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Abstract
Aim: To evaluate the diagnostic value of anti- citrullinated α- enolase peptide 1 (anti- 
CEP 1) antibody in patients with rheumatoid arthritis (RA) by conducting a systematic 
review and meta- analysis.
Methods: The PubMed, Web of Science, Embase, Scopus, and Cochrane Library da-
tabases were searched for relevant studies published until September 23, 2020. A 
bivariate mixed- effects model was used to calculate the diagnostic indices from pri-
mary data of eligible studies. We performed meta- regression and subgroup analysis 
to explore the sources of heterogeneity.
Results: Twenty- four articles, with a total of 17 380 patients with RA and 7505 
control participants, met the criteria for inclusion in the meta- analysis. The pooled 
sensitivity, specificity, and positive and negative likelihood ratios for the anti- CEP 
1 antibody were 44% (95% CI: 38%- 51%), 97% (95% CI: 96%- 98%), and 14.81 (95% 
CI: 10.66- 20.57) and 0.57 (95% CI: 0.52- 0.64), respectively. The pooled positive and 
negative predictive values were 0.96 (95% CI: 0.95- 0.97) and 0.53 (95% CI: 0.43- 
0.63), respectively. The area under the summary receiver operating characteristic 
curve was 0.86. Meta- regression indicated that the anti- CEP 1 antibody detection 
method may be a source of heterogeneity. The subgroup analysis of the group in 
which the anti- CEP 1 antibody was detected by using a commercial enzyme- linked 
immunosorbent assay (ELISA) kit had a sensitivity of 59% (95% CI: 50%- 68%) and a 
specificity of 93% (95% CI: 85%- 97%).
Conclusions: The anti- CEP 1 antibody had moderate RA diagnostic value with relatively 
low sensitivity and high specificity. An ELISA may increase the RA diagnostic sensitivity.
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1  | INTRODUC TION

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disor-
der characterized by irreversible joint erosion, articular cartilage 
destruction, and synovial inflammation.1 Additionally, patients 
with RA may have coexisting extra- articular manifestations, such 
as cardiovascular events, lung disease, and neurological involve-
ment,2,3 which could seriously affect the quality of life in RA 
patients. However, early diagnosis of RA and intervention can 
help achieve remission and reduce the possibility of RA- related 
disabilities.4

Autoantibodies are the hallmark of RA, of which anti- cyclic ci-
trullinated peptide (anti- CCP) antibody and rheumatoid factor (RF) 
are routinely used to diagnose RA.5 They are also recommended by 
the American College of Rheumatology/European League Against 
Rheumatism (ACR/EULAR) the criteria of which are used to diag-
nose RA. Nevertheless, using only anti- CCP antibody and RF is 
insufficient to identify some potential patients with early stage 
RA who are negative for anti- CCP antibody and RF.6 Therefore, 
more novel autoantibodies are needed to allow identification of 
seronegative RA patients. Anti- citrullinated protein antibodies 
(ACPAs) have an important role in diagnosing RA. ACPAs interact 
with different citrullinated proteins as target antigens, including 
fibrinogen, type II collagen, vimentin, and α- enolase.7 In particu-
lar, α- enolase, one of the key enzymes for glycolysis, is involved 
in the pathogenesis of RA.8 In 2005, Kinloch et al.9 first reported 
that citrullinated α- enolase peptide (CEP) was specific for RA, and 
they observed that CEP can be detected in the synovial fluid of 
patients with RA and that the anti- CEP 1 antibody had a higher 
level in synovial fluid than in serum.10 These findings suggest that 
the anti- CEP 1 antibody may be produced from joint tissue, and it 
may better reflect the pathological changes involved in RA than the 
anti- CCP antibody that targets synthetic antigen but not physio-
logical proteins. Additionally, anti- CEP 1 antibody can be detected 
in patients with seronegative RA,11,12 suggesting that it helps with 
early diagnosis of RA.

Several studies have investigated the diagnostic value of anti- 
CEP 1 antibody for RA. However, the results from different stud-
ies have been inconsistent, and no published systematic review 
or meta- analysis has evaluated the diagnostic value of anti- CEP 
1 antibody for RA. Therefore, we conducted this systematic re-
view and meta- analysis to assess the RA diagnostic performance 
of the anti- CEP 1 antibody and identify factors that may affect its 
performance.

2  | METHODS

This meta- analysis was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) guidelines.13 The PRISMA checklist is shown in the sup-
plementary files (see Appendix S1).

2.1 | Search strategy

The following 5 electronic databases were searched to retrieve 
relevant studies: PubMed, Web of Science, Embase, Scopus, and 
Cochrane Library. All studies were published prior to September 
23, 2020, and we applied no language restriction. To construct the 
search strategy, the index terms were used as follows: autoantibody 
to citrullinated alpha enolase peptides 1, autoantibody to citrulli-
nated α- enolase peptide 1, autoantibody to CEP- 1, anti- CEP- 1 anti-
body, rheumatoid arthritis, and RA. The detailed search strategy is 
presented in the supplementary files (see Appendix S2B).

2.2 | Study inclusion and exclusion criteria

Two investigators independently screened all the articles searched 
in the electronic databases. We included studies fulfilling the follow-
ing inclusion criteria: (a) the diagnostic accuracy of anti- CEP 1 anti-
bodies in RA was evaluated; (b) necessary data including sensitivity, 
specificity, false positives, and false negatives could be obtained or 
calculated from the study; (c) healthy donors or non- RA disease pa-
tients were enrolled in the study; (d) the diagnosis of patients with 
RA was based on the ACR or EULAR diagnostic criteria.

The following exclusion criteria were adopted: (a) studies with-
out enough data to construct 2 × 2 contingency tables; (b) studies 
examining the diagnostic accuracy of the anti- CEP 1 antibody for 
future RA; (c) patient numbers with RA < 50; (d) tested samples were 
not in serum or plasma. (e) the study included duplicate data; (f) an-
imal experiments.

2.3 | Data extraction

The process of data extraction was independently conducted by 2 
investigators, and we extracted the essential information presented 
in the eligible articles, including the first author, published year, age, 
country where the study was performed, type of article, study design, 
method, plate and antibody used in enzyme- linked immunosorbent 
assay (ELISA), CEP- 1 peptide sequence, diagnostic standard for RA, 
age, RA number, non- RA number, a cut- off of the method, diagnos-
tic index, and anti- CEP 1 positive rate in patients with RA who were 
anti- CCP negative or positive. Any disagreements were resolved by 
reaching a consensus.

2.4 | Quality assessment

According to the Quality Assessment of Diagnostic Accuracy 
Studies- 2 (QUADAS- 2) tool,14 2 investigators independently as-
sessed the quality of all eligible literature. QUADAS- 2 evalu-
ates 2 sections: risk of bias and concerns regarding applicability. 
Evaluation of the risk of bias comprised patient selection, index 
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test, reference standard, flow and timing. The evaluation of the 
concerns regarding applicability included patient selection, index 
test, and reference standards. The risk was scored as high, low, or 
unclear according to the evaluating results of each section. Two 
investigators performed the quality assessment, and when there 
were inconsistent evaluation results, we resolved the disagree-
ment through discussion.

2.5 | Statistical analysis

We used STATA 15 (Stata Corp, College Station, TX, USA), Meta- 
DiSc V.1.4 (Unit of Clinical Biostatistics team of the Ramony Cajal 

Hospital), and RevMan 5.3 (the Nordic Cochrane Center) software 
to perform the meta- analysis. A bivariate mixed- effects model was 
used to calculate the pooled sensitivity, specificity, positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), positive predictive 
value (PPV), negative predictive value (NPV), and diagnostic odds 
ratio (DOR). We established a summary receiver operator charac-
teristic (SROC) curve and calculated the area under the SROC curve 
(AUC) to evaluate the overall performance of the anti- CEP 1 anti-
body in patients with RA. The I2 statistical test, which is an index for 
assessing heterogeneity, was used to detect heterogeneity within 
studies; a value of I2 >50% indicates substantial heterogeneity. We 
tested for threshold effects, which could lead to heterogeneity of 
results due to inconsistent cut- off values applied in various studies, 

F I G U R E  1   Flow diagram for screening studies and results
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and P values <.05 were considered to be indicative of the presence 
of a threshold effect. Meta- regression and subgroup analysis were 
performed to detect the potential source of heterogeneity, and P 
values <.05 were taken to be indicative of statistical significance. 
To detect publication bias, a Deek's funnel plot was employed, and 
P values <.10 were considered to be indicative of existing publica-
tion bias.

3  | RESULTS

3.1 | Search results

A total of 423 articles were searched in PubMed, Web of Science, 
Embase, Scopus, and Cochrane Library databases, of which 184 
studies were duplicates and 145 were excluded after the title and 
abstract screening (Figure 1). Then, 94 studies underwent full- text 
review, of which 18 did not provide enough data to construct 2 × 2 
contingency tables, 18 did not set up a control group, 12 reported 
that they included pre- RA patients who developed RA in the future, 
8 did not detect anti- CEP 1 antibody in patients with RA, 6 were 
reported as meeting abstracts that had been officially published 
as papers, 3 reported that the patients with RA were not diag-
nosed according to the ACR or EULAR criteria, 3 were reviews, 1 
reported that the number of included RA patients was <50, and 1 
was an animal study. Therefore, 70 studies were excluded after full- 
text review. Finally, 24 articles met the criteria for inclusion in the 
meta- analysis.15- 38

3.2 | Study characteristics and literature 
quality assessment

Tables 1 and 2 present the main characteristics of the 24 eligible 
studies. There were 17 380 RA patients, 1231 non- RA patients 
as the disease control group, and 6274 participants as the health 
control group. Among the 24 studies, 14 only used health donors 
as a control group,15,18,20,21,23,26- 28,30,33- 37 1 study only used non-
 RA patients as a control group,24 and the other studies mixed 
health donors and non- RA patients as the control group.16,17,19,22

,25,29,31,32,38 Two studies reported as meeting abstracts,26,36 and 
the other studies were reported as journal articles.15- 25,27- 35,37,38 
Most of the studies used ELISAs to detect the anti- CEP 1 antibody 
by commercial ELISA kits or a self- established ELISA method.15- 

17,19,22,24,25,28,29,31- 33,35- 38 Two types of CEP- 1 peptide sequences 
were used as coating antigens in the self- established ELISA 
methods: one was a CKIHA(cit)EIFDS(cit)GNPTVEC (cyclic) with 
C- terminal and N- terminal cysteines to facilitate cyclization in 6 in-
cluded studies,25,31,33,35,37,38 and another was a KIHA(cit)EIFDS(cit)
GNPTVE without cysteine in 4 of the studies.24,28,29,32 Detailed 
information about the self- established ELISA methods used in the 
included studies is presented in the supplementary files (see Table 
S1. [Appendix S2C]).A
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F I G U R E  2   Literature quality assessment by using the Quality Assessment of Diagnostic Accuracy Studies- 2 (QUADAS- 2) tool for eligible 
studies
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The results of the included literature quality assessment are 
shown in Figure 2. We found a relatively high risk of bias or unclear 
risk of bias for patient selection because most of the articles did not 
specifically explain the sampling method of the included patients 
and it was difficult to achieve a consecutive or random sample of 
patients. A few studies indicated a high risk bias in flow and timing, 
because not all of the included patients in these studies underwent 
the anti- CEP 1 antibody test. However, regarding applicability, all 
studies had a low risk of bias.

3.3 | Diagnostic value of anti- CEP 1 antibody to RA

Among the 24 studies included in the meta- analysis, the sensitivity of 
the anti- CEP 1 antibody to RA ranged 17.4%- 72.0%, and the specific-
ity of the anti- CEP 1 antibody to RA ranged 76%- 100%. Eleven stud-
ies out of 24 included studies showed the prevalence of the anti- CEP 
1 antibody in the anti- CCP antibody negative RA patients or anti- CCP 
antibody- positive RA patients,15- 17,20- 22,31,34,35,37,38 and the preva-
lences of the anti- CEP 1 antibody in the 2 groups of RA patients were 
0%- 41.2% and 32.6%- 91.0%, respectively. The pooled sensitivity 
and specificity were 44% (95% CI: 38%- 51%, P < .0001, I2 = 97.02%) 
and 97% (95% CI: 96%- 98%, P < .0001, I2 = 92.77%), respectively 
(Figure 3A,B). Therefore, there was a significant heterogeneity 
among the studies. The pooled PLR was 14.81 (95% CI: 10.66- 20.57, 
P < .0001, I2 = 81.29%), and the pooled NLR was 0.57 (95% CI: 0.52- 
0.64, P < .0001, I2 = 97.15%). The pooled PPV and NPV of the anti- 
CEP 1 antibody were 0.96 (95% CI: 0.95- 0.97, P < .0001, I2 = 88.70%) 
and 0.53 (95% CI: 0.43- 0.63, P < .0001, I2 = 99.60%), respectively. 
The pooled DOR was 25.83 (95% CI: 18.43- 36.20), and the SROC 
showed that the AUC was 0.86 (95% CI: 0.82- 0.88) (Figure 3C).

3.4 | Meta- regression and subgroup analysis

First, we evaluated the included studies to determine if there was an 
existing threshold effect. The Spearman's correlation coefficient for 
the anti- CEP 1 antibody was 0.342 (P = .094), indicating that there 
was no threshold effect.

However, there was substantial heterogeneity among the in-
cluded studies, so we performed a meta- regression to explore the 
sources of heterogeneity. The following covariates were tested: the 
control group (healthy control and included disease control), diag-
nostic criteria for RA (the 1987 ACR criteria and 2010 ACR/EULAR 
criteria), and detection method for anti- CEP 1 antibody (commercial 
ELISA kit and non- commercial ELISA kit). Consequently, the control 
group and diagnostic criteria for RA were identified as significant 
contributors to the heterogeneity for specificity (both P < .001), 
whereas the detection method for RA contributed to the hetero-
geneity for sensitivity and specificity (P < .05 and P < .001, respec-
tively) (Figure 4).

Furthermore, all covariates were subjected to subgroup analy-
sis. In the controls subgroup, the group with healthy controls had 

a sensitivity of 42% (95% CI: 34%- 50%, P < .0001, I2 = 98.12%), a 
specificity of 98% (95% CI: 97%- 98%, P < .0001, I2 = 88.57%), and 
an AUC of 0.92 (95% CI: 0.89- 0.94); the group including the disease 
controls had a sensitivity of 48% (95% CI: 40%- 56%, P < .0001, 
I2 = 87.15%), a specificity of 95% (95% CI: 91%- 98%, P < .0001, 
I2 = 93.24%), and an AUC of 0.78 (95% CI: 0.74- 0.82). In the diag-
nostic criteria for the RA subgroup, the group diagnosed with RA 
according to the 1987 ACR criteria had a sensitivity of 41% (95% 
CI: 35%- 48%, P < .0001, I2 = 97.51%), a specificity of 97% (95% 
CI: 96%- 98%, P < .0001, I2 = 92.80%), and an AUC of 0.84 (95% 
CI: 0.80- 0.87); and the group diagnosed with RA according to the 
2010 ACR/EULAR criteria had a sensitivity of 57% (95% CI: 47%- 
67%, P < .0001, I2 = 90.55%), a specificity of 96% (95% CI: 91%- 98%, 
P < .0001, I2 = 87.35%), and an AUC of 0.86 (95% CI: 0.83- 0.89). In 
the detection method for RA subgroup, the group that detected the 
anti- CEP 1 antibody by using a commercial ELISA kit had a sensitivity 
of 59% (95% CI: 50%- 68%, P < .0001, I2 = 88.04%), a specificity of 
93% (95% CI: 85%- 97%, P < .0001, I2 = 86.42%), and an AUC of 0.79 
(95% CI: 0.76- 0.83); the group that detected the anti- CEP 1 anti-
body by using a home- made ELISA kit had a sensitivity of 33% (95% 
CI: 28%- 39%, P < .0001, I2 = 90.35%), a specificity of 98% (95% CI: 
96%- 99%, P < .0001, I2 = 87.07%), and an AUC of 0.70 (95% CI: 0.66- 
0.74); and the group that detected the anti- CEP 1 antibody by using 
microarray had a sensitivity of 48% (95% CI: 38%- 58%, P < .0001, 
I2 = 98.34%), a specificity was 97% (95% CI: 96%- 98%, P < .0001, 
I2 = 89.46%), and an AUC of 0.95 (95% CI: 0.93- 0.97). To explore 
the different antigen sources and to determine if they affected the 
diagnostic performance of the home- made ELISA kit, we performed 
an additional subgroup analysis. The group using a CEP- 1 sequence 
with C- terminal and N- terminal cysteines had a sensitivity of 35% 
(95% CI: 28%- 42%, P < .0001, I2 = 91.04%), a specificity of 98% (95% 
CI: 95%- 100%, P < .0001, I2 = 93.73%), and an AUC of 0.62 (95% 
CI: 0.57- 0.66). The group using a CEP- 1 sequence without cysteines 
had a sensitivity of 31% (95% CI: 22%- 42%, P < .0001, I2 = 90.57%), 
a specificity of 97% (95% CI: 95%- 100%, P = .48, I2 = 0%), and an 
AUC of 0.96 (95% CI: 0.94- 0.98). Other details of the summary di-
agnostic index are shown in the supplementary files (see Table S2. 
[Appendix S2D]).

3.5 | Publication bias and sensitivity analysis

The Deeks' funnel plot asymmetry test showed that no publication 
bias was observed (P = .65) (see Figure S1 [Appendix S2E]). The sen-
sitivity analysis, excluding each article to perform the meta- analysis 
again, indicated that the meta- analysis results were stable (See 
Figure S2 [Appendix S2F]).

4  | DISCUSSION

Patients with RA who receive early successful treatment can achieve 
effective remission and possibly prevent onset of extra- articular 



642  |     LI et aL.

manifestations. Therefore, it is necessary to identify RA as soon as 
possible. Many ACPAs have shown good performance for early diag-
nosis of RA.39 The anti- CEP 1 antibody is one of the ACPAs that can 
be detected even before the onset of RA and may be involved at the 
beginning of RA.40 Thus, detection of the anti- CEP 1 antibody may 
contribute to recognition of patients in early phase RA.

To our knowledge, this meta- analysis is the first to investigate 
the diagnostic value of anti- CEP 1 antibody for RA, with a total of 
24 studies included. The potential diagnostic value of the anti- CEP 1 
antibody for RA was mainly reflected by its predominant specificity 
(97%) and PLR (14.81), indicating that the subjects who tested posi-
tive for the anti- CEP 1 antibody had a 14.81- fold chance of develop-
ing RA relative to the chance for the subjects who tested negative. 
Therefore, the high PLR of the anti- CEP 1 antibody shows that a 
positive anti- CEP 1 antibody result has good accuracy for identi-
fying subjects who have RA. However, the diagnostic value of the 
anti- CEP 1 antibody for RA was limited by its lower sensitivity (44%) 
and insufficiently low NLR (0.57), which suggests that the subjects 
who were suspected to have RA but tested negative for the anti- 
CEP 1 antibody could not be excluded from having RA. The higher 
pooled PPV (0.96) and lower pooled NPV (0.53) also indicated that 

subjects with the anti- CEP 1 antibody had a higher probability of RA 
and those without the anti- CEP 1 antibody could not be ruled out as 
having RA and that the predicted values could be affected by disease 
prevalence.41 Therefore, more studies are needed to confirm this re-
sult by adjusting for the prevalence of RA. The DOR (25.83) revealed 
that the anti- CEP 1 antibody was very helpful for diagnosing RA, and 
the AUC of 0.86 indicated moderate performance of the anti- CEP 1 
antibody for diagnosing RA.

We observed high heterogeneity among the included studies. 
Therefore, we tested several factors that may influence hetero-
geneity by performing meta- regression and subgroup analysis. 
The meta- regression analysis indicated that the control group, di-
agnostic criteria for RA, and detection method for the anti- CEP 
1 antibody were significant contributors to the heterogeneity for 
specificity, whereas the subgroup analysis suggested that the het-
erogeneity values for each of the specificity of 3 factors were not 
significantly different (range of I2: 86.42%- 93.24%) and the speci-
ficity was higher than 93%. Additionally, the subgroup analysis in-
dicated that the group diagnosed with RA according to the 2010 
ACR/EULAR criteria had a sensitivity (57%) that was about 16% 
higher than that of the group diagnosed with RA according to the 

F I G U R E  3   Forest plots and summary receiver operating characteristic curves of the anti- citrullinated α- enolase peptide 1 (anti- CEP 1) for 
rheumatoid arthritis (RA). (A) Sensitivity forest plot; (B) specificity forest plot; (C) summary receiver operating characteristic curve



     |  643LI et aL.

F I G U R E  4   Univariable meta- regression and subgroup analysis of 3 covariates (control group, diagnostic criteria for rheumatoid 
arthritis (RA), method for detection of the anti- citrullinated α- enolase peptide 1 [anti- CEP 1] antibody)
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1987 ACR criteria (41%). Clinically, there are 2 sets of criteria for 
diagnosing RA, and some studies have reported that the 2010 ACR/
EULAR criteria have a higher sensitivity for identifying patients with 
RA but a lower specificity than that of the 1987 ACR criteria.42- 44 
The results of the subgroup analysis were consistent with those of 
these published studies. The method for detecting the anti- CEP 1 
antibody is a potential source of heterogeneity for sensitivity and 
specificity, which was tested by meta- regression and subgroup anal-
ysis. The group in which the anti- CEP 1 antibody was detected by 
using a commercial ELISA kit had the highest sensitivity (59%) of all 
subgroups, whereas the group in which the anti- CEP 1 antibody was 
detected by using a home- made ELISA kit had the lowest sensitivity 
(33%) among all subgroups, which indicated that the standardized 
commercial ELISA kit may improve the sensitivity for diagnosis of 
RA relative to that of the home- made ELISA kits that use a variety 
of materials and testing procedures. Additionally, the AUC of the 
commercial ELISA kit (0.79) was higher than that of the home- made 
ELISA kit (0.70), which indicated that detecting the anti- CEP 1 an-
tibody by using the commercial ELISA kit had moderate diagnostic 
performance and was superior to that of the home- made ELISA kit. 
The group in which the anti- CEP 1 antibody was detected by using 
microarray had the highest AUC (0.95), which may be because only 
healthy donors were included in the control group. Therefore, the 
value of the microarray for detecting the anti- CEP 1 antibody should 
be investigated by additional studies that include a diseased- patient 
control. For the home- made ELISA kit, our data show that the sen-
sitivity and specificity in the group using the CEP- 1 peptide with C- 
terminal and N- terminal cysteines as coated antigens were slightly 
higher than the CEP- 1 peptide without cysteines, but the AUC was 
lower. Therefore, an inconsistent antigen source may adversely 
affect the capability for detection of the anti- CEP 1 antibody and 
the diagnostic performance of home- made ELISA kits. Of note, al-
though the meta- regression showed that 3 factors may contribute 
to the heterogeneity, the subgroup analysis did not explore the no-
table decrease in the I2 value (I2 < 50%), which demonstrated that 
the combined effect of multiple factors may influence heterogene-
ity. However, some of our included studies had missing data, which 
prevented analysis of this issue.

To date, RA remains a clinical diagnosis and autoantibody tests 
only serve as an aid to clinical assessment because of the existence 
of patients with seronegative RA who are negative for both anti- 
CCP antibody and RF,45 although anti- CCP antibody and RF are 
routinely detected as indicators for diagnosing RA. However, our 
meta- analysis indicated that due to the lower sensitivity of diag-
nosing RA and similar specificity relative to that of the anti- CCP 
antibody,46 this demonstrated that anti- CEP 1 antibody detection 
is not superior to anti- CCP antibody detection for diagnosing RA. 
Nevertheless, some studies have indicated that detection of anti- 
CEP 1 antibody could identify patients with RA who had negative 
anti- CCP antibody tests. The available evidence shows that detec-
tion of the anti- CEP 1 antibody ranges 0%- 41.2% in patients with 
RA who have negative anti- CCP antibody tests and from 32.6%- 
91.0% in patients with RA who have positive anti- CCP antibody 

tests.15- 17,20- 22,31,34,35,37,38 The results were significantly different 
due to variations in sample size, study design or patient ethnicity, 
so further study is needed to investigate the reasons for these vari-
ations. Additionally, the first presentation of the anti- CEP antibody 
can be earlier than the increase in the anti- CCP antibody.47 Thus, 
the anti- CEP 1 antibody may have supplementary diagnostic value 
in patients with RA by combining analysis of the anti- CCP and anti- 
CEP 1 antibodies. Presumably, they may benefit from early and ag-
gressive interventions. Some studies have indicated that patients 
with anti- CEP 1 antibody- positive RA are more likely to develop 
bone erosions or interstitial lung disease (ILD) than patients with 
anti- CCP antibody- positive RA,17,22,35 although the anti- CCP anti-
body is also associated with an increased risk of developing bone 
erosion or ILD,22 which suggests that the anti- CEP 1 antibody is a 
better ACPA than the anti- CCP antibody to predict the prognosis 
of RA. The anti- CEP 1 antibody, one of the ACPA that targets a 
true physiological protein, may participate in the pathogen of RA- 
associated clinical manifestations.48 High levels of ACPAs are asso-
ciated with the development of bone erosion in patients with RA.7,49 
ACPAs may contribute to activating osteoclasts through their Fc 
glycan interactions with Fc receptors on osteoclasts to promote os-
teoclast activation and subsequent development of bone erosion, 
which is dependent on antibody- mediated effect.50 RA- associated 
ILD frequently appears in patients with positive ACPA and cigarette 
smoking, but the specific mechanism of the underlying association 
between lung injury and ACPA generation remains unclear.

There were several limitations in our meta- analysis. First, some 
published articles in other databases were not evaluated. Second, 
we used the QUADAS- 2 tool to assess the quality of the included 
studies, and a high risk of bias and an unclear risk of bias for pa-
tient selection were observed because most of the included stud-
ies did not explain the sampling method used to select the included 
patients. Third, ACPAs are related to genetic factors and may be 
one of the sources of heterogeneity, but the included studies were 
missing a lot of data, so we did not consider this relationship when 
we performed the meta- regression and subgroup analysis. Fourth, 
the stage of RA in patients may affect the overall diagnostic value 
of the anti- CEP 1 antibody for RA, so more studies are needed to 
investigate the diagnostic value of the anti- CEP 1 antibody for RA 
in different disease stages. Fifth, some studies have detected the 
anti- CEP 1 antibody by performing in- house assays, which vary in 
performance because of varying factors, such as antigen source, 
plates, conditions of coating, and detection reagents, so the diag-
nostic value of the anti- CEP 1 antibody detected by in- house assays 
should be validated.

5  | CONCLUSIONS

In summary, this review shows that the anti- CEP 1 antibody has 
moderate RA diagnostic value with relatively low sensitivity and high 
specificity. Moreover, the use of commercial ELISA kits for detect-
ing the anti- CEP 1 antibody increases the RA diagnostic sensitivity.
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