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YKL-40 Levels in Rheumatoid Arthritis and Their Correlation 
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Objective. To examine the relationship of serum/plasma YKL-40 levels with rheumatoid arthritis (RA) and their correlation with 
RA activity and rheumatoid factor (RF) level. Methods. We performed a meta-analysis comparing the serum/plasma YKL-40 lev-
els between patients with RA and controls and examined the correlation coefficients of the circulating YKL-40 level with the 
RF level and RA activity based on the 28-joint disease activity score (DAS28), erythrocyte sedimentation rate (ESR), and C-re-
active protein (CRP) level. Results. Nine studies (707 patients with RA and 1,041 controls) were included in the meta-analysis. 
The YKL-40 levels were significantly higher in the RA group than in the control group (standardized mean difference 
[SMD]=1.071, 95% confidence interval [CI]=0.726∼1.417, p＜0.001). Stratification by ethnicity showed significantly ele-
vated YKL-40 levels in the RA groups from European, Asian, North American, and Arab populations. The YKL-40 level was sig-
nificantly higher in the RA group than in the control group in both age- and sex-matched and only age-matched populations 
(SMD=0.937, 95% CI=0.554∼1.320, p＜0.001; SMD=2.951, 95% CI=1.389∼4.512, p＜0.001, respectively). Subgroup 
analysis by sample size showed significantly increased YKL-40 levels in the RA group in both small (n＜100) and large (n＞100) 
populations. Meta-analysis of correlation coefficients showed a significant positive correlation between the YKL-40 levels and 
DAS28, ESR, CRP level, and RF level (DAS28: correlation coefficient=0.381, 95% CI=0.044∼0.640, p=0.028; RF level: cor-
relation coefficient=0.341, 95% CI=0.176∼0.487, p＜0.001). Conclusion. The circulating YKL-40 levels are high in patients 
with RA and positively correlate with RA activity and RF level. (J Rheum Dis 2019;26:257-263)
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune in-
flammatory disease that predominantly affects the syno-
vial joints, causing significant morbidity and reduced life 
expectancy. RA is characterized by infiltration of neu-
trophils, macrophages, T cells, B cells, and dendritic cells 
in the synovium and by tissue damage. Although its cause 
and pathogenesis are not fully understood, it has been es-
tablished that the inflammatory process plays a key role 
in RA [1].
YKL-40, a human cartilage glycoprotein-39 or chiti-

nase-3-like-1 protein, is a 40-kDa glycoprotein produced 
in the arthritic joint by activated macrophages, neu-

trophils, synoviocytes, and chondrocytes [2]. It is sug-
gested that YKL-40 plays a role in cell proliferation, dif-
ferentiation, and protection against apoptotic signals and 
has an effect on extracellular tissue remodeling [3]. 
Increased serum YKL-40 levels are associated with dis-
eases and inflammatory processes, such as RA, osteo-
arthritis, idiopathic pulmonary fibrosis, psoriasis, and 
type 2 diabetes, indicating that YKL-40 is related to in-
flammation, extracellular remodeling, and fibrosis [3-5]. 
Thus, YKL-40 has been considered as a useful potential 
biomarker of inflammatory diseases.
Studies on circulating YKL-40 levels between patients 

with RA and controls and on the relationship between 
plasma/serum levels and RA activity and rheumatoid fac-
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tor (RF) levels have reported different results [6-14]. The 
reasons for such disparity might be their small sample 
size, low statistical power, and/or clinical heterogeneity. 
Therefore, to overcome the limitations of individual stud-
ies and improve precision, we performed this meta- 
analysis. The present study aimed to determine the plas-
ma/serum YKL-40 levels between patients with RA and 
controls and to evaluate their correlation with RA activity 
and RF level via a meta-analysis.

MATERIALS AND METHODS

Eligible study identification and data extraction
We performed a literature search for studies that exam-

ined the YKL-40 levels in patients with RA and controls 
and their relationship with RA activity and RF levels. The 
MEDLINE, EMBASE, and Cochrane databases were 
searched to identify all available articles (published up to 
March 2019). The following keywords and subject terms 
were used in the search: “YKL-40,” “level,” and 
“rheumatoid arthritis.” All references cited were also re-
viewed to identify additional studies not indexed by the 
electronic databases. Studies were considered eligible 
when they adhered to any of the following criteria: (1) 
case-control, cross-sectional, or longitudinal studies in-
vestigating patients with RA diagnosed in accordance 
with the American Rheumatism Association 1958, 
American College of Radiology (ACR) 1987, or ACR/ 
European League Against Rheumatism classification cri-
teria; (2) available data on plasma/serum YKL-40 levels 
of case and control groups; and (3) available data on the 
correlation coefficient between circulating YKL-40 levels 
and RF level or RA activity based on the 28-joint disease 
activity score (DAS28), erythrocyte sedimentation rate 
(ESR), or C-reactive protein (CRP) level. We excluded 
studies with any of the following characteristics: (1) over-
lapping or insufficient data and (2) reviews or case 
reports. The following information was extracted from 
each study: name of the first author, year of publication, 
country, ethnicity, number of participants, study design, 
sample type, means and standard deviations (SDs) of the 
YKL-40 levels, and correlation coefficients between the 
YKL-40 level and RF level, ESR, CRP level, or DAS28. 
When the data were presented as medians or ranges, we 
computed the means and SDs using previously described 
formulae [15,16]. Data from the methods and results 
were extracted from original studies by two independent 
reviewers. Discrepancies between the reviewers were re-

solved by a consensus. The meta-analysis was conducted 
in accordance with the preferred reporting items for sys-
tematic reviews and meta-analyses guidelines [17].

Evaluation of statistical associations 
We performed meta-analyses examining the relation-

ship between circulating YKL-40 levels and RA and the 
correlation coefficient between circulating YKL-40 levels 
and RF level, ESR, CRP level, or DAS28. For data con-
tinuity, results were presented as standardized mean dif-
ferences (SMDs) and 95% confidence intervals (CIs). 
SMDs were calculated by dividing the mean difference be-
tween the two groups by pooled SD and were used when 
different scales were integrated to measure the same 
concept. This measure compares case and control arms in 
terms of standardized scores. The magnitude of the SMD 
was considered as follows: 0.2∼0.5, small effect; 0.5∼
0.8, medium effect; and ≥0.8, large effect [18]. We as-
sessed within- and between-study variations and hetero-
geneities using Cochran’s Q-statistics [19]. When the 
significant Q-statistic (p＜0.10) indicated heterogeneity 
across studies, the random effects model was used for the 
meta-analysis [20]; otherwise, the fixed effects model 
was used. The fixed effects model assumes that all studies 
estimate the same underlying effect and considers only 
within-study variations [19]. We quantified the effect of 
heterogeneity using the I2 value, where I2 measures the 
degree of inconsistency between datasets [21]. Statistical 
manipulations were performed using the Comprehensive 
Meta-Analysis computer program (Biostat, Englewood, 
NJ, USA).

Evaluation of heterogeneity, sensitivity, and 
publication bias
To examine potential sources of heterogeneity in the 

meta-analysis, subgroup analysis was performed using 
the following variables: ethnicity, sample size, data type, 
adjustment for age and/or sex, and publication year. 
Sensitivity test was performed to assess the influence of 
each individual study on the pooled odds ratio (OR) by in-
dividually omitting each study and deleting studies with 
imputed data. Although funnel plots are often used to de-
tect publication bias, they require diverse study types of 
varying sample sizes, and their interpretation involves 
subjective judgment. Therefore, we evaluated publication 
bias using Egger’s linear regression test [22], which 
measures funnel plot asymmetry using a natural loga-
rithm scale of ORs.
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Table 1. Characteristics of individual studies included in the meta-analysis

Authors Country Ethnicity

Number of 
patients

YKL-40 level 
(mean) YKL-40, 

unit

Matched for 
age and/
or sex

Data 
type

RA Control RA Control

Jafari-Nakhjavani 
et al., 2019 [12]

Iran Arab 60 30 951.63 444.92 pg/mL Age, sex Original

Basok et al., 2014 [13] Turkey European 27 27 66.95 48.70 ng/mL Age, sex Original
Turkyilmaz et al., 

2013 [6]
Turkey European 42 35 124.30 67.20 ng/mL Age, sex Original

Kozakova et al., 
2013 [7]

Bulgaria European 25 40 246.17 84.19 ng/mL Age, sex Original

Nielsen et al., 2011 [8] Denmark European 308 605 86.00 46.00 ng/mL Age Original
Janckila et al., 

2008 [10]
USA North American 50 26 710.00 67.15 μg/L Sex Original

Matsumoto et al.-1, 
2001 [14]

Japan Asian 56 26 197.00 68.75 pg/mL Age, sex Calculated*

Matsumoto et al.-2, 
2001 [14]

Japan Asian 16 14 220.00 77.25 pg/mL Age, sex Calculated*

Johansen et al., 
2001 [9]

USA North American 76 191 156.25 72.00 ug/L Age Calculated*

Vos et al., 2000 [11] Netherlands European 47 47 38.30 15.50 ng/mL Age, sex Original

RA: rheumatoid arthritis, USA: United States of America. *The means±standard deviations were calculated from the medians and
ranges.

Table 2. Meta-analysis of the YKL-40 levels between the patients with RA and controls 

Groups Population
Number 
of studies

Test of association Test of heterogeneity

SMD* 95% CI p-value Model p-value I2

All Overall 10 1.071 0.726∼1.417 ＜0.001 R ＜0.001 86.6
Ethnicity European 5 0.762 0.418∼1.127 ＜0.001 R ＜0.001 74.8

Asian 2 1.353 0.921∼1.785 ＜0.001 F 0.173 55.8
North American 2 1.552 0.565∼2.539 0.002 R 0.001 90.9
Arab 1 0.954 0.494∼1.414 ＜0.001 NA NA NA

Matched for age 
and/or sex

Both 7 0.937 0.554∼1.320 ＜0.001 R 0.001 73.8
Age or sex 3 2.951 1.389∼4.512 ＜0.001 R ＜0.001 98.4

Sample size n＜100 8 0.943 0.610∼1.276 ＜0.001 R ＜0.001 70.2
n＞100 2 1.463 0.358∼2.568 0.029 R ＜0.001 97.5

Data type Original 7 0.824 0.572∼1.075 ＜0.001 R 0.011 63.7
Calculated 3 1.703 1.081∼2.325 ＜0.001 R ＜0.001 76.5

RA: rheumatoid arthritis, SMD: standardized mean difference, CI: confidence interval, F: fixed effects model, R: random effects 
model, NA: not applicable. *Magnitude of Cohen’s d effect size (SMD): 0.2∼0.5, small effect; 0.5∼0.8, medium effect; ≥0.8,
large effect.

RESULTS

Studies included in the meta-analysis
We identified 94 studies using electronic and manual 

searching methods, and 11 of them were selected for 
full-text review based on the title and abstract. Two of 
these were excluded because they had no control group 

data [23,24]. Finally, nine articles met the inclusion cri-
teria for this meta-analysis [6-14] (Table 1). One of the el-
igible studies included data on two different groups that 
were treated independently [14]. Therefore, 10 com-
parative studies were considered in the meta-analysis, 
which included 707 patients with RA and 1,041 controls 
(Table 1). Ten studies examined the circulating YKL-40 



Young Ho Lee and Gwan Gyu Song 

260 J Rheum Dis Vol. 26, No. 4, October, 2019

Figure 2. Meta-analysis of the relationship between the plasma/serum YKL-40 levels and rheumatoid arthritis (RA) in each ethnic
group. Std diff: standardized difference, CI: confidence interval.

Figure 1. Meta-analysis of the relationship between the plasma/serum YKL-40 levels and rheumatoid arthritis (RA) in all study 
subjects. Std diff: standardized difference, CI: confidence interval. 

levels in RA and control groups. Four, three, two, and four 
studies assessed the correlation coefficients between the 
YKL-40 levels and DAS28, ESR, CRP level, or RF level, re-
spectively (Table 1). Table 1 shows the characteristic fea-
tures of the studies included in this meta-analysis.

Meta-analysis of the circulating YKL-40 levels 
between the patients with RA and controls
The YKL-40 levels were significantly higher in the RA 

group than in the control group (SMD=1.071, 95% 
CI=0.726∼1.417, p＜0.001) (Table 2, Figure 1). In addi-
tion, stratification by ethnicity showed significantly ele-

vated YKL-40 levels in the RA groups from European, 
Asian, North American, and Arab populations (Table 2, 
Figure 2).

Meta-analysis of the circulating YKL-40 levels 
between the patients with RA and controls according 
to subgroups
The YKL-40 level was significantly higher in the RA 

group than in the control group in both age- and 
sex-matched and only age-matched populations (SMD= 
0.937, 95% CI=0.554∼1.320, p＜0.001; SMD=2.951, 
95% CI=1.389∼4.512, p＜0.001) (Table 2). Subgroup 
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Figure 3. Meta-analysis of the correlation coefficient between the YKL-40 levels and DAS28 (A) and ESR (B). DAS28: 28-joint dis-
ease activity score, ESR: erythrocyte sedimentation rate, CI: confidence interval.

Table 3. Meta-analysis of the correlation coefficient between the YKL-40 level and RA activity (DAS28, ESR, and CRP level) and 
RF level

Comparison
Number 
of studies

Test of association Test of heterogeneity

Correlation 
coefficient

95% CI p-value Model p-value I2

DAS28 4 0.381 0.044∼0.640 0.028 R 0.001 80.6
ESR 3 0.402 0.216∼0.560 ＜0.001 F 0.981   0
CRP level 2 0.531 0.269∼0.693 ＜0.001 F 0.513   0
RF level 3 0.341 0.176∼0.487 ＜0.001 F 0.113 54.1

RA: rheumatoid arthritis, DAS28: 28-joint disease activity score, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, RF:
rheumatoid factor, CI: confidence interval, R: random effects model, F: fixed effects model. 

analysis by sample size showed significantly increased 
YKL-40 levels in the RA group in both small (n＜100) and 
large (n＞100) populations (Table 2). The YKL-40 level 
was significantly higher in the RA group than in the con-
trol group, regardless of data type (Table 2).

Meta-analysis of the correlation between the 
circulating YKL-40 levels and RA activity and 
RF level
Meta-analysis of the correlation coefficients showed a 

significant positive correlation between the YKL-40 lev-
els and DAS28, ESR, or CRP level (correlation coefficient 
of the DAS28=0.381, 95% CI=0.044∼0.640, p=0.028) 
(Table 3, Figure 3). Further, the YKL-40 levels were pos-

itively associated with the RF level (correlation co-
efficient=0.341, 95% CI=0.176∼0.487, p＜0.001) 
(Table 3).

Heterogeneity, sensitivity, and publication bias
Between-study heterogeneity was identified in the 

meta-analyses of the YKL-40 levels in the patients with 
RA (Table 2). Meta-regression analysis showed that eth-
nicity, age or sex adjustment, publication year, sample 
size, and data type (p＞0.05) had a significant impact on 
heterogeneity in the meta-analysis of the YKL-40 levels. 
Sensitivity analysis showed that no individual study signi
ficantly affected the pooled OR, indicating that the results 
of this meta-analysis are robust. It was difficult to corre-
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late the funnel plot, which is typically used to detect pub-
lication bias, because the number of studies included in 
the analysis was relatively less. The funnel plot showed 
no evidence of asymmetry, and Egger’s regression test 
showed no evidence of publication bias in the meta-analy-
sis of the plasma/serum YKL-40 levels in the patients 
with RA (Egger’s regression test p-value=0.706).

DISCUSSION

In this meta-analysis, we combined the plasma/serum 
YKL-40 level in RA with the correlation between the 
YKL-40 levels and RA activity and RF levels. This 
meta-analysis of nine studies involving 707 patients with 
RA and 1,041 controls showed that the circulating 
YKL-40 levels were significantly higher in the former 
than in the latter. The YKL-40 level had a positive correla-
tion with RA activity as measured using the DAS28, ESR, 
and CRP level. The YKL-40 levels were also significantly 
correlated with the RF level. The meta-analysis data sug-
gest that the YKL-40 levels reflect significantly increased 
RA activity and that YKL-40 plays an important role in the 
proinflammatory process of RA.
YKL-40 is a heparin-human cartilage glycoprotein-39 

without enzymatic activity, which is secreted by various 
cell types in the arthritic joint [2]. It is a major protein se-
creted by chondrocytes in vitro; conversely, it is identified 
in the chondrocytes from arthritic knee joints in vivo. 
YKL-40 regulates inflammation and immune response 
and is also related to cell migration and reorganization 
[3]. It is a transmembrane protein in which cleaved com-
ponents bind to an unidentified receptor, and its ex-
pression is regulated by various inflammatory cytokines 
[25]. In vitro and in vivo studies showed that trans-
forming growth factor-β, tumor necrosis factor-α, and 
other multifunctional cytokines can also stimulate 
YKL-40 secretion, and YKL-40 further promotes the ex-
pression of macrophage inflammatory protein-1α, mon-
ocyte chemoattractant protein-1, and metalloproteinase- 
9 [26]. YKL-40 secretion may regulate activation of the 
mitogen-activated protein kinase, nuclear factor-κB, 
protein kinase B, and other cytokine pathways; signaling 
pathways have been found to be related to the patho-
genesis of RA [27]. YKL-40 was found to be a target of the 
immune response in RA, having several human leukocyte 
antigen-DR4 peptide-binding motifs that are recognized 
by T cells from patients with RA; this suggests that it 
plays a pathogenic role in inflammatory processes [28]. It 

is assumed that YKL-40 is a candidate autoantigen in RA 
[28]. Our meta-analysis revealed higher serum YKL-40 
levels in patients with RA than in healthy controls, which 
correlated positively with RA activity. Therefore, YKL-40 
might be considered as a novel biomarker for disease ac-
tivity estimation in RA.
The present study has some limitations that should be 

considered. First, most of the studies included in this 
meta-analysis had small sample sizes; thus, many of the 
individual studies that comprise this meta-analysis may 
be underpowered. Second, the studies included were het-
erogeneous in demographic characteristics and clinical 
features. This heterogeneity and the presence of con-
founding factors, such as drugs used, disease duration, 
and limited clinical information, may have affected the 
results. These limited data did not allow further analysis, 
although we performed a sensitivity test, subgroup analy-
sis, and meta-regression analysis using available con-
founding factors. Nevertheless, this meta-analysis also 
has its strengths. Our meta-analysis is the first meta-anal-
ysis to provide combined evidence for YKL-40 levels in 
patients with RA. Individual studies included population 
sizes ranging from only 16 to 308 patients; however, our 
pooled analysis included 707 patients. Compared with in-
dividual studies, our study was able to provide data re-
garding the relationship between YKL-40 levels and RA 
with increased accuracy by increasing the statistical pow-
er and resolution through pooling of the results of in-
dependent analyses.

CONCLUSION

Our meta-analysis demonstrates that the circulating 
YKL-40 levels are significantly higher in patients with RA 
than in controls. In addition, the circulating YKL-40 lev-
els positively correlated with RA activity and RF level. 
Thus, further studies are necessary to check the possi-
bility that YKL-40 may play an important role in the 
pathogenesis of RA.
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