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 Abstract: Aim: The present study aims to compare interleukin 6 concentration in synovial fluid in 

patients with known types of arthritis. 

Background: Persistent synovitis without known markers, such as Rheumatoid Factor (RF), Anti-

Citrullinated Protein Antibodies (ACPA), and genetic markers as HLA-B27, is not uncommon. It is 

valuable to determine the presence of chronic inflammation and put it in correlation with age-

related changes, which are especially relevant for middle-aged patients with mono- or oligoarthritis, 

when the dilemma to start disease-modifying drugs for inflammatory disease often is present.  

Interleukin 6 (IL-6) plays a significant role in chronic inflammation.  

Objectives: IL-6 concentration in synovial fluid reflects the presence and activity of joint inflamma-

tion. 

Methods: Synovial fluid was obtained from 101 patients with chronic synovitis. IL-6 concentration 

was determined by the immunochemical luminescence method. 

Results: The median IL-6 concentration in synovial fluid in patients with osteoarthritis (OA) was 

138.0 pg/ml (interquartile range (IQR) 43.4 to 296.0); in patients with rheumatoid arthritis was 

2516.5 pg/ml, (IQR 1136.0 to 25058.0); in reactive arthritis 2281.0 pg/ml (IQR 1392.0 to 8652.0); 

psoriatic arthritis 1964.0 pg/ml (IQR 754.0 to 7300.0); ankylosing spondylitis 2776.0 pg/ml (IQR 

514.7, 3944.0); in a group with negative RF, ACPA and HLA-B27 inflammatory arthritis 2163.0 

pg/ml (IQR 822.0 to 7875.0). There is statistically significant difference of IL-6 concentration com-

paring OA and each inflammatory arthritis group, p<0.0001. 

Conclusion: IL-6 detection in the synovial fluid is helpful in arthritis evaluation. The results show 

that an IL-6 level over 1000 pg/ml suggests the diagnosis of inflammatory arthritis. 
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1. INTRODUCTION 

Interleukin 6 (IL-6) is a known pleiotropic proinflamma-

tory cytokine, which plays a significant role in chronic in-

flammation and autoimmunity. IL-6 induces vascular endo-

thelial growth factor activation and angiogenesis in the syn-

ovium, increasing vascular permeability resulting in synovi-

tis. It promotes receptor activator of NF-kB ligand activation 

and osteoclast differentiation leading to bone resorption and 

induces matrix metalloproteinases production with cartilage 

degeneration. In the initial stage of inflammation, IL-6 is 

produced in the local lesion. Onwards IL-6 disseminates via 

the bloodstream, causing other pleiotropic effects like induc-

tion of acute-phase protein synthesis, Th17 cells differentia-

tion, autoantibody production, thrombocytosis, etc. [1]. 
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The serum level of IL-6 does not reflect the presence and 

activity of joint inflammation. Some studies show low or 

undetectable serum IL-6 levels and no correlation with IL-6 

concentration in synovial fluid [2, 3]. However, the IL-6 

level in synovial fluid is significantly higher than the serum 

level in rheumatic disease patient tests [2, 4, 5].  

The present study aims to compare the concentration of 

IL-6 in synovial fluid in patients with the diagnosed type of 

arthritis. 

2. MATERIALS AND METHODS 

The synovial fluid samples were collected during routine 

joint arthrocentesis for therapeutic reasons from 60 females 

and 41 males, mean age 47.8 years (the youngest patient 12 

years old, the oldest 79), with a known type of chronic ar-

thritis, mostly from knee joints. Clinical diagnoses were con-

firmed prior by the history, clinical presentations, and specif-
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ic radiological investigations in accordance with the current 

classification criteria for the specific disease. All patients 

were being treated with nonsteroidal anti-inflammatory 

drugs, patients with inflammatory arthritis with disease-

modifying antirheumatic drugs such as methotrexate, sul-

fasalazine, leflunomide, hydroxychloroquine, and steroids. 

Osteoarthritis (OA) had 36 patients and 65 patients - in-

flammatory arthropathies: 8 patients with rheumatoid arthri-

tis (RA), 54 with seronegative spondyloarthropathies (4 an-

kylosing spondylitis, 13 psoriatic arthritis, 37 reactive arthri-

tis), and 3 with juvenile idiopathic arthritis. The local ethics 

committee approved the study. The IL-6 quantitative meas-

urement was made by the immunochemical luminescence 

method using the immulite 2000 Systems Analyzers accord-

ing to the manufacturer's instructions. The descriptive statis-

tics method was used for data analysis. The Kruskal-Wallis 

test was used for IL-6 concentration pairwise comparison in 

the different diagnosis groups. 

3. RESULTS 

We analyzed the synovial fluid from 101 patients. De-

tectable levels of IL-6 (> 1 pg/ml) were observed in all pa-

tients.  

The median IL-6 concentration in synovial fluid in pa-

tients with osteoarthritis (OA) was 138.0 pg/ml (interquartile 

range (IQR) 43.4 to 296.0) without any significant differ-

ences in primary and secondary osteoarthritis. In inflamma-

tory arthropathies, the median IL-6 level was 2194.0 pg/ml 

(IQR 1254.0 to 8625.0). Median IL-6 concentration in pa-

tients with RA was 2516.5 pg/ml (IQR 1136.0 to 25058.0). 

There was no significant difference between seronegative 

and seropositive RA groups. In reactive arthritis median IL-6 

level was 2281.0 pg/ml (IQR 1392.0 to 8652.0); psoriatic 

arthritis - 1964.0 pg/ml (IQR 754.0 to 7300.0) and ankylos-

ing spondylitis - 2776.0 pg/ml (IQR 514.7, 3944.0). In a 

group of 19 patients with negative rheumatoid factor (RF), 

anti-citrullinated protein antibodies (ACPA) and HLA-B27 

inflammatory arthritis, the median IL-6 level was 2163.0 

pg/ml (IQR 822.0 to 7875.0). The pairwise comparison of 

diagnosis by Kruskal-Wallis test shows the statistically sig-

nificant difference in OA and RA, OA and reactive arthritis, 

OA and psoriatic arthritis groups, p<0.0001 (Figs. 1 and 2). 

4. DISCUSSION 

IL-6 concentration in synovial fluid tested in patients 

with different types of arthritis, including inflammatory ar-

thropathies, OA, and crystal deposition diseases. IL-6 level 

in the synovial fluid of patients with inflammatory arthropa-

thies [4, 6] is significantly higher than that of patients with 

osteoarthritis [5, 7, 8].  

In comparison to healthy individuals, IL-6 concentration 

is increased in the synovial fluid of OA patients and patients 

with symptomatic cartilage defects [9, 10]. 

RA studies show that IL-6 concentration in synovial fluid 

correlates with synovial tissues inflammatory cells infiltra-

tion, synovial fluid hypercellularity [5, 11], histological 

characteristics of chronic synovitis [3], and with radiologic 

stages of joint destruction [12]. OA studies show that IL-6 

level in synovial fluid correlates with the presence of carti-

lage degrading matrix metalloproteinases in synovial fluid 

and radiographic disease severity [2]. 

In a knee joint injury, IL-6 concentration in synovial flu-

id is highly elevated compared to normal controls, and IL-6 

level in synovial fluid is higher during the first 24 h after 

injury and decreases afterward [13, 14]. Comparing end-

stage OA and joint injury groups shows elevated IL-6 con-

centration in the OA group [15]. 

This study observed elevated IL-6 concentration in syno-

vial fluid in patients with inflammatory arthritis with no dif-

ferences between patients with seropositive and seronegative 

RA. High IL-6 concentration in synovial fluid was observed 

in inflammatory arthritis with negative immunological and 

genetic markers such as RF, ACPA, and HLA-B27. For most 

cases, the IL-6 concentration in synovial fluid was more than 

1000.0 pg/ml. In the case of OA, there was also IL-6 eleva-

tion, however, it was less elevated with a range of 43.4 to 

296.0 pg/ml. 

 

Fig. (1). IL-6 concentration in patients with OA.  

OA, osteoarthritis; n, number of patients.  

 

Fig. (2). IL-6 concentration in patients with inflammatory arthritis. 

RA, rheumatoid arthritis; ReA, reactive arthritis; PsA, psoriatic 

arthritis; n, number of patients. 
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There is not much research dedicated to IL-6 concentra-

tion in synovial fluid and its correlation with rheumatic dis-

eases. Overall sample numbers in the case of inflammatory 

arthritis are low. The presented data is not directly compara-

ble because of the differences in patients groups, methods of 

IL-6 detection, and data presentation. However, the data is 

consistent with that of other researchers (Table 1). In gen-

eral, the presented data show the tendency of more pro-

nounced elevation of the IL-6 concentration in the synovial 

fluid in case of inflammatory arthritis and is statistically sig-

nificant in the case of inflammatory seronegative arthritis. 

But the slight elevation of IL-6 concentration, usually not 

exceeding 500 pg/m, is in OA. 

Chronic persistent mono-/oligo- arthritis is not uncom-

mon in clinical practice, especially in the knee joint. Pro-

gression of inflammatory arthritis leads to secondary OA. 

But there are currently no markers that can help to distin-

guish joint inflammation from degeneration in some circum-

stances, such as inconclusive blood tests when inflammatory 

markers, immunological and genetic parameters are absent. 

Radiological investigations are helpful to determine the ex-

tent of damage caused by arthritis, however they are not al-

ways beneficial to distinguish when treatment is indicated. 

Therefore, measurement of IL-6 concentration in synovial 

fluid may be an option. Having the IL-6 concentration is 

valuable to determine chronic inflammation and differentiate 

it from age-related changes, which is especially relevant for 

middle-aged patients with mono- or oligoarthritis when there 

is a dilemma for treatment with disease-modifying drugs for 

inflammatory disease.  

CONCLUSION  

The study shows that an IL-6 concentration in synovial 
fluid over 1000 pg/ml consistent with the diagnosis of in-
flammatory arthritis. Based on the research results, the IL-6 
testing is worth being implemented in clinical practice more 
widely as this may be helpful as an additional tool in the 
diagnostic process. 

ETHICS APPROVAL AND CONSENT TO PARTICI-

PATE  

The Ethics Committee of Riga Stradiņš University in 
Latvia approved the study protocol (Nr. 6-1/05/26). 

HUMAN AND ANIMAL RIGHTS 

No animals were used in this study. The reported exper-
iments on humans were followed in accordance with the 
Helsinki Declaration of 1975, as revised in 2013. 

Table 1. Characteristics of the studies using the measurement of IL-6 in synovial fluid. 

Study Diagnosis Patients Number Method/Reported Outcome 
Reported IL-6 Concentration in Synovial 

Fluid 

Holt et al. [5] 

RA 

PsA 

SpA 

IA 

OA 

45 

7 

10 

16 

11 

ELISA 

/Median 

8709 pg/mL 

14278 pg/mL 

4264 pg/mL 

4505 pg/mL 

186 pg/mL 

Beekhuizeen et al. [10] 
OA 

Control 

18 

16 

ELISA 

/MedianIQR 

135.8224.6 pg/mL 

4.80 pg/mL 

Bertazzolo et al. [7] 

RA 

PsA 

OA 

24 

19 

33 

ELISA 

/Mean  SD 

1610.371781.65pg/mL 

672.47 867.40 pg/mL 

89.45  120.52 pg/mL 

Hovdenes et al. [6] 
RA 24 

IA 

24 

19 

ELISA 

/Median 

3600 units/mL 

12600 units/mL 

Laavola et al. [2] OA 100 
ELISA 

/Median (IQR) 
119.8 (193.5) pg/mL, 

Siqueira et al. [15] 
Knee injury 

OA 

16 

14 
EIA 

116.71 159.25 pg/mL 

344.04 415.51pg/mL 

Sack et al. [3] RA 24 
Proliferation assay 

/Mean  SEM 
2.6  2.2 ng/mL 

Swaak et al. [4] 

OA/ML 

RA 

RA 

12 

17 

12 

ELISA 

/Mean SD 

415586 Units/mL 

1 8192493 Units/mL 

11 1417517 Units/mL 

Tsuchida et al. [9] 
OA 

Control 

27 

20 

ELISA 

Mean SD 

396 ± 508 pg/mL 

64 ± 120 pg/mL 

Radojčić et al. [8] OA 104 
EIA 

/Median, IQR 
71.05, 21.35-150.00 pg/mL 

RA, rheumatoid arthritis; PsA, psoriatic arthritis; SpA, seronegative spondyloarthropathy; IA, inflammatory arthritis; OA, osteoarthritis; ML, meniscus lesion; ELISA, enzyme-

linked immunosorbent assays; EIA, enzyme immunoassay; IQR, interquartile range.  
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The data that support the findings of this study are avail-

able from the corresponding author [AM], upon reasonable 

request. 

FUNDING 

None. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest, financial or 

otherwise. 

ACKNOWLEDGEMENTS 

The author thanks all the participants and Orto clinic per-

sonal for conducting this study, and special thanks to Ale-

ksandra Bukina for maintaining the data archive. 

REFERENCES 

[1] Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, im-

munity, and disease. Cold Spring Harb Perspect Biol 2014; 6(10): 
a016295. 

 http://dx.doi.org/10.1101/cshperspect.a016295 PMID: 25190079 

[2] Laavola M, Leppänen T, Hämäläinen M, et al. IL-6 in osteoarthri-
tis: Effects of pine stilbenoids. Molecules 2018; 24(1): 109. 

 http://dx.doi.org/10.3390/molecules24010109 PMID: 30597965 

[3] Sack U, Kinne RW, Marx T, Heppt P, Bender S, Emmrich F. Inter-
leukin-6 in synovial fluid is closely associated with chronic synovi-

tis in rheumatoid arthritis. Rheumatol Int 1993; 13(2): 45-51. 

 http://dx.doi.org/10.1007/BF00307733 PMID: 8356390 
[4] Swaak AJ, van Rooyen A, Nieuwenhuis E, Aarden LA. Interleu-

kin-6 (IL-6) in synovial fluid and serum of patients with rheumatic 

diseases. Scand J Rheumatol 1988; 17(6): 469-74. 
 http://dx.doi.org/10.3109/03009748809098809 PMID: 3266031 

[5] Holt I, Cooper RG, Hopkins SJ. Relationships between local in-

flammation, interleukin-6 concentration and the acute phase protein 
response in arthritis patients. Eur J Clin Invest 1991; 21(5): 479-84. 

 http://dx.doi.org/10.1111/j.1365-2362.1991.tb01398.x PMID: 

1752286 

[6] Hovdenes J, Kvien TK, Hovdenes AB. IL-6 in synovial fluids, 
plasma and supernatants from cultured cells of patients with rheu-

matoid arthritis and other inflammatory arthritides. Scand J Rheu-

matol 1990; 19(3): 177-82. 
 http://dx.doi.org/10.3109/03009749009095040 PMID: 2359995 

[7] Bertazzolo N, Punzi L, Stefani MP, et al. Interrelationships be-

tween interleukin (IL)-1, IL-6 and IL-8 in synovial fluid of various 
arthropathies. Agents Actions 1994; 41(1-2): 90-2. 

 http://dx.doi.org/10.1007/BF01986402 PMID: 8079829 

[8] Radojčić MR, Thudium CS, Henriksen K, et al. Biomarker of ex-
tracellular matrix remodelling C1M and proinflammatory cytokine 

interleukin 6 are related to synovitis and pain in end-stage knee os-

teoarthritis patients. Pain 2017; 158(7): 1254-63. 
 http://dx.doi.org/10.1097/j.pain.0000000000000908 PMID: 

28333699 

[9] Tsuchida AI, Beekhuizen M, Rutgers M, et al. Interleukin-6 is 
elevated in synovial fluid of patients with focal cartilage defects 

and stimulates cartilage matrix production in an in vitro regenera-

tion model. Arthritis Res Ther 2012; 14(6): R262. 

 http://dx.doi.org/10.1186/ar4107 PMID: 23206933 

[10] Beekhuizen M, Gierman LM, van Spil WE, et al. An explorative 

study comparing levels of soluble mediators in control and osteoar-
thritic synovial fluid. Osteoarthritis Cartilage 2013; 21(7): 918-22. 

 http://dx.doi.org/10.1016/j.joca.2013.04.002 PMID: 23598178 

[11] Matsumoto T, Tsurumoto T, Shindo H. Interleukin-6 levels in 
synovial fluids of patients with rheumatoid arthritis correlated with 

the infiltration of inflammatory cells in synovial membrane. Rheu-

matol Int 2006; 26(12): 1096-100. 
 http://dx.doi.org/10.1007/s00296-006-0143-2 PMID: 16738904 

[12] Kotake S, Sato K, Kim KJ, et al. Interleukin-6 and soluble inter-

leukin-6 receptors in the synovial fluids from rheumatoid arthritis 
patients are responsible for osteoclast-like cell formation. J Bone 

Miner Res 1996; 11(1): 88-95. 

 http://dx.doi.org/10.1002/jbmr.5650110113 PMID: 8770701 
[13] Swärd P, Frobell R, Englund M, Roos H, Struglics A. Cartilage and 

bone markers and inflammatory cytokines are increased in synovial 

fluid in the acute phase of knee injury (hemarthrosis)--a cross-
sectional analysis. Osteoarthritis Cartilage 2012; 20(11): 1302-8. 

 http://dx.doi.org/10.1016/j.joca.2012.07.021 PMID: 22874525 

[14] Irie K, Uchiyama E, Iwaso H. Intraarticular inflammatory cyto-
kines in acute anterior cruciate ligament injured knee. Knee 2003; 

10(1): 93-6. 

 http://dx.doi.org/10.1016/S0968-0160(02)00083-2 PMID: 
12649034 

[15] Siqueira MB, Frangiamore S, Klika AK, Gajewski N, Barsoum 

WK, Higuera CA. Comparison of synovial fluid cytokine levels be-
tween traumatic knee injury and end-stage osteoarthritis. J Knee 

Surg 2017; 30(2): 128-33. 

 http://dx.doi.org/10.1055/s-0036-1583269 PMID: 27123668 

 

 

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the 

final version. Major publication processes like copyediting, proofing, typesetting and further review are still to be 

done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that 

apply to the final published article also apply to this ahead-of-print version.   

 

http://dx.doi.org/10.1101/cshperspect.a016295
http://dx.doi.org/10.1101/cshperspect.a016295
http://dx.doi.org/10.1101/cshperspect.a016295
http://www.ncbi.nlm.nih.gov/pubmed/25190079
http://dx.doi.org/10.3390/molecules24010109
http://dx.doi.org/10.3390/molecules24010109
http://dx.doi.org/10.3390/molecules24010109
http://www.ncbi.nlm.nih.gov/pubmed/30597965
http://dx.doi.org/10.1007/BF00307733
http://dx.doi.org/10.1007/BF00307733
http://dx.doi.org/10.1007/BF00307733
http://dx.doi.org/10.1007/BF00307733
http://www.ncbi.nlm.nih.gov/pubmed/8356390
http://dx.doi.org/10.3109/03009748809098809
http://dx.doi.org/10.3109/03009748809098809
http://dx.doi.org/10.3109/03009748809098809
http://dx.doi.org/10.3109/03009748809098809
http://www.ncbi.nlm.nih.gov/pubmed/3266031
http://dx.doi.org/10.1111/j.1365-2362.1991.tb01398.x
http://dx.doi.org/10.1111/j.1365-2362.1991.tb01398.x
http://dx.doi.org/10.1111/j.1365-2362.1991.tb01398.x
http://dx.doi.org/10.1111/j.1365-2362.1991.tb01398.x
http://www.ncbi.nlm.nih.gov/pubmed/1752286
http://dx.doi.org/10.3109/03009749009095040
http://dx.doi.org/10.3109/03009749009095040
http://dx.doi.org/10.3109/03009749009095040
http://dx.doi.org/10.3109/03009749009095040
http://www.ncbi.nlm.nih.gov/pubmed/2359995
http://dx.doi.org/10.1007/BF01986402
http://dx.doi.org/10.1007/BF01986402
http://dx.doi.org/10.1007/BF01986402
http://dx.doi.org/10.1007/BF01986402
http://www.ncbi.nlm.nih.gov/pubmed/8079829
http://dx.doi.org/10.1097/j.pain.0000000000000908
http://dx.doi.org/10.1097/j.pain.0000000000000908
http://dx.doi.org/10.1097/j.pain.0000000000000908
http://dx.doi.org/10.1097/j.pain.0000000000000908
http://dx.doi.org/10.1097/j.pain.0000000000000908
http://www.ncbi.nlm.nih.gov/pubmed/28333699
http://dx.doi.org/10.1186/ar4107
http://dx.doi.org/10.1186/ar4107
http://dx.doi.org/10.1186/ar4107
http://dx.doi.org/10.1186/ar4107
http://dx.doi.org/10.1186/ar4107
http://www.ncbi.nlm.nih.gov/pubmed/23206933
http://dx.doi.org/10.1016/j.joca.2013.04.002
http://dx.doi.org/10.1016/j.joca.2013.04.002
http://dx.doi.org/10.1016/j.joca.2013.04.002
http://dx.doi.org/10.1016/j.joca.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/23598178
http://dx.doi.org/10.1007/s00296-006-0143-2
http://dx.doi.org/10.1007/s00296-006-0143-2
http://dx.doi.org/10.1007/s00296-006-0143-2
http://dx.doi.org/10.1007/s00296-006-0143-2
http://www.ncbi.nlm.nih.gov/pubmed/16738904
http://dx.doi.org/10.1002/jbmr.5650110113
http://dx.doi.org/10.1002/jbmr.5650110113
http://dx.doi.org/10.1002/jbmr.5650110113
http://dx.doi.org/10.1002/jbmr.5650110113
http://www.ncbi.nlm.nih.gov/pubmed/8770701
http://dx.doi.org/10.1016/j.joca.2012.07.021
http://dx.doi.org/10.1016/j.joca.2012.07.021
http://dx.doi.org/10.1016/j.joca.2012.07.021
http://dx.doi.org/10.1016/j.joca.2012.07.021
http://dx.doi.org/10.1016/j.joca.2012.07.021
http://www.ncbi.nlm.nih.gov/pubmed/22874525
http://dx.doi.org/10.1016/S0968-0160(02)00083-2
http://dx.doi.org/10.1016/S0968-0160(02)00083-2
http://dx.doi.org/10.1016/S0968-0160(02)00083-2
http://www.ncbi.nlm.nih.gov/pubmed/12649034
http://dx.doi.org/10.1055/s-0036-1583269
http://dx.doi.org/10.1055/s-0036-1583269
http://dx.doi.org/10.1055/s-0036-1583269
http://www.ncbi.nlm.nih.gov/pubmed/27123668

