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Abstract
Background: Anti‑carbamylated protein  (anti‑CarP) antibodies are present in patients with 
Rheumatoid arthritis (RA) and may present before disease onset. Our aim is to investigate the 
diagnostic value of anti‑CarP antibody in Egyptian RA patients.
Methods: This  cross‑sectional study included 96 RA patients  (56  patients with early disease 
and 40  patients with established disease) and 60 healthy controls. Demographic and clinical 
data, smoking status, and disease activity score were recorded. Laboratory tests included 
erythrocyte sedimentation rate, C‑reactive protein, rheumatoid factor, anti‑citrullinated 
protein antibodies, and anti‑CarP antibody.
Results: Anti‑CarP antibody levels in RA patients were significantly higher than in 
controls  (8.80  ±  5.95  vs. 2.19  ±  1.01, P  <  0.0001). Out of 96 RA patients; 74 (77.1%) were 
positive for anti -CarP anti body including 47patients with early RA while only 5 subjects (8.3%) 
in control group were positive. Receiver‑operating characteristic curve study for diagnostic 
efficacy of anti‑CarP antibody in early RA diagnosis demonstrated a significant area under the 
curve, 0.950  (95% confidence interval, 0.912–0.987, P  <  0.0001) and yielded a sensitivity of 
85.4%, a specificity of 93.3%, a positive predictive value of 0.90, and a negative predictive 
value of 0.86.
Conclusion: Anti‑CarP antibody is a useful biomarker for early RA diagnosis.
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Introduction
Rheumatoid arthritis  (RA) is an inflammatory disorder 
presented by synovial inflammation.[1] In the 2010, 
ACR/EULAR criteria included anti -citrullinated protein 
antibodies (ACPA) and rheumatoid factor (RF) in RA 
diagnosis, hoping to raise the sensitivity of diagnosis in 
the early stages of RA at the expense of lower specificity 
but leaving one-third of RA patients as a seronegative 
which was called serological gap.[2,3] There has been 
strong impetus for discover serological biomarkers-further 
improve the early diagnosis of RA. During the last few 
years, numerous autoantigens have been described, and 
recently, a third type of specific autoantibodies has been 
described which showed reactivity against carbamylated 

proteins (anti-CarP). They could be beneficial for diagnosis 
or follow-up of the patients.[4] The  anti-CarP antibodies 
were detected in RA patients regardless of the positivity 
of ACPA.[4,5] Anti‑CarP antibodies target proteins that are 
adapted through a posttranslational adaptation termed 
carbamylation  (carbamylation of lysine residues into 
homocitrulline by a nonenzymatic process).[6] Anti‑CarP 
antibodies have been recognized in RA and were related 
to disease activity in ACPA‑negative patients.[3] The 
anti‑CarP antibodies were linked with the HLA‑DRB1*03 
allele while in patients with ACPA‑positive RA had no 
such link.[7] The anti‑CarP antibodies potentially have an 
etiological part in the RA development as they may have 
a link with radiological destruction of RA, regardless of 
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the ACPA status.[4,8] The anti‑CarP antibodies were found 
in healthy persons before clinical symptoms of RA,[9,10] and 
injection of carbamylated peptides experimentally in mice 
provoked destructive arthritis.[11] Anti‑CarP antibodies were 
linked to high mortality in RA patients.[12] These results 
supported the concept that anti‑CarP antibodies may have 
an important etiological impact and independent of other 
etiological biomarkers factors. Our objective was to assess 
the diagnostic utility of anti‑CarP antibody in Egyptian RA 
patients and to what degree it can decrease the serological 
gap.

Methods
This cross sectional included 96 RA patients whom 
satisfied the ACR/EULAR 2010 criteria,[13] with a mean 
age of 45.12  ±  7.28  years, and had 86  females and 
10  males patients. Gender and age matched 60 healthy 
controls  (52  females and 8  males with a mean age of 
44.59  ±  7.27  years were also studied. RA patients were 
56  patients with early RA  (12  months or less from the 
diagnosis of disease)[14] and 40  patients with established 
RA. The study was carried out on the Rheumatology 
and Immunology Outpatient Clinic, Mansoura University 
Hospital, Egypt between February 2017 and February 2018. 
Demographic and clinical data, smoking habits, and disease 
activity score in 28 joints were recorded. Serological 
markers included erythrocyte sedimentation rate  (ESR), 
C‑reactive protein  (CRP), RF  (IgM), and ACPA. Patients with 
chronic inflammatory diseases, chronic renal failure, and 
chronic liver disease were excluded from the study. 

Quantitative determination of anti‑carbamylated 
protein antibody
Four millimeters of venous blood were dispensed gently 
and serum was separated and divided into two aliquots. 
One was stored at −20°C for assay of serum anti‑CarP 
and ACPA while the other was used for immediate assay 
of alanine aminotransferase, aspartate aminotransferase, 
urea, creatinine, CRP, and RF. Quantification of anti‑CarP 
levels in the sera of all studied subjects was done according 
to the manufacturer’s instructions of the commercially 
obtainable human enzyme‑linked immunosorbent assay 
kit  (ELISA) for anti‑CarP  (Nanjing Pars Biochem CO., Ltd. 
China). The sensitivity by this assay was 0.1 U/ml. The 
cut‑off for positivity for anti‑CarP antibody (best sensitivity 
and specificity using receiver‑operating characteristic (ROC) 
curve  [Figure  1] in this study was 3.99 U/ml giving a 
sensitivity of 78.1% and specificity of 93.3%. Determination 
of ACPA by ELISA technique was done according to the 
manufacturer’s instructions of the commercially available 
human ELISA kit for ACPA  (ORGENTEC Diagnostika GmbH, 
Germany).

Statistical analysis
Statistical analysis was carried out using SPSS 
version  21.0  (SPSS Inc., Chicago, IL, USA). Numerical data 

were expressed as mean value  ±  standard deviation while 
categorical data presented as numbers and percentage. 
Clinical and serological data variances between groups 
were estimated by t‑test for normally distributed values. 
Spearman rank‑order correlation was carried out between 
variables. Correlations between categorical data were 
compared using Chi‑square analysis. ROC curves were used 
to assess the diagnostic utility of anti‑CarP antibody as 
assessed by the area under the curve  (AUC). Differences 
between groups were considered to be statistically 
significant when P < 0.05.

Ethical approval
The study was approved by the ethics committee of our 
institute. Informed written consent was obtained from all 
participants.

Results

Anti‑carbamylated protein antibody serum levels 
in rheumatoid arthritis patients and controls
Anti‑CarP antibody serum levels in RA patients were 
significantly higher than in control. Out of 96 RA patients; 
74 were positive for anti -CarP anti body including 
47patients with early RA while only 5 subjects in control 
group were positive. Demographic, clinical, and laboratory 
data are shown in Table 1.

Receiver‑operating characteristic curve study
ROC curve study for diagnostic efficacy of anti‑CarP 
antibody in RA diagnosis in RA patients and controls 
had established a significant  (P  <  0.0001) AUC of 0.928 
(95% confidence interval  [CI], 0.890–0.967)  [Figure  2]. At 
a cutoff of ≥3.99 U/ml, the ROC curve yielded a sensitivity 
of 78.1%, a specificity of 93.3%, a positive predictive 
value  (PPV) of 0.95, and a negative predictive value  (NPV) 
of 0.72  [Figure  2], while in diagnosis of early RA patients, 
ROC cure study had verified a significant  (P < 0.0001) AUC 
of 0.950 (95% CI, 0.912–0.987) [Figure 3] and at the cutoff 

Figure 1: Frequency of anti-CarP antibody in studied group
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level gave a sensitivity of 85.4%, a specificity of 93.3%, a 
PPV of 0.90, and an NPV of 0.86.

Evaluation of the additional diagnostic value of 
anti‑carbamylated protein antibody
In early RA  (56  patients), RF was positive in 
39  patients  (69.4%), and by joining anti‑CarP antibody 
with RF, the number of positive patients became 
52  patients  (92.8%), a 23.4% increase in seropositive 
patients. Hence, seropositive anti‑CarP antibody 
gave a great value in diagnosing RA when added to 
seropositive RF cases. Moreover, ACPA was positive in 
42  patients  (75%), and by adding anti‑CarP antibody to 
ACPA, the positive cases became 49  patients  (87.5%). the 
positive cases became 49 patients (87.5%) [17.5% increase 
in seropositive patients] [Table 2]. In seronegative ACPA 
patients (14  patients), anti‑CarP antibody was positive in 
five patients narrowing the serological gap by 8.9%. When 

Table 1: Demographic, clinical, and laboratory data of 
studied groups

Parameters RA patients 
group

Control 
group

P

Age (years) 45.17±7.28 44.60±7.34 0.811
Gender (female) (%) 89.8 86.7 0.142
BMI (kg/m2) 27.42±4.43 28.03±3.88 0.264
Disease duration 
(month)

40.00±34.56 ‑ ‑

Smokers, n (%) 5 (5.2) 4 (6.6) 0.746*
ESR (mm/h) 42.19±25.16 14.54±10.49 0.000
CRP (mg/dl) 20.72±25.73 3.25±1.95 0.000
DAS‑28 score 3.59±1.21 ‑ 0.000
Anti‑CarP (U/ml) 8.79±5.96 2.19±1.01 0.000
ACPA (U/ml) 149.06±177.52 3.85±1.39 0.000
RF (IU/ml) 59.07±48.93 13.74±11.88 0.000
*Chi‑square test. BMI: Body mass index, ESR: Erythrocyte 
sedimentation rate, CRP: C reactive protein, DAS: Disease activity 
score, Anti‑CarP: Anti‑carbamylated protein, ACPA: Anti‑citrullinated 
peptide antibody, RF: Rheumatoid factor, RA: Rheumatoid arthritis

Figure 2: ROC curve for diagnostic value of anti-CarP antibody for RA

including positive anti‑CarP antibody in RA diagnosis, 
89.2%  (50  patients) of our patients became seropositive 
versus 82.1%  (46  patients) with positive ACPA and RF 
antibodies. 

The pattern of serological markers in early RA diagnosis is 
shown in Table  3; anti‑CarP antibody was more sensitive 
but less specific than ACPA with high NPV; however, it 
was more sensitive and more specific than RF with high 
PPV and NPV. Moreover, in patients with negative ACPA; 
anti‑CarP antibody had low sensitivity, high specificity, high 
NPV, and low PPV, while in patients with negative RF, it 
had high sensitivity and high specificity values with high 
NPV and high PPV.

Discussion
Routinely available serological biomarkers are absent in 
one‑third of RA patients and even more in early disease. 
In early RA, 61.6% showed to be positive for ACPA.[15] Both 
sensitivity and specificity of the ACPA is significantly higher 
than the RF.[16] Recognizing patients at risk at a very early 
stage is extremely desirable in view of the irreversible 
joint injury and long‑lasting disability that can follow 
delayed diagnosis and treatment of RA.[17] In our study, we 
evaluated anti‑CarP antibody for early RA diagnosis and 
to what degree it could narrow the serological gap in RA 
diagnosis. We found that the serum levels of  anti-CarP 
antibody were significantly higher in RA patients compared 
with the controls and the patients with anti -CarP antibody 
positive serology were 74 (77.1%) in RA patients (including 
47 in early RA) while in healthy subjects were 5 subjects 
(8.3%). Similar results were also noted in a previous  
study in which anti‑CarP antibody positivity was seen 
in 40%–50%[18] and 44.9%[19] for RA patients. Likewise, 
44  (41.9%) RA patients were positive for anti‑CarP 
antibodies and 11  (22%) in the control group.[20] It has 
been noted that anti‑CarP antibodies can exist in healthy 
subjects many years earlier the onset of manifested 
RA.[8,9] In an another cohort, anti‑CarP antibodies were 

Figure 3: ROC curve for diagnostic value of anti-CarP antibody for early RA
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shown to predict the development of RA, independent 
of anti‑CCP antibodies.[21] In early ACPA‑seronegative 
RA 14 patients, anti‑CarP antibody was positive in five 
patients narrowing the serological gap by 8.9% with low 
sensitivity and high specificity values  [Table  3] in line with 
other study which reported higher positivity percent; 
10.4% in ACPA‑seronegative patients.[8] For all patients, 
adding anti‑CarP antibody for RA diagnosis increased the 
seropositivity from 82.1% to 89.2%. Other study evaluated 
anti‑CarP antibody in combination with other biomarkers 
in early arthritis, and it increased the sensitivity by 
only 2.2% in differentiating RA from other types of 
arthritis.[22] Regarding RA diagnosis, anti‑CarP antibody had 
high sensitivity  (76.5%), lower specificity, lower PPV, and 
higher NPV than ACPA  [Table  3] in agreement with others 
who stated that sensitivity of anti‑CarP antibodies for 
diagnosis of early and seronegative RA was 84%.[23] These 
data could be of great clinical influence in RA diagnosis in 
seronegative RA. Smoking has a great risk for RA, disease 
activity, and linked to various autoantibodies production 
in RA[24] specifically with ACPA.[25] In the present study, the 
majority of the patients were nonsmokers  (91  patients) 
while 74  patients were positive for anti‑CarP antibody 
implying no correlation between smoking as a risk 
factor for RA and the anti‑CarP antibody production 
which postulated a possible unique mechanism in RA 
pathogenesis rather than protein citrullination which 
is linked to smoking. In a previous study there was no  
evidence to support the hypothesis that smoking would 
induce anti‑CarP antibodies.[7] Hence, anti‑CarP antibody 
may have a role in RA pathogenesis mainly through 
immunological interaction with carbamylated proteins in 
the joint. 

Limitations of our study were as follows: first, it was a 
cross‑sectional study with relatively small number; second, 
it included patients already diagnosed and on specific 
treatment which may carry bias for seropositivity and 
negativity as a treatment effect. 

In our small cohort we found that Anti-CarP antibody is an 
useful biomarker in the diagnosis of RA especially in ACPA 
seronegative patients. A prospective large study on healthy 
subjects with positive  anti‑CarP antibody is required to 
evaluate the future prevalence of RA in these populations. 
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