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Association of Asthma with Rheumatoid Arthritis:
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What is already known about this topic? Asthma is typically considered a chronic inflammatory airway disorder with
significant heterogeneity. A link between asthma and risk of other chronic inflammatory diseases is poorly understood.

What does this article add to our knowledge? Because asthma poses a significantly increased risk for rheumatoid
arthritis (RA), RA may be an underrecognized asthma-associated comorbidity in a subgroup of patients with asthma.
Development of strategies to identify this subgroup of patients with asthma will be warranted.

How does this study impact current management guidelines? Because RA, a potential asthma-associated comor-
bidity, is relatively underrecognized by caregivers and clinicians, and poses a serious threat to the health of patients with
asthma, the guidelines need to address asthma-associated comorbidity including RA to inform and guide clinicians for a
timely diagnosis and management of RA.

BACKGROUND: TH1 and TH2 cells have counterregulatory
relationships. However, the relationship between asthma, a
TH2-predominant condition, and risk of systemic inflammatory
diseases such as rheumatoid arthritis (RA), a TH1 condition, is
poorly understood.

OBJECTIVE: We aimed to determine whether asthma was
associated with increased risks of incident RA among adults.
METHODS: We conducted a retrospective population-based
case-control study that examined existing incident RA cases and
controls matched by age, sex, and registration year from the
general population in Olmsted County, Minnesota, between
January 2002 and December 2007. We performed comprehen-
sive medical record reviews to ascertain asthma status using
predetermined asthma criteria. The frequency of a history of
asthma before the index date was compared between cases and
controls. Logistic regression models were used to adjust for
confounding factors.
RESULTS: We enrolled 221 RA cases and 218 controls. Of the
221 RA cases, 156 (70.6%) were females, 207 (93.7%) were
white, the median age at the index date was 52.5 years, and 53
(24.0%) had a history of asthma. Controls had similar
characteristics except that 35 of 218 controls (16.1%) had a
history of asthma. After adjustment for sex, age, smoking, body
mass index, socioeconomic status, and comorbidity, asthma was
significantly associated with increased risks of RA (adjusted odds
ratio, 1.74; 95% CI, 1.05-2.90; P [ .03).
CONCLUSIONS: Despite the counterregulatory relationship
between TH1 and TH2 cells, patients with asthma had a
significantly higher risk of developing RA than healthy
individuals. � 2017 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;-:---)
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Rheumatoid arthritis (RA) is an autoimmune disease charac-
terized by synovial inflammation and hyperplasia, autoantibody
formation (ie, rheumatoid factor and antiecitrullinated protein
antibody), and destruction of joint cartilage and bone.1 RA de-
velops as the result of a complex interplay among susceptibility
genes (ie, HLA-DRB1 locus), environmental triggers (ie,

aDepartment of Pediatric and Adolescent Medicine, Mayo Clinic, Rochester, Minn
bDepartment of Pediatrics, CHA Gangnam Medical Center, CHA University School
of Medicine, Seoul, Korea

cMayo Medical School, Rochester, Minn
dDivision of Health Sciences and Research, Mayo Clinic, Rochester, Minn
eDivision of Rheumatology, Department of Medicine, Mayo Clinic, Rochester, Minn
fDepartment of Pediatric and Adolescent Medicine/Internal Medicine, Mayo Clinic,
Rochester, Minn

This work was supported by the housing-based index of socioeconomic status
(HOUSES) Research Program of Mayo Clinic and the National Heart, Lung, and
Blood Institute (grant no. R01AI112590) and the National Institute of Arthritis
and Musculoskeletal and Skin Diseases (grant no. R01 AR46849) of the National
Institutes of Health. Also, this study was made possible using the resources of the
Rochester Epidemiology Project, which is supported by the National Institute on
Aging of the National Institutes of Health under award number R01AG034676.
The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.

Conflicts of interest: C. S. Crowson has received research support from the National
Institutes of Health. Y. J. Juhn is the principal investigator of the Innovative
Methods to Improve Asthma Disease Management Award supported from Gen-
entech, which has no relationship with the work presented in this article, and is on
the advisory board for and has received research support from Genentech. The rest
of the authors declare that they have no relevant conflicts of interest.

Received for publication December 7, 2016; revised June 12, 2017; accepted for
publication June 23, 2017.

Available online --

Corresponding author: Young J. Juhn, MD, MPH, Department of Pediatric and
Adolescent Medicine, Division of Allergy, Department of Internal Medicine,
Mayo Clinic, 200 1st St SW, Rochester, MN 55905. E-mail: Juhn.young@mayo.
edu.

2213-2198
� 2017 American Academy of Allergy, Asthma & Immunology
http://dx.doi.org/10.1016/j.jaip.2017.06.022

1

mailto:Juhn.young@mayo.edu
mailto:Juhn.young@mayo.edu
http://dx.doi.org/10.1016/j.jaip.2017.06.022


Abbreviations used
aOR- Adjusted odds ratio

HOUSES- HOUsing-based index of SocioEconomic Status
MIC-Major histocompatibility complex
NK- Natural killer
OR- Odds ratio

NKG2D- Natural killer group 2D
RA- Rheumatoid arthritis

REP- Rochester Epidemiology Project

smoking and socioeconomic status), and epigenetic modification,
which promote loss of tolerance to self-proteins containing a
citrulline residue, which is produced by posttranslational alter-
ation.1 RA is considered a TH1 disorder, as reported in experi-
mental,2 clinical,3 and epidemiological studies.4 For instance, an
in vitro study demonstrated that T-cell clones from the synovium
of patients with RA produced large amounts of IFN-g, with
dominant TH1/TH0 patterns.2

Atopic diseases such as asthma are considered a TH2-
predominant disease.5 Asthma is a chronic inflammatory disor-
der of the airways with significant heterogeneity.6 A recent review
argues that the impact of asthma goes beyond the airways, sug-
gesting that asthma may not be a mere airway disease, but a
chronic disease causing systemic inflammatory dysfunctions.7

Modena et al8 characterized bronchial airway epithelial cell
gene expression (genetic clusters) and phenotypes (subject clus-
ters) of 155 patients with severe asthma and determined that
although a subgroup of patients with asthma showed expected
TH2-high immune profiles, another subgroup demonstrated a
gene expression of TH1-predominant inflammatory pathway
such as TNF-a. These data suggest that significant phenotypic
heterogeneity of asthma can be correlated with genetic clusters
underlying molecular pathways including coexisting TH2 and
TH1 immune pathways or endotypes. Therefore, a subgroup of
asthma may exhibit systemic inflammatory features and its
associated molecular pathway gearing toward TH1 immune re-
sponses (eg, TNF-a). Hence, it is worthwhile to determine
whether there is an association between asthma and the risk of
TH1-predominant conditions such as RA and to characterize a
subgroup of patients with asthma at an increased risk of devel-
oping RA.

Although several studies assessed relationships between asthma
and the risk of RA, the results have been inconsistent primarily
due to nonehypothesis-driven analysis, sampling bias, and/or
measurement bias. Moreover, no population-based study has
tested a priori the hypothesis that asthma is associated with an
increased risk of RA using both predetermined criteria for asthma
status and RA.

Delineating the relationship between asthma and the risk of
RA has clinical and scientific significance because asthma affects a
significant proportion of individuals worldwide. Thus, it may
provide important scientific insights into relatively unexplored
systemic effects of asthma on serious chronic inflammatory dis-
eases such as RA as well as the effect of coexistent RA on asthma
course and management.

To address the aforementioned question, we conducted a
population-based case-control study using specific predetermined
criteria for both asthma and RA. We hypothesized that asthma
increases the risk of RA.

METHODS

Study setting
All subjects were residents of Olmsted County, Minnesota, which

is located in southeastern Minnesota.9 The Olmsted County pop-
ulation is similar to the US white population, with the exception of a
higher proportion of the working population employed in the health
care industry.10 Medical recordsebased research using the
geographically defined population of Olmsted County is possible
through the Rochester Epidemiology Project (REP).9 The REP
record-linkage system links all inpatient and outpatient medical re-
cords, from the Mayo Clinic, the Olmsted Medical Center, and their
affiliated hospitals, as well as private practitioners and other health
care providers in Olmsted County.

Study design and subjects
This is a population-based, retrospective case-control study that

used an existing population-based cohort of incident adult RA cases
between January 1, 2002, and December 31, 2007, in Olmsted
County, Minnesota.11 Briefly, the original study included 237
incident RA cases who fulfilled the 1987 American College of
Rheumatology classification criteria.12 It also included 237 control
subjects (1:1 matching) who had no history of RA matched to each
case by sex, birth (� 3 years), and registration year and were
randomly selected from the same source population using the REP
medical records linkage system. Because the detection of asthma is a
function of follow-up duration, we addressed this concern by
matching cases and controls by registration and index years, resulting
in a similar follow-up duration. The exclusion criteria for cases and
controls were change of research authorization, insufficient medical
records, and medical conditions making it difficult to ascertain
asthma status (Table I). The study was approved by the institutional
review boards of both Mayo Clinic and Olmsted Medical Center.

Exposure ascertainment (asthma status)
For determining a history of asthma, we conducted comprehen-

sive medical record reviews to apply predetermined asthma criteria
(Table I), which have been extensively used in research10 and were
found to have excellent construct validity and reliability.13 We
included both definite and probable asthma because most probable
patients with asthma become definite over time.10 We also obtained
asthma status based on symptoms, health care services, and treat-
ments within 1 year before the index date. Active asthma (current
asthma) at the index date was defined as the occurrence of any
asthma-related episodes including asthma symptoms (ie, cough with
wheezing, shortness of breath, and chest tightness), asthma medi-
cations, or unscheduled office visits, emergency department visits,
urgent care visits, or hospitalization for asthma within 1 year before
the index date. Inactive asthma was defined as the absence of
aforementioned asthma-related events within 1 year before the index
date. To assess the impact of asthma medications on RA risk, we
collected information on asthma medication use including inhaled
and oral corticosteroids within 3 months of the index date.

Other variables
Demographic and clinical characteristics included sex, age, race,

family history of asthma, and other atopic conditions. Atopy status
defined by aero- or food allergen was collected through compre-
hensive review of medical charts and the REP. We collected data on
other atopic conditions such as allergic rhinitis, atopic dermatitis,
and food allergy on the basis of a physician diagnosis documented in
medical records to examine whether coexistence of allergic diseases
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