
Association between matrix metalloproteinase-1
(MMP-1) protein level and the risk of rheumatoid

arthritis and osteoarthritis: a meta-analysis

Maopeng Wang0000-0000-0000-0000, You Zhou0000-0000-0000-0000, Wei Huang0000-0000-0000-0000, Yong Zeng0000-0000-0000-0000, and Xinzhi Li0000-0000-0000-0000

Department of Orthopedics, Affiliated Renhe Hospital of China Three Gorges University, Yichang, Hubei, China

Abstract

Recent publications have investigated the potential role of the protein level of matrix metalloproteinase-1 (MMP-1) in the
susceptibility to rheumatoid arthritis (RA) and osteoarthritis (OA). However, no unanimous conclusion was obtained. Therefore,
we carried out a meta-analysis to explore the association between MMP-1 expression and these two clinical disorders. After
database searching and screening, we enrolled a total of eighteen articles for the pooled analysis. We observed a significant
association between RA cases and controls in the whole population [SMD (standard mean difference)=1.01, P=0.017]. There
were similar positive results in the subgroup analysis of ‘‘population-based control’’ (SMD=1.50, P=0.032) and ‘‘synovial fluid’’
(SMD=1.32, P=0.049). In addition, we observed an increased risk in OA cases, compared with controls, in the overall analysis
(SMD=0.47, P=0.004) and subsequent subgroup analysis of ‘‘knee OA’’ (SMD=0.86, Po0.001), ‘‘Asian/China’’ (SMD=0.76,
P=0.003), ‘‘cartilage-Asian/China’’ (SMD=1.21, Po0.001), and ‘‘synovial fluid-Asian/China’’ (SMD=0.73, P=0.004). In
summary, a high protein level of MMP-1 in synovial fluid may be associated with the susceptibility to RA, and the high
MMP-1 level in the cartilage tissue or synovial fluid may be related to the pathogenesis of knee OA in the Chinese population.
This should be confirmed by larger sample sizes.
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Introduction

Rheumatoid arthritis (RA), a kind of systemic and chron-
ic autoimmune inflammatory disorder, can affect multiple
joints and lead to bone erosion and cartilage degrada-
tion (1). A series of factors, such as genetic variants, envi-
ronment, pro-inflammatory cytokines or chemokines, and
relevant signal transduction pathways, contribute to the
pathogenesis of RA (2,3). Matrix metalloproteinases (MMPs),
a family of zinc-dependent endopeptidases, can facilitate
extracellular matrix degradation and arterial tissue remod-
eling during a series of physiological or pathological
processes (4,5). In this study, we aimed to analyze the
effect of the matrix metalloproteinase-1 (MMP-1) level in
the serum or synovial fluid on the risk of RA.

Osteoarthritis (OA), a degenerative multifactorial joint
disorder, mainly affects knee joints and can result in
deeply damaged and irreversible morphological changes
of articular cartilage, body pain, and loss of function (6–9).
Factors of age, obesity, genetic variant, cytokines, and
extracellular vesicles are implicated in the pathophysiol-
ogy of OA (3,6,10). The alteration of MMPs in synovial
fluid and serum may be linked to the pathogenesis of OA
in an animal model (11).

To date, there is still no meta-analysis regarding the
correlation between MMP-1 expression and the risk of RA.
Furthermore, there is only one meta-analysis published in
2015 that investigated the potential role of MMP-1 expres-
sion in the OA susceptibility (12). In the present study, we
pooled the available evidence (updated to July 2020) for a
comprehensive assessment regarding the potential effect
of the MMP-1 level on the risk of RA and OA.

Material and Methods

Study identification
We designed our analysis flowchart according to the

guidelines of PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) (13). Referring
to the retrieval strategy of several published meta-anal-
yses (14–16), two investigators performed the publication
search for case-control studies from three databases,
including Pubmed, Embase (Excerpta Medica Database),
and WANFANG, until July 15, 2020. As an example, the
search terms of Pubmed were: ((Arthritis, Rheumatoid) OR
rheumatoid arthritis)) OR (Osteoarthritis) OR Osteoarthritides)
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OR Osteoarthrosis) OR Osteoarthroses) OR Arthritis,
Degenerative) OR Arthritides, Degenerative) OR Degen-
erative Arthritides) OR Degenerative Arthritis) OR Osteo-
arthrosis Deformans)) AND (Matrix Metalloproteinase 1)
OR Metalloproteinase 1, Matrix) OR Interstitial Collagen-
ase) OR MMP1 Metalloproteinase) OR Metalloprotein-
ase, MMP1) OR MMP-1 Metalloproteinase) OR MMP 1
Metalloproteinase) OR Metalloproteinase, MMP-1) OR
Matrix Metalloproteinase-1) OR Pro-Matrix Metallopro-
teinase-1) OR Metalloproteinase-1, Pro-Matrix) OR Pro
Matrix Metalloproteinase 1) OR Promatrixmetalloprotein-
ase-1) OR Promatrixmetalloproteinase 1) OR proMMP-1)
OR MMP1) OR MMP-1). We then designed a series of
screening terms, including other diseases or genes. Stud-
ies based on meetings, meta-analysis, or review, cell data,
animal data, trials, or case reports were excluded.

Data extraction
After screening, we tried to extract the basic infor-

mation [e.g., first author, year, region, ethnicity, sample
source, sample size, mean value, standard deviation (SD)
value, assay, etc.] from the selected full-text articles.
Articles with unavailable data were removed. In addition,
after the evaluation of the Newcastle-Ottawa Scale (NOS)
system, we excluded the studies with poor quality (NOS
score p5).

Statistical analysis
We used the STATA software (version 12.0, USA) to

perform the statistical analysis. In the Cohen statistics of
our association test, the PA (P value of association), SMD
(standard mean difference), and 95%CI (confidence inter-
vals) were calculated, under the random-effect model
(I2450% or P value of Cochran’s Q statistic o0.05). Apart
from the overall meta-analysis, we also performed the sub-
group analyses by factors of ethnicity (Caucasian/Asian),
control source [PB (population-based control)/HB (hospital-
based control)], and sample source (serum, synovial fluid,
cartilage).

Additionally, a sensitivity analysis was performed to
assess the stability of pooling results. Egger’s test (Egger’s
publication bias plot) was also carried out to evaluate
whether a remarkable publication bias existed.

Results

Included case-control studies
Based on the PRISMA-based flowchart (Figure 1),

we included the eligible case-control studies. Briefly, the
database search obtained 4,165 records [Pubmed (n=
1,244), Embase (n=2,596), WANFANG (n=325)]. Then,
we removed 1,235 duplicate records and screened the
remaining 2,930 records using our exclusion criteria.

Figure 1. Flowchart of study identification. RA: rheumatoid arthritis; OA: osteoarthritis.
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A total of 2,822 records were removed with detailed rea-
sons in Figure 1. Next, 108 full-text articles were assessed
for eligibility. After the exclusion of 90 articles with unavail-
able data, eighteen articles (17–34) with high quality were
finally identified. Of them, ten case-control studies were
included in the meta-analysis of RA, while twenty-two
case-control studies were included in that of OA. We
present the basic information in Supplementary Table S1.

Pooling analysis of MMP-1 level and RA risk
A total of ten studies (417 cases/332 controls) were

enrolled for the meta-analysis of RA. There was an
increased risk in the RA cases, compared with controls, in
the overall pooling analysis and the subgroup analysis of
‘‘PB’’ and ‘‘synovial fluid’’ (Table 1, all SMD40, PAo0.05).

We did not detect a significant association for the other
subgroups (Table 1, all PA40.05). Figure 2 presents the
forest plot of subgroup analysis by sample source. There-
fore, a high MMP-1 level in synovial fluid may be asso-
ciated with the susceptibility to RA.

Pooling analysis of MMP-1 level and OA risk
Twenty-two studies (863 cases/433 controls) were

enrolled for the meta-analysis of OA. As presented in
Table 2, there was an increased risk in OA cases, compared
with controls, in the overall meta-analysis and the following
subgroup analysis of knee osteoarthritis ‘‘KOA’’, ‘‘PB’’, ‘‘HB’’,
‘‘Asian/China’’, ‘‘cartilage-HB/KOA/Asian/China’’, and ‘‘syno-
vial fluid-HB/KOA/Asian/China’’ (Table 2, all SMD40,
PAo0.05). Figures 3 and 4 present the forest plots of

Figure 2. Subgroup analysis by sample source for rheumatoid arthritis (RA) risk. See Supplementary Table S1 for reference numbers.

Table 1. Pooling analysis of matrix metalloproteinase-1 level and rheumatoid arthritis risk.

Group Studies (n)

[cases (n)/controls (n)]

SMD (95%CI) PA I2 (%) PH

Overall 10 (417/332) 1.01 (0.18B1.85) 0.017 95.0% o0.001

PB 6 (340/256) 1.50 (0.13B2.88) 0.032 97.0% o0.001

HB 4 (77/66) 0.23 (–0.38B0.84) 0.459 67.3% 0.027

Asian/China 5 (250/248) 1.64 (–0.08B3.35) 0.062 97.6% o0.001

Caucasian 5 (167/74) 0.35 (–0.15B0.86) 0.170 63.9% 0.026

Serum 5 (308/219) 0.72 (–0.47B1.91) 0.235 95.6% o0.001

Serum-PB 4 (298/202) 0.88 (–0.59B2.35) 0.240 96.7% o0.001

Serum-Asian/China 3 (208/194) 0.89 (–1.20B2.98) 0.404 97.7% o0.001

Synovial fluid 5 (109/103) 1.32 (0.01B2.63) 0.049 94.0% 0.026

PB: population-based control; HB: hospital-based control; SMD: standard mean difference; CI: confidence interval; PA: P value from the
association test; PH: P value from the heterogeneity test.
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Figure 3. Subgroup analysis by ethnicity for osteoarthritis (OA) risk. See Supplementary Table S1 for reference numbers.

Table 2. Pooling analysis of matrix metalloproteinase-1 level and osteoarthritis risk.

Group Studies (n)

[cases (n)/controls (n)]

SMD (95%CI) PA I2 (%) PH

Overall 22 (863/433) 0.47 (0.15B0.78) 0.004 79.0% o0.001

KOA 15 (700/189) 0.86 (0.58B1.15) o0.001 52.0% 0.010

PB 8 (586/256) 0.16 (–0.14B0.46) 0.014 60.4% 0.302

HB 14 (274/177) 0.69 (–0.19B1.19) o0.001 81.6% 0.007

Asian/China 12 (254/112) 0.76 (0.43B1.08) 0.003 40.9% 0.068

Caucasian 9 (237/297) –0.09 (–0.45B0.62) 0.752 87.7% o0.001

Cartilage-HB/KOA/Asian/China 6 (65/42) 1.21 (0.69B1.73) o0.001 26.6% 0.235

Serum 10 (626/311) 0.25 (–0.08B0.57) 0.135 72.2% o0.001

Serum-PB 7 (543/248) 0.08 (–0.21B0.37) 0.583 75.8% 0.016

Serum-Caucasian 6 (162/237) 0.15 (–0.36B0.66) 0.562 81.7% o0.001

Synovial fluid 6 (172/93) 0.31 (–0.58B1.20) 0.492 88.6% o0.001

Synovial fluid-HB 5 (126/85) 0.18 (–0.86B1.22) 0.732 90.1% o0.001

Synovial fluid-HB/KOA/Asian/China 3 (97/20) 0.73 (0.24B1.23) 0.004 0.0% 0.456

Synovial fluid-Caucasian 3 (75/73) –0.06 (–1.67B1.55) 0.940 94.7% o0.001

KOA: knee osteoarthritis; PB: population-based control; HB: hospital-based control; SMD: standard mean difference; CI: confidence
interval; PA: P value from the association test; PH: P value from the heterogeneity test.
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subgroup analyses by ethnicity and sample source. These
indicated the potential correlation between the high MMP-
1 level in the cartilage tissue or synovial fluid and the
susceptibility to KOA cases in China.

Heterogeneity analysis
There was a high heterogeneity in the meta-analyses

of RA and OA (Tables 1 and 2, all I2450.0%, PHo0.001),
which led to the use of a random effect model. During the
pooled analyses of RA, we observed a reduced hetero-
geneity in the subgroups of ‘‘Caucasian’’ and ‘‘HB’’
(Table 1), compared with that in the overall meta-analysis.
For OA, a similar decreased heterogeneity level was
detected in subgroup analyses of ‘‘KOA’’, ‘‘PB’’, ‘‘Asian/
China’’, ‘‘cartilage-HB/KOA/Asian/China’’, and ‘‘syno-
vial fluid-Asian/China’’ (Table 2). Thus, complicating factors,
including sample source, control source, ethnic background,
may contribute to the high heterogeneity among the included
case-control studies.

Sensitivity and publication bias
The results of sensitivity analysis (Figure 5A for RA;

Figure 5B for OA) suggested the data reliability. In addi-
tion, we present the Egger’s publication bias plots for
RA (Figure 5C) and OA (Figure 5D). The absence of
significant publication bias was considered for the meta-
analysis of OA risk (Figure 5D, P=0.114), but not RA risk
(Figure 5C, P=0.021).

Discussion

There are several studies regarding the role of MMP-1
expression level from the synovial fluid, serum, or cartilage
tissue in the risk of OA. For instance, the MMP-1 level of the
synovial fluid, but not serum, in OA cases in China is higher
than that in controls (25). However, there is a low synovial
MMP-1 level in the OA cases in Turkey compared with
the controls of other non-RA diseases, including Behcet’s
disease and familial Mediterranean fever (30).

Figure 4. Subgroup analysis by sample source for osteoarthritis (OA) risk. See Supplementary Table S1 for reference numbers.
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In 2015, Zeng et al. (12) enrolled seven case-control
studies for the first meta-analysis of MMP-1 expression
level and the risk of OA, and reported the potential
correlation between high MMP-1 level in the synovial joint
fluid and OA pathogenesis in the Asian population. In the
present study, we included a total of 22 case-control studies
for an updated meta-analysis and observed a similar
conclusion regarding the effect of MMP-1 level of synovial
fluid on the susceptibility to knee OA cases in China. Our
findings also indicated that the high protein level of MMP-1
in the cartilage tissue might be linked to the high knee
osteoarthritis risk in the Chinese population. In 2018, Geng
et al. (35) reported the potential link between MMP-1
rs1799750 and high susceptibility to knee OA cases in
China. Recently, two published meta-analyses suggested
that MMP-1 rs1799750 may be associated with risk of
younger OA cases (o60 years old) (36,37). It is meaningful
to investigate the potential effect of MMP-1 protein level on
knee OA risk in the Chinese Han population, from the
perspective of gene polymorphism. In addition, the factor of
age should be fully considered.

Likewise, there are inconsistent conclusions regarding
the effect of MMP-1 level of synovial fluid or serum on
the risk of RA. For instance, the high MMP-1 level in the
synovial fluid is linked to the risk of RA in China (34).
However, no increased or decreased synovial MMP-1
level was detected in the RA cases in Turkey compared
with the controls of other non-RA diseases (30). Also, no

statistical difference for the serum level of MMP-1 protein
was detected between RA cases and negative controls in
the Chinese population (26). Herein, we first enrolled a
total of ten case-control studies for an integrative analysis,
and found that high MMP-1 level in synovial fluid, but not
serum, may be associated with the susceptibility to RA. In
addition, two previous meta-analyses in 2015 reported the
lack of genetic association between rs1799750 poly-
morphism of MMP-1 gene and risk of RA (38,39). This
suggested the MMP-1 rs1799750 polymorphism maybe
not contribute to the role of MMP-1 protein level in the risk
of rheumatoid arthritis.

Some potential limitations should be noted in our
study. A small sample size was included in some anal-
yses. For instance, there were no more than ten case-
control studies for the evaluation of the correlation
between the MMP-1 level in the specific serum or synovial
fluid and susceptibility to RA. A similar question exists in
the stratification analyses of OA risk by the different
sample sources, such as ‘‘cartilage tissue’’, or ‘‘synovial
fluid’’. Thus, although we did not detect a correlation
between the serum MMP-1 level and the risk of RA or OA,
we still cannot rule out the possibility of association. In
addition, the high heterogeneity in the Cohen statistics of
RA or OA in the overall population, and a slight publi-
cation bias for the meta-analysis of RA could be a source
of bias. Due to the sample collection feature of OA or
RA, hospital-based controls were mainly included. More

Figure 5. A and B, sensitivity analysis; C and D, Egger’s publication bias plot data. RA: rheumatoid arthritis; OA: osteoarthritis. See
Supplementary Table S1 for reference numbers.

Braz J Med Biol Res | doi: 10.1590/1414-431X202010366

MMP-1 and rheumatoid arthritis/osteoarthritis 6/8

http://dx.doi.org/10.1590/1414-431X202010366


population-based controls are needed for the meta-
analysis of MMP-1 serum level. Lastly, we only investi-
gated the role of MMP-1 level in the risk of RA or OA. The
combined effect of the expression levels of MMP-1 and
other MMPs, such as MMP-2 and MMP-3, or the MMP
expression and genetic variants, on the risk of RA or OA,
should be investigated based on the available case-
control studies in the future.

In summary, an elevated MMP-1 level in synovial fluid
seemed to be related to a high risk of RA. Also, a high
MMP-1 level in the cartilage tissue or synovial fluid may be
associated with knee OA susceptibility in the Chinese
population. A larger sample size is still required for the
verification of our findings.

Supplementary Material

Click here to view [pdf].

Acknowledgments

This work was supported by the Hubei Provincial
Natural Science Foundation Project (ZRMS2016001220),
Three Gorges University Research Startup Fund
(KJ2015A027), and Yichang Medical and Health Science
and Technology Project (A18-301-20).

References

1. Dinesh P, Rasool M. uPA/uPAR signaling in rheumatoid
arthritis: Shedding light on its mechanism of action. Pharma-
col Res 2018; 134: 31–39, doi: 10.1016/j.phrs.2018.05.016.

2. Karami J, Aslani S, Jamshidi A, Garshasbi M, Mahmoudi M.
Genetic implications in the pathogenesis of rheumatoid
arthritis; an updated review. Gene 2019; 702: 8–16, doi:
10.1016/j.gene.2019.03.033.

3. Malemud CJ. Negative regulators of JAK/STAT signaling in
rheumatoid arthritis and osteoarthritis. Int J Mol Sci 2017;
18: 484, doi: 10.3390/ijms18030484.

4. Cui N, Hu M, Khalil RA. Biochemical and biological attributes
of matrix metalloproteinases. Prog Mol Biol Transl Sci 2017;
147: 1–73, doi: 10.1016/bs.pmbts.2017.02.005.

5. Kapoor C, Vaidya S, Wadhwan V, Kaur G, Pathak A.
Seesaw of matrix metalloproteinases (MMPs). J Cancer Res
Ther 2016; 12: 28–35, doi: 10.4103/0973-1482.157337.

6. Martel-Pelletier J, Barr AJ, Cicuttini FM, Conaghan PG,
Cooper C, Goldring MB, et al. Osteoarthritis. Nat Rev Dis
Primers 2016; 2: 16072, doi: 10.1038/nrdp.2016.72.

7. Messina OD, Wilman MV, Neira LFV. Nutrition, osteoarthritis
and cartilage metabolism. Aging Clin Exp Res 2019; 31:
807–813, doi: 10.1007/s40520-019-01191-w.

8. Li H, Wang D, Yuan Y, Min J. New insights on the MMP-13
regulatory network in the pathogenesis of early osteoarthri-
tis. Arthritis Res Ther 2017; 19: 248, doi: 10.1186/s13075-
017-1454-2.

9. Zhu Z, Li J, Ruan G, Wang G, Huang C, Ding C.
Investigational drugs for the treatment of osteoarthritis, an
update on recent developments. Expert Opin Investig Drugs
2018; 27: 881–900, doi: 10.1080/13543784.2018.1539075.

10. Withrow J, Murphy C, Liu Y, Hunter M, Fulzele S, Hamrick
MW. Extracellular vesicles in the pathogenesis of rheuma-
toid arthritis and osteoarthritis. Arthritis Res Ther 2016; 18:
286, doi: 10.1186/s13075-016-1178-8.

11. Garner BC, Stoker AM, Kuroki K, Evans R, Cook CR, Cook
JL. Using animal models in osteoarthritis biomarker research.
J Knee Surg 2011; 24: 251–264, doi: 10.1055/s-0031-129
7361.

12. Zeng GQ, Chen AB, Li W, Song JH, Gao CY. High MMP-1,
MMP-2, and MMP-9 protein levels in osteoarthritis. Genet
Mol Res 2015; 14: 14811–14822, doi: 10.4238/2015.
November.18.46.

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med 2009; 6: e1000097, doi:
10.1371/journal.pmed.1000097.

14. Sun M, Zhong J, Zhang L, Shi S. Genetic impact of
methylenetetrahydrofolate reductase (MTHFR) polymorph-
ism on the susceptibility to colorectal polyps: a meta-
analysis. BMC Med Genet 2019; 20: 94, doi: 10.1186/
s12881-019-0822-y.

15. Sun M, Sun M, Zhang L, Shi S. Colorectal polyp risk is linked
to an elevated level of homocysteine. Biosci Rep 2018; 38:
BSR20171699, doi: 10.1042/BSR20171699.

16. Wang Q, Liu J, Guo Y, Dong G, Zou W, Chen Z. Association
between BDNF G196A (Val66Met) polymorphism and
cognitive impairment in patients with Parkinson’s disease:
a meta-analysis. Braz J Med Biol Res 2019; 52: e8443, doi:
10.1590/1414-431x20198443.

17. Alonso B, Bravo B, Mediavilla L, Gortazar AR, Forriol F,
Vaquero J, et al. Osteoarthritis-related biomarkers profile in
chronic anterior cruciate ligament injured knee. Knee 2020;
27: 51–60, doi: 10.1016/j.knee.2019.12.007.

18. Bournazou E, Samuels J, Zhou H, Krasnokutsky S, Patel J,
Han T, et al. Vascular adhesion protein-1 (VAP-1) as
predictor of radiographic severity in symptomatic knee
osteoarthritis in the New York university cohort. Int J Mol
Sci 2019; 20: 2642, doi: 10.3390/ijms20112642.

19. Cunnane G, Fitzgerald O, Beeton C, Cawston TE, Bresni-
han B. Early joint erosions and serum levels of matrix
metalloproteinase 1, matrix metalloproteinase 3, and tissue
inhibitor of metalloproteinases 1 in rheumatoid arthritis.
Arthritis Rheum 2001; 44: 2263–2274, doi: 10.1002/1529-
0131(200110)44:10o2263::AID-ART38943.0.CO;2-1.

20. Dai M, Pan H. The study of the expression of HIF-1 alpha,
MMP-1, TNF-alpha and the amount of collagen type I in
meniscus of knee osteoarthritis [in Chinese]. Anhui Medical
University 2018: 16–18, CNKI:CDMD: 2.1018.122769.

21. Fernandez-Moreno M, Soto-Hermida A, Oreiro N, Pertega
S, Fenandez-Lopez C, Rego-Perez I, et al. Mitochondrial
haplogroups define two phenotypes of osteoarthritis. Front
Physiol 2012; 3: 129, doi: 10.3389/fphys.2012.00129.

22. Fu S, Wei P. Serum levels of MMP-I and MMP-3 in early
rheumatoid arthritis: Correlation with clinical activity and

Braz J Med Biol Res | doi: 10.1590/1414-431X202010366

MMP-1 and rheumatoid arthritis/osteoarthritis 7/8

http://bjournal.org/supplementary_material/10366.pdf
http://dx.doi.org/10.1016/j.phrs.2018.05.016
http://dx.doi.org/10.1016/j.gene.2019.03.033
http://dx.doi.org/10.3390/ijms18030484
http://dx.doi.org/10.1016/bs.pmbts.2017.02.005
http://dx.doi.org/10.4103/0973-1482.157337
http://dx.doi.org/10.1038/nrdp.2016.72
http://dx.doi.org/10.1007/s40520-019-01191-w
http://dx.doi.org/10.1186/s13075-017-1454-2
http://dx.doi.org/10.1186/s13075-017-1454-2
http://dx.doi.org/10.1080/13543784.2018.1539075
http://dx.doi.org/10.1186/s13075-016-1178-8
http://dx.doi.org/10.1055/s-0031-1297361
http://dx.doi.org/10.1055/s-0031-1297361
http://dx.doi.org/10.4238/2015.November.18.46
http://dx.doi.org/10.4238/2015.November.18.46
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1186/s12881-019-0822-y
http://dx.doi.org/10.1186/s12881-019-0822-y
http://dx.doi.org/10.1042/BSR20171699
http://dx.doi.org/10.1590/1414-431x20198443
http://dx.doi.org/10.1016/j.knee.2019.12.007
http://dx.doi.org/10.3390/ijms20112642
http://dx.doi.org/10.1002/1529-0131(200110)44:10<2263::AID-ART389>3.0.CO;2-1
http://dx.doi.org/10.1002/1529-0131(200110)44:10<2263::AID-ART389>3.0.CO;2-1
http://dx.doi.org/10.3389/fphys.2012.00129
http://dx.doi.org/10.1590/1414-431X202010366


radiological damage [in Chinese]. Hebei Medical University
2004: 18–20, doi: 10.7666/d.y914340.

23. Guan J, Shi G, Han X, Yuan G. Expression of metallopro-
teinase-1 and -3 in articular cartilage and synovium in
patients with osteoarthritis [in Chinese]. Chin J Intern Med
2000; 39: 629, doi: 10.3760/j.issn:0578-1426.2000.09.025.

24. Koh SM, Chan CK, Teo SH, Singh S, Merican A, Ng WM,
et al. Elevated plasma and synovial fluid interleukin-8 and
interleukin-18 may be associated with the pathogenesis of
knee osteoarthritis. Knee 2020; 27: 26–35, doi: 10.1016/
j.knee.2019.10.028.

25. Li D, Zhang K, Wang Y, Yu S, Li S, Liu C, et al. Serum and
synovial fluid levels of matrix metalloproteinases and its
tissue inhibitor in patients with osteoarthritis [in Chinese].
China J Orthop Trauma 2002; 15: 580–583, doi: 10.3969/
j.issn.1003-0034.2002.10.002.

26. Liu H, Zhao D. The expression of MMP family in serum of
patients with rheumatoid arthritis and its clinical value
analysis [in Chinese]. J Hainan Med Univ 2014; 20: 795–
801, doi: 10.13210/j.cnki.jhmu.20140312.015.

27. Liu Y, Guo C, Chen Z. Matrix metalloproteinase-1, 2, 3 and 9
levels in serum and synovial fluid of patients with osteoar-
thritis and rheumatoid arthritis [in Chinese]. Shanghai Med J
2007; 30: 50–52, doi: 10.3969/j.issn.0253-9934.2007.01.
016.

28. Ma J, Guo X, Shi X, Wu S, Zhang Z, Zhang Q. Expression
changes of matrix metalloproteinases and tissue inhibitor of
metalloproteinases in the articular cartilage of patients with
Kashin-Beck disease [in Chinese]. Chin J Endemiol 2015;
34: 344–348, doi: 10.3760/cma.j.issn.2095-4255.2015.05.
009.

29. Manicourt DH, Fujimoto N, Obata K, Thonar EJ. Serum
levels of collagenase, stromelysin-1, and TIMP-1. Age- and
sex-related differences in normal subjects and relationship
to the extent of joint involvement and serum levels of
antigenic keratan sulfate in patients with osteoarthritis.
Arthritis Rheum 1994; 37: 1774–1783, doi: 10.1002/art.1780
371211.

30. Pay S, Erdem H, Serdar M, Dinc A, Simsek I, Turan M.
Comparison of synovial MMP-1 and TIMP-1 levels in
patients with various inflammatory arthritides: is there any

difference between rheumatoid arthritis, Behcet’s disease
and familial Mediterranean fever? Clin Rheumatol 2002; 21:
511–515, doi: 10.1007/s100670200125.

31. Rego-Pérez I, Fernández-Moreno M, Deberg M, Pértega S,
Fernández-López C, Oreiro N, et al. Mitochondrial DNA
haplogroups and serum levels of proteolytic enzymes
in patients with osteoarthritis. Ann Rheum Dis 2011; 70:
646–652, doi: 10.1136/ard.2010.133637.

32. Tchetverikov I, Ronday HK, Van El B, Kiers GH, Verzijl N,
TeKoppele JM, et al. MMP profile in paired serum and
synovial fluid samples of patients with rheumatoid arthritis.
Ann Rheum Dis 2004; 63: 881–883, doi: 10.1136/ard.2003.
013243.

33. Zhang Y, Guan J. Investigation of the role of IL-1 and MMP-1
on the pathogenesis of knee osteoarthritis. Fujian Med J
2005; 27: 128–131, doi: 10.3969/j.issn.1002-2600.2005.
06.090.

34. Zhou T. Correlation between the expression of rheumatoid
arthritis synovate and serum immunoglobulin [in Chinese].
Jilin Med J 2013; 34: 2661–2662.

35. Geng R, Xu Y, Hu W, Zhao H. The association between
MMP-1 gene rs1799750 polymorphism and knee osteoar-
thritis risk. Biosci Rep 2018; 38: BSR20181257, doi:
10.1042/BSR20181257.

36. Liu J, Wang G, Peng Z. Association between the MMP-
1-1607 1G/2G polymorphism and osteoarthritis risk: a
systematic review and meta-analysis. Biomed Res Int
2020; 2020: 5190587, doi: 10.1155/2020/5190587.

37. Xu B, Xing RL, Zhang L, Huang ZQ, Zhang NS, Mao J.
Effects of MMP-1 1G/2G polymorphism on osteoarthritis: a
meta-analysis study. Acta Orthop Traumatol Turc 2019; 53:
129–133, doi: 10.1016/j.aott.2018.12.009.

38. Zhang C, Chen L, Gu Y. Polymorphisms of MMP-1 and
MMP-3 and susceptibility to rheumatoid arthritis. A meta-
analysis. Z Rheumatol 2015; 74: 258–262, doi: 10.1007/
s00393-014-1537-2.

39. Li P, Tao SS, Zhao MQ, Li J, Wang X, Pan HF, et al.
Association study of matrix metalloproteinases gene poly-
morphisms with susceptibility to rheumatoid arthritis: a meta-
analysis. Immunol Invest 2015; 44: 603–615, doi: 10.3109/
08820139.2015.1056346.

Braz J Med Biol Res | doi: 10.1590/1414-431X202010366

MMP-1 and rheumatoid arthritis/osteoarthritis 8/8

http://dx.doi.org/10.7666/d.y914340
http://dx.doi.org/10.3760/j.issn:0578-1426.2000.09.025
http://dx.doi.org/10.1016/j.knee.2019.10.028
http://dx.doi.org/10.1016/j.knee.2019.10.028
http://dx.doi.org/10.3969/j.issn.1003-0034.2002.10.002
http://dx.doi.org/10.3969/j.issn.1003-0034.2002.10.002
http://dx.doi.org/10.13210/j.cnki.jhmu.20140312.015
http://dx.doi.org/10.3969/j.issn.0253-9934.2007.01.016
http://dx.doi.org/10.3969/j.issn.0253-9934.2007.01.016
http://dx.doi.org/10.3760/cma.j.issn.2095-4255.2015.05.009
http://dx.doi.org/10.3760/cma.j.issn.2095-4255.2015.05.009
http://dx.doi.org/10.1002/art.1780371211
http://dx.doi.org/10.1002/art.1780371211
http://dx.doi.org/10.1007/s100670200125
http://dx.doi.org/10.1136/ard.2010.133637
http://dx.doi.org/10.1136/ard.2003.013243
http://dx.doi.org/10.1136/ard.2003.013243
http://dx.doi.org/10.3969/j.issn.1002-2600.2005.06.090
http://dx.doi.org/10.3969/j.issn.1002-2600.2005.06.090
http://dx.doi.org/10.1042/BSR20181257
http://dx.doi.org/10.1155/2020/5190587
http://dx.doi.org/10.1016/j.aott.2018.12.009
http://dx.doi.org/10.1007/s00393-014-1537-2
http://dx.doi.org/10.1007/s00393-014-1537-2
http://dx.doi.org/10.3109/08820139.2015.1056346
http://dx.doi.org/10.3109/08820139.2015.1056346
http://dx.doi.org/10.1590/1414-431X202010366

	title_link
	Introduction
	Material and Methods
	Study identification
	Data extraction
	Statistical analysis

	Results
	Included casehyphencontrol studies

	Figure 1.
	Pooling analysis of MMPhyphen1 level and RA risk
	Pooling analysis of MMPhyphen1 level and OA risk

	Figure 2.
	Table  Table 1. Pooling analysis of matrix metalloproteinasehyphen1 level and rheumatoid arthritis risk
	Figure 3.
	Table  Table 2. Pooling analysis of matrix metalloproteinasehyphen1 level and osteoarthritis risk
	Heterogeneity analysis
	Sensitivity and publication bias

	Discussion
	Figure 4.
	Figure 5.
	Supplementary Material
	Acknowledgments

	REFERENCES
	References


