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Accumulating but inconsistent data about the role of rs13266634 variant of SLC30A8 in type 2 diabetes have
been reported, partly due to small sample sizes and non-identical ethnicity.

We searched PubMed and Cochrane Library to identify eligible studies and extract data of baseline character-
istics, genotype count, odds ratio (OR), and 95% confidence interval (Cl). Both adjusted OR with 95% Cl and
genotype counts were employed to assess the association. Genotype data were further pooled to provide es-
timates under different genetic models and the most appropriate model was determined. Sensitivity and cu-
mulative analysis were conducted to assure the strength of results.

Fifty-five datasets of 39 studies (including 38 of 24 with genotype count) were included. Significant associa-
tions were found in allelic contrasts using adjusted ORs and raw genotype count, respectively, overall in Asian
and European populations (overall: OR=1.147/1.157, 95% Cl 1.114-1.181/1.135-1.180; Asian: OR=1.186/1.165,
95% Cl 1.150-1.222/1.132-1.198; European: OR=1.100/1.151, 95% C| 1.049-1.153/1.120-1.183; All p=0.00),
but not in African populations (African: OR=1.255/1.111, 95% Cl 0.964-1.634/0.908-1.360, p=0.091/0.305).
Further analysis with genotype count under different genetic models all showed that individuals with CC gen-
otype had 33.0% and 16.5% higher risk of type 2 diabetes than those carrying TT and CT genotypes, respec-
tively, under the most likely codominant model. Cumulative analysis indicated gradually improved precision of
estimation after studies accumulated.

Our results suggest that rs13266634 may be an important genetic factor of type 2 diabetes risk among Asian
and European but not African populations.
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Background

META-ANALYSIS

Material and Methods

Diabetes is a group of worldwide prevalent, metabolic dis-
eases characterized by hyperglycemia resulting from defects
in insulin secretion, insulin action, or both. Two major etio-
pathogenetic groups of diabetes mellitus have been defined:
type 1 and type 2. Type 1 diabetes is an autoimmune disease.
Diabetes type 2 is much more prevalent and has a more com-
plicated etiology involving a combination of genetic to envi-
ronmental factors. Diabetes mellitus affects approximately
347 million people worldwide[1], 90% of which have type 2
diabetes, and accounts for an estimated 3.4 million death in
2004 [2]. The economic costs and burden of diabetes are con-
siderable, given the substantial morbidity and vital multi-or-
gan complications [3].

In recent years many genes have been identified to be asso-
ciated with type 2 diabetes susceptibility [4,5]. SLC30A8, as a
coding gene of zinc transporter 8 (ZnT8), was reported to con-
tribute to type 2 diabetes susceptibility [6-9]. ZnT8, a novel
member of ZnT family, is predominately expressed in pancre-
atic islet beta cells and is responsible for cellular efflux of zinc
from cytoplasm into intracellular vesicles. It localizes into insu-
lin secretory granules and is indispensable for insulin crystalli-
zation, storage, and secretion [10-12]. Antibodies against ZnT8
have been identified as novel biomarkers for autoimmune dia-
betes [13-19]. The association of SLC30A8 variants with type 2
diabetes has also received much attention, with an important
polymorphism, rs13266634, being the most studied [19-29].
This non-synonymous variant (rs13266634) is a C-to-T vari-
ant (arginine to tryptophan at position 325, R325W) and had
been confirmed to be associated with higher risk of type 2 di-
abetes in various ethnic populations [6-9,30-33].

Although a number of studies, including some meta-analy-
ses, have been conducted to investigate the association be-
tween rs13266634, the most common variant of SLC30AS, and
the risk of type 2 diabetes in diverse populations, the results
were mixed and inconclusive, possibly due to the relatively
small sample size in the included studies. Meta-analysis is a
cost-effective method to increase sample size by combining
data from different independent studies, and is recognized as
a ideal tool for summarizing inconsistent results from multi-
ple studies. There has recently been an increase in the num-
ber of these studies, but there is no updated meta-analysis
investigating the association between them. To provide the
most comprehensive assessment of the relationship between
rs13266634 variant and type 2 diabetes risk, we performed an
updated meta-analysis of all available studies.

The meta-analysis was conducted according to the PRISMA
statement (Preferred reporting items for systematic reviews
and meta-analyses, checklist S1) [34] and meta-analysis on
genetic association studies (checklist S2).

Search strategy

We searched PubMed and Cochrane Library from 2007, the
year when the association of SLC30A8 and diabetes was first
reported [6-9], to identify all relevant papers on humans pub-
lished in English. The following terms were used in searching:
(rs13266634 or zinc transporter protein member 8 or ZnT8 or
ZnT-8 or SLC30A8) and (polymorphism or variant or loci) and
diabetes. All eligible studies were retrieved and their referenc-
es were checked for other relevant publications in English. The
titles and abstracts were scanned to exclude studies that were
clearly irrelevant to the current topic. The full text of the remain-
ing articles was read to determine whether they contained in-
formation of interest. Two independent reviewers (Cheng and
Zhang) performed a systematic search in PubMed and Cochrane
databases, with the last search updated on June 25, 2014.

Inclusion and exclusion criteria

Studies included in the meta-analysis were required to meet
the following criteria: (1) case-control study or prospective
study that evaluated the association between rs13266634 and
type 2 diabetes in humans; and (2) had an odds ratio (OR) with
95% confidence interval (CI) or detailed genotype data for es-
timating OR (95% Cl). Exclusion criteria are: (1) duplication of
previous publications; (2) comment, review, or editorial; and
(3) family-based studies of pedigrees.

Data extraction

Two investigators (Cheng and Zhang) independently extract-
ed information from all eligible publications. The results were
compared and disagreements were discussed until a consen-
sus was reached. Data extracted from each study included
the following characteristics: the first author’s name, the year
of publication, ethnicity of participants, age, age at diagno-
sis, body mass index (BMI), fasting plasma glucose (FPG), to-
tal number, genotype numbers and frequency, and the most
completely adjusted estimate (OR and 95% Cl, respectively)
of the rs13266634 polymorphism in the cases and controls.
If dissent still existed, the third investigator (Zhou) would be
involved to adjudicate the disagreements. For those included
articles without all desired wanted data, we emailed the au-
thors, providing contact information, to ask for details.
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Quality score assessment

The quality of selected studies was assessed by 3 investigators
(Cheng, Zhang, and Zhou) independently scoring studies accord-
ing to a set of predetermined criteria adjusted from previous
reports [35,36]. Quality scores ranged from 0 to 10 and stud-
ies were scored as “good” if the score was 8-10, “fair” if the
score was 5-7, and “poor” if the score was <4. Discrepancies
were resolved by discussion.

Statistical analyses

All statistical tests were conducted with STATA software ver-
sion 11.0 (STATA Corp, College Station, Texas).

To investigate the association strength between SLC30A8
rs13266634 polymorphism and the susceptibility of type 2
diabetes, we used adjusted ORs and corresponding 95% Cls
from all studies, and calculated ORs from studies with gen-
otype distribution information to pool ORs and correspond-
ing 95% Cls. For those studies with raw genotype count, we
then obtained pooled ORs and corresponding 95% Cls from
combination of single studies by homozygote and heterozy-
gote comparison (CC vs. TT, OR; CT vs. TT, OR_; CC vs. CT, OR)),
overdominant (CC+CT vs. TT) an dominant and recessive mod-
els (CC vs. CT+TT and CC+CT vs. TT), respectively. We also per-
formed subgroup analysis on ethnicity, Hardy-Weinberg equi-
librium (HWE), genotyping methods, sample size (large sample
>1000, small sample <1000), study design (population-based
case-control study, hospital-based case-control study, and pro-
spective study), and quality of studies in these comparisons.
Environmental effects associated with diabetes, such as diet
and exercise, were not analyzed due to limited details. Z-test
was used for assessing the significance of the pooled ORs, with
p<0.05 considered statistically significant. A biological justifi-
cation for the choice of the genetic model was estimated ac-
cording the relationships of OR , OR, and OR, [37]. Cumulative
meta-analysis by publication year was conducted to investigate
time-based fluctuation and robustness of results.

Heterogeneity among the studies was evaluated as notable by
the chi-square-based Q-test (significance level of p<0.10) and/or
12 index (greater than 50% as evidence of significant inconsis-
tency) [38] and the random-effects model (DerSimonian and
Laird method); otherwise, the fixed-effects model (Mantel and
Haenszel method) was employed. The significance of pooled
ORs was determined by Z-test and p<0.05 was considered as
statistically significant. For the controls of each study with de-
tailed genotype count, HWE was evaluated using the good-
ness-of-fit chi-square test and a p<0.05 was considered to de-
viate from HWE. To identify the effect of any individual study,
especially studies deviating from HWE, we pooled results and
assessed the stability of the results. Sensitivity analysis was
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also carried out by deleting a single study each time to exam-
ine the influence of individual data sets on the pooled ORs.
Publication bias of literature was examined using Begg’s fun-
nel plots and Egger’s test [39]. An asymmetrical plot suggests
possible publication bias and the p value of Egger’s test less
than 0.05 was considered the presence of potential publica-
tion bias [40].

Results

Flow of included studies and characteristics of studies

Figure 1 is a flow diagram illustrating the strategy used to
identify and select studies for inclusion in the meta-analysis.
According to the PubMed and Cochrane database with asso-
ciated key words, a total of 156 articles were retrieved and 2
studies from references were included. After excluding 2 dupli-
cates, 156 articles were screened by titles and abstracts and 106
of them were excluded as review articles or irrelevant studies.
Fifty studies appeared to satisfy our criteria and their full texts
were evaluated. In further examination, we excluded 11 stud-
ies deviating from inclusion criteria. Finally, 39 studies, includ-
ing 36 case-control studies, 2 prospective studies, and 1 study
including both case-control and prospective groups, were eligi-
ble and included in our meta-analysis[6-9,28,30,31,33,41-71].

A summary of characteristics of each selected study, including
first author, year of publication, ethnicity, genotype distribution,
HWE, score of studies, and adjusted estimate (OR and 95% Cl).

Overall meta-analysis and stratified analysis

We pooled overall and ethnic-specific ORs for allelic contrast
with adjusted or calculated ORs, respectively, from the includ-
ed studies to assess the association between rs13266634
variants and susceptibility to type 2 diabetes (Table 1 and
Figure 2). A significant association was identified with ad-
justed ORs from all eligible studies in the overall population,
Asian and European populations, but not in African population
(Overall population: OR=1.147, 95% Cl 1.114-1.181, p=0.000;
Asian: OR=1.186, 95% Cl 1.150-1.222, p=0.000; European:
OR=1.100, 95% Cl 1.049-1.153, p=0.000; African: OR=1.255,
95% Cl 0.964-1.634, p=0.091) using the random-effects mod-
el from 55 data sets of 39 independent studies with 65 767
cases and 100 182 controls. Similar results were acquired us-
ing calculated ORs from 38 datasets of 24 studies with de-
tailed genotype distribution under the fixed-effects model
(overall population: OR=1.157, 95% Cl 1.135-1.180, p=0.000;
Asian: OR=1.165, 95% Cl 1.132-1.198, p=0.000; European:
OR=1.151, 95% Cl 1.120-1.183, p=0.000; African: OR=1.111,
95% Cl 0.908-1.360, p=0.305).
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— Figure 1. Flow diagram of study selection.
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Then 38 data sets from 24 studies with detailed genotype
distribution were analyzed employing different genetic mod-
els. The fixed-effects model was conducted in all genet-
ic models except for overdominant model analysis, which
showed significant heterogeneity (p<0.1) The pooled analy-
sis of all genetic models yielded significant overall associa-
tion (CC+CT vs. TT: OR=1.216, 95% Cl: 1.123-1.318, p=0.000;
CCyvs. CT+TT: OR=1.197, 95% Cl: 1.165-1.229, p=0.000; CC+TT
vs. CT: OR=1.086, 95% Cl: 1.050-1.123, p=0.000; CC vs. TT:
OR,=1.330, 95% Cl: 1.274-1.388, p=0.000; CT vs. TT: OR,=1.136,
95% Cl: 1.089-1.184, p=0.000; CC vs. CT: OR,=1.165, 95% Cl:
1.132-1.198, p=0.000). When stratifying the data by ethnici-
ty, we observed an increased risk among Asians in all except
the overdominant model (CC+TT vs. CT, p=0.050). Significant
associations were also found among Europeans. Not surpris-
ingly, this polymorphism did not appear to influence risk of
African population and type 2 diabetes in all genetic models
(Table 1 and Figure 3).

According to the recommendation of Thakkinstian et al. [37],
pairwise differences of OR,, OR, and OR, were used to indicate
the most appropriate genetic model (OR,=OR_#1,0R,=1, reces-
sive model; OR,=0OR,#1, OR_ =1, dominant model;0R =1,0R #1,
OR,=1, overdominant model; OR>OR,>1,0R,>0R<1 or
OR <OR<1, OR,<OR <1, codominant model). The pooled OR1
for CC versus TT, OR2 for CT versus TT, OR3 for CC versus
CT(OR,=1.330, OR,=1.136, OR,=1.165) suggested that a co-
dominant effect was most likely and that individuals with CC
genotype had 33.0% and 16.5% higher risk of type 2 diabetes
than those carrying TT and CT genotypes, respectively. We fur-
ther carried out subgroup analysis under this genetic model

based on HWE, genotyping methods, sample size, study de-
sign and quality of studies (conducted by fixed-effects mod-
el). We observed increased risk of type 2 diabetes regardless
of HWE, genotyping methods, and study design. In subgroup
analysis stratified by ethnicity, we found that this polymor-
phism was associated with type 2 diabetes risk both in Asians
and Europeans but not in Africans. In subgroup analysis strat-
ified by sample size, we found increased risk in large sample
sizes but not small sample sizes. In subgroup analysis strat-
ified by quality of studies, however, fair quality subgroup in
CC vs. CT comparison, unlike that in CC vs. TT comparison, in-
dicated no significant association.

Test of heterogeneity and sensitivity analysis

In allelic comparison using adjusted ORs, there was hetero-
geneity across studies (P=0.000 and 12=62.0%); thus, a ran-
dom-effects model was finally employed to obtain summary
OR. The source of heterogeneity was further explored by sub-
group analysis based on ethnicity, which indicated that studies
of Europeans were mainly responsible for the overall hetero-
geneity; in allelic comparison using calculated ORs from raw
data, there was no heterogeneity across the study (p=0.152
and 12=19.2%); thus, a fixed-effects model was finally em-
ployed to obtain summary OR. For comparisons using studies
with raw genotype count, the fixed-effects model was con-
ducted in all contrasts except overdominant model (CC+CT vs.
TT: p=0.182, 12=17.1%; CC vs. CT+TT: p=0.120, 1?=21.7%; CC vs.
TT: p=0.369, 12=5.7%; CT vs. TT: p=0.126, 1>=21.2%; CC vs. CT:
p=0.122, 1?=21.6%; CC+TT vs. CT: p=0.048, 1?=29.4%) due to
heterogeneity (Table 1).

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




Cheng L et al.:
SLC30A8 rs13266634 polymorphism and type 2 diabetes risk
© Med Sci Monit, 2015; 21: 2178-2189

META-ANALYSIS

A B

Study ID OR (95% Cl) Study ID Study ID

Asian Asian

Horikoski (2007) 1.19(1.03,1.37) Horikoski (2007 1.15(1.00,1.32

Steinthorsdottir (2007) 1.19(1.06,133) orikoski (2007) (1.00,132)

Furukawa (2008) 1.10 (0.90' 136) Steinthorsdottir (2007) 1.19 (1.06, 133)

Horikawa (2008) 1.16(1.05,1.27) Furukawa (2008) 1.10(0.90, 1.36)

Lee (2008) 1.19(1.00, 1.42) Horik: 2008 1.16(1.05,1.27

Ng (2008) 1.13(1.06,1.42) orikawa (2008) 160105,1.27)

Omori (2008) 1.23(1.06,1.42) Lee (2008) 1.24(1.06,1.45)

Sanghera (2008) 0.98(0.79,1.22) Ng (2008) 1.13(1.05,1.21)

Wu (2008) 1.09(0.93,1.27) .

Xiang (2008 1RO T Omori (2008) 1.15(1.03,1.29)

Hu (2009) 1.25 (1-14: 1.37) Sanghera (2008) 0.98 (0.79, 1.22)

Rong (2009) 1.04(0.84,1.29) Rong (2009) 1.06 (0.89,1.27)

Tabara (2009) 1.10(0.91, 133) T 2 1.10(0.91,1.33

Takeuchi (2009) 118 (1.06,1.30) abara (2009) 10(0.91,133)

Takeuchi (2009) 1.24(1.17,131) Takeuchi (2009) 1.18(1.06, 1.30)

Chauchan (2010) 1.32(1.13,1.53) Takeuchi (2009) 1.24(117,131)

Chauchan (2010) 1.25(1.04,1.51)

Ham (2010 119004137 Han (2010) 1.21(1.06,137)

Huang (2010) 1.26(1.01,1.58) Huang (2010) 1.26(1.01,1.58)

Lin (2010) 1.37(1.20,1.56) Xu (2010) T 148(102,219)

Tan (2010) 106(098,113) jwata 2012) -+ 1.24(1.07,1.43)

Xu (2010) 1.20(1.09,1.32) R -

Xu (2010) 1.38(0.91,2.09) Zheng (2012) | 0.89(0.67,1.19)

Ivr\:ata ((2012)) 1.24 Ems, 1.44; Shan(2014) '!“? 1.00(0.88, 1.14)

Zheng (2012 0.88(0.65, 1.19 i 1070 01—

Chen (2012) 148,110,2.01) Subtotal (I-squared=19.7%, p=0.218) 1.16(1.13,1.20)

Shan (2014) 1.27(1.08,1.51) :

Subtotal (I-squared=29.3%, p=0.078) 1.19(1.15,1.22) European

European Scott (2007) 1.22(1.09,1.38)

Saxena (2007) 107(1.00,1.16) St (2007) 1.15(1.02,1.29)

Scott (2007) 1.22(1.08,1.38) Sladek (2007) 1.27(1.16,1.38)

Scott (2007) 1.14(1.02,1.29) Steinthorsdottir (2007) 1.19(1.09, 1.30)

Sladek (2007) 1.27(1.16,1.38) Steinthorsdottir (2007)

Steinthorsdottir (2007) 1.19(1.08,131) : ! 0.94(0.75,1.17)

Steinthorsdottir (2007) 0.94(0.57,1.17) Steinthorsdottir (2007) 1.09(0.99,1.19)

Ste!nthorsdott!r (2007) 1.09(0.99, 1.19) Steinthorsdottir (2007) + 151(1.25,1.82)

Steinthorsdottir (2007) 1.51(1.25,1.81) Steinthorsdottir (2007) =

Steinthorsdottir (2007) 1.10(0.91,1.33) " 1.10(0.91,1.34)

Zeqgini (2007) 1.12(1.02,1.23) Zeggini (2007) 1.12(1.02,1.23)

Zeqgini (2007) 1.12(1.04,1.19) Zeqgini (2007)

Bronstein (2008) 1114(1:00,130) Zeggini 2007 1:10(1.00,1.21)

Cuachi/Meyre (2008) 0.76 (0.59, 0.97) ggmi 1.17,1.00,1.36)

Cuachi/Meyre (2008) 0.76 (0.61,0.94) Zeggini (2007) 1.11(0.99, 1.25)

Cuachi/Meyre (2008) 0.97(0.80, 1.18) Cuachi/Meyre (2008)

Cuachi/Nead (2008) 091083099 o ! 20 113(0.98,1.29)

Hertel (2008) 1.17(1.07,127) vachijueyre | 1.23(1.01,149)

Lyssenko (2008) 1.10(1.03,1.18) Cuachi/Meyre (2008) 1.06 (0.86, 1.30)

\L);;sar;l;(l)( ((22%%88)) 01.8152(?1.6061. (1 ;g; Cuachi/Nead (2008) 113(1.04,1.22)

Gutierrez-Vidal (2011) 101(076,133)  VanHoek(2008) 112(1.02,1.24)

Gamboro-Melendez (2012) 1.22(1.05,1.41) Gutierrez-Vidal (2011) —_ 1.05,0.82,1.36)

m::gﬂ: gg% ?g? g)?gr, }ggg Subtotal (I-squared=25.1%, p=0.160) 6 1.15(1.12,1.18)

Subtotal (I-squared=72.6%, p=0.000) 1.10(1.05, 1.15) :

” | African 1

rican . ) =

Steinthorsdottir (2007) 126(0.88,1.81) Stelnthorsdottlr (2007) —‘-|—| 1.33(0.93, 1.90)

Cuachi/Meyre (2008) . 099(0.77,1.27) Cuachi/Meyre (2008) —_— 1.02(0.80,1.30)

Lewis (2008) . > 146(043,489)  Subtotal(-squared=29.0%, p=0.235) > 1.11(0.91,1.36)

Kifagi (2011) 1.59,1.14,2.01)

Subtotal (I-squared=51.1%, p=0.105) \ 1.26(0.96, 1.63) |

Overall (I-squared=62.0%, p=0.000) ! 1.15(1.11,1.18) Overall (I-squared=19.2%, p=0.152) Q 1.16(1.13,1.18)
|

Note: Weights are from random effects analysis | | | i l

T T T
5 1115 2 5 1 116 2

Figure 2. Stratified analysis based on ethnicity for the association between SLC30A8 polymorphism rs13266634 and type 2 diabetes

risk under allelic model. (A) Using individual adjusted ORs from all original articles, (B) using individual calculated ORs from
studies with detailed genotype distribution. Each study is shown by the point estimate of the odds ratio, and a horizontal

line denotes the 95% confidence interval. The pooled odds ratio is represented by a diamond. The area of the grey squares
reflects the weight of the study in the meta-analysis.
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Table 1. Meta-analysis of the association between rs13266634 variant and susceptibility to type 2 diabetes (all conducted under fixed-
effects model except those marked with an asterisk).

Heterogeneity test

Genetic contrasts Ethnic group Data sets (n) OR (95% Cl)

C vs. T(ajusted ORs)* Overall 55 1.147 (1.114-1.181) 0.000 62.0 0.000

African 2 1.109 (0.882-1.394) 0.377 19.5 0.265
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A B

Study ID OR (95% Cl) Study ID Study ID

T ¥
Asian wh Asian !
Horikoski (2007) —— 1.29(0.99,1.69) Horikoski (2007) = 1.15(0.93,1.42)
Steinthorsdottir (2007) = 1.39(1.10, 1.76) Steinthorsdottir (2007) -ﬂ- 1.30(1.07,1.57)
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Figure 3. Stratified analysis based on ethnicity for the association between SLC30A8 polymorphism rs13266634 and type 2 diabetes
risk under codominant genetic model. (A) CC vs. TT, (B) CC vs. CT. Each study is shown by the point estimate of the odds
ratio, and a horizontal line denotes the 95% confidence interval. The pooled odds ratio is represented by a diamond. The
area of the grey squares reflects the weight of the study in the meta-analysis.

To evaluate the effect of each individual study, especially stud-
ies deviating from HWE, on the pooled estimate, we performed
a sensitivity analysis by deleting 1 study each time in turn.
It showed that all the results hardly changed after sequen-
tial removal of each study from the total analysis, indicating
the robustness of these results (data not shown). We also ob-
served that the significance of the overall data for the differ-
ent genetic models was not statistically altered under either
random- or fixed-effects models.

Cumulative meta-analysis

Cumulative meta-analysis was also performed in allelic con-
trast with adjusted and calculated ORs by gradually includ-
ing each additional study according to published year. The
pooled genetic risk effect of both adjusted and calculated al-
lelic contrasts remained significant in the entire period stud-
ied and the 95% Cl for pooled ORs became progressively nar-
rower after adding 1 more study, indicating that the precision
of our estimation was gradually improved after adding more
studies (Figure 4).
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Figure 4. Cumulative meta-analysis of associations between the rs13266634 variant of SLC30A8 with type 2 diabetes risk in allelic
contrasts sorted by publication year. The horizontal line shows the accumulation of estimates as each study was added,
and is not the estimate of a single study. (A) Using individual adjusted ORs from all original articles, (B) using individual
calculated ORs from studies with detailed genotype distribution.

Publication bias The results still did not show any evidence of publication bias
(p=0.496/0.249, respectively).

Funnel plot and Egger’s test were performed to assess the

publication bias of included studies. As shown in Figure 5, the

shapes of the Begg’s funnel plot did not reveal any evidence Discussion

of obvious asymmetry in both stages. Then, Egger’s test was

used to provide statistical evidence of funnel plot symmetry. So far, 3 previous meta-analysis have been conducted to ex-
plore the function of SLC30A8 gene polymorphisms in type 2
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Begg's funnel plot with pseudo 95% confidence limits

Figure 5. Begg’s publication bias funnel plot
of the ORs for SLC30A8 mutation
rs13266634 and the standard error
of natural logarithm of the ORs for
the included studies. Circles represent
individual studies and a dash line
indicates 95% confidence interval. (A)
Using individual adjusted ORs from all

original articles, (B) using individual
calculated ORs from studies with
detailed genotype distribution.

S.e. of: log[OR]

6 -] Begg's funnel plot with pseudo 95% confidence limits
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diabetes [72-74]. One of them pooled allelic ORs but provid-
ed no details about selecting criteria, another also conduct-
ed allelic contrast with adjusted individual OR, and the last
one carried out contrasts under different genetic models with
calculated individual OR. Although all 3 articles indicated in-
creased risk of type 2 diabetes with polymorphism rs13266634,
they employed either adjusted or calculated individual OR only
rather than both, and did not conclude which was the appro-
priate genetic model. Additionally, considering several new
original studies on this variant, we therefore decided to per-
form this updated meta-analysis, with more samples (includ-
ing 38 studies, involving 65 767 type 2 diabetes patients and
100 182 controls) and more comprehensive comparisons (us-
ing both adjusted and calculated individual OR, under most
likely and overall genetic models), to elucidate the relation-
ship between rs13266634 variant and type 2 diabetes. The
summary results from adjusted ORs demonstrated that C al-
lele carriers of rs13266634 are strongly associated with type
2 diabetes risk in the total population. Subgroup analysis by
ethnicity showed the same result in Asian and European pop-
ulations but not in African populations. Furthermore, meta-
analysis with calculated raw ORs generated similar results
in overall and ethnic populations under different s models.
Finally, we decided on the most likely genetic model, the co-
dominant model, and performed subgroup analysis based on

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

HWE, genotyping methods, sample size, study design, and
quality of studies, and observed increased risk of type 2 dia-
betes in all populations except Africans, small sample size sub-
groups, and fair subgroup in CC vs. CT comparison. Hence, the
result of subgroup analysis also confirmed the association be-
tween polymorphism rs13266634 and risk of type 2 diabetes.
This differences in ethnicity may be due to the different ge-
netic backgrounds of and limited articles on the African pop-
ulation. The difference in sample size subgroup is reasonable
and indicates the importance of sample size in research. The
difference in study quality subgroup between CC vs. TT and CC
vs. CT contrasts may result from gene additive effect besides
quality itself. Cumulative meta-analysis indicated a consistent
and more precise estimation as evidence from published stud-
ies accumulated according to year published.

To date, 5 genome-wide association studies (GWAS) involving
type 2 diabetes and SLC30A8 polymorphism rs13266634 have
been published [6-9, 64], which were all included in this meta-
analysis. Four of them reported that this common variant is also
associated with the risk of type 2 diabetes in Europeans (com-
bined OR=1.12 and 95% Cl=1.07-1.16), although data from 1
study were less compelling (p=0.90 in the genome scan and
p=0.01 in replication samples) [9]. One replication in Asians
also showed similar results as in Europeans (OR=1.16 and 95%
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Cl1=1.05-1.27). Therefore, results from GWAS were consistent
with that of our meta-analysis, which indicated that SLC30A8
polymorphism rs13266634 confers risk of type 2 diabetes.

Potential mechanisms whereby rs13266634 variant of ZnT8
may modulate insulin biophysiological activities and plasma
glucose metabolism have been extensively studied. There are
several possible explanations for the association between type
2 diabetes risk and rs13266634. Firstly, given the significant
role of ZnT8 in insulin activities, this mutation may affect the
basal function of ZnT8 and subsequent insulin synthesis. Zinc
is essential for the correct processing, storage, secretion, and
action of insulin in pancreatic B cells [75-77]. The W325 vari-
ant displayed higher zinc transport activity than R325 ZnT8 in
a murine B-cell line[78] and protective effect against cyclospo-
rin A-induced suppression of insulin secretion [79]. Similarly,
studies also demonstrated that this polymorphism is strong-
ly associated with abnormal insulin behaviors in humans, in-
cluding decreased insulin secretion response to glucose stimu-
lations, lower fasting insulin levels, reduced disposition index,
and decreased proinsulin-to-insulin conversion [56,80-82].
Controversially, the risk C-allele does not affect ex-vivo insu-
lin secretion and SLC30A8 expression in isolated human is-
lets [74]. Secondly, this mutation may regulate plasma insu-
lin concentration via decreasing hepatic insulin clearance. A
recent study revealed that humans carrying rs13266634 ex-
hibited increased insulin clearance, as assessed by c-peptide/
insulin ratio, and mice with beta cell-specific SLC30A8 knock-
out demonstrated the similar results; thus, we speculate that
the rs13266634 variant may result in the same consequence
[83]. The studies cited above suggest that rs13266634 variant
can modulate plasma glucose homeostasis via full-scale insu-
lin activities from synthesis to clearance [56,80-82].

Several strengths of this meta-analysis could be listed. First
of all, we followed a rigorous protocol of meta-analysis [34]
and meta-analysis of genetic association studies [37]. We per-
formed subgroup analysis, HWE test, sensitivity analysis, and
funnel plots to explore the source of heterogeneity, indicat-
ing the reliability of our study. Next, we included more original
studies and more samples than previous studies to enhance
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Unavoidable limitations of this meta-analysis should also be
pointed out. The first limitation comes from multiple and di-
verse methods for SNP detection in different studies. The sec-
ond limitation is that type 2 diabetes is a complex and multi-
factorial disorder and potential interactions among gene-gene
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best to contact the corresponding authors of published arti-
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Conclusions

The present meta-analysis suggests that SLC30A8 gene poly-
morphism rs13266634 may be an important genetic factor
in the risk for developing type 2 diabetes among Asian and
European populations but not African populations. Mechanism
studies are needed to explain and support this finding in var-
ious ethnic groups.
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