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Background: Osteoarthritis is regarded as one of the most frequent disorders of
musculoskeletal, which is characterized by the degeneration of articular cartilage and loss
of cartilage of the joints. However, the relationship of OA susceptibility with rs12901499
polymorphism in SMAD?3 is controversial. Although multiple studies have investigated the
correlation of rs12901499A/G polymorphism in SMAD family member 3 (SMAD3) and
osteoarthritis (OA) susceptibility, the results from previous studies remain controversial and
unsolved. A meta-analysis utilizing fixed and random effects model was performed to clarify
the association. Methods: Eligible studies were systematically searched from PubMed, Web
of Science, Cochrane Library and EMBASE on April 17, 2019 for reporting the correlation of
rs12901499 polymorphism and osteoarthritis susceptibility. Pooled Odds ratio of 95%
confidence interval was performed to estimate the strength of relationship of rs12901499
polymorphism and osteoarthritis susceptibility. Publication bias was detected by Begg’s test
and STATA 11.0 software was used to evaluate statistical analysis. Results: Seven case-
control papers involving eight studies from Caucasian and Asian populations were included. A
significant increase in osteoarthritis susceptibility was found in recessive, homozygous and
allele models. Stratified analysis on ethnicity suggested that the polymorphism with increased
risk of OA only in Asians under allele model. Stratified analysis related to population-based
studies indicated the increased risk of OA with polymorphism in recessive, homozygous,
allele and dominant models. Conclusion: This meta-analysis demonstrated that there may be
a weak association of rs12901499 polymorphism and OA susceptibility. Due to the limited
size of sample and given ethnic groups, more studies need to validate the result in future.
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INTRODUCTION

Osteoarthritis is regarded as one of the most
frequent disorders of musculoskeletal, which is
characterized by the degeneration of articular
cartilage and loss of cartilage of the joints.'?
Osteoarthritis is a multifactorial disease involved
by aging, sex, hormones, obesity, and previous
injury.”> Several human disorder processes,
including Osteoarthritis showed an association
with Transforming growth factor-beta (TGF-B)
family signalling function pathways.® Growing
evidence indicates that TGF-f makes a great
contribution to the pathogenesis and progression
of OA.” TGF-p contributes to anabolic effects on
chondrocytes by way of the SMAD3 genes
signalling, plays a significant role to maintain
homeostasis of synovial joints.” The gene
encoding SMAD3 is located on chromosome
159q21-22, which acts as a key intracellular
messenger in the TGF-B signalling pathway.®

Recently, increasing studies reported the
correlation of SMAD3 with rs12901499
polymorphism and risk of OA, but the results are
not consistent.” > Previous literatures indicated
the link of OA susceptibility with rs12901499
polymorphism in SMAD3.'"™'"'*!® On contrary,
few studies could not affirm the association.'>"
Small sample studies lack enough statistical data
to evaluate the correlation of 1rs12901499
polymorphism with Osteoarthritis risk. Therefore,
we investigated the uncertain correlation of
rs12901499 polymorphism and OA susceptibility
risk by a genetic meta-analysis.

MATERIAL AND METHODS

Eligible potential papers reporting the association
of rs12901499 polymorphism and osteoarthritis
susceptibility were systematically searched from
Web of Science, Cochrane Library, PubMed, and
EMBASE on April 17, 2019. Following search
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terms were used without any language limitation;
“osteoarthritis,” OR “OA,” AND “SMAD3,” OR
“MADH3,” “SMAD family member 3,” OR
“polymorphism,” OR “variant”, OR “mutations,”
OR  “Alleles,” OR  “single nucleotide
polymorphism,” OR “genotype,” OR “SNP”.
Besides, studies from references were also
searched manually to gain potential articles about
this field. The results with disagreements were
resolved by consensus.

Studies which met the following criteria
were included: (1) original papers designed in a
case-control mode; (2) studies assessing the
correlation of r1s12901499 polymorphism in
SMAD3 and risk of osteoarthritis susceptibility;
(3) availability of data corresponding to number
of case-controls and number of case-controls
related to A/A, A/G, and G/G genotypes; and (4)
research population was human being. Studies
were excluded if they were: (1) insufficient OR
data calculated from raw studies, review articles,
case reports, and comments; (2) studies without
the raw data regarding the 1512901499
polymorphism; (3) animal studies. The latest
studies were retained once the studies were
duplicated.

Data extraction was performed according
to a pre-defined data extraction form by two
independent  experienced  researchers  and
disagreements were resolved by discussion among
all the authors. The following article
characteristics were recorded: first author,
country of study performed, year of publication,
ethnicity of subjects, total number of case-control
groups, number of case-control related to A/A,
A/G, and G/G genotypes, genotyping method,
lesion locations, source of control, and the P
value for Hardy-Weinberg equilibrium (HWE).

Two independent authors evaluated the
quality of observational studies by one of the
widely used rating systems 9-star Newcastle-
Ottawa Scale (NOS)."” The Newcastle-Ottawa
Scale system involves 3 aspects: comparability,
exposure and case-control selection. Each aspect
consists of 2, 3, and 4 items respectively. Each
item values one score, with a total of nine scores.
The NOS scores of each single study equal or
greater than 6 stars were defined as high quality.

STATA 11.0 software (Stata Corp,
College Station, TX, USA) was performed for all
pooled statistical analyses. The correlation
strength of rs12901499 polymorphism in SMAD3
and risk of osteoarthritis susceptibility was
assessed by calculating OR along with 95% CI.
Pooled OR values were calculated by the Z-test.
The Hardy-Weinberg equilibrium (HWE) for each
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single nucleotide polymorphism was measured by
the 2 test. The fixed effects model or the
random-effects model were used to combine the
summary OR values.'"® p-value < 0.05 was
recognized as significantly different.
Heterogeneity was tested among studies by Q-test
and 12 statistic tests with 1’<50% indicating little
difference. Sensitivity analysis was performed to
evaluate the effect of each study on the pooled
results by deleting each study to test the stability
and consistency of results. Begg's funnel plot test
was used to assess the publication bias, with p-
value <0.05 to indicate a significant difference.

RESULTS

An initial search was made through electronic
database which yielded a total of 67 references.
Figure-1 show the study selection process which
is displayed through a flow chart. Eventually,
according to the inclusion criteria, seven original
studies involving eight studies were identified for
this study. Table-1 described the detailed
characteristics of eight eligible studies. All
included articles were designed in a case-control
format. Among eight studies, 7 were recorded
among Asians and 1 among Caucasians. The
analysed single nucleotide polymorphism was
within HWE in five studieslo"lz‘”, while another
three studies were not consistent with the
HWE>"*"* The Newcastle-Ottawa Scale results
showed the score of studies ranged from 7-8,
which indicates that the methodological quality
was reliable in eight included studies (Table-1).
The frequency of each allele and genotype with
Hardy-Weinberg equilibrium value is presented in
table-2.

The meta-analysis to estimate the
relationship between rs12901499 polymorphism
and OA risk comprised 8 studies including 2403
cases and 3209 controls. Study results of five
genetic models are presented in Table-3. Overall,
when eight included studies were combined with
random-effects model, a significant increase in
OA susceptibility was found in the allele model
(A vs. G: OR=1.32, 95%CI: 1.08-1.62, p=0.006),
homozygous model (AA vs. GG: OR=1.46, 95%
CI: 1.04-2.05; p=0.03), and recessive model (GG
vs. AA+AG: OR=1.38, 95% CI: 1.01-1.88; p =
0.04), but not for the dominant and heterozygous
model (AG+GG vs. AA : OR=1.04, 95%CI: 0.96-
2.04; p=0.082), (AA vs. AG: OR= 1.29, 95%CI:
0.82-2.02; p=0.275) respectively. The forest plot
of pooled OR of the association of rs12901499
and risk of OA susceptibility under homozygous
model is presented in figure-2. To investigate the
potential association among ethnicities, lesion
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locations, source of control, and genotypic
methods, a stratified analysis was further
performed. In the subgroup analysis related to
ethnicity, a significant increase in OA
susceptibility was found only in Asian subgroup
in the allele model (A vs. G: OR=1.34, 95% CI:
1.07-1.69, p = 0.012). Subgroup analysis based
on lesion locations suggested that increased risk
of knee OA in five models has no association with
polymorphism rs12901499. Stratified analysis
related to population-based studies indicated the
association of polymorphism with increased risk
of osteoarthritis in the allele (A vs. G: OR = 1.71,
95% CI: 1.43-2.05; p<0.001), homozygous (AA
vs. GG: OR=2.04, 95% CI: 1.26-3.29; p=0.003),
recessive (GG vs. AA+AG: OR=1.56, 95% CI:
1.05-2.30; p=0.027), and dominant models
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(AG+GG vs. AA: OR=2.49, 95% CI: 1.13-5.51;
p=0.024). The detailed outcomes of subgroup
analysis are shown in table-4.

The effect of each single study on the
pooled results was evaluated by excluding
individual study in five models. No significant
quantitative changes were found among the value
of pooled OR and 95% CI, which indicates the
reliability of the pooled results. Figure-3 shows
the sensitivity analysis of correlation of OA
susceptibility with polymorphism rs12901499 in
dominant model.

Publication bias was estimated by Begg’s
test. The correlation of rs12901499 polymorphism
and OA susceptibility showed no significant
publication bias (p=0.104, Figure-4).

Table-1: Characteristics of the studies included in the meta-analysis

Source of Genotyping Number
Author | Year Country | Ethnicity controls method Lesion locations (case/control) | HWE NOS
Zhong 2018 China Asian PB TaqMan hip 500/1080 <0.001 8
Liva 2017 Greece Caucasian HB PCR spine 258/243 0.0022 8
Jiang 2013 China Asian PB PCR-RFLP Knee 102/217 0.1833 7
Jiang 2013 China Asian PB PCR-RFLP Hand 111/217 0.1879 7
Su 2015 China Asian HB PCR-RFLP Knee 518/468 0.5833 8
Xiao 2015 China Asian HB PCR Temporomandibular 114/126 0.1675 7
Zhang 2017 China Asian HB PCR Knee 350/400 0.5336 7
Sharma 2017 India Asian HB PCR-RFLP Knee 450/458 0.0089 8

HWE=Hardy—Weinberg equilibrium. NOS=Newcastle-Ottawa Scale. PB=population-based. HB=hospital-based. CR=polymerase chain reaction.
RFLP=restriction fragment length polymorphism

Table-2: Polymorphisms genotype distribution and allele frequency in cases and controls

Genotype (N) Allele frequency (N)

First author Case Control Case Control
rs12901499 A>G AA AG GG AA AG GG A G A G
Zhong 10 200 290 20 610 450 220 780 650 1510
Liva 87 144 27 96 130 17 318 198 322 164
Jiang 22 68 12 114 83 23 112 92 311 129
Jiang 25 73 13 114 83 23 123 99 311 129
Su 142 274 129 116 228 124 558 532 460 476
Xiao 31 53 30 44 67 15 115 113 155 97
Zhang 82 173 91 81 202 111 337 355 364 424
Sharma 165 131 154 158 198 102 461 439 514 402

Table-3: Meta-analysis of the association between rs12901499 polymorphism and osteoarthritis susceptibility

Association results Heterogeneity
SNP OR (95% CI) P @ P © (%) Model
Avs. G 1.32 (1.08-1.62) 0.006 <0.001 83 random
AA vs. GG 1.46 (1.04-2.05) 0.03 0.003 67.3 random
AAvs. AG 1.29 (0.82-2.02) 0.275 <0.001 88.7 random
GG vs. AA+AG 1.38 (1.01-1.88) 0.04 <0.001 79.2 random
AG+GG vs. AA 1.04 (0.96-2.04) 0.082 <0.001 85.6 random

OR=odds ratios. SNP= single nucleotide polymorphism. p (7, value for association test, p ) value forheterogeneity test
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Table-4: Subgroup analysis of the association of rs12901499 polymorphism and osteoarthritis susceptibility
under five models

Subgroup analysis [ N [ OR [ 95% CI | pay [ T (%) [ P | Model
Avs. G

Asians 7 1.34 1.07-1.69 0.012 85.4 <0.001 random
Knee 4 1.31 0.83-1.93 0.181 89.9 <0.001 random
population-based 3 1.71 1.43-2.05 <0.001 26.7 0.256 fixed
hospital-based 5 1.11 0.93-1.32 0.262 68.3 0.013 random
PCR-RFLP 4 1.4 0.99-1.98 0.056 87.9 <0.001 random
PCR 3 1.17 0.86-1.59 0.318 74.5 0.002 random
HWE 5 1.35 0.96-1.90 0.085 88 <0.001 random
Not-HWE 3 1.33 1.14-1.56 <0.001 449 0.163 random
AA vs. GG

Asians 7 1.44 0.99-2.09 0.059 70.5 0.002 random
Knee 4 1.32 0.75-2.30 0.334 76.2 0.006 random
population-based 3 2.04 1.26-3.29 0.003 6 0.345 fixed
hospital-based 5 1.27 0.86-1.87 0.237 72 0.006 random
PCR-RFLP 4 1.53 0.93-2.54 0.293 74.7 0.008 random
PCR 3 1.51 0.70-3.25 0.097 78.9 0.009 random
HWE 5 1.53 0.88-2.67 0.132 78.7 0.001 random
Not-HWE 3 1.47 1.11-1.94 0.006 0 0.826 fixed
AA vs. AG

Asians 7 1.3 0.76-2.21 0.335 90.2 <0.001 random
Knee 4 1.89 0.85-4.16 0.116 93 <0.001 random
population-based 3 232 0.82-6.57 0.114 88.5 <0.001 random
hospital-based 5 0.91 0.72-1.16 0.451 52.6 0.071 random
PCR-RFLP 4 1.75 0.73-4.19 0.206 94.8 <0.001 random
PCR 3 1.03 0.81-1.31 0.802 0 0.371 fixed
HWE 5 1.7 0.89-3.26 0.11 90.7 <0.001 random
Not-HWE 3 0.82 0.50-1.33 0.42 72.7 0.026 random
GG vs. AA+AG

Asians 7 1.37 0.97-1.92 0.071 82.1 <0.001 random
Knee 4 0.92 0.75-1.12 0.38 0 0.833 fixed
population-based 3 1.56 1.05-2.30 0.027 41.7 0.18 fixed
hospital-based 5 1.35 0.90-2.02 0.149 81.3 <0.001 random
PCR-RFLP 4 1.21 0.76-1.90 0.42 76.7 0.005 random
PCR 3 1.47 0.77-2.80 0.241 76.7 0.014 random
HWE 5 1.11 0.80-1.56 0.529 57.7 0.051 random
Not-HWE 3 1.87 1.58-2.21 <0.001 0 0.795 fixed
AG+GG vs. AA

Asians 7 1.42 0.91-2.22 0.119 87.6 <0.001 random
Knee 4 1.78 0.83-3.81 0.136 93 <0.001 random
population-based 3 249 1.13-5.51 0.024 81.1 0.005 random
hospital-based 5 1 0.84-1.19 0.981 22.6 0.27 fixed
PCR-RFLP 4 1.81 0.89-3.66 0.101 93.1 <0.001 random
PCR 3 1.11 0.80-1.56 0.526 50.3 0.134 random
HWE 5 1.7 0.91-3.17 0.094 90.8 <0.001 random
Not-HWE 3 1.03 0.81-3.17 0.82 12 0.321 fixed

OR=odds ratios. Cl=confidence intervals. PCR= polymerase chain reaction. RFLP=restriction fragment length polymorphism. N= the number of
studies. p z value for association test, p -y value forheterogeneity test. HWE=Hardy—Weinberg equilibrium

[ 67 potential identified through related database ]

[ 1 additional paper identified through sources ]

v

—P[ 27 duplicate records removed ]

[ 41 papers screcned for cligibility ]

X

—b[ 23 papers excluded after reading abstract J

[ 18 papers further assessed ]

A4

18 papers excluded with reasons

7 case reports or systematic revies
3 articles presented irrelevantdata
1 basic experimental study

[ 7 papers (involving 8 studies) included in quantitative synthesis ]

Figure-1: Flow diagram of study inclusion process
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Study %
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Figure-2: The forest plot of pooled OR of the
association of rs12901499 and risk of OA
susceptibility under homozygous model
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Figure-3: Sensitivity analysis of correlation of OA
susceptibility with polymorphism rs12901499 in
dominant model
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Figure-4: Begg's funnel plot was used to assess the
publication bias
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DISCUSSION

To our knowledge, no previous study has investigated
the correlation of polymorphism rs12901499 and
osteoarthritis susceptibility by meta-analysis. A total
of 2403 OA patient with 3209 healthy control
subjects were included in eight studies. The present
study suggests a significant correlation of
polymorphism  rs12901499 and  osteoarthritis
susceptibility in allele, homozygous and recessive
models. A significant increase in OA susceptibility
was found only in Asian subgroup in the allele model.
Subgroup analysis based on lesions location
suggested no  correlation of  rs12901499
polymorphism and knee OA in five models. Stratified
analysis on population-based studies showed that the
polymorphism has correlation with increased risk of
OA in the allele, homozygous, recessive and
dominant models. Recently, several genetic studies
investigated the correlation of 1512901499
polymorphism in SMAD3 and OA risk. A study was
performed among European populations including
527 cases and 520 controls concluded that the risk of
OA increased with polymorphism rs12901499."® Two
studies from China also proved that the rs12901499
polymorphism in SMAD3 increased the risk of
OA.""" The study was focused on female Han
Chinese revealed that rs12901499 polymorphism
showed an obvious association with
temporomandibular joint ORIGINAL ARTICLE."
Another study conducted in northeast Chinese
population demonstrated that genetic variation in
112901499 polymorphism increases the
susceptibility of hand and knee OA.' Two recently
published studies also revealed an association
between knee and hip OA.”'® In another study
conducted by Zhang et al showed a significant
association which was observed only in the
homozygous model.'” However, another study
performed in Taiwan which involved 518 knee OA
cases and 468 controls could not conclude a
significant correlation of rs12901499 polymorphism
and osteoarthritis susceptibility.'> The data to
evaluate the different races among these studies was
unavailable because all the participants were from
Chinese Han populations. Above inconclusive
conclusions of these researchers in varied studies
might be resulting due to following factors such as
difference in size of sample, genetic and clinical
heterogeneity. However, association of spinal
degenerative  osteoarthritis  susceptibility = and
rs12901499 polymorphism was not found in a study
performed in Greece.”” The conclusions of above-
mentioned studies are contradictory. Small sample
studies lack enough statistical power to demonstrate
the relationship between rs12901499 polymorphism
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and OA risks. Therefore, we used meta-analysis, a
powerful statistical method, to pool the results of
association in varied studies.

Although this study has presented a more
comprehensive  evaluation of correlation of
rs12901499 polymorphism and osteoarthritis, there
are some limitations which should be noted too.
Firstly, analysis was limited because of only eight
studies were included in our study. Secondly, no
study had a satisfactory match on age, gender, body
weight index and other confounding factors, which
might be the reason of potential confounding bias of
this study. Thirdly, we could not confirm the results
from the level of molecular mechanism. We should
not ignore the heterogeneity presented in this meta-
analysis. Heterogeneity still existed after performing
subgroups analysis by source of control and ethnicity
suggesting that source of control and ethnicity could
not fully account for the heterogeneity among studies.
Therefore, large sample studies are still needed to
provide strong evidence of correlation of rs12901499
polymorphism and osteoarthritis susceptibility

In conclusion, this study suggests that there
may be a weak correlation of 1rs12901499
polymorphism and osteoarthritis susceptibility. Due
to small size of sample and ethnic groups, more
studies will be required in future to validate the result.
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