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Introduction: Published data regarding the association between solute carrier family 30,

member 8 (SLC30A8) rs13266634 polymorphism and type 2 diabetes mellitus (T2DM)

and impaired glucose regulation (IGR) risks in Chinese population are in-consistent.

The purpose of this meta-analysis was to evaluate the association between SLC30A8

rs13266634 and T2DM/IGR in a Chinese population.

Material and Methods: Three English (PubMed, Embase, and Web of Science) and

three Chinese databases (Wanfang, CNKI, and CBMD database) were used for searching

articles from January 2005 to January 2018. Odds ratio (OR) and 95% confidence interval

(95%CI) were calculated with the random-effect model. Trial sequential analysis was also

utilized.

Results: Twenty-eight case-control studies with 25,912 cases and 26,975 controls

were included for SLC30A8 and T2DM. Pooled risk allele C frequency for rs13266634

was 60.6% (95%CI: 59.2–62.0%) in the T2DM group and 54.8% (95%CI: 53.2–56.4%)

in the control group which had estimated OR of 1.23 (95%CI: 1.17–1.28). Individuals

who carried major homozygous CC and heterozygous CT genotype were at 1.51 and

1.23 times higher risk of T2DM, respectively, than those carrying minor homozygous

TT. The most appropriate genetic analysis model was the co-dominant model based

on comparison of OR1, OR2 and OR3. Five articles that involved 4,627 cases and

6,166 controls were included for SLC30A8 and IGR. However, no association was

found between SLC30A8 rs13266634 and IGR (C vs. T, OR = 1.13, 95%CI: 0.98–1.30,

p= 0.082). TSA revealed that the pooled sample sizes of T2DM exceeded the estimated

required information size but not the IGR.

Conclusion: The present meta-analysis demonstrated that SLC30A8 rs13266634 was

a potential risk factor for T2DM, and more studies should be performed to confirm the

association between rs13266634 polymorphism and IGR.

Keywords: type 2 diabetes mellitus, impaired glucose regulation, SLC30A8, rs13266634, polymorphism, meta-

analysis
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is an expanding global health
problem (1). There are 347 million people worldwide with
diabetes, and more than 80% of diabetes deaths occur in low-
and middle-income countries. According to statistics, 9.7% of
people in China have type 2 diabetes, which not only threatens
health, but also reduces quality of life and life expectancy (2). The
onset of T2DM is multifactorial due to the interplay of common
variation in multiple genes and environmental factors, but the
exact pathogenesis of T2DM remains unclear (3).

Before type 2 diabetes occurs, glucose control is altered, which
is reflected by higher fasting glucose and/or higher post-prandial
glucose. This phenomenon is called impaired glucose regulation
(IGR) and IGR is regarded as pre-diabetic state that includes
impaired fasting glucose (IFG) and/or impaired glucose tolerance
(IGT) (4). High glucose may cause an adverse effect on insulin
sensitivity and secretion, further developing into glucotoxicity
(5). Previous studies have shown that 5–10% IGT individuals
develop diabetes each year, although some revert to normal
glucose tolerance (6).

Recent developments in the understanding of T2DM have
been heightened by the potential relevance of dysfunctional zinc
signaling in this disease. Zinc is an important element for insulin
storage and secretion (7). Zinc transporter 8 (ZnT-8), a member
of the zinc transporter family, has been shown to bind with
insulin in beta cells to form a solid hexamer, which is stored
in secretory vesicles (8). Zinc transporter solute carrier family
30 member 8 (SLC30A8) is located on chromosome 8q24.11.
It encodes ZnT-8, which is highly expressed in pancreatic islets
and beta cells. ZnT-8 transports zinc from the cytoplasm into
insulin secretary vesicles. Some studies have shown that the
polymorphisms of SLC30A8 are associated with β-cell function
and insulin release in vivo (9, 10) and in vitro (11).

The non-synonymous single-nucleotide polymorphism,
rs13266634, of SLC30A8 causes an amino acid change from
arginine (R) to tryptophan (W) at position 325 (Arg325Trp). The
association of rs13266634 polymorphism in IGR and T2DM has
been demonstrated in different ethnic groups via GWAS (12–16).
The major C allele of the rs13266634 polymorphism is strongly
associated with Chinese IGR and T2DM patients. However, the
results are contradictory, and not all variants associated with
type 2 diabetes are related with impaired glucose. These different
results might be due to racial and regional differences, and they
may be due to the limitation of the number of patients per
study. To reduce the influence of diverse genetic backgrounds, a
meta-analysis based on the Chinese population was performed

Abbreviations: 95%CI, 95% confidence interval; BMI, body mass index; CNKI,

China National Knowledge Infrastructure; GWAS, genome-wide association

study; HWE, Hardy-Weinberg equilibrium; IFG, impaired fasting glucose; IGR,

impaired glucose regulation; IGT, impaired glucose tolerance; LDR, ligase

detection reaction; OR, odds ratio; PCR-HRM, polymerase chain reaction–high

resolution melt; PCR-RFLP, cleaved amplification polymorphism sequence-tagged

sites; RRR, relative risk reduction; SLC30A8, zinc transporter solute carrier family

30 member 8 gene; SNP, single nucleotide polymorphism; T2DM, type 2 diabetes

mellitus; TSA, trial sequential analysis; WHO, World Health Organization; ZnT-8,

zinc transporter 8

to assess the relationship between rs13266634 polymorphism
and IGR/T2DM.

MATERIALS AND METHODS

Search Strategy
We searched the PubMed, Embase, Web of Science, China
National Knowledge Infrastructure (CNKI), Wan Fang and
CBMD databases for articles published prior to January 2018.
The searching languages contained both English and Chinese,
and only published studies were considered. The search
strategy was based on combination of “SLC30A8,” “rs13266634,”
“polymorphism∗,” “variant∗,” “genotype∗,” “diabetes,” “T2DM,”
“impaired glucose regulation,” “IGR,” “Chinese,” and “China.”
References of retrieved articles were also screened and selected.

Inclusion and Exclusion Criteria
Studies included in the meta-analysis met all of the following
criteria: (1) the association between SLC30A8 rs13266634
polymorphism and T2DM/IGR; (2) Chinese population; (3)
sufficient data about allele or genotype frequency in cases
and controls; (4) providing the odds ratio (OR) and its 95%
confidence interval (95%CI) of the polymorphism; and (5) and
clear diagnosis of T2DM/IGR. Studies were excluded if genotype
frequency data in the controls demonstrated departure from
Hardy-Weinberg equilibrium (HWE). When the same data were
included in more than one publication, only the most relevant
articles with the largest data set were included in the final analysis.

Data Extraction
The following data elements from each study were extracted:
name of first author, year of publication, region of the study
population, ethnicity of Chinese population, source of control,
genotype method, diagnostic criteria, risk allele (C allele)
frequency, number of cases and controls, mean (or median) body
mass index (BMI), percentage of men in cases and controls, and
mean (or median) age. Data were independently extracted by
two investigators who reached a consensus on all of the items.
If there was a lack of genotype information, we contacted the
corresponding author to obtain required data.

Risk of Bias Assessment
The quality of studies was also independently assessed by two
reviewers (DF and ZFF) based on a risk of bias assessment
for genetic association study which was modified on the basis
of both traditional epidemiologic considerations and genetic
issues that were developed by Thakkinstian et al. (17, 18). The
score was divided into five domains, including information bias,
confounding bias, selective reporting of outcomes, population
stratification, and Hardy-Weinberg equilibrium (HWE) in the
control group. Quality scores of each study ranged from 0
(lowest) to 15 (highest). Studies with scores≤10 were categorized
into low quality, while those with scores >10 were considered as
high quality. Disagreement between the two reviewers was solved
by a senior reviewer (JCX).
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Statistical Analysis
We used Stata 11.0 (College Station, TX, USA) for all statistical
analyses. The HWE was examined in control groups by Fisher’s
Exact Test. If the study was found not to be in HWE with P-value
<0.05, it was considered to be disequilibrium. Both per-allele and
per-genotype approaches were performed to estimate the effect of
the rs13266634 polymorphism on the risk of T2DM or IGR.

Per-allele analysis: The risk allele C frequency for rs13266634
was estimated for each study by reported data, and the overall
prevalence and 95% confidence interval (95%CI) were estimated.
Odds ratios (ORs), as well as 95%CI, were also estimated.

Per-genotype analysis: The genotype effect was also calculated
if the genotype data could be extracted from the study. Three
odds ratios were estimated: CC vs. TT (OR1), CT vs. TT (OR2),
and CC vs. CT (OR3). If the main effect of the genotype was
statistically significant, further comparisons of OR1, OR2 and
OR3 were explored. These pairwise differences were used to
indicate the most appropriate genetic model as follows: (1). If
OR1 = OR3 6= 1 and OR2 = 1, a recessive model was suggested.
(2). If OR1 = OR2 6= 1 and OR3 = 1, then a dominant model
was suggested. (3). If OR2 = 1/OR3 6= 1 and OR1 = 1, then a
complete overdominant model is suggested. (4). If OR1>OR2>

1 andOR1>OR3> 1 (or OR1<OR2< 1 andOR1<OR3< 1),
a co-dominant model was suggested.

The estimation of the allele or genotype effect on T2DM
was calculated by an OR and 95%CI. The Z-test was used to
determine the statistical significance of the pooled OR, and
its P-value was used to determine if the overall SNP effect
was significant (α = 0.05). The Q test based on a Chi-square
analysis was used to assess the existence of heterogeneity.
p = 0.01 was selected as the boundary value of the judgment
to minimize type 2 errors (19). The pooled OR with 95%
CI was calculated using the random-effects model based on
the DerSimonian and Laird method (20). The random-effects
model was chosen a priori because it is considered as more
conservative than the fixed-effects model, as it accounts for both
within- and between-study heterogeneity (21). In addition, the
degree of heterogeneity was quantified using I2 (I2 < 25%,
no heterogeneity; 25% < I2 < 50%, moderate heterogeneity;
50% < I2 < 75%, large heterogeneity; and I2 > 75% extreme
heterogeneity) (22). A random-effects model was selected if I2

was >50%. The cause of heterogeneity was explored by fitting
covariates (i.e., age, body mass index, percentage of men, source
of control, genotypemethod, or sample size) in a meta-regression
if these data were available. A subgroup analysis was performed
according to publication year, source of control, sample size, and
quality scores.

A sensitive analysis with a single study being removed
each time was performed to reflect the influence of the
individual data set on the pooled OR. Publication bias was
evaluated using Egger’s linear regression asymmetry test and
visual inspection of funnel plots, and the influence of potential
publication bias on results was explored by using the Duval
and Tweedie trim-and-fill procedure (23, 24). P < 0.05 was
considered statistically significant in all analyses, except for
the Egger test (p < 0.10) because of the low power of
the test.

Trial Sequential Analysis
Meta-analyses might result in type-I errors owing to an increased
risk of random error when fewer patients are involved, and
due to continuous significance testing when a cumulative meta-
analysis is updated with new studies (25, 26). Therefore, to assess
the risks of random errors, trial sequential analysis (TSA) was
performed using Stata 11.0 software package (metacumbounds
command), which combines information size estimation for
meta-analysis (cumulated sample size of included trials) with an
adjusted threshold for statistical significance in the cumulative
meta-analysis. TSAwas conducted with the intention tomaintain
an overall 5% risk of a type I error and a power of 80%. For
the calculation of the required information size, an intervention
effect of a 20% relative risk reduction (RRR) was anticipated
using the control event proportion calculated from the actual
meta-analyses.

RESULTS

Studies Included in the Meta-Analysis
A total of 381 articles were retrieved by literature search
(Figure 1). After removal of 124 duplicates, 257 studies were
screened for title and abstract as well as full text with 38
articles determined to be eligible. The following 10 studies were
further excluded: five duplicate publications (27–31); four articles
(32–35) with controls not in HWE; and one study (36) that

FIGURE 1 | Flow chart for the selection of included studies.
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reported data in combination with T2DM and IGR cases. Finally,
28 case-control studies with 25,912 cases and 26,975 controls
were associated with T2DM, and five studies with 4,627 cases and
6,166 controls were associated with IGR. The characteristics and
genotype distribution of included studies are listed in Table 1;
Supplementary Table 1.

Association Between SLC30A8 rs13266634
Polymorphism and T2DM Risk
Per-allele analysis: The pooled allele frequency was calculated
in both case and control groups. The risk allele C frequency
was 60.6% (95%CI: 59.2–62.0%) in the T2DM group with high
heterogeneity (I2 = 88.8%, p < 0.001) and 54.8% (95%CI: 53.2–
56.4%) in the control group (I2 = 91.5%, p < 0.001). The odds
ratio (C vs. T) was largely heterogenous (χ2 = 34.24, p = 0.008,
I2 = 50.35) with a pooled odds ratio of 1.23 (95%CI: 1.17–1.28),
and the overall SNP effect estimated by the random effect model
was significant (p < 0.001; Table 2; Figure 2). These results
suggested that individuals carrying the major C allele had 23%
increased risk of developing T2DM than those carrying theminor
T allele.

The pooled OR and 95% CI for the association between the
rs13266634 polymorphism and T2DM risk was 1.51 (1.38, 1.65;
p < 0.001) with large between-study heterogeneity (I2 = 53.9%)
for CC vs. TT, 1.23 (1.15, 1.30; p < 0.001) with small
heterogeneity (I2 = 19.4%) for CT vs. TT, and 1.19 (1.14, 1.25;
p < 0.001) with small heterogeneity (I2 = 12.2%) for CC vs. CT,
which suggests a co-dominant model (CC vs. CT vs. TT) for the
putative susceptibility allele C with T2DM (Table 2).

Stratified analysis indicated significantly stronger associations
among controls coming from hospitals, among studies with lower
number of participants, and among studies with lower quality
for C vs. T (OR for controls from hospitals vs. populations:
1.35 vs. 1.17, p interaction = 0.008; OR for studies with sample
size <1,000 vs. ≥1,000: 1.40 vs. 1.19, p interaction = 0.023;
OR for studies with quality score <10 vs. ≥10: 1.35 vs. 1.18,
p interaction = 0.018), for CC vs. TT (OR for controls from
hospitals vs. populations: 1.88 vs. 1.36, p interaction = 0.002;
OR for studies with sample size <1,000 vs. ≥1,000: 1.51 vs.
1.32, p interaction = 0.018; OR for studies with quality score
<10 vs. ≥10: 1.51 vs. 1.30, p interaction = 0.009), and for CC
vs. CT (OR for controls from hospitals vs. populations: 1.45
vs. 1.16, p interaction = 0.006; OR for studies with sample
size <1,000 vs. ≥1,000: 1.48 vs. 1.19, p interaction = 0.049;
OR for studies with quality score <10 vs. ≥10: 1.42 vs. 1.18, p
interaction= 0.029; Table 2). Meta-regression further confirmed
the effect of the source of control and quality score, but not
total sample size, for C vs. T, CC vs. TT, and CC vs. CT
comparisons (Supplementary Table 2). Influence analyses by
removing one study each time revealed that the pooled ORs
remained significant for all comparisons (Table 2).

Egger’s test showed significant evidence of publication bias (C
vs. T: p = 0.014; CC vs. TT: p = 0.008; CC vs. TT: p = 0.015;
CC vs. TT: p = 0.090), and the funnel plots for all comparisons
were asymmetric. However, after imputing 6, 6, 4, and 1 missing
studies for C vs. T, CC vs. TT, CC vs. TT, and CC vs. TT,

respectively, by using the trim-and-fill method, the recalculated
pooled ORs were not substantially different from the initial
(Figure 3; Supplementary Table 3).

Trial sequential analyses: Because both the monitoring
boundaries and information size had a cumulative Z-statistic
>1.96, the evidence confirmed a risk effect of C allele on
prevalence of T2DM (Figure 4).

Association Between SLC30A8 rs13266634
Polymorphism and IGR Risk
The pooled frequency of the major C allele was estimated to
be 57.2% (95%CI: 55.8–58.7%) with moderate heterogeneity
(I2 = 43.0%) in IGR group, and it was 54.0% (95%CI: 50.5–
57.5%; I2 = 90.0%) in the control group. The pooled OR of C
vs. T was 1.13 (95% CI: 0.98–1.30; p = 0.082) with significant
between-study heterogeneity (I2 = 81.0%; Figure 5). Egger’s test
(p= 0.257) suggested that there was no publication bias.

Per-genotype analysis also indicated that there were no
significant associations between rs13266634 polymorphism and
IGR risk (OR1: 1.27, 0.96–1.68, p = 0.089; OR2: 1.13, 0.95–1.34,
p= 0.169; OR3: 1.08, 0.95–1.21, p= 0.243; Table 2).

Trial sequential analyses: because the cumulative z-curve
fluctuated around both the traditional boundary and the trial
sequential monitoring boundary, the evidence was not conclusive
for the outcome (Figure 6).

DISCUSSION

A systematic review and meta-analysis was performed to
investigate the association between SLC30A8 rs13266634 and
T2DM and IGR in a Chinese population, including 25,912 cases
and 26,975 controls from 28 studies associated with T2DM, as
well as 4,627 cases and 6,166 controls from five studies associated
with IGR. The results suggested a significant association between
the rs13266634 polymorphism and T2DM, which is consistent
with previous results (64) but different from a study in Arab
ethnicity (65). This association was also reported as significant
in an African population under the allelic model, but neither
under the codominant or recessive model (66). The expression
differences of the same polymorphism between different ethnic
groups might be caused by different genetic backgrounds and
various environmental factors (67). In the present meta-analysis,
individuals who carried the C allele had 23% increased risk
of developing T2DM relative to those carrying the T allele
in the Chinese ethnicity. These results were consistent but
slightly higher than the GWAS database, which reports that
people carrying the C allele may have an increased 18% risk of
developing T2DM in a Finnish population (13). The genotype
effect calculation showed that people with homozygous and
heterozygous genotypes had 51 and 23%, respectively, higher risk
of developing T2DM. The result agreed with GWAS research
showing that homozygous and heterozygous individuals had 53
and 18%, respectively, higher risk of having T2DM (15). The
frequency of risk allele C was 54.8% in the healthy Chinese group,
which was lower than that in French (69.9%), Austrian (74.03%),
and African American populations (91.59%) (15, 68). There were
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FIGURE 2 | Forest plot of association between SLC30A8 rs13266634 polymorphism and T2DM risk in C vs. T model.

five case-control studies that described the association between
the rs13266634 polymorphism and IGR, which included 4,627
cases and 6,166 controls. The evaluation indicated that the
rs13266634 polymorphism was not associated with IGR in the
Chinese population (OR= 1.13, 95%CI= 0.98–1.30, p= 0.082).
It should be noted that this result was not consistent with the
study in Europeans (13). These discrepancies may be attributed
to the difference between genetic backgrounds of population
substructure and sample size.

Zinc is necessary in β-cells for insulin crystallization in
hexamers. Zinc is co-secreted with insulin, and participates in
the regulation of β-cell mass by antioxidant actions (69, 70).
Zinc plays an important role in β-cell function and insulin
homeostasis. The ZnT8 transporter is primarily expressed in β-
cells and co-localizes with insulin-containing secretory granules
(71), and the alteration of ZnT8 expression may modulate
insulin secretion. A previously study suggested that the SLC30A8
rs13266634 polymorphism impairs ZnT8 expression in islets
by disrupting the protein kinase A and protein kinase C
recognition motif (R-X-S/T) in the ZnT8 molecule (7). Recent

research has shown that the SLC30A8 variant may affect glucose
via modulating total zinc intake (72). These studies provided
information for the underlying mechanisms of impaired glucose
regulation and T2DM, potentially aiding the development of
novel and individualized medical therapies. However, neither
environmental triggers nor genetics alone can explain type 2
diabetes as a multifactorial disease. Thus, a close interaction
between genetics and environment is presumed. Hence, it
is still too early to draw such a conclusion until more
functional research and larger population-based validation tests
are performed.

Stratified analysis of control source, sample size, and quality
score for T2DM showed that a significantly higher risk of
T2DM was found in studies conducted using control source
from hospitals with sample size <1,000 and with quality score
<10. These results suggested that studies using controls from
hospitals, small sample size, and low quality tend to overestimate
the overall effect. However, subgroup analyses revealed that the
risk effect of C allele from studies with controls from population,
large sample size, and higher quality persisted. In addition, after
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FIGURE 3 | Trill and fill plot of associations between SLC30A8 rs13266634 polymorphism and T2DM risk in C vs. T model.

FIGURE 4 | Trial sequential analysis for association between SLC30A8 rs13266634 polymorphism and T2DM risk in C vs. T model.

excluding studies with controls from hospitals, small sample size,
and especially low quality studies, the significant heterogeneity
for allele comparison was markedly reduced from 55.5 to 27.1–
42.8% for the CC vs. TT comparison as well as from 53.9 to 24.5–
36.9% for the C vs. T comparison. The effect of quality score was
the most evident because calculation of quality scores considered
both the source of controls and sample size.

To the best of our knowledge, this is one of the most
comprehensive meta-analysis for the association of SLC30A8
rs13266634 polymorphism in IGR and T2DM risk in a
Chinese population. A detailed search strategy was used in
multiple databases, which was applied to include as many
eligible studies as possible. Data extraction was performed
in duplicate, and the qualities of included studies were
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FIGURE 5 | Forest plot of association between SLC30A8 rs13266634 polymorphism and IGR risk in C vs. T model.

FIGURE 6 | Trial sequential analysis for association between SLC30A8 rs13266634 polymorphism and IGR risk in C vs. T model.

evaluated by similar scale. Previous studies have confirmed
the association between SLC30A8 and T2DM (64, 73), but
subgroup analysis was based only on different continents.
Thus, it was necessary to perform a meta-analysis in the
Chinese population due to its large population base and
complicated genetic backgrounds. In addition, TSA was
conducted to test if sufficient information size had been
reached, minimizing potentially false positive results and
providing the basis for further studies. TSA indicated that

the cumulative Z-curve of the IGR fluctuated around both
the traditional boundary and the trial sequential monitoring
boundary, suggesting that additional studies are needed for this
endpoint.

Limitations
There were limitations in our study. First, case-control
studies may overestimate the effect size of the association,
which make the relationship between exposure and outcome
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less clear. To avoid such bias, the population should be
based on a nested case-control study. Second, there were
19 articles with genotype data (19/28), and the estimation
of genotype effects on T2DM may not be strong enough.
Thus, a more precise association should be explored with
sufficient data. These results should be interpreted with caution
until further verification of sequencing approaches and larger
meta-analysis are performed. Finally, significant publication
bias was observed for all comparisons for T2DM. However,
after imputing missing studies by using the trim-and-fill
method, the recalculated pooled ORs were not substantially
changed.

CONCLUSION

The present meta-analysis indicated that the rs13266634C
allele in the SLC30A8 gene was associated with T2DM risk
in the Chinese population. More studies are needed to
confirm the association between rs13266634 polymorphism
and IGR risk. The current evidence is insufficient to
inform clinical decision making or policies until better
understanding of the full functional implications is obtained.
In addition, comprehensive analyses of gene-gene and gene-
environment interactions should also be evaluated in the
future.
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