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ABSTRACT
Background Rheumatoid arthritis (RA)-associated
anticitrullinated protein/peptide antibodies (ACPA) might
originate at mucosal sites such as the lungs. We aimed to
examine the relationship between the ACPA repertoire and
lung abnormalities on high-resolution CT (HRCT) in patients
with earlyuntreated RA.
Methods 106 patients with newly diagnosed untreated RA
were examined with HRCT of the lungs. Blood samples were
analysed for presence of rheumatoid factor (RF) and ACPA
using either a CCP2 detection kit or an immunochip
containing 10 different citrullinated peptides. Association
between HRCT findings and the antibody repertoire was
assessed by logistic regression analysis.
Results The number (%) of patients with HRCT
abnormalities was 58 (54.7%) for parenchymal
abnormalities and 68 (64.2%) for airway abnormalities.
CCP2 IgG, RF IgA and antibodies against citrullinated
fibrinogen were associated with the presence of
parenchymal lung abnormalities. Interestingly, a high
number of ACPA fine specificities gave a high risk of having
parenchymal lung abnormalities at the time of RA diagnosis.
No significant signals were identified between ACPA
specificities and risk for airway abnormalities.
Conclusions The presence of RF and ACPAs (especially
against citrullinated fibrinogen peptides) as well as high
number of ACPAs fine specificities are associated with
parenchymal lung abnormalities in patients with early,
untreated RA. This provides further support for an important
pathogenic link between the lung and systemic
autoimmunity, contributing to RA development.

BACKGROUND
Rheumatoid arthritis (RA) is a chronic inflam-
matory disease of autoimmune aetiology.
Anticitrullinated protein/peptide antibodies
(ACPA) and rheumatoid factor (RF) are asso-
ciated with RA and develop in a majority of
patients, years prior to the onset of the
disease.1 2 RFs are autoantibodies that recog-
nise the Fc portion of IgG, whereas ACPA

recognise epitopes containing the non-
coding amino acid citrulline, formed by argi-
nine deimination in the presence of peptidy-
larginine deiminase enzymes. Several such
epitopes recognised by ACPA have been
identified3 and robust methods to simulta-
neously detect multiple reactivity against
these epitopes in one single serum sample
has recently been developed.4 5 Using these
methods, it has been shown that the ACPA
repertoire is undergoing epitope spreading
with increased number of citrullinated epi-
topes being recognised closer to disease
onset.5–7
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Key messages

What is already known about this subject?
► HRCT abnormalities are present in the lungs of

seropositive individuals at risk of developing RA and
early untreated seropositive RA.

What does this study add?
► This study shows that specific ACPA and RF isotypes

associate with the presence of parenchymal lung
abnormalities (as assessed by HRCT) already at the
disease onset and before any treatment initiation in
RA patients.

► Also, presence of multiple ACPA reactivities and
specifically reactivity against citrullinated fibrinogen
significantly increased the risk of detecting HRCT
parenchymal abnormalities.

How might this impact on clinical practice?
► The current findings give further support for an

important pathogenic link between the lungs and
the joints in early seropositive RA and might
contribute in the future to a change in the clinical
monitoring of the patients at high risk for presence of
lung abnormalities.
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The presence of ACPA in the serum long before clinical
signs of inflammation in the joint has led to the hypoth-
esis that ACPA and possibly RF productionmight occur at
sites other than the joints. Mucosal surfaces, particularly
the lungs, have been suggested as one possible site for
triggering of an immune response and initiation of RA,8

based on the epidemiological association between smok-
ing and ACPA/RF-positive RA.9 10 In agreement with this
hypothesis, increased citrullination of proteins is present
in the lungs of both healthy smokers11 and early,
untreated ACPA-positive RA.12 Further, ACPA are
enriched in bronchoalveolar lavage fluid of early,
untreated ACPA-positive RA and in the sputum of ACPA
individuals at risk for developing RA.12 13 Lung abnorm-
alities detected by high-resolution CT (HRCT) are more
prevalent in ACPA-positive individuals at risk for develop-
ing RA as compared to healthy (not at risk) matched
controls.14 Similarly, both airway and parenchymal
HRCT abnormalities are more frequent among patients
with early, untreated RA compared to healthy controls
(54% vs 30% for parenchymal abnormalities and 66% vs
42% for airway abnormalities).12 Accumulation of
immune cells (macrophages, T cells) and upregulation
of inflammatory markers are present in the lungs of
patients with early RA as compared to healthy
individuals.15 This along with the identification of germ-
inal centre-like structures16 further support the notion
that local immune activation and ACPA production can
occur in the lungs of RA. Presence of shared citrullinated
epitopes in the lungs and joints of RA17 might partially
explain how immune cells primed in the lungs will elicit
their effector functions in the joints.
To get further insights into the role of the lung com-

partment in autoimmunity initiation in RA, we analysed
the ACPA and RF repertoire in a unique cohort of
patients with early, untreated RA where extensive lung
examination, including lung HRCT, is available.

MATERIALS AND METHODS
Patients
One hundred and six consecutive patients with recent-
onset RA, diagnosed by an experienced rheumatologist at
the early arthritis clinic at Karolinska University Hospital,
Stockholm, Sweden, and fulfilling the American Rheu-
matism Association 1987 classification criteria18 with
patient-reported symptom duration less than 1 year,
naïve to treatment with oral glucocorticoids and disease-
modifying antirheumatic drugs (DMARDs) were invited
to participate in a study investigating lung involvement in
RA (LURA study).12 Pregnancy and alcohol and/or drug
abuse were exclusion criteria. Disease Activity Score in 28
joints (DAS28) using the erythrocyte sedimentation
rate,19 smoking history, presence of respiratory symptoms
(dyspnoea and cough) during the last 12 months before
inclusion and self-reported history of pulmonary disease
were assessed at inclusion. None of the patients were

diagnosed with clinical interstitial lung disease (ILD)
with the exception of one patient who had
a concomitant diagnosis of chronic obstructive pulmon-
ary disease. There were 11 patients with self-reported
asthma, 8 patients who had been treated with inhaled
glucocorticoids and 2 patients who had been treated
with theophylline. Pulmonary symptoms were present in
a small number of patients; dyspnoea was reported by
12% of patients with RA while cough was present in only
1%of patients, during the last 12months before inclusion
in the study.12 Bone erosions were assessed based on
standard radiographs of hands and feet according to
clinical routine and were quantified dichotomously
based on the presence or absence of at least one bone
erosion. Table 1 summarises the characteristics of the
patients at inclusion.

High-resolution CT
HRCT was performed in patients with RA within 1 week
after diagnosis using a Siemens Sensation CT instrument
at full inspiration using the following parameters: colli-
mator (0.625 mm), rotation time 0.5 s, pitch 1120 kV and
dose modulation (in all patients). Contiguous axial
images (2 mm) were reconstructed with a high-
frequency filter of either B60f or B70f.
All images were reviewed for abnormalities, indepen-

dently with patient identity masked and in random order,
by an experienced thoracic radiologist and
a pulmonologist, in accordance with the criteria included
in the International Classification of HRCT for Occupa-
tional and Environmental Respiratory Diseases.20 After
independent evaluations, consensus on discrepant find-
ings was reached with evaluations still performed in
a blinded manner. The HRCT findings were categorised
as parenchymal and airway abnormalities based on the
embryonic lung development as previously described.21

The parenchymal abnormalities included nodules larger
than 3 mm, ground-glass opacities, opacities, fibrosis and
emphysema. The airway abnormalities included bronch-
iectasis, air trapping and airway wall thickening.

Spirometry
Spirometry was performed 1 week after diagnosis. The
forced expiratory volume in 1 s (FEV1), vital capacity
(VC) and forced vital capacity (FVC) were measured
using a spirometer (Vmax 229-6200; Legacy). The diffus-
ing capacity for carbon monoxide (DLco) was measured
using the single-breath method and corrected for haemo-
globin. Lung function values are expressed as the percen-
tage of predicted, in accordance with the European
Community for Steel and Coal standards.22 Normal
FEV1, VC, FVC and DLCO were defined as >80% of
predicted.

Antibody detection
Serum from patients was analysed for IgG and IgA anti-
CCP2 (second-generation) and IgM and IgA RF using the
fluoroenzyme immunoassay EliA (Phadia, Uppsala,
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Sweden) according to the manufacturer’s instructions.
The cut-off for positivity for all the assays was based on
the values provided by the manufacturer. We further
assessed ACPA fine specificity against 10 different citrulli-
nated antigens using a custom-made peptide microarray
based on the ImmunoCAP ISAC system (Phadia)
described previously in detail.4 Briefly, glass slides were
spotted with the following peptides in their citrullinated
and native form: α-enolase 5-21 (citrullinated enolase
peptide (CEP)-1), filaggrin 307-324 (cyclic citrullinated
peptide (CCP)-1), vimentin 2-17 (Vim 2-17), 60-75
(Vim 60-75), fibrinogen-α 36-50 (Fibα 36-50), 563-583
(Fibα 563-583), 580-600 (Fibα 580-600), 621-635 (Fibα

621-635) and fibrinogen-β 36-52 (Fibβ 36-52), 60-74
(Fibβ 60-74). Detailed sequence and position of citrul-
line amino acids are given in online supplemental
table 1. Serum was incubated on the slides and
bound autoantibodies were detected using a Cy3-
conjugated goat antihuman IgG (Jackson ImmunoRe-
search Laboratories, Newmarket, UK). The fluorescent
intensity was measured and converted to arbitrary
units (Au/mL) based on an internal calibrator present
in each chip. The cut-off values for positivity were
determined as the 98th percentile of the healthy con-
trol reactivity using serum obtained from 97 anon-
ymous healthy volunteers.

Table 1 Demographic characteristic of patients with early RA (symptom duration less than 1 year) included in the study

Demographics and
disease characteristics All patients

HRCT airway abnormalities HRCT parenchymal abnormalities

No Yes P value No Yes P value

Number 106 38 68 48 58
Age, (mean years ± SD) 57.5±14.1 52.9±16.0 60.0±12.3 0.02 53.2±15.6 61.0±11.7 0.005
Women (n (%)) 73 (68.9) 23 (60.5) 50 (73.5) 0.17 36 (75.0) 37 (63.8) 0.22
Ever smokers (n (%)) 77 (72.6) 30 (78.9) 47 (69.1) 0.28 30 (62.5) 47 (81.0) 0.03
Current smokers (n (%)) 31 (29.2) 12 (31.6) 19 (27.9) 0.69 11 (22.9) 20 (34.5) 0.19
Pack-years (median (IQR)) 11.5

(0–24.1)
9.1 (0.6–23.1) 13.0

(0–24.1)
0.74 3.0 (0–16.5) 17.3

(4.0–35.5)
0.0005

Anti-CCP2 IgG-positive
(n (%))

71 (67.0) 25 (65.8) 46 (67.6) 0.85 26 (54.2) 45 (77.6) 0.01

RF-positive (n (%)) 73 (68.9) 25 (65.8) 48 (70.6) 0.61 29 (60.4) 44 (75.9) 0.09
ACPA and RF-negative
(n (%))

26 (24.5) 10 (26.3) 16 (23.5) 0.75 16 (33.3) 10 (17.2) 0.06

Any HLA-DR SE (n (%)) 73 (68.9) 24 (63.2) 49 (72.1) 0.34 32 (66.7) 41 (70.7) 0.66
Bone erosions (n (%)) 23 (21.7) 10 (26.3) 13 (19.1) 0.39 10 (20.8) 13 (22.4) 0.84
Disease activity
DAS28 (mean±SD) 5.5±1.1 5.3±0.9 5.6±1.2 0.19 5.5± 5.5±1.2 0.96
SJC (median (IQR)) 9 (6–13) 9.5 (6–12.25) 9 (6–13.75) 0.72 (7–14) 9 (6–13) 0.88
TJC (median (IQR)) 10 (6–13) 9 (4–13) 10 (6–14) 0.25 (6–13) 9

(4.75–14.25)
0.96

CRP (median (IQR)) 10 (4–24) 9.5
(3.5–18.25)

10
(4.25–26.5)

0.28 9.5 (4–22.75) 0.72

ESR (median (IQR)) 27.5 (17–46) 26 (14.5–42) 28 (18–52) 0.10 24.5
(15.25–43.25)

32
(18.75–48)

0.55

Pulmonary function test (median (IQR))
VC (% of predicted) 107

(95–119)
112
(100–122.5)

105
(92.25–115)

0.11 108
(101.25–119)

106 (93–120) 0.29

FVC (% of predicted) 108
(95.5–117)

112
(103.5–125.5)

105
(91–114)

0.01 109.5
(99.75–117.25)

105 (91–117) 0.17

FEV1 (% of predicted) 99 (85–110) 100
(89.5–112)

95
(81–109.75)

0.04 103
(90.25–111.25)

94 (81–104) 0.006

FEV1/FVC 0.76
(0.65–0.80)

0.74
(0.65–0.79)

0.76
(0.65–0.81)

0.46 0.77 (0.69–0.82) 0.73
(0.63–0.77)

0.003

DLCO (% of predicted) 78 (70–88) 77 (66.5–86.5) 79
(72–89.75)

0.74 78.5 (71–85.25) 78 (67–90) 0.82

The data has been further stratified for the presence and absence of HRCT airway and parenchymal abnormalities.
The bolded values represent statistically significant p values (p<0.05).
ACPA, anticitrullinated protein/peptide antibodies; CRP, C reactive protein; DAS28, Disease Activity Score in 28 joints; DLCO, diffusing capacity
for carbonmonoxide; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity; HLA-DR SE, shared
epitope risk allele; HRCT, high-resolution CT; SJC, swollen joint count; TJC, tender joint count; VC, vital capacity.
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HLA-DR genotyping
The patients with RA were genotyped for the HLA-DRB1
allele as described previously.23 HLA-DRB1 *0101, *0102,
*0401, *0404, *0405 or *1001 alleles were classified as
HLA-DR shared epitope alleles.24

Statistical analysis
Comparison of normally and non-normally distributed
continuous variables was performed by independent sam-
ple Student’s t-test and Mann-Whitney U test, respec-
tively. Pearson’s χ² test was used to compare categorical
variables. Spearman’s rank correlation test was per-
formed for correlation analysis. Smoking status was cate-
gorised as ever smokers (which includes both current and
former smokers) and current smokers. In the univariate
and multivariable regression analysis, age was categorised
as above and below 65 years as described previously.12

Binomial logistic regression analysis was performed to
assess the relationship between the presence of HRCT
abnormalities (either parenchymal or airway abnormal-
ities) and a set of predictor variables: age, sex, smoking
status (ever vs never), pack-years, presence of bone ero-
sions, DAS28 and presence of autoantibodies (RF IgA, RF
IgG, ACPA IgA, ACPA IgG and several ACPA specifici-
ties). Age and ever smoking as well as sex were included in
the multivariable regression analysis based on the results
from univariate analysis and the clinical relevance,
respectively. Multivariable regression analysis not includ-
ing sex did not affect the overall results. Effect modifica-
tion was tested with the interaction term smoking x
autoantibodies and found to be not significant. Collinear-
ity was assessed by calculating the variance inflation
factors25 and appropriate test for goodness of fit was
performed. The strength of associations was estimated
using ORs and 95% CIs. The level of significance was set
to 95%. For multiple testing correction, we used Bonfer-
roni adjustment. Statistical analyses were performed
using SPSS version 22.

RESULTS
HRCT and lung function
The number (%) of patients with RA with parenchymal
and airway abnormalities on HRCT was 58 (54.7%) and
68 (64.2%), respectively (table 1). A considerable propor-
tion of patients had both parenchymal and airway lung
abnormalities (38.7%). Baseline demographics as well as
data on disease activity and pulmonary function tests are
shown in table 1. Patients with lung abnormalities, either
parenchymal or airway, were older compared to those
without any lung abnormalities. Patients with parenchy-
mal abnormalities were more likely to have smoked and
exposed to a high number of pack-years compared
to those without any parenchymal lung involvement
(table 1). Patients having both airway and parenchymal
abnormalities were significantly older and had higher
pack-years of smoking compared to those having no or
only airway or parenchymal abnormalities. Thirty-

six percent of the patients with RA had evidence of air
flow limitation, defined as FEV1/FVC <70% and 52%
had a DLco <80% of predicted. FVC was significantly
lower in patients with airway abnormalities, while the
ratio FEV1/FVC was significantly lower in those with par-
enchymal lung abnormalities (table 1). The median ratio
FEV1/FVC was within normal range. No associations were
observed between self-reported pulmonary complaints
and HRCT changes or lung function tests.

Antibody profiles in relation to HRCT findings
The frequency of the anti-CCP2 antibodies (IgG and
IgA), RF (IgG and IgA) as well as the different ACPA
specificities in the whole cohort and in patients with
either parenchymal or airway lung abnormalities are sum-
marised in table 2. Patients with parenchymal lung
abnormalities were more often positive for any anti-
CCP2 and in particular IgG anti-CCP2, as well as RF IgA,
compared to patients without parenchymal abnormalities
(p<0.05, adjusted p=0.25, 0.49 and 0.81, respectively,
table 2). Patients with either parenchymal or airway
lung abnormalities had non-significant but numerically
higher levels of anti-CCP2 IgG as compared to those with-
out these abnormalities (median (IQR) of 170.0 (18.6–-
340.0) vs 42.0 (1.6–276.0), p=0.08 for parenchymal
abnormalities and median (IQR) of 165.0 (2.5–344.0) vs
37.5 (3.3–261.0), p=0.08 for airway abnormalities), while
no significant differences were seen for anti-CCP2 IgA
(median (IQR) of 6.5 (3.4–18.1) vs 4.5 (2.3–11.4), p=0.2
for parenchymal abnormalities and median (IQR) of 5.8
(2.8–18.1) vs 4.0 (2.6–9.9), p=0.3 for airway abnormal-
ities) (figure 1B and C). A significant higher percentage
of anti-CCP2 IgA positivity (18/41, 43.9%, p=0.03) was
observed among patients having both airway and par-
enchymal abnormalities compared to the other groups
having no or only airway or parenchymal abnormalities.
The number of ACPA fine specificities positively corre-
lated with the level of anti-CCP2 (Spearman’s correlation
r =0.84, p<0.0001) (figure 1A). Interestingly, 13/35 anti-
CCP2-negative patients tested positive for at least one of
the ACPA fine specificities (most frequently 1 ACPA spe-
cificity (n=9), followed by 2, (n=3) and 1 patient had 4
ACPA fine specificities). Of these 13 individuals, 6 had
parenchymal and 8 had airway abnormalities.
RF IgM was detected in 68.9% of the patients and RF

IgA in 49.1% of the patients. Patients with parenchymal
abnormalities had significantly higher levels of RF IgM
(median (IQR) of 39 (7.0–159) vs 25 (1.2–71), p=0.038)
and RF IgA (median (IQR) of 30.5 (9.6–80.8) vs 11.0
(6.2–30), p=0.031) compared to patients without
abnormalities in parenchyma (figure 1D and E). Similar
levels of both RF IgM (median (IQR) of 38.8 (2.2–132.0)
vs 40.5 (2.1–76), p=0.4) and RF IgA (median (IQR) of
20.0 (8.3–51.0) vs 14.5 (6.5–77.3), p=0.3) were observed
in patients with airway abnormalities as compared to
those without airway abnormalities, respectively. We
found no significant difference between levels of RF IgA
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and anti-CCP2 IgA when stratified according to the smok-
ing status (figure 1F and G).

Antibody profiles in relation to spirometry findings
Comparison of autoantibody status (positive vs nega-
tive) between patients with normal versus decreased
FEV1/FVC and DLCO revealed no significant differences
(data not shown), but a trend was observed for RF IgA,
withmore patients having abnormal FEV1/FVC testing posi-
tive for RF IgA, as compared to those having normal ratio
(54.9% vs 34.5%, p=0.06). In linear regression models with
DLCO as the dependent variable, no association with any
autoantibody was observed (data not shown).

Antibodies patterns predict HRCT parenchymal lung
abnormalities
Factors such as age >65 years, ever smoking and >23 pack-
years in the univariate logistic regression analysis and

factors such as presence of RF IgA, anti-CCP2 IgG and
any anti citrullinated (anti-cit) fibrinogen peptide anti-
body in a univariate analysis were all significantly asso-
ciated with increased risk for parenchymal lung
abnormalities (table 2, online supplemental table 2).
The association between antibodies (RF IgM, RF IgA,
any anti-CCP2, anti-CCP2 IgG, any anti-cit vimentin anti-
body, any anti-cit fibrinogen antibody, anti-cit fibrinogen
α 563-683, anti-cit fibrinogen β 60-74) and parenchymal
abnormalities was significant when adjusting for ever-
smoking, age and sex (table 3, figure 2). Following cor-
rection for multiple comparisons, any anti-CCP2, anti-
CCP2 IgG and any cit-fibrinogen antibody still signifi-
cantly associated with parenchymal abnormalities. As col-
linearity analysis showed no association between RF and
ACPAs, we performed a logistic regression analysis by
including RF in the model which showed that anti-CCP2

Table 2 Autoantibody status and association with HRCT lung abnormalities

RF and ACPA fine specificities All patients

HRCT airway abnormalities HRCT parenchymal abnormalities

No Yes P value No Yes
P value
(adjusted p value)

Number 106 38 68 48 58
Any RF 73 (69.5) 27 (71.1) 46 (68.7) 0.80 29 (61.7) 44 (75.9) 0.12

RF (IgM) 73 (69.5) 27 (71.1) 46 (68.7) 0.80 29 (61.7) 44 (75.9) 0.12
RF (IgA) 52 (49.5) 18 (47.4) 34 (50.7) 0.74 17 (36.2) 35(60.3) 0.014 (0.25)

Any anti-CCP2 72 (68.6) 25 (65.8) 47 (70.1) 0.64 27 (57.4) 45 (77.6) 0.027 (0.49)
CCP2 (IgG) 71 (67.6) 25 (65.8) 46 (68.7) 0.76 27 (57.4) 44 (75.9) 0.045 (0.81)
CCP2 (IgA) 32 (30.5) 9 (23.7) 23 (34.3) 0.26 12 (25.5) 20 (34.5) 0.32

Any RF and anti-CCP2-negative 24 (22.9) 8 (21.1) 16 (23.9) 0.74 16 (34.0) 8 (13.8) 0.014 (0.25)
Anti-CEP-1 41 (38.7) 12 (31.6) 29 (42.6) 0.26 18 (37.5) 23 (39.7) 0.82
Anti-CCP-1 48 (45.3) 17 (44.7) 31 (45.6) 0.93 19 (39.6) 29 (50.0) 0.28
Any anti-cit vimentin 64 (61.0) 21 (55.3) 43 (64.2) 0.37 26 (55.3) 38 (65.5) 0.29

Vim 2-17 44 (42.7) 14 (38.9) 30 (44.8) 0.57 17 (36.2) 27 (48.2) 0.22
Vim 60-75 57 (53.8) 17 (44.7) 40 (58.8) 0.16 23 (47.9) 34 (58.6) 0.27

Any anti-cit fibrinogen 77 (72.6) 28 (73.7) 49 (72.1) 0.86 30 (62.5) 47 (81.0) 0.033 (0.59)
Fibα 36-50 28 (26.4) 12 (31.6) 16 (23.5) 0.37 11 (22.9) 17 (29.3) 0.46
Fibα 563-583 50 (47.2) 19 (50.0) 31 (45.6) 0.66 19 (39.6) 31 (53.4) 0.16
Fibα 580-600 20 (18.9) 6 (15.8) 14 (20.6) 0.55 9 (18.8) 11 (19.0) 0.98
Fibα 621-635 38 (35.8) 11 (28.9) 27 (39.7) 0.27 14 (29.2) 24 (41.4) 0.19
Fibβ 36-52 48 (45.3) 14 (36.8) 34 (50.0) 0.19 19 (39.6) 29 (50.0) 0.28
Fibβ 60-74 57 (53.8) 21 (55.3) 36 (52.9) 0.82 23 (47.9) 34 (58.6) 0.27

Number of ACPA fine specificities
0 24 (22.6) 9 (23.7) 15 (22.1) 0.43 15 (31.3) 9 (15.5) 0.12
1–5 43 (40.6) 18 (47.4) 25 (36.8) 19 (39.6) 24 (41.4)
>5 39 (36.8) 11 (28.9) 28 (41.2) 14 (29.2) 25 (43.1)

0–1 37 (35.2) 13 (35.1) 24 (35.3) 0.99 19 (39.6) 18 (31.6) 0.39
>1 68 (64.8) 24 (64.9) 44 (64.7) 29 (60.4) 39 (98.4)

The values indicated in the table represent the numbers and those in parenthesis indicate the% of reactivity (columnwise) in each category. The
p values were obtained by χ² test that was used to compare categorical variables.
The bolded values represent statistically significant p values (p<0.05). The p values in parentheses represent the adjusted values for multiple test
(Bonferroni).
ACPA, anticitrullinated protein/peptide antibodies; CCP, cyclic citrullinated peptide; CEP, citrullinated enolase peptide; cit, citrullinated/
citrullination; Fib, fibrinogen; HRCT, high-resolution CT; RF, rheumatoid factor; Vim, vimentin.
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IgG, any anti-cit fibrinogen antibody and the number of
different ACPA specificities were significantly associated
with parenchymal abnormalities in non-adjusted compar-
isons but not following adjustment for multiple compar-
isons (table 3, figure 2). Sensitivity analysis limited to the
ACPA-positive patients gave similar results (online supple
mental table 3). Similarly, sensitivity analysis performed
by excluding emphysema from parenchymal abnormal-
ities and including it among the airway abnormalities did
not alter the observations (data not shown).
Number of ACPA specificities expressed as either

a categorical or a continuous variable significantly asso-
ciated with presence of parenchymal but not airway
abnormalities (online supplemental table 4, figure 2). No
significant association was found between the ACPA fine
specificities and individual subcomponents of the HRCT
parenchymal abnormalities (online supplemental table 5).

DISCUSSION
Mucosal immune activation with antibody generation has
been proposed as an initiating event in ACPA-positive RA.

We show here that specific ACPA and RF isotypes associate
with the presence of parenchymal lung abnormalities (as
assessed by HRCT) already at the disease onset and before
any treatment initiation in patients with RA. Presence of
multiple ACPA reactivities and specifically reactivity
against citrullinated fibrinogen significantly increased the
risk of detecting these abnormalities. Our findings give
further support for an important pathogenic link between
the lungs and the joints in early ACPA-positive RA.
While lung complications are classically associated with

long-standing, uncontrolled and seropositive RA
disease,26–28 less is known about the association between
autoimmunity and subclinical lung inflammation in
patients with early RA. Notably, patients in our study
had a short duration of symptoms (less than 1 year, med-
ian 6 months) and were not treated with any antirheu-
matic treatment (neither DMARDs nor corticosteroids).
We have previously reported that anti-CCP2 antibodies
associate with presence of HRCT abnormalities in this
cohort. Here, we extend on our previous findings and
show that only specific isotypes of anti-CCP2 antibodies
and also RF associate with lung HRCT abnormalities.

Figure 1 Anti-CCP2 and RF levels and lung abnormalities. (A) The graph represents the correlation between anti-CCP2 levels
and the number of ACPA fine specificity. (B, C, D and E) The box plot represents the levels of anti-CCP2 IgA, anti-CCP2 IgG,
RF IgA and RF IgM in patients with and without parenchymal lung abnormalities at the time of RA diagnosis. (F and G) The
box plot represents the levels of anti-CCP2 IgA and RF IgA stratified on smoking status. The dotted line indicates the cut-off
for each assay.
ACPA, anticitrullinated protein/peptide antibodies; CCP, cyclic citrullinated peptide; RA, rheumatoid arthritis; RF, rheu-
matoid factor.
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Interestingly, this association is related to the IgG isotype
of anti-CCP2 antibodies and the IgA isotype of RF. One
explanation for this difference might rely on the differ-
ent sensitivity and specificity of each of these isotypes.
IgG anti-CCP2 antibodies occur more often and are
more specific for the RA diagnosis than IgA anti-CCP2
and it has been suggested that presence of IgA anti-CCP2
might even be an indirect measure of an adaptive pro-
tective mechanism at mucosal sites.29–31 Similarly, IgA
RF has greater sensitivity and positive predictive value
for the diagnosis of RA than IgM RF.2 As such, it is
possible that IgG-CCP2 and IgA-RF, and potentially
also the fine ACPA specificities, rather than the more
non-specific IgA-CCP2 and IgG-RF, would reflect
a disease-associated event such as the early HRCT par-
enchymal changes. Our findings are in line with a recent
study showing association of RF IgA and IgG anti-CCP2
with subclinical HRCT lung abnormalities in

community-dwelling adults, where information on IgA
anti-CCP2 and concomitant RA was however missing. An
important confounder in assessing the correlation
between lung HRCT abnormalities and presence of anti-
bodies (especially ACPA) is smoking. It is well estab-
lished that in healthy individuals smoking associates
with both ACPA development17 and presence of lung
HRCT abnormalities,14 introducing therefore
a potential statistical problem due to multicollinearity.
However, in this study, no significant correlation
between ever smoking and autoantibodies was observed
and adjustment of the regression analysis for ever smok-
ing and pack-years did not modify the results.
Association of parenchymal but not airway abnormalities

with RA-associated antibodies (despite over-representation
of both abnormalities among patients with RA as com-
pared to controls,12) suggest different pathophysiological
roles of these abnormalities. We speculate that

Table 3 Association between autoantibodies and HRCT parenchymal lung abnormalities

Adjusted for age, sex and ever smoking Adjusted for age, sex, ever smoking and anyRF

OR (95% CI)
P value
(adjusted p value) OR (95% CI)

P value
(adjusted p value)

Any RF 2.5 (1.0–6.2) 0.05 (0.9)
RF (IgM) 2.5 (1.0–6.2) 0.05 (0.9)
RF (IgA) 3.1 (1.3–7.6) 0.01 (0.2)

Any anti-CCP2 5.2 (1.9–14.7) 0.002 (0.04) 5.6 (1.5–20.3) 0.01 (0.2)
CCP2 (IgG) 4.6 (1.7–12.4) 0.003 (0.05) 4.7 (1.3–17.3) 0.02 (0.3)
CCP2 (IgA) 1.5 (0.6–3.8) 0.37 1.1 (0.4–3.1) 0.79

CEP-1 1.4 (0.6–3.2) 0.48 1.0 (0.4–2.6) 0.93
CCP-1 2.1 (0.9–5.0) 0.09 1.5 (0.6–3.9) 0.4
Any anti-cit vimentin 3.1 (1.2–7.9) 0.02 (0.4) 2.3 (0.8–6.9) 0.13

Vim 2-17 2.2 (0.9–5.2) 0.09 1.6 (0.6–4.1) 0.37
Vim 60-75 2.7 (1.1–6.6) 0.03 (0.6) 2.0 (0.7–5.4) 0.17

Any anit-cit fibrinogen 4.9 (1.8–13.9) 0.002 (0.04) 4.2 (1.2–14.7) 0.03 (0.5)
Fibα 36-50 1.6 (0.6–4.2) 0.30 1.4 (0.5–3.6) 0.54
Fibα 563-583 2.8 (1.2–6.9) 0.02 (0.4) 2.1 (0.8–5.7) 0.13
Fibα 580600 1.2 (0.4–3.4) 0.77 0.8 (0.2–2.4) 0.65
Fibα 621-635 1.9 (0.8–4.5) 0.16 1.4 (0.5–3.6) 0.51
Fibβ 36-52 1.9 (0.8–4.4) 0.13 1.4 (0.6–3.5) 0.46
Fibβ 60-74 2.4 (1.0–5.7) 0.05 (0.9) 1.6 (0.5–5.0) 0.45

Number of ACPA fine specificities
0 Reference Reference
1–5 3.8 (1.2–12.1) 0.03 3.1 (0.9–10.9) 0.07
>5 6.0 (1.8–20.1) 0.004 4.5 (1.1–18.8) 0.04
0–1 Reference Reference
>1 2.9 (1.1–7.4) 0.03 2.0 (0.6–6.4) 0.24

No. of ACPA fine specificities
(as continuous)

1.2 (1.0–1.3) 0.04 1.09 (1.0–1.3) 0.23

The table represents the results from logistic regression analysis. TheORon the left column are adjusted for age, sex and smokingwhile the right
column is adjusted for age, sex, ever smoking and any RF, with HRCT parenchymal lung abnormalities as the outcome variable and several
types of autoantibodies andACPA specificities as independent variables. The bolded values represent a statistically significant OR (p<0.05). The
p values in parentheses represent the adjusted values for multiple test (Bonferroni).
ACPA, anticitrullinated protein/peptide antibodies; CCP, cyclic citrullinated peptide; CEP, citrullinated enolase peptide; cit, citrullinated/
citrullination; Fib, fibrinogen; HRCT, high-resolution CT; RF, rheumatoid factor; Vim, Vimentin.
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parenchymal changes associated with systemic autoimmu-
nity might be compatible with an antibody-generating
immune process in the lungs, while the more general air-
way changes present in both seropositive and seronegative
RA might reflect a more general non-specific inflamma-
tion process in the lungs, not related to the antibody-
positive variant of the disease. In line with this hypothesis,
a previous study demonstrated HRCT patterns indicative
of small airway disease to be more prominent in patients
with long-standing RA. In contrast, parenchymal abnorm-
alities were frequently observed already in early RA even in
the absence of respiratory symptoms.32

We find a significant association between presence of
anti-cit fibrinogen antibodies and parenchymal abnorm-
alities, as opposite to anti-cit vimentin and anti-cit enolase
(CEP-1). The relevance of this finding needs to be further
investigated and interpreted with some caution as far as
we tested for a larger number of anti-cit fibrinogen speci-
ficities (n=6) as compared to both anti-cit vimentin (n=2)
and anti-cit enolase specificities (n=1). We report
a significant association between the number of ACPA
specificities and the presence of parenchymal lung
abnormalities, suggesting that early events in the lung
might be linked with epitope spreading, an important
early phase in the development of RA-associated autoim-
munity and disease. While an association between the
number of ACPAs and presence of lung fibrosis has
been previously reported in long-standing RA with con-
comitant ILD,33 no other studies have investigated this in
the context of early disease and before treatment initia-
tion. Interestingly, while the number of ACPA specifici-
ties associates with presence of parenchymal
abnormalities (defines as nodules larger than 3 mm,
ground-glass opacities, fibrosis and emphysema), we do
not see any association with fibrosis, which was uncom-
mon in our patients with early, untreated RA. It is

therefore possible that parenchymal subclinical HRCT
abnormalities as described here might reflect early auto-
immune activation and inflammation in the lungs,12 14

while advanced fibrotic lesions as those described by Giles
et al33 mainly reflect a secondary injury to the lungs in the
context of long-standing seropositive RA where the anti-
bodies might contribute to this damage. However, the
exact time relationship between events in the lungs and
in the joints still remains a debated issue. Our findings
might also have clinical implications, suggesting that
active screening for lung abnormalities might be justified
in early patients at high risk, such as those with high level
of antibodies, high number of ACPA specificities and
smokers. However, validation in larger trials and long-
term follow-up is needed before these recommendations
could be generalised in clinical practice. Main limitations
of our study are the relatively low number of patients
included and the lack of the long-time follow-up clinical
data regarding the progression of the subclinical lung
changes observed in this study to clinical RA-related
ILD. The latter could add additional information about
the pathogenesis of RA-related clinical ILD.
We have previously demonstrated association between the

anti-CCP2 IgG and presence of parenchymal lung
abnormalities.12 Building on this original observation, our
main novel findings are (1) presence of some but not all
ACPA reactivities associatedwith lungparenchymal abnorm-
alities in early untreated RA, (2) epitope spreading with
recognition of multiple epitopes associated with lung par-
enchymal abnormalities in early, untreatedRAand (3) some
butnot all isotypes of theRA-associated antibodies associated
with lungparenchymal abnormalities in early, untreatedRA.

CONCLUSION
In summary, we show that specific autoantibodies’ pat-
terns associate with subclinical HRCT lung abnormalities

Figure 2 Association between number of ACPA fine specificity andHRCT lung abnormalities. The forest plot represents the OR
(95% CI) between the number of ACPA fine specificities (1–5 and >5) and having parenchymal or airway abnormalities. The
significant OR (p value <0.05) are represented by red circles (∙).
ACPA, anticitrullinated protein/peptide antibodies; HRCT, high-resolution CT.
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in patients with early, untreated RA. Our findings provide
further support for an important pathogenic link
between the lung and systemic autoimmunity, contribut-
ing to RA development.
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