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Abstract

Rationale: Prior studies investigating associations of rheumatoid
factor (RF) and anti–citrullinated protein antibody (ACPA)
seropositivity with risk for rheumatoid arthritis (RA)-associated
interstitial lung disease (ILD) have mostly used cross-sectional or
case–control designs.

Objectives: To determine whether combined autoantibody
seropositivity and higher individual autoantibody concentrations
were associated with increased risk for RA-ILD in a prospective
RA cohort.

Methods: Within the Veterans Affairs Rheumatoid Arthritis
prospective registry, we performed a cross-sectional study of
prevalent ILD and a retrospective cohort study of incident ILD
(diagnosed after at least 12 mo of longitudinal follow-up). We used
logistic and Cox regression methods to determine whether
combined RF/ACPA seropositivity and higher autoantibody
concentrations were independently associated with greater risk for
prevalent and incident ILD, respectively.

Results:Among 2,328 participants (median age 64 yr, 89.3%male),
100 (4.3%) subjects had prevalent ILD at enrollment. During 14,281
patient-years of follow-up, 83 (3.7%) of the remaining 2,228 were

subsequently diagnosed with incident ILD (5.8 cases per 1,000
person-years). Patients with combined RF/ACPA seropositivity had
a higher probability of prevalent ILD compared with seronegative
subjects (odds ratio [OR], 2.90; 95% confidence interval [CI],
1.24–6.78). RF titers demonstrated a monotonic association with
prevalent ILD (OR, 2.69; 95% CI, 1.11–6.51 for low-positive
[15–45 IU/ml] titers; OR, 3.40; 95% CI, 1.61–7.18 for high-positive
[.45 IU/ml] titers; P for trend 0.01). Patients with high-positive
(.15 U/ml) ACPA titers were also at higher risk for prevalent ILD
(OR, 1.91; 95% CI, 1.04–3.49) compared with ACPA-negative
subjects. Combined RF/ACPA seropositivity was not associated with
increased risk for incident ILD, nor were high- or low-positive RF or
ACPA titers. In a piecewise linear spline model, however, RF titers
greater than 90 IU/ml independently correlated with increased risk
for incident ILD (hazard ratio, 1.68, 95% CI, 1.02–2.77).

Conclusions: Combined RF/ACPA seropositivity and individual
autoantibody concentrations were strongly associated with
prevalent but not incident RA-ILD. Only patients with RF
concentrations .90 IU/ml were observed to be at higher risk of
incident RA-ILD.
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Rheumatoid arthritis (RA) is a systemic
autoimmune disease characterized by
inflammatory synovial changes that
eventually lead to symmetric arthritis and
bony destruction (1). Extraarticular
involvement of RA is common and
frequently affects the respiratory system
(2, 3). Interstitial lung disease (ILD) due to RA
(hereafter, RA-ILD) is among the most severe
pulmonary manifestations. Approximately 3–
10% of patients with RA are diagnosed with
clinically relevant ILD over the course of their
disease (4–7). RA-ILD is often progressive and
frequently leads to disabling symptoms and
respiratory failure. Risk for mortality differs
greatly for patients with RA with and without
ILD. For example, one study described a
threefold increase in risk of mortality in
patients with ILD (8).

Few risk factors for RA-ILD have been
consistently identified, including older
age, male sex, articular disease severity,
functional status, and tobacco exposure (9,
10). The presence of circulating rheumatoid
factor (RF) and anti–citrullinated protein
antibodies (ACPA), two autoantibodies
routinely tested in clinical practice, have
been associated with RA-ILD (10–17);
however, these associations were
demonstrated mostly in the context of
relatively small cross-sectional and case–
control studies that analyzed RF and ACPA
as separate, binary (seropositive or
seronegative) risk factors. Prior translational
studies have observed higher concentrations
of ACPA in bronchoalveolar lavage fluid
from patients with RA with parenchymal
lung abnormalities (18, 19), suggesting that
RA autoantibodies may be produced within
the lungs. Despite these findings, the
implications of combined RF and ACPA
seropositivity and their individual
autoantibody concentrations on ILD risk
remain largely unknown. An improved
understanding of the relationship between
these autoantibodies and RA-ILD could
inform important underlying disease
mechanisms and potentially strengthen
their clinical utility.

We aimed to determine whether
combined RF/ACPA seropositivity
and higher individual autoantibody
concentrations were associated with
increased risk for RA-ILD.We hypothesized
that dual autoantibody seropositivity would
be associated with prevalent ILD and would
confer greater risk for the development of
incident ILD. We also hypothesized there
would be a dose-dependent relationship

between RF and ACPA titers and
RA-ILD risk, with implications for both
prevalent and incident disease.

Methods

Study Design and Patient Population
We performed both a cross-sectional study
of prevalent ILD and a retrospective cohort
study of incident ILD within the Veterans
Affairs Rheumatoid Arthritis (VARA)
prospective registry (20). The VARA
registry, initiated in 2003, is an ongoing
multicenter prospective observational study
of U.S. veterans with RA meeting the
1987 American College of Rheumatology
criteria (21). All patients provided informed
consent before enrollment. In addition,
all 13 participating sites obtained local
institutional review board approval. The
present study was approved by the VARA
Scientific Ethics and Advisory Committee.

Data on patient sociodemographics,
smoking history (current, former, or
never), education level, RA disease onset,
medications, and comorbidities were
collected at enrollment, in addition to
functional status and disease activity metrics
such as the Multidimensional Health
Assessment Questionnaire (MDHAQ) (22)
and the Disease Activity Score in 28 Joints
(DAS28) (23).

Characterization of Lung Disease
within the VARA Registry
RA-ILD status was determined through
standardized detailed medical record
adjudication among patients who initially
screened positive for one or more
International Classification of Diseases,
Ninth Revision (ICD-9) or International
Classification of Diseases, Tenth Revision
(ICD-10) codes previously proposed to
ascertain ILD status or for one or more
closely related codes, as described in prior
studies (24, 25). Patients were classified as
having RA-ILD if they had a provider
diagnosis of ILD and either 1) chest
computed tomographic (CT) scan features
of ILD or 2) lung biopsy histopathological
abnormalities consistent with ILD. The vast
majority of RA-ILD cases (96%) were
confirmed based on CT findings, whereas
the remaining 4% without readily available
CT data had pathology findings consistent
with ILD. Imaging reports were reviewed by
three rheumatologists with clinical expertise
in RA-ILD who trained against each other in

pilot abstraction. The reports were reviewed
for impressions of ILD and pulmonary
fibrosis accompanied by characteristic
imaging findings (e.g., reticular opacities,
honeycombing, interstitial thickening,
traction bronchiectasis, ground-glass
opacities). A random sample of all VARA
registry subjects not identified via initial
screening using ILD diagnostic codes
(n= 243) was similarly reviewed via a
standardized detailed medical record
adjudication process. Among these subjects,
only 7 out of 243 (2.9%) were ultimately
classified as having ILD based on the
aforementioned criteria (25). A prevalent
case was defined as ILD diagnosed before or
within 1 year of enrollment, whereas an
incident case was defined as ILD diagnosed
after at least 12 months of longitudinal
follow-up within the VARA Registry.
Follow-up occurred through December 31,
2018. Up until that date, we continued to
query and review participating subjects’
medical records for RA-ILD evidence
(diagnoses, testing, etc.). We also queried
VA vital status records available through the
end of the study period.

Rheumatoid Factor and Anti–
Citrullinated Protein Antibody
Measurements
RF and ACPA measurements were obtained
from banked serum collected at the time of
VARA registry enrollment. Low- and high-
positive RF and ACPA titer thresholds were
defined according to the 2010 American
College of Rheumatology/European
League Against Rheumatism updated
RA classification criteria (26). ACPA
(immunoglobulin G) titers were determined
using a second-generation anti–cyclic
citrullinated peptide antibody ELISA
(Diastat; Axis-Shield Diagnostics), for
which “low positivity” was defined as
5–15 U/ml and “high positivity” was defined
as .15 U/ml. RF titers were determined
by nephelometry (Siemens Healthcare
Diagnostics), for which “low positivity”
was defined as 15–45 IU/ml and “high
positivity” was defined as .45 IU/ml (15).
RF and ACPA concentrations were
measured at regular intervals shortly after
biospecimen collection (almost universally
within 1 yr of subject enrollment).

Statistical Analysis
For describing differences in baseline
clinical characteristics within our cross-
sectional and cohort study populations,
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patients were categorized into three groups
based on autoantibody status: 1) dual
autoantibody seropositive (RF1/ACPA1);
2) single autoantibody seropositive (RF1/
ACPA2 or RF2/ACPA1); and 3) dual
autoantibody seronegative (RF2/ACPA2).
Differences in patient characteristics were
analyzed using the Mann-Whitney U test,
chi-squared test, or Fisher’s exact test, as
appropriate. Individual RF and ACPA titers
were logarithmically transformed given
their skewed distributions.

We performed univariate and
multivariable logistic regression analyses to
assess the associations of autoantibody
status as defined above, degree of RF and
ACPA seropositivity (negative, low, and
high) as defined by prespecified assay
cutoffs, and log-transformed RF and ACPA
titers with prevalent ILD. Locally weighted
scatterplot smoothing was used to
determine whether inclusion of spline terms
improved model fit. The addition of splines
allows for the evaluation of associations
between the exposure (log-transformed
autoantibody concentrations) and outcome
(RA-ILD) over the range of the exposure to
determine if there are thresholds beyond
which an association is observed. The
following covariates were selected for
inclusion in multivariable models based on
preexisting mechanistic and biological
knowledge: age at enrollment, sex, race
(white, African American, or other),
smoking history, RA disease duration, and
baseline severity of articular disease as
measured by the DAS28. Other covariates
such asMDHAQ scores and use of biologics,
specifically anti–tumor necrosis factor
therapies, were excluded given concerns for
having collinearity with articular disease
severity scores. Given the completeness of
the data (only 2% of participants had
missing data), a complete case analysis
approach was performed.

Univariate and multivariable Cox
proportional hazards models were used to
determine whether combined RF/ACPA
seropositivity and higher individual RF and
ACPA titers conferred greater risk for
developing incident ILD in participants
without ILD at baseline (or diagnosed
within 1 yr of enrollment) (27). Based on
our definition of incident ILD, subjects only
began to contribute person-years to our Cox
models 1 year following enrollment to
mitigate risk for immortal time bias (28).
Patients were followed until the
development of incident ILD. Censoring

occurred after December 31, 2018, or at the
time of death. The proportional hazards
assumption was assessed via weighted
versions of Kaplan-Meier curves using log–
log plots and tests and graphical displays of
Schoenfeld and scaled Schoenfeld residuals.
Unadjusted Kaplan-Meier survival curves
were generated to demonstrate differences
in incident ILD risk based on RF titers in the
highest quartile (.295 IU/ml) relative to the
lower three quartiles.

We performed several sensitivity
analyses, including one in which death
before the development of ILD was modeled
as a competing risk in our regression models
(29). We also completed a series of analyses
in which subjects were censored at the date
of their last VARA registry visit to account
for the possibility that a small proportion of
study participants might have sought
ongoing medical care permanently outside
the VA system before the conclusion of our
study. Finally, we performed a sensitivity
analysis in which we restricted observations
in our retrospective cohort study only to
subjects who were diagnosed with RA
within 5 years of VARA registry enrollment
to account for a potential “depletion of
susceptibles” bias given differences observed
in RA disease duration depending on
autoantibody status (30). Statistical significance
was defined as P, 0.05. All analyses were
performed using Stata/IC, version 15.1.

Results

Cross-Sectional Study Results
The cross-sectional study sample used for
examining cases of prevalent RA-ILD
comprised 2,328 participants (median
age 64 yr, 89.3% male). Patients with
combined RF/ACPA seropositivity were
significantly more likely to be male and
current or former cigarette smokers
(Table 1). Significant differences were also
noted in RA disease duration and baseline
DAS28 and MDHAQ scores, as well as in
the proportion receiving anti–tumor necrosis
factor therapies. There were no racial or
ethnic differences, nor were there differences
in body mass index or the frequencies of
prednisone or methotrexate use.

At baseline, 100 subjects (4.3%; 95%
confidence interval [CI], 3.5–5.2%) had
prevalent ILD. After adjustment for
prespecified baseline covariates, subjects
with combined RF/ACPA seropositivity
were significantly more likely to have

prevalent ILD compared with combined
seronegative subjects (odds ratio [OR], 2.90;
95% CI, 1.24–6.78; Table 2). In addition,
patients with combined autoantibody
seropositivity had a significantly increased
odds of prevalent ILD compared with
single autoantibody–seropositive subjects
(OR, 2.03; 95% CI, 1.00–4.10). Single
autoantibody seropositivity was not
significantly associated with prevalent ILD
relative to seronegative autoantibody status.

The highest values of RF were
most strongly associated with ILD, with
corresponding ORs of 2.69 (95% CI, 1.11–
6.51) for low-positive RF titers and 3.40
(95% CI, 1.61–7.18) for high-positive RF
titers (p for trend 0.01; Table 2). Similarly,
higher concentrations of RF were associated
with ILD when modeled in quartiles and
continuous values. The highest quartile of
RF concentrations was associated with
greater than fivefold higher odds of ILD, and
the odds for ILD increased by 40% per one
log-transformed RF titer unit. Patients with
high-positive ACPA titers had a higher
prevalence of ILD compared with ACPA-
negative patients (OR, 1.91; 95% CI, 1.04–3.49;
Table 2). Higher quartiles of ACPA
concentrations were also more closely
associated with the presence of ILD. The odds
for ILD were 17% higher per one log-
transformed ACPA titer unit. Results from our
univariate logistic regression analyses are
provided in Table E2 in the online supplement.

Retrospective Cohort Study Results
Comparable sociodemographic and clinical
differences were noted in our retrospective
cohort study sample (n= 2,228, median age
64 yr, 88.9%male; Table E1). In addition, no
differences were observed in median follow-
up time across various autoantibody status
subgroups. During 14,281 patient-years of
follow-up, 83 (3.7%; 95% CI, 3.0–4.6%) of
the remaining 2,228 participants without
prevalent ILD at enrollment were diagnosed
with incident ILD during follow-up,
corresponding to 5.8 incident ILD cases per
1,000 person-years. In contrast to our cross-
sectional analyses, combined RF/ACPA
seropositivity was not associated with
increased risk for ILD (hazard ratio, 1.05;
95% CI, 0.54–2.02; Table 3). In addition,
high concentrations of RF by clinically
established cutoffs and by quartiles were not
significantly associated with incident ILD
(Table 3). However, a multivariable-
adjusted model in which subjects with an
RF titer in the top quartile (.295 IU/ml)
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were compared with all other subjects
demonstrated a significantly increased
hazard of incident ILD (hazard ratio, 1.66;
95% CI, 1.04–2.66). Unadjusted Kaplan-
Meier survival estimates for this analysis are
shown in Figure 1 (log-rank test P= 0.01).
This observation was further supported by a
15% relative increased hazard of incident
ILD per one log-transformed RF titer unit
(Table 3). This effect was more pronounced
with inclusion of a spline term, such that
there was an 68% relative increased hazard
of incident ILD for every one log-
transformed RF titer unit beyond an RF titer
greater than 90 IU/ml. Higher ACPA
concentrations were not significantly
associated with incident ILD risk (Table 3).
Results from our univariate Cox regression
analyses are provided in Table E3.

Across all variables of interest, there
were no significant differences in point
estimates of sub–hazard ratios when death
before the development of ILD was modeled
as a competing risk (Table E4), nor were
there differences noted when subjects were
censored at the date of their last VARA

registry visit. Finally, significant associations
of incident ILD with the RF titer top quartile
and with the log-transformed RF titer spline
term persisted when we restricted our
observations only to subjects who were
diagnosed with RA within 5 years of
VARA registry enrollment, whereas other
independent variables of interest remained
unassociated with incident ILD.

Discussion

In our study, patients with RA with
combined RF/ACPA seropositivity were
more likely to have prevalent ILD at the
time of serologic testing compared with
patients with only one or no detectable
autoantibodies. Similarly, higher
concentrations of RF and ACPA were
independently associated with the presence
of ILD. However, dual autoantibody
seropositivity was not associated with the
subsequent development of incident ILD.
Although RF concentrations greater than
90 IU/ml were associated with a higher risk

of developing ILD, elevated ACPA titers did
not confer increased risk for incident ILD.

Patients with RA are roughly nine times
more likely to develop ILD in comparison
with the general population (9, 31). Previous
studies have estimated that 3–10% of
patients with RA have clinically significant
ILD (4–7). In addition, mild interstitial
abnormalities on chest CT scans have been
described in more than 30% of patients with
RA (32), although it is unclear what
proportion of these patients subsequently
progress to more advanced disease. The
development of ILD has important
implications for both morbidity and
mortality, with patients with RA-ILD
thought to have a threefold increased risk of
mortality compared with patients with RA
without ILD (8). A recent study reported
dramatic differences in 1- and 5-year
mortality rates between subjects with
RA-ILD and those with RA without ILD
(14% vs. 4% and 39% vs. 18%, respectively)
(33). Thus, ongoing efforts to identify
patients with RA who are most at risk for
ILD remain crucial.

Table 1. Baseline sociodemographic and clinical characteristics of cross-sectional study participants, stratified by combinations of
RF and ACPA seropositivity

Overall RF2/ACPA2 RF1/ACPA2 or
RF2/ACPA1

RF1/ACPA1

N 2,328 341 384 1,603
Age, median (IQR) 64 (58–71) 65 (59–73) 63 (56–70) 64 (58–71)
Male, n (%) 2,065 (89.3) 298 (87.9) 326 (85.6) 1,441 (90.5)
Race, n (%)
American Indian or Alaska Native 18 (0.8) 3 (0.9) 4 (1.0) 11 (0.7)
Asian 7 (0.3) 2 (0.6) 1 (0.3) 4 (0.2)
Black or African American 345 (14.8) 40 (11.7) 67 (17.4) 238 (14.9)
Multiracial 18 (0.8) 5 (1.5) 1 (0.3) 12 (0.7)
Native Hawaiian or Pacific Islander 10 (0.4) 1 (0.3) 2 (0.5) 7 (0.4)
White 1,775 (76.3) 274 (80.4) 282 (73.4) 1,219 (76.1)
Missing 153 (6.6) 16 (4.7) 27 (7.0) 110 (6.9)

Ethnicity, n (%)
Hispanic or Latino 100 (4.3) 11 (3.2) 20 (5.2) 69 (4.3)
Not Hispanic or Latino 2,140 (92.0) 322 (94.4) 346 (90.1) 1,472 (91.9)
Missing 86 (3.7) 8 (2.3) 18 (4.7) 60 (3.7)

BMI, median (IQR) 28.1 (24.8–32.0) 28.5 (25.5–32.4) 27.8 (24.9–32.0) 28.1 (24.8–31.9)
Smoking history, n (%)
Never 478 (21.0) 93 (27.7) 104 (27.9) 281 (17.9)
Former 572 (25.1) 61 (18.2) 68 (18.2) 443 (28.2)
Current 1,231 (54.0) 182 (54.2) 201 (53.9) 848 (53.9)

RA disease duration, years, median (IQR) 8.0 (2.4–17.5) 5.9 (1.9–12.9) 7.0 (2.2–15.4) 8.8 (2.8–19.0)
DAS28, median (IQR) 3.6 (2.5–5.1) 3.5 (2.5–5.0) 3.3 (2.3–4.6) 3.7 (2.5–5.2)
MDHAQ, median (IQR) 0.9 (0.4–1.3) 0.9 (0.4–1.3) 0.7 (0.3–1.2) 0.9 (0.4–1.3)
Prednisone use (%) 1,133 (48.7) 150 (44.0) 192 (50.1) 791 (49.3)
Methotrexate use (%) 1,301 (55.9) 175 (51.3) 216 (56.4) 910 (56.8)
Anti-TNF use (%) 659 (28.3) 75 (22.0) 103 (26.9) 481 (30.0)

Definition of abbreviations: ACPA=anti–citrullinated protein antibody; BMI = body mass index; DAS28=Disease Activity Score in 28 Joints;
IQR= interquartile range; MDHAQ=Multidimensional Health Assessment Questionnaire; RA= rheumatoid arthritis; RF= rheumatoid factor; TNF= tumor
necrosis factor.
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Prior cross-sectional and case–control
studies have demonstrated an association
between ILD and positive serologies for
either RF or ACPA (11–17). However, this
association has not been observed among
cohort studies. For example, a UK cohort
study failed to demonstrate a higher risk
of ILD in patients with RA with RF
seropositivity (34). A U.S. population–based
cohort study found trends toward an
association between RF seropositivity and
ILD that did not achieve statistical
significance (8). Neither study evaluated the
association between ACPA seropositivity
and ILD risk. In addition, there are no prior
studies to our knowledge that have
investigated the impact of combined RF/
ACPA seropositivity or the dose-dependent
effects of individual RF and ACPA
concentrations on ILD risk. Thus, novel
findings from our study included a higher
prevalence of ILD in patients with RA
with combined RF/ACPA seropositivity,
the identification of dose-dependent
relationships between RF and ACPA with
prevalent ILD, and a higher risk of incident
ILD only among those with the highest
values of RF.

Results from our cross-sectional and
cohort studies, examining risks of prevalent

and incident disease, respectively, differed.
This difference was most striking for dual
autoantibody seropositivity and for high-
titer ACPA concentrations, both of which
were associated with prevalent disease but
not with incident disease. Reverse causality
is one possible explanation, in which ACPAs
are produced locally (i.e., within the
lungs) in the setting of active pulmonary
parenchymal inflammation and fibrosis and
thus are only detectable in high serum
concentrations in the context of established
ILD. This is consistent with recent reports
demonstrating the presence of inducible
bronchial-associated lymphoid tissue
in patients with RA-ILD, a finding
that correlated with higher ACPA
concentrations in both serum and
bronchoalveolar lavage fluid (18). Similar
observations were noted in a study
comparing patients with ACPA-positive
and ACPA-negative RA with and without
parenchymal lung abnormalities (19).
Alternatively, there may be biologic
differences between patients with prevalent
ILD and those without ILD at baseline who
develop pulmonary fibrosis over time.
One final potential explanation for the
discrepancies observed between our cross-
sectional and retrospective cohort analyses

is a “depletion of susceptibles” phenomenon
given that combined RF/ACPA–
seropositive subjects had a longer median
duration of RA before VARA registry
enrollment (8.7 yr vs. 7.1 yr for single
autoantibody–positive subjects and 5.9 yr
for combined seronegative subjects).
However, we attempted to account for this
by generating additional Cox models that
restricted observations only to subjects
diagnosed with RA within 5 years of VARA
registry enrollment. In these models, RF
titers .90 IU/ml remained significantly
associated with incident ILD whereas
other independent variables remained
unassociated with incident ILD.

Beyond the established RA
autoantibodies we studied, other novel
biomarkers for RA-ILD risk such as matrix
metalloproteinase 7 and surfactant protein D
(11), antibodies to malondialdehyde-
acetaldehyde adducts (24), and
proinflammatory/profibrotic cytokines (35)
are being investigated but are not yet
clinically available. RF and ACPA titers
are almost universally obtained in the
evaluation of patients with suspected RA.
Although our results demonstrated that
individuals with combined RF/ACPA
seropositivity were significantly more likely

Table 2. Multivariable logistic regression analyses of the cross-sectional study sample

No. Exposed No. with ILD (%) Adjusted OR* 95% CI P Value

RF/ACPA seropositivity RF2/ACPA2 341 6 (1.8) Ref. — —
RF1/ACPA2 or RF2/ACPA1 384 10 (2.6) 1.48 0.52–4.24 0.46
RF1/ACPA1 1,603 84 (5.2) 2.90 1.24–6.78 0.01

RF titer analyses
RF titer category Negative 535 8 (1.5) Ref. — —

Low positive (15–45 IU/ml) 363 17 (4.7) 2.69 1.11–6.51 0.03
High positive (.45 IU/ml) 1,430 75 (5.2) 3.40 1.61–7.18 0.001

RF titer quartiles 1 583 9 (1.5) Ref. — —
2 582 22 (3.8) 2.16 0.96–4.83 0.06
3 581 21 (3.6) 2.27 1.02–5.05 0.04
4 582 48 (8.3) 5.44 2.60–11.41 ,0.001

Log-transformed RF titer Per 1 log-transformed unit — — 1.40 1.22–1.59 ,0.001

ACPA titer analyses
ACPA titer category Negative 531 14 (2.6) Ref. — —

Low positive (5–15 U/ml) 94 1 (1.1) 0.41 0.05–3.16 0.39
High positive (.15 U/ml) 1,703 85 (5.0) 1.91 1.04–3.49 0.04

ACPA titer quartiles 1 582 15 (2.6) Ref. — —
2 582 18 (3.1) 1.32 0.64–2.70 0.45
3 582 29 (5.0) 1.95 1.01–3.78 0.05
4 582 38 (6.5) 2.48 1.31–4.68 0.005

Log-transformed ACPA titer Per 1 log-transformed unit — — 1.17 1.05–1.30 0.004

Definition of abbreviations: ACPA=anti–citrullinated protein antibody; CI = confidence interval; DAS28=Disease Activity Score in 28 Joints; ILD= interstitial
lung disease; No. = number; OR=odds ratio; RA= rheumatoid arthritis; Ref. = reference; RF= rheumatoid factor.
*Multivariable models are adjusted for age at enrollment, sex, race (white, African American, or other), smoking history, RA disease duration, and baseline
articular disease severity (DAS28).
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to have prevalent RA-ILD, 16% of
prevalent ILD cases were among those
who were single antibody positive or dual
antibody negative and 95% of patients
with dual antibody–positive RA did not
have ILD. In our cohort analyses, only
those patients with the highest RF
concentrations appeared to be at higher
risk for incident ILD. Thus, RA
autoantibodies alone do not appear to be
sufficient for ILD risk stratification.
Whether consideration of these RA
autoantibodies in combination with
screening for clinical symptoms of ILD
(e.g., exertional dyspnea and cough) and
an assessment of other established risk
factors will aid in the earlier identification
of ILD warrants further investigation.

Limitations
Our approach provided us with a larger
sample size in comparison with existing
studies and allowed for standardization of
autoantibody assessments. However, our
study has several limitations. The male
predominance, as well as military veteran
status and lower prevalence of biologic
therapies, within our cohort may affect
generalizability. Thus, external validation
of our findings is an important future
direction. Conversely, our study
population uniquely leveraged our ability
to investigate associations between RA
autoantibodies and ILD for a number of
reasons. Because RA-ILD is more
common inmen than in women (4, 8) and
given that almost 70% of patients with
RA-ILD have smoked (14), our study
population is significantly enriched for
ILD risk factors. In addition, men with RA
are historically underrepresented in
epidemiologic studies, although they
make up up to one-third of all affected
cases (and half of RA-ILD cases) (36).
Furthermore, men with RA tend to have
more aggressive disease than women,
characterized by more severe articular
damage, a higher prevalence of
extraarticular manifestations, and greater
disease-related mortality (37, 38). Finally,
the VA represents the largest integrated
healthcare system in the United States and
thus provides an opportunity to study a
uniquely vulnerable RA population where
socioeconomic barriers to healthcare
access are limited.

There are other important
limitations of our study. ILD data were
collected retrospectively, and not all dataT

ab
le

3.
M
ul
tiv

ar
ia
b
le

C
ox

re
gr
es

si
on

an
al
ys

es
of

th
e
re
tr
os

p
ec

tiv
e
co

ho
rt
st
ud

y
sa

m
p
le

N
o
.
E
xp

o
se

d
N
o
.
o
f
IL
D

C
as

es
T
o
ta
l
P
er
so

n-
Y
ea

rs
IL
D

E
ve

nt
R
at
e*

A
d
ju
st
ed

H
R
†

95
%

C
I

P
V
al
ue

R
F/
A
C
P
A
se

ro
p
os

iti
vi
ty

R
F2

/A
C
P
A
2

33
5

12
2,
10

7
5.
7

R
ef
.

—
—

R
F1

/A
C
P
A
2
or

R
F2

/A
C
P
A
1

37
4

13
2,
31

3
5.
6

1.
12

0.
50

–
2.
52

0.
78

R
F1

/A
C
P
A
1

1,
51

9
58

9,
86

1
5.
9

1.
05

0.
54

–
2.
02

0.
90

R
F
tit
er

an
al
ys

es
R
F
tit
er

ca
te
go

ry
N
eg

at
iv
e

52
7

18
3,
24

3
5.
6

R
ef
.

—
—

Lo
w

p
os

iti
ve

(1
5–

45
IU
/m

l)
34

6
9

2,
27

7
4.
0

0.
77

0.
34

–
1.
74

0.
53

H
ig
h
p
os

iti
ve

(.
45

IU
/m

l)
1,
35

5
56

8,
76

1
6.
4

1.
08

0.
62

–
1.
89

0.
79

R
F
tit
er

q
ua

rt
ile
s

1
55

7
19

3,
39

5
5.
6

R
ef
.

—
—

2
55

7
13

3,
63

8
3.
6

0.
70

0.
34

–
1.
44

0.
34

3
55

7
20

3,
67

0
5.
4

1.
01

0.
53

–
1.
92

0.
99

4
55

7
31

3,
57

8
8.
7

1.
43

0.
77

–
2.
65

0.
25

Lo
g-
tr
an

sf
or
m
ed

R
F
tit
er

P
er

1
lo
g-
tr
an

sf
or
m
ed

un
it

—
—

—
—

1.
15

1.
00

–
1.
32

0.
05

Lo
g-
tr
an

sf
or
m
ed

R
F
tit
er

w
ith

sp
lin
e
te
rm

P
er

1
lo
g-
tr
an

sf
or
m
ed

un
it

—
—

—
—

0.
85

0.
62

–
1.
17

0.
31

S
p
lin
e
te
rm

at
4.
5

—
—

—
—

1.
68

1.
02

–
2.
77

0.
04

A
C
P
A
tit
er

an
al
ys

es
A
C
P
A
tit
er

ca
te
go

ry
‡

N
eg

at
iv
e

51
7

19
3,
28

4
5.
8

R
ef
.

—
—

Lo
w

p
os

iti
ve

(5
–
15

U
/m

l)
93

0
49

7
0.
0

—
—

—
H
ig
h
p
os

iti
ve

(.
15

U
/m

l)
1,
61

8
64

10
,5
00

6.
1

1.
05

0.
62

–
1.
79

0.
85

A
C
P
A
tit
er

q
ua

rt
ile
s

1
55

7
19

3,
47

5
5.
5

R
ef
.

—
—

2
55

7
20

3,
45

8
5.
8

1.
04

0.
54

–
2.
02

0.
90

3
55

7
15

3,
70

4
4.
0

0.
78

0.
39

–
1.
56

0.
48

4
55

7
29

3,
64

4
8.
0

1.
45

0.
80

–
2.
65

0.
22

Lo
g-
tr
an

sf
or
m
ed

A
C
P
A
tit
er

P
er

1
lo
g-
tr
an

sf
or
m
ed

un
it

—
—

—
—

1.
04

0.
94

–
1.
15

0.
50

D
e
fin
iti
o
n
o
f
a
b
b
re
vi
a
tio

n
s:

A
C
P
A
=
a
n
ti–
c
itr
u
lli
n
a
te
d
p
ro
te
in

a
n
tib

o
d
y;

C
I=

c
o
n
fid

e
n
c
e
in
te
rv
a
l;
D
A
S
2
8
=
D
is
e
a
se

A
c
tiv
ity

S
c
o
re

in
2
8
Jo

in
ts
;
H
R
=
h
a
za
rd

ra
tio

;
IL
D
=
in
te
rs
tit
ia
l
lu
n
g
d
is
e
a
se
;

N
o
.=

n
u
m
b
e
r;
R
A
=
rh
e
u
m
a
to
id

a
rt
h
rit
is
;
R
F
=
rh
e
u
m
a
to
id

fa
c
to
r;
R
e
f.
=
re
fe
re
n
c
e
.

*E
ve
n
t
ra
te

is
p
e
r
1
,0
0
0
p
e
rs
o
n
-y
e
a
rs
.

†
M
u
lti
va
ria

b
le
m
o
d
e
ls
a
re

a
d
ju
st
e
d
fo
r
a
g
e
a
t
e
n
ro
llm

e
n
t,
se
x,

ra
c
e
(w
h
ite
,
A
fr
ic
a
n
A
m
e
ric

a
n
,
o
r
o
th
e
r)
,
sm

o
ki
n
g
h
is
to
ry
,
R
A
d
is
e
a
se

d
u
ra
tio

n
,
a
n
d
b
a
se
lin
e
a
rt
ic
u
la
r
d
is
e
a
se

se
ve
rit
y
(D
A
S
2
8
).

‡
N
o
su

b
je
c
ts

w
ith

in
c
id
e
n
t
IL
D

h
a
d
a
lo
w
-p
o
si
tiv
e
A
C
P
A
tit
e
r,
w
h
e
re
a
s
1
9
h
a
d
a
n
e
g
a
tiv
e
tit
e
r
a
n
d
6
4
h
a
d
a
h
ig
h
-p
o
si
tiv
e
tit
e
r.

ORIGINAL RESEARCH

Natalini, Baker, Singh, et al.: Associations of RA Autoantibodies with ILD 603



were available within medical records. Thus,
we may have underestimated the prevalence
and incidence of ILD within our study
population. We expect any misclassification
of ILD to bias our results toward the null.
We also could not definitively distinguish
between clinical and subclinical ILD in
all cases based on the retrospective
classification performed. However, we
believe the majority of ILD cases were
clinically significant given that ILD status

required a physician diagnosis in the
medical records in addition to supportive
findings on diagnostic testing. Given the low
frequency with which the specific ILD
phenotypic pattern (usual interstitial
pneumonia vs. nonspecific interstitial
pneumonia vs. other) was reported, we
were not able to compare RF/ACPA
seropositivity and individual concentrations
by RA-ILD pattern. Furthermore, we were
unable to determine the predictive value of

RA autoantibodies for ILD earlier in the RA
disease course as this was not an RA
inception cohort, although we performed
secondary analyses in which only patients
with more recently diagnosed RA
(diagnosed within 5 yr) were included.
Finally, total smoking pack-years is not
captured within the VARA registry, which
limited our ability to adjust for smoking
history as a continuous variable.

Conclusions
We found RF and ACPA to be associated
with prevalent RA-ILD, whereas only RF
concentrations .90 IU/ml were associated
with incident RA-ILD. Our investigation
of combined autoantibody status and
individual autoantibody concentrations
advances our understanding of the role of
autoantibodies in RA-ILD pathogenesis and
demonstrates the need for the development
and validation of RA-ILD risk models to
enhance its identification. n
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