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Abstract: The aim of this updated meta-analysis is to investigate the association between anti-cyclic citrullinated 
peptide (anti-CCP) antibodies or rheumatoid factor (RF) and rheumatoid arthritis related interstitial lung disease 
(RA-ILD). We searched the PubMed, Embase, Cochrane and Chinese National Knowledge Infrastructure (CNKI) 
databases for studies published from inception to December 2014. The pooled odds ratio (OR) and 95% confi-
dence intervals (CI) were calculated to assess the strengths of the associations between anti-CCP antibodies or 
RF and RA-ILD. All of the statistical analyses were performed using Review Manager 5.3 software and STATA 11.0 
software. A total of 14 studies involving 702 patients with RA-ILD and 1675 control RA patients were considered. 
Meta-analysis showed that there was a high association between anti-CCP antibodies and RA-ILD (OR=3.91, 95% 
CI: 2.62-5.81, P<0.00001). Meanwhile, A high association between RF status and RA-ILD (OR=3.02, 95% CI: 2.37-
3.84, P<0.00001) was also observed. In subgroup analyses stratified by ethnicity, highly significant associations 
were revealed in both the Asian population subgroup (anti-CCP antibodies and RA-ILD: OR=3.72, 95% CI: 2.39-5.81, 
P<0.00001; RF and RA-ILD: OR=2.66, 95% CI: 1.72-4.12, P<0.0001) and the white population subgroup (anti-CCP 
antibodies and RA-ILD: OR=3.90, 95% CI: 2.04-7.46, P<0.0001; RF and RA-ILD: OR= 2.84, 95% CI: 1.88-4.31, 
P<0.00001). Our findings suggest that both anti-CCP antibodies and RF were highly associated with interstitial lung 
disease in rheumatoid arthritis, in both Asian and white populations. 

Keywords: Anti-cyclic citrullinated peptide antibodies, rheumatoid factor, interstitial lung disease, rheumatoid ar-
thritis, meta-analysis

Introduction

Lung involvement is a well-recognized and 
important extra-articular manifestation of rheu-
matoid arthritis (RA) [1], conferring significant 
morbidity and mortality [2, 3]. The prevalence 
of interstitial lung disease (ILD) in RA is estimat-
ed to be as high as nearly 10% [3]. Patients 
with RA-related interstitial lung disease (RA-ILD) 
have a poor prognosis, with a median survival 
time of 3.5 years and a five-year survival rate of 
39 percent [4]. Therefore, it is important to 
investigate the risk factors contributing to the 
development of RA-ILD. 

In previous studies, a few RA-specific autoanti-
bodies, including anti-cyclic citrullinated pep-
tide (anti-CCP) antibodies and rheumatoid fac-

tor (RF), have been described [5]. The very high 
specificity and sensitivity of anti-CCP antibod-
ies and their strong association with the early 
articular disease and extra-articular manifesta-
tions support their diagnostic and prognostic 
values [6-13]. RF is another immunological hall-
mark of RA, with modest RA disease specificity 
[14]. The specificity of the anti-CCP antibodies 
and RF for established or early RA has been 
documented as a useful prediction of poor out-
comes in patients with RA [15].

Furthermore, the relationship between anti-
CCP antibodies or RF status and RA-ILD had 
been observed in previous studies, although 
the results were not always consistent [16-18]. 
Some studies have found that there was no dif-
ference in serum levels of anti-CCP antibodies 
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or RF between RA patients with or without lung 
disease [17], while others have shown that high 
anti-CCP antibody levels were associated with 
RA-related lung disease [16, 18]. A meta-analy-
sis may provide more credible evidence by sys-
tematically summarizing the existing data. 
Recently, Zhu et al. conducted a meta-analysis 
and concluded that serum anti-citrullinated 
protein antibody positivity is associated with 
RA-related pulmonary disease [19]. However, 
only seven studies, with a cumulative small 
sample size, were included in this meta-analy-
sis. In addition, one of the studies was pub-
lished as a letter [17]. All seven studies focused 
on the association of anti-CCP antibodies and 
RA-related pulmonary disease, lacking an anal-
ysis of the association between RF status and 
RA-ILD. Since more studies have been pub-
lished [20-27], we performed an up-to-date 
meta-analysis to investigate the association 
between anti-CCP antibodies/RF status and 
RA-ILD susceptibility.

Methods

Search strategy

Two reviewers (Fan and Chen) independently 
searched the PubMed, Embase, Cochrane and 
Chinese National Knowledge Infrastructure 
(CNKI) databases for studies published from 
inception to December 2014 using the search 
terms: ((anti cyclic citrullinated peptide antibod-
ies OR anti-ccp antibodies OR anti-cyclic citrul-
linated peptide antibody OR anti-ccp antibody 
OR CCP OR ccp antibody OR ccp antibodies OR 
cyclic citrullinated peptide) OR (rheumatoid fac-
tor OR RF))AND ((interstitial lung disease OR 
interstitial lung diseases OR ILD OR lung dis-
eases OR lung disease OR lung) and (rheuma-
toid arthritis OR RA)). The results were also 
supplemented with manual searches of refer-
ences from the final published articles. No lan-
guage or race restrictions were applied.

Study selection

We included studies based on the following  
criteria: (1) observational studies published as 
original studies to evaluate the association 
between anti-CCP antibodies or RF and RA-ILD; 
(2) studies containing sample size information 
or enough relevant information that can be 
used to calculate sample sizes; (3) studies  

in which RA was diagnosed according to the 
American College of Rheumatology 1987 re- 
vised criteria [5]. We excluded studies based 
on the following criteria: (1) studies that includ-
ed overlapping data; (2) case reports, reviews, 
editorials, letters and comments. Study eligibil-
ity was independently determined by each 
reviewer noted above. Any discrepancy between 
the reviewers was resolved by consensus 
between the two or by intervention of a third 
reviewer.

Data extraction

Data from each study were independently ex- 
tracted by two investigators (Fan and Chen). 
The following information was systematically 
extracted: name of the first author, year of pub-
lication, country where the study was done, pri-
mary race (ethnicity) of the study population, 
study design, data origin, demographics, total 
number of patients included (RA-ILD cases and 
control RA patients without ILD), total number 
of anti-CCP antibodies (+) or RF (+) events 
observed in the RA-ILD cases, total number of 
control patient population where available and 
total number of anti-CCP antibodies (+) or RF (+) 
events observed in the control cohort where 
available.

Quality appraisal

Study quality was assessed using the New- 
castle-Ottawa quality assessment scale [28] 
for eleven case-control studies and one cohort 
study. This scale is comprised of three parts 
including nine items, by examining three crite-
ria: patient selection (four items), comparabi- 
lity of groups (two items), and assessment of 
exposure or outcome (three items). Studies 
were graded on an ordinal star scoring scale 
with higher scores representing studies of  
higher quality. The quality of each study was 
graded as either level 1 (0 to 5) or level 2 (6  
to 9). Meanwhile, the Cross-Sectional/Preva- 
lence Study Quality form [29] was used to 
assess the qualities of two cross-sectional 
studies. The form consists of 11 items.

Statistical analysis

We calculated the pooled odds ratio (OR) and 
95% confidence intervals (CI) to assess the 
strengths of the associations between anti-
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CCP antibodies or RF and RA-ILD. Furthermore, 
we evaluated the association in different sub-
groups stratified by ethnicity, study design, 
quality assessment, and data origin. Z test was 
used to examine the statistical significance of 
the pooled OR, with P<0.05 considered signifi-
cant. Statistical heterogeneity among studies 
was assessed by the Chi square test (consid-
ered significant for P<0.10) and the I2 statistic 
[30]. An I2 value of 0 to 25% represents insig-
nificant heterogeneity, 26 to 50% low heteroge-
neity, 51 to 75% moderate heterogeneity, and 
>75% high heterogeneity [30]. A fixed-effects 
model (Mantel-Haenszel method) was used 
when there was no significant heterogeneity, 
whereas a random-effects model (DerSimonian-
Laird method) was used in other cases. Meta-
regression analyses on the different publica-
tion year, study design, ethnic group, quality 
assessment and data origin were performed to 
investigate potential sources of heterogeneity. 
Subgroup analyses were also used to investi-
gate potential sources of heterogeneity by 
stratifying the different ethnicity, study design, 
quality assessment, and data origin. In addi-
tion, we conducted a sensitivity analysis to 
assess the stability of the meta-analysis. One 
single study was removed at a time to examine 
the influence of the removed data set on the 
overall ORs. Publication bias was investigated 
by Begg’s funnel plots and Egger’s test, with 
P<0.05 considered as representing significant 
bias. All of the statistical analyses were per-

them were excluded because outcomes cannot 
be calculated. One review article and one letter 
were also excluded. Finally, fourteen studies 
met our inclusion criteria and were included in 
the data analysis [12, 16, 18, 20-27, 31-33]. 
Our search methodology and selection process 
is outlined in Figure 1.

Among the fourteen included studies, eleven 
were case-control studies, one was cohort 
study and two were cross-sectional studies. All 
the included studies were separate compara-
tive studies, totaling 702 patients with RA-ILD 
and 1675 RA controls without ILD. All fourteen 
studies described anti-CCP antibodies status 
of patients and controls, whiletwelveoffourteen 
(86%) studies described the RF status. The first 
author’s last name, publication year, country, 
study design ,primary race (ethnicity), sex, qual-
ity assessment, data origin for each study were 
listed in Table 1.

Publication bias

We evaluated the publication bias of the stud-
ies for analysis of the relationship between 
anti-CCP antibodies or RF and RA-ILD using 
Begg’s funnel plot, which showed no significant 
evidence of asymmetry (Figures 2 and 3). An 
Egger’s linear regression test was also used to 
quantify the publication bias. The p values of 
anti-CCP antibodies and RF status analyses 
were 0.102 and 0.322, respectively (Figures 2 

Figure 1. Flow chart of the study selection.

formed using Review Manager 
5.3 software and STATA 11.0 
software.

Results

Study characteristics

The initial search based on 
our search strategy yielded 
1470 potentially relevant arti-
cles. Among those, 1441 arti-
cles were excluded, based  
on examination of title and 
abstract, for clearly not ful- 
filling the inclusion criteria 
such as type of article, study 
design, population or out-
come of interest. Twenty-nine 
articles underwent full-length 
article review, of which fifteen 
were excluded. Thirteen of 
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Table 1. Main characteristics of included studies in the meta-analysis

First author Year
Country/
primary 

race

Study  
design

Female 
(%)

Quality  
assessment

Data  
origin

RA-ILD 
total 
(n)

RA-ILD 
CCP+ 

(n)

RA-ILD 
RF+ 
(n)

Controls 
total  
(n)

Controls 
CCP+ 

(n)

Controls 
RF+  
(n)

Kelly CA [20] 2014 UK/W Case-control 52 7 stars A large multicentre UK network 230 216 205 230 127 133

Yin Y [21] 2014 China/A Case-control 74 7 stars Peking Union Medical College Hospital 71 63 60 214 144 151

Reynisdottir G [22] 2014 Sweden/W Case-control 94 7 stars Karolinska University Hospital 57 42 46 48 26 30

Mori S [31] 2012 Japan/A Case-control 75 7 stars Clinical Research Center for Rheumatic Disease 24 19 17 302 144 106

Inui N [16] 2008 Japan/A Case-control 61 7 stars Hamamatsu University School of Medicine 18 16 NA 36 32 NA

Szücs G [23] 2007 Hungary/W Case-control 72 5 stars University of Debrecen Medical and Health Science Centre 17 14 13 5 4 3

Alexiou I [12] 2008 Greece/W Case-control NA 6 stars University hospital of Larisa 11 10 NA 125 73 NA

Xia Z [24] 2014 China/A Case-control 40 7 stars The affiliated hospital of Binzhou medical college 20 19 18 20 12 11

Zhao Y [25] 2012 China/A Case-control 77 5 stars Peking Union Medical College Hospital 48 42 40 185 122 135

Guo P [26] 2014 China/A Case-control 64 7 stars Shanghai Tongji University affiliatedYangpu Hospital 22 9 2 35 6 2

Skare TL [32] 2011 Brazil/W Case-control 89 7 stars Hospital Universitário Evangélico de Curitiba 23 10 18 48 17 32 

Pappas DA [27] 2010 USA/W Cohort study 61 8 stars Johns Hopkins Hospital 45 37 35 114 67 64

Aubart F [18] 2011 France/W Cross sectional 73 7stars Bichat Claude Bernard Hospital 59 57 48 193 166 134

Giles JT [33] 2014 USA/W Cross sectional 60 6 stars Johns Hopkins Hospital 57 51 43 120 82 71
RA: Rheumatoid arthritis; RA-ILD: RA-related interstitial lung disease; CCP: Anti-cyclic citrullinated peptide antibodies; RF: Rheumatoid factor; W: White; A: Asian; NA: Not available.
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and 3), suggesting no significant bias in the 
analysis.

P<0.00001) (Figure 5). Since the heterogeneity 
was not significant (P=0.20; I2=25%), the Z test 

Figure 2. Analysis of publication bias on the effect of the relationship be-
tween anti-CCP antibodies and RA-ILD. Egger’s linear regression test was 
performed to quantify publication bias. The p value of anti-CCP antibodies 
analysis was 0.102. Begg’s funnel plot showed no significant evidence of 
asymmetry.

Figure 3. Analysis of publication bias on the effect of the relationship be-
tween RF and RA-ILD. Egger’s linear regression test was performed to quan-
tify publication bias. The p value of RF status analysis was 0.322. Begg’s 
funnel plot showed no significant evidence of asymmetry.

Quality assessment

Our study quality assessment 
was performed on the basis 
of Newcastle-Ottawa quality 
assessment scale for case-
control or cohort studies. 
There were ten high quality 
(level 2) studies in our meta-
analysis while two of the 
included studies were con- 
sidered to be of low quality 
(level 1) (Table 1). The quality 
of the cross-sectional stu- 
dies was evaluated by the 
Cross-Sectional/Prevalence 
Study Quality form examining 
11 items. The results of our 
studies revealed that both 
cross-sectional studies were 
considered to be of high qual-
ity (Table 1).

Quantitative synthesis

Fourteen studies, including 
691RA-ILD patients and 
1647 controls, were analy- 
zed to assess the relation- 
ship between anti-CCP anti-
bodies and RA-ILD suscepti-
bility. The overall analysis 
revealed a significant asso- 
ciation between anti-CCP an- 
tibodies and RA-ILD (OR= 
3.91; 95% CI: 2.62-5.81, P< 
0.00001) (Figure 4). Since 
there was low heterogeneity 
(P=0.05; I2=42%) (Figure 4), 
the Z test was conducted by 
means of the random-effect 
model.

Twelve studies were includ- 
ed in the meta-analysis to 
analyze the association be- 
tween RF status and RA-ILD 
with a total of 672 RA-ILD 
patients and 1513 controls. 
The overall analysis revealed 
a significant association be- 
tween RF status and RA-ILD 
(OR=3.02; 95% CI: 2.37-3.84, 
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was conducted using the fixed-effects model 
(Figure 5).

Subgroup analysis

We performed subgroup analyses based on 
ethnicity, study design, quality assessment, 
and data origin, since these factors could have 
influenced the meta-analysis results. The 
results of subgroup analyses revealed no sig-
nificant difference from the results of overall 
population in test of association of anti-CCP 
antibodies and RA-ILD (Table 2). For example, 
in subgroup analyses stratified by ethnicity, we 
found significant associations between anti-

CCP antibodies status and RA-ILD in both the 
Asian population subgroup (OR=3.72, 95% CI: 
2.39-5.81, P<0.00001), and the white popula-
tion subgroup (OR=3.90, 95% CI: 2.04-7.46, 
P<0.0001).

We also did not identify significant difference in 
test of association of RF status and RA-ILD by 
stratifying the studies except for quality assess-
ment (Table 3). In the Asian population sub-
group, the pooled OR was 2.66 (95% CI: 1.72-
4.12, P<0.0001) with five studies, revealing 
that RF status was significantly associated with 
RA-ILD. Similarly, we found a significant associ-
ation between RF status and RA-ILD in the 

Figure 4. Forest graphs of the relationship between anti-CCP antibodies and RA-ILD. The overall analysis revealed a 
significant association between anti-CCP antibodies and RA-ILD (OR=3.91; 95% CI: 2.62-5.81, P<0.00001).

Figure 5. Forest graphs of the relationship between RF status and RA-ILD. The overall analysis revealed a significant 
association between RF status and RA-ILD (OR=3.02; 95% CI: 2.37-3.84, P<0.00001).
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white population subgroup (OR=2.84, 95% CI: 
1.88-4.31, P<0.00001) in seven studies.

Tests of heterogeneity

Low heterogeneity between studies was ob- 
served when we analyzed the relationship 
between anti-CCP antibodies and RA-ILD (P= 
0.05; I2=42%) (Figure 4). Subgroup analyses 
did not reveal the sources of this heterogeneity 
(Table 2). Meta-regression analyses on publica-

not changed, demonstrating the stability of  
the meta-analysis. However, heterogeneity de- 
creased after we removed a study conducted 
by Kelly et al [20]. For analysis of the relation-
ship between anti-CCP antibodies and RA-ILD, 
p value changed from 0.05 to 0.83 and I2  
value changed from 42% to 0%. Meanwhile, p 
value changed from 0.20 to 0.91 and I2  
value changed from 25% to 0% for analysis of 
the relationship between RF status and RA-ILD.

Table 2. Subgroup meta-analysis of the relationship between anti-CCP antibodies and RA-ILD

Subgroup Population No. of 
studies

No. of 
patients

Test of association Test of heterogeneity
OR 95% CI p value Model p value I2

Ethnicity Overall 14 691 3.91 2.62-5.81 <0.00001 R 0.05 42%
White 8 488 3.90 2.04-7.46 <0.0001 R 0.01 61%
Asian 6 203 3.72 2.39-5.81 <0.00001 F 0.65 0%

Study design Case-control study 11 530 3.80 2.25-6.44 <0.00001 R 0.02 54%
Cross sectional study 2 116 4.16 1.89-9.15 0.0004 F 0.85 0%

Cohort study 1 45 NA NA NA NA NA NA
Quality assessment High-quality studies 12 626 4.02 2.58-6.27 <0.00001 R 0.03 48%

Low-quality studies 2 65 3.25 1.41-7.51 0.006 F 0.41 0%
Data origin One center 13 461 3.43 2.52-4.68 <0.00001 F 0.83 0%

Multiple centers 1 230 NA NA NA NA NA NA
NA: Not available.

Table 3. Subgroup meta-analysis of the relationship between RF status and RA-ILD

Subgroup Population No. of 
studies

No. of 
patients

Test of association Test of heterogeneity
OR 95% CI p value Model p value I2

Ethnicity Overall 12 672 3.02 2.37-3.84 <0.00001 F 0.20 25%
White 7 487 2.84 1.88-4.31 <0.00001 R 0.11 43%
Asian 5 185 2.66 1.72-4.12 <0.0001 F 0.44 0%

Study design Case-control study 9 511 3.20 2.19-4.69 <0.00001 R 0.19 29%
Cross sectional study 2 116 2.02 1.22-3.35 0.006 F 0.85 0%

Cohort study 1 45 NA NA NA NA NA NA
Quality assessment High-quality studies 10 607 3.00 2.16-4.15 <0.00001 R 0.16 31%

Low-quality studies 2 65 1.88 0.87-4.08 0.11 F 0.89 0%
Data origin One center 11 442 2.41 1.82-3.18 <0.00001 F 0.91 0%

Multiple centers 1 230 NA NA NA NA NA NA
NA: Not available.

Table 4. Potential sources of heterogeneity in the 
meta-analysis

Coef Std. error t P
Year of publication 0.145 0.952 1.52 0.154
Study design 0.004 0.281 0.01 0.989
Country/primary race -0.142 0.409 -0.35 0.734
Quality assessment -0.327 0.631 -0.52 0.614
Data origin 1.332 0.345 3.86 0.002
Coef: Coefficient; Std. error: Standard error.

tion year, study design, ethnic group, and 
data origin were also performed to in- 
vestigate the sources of this heterogene-
ity. The results indicated that data origin 
was a potential source of heterogeneity 
(P=0.002) (Table 4).

Sensitivity analysis

When a sensitivity analysis was conduct- 
ed by removing any single study from  
overall studies, the relevant ORs were  
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Discussion

There is limited and conflicting information 
about whether anti-CCP antibodies or RF status 
is associated with the RA-ILD disease [16-18]. 
Meta-analysis is a quantitative approach in 
which findings from multiple individual studies 
on the similar topic are statistically integrated 
and analyzed. Although a previous meta-analy-
sis study has shown an association of serum 
anti-citrullinated protein antibody positivity  
and RA-related pulmonary disease, the analy-
sis is limited in the scope and comprehensive-
ness of its eligible studies [19]. In our updated 
systematic review, we have quantitatively com-
bined fourteen studies to investigate the re- 
lationship between the status of anti-CCP  
antibody/RF and RA-ILD by a comprehensive 
literature search. The results of our meta-anal-
ysis demonstrate that there is a strong asso- 
ciation between anti-CCP antibody positivity 
and RA-ILD. There is also an association be- 
tween RF status and RA-ILD.

The positive anti-CCP antibodies and/or RF in 
the RA-ILD group are significantly higher than 
those in the RA-only group [12, 18, 21, 31]. 
Previous studies have found that RF positivity 
was related to symptomatic lung disease in RA 
patients, although it has low specificity for RA 
itself [34]. Because of the low specificity of RF 
for RA, it was difficult to explain the RA-related 
immunity in RA-ILD using RF positivity alone 
[35]. In contrast, the high specificity of anti-CCP 
antibodies for RA suggested that anti-CCP anti-
bodies in patients with ILD were likely related to 
RA-specific immune dysfunction [36, 37]. In 
support, the results of our study indicate a 
stronger association between anti-CCP anti-
bodies and RA-ILD than that between RF status 
and RA-ILD. Some studies have suggested that 
the immune dysregulation of RA originates in 
the lungs rather than the joints, and protein 
citrullination is a key component in the patho-
genic chain of RA [18, 38, 39]. It is possible that 
the presence of anti-CCP antibodies is involved 
in the secondary immune injury of the lungs, 
associating with early lung changes in RA [22].

In subgroup analyses stratified by ethnicity, we 
have found highly significant associations in 
both the Asian population subgroup and the 
white population subgroup (Tables 2 and 3). 
However, the results of the meta-analysis by 
Zhu et al showed that although there was 

strong association between anti-CCP antibod-
ies and RA-related pulmonary disease in the 
white population subgroup, no association was 
found in the Asian population subgroup [19]. 
The discrepancy may be explained by the small 
number of eligible Asian population studies in 
the Zhu research [19]. Two of the four Asian 
population studies were done on the same 
group. Therefore, there were only three studies 
of Asian populations in the Zhu study.

Low level of heterogeneity between studies has 
been found in our meta-analysis of the relation-
ship between anti-CCP antibodies and RA-ILD. 
The results of subgroup analyses on heteroge-
neity could not revealed clear sources of differ-
ences. Meta-regression analyses revealed that 
data origin was the main source of this hetero-
geneity. The study by Kelly et al, the only multi-
center study in this meta-analysis, collected 
data representing rural, urban and inner city 
populations [20]. When the Kelly study was 
removed, the heterogeneity was significantly 
decreased. It is possible that differences in life-
style and environmental factors among differ-
ent populations may affect the pathogenesis of 
RA-ILD.

Although most of our included studies are  
of relatively high quality, there are some li- 
mitations and, thus, the result should be inter-
preted with caution. First, even though most 
available studies were included in our study, 
heterogeneity and the relatively small sample 
sizes, combined with the low incidence of 
RA-ILD, may result in the underestimate of  
the association between anti-CCP antibody/RF 
status and RA-ILD disease. Moreover, although 
our further subgroup analyses of study design, 
quality assessment, and data origin revealed 
no significant difference except for quality 
assessment, the number of related stratified 
studies was limited, warranting further studies. 
Secondly, most of the included studies were 
searched from medical registry-based data-
base, so coding inaccuracies may have been 
present.

Conclusion

Our meta-analyses indicated that both anti-
CCP antibodies and RF were associated with 
RA-ILD, particularly anti-CCP antibodies and 
RA-ILD. The general conclusion still holds, indi-
cating the ubiquitousness of the association, 
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when we performed meta-analysis separately 
for both Asian and white populations. Despite 
some limitation listed above, this updated 
meta-analysis provides a fairly valid picture of 
the relationship between the status of anti-CCP 
antibodies/RF and RA-ILD. More well-designed 
studies will aid on the understanding of the 
underlying disease mechanisms between the 
status of anti-CCP antibodies/RF and RA-ILD.
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