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ABSTRACT
Objectives: To assess the prevalence of anti-carbamylated protein (CarP) antibodies
in a French cohort of early arthritis and to investigate their association with clinical
features, final diagnosis, prognosis and comorbidities.
Methods: The presence of anti-CarP antibodies among patients with early arthritis
belonging to the ESPOIR French cohort (n=720) was determined using ELISA. We
calculated the prevalence of anti-CarP antibodies in different patient subgroups that
were stratified according to their anti-citrullinated peptides antibodies (ACPA) and/or
rheumatoid factor (RF) status. Diagnosis and prognosis values of the test were
evaluated in this population.
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Results: We observed the presence of anti-CarP in approximately one third of the
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patients (32.6%) and 23.6% of the RF and/or ACPA sero-negative patients. AntiCarP positivity was associated with a more active disease status at baseline and
over time with a significantly higher DAS28-ESR level at M36 (3.1±0.11 vs. 2.8±0.06,
p=0.03). Anti-CarP-positive early arthritis was associated with a higher risk of
developing erosions after 96 months of follow-up (55.6% among the anti-CarP+
patients vs. 37.3% among the anti-CarP- patients, OR=2.1 1.2-3.6, p=0.009). This
association was particularly true when anti-CarP was associated with ACPA
positivity. Moreover, ACPA positivity alone-early arthritis was not associated with a
higher risk of erosive evolution.
Conclusions: Anti-CarP antibodies were present among one third of patients with
early arthritis and among one fourth of the RF-negative and ACPA-negative patients.
They were particularly associated with a more severe radiographic fate. Anti-CarP
antibody positivity may help to accurately identify those at-risk of erosive evolution in
an early arthritis population.

Rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA) are the two
main autoantibodies associated with rheumatoid arthritis (RA) (1). ACPA and/or RF
are detected in approximately 70-80% of patients with RA (2). Approximately one
third of patients with established RA do not express RF or ACPA. Seronegative RA is
more heterogeneous and sometimes difficult to diagnose due to the lack of specific
autoantibodies (3,4).
ACPA recognize epitopes containing citrulline that arises from posttranslational
modifications (5). Other posttranslational modifications of self-proteins, such as
glycosylation, oxidation and carbamylation, have been described in RA (6-8).
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Carbamylation results from the chemical conversion of lysine into homocitrulline in
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the presence of cyanate. Increases in cyanate levels, either by excess of urea,
increased myeloperoxidase activity (inflammation) or through direct intake (smoking),
leads to carbamylation (9). The presence and involvement of carbamylated proteins
in atherogenesis and renal failure has been highlighted for years (9-11). Whereas
citrullinated proteins have been identified in the joints of RA patients, the presence of
carbamylated proteins has not been clearly demonstrated (9). However, indirect
evidence has been strongly observed, notably through the detection of anticarbamylated protein (CarP) antibodies (8).
The presence of anti-CarP antibodies has been described in several cohorts of RA
patients, particularly in those from northern Europe (12-16). The development of
autoantibodies among patients with RA depends on the genetic background, and
differences have already been found for ACPA in Caucasian populations (17,18).
Anti-CarP antibodies may also be present prior to onset and predict the evolution of
RA, which has been shown in some studies; however, this needs to be reinforced by
data from additional cohorts (19-21).
Altogether, these data suggest an interesting diagnostic and prognostic value for
anti-CarP antibodies. In our work, we provide new data on anti-CarP antibodies in a
French cohort of early arthritis patients (ESPOIR) (22).
We assessed the prevalence of anti-CarP antibodies, detailing different clusters of
early arthritis. Herein, we describe the clinical, biological, and radiological
characteristics of early arthritis in patients who tested positive for anti-CarP
antibodies. We also assessed the diagnostic and prognostic predictive values of antiCarP antibody levels for RA in early arthritis. Finally, we determined whether anti-
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CarP antibodies were associated with specific treatments or comorbidities in this
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particular cohort.

PATIENTS AND METHODS
Study population
The ESPOIR cohort (Etude et Suivi des Polyarthrites Indifférenciées Récentes) is a
French National, multicenter, longitudinal, prospective cohort consisting of patients
with early arthritis (22). Patients were recruited through general practitioners and
rheumatologists who were asked to refer patients with early arthritis to one of the 14
university hospitals participating in the ESPOIR project.
Patients who were included in the study were between 18 and 70 years old; had a
clinical diagnosis of certain or probable RA or a clinical diagnosis of undifferentiated
arthritis potentially becoming RA; had at least 2 swollen joints for 6 weeks and less
than 6 months; and had no prescriptions for disease-modifying anti-rheumatic drugs
(DMARDS) or corticosteroids (except if the patient had obtained a prescription less
than 2 weeks before inclusion in the study or had been administered an intra-articular
injection less than 4 weeks before inclusion in the study). Patients were excluded
from the study if they exhibited other inflammatory rheumatisms or connective tissue
diseases already diagnosed at screening visit according to standard criteria.
All patients were examined every 6 months during the first 2 years and then every
year for at least 10 years. Data about comorbidities including hypertension,
dyslipidemia, MI or cerebrovascular disease were recorded as presence or absence
at each follow-up visit, according to standard of care.
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The protocol of the ESPOIR study was approved in July 2002 by the Montpellier
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ethics committee and all the patients signed an informed consent form before their
inclusion.
The scientific committee of the cohort accepted our project, and we obtained patient
sera during month 6 (M6) after inclusion in the study. Patient data, including
demographic, clinical, biological, and radiographic data, were collected at baseline
and at month 96 (M96).
Anti-CarP antibody assay
Detection of serum IgG and anti-CarP antibodies was performed using an ELISA
developed by Inova Diagnostics (San Diego, CA, USA) following the manufacturer’s
instructions and as described previously (23). Briefly, plates were pre-coated with
carbamylated fetal calf serum (FCS) before the addition of a 1:101 dilution of patient
sera.

Rabbit

anti-human

IgG

coupled

to

horseradish

peroxidase

and

tetramethylbenzidine substrate solution were then added. The cut-off value for
positivity was determined for each plate using a Low Positive Control supplied with
the kit. This internal control was measured in duplicate and the mean of both values
was considered as the positivity cut-off for the corresponding plate. The absorbance
was measured at 415 nm and transformed to arbitrary units per milliliter (AU/ml)
using a titration curve of serum samples with increasing concentrations of anti-CarP
antibody.
Data analyses
We collected the following clinical data for each patient from the ESPOIR database:
gender, age, type and duration of symptoms, activity of the disease as assessed by
the erythrocyte sedimentation rate (DAS28-ESR) at baseline, whether the patient
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was a smoker or alcoholic, and whether the patient had suffered from hypertension
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(defined as a systolic or a diastolic blood pressure measurement consistently higher
than

respectively

139

mmHg

and

89

mmHg),

dyslipidemia

(defined

as

hypercholesterolemia superior to 2.4 g/L), myocardial infarction (considering any
necrosis in the setting of myocardial ischemia), or cerebrovascular disease (including
strokes and transient ischemic attack) at baseline and at 8 years (M96). We collected
the following biological data at baseline: erythrocyte sedimentation rate (ESR, in mm
within the first hour, cut-off for positivity was >10), C reactive protein (CRP, in mg/l,
cut-off for positivity was >5 mg/l), creatinine (in mmol/l). ACPA (Elisa, DiaSorin,
France; Positive > 50 U/ml) and RF (IgM and IgA rheumatoid factor (Elisa, Menarini,
France; Positive > 9 UI/ml) were performed for all the patients using the same
technique in a central lab (Paris-Bichat). We collected the following radiological data:
presence or absence of erosion joints at baseline and 8 years (M96) and the Sharp
score at baseline and 3 years. We also collected patient use of DMARDS at 8 years.
The final diagnosis of RA was validated if the patients fulfilled the ACR/EULAR 2010
criteria at least once over the 8-year time period.
Statistical analyses
Quantitative variables were presented as the means and standard deviations (or
medians and interquartile ranges). Qualitative variables were presented as
percentages. To compare positive (anti-CarP+) and negative (anti-CarP-) anti-CarP
groups for the whole cohort and in each cluster, a chi-square test was performed for
qualitative variables and Student’s t-test was performed for quantitative variables.
Non-parametric correlation analyses were performed using a Spearman correlation
test. Odds ratios (ORs) with their 95% confidence intervals were also calculated. All
analyses were performed using STATA 13.1 software. P-values less than 0.05 were
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corrections have been included.

RESULTS
Population characteristics
Between December 2002 and March 2005, 814 subjects with early arthritis were
included in the cohort. We obtained access to 720 samples of sera that were
collected 6 months after patient inclusion into the study. The samples were analyzed
for status.
The baseline characteristics of the 720 patients are described in Table 1. Among the
720 patients, 701 had fully available data for ACR criteria, and 91% of these early
arthritis patients fulfilled the ACR 2010 criteria for RA (638/701) at least once over
the 8-year period. In this cohort, which was composed mainly of women (76%),
50.1% of the patients were RF and ACPA negative at baseline, and the mean
DAS28-ESR was 5.1±1.3.

The prevalence of anti-CarP antibodies in the French cohort of early arthritis
(ESPOIR)
Anti-CarP antibodies were detected in the sera of 32.6% of the ESPOIR

patients at M6 (235/720) and in 32.3% of the 711 patients with available data for RF
and ACPA. RF was detected in 41.8% of the cohort, and ACPA was detected in
38.4% of the cohort.
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Association of anti-CarP antibodies with the ACPA and/or RF status
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Anti-CarP+ patients were found in every group constituted according to the RF/ACPA
status, (Figure 1A and 1B). Significantly more anti-CarP+ patients were observed in
the ACPA+ group than in the ACPA- group (41.8% vs. 26.5%, OR=2.0 1.4-2. 8,
p<0.0001, Figure 1C), as well as in the RF+ group than in the RF- group (42.1% vs.
25.4%, OR=2.1 1.5-3.0, p<0.0001, Figure 1D).
Anti-CarP antibodies were present in 23.6% (n=84/356) of the RF and ACPA double
negative patients. The anti-CarP single-positive patients represented 11.8%
(n=84/711) of the whole early arthritis population. The prevalence of single-positive,
double-positive and triple-positive patients are reported in Figure 1E. Of note, 159
patients presented with anti-nuclear antibodies (ANA) at the first visit. Anti-CarP
antibodies were significantly associated with ANA (45.6% vs. 29.1%, OR=2.1 1.43.0, p=0.0002, data not shown). The same association was observed between ANA
and RF (OR=1.7 1.2-2.5, p=0.0042, data not shown) or ANA and ACPA (OR=2.0
1.4-2.8, p=0.0003, data not shown).
Altogether, anti-CarP antibodies were expressed in approximately one third of the
patients with early arthritis and in one quarter of the patients with seronegative
arthritis.

Characteristics of anti-CarP+ and anti-CarP- early arthritis at baseline
While

anti-CarP+

and

anti-CarP-

patients

presented

similar

demographic

characteristics at baseline (supplementary table), they exhibited differences in their
clinical, biological and radiological data.
In a univariate analysis, anti-CarP positivity was associated with a more active
disease state at baseline as measured by the mean DAS28-ESR value (5.0 4.9-5.1
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vs. 5.3 5.2-5.5, p=0.0004, Figure 2A). The proportion of patients in low disease
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activity (DAS28-ESR <3.2) was significantly lower in the anti-CarP+ patients than the
anti-CarP- patients (3.4% vs. 9.7%; p<0.01, Fisher’s exact test). Conversely, the
proportion of patients in high disease activity (DAS28-ESR >5.1) was significantly
higher in the anti-CarP+ patients than in the anti-CarP- patients (53.9% vs. 47%;
p=0.0018, Fisher’s exact test, Figure 2B). Moreover, the anti-CarP antibody levels, as
measured in AU, correlated with the DAS28-ESR levels (Figure 2C). However, based
on the anti-CarP antibody status, no differences were observed between patients
with explosive, subacute, insidious or paroxystic disease onset.
A multivariable analysis revealed differences in the clinical characteristics based on
the early arthritis antibody profiles at baseline (p=0.023, ANOVA). Overall, the
presence of anti-CarP antibodies is linked to higher disease activity when associated
with either ACPA or RF. Interestingly, this result was not observed among the
patients who presented with either ACPA, RF or anti-CarP alone or the combination
ACPA+RF (Figure 2D).
Biologically, CRP and ESR were more frequently abnormal (cut-offs at 5 mg/l and 20
mm, respectively) in the anti-CarP+ patients than in anti-CarP- patients (138/233 vs.
234/478, p=0.0106 and 165/232 vs. 303/476, p=0.0520; Figure 2E, 2F, respectively).
A stratified analysis on ACPA status highlighted a slightly significant association
between CARP positivity and ESR/CRP abnormality restricted to ACPA positive
patients (respectively 79/114 vs. 90/160, p=0.029; 96/113 vs. 117/156, p=0.047)
Nevertheless, no correlation was observed between the CRP or ESR levels and antiCarP antibody levels.
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Radiologically, both the anti-CarP+ patients and anti-CarP- patients exhibited similar
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values for erosive disease (33% vs. 34.6%, respectively) and the Sharp score at
baseline (5.1 4.1-6.1 for the anti-CarP+ patients and 5.1 4.4-5.7 for the anti-CarPpatients, data not shown).
Predictive value of anti-CarP antibodies for RA diagnosis in an early arthritis
population
The ACR/EULAR 2010 criteria were chosen to determine whether the patients with
early arthritis included in the ESPOIR cohort actually developed RA.
After 8 years, 98.6% of the anti-CarP+ patients and 87% of the anti-CarP- patients,
regardless of their status of ACPA or RF, fulfilled the ACR/EULAR 2010 criteria
(p=0.022, data not shown). The sensitivity and specificity of the anti-CarP antibody
were 34% and 95%, respectively. Clinical performance for the diagnosis of RA of the
three antibodies is shown in table 2. In the same population of early arthritis, the
sensitivity/specificity of ACPA and RF were 50%/91% and 52%/98%, respectively. If
either anti-CarP antibodies and/or ACPA were positive, the sensitivity and specificity
were 63.5% and 87.3%, respectively.
In our non-RA population the frequency of anti-CarP was 12% (3/25). If we added
anti-CarP to the auto-Ab item of the 2010 ACR criteria, the percentage of patients
fulfilling the criteria would increase from 91% to 91.4%.
The patients also suffered from other diagnoses besides RA. Seventeen patients
were diagnosed with spondyloarthritis, one patient of which was anti-CarP+, ACPAand RF-. Eight patients were diagnosed with systemic lupus erythematous, 4 of
which were anti-CarP+ (but only one was single positive). Eight patients were
diagnosed with primary Sjögren’s syndrome of which 7 were anti-CarP+ (all were
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the ACR criteria were fulfilled at least once during the 8-year follow-up for all patients.
Overall, anti-CarP antibodies showed a high positive predictive value of developing
established RA in a population of early arthritis, particularly in combination of ACPA
and RF.
The prognostic value of anti-CarP antibodies in an early arthritis population
We assessed the evolution of early arthritis according to the antibody status of the
patients. Patients in every group exhibited decreased DAS28-ESR over time.
However, the timeline was different among the groups. Anti-CarP+ patients had a
significantly higher DAS28-ESR level at M36 (3.1±0.11 vs. 2.8±0.06, p=0.03) before
finally reaching the DAS28-ESR level of anti-CarP- patients at M96 (Figure 3A). In a
multivariate analysis, at M36, the patients presenting with anti-CarP antibodies
associated with RF exhibited more active disease states than the patients who were
ACPA single positive and tended to be more active than the patients who were all
negative (3.3±0.22 vs. 2.6±0.2, p=0.03 and 3.3±0.22 vs. 2.8±0.09, p=0.06,
respectively, ANOVA and Kruskal Wallis post-test, Figure 3B). At M96, the antiCarP/ACPA/RF triple-positive patients exhibited more active disease states than the
anti-CarP/ACPA/RF triple negative patients (2.9±0.1 vs. 2.4±0.2, p=0.01, ANOVA
and Kruskal Wallis post-test, Figure 3C).
The radiological status was available for 258 patients at M96. Anti-CarP positivity
was associated with the presence of erosions at M96 (55.6% in the anti-CarP+
patients vs. 37.3% in the anti-CarP- patients, OR=2.1 1.2-3. 6, p=0.009, chi-square
test, Figure 3D). This difference was not due to an erosive status at M0 as shown in
Figure 3E but appeared quite rapidly since the Sharp score of the patients with antiThis article is protected by copyright. All rights reserved.

CarP antibodies was higher at M36 compared to the patients without anti-CarP
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antibodies (16.4±1.4 vs. 12.9±0.7, p=0.0101, respectively, unpaired t-test). Moreover,
the patients with erosions at M96 had higher levels of anti-CarP antibodies at the
beginning of their disease, suggesting the predictive value of the level of anti-CarP
for the development of RA (221.5±16.2 vs. 166.2±11.3, p=0.0043, respectively,
unpaired t-test, Figure 3F). Interestingly, antibody statuses were differentially
associated with an erosive evolution (Figure 3G). Triple-positive patients had a
higher Sharp score at M36 than the triple negative ones (18.49±2.1 vs. 10.1±0.7,
p<0.0001, ANOVA and Kruskal Wallis post-test, Figure 3G). CarP+/ACPA+/RF- and
CarP-/ACPA+/RF+ were also associated with a higher Sharp score at M36 than
CarP-, ACPA-, RF- but not the other antibody combinations (23±6.8 and 16.6±1.3,
respectively, vs. 10.1±0.7, p<0.0001, ANOVA and Kruskal Wallis post-test, Figure
3G).
Taken together, these results revealed that anti-CarP antibodies are linked to a more
active disease over time and erosive polyarthritis.
Association of anti-CarP antibodies with comorbidities in early arthritis
Because the carbamylation process is related to smoking, we assessed the
association of smoking with the anti-CarP antibody status. Tobacco had no influence
on anti-CarP positivity. The results showed that 48% of the anti-CarP+ patients and
47% of the anti-CarP- patients were smokers (active or former, data not shown). We
obtained the same result when considering only the active smokers. No associations
were observed between anti-CarP positivity and cardiovascular history (stroke,
cardiac infarction) or risk factors (hypertension, diabetes, hypercholesterolemia,
overweight) at M0. Finally, we found no association between the presence of the
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anti-CarP antibody and the occurrence of a cardiac infarction at the 8-year follow-up.

Accepted Article

However, there was a trend for a more frequent occurrence of stroke in the antiCarP+ patients, but it was not significant (4 events in 144 anti-CarP+ patients and 2
in 332 anti-CarP- patients, p=0.07, Fisher’s exact test).
Because carbamylation is associated with the concentration of urea, we also
assessed renal function. The patients had the same level of serum creatinine at M0,
regardless of their anti-CarP antibody status (data not shown). Moreover, no
correlation was observed between the levels of anti-CarP antibody and serum
creatinine.
Altogether, these results exclude some confounding factors that could increase
carbamylation and lead to non-specific anti-CarP antibody production.
Treatment and anti-CarP antibodies
In general, the patients with early arthritis who were positive for anti-CarP antibodies
were more frequently treated with at least one DMARD during the 8-year follow-up
(81.6% vs. 69.5%, OR at 2.0 1.2-3.2, p=0.006, Fisher’s exact test, Figure 4A).
Patients with anti-CarP antibodies were more frequently treated with biological
agents during the 8-year follow-up (35% vs. 21%, OR at 2.0 1.2-3.0, p=0.005,
Fisher’s exact test, Figure 4B). This association remains significant after adjusted
analysis on RF and ACPA status (OR= 1.60 [1.02-2.53], p=0.03). Interestingly, antiCarP antibody positivity increased the risk of receiving a biological agent as a first
line of treatment (17.6% vs. 9.8%, OR at 2.0 1.1-3.5, p=0.02, Fisher’s exact test,
Figure 4C). Moreover, patients who received a biological agent during the 8-year
follow-up had the highest rate of anti-CarP antibodies compared to the patients who
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did not received those therapeutics (211.2±14.8 vs. 179.5±7.4, respectively, p=0.03,
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unpaired t-test, Figure 4D).
Regardless of the presence or absence of anti-CarP antibodies, the same proportion
of patients was treated with glucocorticoids (data not shown). We did not observe a
correlation between the patients' sera levels of anti-CarP antibodies and the
maximum or mean doses of glucocorticoids received by the patients (data not
shown).
Overall, these data seem to confirm that the early arthritis patients with anti-CarP
antibody positivity at baseline are those with the most severe disease course over
time.

DISCUSSION
In this study, we replicated data obtained from a cohort of patients with early arthritis
from northern Europe (24). Using an innovative technique, this is the first large study
investigating an assay that uses CarP-FCS without the subtraction of non-CarP-FCS.
Novel antibodies that may be utilized for RA diagnosis and/or prognosis should be
validated among several populations and different experimental conditions to test
reliability. In the French cohort ESPOIR, we observed the presence of anti-CarP
antibodies in approximately one third of the patients (32.6%). Importantly, anti-CarP
antibodies were present in one quarter of the seronegative (RF- and ACPA-)
patients, i.e., approximately 12% of the patients in the cohort were anti-CarP+,
ACPA- and RF-. The sensitivity was comparable to that observed in the Leiden early
arthritis cohort (24). However, we observed a slightly higher anti-CarP specificity to
diagnose RA in an early arthritis population (24). The combination of both anti-CarP
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and ACPA increased the sensitivity to diagnose RA in an early arthritis population of
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both tests alone (63.5% vs. 34 or 50% respectively), which is interesting for a
screening test.
Shi et al. (8) were the first to describe anti-CarP antibodies in RA with a prevalence
of 43-45%. Since then, other studies have reported the prevalence of anti-CarP
antibodies to be 30-49% (8,12,15,16,20,23). In our study, anti-CarP antibodies were
associated with more active forms of RA. This finding is consistent with other studies
of patients with early arthritis (25,26). This is the first study to find a statistical link
between the presence of anti-CarP antibodies and disease activity as measured via
DAS28-ESR. The association was stronger when considering anti-CarP positivity
associated to ACPA or RF. Interestingly, this was not the case with ACPA or RF
alone. Clinically relevant and in agreement with this result, the anti-CarP+ patients
with early arthritis required prescription DMARDs and biologic agents more frequently
than the anti-CarP- patients. These observations converge towards an association
between anti-CarP antibodies at baseline and a poor prognosis of early arthritis. In
the same line, anti-CarP antibodies were associated with the development of
erosions and a worse clinical course. This observation is consistent with three
previous studies (8,20,23). Brink et al. (20) reported this association at baseline,
which was not the case in our study. The worst radiological course at M36 was
observed among patients who were CarP/ACPA double positive. We report, for the
first time, an association between the level of anti-CarP antibodies and the presence
of erosions at M96 in a cohort of patients with early arthritis regardless of their
antibody status at M0. Shi et al. (8,25) previously showed that anti-CarP antibodies
could predict joint erosion in RA or in a cohort of patients with arthralgia who were
positive for ACPA and/or RF. This finding strengthens the use of anti-CarP antibody
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levels as a prognostic indicator and is in line with recently published data showing an
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additive value of anti-CarP to ACPA and RF for the determination of radiographic
progression (27).

Because of the link between carbamylation and smoking or renal failure, we analyzed
the association between smoking and renal failure with the concentration of antiCarP antibodies (9). Importantly, renal function and smoking status were not
associated with anti-CarP antibody levels. This lack of association suggests that antiCarP antibodies in patients with early arthritis are not only affected by cardiovascular
failure, renal failure or the carbamylation process but, in predisposed patients, are
mainly affected by an inability to handle an immunological conflict.

A novel antibody that could be used to diagnose RA is of interest if it outperforms or
completes the existing test, i.e., the association of RF and ACPA. In the ESPOIR
cohort, 357 patients were labeled seronegative (for RF and ACPA). The diagnosis for
this type of patient is left unaddressed until the appearance of specific symptoms or
antibodies. With one quarter of positivity in seronegative patients, anti-CarP
antibodies may be important for diagnosis. Only 2 anti-CarP single-positive patients
did not fulfill the ACR criteria at the end of the 8-year follow-up. Scinocca et al. (28)
found anti-CarP antibodies in 5% of patients with systemic lupus and in 3% of
patients with psoriatic arthritis, which was significantly less than the patients with RA
(p<0.005). However, these antibodies were also found in juvenile patients with
idiopathic arthritis, and the prevalence was higher in this population than among
patients with ACPA and RF (29). In our study, the prevalence of anti-CarP in causes
of arthritis other than RA was similar to ACPA. In the literature, ACPA are also
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present in other types of inflammatory rheumatisms, such as psoriatic arthritis or
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lupus (30). ANA were found to be associated to anti-CarP antibodies but also with
ACPA and this could be the reflection of a general dysimmune context. In line with
other studies, we suggest that anti-CarP antibodies are highly relevant for the
diagnosis and prognosis of RA (24,31). When combined with ACPA and/or RF, antiCarP antibodies provide high ORs for the RA diagnosis, but they are more interesting
when present alone or in the prognosis point of view. This is important in light of the
paradigm shift in the management of RA patients. Although in the past, RA was
diagnosed when patients presented with fairly established disease, it is now widely
acknowledge that early diagnosis and therapeutic intervention is essential to prevent
joint damage. Going forward, there is evidence that interventions might occur in the
pre-clinical phase of the disease to stabilize the immune system and to ultimately
prevent the disease. This, however, puts more weight on reliable biomarkers or
combinations that yield very high ORs, which are important in settings with lower pretest probabilities. Nevertheless, anti-CarP antibody ELISA is at this time for research.
Comparisons with other test such as ACPA and RF with more established clinically
available cut-offs may ultimately be different and reproducibility studies will have to
be performed.
In conclusion, anti-CarP antibodies were present in patients with early arthritis and
were associated with more severe clinical and radiographic diseases. Our results
suggest the advantage of anti-CarP antibody dosages in association with ACPA and
RF in the initial assessment of early arthritis.
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Tables

Table 1: Demographic characteristics of the 720 patients from the ESPOIR cohort
who were included in the study.
ESPOIR cohort
(n=720)

Age, years, mean (SD)

48 (12)

Sex, female, n (%)

547 (76)

Duration of symptoms, days, median (IQR)

147 (124,25)

BMI, mean (SD) (n=718)

25 (4.6)

DAS28-ESR, mean (SD) (n=708)

5.1 (1.3)

IgM-RF positive, n (%) (n=711)

297 (41.8)

ACPA positive, n (%) (n=711)

273 (38.4)

IgM-RF negative and ACPA negative, n (%) (n=711)

356 (50.1)

SD, standard deviation; IQR, interquartile range; BMI, body mass index; IgM-RF, IgM
rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibodies
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Table 2: Clinical performance for the diagnosis of RA according to 2010 criteria.
ACPA

RF

Anti-CarP

RF or

Any two

All three

ACPA

Sensitivity (95%

50%

52.7%

34%

60.5%

49.4%

17.6%

CI)

(46.1 –

(48.7 –

(30.3 –

(56.5 –

(45.4 –

(14.7 –

54)

56.6)

37.8)

64.3)

53.3)

20.8)

91%

98%

95%

88.9%

98.4%

100%

(80.4 –

(91.5 –

(86.7 - 99)

(78.4 -

(91.5 –

(94.3 –

96.4)

99.9)

95.4)

99.9)

100)

5.26

33.18

7.14

5.44

31.1

NE

(2.45 –

(4.7 –

(2.35 –

(2.7 – 11)

(4.4 –

11.3)

232.2)

21.7)

0.55

0.48

0.69

0.44

0.51

0.82

(0.49 –

(0.44 –

(0.64 –

(0.39 –

(0.47 –

(0.79 –

0.62)

0.53)

0.75)

0.51)

0.56)

0.85)

9.5

69

10.3

12.2

60.4

NE

Specificity

Likelihood ratio +

Likelihood ratio -

Odds ratio
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(4 – 27)

(11.7 –

(3.3 – 51.9)

2776)

CI=confidence interval, NE=not evaluable
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(5.4 – 32.2)

(10.3 –
2433)
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Figure legends

Figure 1: Distribution of anti-CarP antibodies as measured by ELISA in the
early arthritis ESPOIR cohort (n=711). (A)(B) Anti-CarP-FCS antibody distribution
according to the presence of anti-citrullinated peptide antibodies (ACPA) or
rheumatoid factor (RF), respectively. Percentages (%) of patients in each subset are
shown in brackets. (C)(D) Contingency histogram showing the odds of being antiCarP+ when presenting with ACPA or RF, respectively. (E) Distribution of
seropositivity RF, ACPA and anti-CarP. Each circle represents a different
autoantibody, and numbers represent the percentage of subjects that were positive
for the autoantibody.
FR, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibodies; CarP, anticarbamylated protein antibodies.

Figure 2: Baseline clinical and biological profiles of anti-CarP+ patients in the
ESPOIR cohort. (A) Activity of RA at baseline as assessed by DAS28-ESR
according to the anti-CarP antibody status (unpaired t-test). (B) Risk of being in a
low-value DAS28-ESR or a high-value DAS-28-ESR according to the anti-CarP
antibody status (Fisher’s exact test). (C) Correlation between the DAS28-ESR at
baseline and the level of anti-CarP antibody (Pearson test). (D) Activity of RA
assessed by the DAS28-ESR at baseline according to a multiparameter antibody
status (RF/ACPA/anti-CarP) (ANOVA). (E) Risk of having a high ESR (>10 mm)
based on the anti-CarP antibody status (Fisher’s exact test). (F) Risk of having a
positive CRP (>5 mg/l) according to the anti-CarP antibody status (Fisher’s exact
test). A value of p<0.05 was considered significant. *<0.05, **<0.01, ***<0.001
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ESR, erythrocyte sedimentation rate; FR, rheumatoid factor; ACPA, anti-cyclic
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citrullinated peptide antibodies; CarP, anti-carbamylated protein antibodies, AU,
arbitrary Unit.

Figure 3: Evolution of early arthritis based on anti-CarP antibody levels among
patients from the ESPOIR cohort. (A) DAS28-ESR evolution between M0 and M96
in anti-CarP+ and anti-CarP- populations (unpaired t-test). (B) Activity of RA
assessed by the DAS28-ESR at M36 according to the multiparameter antibody status
(RF/ACPA/anti-CarP) (ANOVA). (C) Activity of RA assessed by the DAS28-ESR at
M96 according to the multiparameter antibody status (RF/ACPA/anti-CarP)
(ANOVA). (D) Risk of having an erosive form of the disease at M96 according to the
anti-CarP antibody status (Fisher’s exact test). (E) Sharp score comparison at M0
and M36 in anti-CarP+ and anti-CarP- patients (unpaired t-test). The white and black
bars show anti-CarP- and anti-CarP+, respectively. (F) Anti-CarP antibody level (AU)
in erosive and non-erosive forms of arthritis at M96 (unpaired t-test). (G) Radiological
evolution of the disease as assessed by the Sharp score at M36 according to the
multiparameter antibody status (RF/ACPA/anti-CarP) (ANOVA). A value of p<0.05
was considered significant. *<0.05, **<0.01, ***<0.001
ESR, erythrocyte sedimentation rate; FR, rheumatoid factor; ACPA, anti-cyclic
citrullinated peptide antibodies; CarP, anti-carbamylated protein antibodies, AU,
arbitrary Unit.

Figure 4: Therapeutic intervention based on the anti-CarP status. (A) The
likelihood of being treated with DMARD during the 8-year follow-up according to the
anti-CarP status at baseline (Fisher’s exact test). (B) Likelihood of being treated with
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a biological agent during the 8-year follow-up according to the anti-CarP status at
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baseline (Fisher’s exact test). (C) Likelihood of being treated with a biological agent
as a first line therapeutic during the 8-year follow-up according to patients' anti-CarP
levels at baseline (Fisher’s exact test). (D) Anti-CarP antibody level (AU) in patients
who received at least one biological agent during the 8-year follow-up (unpaired ttest). A value of p<0.05 was considered significant. *<0.05, **<0.01
ESR, erythrocyte sedimentation rate; FR, rheumatoid factor; ACPA, anti-cyclic
citrullinated peptide antibodies; CarP, anti-carbamylated protein antibodies, AU,
arbitrary Unit.
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