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Circulating calprotectin in rheumatoid arthritis: unravelling the
impact of (pre-)analytical confounders on meta-analysis results
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Background: Circulating calprotectin (cCLP) is a promising diagnostic and prognostic biomarker in
neutrophil-related inflammation, with most evidence in rheumatoid arthritis (RA). In the current study we
aimed to investigate the impact of pre-analytical and analytical confounders on the inter-study heterogeneity
of recent publications (01/2000-02/2023).

Methods: A systematic literature search was performed in the electronic databases Medline, Embase and
Cochrane databases (March 23st, 2023). After removal of duplicates, article eligibility was assessed using
following inclusion criteria: (I) English (IT) full-texts, describing (III) unique study results obtained from (IV)
clinically defined RA patients and healthy control (HC) cohort, based on (V) clearly specified sample types
(serum/plasma) and (VI) analytical method, and (VII) providing quantitative cCLP data. MEDCALC version
22.021 (MedCalc Software Ltd., Belgium) was applied for meta-analysis, including the Egger regression test
to evaluate the publication bias.

Results: Our literature search resulted in a total of 646 titles: 44 titles were retrieved for full-text
screening and 18 studies including 21 ¢cCLP datasets were eligible for inclusion in the meta-analysis. Totally,
cCLP was measured in 2,627 RA and 897 HC and cCLP levels were significantly higher in RA patients
[estimated standard mean difference (SMD) =1.032; 95% confidence interval (CI): 0.767-1.297]. Significant
(P<0.0001) heterogeneity was observed between the different studies (Cochran’s Q =171.04; I’ statistic
=88.31%; 95% CI: 83.52-91.71%). cCLP analyses was tested using 14 different cCLP assays. Only in 9 out
of the 18 included studies, adherence to pre-analytical conditions was specified. Subgroup analysis of the
datasets (n=12) of these 9 studies, still showed significant heterogeneity (Cochran’s Q =96.107; I* statistic
=88.55%; 95% CI: 81.91-92.76%). Excluding the Bithlmann (n=4) datasets, the datasets compliant to pre-
analytical recommendations (n=9), using eight different cCLP assays on samples of 856 RA patients and
425 HC, showed absence of heterogeneity (Q =4.84; I’ statistic =0.00; 95% CI: 0.00-42.28), whilst in the
other subgroup (n=8) significant inter-study heterogeneity persisted (Q =66.03; I’ statistic =89.40%; 95%
CI: 81.48-93.93%). cCLP concentrations remained significantly higher in RA patients compared to HC
(estimated SMD =0.698; 95% CI: 0.551-0.844).

Conclusions: The inter-study variability of cCLP in RA is, besides analytical issues, mainly caused by

pre-analytical confounders. Adherence to pre-analytical recommendations, significantly reduced inter-study
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heterogeneity and provided a reliable SMD, accurately revealing higher cCLP levels in RA versus HC.
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Introduction
Background

Rheumatoid arthritis (RA) is a chronic and systemic
autoimmune disease more commonly affecting women at
an incidence of 1 in 150 (1,2). RA is mainly characterized
by synovitis, which can potentially result in irreversible
dysfunction and deformation of the affected joints,
reduction of quality of life and increased mortality (3). Thus,
proper diagnosis and treatment with disease modifying
anti-rheumatic drugs (DMARD) are essential to prevent or
slow down disease progression (4,5). However, identifying a
patient with RA among patients with symptoms of arthritis
remains challenging (6).

Therefore, clinicians rely on serological biomarkers
to assist in RA diagnosis. Serum elevations of antibodies
to citrullinated protein antigens (ACPA) and rheumatoid
factor (RF) are hallmarks in RA. As ACPA and/or RF may
proceed clinical RA diagnosis up to 10 years (7), additional
biomarkers are warranted to improve the prediction of

Highlight box

Key findings

¢ Inter-study heterogeneity on the clinical evidence of circulating
calprotectin (¢cCLP) in rheumatoid arthritis (RA) is, besides
analytical issues, mainly caused by pre-analytical confounders.

What is known and what is new?

e cCLP is a promising diagnostic and prognostic biomarker in
(pre-)RA.

® Pre-analytically, cCLP levels depend on the sample matrix, time to
centrifugation and conservation temperature.

*  Only a limited number of studies on cCLP in RA encounter pre-
analytic variables in their study protocols.

What is the implication, and what should change now?

* Adherence to pre-analytical recommendations is primordial in
studies on cCLP in RA and significantly reduces inter-study
heterogeneity.
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transition from early RA to clinically overt disease (8).
In addition to ACPA and REF, acute-phase reactants such
as erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), are included as serological markers in
the current American College of Rheumatology (ACR)/
the European Alliance of Associations for Rheumatology
(EULAR) RA classification criteria (9).

Rationale and knowledge gap

More recently, circulating calprotectin (cCLP) has been
proposed as an alternative diagnostic and prognostic
biomarker in neutrophil-related inflammation (10).
Calprotectin (CLP) is a heterodimer of two proteins (S100A8
and S100A9) produced by monocytes and neutrophils in
circulation and tissue in response to inflammation (11,12).
Since CLP is released locally, cCLP systemically mirrors local
disease activity in neutrophil-related inflammatory diseases
(10,13). In RA patients, increased CLP concentrations are
found in synovial fluid (14), in parallel with ¢cCLP blood
levels (15), and correlate with disease activity (16-18) and with
ultrasound synovitis scores (19-21). In addition, cCLP levels
positively correlate with RF and ACPA titers (19,22,23) and
are independently associated with radiographic progression
and future erosive damage in RA (20,21).

Despite being a promising biomarker, recent meta-
analyses investigating the clinical evidence of cCLP in RA
patients, describe an important inter-study heterogeneity
(16-18), hampering adequate inter-study comparison.
Study heterogeneity can be multifactorial. Analytically,
cCLP reference values depend on (I) the sample type used
for blood collection, i.e., significantly higher cCLP levels
are observed in serum than in plasma (24,25), and (II) the
(commercial) immunoassay used for cCLP measurement
(24,25). Pre-analytically, cCLP levels significantly rise
in vitro due to delayed sample centrifugation and, depending
on the sample type, increase (serum, citrate, or lithium
heparin plasma) or decrease [ethylenediaminetetraacetic
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acid (EDTA) plasma] due to prolonged storage at 30 °C
or room temperature. Therefore, strict pre-analytical
recommendations have been suggested for cCLP testing,
with pre-centrifugation time being more stringent for
serum (<2 hours) than for plasma (<6 hours) (24,26).

Objective

In the current study we aimed to replicate recent meta-
analyses and investigate the impact of pre-analytical and
analytical confounders on the inter-study heterogeneity of
available publications from January 2000-February 2023.
We present this article in accordance with the PRISMA
reporting checklist (available at https://jlpm.amegroups.org/
article/view/10.21037/jlpm-23-79/rc) (27).

Methods
Search strategy

A systematic literature search was performed in the
electronic databases Medline, Embase and Cochrane
(March 23rd, 2023) for studies that examine CLP levels in
RA patients and healthy controls (HCs). The search terms

” o«

used were: “Leukocyte L1 antigen complex”, “rheumatoid
arthritis”, “rheumatic disease”, “circulating calprotectin”,
“blood calprotectin”, “calgranulin A/B”, “MRP8/14”,
“S100A8/A9”. A time filter was applied, including articles

published from the year 2000 onwards.

Inclusion/exclusion criteria

After removing duplicates from the different databases,
article selection was done in two steps. First, titles and
abstracts were screened by a single reviewer.

Inclusion criteria were: (I) articles written in English,
with full text available for analysis and a study population
consisting of RA patients at time-point of diagnosis,
included according to ACR and/or EULAR criteria (9,27)
and a HC cohort; (II) articles clearly specifying sample type
(serum/plasma) and CLP measurement method, providing
quantitative CLP data [mean = standard deviation (SD), or
median and interquartile range (IQR)]. Exclusion criteria
were (I) abstracts, letters, case reports, reviews, articles
investigating rheumatic diseases other than RA or (II)
investigating CLP in synovial fluid only and articles with
overlapping/insufficient data.

In a second step, full-text articles were further assessed
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for eligibility by two independent reviewers using the
National Institute of Health (NIH) quality assessment
tool for observational cohort and cross-sectional studies
to reduce the risk of bias. Discrepancies were resolved by
consensus.

Data extraction

The following data was extracted from the included studies:
first author, year of publication, study design, number of RA
patients and disease status, number and type (i.e., healthy,
rheumatologic disease, etc.) of control patients, sample type,
CLP measurement method, mean and standard deviation
of CLP baseline values, pre-centrifugation time and storage
temperature of CLP samples. When data were presented as
median and IQR, the mean and SD were calculated using
previously described formulas (28). For studies evaluating
multiple cCLP assays on the same sample cohorts, the
specific HC and RA results related to every assay were
considered as a unique data set, resulting in an assay-specific
standardized mean difference (SMD) value.

Statistical analysis

To examine potential sources of heterogeneity in the
meta-analysis, subgroup analysis was performed using
pre-analytical and analytical confounders as variables.
To compare cCLP values between these groups in terms
of standardized scores, data were presented as SMD with
95% confidence interval (CI). The magnitude of the SMD
was interpreted as follows: 0.2-0.49 small effect, 0.5-0.79
medium effect, 0.8 large effect. Heterogeneity among
studies was assessed using the inconsistency index (I%).
A value >50% indicated significant heterogeneity. The
pooled effect was estimated by using both the fixed and
random effects models. When heterogeneity is high, the
fixed effects model, which assumes that all studies come
from a common population and that the effect size is not
significantly different among the different trials, might
be invalid. Under these circumstances the random effects
model, which incorporates both the random variation
within and variation between the different studies, may be
more appropriate. For each meta-analysis, heterogeneity
was assessed using the Cochran’s Q and the I’ statistic. A
P value <0.05 was considered statistically significant. All
data analyses were performed in MEDCALC® Statistical
Software version 22.021 (MedCalc Software Ltd., Ostend,
Belgium), including the Egger’s test and Begg’s rank test to
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Figure 1 Flow diagram of article selection.

evaluate the publication bias.

Results
Studies included in the meta-analysis

A flow diagram of the article selection is shown in Figure I.
Our search resulted in a total of 646 titles from the three
databases. Articles including incomplete or duplicate data,
non-diagnostic RA patients or non-HC cohorts were
excluded, together with meta-analysis, systematic reviews
and letters to the editor. After removal of duplicates and
screening of title and abstract, 44 titles were retrieved for
full-text screening. Eventually, 35 articles were eligible for
inclusion in our study. Only studies comparing HC and RA
patients were selected and resulted in 18 titles included in
quantitative synthesis for meta-analysis. A total of 21 data
sets were included as one title compared four different
assays using the same HC and RA patient group. Of the
18 included titles, 11 had a cross-sectional design, 6 had
a longitudinal design and 1 study had both (Appendix 1).
Appendix 1 provides an overview of the studies included
in the meta-analysis, including the assays used, the
consideration of any pre-analytical confounder and the
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number of samples included in the study cohorts.

Meta-analysis of cCLP levels in RA versus HCs

In total, cCLP was measured in 2,627 RA and 897 HC. CLP
levels in RA patients were significantly higher compared to
HC (SMD =1.032, 95% CI: 0.767-1.297, P<0.001) (Figure
2A). Significant (P<0.0001) heterogeneity was observed
(Cochran’s Q =171.04; I’ statistic =88.31%; 95% CI: 83.52—
91.71%) between all studies. CLP analyses were performed
using 14 different cCLP assays, comprising both in-house
and commercial assays. Outliers were observed for studies
using the Bithlmann assay. After exclusion of the four studies
based on the Biihlmann assay, significant heterogeneity on
the meta-analysis results remained (Cochran’s Q =70.992; I’
statistic =77.46%; 95% CI: 64.30-85.77) (Figure 2B).

Impact of pre-analytical confounders on meta-analysis
vesults

In 12 out of 21 included datasets, adherence to pre-
analytical conditions (i.e., time to centrifugation and/
or sample storage temperature) was specified (Table S1).
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A Study N1 N2 Total SMD SE 95% Cl t P
Jarlborg, 2020 969 72 1041 0816 0.123 0.574 to 1.058
Wang, 2019 162 57 219 0358 0.154  0.0533 to 0.662
Van Hoovels, 2019 111 20 131 1.024 0.5 0.530 to 1.518
Van Hoovels, 2019 111 20 131 0766 0.246 0.279 to 1.252
Van Hoovels, 2019 111 20 131 0563 0244  0.0804 to 1.046
Van Hoovels, 2019 11 20 131 0694 0245 0.208 to 1.179
Hurnakova, 2018 160 32 192 0.378 0.194 -0.00458 to 0.760
Kope¢-Medrek, 2018 85 10 45 1.104  0.371 0.356 to 1.853
Jonsson, 2017 215 100 315 0.666 0.124 0.422 to 0.909
Nielsen, 2018 40 96 136 2.084 0226 1.638 to 2.531
Nordal, 2017 141 141 282 0972 0.126 0.725 to 1.220
Mansour, 2017 44 20 64 1.849 0.313 1.225 t0 2.474
Inciarte-Mundo, 2016 87 40 127 0209  0.19 -0.167 to 0.586
Acar, 2016 28 28 56 0726 0.272 0.180 to 1.271
Inciarte-Mundo, 2015 33 40 73 1.146  0.251 0.645 to 1.647
Cerezo, 2011 43 32 75 3994 04 3.198 to0 4.791
Torgutalp, 2021 80 30 110 0.871 0.221 0.433 to 1.308
De Seny, 2008 34 36 70 0.601 0.242 0.119 to 1.084
De Rycke, 2005 40 20 60 054 0275 -0.00964 to 1.090
Radwan, 2021 47 33 80 2545 0302 1.945 to 3.146
El-Kady, 2021 25 30 55 0774 0277 0.218 to 1.329
Total (fixed effects) 2627 897 3524 0.86 0.0445  0.773100.948  19.319 <0.001
Total (random effects) 2627 897 3524 1.032  0.135 0.767t01.297  7.638 <0.001
Test for heterogeneity
Q 171.04
DF 20
Significance level P<0.0001
I? (inconsistency) 88.31%
95% Cl for I* 83.52% t0 91.71%
Study N1 N2 Total SMD SE 95% Cl t P
Jarlborg, 2020 969 72 1,041 0816 0.123 0.574 to 1.058
Wang, 2019 162 57 219 0358 0.154  0.0533 to 0.662
Van Hoovels, 2019 111 20 131 0766 0.246 0.279 to 1.252
Van Hoovels, 2019 111 20 131 0.563 0.244 0.0804 to 1.046
Van Hoovels, 2019 111 20 131 0.694 0.245 0.208 to 1.179
Kope¢-Medrek, 2018 35 10 45 1.104  0.371 0.356 to 1.853
Jonsson, 2017 215 100 315 0.666 0.124 0.422 to 0.909
Nordal, 2017 141 141 282 0972 0.126 0.725 to 1.220
Mansour, 2017 44 20 64 1.849 0313 1.225 t0 2.474
Inciarte-Mundo, 2016 87 40 127 0.209  0.19 ~0.167 to 0.586
Acar, 2016 28 28 56 0726 0272 0.180 to 1.271
Inciarte-Mundo, 2015 33 40 73  1.146  0.251 0.645 to 1.647
Torgutalp, 2021 80 30 110 0871 0.221 0.433 to 1.308
De Seny, 2008 34 36 70 0.601 0.242 0.119 to 1.084
De Rycke, 2005 40 20 60 054 0275 -0.00964 to 1.090
Radwan, 2021 47 33 80 2545 0302 1.945 to 3.146
El-Kady, 2021 25 30 55 0774 0277 0.218 to0 1.329
Total (fixed effects) 2,273 717 2,990 0.784 0.0479  0.690t00.878  16.358 <0.001
Total (random effects) 2,273 717 2,990 0.856 0.107 0646 to 1.065 8.015 <0.001
Test for heterogeneity
Q 70.992
DF 16
Significance level P<0.0001
I? (inconsistency) 77.46%

95% Cl for I° 64.30% to 85.77%
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Figure 2 Forest plots of meta-analysis results of mean calprotectin levels in RA patients. (A) Meta-analysis of calprotectin values in RA patients

versus healthy controls. (B) Meta-analysis of calprotectin values in RA patients versus healthy controls after exclusion of studies using the

Biihlmann assay. SMD, standard mean difference; SE, standard error; CI, confidence interval; DE, degree of freedom; RA, rheumatoid arthritis.

Conservation temperature of the samples ranged from
-20 °C to -140 °C, with -80 °C being the most frequent
(n=7/12) and pre-centrifugation time intervals ranged from
‘immediately’ to <2 hours (Table S1). Subgroup analysis
of these 12 datasets still showed significant heterogeneity
(Cochran’s Q =96.107; I’ statistic =88.55%; 95% CI:
81.91-92.76%) (Figure 3A), mainly caused by the datasets
using the Bithlmann assay (Table S1). Only after exclusion
of the latter datasets, the datasets of studies adhering to
pre-analytical recommendations (n=9) showed absence

© Journal of Laboratory and Precision Medicine. All rights reserved.

of heterogeneity (Q =4.84; I’ statistic =0.00; 95% CI:
0.00-42.28) (Figure 3B). Nevertheless, still eight different
cCLP assays were encountered, together with a total sample
cohort of 856 RA patients and 425 HC. Regardless of the
sample type, higher cCLP concentrations were obtained for
the RA versus HC in both subgroups. In the meta-analysis
comprising the datasets of the studies non-compliant to
pre-analytical recommendations (n=8), significant inter-
study heterogeneity persisted (Q =66.03; I’ statistic
=89.40%; 95% CI: 81.48-93.93%) (Figure 4). In 9 out of 21
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included studies, time to centrifugation was not specified,
neither storage temperature in 6 out of these 9 studies. The
total SMD for samples with adherence to centrifugation
time (n=12) is 1.094 and 0.954 for samples without any
centrifugation time mentioned. When excluding results
obtained with Biihlmann assay, the values for SMD declined
to 0.769 and 1.035, respectively. For samples for which
storage temperature was mentioned (n=15), the total SMD
was 0.846 compared to a total SMD of 0.892 for samples
without any storage temperature information.

Publication bias

For every meta-analysis performed, publication bias
was evaluated using the Egger’s test and Begg’s rank test
(MedCalc Software version 22.021). Both tests did not
demonstrate significant publication bias for any of the meta-
analyses performed (Appendix 1).

Discussion

In the current ACR/EULAR RA classification criteria
both the traditional RA antibodies, RF and ACPA, as well
as the acute-phase reactants ESR and CRP are included
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as serological biomarkers (9). Already in 2015, Hurnakova
et al. described cCLP as a more sensitive biomarker of
inflammatory activity in RA than ESR and CRP (29,30).
In the recent years, the insights on the diagnostic and
prognostic value of cCLP in RA only increased (16-23). At
presentation, CRP and ESR can be normal in 35-40% of
RA patients, whilst cCLP has shown to be already elevated
in early stages of the disease (13,18). In RA patients with
moderate to high disease activity and normal CRP levels,
c¢CLP more accurately reflected inflammation (20,29,30).
Furthermore, as CRP production in the liver is stimulated
by interleukin 6 (IL-6), cCLP proved to be a more valuable
inflammatory biomarker than CRP in RA patients treated
with IL-6 blocking agents (31). Finally, suiting this era
of biological treatments, wherein the clinician’s goal is to
shift from RA diagnosis to RA prevention (8), Bettner ez a/.
recently showed that adding elevated cCLP levels to RF and
ACPA positivity resulted in a high predictive value (53%)
for the development of RA within 3 years or less (32).

Despite being a promising biomarker, recent meta-
analyses on the diagnostic potential of cCLP levels in RA
showed substantial inter-study variability (16-18). Although
cCLP is relatively stable and easily measurable in blood (13),
it occurs in different conformational complexes, e.g.,
S100A8 and S100A9 monomers and, in the presence of
calcium ions, heterodimers and heterotetramers (11,33,34).
The presence of the different conformational structures
impacts cCLP diagnostics.

Firstly, a sample matrix effect has been described
revealing higher cCLP levels in serum than in plasma
samples (24-26,35-37). This matrix effect is mainly due to
the in vitro release of CLP by neutrophils after sampling
and during coagulation in serum tubes. Therefore, sample
matrix dependent reference values should be used to
correctly interpret cCLP levels (36).

Secondly, not only the relative ratio of the different
cCLP structures, but also their stability has shown to be
dependent on, besides the sample matrix, also the storage
conditions. A lag time of 2 hours versus 30 minutes
between sample collection and centrifugation did not
significantly affect cCLP levels, in contrast to a longer time
to centrifugation (e.g., 6 hours or more) (24,25,36). cCLP
levels revealed to decrease in EDTA plasma, in contrast
to an increase in the other sample types after prolonged
storage at 30 °C or room temperature (24,26). This is
presumably caused by the higher proteolytic vulnerability
of cCLP monomers (34), which are expected to be the most
predominant conformational structure in EDTA plasma. To
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minimize the in vitro effects on cCLP levels, pre-analytical
recommendations have been suggested (24,26,36), being
stricter for serum as compared to plasma samples.

In our meta-analysis, based on studies on the diagnostic
value of cCLP in RA published since 2000, we specifically
extracted and listed the pre-analytical variables ‘conservation
temperature’ and ‘time to centrifugation’ (Table S1).
The observation that only 12 of the 18 included studies
described these pre-analytics, highlights the need to
sensitize researchers for awareness of these pre-analytical
precautions. The matrix effect on cCLP was not evaluated
as only a minority of studies were performed on plasma,
which may cause bias in subgroup analysis.

Thirdly, different analytical formats are used to measure
cCLP levels, and test results using different cCLP assays
cannot be used interchangeably (25,36). The suspected
reasons for this inter-assay variability are differences in
capture and detection antibodies, measuring principle and
measuring range, which all add to the variation of detecting
different cCLP conformational structures. Our meta-
analysis confirmed the impact of the difference in ¢cCLP
analytics on interstudy variability: in the sub-analysis of
studies adhering to pre-analytical recommendations, a
significant heterogeneity remained (Figure 34). Only by
omitting the studies based on the Bithlmann assay, the
problem of heterogeneity was resolved. The divergence of
the cCLP results obtained with the Bithlmann assay has
been described earlier, contrasting the good correlation
of cCLP (R&D) assays of Thermo Fisher, Werfen and
Diasorin, specifically targeting the heterodimeric cCLP
complex (25,36). Nevertheless, in the final sub-analysis,
revealing significant study homogeneity, eight different cCLP
assays were included (Figure 3B and Table S1), suggesting
commutability of additional cCLP assays. More recently, a
novel recombinant fusion CLP was designed, which could
serve as a calibrator and additionally help in reducing the
standardization problem among cCLP assays (38).

Statistically, our study had some limitations. Primarily,
in order to perform the meta-analysis, we needed to
recalculate median and interquartile range to mean and
SD for some of the retained studies (18,28). The fact that
median and interquartile range were used implies a non-
normal distribution of data and thus the recalculation
introduces a bias in the data set. Recalculating the data
affected the effect size (i.e., the calculated mean usually
tended to be a bit higher than the original median), and the
amount of dispersion (i.e., false high standard deviations
due to recalculation) but not the direction of the effect size.
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Secondly, we only included studies from 2000 onwards thus
we might have missed some earlier studies. Finally, most of
the included studies had small sample sizes, ranging from
25 to 969, and thus may be underpowered. However, our
pooled analysis included 1,850 RA patients and 757 HC,

providing more accurate data.

Conclusions

In conclusion, the inter-study variability of cCLP in RA is,
besides analytical issues, mainly caused by pre-analytical
confounders. Adherence to pre-analytical recommendations,
significantly reduced inter-study heterogeneity and provided
a reliable SMD, accurately revealing higher cCLP levels in
RA versus HC.
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Supplementary

Appendix 1
Overview of the publication bias test results of every meta-analysis performed

MedCalc’s meta-analysis reports include two tests to detect possible publication bias: Egger’s test and Begg’s rank test. Egger’s test is a test for the Y
intercept =0 from a linear regression of normalized effect estimate (estimate divided by its standard error) against precision (reciprocal of the standard
error of the estimate). Begg’s test assesses if there is a significant correlation between the ranks of the standardized effect sizes and the ranks of their
variances. For both tests, when the (two-sided) P value is low, this is an indication of publication bias (MedCalc Software version 22.021).

Egger’s test Begg'’s test

Meta-analysis®
Intercept (95% Cl) P value Kendall’s Tau P value

cCLP in RA versus HC (Figure 2A) -1,18 (-6.72t0 4.37)  0.6622 0.2857 0.0700
cCLP in RA versus HC excluding Buhlmann (Figure 2B) -3.31 (-9.46 to 2.85) 0.2686 0.2667 0.1497
cCLP in RA versus HC in studies adhering pre-analytical conditions -4.09 (-12.76 t0 4.59)  0.3189 0.1212 0.5833
(Figure 3A)

cCLP in RA versus HC in studies adhering pre-analytical conditions -9.12 (-18.6110 0.38)  0.0571 -0.1429 0.6207

excluding Biihimann (Figure 3B)

cCLP in RA versus HC in studies non-compliant to pre-analytical 4.43 (-2.35t0 11.08) 0.1630 0.3571 0.2160
conditions excluding Buhlmann (Figure 4)

§, for details on meta-analysis, cfr. main text and figures. cCLP, circulating calprotectin; RA, rheumatoid arthritis; HC, healthy control; Cl,
confidence interval.
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Table S1 Overview of the studies included in the meta-analysis, including study characteristics and extracted data

Calprotectin mean [SD] in

Study Design Assay Sample F.’re-centrifugation Conservation Number of ng/mL
type time temperature
RA  Controls RA Controls
Radwan, 2021 CS Biovendor GmbH, Kassel S NS NS 47 33 2,780 [890] 840 [500]
El-Kady, 2021 CS Shanghai Korain Biotech S Immediately -80 °C 25 30 457 [667] 95 [143]
ELISA
Torgutalp, CS Human Calprotectin S <2h -80 °C 80 30 96,3 [46] 840 [50]
2021 ELISA Kit, Elabscience
Biotechnology Co.
Jarlborg, 2020 CS + L QUANTA Lite ELISA, Werfen S NS NS 969 72 2,867 [1,930] 1,333 [908]
Wang, 2019 CS Legend Max, Human S NS NS 162 57 3,500 [3,200] 2,500 [800]
MRP8/14, Biolegend
Van Hoovels, CS MRP8/14 ELISA, Buhimann; S/E 30 min after clotting -20°C 111 20 7,270 [5,840] 1,710 [690]
2019 Liason Asslay, Diasorin; 111 20 3,690 [3,780] 1,000 [350]
QUANTA Lite ELISA, Werfen;
EliA Calprotectin 2, Thermo 111 20 3,750 [5,390] 930 [270Q]
Fisher 111 20 4,580[5710] 900 [340]
Hurnakova, CS MRP8/14 ELISA, Buhlmann S NS -80 °C 160 32 3,300 [4,000] 1,900 [1,200]
2018
Kopec¢- L  PhiCal Calprotectin ELISA, S NS -20°C 35 10 2,422 [2,015]  405[212]
Medrek, 2018 Immundiagnostik, Bensheim
Nielsen, 2018 L MRP8/14 ELISA, Biuhimann E/H  Immediately -140°C 40 96 10,110 [8,427] 563 [331]
Jonsson, 2017 L  CALPROLAB Elisa, CALPRO E <30 min -70°C 215 100 1,282 [1,245] 587 [283]
AS, Norway
Nordal, 2017 L  CALPROLAB Elisa, CALPRO E <1h -20°C 141 141 1,265 [937] 589 [289]
AS, Norway
Mansour, 2017 CS  In house-ELISA S NS NS 44 20 1,902 [804] 631 [203]
Inciarte- CS CALPROLAB Elisa, CALPRO S NS -80 °C 87 40 3,247 [4,998] 2,280 [3,537]
Mundo, 2016 AS, Norway
Acar, 2016 L Immundiagnostik-Bensheim S Centrifugated 10 -80 °C 28 28 359 [137] 274 [89]
ELISA kit min 3,000 rpm
Inciarte- CS CALPROLAB Elisa, CALPRO S NS NS 33 40 3,200 [2,000] 1,500 [800]
Mundo, 2015 AS, Norway
Cerezo, 2011 L MRP8/14 ELISA, Bihimann S Immediately -80 °C 43 32 5,990 [880] 1,920 [1,160]
De Seny, 2008 CS Hycult Biotechnology S 30 min after clotting —-80 °C 34 36 1,380 [2,509] 95 [336]
De Rycke, CS In house ELISA S NS NS 40 20 4,225 [8,597] 363 [439]
2005

CS, cross-sectional; L, longitudinal; E, EDTA; H, heparin; NS, not specified; S, serum; RA, rheumatoid arthritis; SD, standard deviation.
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