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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objectives: This study aimed to assess the diagnostic and 

prognostic value of rheumatoid factor (RF) and anti-cyclic 
citrullinated peptide (anti-CCP) antibodies in rheumatoid 
arthritis (RA) patients, focusing on early diagnosis and disease 
activity.

Methods: Dr. Mohammed Ali Saad Medical Center and 
Doctors Hospital in Port Sudan, red sea state in Sudan were 
the sites of an analytical case-control study was conducted, 
including 166 RA patients, 68 early RA patients, and 166 
healthy controls. RF, anti-CCP, C-reactive protein (CRP), and 
erythrocyte sedimentation rate (ESR) were measured. Statistical 
analyses included chi-square, Kruskal-Wallis, and receiver 
operating characteristic (ROC) curve studies.

Results: RF and anti-CCP antibody levels were higher in 
established RA patients than in early RA patients and healthy 
controls (p < 0.001). Anti-CCP demonstrated superior specificity 
(98%) compared to RF (79% specificity) for RA diagnosis. In 
established RA, anti-CCP showed higher sensitivity (79%) than 
RF (67%). However, the majority of early RA patients (54.5%) 
tested negative for both markers, indicating that inflammatory 
markers such as CRP and ESR may be more useful than 
autoantibodies for early RA detection. The combination of both 
tests enhanced diagnostic sensitivity in established RA.

Conclusion: It was discovered that anti-CCP antibodies were 
a very specific indicator of RA, especially when the disease 
was progressed. Improved diagnostic accuracy is achieved 
when RF and anti-CCP testing are combined, with anti-CCP 
testing showing greater sensitivity for early RA identification. 
This study emphasizes how useful both markers are in clinical 
practice for RA patient prognosis, disease activity evaluation, 
and early diagnosis.

Key words. Rheumatoid arthritis (RA), anti-cyclic citrullinated 
peptide (anti-CCP), Rheumatoid factor (RF), diagnosis, 
inflammatory markers, sensitivity and specificity.
Introduction.

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune 
disease that primarily affects synovial joints, leading to 
progressive joint degeneration, functional disability, and 
systemic complications. It affects approximately 0.5% to 1% of 
the global population, with a higher prevalence in women and 
individuals aged 40 to 60 years. A hallmark of RA is persistent 
synovial inflammation, which results in cartilage deterioration, 
bone erosion, and joint deformities. The pathophysiology of 
RA involves a complex interplay of genetic, environmental, 
and immunological factors. Genetic susceptibility, particularly 

the presence of HLA-DRB1 alleles, plays a significant role 
in disease vulnerability, while environmental triggers, such 
as infections and smoking, can initiate or exacerbate the 
autoimmune response [1-5].

Autoantibodies, particularly rheumatoid factor (RF) and 
anti-cyclic citrullinated peptide (anti-CCP) antibodies, are 
crucial biomarkers for the diagnosis and prognosis of RA. RF 
is an autoantibody targeting the Fc portion of IgG, found in 
approximately 70–80% of RA patients. However, its diagnostic 
utility is limited due to its presence in other autoimmune diseases, 
chronic infections, and even in healthy individuals, particularly 
the elderly [6]. Anti-CCP antibodies are highly specific markers 
for RA, targeting citrullinated proteins generated through 
arginine modification. When combined with RF, they enhance 
diagnostic accuracy, as they can be detected early—often before 
clinical symptoms appear—and exhibit a 95% specificity with 
sensitivity comparable to RF [7]. 

The presence of anti-CCP antibodies is associated with 
increased inflammatory markers, more extensive joint damage, 
and progressive disability over time. Additionally, RA patients 
positive for both RF and anti-CCP antibodies tend to exhibit 
more severe disease manifestations and reduced responsiveness 
to conventional disease-modifying antirheumatic drugs 
(DMARDs) [8]. 

Recent studies emphasize the role of these autoantibodies 
in predicting treatment response and guiding therapeutic 
decisions. Patients with high anti-CCP titers often show 
suboptimal responses to certain biologic therapies, highlighting 
the necessity for personalized treatment strategies based on 
serological profiles [9]. Moreover, emerging evidence suggests 
that anti-CCP antibodies may actively contribute to RA 
pathogenesis by triggering complement pathways and immune 
complex formation, leading to prolonged synovial inflammation 
and joint destruction [10]. 

This study aims to comprehensively evaluate the diagnostic 
and prognostic significance of anti-CCP antibodies and 
RF in RA patients. By integrating recent advancements in 
immunopathology and clinical research, this work provides 
a detailed understanding of their roles in RA management, 
emphasizing their implications for early diagnosis, disease 
progression, and treatment strategies.
Materials and Methods.
Study design and Population:

An analytical case-control study was conducted at Doctor 
Hospital and Dr. Mohammed Ali Saad Medical Center in Port 
Sudan, Red Sea State, Sudan. The study population comprised 
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400 individuals, including 68 early rheumatoid arthritis (RA) 
patients, 166 diagnosed RA patients, and 166 healthy controls. 
Inclusion criteria required participants to be adults (≥18 years) 
diagnosed with RA based on the ACR/EULAR 2010 criteria. 
Early RA patients were included only if they had not received 
disease-modifying antirheumatic drugs (DMARDs) or biological 
therapy before sample collection. Early RA was defined as 
patients diagnosed with RA according to ACR/EULAR 2010 
criteria within 2 years of symptom onset and before initiation 
of any disease-modifying antirheumatic drugs (DMARDs) or 
biologic therapy. This definition aligns with established criteria 
used in rheumatology research for identifying patients in the 
early stages of disease progression. Exclusion criteria included 
patients with other autoimmune diseases, chronic infections, 
malignancies, and pregnant or breastfeeding women.
Data Collection Methods:

Participants were selected using convenience sampling. 
Data collection involved face-to-face interviews and self-
administered questionnaires, covering demographics and 
clinical characteristics such as age, sex, disease duration, 
morning stiffness, sore joints, and joint deformities. 
Laboratory analyses were conducted using semi-automated 
methods (Finecare Plus 114) for initial screening. RF levels 
were measured using the Rheumatoid Factor ELISA Kit 
(Euroimmun AG, Lübeck, Germany), with a diagnostic cutoff 
of >20 IU/ml considered positive according to manufacturer 
specifications. Anti-CCP antibodies were quantified using the 
Anti-CCP ELISA Kit (Euroimmun AG, Lübeck, Germany), 
with levels >5 U/ml considered positive per manufacturer 
recommendations. C-reactive protein (CRP) was measured 
using the high-sensitivity CRP turbidimetric immunoassay 
(Roche Diagnostics, Mannheim, Germany), with normal values 
<3.0 mg/L. Erythrocyte sedimentation rate (ESR) was measured 
using the Westergren method with age and gender-specific 
reference ranges (normal: <20 mm/h for men under 50 years, 
<30 mm/h for men over 50 years; <30 mm/h for women under 
50 years, <40 mm/h for women over 50 years).
Statistical Analysis:

Data analysis was performed using SPSS version 26.0. 
Descriptive statistics were expressed as frequencies, 
percentages, means, and standard deviations. The chi-square 
test was used to evaluate associations between RA and control 
groups regarding RF and anti-CCP. Sensitivity and specificity 
were determined using the receiver operating characteristic 
(ROC) curve, while the Kruskal-Wallis test was employed to 
compare means between case and control groups.
Results.

This study comprised three groups: 166 established RA 
patients, 68 early RA patients, and 166 healthy controls. The 
majority of RA patients were female, had a mean age of 49 ± 
12.8 years, had been suffering from the disease for 10 ± 8.5 years, 
and had 37.1 ± 6.8 minutes of morning stiffness, 5.3 ± 3.7 tender 
joint pain, 1.9 ± 0.5 swollen joints, and 29 (43.9%) rheumatoid 
hand deformity. Most early RA patients were also female, had a 
mean age of 31 ± 9.4, had a shorter disease duration of 1.7 ± 0.9 
years, experienced morning stiffness for 35.1± 6.8 minutes, had 

17 ± 5.6 tender joint pains, had 3.8± 2.1 swollen joints, and none 
had rheumatoid hand deformity. The average age of the control 
group was 50.5 ± 13.7 years (Table 1).

Table 1. Characteristics of RA patients and early RA patients.

Variables RA patients 
(n=166)

Early RA patients 
(n=68)

Age (years) 49 ± 12.8 31 ± 9.4
Male/female patients 27/139 9/59
Duration of disease (years) 10 ± 8.5 1.7 ± 0.9
Morning stiffness (minutes) 37.1 ± 6.8 35.1 ± 6.8
Tender joint pain count (0-
28) 5.3 ± 3.7 17 ± 5.6

Swollen joint count (0-28) 1.9 ± 0.5 3.8 ± 2.1
Presence of rheumatoid hand 
deformity 29 (43.9%) 0 (0.0%)

When compared to the early RA and control groups, patients 
with established RA diagnosis had the highest levels of RF and 
anti-CCP antibodies (p. value 0.000). With a p-value of 0.000, 
the inflammatory markers CRP and ESR were shown to be 
higher in the early RA group, RA, and control group (Table 2).

The majority of patients (n=73; 43.9%) were positive for 
both RF and anti-CCP antibody, followed by RF-negative/anti-
CCP antibody negative (n=43; 25.9%), RF-positive/anti-CCP 
antibody negative (n=35; 21.0%), and RF-negative/anti-CCP 
antibody-positive (n=15; 9.0%) (Table 3).

Table 2. Comparison mean of and  RA laboratory variables between 
RA, early RA and control group.

Variables RA 
patients

 Early RA 
patients Control p. value 

RF (lU/ml) 22.5±12.2 16.6±7.4 7.9±2.1 0.000
Anti-CCP (U/ml) 10.9±6.6 8.4± 6.1 3.6±0.54 0.000
CRP (mg/dl) 11.7±7.4 16.2±12.5 4.3±2.3 0.000
ESR (mm/l h) 26.7±13.8 40.1±27.5 15.2±2.2 0.000
RF: Rheumatoid factor; CRP: C-reactive protein; Anti-CCP: Anti-
cyclic citrullinated peptide; ESR: Erythrocyte sedimentation rate.

Table 3. Association of anti-CCP antibody with RF in RA patients.
RF Anti CCP p. value 

Positive Negative
0.002Positive 73(43.9%) 35(21.0%)

Negative 15(9.0%) 43(25.9%)
Anti-CCP: Anti-cyclic citrullinated peptide: RF: Rheumatoid factor.

Table 4. Association of anti-CCP antibody with RF in early RA patients.

RF Anti CCP p. value 
Positive Negative

0.000Positive 13(19.6%) 11(16.6%)
Negative 7(9.0%) 37(54.5%)
Anti-CCP: Anti-cyclic citrullinated peptide: RF: Rheumatoid factor.

The majority of patients (n=37; 54.5%) were negative for 
both RF and anti-CCP antibody, followed by RF-positive/
anti-CCP antibody positive (n=13;19.6%), RF-positive/anti-
CCP antibody negative (n=11; 16.6%), and RF-negative/anti-
CCP antibody-positive (n=7; 9.0%). This showed a significant 
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correlation of early RF and anti-CCP antibody co-occurrence 
(P=.000), (Table 4).

Testing for RF and anti-CCP in order to diagnose RA (Table 
5). The sensitivity, specificity, PPV, NPV, LR+, LR-, and 93%, 
79%, 37%, 93%, 3.12, and 0.42 for the RF test were as follows. 
The equivalent data for the anti-CCP test were 79%, 98%, 86%, 
96%, 32.91, and 0.21, in that order.

Table 5. Performance of RF and anti-CCPs in the diagnosis of RA.

RA Non RA        
p. value  Performance

RF
Positive     108              19                
0.000
Negative     58              147

Sensitivity = 67% (95% 
CI: 52–81)
Specificity = 79% (95% 
CI: 73–84)
PPV = 37% (95% CI: 
26–48)
NPV = 93% (95% CI: 
89–96)
LR+ = 3.12 (95% CI: 
2.22–4.42)
LR-= 0.42 (95% CI: 
0.27–0.67)

Anti-CCP
Positive     88               14               
0.000
Negative    78              152

Sensitivity = 79% (95% 
CI: 67–92)
Specificity = 98% (95% 
CI: 95–100)
PPV = 86% (95% CI: 
75–97)
NPV = 96% (95% CI: 
94–99)
LR+ = 32.91 (95% CI: 
13.64–79.37)
LR- = 0.21 (95% CI: 
0.11–0.39

Anti-CCP: Anti-cyclic citrullinated peptide; NPV: Negative predictive 
value; LR-, Negative likelihood ratio; LR+: Positive likelihood ratio; 
PPV: Positive predictive values; RA: Rheumatoid arthritis; RF: 
Rheumatoid factor.

The receiver operating characteristic (ROC) curve analysis 
further illustrated the superior diagnostic performance of anti-
CCP compared to RF, with anti-CCP demonstrating both higher 
sensitivity and specificity in distinguishing RA patients from 
controls (Figure 1).
Discussion.

While numerous studies have examined the diagnostic utility 
of anti-CCP antibodies and RF in RA, this study provides 
several novel contributions to the existing literature. First, this is 
among the few studies to specifically examine these biomarkers 
in a Sudanese population, addressing a significant gap in the 
geographic representation of RA biomarker research. Second, 
our direct comparison of biomarker patterns between established 
RA, early RA, and healthy controls within the same population 
provides insights into the temporal evolution of autoantibody 
development. Third, our findings challenge the conventional 
emphasis on autoantibody testing in early RA by demonstrating 
that inflammatory markers may be more diagnostically relevant 
in this population subset.

It is challenging to forecast the prognosis of RA due to its 
unpredictable clinical course. The illness process is severe 
in many people, leading to gradual joint deterioration and 
significant disability [11]. Numerous research has examined 
the significance of anti-CCP in the diagnosis and prognosis of 
RA. The incidence of anti-CCP and its correlation with disease 
activity metrics in individuals with severe RA, however, are 
little understood [12,13].

According to this study, the number of tender joints and 
swollen joints was higher in early RA compared to RA, and 
the majority of early RA patients had normal RF and anti-CCP 
levels. On the other hand, RA patients had the highest levels 
of RF and anti-CCP compared to early RA and the control 
group, while early RA patients had the highest levels of ESR 
and CRP. These findings suggest that ESR and CRP are useful 
markers for diagnosing early RA with present joint pain more 
than RF and anti-CCP. While these markers lack specificity for 
RA and can be elevated in various inflammatory conditions, 
infections, and malignancies, their presence in the context 
of appropriate clinical symptoms may serve as important 
early indicators of inflammatory arthritis. The elevation of 
non-specific inflammatory markers preceding autoantibody 
development suggests that the inflammatory cascade initiating 
RA pathogenesis occurs before the generation of disease-
specific autoimmune responses. However, clinicians must 
interpret elevated CRP and ESR in conjunction with clinical 
findings and exclude other inflammatory conditions through 
appropriate differential diagnosis. Our study demonstrated 
that RF was significantly associated with anti-CCP antibody 
positivity73(43.9%) with RA had both RF and anti-CCP 
antibody were positive. A notable limitation of our study is the 
significant age difference between the established RA group 
(mean age 49 ± 12.8 years) and early RA group (mean age 31 
± 9.4 years). This age disparity may represent a confounding 
factor, as older age has been associated with increased 
autoantibody production and altered inflammatory responses. 
The younger age in our early RA cohort may partially explain Figure 1. RCO curve for sensitivity and specificity of RF and anti-

CCP.
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the lower prevalence of RF and anti-CCP antibodies in this 
group, as autoantibody development often increases with 
disease duration and patient age. Future studies should include 
age-matched controls or perform age-adjusted analyses to better 
isolate the effects of disease stage from age-related factors, and 
this finding was supported by Chou et al. [14] where RF was 
found to be significantly co-occurred with anti-CCP antibody 
in a cohort of 155 Chinese RA patients. In the present study, 
35(21.0%) patients were RF+ but tested negative for anti-CCP, 
and 15(9.0%) patients were RF negative but tested positive for 
anti-CCP. 43(25.9%) patients were negative for both RF and 
anti-CCP and this consistent with Sockalingam et al. and Abdul 
Wahab et al. previous studies [15,16].

Thus, some patients may present with established RA even 
in the absence of detectable anti-CCP and RF antibodies, 
representing seronegative rheumatoid arthritis. This cross-
sectional analysis demonstrates that RA can occur without these 
autoantibodies, highlighting the existence of distinct phenotypic 
subtypes of the disease. RA is often difficult to differentiate from 
other inflammatory arthritis conditions and RF alone has low 
sensitivity in diagnosing early RA [17]. This is also confirmed 
by our findings in early RA patients, where we found that most 
patient had negative RF and negative anti-CCP antibody. The 
results of the present study show that anti-CCP had better 
sensitivity (79% vs. 67%) and better PPV (86% vs. 37%) than 
RF for the diagnosis of RA in our population. However, these 
two tests had similar NPVs (96% vs. 93%).In the present study, 
we found that the specificity of anti-CCP was better than RF 
(98% vs. 79%) and that anti-CCP had a much higher LR+ than 
RF (32.91 vs. 3.12).the anti-CCP test had higher sensitivity, 
specificity, PPV and LR+ in the detection of RA Use of the 
presence of either RF or anti-CCP had comparable diagnostic 
utility as anti-CCP alone, but these two tests were complementary 
in that they increased the sensitivity. In particular, the presence 
of either anti-CCP or RF had a sensitivity of 85%, and when 
they were both present, the specificity increased to 98%. The 
present study demonstrated that a positive anti-CCP test had an 
excellent LR+ of 32.91. This means that a positive anti-CCP 
test, alone or in combination with a positive RF test, performed 
better in the diagnosis of RA.
Conclusion.

In summary, our study demonstrates that patients can diagnosis 
with rheumatoid arthritis when RF and anti-CCP were negative 
where diagnostic based on number of tender joints and elevated 
inflammatory markers. We found that anti-CCP was a specific 
marker in advanced RA, Therefore, it might be suggested that 
anti-CCP might be useful in clinical practice in evaluation 
of both disease activity and therapeutic response in patients 
with advanced RA. Furthermore, use of the anti-CCP assay 
can significantly increase the sensitivity of diagnosis in RF 
negative patients with RA, as well as in the total RA population. 
Both anti-CCP and RF positivity are useful for the diagnosis 
of RA, and use of both tests together improves the diagnostic 
sensitivity. The RF and anti-CCP tests are complementary, and 
the co-detection of these antibodies can increase the detection 
rate and provide important clinical value in the diagnosis of RA.

Limitations.
Several limitations should be acknowledged in this study. The 

use of convenience sampling may have introduced selection 
bias and limits the generalizability of our findings to the broader 
Sudanese population and other ethnic groups. Patients presenting 
to the specific medical centers included in this study may not 
be representative of all RA patients in the region, potentially 
affecting the external validity of our results. Additionally, 
convenience sampling may have led to overrepresentation of 
patients with more severe disease who are more likely to seek 
medical care at specialized centres.
Ethics Approval.

This study was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of Dr. 
Mohammed Ali Saad Medical Center and Doctors Hospital 
in Port Sudan. All procedures performed involving human 
participants were in accordance with ethical standards. 
Informed Consent.

Informed consent was obtained from all individual participants 
included in the study.
Data Availability.

The datasets generated during and/or analysed during the 
current study are available from the corresponding author on 
reasonable request. 
Funding.

This research received no specific grant from any funding 
agency in the public, commercial, or not-for-profit sectors. 
Conflicts of Interest.

The authors declare that they have no conflict of interest.
Author Contributions.

S.A.O. conceived and designed the study, collected data, 
and drafted the manuscript. A.A.A. analyzed and interpreted 
the data and revised the manuscript. E.A.O. supervised the 
study, contributed to data interpretation, and critically revised 
the manuscript for important intellectual content. All authors 
reviewed and approved the final version of the manuscript.

REFERENCES
1. Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. 
The Lancet. 2016;388:2023-38.
2. Firestein GS, McInnes IB. Immunopathogenesis of 
Rheumatoid Arthritis. Immunity. 2017;46:183-196. 
3. McInnes IB, Schett G. The Pathogenesis of Rheumatoid 
Arthritis. New England Journal of Medicine. 2011;365:2205-
19. 
4. Catrina AI, Svensson CI, Malmström V, et al. Mechanisms 
leading from systemic autoimmunity to joint-specific disease in 
rheumatoid arthritis. Nat Rev Rheumatol. 2017;13:79-86.
5. Cross M, Smith E, Hoy D, et al. The global burden of 
rheumatoid arthritis: estimates from the Global Burden of 
Disease 2010 study. Ann Rheum Dis. 2014;73:1316-22. 
6. Rahali FZ TMHRAB. Clinical significance of anti-cyclic 
citrullinated peptide (anti-CCP) antibodies in rheumatoid 



128

arthritis: literature review. SN Comprehensive Clinical 
Medicine. 2023;5.
7. Takeuchi T, Miyasaka N, Inui T, et al. High titers of both 
rheumatoid factor and anti-CCP antibodies at baseline in 
patients with rheumatoid arthritis are associated with increased 
circulating baseline TNF level, low drug levels, and reduced 
clinical responses: a post hoc analysis of the RISING study. 
Arthritis Res Ther. 2017;19:194.
8. Nishimura K, Sugiyama D, Kogata Y, et al. Meta-analysis: 
Diagnostic Accuracy of Anti–Cyclic Citrullinated Peptide 
Antibody and Rheumatoid Factor for Rheumatoid Arthritis. 
Ann Intern Med. 2007;146:797-808.
9. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis 
classification criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative initiative. 
Ann Rheum Dis. 2010;69:1580-8.
10. van der Woude D, van der Helm-van Mil AHM. Update on the 
epidemiology, risk factors, and disease outcomes of rheumatoid 
arthritis. Best Pract Res Clin Rheumatol. 2018;32:174-87.
11. Scott DL, Coulton BL, Symmons DPM, et al. LONG-TERM 
OUTCOME OF TREATING RHEUMATOID ARTHRITIS: 
RESULTS AFTER 20 YEARS. The Lancet. 1987;329:1108-11.

12. Pinheiro GC, Scheinberg MA, Aparecida da Silva M, et 
al. Anti–Cyclic Citrullinated Peptide Antibodies in Advanced 
Rheumatoid Arthritis. Ann Intern Med. 2003;139:234-5.
13. Vallbracht I, Rieber J, Oppermann M, et al. Diagnostic and 
clinical value of anti-cyclic citrullinated peptide antibodies 
compared with rheumatoid factor isotypes in rheumatoid 
arthritis. Ann Rheum Dis. 2004;63:1079-1084.
14. Chou C, Liao H, Chen C, et al. The Clinical Application 
of Anti-CCP in Rheumatoid Arthritis and Other Rheumatic 
Diseases. Biomark Insights. 2007;2:165-171.
15. Rahman MM. Anti-cyclic citrullinated peptide antibody is 
a good indicator for the diagnosis of rheumatoid arthritis. Pak J 
Med Sci. 2013;29.
16. Cheah TE, Sockalingam S. The role of anti‐cyclic 
citrullinated peptide and rheumatoid factor in diagnosis of 
rheumatoid arthritis. Int J Rheum Dis. 2012;15. 
17. Niewold TB, Harrison MJ, Paget SA. Anti-CCP antibody 
testing as a diagnostic and prognostic tool in rheumatoid 
arthritis. QJM. 2007;100:193-201.


	Title

