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Abstract

Background—Adults with interstitial lung disease (ILD) often have serologic evidence of 

autoimmunity of uncertain significance without overt autoimmune disease. We examined 

associations of rheumatoid arthritis (RA)-associated antibodies with subclinical ILD in 

community-dwelling adults.

Methods—We measured serum rheumatoid factor (RF) and anti-cyclic citrullinated peptide 

antibody (anti-CCP) and high attenuation areas (HAA; CT attenuation values between −600 and 

−250 HU) on cardiac CT in 6,736 community-dwelling U.S. adults enrolled in the Multi-Ethnic 

Study of Atherosclerosis. We measured interstitial lung abnormalities (ILA) in 2,907 full-lung CTs 

at 9.5-year median follow-up. We used generalized linear and additive models to examine 

associations between autoantibodies and both HAA and ILA, and tested for effect modification by 

smoking.

Results—In adjusted models, HAA increased by 0.49% (95% CI 0.11–0.86%) per doubling of 

RF IgM and by 0.95% (95% CI 0.50–1.40%) per RF IgA doubling. ILA prevalence increased by 

11% (95% CI 3–20%) per RF IgA doubling. Smoking modified the associations of both RF IgM 

and anti-CCP with both HAA and ILA (interaction p-values varied from 0.01 to 0.09). Among 

ever smokers, HAA increased by 0.81% (95% CI 0.33–1.30%) and ILA prevalence increased by 

14% (95% CI 5–24%,) per RF IgM doubling; and HAA increased by 1.31% (95% CI 0.45–2.18%) 

and ILA prevalence increased by 13% (95% CI 2–24%) per anti-CCP doubling. Among never 

smokers, no meaningful associations were detected.

Conclusions—RA-related autoimmunity is associated with both quantitative and qualitative 

subclinical ILD phenotypes on CT, particularly among ever smokers.

Keywords

interstitial lung disease (ILD); rheumatoid factor (RF); anti-citrullinated peptide antibody (ACPA); 
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INTRODUCTION

The pulmonary parenchyma is a frequent target of autoimmunity. Approximately 30% of 

adults diagnosed with interstitial lung disease (ILD) have an underlying established 

autoimmune disease, such as rheumatoid arthritis (RA), systemic sclerosis, Sjögren’s 

syndrome, mixed connective tissue disease, or an inflammatory myopathy.[1] Indeed, ILD 

may be the initial or sole clinical manifestation of an autoimmune disease, and those 

diagnosed with idiopathic nonspecific interstitial pneumonia (NSIP) often have autoimmune 

features without an established autoimmune disease.[2–5]

Subclinical ILD on computed tomography (CT) is surprisingly common in at-risk groups, 

including cigarette smokers, relatives of those with familial pulmonary fibrosis, and those 

with established autoimmune diseases.[6–8] For example, 8% of adult smokers and 33% of 

adults with RA without pulmonary symptoms have subclinical ILD.[7, 8] Examination of 

subclinical ILD holds the promise of identifying biological pathways that contribute to early 

alveolar epithelial cell injury and extracellular matrix remodeling prior to the onset of 
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established fibrosis. Insights into these early processes may lead to the identification of 

novel preventative and therapeutic targets. High attenuation areas (HAA), a novel 

quantitative measure of lung attenuation, have strong construct validity as a biomarker of 

subclinical lung inflammation and extracellular matrix remodeling.[9] HAA is associated 

with reduced forced vital capacity, reduced exercise capacity, elevated serum levels of matrix 

metalloproteinase-7 and interleukin-6, and is associated with a higher risk of interstitial lung 

abnormalities on CT and a higher all-cause mortality rate.[9]

The availability of population-based cohorts affords the opportunity to examine risk factors 

for subclinical ILD on CT. Based on the strong links between autoimmunity and ILD, we 

aimed to determine whether serum markers of autoimmunity – in this case, serum 

rheumatoid factor (RF) IgM and IgA and anti-cyclic citrullinated peptide antibody (anti-

CCP) – were associated with HAA and ILA in a population-based cohort. We hypothesized 

that baseline levels of RF IgM, RF IgA, and anti-CCP would be associated with a greater 

percentage of HAA on baseline CT in a cross-sectional analysis, and with the presence of 

ILA on chest CT performed a decade later.

METHODS

Participants and data sources

The Multi-Ethnic Study of Atherosclerosis (MESA) is a multi-center, prospective cohort 

study of 6,814 men and women who were between 45 and 84 years of age when they were 

recruited in 2000–2002 (Exam 1).[10] Participants were recruited from 6 sites in the United 

States: Forsyth County, NC; northern Manhattan and the Bronx, NY; Baltimore City and 

Baltimore County, MD; St. Paul, MN; Chicago, IL; and Los Angeles, CA. MESA exclusion 

criteria included clinical cardiovascular disease, weight greater than 136 kg, chest CT 

imaging during the year prior to enrollment, or any barrier to long-term participation. 

Participants returned for 4 subsequent visits, the most recent occurring in 2010–2012 (Exam 

5). See the Online Data Supplement for additional details.

Measurement of exposure and covariates

RF and second generation anti-CCP were measured in frozen serum samples collected at 

Exam 1. Isotype-specific IgM and IgA RF and IgG anti-CCP were quantified by ELISA 

utilizing commercial kits (TheraTest Labs Inc, Lombard, IL).[11] Testing was performed at 

TheraTest Labs. Intra-assay coefficients of variation for RF IgM, RF IgA, and anti-CCP 

were < 10%.[11] The levels of RF IgM, RF IgA, and anti-CCP were expressed in U/mL.

Demographics, educational attainment, and tobacco use data were collected by 

questionnaires administered at Exam 1. Height, weight, and waist circumference were 

measured during Exam 1.[10] Detailed information about MESA has been previously 

published.[10, 12, 13] See the online data supplement for additional details.

Quantitative CT Attenuation on Cardiac CT Scan

Cardiac CT scans were performed on 6,812 MESA participants at Exam 1 (2000–2002), 

using multidetector and electron beam scanners (3 sites each) via a standardized protocol.
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[14] Image attenuation was assessed using a modified version of the Pulmonary Analysis 

Software Suite at a single reading center by trained readers without knowledge of 

participants’ autoantibody levels or other characteristics.[15, 16] High attenuation areas 

(HAAs) are defined as the volume of lung having a CT attenuation value between −600 and 

−250 Hounsfield units, a range that captures ground glass and reticular abnormalities but 

excludes areas of higher density such as blood vessels, nodules, and consolidations.[12] 

Percent emphysema was defined as the percentage of lung voxels less than −950 Hounsfield 

units.[13] Numerous previous studies have used MESA cardiac CT scans to examine 

pulmonary emphysema.[13, 17]

Interstitial Lung Abnormalities on Chest CT

Two-thousand nine-hundred seven full lung CT scans performed at Exam 5 (2010–2012) 

were each visually inspected by one expert radiologist for the presence or absence of the 

following ILAs involving >5% of lung zone in a non-dependent fashion: ground glass 

abnormalities, reticular abnormalities, diffuse centrilobular nodularity, nonemphysematous 

cysts, honeycombing, and traction bronchiectasis.[7, 18, 19] Evidence of bilateral fibrosis in 

multiple lobes in a subpleural distribution associated with honeycombing and traction 

bronchiectasis was also included in the definition of ILA.[19]

Statistical Analysis

We examined the linearity of the associations between each autoantibody and HAA and ILA 

using generalized additive models with loess smoothing functions for continuous variables. 

In multivariable models, we examined autoantibody levels expressed both as continuous 

variables and in autoantibody quartiles. We used multiple linear regression to examine the 

associations between each natural log transformed autoantibody (or autoantibody quartile) 

and natural log transformed HAA, controlling for age, sex, race, study site, education, BMI, 

height, waist circumference, pack-years of smoking, current smoking status, total volume of 

imaged lung, percent emphysema, and tube current. To ease interpretation of our beta 

coefficients of natural log transformed autoantibody levels, we have presented base 2 

exponentiated beta coefficients, which are the percent differences in HAA per doubling of 

each autoantibody level. We also presented inverse natural log beta coefficients for each 

autoantibody quartile, which are the percent differences in HAA for each quartile compared 

to the lowest quartile. We estimated prevalence ratios for the associations between each log2 

transformed autoantibody (or autoantibody quartile) and ILA using Poisson regression with 

robust standard error estimation, controlling for age, sex, race, pack-years of smoking, and 

current smoking status. We have presented inverse natural log beta coefficients from these 

models, which are the prevalence ratios for ILA per doubling of autoantibody level. The 

inverse natural log beta coefficients for each autoantibody quartile are the prevalence ratios 

for ILA for each quartile compared to the lowest quartile. To examine consistency of effect, 

we performed analyses stratified by age, sex, race, smoking status, BMI, and hepatitis C 

status at Exam 1. We used likelihood ratio tests to test for effect modification. We used 

multiple imputation by chained equations to account for missing covariate data.[20] 

Analyses were performed in STATA, version 13.1 (College Station, TX) and R, version 3.1.2 

(R Foundation for Statistical Computing, Vienna, Austria). See the Online Data Supplement 

for additional details.
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RESULTS

Among the 6,812 MESA participants who underwent cardiac CT scan at Exam 1, RF IgM 

and RF IgA were measured in 6,736 and anti-CCP was measured in 6,728. Of the 2,430 

participants with non-equivocal measurements of ILA at Exam 5, RF IgM and RF IgA were 

measured in 2,403 at Exam 1 and anti-CCP was measured in 2,399. In the overall cohort, the 

median (IQR) RF IgM level was 8 U/mL (4 to 17 U/mL), the median (IQR) RF IgA level 

was 9 U/mL (6 to 16 U/mL), and the median (IQR) anti-CCP level was 0.2 U/mL (0.1 to 0.5 

U/mL). The median (IQR) HAA was 121.1 cm3 (101.7 to 145.5 cm3) and 12.6% had ILA.

Baseline participant characteristics stratified by RF IgM level are shown in Table 1. The 

median (IQR) age was 62 (53 to 70) years. Fifty-three percent were female, 38.6% self-

identified as white, 27.5% as African American, 11.9% as Chinese American, and 22.0% as 

Hispanic. Fourteen percent were current smokers, whereas 45.3% were never smokers. The 

median (IQR) number of pack-years among ever smokers was 14.5 (3.3 to 33.0). Most 

baseline characteristics were similar across quartiles of RF IgM, RF IgA, and anti-CCP 

levels (Table 1, Supplemental Tables 1 and 2), with the exceptions of race, smoking status, 

and hepatitis C seropositivity. African-American race was more prevalent among those with 

higher RF IgM, RF IgA, or anti- CCP levels. Current smoking status and hepatitis C 

seropositivity were more prevalent among those with higher RF IgM or RF IgA levels.

IgM Rheumatoid Factor, HAA, and ILA

HAA increased across RF IgM quartiles (p-value for trend = 0.03; Table 2). In an unadjusted 

model, HAA increased by 0.60% per doubling of RF IgM (95% CI 0.13 to 1.07%, p-value = 

0.01; Table 2). In a fully adjusted model, the p-value for the interaction between smoking 

status and RF IgM was 0.09 (Table 2). In fully adjusted models, among ever smokers, HAA 

increased by 0.81% (95% CI 0.33 to 1.30%, p-value = 0.001) per doubling of RF IgM, but 

increased by only 0.15% (95% CI −0.44 to 0.75%, p-value = 0.62) per doubling of RF IgM 

among never smokers (Table 2; Figure 1A).

The prevalence of ILA increased from 12.0% among those with an RF IgM level < 4.03 

U/mL (quartile 1) to 16.0% among those with an RF IgM level > 17 U/mL (quartile 4; p-

value for trend = 0.007; Table 2). In an unadjusted model, the prevalence of ILA increased 

by 10% per doubling of RF IgM (prevalence ratio [PR] 1.10, 95% CI 1.02 to 1.17, p-value = 

0.009). In a fully adjusted model, the p-value for the interaction between smoking status and 

RF IgM was 0.04 (Table 2). In fully adjusted models, among ever smokers, the prevalence of 

ILA increased by 14% per doubling of RF IgM (PR 1.14, 95% CI 1.05 to 1.24, p-value = 

0.002), while among never smokers, there was no statistically significant association 

between RF IgM and the prevalence of ILA (PR 0.97, 95% CI 0.86 to 1.09, p-value = 0.60; 

Table 2; Figure 1D).

IgA Rheumatoid Factor, HAA, and ILA

HAA increased across RF IgA quartiles (p-value for trend <0.001; Table 3). In a fully 

adjusted model, HAA increased by 0.95% per doubling of RF IgA (95% CI 0.50 to 1.40%, 

p-value < 0.001; Table 3). In a fully adjusted model, the p-value for the interaction between 
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smoking status and RF IgA was 0.15 (Table 3). In fully adjusted models, among ever 

smokers, HAA increased by 1.35% (95% CI 0.78 to 1.92%, p-value < 0.001) per doubling of 

RF IgA, and increased by 0.55% (95% CI −0.17 to 1.29%, p-value = 0.14) per doubling of 

RF IgA among never smokers (Table 3; Figure 1B).

The prevalence of ILA increased from 9.6% among those with an RF IgA level < 6.04 U/mL 

(quartile 1) to 16.1% among those with an RF IgA level > 15.86 U/mL (quartile 4; p-value 

for trend = 0.001; Table 3). In a fully adjusted model, the prevalence of ILA increased by 

11% per doubling of RF IgA (PR 1.11, 95% CI 1.03 to 1.20, p-value = 0.006). The p-value 

for the interaction between smoking status and RF IgA was 0.31. In fully adjusted models, 

among ever smokers, the prevalence of ILA increased by 14% per doubling of RF IgA (PR 

1.14, 95% CI 1.05 to 1.23, p-value = 0.001), while among never smokers, there was no 

statistically significant association between RF IgA and the prevalence of ILA (PR 1.04, 

95% CI 0.88 to 1.23, p-value = 0.68) (Table 3; Figure 1E).

Anti-Cyclic Citrullinated Peptide Antibody, HAA, and ILA

HAA did not increase across quartiles of anti-CCP (p-value for trend = 0.42). In a fully 

adjusted model, the p-value for the interaction between smoking status and anti-CCP was 

0.02. In fully adjusted models, HAA increased by 1.31% (95% CI 0.45 to 2.18%, p-value = 

0.003) per doubling of anti-CCP among ever smokers, while there was no statistically 

significant association between anti-CCP and HAA among never smokers (0.40% decrease 

per doubling of anti-CCP, 95% CI −1.55 to 0.77%, p-value = 0.50) (Table 4; Figure 1C).

The prevalence of ILA did not increase across quartiles of anti-CCP (p-value for trend = 

0.70; Table 4), and in an unadjusted model, there was no meaningful association between 

anti-CCP levels and ILA prevalence (PR 1.08, 95% CI 0.95 to 1.23, p-value = 0.25). In a 

fully adjusted model, the p-value for the interaction between smoking status and anti-CCP 

was 0.01 (Table 4). In fully adjusted models, among ever smokers, the prevalence of ILA 

increased by 13% per doubling of anti-CCP (PR 1.13, 95% CI 1.02 to 1.24, p-value = 0.02), 

while among never smokers, there was no statistically significant association between anti-

CCP and the prevalence of ILA (PR 0.66, 95% CI 0.37 to 1.19, p-value = 0.17) (Table 4; 

Figure 1F).

Supplemental Table 3 shows the p-values for the linearity of the continuous associations 

between autoantibody concentrations and HAA and ILA.

Race Stratified Analyses

Race appeared to modify the association of anti-CCP with subclinical ILD among ever 

smokers. In fully adjusted models, among Hispanics, HAA increased by 3.85% (95% CI 

1.57 to 6.18%, p-value = 0.001) per doubling of anti-CCP compared to 0.58% (95% CI 

−0.32 to 1.48%, p-value = 0.21) for other races (p-value for interaction 0.004). See Online 

Data Supplement Tables 4–6 for the results of additional stratified analyses among ever 

smokers.

Bernstein et al. Page 6

Thorax. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Autoantibodies as Modifiers of the Relationship between Smoking, HAA, and ILA

Since we identified an interaction between RA-related autoantibodies and smoking status, 

we also examined the extent to which autoantibody levels modified the known association 

between smoking status and ILD.[12, 21] In fully adjusted models, compared to never 

smoking status, ever smoking status was associated with a 2.2-fold increased prevalence of 

ILA (PR 2.17, 95% CI 1.40 to 3.38) among participants with RF IgM levels > 17 U/mL 

(quartile 4) but only a 19% increased prevalence of ILA (PR 1.19, 95% CI 0.80 to 1.79) 

among participants with RF IgM levels < 4.03 U/mL (quartile 1; p-value for interaction = 

0.04; Figure 2).

In fully adjusted models, compared to never smoking status, ever smoking status was 

associated with a 3.22% mean increase in HAA (95% CI 0.79 to 5.71%) among participants 

with anti-CCP levels > 0.5 U/mL (quartile 4) but only a 1.37% mean increase in HAA (95% 

CI −0.86 to 3.65%) among participants with anti-CCP levels < 0.17 U/mL (quartile 1; p-

value for interaction = 0.02; Figure 2). In fully adjusted models, compared to never smoking 

status, ever smoking status was associated with a 2.2-fold increased prevalence of ILA (PR 

2.22, 95% CI 1.42 to 3.42) among participants with anti-CCP levels > 0.5 U/mL (quartile 4) 

and an 11% increased prevalence of ILA (PR 1.11, 95% CI 0.75 to 1.63) among participants 

with anti-CCP levels < 0.17 U/mL (quartile 1; p-value for interaction = 0.01; Figure 2).

DISCUSSION

In this large community-based multi-ethnic cohort, we found that higher serum levels of 

both RF IgM and RF IgA were associated with HAA, a CT biomarker of subclinical lung 

injury and inflammation, and with ILA, a validated measure of subclinical ILD. Moreover, 

smoking status modified the associations of both RF IgM and anti-CCP with both HAA and 

ILA, with stronger associations among ever smokers compared to never smokers. These 

results also indicate that higher serum levels of RF IgM and anti-CCP strengthen the known 

association between cigarette smoking and subclinical ILD. Our findings suggest that either 

RA-related autoimmunity contributes to subclinical ILD among smokers without an 

established autoimmune disease, or, as has been previously hypothesized, that smoking-

induced subclinical lung injury may lead to the local production of RA-related 

autoantibodies.[22]

We are unaware of previous studies that have examined the role of autoimmunity in 

subclinical ILD among community-dwelling adults. Our work builds on the results of 

previous studies that have identified an increased prevalence of subclinical ILD in adults 

with clinically diagnosed RA.[23, 24] Notably, adults in our study were sampled without 

regard to the presence or absence of an established autoimmune disease. Our findings 

therefore suggest that higher serum RF levels, even in the absence of clinically evident RA, 

may contribute to lung injury and inflammation and to ILD risk. Future studies may show 

that RF levels aid in ILD risk stratification, even in the general population.

It has been well-established that there is a pre-clinical phase of RA-related autoimmunity, 

during which circulating RF and/or anti-CCP are elevated without clinically apparent RA.

[25–28] Epitope spread targeting citrullinated proteins also occurs during this pre-clinical 
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phase.[29] The lung may be a target of this pre-clinical autoimmunity, or it may actually be 

the site of initiation of this pre-clinical autoimmunity – or both.[22] Smoking is a well-

established risk factor for the development of RA, for RF and anti-CCP positivity in RA, and 

for RF positivity in individuals without RA.[30, 31] Smoking has been shown to increase 

levels of peptidylarginine deiminase 2 (PAD2), an enzyme that catalyzes the post-

translational conversion of arginine to citrulline.[32–34] An environmental exposure such as 

smoking could trigger the development of autoantigens in the lungs in response to 

inflammation, which may result in the local production of RF and anti-CCP.[22] Our 

findings suggest that smoking may interact with RA-related autoimmunity to increase the 

risk of subclinical lung injury and inflammation in the general population, and also support 

the hypothesis that RA-related autoimmunity can be triggered by smoking-induced lung 

injury and inflammation. Future work should determine whether levels of antibodies to other 

citrullinated peptides and proteins, in addition to anti-CCP, are elevated in adults with 

subclinical ILD; whether adults with subclinical ILD have greater numbers of anti-

citrullinated peptide antibody (ACPA) reactivities compared to those without subclinical 

ILD; and whether epitope spread contributes to the development of ILA in the general 

population.[35]

Previous studies that have examined the association of different RF isotypes (i.e., IgM and 

IgA) with RA disease manifestations and RA disease activity have had varying conclusions 

about the relevance of these isotypes.[36, 37] Although the presence of both RF IgM and RF 

IgA often predate the onset of RA by several years, and RF IgM is more readily identified in 

clinical testing, RF IgA has been shown to have greater sensitivity and positive predictive 

value than RF IgM for the diagnosis of RA and appears earlier in pre-disease sera.[26] RF 

IgA, like RF IgM, has been associated with joint erosions in adults with RA.[36] In a recent 

study of treatment-naïve adults with early RA, RF IgM, RF IgA, and anti-CCP positivity 

were associated with erosive disease among ever smokers but not among never smokers.[38] 

In our community-based cohort, we found that smoking modified the associations of RF 

IgM and anti-CCP – but not RF IgA – with HAA and ILA. Our data suggest that RF IgA 

might lead to lung injury, inflammation, and fibrosis in a smoking-independent fashion, 

while RF IgM and anti-CCP might require concomitant or prior cigarette smoking before 

ILD pathology develops.

There are some limitations of our study. First, HAA was ascertained on cardiac CT scans, 

which incompletely image the lungs. However, ILD preferentially affects the lower lobes of 

the lung, which were typically completely imaged, and numerous previous studies have 

demonstrated that MESA cardiac CT scans provide useful information about pulmonary 

emphysema.[13, 17] Second, we do not have data on whether any participants had clinical 

evidence of RA, although, given that the prevalence of RA in the U.S. population is 1%, it is 

likely that the majority of subjects were unaffected by RA.[39, 40]. However, we cannot 

comment upon whether the associations between the autoantibodies we measured and ILA 

and HAA may be stronger among those with RA. Third, this is a cross-sectional study, so 

our ability to make causal inferences is limited. Although it is plausible that smoking 

interacts with RA-related autoantibodies to increase the risk of subclinical lung injury and 

inflammation in the general population, an alternative explanation may be that these RA-

related autoantibodies are produced in response to smoking and lung inflammation. Finally, 
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our study did not permit us to examine the mechanisms by which these autoantibodies might 

interact with smoking to contribute to subclinical lung injury and inflammation. Future 

studies should investigate these mechanisms.

In summary, we have identified novel associations between RA-related autoantibodies and 

CT measures of subclinical lung injury, inflammation, and ILD among community-dwelling 

adults, with stronger associations among ever smokers. Our findings support a potential role 

for autoimmunity in the development of subclinical ILD without regard to the presence of 

clinically- evident autoimmune disease. Our study demonstrates that titers of RF and anti-

CCP have meaning beyond a simple interpretation of “positive” or “negative.” The 

interaction between smoking and autoimmunity in the development of ILD deserves greater 

attention in future studies of ILD pathogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY QUESTIONS

What is the key question?

Is RA-associated autoimmunity associated with subclinical interstitial lung disease?

What is the bottom line?

We provide evidence that higher levels of RA-associated autoantibodies – even in the 

normal range – are associated with both quantitative and qualitative CT phenotypes of 

subclinical ILD in community-dwelling adults, particularly among ever smokers.

Why read on?

This study provides the first evidence linking autoimmunity to subclinical lung injury, 

inflammation, and extracellular matrix remodeling. These data suggest that clinical trials 

to prevent ILD in at-risk adults could focus on targeting autoimmunity.
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Figure 1. 
Continuous relationships of RF IgM (A and D), RF IgA (B and E), and CCP (C and F) with 

predicted (adjusted) high attenuation area volume (A, B, C) and the predicted probability of 

interstitial lung abnormalities (D, E, F). A, B, and C: Smoothed regression lines (solid line: 

all subjects, dashed line: ever smokers, dotted line: never smokers) are adjusted for age, sex, 

race, study site, BMI, total volume of imaged lung, percent emphysema, and tube current. 

The solid line is also adjusted for pack-years of smoking and current smoking status. D, E, 

F: Smoothed regression lines (solid line: all subjects, dashed line: ever smokers, dotted line: 

never smokers) are adjusted for age, sex, and race. The solid line is also adjusted for pack-

years of smoking and current smoking status. Each vertical tick mark on the rug plot running 

along the internal border of the x-axis represents one study participant. P-values shown are 

for the multivariable-adjusted associations between each autoantibody and HAA or ILA in 

the overall cohort and for interactions between each autoantibody and ever smoking status.
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Figure 2. 
Forest plots showing associations between smoking status and high attenuation areas (left 

panel) and smoking status and interstitial lung abnormalities (right panel), stratified by 

quartiles of RF IgM, RF IgA, and anti-CCP. Boxes are point estimates. Horizontal lines are 

95% confidence intervals. P-values for interaction are shown.
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Table 1

Baseline Characteristics by IgM Rheumatoid Factor Quartile

IgM Rheumatoid Factor Quartile

< 4.03 U/mL 4.03 to 8 U/mL 8.02 to 17 U/mL >17 U/mL

No. of subjects 1814 1710 1616 1596

Demographics & anthropometrics

 Age, years 63 (54–71) 61 (53–69) 62 (53–70) 63 (54–71)

 Female sex 918 (50.6) 887 (51.9) 882 (54.6) 876 (54.9)

 Race/ethnicity

  White 694 (38.3) 727 (42.5) 635 (39.3) 543 (34.0)

  African American 450 (24.8) 398 (23.3) 443 (27.4) 559 (35.0)

  Chinese American 291 (16.0) 207 (12.1) 162 (10.0) 143 (9.0)

  Hispanic 379 (20.9) 378 (22.1) 376 (23.3) 351 (22.0)

 Height, cm 166.0 ± 9.9 166.7 ± 10.0 166.5 ± 10.1 166.2 ± 10.2

 Weight, lbs 171.0 ± 37.1 173.2 ± 39.3 174.8 ± 39.2 174.4 ± 37.2

 Body mass index, kg/m2 28.1 ± 5.3 28.2 ± 5.4 28.5 ± 5.6 28.6 ± 5.5

 Body mass index category, kg/m2

  Underweight 16 (0.9) 12 (0.7) 15 (0.9) 13 (0.8)

  Normal 538 (29.7) 508 (29.7) 432 (26.7) 401 (25.1)

  Overweight 702 (38.7) 647 (37.8) 644 (39.9) 645 (40.4)

  Obese 558 (30.8) 543 (31.8) 525 (32.5) 537 (33.7)

 Waist circumference, cm 97.5 ± 13.9 98.0 ± 14.9 98.5 ± 14.5 98.6 ± 14.3

 Hip circumference, cm 104.9 ± 11.4 105.4 ± 11.4 106.1 ± 11.5 106.0 ± 11.5

Smoking

 Never smoker 854 (47.1) 807 (47.2) 727 (45.0) 663 (41.6)

 Former smoker 735 (40.5) 658 (38.5) 655 (40.6) 683 (42.8)

 Current smoker 224 (12.4) 245 (14.3) 232 (14.4) 249 (15.6)

 Cigarette pack-years (among ever-smokers) 13.8 (3.0–30.0) 14.0 (3.3–33.0) 15.0 (3.5–34.0) 15.0 (3.4–33.4)

Spirometry

 FEV1, L 2.4 ± 0.7 2.4 ± 0.7 2.4 ± 0.7 2.3 ± 0.7

 FEV1, %predicted 94.9 ± 17.9 92.7 ± 17.4 94.1 ± 18.2 93.4 ± 19.0

 FVC, L 3.2 ± 0.9 3.2 ± 1.0 3.2 ± 1.0 3.1 ± 0.9

 FVC, %predicted 95.8 ± 16.1 94.7 ± 15.9 95.3 ± 16.1 95.8 ± 17.2

 FEV1/FVC ratio 0.75 ± 0.08 0.75 ± 0.08 0.75 ± 0.08 0.74 ± 0.09

Computed tomography

 Total imaged lung volume (gas + tissue), cm3 2722.8 ± 799.4 2794.0 ± 764.4 2789.8 ± 864.0 2772.8 ± 788.7

 Emphysema, % 2.8 (1.2–5.5) 3.0 (1.3–5.8) 2.8 (1.2–5.8) 2.9 (1.3–5.6)

Respiratory diseases

 Self-reported emphysema, % 29 (1.6) 23 (1.4) 31 (1.9) 19 (1.2)

 Self-reported asthma, % 170 (9.4) 173 (10.1) 154 (9.5) 164 (10.3)

Hepatitis C 8 (0.4) 4 (0.2) 7 (0.4) 28 (1.8)

Data presented as mean (SD), median (IQR), and frequency (percentage)
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Missing data are as follows: Waist circumference (n = 1); Hip circumference (n = 1); Smoking (n = 4); FEV1 (n = 2,925); FVC (n = 2,939); 
FEV1/FVC (n = 2942); Self-reported emphysema (n = 1); Self-reported asthma (n = 2); Hepatitis C (n = 1)
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