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Chapter 4
The Epidemiology of Rheumatoid 
Arthritis- Associated Lung Disease

M. Kristen Demoruelle, Amy L. Olson, and Joshua J. Solomon

 Introduction

Rheumatoid arthritis (RA), characterized by inflammatory joint destruction, is the 
most common connective tissue disease, affecting 1% of the US population [1]. The 
global prevalence of RA is 0.24% (or 16 million people), and it ranks as the 42nd 
highest contributor to global disability [2]. The annual excess health cost related to 
RA in the USA is estimated at $19.3 billion [3].

Extra-articular manifestations (ExRA) are common in RA [4], may involve nearly 
any organ, and lead to excess mortality [5, 6]. Lung involvement occurs in 60–80% 
[7–9] of RA patients, many of whom (29–68%) are asymptomatic [7, 9, 10]. Although 
any component of the respiratory tract may be affected [11], the parenchyma, air-
ways, and pleura are the most common sites of involvement [12]. In addition to direct 
pulmonary involvement from RA, patients are at risk for secondary pulmonary com-
plications such as drug-induced lung disease and opportunistic infections.

 Challenges of Epidemiologic Studies in RA Lung Disease

There are unique challenges in determining the epidemiology of RA-related lung dis-
ease. A three-patient case series of RA patients with “reticulation” on chest radio-
graph was published in 1948 [13], but the first well-described case of “rheumatoid 
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lung” wasn’t published for another decade [14]. In the subsequent years, authors tried 
to link RA and interstitial lung disease (ILD), but they remained limited by available 
detection methods [15, 16]. Since the 1970s, the connection between RA and lung 
disease has become well-established and, more recently, strongly confirmed with the 
advent of chest computed tomography (CT). Without CT, it was nearly impossible for 
investigators to detect subtle changes of ILD and extremely difficult for them to dis-
tinguish bronchiectasis and small airways disease. Thus, in the pre-CT era, epidemio-
logical estimates of RA-related lung disease must be viewed as unreliable.

More recently, studies of the epidemiology of RA-related lung disease have 
yielded inconsistent results because of differing case definitions and case detection 
modalities. For example, studies using respiratory symptoms as a trigger for screen-
ing may underestimate prevalence, particularly in RA patients with severe articular 
disease and limited mobility. Evaluation for secondary causes of respiratory symp-
toms or lung disease (e.g., drug-related lung toxicity) has not been standard among 
epidemiologic studies. Studies that rely on health-care databases to determine inci-
dence and prevalence are subject to issues related to diagnostic coding and classifi-
cation bias. Tackling these issues will help investigators develop systematic 
approaches to identifying the true epidemiological burden of this disease.

 Rheumatoid Arthritis-Associated Interstitial Lung Disease

 Prevalence and Cumulative Incidence of RA-ILD in Patients 
Known to Have RA (Table 4.1)

Population-based studies that rely on medical records data to calculate incidence 
and prevalence estimates of RA-ILD are hindered by reporting bias and typically 
only include people with clinically significant disease. Studies of the US RA popu-
lation have yielded cumulative incidence estimates of clinically significant RA-ILD 
in 5% of patients at 10 years [17], 6.3% at 15 years [18], and 6.8% over 30 years of 
follow- up [4]. Investigators from the Mayo Clinic reviewed data from 582 RA 
patients captured by the Rochester Epidemiology Project and estimated a lifetime 
risk of developing clinically significant ILD of 7.7% [19]. A large study of over 40 
million US death certificates identified 160,000 records of decedents with RA; 
investigators found clinically significant ILD (defined as a contributor to death) in 
6.8% of women and 9.8% of men [20]. Additional results from this study suggest 
that death from ILD among decedents with RA is on the rise [20]. However, these 
data should not be interpreted as incidence estimates.

A large study looking at the changing prevalence of severe ExRA from 1985 to 
2006 in over 35,000 RA patients in the US Department of Veterans Affairs (VA) 
system found a decline in all ExRA (Felty syndrome, vasculitis, carditis) with the 
exception of rheumatoid lung disease, defined as ILD and pleurisy, which was 
increasing over this time in both outpatients and hospitalized patients [21]. These 
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investigators hypothesized that these trends may be due to the fact that newer thera-
pies have improved the treatment of joint disease in RA thus decreasing 
extrapulmonary- related death, while treatments for ExRa, in particular fibrotic lung 
disease, are lacking. In addition, the increased awareness of RA-associated ILD, as 
well as the increasing use of high-resolution computed tomography (HRCT) over 
time, is likely also contributing to an increase in the prevalence of disease.

Prevalence rates of RA-ILD have been reported for certain ethnic groups. 
Researchers from the University of California San Francisco (UCSF) analyzed 
medical records from Hispanic and Asian outpatients in a rheumatology clinic and 
calculated a prevalence of RA-ILD of 3.6% [22]. Prevalence of RA-ILD in other 
ethnic subgroups has also been calculated: 3% in Koreans [23], 4.2% in Italians 
[24], 3.7% in Spaniards [25], and 4.8% in Turks [26].

 Prevalence of RA-ILD in Patients with Respiratory Symptoms

As mentioned, when different imaging modalities and screening criteria are used for 
ILD screening, disease rates can vary markedly. For example, prevalence rates of 
RA-ILD are typically higher when using highly sensitive imaging techniques (i.e., 
HRCT) as compared to lower-sensitivity studies (i.e., chest radiograph). In fact, due 
to its sensitivity, HRCT is the preferred method of screening for ILD. RA-ILD prev-
alence rates are also typically lower when screening studies are applied broadly to 
any RA patient rather than only to RA patients with respiratory symptoms. For 
instance, a study looking at patients with a documented lack of pulmonary symp-
toms (cough or dyspnea) found “subclinical” ILD in 33% [27]. Conversely, a 

Table 4.1 Prevalence and cumulative incidence of interstitial lung disease in rheumatoid arthritis

Cumulative incidence of RA-ILD 5% at 10 years [17]
6.3% at 15 years [18]
6.8% at 30 years [4]

Lifetime risk of RA-ILD 7.7% [19]
Clinically significant RA-ILD (defined as contributing to death) 6.8% in women [20]

9.8% in men [20]
Prevalence of RA-ILD in ethnic subgroups 3% in Koreans [23]

4.2% in Italians [24]
3.7% in Spaniards [25]
4.8% in Turks [26]

Prevalence of RA-ILD in “high-risk” patients (symptoms or 
abnormalities on PFTs or CXR)

91% [28]

Prevalence of RA-ILD in unselected patients 19–67% [8, 10, 29, 
31–34]

Prevalence of RA-ILD using a multimodality approach 58% [29]

RA-ILD rheumatoid arthritis-associated interstitial lung disease, PFTs pulmonary function tests, 
CXR chest X-ray
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screening study looking at selected patients at high risk for ILD (with either symp-
toms, impaired lung function or suspicious finding on chest X-ray (CXR)) identified 
ILD in as many as 91% [28] of patients.

Symptoms suggestive of lung disease are common in patients with RA. In 54 
consecutive patients coming into a rheumatology clinic, 41% were found to have 
respiratory symptoms upon questioning, though symptoms did not correlate with 
either HRCT or PFT abnormalities [10]. Clinically significant ILD, defined as 
radiographic or physiologic changes in the setting of respiratory-related symptoms, 
occurs in approximately 10% of patients with RA [29–31]. A study of 252 RA 
patients found respiratory symptoms in 23% of patients; further investigation of 
these symptoms found ILD found in 9.1% of the entire cohort [31]. Clinically sig-
nificant ILD was found to be associated with a 2.8-fold increased risk of death [5].

 Prevalence of RA-ILD in Unselected Patients

Those with RA who undergo screening regardless of symptoms commonly have 
abnormalities on HRCT. The prevalence of radiographic ILD is variable and ranges 
from 19 to 67% depending on the population screened [8, 10, 29, 31–34]. A screen-
ing study of 150 RA patients irrespective of symptoms found interstitial changes 
(defined as reticular lines or ground glass) in 19% (with changes on CXR noted in 
less than 3%) [32], and these interstitial abnormalities correlated with reductions in 
the diffusing capacity for carbon monoxide (DLCO) and elevations in the forced 
expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) (suggestive of restric-
tive disease). Another study screening unselected RA patients with HRCT found 
findings consistent with ILD (defined as a reticulonodular pattern) in 42% [8]. The 
large differences in the prevalence of imaging abnormalities between these studies 
may be due in part to differences in RA disease duration or severity or differences 
in smoking history. Investigators looking at early RA (defined as a joint disease 
duration of <2 years) found HRCT changes consistent with ILD in 27–33% with a 
majority of those being defined as “mild” (with only 10–14% defined as clinically 
significant disease) [29, 30]. When lifelong non-smokers with RA are screened, 
ILD is less common, found in only 5% in one study [35]. In another unselected 
group of hospitalized patients with RA, 49% of patients had HRCT abnormalities 
with the majority of these being ILD [34].

 Prevalence of RA-ILD Using CXR, Pulmonary Function Tests 
(PFTs), and Multimodality Approach

Early studies looking at the prevalence of lung disease on CXR found interstitial 
abnormalities in 1–12% of unselected RA patients [14, 29, 32, 33, 36, 37]. However, 
CXR is a notably insensitive tool for identifying ILD.  For example, in a study 
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screening hospitalized patients with HRCT, 48% of patients with an abnormal 
HRCT had a normal CXR, highlighting its insensitivity [34, 38].

PFTs can also be used to screen for ILD but, similar to CXR, are a less sensitive 
indicator of ILD compared to HRCT. In one study, PFTs were normal in 37% of 
people with HRCT evidence of ILD [8]. DLCO seems to be the best indicator of 
disease with reductions in DLCO correlating with the presence of interstitial abnor-
malities across a number of studies [28–30, 32]. In one study, reductions in DLCO 
were seen in 82% of patients with ILD on HRCT, and DLCO was the only PFT 
variable associated with ILD [32]. FVC is associated with ILD [34] though it has a 
weaker correlation compared to DLCO [28]. This may be contributed by the preva-
lence of smokers with obstructive physiology in this group (in one study of HRCT 
scans in 150 consecutive patients with RA, 43% of those with ILD had concomitant 
emphysematous changes [32]).

Overall, screening with multiple modalities finds a higher incidence of lung 
abnormalities in RA patients. A study looking at a combination of clinical symp-
toms, lung physiology, radiology (HRCT and CXR), bronchoalveolar lavage (BAL), 
and 99mTc-DTPA nuclear scan found abnormalities suggestive of ILD in 58% of 
patients, with 14% of those patients having clinically significant ILD [29].

 Risk Factors for RA-ILD (Table 4.2)

RA is clearly a risk factor for ILD, conferring an increased risk of ILD with an odds 
ratio of 8.96 [19]. There are many reported risk factors for the development of ILD 
in RA, though few have strong supporting data.

 Smoking

Smoking is a well-documented risk factor for RA in general [39, 40]—as well as 
RA-ILD [27, 33, 35, 41]. A multivariate analysis of risk factors for physiologic or 
radiographic abnormalities suggestive of ILD in patients with RA found that 

Table 4.2 Possible risk factors for rheumatoid arthritis-
associated interstitial lung disease

Stronger evidence

Smoking
Male sex
Advanced age
Rheumatoid arthritis disease score
Weaker evidence

Methotrexate
Anti-TNF agents
Anti-cyclic citrullinated antibodies
Genetics

TNF tumor necrosis factor
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pack- years of smoking was associated with reductions in FVC and DLCO (even 
after exclusion of those with airflow obstruction as defined by an FEV1/FVC ratio 
<0.65) as well as interstitial changes on CXR [33]. A dose response was noted, with 
a higher incidence of ILD in those with ≥25 pack-years of smoking. A study of 
patients with RA but without pulmonary symptoms also found a strong association 
between longer smoking histories and the presence of subclinical ILD [27]. A much 
lower incidence of ILD is found when HRCT screening of RA patients is limited to 
lifelong non-smokers (5% in non-smokers [35] compared to 19–67% in all comers 
[8, 10, 29, 31–34]). In spite of these suggestive data, smoking has not been associ-
ated with ILD in all studies [8, 32, 42, 43], and smoking may not influence the pat-
tern of ILD [28].

 Sex

Although the prevalence of RA is more common in women [1, 44], male sex has 
been associated with the development of RA-ILD in multiple studies [19, 29, 31, 
33, 45]. A study that longitudinally followed RA patients for a mean of 16 years 
found that males were more likely to develop ILD with a HR of 4.37 (95% CI 
2.43–7.88) [19], although these estimates were not adjusted for smoking. A cross- 
sectional analysis of 252 RA patients found male sex was associated with the pres-
ence of clinically apparent ILD on multivariate analysis (OR 3.29, 95% CI 
1.59–6.80, p = 0.0013) [31]. The association between male sex and ILD applies 
also to early RA [29]. However, not all studies find an association between sex and 
ILD [18, 43].

 Age

Advanced age has been associated with RA-ILD in a number of studies [8, 18, 19, 
33, 34, 41, 43]. Indeed, the average age across multiple studies ranges from 57 to 74 
[4, 18, 28, 41, 46]. A population-based study following 582 patients over a mean of 
16 years found age associated with the development of ILD with a HR of 1.41(95% 
CI 1.11–1.79) for every 10-year increase in age [19]. The analysis of an inception 
cohort with a 20-year follow-up found that every 10-year increase in age increases 
the likelihood of ILD by 64% [18]. Age is also predictive of ILD in studies utilizing 
multivariate analysis of other cofounders [8, 33].

 RA Disease Activity

Disease activity, as measured by higher scores on the Health Assessment 
Questionnaire (HAQ) [18] and/or higher scores on the disease activity score 28 
(DAS28) [30], has been associated with the presence of ILD, the HAQ showing 
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further association with declines over time in the FVC and DLCO [33]. 
Erythrocyte sedimentation rate (ESR), as a measure of RA disease activity, has 
been associated with the presence of ILD and declines in DLCO over time 
[8, 18, 19] with one study showing an increased likelihood of ILD by 11% 
for every 10-unit increase in ESR [18]. Other measures of disease activity such 
as rheumatoid factor (RF) [8], erosions or destructive joint changes, and 
rheumatoid nodules [19] have been associated with the development of ILD [19] 
as well.

 RA Disease Duration

Multiple studies suggest that duration of RA is not a risk factor for ILD [8, 27, 34, 
47]. One group looked at HRCT screening in patients with early (<1 year) and long- 
standing (>3 years) RA and found no difference in the incidence of ILD [47]. The 
duration of RA, however, may influence the presence of clinical versus subclinical 
disease [27] or the subtype of ILD in these patients [28].

 RA Treatment

Medications have been implicated as risk factors for the development of ILD. 
Methotrexate (MTX) is well known to cause lung disease [48], but its effect on the 
development of ILD in RA is not clear, with some studies concluding no association 
[18, 32] and others finding associations with decline in lung function [33], the pres-
ence of honeycombing [41], or the development of ILD over time [19]. There is no 
current consensus on the association between biologic agents and ILD. There have 
been case reports of exacerbations of existing ILD or new interstitial pneumonitis in 
patients with RA taking infliximab [49–51]. Etanercept has been linked to granulo-
matous lung disease and exacerbation of preexisting lung disease in patients with 
RA [52, 53]. In spite of these reports, a recent review of 367 patients with RA-ILD 
treated with either anti-TNF agents or traditional RA treatments found no difference 
in mortality [54], and a report using a databank to evaluate the associations between 
therapies for RA and ILD found no increased risk of hospitalization with the use of 
TNF inhibitors [55].

 Genetics

There is limited data to determine whether genetics play a role in the development 
of RA-ILD. The presence of the HLA shared epitope (SE) is a known risk factor for 
RA in general, but older studies did not find associations between presence of SE 
alleles and ILD [8, 18, 56]. However, a recent study looking at 450 Japanese RA 
patients found associations between HLA-DR2 and ILD [57].
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 RA-Related Antibodies

Studies have suggested that RF and anti-cyclic citrullinated peptide (CCP) antibod-
ies may be a risk factor for RA-ILD [43]. One study found that elevated levels of 
anti-CCP2 were associated with ILD (OR 1.49, 95% CI 1.25–1.78, p < 0.0001). In 
addition, a retrospective evaluation of 220 Greek patients with ILD found an asso-
ciation between anti-CCP2 levels and the presence of all ExRA manifestations, 
including pulmonary fibrosis (p = 0.004) [58]. Furthermore, an expanded repertoire 
of antibodies to citrullinated protein/peptide antigens (ACPA) that was defined as 
reactivity to multiple citrullinated targets was associated with an increased risk of 
ILD [59]. However, these associations may be confounded by the presence of smok-
ing that has been linked to both anti-CCP positivity and RA-ILD.

 Rheumatoid Arthritis-Associated Airways Disease

 Prevalence and Cumulative Incidence of Airways Disease in RA 
(Table 4.3)

In addition to parenchymal lung disease, the prevalence of airways disease is also 
elevated in RA patients. While RA-ILD is associated with significant mortality, it is 
important to consider airways disease in RA as well because it can also lead to 
increased morbidity and even increased mortality [60, 61].

Airways disease in RA can involve the large airways (e.g., bronchiectasis and 
arthritis of the cricoarytenoid joint) or the small airways (e.g., asthma, chronic 
obstructive pulmonary disease (COPD), bronchiolitis). Airways abnormalities can 
be identified using PFTs and/or HRCT, and, as in RA-ILD, many RA patients dis-
play airways abnormalities in the absence of respiratory symptoms. Similar to 

Table 4.3 Prevalence and cumulative incidence of airways disease in RA

Obstructive lung disease

Cumulative incidence 4% at 10 years [61]
7% at 20 years [61]
10% at 30 years [61]

Prevalence in unselected RA patients 32% [62]
Clinically significant disease stratified by 
smoking

26–45% in ever smokers [62, 63]
14–30% in never smokers [62, 63]

Prevalence using highly sensitive screening 
(e.g., HRCT)

66–92% [68, 69]

Bronchiectasis

Prevalence in unselected RA patients 17% [69]
Clinically significant disease 3–6% [63, 70]

RA rheumatoid arthritis, HRCT high-resolution computed tomography
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RA-ILD, the prevalence rates of airways disease in RA can vary widely depending 
on the screening criteria used (e.g., all patients with RA, those with early RA, those 
with respiratory symptoms), the definition of airways disease (e.g., decreases in 
FEV1/FVC, decreases in forced expiratory flow25–75), and the level of dysfunction 
on PFTs that is considered to be abnormal. Another complicating factor in establish-
ing the prevalence of airways disease in RA is the differences in patient populations 
studied, particularly related to smoking histories, as smoking is a known risk factor 
for RA, RA-ILD, and airways disease.

The prevalence of obstructive airways abnormalities in RA is reported to be in 
the range of 15–44% [10, 62–64]. In a study of 100 consecutive RA patients who 
had normal CXRs, screening PFTs found 32% of patients had airflow obstruction as 
measured by decreased FEV1/FVC and/or forced expiratory flow at 25%-75% of 
the FVC [62]. The prevalence of these abnormalities is higher in RA patients than 
in matched controls. A population-based cohort that included 603 RA patients from 
the Rochester Epidemiology Project and based on chart review found COPD to be 
more common in RA patients, even after adjusting for smoking [61]—suggesting 
that RA patients may be more susceptible to the effects from smoking.

Multiple studies demonstrate an association between smoking and the presence 
of airways disease in RA patients [61, 62, 65]. One study found that the hazard ratio 
for symptomatic obstructive lung disease in RA ever smokers was 4.38 (95% CI 
2.14–8.99). However, it is important to note that even RA patients who are never 
smokers are also reported to have higher rates of airways disease, seen in 14–30% 
[62, 63]. In addition to the strong association of airways disease and smoking, air-
ways disease has also been associated with longer RA disease duration [65]. One 
study found that the 10-, 20-, and 30-year cumulative incidence of symptomatic 
obstructive airways disease was 4, 7, and 10%, respectively. This incidence was 
significantly higher than in matched controls whose 10-, 20-, and 30-year incidence 
was 3, 5, and 6% [61]. Another study found a 13% incidence of airways abnormali-
ties at 5-year follow-up in RA patients [66]. However, it is important to note that not 
all studies have found an association between RA disease duration and increased 
prevalence or incidence of airways disease [67] . In addition, airways abnormalities 
are reported at high rates in early RA as well based on HRCT imaging. Specifically, 
66–92% in RA subjects with <1 year disease duration demonstrated airways abnor-
malities on HRCT [68, 69], although many of these patients were asymptomatic. 
Airways disease does have an impact on mortality in RA.  In a study looking at 
women followed prospectively over 36 years in the Nurses’ Health Study, there was 
an increased risk of death in those with RA and respiratory disease with the majority 
of those deaths being attributable to COPD [60].

Bronchiectasis or bronchial dilation is also prevalent in RA, although studies 
dedicated to determining the epidemiology of bronchiectasis in RA are limited. 
Clinically significant bronchiectasis is estimated to have a prevalence of approxi-
mately 3% of RA patients [70]; however the overall prevalence of bronchiectasis in 
RA is likely much higher. For example, a study of 105 consecutive early RA patients 
found that 17% demonstrated evidence of bronchiectasis on HRCT imaging [69]. 
Importantly, bronchiectasis in RA patients has been linked with an increased risk of 
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mortality [71, 72] supporting the need for additional research in this area. One study 
of 32 patients with RA and bronchiectasis found a 7.3-fold higher mortality com-
pared to the general population and a fivefold higher mortality compared to an age- 
and sex-matched control group with RA alone [71].

While the prevalence of airways disease is consistently higher in RA patients, the 
pathogenesis of this link is not entirely clear. Inflammatory airways abnormalities 
have been suggested to play a role in the generation of RA-related autoantibodies 
[68]. In addition, while airways abnormalities are seen with higher frequency in RA 
non-smokers [67], studies have suggested that perhaps smoking can potentiate or 
exacerbate RA-associated airways disease [65]. Another factor at play may be 
infections; RA patients often get respiratory infections related to immunosuppress-
ing medications, and airways disease including bronchiectasis can result from 
recurrent infections.

 Rheumatoid Arthritis-Associated Pleural Disease

In the 1940s and 1950s, it was recognized that patients with RA had a higher inci-
dence of pleural adhesions at biopsy, though a direct relationship between RA and 
pleural disease was not established until the 1960s [73]. Since then, pleural disease 
has been recognized as one of the most common intrathoracic manifestations of 
RA.  In postmortem studies, pleural involvement is described in up to 73% of 
patients with RA [16, 74, 75]. In an earlier study utilizing chest radiographs, pleural 
thickening and/or effusion was reported in 24% of men and 16% of women [37]. 
Pleural effusions are more common in men over the age of 35 with rheumatoid 
nodules, have been associated with HLA-B8 [76, 77], and have an annual incidence 
of 1.54% in males and 0.34% in females [78]. Though the prevalence of pleural 
disease is high, symptomatic disease is less common. Only 20% of patients with RA 
have pleurisy [73], and clinical pleural disease, including symptomatic effusions, is 
seen in less than 5% [36, 76, 79].

 Summary

In summary, the epidemiology of RA-associated ILD, airways disease, and pleural 
disease is complex. The prevalence and cumulative incidence depend on the mode 
of detection, the definition used to define disease, the duration of disease, and expo-
sure to cigarette smoke. Clinically significant ILD appears to occur in approxi-
mately 10% of patients and is associated with a worse outcome. RA-ILD has been 
associated with a number of risk factors; further studies are warranted to determine 
more precisely how these risk factors confer disease. Clinically significant airways 
disease appears to occur in approximately 10% of patients. And while symptomatic 
pleural disease is uncommon, RA commonly affects the pleura. The role of not only 
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smoking but also autoantibodies in the initiation and progression of RA lung disease 
needs further investigation. With a better understanding of the underlying mecha-
nisms—for RA-ILD, RA-associated airways disease, and RA-associated pleural 
disease—ultimately, we may be able to reduce the incidence and impact of the pul-
monary complications of this disease.
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