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Abstract Several studies have suggested the associa-
tion between ADAM 12 polymorphisms and the risk of
osteoarthritis (OA), but the results remained controver-
sial. Therefore, we designed a meta-analysis to system-
atically evaluate the association on this issue. A literature
search for eligible studies was conducted in PubMed, Web
of Science and Google Scholar databases. The association
between ADAM 12 polymorphisms and knee OA risk was
calculated by odds ratios (ORs) and 95% confidence inter-
vals (Cls). Study heterogeneity, sensitivity and publication
bias analyses were also conducted. Ten articles covering
5048 cases and 6848 controls met our criteria for the final
analysis. We found that the rs1871054 was significantly
associated with the risk of knee OA (allele model OR
1.72, 95% CI 1.43-2.07, P < 0.001; additive model: OR
2.06, 95% CI 1.19-3.56, P = 0.010; dominant model: OR
2.45, 95% CI 1.85-3.25, P < 0.001; recessive model: OR
1.54, 95% CI 1.13-2.10, P = 0.007). rs1044122 was sig-
nificantly associated with knee OA susceptibility in reces-
sive model (OR 1.45, 95% CI 1.03-2.04, P = 0.031). For
rs3740199 and rs1278279, no significant associations with
knee OA were found. In the stratified analysis by gender,
significant association was identified with the risk of knee
OA for rs3740199 in men in allele model (OR 2.41, 95% CI
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1.51-3.84, P < 0.001), dominant model (OR 2.68, 95% CI
1.17-6.14, P = 0.02) and recessive model (OR 3.51, 95%
CI 1.68-7.36, P = 0.001), but not for additive model (OR
1.30, 95% C1 0.81-2.08, P = 0.28). This meta-analysis sug-
gests that the ADAM 12 genetic polymorphisms rs1871054
and rs1044122 might be associated with risk of knee OA;
rs3740199 might be associated with risk of knee OA in
men. Further well-designed and large scale studies are war-
ranted to validate these associations.

Keywords ADAM ]2 - Osteoarthritis - Polymorphism -
Meta-analysis

Introduction

Osteoarthritis (OA) is one of the most common rheumatic
diseases and remains a leading cause of musculoskel-
etal disability [1]. In clinical practice, the most signifi-
cant affected site of OA is in the knee [2]. Although some
well-established facts, such as aging, obesity, female, gout,
diabetes, some genetic profiles, and poor subchondral
bone quality are associated with the increased risk of OA
[3], the etiology underlying OA is not completely under-
stood. Recently, several genome-wide linkage analyses and
numerous studies have been performed to disclose poten-
tially polymorphisms in various genes of OA pathogenesis
[4, 5]. Of the identified polymorphisms, ADAM 12 (a dis-
integrin and metalloproteinase domain 12) polymorphisms
seem to be promising but contradictory OA contributors
[6].

ADAM 12 is an active proteinase, which belongs to the
greater ADAM family of enzymes that regulate extracellu-
lar matrix turnover in cartilage [7]. Numerous researchers
have suggested ADAM 12 is an important regulator in the
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pathogenesis of OA. Four of the important polymorphisms
(rs3740199, rs1871054, rs1278279 and rs1044122) have
been reported within the ADAM 12 gene and have been
identified as contributors to the risk of OA [6]. However,
the results remained controversial, and there is no sys-
tematic evidence on this issue. Therefore, we conducted
a meta-analysis to systematically summarize the available
evidence and evaluate the relationship between the ADAM
12 polymorphisms and knee OA risk.

Materials and methods
Search strategy

According to the observational studies in epidemiology
guidelines [8], we performed a systematic search of studies
in PubMed, Web of Science and Google Scholar, up to Feb-
ruary 20, 2017. The following literature search terms were
used: “ADAMI12” OR “rs3740199” OR “rs1871054” OR
“rs1278279” OR “1s1044122” AND “polymorphism” OR
“mutation” OR “variant” OR “variation” OR “genotype”
AND “osteoarthritis” OR “OA” OR “degenerative joint dis-
ease”. Additional relevant eligible studies were identified by
a search of the references articles and review articles.

Inclusion and exclusion criteria

The inclusion criteria of the identified articles in our meta-
analysis were as follows: (1) studies evaluating the asso-
ciation between the ADAM12 polymorphism and OA risk
that were published; (2) a case—control or cohort studies
addressing the numbers of affected and unaffected human
control subjects or the total cohort sample size; and (3) stud-
ies with sufficient data in any of the four polymorphisms
(rs3740199, rs1871054, rs1278279, rs1044122) to calculate
the odds ratio (OR) with its 95% confidence interval (CI).
The exclusion criteria were the studies published as abstract,
editorial, summary, review, comment letter, or case report.

Data extraction

Two investigators independently extracted the data, and
reached a consensus on all the studies. We extracted the
first author’s name, year of publication, countries and eth-
nicities of participants, genotyping method, number of
cases and controls, genotype or per-allele risk OR and 95%
CI from each study. The data were extracted separately by
disease or gender, if these were explicitly given. In addi-
tion, Hardy—Weinberg equilibrium (HWE) of controls was
also collected.
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Statistical analysis

The strength of association between the ADAMI2
polymorphisms (rs3740199, rs1871054, rs1278279,
rs1044122) and the OA risk was calculated by OR and
95% CI. The pooled OR was estimated under four genetic
models: allele model (C vs. Gor T vs. C or A vs. G or C
vs. T), additive model (CC vs. GG or TT vs. CC or AA
vs. GG or CC vs. TT), dominant model (CC + GC vs.
GG or TT + CT vs. CC or AA 4+ GA vs. GG or CC 4+ TC
vs. TT), and recessive model (CC vs. GC + GG or TT
vs. CT + CC or AA vs. GA + GG or CC vs. TC + TT).
The statistical significance of the combined OR was
determined using the Z test. Stratified analyses were per-
formed based on gender.

The heterogeneity among the included studies was
calculated by Cochran’s Q test, in which P < 0.10 was
considered significant [9]. If the heterogeneity was not
significant, the fixed-effects model was applied [10], oth-
erwise the random-effects model was adopted [11]. The
P statistic was also adopted to quantitatively measure the
heterogeneity (> > 50% indicated evidence of heteroge-
neity) [12]. The HWE among the control participants was
assessed with a Chi square test.

Furthermore, in order to assess the stability of the
results, sensitivity analysis was performed by sequen-
tially omitting each included study. Potential publication
bias was examined with Begg’s funnel plot and Egger’s
regression test [13]. Statistical analyses were performed
using STATA version 12.0 software (Stata Corporation,
College Station, Texas). For all the analyses, P < 0.05
was considered to be significant and all the tests were
two-sided, unless otherwise indicated.

Results
Characteristics of eligible studies

After a comprehensive systematic search, 82 rele-
vant articles were retrieved. Screening of the abstracts
excluded 66 articles. Following a full text review and
detailed evaluations, 10 eligible articles covering 5048
cases and 6848 controls met our criteria for the final anal-
ysis (Fig. 1) [14-23]. The baseline characteristics of the
eligible studies included in the meta-analysis are summa-
rized in Table 1. The genotype and allele distributions or
per-allele risk OR and 95% CI of the polymorphisms are
shown in Supplementary Tables 1 and 2. All the distri-
butions of genotype in controls were consistent with the
HWE.
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Fig. 1 Flow chart of the

literature search and selection
procedures

Records identified through
database searching
(n=694)

Studies identified from
other sources
(n=6)

I Included | I Eligibility | I Screening | |Identiﬁcation|

Records after duplicates removed NIOt 2 rcl;t'ed
(n=567) polymorphism
(n=485)
Potentially relevant 66 of records excluded
studies after excluding Review articles (n=11)
(n=82) No outcome of interest (n=55)

Full-text articles
assessed for eligibility
(n=16)

No original data
(n=6)

Studies included in
quantitative synthesis

(n=10)

Table 1 Baseline characteristics of the eligible studies included in the meta-analysis

Author Year Country Ethnicity Genotyping method Sample size ~ Polymorphism
(case/control)
Valdes et al. 2004 UK European PCR-SSCP 280/469 rs3740199
Valdes et al. 2006 UK European Multiplex PCR 603/596 rs3740199, rs1871054, rs1278279, rs1044122
Kerna et al. 2009 Estonian European PCR-RFLP 97/92 rs3740199, rs1871054
Limer et al. 2009 UK European TagMan 1040/792 rs3740199
Rodriguez-Lopez et al. 2009 Multinational European Multiplex PCR 1562/2370 rs3740199
Shin et al. 2012 Korean Asian TagMan 725/1737 rs3740199
Kerna et al. 2013 Estonian European TaqMan 225/213 rs1871054, rs1044122
Lou et al. 2014 China Asian TagMan 152/179 rs3740199, rs1871054, rs1278279, rs1044122
Wang et al. 2015 China Asian iMLDR 164/200 rs3740199, rs1871054, rs1278279, rs1044122
Poonpet et al. 2016 Thai Asian HRM-SNP 200/200 rs3740199

Quantitative synthesis

The meta-analysis results of association between the
ADAMI12  polymorphisms  (rs3740199, rs1871054,
rs1278279, rs1044122) and knee OA susceptibility are
shown in Table 2. Subgroup analysis was conducted in six
studies stratified analyses by gender, and the stratified anal-
ysis results of the association between rs3740199 polymor-
phism and knee OA risk are shown in Table 3.

Analysis of rs3740199 and OA susceptibility

Nine studies covering 4823 cases and 6635 controls
assessed the potential influence of the rs3740199 poly-
morphism on knee OA susceptibility. Pooling data did not
show any associations in all genetic models. However, in
the stratified analysis by gender, significant associations
were identified in men in allele model (OR 2.41, 95% CI
1.51-3.84, P < 0.001), dominant model (OR 2.68, 95% CI
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Table 2 Determination of the association between ADAM 12 polymorphisms and knee osteoarthritis risk

Polymorphism No. of Cases/controls  Test of association Test of heterogeneity Publication
data sets bias (P geer)
OR (95% CI) P Effect model  Pleeropenciy 1 (%) &8
rs3740199
C vs. G (allele) 6 2378/3200 1.00 (0.92-1.06) 0.955 Fixed 0.377 6.2  0.597
CC vs. GG (additive) 7 3503/5374 0.98 (0.90-1.08) 0.738  Fixed 0.403 3.0 0.869
CC + GC vs. GG (dominant) 6 1618/2877 1.10 (0.85-1.42) 0.468 Random 0.061 526 0.591
CC vs. GC + GG (recessive) 5 1338/2408 0.95 (0.81-1.12) 0.557  Fixed 0.511 0.0 0.589
rs1871054
T vs. C (allele) 4 433/522 1.72 (1.43-2.07) <0.001  Fixed 0.180 387 0.842
TT vs. CC (additive) 5 1036/1118 2.06 (1.19-3.56) 0.010 Random 0.001 773 0.062
TT + CT vs. CC (dominant) 4 433/522 2.45(1.85-3.25) <0.001 Fixed 0.253 265 0.749
TT vs. CT + CC (recessive) 4 433/522 1.54 (1.13-2.10) 0.007  Fixed 0.656 0.0 0.888
rs1278279
A vs. G (allele) 2 316/379 0.93 (0.72-1.18) 0.543  Fixed 0.964 00 -
AA vs. GG (additive) 3 919/975 1.06 (0.88-1.27) 0.544  Fixed 0.969 0.0 0.025
AA + GA vs. GG (dominant) 2 316/379 0.84 (0.62-1.14) 0.265  Fixed 0.950 00 -
AA vs. GA + GG (recessive) 2 316/379 1.25 (0.68-2.28) 0.474  Fixed 0.995 00 -
rs1044122
C vs. T (allele) 3 501/588 1.13 (0.95-1.34) 0.162  Fixed 0.486 0.0 0.507
CC vs. TT (additive) 4 1104/1184 1.20 (0.82-1.75) 0.353 Random 0.078 56.0 0.210
CC + TC vs. TT (dominant) 3 501/588 1.05 (0.82-1.36) 0.682  Fixed 0.850 0.0 0.118
CC vs. TC 4+ TT (recessive) 3 501/588 1.45 (1.03-2.04) 0.031  Fixed 0.205 369 0.291
Table 3 Stratified analysis of the association between rs3740199 polymorphism and knee osteoarthritis risk
Polymorphism No. of data  Cases/controls Test of association Test of heterogeneity Publication
sets bias (P yeer)
OR (95% CI) P Effect model Pheterogeneity I (%) &8
C vs. G (allele)
Female 2 219/216 0.98 (0.75-1.44) 0.885 Fixed 0.478 0.0 -
Male 2 78/76 2.41(1.51-3.84) <0.001 Fixed 0.363 0.0 -
CC vs. GG (additive)
Female 4 1616/1728 0.97 (0.85-1.11) 0.630 Fixed 0.246 27.7 0.711
Male 4 846/1530 1.30 (0.81-2.08) 0.280 Random 0.004 774 0.105
CC + GC vs. GG (dominant)
Female 3 499/685 1.15 (0.58-2.26) 0.690 Random 0.040 68.9 0.190
Male 2 78/76 2.68 (1.17-6.14) 0.020 Fixed 0.444 0.0 -
CC vs. GC + GG (recessive)
Female 2 219/216 1.00 (0.66-1.51) 0.996 Fixed 0.920 0.0 -
Male 2 78/76 3.51 (1.68-7.36) 0.001 Fixed 0.588 0.0 -

1.17-6.14, P = 0.02) and recessive model (OR 3.51, 95%

CI 1.68-7.36, P = 0.001), but not found an association in

additive model (OR 1.30, 95% CI 0.81-2.08, P = 0.28).
The results are shown in Tables 2 and 3 and Fig. 2a.
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Analysis of rs1871054 and OA susceptibility

Five studies were included in the analysis, including 1036
knee OA patients and 1118 controls. We found that the
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Fig. 2 Forest plot of the ORs for the osteoarthritis risk associated with the ADAM 12 polymorphisms in additive genetic models. a rs3740199
polymorphism, b rs1871054 polymorphism, ¢ rs1278279 polymorphism, d rs1044122 polymorphism

rs1871054 was significantly associated with the risk of
knee OA in all genetic models (allele model: OR 1.72, 95%
CI 1.43-2.07, P < 0.001; additive model: OR 2.06, 95% CI
1.19-3.56, P = 0.010; dominant model: OR 2.45, 95% CI
1.85-3.25, P < 0.001; recessive model: OR 1.54, 95% CI
1.13-2.10, P = 0.007). The results are shown in Table 2
and Fig. 2b.

Analysis of rs1278279 and OA susceptibility

As for 151278279, there were three studies involving 919
cases and 975 controls for data syntheses in the meta-anal-
ysis. The results suggested that rs1278279 polymorphism
was not significantly associated with the risk of knee OA
in all genetic models. The results are shown in Table 2 and
Fig. 2c.

Analysis of rs1044122 and OA susceptibility

As for rs1044122, four studies consisted of 1104 cases
and 1184 controls were included in the meta-analysis.
Rs1044122 was found significantly associated with the risk
of knee OA susceptibility in recessive model (OR 1.45,

95% CI 1.03-2.04, P = 0.031). No significant association
was found in the other three models. The results are shown
in Table 2 and Fig. 2d.

Heterogeneity analysis

By meta-regression analysis, significant heterogene-
ity was existed in the polymorphism rs3740199 under
dominant model (P = 0.061), as well as for the polymor-
phism rs1871054 and rs1044122 under additive model
(P =0.001; P = 0.078; respectively). Moreover, the signifi-
cant heterogeneity was also observed for the polymorphism
rs3740199 in subgroup of gender under additive model
(P = 0.004) of male and dominant model (P = 0.04) of
female.

Sensitivity analysis and publication bias

Sensitivity analysis was performed to assess the influence
of each study, by sequential excluding each eligible study.
The results showed that no pooled ORs was substantially
affected, indicating that the results were stability and lia-
bility. Publication bias of included studies was assessed
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Begg's funnel plot with pseudo 95% confidence limits
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Fig. 3 Funnel plot for publication bias of the meta-analysis of osteoarthritis risk and ADAM 12 polymorphisms in additive genetic model com-
parison. a rs3740199 polymorphism, b rs1871054 polymorphism, ¢ rs1278279 polymorphism, d rs1044122 polymorphism

with Begg’s funnel plots and Egger’s test. The shape of the
funnel plots did not show any evidence of obvious asym-
metry for all comparison models (Fig. 3), but the Egger’s
test revealed the evidence for publication bias in rs1278279
(P = 0.025 for the additive model).

Discussion

The genetic background plays a crucial role in OA patho-
genesis. Identification of polymorphism in susceptibil-
ity genes should, therefore, be considered as possibility to
predict disease phenotypes as well to development predic-
tion models for OA based on genotype information [24].
In recent years, several genome-wide association studies
(GWAS) have already reported GDF5, BTNL2, SENP6,
and FILIP1 were associated with the development of knee
OA. However, the ADAM12 polymorphisms have not been
confirmed in these GWAS analysis [25, 26]. The associa-
tions of the ADAM 12 polymorphisms with OA seem to
be promising. Up to now, four of the important polymor-
phisms (rs3740199, rs1871054, rs1278279 and rs1044122)
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within the ADAM 12 have been investigated in relation to
OA [6].

The rs3740199 has been reported to be associated
with the increased risk of the knee OA development in
females [14]. However, another two studies found that the
1s3740199 carried the risk for knee OA development only
in men [16, 23]. In our study, which was based on a meta-
analysis, we obtained the result that the polymorphism
rs3740199 is only associated with increased risk of knee
OA in men in allele model, dominant model and reces-
sive model, but not for additive model. As for rs1871054,
the impact of this polymorphism in knee OA pathogenesis
has also remained controversial. Two studies found that
rs1871054 has no significant association with knee OA [15,
16], but three studies found that rs1871054 has significant
associated with knee OA [20-22]. In our meta-analysis, we
found that the rs1871054 was significant associated with
the risk of knee OA in all genetic models.

Moreover, the association of the polymorphisms
rs1278279 and rs1044122 with knee OA risk has sparsely
been investigated. We only found three studies for
rs1278279 [15, 21, 22] and four studies for rs1044122 [15,
20-22] in our meta-analysis. The results indicated that
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rs1278279 polymorphism was not statistical significantly
associated with the risk of knee OA in all genetic models,
but rs1044122 was found significantly associated with knee
OA susceptibility in recessive model. We recommend fur-
ther researches to corroborate the relation of these two pol-
ymorphisms to knee OA risk.

In our meta-analysis, it should be pointed out that the
heterogeneity between studies was also observed in several
models, such as rs3740199 in dominant model, rs1871054
and rs1044122 in additive model. The common heteroge-
neity reasons of the study may be attributed to the num-
ber of studies, the diversity of ethnicity and genotyping
quality [27]. Limited number of studies may be the main
reason of the heterogeneity in our study, which restricted
further exploration of the sources of heterogeneity. Moreo-
ver, the Egger’s test revealed the evidence for publication
bias in rs1278279 in additive model. However, this bias
has relatively small influence on the results of the present
meta-analysis.

The current study also has some potential limitations
that should be addressed. Firstly, not all of the included
studies provided the exact genotype data. Therefore, in
order to exactly evaluate the association between the
genetic polymorphism and knee OA risk, we added the per-
allele risk OR and 95% CI in several models, yet the analy-
sis of the other models may lack these data in the analy-
sis. Secondly, gene—gene and gene—environment potential
interactions may have influenced our results, as genetic and
environmental factors play a crucial role in OA pathogen-
esis. However, no information was available to test this.
Thirdly, as many other factors such as age and body mass
index may participate in the development of OA, we did
not perform the stratified analysis based on these factors
due to the limited data.

In conclusion, the results of this meta-analysis suggested
that the ADAM 12 genetic polymorphisms rs1871054 and
rs1044122 might be associated with risk of knee OA. For
rs3740199 and rs1278279, no significant associations with
knee OA were found. In the stratified analysis by gen-
der, rs3740199 might be associated with the risk of knee
OA in men. To the best of our knowledge, this is the first
meta-analysis to assess the associations between ADAM 2
polymorphisms and the risk of knee OA. As for the dis-
advantages in this meta-analysis, further well-designed
and large-scale studies are warranted to validate these
associations.
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