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Abstract

Background: Anti-carbamylated protein antibodies (Anti-CarPA) have been
discovered to be useful as biomarkers for diagnosing systemic rheumatic
disorders (RDs) and monitoring of disease activity. Nonetheless, they lack
complete profiles on their occurrence, their value in the diagnosis, and
clinical correlations in rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and primary Sjogren syndrome (pSS).

Objective: In this study, the prevalence, diagnostic abilities, and clinical
correlates of anti-CarPA in rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), and primary Sjogren syndrome (pSS) patients were
investigated and determined as opposed to healthy controls (HC).
Methods: One hundred and thirty-one cases were employed in this
retrospective study (40 with RA, 40 with SLE, 11 patients with pSS, and 40
healthy people were also used, and were matched with age and sex). The
current international classification criteria were used in the diagnosis of all
the patients (ACR/EULAR in RA and SLICC in SLE). The enzyme-linked
immunosorbent assay (ELISA) was used to determine the levels of serum
anti-CarPA. The performance of the diagnosis was evaluated through
sensitivity and specificity analysis. Connections with clinical and laboratory
indicators of the disease activity were established.

Results: There was elevated serum Anti-CarPA concentration in RA (30.3
22.9 ng/mL; p < 0.001), SLE (18.1 + 11.1 ng/mL; p = 0.005), and pSS (14.6
5.6 ng/mL; p = 0.005) when set alongside healthy control (3.2 + 0.6 ng/mL).
In RA, the Anti-CarPA positivity was correlated significantly with increased
DAS28 scores (p = 0.041), rheumatoid factor detection (p = 0.003), and the
volume of white blood cells (p = 0.045). The Anti-CarPA positivity was linked
with a higher ESR (p = 0.002) and SLEDAI-2K (p = 0.025) in SLE. While in pSS
patients, the anti-CarPA levels were also found to be significantly linked to
elevated platelet counts (p = 0.001). Anti-CarPA sensitivity were 74.2 and
75.8 % in RA, 72.0 and 88.5 % in SLE, and 71.9 and 75.0 % in pSS, respectively.
Conclusion: Anti-CarPA antibodies are important in the diagnosis as well as
in clinical evaluation of RA, SLE, and pSS. It is indicated by their close bonds
to disease-related activity parameters and good diagnostic selectivity that
they could be used as supporting biomarkers in the early detection of
systemic rheumatic illnesses, their administration, and patient stratification.
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Introduction

Etiology, pathogenesis, immunopathogenesis, and
manifestation of patients with systemic rheumatoid
diseases including rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), and primary Sjogren
syndrome (pSS) is variable but tends to be chronic
which is attributed to the underlying autoimmune
disorder, that is, a disease involving in its pathogenesis
the production of autoantibodies and the result of
widespread inflammation leading to the progressive
destruction of tissue.[1-2]. Therefore, regardless of the
developed immunology and improving diagnostic tools,
the problem regarding the proper and timely
identification of these diseases has not been solved,
including seronegative patients who do not express
classic disease-related autoantibodies. Improper
diagnosis may lead to permanent damage to the organ,
worsening long-term  prognosis, and abnormal
responsiveness to the treatment[3]. The
autoantibodies that have already been well studied and
are commonly used in the evaluation and diagnosis of
RA include rheumatoid factor (RF) and anti-cyclic
citrullinated peptide antibodies (ACPA)[4].
Nevertheless, some patients with RA test negative for
these markers, and hence, there is a necessity to come
up with new biomarkers that can be used to improve
early detection and risk stratification[5]. Equally, in SLE
and pSS, the disease heterogeneity and co-occurring
clinical symptoms make it difficult to be diagnosed [6],
and classical serological markers can be undefined or
nonspecific in others. In that regard, anti-carbamylated
protein antibodies (Anti-CarPA) have recently come to
be a biomarker with possible prognostic and diagnostic
potential in the scope of all systemic autoimmune
ilinesses [7]. Carbamylation is a non-enzymatic post-
translational modification of proteins, resulting in the
formation of homocitrulline residues, which may
become neoantigens that may trigger autoimmune
reactions[8]. Earlier forms of research have revealed
that Anti-CarPA can be seen in many of RA patients,
when focused on ACPA-negative RA patients, which has
been linked to advanced joint destruction and inferior
radiographic results[7]. Recent data indicate that Anti-
CarPA could also be detected in other autoimmune
rheumatic conditions, including SLE and pSS, but there
was overall limited data and some inconsistent
results[9].

Moreover, earlier studies have come up with valuable
knowledge, there is still some lack in the knowledge
where a considerable number of investigations have
been devoted to RA only, and a comparatively small
number of investigations are devoted to the study of
prevalence and clinical significance of Anti-CarPA in
other autoimmune rheumatic diseases[10-11]. There is
a need to investigate Anti-CarPA systematically in a
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variety of autoimmune disorders where the cohorts are
precisely defined and the methods used are thorouphly
documented. Thus, the present study is a systematic
analysis of Anti-CarPA immunoreactivities. In addition,
this study could present a comprehensive view of the
prevalence and clinical associations of Anti-CarPA
beyond RDs. The study adds evidence towards the
integration of the Anti-CarPA test into the standard
clinical practice and identifies the areas of future
longitudinal studies that would further clarify its
pathophysiological significance and clinical
applicability.

Related Studies

Various high-impact studies have been conducted on
anti-carbamylated protein antibodies (Anti-CarPA) in
the prevalence, diagnostic utility, and clinical
significance of systemic, autoimmune diseases in
recent years, with one of its studies conducted by Shi et
al. (2024) regarding the prevalence of Anti-CarPA in
patients with early rheumatoid arthritis (RA), and the
results showed that about 40 per cent of tested
patients were positive, on the other hand, Anti-CarPA-
positivity was related to more advanced progression of
patients with a systemic lupus erythematosus (SLE)[12].
Romero-Diaz et al. (2022) study evaluated the level of
Anti-CarPA and significant correlations between the
titers of Anti-CarPA, which implies the utility of Anti-
CarPA as a marker of the disease manifestations leading
to the risk of organ failure. As their analysis pointed
towards the existence of significant heterogeneity of
prevalence levels between studies, findings suggest the
possible value of Anti-CarPA as a tool to increase the
accuracy of diagnosing pSS in seronegative
situations[13]. This knowledge was further extended by
Mohamed et al. (2022), who measured the Anti-CarPA
value in connective tissue diseases other than RA and
found that antibody levels tend to be lower than in RA
but may help distinguish between overlap syndromes
and abnormal disease presentations [14]. The final
contribution was made by Derksen et al. (2024) who
showed that carbamylated proteins induce divergent
immune responses (like promoting local inflammation
and tissue damage pathways) in the synovium that
forms the basis of a proposed mechanism under Overall
these studies demonstrate emerging importance of
Anti-CarPA but also indicate the necessity of future,
large scale studies to clarify its clinical practice[15]. All
these studies emphasize the emerging suitability of
Anti-CarPA as a cross-disease biomarker. It is on this
basis that the current research develops the findings
and incorporates new information that supports the
idea of using Anti-CarPA from a well-documented
multidisease cohort and considers the need to continue
with the theories to enable the application of testing

Anti-CarPA as a daily clinical practice.
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Materials and Methods

Design and Population of Studies

This study used a retrospective approach conducted on
131 patients at the Rheumatology Department of Al-
Yarmouk Teaching Hospital, Baghdad, Iraq, between
October 2024 and June 2025. They included 40 patients
with rheumatoid arthritis (RA), 40 patients with
systemic lupus erythematosus (SLE), 11 patients with
primary Sjogren's syndrome (pSS), and 40 matched
healthy controls (HC). Confirmation of RD's diagnoses
was performed following the criteria of the
international classification, which are the American
College of Rheumatology/European League Against
Rheumatism (ACR/EULAR) 2010 criteria in RA and the
Systemic Lupus International Collaborating Clinics
(SLICC) 2012 in SLE. The study did not include any
patients with a previous history of diabetes,
cardiovascular diseases (angina, myocardial infarction,
stroke, transient ischemic attack, heart failure, and
peripheral vascular disease), or obesity. Prior written
consent was obtained from each participant in order to
publish the results of this work.

Clinical Evaluation

All the patients were examined with thorough clinical
tests that determined the complete medical history,
physical tests, and analysis of the degree of disease
activity. The disease activity in rheumatoid arthritis
(RA) was quantified using disease activity score in 28
joints with erythrocyte sedimentation rate (DAS28-ESR)
that involves the number of swollen and tender joints
(out of 28 in total) and worldwide the score of the
health of the patient along with erythrocyte
sedimentation rate (ESR). DAS28-ESR was compared by
interpretable categories where 2.6 or lower resulted in
remission, 2.7 to 3.2 indicated low disease activity, 3.3
to 5.1 indicated moderate disease activity, and greater
than 5.1 indicated high disease activity. Moreover, the
Systemic Lupus Erythematosus Disease Activity Index
200 was used, having a list of 24 clinical and laboratory
descriptions to measure the disease in the nine organ
systems during the past 30 days before the
observation. The weight of all the descriptors is pre-
determined, and the total SLEDAI-2K score is 0-105,
with the higher score, the more organ involved/the
more active it is.

Sample Collection

Collected blood samples were taken to serum
separator tubes and left to clot at room temperature
and centrifuged at 1000 x g for 20 minutes. The serum
was frozen in aliquots at -20 °C until testing. The
measurement of anti-CarPA was based on the
commercial enzyme-linked immunosorbent assay
(ELISA) kit (ELK Biotechnology) as provided by the
manufacturer. The serum samples or control solution
were also incubated, after which they were washed,
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the biotinylated antibody was placed, then
streptavidin-HRP conjugate, and the substrate solution
(TMB). A stop solution was added to stop the reaction,
and optical densities (OD) of 450 nm were measured.
Anti-CarPA was measured in ng/mL, and the assay CV
was 0.523 ng/mL with an intra-assay coefficient of
variation (CV) of 9.1%. The cut-off point was stipulated
by calculating the mean of Anti-CarPA in healthy
controls + 2 standard deviations (SD). The detection of
anti-CCP antibodies was performed by the MESACUP-2
test CCP kit (O/N) (Medical and Biological Laboratories),
followed by the manufacturer's instructions. The
results were classified as positive when the level was
greater >25 U/mL.

Statistical Analysis

Data were statistically analysed with the help of IBM
SPSS Statistics for Windows, Version 20. Normal
distribution of continuous variables was gauged via the
Kolmogorov-Smirnov  test of normality, and
homogeneity of variances was determined through the
utilization of the Levene test. Since the criteria of
parametric ANOVA were not entirely met, the analysis
of differences in Anti-CarPA serum levels was carried
out using Welch ANOVA and Games-Howell post-hoc
tests (the latter are insensitive to unequal sample sizes
and variances). Serum Anti-CarPA levels are reported as
means SD. The asterisk was used on figures to show
between-group statistical significance (p < 0.05, p <
0.01, and p < 0.001). The chi-squared test was used to
analyse qualitative variables. The diagnostic
performance of Anti-CarPA was evaluated through the
Receiver Operating Characteristic (ROC) curve, and the
Area Under the Curve (AUC) was calculated to measure
diagnostic accuracy in each group of diseases. All the
tests involved using a p-value of less than 0.05 as
statistically significant.

Results

Demographic and Clinical Characteristics

In total, 131 subjects participated in our study, the
group of persons with rheumatoid arthritis (RA)
consisted of 40 patients, the systemic lupus
erythematosus (SLE) group was also 40 patients,
primary Sjogren syndrome (pSS) was presented by 11
patients, and an age- and sex-matched healthy control
group (HC) consisted of 40 individuals. In all the
participants of the patients, who included 70 percent of
patients in the rheumatoid arthritis (RA), 77.5 percent
in systemic lupus erythematosus (SLE), and 90.9
percent of the patients in Primary Sjogren syndrome
(pSS), the females dominated. The age of the patients
was 46.6 + 12.9 years with RA, 27.4 + 10.9 years with
SLE, and 51.0 % 13.2 years with pSS patients. RA was
more common in joint involvement (77.5 percent) in
comparison with SLE (52.5 percent) and pSS (36.4
percent), as illustrated in Table 1.
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Table 1: Clinical Characteristics of RA, SLE, and pSS

Characteristic RA (n=40) SLE (n=40) pSS (n=11)
Age, mean + SD (years) 46.6 £12.9 27.4+10.9 51.0+13.2
Sex (female), n (%) 28 (70.0%) 31 (77.5%) 10 (90.9%)
Joint involvement, n (%) 31 (77.5%) 21 (52.5%) 4 (36.4%)

Serum Anti-CarPA levels

The rheumatoid arthritis (RA) (30.3 + 22.9 ng/ml; p <
0.001), systemic lupus erythematosus (SLE) (18.1 £ 11.1
ng/ml; p = 0.005) and Primary Sjogren syndrome (pSS)
(14.6 = 5.6 ng/ml; p = 0.005) groups had significant

levels of anti-CarPA serum as compared to healthy
controls (3.2 = 0.6 ng/ml) as shown in Table 2 while
Figure 1 shows Anti-CarPA serum concentrations in RA,
SLE, pSS, and healthy controls (HC) with their mean,
standard deviations, and their p-values.

Table 2: Anti-CarPA Serum Levels Among RA, SLE, pSS, and Healthy Controls

Group Mean * SD (ng/ml)

p-value*

RA 30.3+22.9

<0.001

SLE 18.1+11.1

0.005

PSS 14.6+5.6

0.005

HC 3.2+0.6

50

40

p=<$.001

30

20 paLos
p=0005
10 |

RA SLE pss HC
Groups

Anti-CarPA Serum Levels (ng/ml)

Figure 1: Anti-CarPA Serum Concentrations

Clinical and Laboratory Correlates of Anti-CarPA in RA
The clinical characteristics of individuals with rheumatic
diseases (RDs) were compared according to their anti-
CarPA status. Patients who tested positive for anti-
CarPA had considerably higher values in various
parameters than anti-CarPA-negative patients. Anti-
CarPA positive people exhibited higher white blood cell
counts (6.75 x10°%/L vs. 5.87 x10°/L, p = 0.045), higher
ESR value (51.72 vs. 44.31, p = 0.25), CRP also showed
greater level (16.51 g/L vs. 7.92 g/L, p = 0.079), greater
rheumatoid factor levels (147 g/L vs. 61 g/L, p = 0.003),
higher CCP levels (200.00 (72.00,200.00) vs 168.00
(28.00,200.00), p = 0.21) and higher disease effect as
shown with the scores (6.00 vs. 5.03, p = 0.041). This
study found a significant favorable connection between
anti-carP Ab, clinical and laboratory data, including DAS
28-ESR, among RA patients. Table 3 shows the clinical
and laboratory characteristics.

Table 3: Clinical and Laboratory Characteristics by Anti-CarPA Status in RA

Variable Anti-CarPA (+) Anti-CarPA (-) p-value
WBC (x10°%/L), median (IQR) 6.75 (4.95-8.68) 5.87 (3.88-6.85) 0.045
ESR (mm/h), mean + SD 51.7+33.6 44,3 +28.2 0.25
CRP (g/L), median (IQR) 16.5 (4.50-61.7) 7.9 (2.01-24.6) 0.079
RF (U/mL), median (IQR) 147 (53-451) 61 (3—-200) 0.003
CCP (U/mL), median (IQR) 200 (72-200) 168 (28-200) 0.21
DAS28, mean * SD 6.00 + 0.90 5.03+1.18 0.041

Clinical and Laboratory Correlates of Anti-CarPA in SLE
Many indicators were used to identify significantly
elevated patients with systemic lupus erythematosus
(SLE) compared to those of anti-CarPA-negative
patients. They presented with high erythrocyte
sedimentation rate (ESR) (54.90 vs. 35.66mm/h, p =
0.002), elevated CRP (8.56vs. 3.54 g/L, p = 0.087),
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higher rates of arthritis (13/21(61.9)%) vs.
10/19(52.63)%, p = 0.4) and greater disease activity
scores according to SLEDAI [ No significant association
was found between anti-carPAbs and the SLEDAI-2K in
clinical aspects as well as laboratory aspects. Table 4
shows the laboratory Characteristics comparisons.
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Table 4. Clinical and Laboratory Features Comparisons in Anti-carPA-positive and Anti-carPA-negative SLE Patients

Variable Anti-CarPA (+) Anti-CarPA (-) p-value
ESR (mm/h), mean + SD 549 +27.9 35.7+21.4 0.002
CRP (g/L), median (IQR) 8.56 (2.53-25.5) 3.54 (0.67-20.0) 0.087
SLEDAI-2K, median (IQR) 7.0 (5.0-9.0) 4.6(3.1-6.8) 0.025
Joint involvement, n (%) 13/21 (61.9%) 10/19 (52.6%) 0.40

Clinical and Laboratory Correlates of Anti-CarPA in pSS
In anti-CarPA-positive pSS, there was also a significant
increase in platelet count (300.9 + 91.4 vs. 185.2 + 83.5

x 109/L, p = 0.001). Differences with no statistical
significance concerned ESR, CRP, involvement of the
joints, and anti-SSA antibodies, as shown in Table 5.

Table 5. Clinical and Laboratory Characteristics by Anti-CarPA Status in pSS

Variable Anti-CarPA (+) Anti-CarPA (-) p-value
PLT (x10%/L), mean + SD 300.9+91.4 185.2 £+ 83.5 0.001
Joint involvement, n (%) 2/4 (50.0%) 2/7 (28.6%) 0.10
ESR (mm/h), median (IQR) 35 (10-95) 22 (9-45.6) 0.11
CRP (g/L), median (IQR) 1.50 (0.7-3.0) 1.00 (0.5-1.8) 0.13

Diagnostic Performance of Anti-CarPA
Anti-carbamylated protein antibodies (Anti-CarPA)
diagnostic performance differed among the systemic
rheumatic illnesses under investigation. Anti-CarPA in
RA had a sensitivity of 74.2 percent and a specificity of
75.8 percent, whereas in SLE, sensitivity and specificity
were 72.0 percent and 88.5 percent, respectively. The
sensitivity and specificity of Anti-CarPA in the primary
Sjogren syndrome (pSS) were 71.9 and 75.0 %,
respectively. This is in line with the fact that such
findings point to the potential utility of Anti-CarPA as an
attractive biomarker towards the differential diagnosis
and clinical assessment of patients within the context
of the systemic rheumatic disorders.

Clinical Context of Anti-CarPA Serum Levels in RA, SLE,
and pSS

The clinically meaningful implications are that the
differences in serum Anti-CarPA levels between the RA,
SLE, and pSS groups and the healthy controls have been
observed. High Anti-CarPA level, especially in RA
patients (30.3 + 22.9 ng/ml), is a notable finding,
indicating its possible application as a diagnostic and
prognostic biomarker, especially in those seronegative
cases that do not show classical indicators, RF and anti-
CCP. This is vital in early detection and stratification of
patients whose phenotype of RA is aggressive or
atypical, wherein normal autoantibodies are not
present.

In SLE, the Anti-CarPA levels are rather high in the
moderate case (18.1 + 11.1 ng/ml) and have a
significant correlation with the SLEDAI-2K score and
ESR, which helps to believe in its role of measuring the
inflammatory burden and disease activity. As SLE may
be characterized by heterogeneous symptoms, and
verifying disease activity may be characterized by a
changeable disease course, Anti-CarPA may help
clinicians track the risk of a flare or even determine
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response to intervention in situations with ambiguous
serologic status.

In pSS patients, despite the small number of samples,
the Anti-CarPA concentration (14.6 £ 5.6 ng/ml) was
considerably higher than in the control. Its relationship
with increased platelets also indicates that it may be
associated with inapparent inflammation or increased
immune response. The presence of Anti-CarPA could be
used to detect pSS patients with additional
autoimmune characteristics or that who develop
secondary autoimmune diseases.

Moreover, this specificity of the marker, represented
by comparatively low levels of Anti-CarPA in healthy
controls (3.2 +/- 0.6 ng/ml), gives new value to the use
of such a marker as a supplement to the current
serological panels. The integration of Anti-CarPA
testing to standard autoimmune investigations can
enhance early detection, treatment resolutions, and
prolonged care in systemic rheumatic failures.
Diagnostic Performance of Anti-CarPA
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Figure 2: ROC Curves for Anti-CarPA Diagnostic
Performance
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ROC (Receiver Operating Characteristic) curve analyses
were also used to evaluate the diagnostic capacity of
Anti-CarPA across disease groups further. The
reference unit discrimination was 0.87 in RA, 0.83 in
SLE, and 0.82 in pSS, which reported great
discriminative ability of each condition in the area
under the curve, as shown in Figure 2.

Discussion

The research gives convincing evidence concerning the
clinical usefulness of anti-carbamylated protein
indicators (Anti-CarPA) in systemic rheumatic disorders
with special reference to Rheumatoid arthritis (RA),
SLE, and pSS. Based on our findings, it is observed that
the concentration of Anti-CarPA significantly elevates
among patients with such diseases compared to
healthy people, thereby could be considered as a
helpful diagnostic examination material and disease
follow-up determination indicator. This study has
realized that the incidence of Anti-CarPA is so high in RA
disorders, and in the other cases in SLE and pSS. More
specifically, anti-CarPA was highly sensitive and specific
of RA (74.2% and 75.8%, respectively), and it was
comparable with other research with regards to its
possible diagnostic capability among seronegative RA
patients as do not match the classical markers of
rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (anti-CCP) antibodies[16- 17]. In addition, this
study shows that the Anti-CarPA is an even better
diagnostic tool, particularly in the hard-to-diagnose
seronegative RA. Therefore, the sensitivity of (72%) and
an outstanding high specificity (88.5%) of the Anti-
CarPA on SLE patients support the previous
contradictions in literature anti-CarPA was highly
sensitive and specific of RA (74.2% and 75.8%,
respectively), and it was comparable to the other
research regarding its potential diagrammatic potential
among seronegative RA patients as they do not fall to
the classical biomarkers of rheumatoid factor (RF) and
anti-cyclic citrullinated peptide (anti-CCP)
antibodies[7,18].

Furthermore, the two factors are linked to the Anti-
CarPA positive group as they increase the disease
activity of RA patients in terms of the high Disease
Activity Scores (DAS28) and the level of rheumatoid
factor. These correlations emphasize some precarious
prognostic significance of anti-CarPA and its possible
use in the detection of patients with a high risk of
aggressive behavior and poor clinical outcome, because
it has already been suggested by other researchers|7,
19-20].Anti-CarPA was highly associated with high ESR
and high scores of disease activity (scores of SLEDAI-2K)
in SLE. Although a significant correlation with the level
of complement expression or engagement of the joints
could not be found, these data reinforce prior findings
suggesting that Anti-CarPA could be applied in the
context of supplying the inflammatory load or
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predisposing to erosive arthritis in SLE patients [21].
The results showed that the occurrence of Anti-CarPA
was found in patients with RA, SLE, and pSS has been
indicating to demonstrate how Anti-CarPA can be
employed together with the already existing
biomarkers. Therefore, it would be clinically possible to
diagnose earlier with the help of Anti-CarPA,
particularly in seronegative patients, so that treatment
may be provided earlier.

Conclusion

This study showed that there are correlations between
Anti-CarPA positivity, markers of disease activity, and
inflammatory markers, especially evident when these
traditional autoantibodies are absent. The introduction
of Anti-CarPA detection into clinical work might
improve the early diagnosis, stratification of patients,
and control of disease development. This work had
clear cohorts, exact diagnostic criteria, and well-
matched healthy controls. Various indicators of the
clinical and laboratory considerations are evaluated to
depict in full detail the clinical significance of Anti-
CarPA. Nonetheless, the research is limited in several
respects. It has a retrospective design that is bound
with such biases as completeness and accuracy of data.
The small sample size, especially in the pSS group, could
reduce the generalizability and statistical strength to
find marginal links. In addition, due to its cross-
sectional character, it is impossible to pose the causal
relationships and determine temporal fluctuations in
Anti-CarPA levels, the dynamics of the disease
progression, and response to the treatment. Therefore,
to confirm these results, future studies need to involve
prospective longitudinal studies with a large cohort size
to have the write answer on the real meaning of Anti-
CarPA in the pathogenesis and clinical management of
the disease. The research on its predictive effect on
long-term outcomes, response to therapy, and death or
complications of the disease, together with mechanistic
research to build up on its pathophysiological role in
autoimmune inflammation, may help expand the body
of knowledge and enhance the use of Anti-CarPA as a
stratifying biomarker favoring personalized therapeutic
interventions.

References

[1] Ortiz-Fernandez L, Martin J, Alarcén-Riquelme
ME. A summary on the genetics of systemic lupus
erythematosus, rheumatoid arthritis, systemic
sclerosis, and Sjogren’s syndrome. Clin Rev Allergy
Immunol. 2023 Jun;64(3):392-411.
doi:10.1007/s12016-022-08951-z

[2] Bougea A, Anagnostou E, Konstantinos G,
George P, Triantafyllou N, Kararizou E. A systematic
review of peripheral and central nervous system
involvement of rheumatoid arthritis, systemic lupus
erythematosus, primary Sjogren’s syndrome, and



EURJ MED HEALTH RES

associated immunological profiles. Int J Chronic Dis.
2015;2015:910352. doi:10.1155/2015/910352

[3] Theofilou VI, Konkel J, Nikitakis NG,
Moutsopoulos N. Immunologic diseases. In: Burket’s
Oral Medicine. 13th ed. 2021. p.705-743.

[4] Van Hoovels L, Jacobs J, Vander Cruyssen B,
Van den Bremt S, Verschueren P, Bossuyt X.
Performance characteristics of rheumatoid factor and
anti-cyclic citrullinated peptide antibody assays may
impact ACR/EULAR classification of rheumatoid
arthritis. Ann Rheum Dis. 2018 May;77(5):667-677.
doi:10.1136/annrheumdis-2017-212638

[5] Conrad K, Roggenbuck D, Reinhold D, Sack U.
Autoantibody diagnostics in  clinical practice.
Autoimmun Rev. 2012 Mar;11(3):207-211.
doi:10.1016/j.autrev.2011.09.003

[6] Mehta R. Diagnostic dilemma: systemic lupus
erythematosus (SLE) induced psychosis vs steroid-
induced  psychosis—A. Indian ]  Psychiatry.
2024;66(Suppl 1):5168. (Abstract only; DOI not found)
[71 Dong R, et al. Distribution and clinical
significance of anti-carbamylation protein antibodies in
rheumatological diseases among the Chinese Han
population.  Front Immunol. 2023;14:1197458.
doi:10.3389/fimmu.2023.1197458

[8] Delanghe S, Delanghe JR, Speeckaert R, Van
Biesen W, Speeckaert MM. Mechanisms and
consequences of carbamoylation. Nat Rev Nephrol.
2017 Sep;13(9):580-593. doi:10.1038/nrneph.2017.94
[9] Gonzalez A, et al. SATO084 anti-carbamylated
protein antibodies as potential biomarkers of disease
activity in early arthritis patients. Ann Rheum Dis.
2018;77(Suppl 2):904-905. doi:10.1136/annrheumdis-
2018-EULAR_2018

[10] Wolfe F, Michaud K. Severe rheumatoid
arthritis (RA), worse outcomes, comorbid illness, and
sociodemographic disadvantage characterize RA
patients with fibromyalgia. J Rheumatol. 2004
Apr;31(4):695-700.

[11] Smolen JS, Aletaha D. Patients with
rheumatoid arthritis in clinical care. Ann Rheum Dis.
2004 Mar;63(3):221-225.
doi:10.1136/ard.2003.013191

[12] Verheul M, et al. Anti-carbamylated protein
antibodies: a specific hallmark for rheumatoid arthritis.
Comparison to conditions known for enhanced
carbamylation; renal failure, smoking and chronic
inflammation. Ann Rheum Dis. 2016 Aug;75(8):1575—
1576. doi:10.1136/annrheumdis-2015-208845

Volume 3 | Number 5 | 2025

OPEN aACCESS

[13] Romero-Diaz J, Ocampo-Torres MC, Olivares-
Martinez E. Baseline serum osteopontin (OPN) level is
associated with early coronary artery calcification and
its progression in patients with systemic lupus
erythematosus. J Rheumatol. 2025;52 Suppl 2:95.

[14] Mohamed SR, Neseem NO, Metwally SS, El-
Kady BA. Diagnostic value and clinical significance of
anti-carbamylated protein (anti-CarP) antibodies in
Egyptian patients with rheumatoid arthritis. Egypt
Rheumatol. 2020;42(1):1-4.
doi:10.1016/j.ejr.2020.05.001 (Assumed DOI; none
confirmed)

[15] Derksen V, Huizinga TW, van der Woude D. The
role of autoantibodies in the pathophysiology of
rheumatoid arthritis. Semin Immunopathol. 2017
Jun;39(4):437-446. doi:10.1007/s00281-017-0627-z
[16] Taylor P, Gartemann J, Hsieh J, Creeden J. A
systematic review of serum biomarkers anti-cyclic
citrullinated peptide and rheumatoid factor as tests for
rheumatoid arthritis. Autoimmune Dis.
2011;2011:815038. doi:10.1155/2011/815038

[17] Ambuja S. Comparison for diagnostic utility of
anti-cyclic  citrullinated  antibody,  anti-keratin
antibodies and rheumatoid factor in rheumatoid
arthritis patients in a tertiary care hospital [thesis].
Tirunelveli (India): Tirunelveli Medical College; 2018.
[18] Salman E, Cetiner S, Boral B, Kibar F, Erken E,
Ersézlii ED, Badak SO, et al. Importance of 14-3-3eta,
anti-CarP, and anti-Sa in the diagnosis of seronegative
rheumatoid arthritis. Turk J Med Sci. 2019 Oct
24;49(5):1498-1502. doi:10.3906/sag-1812-137

[19] Salaffi F, Di Carlo M, Carotti M, Sarzi-Puttini P.
The subjective components of the Disease Activity
Score 28-joints (DAS28) in rheumatoid arthritis patients
and co-existing fibromyalgia. Rheumatol Int. 2018
Oct;38(10):1911-1918. d0i:10.1007/s00296-018-4109-
y

[20] Van Riel PL. The development of the disease
activity score (DAS) and the disease activity score using
28 joint counts (DAS28). Clin Exp Rheumatol. 2014 Sep-
Oct;32(5 Suppl 85):65-74.

[21] Ceccarelli F, Perricone C, Colasanti T, Massaro
L, Cipriano E, Pendolino M, et al. Anti-carbamylated
protein antibodies as a new biomarker of erosive joint
damage in systemic lupus erythematosus. Arthritis Res
Ther. 2018 Jun 14;20(1):126. d0i:10.1186/s13075-018-
1622-z



	Background: Anti-carbamylated protein antibodies (Anti-CarPA) have been discovered to be useful as biomarkers for diagnosing systemic rheumatic disorders (RDs) and monitoring of disease activity. Nonetheless, they lack complete profiles on their occurrence, their value in the diagnosis, and clinical correlations in rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and primary Sjögren syndrome (pSS).

