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Abstract
Recently, several institutions have investigated the associations of MMP-3-1171 5A/6A and IL-6-174-G/C gene polymorphisms with adolescent idiopathic scoliosis (AIS), while reports from different institutions are not consistent. Therefore, we,
comprehensively and systematically performed this meta-analysis to detect whether the two gene polymorphisms are correlated with AIS. From January 1994 to October 2015, all case–control studies focussed on the relationship between the two
aforementioned gene polymorphisms and the susceptibility to AIS were retrieved from bibliographic databases. A total of
16 articles were found, of which ﬁve consisted of 944 cases and 1177 controls, were ﬁnally included after being assessed by
two reviewers. We calculated the pooled odds ratio (OR) with 95% conﬁdence interval (95% CI) to assess the associations.
The pooled data analyses were based on allele contrast, homozygote, heterozygote, dominant and recessive models. Overall,
there was no signiﬁcant association of IL-6-174-G/C gene polymorphism with AIS risk. Signiﬁcant association was observed
in homozygote model of MMP-3-1171-5A/6A gene polymorphism (5A5A versus 6A6A: OR = 1.69, 95% CI = 1.11–2.58,
P = 0.02). When stratiﬁed into Caucasian and Asian populations, positive association was found in Caucasian population
(5A versus 6A: OR = 1.43, 95% CI = 1.11–1.84, P = 0.006; 5A5A versus 6A6A: OR = 1.90, 95% CI = 1.13–3.19,
P = 0.015); however, there was no signiﬁcant association in Asian population. The present study concluded that 5A5A genotype of MMP-3-1171 5A/6A gene polymorphism was associated with AIS, especially in Caucasian population. However, no
signiﬁcant association was detected between IL-6-174-G/C gene polymorphism and AIS.
[Zhao J., Yang M. and Li M. 2016 Association of IL-6 and MMP-3 gene polymorphisms with susceptibility to adolescent idiopathic scoliosis:
a meta-analysis. J. Genet. 95, 573–579]

Introduction
Adolescent idiopathic scoliosis (AIS) characterized by coronal spine curve (Cobb > 10◦) belongs to the common musculoskeletal deformities of spine in adolescent and its prevalence
is approximately 2–3% in adolescent population (Weinstein
1999). However, individuals of severe deformities account
for only 0.2–0.5% and females are more vulnerable to AIS
than males (Weinstein et al. 2008). When it comes to the pathogenesis of this deformity, several factors such as genetic
background (Dayer et al. 2013), dysfunction of vestibular
system (Hawasli et al. 2015) and low bone mineral density
(Kono et al. 2011) are potentially associated with AIS
among different populations. Several hypotheses comprised
of disorders of endocrine and metabolic system, abnormality musculoskeletal system, developmental neuromuscular dysfunction, connective tissue, hereditary predisposition
(Burwell 2003; Sevastik et al. 2003; Birchall et al. 2005;

Lee et al. 2005) have been proposed on the on-set and
progression of AIS.
Undoubtedly, no single factor can explain the whole characteristics of this deformity. Many studies have suggested
that heredity factors are strongly associated with AIS. Based
on self-reported scoliosis from 64,578 monozygotic or dizygotic twins from the Swedish twin registry, Grauers et al.
(2012) performed the ﬁrst study of sufﬁcient subjects to calculate the heritability estimates of scoliosis and suggested
that heritability of AIS was 38%, while the rest, 62% variance in the liability to develop deformity was attributed to
susceptible environment. Chromosomal loci such as 3q12.1,
5q13.3 and 9q31.2-34.2 may involve in the susceptibility to
AIS (Gorman et al. 2012). Similarly, several genes such as
IL-6 (Aulisa et al. 2007) and MMP-3 (Mórocz et al. 2011)
were reported to be signiﬁcantly associated with AIS.
With its gene localized in chromosomal loci 7p21-14 (Tan
et al. 2005), IL-6 can regulate the cell survival, metabolism
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and proliferation and inﬂuence a cluster of pathologic processes such as osteogenesis and wound healing. Matrix metalloproteinases such as MMP3 can disintegrate components
of extracellular matrix (ECM), which is critical for maintaining the balance of anabolic metabolism and catabolism in
connective tissue. IL-6 and MMP3’s upregulated expression
can exaggerate the degeneration of cartilaginous endplates
of intervertebral discs and nucleus pulposus which in turn
promotes ECM degradation (Risbud and Shapiro 2014). On
the other hand, changes of proteoglycan distribution in scoliotic tissue have been observed which supports that impaired
proteoglycan turnover may be responsible for disruption
of intervertebral disc in idiopathic scoliosis (Akhtar et al.
2005).
Gene polymorphism research found that subjects exposed
to IL-6-174-G/C polymorphism, GG had relatively higher
plasma concentration of IL-6 than the counterparts with
genotype GC or CC (Ambreen et al. 2015). Similarly, a particular adenine insertion/deletion alternation (5A/6A) located
in the transcription factor binding site of MMP-3 gene primarily exerts inﬂuence on the capacity to bind transcription
factor and promoter activity. In vivo study suggested that the
MMP-3 5A allele increased gene expression by two-to-four
folds than 6A allele (Chakraborti et al. 2003), which meant
that MMP-3 5A/6A transition can regulate the production of
MMP-3.
Recently, several institutions have focussed on the associations between the single-nucleotide polymorphisms of IL-6
and MMP-3 and AIS (Aulisa et al. 2007; Lee et al. 2010;
Mórocz et al. 2011; Nikolova et al. 2015). In addition,
several studies have been performed to investigate the correlation IL-6-174-G/C and MMP-3-1171-5A/6A gene polymorphisms and risk of AIS (Aulisa et al. 2007; Liu et al.
2010; Lee et al. 2010). In Caucasian, Aulisa et al. (2007)
initially investigated whether the IL-6-174-G/C and MMP-31171-5A/6A gene polymorphisms were associated with risk
of AIS. They found that individuals exposed to MMP-31171-5A/6A gene polymorphism 5A5A genotype were more
susceptible to this scoliosis, as well as IL-6-174-G/C gene
polymorphism GG genotype. Subsequently, results from
other studies remain controversial (Mórocz et al. 2011;
Nikolova et al. 2015), while Mórocz et al. (2011) reported
that for the BMP4 (rs4898820G/T)-MMP3-5A/5A gene polymorphisms, combinations of genotype such as GG-5A/5A,
GG-5A/6A and GT-6A/6A were demonstrated to be more
common in AIS as well as AA-(Leptin-rs7799039) and CC(IL6-174-G/C). In addition, Nikolova et al. (2015) reported
that the IL-6-174-G/C polymorphism was signiﬁcantly associated with curve severity in Caucasian populations. However, Liu et al. (2010) found that all 100 AIS patients and
100 controls carried the GG wild type in Asian populations and that IL6-174-G/C polymorphism did not exist.
Given these inconsistent reports, we conducted this metaanalysis to comprehensively and systematically assess the
associations of IL-6-174-G/C and MMP-3-1171-5A/6A gene
polymorphisms with AIS risk.
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Materials and methods
Search strategy

PubMed, EMBASE, Web of Science, the Cochrane Library,
Chinese Biomedical Literature database and Wanfang database were searched from January 1994 to October 2015 for
all case–control studies focussed on the relationship between
IL-6-174-G/C and MMP-3-1171-5A/6A gene polymorphisms
and AIS risk with the following search terms: adolescent
idiopathic scoliosis or AIS; interleukin 6 or IL-6 or matrix
metalloproteinase-3 or MMP-3; polymorphism or singlenucleotide polymorphism or SNP or variation. There was no
restriction in the literature search. The reference lists of the
selected articles and reviews were also examined for more
potential studies.
Inclusion and exclusion criteria

The inclusion criteria of our meta-analysis were as follows:
(i) case–control study; (ii) assessment on the association of
IL-6-174-G/C and MMP-3-1171-5A/6A gene polymorphisms
with AIS; (iii) reported the frequency distribution of alleles and genotypes; (iv) the AIS was diagnosed radiologically
based on the Cobb ≥ 10◦ ; (v) Hardy–Weinberg equilibrium
(HWE) in controls was met; exclusion criteria: (i) no case–
control studies; (ii) ‘failure to provide the genes’ distribution
details; (iii) genotype frequencies in controls were not abided
by HWE; (iv) duplicated reports.
Data extraction

Data from the eligible studies were extracted based on the
inclusion and exclusion criteria by two authors independently, and then a consensus was attempted. From these
selected articles, we collected names of authors, publication
year, country of origin, ethnicity, genotyping methods, group,
sample size, gender distribution, alleles and genotypes of
IL-6 and MMP-3. Besides, we also evaluated whether the
genotype distributions met HWE.
Data synthesis and statistical analysis

Odds ratio (OR) and 95% conﬁdence interval (CI) were pooled
to estimate the association of IL-6-174-G/C and MMP-31171-5A/6A polymorphisms with AIS under allele contrast
(C versus G), homozygote (CC versus GG), heterozygote
(GC versus GG), dominant (GC/CC versus GG) and recessive
(CC versus GC/GG) models for IL-6-174-G/C polymorphism. Likewise, the strength of association between the
MMP-3 1171 5A/6A polymorphism and AIS susceptibility
was assessed by allele contrast (5A versus 6A), homozygote
(5A5A versus 6A6A), heterozygote (5A6A versus 6A6A),
dominant (5A6A/5A5A versus 6A6A) and recessive (5A5A
versus 5A6A/6A6A) models. Heterogeneity assumption was
checked by a chi-square-based Q statistic test and quantiﬁed by I2 metric value. If I2 value is > 50% or P < 0.10,
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This meta-analysis suggested that no signiﬁcant associations
between IL-6-174-G/C gene polymorphism and AIS risk
were detected in all genetic models (C versus G: OR = 0.56,
95% CI = 0.29–1.19, P = 0.14; CC versus GG: OR = 0.38,
95% CI = 0.13–1.09, P = 0.14; GC verse GG: OR = 0.74,
95% CI = 0.43–1.29, P = 0.29; GC/CC versus GG: OR =
0.60, 95% CI = 0.28–1.29, P = 0.19; CC versus GG/GC:
OR = 0.38, 95% CI = 0.13–1.09, P = 0.07), as indicated
in table 2. On the other hand, no statistical signiﬁcance was
revealed in Caucasians or Asians (table 2).
For MMP-3-1171-5A/6A gene polymorphism, signiﬁcant
association was observed under homozygote model (5A5A
versus 6A6A: OR = 1.69, 95% CI = 1.11–2.58, P = 0.02,
ﬁgure 2), while there were no positive results under allele
contrast, heterozygote, dominant and recessive models (5A
versus 6A: OR = 1.26, 95% CI = 0.97–1.63, P = 0.09;
5A6A versus 6A6A: OR = 1.06, 95% CI = 0.84–1.34,
P = 0.60; 5A5A/5A6A versus 6A6A: OR = 1.12, 95% CI =
0.90–1.40, P = 0.31; 5A5A versus 5A6A/6A6A: OR = 1.64,
95% CI = 0.81–3.32, P = 0.17; as indicated in table 2). Correspondingly, MMP-3-1171-5A/6A variant was signiﬁcantly
associated with AIS risk in Caucasian populations (5A versus
6A: OR = 1.43, 95% CI = 1.11–1.84, P = 0.006; 5A5A

Table 1. General characteristics of studies included in the meta-analysis.

Quantitative data analysis

Case (n = 80)
Control (n = 160)
Hungary Caucasian PCR-RFLP Case (n = 126)
Control (n = 197)
China
Asian PCR-RFLP Case (n = 487)
Control (n = 494)
South Korea Asian
Taqman
Case (n = 198)
Control (n = 120)
Italy
Caucasian PCR-RFLP Case (n = 53)
Control (n = 206)

Gender
Female Male

Cobb (◦ )

There were 16 articles preliminarily reviewed, of which ﬁve
studies (Aulisa et al. 2007; Liu et al. 2010; Lee et al. 2010;
Mórocz et al. 2011; Nikolova et al. 2015) with 944 cases
and 1017 controls met the selection criteria (ﬁgure 1). Two
studies (Lee et al. 2010; Liu et al. 2010) focussed on Asian
populations and three studies (Aulisa et al. 2007; Mórocz
et al. 2011; Nikolova et al. 2015) focussed on Caucasian
population. Two studies (Aulisa et al. 2007; Mórocz et al.
2011) reported the genotype distribution details on IL-6174-G/C and MMP-3-1171-5A/6A polymorphism and two
studies (Lee et al. 2010; Nikolova et al. 2015) reported
only genotypes distribution of IL-6-174-G/C polymorphism.
However, only one study (Liu et al. 2010) provided the genotype distribution details on MMP-3-1171-5A/6A polymorphism. Table 1 demonstrates the demographic characteristics
of studies which meet the inclusion criteria.

Caucasian PCR-RFLP

IL-6 alleles IL-6 genotypes
G
C
GG GC CC

Study characteristics

Bulgaria

Results

Nikolova et al. (2015)

MMP-3 alleles MMP-3 genotypes
5A
6A
5A5A 5A6A 6A6A

ORs were pooled by random effect model for the obvious
heterogeneity (Dersimonina and Laird 1986). Otherwise, the
ﬁxed effect model was used (Mantel and Haenszel 1959).
Through removing each single study, sensitivity analysis was
performed and subgroup analysis was conducted based on
heterogeneous ethnicities. The statistical analysis was performed by STATA 12.0 (STATA, College Station, USA). All
two-tailed P values were computed and statistical signiﬁcance cut-off was 0.05.

–
–
25
53
321
327
–
–
13
64
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Table 2. Results of genetic models for IL-6 (-174 G/C) and MMP-3 (-1171 5A/6A) polymorphism and AIS.
Test of association

Test of heterogeneity

Comparison

OR

95% CI

P

Model

P

I2 (%)

IL-6 (-174 G/C)
Overall
C vs G
CC vs GG
GC vs GG
GC/CC vs GG
CC vs GC/GG

0.56
0.38
0.74
0.60
0.38

0.29–1.19
0.13–1.09
0.43–1.29
0.28–1.29
0.13–1.09

0.14
0.07
0.29
0.19
0.07

R
R
R
R
R

0.000
0.007
0.087
0.003
0.002

86.2
79.8
54.4
78.3
83.8

Caucasian
C vs G
CC vs GG
GC vs GG
GC/CC vs GG
CC vs GC/GG

0.58
0.38
0.74
0.60
0.38

0.28–1.24
0.13–1.09
0.40–1.37
0.26–1.37
0.13–1.09

0.16
0.07
0.34
0.22
0.07

R
R
R
R
R

0.000
0.007
0.038
0.001
0.007

90.8
79.8
69.4
85.5
79.8

Asian
C vs G
CC vs GG
GC vs GG
GC/CC vs GG
CC vs GC/GG

0.61
–
0.60
0.60
–

0.04–9.72
–
0.43–9.75
0.04–9.75
–

0.72
–
0.72
0.72
–

F
–
F
F
–

1
–
1
1
–

0
–
0
0
–

MMP-3 (-1171 5A/6A)
Overall
5A vs 6A
5A5A vs 6A6A
5A6A vs 6A6A
5A5A/5A6A vs 6A6A
5A5A vs 5A6A/6A6A

1.26
1.69
1.06
1.12
1.64

0.97–1.63
1.11–2.58
0.84–1.34
0.90–1.40
0.81–3.32

0.09
0.02
0.60
0.31
0.17

R
F
F
F
R

0.125
0.198
0.382
0.370
0.030

52.0
38.2
0
0
71.6

Caucasian
5A vs 6A
5A5A vs 6A6A
5A6A vs 6A6A
5A5A/5A6A vs 6A6A
5A5A vs 5A6A/6A6A

1.43
1.90
1.31
1.45
1.84

1.11–1.84
1.13–3.19
0.83–2.05
0.95–2.22
0.57–5.93

0.006
0.02
0.24
0.09
0.31

R
F
F
F
R

0.364
0.107
0.382
0.876
0.008

0
61.6
0
0
85.6

Asian
5A vs 6A
5A5A vs 6A6A
5A6A vs 6A6A
5A5A/5A6A vs 6A6A
5A5A vs 5A6A/6A6A

1.04
1.33
0.99
1.01
1.34

0.83–1.30
0.64–2.79
1.75–1.29
0.78–1.32
0.64–2.79

0.75
0.45
0.92
0.93
0.44

R
F
F
F
R

1
1
1
1
1

0
0
0
0
0

F, ﬁxed effect model. R, random effect model.

versus 6A6A: OR = 1.90, 95% CI = 1.13–3.19, P = 0.02,
ﬁgures 2 and 3); while no signiﬁcant association was detected
in Asians (table 2; ﬁgures 2 and 3).
Sensitive analysis and publication bias

No matter which study was removed, the corresponding
pooled results did not change ﬁercely. Therefore, the results
were of high stability, and we can conclude that our metaanalysis data is relatively stable and credible. Besides, we did
not assess the publication bias for the reason that it might not
be suitable to assess it when the ﬁgure of studies included
was less than 10.
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Discussion
Recently, several genetic polymorphisms have been identiﬁed that are signiﬁcantly associated with AIS such as ERα
Xbal and ERα PvuII (Wu et al. 2006; Janusz et al. 2013),
matrilin-1 gene polymorphism (Ocaka et al. 2008), melatonin
receptor 1B (MTNR1B) gene polymorphism (Qiu et al. 2007).
There were a series of studies that have been looked into
the association of IL-6-174-G/C and MMP-3-1171-5A/6A
gene polymorphisms and AIS risk, while there was no identical conclusion (Aulisa et al. 2007; Liu et al. 2010; Lee et al.
2010; Morocz et al. 2011; Nikolova et al. 2015). To date,
no systematical assessment on the relationship between
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Records identified through
database searching
(n = 16)
PubMed: 5, Embase: 10, Cochrane: 1

Additional records identified
through other sources
(n = 1)

Records after duplicates removed
(n = 9)

Records excluded
(n = 2)
2 articles were authors’
graduation thesis and
these were also published
in PubMed

Records excluded
(n = 1)
1 study did not meet the
aim of our study

Records screened
(n = 6)

Full-text articles assessed
for eligibility
(n = 5)

Full-text articles excluded
(n = 1)
1 no sufficient data

Studies included in
meta-analysis
(n = 5)

4 studies: IL-6 174 G/C
3 studies: MMP-3 1171
5A/6A

Figure 1. The study selection and inclusion process.

Figure 2. Forest plot describing the meta-analysis under homozygote model for the
association between MMP-3 (-1171 5A/6A) polymorphism and the risk of AIS (5A5A
vs 6A6A).

IL-6-174-G/C and MMP-3-1171-5A/6A gene polymorphisms
and AIS risk has been published. Thus, we employed a
meta-analysis to assess the associations of IL-6-174-G/C and
MMP-3-1171-5A/6A gene polymorphisms with AIS risk.

Inﬂammation can inﬂuence the pathogenesis of many
diseases (Turgut et al. 2006). Several studies suggested that
polymorphisms in genes encoding inﬂammatory mediators
might have an impact on the plasma concentration and
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Figure 3. Forest plot describing the meta-analysis under allele contrast model for
the association between MMP-3 (-1171 5A/6A) polymorphism and the risk of AIS
(5A vs 6A).

biological activity of corresponding proteins such as IL-6
(Howell and Rose Zerilli 2007). Therefore, the polymorphisms
of cytokine genes like IL-6 might be candidate gene variants
for AIS susceptibility. On the other hand, MMP-3 can disintegrate proteoglycan and may be an important contributor for
biological process and chemical degradation of the intervertebral disc (Goupille et al. 1998). Correspondingly, association between polymorphisms of MMP-3 and intervertebral
disc degeneration (IDD) had also been identiﬁed by Valdes
et al. (2005), which indicated that polymorphism of MMP-3
can strongly affect the pathogenesis of IDD. Besides, plasma
levels and/or biological activities of MMP-3 and IL-6 were
strongly genetically inﬂuenced (Akhtar et al. 2005). Therefore, associations of IL-6 and MMP-3 polymorphism with
AIS have been widely investigated. In Caucasian population,
Aulisa’s study (Aulisa et al. 2007) suggested that MMP-31171-5A/6A 5A5A genotype was an independent risk factor
of AIS as well as IL-6-174-G/C GG genotype. Mórocz et al.’s
(2011) study found the synergistic effect between the two
polymorphisms and polymorphisms located MTNR1B and
BMP4 genes. However, in Caucasian population, Liu et al.
(2010) did ﬁnd any signiﬁcant association.
Overall, we did not detect signiﬁcant differences in gene
distributions of IL-6-174-G/C polymorphism, which coincided with most included studies (Lee et al. 2010; Mórocz et al.
2011; Nikolova et al. 2015) except one (Aulisa et al. 2007) that
reported IL-6-174-G/C GG genotype was more frequent in
AIS patients. Subgroup analysis also showed the same results
in Asian and Caucasian populations. Interestingly, Liu et al.
(2010) found that no polymorphism in Asian and that both AIS
patients and controls carried IL-6-174-G/C GG genotype.
Correspondingly, Lee et al. (2010) reported that only two of
318 subjects were IL-6-174-G/C genotype GC, while the rest
were genotype GG. However, this extreme gene distribution
was not detected in Caucasian (Aulisa et al. 2007; Mórocz
et al. 2011; Nikolova et al. 2015). For MMP-31171-5A/6A,
578

this meta-analysis found a signiﬁcant association of MMP3-1171-5A/6A with AIS (5A5A versus 6A6A: OR = 1.69,
95% CI = 1.11-2.58, P = 0.02), indicating that individuals
exposed to 5A5A genotype of MMP-3-1171-5A/6A are more
susceptible to AIS. This ﬁnding was supported by Aulisa
et al. (2007). However, no obvious association was found in
the other comparison models. Subgroup analysis also found
signiﬁcant associations in Caucasian population but not in
Asian population. Obviously, each ethnicity is bound to be
exposed to its speciﬁc gene background (Mohan et al. 2014),
which may explain different susceptibility to AIS among
diverse populations and progression of the curve (Weinstein
et al. 2008).
Although, comprehensive analyses were conducted to
assess the association of IL-6-174-G/C and MMP-3-11715A/6A gene polymorphisms with AIS, the following limitations should be taken into serious consideration. Firstly,
only four studies comprised of 2061 subjects were included,
which failed to guarantee the statistical power. Secondly, the
sample size of Aulisa et al. (2007) and Mórocz et al. (2011)
were relatively small, which might result in heterogeneous
results and effect on total consequences. Thirdly, only studies conducted in Asian and Caucasian patients were included
in our study, which might not represent the tendency in other
ethnicities. Fourthly, even though all studies guaranteed the
identical gender distributions between the cases and controls,
two studies did not report the exact gender distribution and
one study included only females. The females are more susceptible to severe curves than males. Thus, the gender distribution may inﬂuence the total consequences. Given the
interference from other genes (Mórocz et al. 2011) and 62%
of liability to environments (Grauers et al. 2012), the heterogeneity among different studies cannot be ignored. Therefore, larger-scale and well-designed studies are necessary to
investigate the association of IL-6-174-G/C and MMP-31171-5A/6A polymorphisms with the risk of AIS.
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This meta-analysis had pooled data on the associations
of aforementioned gene polymorphisms with AIS, and concluded that the MMP-3-1171-5A/6A gene polymorphism was
signiﬁcantly associated with AIS, especially in Caucasian
populations. However, no signiﬁcant association was detected between IL-6-174-G/C variant and AIS. Considering these
limitations, more studies are needed to investigate the associations of aforementioned gene polymorphisms with AIS.
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