04
.04 0.10 (�0.02–0.22) .09
.27 0.04 (�0.04–0.12) .33

ne, HDL-C=high-density lipoprotein cholesterol, HWE=Hardy–Weinberg equilibrium, LDL-C= low-
rides.
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[SMD=0.07, 95% CI = (0.01, 0.13), PSMD= .04, PHeterogeneity

= .11].
3.7. Publication bias test

In the present study, Begg test did not find any publication bias in
the analyses for the rs2230808 and rs2066714 polymorphisms
(Supplementary S15-S22 Figs, http://links.lww.com/MD/C683).
Regarding the rs2230806 polymorphism, no publication bias
was detected except HDL-C (Supplementary S23-S26 Figs, http://
links.lww.com/MD/C683). A trim-and-fill method was employed
to adjust the result for HDL-C, and the SMD value and its 95%
CI did not change substantially [SMD=0.18, 95% CI = (0.13,
0.24), PSMD<.001] after adjustment.
4. Discussion

The present meta-analysis suggests that A allele of the rs2230806
polymorphism is associated with higher levels of HDL-C and
lower levels of LDL-C and TG in the total population. A number
of case-control studies[6–11] demonstrated that A allele of the
rs2230806 polymorphism has a protective role in CHD risk. In
combination with our findings, it is possible that the association
between the rs2230806 polymorphism and a lower risk of CHD
is mediated by the increased levels of HDL-C and decreased levels
of LDL-C and TG caused by A allele of the rs2230806
polymorphism. It is well-known that HDL has atheroprotective
properties such as RCT, anti-oxidation, and anti-inflamma-
tion.[80] In addition, A allele the rs2230806 polymorphism was
also associated with lower levels of apolipoprotein B (APOB)
(data not shown). It indicates that the carriers of A allele have less
atherogenic potentials than the non-carriers because each particle
of the atherogenic lipoproteins [i.e., low-density lipoprotein, very
low-density lipoprotein, intermediary density lipoprotein and
lipoprotein (a)] carries one APOB molecule. This meta-analysis
also demonstrates that A allele of the rs2230808 polymorphism
and G allele of the rs2066714 polymorphism is associated with
higher levels of TC, which partly explains why the 2
polymorphisms were associated with a higher risk of CHD in
several case-control studies.[7,12,13] We also found that the G
allele carriers of the rs2066714 polymorphism have higher levels
of HDL-C, which is contradictive with the finding that G allele is
a risk allele for CHD reported by previous studies.[11–13] The
relationships among the rs2066714 polymorphism, dyslipide-
mia, and CHD risk need to be further investigated.
Subgroup analyses by gender, ethnicity and health condition

were performed since they might be important variables in
determining associative risk with lipid levels. For example, the
present meta-analysis indicates that ethnicity might modulate the
associations of the rs2230806 polymorphism with LDL-C and
HDL-C levels since the significant associations only exist in
Chinese, but not in Caucasians (Table 1). Our finding on the
association between the rs2230806 polymorphism andHDL-C is
consistent with the meta-analysis by Ma et al[81] in which the
investigators demonstrated that A allele is associated with higher
HDL-C levels in Asians, but not in Caucasians. A recent meta-
analysis[8] revealed that A allele carriers of the rs2230806
polymorphism have a lower risk of CHD than the non-carriers in
various ethnicities. However, another study[9] demonstrated that
A allele of the rs2230806 polymorphism is associated with a
lower risk of CHD only in Asian populations, but not in
Caucasian populations. A meta-analysis[10] which focused only
on Chinese population reported that A allele of the rs2230806
11
polymorphism is associated with a lower risk of CHD in Chinese.
In combination with our findings, it is possible that the
association between A allele of the rs2230806 polymorphism
and a lower risk of CHD in Asians is mediated by atheropro-
tective lipid profiles (i.e., increased HDL-C and decreased LDL-C
and TG levels) caused by A allele of the rs2230806 polymor-
phism.
Significant heterogeneity was detected in the analyses for the

rs2230806 (TG, TC, LDL-C, and HDL-C), rs2230808 (LDL-C),
and rs2066714 (HDL-C) polymorphisms. Subgroup analyses
stratified by the characteristics of the subjects were performed to
explore the potential sources of the observed heterogeneity, and
the results showed that the sources of heterogeneity were mainly
from the ethnic origins of the subjects and health conditions. The
ethnic origins in the present study were very diverse, including
Caucasians, Asians, Africans, Turkish, Egyptians, and so on. The
health statuses of the included populations were also diverse,
including CHD, stroke, dyslipidemia, overweight/obese, diabe-
tes, hypertension, Alzheimer’s disease, abdominal aortic aneu-
rysm, and so forth. Galbraith plots were employed to figure out
the specific comparisons which produced heterogeneity. Outlier
comparisons were identified by using Galbraith plots, and the
heterogeneity was effectively removed or decreased after
exclusion of the outlier comparisons. No significant changes in
the SMD values and 95%CIs were found for most of the analyses
after excluding the outlier studies. However, the difference in
LDL-C levels became significant in the analysis for the rs2230808
polymorphism after excluding the outlier studies. By using the
Galbraith plot, the heterogeneity was produced from the studies
by Jensen et al[50] and Mantaring et al[61] In the study by Jensen
et al,[50] only women were included and the characteristics of the
subjects included diabetes, hypertension, hypercholesterolemia,
CHD, overweight, and smoking. In the study by Mantaring
et al,[61] 70% of the subjects had abnormal HDL-C levels.
Therefore, the result after excluding the outlier studies was
reasonable since there was a selection bias in the study
populations in the 2 studies. Begg test showed that there might
be a publication bias in the pooling analysis for HDL-C for the
rs2230806 polymorphism. The possible reason for the observed
publication bias might be the strong association between the
rs2230806 polymorphism and HDL-C levels, and high hetero-
geneity such as different ethnicities and health conditions. To
clarify this problem, a trim-and-fill method was employed to
adjust the result, and the result did not change substantially after
including the “19 missing comparisons”.
The possible mechanisms in which the rs2230806, rs2230808,

and rs2066714 polymorphisms modulate the plasma lipid levels
have not been clarified yet. One possible explanation is that the
rare alleles of these polymorphisms influence the stability and
abundance of ABCA1 mRNA, or the molecular structure and
activities of ABCA1 protein. Some rare alleles in exons have been
reported to affect mRNA structure and stability. Lee et al[82]

reported that TT genotype of the rs1800137 polymorphism in
low-density lipoprotein receptor-related protein 1 (LRP1) gene is
associated with high plasma levels of factor VIII, and further
demonstrated that T allele of the rs1800137 polymorphism
decreased the LRP1 mRNA stability via translation-dependent
mRNA degradation associated with codon optimality. Akdeli
et al.[83] found that the rs27770 polymorphism in the
30untranslated region (30UTR) of Polo-like Kinase 1 (PLK1)
gene influenced the expression of PLK1, and that the alleles of the
rs27770 polymorphism displayed different secondary mRNA
structures and mRNA stabilities. The rs2230806, rs2230808,
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and rs2066714 polymorphisms are nonsynonymous genetic
variations in which the amino acid residues are replaced with
other amino acid residues. Nonsynonymous polymorphisms in
exons might influence the structure and function of proteins due
to the replacement of amino acid residues with different
molecular properties. Lee et al[84] evaluated the relationships
between genetic variations in serotonin transporter gene and
degenerative mitral valve disease, and identified 3 nonsynon-
ymous genetic polymorphisms in exons as probable causes of
damage to protein function, and which was confirmed by protein
structure model verification.
The associations of the rs2230806, rs2230808, and rs2066714

polymorphisms with plasma lipid levels are not likely to be type I
errors (false-positive results). Firstly, the results from this meta-
analysis were based on the random effects model. Comparing
with fixed effects model, the random effects model is a more
conservative method and less likely to produce false-positive
results. Secondly, 48,452 subjects, 9853 subjects and 10,727
subjects were identified for rs2230806, rs2230808 and
rs2066714 polymorphisms, respectively. Among the subjects,
57.7% (rs2230806), 50.2% (rs2230808), and 38.9%
(rs2066714) of them are the carriers of the variant allele. Since
the incidence of the variant allele carriers is very high, type I error
could have been prevented for all of the polymorphisms.
Major human diseases, such as cardiovascular disease, cancer

and diabetes, are closely related to genetic variations. It is
estimated that there are about 3 to 4 million polymorphic loci in
human genome, with an average of 1 variant per 1000 to 2000
nucleotides.[85,86] It is these polymorphic loci that lead to
differences in susceptibility to disease, sensitivity to drugs and
tolerance to poisons. Therefore, the studies on genetic polymor-
phisms will fundamentally elucidate the pathogenesis of major
human diseases, and lay the foundation for the thorough
conquest of these diseases. In this study, the 3 polymorphisms,
rs2230806, rs2230808, and rs2066714, were found to be
significantly associated with blood lipid levels by meta-analysis.
They can be used for genetic diagnosis in patients with CHD to
determine the etiology, and for screening the high-risk individuals
of CHD. For those who are carriers of risk alleles, they can be
intervened early to postpone or prevent the occurrence of CHD.
Our proposals for future studies are as follows:
1.
 identify all the genes which are closely related to hyperlipid-
emia and CHD in human genome;
identify all the polymorphisms in the hyperlipidemia- and
2.

CHD-related genes and construct polymorphism databases
specifically for hyperlipidemia and CHD;
screen the hyperlipidemia- and CAD-related polymorphisms
3.

early in life to accurately assess the risk of CHD, and give
lifestyle suggestions and medical interventions for the high-
risk individuals as early as possible.

The present meta-analysis has several limitations. At first,
dyslipidemia involves in a large number of genes as well as some
environmental factors. However, the interactions of the
rs2230806, rs2230808, and rs2066714 polymorphisms with
other polymorphisms or environmental factors on plasma lipid
levels have not been investigated in this meta-analysis due to the
lack of original data from the included studies. In other words,
more precise results could have been gained if more detailed
individual data were available, or the stratification analyses based
on the environmental factors such as diet, exercise, smoking, and
so on, were performed. Secondly, a relatively small number of
subjects were included in the association analyses for the
12
rs2230808 and rs2066714 polymorphisms due to the limited
studies that met the inclusion criteria, which might reduce the
statistic power and even cause type I error (false-positive results).
Thirdly, this meta-analysis only included the studies published in
English and Chinese as it is very difficult to get the full papers
published in various languages.
5. Conclusions

A allele of rs2230806 polymorphism is significantly associated
with higher levels of HDL-C, and lower levels of LDL-C and TG
in the present meta-analysis. In addition, the significant
association between A allele of the rs2230808 polymorphism
and higher levels of TC, and the significant associations between
G allele of the rs2066714 polymorphism and higher levels of TC
and HDL-C were also detected.
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