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Background and objective: Anti-carbamylated protein antibodies (anti-CarP Ab) represent 

a novel kind of autoantibodies specificity detectable in the sera of patients with rheumatoid 

arthritis (RA). They have been recently reported to be associated with increased mortality in 

Spanish patients with RA. The aim of our study was to compare the incidence mortality rates 

(IMRs) detected in RA patients from a tertiary Italian center with those reported in other Euro-

pean tertiary centers and to evaluate the putative role of anti-CarP Ab in modulating the low 

IMR detected in our patients.

Methods: Clinical charts of patients consecutively admitted to our center, from January 1, 

2008, to December 31, 2014, were retrospectively reviewed. The mortality rate (expressed as 

the number of deaths in the cohort divided by the number of years of IMR follow-up) and causes 

of death were assessed at December 31, 2015. Sera of 61 patients, representative of the whole 

cohort, collected at the time of admission to our center were investigated for the presence and 

the level of anti-CarP Ab. Demographic and clinical features, mortality rates and prevalence 

of anti-CarP Ab in our series were compared with those reported in other European cohorts.

Results: We observed 608 patients for a median of 3.51 years. All-cause and cause-specific 

IMRs in our cohort were significantly lower than the Better Anti-rheumatic Farmaco-therapy 

and the Spanish cohort, while only all-cause and cardiovascular IMRs were significantly lower 

in our series with respect to the Leiden Early Arthritis Clinic cohort. Anti-CarP Ab prevalence 

was significantly lower in our series than in any other European cohorts.

Conclusion: We confirm that the mortality rate is lower in our Italian RA cohort with respect 

to other European cohorts. Whether the low prevalence of anti-CarP Ab might be responsible 

for this result awaits to be furtherly investigated.
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Introduction
RA is a chronic systemic inflammatory disorder associated with increased mortality, 

in particular from CVD, infections and cancer.1–6 RA mortality has decreased over the 

past years, but it remained higher than in the general population with a standardized 

mortality rate (SMR) of 1.47, as derived by a recent meta-analysis of longitudinal 

studies.6 Nevertheless, RA mortality rate differs among series from distinct countries, 

ranging from 0.87 in Southern Sweden to 1.85 in Spain.7,8

We recently analyzed the mortality rate in 654 RA patients enrolled over a 

6-year period in a South Italian tertiary rheumatology center, detecting an SMR of 
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approximately 2, but pointing out an IMR lower than that 

reported in the NOAR. In particular, all-cause and neoplasm-

related IMRs resulted to be significantly lower in our series 

than in patients from NOAR.9 Furthermore, unlike other 

series in which a number of factors including age, male sex, 

autoantibody positivity, disease activity and extra-articular 

manifestations are associated with an increased mortality, 

in our cohort, age at enrollment resulted to be the only 

independent predictor of earlier death.2,10

Anti-CarP Ab represent a novel kind of autoantibodies 

specificity detectable in the sera of patients with RA, with dif-

ferent prevalences in series from different countries.11–14 They 

have been recently reported to be associated with increased 

mortality in Spanish patients with RA.14

We undertook the present study to investigate the differ-

ences in IMR between our series and other tertiary center 

series from distinct countries. Moreover, we evaluated the 

anti-CarP Ab in the sera of a sample of patients representative 

of our series to investigate the putative role of these autoan-

tibodies in modulating the low IMR detected in our patients.

Methods
Patients
Our cohort consisted of 654 patients consecutively admit-

ted to the Rheumatology Unit of the Second University of 

Naples from January 1, 2008, to December 31, 2014, and 

satisfying at admission the American College of Rheumatol-

ogy/European League Against Rheumatism (ACR/EULAR) 

2010 criteria.15

Sex, age, disease duration, RF and ACPA positivity, dis-

ease activity and disability, as derived from medical records 

at baseline, were noticed. Disease duration (in years) was 

assessed from the first symptom ascribed to the disease. 

Serum RF (RF test, cut-off 20 units/mL) and ACPA (ELISA 

test, cut-off 25 units/mL) were also noticed. Disease activity 

was evaluated by Simplified Disease Activity Index. Disabil-

ity was assessed by HAQ – Disability Index.16,17 The features 

of our cohort were compared with those reported in other 

European cohorts, that is, the BARFOT cohort, the LEIDEN 

EAC cohort and a Spanish cohort.13,14

On December 31, 2015, vital status and causes of death of 

the patients in our cohort were identified. In particular, deaths 

by CVD, cancer, respiratory disease, infections and other 

causes were considered. The mortality rate was expressed 

as the number of deaths in the cohort divided by the number 

of years of follow-up (deaths/person-years of IMR observa-

tion). It was compared with the IMR reported in the other 

European cohorts previously listed.

Sera of 61 patients, representative of our RA cohort, col-

lected at the time of admission to our center were investigated 

for the presence and the level of anti-CarP Ab. Again, the pro-

portion of patients positive for anti-CarP Ab in our cohort was 

compared with that reported in the other European cohorts.

Anti-CarP Ab assessment
Protein carbamylation
BSA was carbamylated by incubating 2 mg protein in 1 mL 

of 8 M urea (100 mM Tris-HCl pH 8.5) at 61°C for 15 h. The 

sample was then dialyzed against PBS at 4°C overnight. The 

efficiency of carbamylation was assessed by sodium dodecyl 

sulfate polyacrylamide gel electrophoresis to verify reduction 

in electrophoretic mobility.18

Detection of anti-CarP Ab
Levels of anti-CarP Ab in serum samples were assessed by 

indirect ELISA, as described with minor modifications.19 

Briefly, polyvinylchloride 96-well microtiter plates were 

coated with modified and nonmodified BSA at 5 µg/mL. 

Wells were blocked with PBS containing 0.5% BSA (PBS-

BSA), and then incubated for 4 h with serum samples diluted 

100 times in PBS-BSA. Bound IgG was detected with 

HRP-conjugated anti-human IgG and o-phenylenediamine. 

Specific binding was determined by subtracting the reactiv-

ity to native BSA from the reactivity to carbamylated BSA. 

The levels of anti-CarP Ab were expressed as the percentage 

of binding relative to that of a positive RA patient serum. 

Values above the 95th percentile of healthy donors (n=41) 

were classified as positive.

Since we detected by the previously reported homemade 

assay that the prevalence of anti-CarP Ab is very low, we also 

investigated the same patients and 30 healthy subjects using 

the recently available commercial anti-CarP Ab kit (Novatein 

Biosciences, Woburn, MA, USA), an ELISA.20 This assay 

applied a technique called quantitative sandwich immunoas-

say. The microtiter plate was pre-coated with CarP. Standards 

and samples were then added to the microtiter plate wells. 

CarP Ab binded to the CarP in the coated wells. In order to 

quantify the amount of unbound CarP Ab in the sample, a 

HRP-conjugated anti-human secondary antibody was added 

to each well to bind the immobilized CarP. After incubation, 

plate was washed to remove all unbound components. Then, 

HRP substrate was added for a short incubation period. The 

enzyme–substrate reaction was stopped adding an acid stop 

solution. Only wells containing CarP Ab showed a change 

in color; this change was measured by a spectrophotometer 

at 450 nm. CarP Ab levels were expressed as concentration 
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values (ng/mL). Values above the 95th percentile of healthy 

donors (n=30) were classified as positive.

Statistical analysis
Continuous variables were analyzed with the Mann–Whitney 

test, while chi-square test or Fisher’s exact test was applied 

for categorical variables, as appropriate. The comparison 

of mortality rates was conducted as comparison of IMRs. 

A p value <0.05 was considered significant. Analysis was 

performed with MedCalc, version 12.7.0.0.

Ethical approval and consent to 
participate
The study was approved by the Ethics Committee of the 

University of Campania “Luigi Vanvitelli” (protocol num-

ber 557). Written informed consent was obtained from all 

individual participants included in the study, according to 

the Declaration of Helsinki.

Results
Table 1 shows the epidemiological, serological and clinical 

features of the 654 patients of our cohort as compared to 

the 61 selected for anti-CarP Ab assessment. No difference 

was detected.

On December 31, 2015, 46 patients had been lost to 

follow-up (7%). The remaining 608 patients had been 

observed for a median of 3.51 years (range 0.21–7.96). Out 

of them, 19 had died: 11 (58%) for CV causes, 4 (21%) for 

malignancy, 3 (16%) for respiratory diseases, 1 for unknown 

causes (5.3%) and none for infections.

In our series, the overall IMR was 0.79 deaths/100 person-

years; neoplasm-attributed IMR was 0.17; CV-attributed IMR 

was 0.46 and respiratory-attributed IMR was 0.13.

Anti-CarP Ab, as assessed by homemade technique, 

were found to exceed the 95th percentile of values detected 

in healthy donors in 2/61 patients (3.3%). Anti-CarP Ab, 

as assessed by commercial anti-CarP Ab kit, were found 

to exceed the 95th percentile of values detected in healthy 

donors in 6/61 patients (10%).

Table 2 lists the epidemiological, serological and clinical 

features, prevalence of anti-CarP Ab and the respective IMRs 

in distinct series.

Despite a significantly higher proportion of negative 

prognostic factors (RF positivity and/or higher HAQ), all-

cause IMRs were significantly lower in our cohort than in 

the North European BARFOT and LEIDEN EAC cohorts. 

These differences might depend on the significantly higher 

proportion of female patients and/or the earlier age char-

acterizing our cohort with respect to the BARFOT and the 

LEIDEN EAC series.

As far as the Spanish cohort is concerned, we found that 

all-cause and cause-specific IMRs were significantly lower 

in our cohort. These results might be due to the significantly 

older age and higher proportion of ACPA positivity character-

izing the Spanish series with respect to our series.

The proportion of patients resulted to be positive for anti-

CarP Ab among those selected for anti-CarP Ab assay from 

our cohort was 3.3% (2/61 patients) as assessed by homemade 

technique and 10% (6/61 patients) as assessed by commercial 

anti-CarP Ab kit. This figure is significantly lower than that 

reported in the other European cohorts (Table 2).

Discussion
RA-increased mortality has long been known to be associated 

with high disease activity and severity and comorbidities, that 

is, CV and cerebrovascular diseases, infections, lymphoma 

and other neoplasms.21–24

Autoantibody positivity is recognized as a feature of more 

severe disease and has been associated with mortality with 

discordant results.12,13

We have recently investigated our RA cohort for all-cause 

and distinct-cause mortality. We found an increased all-cause 

Table 1 Comparison of different features between our cohort and the sample tested for anti-CarP Ab

Features All cohort (654 patients) Sample (61 patients) p value

Female/male ratio 470/184 49/12 0.16
Age in years, mean±SD 55±12.4 57±12.08 0.21

Disease duration in years from onset, mean±SD 10.3±8.3 11.2±8.7 0.35

RF+/RF− 270/162 39/22 0.82

ACPA+/ACPA− 188/172 36/25 0.32

HAQ-DI, mean±SD 1.13±0.75 0.94±0.75 0.79

SDAI, mean±SD 13.7±9.68 11.6±10.2 0.1

Abbreviations: anti-CarP Ab, anti-carbamylated protein antibodies; SD, standard deviation; RF, rheumatoid factor; ACPA, anti-citrullinated cyclic peptides antibodies; HAQ-
DI, Health Assessment Questionnaire – Disability Index; SDAI, Simplified Disease Activity Index.
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mortality with respect to general population, mainly due to 

an increased risk of CV death.9

Intriguingly, we detected a death rate by cancer and infec-

tions lower than that reported in the Italian general population 

and in the British NOAR.9,13

We hypothesized that the detected differences might 

be ascribed either to the careful follow-up that RA patients 

undergo in tertiary centers, which may decrease mortality by 

cancer and infections, or to epidemiological differences among 

RA cohorts from different countries or both these aspects.25

We undertook the present study to investigate whether our 

mortality rate was also lower than that reported in other series 

and to look for the role, if any, of anti-CarP Ab prevalence in 

affecting the mortality rate of patients from different cohorts.

Comparing our results with those reported in other Euro-

pean tertiary center cohorts (BARFOT, LEIDEN EAC and 

Spanish cohorts), we confirmed the results obtained in our 

previous study in which we only compared our IMR with 

that reported in the NOAR, which is derived from primary 

and secondary care units.9,13

Actually, we found that all-cause and cause-specific 

IMRs were significantly lower in our cohort with respect to 

the BARFOT and the Spanish cohort, while only all-cause 

and CV IMRs were significantly higher in the LEIDEN 

EAC cohort than in our series, with no significant differ-

ences in terms of death due to neoplasm and respiratory 

diseases.13,14

These discrepancies might depend on demographic and 

clinical differences among the various cohorts. Nevertheless, 

we failed to find putative differences with respect to each 

North European cohort (Table 2).

Anti-CarP Ab have been recently identified in the sera of 

patients with RA and have been associated with increased 

mortality in Spanish RA patients, mainly by respiratory 

diseases.11,12,14

In order to investigate a further putative factor associated 

with the low mortality detected in our series, we analyzed 

anti-CarP Ab level in a sample of 61 patients representative 

of our RA cohort. We detected a prevalence as low as 3.3% 

by a homemade technique and 10% by the recently available 

commercial anti-CarP Ab kit. Both these figures are signifi-

cantly lower than that reported in the other European cohorts.

Anti-CarP Ab have so far been investigated in another 

Italian series only in which a prevalence of anti-CarP Ab as 

high as 34% was detected. In that study, the features of the 

309 patients enrolled are not addressed.26

Therefore, we cannot compare the 2 series and cannot make 

any hypothesis on these discrepancies. Nevertheless, the 95% 

CI of our anti-CarP Ab prevalence (0.3–10.9) does not overlap 

with any of those reported by other investigated cohorts.

Table 2 Comparison of different results between our cohort (Naples) and the other European cohorts

Naples (n=654) BARFOT (n=805) LEIDEN EAC 
(n=848)

Spanish (n=331)

Female/male ratio 470/184 (72%) 530/275 (66%), 
p=0.0137*

571/277 (67%), 
p=0.0592

244/87, p=0.5392

Age in years, mean±SD 55.7±12.4 57.7±15.7, 
p=0.0080*

56.8±15.8, p=0.1429 68.7±8.1, p=0.0001*

RF+/RF− 270/162 (62.5%) 452/353 (56%), 
p=0.0308*

489/359, p=0.0961 198/133, p=0.4513

ACPA+/ACPA− 188/172 (52%) 462/343, p=0.1008 445/403, p=0.9355 215/116 (64.7%), 
p=0.0007*

HAQ-DI, mean±SD 1.13±0.79 1.00±0.66, 
p=0.0006*

1.00±0.71, p=0.0008* –

IMR 0.79 2.49, p<0.0001* 2.07, p<0.0001* 4.1, p<0.0001*

CV-IMR 0.46 1.57, p<0.0001* 0.92, p=0.0364* 1.2, p=0.0039*

NEO-IMR 0.17 0.65, p=0.0049* 0.39, p=0.1206 0.6, p=0.0137*

RESP-IMR 0.13 0.69, p=0.0012* 0.36, p=0.0750 1.2, p<0.0001*

Anti-CarP Ab+ (%) 
(homemade technique)

3.3% (95% CI 
0.3–10.9)

35% (95% CI 31.7–
38.4), p<0.0001*

45% (95% CI 41.6–48.4), 
p<0.0001*

32.9% (95% CI 
27–37.3), p<0.0001*

Anti-CarP Ab+ (%) 
(commercial kit)

10% (95% CI 
3.8–20.4)

35% (95% CI 31.7–
38.4), p=0.0001*

45% (95% CI 41.6–48.4), 
p<0.0001*

32.9% (95% CI 
27–37.3), p=0.0003*

Note: *A p value <0.05 was considered significant in the comparison between our cohort (Naples) and the other European cohorts.
Abbreviations: BARFOT, Better Anti-rheumatic Farmaco-therapy; LEIDEN EAC, Leiden Early Arthritis Clinic; SD, standard deviation; CI, confidence interval; RF, 
rheumatoid factor; ACPA, anti-citrullinated cyclic peptides antibodies; HAQ-DI, Health Assessment Questionnaire – Disability Index; IMR, incidence mortality rate; CV, 
cardiovascular; NEO, neoplasm; RESP, respiratory; anti-CarP Ab, anticarbamylated protein antibodies.
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Conclusion
We confirm that the mortality rate in our South Italian RA 

cohort is lower than that detected in patients from both 

North and South European countries and that this discrep-

ancy cannot be ascribed to classical negative prognostic 

factors including RF and HAQ. We detected a very low 

prevalence of anti-CarP Ab in our sample representative 

of the entire cohort. Whether this is the aspect responsible 

for the low mortality rate detected awaits to be furtherly 

investigated.

Abbreviations
ACPA, anti-citrullinated cyclic peptides antibodies

anti-CarP Ab, anti-carbamylated protein antibodies

BARFOT, Better Anti-rheumatic Farmaco-therapy

BSA, bovine serum albumin

CarP, carbamylated protein

CV, cardiovascular

CVD, cardiovascular disease

ELISA, enzyme-linked immunoabsorbent assay

HAQ, Health Assessment Questionnaire

HRP, horseradish peroxidase

IMR, incidence mortality rate

LEIDEN EAC, Leiden Early Arthritis Clinic

NOAR, Norfolk Arthritis Registry

RA, rheumatoid arthritis

RF, rheumatoid factor

SMR, standardized mortality rate
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