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Abstract

Objective: Good biomarkers are important to guide decisions in the clinical management of rheu-
matoid arthritis (RA). RA patients harbor antibodies directed against carbamylated proteins which 
may predict joint damage. This study investigated whether antibodies against carbamylated pro-
teins (anti-CarP) may serve as surrogate prognostic markers.
Material and methods: Fifty-three patients with a diagnosis of rheumatoid arthritis according to 
ACR 1987 criteria were included. Blood samples were analyzed for CarP antibody levels using the 
ELISA method. Quality of life (QoL) was assessed by the WHO SF-36 questionnaire, and disease 
activity was assessed using the DAS28 calculator. Newly diagnosed patients were assessed at the 
first visit and at 12 weeks of treatment, while a single assessment was made for patients already 
on maintenance therapy.
Results: Out of 53 patients, 22 had titers of anti-CarP above the cut-off range and considered as 
positive for anti-CarP antibodies. Anti-CarP antibody serum level was significantly higher in patients 
with deformity of joints and with erosions in comparison to those without any destructive changes 
(p < 0.05). There was a weak positive correlation between anti-CarP and DAS 28 (p > 0.05). Also 
there was a weak negative correlation in all domains of quality of life with anti-CarP antibody titers 
(p > 0.05). There was no significant correlation between titers of anti-CarP antibodies and presence 
or absence of rheumatoid factor.
Conclusions: Serum levels of anti-CarP antibodies in RA patients with joint erosions/deformities 
were much higher than in those without any joint damage. Anti-CarP antibodies may have good 
prognostic value in RA patients with erosions. Disease activity and QoL of RA patients improved 
during treatment, but no correlation was found between DAS 28/QoL and anti-CarP antibody serum 
levels.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammato-
ry disease of not completely determined etiology. It is 
characterized by symmetric, peripheral polyarthritis 
with a variety of extra-articular manifestations [1]. The 
prevalence varies between 0.3% and 1% in developed 

countries [2]. Different cytokine patterns in the synovi-
um of patients with early arthritis [3] support the hypo-
thesis that early arthritis is characterized by different 
pathophysiology than in later stages. In clinical practice, 
a substantial majority of rheumatologists now adhere to 
a definition of early RA which limits the duration of the 
disease up to 6 months [4].
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Autoantibodies with the highest specificity for RA 
are directed against proteins containing citrulline epi-
topes. These antibodies were first described as anti- 
perinuclear factor antibodies (APF) [5]. High serum lev-
els of autoantibodies such as rheumatoid factor (RF) 
and anti-citrullinated peptide antibodies (ACPA) can 
be present for up to 5 years before the clinical onset of 
arthritis [6]. A novel assay that specifically detects the 
presence of antibodies directed against carbamylated 
proteins (anti-CarP) [7] shows that RA patients also har-
bor these antibodies which may predict joint damage 
in the course of this disease. Anti-carbamylated protein 
antibodies recognize proteins only after the enzymatic 
conversion of the amino acid arginine by peptidyl-argi-
nine deiminase (PAD) enzymes to become the amino 
acid citrulline [8, 9]. 

Despite conventional treatment, RA still has many 
deleterious consequences. From the patients’ perspec-
tive, these include persistent pain, functional disabil-
ity, fatigue, and depression modified by health beliefs 
and underlying psychological problems. Considering 
that only a few studies have investigated the effect of 
disease-modifying antirheumatic drugs (DMARDs) on 
anti-CarP antibodies and data correlating the effect of 
therapy on surrogate prognostic markers and the quali-
ty of life scores in RA patients is also lacking, we planned 
this study.

Material and methods
The study was conducted after clearance from the 

institutional Ethical Committee for Human Research 
and patients gave written informed consent for study. 
It was an open label, observational, prospective clin-
ical study. Fifty-three RA patients who attended the 
medicine outpatient rheumatic clinic from December 
2013 to April 2015 taking DMARDs and ten age- and 
gender-matched healthy volunteers were included. Di-
agnosis of RA was based on American College of Rheu-
matology 1987 Criteria. Patients with RA associated 
with another connective tissue disease (systemic lupus 
erythematosus, scleroderma, etc.), pregnant women, 
lactating mothers, and non-consenting patients were 
excluded. Clinicians performed physical and radiological 
examination of the patients to confirm or exclude joint 
damage. Then they were classified as patients with or 
without joint erosions/deformities. Blood samples were 
collected and the following parameters were estimated 
in all the patients: serum anti-CarP antibody concentra-
tion, complete blood count, erythrocyte sedimentation 
rate (ESR) and rheumatoid factor (RF). Serum samples 
were batch analyzed for CarP antibodies levels using 
enzyme-linked immunosorbent assay (ELISA) (Bmassay, 
Beijing, China). Quality of life was assessed by the WHO 
SF-36 [10] questionnaire. Disease activity was assessed 
by DAS 28 [11]. Figure 1 shows a summary of recruitment 

Fig. 1. Flow diagram showing patient recruitment, demographics and study methodology.
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Patients of rheumatoid arthritis (n = 53; M = 5, 
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and demographic profile and methodology used in the 
study subjects.

Steps for estimation of serum anti-CarP 
antibodies 
The human serum anti-CarP polyclonal antibodies 

were pre-coated onto 96-well plates, then the follow-
ing instructions were followed. Add 100 µl of prepared 
serum samples or standards and incubate the plate at 
37°C for 90 min, then wash the plate twice with 300 µl  
of Tris-buffered saline (TBS). Add 100 µl biotinylated  
antibodies and incubate the plate at 37°C for 60 min, 
then wash the plate 3 times with TBS. Add 100 µl of 
avidin-biotin-peroxidase complex working solution and 

incubate the plate at 37°C for 30 min, then wash the 
plate 5 times with TBS. Add 90 µl of 3,3’,5,5’-tetrameth-
ylbenzidine (TMB) color developing agent and incubate 
at 37°C. Add 100 µl of stop solution. Optical density (OD) 
absorbance at 450 nm is read within 30 min. The inten-
sity of the color is proportional to the amount of human 
anti-CarP antibodies bound in samples.

The primary outcome of this study was to assess 
the serum level of anti-CarP antibodies of RA patients 
treated with DMARDs. The secondary outcome was to 
demonstrate the correlation of anti-CarP antibodies 
with the disease activity and quality of life score in RA 
patients after treatment with DMARDs.

Use of concomitant medications for treating related 
diseases such as hypertension, dyslipidaemia, diabetes, 
etc., was not adjusted. Any biochemical analytical bias 
was adjusted by keeping the analyst blind. The labora-
tory personnel had no knowledge of the case or control 
status of the samples.

The statistical analysis was performed using Mic-
rosoft Excel and SPSS, version 12. Analysis of any sig-
nificant change in the serum values of the marker were 
compared using Student’s t-test. A correlation study be-
tween anti-CarP antibody and antirheumatic drugs and 
quality of life was performed using Pearson’s coefficient 
of correlation (r value). P < 0.05 was considered statisti-
cally significant.

Results
Table I shows baseline demographic and biochemi-

cal parameters of control group and RA patients. 
Out of 53 patients, 22 were found to have a concen-

tration of anti-CarP above the cut-off range, considered 
positive for anti-CarP antibodies. The cut-off for posi-
tivity was calculated by the mean plus 2 standards de-
viation (mean +2 SD) of the titer of anti-carbamylated 
protein antibodies in healthy subjects. It was calculated 
as 155.77 U/ml. Titers of anti-CarP antibodies of patients 
and controls are shown in Figure 2.

Anti-CarP antibodies levels were significantly higher 
in patients with deformity and erosions in comparison 
to those without any changes (p < 0.05) (Fig. 3).

Anti-CarP antibodies and DAS 28

There was a weak but positive correlation between 
anti-CarP antibodies and DAS 28, which was estimated 
by Pearson’s correlation coefficient (r) = 0.1471; p > 0.05.

Anti-CarP antibodies and DMARDs

There were 18 patients on methotrexate (MTX) 
alone and 35 on combination of DMARDs with or with-
out methotrexate (methotrexate + sulfasalazine, n = 4; 

Table I. Demographic parameters and base line charac-
teristics of participants

Patients Controls

Age (mean ± SD) 
(years )

43.96 ±10.56 45.3 ±9.91

Gender 
(male/female)

5/48 1/9

BP (systolic)
(mm Hg)

122.79 ±3.87 121.8 ±4.14

BP (diastolic)
(mm Hg)

80.45 ±2.76 81.2 ±2.04

Haemoglobin (g %) 11.52 ±1.41 11.93 ±0.85

TLC (/µl) 7384.34 ±2564.38 6040.0 ±1276.09

ESR (mm/hr) 37.32 ±19.55 9.2 ±1.94

RBC (*106/µl) 4.11 ±0.56 3.89 ±0.45

Anti-CarP (U/ml) 305.30 ±349.47 148.03 ±3.87

Fig. 2. Anti-CarP antibody titres in patients of 
rheumatoid arthritis and in matched controls.
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methotrexate + hydroxychloroquine, n = 13; metho-
trexate + sulfasalazine + hydroxychloroquine, n = 9; 
methotrexate + sulfasalazine + hydroxychloroquine + 
leflunomide, n = 1; methotrexate + hydroxychloroquine 
+ leflunomide, n = 2; methotrexate + sulfasalazine + rit-
uximab, n = 1; methotrexate + sulfasalazine + hydroxy-
chloroquine + etanercept, n = 1; sulfasalazine + hydroxy-
chloroquine, n = 1; sulfasalazine + hydroxychloroquine 
+ leflunomide, n = 1; hydroxychloroquine + rituximab,  
n = 1; hydroxychloroquine + etanercept, n = 1). 

There was no statistically significant difference in 
the serum level of anti-CarP antibodies between the 
monotherapy group (MTX) and the combination therapy 
group. We also compared the anti-CarP antibodies levels 
in patients taking conventional DMARDs and patients 
taking biological DMARDs. Out of 53 patients, 4 patients 
were on biological DMARDs (rituximab and etanercept). 
On comparison, there was no significant difference be-
tween these two groups. In our study, there were nine 
newly diagnosed cases of RA; we estimated anti-CarP 
antibody levels before starting the treatment with 
DMARDs and 12 weeks after the introduction of treat-
ment with DMARDs in these patients. Although anti- 
CarP antibody levels after the treatment with DMARDs 
were lower in comparison to pre-treatment levels, it was 
not found to be statistically significant.

Anti-CarP antibodies and rheumatoid  
factor

There were 33 RF positive patients (RF+) and 20 RF 
negative patients (RF–) in this study. We compared the 
presence or absence of rheumatoid factor with the anti- 
CarP levels in the studied group of RA patients. There 
was no statistically significant differences in anti-Car-P 
antibody titers between RF– (236.58 ±164.82) and RF+ 
(346.95 ±421.41) patients. 

Quality of life

Quality of life of the RA patients was measured by 
the SF-36 questionnaire. Quality of life was assessed by 
eight domains: physical function, role limitation due to 
physical health, role limitation due to emotional health, 
energy/fatigue, emotional well-being, social function-
ing, pain, and general health.

Anti-CarP antibodies and quality of life

There was a weak and not statistically significant 
negative correlation between all domains of quality of 
life and serum level of anti-CarP antibodies (r = –0.02 to 
–0.16 There was found a negative correlation between 
reduction of the levels of anti-CarP antibodies and do-
mains of quality of life score. It is presented in Table II.

Discussion

The primary aim of this study was to demonstrate 
a correlation between anti-CarP antibodies and the se-
verity/complications of RA and to study the impact of 
anti-CarP antibodies on the quality of life in RA patients. 

In the current study 22 out of 53 (41.5%) RA patients 
had a high titer of anti-CarP antibodies above the cut-off 
level and were considered positive for anti-CarP antibod-
ies. A similar observation was made in a previous study 
conducted by Shi et al. in which 43% of patients with 
RA were positive for anti-CarP antibodies [7]. We also 
observed a significant relationship between anti-CarP 
antibodies and deformity and erosion of bones in the RA 
patients, but in contrast to ACPA antibodies, which have 

Fig. 3. Comparison of anti-CarP antibody titres in 
patients of rheumatoid arthritis with and without 
joint damage. Values are mean ± SD, compared 
using two tailed unpaired t test; *p < 0.05.
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Table II. Correlation between anti-CarP antibody titre 
with different domains of quality of life

Quality of life domains Anti-CarP correlation 
coefficient (r)

Physical function –0.0786

Role limitation due to physical 
health

–0.1141

Role limitation due to emotional 
health

–0.0199

Energy/fatigue –0.1558

Emotional well being –0.1494

Social functioning –0.1014

Pain –0.1025

General health –0.1428

p > 0.05 – not significant 
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been observed with respect to direct activation of osteo-
clasts, there are no such unambiguous results for anti- 
CarP antibodies. This is in accordance with a previous 
study by Shi et al. which showed that anti-CarP antibod-
ies have a significant association with bone erosion [7]. 
A higher serum level of anti-CarP antibodies may in-
dicate ongoing joint damage. However, in the current 
study no correlation between serum anti-CarP antibody 
levels and DAS-28 scores was observed. 

This is in accordance with a previous study conduct-
ed by Yee et al. [12], in which the authors concluded that 
there was no individual marker correlating with DAS 28. 
However, in an earlier study anti-CarP antibodies com-
bined with presence of ACPA fine specificities correlat-
ed with DAS 28 [12]. Following treatment with DMARDs 
there was a reduction of the titers of anti-CarP antibod-
ies, which could have clinical/prognostic significance, 
but it did not reach statistical significance. Similarly, no 
statistically significant difference in the level of anti- 
CarP antibodies in RA patients taking methotrexate 
alone compared with other DMARDs was observed. 
Furthermore, there was no statistically significant dif-
ference in the serum level of anti-CarP antibodies in RA 
patients taking conventional DMARDs compared with 
biological DMARDs. As mentioned above, higher anti- 
CarP antibody titers were observed in RF+ patients in 
comparison to RF– patients, but statistical significance 
was not found. Present knowledge is unable to explain 
this weak association. 

We assessed the quality of life in RA patients by 
Short Form questionnaire 36 (SF-36), which is a wide-
ly used generic measure of health status. In earlier 
studies on patients with RA, the SF-36 scales were re-
liable, correlated with core disease activity measures 
and were responsive to improvements in health [13]. 
In the current study SF-36 was administered by an in-
terviewer. There are 8 domains by which we assessed 
the physical health and mental health of the patients. 
A significant improvement was observed in all domains 
of quality of life questionnaire scores following the 
treatment with DMARDs in patients newly diagnosed 
with RA. This is in accordance with a previous study by 
da Mota et al. [14] that showed a significant improve-
ment in Health Assessment Questionnaire (HAQ) and 
domains of SF-36 after the treatment with DMARDs 
in RA. Another study conducted by West and Jonsson 
[15] showed similar results regarding improvement in 
domains of quality of life in RA. In this study, on com-
paring the quality of life according to SF-36 in patients 
who had taken methotrexate alone with those who 
had taken a combination of methotrexate with other 
DMARDs, there was no significant difference in the 
scores. Currently there is a lack of literature describ-

ing the correlation between anti-CarP antibodies and 
quality of life in RA patients; however, this study shows 
a weak negative correlation between level of anti-CarP 
antibodies and all domains of quality of life, but it is 
not statistically significant. Some limitations of the 
present study have to be pointed out: Firstly, cross-sec-
tional data are presented; and therefore, temporal as-
sociation between DMARDs and anti-CarP antibodies 
cannot be established; secondly, the sample size is 
relatively small and heterogeneous, and thus does not 
allow comparison between the subgroups (patients 
treated with biologics versus conventional DMARDs); 
thirdly, the disease may be responsible for the findings 
not only via biological mechanisms but also via con-
founding by other disease-related traits. 

Conclusions

Anti-CarP antibodies levels in RA patients with ero-
sions/deformities were higher in comparison to those 
without any erosion/deformity, which indicates that 
anti-CarP antibodies may have prognostic value in pre-
dicting joint damage. There is no correlation between 
disease activity and anti-CarP antibody levels in pa-
tients with RA. Quality of life in RA patients following 
12 weeks of treatment with DMARDs improved, but it 
had no correlation with the serum levels of anti-CarP 
antibodies. Considering the above, it appears that anti- 
CarP antibodies primarily may be a useful biomarker for 
estimating the risk of erosions and thus progression of 
radiological changes in the course of RA. 
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