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Abstract

Background: Osteoarthritis (OA) is a degenerative joint disease with a complex genetic background. Variants in
growth differentiation factor 5 (GDF5) have been reported to be associated with rheumatoid arthritis (RA) in several
ethnic populations. The present study aimed to assess the association between the GDF5 +104T/C polymorphism
and the susceptibility of the knee to OA through a meta-analysis of available case-control studies.

Methods: The PubMed and Science Direct citation databases were used to search electronic literature in order
to identify studies published between January 2007 and July 2016 that evaluated the association between the
GDF5 +104T/C polymorphism and the susceptibility of the knee to OA. Different genetic models were used to
assess the pooled and stratified data.

Results: A positive association was found in all pooled studies (OR = 0.808, 95 % CI = 0.754–0.866, p< 0.001). Regarding
genotypes, significant associations were found using a dominant model (OR = 0.777, 95 % CI = 0.708–0.852, p < 0.001), a
recessive model (OR = 0.723, 95%CI = 0.623–0.839, p < 0.001), and an additive model (CC vs TT OR = 0.648, 95 %
CI = 0.552–0.760, p < 0.001; CC vs CT OR = 0.801, 95 % CI = 0.685–0.936, p = 0.005). Meta-analysis data were stratified by
ethnicity, and the GDF5 C allele was found to be positively associated with OA of the knee in both Caucasians and
Asians, as were the GDF5 TC and CC genotypes. In addition, using an additive model, the CC genotype was found to be
significantly associated with OA of the knee in both Caucasians and Asians when comparing CC vs TT genotypes, but
not in Caucasians when comparing TT vs CT genotypes.

Conclusions: Meta-analysis results indicated that the GDF5 +104T/C polymorphism is a protective factor for OA among
Caucasian and Asian populations.
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Background
Osteoarthritis (OA) is a chronic and progressive condition
causing pain and disability worldwide and is regarded as a
disease of the entire joint [1, 2]. Obesity, age, and joint in-
jury are the major risk factors for OA of the knee [3, 4]. In
addition, heritability studies have shown that genetic com-
ponents account for approximately half of the risk for

development of OA of the knee [5–7]. Understanding the
genetic factors that influence progression of the disorder
is important for the development of therapies to prevent
or attenuate the pathogenesis of knee OA [8].
The genetic background of knee OA likely involves

multiple genes that encode proteins with significant
functions in the underlying disease process. The
growth differentiation factor 5 (GDF5) gene contains
three introns and is located on chromosome 20q11.2,
spanning 21.43 kb from 34042573 to 34021146. The
GDF5 protein is encoded by the reverse strand
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(Entrez Gene, http://www.ncbi.nlm.nih.gov/IEB/Research/
Acembly/av.cgi). Proteins encoded by GDF5 are members
of the TGF-beta superfamily and the bone morpho-
genetic protein (BMP) family. Proteins of this group
contain a polybasic proteolytic processing site, which
can produce a mature protein with seven conserved
cysteine residues [9]. These proteins have been shown
to be regulators of cell growth and differentiation in
both embryonic and adult tissues. Variants of GDF5 are
associated with chondrodysplasia, acromesomelic dys-
plasia, and brachydactyly [10–12], indicating that GDF5
may play a protective role in skeletal development. In
addition, the GDF5 +104T/C single-nucleotide poly-
morphism (SNP) in the 5′ untranslated region (UTR)
of this gene may result in increased risk of OA. Recently, a
number of research groups have reported associations
between the GDF5 +104T/C SNP and the susceptibility to
OA in different ethnic populations. Weak or a complete
lack of association in different ethnic populations has been
reported by other groups, which may be the result of pub-
lication bias, differences in allele frequencies between
races, or limited sample sizes.
Although several meta-analyses based on differences

in strategies have highlighted a possible association
between the GDF5 +104T/C SNP and knee OA, all
meta-analyses did not distinguish between case-control
and cohort studies [13–15]. More recently, several new
studies have also reported an association between the
GDF5 +104T/C SNP and risk of knee OA [16, 17]. In
the present study, a meta-analysis was performed to
evaluate the contribution of the GDF5 +104T/C poly-
morphism to the susceptibility of the knee to OA in
different ethnic populations.

Methods
Study identification and selection
The PubMed and Science Direct citation databases were
used to search electronic literature to identify studies
published between January 2007 and July 2016 that eval-
uated the association between the GDF5 +104T/C poly-
morphism and the susceptibility of the knee to OA.
Combinations of keywords used in the search and en-
tered as Medical Subject Headings (MeSH) were as fol-
lows: (“osteoarthritis” or “GDF5” or “polymorphism” or
“GDF5 +104T/C”); (“genetics” or “OA” or “rs143383”);
and (“polymorphism” or “polymorphisms”).

Inclusion and exclusion criteria
Data were collected from fully published articles, ex-
cluding any conference or meeting abstracts. Inclusion
criteria were as follows: (a) evaluation of the association
between GDF5 rs143383 polymorphism with susceptibility
to knee OA; (b) case-controlled study design based on un-
related individuals; and (c) case and control groups having

sufficient genotypic data (T and C) and/or sufficient allelic
data (TT, TC, and CC) for estimation of odds ratios (OR)
with 95 % confidence interval (95 % CI). Exclusion criteria
were as follows: (a) overlapping data; (b) genotype fre-
quencies or numbers not reliably ascertained; (c) cohort
or family-based study design, because the design and ana-
lysis of the study are based on linkage; and (d) review
paper or abstract.

Data extraction
The following information was extracted: (a) name of the
first author, (b) year of publication, (c) ethnicity of the
studied population, (d) the numbers of cases and controls
of GDF5 polymorphism, and (e) Hardy-Weinberg equilib-
rium (HWE) of controls.

Statistical analysis
Allele frequencies of the GDF5 +104T/C polymorphism
from each respective study were determined by the allele
counting method. HWE was used to examine the devi-
ation of data associated with the GDF5 rs143383 SNP in
the knee OA control groups using Fisher’s exact test. If
the p value of HWE was not greater than 0.05, the control
group was considered to be in disequilibrium. To evaluate
the strength of association between the GDF5 rs143383
polymorphism and the susceptibility of the knee to OA,
pooled ORs and their 95 % CIs were determined for each
study, and within-study and between-study heterogeneity
were evaluated by Cochran’s Q statistic [18].
The pooled ORs were performed for allelic contras,

dominant, recessive, and additive models. If a p value
for a particular Q statistic was less than 0.10, the ran-
dom effects model was used [19]. The I2 measure (I2 =
100 % x(Q − df )/Q) was used to quantify the effect of
heterogeneity [20]. I2 ranges between 0 and 100 %,
which, respectively, represents the proportion of inter-
study variability attributable to heterogeneity rather
than chance (low, 0–25 %; moderate, 25–50 %; large,
50–75 %; and very large, >75 %). When I2 is greater
than 50 %, a study should be eliminated that performs
for I2 values to reach less than 25 % [21].
Sensitivity analysis was then performed by excluding

studies violating HWE [22].
To evaluate publication bias, funnel plots were deter-

mined. However, due to the limited number of studies,
Egger’s linear regression test was used to evaluate the bias
[23]. When the pooled study groups are homogenous, the
random effects and fixed effects models are similar. How-
ever, if this is not the case, the random effects model usu-
ally provides wider CIs than the fixed effects model [19].
In the present study, statistical manipulations were per-
formed using Stata 11 software (Stata Corporation,
College Station, TX).
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Results
Fifty-two articles that evaluated the association between
GDF5 +104T/C polymorphism and the susceptibility of
the knee to OA were identified (Fig. 1). Twenty-eight pa-
pers were excluded due to data missing, not being a case-
control study, genotype distribution in the controls being
inconsistent with HWE, previous meta-analysis studies, or
missing data. Seven articles met the inclusion criteria
[17, 24–29]. Among these, one study reported on two
populations (Chinese and Japanese; UK and Spanish;
two different populations in the UK) that were con-
sidered as two separate studies [24, 25, 28]. The seven
identified papers included nine case-control studies in-
volving 3319 knee OA patients and 4987 controls that
were conducted in Caucasian and Asian populations.
Characteristics of the GDF5 +104T/C studies in-

cluded in the present meta-analysis are listed in Table 1.
The results showed a positive association in all pooled
studies (OR = 0.808, 95 % CI = 0.754–0.866, p < 0.001)
(Table 2). Regarding genotypes, a significant association
was found using a dominant model (OR = 0.777, 95 %
CI = 0.708–0.852, p < 0.001), a recessive model (OR = 0.723,
95 % CI = 0.623–0.839, p < 0.001), and an additive model
(CC vs TT OR= 0.648, 95 % CI = 0.552–0.760, p < 0.001;
CC vs CT OR= 0.801, 95 % CI = 0.685–0.936, p = 0.005).
After meta-analysis data were stratified by ethnicity, the
C allele of GDF5 was found to be positively associated
with knee OA in Caucasians (OR = 0.872, 95 % CI =
0.794–0.957, p = 0.004) and Asians (OR = 0.738, 95 %
CI = 0.665–0.818, p < 0.001). In addition, the GDF5 TC
and CC genotypes were found to be positively associated

with knee OA in Caucasians (OR = 0.853, 95 % = 0.749–
0.972, p = 0.017) and Asians (OR = 0.706, 95 % CI =
0.619–0.806, p < 0.001). Using an additive model, the
CC genotype was found to be significantly associated
with knee OA in Caucasians (OR = 0.648, 95 % CI =
0.552–0.760, p = 0.007) and Asians (OR = 0.518, 95 %
CI = 0.402–0.668, p < 0.001) when comparing CC vs TT
genotypes, and when comparing TT vs CT genotypes
(OR = 0.743, 95 % CI = 0.578–0.955, p = 0.021), but not
significantly associated with knee OA in Caucasians
when comparing TT vs CT genotypes (OR = 0.840, 95 %
CI = 0.685–1.026, p = 0.088) (Table 2).

Heterogeneity and publication bias
The between-study heterogeneity in terms of the ORs of
the GDF5 +104T/C polymorphism were found in all
subjects and thus, meta-analysis of the GDF5 +104T/C
polymorphism was performed using a random effects
model for all subjects, with the exception of the dominant
model, which was analyzed using a fixed effects model
(I2 = 53.2 %) (Table 2).
A publication bias was identified in the present study

(Fig. 2), due to the disproportionate number of articles
reporting positive results. Evidence for this was found
using recessive and additive models, as the p value of
Egger’s regression was less than 0.1. In view of this, the
“trim and fill” method was used in order to adjust for
publication bias in the present study. Adjusted ORs ob-
tained using the “trim and fill” method remained statisti-
cally significant (data not shown).

Fig. 1 Flow chart of studies of GDF5 rs143383 polymorphism in the meta-analysis
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Sensitivity analyses
The HWE-violating studies were excluded in order to per-
form sensitivity analyses, and the stability of the results
was then evaluated. Departure from HWE was observed
in the control of one study (Valdes et al. [28]). After ex-
cluding this study, the corresponding ORs did not change
substantially in all models, suggesting that the results of
the present meta-analysis are stable (data not shown).

Discussion
The association between the +104C allele at the
rs143383 polymorphism in the GDF5 gene and OA of
the knee has been documented in genome-wide associ-
ation studies (GWAS), with inconsistent results in different
case-controls. Meta-analysis is known to be a suitable

methodology for detecting small effects in genetic asso-
ciation studies, and the present study was designed in
order to update and investigate the results associating
the GDF5 +104T/C polymorphism with the susceptibility
to OA of the knee in different ethnic populations. Seven
studies relating to GDF5 +104T/C polymorphism were in-
cluded in the present meta-analysis.
Significant association between the GDF5 +104T/C

polymorphism and the susceptibility to OA of the knee
has been demonstrated in the present study. These results
indicate that the GDF5 rs143383 C allele was significantly
related to OA of the knee in Caucasian and Asian sub-
jects. GDF5 TC and CC genotypes were found to be sig-
nificantly related to OA of the knee in Caucasian and
Asian subjects. In addition, the GDF5 rs143383 TT

Table 1 Characteristics of the studies of GDF5 rs143383 polymorphism included in the meta-analysis

First author Year Ethnicity Numbers RA/controls (allele) HWE (P)

OA Controls T C

Southam et al.a 2007 Caucasian 349 822 450/1020 248/624 0.262

Southam et al.a 2007 Caucasian 274 1196 340/1441 208/951 0.550

Miyamoto et al.a 2007 Asian 718 861 1131/1276 305/446 0.966

Miyamoto et al.b 2007 Asian 313 485 491/681 135/289 0.283

Tsezou et al. 2007 Caucasian 251 268 316/323 186/213 0.669

Valdes et al. 2009 Caucasian 735 654 987/805 483/487 0.320

Cao et al. 2010 Asian 276 298 415/431 137/165 0.360

Tawonsawatruk et al. 2011 Asian 103 103 117/113 63/93 0.424

Mishra et al. 2013 Asian 300 300 378/328 222/272 0.188

Letters a and b denote an independent study in one article
HWE Hardy-Weinberg equilibrium

Table 2 Meta-analysis of the association between GDF5 rs143383 polymorphism and OA susceptibility

Comparison Ethnic
group

Studies Sample size Test of association Test of heterogeneity

OA Control OR 95 % CI p value Model Q test p value I2 (%)

Allelic contrast Overall 9 3319 4987 0.808 0.754 0.866 0.000 R 10.12 0.698 0

(T vs C allele) Caucasian 4 1609 2940 0.872 0.794 0.957 0.004 1.43 0.518 0

Asian 5 1710 2047 0.738 0.665 0.818 0.000 3.25 0.257 21

Dominant model Overall 9 3319 4987 0.777 0.708 0.852 0.000 F 17.1 0.029 53.2

(TC + CC vs TT) Caucasian 4 1609 2940 0.853 0.749 0.972 0.017 5.99 0.112 49.9

Asian 5 1710 2047 0.706 0.619 0.806 0.000 7.16 0.128 44.1

Recessive model Overall 9 3319 4987 0.723 0.623 0.839 0.000 R 6.66 0.574 0

(CC vs TC + TT) Caucasian 4 1609 2940 0.797 0.659 0.965 0.02 1.60 0.659 0

Asian 5 1710 2047 0.621 0.489 0.789 0.000 2.57 0.633 0

Additive model Overall 9 3319 4987 0.648 0.552 0.760 0.000 R 5.84 0.665 0

(CC vs TT) Caucasian 4 1609 2940 0.754 0.613 0.927 0.007 0.15 0.986 0

Asian 5 1710 2047 0.518 0.402 0.668 0.000 0.69 0.953 0

Additive model Overall 9 3319 4987 0.801 0.685 0.936 0.005 R 9.64 0.291 17

(CC vs TC) Caucasian 4 1609 2940 0.84 0.688 1.026 0.088 4.49 0.213 33.2

Asian 5 1710 2047 0.743 0.578 0.955 0.021 4.63 0.328 13.6

R random model, F fixed model
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genotype was found to be significantly related to OA of
the knee in Caucasian and Asian subjects, although not
significantly related to OA of the knee in Caucasians when
evaluated using an additive model (CC vs TC).
The GDF5 gene is located on chromosome 20q11.2

and spans 21.43 kb, from 34042573 to 34021146, on the
reverse strand. The protein encoded by GDF5 is a mem-
ber of the bone morphogenetic protein (BMP) family.
GDF5 gene variants are associated with brachydactyly,
chondrodysplasia, and acromesomelic dysplasia, indicat-
ing that the GDF5 gene product plays a critical role in
skeletal development [30]. Several animal studies have
confirmed data supportive of a key role for GDF5 [31–33].
In animals with GDF5 variants, multiple joint abnormalities
have been reported, including tendon anomaly, soft tissue
deformities, and decreases in the appendicular skeleton.
Overall, these results demonstrate that variants of GDF5
may play a crucial role in the pathogenesis of OA.
Heterogeneity in different ethnic populations is a po-

tential problem that is further complicated by allelic fre-
quencies of different susceptibility genes [34]. In the
present study, significant heterogeneity was identified
among different ethnic groups. To evaluate this further,
ethnicity was used to stratify the studies included in
order to clarify the heterogeneity. The results indicated
that part of the heterogeneity identified was attenuated.
In addition, every study with the unique criteria defined
the cases, which may have resulted in the observed het-
erogeneity. Some of the studies used in the evaluation
used the ACR criteria and/or K/L classification to define
the respective cases of OA, while other studies defined
OA using the TKR criteria. These differences between
the control groups and the key characteristics of the par-
ticipants may also result in the observed heterogeneity
in the magnitude of the genetic effects [35]. Recruiting a

matched control group may contribute to the magnitude
of heterogeneous genetic effects [35]. Additional fac-
tors may also be taken into consideration in order to
identify heterogeneity in the event additional data were
available.
Previous meta-analysis studies have reported an asso-

ciation between GDF5 +104T/C polymorphism and the
susceptibility to OA of the knee in Asians and Caucasians.
These studies also reported that the GDF5 rs143383 C
allele serves as a protective factor for OA in Caucasians
(OR = 0.87, p < 0.001) and Asians (OR = 0.78, p = 0.003)
[14]. Rui et al. reported an association between CDF5
rs143383 polymorphism and knee OA, hip OA, and hand
OA using random or fixed effects models [13], although
the findings did not distinguish between case-control and
cohort studies, further complicating the heterogeneity
among different studies.
In the present meta-analysis, the incidence of the

GFD5 C allele was found to vary among different eth-
nicities, from 19.8 % in Asian to 23.3 % in Caucasian
populations. In terms of controls, the frequencies of the
GDF5 C allele in the Asian and European populations
were 28.1 and 45.7 %, respectively. Although a compre-
hensive meta-analysis was performed, some limitations
should be acknowledged in the present study. Some studies
were excluded in spite of establishing search criteria, as
raw data is insufficient. In addition, between-study hetero-
geneity and publication bias may influence the results in
the present meta-analysis.

Conclusions
In conclusion, the meta-analysis confirmed that the
GDF5 +104T/C polymorphism can confer susceptibility
to knee OA with a protective association in the subjects.

Fig. 2 Funnel plot of the meta-analysis of OA risk and the rs143383 polymorphism
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