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ABSTRACT

Objective: We evaluated the relationship between calprotectin levels and rheumatoid arthritis (RA), and
the correlation between plasma/serum calprotectin and RA activity.

Methods: We searched PUBMED, EMBASE, and Cochrane databases and performed meta-analyses
comparing plasma/serum or synovial fluid calprotectin levels in RA patients and controls, and correla-
tion coefficients between calprotectin levels and disease activity for 28 joints (DAS28) as well as
C-reactive protein (CRP) in RA patients.

Results: Sixteen studies including 849 RA patients and 266 controls were available for meta-analysis.
Meta-analysis showed that calprotectin levels were significantly higher in the RA group than in the
control group (SMD = 2.337, 95% Cl = 1.544-3.130, p < 1.0 X 1078). Stratification by rheumatoid factor
(RF) status revealed significantly elevated calprotectin levels in the RF-positive RA group compared to
that of the RF-negative RA group (SMD = 0.574, 95% Ci = 0.345-0.804, p = 9.2 x 1077). Meta-analysis of
correlation coefficients identified a significant positive correlation between calprotectin levels and CRP
or DAS28 (correlation coefficient for CRP = 0.566, 95% Cl = 0.512-0.615, p < 1.0 X 1078 correlation
coefficient for DAS28 = 0.438, 95% C| = 0.269-0.518, p = 2.5 x 107%). Calprotectin levels in synovial fluid
were significantly higher in the RA group than in the control group (SMD = 2.891, 95% Cl = 1.067-4.715,
p = 0.002).

Conclusions: Our meta-analysis demonstrates that circulating and synovial fluid calprotectin levels are
high in patients with RA, and that circulating calprotectin levels positively correlate with RA activity.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory
disease that predominantly affects the synovial joints causing
significant morbidity and shortened life expectancy [1]. RA is
characterized by the infiltration of the synovium with neutrophils,
macrophages, T cells, B cells, and dendritic cells, with subsequent
tissue damage [2]. Although its cause and pathogenesis are not
fully understood, it has been established that the inflammatory
process plays a key role in RA in the synovial joints [2].
Calprotectin is a major monocyte/macrophage and neutro-
phil granulocyte protein that is released during endothelial
and monocyte interaction [2]. It is also known as S100A8/
S100A9, myeloid-related protein (MRP)-8/MRP-14, or calgranu-
lin A and B. Calprotectin is an endogenous toll-like receptor-4
(TLR-4) ligand that exerts strong proinflammatory effects on
phagocytes and endothelial cells to promote inflammatory
processes [3]. Calprotectin was shown to be involved in joint
inflammation and leucocyte infiltration in experimental anti-
gen-induced arthritis [4], as it is secreted from activated gran-
ulocytes and monocytes/macrophages in the synovium and
synovial fluid during inflammation [4]. Calprotectin is released
at the local site of inflammation and plasma levels have been

suggested to be a biomarker that reflects disease activity in
inflammatory diseases [5]. Conventional acute-phase proteins
such as C-reactive protein (CRP) is mainly produced in hepa-
tocytes after their induction by proinflammatory interleukins
released during inflammation and are nonspecific for inflam-
mation. However, calprotectin directly induces inflammation
in the inflamed RA joints rather than through systemic inflam-
matory activity (51. Thus, calprotectin is likely to be a more

specific marker for local disease activity.

Multibiomarker disease activity (MBDA) testing using 12
serum biomarkers provides a reliable assessment for RA.
However, calprotectin was not included in the MBDA test
because the assay did not meet the performance criteria
required for clinical testing [6]. However, calprotectin has
potential as a biomarker of activity assessment, treatment
response and damage prediction. Studies on circulating or
synovial fluid calprotectin levels in RA patients compared to
controls and on the relationship between plasma/serum levels
and RA activity have been published with different results [7-
22]. The reasons for such disparity might be small sample
sizes, low statistical power, and/or clinical heterogeneity {23].

Previous reviews suggest that calprotectin may be a valu-
able diagnostic and prognostic biomarker for RA [5,24].
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Calprotectin levels in synovial fluid are high, indicating there is
substantial local production by inflamed synovium. Circulating
calprotectin levels, though highly variable, are elevated in
active RA and fall with effective therapy. Calprotectin levels
predict future erosive damage and therapeutic responses [5].
However, there has been no meta-analysis on calprotectin
level in RA. To overcome the limitations of individual studies
and improve precision, we performed this meta-analysis. The
present study aimed to determine plasma/serum calprotectin
levels in RA patients compared to those in controls, and to
evaluate its correlation with disease activity using meta-
analysis.

2. Materials and methods
2.1. ldentification of eligible studies and data extraction

We performed a literature search for studies that examined
calprotectin levels in RA patients and controls, and the rela-
tionship between plasma/serum calprotectin D levels and RA
activity. PUBMED, EMBASE, and Cochrane databases were
searched to identify all available articles (up to June 2016).
The following key words and subject terms were used in the
search: ‘calprotectin,” ‘level,” ‘rheumatoid arthritis,” and ‘RA." All
references cited were also reviewed to identify additional
studies not indexed by the electronic databases. Studies
were considered eligible if they adhered to any of the follow-
ing criteria: (1) they were case-control, cross-sectional, or long-
itudinal studies with patients with RA diagnosed according to
ARA 1958, ACR 1987, or ACR/EULAR classification criteria; (2)
they provided data on plasma/serum and/or synovial fluid
calprotectin levels in case and control groups; (3) they pro-
vided data on the correlation coefficient between circulating
calprotectin levels and RA activity based on disease activity
scores for 28 joints (DAS28) or CRP. We excluded studies with
either of the following characteristics: (1) they contained over-
lapping or insufficient data; (2) they were reviews or case
reports. The following information was extracted from each
study: the first author, year of publication, country, study
region, number of participants, study design, sample type,
rheumatoid factor (RF) status, mean and standard deviation
(SD) of calprotectin levels, and correlation coefficients
between the calprotectin level and CRP or DAS28. When the
data were presented in terms of median, or range, we com-
puted the mean and SD using previously described formulae
[25,26]. Data from the methods and results were extracted
from original studies by two independent reviewers.
Discrepancies between reviewers were resolved by consensus.
The meta-analysis was conducted in accordance with PRISMA
guidelines [27].

2.2. Evaluation of statistical associations

We performed meta-analyses examining the relationship
between circulating and/or synovial fluid calprotectin levels
and RA, and the correlation coefficient between circulating
calprotectin level and CRP or DAS28. For data continuity,
results were presented as standardized mean differences
(SMDs) and 95% confidence intervals (Cls). SMDs were

calculated by dividing the mean difference between the two
groups by the 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; > 0.8, large effect
[28]. We assessed within- and between-study variations and
heterogeneities using Cochran’s Q-statistics [29]. When the
significant Q-statistic (p < 0.10) indicated heterogeneity across
studies, the random effects model was used for meta-analysis
[30]; 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 variation
[29]. We quantified the effect of heterogeneity using the f
value, where ¥ measures the degree of inconsistency between
datasets [31]. Statistical manipulations were undertaken using
the Comprehensive Meta-Analysis computer program (Biosta,
Englewood, NJ).

2.3. Evaluation of heterogeneity, sensitivity test, and
meta-regression

To examine potential sources of heterogeneity in the meta-
analysis, subgroup analysis was performed using the follow-
ing variables: study region, study design, sample type, and RF
status. A sensitivity test was performed to assess the influ-
ence of each individual study on the pooled odds ratio by
omitting each study individually and deleting the studies
with imputed data [11] or a control group of OA [20,21]. To
examine possible heterogeneities in the meta-analysis, a
meta-regression analysis was performed using the following
variables: study region, study design, sample type, publica-
tion year, and sample size.

3. Results
3.1. Studies included in the meta-analysis

We identified 255 studies using electronic and manual
searching methods, and 16 of those were selected for full-
text review based on the title and abstract. Four of these
were excluded, because they had duplicate data or were
reviews. Thus, 16 articles met the inclusion criteria {7-22],
and these consisted of 849 patients and 266 controls
(Table 1). Eight of these studies examined the circulating
calprotectin levels in RA and control groups; 11 and six
studies provided correlation coefficients between calprotec-
tin levels and CRP or DAS28, respectively, and four examined
calprotectin levels in synovial fluid in the RA and control
groups. Table 1 shows the characteristic features of studies
included in this meta-analysis.

3.2. Meta-analysis of circulating calprotectin levels in RA
patients compared to controls

Calprotectin levels were significantly higher in the RA group than
in the control group (SMD = 2337, 95% Cl = 1.544-3.130,
p < 1.0 x 107®) (Table 2, Figure 1). In addition, stratification by
study region showed significantly elevated calprotectin levels in



Table 1. Characteristics of individual studies included in the meta-analysis.
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Data (calprotectin, pg/l, mean or median)

Number of Correlation
patients Blood Synovial fluid coefficient
Authors Country ~ Study type  RA Control  Sample type  RA  Control  RF+ RF- RA OA CRP DAS28
Acar, 2016 [7] Turkey CC To28 28 Plasma 3592 2740 ) (-) () () 042 (-)
Choi, 2015 [8] UK L 170 -) Serum (=) ) (=) (- (-) (-) 0.51 0.20
Gracia-Arias, 2013 [9] Spain S 60 ) Serum () (-) 5200 4140 () Q) 037 0.27
Cerezo, 2011 [10] Czech L 43 32 Serum 5990 1920 ) () (-) Q) 0.55 047
Chen, 2009 [11] Australia CC 138 44 Serum 43° 1.9° ) ) ) ) ) )
De Seny, 2008 [12] Belgium (&) 34 36 Plasma 607 272 (-) (-) (-) (-) 0.54 0.48
Hammer, 2007 [13]  Norway CS 145 (-) Plasma (-) ) 2500 900 ) (-) 0.57 0.55
Sunahori, 2006 {14]  Japan cs 17 17 Serum () e () {-) 54,800 7300 0.80 )
De Rycke, 2005 [15]  Germany cs 40 20 Serum 1075 280 ) () ) () 074 )
Drynda, 2004 {16] Germany (&) 23 23 Plasma 14.4 1.5 (-) {-) 475,000 970 (=) {-)
Madland, 2002 [17]  Norway L 56 ) Plasma (-) {-) ) -) ) (-) 0.67 )
Burmeister, 1995 [18] Switzerland cs 1 17 ) -} (-) ) () 1,739,081 28,887 ) )
Brun, 1994 [19] Norway s 68 ) ) ) () 94957 67195 ) ) () )
Brun, 1992 [20] Norway CS 43 43 Plasma 12,185 697° (-) -) (-) (-) 0.58 (-)
Berntzen, 1991 [21]  Norway S 41 6 Plasma 9400  630° =) (-) 18,156 895 0.64 =)
Berntzen, 1988 [22]  Norway s 57 ) () () () 3037 2149 ) () () )
RA: rheumatoid arthritis; RF: rheumatoid factor; OA: osteoarthritis; CRP: C-reactive protein; DAS28: Disease Activity Score for 28 joints; UK: United Kingdom; CC: case

control; CS: cross-sectional; L: longitudinal.
Data from figure.
POA as a control group, (-): not available

Table 2. Meta-analysis of calprotectin levels in RA patients compared to that in controls.

Test of association Test of heterogeneity

Groups Population No. of studies SMD? 95% Cl p-Value Model p-Value P
All Overall 8 2.337 1.544-3.130 <1.0x 1078 R 0.000 92.4
Region European 6 2.802 1.728-3.875 3.1 x 1077 R 0.000 92.6
Asian 1 1.604 1.227-1.982 <10x 108 NA NA NA
Middle Eastern 1 0.739 0.197-1.280 0.007 NA NA NA
Study design Cross-sectional 5 2.517 1.458-3.577 3.2 x107° R 0.000 91.2
Case-control 2 1.194 0.347-2.041 0.006 R 0.010 84.8
Longitudinal 1 4.036 3.244-4.827 <1.0x 1078 NA NA NA
Sample type Plasma 5 2.398 1.244-3.583 7.2 %107 R 0.000 93.2
Serum 3 2327 1.000-3.654 0.001 R 0.000 93.8
RF RF+ vs. RF- 4 0.574 0.345-0.804 9.2 x 107 F 0.427 0
status
Synovial fluid RA vs. OA 4 2.891 1.067-4.715 0.002 R 0.000 929

RA: rheumatoid arthritis; RF: rheumatoid factor, ;: fixed-effects modei; 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

RA groups from European, Asian, and Middle Eastern populations
(SMD = 2.802, 95% Cl = 1.728-3.875,p = 3.1 x 1077, SMD = 1.604,
95% Cl = 1.227-1982, p < 1.0 X 107% SMD = 0.739, 95%
Cl = 0.197-1.280, p = 0.007, respectively) (Table 2, Figure 1).

3.3. Meta-analysis of circulating calprotectin levels in RA
patients compared to controls based on subgroup

Meta-analysis was performed on RA patients in each subgroup
based on study design, sample type, and RF status. Calprotectin
level was significantly higher in the RA group than in the control
group in cross-sectional, case-control, and longitudinal studies
(SMD =2.517,95% Cl =1.458-3.577,p=32x 107%, SMD = 1.194,
95% Cl = 0.347-2.041, p = 0.006, SMD = 4036, 95% Cl = 3.244-
4827, p <10 x 1075, respectively) (Table 2). Subgroup analysis
by sample type showed significantly increased calprotectin
levels in the RA group in both plasma and serum groups
(Table 2). Stratification by RF status revealed significantly
increased calprotectin levels in the RF-positive RA group

compared to the RF-negative RA group (SMD = 0.574, 95%
Cl = 0.345-0.804, p = 9.2 x 107) (Table 2).

3.4. Meta-analysis of the correlation between circulating
calprotectin levels and RA activity

Meta-analysis of correlation coefficients showed a significant
positive correlation between calprotectin levels and CRP or
DAS28 (correlation coefficient of CRP = 0.566, 95% Ci = 0.512-
0615, p < 1.0 x 1075 correlation coefficient of DAS28 = 0.438,
95% Cl = 0.269-0.518, p = 2.5 x 107®) (Table 3, Figure 2). Meta-
analysis revealed that calprotectin levels were positively asso-
ciated with RA activity based on CRP and DAS28.

3.5. Meta-analysis of calprotectin levels in synovial fluid
of RA patients compared to controls

Calprotectin levels in synovial fluid was significantly higher in
the RA group than in the control group (SMD = 2.891, 95%
Cl = 1.067-4.715, p = 0.002) (Table 2).
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Figure 1. Meta-analysis of the relationship between plasma/serum calprotectin levels and rheumatoid arthritis in all study subjects (a) and in each region (b).

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

Test of association

Test of heterogeneity

2
|

Comparison No. of studies Correlation coefficient 95% CI p-value Model p-value
CRP 1 0.566 0.512-0.615 <10x 108 F 0.160 30.0
DAS28 6 0.438 0.269-0.581 25 % 107° R 0.001 753

Cl: confidence interval; R: random-effects model; CRP: C-reactive protein; DAS: Disease Activity Score

3.6. Evaluation of heterogeneity, meta-regression, and
sensitivity test

Between-study heterogeneity was identified during the meta-
analyses of calprotectin levels in RA patients (Table 2). The
total heterogeneity was very large in the meta-analysis
(> = 92.4%). However, sensitivity analysis showed that no
individual study significantly affected the pooled OR, indicat-
ing that the results of this meta-analysis are robust (Figure 3).
The meta-regression analysis showed that study region
(p < 0.001), study design (p = 0.004), publication year
(p = 0.020), but not sample type and sample size {(p > 0.05),
had a significant impact on heterogeneity in the meta-analysis
of calprotectin levels. However, the heterogeneity of each
group after stratified was still very large except the RF status.
The heterogeneity may be partly explained by heterogeneity
in the magnitude but not direction of effect sizes observed in
the subgroups. SMDs were same positive direction in all of the
studies, whereas there was a difference in magnitudes of
SMDs among individual studies (Figure 1). Other unknown

factors affecting heterogeneity also may contribute to the
difference in the relationship between calprotectin level
and RA.

4, Discussion

In this meta-analysis, we combined the evidence for calpro-
tectin status in RA with the correlation between plasma/serum
calprotectin levels and RA activity. This meta-analysis of 16
studies involving 849 RA patients and 266 controls showed
that circulating calprotectin levels were significantly higher in
the RA group than in the control group. Calprotectin had a
positive correlation with RA activity measured by DAS28 and
CRP levels. Calprotectin levels were significantly elevated in
the RF-positive RA group compared to that in the RF-negative
RA group. In addition, calprotectin levels in the synovial fluid
were significantly higher in the RA group than in the control
group. The meta-analysis data suggested that calprotectin
levels reflected significantly increased disease activity and
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Figure 2. Meta-analysis of the correlation coefficient between calprotectin levels and CRP (a), and DAS28 (b)

Study name Statistics with study removed
Lower Upper

Point  limit limit p-Value
Acar. 2018 2578 1733 3423 0000000002
Cerezc, 2011 2.048 1325 2772 0000000029
Cren. 2009 2,493 1495 3491 0.000000983
De Seny. 2CC8 2.470 1535 3,408 C 000000224
De Rycke, 2008 2.489 1575 3404 0000000098
Drynda. 2004 1.870 1241 2498  0.00C000006
Brun. 1982 2378 1450 3.299 0.000000480
Berntzen. 1991 2.450 15873 3326 0.00CC00043

2.337 1544 3130  0.500000008

Std diff in means (85% Cl) with study removed

-4.00 -2.00 0.00 2.00 4.00

Control Psoriasis

Figure 3. Sensitivity test of studies that examined the association between calprotectin levels and RA.

that calprotectin plays an important role in the proinflamma-
tory process in RA.

Calprotectin is a major leukocyte protein of a heterodimeric
complex (S100A8/A9) secreted by activated leukocytes, and
binds to TLR-4, which mediates downstream signaling and pro-
motes inflammation [3]. Extracellular calprotectin enhances the
transendothelial migration of these inflammatory cells.
Calprotectin is present at high concentrations in the cytoplasm
of neutrophils and monocytes, and calprotectin is translocated to
the membrane and cytoskeletal structures upon activation [4].

Intracellular calprotectin plays an important role in myeloid cell
maturation, cell trafficking, and arachidonic acid metabolism
[14]. The released calprotectin might play a role in the propaga-
tion of inflammation by recruiting neutrophils and monocytes to
joints in patients with RA [14]. Calprotectin is highly expressed by
synovial macrophages, and might play a role in amplifying proin-
flammatory cytokine responses in RA [14].

Plasma/serum and synovial fluid levels of calprotectin were
markedly higher in patients with RA than in healthy controls
or patients with OA. Circulating calprotectin levels are
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significantly correlated with clinical and laboratory assess-
ments of joint inflammation in RA patients, such as CRP, and
DAS28. Calprotectin levels in the synovial fluid in RA were
high, indicating that it is produced locally by the inflamed
synovium. Because calprotectin is a small-molecular-weight
protein of only 36.5 kDa, it can easily diffuse into the blood
circulation from the inflamed joints [13]. Therefore, calprotec-
tin might well reflect the severity of inflammatory activity in
the RA joints, and thus has the potential to be a biomarker of
inflammation for RA. Our meta-analysis revealed a significant
association between calprotectin levels and RF status. This
finding could be explained by the fact that RF levels provide
different clinical and pathophysiological information, with RF
levels being influenced by RA activity and severity [32].
Potential interference with RF may be problematic in associa-
tion analysis between calprotectin and RF positive disease. The
measurement of RF has changed over time. The first paper by
Berntzen et al. [22] does not record how seropositivity was
measured; the second paper by Garcia-Arias et al. [9], mea-
sured RF by nephelometry, which was not widely undertaken
in the 1980s. Different ways of measuring RF can influence
patient classification, and this has not been taken into
account. Thus, combing the data has challenges. Calprotectin
correlated significantly with levels of anti-cyclic citrullinated

peptide antibodies (anti-CCP) in a longitudinal study of
patients with very early RA [33], and multiple regression ana-
lyses showed that calprotectin was associated with anti-CCP
[33]. Patients-positive anti-CCP had higher calprotectin levels
at baseline and at follow-up than patients who are negative
for anti-CCP [34]. However, the number of studies on relation-
ship between calprotectin and anti-CCP was too small to per-
form meta-analysis.

Serum calprotectin levels may help stratify disease activity in
RA patients receiving biologics [35,36]. Calprotectin levels may
more accurately discriminate disease activity in RA patients trea-
ted with TNF inhibitors (TNFi.) than the acute-phase response
(CRP level and erythrocyte sedimentation rate) [35]. Calprotectin
also discriminates more accurately the disease status of RA
patients receiving tocilizumab than acute-phase reactants [36],
suggesting that calprotectin may be considered an accurate
biomarker for the assessment of disease activity in RA patients
receiving biologics. Serum levels of calprotectin are significantly
associated with US synovitis [37,38], and predicted treatment
response [38]. Calprotectin showed a potential to distinguish
subclinical disease activity from deep remission (US-defined
remission) in RA patients [39]. Calprotectin can predict long-
term radiographic progression [34] and has potential for using
calprotectin in personalizing treatment in RA [8,38].

The MBDA score was calculated using 12 biomarkers (CRP,
leptin, resistin, SAA, IL-6, TNF-RI, VEGF-A, MMP-1, YKL-40, MMP-
3, EGF, and VCAM-1) [40]. Calprotectin was not included in the
MBDA test for technical reasons [6]. Thus, it is not widely used
due to methodological issues in the assay. Analytical perfor-
mance of an assay is importance in RA, because presence of
heterophilic antibodies such as RF may interfere with the iden-
tification antibodies of immunoassays [41]. And heterophilic
antibodies may develop as a result of treatment with biologics
[41]. Improved measurement methods might lead to increased
use of calprotectin as an objective biomarker for RA [40].

The present study has some shortcomings 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 underpow-
ered. Second, the studies included were heterogeneous in
demographic characteristics and clinical features. The hetero-
geneity and confounding factors such as smoking, obesity,
disease activity, and drugs used, may have affected our results.
Such limited data did not allow further analysis, although we
performed a sensitivity test and a subgroup analysis using
available confounding factors.

Nevertheless, this meta-analysis also has its strengths. Our
meta-analysis is the first meta-analysis that provides combined
evidence for calprotectin levels in RA patients. Individual studies
included population sizes ranging from only 11 to 170, but our
pooled analysis had 849 patients. Compared to individual stu-
dies, our study was able to provide data with increased accuracy
regarding the relationship between calprotectin levels and RA
by increasing the statistical power and resolution, through pool-
ing the results of independent analyses.

5. Conclusion

Our meta-analysis demonstrates that circulating and synovial
fluid calprotectin levels are high in RA, and that plasma/serum
calprotectin levels are high in RF-positive RA patients com-
pared to RF-negative RA patients. In addition, the circulating
calprotectin levels positively correlated with RA activity. Our
meta-analysis indicates that calprotectin plays a key role in the
inflammation and activity of RA. Further studies are necessary
to elucidate how calprotectin status directly contributes to the
pathogenesis of RA.
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