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Asthma Risk Among Individuals

With Androgen Receptor Deficiency

In studying why men have increased SARS-CoV-2 pneumo-
nia risk, we discovered that androgen receptors (ARs) are ex-
pressed in human airways.! Androgens may benefit asthma,
and asthma prevalence is lower in men than in women.?3 In-
deed, AR-deficient mice have
increased severity of antigen-
induced airway inflamma-
tion and bronchoconstriction,* and androgens are protective
against allergic airway inflammation. We therefore hypoth-
esized thatin humans, as in the mice, AR deficiency would be
associated with increased asthma risk.

Children and adults with complete androgen insensitiv-
ity syndrome (AIS; International Statistical Classification of Dis-
eases, Tenth Revision, Clinical Modification code E34.51) or in-
complete AIS (E34.52) have an inherited loss of AR.> To our
knowledge, the risk of asthma in human AR deficiency has not
been studied.
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Methods | We analyzed the prevalence of asthma in AIS among
76200 860 unique patients in IBM Explorys using Interna-
tional Statistical Classification of Diseases, Tenth Revision, Clini-
cal Modification codes for asthma (J45*). Individuals with AIS
were compared with the rest of the cohort, and risk was ad-
justed for age category, obesity, and nicotine addiction using
alogistic regression model. The analysis was repeated after ex-
cluding individuals with a history of nicotine addiction and
those who simultaneously carried the diagnosis of chronic ob-
structive pulmonary disease (COPD) (J44*). In a validation
study, we compared all patients with AIS with randomly se-
lected age-matched control individuals (2 control individuals
per patient with AIS) among approximately 18 million unique
individuals in the Indiana Network for Patient Care Oracle da-
tabase at the Regenstrief Institute. Institutional review board
approval for deidentified data analysis was provided by the
Cleveland Clinic (Explorys analysis) and Indiana University (Re-
genstrief analysis). Informed consent was not required ow-
ing to the use of deidentified data. Additional details can be
found in the eMethods of the Supplement.

Results | In Explorys, 310 patients had complete AIS and 670
had incomplete AIS. Asthma prevalence was higher in pa-
tients with AIS (both complete and incomplete) than in unaf-
fected individuals (18.4% vs 6.8%; P < .001). The odds ratio (OR)
for having asthma was higher in complete than incomplete AIS
vs control individuals (OR, 4.01; 95% CI, 3.07-5.24 vs 2.65; 95%
CL, 2.16-3.26; Figure). Results were similar after excluding COPD
and nicotine dependence for both complete AIS (3.89; 95% CI,
2.76-5.48; n = 220) and incomplete AIS (2.28; 95% CI, 1.76-
2.99; n = 530). Asthma risk was also increased in all AIS after
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Figure. Loss of Androgen Receptor (AR) in Humans and Asthma Risk

Odds ratio Less asthma | Asthma
Source (95% Cl) risk © risk
By AlIS class
Complete AIS 4.01 (3.07-5.24) ——
Incomplete AIS 2.65(2.16-3.26) ——
Combined 3.06 (2.60-3.59) —-—
Adjusted analysis
IBM Explorys 2.01(1.77-2.29) —
Regenstrief 2.26(1.20-4.28) —_——
0.5 1 1‘0

0dds ratio (95% Cl)

Consistent with murine data,* electronic medical record-based analysis of more
than 76 million unique patients in Explorys revealed that the odds of having any
asthma diagnosis are more than 4 times those in the control group among
patients with complete loss of AR function (androgen insensitivity syndrome
[AIS]) and 2.65 times those in the control group in patients with partial AIS.
Validation for the combined diagnosis was performed in a separate cohort of
more than 18 million unique patients in the Indiana Network for Patient Care
(Regenstrief), in which asthma risk was more than twice that of control patients
in patients with any form of AIS.

adjusting for age, obesity, and nicotine dependence (ad-
justed OR, 2.01; 95% CI, 1.77-2.29). Younger patients (<24 years;
n = 130) also had a high OR for having asthma (3.35; 95% CI,
2.23-5.04; P < .001). However, the OR for those taking testos-
terone was 1.72 (95% CI, 1.14-2.58; P = .009; n = 130), lower
than those not taking testosterone (3.35; 95% CI, 2.97-3.97;
n = 1630; P < .001), further supporting a benefit of androgens
in human asthma.># In the validation cohort, there were 65
patients with complete and incomplete AIS and more than 130
age-matched control individuals. The adjusted OR for having
asthma was 2.26 (95% CI, 1.2-4.28; Figure).

Discussion | Androgen insensitivity syndrome is strongly asso-
ciated with increased asthma risk. This risk is higher in com-
plete than in partial AIS. Neither increased age nor COPD ap-
peared to increase the risk, arguing somewhat against an effect
of lifetime environmental confounders. Although there are sex-
based differences in asthma risk between children and adults,?
both younger and older patients with loss of AR function were
at comparable asthma risk in our analysis.

While large population studies are limited because they
cannot identify granular details of clinical presentation and of
mechanistic considerations, our data suggest that large, elec-
tronic medical record-based data sets may be useful for study-
ing genetic deletions in human diseases and in sexually di-
morphicdiseases in particular. We demonstrate that patients,
both young and old, with phenotypic evidence for AR defi-
ciency have increased asthma risk. This information will be im-
portant to a variety of pediatric, medical, and surgical practi-
tioners. Further, it suggests the possibility that androgen
signaling could be exploited to therapeutic benefit in asthma.
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However, prospective human mechanistic studies remain to
be performed.
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