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Meta-analysis: diagnostic accuracy of anti-cyclic
citrullinated peptide 2 antibody and anti-cyclic
citrullinated peptide 3 antibody in rheumatoid

arthritis

Abstract: The aim of this work was to assess the diagnos-
tic value of anti-CCP-3 and anti-CCP-2 for the diagnosis of
rheumatoid arthritis (RA) and determine whether anti-
CCP-3 more accurately identifies patients with rheumatoid
arthritis than anti-CCP-2. PubMed and CNKI databases were
searched for studies published in English and Chinese that
examined the use of anti-CCP-3 and anti-CCP-2 in the diagno-
sis of known or suspected rheumatoid arthritis from January
2006 to July 2013. Seventeen included studies of methodo-
logical quality were rated by using the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS) tools A random-
effects method was used to summarize sensitivities, specifi-
cities, positive and negative likelihood ratio (LR+ and LR-,
respectively), and diagnostic odds ratio from 17 studies. The
pooled sensitivity, specificity, LR+, LR- and diagnostic odds
ratio for anti-CCP-3 were 0.737 (95% CI, 0.717-0.757), 0.933
(95% CI, 0.924-0.942), 11.096 (95% CI, 8.876-13.870), 0.274
(95% CI, 0.231-0.326), and 42.908 (95% CI, 33.828-54.426),
respectively. For anti-CCP-2, the values were 0.719 (95% CI,
0.699-0.739), 0.960 (95% CI, 0.953-0.966), 17485 (95% CI,
11.960-25.562), 0.294 (95% CI, 0.258—0.335) and 63.458 (95%
Cl, 44.214-91.078), respectively. With high specificity and
moderate sensitivity, anti-CCP2 and anti-CCP-3 played an
important role in confirming the diagnosis of RA. Anti-CCP-3
did not have better diagnostic performances than anti-
CCP-2, but anti-CCP-2 had evident heterogeneity compared
to anti-CCP-3, especially in American patients.
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Introduction

Rheumatoid arthritis (RA) is a chronic, severe and sys-
temic autoimmune inflammatory disease of unknown
etiology, which affects approximately 1% of the general
population [1]. It is generally progressive for irreversible
joint destruction, persistent arthritis and gravis pain,
which leads to significant functional disability and loss
of quality of life. Since early and aggressive intervention
with effective biological treatments can alter the course
of the disease and improve prognosis [2], early diagnosis
of rheumatoid arthritis is important. Unfortunately, there
are rarely early-stage patients based primarily on history,
physical examination findings, laboratory and radio-
graphic results who meet the 1987 revised criteria of the
American College of Rheumatology (ACR) [3].

So far, serological support in the diagnosis of RA is
mainly based on the presence of rheumatoid factors (RF)
[4]. However, the antibody directed against the Fc part of
IgG is taken as a non-specific marker of RA and can also
be detected in other rheumatic diseases, infectious dis-
eases and even in healthy, especially elderly, individuals
[4-6]. Therefore, several new autoantibodies have been
reported in patients with RA, and their clinical value
has been evaluated. Most, such as antiperinuclear factor
antibodies (APF), antikeratin antibodies, anti-RA33 and
anti-Sa, cannot demonstrate to have adequate sensitivity
and specificity to form a basis for clinical and therapeu-
tic decisions [7-11]. An early attempt to create an ideal RA
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marker was the anti-cyclic citrullinated peptide antibody,
first described by Schellekens et al. [12]. Thus the anti-
CCP antibody assay has generated great interest for a long
time. The first-generation of anti-CCP antibody assays
were not widely used in clinical practice because of their
low sensitivity [13, 14]. To improve the diagnostic value
of RA, second-generation anti-CCP and anti-CCP3 anti-
body assays have been developed. In fact, an anti-CCP-3
assay has been introduced by INOVA and recommended
as a third-generation anti-cyclic citrullinated peptide anti-
body; however, there are some controversies regarding its
clinical performance compared to the second-generation
anti-cyclic citrullinated peptide antibody.

In our systematic review, we summarized published
data on the sensitivity, specificity, likelihood ratios and
diagnostic odds ratio of anti-CCP-2 and anti-CCP-3 for
diagnosing rheumatoid arthritis, then assessed whether
anti-CCP-3 shows an evident improvement compared with
anti-CCP-2.

Materials and methods

Data sources and searches

We developed a protocol for the review and followed stand-
ard reporting guidelines [15]. We searched PubMed and
CNKI databases for studies published in English and Chinese
from January 2006 to July 2013 that examined the use of
both anti-CCP-2 and anti-CCP-3. Our searches were based
on combinations of the following index terms: rheumatoid
arthritis; CCP; anti-CCP antibodies; anti-CCP antibody; anti-
cyclic citrullinated peptide antibodies and anti-cyclic cit-
rullinated peptide antibody; second-generation assays of
anti-cyclic citrullinated peptide antibodies; anti-CCP2 and
anti-CCP3; and CCP-2 and CCP-3. We also reviewed the ref-
erence lists of retrieved studies and review articles.

Study selection

Two reviewers independently scanned abstracts that met
the inclusion criteria. We included studies that evaluated
the utility of assaying anti-CCP-2 and anti-CCP-3 for the
diagnosis of confirmed or suspected rheumatoid arthritis
and that provided enough data to allow the calculation
of sensitivity and specificity for the diagnosis of rheuma-
toid arthritis. We used the ACR criteria as the reference
standard of rheumatoid arthritis [3, 16-19]. The following
articles were not included in the current study: reviews;
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publications without valid data to obtain the sensitivity
and specificity of anti-CCP; researches with the anti-CCP
collected from synovial fluid but not blood; publications
not related to the diagnostic values of anti-CCP for RA.

Data extraction and study quality
assessment

We extracted data by using a standard form that included
the author, publication year, demographic characteristics of
the participants, assays of index tests, true-positive results,
false-negative results, true-negative results, false-positive
results, sensitivity and specificity. Two investigators inde-
pendently assessed the methodological quality of each
study by using 14 standard items from the Quality Assess-
ment of Diagnostic Accuracy Studies (QUADAS) tool [20].
We resolved any item discrepancies through discussion.

Data analysis

We used a random-effects model to combine estimates of
sensitivity, specificity, positive and negative likelihood
ratios, and diagnostic odds ratio [21, 22]. Threshold analy-
ses and meta-regression were conducted to assess whether
threshold effect and heterogeneity among studies existed
[23]. Heterogeneity was investigated by using stratified
analyses for different assays and different races of RA
patients. Funnel plots were examined for diagnostic odds
ratios to explore the possibility of publication bias [24].
For analyses, we used the software applications MetaDiSc
version 1.4 and Review Manager version 5.0.

Results

Search results and characteristics of the
studies

We identified 797 articles, of which 17 met the inclusion
criteria [25-41]. There were 1952 RA patients selected from
Europe, Americas and Asia in the remaining 17 articles
that were eventually available for this meta-analysis (see
Table 1). Of these, 9 (52.9%) were studies involving Euro-
pean RA patients, 5 (29.4%) American and 3 (17.7%) Asian.
For the assay methods, all anti-CCP-3 assay data used the
products of INOVA, whereas 9 (52.9%) studies used INOVA
and 8 (47.1%) studies used non-INOVA products for the
anti-CCP-2 assays.
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Table 1 summarizes the characteristics of the included
articles. The characteristics of the control groups varied.
Among these articles, only eight used a mix of healthy
individuals and patients with other non-RA diseases, such
as systemic lupus erythematosus, systemic sclerosis, pso-
riatic arthritis, mixed connective tissue disease, primary
biliary cirrhosis, immune thrombocytopenic purpura and
infectious disease.

Study quality

Most of the studies included in the meta-analysis had high
quality with more than 9 satisfied items of 14 items using
the QUADAS tool, and the median score for quality was 11.
None of the studies satisfied all the criteria of the quality
checklist. Only one study satisfied 13 items of 14 standard
items, three studies satisfied 12 items, eight studies sat-
isfied 11 items, three studies satisfied 10 items and two
studies satisfied 9 items (Figure 1).

Diagnostic accuracy of anti-CCP-3

The summary positive and negative likelihood ratios were
11.096 (95% CI, 8.876-13.870) and 0.274 (95% CI, 0.231-
0.326), respectively. The pooled sensitivity and specific-
ity were 0.737 (95% CI, 0.717-0.757) and 0.933 (95% ClI,
0.924-0.942), respectively (Table 2). Data that were calcu-
lated from anti-CCP-3 provided a high diagnostic value of
rheumatoid arthritis. The summary diagnostic odds ratios
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were 42.908 (95% CI, 33.828-54.426), and the area under
the curve was 0.9148 with a Q* of 0.8474 (Figure 2). But
a significant heterogeneity was found among included
studies. Therefore, we next probed the reasons for the het-
erogeneity through meta-regression analysis and discov-
ered heterogeneity from the different races of patients. We
did a stratified meta-analysis for each subgroup.

In Figure 3A, the red solid circles show the forest plot
of sensitivity and specificity estimates from nine studies
that used patients with RA from Europe. This subgroup
showed high specificity estimates with a pooled specific-
ity of 0.944 (95% CI, 0.932-0.955). By contrast, sensitiv-
ity estimates were moderate, with a pooled sensitivity
of 0.700 (95% CI, 0.672-0.726). Table 2 shows the results
of the meta-analysis. The summary values from the nine
studies were almost as heterogeneous as those from the
meta-analysis of all 17 studies, but the Spearman’s cor-
relation coefficient and the p value were changed, 0.450
and 0.224 for this subgroup, and 0.522 and 0.032 for all
17 studies, respectively. It suggests that there were no
remarkable threshold effects in these nine studies.

The yellow solid circles show the forest plot of sensi-
tivity and specificity estimates from five studies that used
patients with RA from the Americas. As in the subgroup
of Europeans, high specificity estimates (0.939, 95% CI,
0.922-0.953) and moderate sensitivity estimates (0.769, 95%
CI, 0.725-0.809) were achieved. However, we could see that
there was no heterogeneity between them (Table 2).

The green solid circles show the forest plot of sen-
sitivity and specificity estimates from three studies that
used patients with RA from Asia. These were the highest

Acceptable reference standard _
Acceptable delay between tests _
Partial verification avoided _
Differential verification avoided _
Incorporation avoided [N

Reference standard results blinded .

Index test results blinded -

Withdrawals explained _

Selection criteria clearly described _
Adequate index test description _
Adequate reference standard decription _

0% 25%

|:| Unclear

[ Yes (high quality)

50% 75% 100%

B No (low quality)

Figure1 A cumulative bar plot of methodological quality items across all studies.
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Anti-CCP-2

Sensitivity

0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
Symmetric SROC Asymmetric SROC

AUC=0.9148, SE (AUC)=0.0132.
Q*=0.8474,SE (Q*)=0.0148

Figure 2 SROC of the anti-CCP-3 and anti-CCP-2 assays.

AUC=0.8747, SE (AUC)=0.0271.
Q*=0.8246,SE (Q*)=0.0197

Each solid circle represents each study in the meta-analysis. The size of each study is indicated by the size of the solid circle. Anti-CCP-2/3, anti-
cyclic citrullinated peptide 2/3 antibody; SROC, summary receiver operative curves; AUC, area under the curve; SE, standard error; Q*, Cochran Q.

sensitivity (0.806, (95% CI, 0.765-0.842)) but the lowest
specificity (0.901, (95% CI, 0.877-0.922)) compared to the
other two subgroups. The results of the meta-analysis
from this subgroup showed heterogeneity but no remark-
able threshold effects since the Spearman’s correlation
coefficient was —0.5 and the p value was 0.667 (Table 2).

Summing up the above data, we could see that hetero-
geneity was changed after a stratified analysis, especially
in the American patients, followed by the Asian patients.
In contrast, there were no threshold effects in all sub-
groups. Thus we conjectured that the diagnostic accuracy
of anti-CCP-3 for RA diagnosis may depend on a patient’s
race [44]. In our review, the results were limited by the
finite included reports.

Diagnostic accuracy of anti-CCP-2

As shown in Table 2, the pooled sensitivity, specificity,
positive and negative likelihood ratios, and diagnostic
odds ratio for anti-CCP-2 were 0.719 (95% CI, 0.699-0.739),
0.960 (95% CI, 0.953-0.966), 17485 (95% CI, 11.960—
25.562), 0.294 (95% CI, 0.258-0.335) and 63.458 (95% CI,
44.214-91.078), respectively. We could see that the values
were changed when comparing anti-CCP-3 with anti-
CCP-2. The summary values from anti-CCP-3 deteriorated
the specificity, positive likelihood ratios and diagnostic
odds ratio of the diagnosis of rheumatoid arthritis, except
for the improved sensitivity and negative likelihood ratios
to a little extent. Data from anti-CCP-2 were still evidently
heterogeneous. Meanwhile, the SROC curve was asymmet-
ric (Figure 2) and did not show a clear trade-off between

sensitivity and specificity. In anti-CCP-2, we defined three
subgroups on the basis of the different races of the RA
patients and then conducted another two subgroups anal-
ysis based on the various assay products: INOVA tests and
non-INOVA tests.

The blue, purple and orange solid circles in Figure 3B
provide the forest plot of sensitivity and specificity esti-
mates from nine, five and three studies that used patients
with RA from Europe, the Americas and Asia, respectively.
The results showed high specificity estimates and moderate
sensitivity estimates. Although all summary values were
grossly heterogeneous (Table 2), threshold effects were neg-
ative and SROC curves became symmetric in the American
and Asian groups (data not shown). In contrast, we could
see a lower inconsistency of the pooled sensitivity in the
American groups vs. the other two subgroups (p=0.256).

If anti-CCP-3 is compared with anti-CCP-2 in the same
race, such as in the American subgroup, anti-CCP-3 may be
a better index to diagnose rheumatoid arthritis because of
its profound low inconsistency than anti-CCP-2 (Table 2).
In the Asian subgroup, we yielded the conclusion that
anti-CCP-3 was not superior to anti-CCP-2 in diagnosing
rheumatoid arthritis. The conclusion was the same as
those from all 17 studies, but still needed to be investigated
for its substantial heterogeneity (Table 2). Nevertheless, in
the European subgroup, we inferred a different conclu-
sion that the SROC curve was asymmetric in anti-CCP-2
and that this assay still has a higher diagnostic accuracy
than anti-CCP-3. This was the reason why different kinds
of anti-CCP-2 assays were used in the European patients.

The pink and cyan solid circles in Figure 3C show the
forest plot of sensitivity and specificity estimates from
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Figure 3 Forest plot of estimates of sensitivity and specificity for different subgroups.
Each solid circle indicates the point estimate of sensitivity and specificity from each study in the meta-analysis. Error bars indicate 95%

confidence intervals. The different colors represent subgroups. As for the different races, red is Europe, yellow is the Americas and green is
Asia for anti-CCP-3, and blue, purple and orange for anti-CCP-2, respectively. Meanwhile, pink is INOVA and cyan is non-INOVA for different
assays in anti-CCP-2. Anti-CCP-2/3, anti-cyclic citrullinated peptide 2/3 antibody.
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nine studies that used INOVA tests and from eight studies
that used non-INOVA tests, respectively. What surprised
us was that the diagnostic efficacy from the former strati-
fied group was overshadowed vs. all 17 studies. Yet, this
subgroup introduced a symmetric SROC curve. Data from
the latter subgroup demonstrated a little higher diagnos-
tic performance than those in all 17 studies, and there still
existed an evident inconsistency (Table 2).

Publication bias

The funnel plots of anti-CCP-3 and anti-CCP-2 for publica-
tion bias showed some asymmetry, indicating a potential
publication bias (Figure 4).

Discussion

It is well known that rheumatoid arthritis is a long-term
inflammatory disorder and not curable by drugs. Early and
accurate diagnosis of rheumatoid arthritis could decrease
the morbidity of functional disability and improve quality
of life. With the desire to resolve the problem, most rheu-
matologists recommend measuring anti-CCP antibody
and RF for early rheumatoid arthritis [45, 46]. Because it is
costly to treat persons who were misdiagnosed with rheu-
matoid arthritis, we need to consider the risks and ben-
efits of such an approach. Also, rheumatologists proposed
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to revise the 2010 ACR criteria [16]. Despite the high sen-
sitivity, the 2010 ACR criteria still miss some RA patients,
especially symmetrical seronegative arthritis and limited
joint involvement [47].

Because the anti-CCP antibody has a high specificity
but moderate sensitivity in the diagnosis of rheumatoid
arthritis [48], as in our results, anti-CCP antibody assays
are developed further to maximize sensitivity. Anti-CCP-2
and anti-CCP-3 assays offer slightly improved sensitivity
over that of anti-CCP-1 assays [49, 50], although they have
no significant changes in specificity for RA (0.924-0.942
for CCP-3 and 0.953-0.966 for CCP-2 from our data).

The accuracies of anti-CCP2 and anti-CCP-3 for RA
diagnosis in our review seem to be extraordinarily high
(diagnostic odds ratio was 42.908 for anti-CCP-3 and was
63.458 for anti-CCP-2), but these assays are restricted by
their excessive heterogeneity. We reviewed the quality
of the included articles that are of high level in terms
of QUADAS rating. However, items 10 and 11 (index test
results blinded and reference standard blinded to index
test) of all studies except for one article [27] are “unclear”.
The two antibodies in eight articles [26, 27, 29, 32-34, 37,
38] were not described in detail, so they did not reach item
8 (adequate index test description). There were 10 arti-
cles [25, 26, 28-30, 33, 37-39, 41] that did not meet item 2
(selection criteria clearly described). One article [26] did
not accord with item 14 as it did not explain withdraw-
als. Meanwhile, only two articles [27, 40] were prospective
studies and had different kinds of reference standard [3,
16-19]. It is reported that various characteristics of the
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Figure 4 Funnel plots for the assessment of potential publication bias in anti-CCP-3 and anti-CCP-2.
The funnel graph plots the log of the DOR against the standard error of the log of the DOR (an indicator of sample size). Each open box rep-
resents each study in the meta-analysis. The line in the center indicates the summary DOR. Anti-CCP-2/3, anti-cyclic citrullinated peptide

2/3 antibody; DOR, diagnostic odds ratio.
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control groups play important roles in sensitivity and spec-
ificity since the prevalence of anti-citrullinated peptide
antibody differs from non-RA rheumatic diseases and
from common infections and healthy individuals. These
aspects would cause spectrum bias, review bias, selection
bias or affect the replication of anti-CCP antibody assays.
In this case, the analysis of the accuracy of anti-CCP-2 and
anti-CCP-3 would be influenced.

We probed inconsistency through meta-regression and
Spearman’s correlation coefficients and conducted a strati-
fied analysis step by negative threshold effects but still dis-
tinct non-threshold effects in the same race. We have shown
that the specificity and sensitivity of anti-CCP-3 and anti-
CCP-2 for RA diagnosis depend on a patient’s race. Further
we found that anti-CCP-3 showed superior diagnostic accu-
racy for RA than anti-CCP-2 in American patients, but more
supportive data is needed for this conclusion due to the
fact that only five publications were used for this analysis
in the present study. We discovered that there was a signifi-
cant heterogeneity for sensitivity, specificity, LR+, LR- and
diagnostic odds ratio after a stratified analysis of different
kinds of assays in anti-CCP-2. Thus, there were additional
improvements for both anti-CCP-3 and anti-CCP-2 assays to
be more reliable and better diagnostic accuracy.

Even though we tried to minimize bias as much as
possible by performing a full-scale search strategy by
including articles with high levels of rating and by using
data extraction independently, there are still some inevi-
table limitations. First, scanty reports (only 17 studies
included) lead to result bias. Second, we could only inte-
grate the available published results and might miss some
important ongoing/unpublished research data and the

References

1. Lee DM, Weinblatt ME. Rheumatoid arthritis. Lancet 2001;358:
903-11.

2. de Vries-Bouwstra JK, Breedveld BA, Ferdinand C. Biologics
in early rheumatoid arthritis. Rheum Dis Clin North Am
2005;31:745-62.

3. Arnett FC, Edworthy SM, Bloch DA, McShane D), Fries JF,

Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315-24.

4. Eggeland T, Munthe E. The role of the laboratory in rheumatology.
Rheumatoid factors. Clin Rheum Dis 1983;9:135-60.

5. Thorsteinsson J, Bjornsson O], Kolbeinsson A, Allander E,
Sigfusson N, Olafsson O. A population study of rheumatoid
factorin Iceland. A 5 year follow-up of 50 women with
rheumatoid factor (RF). Ann Clin Res 1975;7:183-94.

6. Zendman AJ, van Venrooij W/, Pruijn GJ. Use and significance of
anti-CCP autoantibodies in rheumatoid arthritis. Rheumatol Oxf
2006;45:20-25.

DE GRUYTER

language capability could only allow us to choose the
publications in English and Chinese. All of these reasons
might produce publication selection bias. Third, as we
abstracted data on varied assays of anti-CCP-2, it may have
resulted in information bias.

In conclusion, both anti-CCP-2 and anti-CCP-3 are
considerable and novel indicators in the diagnosis of RA
with high specificity and moderate sensitivity, and anti-
CCP-3 did not have better diagnostic performances than
anti-CCP-2, whereas anti-CCP-2 had evident heterogeneity
compared to anti-CCP-3, especially in American patients.
Only a crucial revolution was happened on optimizing
sensitivity and reducing inconsistency, it should be true
that they were taken into clinical practice.

Acknowledgments: This work was supported in part by
the National Natural Science Foundation of China (no.
81171628).

Conflict of interest statement

Authors’ conflict of interest disclosure: The authors
stated that there are no conflicts of interest regarding the
publication of this article. Research support played no
role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

Received September 23, 2013; accepted November 8, 2013; previ-
ously published online January 16, 2014

7. Nienhuis RL, Mandema E. A new serum factor in patients with
rheumatoid arthritis: the antiperinuclear factor. Ann Rheum Dis
1964;23:302-5.

8. Young BJ, Mallya RK, Leslie RD, Clark CJ, Hamblin TJ. Anti-keratin
antibodies in rheumatoid arthritis. Br Med ] 1979;2:97-9.

9. Nell VP, Machold KP, Stamm TA, Eberl G, Heinzl H, Uffmann M,
et al. Autoantibody profiling as early diagnostic and prognostic
tool for rheumatoid arthritis. Ann Rheum Dis 2005;64:1731-6.

10. El-Gabalawy HS, Wilkins JA. Anti-Sa antibodies: prognostic and
pathogenetic significance to rheumatoid arthritis. Arthr Res
Ther 2004;6:86-9.

11. van Boekel M, Vossenaar ER, van den Hoogen FH, van Venrooij W).
Autoantibody systems in rheumatoid arthritis: specificity,
sensitivity and diagnostic value. Arthritis Res 2002;4:87-93.

12. Schellekens GA, de Jong BA, van den Hoogen FH, van den Putte LB,
van Venrooij WJ. Citrulline is an essential constituent of
antigenic determinants recognized by rheumatoid arthritis-
specific autoantibodies. ] Clin Invest 1998;101:273-81.



DE GRUYTER

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bizzaro N, Mazzanti G, Tonutti E, Villalta D, Tozzoli R. Diagnostic
accuracy of the anti-citrulline antibody assay for rheumatoid
arthritis. Clin Chem 2001;47:1089-93.

Aggarwal R, Liao K, Nair R, Ringold S, Costenbader KH.
Anti-citrullinated peptide antibody assays and their role

in the diagnosis of rheumatoid arthritis. Arthritis Rheum
2009;61:1472-83.

Irwig L, Tosteson AN, Gatsonis C, Lau J, Colditz G, Chalmers TC,
et al. Guidelines for meta-analyses evaluating diagnostic tests.
Ann Intern Med 1994;120:667-76.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT,

Birnbaum NS, et al. 2010 rheumatoid arthritis classification
criteria: an American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Arthritis
Rheum 2010;62:2569-81.

Rojas-Serrano J, Burgos-Vargas R, Lino Pérez L,

Garcia Garcia C, Moctezuma F, Vazquez-Mellado J. Very

recent onset arthritis: the value of initial rheumatologist
evaluation and anti-cyclic citrullinated peptide antibodies

in the diagnosis of rheumatoid arthritis. Clin Rheumatol
2009;28:1135-9.

van der Linden MP, Knevel R, Huizinga TW, van der Helm-van
Mil AH. Classification of rheumatoid arthritis comparison of
the 1987 ACR and 2010 ACR/EULAR criteria. Arthritis Rheum
2011;63:37-42.

Hochberg M. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus erythe-
matosus [letter]. Arthritis Rheum 1997;40:1725.

Whiting PF, Weswood ME, Kleijne J, Rutjes AW, Reitsma )B,
Bossuy PN. Evaluation of QUADAS, a tool for the quality
assessment of diagnostic accuracy studies. BMC Med Res
Methodol 2006;6:9.

Stengel D, Bauwens K, Sehouli J, Ekkernkamp A, Porzsolt F.

A likelihood ratio approach to meta-analysis of diagnostic
studies. ) Med Screen 2003;10:47-51.

Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM. The
diagnostic odds ratio: a single indicator of test performance.

J Clin Epidemiol 2003;56:1129-35.

Moses LE, Shapiro D, Littenberg B. Combining independent
studies of a diagnostic test into a summary ROC curve:
data-analytic approaches and some additional considerations.
Stat Med 1993;12:1293-316.

Zeng XT, Li S, Lei J, Guo Y. Application of review manager 5
software for meta-analysis of diagnostic test accuracy. ] HBUM
2013;32:6-16.

Swart A, Burlingame RW, Giirtler I, Mahler M. Third generation
anti-citrullinated peptide antibody assay is a sensitive marker
in rheumatoid factor negative rheumatoid arthritis. Clin Chim
Acta 2012;414:266-72.

Vander Cruyssen B, Nogueira L, Van Praet |, Deforce D,
Elewaut D, Serre G, et al. Do all anti-citrullinated protein/
peptide antibody tests measure the same? Evaluation of
discrepancy between anti-citrullinated protein/peptide
antibody tests in patients with and without rheumatoid arthritis.
Ann Rheum Dis 2008;67:542-6.

Caro-Oleas JS, Fernandez-Suarez A, Cesteros SR, Porrino C,
Ndfez-Roldan A, Schlipf IW. Diagnostic usefulness of a
third-generation anti-cyclic citrulline antibody test in

patients with recent-onset polyarthritis. Clin Chem Lab Med
2007;45:1396-401.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Zhang et al.: Diagnostic accuracy of anti-CCP-2 and anti-CCP-3in RA =—— 789

Coenen D, Verschueren P, Westhovens R, Bossuyt X.

Technical and diagnostic performance of 6 assays for the
measurement of citrullinated protein/peptide antibodies

in the diagnosis of rheumatoid arthritis. Clin Chem
2007;53:498-504.

Kitahara K, Takagi K, Kusunoki Y, Nishio S, Nozaki T, Inomata H,
et al. Clinical value of second- and third-generation assays

of anti-cyclic citrullinated peptide antibodies in rheumatoid
arthritis. Ann Rheum Dis 2008;67:1059-60.

Shidara K, Inoue E, Tanaka E, Hoshi D, Seto Y, Nakajima A, et al.
Comparison of the second and third generation anti-cyclic
citrullinated peptide antibody assays in the diagnosis of
Japanese patients with rheumatoid arthritis. Rheumatol Int
2011;31:617-22.

Lutteri L, Malaise M, Chapelle JP. Comparison of second- and
third-generation anti-cyclic citrullinated peptide antibodies
assays for detecting rheumatoid arthritis. Clin Chim Acta
2007;386:76-81.

dos Anjos LM, Pereira IA, d‘Orsi E, Seaman AP, Burlingame RW,
Morato EF. A comparative study of IgG second- and third-
generation anti-cyclic citrullinated peptide (CCP) ELISAs

and their combination with IgA third-generation CCP ELISA

for the diagnosis of rheumatoid arthritis. Clin Rheumatol
2009;28:153-8.

Correia ML, Carvalho S, Fortuna J, Pereira MH. Comparison

of three anti-CCP antibody tests and rheumatoid factor in RA and
control patients. Clinic Rev Allerg Immunol 2008;34:21-5.
Santiago M, Baron M, Miyachi K, Fritzler MJ, Bell M, Jones N,
et al. A comparison of the frequency of antibodies to cyclic
citrullinated peptides using a third generation anti-CCP assay
(CCP3) in systemic sclerosis, primary biliary cirrhosis and
rheumatoid arthritis. Clin Rheumatol 2008;27:77-83.

Mutlu N, Bicakcigil M, Tasan DA, Kaya A, Yavuz S, Ozden Al.
Comparative performance analysis of 4 different anti-citrul-
linated protein assays in the diagnosis of rheumatoid arthritis.
J Rheumatol 2009;36:491-500.

Bizzaro N, Tonutti E, Tozzoli R, Villalta D. Analytical and
diagnostic characteristics of 11 2nd- and 3rd-generation
immunoenzymatic methods for the detection of antibodies to
citrullinated proteins. Clin Chem 2007;53:1527-33.

Wu R, Shovman 0, Zhang, Gilburd B, Zandman-Goddard G,
Shoenfeld Y. Increased prevalence of anti-third generation cyclic
citrullinated peptide antibodies in patients with rheumatoid
arthritis and CREST syndrome. Clin Rev Allergy Immunol
2007;32:47-56.

Jaskowski TD, Hill HR, Russo KL, Lakos G, Szekanecz Z,
Teodorescu M. Relationship between rheumatoid factor
isotypes and IgG anti-cyclic citrullinated peptide antibodies.

) Rheumatol 2010;37:1582-8.

Debaugnies F, Servais G, Badot V, Noubouossie D, Willems D,
Corazza F. Anti-cyclic citrullinated peptide antibodies: a
comparison of different assays for the diagnosis of rheumatoid
arthritis. Scand ) Rheumatol 2013;42:108-14.

Elrefaei M, Boose K, McGee M, Tarrant TK, Lin FC, Fine JP, et al.
Second generation automated anti-ccp test better predicts

the clinical diagnosis of rheumatoid arthritis. J Clin Immunol
2012;32:131-7.

Hayashi N, Kumagai S, Onuma K, Uto K, Sugiyama D,

Saegusa J, et al. Comparison of nine second- and third-
generation anti-cyclic citrullinated peptide antibody assays



790 —— Zhangetal.: Diagnostic accuracy of anti-CCP-2 and anti-CCP-3 in RA DE GRUYTER

for the diagnosis of rheumatoid arthritis. Jpn ) Clin Immunol rheumatoid factor as tests for rheumatoid arthritis. Autoimmune
2013;36:104-14. Dis 2011;2011:815038.

42. Vander Cruyssen B, Cantaert T, Nogueira L, Clavel C, De Rycke L,  47. Fautrel B, Combe B, Rincheval N, Dougados M. Level of
Dendoven A, et al. Diagnostic value of anti-human citrullinated agreement of the 1987 ACR and 2010 ACR/EULAR rheumatoid
fibrinogen ELISA and comparison with four other anti-citrul- arthritis classification criteria: an analysis based on ESPOIR
linated protein assays. Arthritis Res Ther 2006;8:R122. cohort data. Ann Rheum Dis 2012;71:386-9.

43. De Rycke L, Peene |, Hoffman IE, Kruithof E, Union A, Meheus L, 48. Gao F, Ren L, Zhang CQ, Mu FY, You YQ, Liu YH. Diagnostic value
et al. Rheumatoid factor and anticitrullinated protein antibodies of anti-cyclic citrullinated peptide antibody for rheumatoid
in rheumatoid arthritis: diagnostic value, associations with arthritis in a Chinese population: a meta-analysis. Rheumatol
radiological progression rate, and extra-articular manifes- Int 2012;32:3201-18.
tations. Ann Rheum Dis 2004;63:1587-93. 49. Avouac ), Gossec L, Dougados M. Diagnostic and predictive

44. Mimori T. Clinical significance of anti-CCP antibodies in value of anti-cyclic citrullinated protein antibodies in
rheumatoid arthritis. Intern Med 2005;44:1122-6. rheumatoid arthritis: a systematic literature review. Ann Rheum

45. Nishimura K, Sugiyama D, Kogata Y, Tsuji G, Nakazawa T, Dis 2006;65:845-51.

Kawano S, et al. Meta-analysis: diagnostic accuracy of 50. Grootenboer-Mignot S, Nicaise-Roland P, Delaunay C, Meyer O,
anti—cyclic citrullinated peptide antibody and rheumatoid factor Chollet-Martin S, Labarre C. Second generation anti-cyclic
for rheumatoid arthritis. Ann Intern Med 2007;146:797-808. citrullinated peptide (anti-CCP2) antibodies can replace other

46. Taylor P, Gartemann J, Hsieh ], Creeden J. A systematic review anti-filaggrin antibodies and improve rheumatoid arthritis

of serum biomarkers anti-cyclic citrullinated peptide and diagnosis. Scand ] Rheumatol 2004;33:218-20.

Wen-Chao Zhang is a postgraduate student at Chongging Medical Wei-Xian Chen is the Director of the Department of Laboratory
University. Her major is Laboratory Medicine and Internal Medicine ~ Medicine, the Second Affiliated Hospital of Chongging Medical
(Neurology). She is currently doing her clinical practice in the University, China. He holds a Medical Doctor Degree and has been
Department of Laboratory Medicine, at the Second Affiliated a Master student tutor. He is mainly engaged in infection and
Hospital of Chongqging Medical University and the First Affiliated immunity research, especially hepatitis virus and autoimmunity. He
Hospital of Chongging Medical University. has published more than 30 original and review articles.

Han Wu is a postgraduate of the Chongging Medical University. Her
major is Internal Medicine (neurology). She is currently doing her
clinical practice at the First Affiliated Hospital of Chongging Medical
University.



