1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Semin Arthritis Rheum. Author manuscript; available in PMC 2019 April 01.

-, HHS Public Access
«

Published in final edited form as:

Semin Arthritis Rheum. 2018 April ; 47(5): 639-648. doi:10.1016/j.semarthrit.2017.09.005.

Rheumatoid arthritis and risk of chronic obstructive pulmonary
disease or asthma among women: a marginal structural model

analysis in the Nurses’ Health Study

Jeffrey A. Sparks, MD, MMSc12, Tzu-Chieh Lin, PhD:2, Carlos A. Camargo Jr., MD,

DrPH2:345 Medha Barbhaiya, MD, MPH12, Sara K. Tedeschi, MD, MPH:2, Karen H.
Costenbader, MD, MPH12, Benjamin A. Raby, MD, MPH25, Hyon K. Choi, MD, DrPH2%6, and
Elizabeth W. Karlson, MD12

Division of Rheumatology, Immunology, and Allergy, Brigham and Women'’s Hospital, Boston,
MA

2Harvard Medical School, Boston, MA

SHarvard T.H. Chan School of Public Health, Boston, MA

4Department of Emergency Medicine, Massachusetts General Hospital, Boston, MA
5Channing Division of Network Medicine, Brigham and Women’s Hospital, Boston, MA

6Division of Rheumatology, Massachusetts General Hospital, Boston, MA

Abstract

Objective—We investigated whether RA increases risk for chronic obstructive pulmonary
disease (COPD) or asthma independent of factors occurring before RA onset or mediating these
respiratory morbidities after diagnosis, such as cigarette smoking.

Methods—Within the prospective Nurses’ Health Study (n=121,701 women; 1976-2014), we
identified an incident RA cohort and matched each woman with RA to 10 comparators without
RA by age and year at index date of RA diagnosis, excluding women with COPD or asthma at
baseline. Data were obtained through biennial questionnaires and medical records. We used
marginal structural models to determine the independent effect of RA on incident COPD or
asthma adjusting for confounders and time-varying mediators through inverse probability
weighting.

Results—We identified 843 women with RA, matched to 8,399 comparators without RA. Mean
age was 59.8 years and mean follow-up after index date was 18.6 years (SD 9.0) for women with
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RA, and 18.8 years (SD 9.5) for comparators. We identified 68 (8.1%) incident COPD and 40
(4.7%) asthma cases among women with RA, and 459 (5.5%) COPD and 268 (3.2%) asthma cases
among comparators. RA was associated with increased risk of COPD (HR 1.52, 95%Cl 1.17-
1.97) and asthma (HR 1.55, 95%CI 1.11-2.16) compared to comparators adjusted for the
matching factors of age and calendar year at index date. After further adjustment for confounders
and time-varying mediators occurring after index date, including smoking, RA was significantly
associated with COPD (HR 1.68, 95%CI 1.36-2.07), but not asthma (HR 1.11, 95%CI 0.59-2.09)
compared to non-RA comparators. Women with seropositive RA (HR 1.60, 95%CI 1.17-2.19) and
seronegative RA (HR 1.62, 95%CI 1.09-2.40) had similar increased risk for COPD compared to
non-RA comparators.

Conclusion—In this prospective cohort study, RA was associated with increased risk for
incident COPD, independent of lifestyle confounders and mediators after diagnosis, including
smoking.

Keywords
rheumatoid arthritis; epidemiology; causal inference; COPD; asthma; respiratory

The lungs have an important role in rheumatoid arthritis (RA), both in terms of pathogenesis
and clinical outcomes (1-3). Inflammation in the bronchiolar mucosa may be an initial
trigger for immune tolerance breakdown that leads to the formation RA-related
autoantibodies, perhaps years prior to the clinical onset of RA (4-9). Individuals with
genetic RA susceptibility, such as HLA-DRB1 shared epitope alleles, and environmental
triggers, such as cigarette smoking, may be particularly prone to immune dysregulation
occurring in the airways and pulmonary interstitium among other anatomic sites (10, 11).
Among patients diagnosed with RA, interstitial lung disease (ILD) has been long recognized
as an extra-articular disease manifestation with serious morbidity and mortality (12).
Respiratory mortality is increasingly being recognized as a significant contributor to the
excess total mortality for patients with RA compared to the general population (13-15). In
particular, patients with seropositive RA have three-fold increased risk for respiratory
mortality compared to those without RA (14, 15).

While some of the excess respiratory mortality risk in RA may be attributed to smoking or
ILD, RA may be associated with excess diseases of the airways (1-3, 7). Recent studies
have investigated the association of RA with common obstructive lung diseases, specifically
chronic obstructive pulmonary disease (COPD, composed of emphysema and chronic
bronchitis) and asthma (Table 1). A recent meta-analysis of four retrospective studies
reported that patients with RA had relative risk for COPD of 1.99 (95%Cl 1.61-2.45) (16).
RA was significantly associated with increased risk of subsequently being diagnosed with
both COPD and asthma using a large nationwide Taiwanese administrative dataset, but data
on smoking and other lifestyle variables were unavailable (17, 18). A US population-based
study associated RA with increased incidence of a composite of obstructive lung diseases
compared to controls sampled from the general population, but did not investigate COPD
and asthma separately (19). Moreover, a possible differential effect of RA serologic
phenotypes on risk of COPD or asthma was not previously investigated. Smoking is strongly
related to development of both anti-citrullinated protein antibodies (ACPA). ACPA may
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develop more frequently among smoking-related conditions such as COPD even among
patients without RA (20-22). However, it is unclear whether there is a differential effect for
development of obstructive lung disease between seropositive and seronegative RA. Since
prior studies investigating RA and COPD/asthma risk had retrospective designs, findings
may have been limited due to inadequate measures of confounding factors and lack of
appropriate comparison group. Therefore, we performed a prospective cohort study with
detailed measures of possible confounders/mediators in a sample of women both with and
without RA.

The known association of smoking with both RA risk and respiratory outcomes presents
methodologic challenges (20, 23, 24). Since smoking could be on the causal pathway
between RA and COPD or asthma, epidemiologic causal inference methods accounting for a
potential mediating effect are necessary. Traditional epidemiologic methods for adjustment
are inappropriate to use for variables that are mediators and may produce spurious results.
Therefore, in this study we used statistical methods suitable for variables, such as smoking,
that can be both confounders and mediators depending on whether the behavior occurred
before or after an index event such as RA diagnosis.

We aimed to investigate the association between RA and the common obstructive lung
diseases of COPD and asthma in a prospective study, independent of confounders or time-
varying mediators occurring before or after RA diagnosis. We hypothesized that RA is
associated with increased risk of COPD and asthma independent of confounders and time-
varying mediators including smoking. In secondary analyses, we investigated whether risk
for COPD and asthma differed between seropositive and seronegative RA phenotypes.

METHODS

Study population

We performed a matched prospective cohort study within the Nurses’ Health Study (NHS), a
closed cohort of 121,701 female registered nurses in the United States aged 30-55 years at
baseline in 1976. Participants completed questionnaires at baseline and every two years
during follow-up to provide data on sociodemographics, behaviors, diet, medications, and
diseases. More than 90% of women have returned questionnaires each cycle (15). All
aspects of this study were approved by the Partners HealthCare Institutional Review Board.

Identification of incident RA

Since we were interested in following women throughout the entire course of RA, we
excluded women with prevalent RA or other connective tissue diseases (CTD) diagnosed
prior to the baseline of the NHS in 1976. Medical records were obtained for participants that
reported a diagnosis of RA or other CTD during follow-up and screened positive on a
questionnaire (25). These records were independently reviewed by two rheumatologists to
confirm RA according to accepted classification criteria (26, 27). Data on RA characteristics
at the time of diagnosis, including date of diagnosis and serologic status were obtained by
medical record review. The dates of RA diagnosis in this analysis ranged from June 1, 1976
to May 31, 2012. We defined seropositive as positive rheumatoid factor (RF) (available since
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baseline) or anti-cyclic citrullinated peptide (anti-CCP) (clinically available since the early
2000s). Since clinical laboratory assays utilized varied by site and year, positive RF or anti-
CCP tests were considered positive as being greater than the upper limit of normal as
obtained on medical records. For this study, women who self-reported COPD or asthma
prior to or on the date of RA diagnosis were excluded from the analysis.

Matched comparators without RA

We matched each woman with RA with up to ten non-RA comparators in the NHS based on
age (within 12 months) and calendar year to form a comparison cohort with analogous
follow-up to the RA cohort. We defined the index date for matching as the date of RA
diagnosis. Women in the NHS were eligible to be a comparator if they had never reported
RA, other CTD, COPD, and asthma prior to or on the index date. We did not match on other
lifestyle or clinical variables to maximize sample size and maintain otherwise expected
differences between women with RA and comparators without RA that could be adjusted for
using multivariable analyses. For women diagnosed with RA late in the NHS follow-up,
there may not have been exactly 10 comparators available for every woman with RA.

Identification of incident COPD and asthma

Covariates

Women self-reported COPD and asthma and date of diagnosis on biennial questionnaires
from 1976 to 2014. Data on FEV1, chest imaging, and symptoms were extracted from the
medical record for a subset of women who reported COPD or asthma from 1988-2000 (28).
Self-report in the NHS from these health care professionals had positive predictive values
ranging from 79-92%, depending on the subtype of COPD or asthma identified using a
supplemental questionnaire (28). Therefore, we defined incident self-reported COPD or
incident self-reported asthma from 1976-2014 as outcomes for this analysis. The distinction
between asthma and COPD is difficult to precisely define in an older population even if
specialized clinical procedures, such as methacholine challenge testing, are available (29).
Since we relied on self-report and older onset asthma is relatively uncommon compared to
incident COPD, women who reported both asthma and COPD were considered as COPD for
all analyses.

We considered covariates based on associations with RA risk and COPD or asthma based on
prior literature (30—-34). Baseline covariates were assessed on the questionnaire two years
prior to index date (i.e., before RA was diagnosed). In multivariable models, covariates were
updated after baseline every two years until the end of follow-up, outcome, or censoring.

Information on smoking was self-reported on the mailed questionnaires administered every
two years since 1976 and previously validated as accurate (35). On the initial NHS
questionnaire, participants reported whether they were current smokers or had ever smoked
in the past and the age at which they began to smoke. Current smokers reported the number
of cigarettes smoked per day, and past smokers reported the age at which they stopped
smoking and number of cigarettes smoked per day before quitting. On each subsequent
questionnaire, participants reported whether they were never, current, or past smokers as
well as the number of cigarettes smoked per day. We calculated pack-years (years of
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smoking multiplied by packs of cigarettes per day) for past and current smokers. Since
women were surveyed repeatedly during the NHS follow-up, we were able to prospectively
update time-varying smoking status as well as the timing and accrual of pack-years. At the
baseline for analysis (two years prior to index date), we categorized cumulative smoking as:
never, >0 to 10, 10.1 to 20, and >20 pack-years. After index date, we considered smoking as
time-varying smoking status, categorized as never, past, or current to capture smoking
behavior changes that might occur after index date that would not be reflective on a
cumulative smoking measure such as pack-years.

Annual household income was based on updated home address and US Census tract-level
data as a proxy for socioeconomic status (<$40K or 2$40K USD). Physical activity was
measured starting in 1980 with a validated survey and converted into continuous weekly
hours of moderate/vigorous activity (36). Region of the US was based on reported residence.
Menopausal status, postmenopausal hormone use (PMH), and aspirin use (a surrogate
measure for preventive care that may result in healthier behaviors and more frequent contact
with health care providers; women with RA were previously reported to be prescribed
aspirin more frequently than those without RA (37)) were self-reported. Body mass index
(BMI) was calculated based on self-reported weight and height and considered as a
continuous variable or categorized according to the World Health Organization as
underweight (<18.5 kg/m?), normal (18.5 to 24.9 kg/m?), overweight (25 to 29.9 kg/m?), or
obese (=30 kg/m?) (38). Dietary factors were assessed using semi-quantitative food
frequency questionnaires assessing 133 dietary items in 1980, 1984, 1986, and every four
years until 2010. Participants were classified into quartiles of the 2010 Alternate Healthy
Eating Index, which classifies diet quality as healthy or unhealthy based on 11 foods/
nutrients/alcohol groups using methods previously described (39).

Although data on RA disease activity and disease-modifying antirheumatic drugs
(DMARDs) were not available throughout follow-up, participants were not yet diagnosed
with RA or treated with DMARD:s at the baseline period two years prior to index date the
timepoint when other covariates were assessed. Comparators without RA or other CTD
would not be expected to be prescribed DMARDSs and would not have any RA disease
activity so comparisons concerning these factors could not be pursued even if available.

Statistical analysis

We reported descriptive baseline statistics based on RA or comparator status. Since smoking
is a strong risk factor for both RA as well as the subsequent respiratory outcomes, we used
marginal structural modeling (MSM) as a method to adjust for confounders as well as time-
varying mediators, such as smoking, on the causal pathway between the exposure and
outcome. Alternative methods of multivariable adjustment, such as Cox regression, are
appropriate for adjusting for confounders, but not mediators on the causal pathway. We
restricted the sample to non-smokers or light smokers (<10 pack-years) at baseline to
investigate these subgroups. We reported descriptive frequencies and proportions of incident
COPD and asthma cases according to RA or comparator status in never or light smokers.
There were too few incident COPD and asthma cases to perform further statistical analyses.
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Exposures of interest were all RA, seropositive RA, and seronegative RA, each compared to
matched comparators. For the subgroup analyses of seropositive or seronegative RA, we
restricted the analysis to only those comparators that were matched to women in each
respective RA serologic phenotype. The outcomes of interest were COPD and asthma as
separate outcomes. Dates of outcomes all occurred after the index date. For this study,
follow-up accrued after index date. Participants were censored at outcome, loss to follow-up,
self-reported CTD (for comparators only), death, or end of follow-up.

We used MSM to calculate the inverse probability of exposure and censoring weights
conditioning on baseline (i.e., time-fixed) and time-varying covariates in each two-year
interval of follow-up, using methods as previously published (40). Weighting is a method to
equalize observed data that may otherwise be biased related to an imbalance in the
distribution of covariates between exposure groups and differential censoring. For example,
informative censoring due to loss of follow-up varies across subgroups related to covariate
and exposure data and could introduce bias. Weighting by the inverse probability of
censoring can correct this imbalance of loss to follow-up and other censoring variables such
as death. The product of the inverse probability of exposure and censoring weights is the
stabilized weight (SW), which is the summary for how well the model performs and the
mean SW is ideally close to 1 at each follow-up time point. Using the SW corrects
imbalances between covariates and exposure groups as well as possible informative
censoring. At baseline and each interval of follow-up, the covariates for the primary
exposure (RA vs. comparator status) were weighted by the SW such that all covariates were
balanced in this pseudopopulation. We truncated 5% of the SW such that a rare observation
would not contribute disproportionately to the study pseudopopulations. We plotted the
distribution of the SW, exposures, and covariates over follow-up time to examine the balance
between the RA and comparator pseudopopulations. Pooled logistic regression models
weighted by the SW were used to estimate the association between RA and outcomes and
approximate hazard ratios (HR) and 95%(ClI.

The first MSM adjusted only for the matching factors of year of index date and age using a
conditional analysis without other covariates to estimate hazard ratios (HR) and 95%
confidence intervals (ClI) for COPD, and then for asthma. Since we were particularly
interested in evaluating the relationship between RA and COPD/asthma independent of
smoking, we performed MSM adjusting for the confounding and mediating effect of
smoking in addition to the matching factors. Since smoking pack-years is known to be
associated with RA risk, we considered categories of pre-index smoking at baseline (never,
>0 to 10, 10 to 20, and >20 pack-years) to adjust for this confounding effect prior to RA
diagnosis or comparator status. After index date, we considered smoking status (never, past,
current) as a time-varying mediator. Thus, in this MSM, we adjusted for the confounding
effect of smoking occurring before RA diagnosis and the mediating effect of smoking
occurring after RA diagnosis. We only considered the income covariate at baseline in
models since the meaning of the income cutoff could change with calendar time. Since
women with incident RA and their comparators had the same index date for matching, there
was no differential effect of calendar time on income at baseline between those with RA and
comparators. In the final multivariable MSM, we additionally included dietary quality, BMI,
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physical activity, menopausal status and PMH use, and aspirin use as time-varying
covariates.

To graphically display the cumulative COPD or asthma-free survival adjusted for potential
confounders and mediators, we weighted the observed survival by the stabilized weight from
MSM models during each interval of follow-up (41). Alternative methods of displaying
survival over time, such as Kaplan-Meier curves, only evaluate observed survival according
to exposure status and are unable to adjust for confounders and mediators. We tested for a
difference in the curves using the pooled logistic regression from the MSM model testing for
exposure status (all/seropositive/seronegative RA) for each outcome.

We considered a two-sided p value <0.05 as statistically significant. All analyses were
performed using SAS v9.3 (Cary, NC).

Among 121,701 women in the NHS, we identified 843 women with incident RA during
follow-up without any prior report of COPD or asthma. We matched them to 8.399
comparators without RA, other CTD, COPD, or asthma at the index date of RA diagnosis.
Among the 843 women with RA, 518 (61.4%) were seropositive and 325 (38.6%) were
seronegative. Baseline characteristics at the questionnaire cycle two years prior to index date
are shown in Table 2. Mean age at index date for both women with RA and matched
comparators was 59.8 years. At baseline, 64.1% of women who were diagnosed with RA
were ever smokers compared to 54.8% of matched comparators. Women subsequently
diagnosed with RA were also heavier smokers than comparators, with 45.4% of women with
RA having =10 pack-years at index date compared to 36.6% of comparators. Slightly more
women with RA were overweight or obese (50.1%) than comparators (46.6%). There were
other slight differences between RA and comparator status in other factors as well, including
physical activity, menopausal status and postmenopausal hormone use, and aspirin use.

Women with RA were followed for a total of 15,716 person-years after diagnosis (mean 18.6
[SD 9.0] years per participant). Comparators were followed for a total of 157,768 person-
years (mean 18.8 [SD 9.5] years). After index date, there were 68 (8.1%) incident COPD
cases reported among women with RA and 459 (5.5%) reported among comparators. Forty
(4.7%) women with RA reported a new diagnosis of asthma after RA diagnosis compared to
268 (3.2%) of comparators who reported asthma after index date (Table 3). When restricted
to never smokers, 3.0% (9/300) of women with RA developed COPD compared to 2.3%
(85/3,700) of comparators. When restricted to never or light (<10 pack-years), a higher
proportion of women with RA developed COPD (19/438, 4.3%) than comparators
(128/5,115, 2.5%).

of RA with incident COPD

Table 4 shows the associations of RA with COPD and asthma with comparator status as the
reference group. For all women with RA, the HR for incident COPD was 1.52 (95%CI 1.17-
1.97) adjusted only for the matching factors of age and year of index date. When adjusting
for smoking before and after index date using MSM, RA was still significantly associated
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with COPD compared to comparators (HR 1.43, 95%CI 1.09-1.87). After adjusting for
additional time-varying covariates, including BMI, dietary quality, menopausal status and
PMH use, physical activity, income, and aspirin use, the association of RA with incident
COPD remained statistically significant (HR 1.68, 95%CI 1.36-2.07). In multivariable
analyses stratified by serostatus, both seropositive RA (HR 1.74, 95%Cl 1.36-2.23) and
seronegative RA (HR 1.62, 95%CI 1.09-2.40) were significantly associated with increased
COPD risk compared to matched comparators. Figure 1 shows worsened COPD-free
survival for all RA (p<0.001), seropositive RA (p<0.001) and seronegative RA (p=0.017)
compared to non-RA in the weighted cumulative survival curves, adjusted for the same
factors as in the multivariable MSM.

of RA with incident asthma

In models adjusted for only age and year of index date, RA was significantly associated with
increased risk of asthma (HR 1.55, 95%CI 1.11-2.16). However, when adjusted for time-
varying confounders and mediators using MSM, RA was no longer significantly associated
with incident asthma (HR 1.15, 95%CI 0.82-1.61). In models stratified by RA serostatus,
there was a statistically significant association of seronegative RA with incident asthma in
the age and year-adjusted model (HR 1.88, 95%CI 1.10-3.23), which was no longer
statistically significant after adjusting for time-varying confounders and mediators (HR 1.11,
95%Cl 0.59-2.09). For seropositive RA, there was no association with asthma in either the
age- and year-adjusted model (HR 1.38, 95%CI 0.90-2.13) or the multivariable model (HR
1.11, 95%CI 0.75-1.66). Figure 2 shows similar the weighted asthma-free cumulative
survival curve for all RA (p=0.43) compared to comparator status.

DISCUSSION

In this large study with up to 38 years of prospective follow-up, we found that women with
RA had a 68% elevated risk of COPD compared to women without RA, independent of
smoking and other lifestyle factors occurring before or after RA diagnosis, using MSM to
adjust for confounding and mediation by smoking and other covariates. Conversely, we
found no association of RA with asthma risk after adjusting for confounders and mediators.
These results suggest that RA-specific factors such as chronic inflammation may increase
COPD risk independent of smoking and other lifestyle factors. These results are particularly
pertinent since patients with RA are at markedly elevated risk for respiratory mortality.
Since COPD is a common chronic lung disease, these results add to prior literature
suggesting that a portion of the excess respiratory mortality in RA could be due to increased
risk of COPD (15, 19, 42).

Airways may be involved in the pathogenesis of RA (1, 3, 7). Immune tolerance breakdown
leading to the formation of RA-related autoantibodies may occur specifically at bronchiolar
respiratory mucosa (1, 43). Induced sputum from unaffected RA first-degree relatives have
shown IgA RF and ACPA suggesting that these autoantibodies are produced locally in the
lung prior to the serum presence of RA-related autoantibodies (10). In other studies of newly
diagnosed patients with RA prior to medications, lung biopsies and fluid obtained by
bronchoalveolar lavage showed increases in lymphocyte aggregates that produce ACPA in
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lung parenchyma and airways (5, 6). These local anatomic lesions may pre-dispose patients
with RA to bronchiolar dysfunction that results in obstructive lung disease independent of
the effect of cigarette smoking. After RA diagnosis, patients with RA may be pre-disposed
to develop COPD from a variety of factors including systemic inflammation, side effects of
DMARD:s such as methotrexate, as well as parenchymal and airway inflammation (44). In a
recent non-biased approach to identify clinical subphenotypes of RA by a phenome-wide
association study, patients with RA with anti-fibrinogen autoantibodies on a research ACPA
assay were at increased risk for bronchiolitis, which may manifest as an obstructive lung
disease similar to COPD (45). Patients with COPD are known to have persistent airway
inflammation even among distant former and never smokers (46). Up to one-quarter of
patients with COPD are never smokers who presumably have had significant exposure to
second-hand smoke or other inhalants (47). Over 7% of patients with COPD without RA
were reported to have the presence of serum ACPA in a cross-sectional study (22). Finally,
previous studies have suggested that there may be an autoimmune component to COPD
independent of smoking since multiple autoimmune diseases have also been associated with
subsequent COPD development (48).

These results add to the literature implicating RA and risk of COPD (Table 1). A recent
meta-analysis of four retrospective studies associated RA with increased risk for incident
COPD (RR 1.99, 95%CI 1.61-2.45) (16). However, our study is the first prospective study
to investigate the effect of RA on subsequent COPD and asthma while also controlling for
the mediating effect of smoking occurring after RA diagnosis. A large nationwide Taiwanese
administrative database study associated RA with increased risk for COPD (HR 1.85,

95%Cl 1.70-2.01) (17). However, data on smoking and other lifestyle variables were
unavailable and both RA and COPD were defined using billing codes. A large Swedish
register study investigated 29 autoimmune diseases, including RA, with COPD and lung
cancer and found that RA as well as other autoimmune diseases were associated with COPD
(48). However, this study compared the observed incidence rate to the expected incidence
rate based on age, sex, region, and period to obtain standardized incidence ratio (SIR for
RA: 2.57, 95%CI 2.21-2.97), so could not account for lifestyle factors such as smoking

(48). Finally, a previous US population-based study also evaluated the association of RA
with a composite measure of obstructive lung diseases composed of mostly COPD as well as
asthma, bronchiectasis, and ILD. Unlike our study, imaging and pulmonary function tests
were available to define these respiratory outcomes as well as richer data on RA
characteristics such as DMARD use. In that study, RA had a HR of 1.54 (95%CI 1.01-2.34)
for the composite definition of obstructive lung disease compared to controls, adjusted for
age, sex, smoking (categorized as never, past, or current), and alcoholism at the index date of
RA diagnosis (19). That study estimated that 6.3% of excess RA mortality was explained by
this increased risk of obstructive lung disease (19). Our study was able to adjust for
confounders and time-varying mediators occurring after index date to define the independent
effect of RA on subsequent COPD. Therefore, our results suggest that RA is associated with
increased COPD risk independent of the mediating effect of smoking.

We hypothesized that RA would be associated with increased asthma risk based on previous
studies (Table 1). A Dutch study using electronic medical record data showed that patients
who presented with inflammatory arthritis had 1.4-fold increased risk for asthma compared
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to matched controls, but data on smoking were unavailable (49). A large nationwide study in
Taiwan using billing claims data showed that RA was associated with 2-fold increased risk
for asthma compared to matched comparators (18). Both of these retrospective studies
included all ages and relied on billing codes and had no data available on lifestyle factors
that might have affected the relationship. In our study, we also found a statistically
significant association of RA with asthma in the model adjusted for age and year of index
date. However, after adjusting for time-varying covariates, this association of RA with
asthma was no longer statistically significant, suggesting that other lifestyle factors such as
smoking may have explained the initial association, rather than RA-specific factors. A
previous study among younger adults using allergic diseases as the exposure and RA as the
dependent outcome found that those with asthma had 67% increased risk for RA than
matched comparators (50). While we were unable to detect a relationship between RA and
asthma, this may have been due to relatively older ages at RA onset among women that were
included in our study.

Another explanation for our results could be that patients with RA and COPD share
common risk factors other than smoking. Since our analyses were also adjusted for dietary
quality, BMI, and physical activity occurring before and after RA diagnosis, these factors are
less likely to explain the association of RA and COPD that we report. While we did not have
genetics available for this study, currently described genetic factors for RA and COPD have
little overlap so it is unlikely that shared genetics explains this association (51, 52). A
previous study examined whether pulmonary dysfunction was associated with subsequent
development of RA and did not find and association between COPD and subsequent RA risk
(53). Another nationwide Taiwanese study reported that asthma was associated with
increased subsequent RA risk (50). Factors other than smoking are known to increase risk
for COPD. In particular, citrullination is a biologic process important in both RA and COPD
that might explain the observed increased risk of COPD for patients with RA (54). Future
studies are needed to investigate shared environmental or genetic factors and RA-specific
factors such as citrullination, autoimmunity, and systemic inflammation that might further
explain the respiratory burden of RA.

Strengths of our study included large sample size with lengthy follow-up (mean of nearly 20
years after RA diagnosis) and repeated measures of important time-varying factors related to
both RA and the respiratory outcomes, in particular smoking. Since we identified incident
RA during follow-up of the NHS according to accepted classification criteria, we were able
to prospectively follow women before and after validated RA diagnosis. We were therefore
able to collect detailed data on important covariates prospectively without differential recall
bias as in case-control studies). Since we performed the study within the NHS, we also had a
large pool of potential comparators without RA that had prospective data collected
identically to women with RA. We were therefore able to perform a prospective matched
cohort study with all participants beginning follow-up for respiratory outcomes as of the
index date.

Our study does have some limitations to consider. While we collected RA disease
characteristics near the time of diagnosis through medical record review, we did not have
RA-specific data on disease activity, progression, and treatment occurring during follow-up.
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Since we were interested in comparing RA to non-RA, we would have been unable to
analyze these characteristics in this study since non-RA comparators would have no
treatment for RA or disease activity so adjustment could not have occurred. Future studies
performed among RA cohorts with longitudinal follow-up are needed to investigate the
effects of disease activity and DMARDS on respiratory outcomes such as COPD and asthma.
There were not a sufficient number of outcomes to perform analyses among never or light
smokers to understand these relationships in a cohort without substantial cigarette smoke
exposure. While we had detailed data available on many covariates including smoking,
residual confounding is always possible. To maximize the number of outcomes, we relied on
self-reported COPD and asthma, which might result in misclassification. A previous
validated study showed PPV of 79-90% for self-reported COPD and asthma in this cohort of
nurses (28). A subset of women with self-reported COPD and asthma returned a
supplemental questionnaire in 1998 and 2000 to gather more data on their COPD and
asthma. Unfortunately, there were not enough incident COPD or asthma cases among
patients with RA to analyze this subset. There may have been some misclassification of
asthma and COPD. Since late-onset asthma is relatively uncommon, and smoking-related
COPD may carry some stigma, it is more likely that women who reported asthma may have
had COPD. Since we still found a statistically significant association of RA with COPD, it is
unlikely that this misclassification of the outcome explains the results. However, it is
possible we were unable to detect a true association of RA with asthma due to
misclassification or the inclusion of older women in this study. Since the NHS is focused on
epidemiology for relatively common chronic diseases, ILD was never assessed on
questionnaires. It is possible that women with RA and ILD may have reported COPD or
asthma instead. We found similar results of increased COPD risk for seropositive and
seronegative RA. Since we relied on clinical testing of RA-related autoantibodies, women
diagnosed with RA prior to its routine use did not have anti-CCP tested. Some women in the
earlier years of the cohort may have been misclassified as seronegative based only on RF.
Therefore, it is still possible that there may be differences in COPD or asthma risk related to
anti-CCP positivity that our study could not detect. While the NHS was performed
throughout the US, it only included well-educated women who were healthy enough to be
working at baseline of the study in 1976. It is unclear how generalizable these results might
be to men, other populations, or different time periods as the composition of cigarettes
changed. However, our results associating RA with increased risk for COPD are similar to a
recent meta-analysis (16).

In conclusion, women with RA were at increased risk for subsequently being diagnosed with
COPD, but had similar risk for being diagnosed with asthma compared to women without
RA followed in this same cohort during up to 38 years of prospective follow-up. Further, this
association was not explained by lifestyle factors such as smoking occurring before or after
RA diagnosis. These results suggest that RA-specific factors may pre-dispose patients to
developing COPD independent of smoking. Since COPD is a common chronic respiratory
disease, the increased COPD risk among RA patients may contribute to the excess
respiratory mortality for RA beyond that of smoking or ILD. Screening and early treatment
for respiratory diseases among patients with RA may help decrease the respiratory burden of
RA.
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Figure 1.
Weighted cumulative survival curves for COPD among women with RA (solid red line) and

matched comparators (dashed green line). A) All RA, B) Seropositive RA, and C)
Seronegative RA, each vs. matched comparators. Adjusted for covariates listed in
multivariable model in Table 3.
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Weighted cumulative survival curves for asthma among women with all RA (solid red line)
and matched comparators (dashed green line). Results were similar for seropositive RA vs.
matched comparators (p=0.60) and seronegative RA vs. matched comparators (p=0.75,
curves not shown). Adjusted for covariates listed in multivariable model in Table 3.
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Baseline characteristics two years prior to index date of RA diagnosis for women with incident RA (n=843)
and matched comparators (n=8,399) in the Nurses’ Health Study.

Rheumatoid arthritis (n=843)

Comparators* (n=8,399)

Mean age, years (SD) - 59.8 (10.0)
Annual household income, %
<$40K 115
2$40K 88.5
Region, %
West 31.6
Midwest 14.2
Mid-Atlantic 216
New England 16.4
Southeast 14.0
Smoking status, %
Never 35.6
Past 43.8
Current 20.3
Smoking pack-years at baseline, %
0 35.6
>0to 10 16.4
10.1to 20 11.6
>20 338
Body mass index categories, %
Underweight (<18.5 kg/m?) 2.1
Normal (18.5-24.9 kg/m?) 47.8
Overweight (25.0-29.9 kg/m?) 322
Obese (=30.0 kg/m?) 17.9
Physical activity hours/week, %
0 6.6
0.01t0 0.9 24.2
1t03.49 21.8
35t05.9 27.8
26 10.3
Alternate Healthy Eating Index (quartiles), %
Q1 - Least healthy 19.9
Q2 23.8
Q3 22.5
Q4 — Most healthy 23.1
Menopausal status and postmenopausal hormone use
Premenopausal 26.6

59.8 (10.0)

12.1
87.9

32.6
13.0
215
16.8
12.1

441
36.1
18.7

441
16.9
9.9
26.7

2.1
51.4
29.6
17.0

12.7
21.9
19.7
25.7
10.9

18.8
19.8
19.7
20.3

30.4
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Rheumatoid arthritis (n=843) Comparators* (n=8,399)

Postmenopausal and never PMH use 26.3 27.9
Postmenopausal and past PMH use 22.8 18.6
Postmenopausal and current PMH use 229 19.5
Aspirin use, % 434 35.8

*
Each woman with incident rheumatoid arthritis occurring during follow-up of the Nurses’ Health Study was matched to up to 10 women without
rheumatoid arthritis or connective tissue disease by age and calendar year at the index date of RA diagnosis.

Hk
Age is reported as of index date.

Missing data not shown.

CTD, connective tissue disease; PMH, postmenopausal hormone use; RA, rheumatoid arthritis; SD, standard deviation.
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Frequencies of incident COPD and asthma after index date during follow-up in the Nurses’ Health Study

(1976-2014) for women with RA and matched comparators.

Rheumatoid arthritis Comparators

Entire analyzed study sample

COPD, cases/n (%) 68/843 (8.1%) 459/8,399 (5.5%)

Asthma, cases/n (%) * 40/843 (4.7%) 268/8,399 (3.2%)
Among never smokers at index date

COPD, cases/n (%) 9/300 (3.0%) 85/3,700 (2.3%)

Asthma, cases/n (%) * 14/300 (4.7%) 114/3,700 (3.1%)
Among never or <10 pack-years at index date

COPD, cases/n (%) 19/438 (4.3%) 128/5,115 (2.5%)

Asthma, cases/n (%) * 19/438 (4.3%) 163/5,115 (3.2%)
Follow-up after index date, person-years > 15,716 157,768
Mean follow-up after index date per participant, years (SD) - 186 (9.0) 18.8(9.5)

*
Women who reported both asthma and COPD during follow-up were classified as COPD for all analyses.

HAA
Follow-up is reported for the entire analyzed study sample.

COPD, chronic obstructive pulmonary disease; SD, standard deviation.
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Hazard ratios for COPD and asthma for women with RA serologic phenotypes compared to matched
comparators, adjusted for time-varying confounders and mediators using marginal structural models.

Table 4

COPD

Asthma

HR (95% CI)

HR (95% CI)

AllRA
Age-adjusted *
Smoking-adjusted >

Multivariable adjusted e

152 (1.17-1.97)
1.43 (1.09-1.87)

1.68 (1.36-2.07)

1.55 (1.11-2.16)
1.48 (1.05-2.08)

1.15 (0.82-1.61)

Seropositive RA
Age-adjusted *
Smoking-adjusted -

Multivariable adjusted o

1.60 (1.17-2.19)
1.44 (1.04-2.00)

1.74 (1.36-2.23)

1.38 (0.90-2.13)
1.33 (0.86-2.05)

1.11 (0.75-1.66)

Seronegative RA
Age-adjusted *
Smoking-adjusted -

Multivariable adjusted e

1.41 (0.89-2.23)
1.47 (0.91-2.39)

1.62 (1.09-2.40)

1.88 (1.10-3.23)
1.72 (0.99-2.98)

1.11 (0.59-2.09)

Comparator status is the reference in all models.

Page 23

The all RA analyses included 843 women with all RA and 8,399 matched comparators. The seropositive RA analyses included 518 women with
seropositive RA and 5,163 matched comparators. The seronegative RA analyses included 325 women with seronegative RA and 3,236 matched

comparators.

*
Adjusted for matching factors (age and calendar year) at index date.

*Kk
Adjusted for matching factors (age and calendar year) at index date, pre-index smoking pack-years (0, >0-10, 10.1-20, >20), and time-varying
smoking status (never, past, current).

Aok

Adjusted for matching factors (age and calendar year) at index date as well as baseline factors of annual family income (<$40K, >$40K) and
pre-index smoking pack-years (0, >0-10, 10.1-20, >20) as well as time-varying factors of smoking status (never, past, current), body mass index

(continuous, kg/mz), Alternate Healthy Eating Index (quartiles), menopausal status and PMH use (premenopausal, postmenopausal and never PMH
use, postmenopausal and past PMH use, postmenopausal and current PMH use), physical activity (continuous, METs/week), and aspirin use
(yes/no) using marginal structural models.

COPD, chronic obstructive pulmonary disease; PMH, postmenopausal hormones; RA, rheumatoid arthritis.
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