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Abstract This study aims to explore the clinical characteris-
tics and risk factors of rheumatoid arthritis (RA)-associated
interstitial lung disease (ILD). This is a retrospective study
of 550 patients with RA. All patients underwent chest high-
resolution computed tomography (HRCT) scanning. (1) Two
hundred thirty-seven out of five hundred fifty (43.1%) patients
with RAwere diagnose with ILD. 13.5% ILD occurred before
RA onset, 69.6% ILD occurred within 10 years of RA onset,
and 16.9% ILD occurred more than 10 years after RA onset.
(2) The most common chest CT characteristics of RA-ILD
included reticular patterns (57.8%), pleural thickening
(57%), ground-glass attenuation (53.2%), followed by inter-
lobular septum thickening, nodules, emphysematous bullae,
honeycombing, and bronchiectasis. The proportion of the
UIP pattern and NSIP on HRCT was 18.6% and 57.8%. (3)
RA-ILD was often associated with other lung lesions, includ-
ing pleural disease, bronchiectasis, and pulmonary hyperten-
sion. (4) the comparisons between RAwith ILD and RAwith-
out ILD showed that male, smoking, age, disease duration,
number of swelling joints, globulin levels, erythrocyte sedi-
mentation rate, C-reactive protein levels, lactate dehydroge-
nase, the positive rate of rheumatoid factor (RF) and the

absolute value of RF, forced vital capacity, forced expiratory
volume in 1 s, and carbon monoxide diffusion rate, were sta-
tistically different (P < 0.05). Logistic regression analysis
showed that age, smoking, elevated lactate dehydrogenase,
and RF positive were closely correlated to RA-ILD. RA-
ILD occurs more often within 10 years of RA onset and co-
exists with other lung lesions. The elevated lactate dehydro-
genase, RF positive, smoking, and advanced age are closely
correlated with RA-ILD.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic autoimmune
disease that manifests as symmetric polyarthritis and affects
approximately 0.5–1% of the population [1]. In addition to
articular manifestations, 50% of RA patients present extra-
articular manifestations involving the skin, eyes, heart, lungs,
and kidneys. Interstitial lung disease (ILD) is the most com-
mon pulmonary manifestation [2–4] and an important early
feature of RA. RA-ILD manifestation varied from subclinical
inflammation to end-stage pulmonary fibrosis. Approximately
50% of the RA-ILD cases present either at baseline or within
3 years of RA onset [5]. It is difficult to diagnose ILD at an
early stage due to the absence of overt symptoms. The inci-
dence of ILD varies from 3.7 to 80%, which can be attributed
to study population, diagnostic criteria, and detection tech-
niques [6]. A recent study reported that the median survival
following diagnosis of ILD was 2.6 years. Patients with RA-
ILD have a 3-fold increased risk of death compared with those
without ILD [7]. Thus, ILD does not only seriously impair
quality of life but also shortens survival of patients with RA.
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Meanwhile, RA causes disability in patients, which does
not only produce high economic costs for the patient but also
increases the social burden. RA-ILD causes even more signif-
icant increases in the burden for the patients and the society.
Although ILD is a well-known complication of RA, in-depth
understanding of the etiology and risk factors is still limited.
Accurate diagnosis of RA-ILD is complicated by the absence
of overt symptoms in the early stage of the disease and the
lack of specific biomarkers.

In this study, all 550 patients underwent lung high-
resolution CT (HRCT) scans. The characteristics of RA-ILD
were assessed by clinical symptoms, physical examination,
pulmonary imaging features, and a comprehensive analysis
of lung function. We further analyzed the risk factors in pa-
tients with RA-ILD. These findings will be beneficial in iden-
tifying patients at risk and with early stage of ILD, as well as
providing the rationale for identification and development of
therapeutic strategies.

Materials and methods

Patients

This is a retrospective analysis performed in 550 patients who
were diagnosed with RA at the Capital Medical University,
Beijing Chaoyang Hospital, between January 2008 and
June 2013. All patients underwent lung HRCT scans.
Diagnosis criteria for RA were those from the American
Rheumatism Association 1987 revised criteria or 2009 ACR,
and the European League Against Rheumatism proposed new
RA classification criteria [8, 9]. Exclusion criteria were (1)
history of tuberculosis or TB infection; (2) history of chronic
bronchitis, emphysema, pulmonary heart disease, bronchial
asthma, bronchiectasis, pulmonary infarction, and other respi-
ratory diseases; (3) nodular disease and lung tumors; (4)
chronic liver and kidney dysfunction and other tumors; and
(5) history of rheumatic heart disease, myocardial infarction,
and other diseases. This study was approved by the ethics
committee.

Data collection

Patient clinical data were carefully collected, including age,
gender, race, RA duration, smoking history, RA family histo-
ry, clinical manifestations (articular manifestations, respirato-
ry manifestations, and other extra-articular manifestations),
biochemical and immunological parameters, lungHRCT, lung
function, and echocardiography. Patients were divided into
two groups: RA-ILD-positive and RA-ILD-negative, accord-
ing to lung HRCT. The clinical data of these two groups were
compared.

Statistical analysis

SPSS17.0 software was used for statistical analysis. Normal or
near-normal distribution data were expressed as x ± s. Non-
normal distribution data were expressed as median and inter-
quartile range. Quantitative data were analyzed using t test,
rank sum test, and one-way ANOVA; Chi-square test was
used to compare frequencies. Risk factor analysis was per-
formed using logistic regression. P < 0.05 was considered
statistically significant.

Results

Characteristics of patients

This study included 550 patients with RA, 165 males (30%)
and 385 females (70%). The male-to-female ratio was 1:2.3.
The mean age was 61 ± 13 years, ranging from 17 to 89 years.
The mean age of disease onset was 53 ± 14 years, ranging
from11 to 86years. Themeandisease durationwas 8 ± 9years,
ranging from 2 weeks to 40 years.

ILD were detected in 237 of 550 (43.1%) patients with RA.
The age of the disease onset in 125 of 237 (52.8%) RA-ILD-
positive cases were 50 to 69 years. Thirty-two cases (13.5%)
had ILD before RA onset, 165 cases (69.6%) had ILD within
10 years of RA onset, and 40 cases (16.9%) had ILD of more
than 10 years after RA onset. The RA-ILD-positive group had
86 male patients (36.3%). Compared with the RA-ILD-
negative group, the RA-ILD-positive group showed greater
mean age (57.6 ± 13.2 vs. 47.7 ± 14.5), shorter mean disease
duration (24 months vs. 48 months), higher smoking rate
(40.9% vs. 4.8%), and higher male ratio (36.3% vs. 35.2%).
The differences were statistically significant (P < 0.001).
Family history of RA did not show a significant difference
(P = 0.562).

Articular manifestations

The number of swelling joints in the RA-ILD-positive group
was significantly higher than the RA-ILD-negative group
(P = 0.000). There was no significant difference in joint pain
and joint deformity (P > 0.05).

Pulmonary manifestations

Respiratory symptoms and signs

Ninety-seven of two hundred thirty-seven (41%) RA-ILD-
positive patients showed respiratory symptoms, including
post-activity shortness of breath (76%, 74/97), followed by
cough (62%, 60/97) and fever (25% 24/97). Moreover, 15
cases had clubbing, and 97 cases had Velcro tone. Among
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the 313 RA-ILD-negative cases, 15 cases (4.7%) had respira-
tory symptoms, 7 cases had fever, 3 cases had cough, 5 cases
had shortness of breath, 1 case had clubbing, and 5 cases had
Velcro tone. Compared with the RA-ILD-negative group, the
RA-ILD-positive group showed a significant higher incidence
of upper respiratory tract symptoms and signs (P = 0.000).

Lung HRCT

The most common mesenchymal lesions in lung HRCT in the
237 RA-ILD-positive patients were reticular patterns
(Table 1). Compared with the RA-ILD-negative group, the
RA-ILD-positive group showed significantly higher incidence
of pleural thickening (57.0% vs. 28.1%), bronchiectasis
(18.1% vs. 10.5%), bronchovascular bundle thickening
(35.4% vs. 9.6%), and pulmonary hypertension (9.4% vs.
3.6%) (P = 0.000, P = 0.011, P = 0.000, and P = 0.009, re-
spectively). There was no significant difference in emphyse-
matous bullae, lung nodules, and subpleural nodules
(P > 0.05). The proportion of the usual interstitial pneumonia
(UIP) pattern and non-specific interstitial pneumonia (NSIP)
pattern on HRCTwas 18.6% and 57.8%.

Lung function

One hundred sixty-one patients underwent pulmonary func-
tion tests. Ninety-seven of ninety-nine (98%) RA-ILD-
positive patients showed pulmonary function abnormalities:
restrictive ventilatory dysfunction in 28 cases (28.3%), ob-
structive ventilatory dysfunction in 26 cases (26.3%), and dif-
fuse dysfunction in 91 cases (91.9%). Fifty-five of sixty-two
(88.7%) RA-ILD-negative patients showed pulmonary func-
tion abnormalities: restrictive ventilatory dysfunction in 3
cases (4.8%) and diffuse dysfunction in 47 cases (75.8%).
Compared with the RA-ILD-negative group, the RA-ILD-
positive group showed a significantly higher incidence of pul-
monary function abnormalities, restrictive ventilatory dys-
function, and diffuse dysfunction, accompanied with a signif-
icantly lower forced vital capacity (FVC), forced expiratory
volume in 1 s (FEV1), and rate of diffusion of carbon mon-
oxide (DLCO%) (P = 0.013, P = 0.003, P = 0.004, P = 0.000,
P = 0.008, and P = 0.000, respectively). There was no signif-
icant difference in obstructive ventilatory dysfunction and
small airway dysfunction (P > 0.05).

Other extra-articular manifestations

There was no significant difference in the incidence of rheu-
matoid nodules (5.9% vs. 5.1%), pericardial effusion (0.8%
vs. 0.3%), and secondary Sjogren’s syndrome (28.7% vs.
32.3%) between the RA-ILD-positive and RA-ILD-negative
groups (P > 0.05).

Laboratory tests

The biochemical index (GLB, LDH, and GGT), ESR, C-
reactive protein, RF-positive rate, and absolute value were
significantly higher in the RA-ILD-positive group than in
the RA-ILD-negative group (P < 0.05). There was no signif-
icant difference in the total protein, immunoglobulins, ANA,
anti-SSA antibodies, complement, AKA, APF-positive rate,
anti-CCP antibody-positive rate, and absolute value
(P > 0.05) (Table 2).

Logistic regression analysis

To perform a logistic regression analysis, an RA-ILD positive
was used as the dependent variable. Variables that were sig-
nificantly associated with ILD in univariate analysis (P < 0.2)
were chosen as independent variables. The final regression
model included five factors: age (OR value of 1.599), RA
disease duration (OR value of 0.368), smoking (OR value of
2.116), LDH (OR value of 7.369), and RF (OR value of
1.693). The risk of ILD increased to 59.9% in the RA patients
with each additional 10 years of age. There was no significant
difference in the risk of ILD in the RA patients with a disease
duration of 1–10 years or less than 1 year; whereas, the risk of
ILD increased to 63% in the RA patients with a disease dura-
tion of 1–10 years, compared with the RA patients with more
than 10 years of disease duration (see Table 3).

Discussion

RA is a common systematic autoimmune disease, and ILD is
the common pulmonary complications in RA. To date, the
etiology of RA-ILD is still unclear. Most patients carry fibro-
sis susceptibility gene, which can be triggered by certain in-
juries. For example, certain polymorphisms of the human leu-
kocyte antigen (HLA)-DRB-shared epitope have been associ-
ated with an increased risk of ILD [10]. One study has inves-
tigated the association between the MUC5B polymorphism, a
polymorphism associated with idiopathic pulmonary fibrosis
(IPF), and the presence of RA-ILD but did not find any sig-
nificant association [11].

In this study, we demonstrate that RA-ILD often occurs
within 10 years of RA onset and the incidence of ILD is
associated with RA disease duration. We found that 69.6%
ILD occurred within 10 years of RA onset, and most of them
occurred within 2 years of RA onset, while 16.9% ILD oc-
curred more than 10 years after RA onset. Logistic regression
analysis indicates that the incidence of ILD is 63% higher in
the RA patients with less than 10 years of disease duration
than the RA patients with over 10 years of disease duration.
RA-ILD-positive group had a higher number of swelling
joints than the RA-ILD-negative group, suggesting ILD
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occurrence is related to RA disease activity. The majority of
the patients had higher disease activity within 10 years of RA
onset; therefore, ILD is often seen in the early and active
stages of RA. Evidence shows that lung lesions observed
using HRCT are associated with RA disease activity [12]. A
variety of activated immune cells, antibodies, and inflamma-
tory cytokines are involved in the early and active stages of
RA pathogenesis and associated with the incidence of ILD.
Thus, at the early stage of RA, the higher disease activity is
related to the higher ILD incidence, the faster disease progres-
sion, and the worse prognosis.

Meanwhile, in this study, elevated lactate dehydrogenase,
RF positive, smoking, and advanced age are closely related to
RA-ILD. Several studies have shown that high titer RF,
smoking, male, advanced age, and HLA-DR4 positive are risk
factors of RA-ILD [13–15]. Moreover, anti-CCP antibody ti-
ter and RF titer are closely related to the joint damage and RA
airway lesions [16–18]. This study shows that RA-ILD-
positive group had more elderly, male, and smokers than
RA-ILD-negative group, which is consistent with the previous
studies. Logistic regression analysis indicates that RF-

positive, smoking and advanced age are risk factors for ILD.
Smoking can cause lung abnormal secretion of cytokines and
enzymes, damage airway epithelial cells and endothelial cells,
promote fibroblast proliferation and reduce respiratory reserve
capacity. Saag et al. have reported that the progression of RA-
ILD is correlated with smoking [19]. Hoovestol et al. found
that the incidence of ILD is increased with the increased quan-
tity of smoking [20]. In this study, the risk of ILD doubled in
smoking patients compared with non-smoking patients; how-
ever, we did not detect the correlation of the quantity of
smoking and the incidence of ILD. Advanced age is a risk
factor of ILD. In this study, we found that the age of ILD onset
is more common between 50 and 69 years, and with each
additional 10 years of age, the risk of ILD increased by
59.9%. These results are similar to Koduri and other studies
[5]. Another study demonstrates that the incidence of ILD
increased more than 4-fold in patients older than 65 years.
Hence, it is important to perform ILD screening in elderly
RA patients [21]. Other factors, such as male, erythrocyte
sedimentation rate, and C-reactive protein, were not used in
the regression model. This is because most of the smoking

Table 1 Lung high-resolution
CT findings in RA-ILD patients RA manifestation Percentage (%) Cases (n = 237)

Reticular patterns 57.8 137

Pleural thickening 57.0 135

Ground glass attenuation 53.2 126

Thickening of bronchovascular bundles 35.4 84

Interlobular septum thickening 35.0 83

Emphysematous bullae 19.0 45

Lung nodules 19.0 45

Honeycombing 18.6 44

Bronchiectasis 18.1 43

Subpleural arc line 8.4 20

Pleural effusion 4.6 11

Subpleural nodules 4.6 11

Mediastinal lymph node enlargement 4.5 21

UIP 18.6 44

NSIP 57.8 137

CT computed tomography, ILD interstitial lung disease, RA rheumatoid arthritis,UIP usual interstitial pneumonia
pattern, NSIP non-specific interstitial pneumonia pattern

Table 2 The laboratory test results in RA-ILD-positive and RA-ILD-negative groups

Groups Cases GLB (g/L) LDH (U/L) GGT (U/L) ESR (mm/h) CRP (mg/dL) RF positive (%) RF titer (IU/mL)

RA-ILD-positive 237 38 ± 7 177 (147, 221) 30 (22, 47) 51 (30, 74) 2.3 (0.9, 6.5) 81.4 123 (29,510)

RA-ILD-negative 313 36 ± 7 154 (133, 180) 27 (19, 40) 40 (25, 65) 1.6 (0.7, 5.0) 73.2 86.4 (1336)

t/Z/χ2 value −2.92 −6.034 −2.204 −2.977 −2.343 5.168 −1.983
P value 0.004 <0.001 0.028 0.003 0.019 0.023 0.047

RA rheumatoid arthritis, ILD interstitial lung disease,GLB globulin, LDH lactate dehydrogenase,GGT gamma-glutamyl transpeptidase, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, RF rheumatoid factor
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patients were male, while erythrocyte sedimentation rate and
C-reactive protein are non-specific inflammatory markers that
can be affected by many other factors.

LDH catalyzes the conversion of lactate to pyruvate. In this
study, we found that elevated LDH is correlated with six times
higher risk of ILD. LDH is widely present in human cells and
body fluids. There are five isoenzymes of LDH, namely
LDH1, LDH2, LDH3, LDH4, and LDH5. LDH3 is mainly
expressed in the lungs. The synthesis of LDH increases in
alveolar type II epithelial cells, endothelial cells and neutro-
phils during lung injury. The release of LDH into the blood-
stream causes increased serum LDH levels. However, other
studies suggest that LDH can be used as a diagnostic serum
marker for interstitial pneumonia, but LDH lacks specificity in
the diagnosis of lung injury [22–24].

The prevalence of ILD in RA patients varies greatly due to
the inconsistency in the diagnostic criteria, diagnostic tech-
niques, and study population. Clinical features, HRCT imag-
ing scan, and lung physiology (especially pulmonary function
test parameter DLCO) are often used to assess whether a RA
patient has or does not have ILD. An early study using the
diffusion capacity of the lung for DLCO estimated that the
incidence of ILD in RA was 41.4% [25]. Recently, more
population-based studies have attempted to clarify the defini-
tion and incidence of RA-ILD. The cumulative incidence of
ILD among RA patients reported by Bongartz was 7.7% [6].
However, the incidence of ILD among RA patients reported
by Olson was near 10% [26]. Advances in biomarker technol-
ogies and diagnostic techniques are required to improve the
diagnosis and management of RA-ILD. In this study, the in-
cidence of RA–ILD was 43.1% [27, 28].

Several histopathologic subtypes of ILD can be observed in
patients with RA. Themost common subtypes are the UIP and
the NSIP. The UIP pattern was more predominant and a his-
tory of smoking was significantly associated with UIP
[29–31]. In this study, the prevalence on NSIP-like pattern is
higher to what has been reported in other cohorts. McDonagh
et al. reported that the ground-glass-like attenuation is the
most common feature in RA-ILD patients [32]. In our RA-

ILD cohorts, the proportion of females is higher than males
and most of them were non-smoking. Meanwhile, in our RA-
ILD subjects, the time of onset with 50% RA-ILD patients
was less than 1 year. The late-stage manifestation is
honeycombing. Therefore, RA patients should have a lung
HRCT at the time of diagnosis, especially the males.

The present study aimed to investigate the clinical charac-
teristics of RA-ILD in a population of 550 Chinese patients
with RA. All of the patients underwent HRCT. We analyzed
the associations between patients’ clinical and laboratory pa-
rameters as well as patients’ demographics to evaluate the
factors associated with ILD in this population of RA patients.
In the present study, pulmonary abnormalities were detected
by HRCT in 43.1% of RA patients. Another study of Chinese
patients with RA reported 15% of pulmonary abnormalities
[16]. Our result was similar to those reported by Dawson et al.
(47%) [33], Youssef et al. (48%) [34], and Yilmazer et al.
(46%) [35] but lower than those reported by Karazincir et al.
(63%) [36] and Bilgici et al. (67%) [37]. HRCT is a valuable
non-invasive method for the detection of the presence, type,
and extent of pulmonary abnormalities. HRCT can also be
used to determine prognosis and evaluate the response to treat-
ment [38]. Moreover, a significant association was shown
between HRCT findings and histological abnormalities [39].
The majority of RA patients have no evident respiratory
symptoms at early stage of RA-ILD. In our study, 59% of
patients with RA-ILD were asymptomatic. Therefore, HRCT
provides a sensitive approach for identification of pulmonary
abnormalities during the early stages, such as reticular pat-
terns, which was the most common abnormality detected in
our study. Patients with RA-ILD have a poor prognosis; there-
fore, HRCT scans should be obtained in all patients with
suspected ILD. Lung biopsy remains the criterion standard
for the diagnosis of ILD. However, it is an invasive method
and should not be used in asymptomatic patients.

Diffusing capacity impairment is the most common patho-
physiological change in ILD, which might provide an alterna-
tive method for detecting ILD in RA patients. In our study,
diffusing capacity abnormalities were observed in 92% RA-

Table 3 Multiple logistic
regression analyses Independent variables Regression coefficient B P value OR

Age 0.470 <0.001 1.599

Time 0.007

Time 1 (1~5 years vs.1 year) −0.520 0.069 0.595

Time 2 (5~10 years vs.1 year) −0.308 0.292 0.735

Time 3 (>10 years vs. 1 year) −1.000 0.001 0.368

Smoking (yes vs. no) 0.750 0.001 2.116

RF (positive vs. negative) 0.527 0.043 1.693

LDH (elevated vs. normal) 1.970 <0.001 7.369

Constant −6.929 <0.001 0.001

OR odds ratio, RF rheumatoid factor, LDH lactate dehydrogenase

Clin Rheumatol (2017) 36:817–823 821



ILD-positive patients and in 76% RA-ILD-negative patients.
Similarly, Dawson et al. found that 82% of RA patients had a
reduced DLCO2 [33]. Pulmonary function test, especially the
DLCO, appears to be more sensitive in screening RA-ILD
because it could detect the pulmonary diffusing function
change at the early stage of the disease when pulmonary
HRCT does show any abnormity. Impaired gas exchange is
shown as lower DLCO percentage of predicted values in sub-
clinical RA-ILD. Therefore, RA patients without respiratory
symptoms and with normal lung HRCT should also complete
the lung function tests to detect early lung damage.

In conclusion, we have demonstrated that the incidence of
ILD is 43% in RA patients. We also identified several factors
that are associated with ILD in RA patients, such as age of RA
onset, smoking, and positive RF. However, the pathophysio-
logical links between these factors and pulmonary parenchy-
mal changes remain to be elucidated. We suggest that HRCT
and pulmonary function tests should be carried out in RA
patients to detect the abnormalities at early disease stage in
order to make proper treatment.

The sample size in this study is large, and all patients
underwent HRCT. However, this study has some limitations.
Firstly, it is a single-center study; therefore, a multicenter
study should be planned. Secondly, we did not screen bio-
markers of RA; therefore, we might have missed peripheral
blood biomarkers that could be stronger predictors of ILD
presence in RA patients. Exploratory studies should be per-
formed to discover new potential biomarkers of the presence
of ILD in RA patients. In addition, the conclusions of the
present study are limited by its retrospective design.
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