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ABSTRACT
Objective  To clarify the risk of rheumatoid arthritis-associated 
interstitial lung disease (RA-ILD) related to anti-cyclic 
citrullinated peptide (CCP) antibody.
Eligibility criteria  Patients with RA with and without ILD were 
eligible. The primary outcome was the prevalence or incidence 
of ILD. Primary studies of any design aside from a case report 
were eligible.
Information sources  Medline, EMBASE, Science Citation 
Index Expanded and Cochrane Central Register of Controlled 
Trials were searched from the inception through 12 November 
2019.
Data extraction and risk of bias  Two reviewers 
independently selected eligible reports, extracted relevant data 
and assessed risk of bias using a modified Quality in Prognostic 
Studies tool.
Data synthesis  Meta-analysis was conducted using a 
random-effects model.
Quality of evidence  The Grades of Recommendation, 
Assessment, Development and Evaluation system was applied.
Results  Among 29 out of 827 records retrieved through 
electronic databases and four additional reports identified from 
other sources, 29 studies were focused for the review. A total of 
10158 subjects were included and the mean age at inclusion 
was between 45.8 and 63.9 years. The mean RA duration was 
between 4.3 and 14.9 years. The positivity of anti-CCP antibody 
ranged from 50.7% to 95.8%. All studies except for two were 
deemed as high risk of bias. A pooled analysis of univariate 
results demonstrated that the presence of anti-CCP antibody 
was significantly associated with RA-ILD with an OR of 2.10 
(95% CI: 1.59 to 2.78). Similarly, the titre of anti-CCP antibody 
was significantly higher for RA-ILD with a standardised mean 
difference of 0.42 (95% CI: 0.20 to 0.65). These results were 
confirmed by multivariate analysis in the majority of studies 
and consistent by any subgroup and sensitivity analyses.
Conclusion  The presence and higher titres of anti-CCP 
antibody were suggested to be significantly associated with an 
increased risk of RA-ILD. However, the quality of evidence was 
rated as low or very low.

BACKGROUND
Rheumatoid arthritis (RA) is a systemic auto-
immune disorder that is characterised by a 
chronic synovial inflammation and eventual 

joint destruction.1 Although arthritis is the 
main manifestation of the disease, it also 
damages diverse extra-articular organs 
such as heart, lung, kidney, eye and skin.2 
Interstitial lung disease (ILD) is one of the 
most common comorbidities of RA and the 
prevalence of ILD for patients with RA is 
reported to be 10%–40% although it varies 
depending on the target population, a defi-
nition of the disease and diagnostic modali-
ties.3 A complication of ILD deeply affects 
the prognosis of RA because RA-associated 
ILD (RA-ILD) is often progressive and only 
a limited therapeutic option is available.4 It is 
also complicated by acute exacerbation and 
lung cancer.5 6 As a result, ILD is reported to 
be the third leading cause of deaths of RA7 
and approximately two-thirds of patients 
with RA-ILD eventually die within 5 years, 
resulting in a hazard ratio (HR) of mortality 
about 3.0 in comparison to RA without ILD.8 
Moreover, the most common type of ILDs 
among RA-ILDs, that is, usual interstitial 

Strengths and limitations of this study

►► This systematic review and meta-analysis ad-
dressed the risk of rheumatoid arthritis-associated 
interstitial lung disease (RA-ILD) related to both the 
presence and titres of anti-cyclic citrullinated pep-
tide (CCP) antibody, which was not clarified in pre-
vious literature.

►► A substantial variance in the results of primary stud-
ies, which may have been derived from the diversity 
of anti-CCP antibody assays and included subjects, 
may undermine the generalisability of the findings 
of this study.

►► The usefulness of the findings may be limited in 
clinical practice because of high probability of the 
autoantibody positivity for RA without ILD and no 
standard cut-off points for its assays.
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pneumonia (UIP),9 demonstrates the worst prognosis, 
which is similar to the mortality of idiopathic pulmo-
nary fibrosis (IPF).10 In this context estimating the risk 
of developing ILD will help clinicians’ decision-making 
and may improve the prognosis of the disease.11 Histor-
ically, a number of studies investigated risk factors for 
the development of ILD and some clinical information 
are reported to be associated with an increased risk of 
RA-ILD, which include male gender,12 smoking,13 severe 
disease14 and rheumatoid factor (RF).15 Anticitrullinated 
peptide antibody (ACPA) is a specific marker for RA and 
included in the latest classification criteria for an accu-
rate diagnosis of the disease.16 Currently, anti-cyclic citrul-
linated peptide (CCP) antibody, representing ACPAs, is 
available commercially and usually measured in clinical 
practice. The autoantibody is also reported to be asso-
ciated with an increased risk of extra-articular manifes-
tations such as ILD.17 However, previous studies noted 
inconsistent results18 19 and the former systematic review 
seems to be limited by relatively a small number of studies 
and unclear definition of ILD and IPF.20 The aim of this 
systematic review and meta-analysis was to clarify current 
evidence regarding the association of anti-CCP antibody 
with RA-ILD.

METHODS
This review was conducted and reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses21 and the Meta-analysis of Observational 
Studies in Epidemiology statement.22

Patient and public involvement
There was no patient and public involvement in the whole 
process of conducting this research.

Eligibility
Patients with RA were eligible for this review. RA was 
diagnosed based on its widely used classification criteria, 
that is, the 1987 American College of Rheumatology clas-
sification criteria23 and the 2010 American College of 
Rheumatology/European League Against Rheumatism 
classification criteria.16 ILD was characterised by inter-
stitial inflammatory and fibrotic changes in pulmonary 
parenchyma and diagnosed based on symptomatic, func-
tional, radiological and/or pathological findings.24 The 
pattern of ILD was classified following the international 
multidisciplinary classification such as an official Amer-
ican Thoracic Society/European Respiratory Society 
statement.25 Other pulmonary lesions associated with RA 
such as bronchiolitis, bronchiectasis and pleuritis were all 
excluded. An overlap with other connective tissue diseases 
was included if RA was the main disease of interest in the 
study. There was no limitation regarding demographic 
features of subjects, such as gender and ethnicity, dura-
tion of RA and ILD and the severity of the disease unless 
they were less than the age of 18. Subjects were allowed to 

participate at any point in time along their clinical course 
of the disease.

Anti-CCP antibody was examined using Enzyme-Linked 
Immunosorbent Assay (ELISA).26 Although measure-
ments of anti-CCP antibody were different among manu-
facturers and each institution adopted a different test, 
all kinds of anti-CCP antibody assays were eligible for 
the review. However, ACPA, which was not specified as 
anti-CCP antibody, was excluded because it may have 
represented autoantibodies against different citrullinated 
peptides.

The outcome of interest in this review was the preva-
lence or incidence of ILD. Any design of primary studies 
other than a case report was eligible if it described the 
association of anti-CCP antibody with RA-ILD. Confer-
ence proceedings, letters or editorials and review articles 
were ineligible. Only reports published in English was 
considered.

Search strategy
The following electronic databases were searched, 
Medline, EMBASE, Science Citation Index Expanded 
and Cochrane Central Register of Controlled Trials, using 
subject headings and text words related to study popu-
lation such as ‘rheumatoid arthritis’, ‘interstitial lung 
disease’ and ‘anti-cyclic citrullinated peptide antibodies’ 
(e-Appendix). Search terms were constructed referring 
to a systematic review in a similar research area identified 
through the Cochrane Database of Systematic Reviews.27 
Methodology filters were not used to avoid limiting the 
sensitivity of the search. The search was covered from 
the inception of each database through to 12 November 
2019. The reference lists of eligible studies and relevant 
review articles were also hand-searched to identify addi-
tional reports. Google Scholar was employed to search 
grey literature.28

Study selection and data collection process
Two reviewers (HK and OMP) independently examined 
titles and abstracts of all retrieved articles to select eligible 
reports. The same reviewers also extracted relevant data 
based on a modified data extraction form, which was 
previously published in a protocol paper for a system-
atic review.29 Any uncertainty or disagreement between 
reviewers arising from these processes was resolved 
through discussion. The following data were extracted 
from each eligible study: first author’s name, year of publi-
cation, study location, study design, sample size and its 
demographic features, ILD patterns if available, manufac-
turers of anti-CCP antibody tests and their cut-off points if 
available, a proportion of positivity and titres of anti-CCP 
antibodies for RA with and without ILD, methods for 
statistical analysis, summary statistics and items associated 
with a risk of bias.

Risk of bias in individual studies
As all studies investigated the association of anti-CCP 
antibody with RA-ILD as risk prediction, the Quality in 
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Prognostic Studies (QUIPS) tool was modified and applied 
to assess a risk of bias in individual studies.30 However, one 
of the six domains that constitute the tool, that is, ‘the attri-
tion of study population’, was considered irrelevant and thus 
excluded because all studies were designed as cross-sectional 
or case–control studies. Each domain received an individual 
bias rating (low, moderate or high), with an overall risk of bias 
based on a total rating of all domains. For example, a study 
showing a low risk of bias across all domains was deemed as 
being subject to a low risk of bias overall.

STATISTICAL ANALYSIS
Summary statistics
The risk of RA-ILD associated with the presence of anti-CCP 
antibody was measured using either risk ratios (RRs) or odds 
ratios (ORs). In a case where titres of anti-CCP antibody 
were compared between the two comparative groups with 
or without ILD, the mean difference (MD) was calculated to 
reveal the difference of the autoantibody titres. If the median 
was utilised instead of the mean, it was presented for each of 
the two groups. If the summary statistics were not provided 
directly, the ORs or RRs were calculated manually based on 
the absolute number of the outcome across the two compar-
ative groups.

Data synthesis
The effect of an association between anti-CCP antibody and 
RA-ILD was statistically combined if it was presented using 
the same statistics in three or more studies. The results were 
summarised using ORs if anti-CCP antibody was reported 
as binary (positive/negative). If the titre of anti-CCP anti-
body was reported, a standardised MD (SMD) (calculated as 
Hedge’s g) was utilised to combine the results.31 If the median, 
range or interquartile range (IQR) was described to report 
the autoantibody titres, they were converted to the mean 
and standard deviation (SD), using a formula reported by a 
previous study, to be summarised as SMDs.32 Only the results 
of univariate analysis were combined, whereas those of multi-
variate analysis were described qualitatively because adjusted 
variables in multivariate models varied substantially between 
studies and pooling these data could be misleading. If meta-
analysis was feasible from the collated data, it was conducted 
using a random-effects model employing the DerSimonian 
and Laird method.33 Meta-analysis was conducted using the 
statistical software package, Review Manager (RevMan) V.5.3 
(Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014). Statistical significance was considered 
with a p-value of <0.05. If combining data were deemed inap-
propriate due to a small number of studies, the results were 
reported qualitatively.

Heterogeneity between studies
Between-study variance was assessed using both Q statistics 
and I2 value. For the assessment of heterogeneity between 
studies, statistical significance was considered with a p-value 
of <0.1 due to the low power of the test. Magnitude of 
heterogeneity was categorised as low (<30%), moderate 

(≥30%, <50%), considerable (≥50%, <70%) and substan-
tial (≥70%).34 When heterogeneity was identified, the 95% 
prediction interval (PI) was presented in addition to the 
95% confidence interval (CI).35 To better interpret sources 
of heterogeneity, subgroup analysis was conducted based on 
study location (Asia or non-Asia) and study design (cross-
sectional or case–control). Sensitivity analysis was also consid-
ered focusing on the measurements of anti-CCP antibody 
(same manufacturer and same generation of the autoanti-
body assay). A meta-regression analysis was also conducted to 
assess the effect of other potential confounders, that is, age, 
gender, smoking history, RA duration, diagnostic criteria for 
RA and ILD and a proportion of positivity of anti-CCP anti-
body. The analysis was conducted using SAS ODA (SAS Insti-
tute, Cary, NC, USA).

Meta-biases
Small study bias (such as publication bias) was examined 
graphically using a funnel plot and statistically by the Egger’s 
test using Stata V.14 (STATA Corp LLC., College Station, TX, 
USA) if 10 or more studies were available for meta-analysis.36 
Statistical significance of the test was considered with a p-value 
of <0.1 due to the low power of the test.

Confidence in cumulative evidence
The Grades of Recommendation, Assessment, Development 
and Evaluation (GRADE) for prognosis37 was applied to 
assess the credibility of evidence generated from this review 
because all studies investigated the association of anti-CCP 
antibody with RA-ILD as risk prediction.

RESULTS
Search for eligible studies
Out of a total of 827 records identified through a search of 
five electronic databases, 182 duplicates were removed and 
645 records were screened by titles and abstracts. After 320 
records consisting of non-English reports (n=16) and 304 
articles of ineligible types (conference proceedings (n=153), 
case reports (n=72), editorials or letters (n=10) and review 
articles (n=69)) and 265 irrelevant papers were further 
excluded, the remaining 60 records were retrieved as full-
texts. Out of these, 29 reposts/studies were eligible for the 
review and additionally four reports were identified through 
a hand-search of references of eligible studies. As a result, a 
total of 33 reports were considered for the review (figure 1). In 
each of three different groups, which conducted two studies 
sharing the same cohort, only the study with a larger sample 
size was included for the review.38–40 Similarly, among three 
studies conducted by one group, the study with the largest 
sample size was included for the review.41 Furthermore, 
another study among these three studies was also included 
because it reported two different cohorts, one of which was 
not overlapped by the other studies.42 There was also a study 
that reported two different cohorts, only one of which was 
included because it was not overlapped by the other studies.43 
Finally, a total of 29 studies/cohorts were focused for further 
analysis.38–66
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Characteristics of included studies
Study location of a total of 29 studies was distributed glob-
ally with Asia in the largest number (n=15), which was 
followed by the Americas (n=7), Europe (n=3), Africa 
(n=2) and others (n=2). Twenty-two studies were cross-
sectional while the remaining seven were case–control 
studies. A complication of other CTDs was mentioned in 
10 studies and ILD patterns were detailed in three studies. 
The number of subjects enrolled in each study ranged 
from 41 to 2702, which amounted to 10158 subjects in 
total and the mean age at inclusion was between 45.8 
and 63.9 years. The proportion of men, smoking history 
and ILD ranged from 4.0% to 90.1%, 1.9% to 98.9% and 
4.9% to 71.6%, respectively. The mean duration of RA 
was between 4.3 and 14.9 years and the disease activity, 
which was represented by the disease activity score 28, was 
between 2.5 and 5.4 as a mean value (table 1). Other base-
line characteristics of included studies were depicted in 
the supplementary file (online supplemental e-Table 1). 
The generation of anti-CCP antibody tests was specified 
in 14 studies, which consisted of the second generation 
in 12 studies and the third generation in 2 studies. The 
proportion of positivity of anti-CCP antibody was reported 
in 21 studies, which ranged from 50.7% to 95.8%, while 
the titre of the autoantibody was described in 18 studies 
(table 2).

Risk of bias in individual studies
All studies except for two contained high risk of bias 
rating in at least one domain and thus was deemed as 
high risk of bias. Among the five domains constituting 
the QUIPS tool, the risk of bias for statistical analysis and 
reporting and ILD confirmation were rated as high in the 
majority of studies due to no or insufficient information 
regarding model building process and inconsistent diag-
nostic procedures. The remaining two studies were rated 
as moderate risk of bias (table 3).

ASSOCIATION OF ANTI-CCP ANTIBODY WITH RA-ILD
Univariate result
The association of positivity of anti-CCP antibody with RA-ILD 
was reported in 20 studies. Eight out of these studies demon-
strated significant results with the ORs ranging from 1.98 
to 44.5 (table 2). Excluding one study,47 which conducted 
a stratified analysis based on the level of the autoantibody 
titre and thus was not combined, a meta-analysis of 19 out of 
these 20 studies demonstrated that the presence of anti-CCP 
antibody was significantly associated with RA-ILD with an OR 
of 2.10 (95% CI: 1.59 to 2.78) with moderate heterogeneity 
(χ2=29.7, p=0.04, I2=39%) (figure 2).

The titre of anti-CCP antibody was compared between RA 
with and without ILD in 18 studies. Two studies employed 
the same assay (INOVA Diagnostics) to examine the titre of 
anti-CCP antibody and reported higher titres associated with 
RA-ILD with an MD of 79.5 (95% CI: 9.72 to 149.3)46 and a 
median value of 220 for RA-ILD versus 120 for RA without 
ILD,48 respectively. Other two studies examined the titre of 

Figure 1  Study flow diagram. Out of a total of 827 records 
identified searching through five electronic databases, that 
is, Medline, EMBASE, Science Citation Index Expanded, 
Cochrane Central Register of Controlled Trials and Google 
Scholar, 645 records were screened by titles and abstracts 
after removing 182 duplicates. After excluding 320 records 
consisting of non-English reports (n=16) and articles of 
ineligible types (n=304) (conference proceedings (n=153), 
case reports (n=72), editorials or letters (n=10) and review 
articles (n=69)) and 265 irrelevant reports, 60 records were 
retrieved as full-texts. Out of these, 31 records were excluded 
due to no specific pulmonary disease (n=7), no ILD (n=5), 
no risk estimates (n=11), no anti-CCP antibody (n=7) and 
no RA (n=1). The remaining 29 reposts/studies were eligible 
for the review and additionally four reports were identified 
through a hand-search of references of eligible studies. As 
a result, a total of 33 reports/studies were considered for 
the review. Among them, four studies were excluded due to 
overlapped cohorts by other studies and finally a total of 29 
studies/cohorts were focused for further analysis. CCP, cyclic 
citrullinated peptide; ILD, interstitial lung disease.

https://dx.doi.org/10.1136/bmjopen-2020-040465
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the autoantibody using another assay (Euroimmun). One of 
them demonstrated higher titres associated with RA-ILD with 
a median value of 77.9 for RA-ILD versus 30.2 for RA without 
ILD59 and the other study reported non-significant result 
with an MD of 143.2 (95% CI: −78.1 to 364.5).62 All of the 
other studies utilised a different or unknown measurement 
to examine the titre of the autoantibody. Overall, 11 studies 
demonstrated significant results with higher titres associated 
with RA-ILD (table 2). Excluding six studies40 44 47 51 56 59 where 
MDs were unable to be calculated, a meta-analysis of 12 out 
of these 18 studies demonstrated that the titre of anti-CCP 
antibody was significantly higher for RA-ILD with an SMD of 
0.42 (95% CI: 0.20 to 0.65) with considerable heterogeneity 
(χ2=36.0, p=0.0002, I2=69%) (figure 3).

Multivariate result
Multivariate analysis was conducted in eight studies where 
detailed results were available in seven studies and adjusted 
variables were diverse between studies. Six of these seven 
studies demonstrated a positive association between the 
presence or higher titres of anti-CCP antibody and RA-ILD 
and the results were statistically significant in four studies 
(table 2). One study65 revealed the association of positivity 
of anti-CCP antibody with RA-ILD as an OR of 3.50 (95% 
CI: 1.52 to 8.04) (table  2). The association of the titre of 
anti-CCP antibody with RA-ILD was reported by three studies 
as ORs of 1.41 (95% CI: 1.01 to 1.97), 1.08 (95% CI: 1.03 to 
1.12) and 1.06 (95% CI: 1.02 to 1.10).47 53 59

Subgroup analysis
Subgroup analysis was conducted based on both study loca-
tion and study design. There was no significant difference 
in the effect size of the positivity of anti-CCP antibody with 
ORs of 2.02 (95% CI: 1.37 to 2.99) by Asian reports and 
2.22 (95% CI: 1.45 to 3.39) by non-Asian reports (p=0.75) 
(online supplemental e-Figure 1). Similarly, there was no 
significant difference in the effect size of the titre of anti-CCP 
antibody with SMDs of 0.38 (95% CI: 0.04 to 0.71) by Asian 
reports and 0.49 (95% CI: 0.24 to 0.74) by non-Asian reports 
(p=0.58) (online supplemental e-Figure 2). There was no 
significant difference in the effect size of the positivity of 
anti-CCP antibody with ORs of 2.00 (95% CI: 1.48 to 2.71) 
by cross-sectional studies and 2.53 (95% CI: 1.26 to 5.08) by 
case–control studies (p=0.55) (online supplemental e-Figure 
3). Similarly, there was no significant difference in the effect 
size of the titre of anti-CCP antibody with SMDs of 0.39 (95% 
CI: 0.11 to 0.67) by cross-sectional studies and 0.50 (95% 
CI: 0.12 to 0.89) by case–control studies (p=0.65) (online 
supplemental e-Figure 4).

Sensitivity analysis
Sensitivity analysis was conducted focusing on the measure-
ments of anti-CCP antibody. A pooled analysis of 10 studies 
that examined the second generation of anti-CCP antibody 
test demonstrated that the presence of anti-CCP antibody 
was significantly associated with RA-ILD with an OR of 2.22 
(95% CI: 1.42 to 3.45) (online supplemental e-Figure 5). A 
pooled analysis of three studies that examined the second S
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generation of anti-CCP antibody test by the same manufac-
ture (Euroimmun, Lübeck, Germany) demonstrated that 
the presence of anti-CCP antibody was significantly associ-
ated with RA-ILD with an OR of 3.81 (95% CI: 1.08 to 13.5) 
(online supplemental e-Figure 6).

Sensitivity analysis was also conducted for the titre of 
anti-CCP antibody focusing on the same summary statistics. 
A pooled analysis of seven studies where MDs were available 
without a conversion of summary statistics demonstrated 
higher titres associated with RA-ILD with an MD of 52.5 
(95% CI: 5.76 to 99.2) (online supplemental e-Figure 7).

All of these sensitivity analyses generated no significant 
difference of the results.

Meta-regression analysis
The effect of the presence of anti-CCP antibody on RA-ILD 
was not influenced by any other potential confounders. Simi-
larly, the association of the titre of anti-CCP antibody with 
RA-ILD was not affected by any of them although gender 

and RA duration were significant in univariate analysis 
(online supplemental e-Table 2).

Additional analysis
Two funnel plots (for both positivity and titre of anti-CCP 
antibody) were constructed to investigate small study bias, 
both of which demonstrated no apparent asymmetry (online 
supplemental e-Figure 8 and 9, respectively). This graphical 
assessment was confirmed statistically by the Egger’s test, 
which demonstrated no statistical significance (p=0.15 and 
0.28, respectively).

Assessment of evidence level
Study limitation was considered present in all of the evidence 
because no studies were deemed as low risk of bias. Publica-
tion bias was also considered present in all of the evidence 
due to the property of studies of risk prediction37 although it 
was not confirmed in both graphical and statistical analyses 

Table 3  Risk of bias in individual studies

Study Study participation
Anti-CCP antibody 
measurement ILD confirmation Study confounding

Statistical analysis 
and reporting

Alunno et al 201838 Moderate risk Low risk High risk High risk High risk

England et al 201939 Moderate risk High risk High risk Low risk High risk

Giles et al 201440 Moderate risk Low risk High risk Moderate risk High risk

Chen et al 201341 Low risk High risk Low risk Moderate risk High risk

Chen et al 201542 Moderate risk Low risk Low risk Moderate risk High risk

Doyle et al 201543 Moderate risk Moderate risk Low risk Moderate risk High risk

Abdel-Hamid et al 201944 Moderate risk Moderate risk High risk Moderate risk High risk

Akiyama et al 201645 Low risk Moderate risk High risk Moderate risk Moderate risk

Alexiou et al 200846 Moderate risk Low risk High risk High risk High risk

Correia et al 201947 Moderate risk Low risk Low risk Moderate risk High risk

Fadda et al 201848 Moderate risk Low risk Low risk Moderate risk High risk

Furukawa et al 201249 Moderate risk Low risk High risk Moderate risk High risk

Kakutani et al 201950 Low risk High risk High risk Moderate risk High risk

Kelly et al 201451 Moderate risk High risk Low risk Moderate risk High risk

Liu et al 201952 Moderate risk Low risk High risk Moderate risk High risk

Matsuo et al 201853 Low risk Moderate risk High risk Moderate risk Moderate risk

Mori et al 201254 Low risk Low risk Low risk Moderate risk Moderate risk

Ortancil et al 201155 Moderate risk Low risk High risk Moderate risk High risk

Park et al 201656 Low risk Low risk Low risk High risk High risk

Paulin et al 201957 Moderate risk High risk High risk Moderate risk High risk

Restrepo et al 201558 Moderate risk Low risk High risk Moderate risk Moderate risk

Rocha-Munoz et al 201559 Moderate risk Low risk High risk Moderate risk Low risk

Sargin et al 201860 Moderate risk High risk High risk Moderate risk High risk

Sulaiman et al 201961 Moderate risk Low risk High risk High risk High risk

Tian et al 201662 High risk Low risk High risk Moderate risk High risk

Wang et al 201563 Moderate risk High risk Low risk High risk High risk

Yang et al 201964 Moderate risk High risk Moderate risk Moderate risk Moderate risk

Yin et al 201465 Moderate risk Low risk Low risk Moderate risk Moderate risk

Zhang et al 201866 High risk High risk High risk High risk High risk

Text in bold indicates high risk of bias.
CCP, cyclic citrullinated peptite; ILD, interstitial lung disease.;

https://dx.doi.org/10.1136/bmjopen-2020-040465
https://dx.doi.org/10.1136/bmjopen-2020-040465
https://dx.doi.org/10.1136/bmjopen-2020-040465
https://dx.doi.org/10.1136/bmjopen-2020-040465
https://dx.doi.org/10.1136/bmjopen-2020-040465
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regarding univariate results. Overall, the level of evidence 
derived from this review was rated as low or very low (table 4).

DISCUSSION
This study demonstrated using a pooled analysis of 
univariate results that the presence of anti-CCP antibody 
was significantly associated with RA-ILD and the titre of 
anti-CCP antibody was significantly higher for RA-ILD 

than RA without ILD. The results were confirmed by multi-
variate analyses in the majority of studies that reported it. 
These findings suggest that anti-CCP antibody is related 
to an increased risk of ILD for patients with RA. As this 
review was based on a large number of studies conducted 
globally and the results were reproduced by any subgroup 
and sensitivity analyses, these findings will be generalis-
able to a broader population.

Figure 2  Forrest plot of the result of univariate analysis regarding the association of positivity of anti-cyclic citrullinated peptide 
(CCP) antibody with rheumatoid arthritis-associated interstitial lung disease (RA-ILD) The results of univariate analyses in 19 
studies were pooled for meta-analysis. The positivity of anti-CCP antibody was significantly associated with RA-ILD with an OR 
of 2.10 (95% CI: 1.59 to 2.78, p<0.00001/95% prediction interval: 0.93 to 4.76). There was moderate heterogeneity (χ2=29.7, 
p=0.04, I2=39%).

Figure 3  Forrest plot of the result of univariate analysis regarding the association of the tire of anti-cyclic citrullinated peptide 
(CCP) antibody with rheumatoid arthritis-associated interstitial lung disease (RA-ILD). The results of univariate analyses in 12 
studies were pooled for meta-analysis. The titre of anti-CCP antibody was significantly higher for RA-ILD than RA without ILD 
with a standardised mean difference (SMD) of 0.42 (95% CI: 0.20 to 0.65, p=0.0002/95% prediction interval: −0.33 to 1.17). 
There was considerable heterogeneity (χ2=36.0, p=0.0002, I2=69%).
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It is desirable and important to identify a high risk group 
of patients with RA who are likely to develop ILD because 
it is often progressive and worsens the prognosis of the 
disease.67 If the development of ILD can be predicted, it 
will help clinicians’ decision-making and facilitate an effi-
cient use of limited medical resources to change clinical 
course of the disease. Much effort has been made to iden-
tify clinical information such as serum biomarkers that 
can easily be obtained and help estimate the risk of ILD 
for patients with RA.68 Tests for ACPAs emerged as a tool 
to diagnose early RA with higher specificity than tradi-
tionally employed RF.69 They date back to the discovery 
of anti-perinuclear factor and anti-keratin antibody in the 
sera of patients with RA, which recognised the citrulli-
nated protein filaggrin.70 Subsequently, CCP were synthe-
sised to improve test performance71 and after further 
evolution currently the third generation of anti-CCP 
antibody test is commercially available.72 Anti-CCP anti-
body is both helpful to diagnose RA and also reported 
to be associated with extra-articular manifestations of 
the disease.73 The recent meta-analysis demonstrated an 
increased risk of RA-ILD as a result of serum anti-CCP 
antibody positivity.20 Although a number of specific citrul-
linated proteins were discovered such as fibrinogen74 and 
α-enolase,75 a diagnostic significance of specific autoanti-
bodies directed against these autoantigens has yet to be 
established.76

RA is classified as a systemic autoimmune disorder 
although the pathogenesis of the disease has been under 
dispute for many years.77 Recent research suggests that the 
breakdown of immunological tolerance initially occurs in 
the lungs under the influence of environmental stress 
such as exposure to cigarette smoke and genetic suscep-
tibility.78 In short, smoking accelerates the activity of the 
enzyme peptidylarginine deiminase that catalyses the 
post-translational convert of arginine to citrulline, which 
eventually induces autoimmune reaction and leads to the 
formation of autoantibodies against citrullinated peptides 
under the interplay of both T and B lymphocytes.79 In 
these processes, a number of cytokines are generated and 
may promote fibrotic changes of the lung.80 Smoking is 
related to the development of ILD, in particular, UIP, 
which is the most common type among RA-ILDs9 and 
contributes to the formation of ACPAs. Therefore, it is 
most likely that anti-CCP antibody is closely associated 
with the development of ILD for genetically susceptible 
subjects with smoking history and this relationship was 
confirmed in this report.

The current study is different from the previous system-
atic review20 in that it included a larger number of studies 
and subjects and thus the result is considered more reli-
able. It also demonstrated that the titre of anti-CCP anti-
body was higher for RA-ILD than RA without ILD. This 
finding is meaningful because anti-CCP antibody may be 
positive in the majority of patients with RA regardless of 
the presence of ILD. Indeed, the proportion of positivity 
of anti-CCP antibody for RA without ILD in this review 
ranged from 49.1% to 95.8% with the median value of Ta
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71.0%. When the group of RA without ILD is positive for 
anti-CCP antibody with high frequency, the benefit of 
the autoantibody test for screening patients with RA at a 
higher risk of developing ILD will be limited. Conversely, 
the finding of titres may be more informative because it 
can also be employed to patients with RA without ILD 
who are tested positive for the autoantibody. Therefore, 
titres of anti-CCP antibody may be more useful than 
just its presence to estimate the risk of developing ILD. 
However, the interpretation of this finding also needs a 
caution because it was derived from a comparison between 
RA-ILD and RA without ILD and thus does not indicate 
any cut-off point that defines a high or low titre of the 
autoantibody. As a result, in usual clinical practice, clini-
cians need to assess the implication of the titre of anti-CCP 
antibody in the context of a total evaluation. If the titre of 
the autoantibody is combined with clinical features such 
as age, gender and smoking history alongside with other 
biomarkers such as Krebs von den Lungen-6 (KL-6), 
creating composite scores, it would be more beneficial 
to identify a group with a higher risk of developing ILD. 
However, what makes the issue more complicated is the 
variability of measurements of anti-CCP antibody, which 
was produced by a number of manufacturers. The sensi-
tivity and specificity vary depending on the tests and the 
titres are also different between assays.81 Although an 
SMD was employed in this review to enable the compar-
ison of titres derived from different tests, the result may 
be difficult to be applied in clinical practice. Further-
more, anti-CCP antibody is reported to be closely asso-
ciated with bronchiolar disease, which is also a common 
pulmonary complication associated with RA alongside 
with ILD.54 Although bronchiolar disease was excluded in 
this review, it is possible that the disease was missed by the 
researcher or not selectively reported. If this was the case, 
the precise association of anti-CCP antibody with RA-ILD 
would be compromised. Anti-CCP antibody may also be 
affected by a number of other potential confounders 
such as age, gender, smoking history, RA duration, diag-
nostic criteria for RA and ILD and the proportion of posi-
tivity of anti-CCP antibody, which were diverse between 
studies. Although none of these confounders were found 
to be significantly associated with the heterogeneity of 
the results, it may possibly have been influenced by other 
clinical factor such as previous treatment. Therefore, 
the findings of this review may not be directly applicable 
to usual clinical practice and clinicians should consider 
all of the factors that can affect the presence or titres of 
anti-CCP antibody and assess the risk of ILD for patients 
with RA on a case-by-case basis.

There are other methodological limitations or caveats 
that need to be kept in mind to appropriately interpret 
the findings of this study. First, this review specifically 
focused on anti-CCP antibody and excluded ACPAs that 
were not specified as anti-CCP antibody since it may 
have represented autoantibodies against different citrul-
linated peptides. However, ACPAs other than anti-CCP 
antibody are not usually used in clinical practice and 

many rheumatologic teams may use the term ACPA for 
anti-CCP antibody. Therefore, this narrow inclusion crite-
rion may have excluded some studies with a large number 
of subjects that could have reinforced the strength of 
meta-analysis. Second, this review was only composed 
of cross-sectional and case–control studies and thus 
causality between anti-CCP antibody and RA-ILD cannot 
be deducted although it is aetiologically plausible. Third, 
selection bias of subjects in individual studies cannot be 
ruled out. Patients with RA-ILD at relatively advanced 
stage may have been included for the review. If this was 
the case, the findings may not be applicable to an early 
stage of the disease and become useless for screening 
purpose. Fourth, anti-CCP antibody may be most closely 
related to UIP among other types of ILD complicated 
with RA. However, the association between anti-CCP anti-
body and individual ILD patterns could not be elucidated 
in this review because most of the studies did not report 
them. Finally, no studies were deemed as low risk of bias 
given that most of them were retrospectively designed 
cross-sectional or case–control studies. Due to this study 
limitation, the level of evidence obtained from this review 
was all rated as low or very low although univariate results 
in relatively a large number of studies were combined to 
generate an average estimate. Therefore, more research 
with high quality using a prospective cohort design needs 
to be accumulated to make a definitive conclusion or 
solidify the findings of this review.

CONCLUSION
This systematic review and meta-analysis suggested that 
the presence of anti-CCP antibody was significantly asso-
ciated with RA-ILD and the titre of the autoantibody was 
significantly higher for RA-ILD than RA without ILD. 
However, an applicability of these findings may be limited 
due to the heterogeneity of included studies.
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