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Background: Aeroallergen testing can improve precision care
for persistent asthma. How testing benefits diverse populations
of adults with asthma and the importance of the aeroallergen
sensitization and test modality used remain poorly understood.
Objective: We evaluated whether aeroallergen testing was
associated with a reduction in oral corticosteroid (OCS) bursts.
Methods: We used electronic health record data to conduct a
retrospective cohort study of adults with asthma who were
prescribed an inhaled corticosteroid and had an allergy/
immunology visit in a large health system between January 1,
2017, and June 30, 2022. We used negative binomial regression
models to evaluate whether testing was associated with fewer
OCS bursts in the 12-month period after an initial visit among
all patients and those without chronic obstructive pulmonary
disease (COPD) and smoking histories. We then repeated these
analyses while considering effects of sensitization to
aeroallergen categories and whether the testing was via skin
prick or serum-specific IgE.
Results: A total of 684 (48.4%) of 1,412 patients underwent
testing. Testing was not associated with fewer bursts overall
(incidence rate ratio [IRR] 5 0.84 vs no testing, P 5 .08), but it
was among never smokers without COPD (461 of 927 tested,
IRR 5 0.69, P 5 .005). Among never smokers without COPD,
sensitization to 5-7 aeroallergen categories (IRR 5 0.57 vs no
test, P 5 .003) and receipt of skin prick tests (IRR 5 0.58 vs no
test, P < .0005) were associated with fewer bursts.
Conclusion: Aeroallergen testing was associated with reduced
OCS bursts among adults with asthma who were never smokers
without COPD. This association varied according to
aeroallergen sensitization and test modality used. (J Allergy
Clin Immunol Global 2025;4:100348.)
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Asthma is a common chronic disease in adults and a major
public health burden in the United States.1-3 A key component of
asthma care is to reduce symptoms and exacerbations by address-
ing modifiable risk factors, including aeroallergen exposure in
sensitized patients.2,4 Pollens, dust mite, cat, dog, and molds are
common allergens and important asthma triggers.5-19 Addressing
allergic asthma triggers is beneficial in adults with asthma; most
are sensitized to aeroallergens, and aeroallergen exposure is
nearly universal in US homes.20-23 In studies of adults with
asthma, aeroallergen testing with allergen avoidance education
improved patients’ awareness of perceived asthma triggers and
lung function24 and complemented asthma self-management.25

National Heart, Lung, andBlood Institute–led online focus groups
of people with asthma that explored patients’ values and priorities
related to their asthma found that most patients took steps to miti-
gate indoor allergen exposure.26 Thus, testing alignswith patients’
strategies to reduce asthma symptoms.

The US clinical guidelines recommend aeroallergen testing for
patients with persistent asthma, which is defined as asthma
requiring step 2 or higher treatment to maintain control; and the
preferred controller treatment at step 2 is an inhaled corticosteroid
(ICS)-containing treatment.4,26 However, allergen mitigation
may be difficult or costly, and the benefit of testing large numbers
of adults with asthma in a real-life setting has not been well stud-
ied. In prior work, we found that among 1,789 adults with asthma
who established outpatient care in a large health system, who
were prescribed an ICS, and who underwent aeroallergen testing,
receipt of oral corticosteroid (OCS) bursts was reduced in the 12-
month period after testing compared with before.20 Consistent
with the clinical focus of providers, testing was more often per-
formed in the context of asthma subspecialty clinics, specifically
allergy/immunology and pulmonary, rather than in primary care
(odds ratios of 91.3 and 7.1 vs primary care, respectively). How-
ever, that study was unable to determine whether improved out-
comes were due to allergy testing and testing-based
management versus other interventions that may have occurred
during specialist visits. Moreover, although many patients with
asthma have smoking histories and/or comorbid chronic obstruc-
tive pulmonary disease (COPD), 2 studies that evaluated the ben-
efits of aeroallergen testing limited or excluded these
patients.24,25 Furthermore, although patients with allergic sensiti-
zation to aeroallergens may be expected to benefit the most from
testing, this is not well studied. Finally, prior investigations have
not evaluated the relative benefits of testing via skin prick tests
(SPTs) or serum-specific IgE tests among adults with asthma.
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Abbreviations used

BMI: Body mass index

COPD: Chronic obstructive pulmonary disease

COVID-19: Coronavirus disease 2019

ED: Emergency department

EHR: Electronic health record

ICD-10: International Classification of Diseases, Tenth Revision

ICS: Inhaled corticosteroid

IRR: Incidence rate ratio

LABA: Long-acting b-agonist

LAMA: Long-acting muscarinic antagonist

OCS: Oral corticosteroid

SPT: Skin prick test
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In this study, we sought to determine, among adults with
asthma who had an allergy/immunology visit, whether undergo-
ing guideline-concordant aeroallergen testing was associated
with fewer OCS bursts after the visit compared with patients
who did not undergo testing. We then considered whether the
association of testing with OCS bursts differed for patients who
did not have COPD andwhowere never smokers; and whether the
association varied according to aeroallergen sensitization or the
test modality.
METHODS

Study design
We conducted a retrospective cohort study of adults with

asthma using electronic health record (EHR) data from Penn
Medicine, a large, diverse health system that serves the greater
Philadelphia area, from encounters dated January 1, 2015, to June
30, 2023. The University of Pennsylvania institutional review
board approved our study.
Study population
We obtained patient-level data and clinical notes for adults (ie,

age >_18 years) who had at least one encounter with an Interna-
tional Classification of Diseases, Tenth Revision (ICD-10), code
for asthma (J45*) in any of their records; received an ICS
prescription from January 1, 2016, to June 30, 2023; and had 2 or
more outpatient visits at Penn’s primary allergy/immunology
clinic from January 1, 2017, to June 30, 2023, for which the index
visit occurred on or before June 30, 2022. We chose a 2-visit
threshold to ensure that all patients had established allergy/
immunology care. Patient-level data included age at the index
visit (categorized into 5 levels); sex; race (using EHR categories);
ethnicity (ie, Hispanic or Latino status); insurance (categorized as
commercial, Medicaid, or Medicare); body mass index (BMI in
kg/m2, categorized into the 5 levels used by the Centers for Dis-
ease Control and Prevention27); smoking category (never, former,
or current); and chronic rhinitis (defined as having any ICD-10
code of J30* or J31*).
Timeline of observations included
Fig 1 displays timelines of data considered. We chose January

1, 2017, as the date of the earliest possible index visit because in
our health system, emergency department (ED) and hospitaliza-
tion encounter data from some hospitals in 2015 are missing
from the data warehouse, whereas encounter data from January
1, 2016, onward is complete.
Asthma exacerbation measures
We selected 3 variables to represent asthma exacerbations

during the 12-month period before the index visit: OCS bursts,
ED visits, and hospitalizations. OCS bursts were categorized into
4 groups: counts of 0, 1, 2-3, and 4 or more; and ED visits and
hospitalizations into 2 groups each: counts of 0, and 1 or more.
The outcome of OCS bursts in the 12-month period after the index
visit was modeled as count data. Definitions for OCS bursts, ED
visits, and hospitalizations are described in theMethods section of
the Online Repository available at www.jaci-global.org, and lists
of ICD-10 codes and chief complaints that were used to deem ED
visits and hospitalizations as asthma related are provided in Table
E1, also available in the Online Repository.
Aeroallergen testing data
We defined aeroallergen testing as receipt of any SPTor serum-

specific IgE test to tree, grass, weed, dust mite, cat, dog, or mold
that was recorded in the EHR as structured data, as previously
described.20 More details are available in the Methods section of
the Online Repository.We chose a 90-day threshold for testing af-
ter the index visit so it could occur within the 3-month follow-up
interval that is consistent with guideline care.2,4 We considered 2
definitions for testing after the index visit. The first was a binary
variable of no testing or any testing. The second was a 3-level test
modality variable of (1) no testing, (2) receipt of SPTs (ie, with or
without serum-specific IgE tests), or (3) receipt of only serum-
specific IgE tests.
Aeroallergen sensitization data
We defined sensitization to aeroallergens as previously

described.20 We categorized test results into 7 categories of
tree, grass, weed, dust mite, cat, dog, and mold,20 and considered
results for patients who had results in all 7 categories. We then
created a 3-level aeroallergen sensitization variable of no testing,
sensitization to 1-4 categories, or sensitization to 5-7 categories.
Inhaler data
We identified inhaler prescription data during the 12-month

period before the index visit and categorized these into 3 groups:
(1) no ICS-containing prescriptions, (2) ICS prescriptions only,
(3) any ICS/long-acting b-agonist (LABA) prescriptions, and (4)
any ICS/LABA plus long-acting muscarinic antagonist (LAMA)
prescriptions. We also identified inhaler prescription data in the
90-day period after the index visit to determine whether step-up
therapy occurred. More details are provided in the Methods
section in the Online Repository.
COPD
We defined COPD as having any ICD-10 code of J41*, J42*,

J43*, or J44*; and prescription of any of LAMA, LABA, or
LABA/LAMA inhaler formulations from January 1, 2016, to June
30, 2023. Lists of these inhalers are shown in Table E2 in the On-
line Repository available at www.jaci-global.org.

http://www.jaci-global.org
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FIG 1. A, Overall study period. Shown are observation periods for the index visit, aeroallergen testing after

the index visit, counting of OCS bursts after the index visit, and additional lookback period to confirm that

aeroallergen testing was not performed. B, Individual-level study period. This timeline is centered on the

index visit date for each patient. Shown are the 90-day observation period for aeroallergen testing and

step-up therapy after the index visit, the 12-month observation periods for OCS bursts before and after

the index visit, and the lookback period to confirm that aeroallergen testing was not performed.
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Documentation of likely reasons that providers did

not perform testing, performed testing, and

performed serum-specific IgE testing
An allergy/immunology specialist performed EHR chart re-

view for 50 patients who were categorized as not undergoing
testing to determine the likely reason that a test was not
performed. A second reviewer who was an allergy/immunology
fellow reviewed the same 50 charts, and for any disagreements,
the 2 reviewers reached consensus. In addition, the specialist
performed chart review for 50 patients with aeroallergen testing to
identify the likely reason that it was performed; and for 50
patients with serum-specific IgE testing to identify the likely
reason that it was performed (ie, instead of SPTs). Details are
provided in the Methods section of the Online Repository.
Statistical analysis
Stata 16.1 was used to perform statistical analysis. We

evaluated bivariate associations of patient demographic factors
(eg, age, sex, race, and ethnicity), insurance, BMI, smoking,
COPD, chronic rhinitis, inhaler category, and exacerbation
measures in the 12-month period before the index visit, and
receipt of step-up therapy after the index visit with testing versus
no testing by Pearson chi-square tests. For the primary analysis,
we created a multivariable negative binomial regression model
with OCS burst count in the 12-month period after the index visit
as the outcome, the binary testing variable as the exposure, and the
same variables as in the bivariate associations, except for step-up
therapy, included as covariates. We assessed collinearity among
the independent variables by computing their variance inflation
factors. We repeated the model creation in 3 secondary analyses
after (1) restricting the dataset to patients whose index visits and
90-day postvisit periods occurred earlier than Philadelphia’s
coronavirus disease 2019 (COVID-19) lockdown date of March
17, 2020; (2) excluding patients with COPD; and (3) excluding
both patients with COPD and current or former smokers.

Among patients who either did not undergo testing, or who
underwent testing to 7 aeroallergen categories and had sensitiza-
tion to at least one category, we repeated the primary analysis and
each of the 3 secondary analyses using the 3-level aeroallergen
sensitization variable.

We then evaluated the same bivariate associations of patient
factors with receipt of any SPTs versus only serum-specific IgE
tests by Pearson chi-square tests. Finally, we repeated each of the
4 primary and secondary analyses using the 3-level test modality
variable.
RESULTS

Patient characteristics
Of 1,412 adults with asthma who appeared to be eligible for

testing according to guidelines, 684 (48.4%) underwent testing
within 90 days of their index visits, and 728 (51.6%) did not
undergo testing. A total of 923 (65.4%) of 1,412 also had an
internal medicine or family medicine visit, and 453 (32.1%) of
1,412 also had a pulmonary visit. Patients who underwent testing
were more likely to be younger than 45 years (P < .001), Black
(P <.001), Hispanic or Latino (P5 .02); to not have Medicare in-
surance (P < .001); and to have chronic rhinitis (P < .001) (Table
I). Patients who underwent testing were more likely to have
received step-up therapy in the 90-day period after the index visit
(P 5 .03).



TABLE I. Patient characteristics related to aeroallergen testing among 1,412 adults with asthma

Characteristic Overall (n 5 1,412) No testing (n 5 728) Testing (n 5 684) P value

Age <.001

18-34 years 444 (31.4) 183 (25.1) 261 (38.2)

35-44 years 257 (18.2) 114 (15.7) 143 (20.9)

45-54 years 247 (17.5) 144 (19.8) 103 (15.1)

55-64 years 226 (16.0) 135 (18.5) 91 (13.3)

651 years 238 (16.9) 152 (20.9) 86 (12.6)

Sex .35

Male 308 (21.8) 166 (22.8) 142 (20.7)

Female 1,104 (78.2) 562 (77.2) 542 (79.2)

Race <.001

American Indian or Alaskan Native 8 (0.6) 0 (0.0) 8 (1.2)

Asian 65 (4.6) 33 (4.5) 32 (4.7)

Black 517 (36.6) 232 (31.9) 285 (41.7)

Native Hawaiian or other Pacific Islander 1 (0.1) 0 (0.0) 1 (0.1)

White 821 (58.1) 463 (63.6) 358 (52.3)

Ethnicity .02

Not Hispanic or Latino 1,377 (97.5) 717 (98.5) 660 (96.5)

Hispanic or Latino 35 (2.5) 11 (1.5) 24 (3.5)

Insurance <.001

Commercial 716 (50.7) 358 (49.2) 358 (52.3)

Medicaid 375 (26.6) 170 (23.4) 205 (30.0)

Medicare 321 (22.7) 200 (27.5) 121 (17.7)

BMI .84

Normal 407 (28.8) 220 (30.2) 187 (27.3)

Overweight 413 (29.2) 207 (28.4) 206 (30.1)

Class I obesity 265 (18.8) 136 (18.7) 129 (18.8)

Class II obesity 158 (11.2) 80 (11.0) 78 (11.4)
Class III obesity 169 (12.0) 85 (11.7) 84 (12.3)

Smoking category .23

Never 965 (68.3) 483 (66.3) 482 (70.5)

Former 322 (22.8) 178 (24.5) 144 (21.0)

Current 125 (8.9) 67 (9.2) 58 (8.5)

COPD 111 (7.9) 57 (7.8) 54 (7.9) .96

Chronic rhinitis 1,328 (94.1) 652 (89.6) 676 (98.8) <.001

Inhaler category in the 12-month period before the index visit .14

No ICS 724 (51.3) 352 (48.4) 372 (54.4)

ICS only 195 (13.8) 110 (15.1) 85 (12.4)

ICS/LABA 412 (29.2) 223 (30.6) 189 (27.6)

ICS/LABA and LAMA 81 (5.7) 43 (5.9) 38 (5.6)

OCS bursts in the 12-month period before the index visit .70

0 930 (65.9) 484 (66.5) 446 (65.2)
1 282 (20.0) 138 (19.0) 144 (21.1)

2-3 149 (10.6) 77 (10.6) 72 (10.5)

4 or more 51 (3.6) 29 (4.0) 22 (3.2)

Asthma ED visit in the 12-month period before the index visit 36 (2.5) 16 (2.2) 20 (2.9) .39

Asthma hospitalization in the 12-month period before the index visit 21 (1.5) 10 (1.4) 11 (1.6) .72

Step-up therapy after the index visit 491 (34.8) 234 (32.1) 257 (37.6) .03

Data are presented as nos. (%). Patients who did not receive any testing (n 5 728) were compared with patients who received any SPTs or serum-specific IgE tests on or within 90

days of index allergy/immunology visit (n 5 684) by chi-square test.
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Documentation of likely reasons that providers did

not perform testing, did perform testing, and

performed serum-specific IgE testing
The chart reviewers had 84% agreement in identifying the

likely reasons that testing was not performed after initial review.
After conferring on 8 (16%) of 50 charts that the reviewers
disagreed on, consensus was achieved for all of them; the results
are shown in Table II. Nineteen patients (38%) had prior test re-
sults in their charts, and most (n 5 10) underwent testing 2 to 5
years before the index visit. Tests were ordered or planned but
not completed for 10 patients (20%). Among 50 patients who un-
derwent testing, the likely reason for testing was determined to be
asthma and rhinitis for 26 patients (52%), whereas asthma alone
was the likely reason for 5 patients (10%) (Table III). Among 50
patients who received serum-specific IgE tests, no likely reason
for why it was performed could be identified for 24 patients
(48%); the provider was unable to perform SPTs (eg, due to cur-
rent antihistamine use) was the reason for 17 patients (34%); and
the test-related encounter was a telemedicine visit was the reason
for 9 patients (18%) (Table IV).



TABLE II. Seven likely reasons why aeroallergen testing was

not performed on or before the index visit

Likely reason

No.

(%)

1. Prior test results available in chart 19 (38)

Testing between 2 and 5 years of the index visit 10 (20)

Testing >5 years before the index visit 4 (8)

Year of testing not specified 4 (8)

Testing within 2 years of the index visit 2 (4)

2. Test ordered or planned by Penn allergy/immunology provider

but not completed

10 (20)

3. Testing may not have been high priority for provider 9 (18)

4. Patient self-report of previous testing 6 (12)

5. Other or unspecified reason for testing not performed 4 (8)

6. SPT contraindicated 1 (2)

7. Patient declined testing for any reason 1 (2)

Reasons are according to chart review of 50 patients who did not have codified

aeroallergen testing according to structured EHR data. Reasons are ordered by

decreasing percentage.

TABLE III. Three likely reasons why aeroallergen testing was

performed

Likely reason No. (%)

1. Both rhinitis and asthma 26 (52)

2. Rhinitis 19 (38)

3. Asthma 5 (10)

Reasons are according to chart review of 50 patients who had codified aeroallergen

testing according to structured EHR data. Reasons are ordered by decreasing

percentage.

TABLE IV. Three likely reasons why serum-specific IgE tests

were provided instead of SPTs

Reason No. (%)

1. No reason identified 24 (48)

2. Provider was unable to perform skin testing* 17 (34)

3. Testing-related encounter was a telemedicine visit 9 (18)

Reasons are according to chart review of 50 patients with serum-specific IgE test. Two

reasons were identified for approximately half of patients, while no clear reason was

identified for the remainder.

*For example, because of current antihistamine receipt.
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Testing was not associated with fewer OCS bursts

after the index visit among all patients
According to the primary analysis of 1,412 patients, testing was

not associated with fewer OCS bursts (incidence rate ratio
[IRR] 5 0.84 vs no testing, P 5 .08) (Table V). The IRRs for
all independent variables are shown in Table E4 in the Online Re-
pository available at www.jaci-global.org. The variance inflation
factors were less than 1.7, indicating minimal collinearity (see
Table E5 in the Online Repository).
Influence of COVID-19 pandemic
Fig 2 shows the rates of testing via SPTs and serum-specific IgE

tests over time. From January 2017 toApril 2020, testing via SPTs
was performed at a higher rate except for October-December
2019. After the COVID-19 lockdown date, the rate of testing
via SPTs declined while the rate via serum-specific IgE tests
increased. Thereafter, the rate of testing via SPTs increased.
A total of 997 (70.6%) of 1,412 index visits and 90-day postvisit
periods occurred before the lockdown date, and for these patients,
testing was associated with fewer bursts in the multivariable anal-
ysis (IRR 5 0.78, P 5 .04) (Table V).
Testing was associated with fewer OCS bursts

among patients who did not have COPD and were

never smokers
Among 1,301 (92.1%) of 1,412 patients without COPD, 630

(48.4%) underwent testing, and testing was not associated with
fewer OCS bursts (IRR 5 0.85, P 5 .13) (Table V). Among 927
(65.7%) of 1,412 never smokers without COPD, 461 (49.7%) un-
derwent testing, and testing was associated with fewer bursts
(IRR 5 0.69, P 5 .005) (Table V).
Sensitization to 5-7 aeroallergen categories was

associated with fewer OCS bursts after the index

visit among patients who did not have COPD and

were never smokers
Among 1,255 patients who either did not undergo testing or

who underwent testing to 7 aeroallergen categories and had
sensitization to at least one, 292 (23.3%) had sensitization to 1-4
categories and 235 (18.7%) to 5-7 categories. Compared with
patients who did not undergo testing, there were no associations
of sensitization to 1-4 categories (IRR5 0.85, P5 .21) or 5-7 cat-
egories (IRR5 0.79, P5 .11) with fewer OCS bursts. Results of
the primary and 3 secondary analyses are shown in Table VI.
Among 830 never smokers without COPD, sensitization to 5-7
categories was associated with fewer bursts (IRR 5 0.57, P 5
.003), whereas sensitization to 1-4 categories was not (IRR 5
0.83, P 5 .25).
Receipt of SPTs was associated with fewer OCS

bursts after the index visit
Among 684 patients who underwent testing, 430 (62.9%)

received SPTs and 254 (37.1%) received only serum-specific IgE
tests. Comparing these 2 subgroups, patients who received SPTs
were more likely to be under age 45 (P < .001), to have commer-
cial insurance (P <.001), to have normal or overweight BMI (P <
.001), to not have COPD (P5 .001), and to not be receiving ICS
(P 5 .006) or to have received OCS bursts (P 5 .02) in the year
before the index visit (see Table E3 in the Online Repository
available at www.jaci-global.org). According to the multivariable
analyses that used the 3-level test modality variable, the receipt of
SPTs was associated with fewer bursts (IRR <_ 0.78 vs no testing,
P <_.03 for SPTs vs no testing in each of the primary and secondary
analyses), whereas the receipt of only serum-specific IgE
tests was not (P > .05 in the primary and secondary analyses)
(Table VII).
DISCUSSION
In this study of adults with asthma in a large health system who

established care in an allergy/immunology clinic and for whom
aeroallergen testing appeared to be indicated according to the

http://www.jaci-global.org
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TABLE V. Effect of aeroallergen testing on OCS burst count in 12-month period after the index allergy/immunology visit

Characteristic Variable Value

Overall cohort (N 5 1,412) IRR (95% CI) 0.84 (0.70, 1.02)

P value .08

Index visit before COVID-19 lockdown (n 5 997) IRR (95% CI) 0.78 (0.62, 0.98)

P value .04

Overall cohort, no COPD (n 5 1,301) IRR (95% CI) 0.85 (0.69, 1.05)

P value .13

Overall cohort, no COPD and never smokers (n 5 927) IRR (95% CI) 0.69 (0.54, 0.90)

P value .005

IRRs were adjusted for all independent variables (age, sex, race, ethnicity, insurance status, BMI, smoking category, COPD, chronic rhinitis, inhaler category, OCS bursts, asthma

ED visits, and asthma hospitalizations in 12-month period before the index visit) in multivariable models using data from full cohort of 1,412 adults with asthma who established

outpatient allergy/immunology care. This model was repeated for subgroups of 1,412 patients: 997 whose index visits and postvisit 90-day periods occurred before COVID-19

lockdown (same covariates as overall cohort); 1,176 who did not have COPD (COPD was not included as covariate); and 860 who did not have COPD and were never smokers

(COPD and smoking category were not included as covariates).

FIG 2. Three-month rates of testing via SPTs and serum-specific IgE tests for 668 patients who had an index

visit between January 1, 2017, and June 30, 2022, and underwent testing at the visit or up to 90 days after.

Rates of testing represent ratios of the number of patients tested to the number of index visits within each

3-month period. The Black dotted line represents 3-month period during which COVID-19 lockdown in Phil-

adelphia occurred.
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guidelines, aeroallergen testing was associated with fewer OCS
bursts in the 12-month period after the index visit among never
smokers without COPD. Within this subgroup, sensitization to 5-
7 aeroallergen categories, but not 1-4 categories, was associated
with fewer bursts. These findings did not extend to all asthma
patients. We also found that testing via SPTs but not serum-
specific IgE tests was associated with fewer bursts for the full
cohort and in each secondary analysis.

Thirty-eight percent of patients categorized as not having
undergone testing had prior test results available in the EHR.
While these patients’ testing status may be considered misclassi-
fied, an alternative view is that some previously tested patients
could benefit from repeat testing. Notably, 20% of patients who
underwent chart review had tests ordered or planned but not
performed. Insofar as these patients were nonadherent to pro-
viders’ recommendations, it is possible that they were less
adherent overall (eg, to inhaler therapy) than patients who
underwent testing after the index visit. Therefore, differences in
adherence between the tested and untested patients, irrespective
of the testing itself, may have contributed to differences in OCS
bursts after the index visit. Among patients who underwent
testing, only 10% had asthma alone—and not rhinitis or both
asthma and rhinitis—listed as the likely reason for testing. Most
patients with asthma have rhinitis,2,28 which may explain why
most patients had both asthma and rhinitis listed as the reason
for ordering tests. More research is needed to understand why



TABLE VI. Effect of aeroallergen testing on OCS burst count in 12-month period after the index allergy/immunology visit while

considering sensitization to 1-4 or 5-7 aeroallergen categories among categories of tree, grass, weed, dust mite, cat, dog, and

mold

Characteristic Variable Value

Overall cohort (N 5 1,255) Sensitization to 1-4 categories

IRR (95% CI) 0.85 (0.67, 1.09)

P value .21

Sensitization to 5-7 categories

IRR (95% CI) 0.79 (0.59, 1.05)

P value .11

Index visit before COVID-19 lockdown (n 5 887) Sensitization to 1-4 categories

IRR (95% CI) 0.83 (0.62, 1.13)

P value .24

Sensitization to 5-7 categories

IRR (95% CI) 0.76 (0.54, 1.06)

P value .11

Overall cohort, no COPD (n 5 1,162) Sensitization to 1-4 categories

IRR (95% CI) 0.89 (0.68, 1.16)

P value .37

Sensitization to 5-7 categories

IRR (95% CI) 0.79 (0.58, 1.08)

P value .14

Overall cohort, no COPD and never smokers (n 5 830) Sensitization to 1-4 categories

IRR (95% CI) 0.83 (0.61, 1.14)

P value .25

Sensitization to 5-7 categories

IRR (95% CI) 0.57 (0.39, 0.82)

P value .003

IRRs were adjusted for all independent variables (age, sex, race, ethnicity, insurance status, BMI, smoking category, COPD, chronic rhinitis, inhaler category, OCS bursts, asthma

ED visits, and asthma hospitalizations in the 12-month period before the index visit) in multivariable models using data from 1,255 patients among 1,412 in overall cohort who

either did not undergo testing or who underwent testing to 7 aeroallergen categories and had sensitization to at least one. This model was repeated for subgroups of 1,255 patients:

887 whose index visits and postvisit 90-day periods occurred before the COVID-19 lockdown (same covariates as overall cohort); 1,162 who did not have COPD (COPD was not

included as a covariate); and 830 who did not have COPD and were never smokers (COPD and smoking category were not included as covariates).
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tests are performed in patients with asthma with and without
rhinitis.

Our findings suggest that testing in accordance with the
guidelines offers clinical benefit among asthma patients who do
not have COPD or a history of smoking. It is possible that patient-
driven behavioral changes or greater awareness of asthma triggers
were mediators between testing and fewer OCS bursts; this is
supported by our finding that among never smokers without
COPD, sensitization to 5-7 aeroallergen categories was associ-
ated with fewer OCS bursts, whereas sensitization to 1-4
categories was not. Interestingly, we found that patients who
underwent testing were more likely to receive step-up therapy
after the index visit, offering another possible explanation for
fewer bursts. According to expert consensus in the Global
Initiative for Asthma guidelines, allergen exposure, if sensitized,
is a rationale for step-up treatment.2 However, we were unable to
measure whether the test results prompted step-up therapy. It is
also possible that the need for step-up therapy motivated pro-
viders to order tests or that both step-up therapy and testing
comprised a comprehensive care strategy. More research is
needed to evaluate whether aeroallergen testing is independently
associated with clinical benefit and whether step-up inhaler ther-
apy mediates this association.

We observed that before the COVID-19 lockdown in Philadel-
phia, SPTs were performed at a higher rate than serum-specific
IgE tests, but these rates became more similar after March 2020,
presumably due to the rise in telemedicine encounters. This is
supported by the finding in the chart review that 18% of patients
likely received serum-specific IgE tests because the test-related
visit was a telemedicine encounter. Prior research has found
numerous changes in asthma-related health care utilization during
the pandemic, including an increase in telemedicine and re-
ductions in asthma exacerbations.29-38 We performed a secondary
analysis restricting the index visit dates to those that occurred
before the lockdown and observed greater benefit from testing
than in the overall cohort. This may reflect a differential benefit
according to test type: patients whose index visits occurred before
the lockdown received SPTs at a higher rate.

Asthma associated with comorbid COPD or smoking repre-
sents difficult-to-treat subtypes with distinct patterns of airway
inflammation and airway remodeling.39,40 Our results may reflect
less effectiveness of testing among patients with asthma and
smoking-related comorbidity. Alternatively, because patients
with COPD or smoking histories were older, and because older
adults with asthma are less likely to be sensitized to aeroaller-
gens,20,21,41 older age may underlie their relative lack of benefit
from testing. Prospective studies are needed to clarify these
relationships.

Testing via SPTs may be more beneficial than via serum-
specific IgE tests because the former offers immediate results that
can be incorporated into management plans at the same visit.
However, a caveat of comparing the 2 test modalities is that
comparedwith patients who received SPTs, patients who received
only serum-specific IgE tests were more likely to have COPD, be
prescribed more controller inhalers, and have had more OCS
bursts before the index visit. The reasons for these patient



TABLE VII. Effect of the receipt of SPTs and serum-specific IgE tests on OCS burst count in 12-month period after the index

allergy/immunology visit

Characteristic Variable Value

Overall cohort (N 5 1,412) SPTs

IRR (95% CI) 0.78 (0.62, 0.98)

P value .03

Only serum-specific IgE tests

IRR (95% CI) 0.93 (0.72, 1.19)

P value .55

Index visit before COVID-19 lockdown (n 5 997) SPTs

IRR (95% CI) 0.74 (0.57, 0.96)

P value .02

Only serum-specific IgE tests

IRR (95% CI) 0.86 (0.63, 1.18)

P value .36

Overall cohort, no COPD (n 5 1,301) SPTs

IRR (95% CI) 0.76 (0.60, 0.97)

P value .03

Only serum-specific IgE tests

IRR (95% CI) 0.99 (0.76, 1.30)

P value .96

Overall cohort, no COPD and never smokers (n 5 927) SPTs

IRR (95% CI) 0.58 (0.43, 0.78)

P value <.0005

Only serum-specific IgE tests

IRR (95% CI) 0.90 (0.65, 1.25)

P value .54

IRRs were adjusted for all independent variables (age, sex, race, ethnicity, insurance status, BMI, smoking category, COPD, chronic rhinitis, inhaler category, OCS bursts, asthma

ED visits, and asthma hospitalizations in 12-month period before the index visit) in multivariable models using data from full cohort of 1,412 adults with asthma who established

outpatient allergy/immunology care. This model was repeated for subgroups of 1,412 patients: 997 whose index visits and postvisit 90-day periods occurred before COVID-19

lockdown (same covariates as overall cohort); 1,301 who did not have COPD (COPD was not included as a covariate); and 927 who did not have COPD and were never smokers

(COPD and smoking category were not included as covariates).
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differences in test selection are unknown, although for patients
with more severe or uncontrolled asthma, providers may
deprioritize a 20-minute skin test procedure in favor of other
tests at the visit (eg, spirometry), or they may choose to bundle
serum-specific IgE tests with other serologic tests. It is possible
that residual confounding related to patient selection accounted
for the observed differences in OCS bursts after the index visit
according to test type. Specifically, we were unable to account for
asthma control, environmental exposures, and genetic risk factors
for asthma exacerbations.

This study has several additional limitations. Persistent asthma
is a clinical diagnosis, but we used ICS prescriptions to classify
asthma as persistent, which may misclassify asthma that has been
over- or undertreated. However, because misclassification usually
biases toward the null, our results suggest a benefit of aeroallergen
testing among patients in the cohort whose disease was correctly
classified as persistent asthma and thus should have, according to
the guidelines, undergone testing. Although airflow obstruction is
a risk factor for asthma exacerbations2 and aeroallergen testing
with allergen avoidance education has been found to improve
lung function,24 we were unable to incorporate pulmonary func-
tion testing results due to inadequate data capture (eg, testing
not documented as being performed or lung volumes not accom-
panied by flow volume curves). Our results may not be generaliz-
able to other health systems. However, our findings within a
diverse, predominantly urban cohort of adults with asthma may
generalize to similar health systems. It is possible that patients
who underwent aeroallergen testing were more likely to have
received asthma-related education, and this education may have
improved outcomes regardless of the testing. Finally, wewere un-
able to count OCS prescriptions issued by providers outside Penn.

In summary, we found that in our diverse health system where
asthma morbidity is high and asthma disparities exist, patients
with asthma who were never smokers without COPD who
underwent aeroallergen testing in the context of an outpatient
allergy/immunology visit had fewer OCS bursts in the 12-month
period after testing. In addition, among all patients with asthma,
the receipt of SPTs was associated with fewer OCS bursts in the
12-month period after testing.
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