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Abstract

Background: A great deal of evidence has supported that growth differentiation factor 5 (GDF5) is associated with
the occurrence of knee osteoarthritis (KOA), while their results are not consistent. In the present study, we aimed to
explore the association between GDF5 gene polymorphism and KOA for a more credible conclusion.

Methods: Comprehensive literature searches were carried out in English databases, including PubMed, Embase,
Web of Science (WOS), and Cochrane, and Chinese databases, including China National Knowledge Infrastructure
(CNKI), WANFANG, and VIP database. After the data were extracted from the required studies, the odds ratios (ORs)
and their 95% confidence intervals (CIs) were determined to assess the correlation between GDF5 gene
polymorphism and KOA. The publication bias was evaluated by funnel plot.

Results: According to the inclusion and exclusion criteria, 15 studies on the correlation between GDF5 gene
polymorphism and KOA occurrence were eligible for meta-analysis. Among these articles, four studies showed no
apparent correlation, while the other 11 studies indicated an obvious correlation. Meanwhile, we also carried out a
subgroup analysis of the population. Due to the inevitable heterogeneity, three genetic models were finally
selected for analysis. With the allele model (C versus T: OR = 0.79, 95% CI = 0.73~0.87), recessive model (CC versus
CT + TT: OR = 0.76, 95% CI = 0.68~0.86), and homozygous model (CC versus TT: OR = 0.66, 95% CI = 0.58~0.76),
GDF5 gene polymorphism decreased the risk of KOA. Besides, a significant association was observed in Caucasians,
Asians, and Africans. Meanwhile, the protective effect of genotype C (or CC) in the Asian group was little obvious
than that in the Caucasian group and the African group. Although the quality of the included studies was above
medium-quality, we obtained results with a low level of evidence.

Conclusions: The results of the meta-analysis showed that the genotype C (or CC) of GDF5 protected against KOA
occurrence in Caucasian, Asian, and African populations.
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Introduction
As the most common degenerative joint disease, osteo-
arthritis (OA) is the main factor of pain and disability in
people aged over 45 years [1]. Although OA is common
in the knee, it can also affect any other joints, including
the hand and hip [2, 3]. The main pathogenesis of such
disease involves irreversible destruction of cartilage, ac-
companied by the disrupted dynamic balance of chon-
drocytes, and the changes in other tissues [4]. However,
the exact pathogenesis remains largely unclear, while it
is believed that heredity greatly contributes to the patho-
genesis of this disease [5].
Single nucleotide polymorphism (SNP), which ac-

counts for more than 90% of human gene polymorph-
ism, is the most common and stable gene variation in
the human DNA chain [6]. As a member of the trans-
forming growth factor β (TGF-β) superfamily, growth
differentiation factor 5 (GDF5) plays a considerable role
in the development, maintenance, and repair of cartilage
and bone. Due to its important function, GDF5 is con-
sidered to be related to the OA [7].
A great deal of previous meta-analysis has supported

that there is a correlation between GDF5 and knee
osteoarthritis (KOA), while the research results remain
contradictory. Some defects exist in the previous meta-
analyses, such as the incorrect data extraction and the
limitations of population subgroup analysis. On the
other hand, there has been an update of the literature.
In our present meta-analysis, we systematically and com-
prehensively evaluated the correlation between the
GDF5 gene polymorphism and KOA occurrence.

Materials and methods
Literature retrieval
Based on the guidelines for the Preferred Reporting Item
of Systematic Review and Meta-Analysis (PRISMA), a
comprehensive literature search was conducted in Eng-
lish databases, including PubMed, Embase, Web of Sci-
ence (WOS), and Cochrane, and Chinese databases,
including China National Knowledge Infrastructure
(CNKI), WANFANG, and VIP database (the latest litera-
ture was updated to July 13, 2020). We used a combin-
ation of medical subject heading terms (“GDF5” or
“growth and differentiation factor 5” or “rs143383”) and
(“polymorphism” or “SNP”) and (“osteoarthritis” or
“OA”). Besides, references that could be included from
the reviews and clinical trials were also manually
searched.

Inclusion and exclusion criteria
The inclusion criteria in this meta-analysis were set as
follows: (1) human studies; (2) studies with a case-
control group (case group: KOA subjects diagnosed by
radiology; control group: subjects without the history of

OA and autoimmune diseases); (3) studies on the rela-
tionship between GDF5 gene polymorphism and KOA
susceptibility; and (4) studies with sufficient specific data
to calculate odds ratios (ORs) and 95% confidence inter-
vals (CIs). Meanwhile, the exclusion criteria were set as
follows: animal model studies, reviews, case reports, ex-
pert opinions, and conference summaries. All the re-
trieved studies were screened by two reviewers
according to the inclusion criteria and exclusion criteria.

Data extraction
The following data were extracted from the included
studies by two independent reviewers: the first author,
the year of publication, the country and population of
the subjects, the genotyping method, the number of al-
leles in the case group and control group, the sample
size of the subjects in the case group and control group,
and the P value for the Hardy–Weinberg equilibrium
(HWE) test in the control group.

Assessment of study quality
The Newcastle–Ottawa Scale (NOS) [8] was used to as-
sess the quality of all studies based on the following
three dimensions: selection (four items, 1 point each),
comparability (one item, maximum 2 points), and expos-
ure/outcome (three items, 1 point each). The score of
each study ranged from 0 (worst) to 9 (best). The quality
of each study was judged by two reviewers as low,
medium, and high when a score of 0–3, 4–6, and 7–9
was obtained, respectively. If there was a difference in
the scores given by the two reviewers, a consensus
would be eventually reached through the discussion of
each study.

Statistical analysis
To clarify the relationship between GDF5 gene poly-
morphism and KOA susceptibility, the overall ORs and
95% CIs of the following five models were calculated: al-
lele model (C versus T), dominant model (CC + CT ver-
sus TT), recessive model (CC versus CT + TT),
heterozygous model (CT versus TT), and homozygous
model (CC versus TT).
The heterogeneity test between studies was performed

based on the Q statistics and I2 statistics of all studies in
each model. If P < 0.1 and I2 ≥ 50%, it was considered
that a large heterogeneity existed [9], and then the
random-effects model was used. Otherwise, the fixed-
effects model was chosen [10]. The source of heterogen-
eity was analyzed by subgroup analysis and sensitivity
analysis by omitting each study in turn, and the publica-
tion bias was assessed using the funnel plot. The Review
Manager 5.4 software (the Cochrane Collaboration, Ox-
ford, UK) was used for the abovementioned analyses.
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Results
Characteristics of the included studies
A total of 291 studies were retrieved from the
following databases: PubMed (n = 68), Embase (n =
74), WOS (n = 137), Cochrane (n = 5), CNKI (n =
2), WANFANG (n = 5), and VIP database (n = 1),
while one study was obtained by manual search.
After removing repeated studies, and reading titles
and abstracts, 22 studies were obtained. According
to the established exclusion and inclusion criteria,
eight articles were excluded (one letter, six reviews,
and one article which could not extract allele fre-
quency). Finally, 14 articles (15 studies) [11–24]
consisting of 5524 KOA patients and 10,000
healthy controls were included in the meta-analysis
(Fig. 1).
Tables 1 and 2 show the characteristics and quality of

these 15 studies and gene frequency, including 13 high-
score studies, and two medium-score studies. HWE test,
which was used to analyze and evaluate the reliability of
subjects’ choices in each study, indicated that the in-
cluded studies were reliable.

Meta-analysis results
During the meta-analysis, we found that there was
large heterogeneity in all five genetic models. The
random-effects model was selected for analysis, and
the source of heterogeneity was further analyzed.
The aggregate data of all studies showed that geno-
type C (or CC) in the GDF5 gene polymorphism had
a significant protective effect against KOA. Table 3
presents the details: allele model (C versus T: OR =
0.83, 95% CI = 0.74~0.93, P<0.00001), dominant
model (CC + CT versus TT: OR = 0.78, 95% CI =
0.67~0.90, P<0.00001), recessive model (CC versus
CT + TT: OR = 0.80, 95% CI = 0.65~0.99, P =
0.0002), heterozygous model (CT versus TT: OR =
0.79, 95% CI = 0.69~0.91, P<0.0001), and homozy-
gous model (CC versus TT: OR = 0.70, 95% CI =
0.55~0.90, P<0.00001).

Subgroup analysis and heterogeneity analysis
To identify the source of heterogeneity, the subgroup
analysis was performed, since previous studies have
shown different results in various populations [1–24].

Fig. 1 Flow chart of the study enrollment process

Jia et al. Journal of Orthopaedic Surgery and Research          (2021) 16:146 Page 3 of 12



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
of

pu
bl
is
he

d
st
ud

ie
s
fo
r
as
so
ci
at
io
ns

be
tw

ee
n
G
D
F5

ge
ne

po
ly
m
or
ph

is
m
s
an
d
KO

A
.G

en
ot
yp
e
an
d
al
le
lic

di
st
rib

ut
io
n
of

G
D
F5

(C
/T
)
ge

ne
po

ly
m
or
ph

is
m
s

am
on

g
KO

A
pa
tie
nt
s
an
d
co
nt
ro
li
nd

iv
id
ua
ls

A
ut
ho

r,
Y
ea

r
C
ou

nt
ry

Po
p
ul
at
io
n

G
en

ot
yp

in
g

m
et
ho

d
C
as
e

(K
O
A
)/

co
nt
ro
l

(h
ea

lt
hy

)

A
lle

le
C
as
e

A
lle

le
C
on

tr
ol

H
W
E

C
T

C
C
(%

)
C
T
(%

)
TT

(%
)

C
T

C
C
(%

)
C
T
(%

)
TT

(%
)

M
iy
am

ot
o,

20
07

[1
4]

Ja
pa
n

A
si
an

Ta
qM

an
71
8/
86
1

30
5

11
31

31
(4
.3
2)

24
3
(3
3.
84
)

44
4
(6
1.
84
)

44
6

12
76

58
(6
.7
4)

33
0
(3
8.
32
)

47
3
(5
4.
94
)

0.
96
56
18

C
hi
na

A
si
an

31
3/
48
5

13
5

49
1

19
(6
.0
7)

97
(3
0.
99
)

19
7
(6
2.
94
)

28
9

68
1

48
(9
.9
0)

19
3
(3
9.
79
)

24
4
(5
0.
31
)

0.
28
27
7

Ts
ez
ou

,2
00

8
[2
0]

G
re
ec
e

C
au
ca
si
an

D
N
A
se
qu

en
ce
r

25
1/
26
7

18
6

31
6

30
(1
1.
95
)

12
6
(5
0.
20
)

95
(3
7.
85
)

21
3

32
3

44
(1
6.
42
)

12
5
(4
6.
64
)

99
(3
6.
94
)

0.
66
85
99

Y
ao

,2
00

8
[2
3]

C
hi
na

A
si
an

RT
-q
PC

R
31
3/
48
5

13
5

49
1

19
(6
.0
7)

97
(3
0.
99
)

19
7
(6
2.
94
)

28
9

68
1

48
(9
.9
0)

19
3
(3
9.
79
)

24
4
(5
0.
31
)

0.
28
27
7

V
ae

s,
20

09
[2
1]

N
et
he

rla
nd

C
au
ca
si
an

Ta
qM

an
66
7/
27
64

48
4

85
0

93
(1
3.
94
)

29
8
(4
4.
68
)

27
6
(4
1.
38
)

21
60

33
68

42
4
(1
5.
34
)

13
12

(4
7.
47
)

10
28

(3
7.
19
)

0.
87
28
58

V
al
d
es
,2

00
9
[2
2]

U
K

C
au
ca
si
an

A
S-
PC

R
25
9/
50
9

16
8

35
0

35
(1
3.
51
)

98
(3
7.
84
)

12
6
(4
8.
65
)

41
2

60
6

84
(1
6.
50
)

24
4
(4
7.
94
)

18
1
(3
5.
56
)

0.
90
79
19

Ta
ka
ha

sh
i,
20

10
[1
8]

Ja
pa
n

A
si
an

Ta
qM

an
93
3/
12
25

42
1

14
45

54
(5
.7
9)

31
3
(3
3.
55
)

56
6
(6
0.
66
)

62
1

18
29

80
(6
.5
3)

46
1
(3
7.
63
)

68
4
(5
5.
84
)

0.
84
46
47

C
ao

,2
01

0
[1
1]

Ko
re
a

A
si
an

PC
R-
RF
LP

27
6/
29
8

13
7

41
5

11
(3
.9
9)

11
5
(4
1.
68
)

15
0
(5
4.
35
)

16
5

43
1

26
(8
.7
2)

11
3
(3
7.
92
)

15
9
(5
3.
36
)

0.
36
05

Ta
w
on

sa
w
at
ru
k,

20
11

[1
9]

Th
ai
la
nd

A
si
an

PC
R-
RF
LP

90
/1
03

63
11
7

11
(1
2.
22
)

41
(4
5.
56
)

38
(4
2.
22
)

93
11
3

23
(2
2.
33
)

47
(4
5.
63
)

33
(3
2.
04
)

0.
42
44
87

Sh
in
,2

01
2
[1
7]

Ko
re
a

A
si
an

H
RM

A
72
5/
17
37

38
1

10
69

38
(5
.2
4)

30
5
(4
2.
07
)

38
2
(5
2.
69
)

90
1

25
73

10
6
(6
.1
0)

68
9
(3
9.
67
)

94
2
(5
4.
23
)

0.
17
57
5

M
is
hr
a,

20
17

[1
3]

In
di
a

A
si
an

PC
R-
RF
LP

50
0/
50
0

37
6

62
4

75
(1
5.
00
)

22
6
(4
5.
20
)

19
9
(3
9.
80
)

46
6

53
4

97
(1
9.
40
)

27
2
(5
4.
40
)

13
1
(2
6.
20
)

0.
37
45
6

O
zc
an

,2
01

7
[1
6]

Tu
rk
ey

C
au
ca
si
an

PC
R-
RF
LP

94
/2
79

71
11
7

14
(1
4.
89
)

43
(4
5.
74
)

37
(3
9.
36
)

25
7

30
1

52
(1
8.
64
)

15
3
(5
4.
84
)

74
(2
6.
52
)

0.
08
34
39

El
az
ee

m
,2

01
7
[1
2]

Eg
yp
t

A
fri
ca
n

Ta
qM

an
50
/5
0

44
56

14
(2
8.
00
)

16
(3
2.
00
)

20
(4
0.
00
)

51
49

13
(2
6.
00
)

25
(5
0.
00
)

12
(2
4.
00
)

0.
99
77
42

Zh
an

g,
20

19
[2
4]

C
hi
na

A
si
an

PC
R-
RF
LP

28
8/
39
7

22
3

35
3

59
(2
0.
49
)

10
5
(3
6.
45
)

12
4
(4
3.
06
)

22
3

57
1

32
(8
.0
6)

15
9
(4
0.
05
)

20
6
(5
2.
39
)

0.
86
49
38

M
oh

as
se
b
,2

01
9
[1
5]

Eg
yp
t

A
fri
ca
n

PC
R-
RF
LP

47
/4
0

43
51

10
(2
1.
28
)

23
(4
8.
94
)

14
(2
9.
78
)

35
45

11
(2
7.
50
)

13
(3
2.
50
)

16
(4
0.
00
)

0.
31
68
7

KO
A
kn

ee
os
te
oa

rt
hr
iti
s,
H
W
E
H
ar
dy

–W
ei
nb

er
g
eq

ui
lib

riu
m

Jia et al. Journal of Orthopaedic Surgery and Research          (2021) 16:146 Page 4 of 12



Ta
b
le

2
Q
ua
lit
y
as
se
ss
m
en

t
of

ca
se
-c
on

tr
ol

st
ud

ie
s

A
ut
ho

r,
Y
ea

r
Is
th
e
ca
se

d
ef
in
it
io
n

ad
eq

ua
te
?

Re
p
re
se
nt
at
iv
en

es
s

of
th
e
ca
se
s

Se
le
ct
io
n

of
co

nt
ro
ls

D
ef
in
it
io
n

of
co

nt
ro
ls

C
om

p
ar
ab

ili
ty

of
ca
se
s
an

d
co

nt
ro
ls

on
th
e
b
as
is
of

th
e
d
es
ig
n
or

an
al
ys
is

A
sc
er
ta
in
m
en

t
of

ex
p
os
ur
e

Sa
m
e
m
et
ho

d
of

as
ce
rt
ai
nm

en
t
fo
r

ca
se
s
an

d
co

nt
ro
ls

N
on

-
re
sp
on

se
ra
te

N
O
S

M
iy
am

ot
o,

20
07

(1
)
[1
4]

⭐
⭐

⭐
⭐

N
A

⭐
⭐

N
A

6

M
iy
am

ot
o,

20
07

(2
)
[1
4]

⭐
⭐

⭐
⭐

N
A

⭐
⭐

N
A

6

Ts
ez
ou

,2
00

8
[2
0]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
N
A

7

Y
ao

,2
00

8
[2
3]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

V
ae

s,
20

09
[2
1]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

V
al
d
es
,2

00
9
[2
2]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
N
A

7

Ta
ka
ha

sh
i,
20

10
[1
8]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
N
A

7

C
ao

,2
01

0
[1
1]

N
A

⭐
⭐

⭐
⭐
⭐

⭐
⭐

N
a

7

Ta
w
on

sa
w
at
ru
k,

20
11

[1
9]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

Sh
in
,2

01
2
[1
7]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

M
is
hr
a,

20
17

[1
3]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

O
zc
an

,2
01

7
[1
6]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
N
A

7

El
az
ee

m
,2

01
7
[1
2]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

Zh
an

g,
20

19
[2
4]

N
A

⭐
⭐

⭐
⭐
⭐

⭐
⭐

N
A

7

M
oh

as
se
b
,2

01
9
[1
5]

⭐
⭐

⭐
⭐

⭐
⭐

⭐
⭐

N
A

8

⭐
=
1
sc
or
e;

⭐
⭐

=
2
sc
or
es
;N

O
S
N
ew

ca
st
le
–O

tt
aw

a
Sc
al
e

Jia et al. Journal of Orthopaedic Surgery and Research          (2021) 16:146 Page 5 of 12



Three subgroups, Caucasian, Asian, and African
groups, were included in this analysis according to
the population of the subjects. Table 3 presents the
results of subgroup analysis that genotype C (or CC)
in the GDF5 gene polymorphism still had a signifi-
cant protective effect against KOA in the Caucasian
group, Asian group, and African group. The I2 > 50%
in the subgroups of the dominant model and hetero-
zygous model could not reduce the heterogeneity by
excluding each study. Consequently, these two genetic
models were not suitable for the evaluation of the
correlation between GDF5 gene polymorphism and
KOA. In the other three genetic models, the hetero-
geneity of the Caucasian group (allele model: P =
0.23, I2 = 30%; recessive model: P = 0.80, I2 = 0%;
homozygous model: P = 0.54, I2 = 0%) and African
group (allele model: P = 0.39, I2 = 0%; recessive
model: P = 0.51, I2 = 0%; homozygous model: P =
0.54, I2 = 0%) was low, which could even be 0%,
while that of the Asian group (allele model: P<
0.00001, I2 = 86%; recessive model: P<0.00001, I2 =
79%; homozygous model: P<0.00001, I2 = 83%) was
relatively high. The study of the Asian group could
be inferred as the source of heterogeneity. After the
studies of Shin et al. [17] and Zhang et al. [24] were

excluded from the allele model, the heterogeneity of
the subgroup and the population was significantly de-
creased (Asian group: P = 0.18, I2 = 32%; overall: P =
0.15, I2 = 30%). After the study of Zhang et al. [24]
was excluded, the heterogeneity was decreased in the
recessive model (Asian group: P = 0.52, I2 = 0%;
overall: P = 0.73, I2 = 0%. Fig. 2) and homozygous
model (Asian group: P = 0.22, I2 = 26%; overall: P =
0.39, I2 = 6%. Fig. 3). Moreover, we carefully analyzed
the study of Zhang et al. [24] and found that the OR
and 95% CI calculated based on the data provided in
this article were not consistent with the final results
in the original text. We thought that unreliable data
might be the source of heterogeneity. However, after
analyzing the study of Shin et al. [17], we did not
find anything that could explain the heterogeneity.
Therefore, the study of Shin et al. [17] could not be
eliminated. Heterogeneity in the allele model was
hardly changed (Asian group: P = 0.002, I2 = 69%;
overall: P = 0.009, I2 = 54%. Fig. 4).

Sensitivity analysis
Compared with the original results, there was no obvi-
ous difference between the results of sensitivity analysis

Table 3 Evaluation of the association between GDF5 gene polymorphisms and KOA susceptibility

Origin Final

Comparison Group OR (95% CI) Heterogeneity test OR (95% CI) Heterogeneity test

P I2 P I2

Allele model (C versus T) Overall 0.83 [0.74, 0.93] <0.00001 77% 0.79 [0.73, 0.87] 0.009 54%

Caucasian 0.82 [0.72, 0.93] 0.23 30% 0.82 [0.72, 0.93] 0.23 30%

Asian 0.83 [0.70, 0.99] <0.00001 86% 0.78 [0.68, 0.88] 0.002 69%

African 0.89 [0.59, 1.34] 0.39 0% 0.89 [0.59, 1.34] 0.39 0%

Dominant model (CC + CT versus TT) Overall 0.78 [0.67, 0.90] <0.00001 74% NA

Caucasian 0.74 [0.58, 0.94] 0.06 59%

Asian 0.79 [0.65, 0.96] <0.00001 81%

African 0.86 [0.26, 2.78] 0.06 72%

Recessive model (CC versus CT + TT) Overall 0.80 [0.65, 0.99] 0.0002 65% 0.76 [0.68, 0.86] 0.73 0%

Caucasian 0.83 [0.69, 1.00] 0.80 0% 0.83 [0.69, 1.00] 0.80 0%

Asian 0. 78 [0.55, 1.10] <0.00001 79% 0.71 [0.60, 0.83] 0.52 0%

African 0.91 [0.47, 1.76] 0.51 0% 0.91 [0.47, 1.76] 0.51 0%

Heterozygous model (CT versus TT) Overall 0.79 [0.69, 0.91] <0.0001 68% NA

Caucasian 0.75 [0.58, 0.98] 0.05 62%

Asian 0.80 [0.68, 0.96] 0.0003 73%

African 0.88 [0.17, 4.46] 0.02 82%

Homozygous model (CC versus TT) Overall 0.70 [0.55, 0.90] <0.00001 72% 0.66 [0.58, 0.76] 0.39 6%

Caucasian 0.73 [0.60, 0.89] 0.54 0% 0.73 [0.60, 0.89] 0.54 0%

Asian 0.69 [0.47, 1.03] <0.00001 83% 0.61 [0.50, 0.74] 0.22 26%

African 0.81 [0.38, 1.72] 0.54 0% 0.81 [0.38, 1.72] 0.54 0%
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Fig. 2 Forest plot of the correlation between GDF5 gene polymorphism and KOA risk. Recessive model (CC versus CT + TT)

Fig. 3 Forest plot of the correlation between GDF5 gene polymorphism and KOA risk. Homozygous model (CC versus TT)
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and the original results, suggesting that the overall re-
sults were stable (method: omitting each study in turn).

Publication bias
In order to assess the publication bias of the literature,
funnel plots, Egger’s test, and Begg’s test were per-
formed. The funnel plots indicated that there was no ob-
vious publication bias (Figs. 5, 6, and 7). Meanwhile, the
Egger’s test was performed to provide the statistical evi-
dence (allele model: P = 0.386, recessive model: P =
0.776, and homozygous model: P = 0.356).

GRADE evidence evaluation
This study contains a total of three genetic model ana-
lyses. The quality of evidence for each analysis result is
low (Table 4).

Discussion
As a common crippling disease, OA has a great impact
on patients and society [25, 26]. Among all types of OA,
KOA gives the most burden for people [27]. Up to date,
there is no particularly effective way to cure KOA except
for total knee arthroplasty. Although OA is considered
to be a multifactorial disease, it has been reported that
genetic factors play an important role in the pathogen-
esis of the disease [28]. Previous studies have shown the
correlation between GDF5 (rs143383) gene polymorph-
ism and KOA. However, the conclusions of these

different studies are not consistent. The studies of Cao
et al. [11], Shin et al. [17], Takahashi et al. [18], and Tse-
zou et al. [20] have indicated that there is no obvious
correlation between the GDF5 gene polymorphism and
KOA. Therefore, we aimed to explore the correlation be-
tween GDF5 gene polymorphism and KOA in this meta-
analysis.
In recent years, a great deal of attention has been paid

to the GDF5 gene. GDF5, a member of the bone mor-
phogenetic protein (BMP) family, is involved in a variety
of cellular processes related to bone repairs, such as pro-
liferation, differentiation, and angiogenesis, as well as
bone and cartilage formation [29]. Like other BMPs,
GDF5 can initiate its signal cascade by binding to trans-
membrane serine/threonine kinase I and type II recep-
tors. The binding of GDF5 leads to the phosphorylation
of the receptor, which activates the downstream Smad
signaling pathway, and then Smads shift to the nucleus
to regulate the transcription of various genes [30–32].
Another pathway is that both GDF5 and BMP2 bind to
type I receptors, and the recruitment of type II receptors
by the ternary complex causes the polymer complex to
trigger the MAPK pathway [33]. These are examples of
how GDF5 works. Mutations in genes can lead to the
loss of their original function or even the adverse effect.
Therefore, it seems to be a good idea to prevent KOA in
advance by studying the correlation between the GDF5
gene polymorphism and KOA occurrence.

Fig. 4 Forest plot of the correlation between GDF5 gene polymorphism and KOA risk. Allele model (C versus T)
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In our present meta-analysis, we abandoned the
dominant model and heterozygous model because of
the irreducible heterogeneity. In the remaining three
genetic models, the analysis of overall studies, Cauca-
sian group, Asian group, and African group showed
that the GDF5 gene polymorphism was significantly

associated with the susceptibility to KOA, suggesting
that genotype C (or CC) had a protective effect
against KOA. However, in the studies of Cao et al.
[11], Shin et al. [17], Takahashi et al. [18], and Tse-
zou et al. [20], there is no obvious correlation be-
tween the GDF5 gene polymorphism and KOA. After

Fig. 6 Funnel plot for publication bias among selected studies. Recessive model (CC versus CT + TT)

Fig. 5 Funnel plot for publication bias among selected studies. Allele mode (C versus T)
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the included studies were merged, the results became
meaningful among the Caucasian group, Asian group,
and African group. Furthermore, we found that the
protective effect of genotype C (or CC) in the Asian
group was slightly more obvious compared with the
Caucasian group and African group. However, the dif-
ferences among the subgroups were not significant
(Table 3 and Figs. 2, 3, and 4). This finding suggested
that the difference in population had little effect on
the correlation between the GDF5 gene polymorphism
and KOA. As far as we know, there have been some

meta-analyses of GDF5 and KOA, such as the recent
study by Kazem et al. [34]. After studying these
works, we found that minor mistakes existed in the
data extraction of some studies, such as the study of
Miyamoto et al. [14]. Besides, the subgroup analysis
of the previous meta-analysis is only done in the Cau-
casian group and Asian group. Therefore, we included
the African population data in our meta-analysis, al-
though there were only two studies. The protective
function provided by genotype C (or CC) of GDF5
was also observed in the African group. The GRADE

Table 4 GRADE evidence evaluation

Outcomes Illustrative comparative risks (95% CI) Relative effect
(95% CI)

No of
Participants (studies)

Quality of the
evidence (GRADE)Assumed risk Corresponding risk

Control SNP

C versus T Study population OR 0.78 (0.72 to 0.84) 24,756 (13 studies) ⊕ ⊕ ⊝ ⊝
Low

349 per 1000 295 per 1000 (279 to 311)

Moderate

391 per 1000 334 per 1000 (316 to 350)

CC versus CT + TT Study population OR 0.76 (0.68 to 0.86) 14,839 (14 studies) ⊕ ⊕ ⊝ ⊝
Low

116 per 1000 91 per 1000 (82 to 101)

Moderate

153 per 1000 121 per 1000 (109 to 134)

CC versus TT Study population OR 0.66 (0.58 to 0.76) 8629
(14 studies)

⊕ ⊕ ⊝ ⊝
Low

205 per 1000 145 per 1000 (130 to 164)

Moderate

292 per 1000 214 per 1000 (193 to 239)

Fig. 7 Funnel plot for publication bias among selected studies. Homozygous model (CC versus TT)
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evidence quality evaluation system was used by us to
evaluate the results of the analysis, which was not
available in other meta-analyses.
Nevertheless, there are some defects in the present

analysis. First, the language was restricted to English and
Chinese, which might limit the research population and
lead to bias. Secondly, there was no more stratified ana-
lysis of factors (including gender, BMI, and so on).
Although the included studies are all medium- or high-
quality studies, the subject of this meta-analysis is differ-
ent from traditional case-control studies, which made
upgrade non-existent. According to the GRADE meth-
odology quality evaluation, the analysis results of the
three genetic models are all at low levels of evidence.
Further research may have an important impact on the
confidence interval of the effect size and may change the
effect size. We still need to wait for more well-designed
case-control studies to be added to the analysis.

Conclusions
Collectively, our current meta-analysis suggested that
GDF5 gene polymorphism was associated with KOA
susceptibility. In the three genetic models (allele model,
recessive model, and homozygous model), genotype C
(or CC) of GDF5 had a protective effect against KOA in
Caucasian, Asian, and African populations.
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