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Abstract 

Background Assessment of disease activity in rheumatoid arthritis (RA) is crucial to optimize the response to treat‑
ment and prevent radiographic progression. DAS28 is the most commonly used disease activity index, which incor‑
porates either erythrocyte sedimentation rate (ESR) or C‑reactive protein (CRP). Several studies showed that using 
ESR and/or CRP in assessing disease activity falls short of detecting a significant portion of patients with active 
disease. Calprotectin (CLP) is an interesting protein that was found to be a promising biomarker of disease activity 
in RA patients’ sera when CRP is normal. This study aimed to measure serum CLP level in 50 RA patients with different 
grades of disease activity and compare its level with age‑ and sex‑matched control.

Results In this case–control study, the mean serum CLP level was significantly lower in RA patients (25.94 ± 25.87 ng/
ml) compared to the control group values (53.02 ± 77.93 ng/ml), p < 0.001. The measured serum CLP in RA patients 
was lower than its level in other published studies. No significant difference was found between patients with dif‑
ferent disease activity grades in the serum CLP level (H = 4.28, p = 0.23). Serum samples were collected and stored 
from RA patients over 4 months and from the control subjects over 1.5 months and were stored at –80 °C until analy‑
sis was performed according to the manufacturer’s instruction.

Conclusion The low level of serum CLP among RA patients is most probably due to proteolysis related to storage 
conditions. Pre‑analytic factors like the type of blood sample, whether the sample is fresh or frozen, and duration 
of storage exert an effect on serum CLP level when measured by enzyme‑linked immunosorbent assay.

Keywords Serum calprotectin, Rheumatoid arthritis, DAS 28, Oroteolysis

Background
Early diagnosis of rheumatoid arthritis (RA) is the first 
step to optimal therapeutic success. Identification of 
prognostic factors has proven to be of comparable impor-
tance in guiding treatment decisions and preventing 

debilitating outcomes [1, 2]. The three main risk factors 
concerning the prognosis of RA are high disease activ-
ity, rheumatoid factor and/or anti-citrullinated protein-
peptide antibodies positivity, and the early occurrence of 
structural damage [2, 3].

Patients with high disease activity for a longer time 
are at increased risk of mortality, and effective control 
of disease activity decreases the death rate [4]. Further-
more, fluctuations in disease activity were found to be 
directly related to changes in radiologic progression. The 
response to treatment in RA patients after 1 year could 
be predicted by the disease activity of the first 3 months 
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[5, 6]. Therefore, an accurate assessment of disease activ-
ity is necessary to optimize response to treatment and 
prevent radiographic progression. The most commonly 
used disease activity index is the Disease Activity Score 
of 28 joints (DAS28)—a modified version of the disease 
activity score that uses a count of 28 swollen and tender 
joints, with a score ranging from 0 to 9.4, and incorpo-
rates either erythrocyte sedimentation rate (ESR) or 
C-reactive protein (CRP) [7–10].

Even though it has been proven that DAS28 can be 
used to objectively evaluate a patient’s response to treat-
ment and that it is as valid and reliable as more compre-
hensive joint counts in trials and clinics [7–9], several 
studies showed that the use of ESR and or CRP in assess-
ing disease activity falls short of detecting a significant 
portion of patients with active disease [10–12]. The need 
to develop a more reliable and accurate panel of biomark-
ers of disease activity in RA is mandatory. Calprotectin 
(CLP), an interesting protein that was first discovered in 
1980 [13], was found to be a potential biomarker of dis-
ease activity in RA patients [14–16]. In one study, serum 
CLP was shown to be a convenient biomarker when CRP 
is normal or hard to interpret in patients with medica-
tions that suppress interleukin-6 [14]. It was also sug-
gested that since serum CLP is mainly released through 
passive mechanisms such as necrotic cells and the forma-
tion of neutrophil extracellular trap, it could be used as 
a useful marker of neutrophil activation in comparison 
to CRP, which is secreted by hepatocytes in response to 
inflammatory cytokines [14].

Serum CLP was put under the spotlight to investi-
gate its ability to fill this gap. A study conducted in 2018 
concluded that serum CLP correctly distinguishes RA 
patients with active disease despite normal or low CRP 
[17]. Furthermore, another study aiming to explore the 
association of CLP with clinical and ultrasound-estab-
lished disease activity in RA found that serum CLP 
could be considered a superior predictor of ultrasound-
detected synovitis than CRP [18]. Foel et  al. compared 
the role of serum CLP to other laboratory investiga-
tions, including ESR and CRP, as a predictive marker of 
the stability of remission when methotrexate (MTX) was 
withdrawn in juvenile idiopathic arthritis patients. They 
stated that a normal serum level of CLP in patients in a 
clinically inactive state was proven helpful in deciding 
on safe MTX withdrawal [19], and higher CLP level was 
related to the risk of relapse after MTX discontinuation 
[20, 21]. An article published in 2021 found that CLP 
was significantly correlated not only with disease activ-
ity, functional status, and ultrasonographic findings but 
also with radiographic damage that was assessed by the 
modified Larsen score [22]. The role of CLP in reflect-
ing disease activity more accurately than the traditional 

acute-phase reactants puts CLP as a good research bio-
marker for disease activity in RA.

Aim of the study
This study was designed to measure serum CLP level 
in 50 RA patients with different grades of disease activ-
ity and compare its level with 45 age- and sex-matched 
control.

Methods
This case–control study included 50 RA patients 
> 18 years who fulfilled the 2010 ACR/EULAR classifica-
tion criteria [18], and 45 age- and sex-matched healthy 
persons constituted the control group. The inclusion cri-
teria were patients > 18  years diagnosed with RA using 
ACR/EULAR classification criteria. The exclusion cri-
teria were other rheumatic disorders and other diseases 
known to cause elevation in serum CLP like diabetes 
mellitus, inflammatory bowel diseases, lung fibrosis, or 
glomerulonephritis. Smoking, infections, and cancers 
were additional exclusion criteria. Patients and con-
trol groups were recruited over 6 months. Patients were 
recruited first over 4  months with most (> 90%) being 
recruited in the first 2 months. Controls were recruited 
over the last 1.5 months.

All participants were told about the nature of the 
research, and informed consent was taken from all 
of them. The study was approved by the local ethics 
committee.

All the recruited patients had a detailed history tak-
ing, anthropometric measurement, and musculoskeletal 
examination. Assessment of disease activity was done 
by the disease activity scores: the DAS28-CRP and DAS-
ESR [23]. The selection to use two disease activity scores 
is based on the fact that DAS28-CRP has been shown to 
give an overall slightly lower score than the ESR. And 
some claimed that DAS28-CRP underestimates disease 
activity [24].

According to the DAS28 score, disease activity in RA 
patients was graded as follows [25]: high disease activity 
(> 5.1), moderate disease activity (3.2–5.1), low disease 
activity (2.6–3.2), and in remission (< 2.6).

The laboratory investigations of both groups included 
the CRP, ESR, and serum CLP—using enzyme-linked 
immunosorbent assay (ELISA). For the CLP measure-
ment, venous samples were collected and left to clot for 
30  min, and then serum was separated by centrifuga-
tion. The serum was stored at − 80  °C until analysis was 
performed. All reagents and samples were prepared 
and stored according to the manufacturer’s instructions 
(Human Calprotectin ELISA Kit—Bioassay Technol-
ogy Laboratory EH). Samples from the patients were 
collected and stored for a period of approximately 4 to 
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6  months, while the control group samples were stored 
for less than 1 and a half months before analysis was 
performed.

Statistical analysis
Data were entered into the computer and analyzed using 
IBM SPSS software package version 20.0. Quantitative 
data were expressed using mean and standard deviation. 
The distributions of quantitative variables were tested 
for normality using the Kolmogorov–Smirnov test, Sha-
piro–Wilk test, and D’Agstino test. Also, histogram and 
QQ plot were used for the vision test. For normal data 
distribution, parametric tests were used. For abnormally 
distributed data, nonparametric tests were used. Signifi-
cance test results are quoted as two-tailed probabilities. 
The significance of the obtained results was specified at 
the 5% level.

Results
The mean age in the RA group was 39.84 ± 8.04  years 
[23–55  years]. The mean age in the control group was 
36.96 ± 9.4 years [25–54 years]. No significant difference 
between RA and control groups was found as regards age 
(t = 1.646, p = 0.103). All participants were females.

The mean disease duration was 8 ± 5.68  years (ranging 
from 0.50 to 25.0 years). The duration of morning stiffness 
ranged from 0.0 to 4.0  h. The tender joint count ranged 
from 0 to 28, and swollen joints ranged from 0 to 21.

Most RA patients—37 patients (74%), were on meth-
otrexate (MTX) with a recommended dose ranging 
from 12.5 to 25 mg per week. Nonsteroidal anti-inflam-
matory drugs were used in only 4% of patients. Twenty-
four patients (48%) were on steroids. Only 7 (14%) 

patients were on biological disease-modifying antirheu-
matic drugs (bDMARDs) in the form of etanercept or 
golimumab.

The mean ESR level was 34.12 ± 14.77  mm/h; only 
4% (2 patients) had an ESR level less than or equal to 
10 mm/h, while the remaining 96% (48 patients) had an 
elevated ESR level above 10 mm/h. The mean CRP level 
was 8.15 ± 9.81  mg/l. Forty-two percent (21 patients) 
had a CRP level of less than or equal to 3  mg/l, while 
58.0% (29 patients) had a high CRP level of more than 
3 mg/l. The DAS28-CRP ranged from 1.51 to 6.98 with 
a mean of 4.45 ± 1.39. The grading of the disease activity 
using DAS28-CRP and DAS28-ESR is shown in Fig. 1.

Serum CLP level in the studied RA patients ranged from 
6.07 to 142.5 ng/ml with a mean of 25.94 ± 25.87. Its level 
in the control group ranged from 8.62 to 382.4 ng/ml with 
a mean of 53.02 ± 77.93. Serum CLP was significantly lower 
in patients compared to the control group (U = 689.50, 
p < 0.001). Moreover, the measured serum CLP in RA 
patients in the current study was lower than the measured 
values detected by previous studies (Table 1).

The mean value of serum CLP did not differ signifi-
cantly among patients with different grades of disease 
activity measured by either DAS28-CRP or DAS28-ESR 
(H = 4.28, 4.83 p = 0.23, 0.185, respectively) (Table 2).

RA patients who received MTX had a significantly 
lower serum CLP level (22.95 ± 21.58) than MTX naive 
patients (34.46 ± 35.06) (U = 147.50, p = 0.040).

Discussion
The association of CLP with rheumatic diseases has 
obtained great attention in recent years, and many stud-
ies have studied the role of CLP, specifically in RA [14, 

Fig. 1 The frequency of RA patients with different grades of disease activity using DAS28‑CRP and DAS‑ESR
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16, 31–33]. They found the mean level of serum CLP 
in RA patients to be significantly higher compared to 
healthy controls [14, 16, 33]. As opposed to these stud-
ies, the current work showed a significantly lower serum 
CLP level in RA patients compared to healthy controls 
(25.94 ng/ml vs. 53.02 ng/ml, respectively).

The mean value of serum CLP in our control group was 
53.02 ± 77.93. The serum CLP levels measured in differ-
ent studies in healthy persons showed a wide range with 
a mean as low as 34.90 ± 4.85 ng/ml and as high as 847.45 
[26, 34], which makes our control results located in this 
range and could be accepted.

The unexpectedly low level of serum CLP of 25.94 ng/
ml in the RA group requires vigorous research to find 
a reasonable explanation. The average serum CLP 
level of RA patients reported by Aghdashi et  al. was 
347.12 ± 203.60  ng/ml in their flare-up phase and 
188.04 ± 23.58  ng/ml in the phase of remission [35]. 
Moreover, Gernert et  al. demonstrated a serum CLP 
level of 4155.5 ng/ml in active RA patients as compared 
to 1040.0 ng/ml in non-active RA [36]. Many other stud-
ies showed a different range of serum CLP levels in RA 
patients, all of which presented a higher serum CLP level 
in RA patients than in healthy control [27–29, 37].

Interestingly, two studies carried out on patients 
with hypertension and axial spondyloarthropathy 
(AxSpa) showed significantly lower level of serum CLP 
in patients than in healthy controls [30, 38]. The first 
study was led by Bayrakci et  al. to investigate serum 
CLP levels in newly diagnosed hypertensive patients 
[30]. The second study was conducted by Genre et  al. 

to explore the role of serum CLP in AxSpa [38]. Both 
studies showed significantly lower CLP level in the 
patient group compared to the control group. The mean 
serum CLP levels were 242.8 ng/ml in the controls ver-
sus 112.6 ng/ml in the hypertensive patient group and 
102.3 ± 31.2 ng/mLl in the control group vs. 91.4 ± 26.1 
in AxSpa [30, 38].

Bayrakci et al. explained their finding by the negative 
correlation between serum CLP level and serum uric 
acid and calcium levels [30]. Indeed, RA is considered 
to be a rare cause of hypercalcemia and hyperuricemia 
[39, 40]. This is an unlikely explanation for low serum 
CLP levels in our studied patients.

Genre et  al. explained why serum CLP was signifi-
cantly lower in AxSpa patients compared to healthy 
individuals. They attributed the decreased serum CLP 
to the local accumulation of the CLP molecules in the 
synovial fluid [38, 41]. Indeed, De Rycke et al. demon-
strated that CLP levels in the synovium of autoimmune 
arthritis patients are 20 times higher than that in the 
serum [42]. Similarly, Levitova et al. suggested that low 
serum CLP levels mirror local-synovial inflammation 
[41]. It has also been suggested that neutrophils and 
monocytes migrate from the circulation to the inflamed 
sites [41, 43]. No synovial samples have been taken 
from the RA patients in the current study; hence, this 
explanation is possible but remains unproven in RA.

The impact of MTX treatment on serum CLP level was 
an additional important factor while trying to explain 
the low level of serum CLP. Thirty-seven of our patients 
(74%) were on MTX. Those patients had a significantly 

Table 1 Mean of CLP level (ng/ml) in RA patients in the current study and other studies

CLP Calprotectin, RA Rheumatoid arthritis

Current study Shumanalieva et al. [26] Aghdasshi et al. [27] Gernert et al. [28] Torgutalp et al. [29] ElKadyy et al. [30]

25.94 ± 25.87 344.25 Flare‑up phase: 347.12 ± 203.60
Remission phase: 188.04 ± 23.58

Active RA: 4155.5
Non‑active RA:1040

96.3 ± 45.9 404.1

Table 2 Comparison between serum CLP (ng/ml) level among RA patients with different grades of disease activity assessed by 
DAS28‑CRP and DAS28‑ESR

SD Standard deviation, CLP Calprotectin, H H for Kruskal–Wallis test, RA Rheumatoid arthritis, Significant at P ≤ 0.05, DAS28-CRP Disease Activity Score 28‑CRP, DAS28-
ESR Disease Activity Score28‑ESR

DAS28-CRP
Remission Mild Moderate High H p-value
Mean ± SD (range) Mean ± SD (range) Mean ± SD (range) Mean ± S (range)
23.17 ± 21.81 (10.40‑67.34) 15.69 ± 4.49 (10.82‑19.65) 19.77 ± 6.98 (6.07‑36.14) 38.54 ± 41.12 (7.70‑142.5) 4.284 0.232

DAS28-ESR
Remission Mild Moderate High H p-value
Mean ± SD (range) Mean ± SD (range) Mean ± SD (range) Mean ± SD (range)
11.29 ± 1.26 (10.40‑12.18) 41.29 ± 36.84 (15.25‑67.34) 19.18 ± 6.4 (10.82‑36.14) 30.65 ± 33.05 (6.07‑142.5) 4.830 0.185
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lower level of serum CLP (22.95  ng/ml) than patients 
who were not on MTX (34.46 ng/ml). This suggests that 
MTX might affect the serum CLP level. A similar finding 
was reported by Jonsson et  al., who found a significant 
decrease in median CLP after 12  months of treatment 
with MTX in RA patients [15]. Similarly, Andres et  al. 
showed a reduction in the level of serum CLP in patients 
with recent-onset RA after three months of conven-
tional drugs [44]. Moreover, Nielsen et al. found that RA 
patients who are well-established on MTX show a signif-
icantly lower level of CLP compared to patients new to 
MTX [45]. Patro et al. stated that the decrease in serum 
CLP levels could be due to a particular action of MTX on 
the myeloid cells— he main producers of CLP [46], and 
is not necessarily related to improvements in the disease 
activity. Given that the current study is cross-sectional 
and pre- and posttreatment levels of CLP were not com-
pared, relating low serum CLP levels to MTX administra-
tion cannot be confirmed. More importantly, in different 
studies that assess CLP levels after MTX administration, 
the drop in CLP was significant compared to pre-treat-
ment levels but not to levels below the control group val-
ues. Accordingly, significantly low serum CLP level in the 
patient group compared to control group values in the 
current study is unlikely explained by MTX administra-
tion. The effect of bDMARDs on serum CLP could not be 
studied here, as only seven patients received bDMARD.

In this study, no significant difference in serum CLP lev-
els across the different disease activity scores was found. 
According to Bayrakci et al., other causes than inflamma-
tion could cause low CLP level, which could be misleading 
in reflecting the underlying inflammation [30].

Possible explanations for the low level of serum CLP 
in our patients can be driven by Bayrakci et al. sugges-
tion that serum CLP might have been broken down at 
the site of inflammation (in vivo) or during storage (in 
vitro) [30]. Similarly, Hoskin et  al. reported that vig-
orous proteolysis of oxidized CLP is bound to occur 
both at the site of inflammation or during the storage 
of clinical samples, and this should be considered when 
interpreting CLP level as it will underestimate the true 
inflammation level [47].

As a crucial part of the innate immune response, when 
neutrophils are stimulated, they produce reactive oxy-
gen species such as superoxide, hydrogen peroxide, and 
hypochlorous acid. Hypochlorous acid is thought to be 
the main oxidant responsible for the in vivo oxidation of 
CLP [47, 48]. Even though these neutrophil-derived oxi-
dants act as a first-line defense mechanism against patho-
gens, excessive or misplaced neutrophil activation causes 
large amounts of nonselective oxidative and proteolytic 
stress that renders CLP more vulnerable to proteolysis 
[49–53].

Interestingly, in 2022, Teagan et  al. reported the deg-
radation of CLP and the liberation of 6 specific peptides 
from oxidized CLP in the airways of children diagnosed 
with cystic fibrosis [54]. These interesting findings led the 
authors to steer away from the idea of using intact CLP as 
a biomarker of inflammation and rather suggested the use 
of the resulting peptides as a diagnostic biomarker that 
reflects neutrophil numbers [54]. Indeed, they concluded 
that the underestimated level of CLP is not restricted to 
their cystic fibrosis patients only but can also occur in any 
disease where neutrophils release CLP and huge amounts 
of oxidants [47, 54]. The key role of neutrophils and the 
excessive production of oxidants, especially hypochlor-
ous acid, in RA have long been established [55–57].

In vivo proteolysis cannot be confirmed in the current 
work. Moreover, if the low CLP level in the current work 
is related to in  vivo proteolysis, it remains unexplained 
why this proteolysis was found in our patients and not in 
other studies that found significantly high level of CLP 
that correlated with disease activity at clinical (by DAS 
28) and structural (by ultrasound) levels in RA.

The explanation for the unexpectedly low level of CLP 
in our patients is mostly related to the in vitro proteoly-
sis of CLP or the handling of samples. The patient group 
samples were stored for a period of approximately 4 to 
6 months for most patients, while the control group sam-
ples were stored for less than 1 and a half months. Even 
though Bayrakci et  al. did not mention the duration of 
storage of their samples, they highlighted that the sam-
ples were stored for some time before analysis which 
might have contributed to the low serum CLP level in 
their hypertensive patients [30]. Moreover, one of their 
recommendations was to review the methods used in the 
measurement of CLP, specifically for stored samples [30].

Furthermore, when collecting samples, Bettner et  al. 
did not only match serum samples of RA patients and 
control samples by age, sex, and race but also the dura-
tion of sample storage was matched [58]. This suggests 
that the duration of sample storage may affect the serum 
CLP levels.

None of the studies exploring the role of serum CLP 
in RA mentioned the duration of storage; only the tem-
perature at which the samples were stored was stated 
(− 80  °C), like our study [17, 18, 59]. More studies are 
required to investigate the stability of CLP under − 80 °C 
for 6  months—the storage conditions recommended by 
our ELISA Kit—Bioassay Technology Laboratory Human 
CLP ELISA Kit [60]. In support of our suggestion regard-
ing the impact of storage duration on serum CLP stabil-
ity, a recently published study in 2022 assessed serum 
canine CLP and found that it is unstable at 16 weeks of 
storage at − 80  °C and concluded a safe storage duration 
of 8 weeks [61].
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Another important pre-analytical factor that influences 
the level of CLP is the presence of anticoagulants [62, 63]. 
Ethylenediamine tetraacetic acid (EDTA) in the plasma 
samples ensures the stability of CLP, which is not the 
case in the serum samples [62]. EDTA’s calcium-binding 
method of anticoagulation inhibits the release of CLP 
from monocytes and thus provides a stabilizing effect on 
CLP levels in plasma samples [64, 65]. Since coagulation 
is necessary for obtaining serum, the stabilizing effect of 
EDTA was not present in serum samples, and therefore, 
CLP levels measured in serum can provide misleading 
results [64].

Pedersen et  al. proved that CLP level in plasma is not 
affected by either time or temperature of storage [66]. They 
also concluded that neutrophil activation resulting from 
clotting or centrifugation (which occurs in handling serum 
samples) must be avoided to prevent CLP in vitro proteol-
ysis [66]. When comparing CLP collected from serum with 
CLP from plasma of RA patients, Nordal et al. found that 
CLP measured in plasma correlated more strongly with 
clinical disease activity markers than serum did [64]. Inter-
estingly, no difference between EDTA plasma and serum 
in fresh, nonfrozen samples was found. The authors hence 
concluded that any difference that occurs happens after 
sampling and during processing [67].

Limitation of the study
The main limitation of the work is being a single-center 
study. Further, multicenter studies are required to detect 
different pre-analytic factors affecting CLP level and 
to explore the stability of CLP under various storage 
conditions.

Conclusion
This study showed a significantly lower level of serum 
CLP in RA patients than in healthy controls. Serum CLP 
is an unstable molecule that is vulnerable to proteolysis 
during sample preparation and storage for the ELISA 
test. CLP should preferably be measured in EDTA plasma 
samples and not in serum-frozen samples. Attention to 
the pre-analytic factors is mandatory when dealing with 
CLP. Also, an accurate understanding of the causes of 
CLP degradation should be put into consideration.
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