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Abstract

Objective—Interstitial lung disease (ILD) has been recognized as an important co-morbidity in
rheumatoid arthritis (RA). We aimed to assess incidence, risk factors and mortality of RA
associated ILD.

Methods—We examined a population-based incidence cohort of patients with RA and a matched
cohort of individuals without RA. All subjects were followed longitudinally until death, migration
or January 1, 2006. The lifetime risk of ILD was estimated and Cox models were used to compare
the incidence of ILD between cohorts, to investigate possible risk factors and to explore the
impact of ILD on patient survival.

Results—582 patients with RA and 603 subjects without RA were followed for a mean of 16.4
and 19.3 years, respectively. The lifetime risk of developing ILD was 7.7% for RA patients and
0.9% for subjects without RA. This difference translated into a hazard ratio of 8.96 (95% CI 4.02,
19.94). The risk of developing ILD was higher in patients with older age at RA onset, among male
patients and for individuals with parameters that indicate more severe RA.

Survival of RA patients diagnosed with ILD was worse compared to RA patients without ILD (HR
2.86, 95% CI 1.98, 4.12). ILD contributed approximately 13% to the excess mortality of patients
with RA patients when compared to the general population.

Conclusion—Our results emphasize the increased risk of ILD in patients with RA. The impact
of ILD on patient survival provides evidence that development of better strategies for the
treatment of ILD could significantly lower the excess mortality of individuals with RA.
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Is there a true association between rheumatoid arthritis (RA) and interstitial lung disease
(ILD) - and if yes, what impact does it have on the survival of affected patients? Data
suggesting a connection between the most common inflammatory joint disease and this rare
pulmonary condition is primarily based on case series and referral center-based patient
cohorts. There have been no population-based studies investigating the full spectrum of
patients with RA for the presence of ILD and comparing the incidence between individuals
with and without RA.

The first description of pulmonary involvement in RA was provided in 1948 by Ellman and
Ball [1], who reported three cases in which the classic manifestations of RA and extensive
pulmonary disease appeared to be associated with the same underlying process. In two
cases, autopsy was available and the lungs in both instances showed a chronic fibrosing type
of pneumonitis.

Since the first reports, several studies based on referral cohorts have delivered estimates of

prevalent ILD in patients with RA ranging between 1.0 to 58% ([2—7]). The great variation

in estimates of occurrence does not come as a surprise, given the plethora of definitions and
means of detection employed to diagnose ILD and its analogues.

RA-associated “interstitial lung disease” has served as a collection bin for a variety of
different conditions affecting predominantly the pulmonary parenchyma, based on
radiologic and/or histologic assessment. Importantly, this term has been used
interchangeably with terms such as “RA-lung”, “RA-fibrosing alveolitis”, “RA-diffuse
parenchymal interstitial lung disease” and “RA-pulmonary fibrosis” or “connective tissue
disease-associated ILD” (CTD-ILD). As a result, studies of ILD in patients with RA have
been hampered by the lack of acknowledged terminology and validated classification
criteria. Furthermore, incidence or prevalence data based on referral samples may
overestimate the incidence of ILD, since extraarticular disease is thought to be more
frequent in patients with more severe RA [7-9].

Given these limitations of the current evidence, we aimed to better define the incidence, risk
factors and mortality of ILD in patients with RA in a population-based setting, using a strict
and reproducible classification criterion for ILD.

PATIENTS AND METHODS

A medical records linkage system in Rochester, MN, the Rochester Epidemiology Project,
allows access to the complete (inpatient and outpatient) records from all health care
providers for the local population. This data system ensures virtually complete access to
clinical and vital status information of all clinically recognized cases of RA among
Rochester residents [10].

Cohort of patients with rheumatoid arthritis

Using this data resource, a population-based incidence cohort of all cases of RA, first
diagnosed between January 1, 1955 and January 1, 1994, among Rochester, Minnesota
residents > 18 years of age was assembled by Gabriel and colleagues, as previously
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described [11-13]. All cases fulfilled the 1987 American College of Rheumatology (ACR)
classification criteria for RA [14]. Incidence date was defined as the first date of fulfillment
of four out of the seven ACR diagnostic criteria. This RA incidence cohort consists of 603
subjects.

Matched control cohort of patients without rheumatoid arthritis

For each of the 603 subjects with RA, a birth year (+ 3 years) and sex-matched individual
without RA has been randomly selected from the same source population. Subjects without
RA were also matched on the prior duration of their medical records history. Each subject in
this cohort was assigned an index date corresponding to the date of RA diagnosis of their
matched RA patient.

Data collection

The data abstraction process has been described in detail [11-13]. Briefly, all subjects (RA
and non-RA) were followed up longitudinally through their complete medical records
beginning at age 18 years (or date of migration to Rochester, MN for those who became
residents after age 18) and continuing until death, migration from Rochester, or January 1,
2006. Demographic and clinical characteristics were abstracted by four trained nurse
abstractors blinded to the study hypothesis. These included smoking status (categorized as
current, former, or never at RA incidence date), rheumatoid factor (RF) seropositivity (=40
IU/ml), erythrocyte sedimentation rate (ESR), tender and/or swollen joint counts, erosions,
periarticular osteoporosis, and/or destructive changes on radiographs, rheumatoid nodules
(absent/present), RA complications, disease duration, the use of disease-modifying
antirheumatic drugs (DMARDSs) and/or corticosteroids, functional capacity (Steinbrocker
index at RA incidence/index date) and sustained elevation of the ESR (3 recorded ESR
values of 60 mm/hour, with a minimum interval of 30 days between 2 measurements).

Definition and ascertainment of interstitial lung disease

The criteria employed for classification as ILD were the result of consensus forming
discussions among 2 pulmonologist (JHR, RV) and 2 rheumatologists (ELM, TB). For the
purpose of this study, ILD was divided into two levels of diagnostic certainty: “probable”
and “definite” ILD. Criteria were based on clinical data, pulmonary function test results,
radiological studies, and lung biopsy (table 1).

The medical records of all 1206 individuals in the RA and matched control cohort were re-
reviewed for parameters of pulmonary disease by 2 physician scientists and 1 trained nurse
abstractor. All pulmonary diagnoses, results of pulmonary function tests, chest radiography
data, computed tomography (CT) results and pulmonary biopsy results (including autopsy
reports) were abstracted into number/identifier codes. After completion of the abstraction
process, a computer-based algorithm was applied in order to identify patients who met our
ILD classification criteria.

Exploration of accuracy of ILD classification criterion

To investigate the validity of our classification criteria for probable and definite ILD, the
medical records for all RA patients who met criteria for probable or definite ILD as well as
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30 randomly selected patients from the RA cohort not meeting these criteria were retrieved.
The medical records and radiologic images (if available) were reviewed by a pulmonologist
(JHR) who was blinded to the criteria based classification of the subjects. Based on this
expert review, a reference diagnosis of “no ILD”, “probable ILD” or definite ILD” was
assigned to each individual.

Kappa statistics were used to quantify agreement between criteria and expert based
diagnosis. In addition, we calculated the test characteristics of our classification criterion
using “chart review based expert opinion” as a gold-standard.

Statistical analysis

Descriptive statistics were used to summarize the data. Demographics were compared using
two-sample t-tests and chi-square tests (Statistical program: SAS (SAS Institute Inc., Cary,
NC) and Splus (Insightful Corp., Seattle, WA). Cumulative incidence of ILD was estimated
adjusting for the competing risk of death in patients with RA and subjects without RA. Cox-
proportional hazards models adjusting for age, sex and smoking status were used to compare
estimates between cohorts and to investigate possible associations of demographic and
clinical variables with ILD. Time-dependent co-variates were used to represent risk factors
that developed over time.

The survival of RA patients with ILD was compared to the survival of RA patients in the
population. Expected survival rates for RA patients were obtained by multiplying the
survival rates for the Minnesota White population by the standardized mortality ratio (SMR)
for RA survival of 1.3. Sensitivity analyses were performed wherein age group - and sex-
specific SMR values were used to modify the population rate table and similar results were
obtained. Overall survival following ILD was estimated by obtaining the age-, sex-, and
calendar-year-specific survival rates for the RA patients with ILD from this modified rate
table. A one-sample log-rank test was used to examine whether observed mortality of the
RA patients with ILD differed from the expected mortality for RA patients. Multivariable
Cox models were used to examine the effect of interstitial lung disease on survival of
patients with RA after adjusting for smoking status, age, gender and presence of
comorbidities.

We also estimated the risk of mortality attributable to ILD in the RA cohort. The attributable
risk (or etiologic fraction) is the proportion of disease in a population that could be
prevented by elimination of an exposure, or risk factor. Attributable risk is commonly
calculated as AR=[P(D) — P(D | no F)]/P(D) where AR is the attributable risk, P(D) is the
probability of disease (i.e., death), and P(D| no F) is the conditional probability of disease
among individuals without the risk factor. The cumulative incidence of death was used to
estimate the probability of death, and these estimates were obtained from Cox models to
allow for adjustment for age and sex. The conditional probability of death for those without
ILD was estimated from the same Cox models, but with a target cohort that matched the
observed cohort except that it lacked ILD.
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Population-based cohort of subjects with rheumatoid arthritis and matched control cohort
of patients without RA

The population-based RA incidence and the matched control cohort comprised 603 patients
each. After exclusion of 21 patients with ILD diagnosed prior to their RA diagnosis/index
date, 582 patients with incident RA and 603 control subjects were used in the analysis. The
mean age at RA incidence/index date was 58 years. The mean duration of follow-up was
16.4 years for RA patients and 19.3 years for subjects without RA. 73% of patients were
female. Smoking was more common among RA patients: 28.2% of RA patients were current
smokers and 24.7% were former smokers compared to 23.9% current and 19.6% former
smokers in the non-RA comparator group (p<0.01). Chest radiographs were available for
230 RA and 352 non-RA patients. “Fibrotic changes” were mentioned in a similar number
of RA- and non-RA patients: 27.0% and 25.5%, respectively. A minority of patients
underwent pulmonary function testing: 19.1% of patients in the RA and 17.2% of patients in
the non-RA cohort. A detailed description of both cohorts is provided in table 2.

Incidence of ILD in patients with RA

ILD (probable and definite) developed in 46 (7.9%) of 582 patients with RA. Of these, 23
patients (4.0%) met our strict criteria for definite ILD.

The 10-, 20- and 30-year cumulative incidence rates for all ILD were 3.5%, 6.3% and 7.7%,
respectively (adjusted for the competing risk of death), conveying a life-time risk of close to
10%. Among control subjects, much lower 10-, 20- and 30-year cumulative incidence rates
for probable and definite ILD were detected (0.2%, 0.9% and 0.9%, respectively).

The risk of developing ILD among patients with RA was significantly higher than that of
non-RA subjects (hazard ratio [HR]: 8.96; 95% confidence interval [CI]: 4.02 to 19.94 after
adjusting for age, sex and smoking status (figure 1).

Validation of classification criteria for ILD in patients with RA

All patients identified as having RA associated ILD according to our classification criteria as
well as a random sample of 30 patients with RA and no ILD underwent a complete record
review by a pulmonologist (JHR) and rheumatologist (TB). Our composite criteria
documented excellent agreement with chart review based expert opinion across all 3
categories (no, probable and definite lung disease). Kappa statistics yielded an index of 0.88
(95% ClI, 0.79 — 0.97). When considering “chart review based expert opinion” as a gold
standard, the sensitivity and specificity of these criteria were 1.0 (95%Cl, 0.92-1.0) and 0.91
(95%Cl, 0.76 to 0.97), respectively.

Characteristics of ILD in patients with RA and patients without RA

A higher proportion of subjects diagnosed with ILD disease were male in both cohorts. On
average, RA patients were 15 years younger when diagnosed with ILD as compared to
control subjects.
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CT scans of the chest were available for only a limited number of patients with ILD (50.0%
of RA subjects and 57.1% of non-RA subjects). Pulmonary biopsy was performed in 14 of
46 patients with RA associated ILD. A summary of ILD characteristics in RA and control
subjects is provided in table 3.

Risk factors for ILD in patients with RA

The risk of developing ILD was increased in patients who were older at the time of their RA
diagnosis (per 10 year increase in age HR: 1.41 95% CI 1.11, 1.79) and among male patients
(HR 4.37 95% Cl 2.43, 7.88). Other risk factors which had a statistically significant
association with development of ILD were related to markers of disease activity and severity
including erosions or destructive changes and rheumatoid nodules, high ESR levels,
functional status (3, 4 level versus 1, 2 level) and corticosteroid and methotrexate use (table
4).

Mortality associated with ILD in patients with RA

The median survival of RA patients after a diagnosis of ILD was 2.6 years, which is
significantly lower than the expected median survival of 9.9 years in RA patients of the
same age and sex overall (p<0.001). The survival of patients with RA and ILD compared
with that of RA patients overall is shown in Figure 2. Survival was significantly worse when
comparing patients with RA-associated lung disease to subjects with RA not affected by
ILD, after adjusting for age, sex and smoking (HR 2.86, 95% CI 1.98, 4.12)

Although the cumulative incidence of ILD was significantly increased in patients with RA,
the risk of death associated with ILD was similar among patients with RA and non-RA
individuals (HR 1.60; 95% CI 0.63 to 4.09 adjusted for age, sex and smoking).

Excess mortality of patients with RA attributable to interstitial lung disease

During follow-up, 382 patients with RA died, a significant increase over the 347 deaths that
were experienced by the non-RA cohort. The cumulative incidence of death was 79.3% in
patients with RA at 30 years after RA incidence date, compared to 63.4% in patients without
RA at 30 years after index date. Based on this, the RA cohort has an excess mortality of
15.9% at 30 years after RA incidence.

We further explored the question of how much of this excess mortality could be attributed to
ILD. When removing the effect of ILD on patient survival, the cumulative mortality of
patients with RA dropped by 2.1%. Thus, the excess deaths in RA would be reduced by 13%
(2.1% / 15.9%), if the risk of ILD in RA was the same as in hon-RA subjects. In other
words, if the effect of the increased risk of ILD in RA could be eliminated, approximately 1
in every 8 excess RA deaths could be prevented.

DISCUSSION

According to our estimates, approximately 1 in 10 patients with RA will be diagnosed with
ILD over the lifetime of their disease. This risk is significantly higher than in the in the
general population.
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Because of the inherent methodologic limitations of a retrospective, chart review based
diagnosis of diseases, we preferred to establish a range of probabilities for our primary
outcome (ILD), rather than a point value which may or may not approach reality. Hence the
“true” cumulative incidence for clinically manifest ILD in patients with RA in our
population is likely to lie somewhere in between our estimates for “probable” ILD (7.7 %)
and definite ILD (3.7 %). Since systematic cross sectional or prospective screening was not
performed for this study, it is likely that our estimates are the minimum for ILD incidence in
this population. Additionally, patients who developed ILD prior to their RA diagnosis were
excluded from our analysis in order to avoid incidence-prevalence bias. Therefore, the
overall risk for individuals with RA to be affected by ILD either prior or after their diagnosis
of RA will be somewhat higher than our estimate.

Despite our efforts to develop a valid definition for ILD for this study, we acknowledge that
our definition of ILD still represents a “collection bin” for many different types of
parenchymal lung disease. Because of the changes in availability of diagnostic tools such as
CT over time as well as the evolution of definitions used to characterize ILD, reliable
assignment of ILD subtypes for every patient according to the most recent ATS consensus
classification [15] was not possible.

Other potential limitations of this study include reliance on medical record information that
has been accrued in clinical care over several decades, and not through systematic
prospective data collection. Thus, the capture of medical information used for our study was
entirely dependent on it being documented in a patient’s medical record. Availability and
use of technologies such as computer tomography and pulmonary function testing have
greatly increased since the starting period for our incidence cohort (1955). As a result, the
number of unrecognized cases of ILD may be higher during the earlier years of our follow-
up period, resulting in an underestimation of the true incidence.

Differential medical assessment of patients with RA versus individuals without RA is
another possible weakness of our approach. In patients with RA, the average frequency of
physician visits is likely to be higher than for individuals without RA. This potentially
results in a higher likelihood of capturing additional medical conditions such as ILD.
However, because all residents included in our 2 cohorts come to medical attention at least
once in any 3 year period [10], differential capture of a major medical diagnosis such as ILD
appears less likely.

An important advantage of our methodological approach is the avoidance of referral bias,
which will inevitably play a role when basing estimates on convenience samples in referral
centers. Instead, we aimed to assess every patient diagnosed with RA in a given geographic
area, resulting in a better reflection of the full spectrum of disease.

The population of Rochester, MN is mainly white and the socioeconomic characteristics
largely resemble those of the US white population in general [10]. Appropriate caution has
to be exercised when generalizing our findings to populations with a different demographic
composition.

Arthritis Rheum. Author manuscript; available in PMC 2014 May 20.
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This may be especially true for a disease such as ILD, which is thought to be influenced in
its occurrence and severity by gene-environment interaction [16]. The generalization of
research results generated in a confined geographic area will be limited by the extent of
genetic and environmental dissimilarities to other populations.

How does our data on the incidence of RA-associated ILD compare to information in the
existing literature? Turesson et al. [7] found a 30-year cumulative incidence of 6.8% for
“pulmonary fibrosis” in the same population-based cohort of Rochester patients (follow-up 5
years less as compared to our study). The classification of pulmonary fibrosis was based on
“clinical judgment plus a DLCO of <85% of normal”. This estimate lies well within the
range between “probable” and “definite” ILD in our study.

While we were unable to identify additional published data on the incidence of ILD, several
reported studies have explored the prevalence of interstitial pulmonary changes and
restrictive patterns of pulmonary function in non-population based referral cohorts. In a
consecutive sample of 64 patients with longstanding RA and no respiratory symptoms
referred to the National Institutes of Health in Bethesda, MD, 21 (33%) were found to have
“early ILD” based on “HRCT features of ILD” [5]. The authors noted that changes in most
patients were minimal, with an average HRCT score of 0.93 (1=minimal disease). 57% of
the patients affected by these pre-clinical changes were judged to have “progressive disease”
based on changes in their HRCT scores and/or PFT results over a time period of 2 years. No
control data from patients without RA was reported.

Dawson et al. reported that 19% of 150 patients with longstanding RA had “fibrosing
alveolitis” in a cohort of hospital outpatients in North-West England, defined as “CT
changes suggestive for UIP” [3].

These estimates of prevalence are more than twice as high as the 30-year cumulative
incidence for ILD found in our population-based study. Several differences between these
studies and our approach offer possible explanations for this discrepancy. First, the
aforementioned studies were hospital-based and subject to Berkson’s bias. They were
performed using consecutive samples of RA patients, which will likely result in
accumulation of more serious cases of RA with a higher likelihood of extraarticular disease
[7-9]. Second, our retrospective approach, which had to rely on medical record data, may
have underestimated the incidence of ILD in patients with RA as compared to the above
mentioned prospective trials with a standardized assessment of every patient. While it is
very likely that we did not capture subclinical disease, it is unlikely that we failed to detect a
significant number of patients with clinically meaningful disease. A thorough expert review
of a sample of RA patients classified as not having ILD according to our composite criteria
did not reveal a single case that was missed with our composite criteria based approach. If
ascertainment bias has resulted in underestimation of clinically overt ILD, the deviation
should be minimal. Third, patients classified as having ILD based on CT and/or pulmonary
function changes in the absence of respiratory symptoms may or may not progress to
clinically meaningful disease. Our approach of using “physician’s diagnosis of ILD” as an
essential classification criterion will condense the definition of ILD to clinically more overt
cases and result in lower estimates.
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The differences in ILD definition between studies reveal an interesting and important
finding: the existence of a significant gap between the large number of asymptomatic
individuals with radiographic or functional pulmonary changes, and the small number of
patients who will actually develop overt pulmonary disease. Importantly, this gap is not only
revealed by contrasting studies which used different definitions of ILD. A within-trial
comparison of our data also demonstrates a significant discrepancy between the large
number of individuals found to have fibrotic radiographic changes on their CT/chest
radiographs - and the relatively small number of patients with clinically meaningful lung
disease. In this context, it is important to mention that the number of individuals with a
documented finding of “fibrotic changes” on their pulmonary imaging studies was similar
when comparing patients with RA to those without RA (27.0% in RA patients and 25.5% in
non-RA patients).

These observations converge on a crucial clinical question: where lies the threshold between
tolerable subclinical abnormality and progressive disease that may benefit from therapeutic
intervention?

Our analysis of risk factors indicated that male gender, higher age at RA onset, high
“inflammatory burden”, low functional capacity and use of glucocorticosteroids as well as
methotrexate are associated with a diagnosis of RA-ILD. The apparent association of
parameters of high disease activity such as persistently elevated ESR, low functional
capacity, rheumatoid nodules, glucocorticosteroid and methotrexate use is consistent with
earlier findings described by Saag and colleagues [17] as well as the existing evidence of a
strong association between RA disease severity and occurrence of extraarticular disease.

It is, however, unclear if these predictors of ILD in patients with RA are also indicators for a
high risk of disease progression among patients who have subclinical interstitial pulmonary
changes. This information would be crucial for therapeutic decision making in an individual
patient. In this context, data published by Dawson et al. [18] provides important information
on the likelihood of disease progression in patients with “CT changes suggestive for UIP”:
15 patients with stable RA associated ILD were compared with 10 patients who had
progressive disease. Significant predictors for progression were the extent of interstitial
changes on high resolution CT, bibasilar crackles and a reduced diffusing capacity for
carbon monoxide. Although the low number of patients in the study of Dawson et al. has to
be acknowledged, it highlights the importance of integrating clinical, imaging and functional
information over time in order to decide whether an individual patient may be a candidate
for therapeutic interventions.

The importance of identifying patients with RA who are at risk for progression of ILD
becomes evident in the assessment of the significantly higher mortality for these patients in
our cohort: the risk of death almost tripled for RA patients affected by ILD, even after
adjusting for age, smoking and gender. Importantly, our data did not confirm previous
publications [19, 20] which suggested a lower mortality of RA associated ILD compared
with idiopathic ILD. This discrepancy may be explained by our population based approach,
which resulted in a more complete capture of the full spectrum of disease.

Arthritis Rheum. Author manuscript; available in PMC 2014 May 20.
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Our findings extends prior observations about the increased risk of respiratory death in
patients with RA [21, 22]as well as the significant impact of extraarticular disease on excess
RA mortality [23]

It is well acknowledged that patients with RA have premature mortality compared to
individuals from the general population [12, 24, 25]. Research over the recent years has
focussed on the question why this is the case and how it may be prevented. In this context,
most attention has been given to the increased risk of cardiovascular disease in patients with
RA and its contribution to premature mortality [26—28]. A recent publication based on the
same patient cohort we used for our study, identified congestive heart failure, but not
ischemic heart disease as an important contributor to the excess overall mortality in patients
with RA [29].

Interestingly, the excess mortality in RA attributable to ILD appears to be very similar to the
relative contribution of CHF. Approximately 1 of every 8 excess deaths in patients with RA
could hypothetically be prevented if the risk of ILD (or CHF) was the same for individuals
with RA compared to patients without RA. Our findings suggest that prevention and
treatment of RA associated ILD could significantly improve the survival of patients with
RA. Unfortunately, no controlled trials have evaluated the effectiveness of DMARD
therapies for treatment of ILD associated with RA.

In summary, we demonstrate that this risk of ILD is significantly increased in patients with
RA as compared to the general population. Several risk factors for ILD in RA patients could
be identified, but the pathophysiologic links between these factors and pulmonary
parenchymal changes remains unclear. Our data provides evidence for the significant
mortality associated with ILD, and we delineate the prominent contribution of ILD to
premature mortality in patients with RA.

Challenges for future research in RA-associated ILD include the identification of predictors
which indicate progressive disease and a need for treatment. The large gap between the
number of patients with functional and radiographic abnormalities and the relatively small
number of individuals with symptomatic disease highlights the importance of individualized
clinical decisions in balancing the risks and benefits of treatment.
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Figure 1.
Incidence of ILD in patient with RA (solid line) and control subjects (broken line)
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Figure2.
Survival of RA patients with ILD (solid line) compared to expected survival of RA patients

overall (broken line)
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Table 1

Intersitial lung disease (ILD): classification criteria

Pulmonary Disease  Criteriafor diagnosis

Probable ILD The following two criteria need to be met:

1 Chest radiograph or CT described as “pulmonary fibrosis”, RA-lung” “fibrosing alveolitis” or other terms
consistent with ILD

2 Treating physician’s diagnosis of “pulmonary fibrosis”, RA- lung”, “fibrosing alveolitis” or other terms
consistent with ILD

Definite ILD Diagnosis of ILD by a pulmonologist
plus at least 2 of the following three criteria:

1 ILD on CT or chest radiograph
2 Restrictive pattern on PFT (TLC < 80% predicted)

3 Lung biopsy (bronchoscopic or surgical) consistent with ILD

CT= computed tomography; RA = rheumatoid arthritis; PFT = pulmonary function test; TLC = total lung capacity; DLCO= diffusing capacity of
the lung for carbon monoxide
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Table 2

Demographic and clinical characteristics of rheumatoid arthritis (RA) and control cohorts”

Page 16

Patientswith RA (N=582)

Subjectswithout RA (N=603)

p value

Age at RA diagnosis/index date, mean + SD in years 57.7+15.1
Years of follow up, mean + SD 16.4 +10.5
Female, N (%) 427 (73.4%)
Smoking status at baseline, N (%)

Current smoker 164 (28.2%)

Former smoker 144 (24.7%)
Chest X-ray documented, N (%) 230 (39.5%)
Fibrotic changes on chest X-ray, N (%) 157 (27.0%)
PFT documented, N (%) 111 (19.1%)
PFT restrictive pattern (TLC < 80% predicted), N (%) 27 (4.6%)
CT documented, N (%) 78 (13.4%)
CT reported presence of parenchymal disease, N (%) 38 (6.5%)

58.2+15.2
193 +11.1
441 (73.1%)

144 (23.9%)
118 (19.6%)
352 (58.4%)
154 (25.5%)
104 (17.2%)
11 (1.8%)
85 (14.1%)
24 (4.0%)

0.58

0.93

<0.01

<0.01
0.57
0.42

<0.01
0.73
0.05

*
Except where indicated otherwise, values are the number (%) of patients.

RA = rheumatoid arthritis; SD = standard deviation; PFT = pulmonary function test; TLC = total lung capacity; CT = computed tomography
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Characteristics of interstitial lung disease (ILD) in rheumatoid arthritis (RA) and non-RA patients

Table 3

RA patientswith ILD (N=46)

Control subjectswith ILD (N=7)

Probable ILD, N (%)
Definite ILD, N (%)
Mean * SD age at ILD diagnosis in years
Men, N (%)
Current smoker, N (%)
Former smoker, N (%)
Chest radiograph performed ever, N (%)
Chest CT performed ever, N (%)
Lung biopsy/autopsy performed ever, N (%)

ILD subtypeT based on biopsy and/or CT, N (%)
UIP typical pattern
NSIP typical pattern
OP typical pattern
Pulmonary fibrosis, not further specified
No CT or biopsy documented

PFT: TLC < 80%, N (%)
No TLC documented, N (%)

23 (50.0%)
23 (50.0%)
71.3+12.2
27 (58.7%)
15 (32.6%)
15 (32.6%)
45 (97.8%)
23 (50.0%)
14 (30.4%)

9 (19.6%)
1(2.2%)
3 (6.5%)
15 (32.6%)
15 (32.6%)
15 (32.6%)
21 (45.7%)

5 (71.4%)
2 (28.6%)
86.5£10.0
4 (57.1%)
1(14.3%)
4 (57.1%)
7 (100%)
4 (57.1%)
0 (0.0%)

3 (42.9%)
0 (0.0%)
0 (0.0%)
0(0.0%

3 (42.9%)

2 (28.6%)

4 (57.1%)

*
Except where indicated otherwise, values are the

number (%) of patients.

TAccording to the American Thoracic Society consensus classification of idiopathic interstitial pneumonias [15].

Page 17

RA = rheumatoid arthritis; ILD =interstitial lung disease; SD = standard deviation; UIP = usual interstitial pneumonia; NSIP = non- specific
interstitial pneumonia; OP=organizing pneumonia; CT=computed tomogram; PFT = pulmonary function testing; TLC = total lung capacity

Arthritis Rheum. Author manuscript; available in PMC 2014 May 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Bongartz et al.

Table 4

Risk factors for interstitial lung disease (ILD) in patients with rheumatoid arthritis (RA)”
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RA patientswith ILD

RA patientswithout ILD

Risk Factor (N=46) (N=536) Hazard RatioT ~ 95% cCIT
Male gender, N (%) 27 (58.7%) 128 (23.9) 437 2.43,7.88
Age at RA onset in years (mean + SD) 56.8 + 14.7 57.8+15.2 1.41 1.11,1.79
Smoking (ever), N (%) 30 (65.2) 278 (51.9) 1.60 0.87,2.94
Extraarticular disease (ever), N (%) 6 (13.0) 80 (14.9) 1.48 0.58, 3.79
Rheumatoid factor (ever), N (%) 33 (73.3) 341 (67.0) 1.84 0.91,3.71
Erosions (ever), N (%) 10 (25.0) 83 (17.4) 1.92 0.92, 4.02
Destructive joint changes (ever), N (%) 27 (67.5) 271 (56.7) 2.37 1.18,4.76
ESR - 3 values = 60 (ever), N (%) 21 (45.7) 149 (27.8) 3.52 1.94,6.38
Large joint swelling (ever), N (%) 39 (84.8) 448 (83.6) 1.90 0.83, 4.36
Rheumatoid nodules (ever), N (%) 21 (45.7) 168 (88.9) 2.60 1.41,4.79
DMARD use (ever), N (%) 27 (58.7) 306 (57.1) 1.82 0.97,3.41
Methotrexate use (ever), N (%) 12 (26.1) 116 (31.3) 231 1.15, 4.63
Steroid use (ever), N (%) 24 (52.2) 287 (53.5) 2.01 1.12,3.63
Functional capacityt = 142, N (%) 33(71.7) 425 (79.9) 217 (34versus1,2)  1.14,4.16
Functional capacityJrT =3+4, N (%) 13(28.3) 107 (20.1)

*
Except where indicated otherwise, values are the number (%) of patients.

TModels in rows 4-14 are adjusted for age at RA, sex, and ever smoker.

TTAC(:ording to Steinbrocker index;

ILD = interstitial lung disease; RA = rheumatoid arthritis; Cl = confidence interval; ESR = erythrocyte sedimentation rate; DMARD = disease

modifying antirheumatic drug
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