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Background: The ATP-binding cassette transporter A1 (ABCA1) is likely associated with
the risk of type 2 diabetes mellitus (T2DM) via b cell function modification, but the evidence
on the association remains unclear. This study aimed to investigate the relationship
between the ABCA1 69C>T polymorphism and the risk of T2DM through a systematic
review and meta-analysis.

Materials and Methods: The PubMed, Web of Science, and Embase databases were
searched for qualified studies published until August 2020. Studies that included the
association between the ABCA1 69C>T polymorphism and the risk of T2DM were
reviewed. The odds ratios (ORs) and 95% confidence intervals (CIs) were evaluated.

Results:We analyzed data from a total of 10 studies involving 17,742 patients. We found
that the CC or CT genotype was associated with increased risk of T2DM than the TT
genotype (OR, 1.41; 95% CI, 1.02-1.93). In the Asian population, the C allele carriers had
a higher risk of T2DM than those with the TT genotype; the ORs of the CC and CT
genotypes were 1.80 (95% CI, 1.21-2.68) and 1.61 (95% CI, and 1.29-2.01), respectively.

Conclusions: This meta-analysis confirmed that the ABCA1 69C>T genotype showed a
decrease risk of T2DM compared to the CC or CT genotypes.
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INTRODUCTION

Diabetes is a major global health issue estimated to have affected
approximately 463 million people in 2019, with this number
predicted to reach 700 million by 2045 according to the
International Diabetes Federation (1). In addition, the annual
cost of diabetes care is USD 760 billion (2). Diabetes is a serious,
chronic endocrine disease that occurs when the blood glucose
level is elevated due to insufficient insulin secretion and low
sensitivity of target organs or cells to insulin (3–5). Diabetes is
also associated with several comorbidities such as neuropathy and
angiopathy, which have become leading causes of mortality and
morbidity worldwide (1, 6).

Diabetes is classified into 2 types, and type 2 diabetes mellitus
(T2DM) is the most prevalent. The development of T2DM is
complex and involves a combination of several genetic and
environmental factors (7–9). Several genes contribute to the
overall susceptibility to T2DM by influencing the baseline
glucose tolerance level (10). Genetic linkage analysis and
association studies have identified several candidate genes
contributing to T2DM.

The ATP-binding cassette transporter A1 (ABCA1) is
considered an important gene that can modify b cell function,
although its primary function is associated with cholesterol
metabolism. ABCA1 contributes to the reverse transportation
of cholesterol from peripheral tissues to the liver via high-density
lipoprotein-cholesterol (HDL-C). Polymorphism in the ABCA1
gene is reportedly related to HDL-C deficiency, which leads to
coronary heart disease or coronary artery disease (11–13).
ABCA1 may also be crucial to maintaining b cell cholesterol
homeostasis and function (14, 15). Because cholesterol is an
important factor for membrane organization and survival of b
cells, cholesterol accumulation in b cells impairs glucose
metabolism and reduces insulin secretion, resulting in the
development of T2DM (16). A study showed that b cell–
specific Abca1 knockout mice had significantly higher fasting
blood glucose levels than their littermate controls because of a
defect in the first-phase glucose-stimulated insulin release (17).
Studies have shown that several common variants of ABCA1
gene are also associated with the development of T2DM in
humans (18). However, evidence regarding the association
between ABCA1 gene polymorphisms and the risk of T2DM
remains unclear. Therefore, we aimed to investigate the
relationship between the extensively studied ABCA1 69C>T
polymorphism and the risk of T2DM through a systematic
review and meta-analysis.
METHODS AND MATERIALS

Literature Search Strategy
Two researchers independently searched three databases
(PubMed, Web of Science, and Embase) in August 2020 for
studies on the association between ABCA1 69C>T and T2DM.
The following search terms were used: [(ABCA1 OR ATP-
binding cassette transporter 1 OR ATP-binding cassette
Frontiers in Endocrinology | www.frontiersin.org 2
transporter A1 OR adenosine triphosphate-binding cassette
transporter A1 OR ATP Binding Cassette Sub Family A
Member 1 OR ATP Binding Cassette Transporter, Subfamily
A) AND (polymorph* OR variant* OR mutation* OR genotyp*
OR allele* OR SNP*) AND (diabetes mellitus OR diabet* OR
NIDDMOR T2D* OR T2DM)]. The search was not restricted by
publication date. Duplicates and irrelevant studies were removed
through the initial screening of titles and abstracts according to
the eligibility criteria. This meta-analysis was conducted
according to the checklist outlined in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (19).

Study Inclusion and Exclusion Criteria
The following criteria were used to identify eligible studies:
(i) evaluating the association between the ABCA1 polymorphisms
and the risk of T2DM; (ii) using prospective or retrospective cohort
study or case-control study design; (iii) providing sufficient
information to calculate odds ratios (ORs) and 95% confidence
intervals (CIs); and (iv) being published in English. Exclusion
criteria included: (i) conference or meeting abstracts, summaries,
reviews, comments, letters, news, and editorials; (ii) in vitro or
animal studies; or (iii) unable to extract the data. In case of
overlapping data, only the most recent and comprehensive data
were included in the meta-analysis.

Data Extraction and Quality Assessment
All data were extracted independently by two researchers, and
discrepancies were resolved by consensus. The following
information was extracted from each study: name of the first
author, publication year, study design, country, the number of
participants, percentage of T2DM and females, age, body mass
index (BMI), genotyping method, and the Newcastle–Ottawa
scale (NOS) score. Two researchers independently assessed the
selected studies based on the NOS for cohort studies and case-
control studies (20). NOS has three categories: selection of study
sample, comparability between the case and control groups, and
outcome or exposure assessment. Each study can be assessed
with a total score of 0-9. In this review, we rated 1 point for each
item of comparability, if age and other known risk factors (such
as BMI) were matched or adjusted for in the analysis.

Statistical Analysis
Review Manager (version 5.3; The Cochrane Collaboration,
Copenhagen, Denmark) was used for data review. ORs and 95%
CIs were calculated using the Z test to estimate the strength of the
association between theABCA1 69C>T polymorphism and the risk
of T2DM. A p value <0.05 was considered statistically significant.

The heterogeneity across studies was estimated using a chi-
square test, and an I² statistic. I² >50% was considered to indicate
significant heterogeneity. In the absence of any statistical
evidence of heterogeneity, the fixed-effects model was used;
otherwise, the random-effects model was used to calculate
pooled estimates (21, 22). Subgroup analysis was performed
according to ethnic groups. Both the Begg test and the Egger
regression test of the funnel plot were conducted using R Studio
software (version 3.6.0; R Foundation for Statistical Computing,
Vienna, Austria) to identify publication bias (23, 24).
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RESULTS

Literature Search and Characteristics of
Included Studies
A detailed flow chart of the study selection process is presented in
Figure1. A total of 571 studieswere retrieved through the electronic
databases. After duplicate removal, 360 records were initially
identified, and the titles and abstracts were screened for inclusion
in the study. From this initial review, the full texts of 26 studieswere
assessed for eligibility. Of these studies, 17 were excluded for the
following reasons: not original articles (n = 4), not having
appropriate outcomes (n = 4), and not containing ABCA1 69C>T
outcomes (n = 9). One study was added through manual search.
Thus, 10 articles were identified for this meta-analysis. All the 10
articles were written in English.

The characteristics of the studies included are summarized
in Table 1. The studies were published between 2012 and
2020, most of them were case-control studies, and they
mainly included Asian populations. Quality scores evaluated
using the NOS for all included studies ranged from 4 to 8
(Table 1).

Associations of the ABCA1 69C>T
With T2DM
Ten studies with a total of 17,742 participants were evaluated
for the association between ABCA1 variants and the risk of
T2DM (18, 25–33) (Figure 2). Because significant heterogeneity
by the chi-square and I² tests (I² > 50%) was found, the analysis
Frontiers in Endocrinology | www.frontiersin.org 3
was conducted using the random-effects model to calculate the
pooled ORs. The CC or CT genotype was associated with
increased risk of T2DM than the TT genotype (OR, 1.41; 95%
CI, 1.02-1.93; Figure 2A). Neither the Begg test nor the Egger test
showed significant publication bias (Begg test, p = 0.655; Egger
test, p = 0.958, Supplementary Figure 1). Sensitivity analysis
was performed by sequentially excluding each study; the
estimates showed a similar trend, with ORs ranging from 1.31
to 1.56.

In respective comparisons of the three genotypes, the CC
genotype was associated with 1.1-fold (95% CI, 0.91-1.37) and
1.5-fold (95% CI 1.02-2.15) higher risk of T2DM compared to the
CT and TT genotypes, respectively (Figures 2B, C), although
statistical significance was only obtained in the comparison
between the CC and TT genotypes. Regarding the CT and TT
genotypes, theCTgenotype had 1.4-fold (95%CI, 1.03-1.80) higher
risk of T2DM compared to the TT genotype (Figure 2D).

Subgroup Analysis in Asians
In the subgroup analysis for the Asian population, we found that
the C allele carriers had significantly higher risk of T2DM than
those with the TT genotype (OR 1.68; 95% CI, 1.24-2.28; Figure
3A). Although the CC genotype was associated with no
significant risk of T2DM compared to the CT genotype among
Asians (OR, 1.13; 95% CI, 0.87-1.48; Figure 3B), the CC and CT
genotypes were associated with 1.8-fold (95% CI, 1.21-2.68;
Figure 3C) and 1.6-fold (95% CI, 1.29-2.01; Figure 3D) higher
risks than the TT genotype, respectively.
FIGURE 1 | Flow diagram of included studies.
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DISCUSSION

The inconsistency in the results regarding the association between
the ABCA1 69C>T polymorphism and the risk of T2DM
underlines the need for a meta-analysis on this topic. Therefore,
we performed a meta-analysis including 10 studies and found that
ABCA1 69TT is associated with a decreased risk of T2DM; this
tendency was more pronounced in the Asian population.

ABCA1 is an efficient transporter of cholesterol from the
cell to the liver and is highly expressed in b cells (17, 34).
The absence of ABCA1 in b cell results in accumulation of
cellular cholesterol, reduction in insulin secretion, and
progressive impairment in glucose tolerance (17). In this
regard, several studies investigating the association between
the ABCA1 polymorphisms and the risk of T2DM have been
conducted. A meta-analysis investigating the association
between ABCA1 219R>K polymorphism and the risk
of T2DM revealed that patients with a variant allele had a
lower risk of T2DM (35). Another meta-analysis on the
association between the ABCA1 230R>C and ABCA1 69C>T
polymorphisms and T2DM showed that these single
nucleotide polymorphisms were not associated with increased
susceptibility to T2DM (36). However, the aforementioned
meta-analysis included data only from three studies; hence,
further meta-analyses including recently published studies
are warranted.

Cholesterol accumulation in b cells impairs glucose
metabolism and reduces insulin secretion (16). Several clinical
studies have shown that ABCA1C69T is associated with
lipoprotein metabolism. Patients with the ABCA1 69CC
genotype had higher plasma triacylglycerol and very-low-
density lipoprotein cholesterol levels than patients with the CT
genotype (37). In addition, a study that included 391 Han
Chinese adults showed that patients with the ABCA1 69CT or
TT genotype had 0.68-fold lower risk of non-alcoholic fatty liver
disease than those with the CC genotype (38). In line with these
studies, our results indicate that the ABCA1 69T allele is
associated with decreased risk of T2DM.

Because eight of the 10 included studies were conducted in
Asian populations, we performed a subgroup analysis for the
Asian population. Similar to the overall result, the ABCA1
69CC or CT genotype was significantly associated with higher
risk of T2DM than the TT genotype in the Asian population;
the association size (OR value) was greater than that for the
entire study.

Our study has some limitations. First, it was not possible to
perform the subgroup analysis for the non-Asian population
because only two studies were available. Second, T2DM is a
complex and multifactorial disease; therefore, potential
gene-gene and gene-environment interactions should be
considered. However, insufficient information, including
nutrition, lifestyle, and demographic details, precluded
further adjustments in the analysis. Third, our meta-analysis
had substantial heterogeneity, possibly because of the small
number of studies included.
T
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In conclusion, ourfindings indicate a significant associationbetween
the ABCA1 69C>T polymorphism and T2DM risk. Large-scale
population-based association studies should be conducted to validate
the risk indicated by our meta-analysis and investigate potential
gene-gene and gene-environment interactions on T2DM risk.
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FIGURE 3 | Forest plots showing the association between the ABCA1 69C>T genotype and T2DM risk in Asians. (A) CC or CT vs. TT, (B) CC vs. CT,
(C) CC vs. TT, (D) CT vs. TT.
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FIGURE 2 | Forest plots showing the association between the ABCA1 69C>T genotype and T2DM risk. (A) CC or CT vs. TT, (B) CC vs. CT, (C) CC vs. TT, (D) CT vs. TT.
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