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What is already known about this topic? The COVID-19 pandemic led to a rapid and significant change from in-person
care to virtual care. This change in the way care was delivered affected patient populations differently. Patients with
asthma had a reduction in exacerbations during the pandemic.

What does this article add to our knowledge? This article highlights how care for patients with asthma was delivered
both virtually and in person, as well as where barriers to virtual care existed, and suggests that care could be delivered
virtually without an adverse effect on asthma outcomes.

How does this study impact current management guidelines? This article should give clinicians some confidence that
asthma care can be delivered virtually, although it will require ongoing work to improve accessibility and acceptance while
maintaining quality.
BACKGROUND: The COVID-19 pandemic increased reliance
on virtual care for patients with persistent asthma.
OBJECTIVE: This retrospective cohort study assessed changes
from in-person to virtual care during the pandemic. In patients
with persistent asthma, compared with the same period before
the pandemic.
METHODS: Kaiser Permanente Colorado members aged 18 to
99 years with persistent asthma were evaluated during two
periods (March to October 2019 and March to October 2020).
Comparison of asthma exacerbations (hospitalizations,
emergency department visits, and courses of oral prednisone)
and asthma medication metrics were evaluated between the two
periods and by type of care received during the pandemic (no
care, virtual care only, in-person care only, or a mix of virtual
and in-person care). Population characteristics by type of care
received during the pandemic were also evaluated.
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RESULTS: Among 7,805 adults with persistent asthma, those
who used more virtual care or sought no care during the
pandemic were younger and had fewer comorbidities, mental
health diagnoses, or financial barriers. Exacerbations decreased
(0.264 to 0.214; P <.001) as did courses of prednisone (0.213 to
0.169). Asthma medication adherence (0.53 to 0.54; P <.001)
and the asthma medication ratio, a quality-of-care metric (0.755
to 0.762; P [ .019), increased slightly. Patients receiving a mix
of in-person and virtual care had the highest rate of exacerba-
tions (0.83) and a lower asthma medication ratio (0.74) despite
having the highest adherence (.57).
CONCLUSIONS: Despite an increase in virtual care, asthma
exacerbations decreased except among individuals who received
both in-person and virtual care, likely because they had more se-
vere disease. � 2022 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2022;10:1569-76)

Key words: Persistent asthma; COVID-19 pandemic; Virtual
asthma care; Telemedicine; Asthma exacerbations
INTRODUCTION

The COVID-19 pandemic has had a dramatic impact on the
delivery of outpatient care. In an effort to slow the spread of
COVID-19, and with the support of regulatory changes in
public and private reimbursement for telemedicine services,1,2

health care systems curtailed in-person visits and increased the
availability of virtual care options. Documenting this change in
the first 8 months of the pandemic, a report by the Centers for
Medicare and Medicaid Services3 found that between mid-
March and mid-October, more than 24.5 million of 63
million eligible patients (nearly 40%) received telemedicine ser-
vice covered by Medicare. However, virtual care did not fully
replace in-person care during the pandemic. For example, in a
large national study of over 16 million commercially insured
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Abbreviations used

AMR- A
sthma medication ratio

ED- E
mergency department
EHR- E
lectronic health record

KPCO- K
aiser Permanente Colorado

PDC- P
roportion of days covered
patients,4 a substantial decrease in in-person visits was only
partially offset by telemedicine visits.

Given the rapid and unprecedented transition to virtual care,
several studies highlighted the difficulties associated with this
historic transition.5-7 The impact of virtual care on the man-
agement of chronic diseases, including asthma, has been partic-
ular concerning because these conditions require ongoing access
to primary and specialty care to maintain quality and prevent
adverse events such as hospitalizations. Preliminary studies that
assessed the impact of this transition on chronic disease man-
agement showed variable outcomes.8-11 The care of asthma pa-
tients during the pandemic was a particular concern because early
in the pandemic, the Center for Disease Control and Prevention
suggested that patients with moderate to severe asthma could
potentially be at higher risk for complications of COVID-19.12

In this study, we describe the transition to virtual care that
took place in a large integrated health care system with a pop-
ulation of nearly 8,000 adult patients with asthma during the
first 8 months of the pandemic (March 2020 to October 2020).
We examined the extent to which patients received care through
virtual channels and the effect of this transition on asthma out-
comes, compared with the same period in 2019.

METHODS

Setting
This retrospective cohort study was conducted at Kaiser Perma-

nente Colorado (KPCO), an integrated health care delivery system
composed of direct-pay, employer-sponsored Medicaid, Medicare,
and Medicare Advantage insurance plans with more than 545,000
members in the Denver-Boulder metropolitan area. Within KPCO,
patients with persistent asthma receive collaborative team care,
including primary care and specialty care clinicians, pharmacists, and
nurses. Before the COVID-19 pandemic, KPCO members could
access care through a call-center telephone line or by e-mail through
a secure patient portal (kp.org). To obtain care with a KPCO
clinician, patients could schedule an in-person visit, telephone visit,
or video visit, and, beginning in late 2016, by synchronous chat, via
functionality embedded in the secure patient portal. In 2019, over
85% of all care was done with in-person visits whereas 15% was
virtual (9% scheduled telephone, less than 1% video visit, and 5%
synchronous chat). The system also provided medical care through
automated voice message and website notifications. Beginning on
March 13, 2020, when the COVID-19 national emergency was
declared, health care systems, including KPCO, rapidly converted to
virtual-first care by leveraging existing telehealth infrastructure and
by reallocating clinicians and staff to provide virtual care.

Data sources
The primary data source for this analysis was patient-level in-

formation from the KPCO electronic health records (EHRs),
augmented by administrative and claims databases, which included
procedure codes, diagnosis codes, and census-based measures of
socioeconomic status, pharmacy dispensing data, as well as all in-
ternal hospital and ambulatory encounters and claims for services
outside KPCO.

Study sample
The cohort for this study included adults aged 18 years and older

who were continuously enrolled in KPCO during the period before
COVID-19 (from March 2019 through October 2019) and during
COVID-19 (from March 2020 through October 2020). Matched
time periods were used to account for the usual seasonality of asthma
exacerbations.13 We included only patients who had persistent
asthma for both study periods, based on clinician diagnosis. Patients
with diagnoses of chronic obstructive pulmonary disease were
excluded. We also required that the clinical diagnosis of persistent
asthma, captured in both periods, be confirmed by at least one of the
following: a visit (in-person or virtual) with an asthma diagnosis, a
fill of controller medication (eg, inhaled corticosteroids, leukotriene
receptor antagonist), a fill of reliever medication (eg, short-acting
b-agonist), or an asthma exacerbation (prednisone fill, emergency
department [ED], hospital, or urgent care visit with an asthma
diagnosis).

Measures

The primary outcome was the difference in asthma exacerbations
in the period before COVID-19 compared with the period during
COVID-19. Asthma exacerbations were defined as oral corticoste-
roid bursts and asthma-related urgent care visits, ED visits, and
hospitalizations, in which there was a corresponding primary or
secondary visit diagnostic code for asthma. When oral corticosteroids
were prescribed, the exacerbation had to be linked to a diagnosis of
asthma to be counted. Emergency department visits, urgent care
visits, or hospitalizations were included when asthma was the pri-
mary diagnosis or when an asthma exacerbation was listed as a pri-
mary or secondary diagnosis.

Secondary outcome measures included adherence to inhaled
corticosteroids and the asthma medication ratio (AMR), a National
Committee for Quality Assurance metric for asthma. Adherence to
inhaled corticosteroids was defined as the proportion of days covered
(PDC), a proportion between 0.0 and 1.0.14 The AMR was defined
as a ratio of asthma controller canisters dispensed to the sum of
asthma controller plus asthma reliever canisters dispensed.15 In
addition to comparing patients with persistent asthma before and
during COVID-19, we compared the same outcomes, during the
COVID-19 period only, according to the type of care patients
received. Patients were broadly categorized by the type of care
received during COVID-19 as no care of any type, in-person care
only, virtual care (video, phone, or chat) only, or a mix of virtual and
in-person care. Finally, we conducted a subanalysis looking at pa-
tients with at least one exacerbation both before and during
COVID-19 to compare rates of in-person, virtual, and total visits for
these periods.

Statistical analyses

To assess patient characteristics for the period during COVID-19
(March 2020 through October 2020), we used Kruskal-Wallis tests
for continuous variables and c2 tests for categorical variables. At the
start of the COVID-19 period (March 2020), we also reported
demographic subgroup distributions across each category of care use
by age group, female sex, racial and ethnic group, insurance payer
and type of insurance (which were not mutually exclusive and hence
have separate P values), number of medical (Elixhauser) comorbid-
ities,16 any mental health comorbidities, number of address changes,

http://kp.org


All members aged 18 and older, continuously 
enrolled in KP, with a diagnosis of persistent asthma,  

March 2019 through October 2020  
N=7,805 

Encounter in any venue for 
asthma diagnosis 

4,828 (62%) 

No use of any venue 
with asthma diagnosis 

2,977 (38%) 

Virtual only 
1,952 (25%) 

Mix of virtual and in-
person care 
1,084 (14%) 

In-person care only 
1,792 (23%) 

FIGURE 1. Waterfall diagram for venues of care received by patients with persistent asthma during COVID-19. KP, Kaiser Permanente.
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and receipt of medical financial assistance, a marker of financial
resource strain. Race and ethnicity variables were derived from the
EHR, in which medical personnel entered patient self-reported
identification. Income and education were derived as proxy socio-
economic variables by linking a patient’s address to the census tract
of residence.

For health care outcomes before and during the COVID-19
pandemic, we used Poisson regression models, adjusting for over-
dispersion and repeated measures to compare total prednisone ex-
acerbations and PDC. For binary outcomes (any hospitalization, any
ED visit, and any urgent care), we used log-binomial models with
repeated-measure adjustment.17 Because AMR is a ratio of the count
of controller medications relative to the count of controller plus
reliever medications, we analyzed AMR using a binary logit model
with a fractional dependent variable. All outcomes were adjusted for
person-years except AMR, which was time-independent.

For outcomes across use groups during COVID-19, we used the
same analytical methods except for hospitalizations and the sum of
ED and urgent care visits, for which we used Poisson regression
models accounting for overdispersion. We did not account for
multiple time points because we were using an analysis of covariance
framework, but calculated unadjusted models as well as models
adjusting for age, sex, race, and the baseline value of the outcome of
interest. All rates were adjusted for person-years except AMR.

For patients with exacerbations in both periods, we compared use
across periods using Poisson models and nonlinear mixed models to
derive confidence intervals for the difference between the two periods.
To calculate rate ratios, the differences calculated from the model were
exponentiated. All use rates were adjusted for person-years.

We used histograms to show use trends for the asthma cohort in
both periods, for counts and relative percentages, for in-person
compared with virtual visits. All analyses were performed using
SAS Studio software (version 3.8, SAS Institute Inc, Cary, NC).
Study protocols and human subjects’ considerations were reviewed
and approved by the KPCO Institutional Review Board.
RESULTS
We identified a cohort of 7,805 adult patients (aged 18-99

years) with persistent asthma. During the first 8 months of the
COVID-19 pandemic (March 2020 through October 2020),
4,828 patients (62%) received care from a provider for asthma
whereas 2,977 received no care for asthma (38%). Of the group
receiving clinician care for asthma, 1,952 received virtual care
only (25%), 1,792 received in-person care only (23%), and
1,084 received a mix of virtual and in-person care for asthma
(14%) (Figure 1). During the study period, 129 participants in
the study had a diagnosis of COVID-19 disease, but none died
during this period.

Care use during COVID-19

Table I compares patient characteristics of the four care
classification groups in March 2020 (no care, in-person only,
virtual only, and a mix of virtual and in-person care). Older
patients received more in-person care (29.3% for those aged 65
years and older compared with 23% for the group as a whole)
than virtual (22.8% for those aged 65 years and older vs 25%
for the group as a whole), whereas younger patients tended to
receive care more often virtually (26.8% for those aged 18-34
years and 26.5% for those aged 35-50 years vs 25% for the
group as a whole) or received no care at all (41% for those aged
18-34 years and 40.2% for those aged 35-50 years vs 38% for
the group as a whole). The portion of patients receiving virtual
care was roughly equal across racial and ethnic groups, although
Black patients received a relatively higher proportion of care
virtually (29.7% vs 25% for the group as a whole) and were less
likely to be in the no-care group (30.9% vs 38%). Those
requiring medical financial assistance were less likely to be in
the no-care group (31.3% vs 38%) and more likely to have
sought in-person care (27% vs 23%) or to have required a mix
of virtual and in-person care (22% vs 14%). Those with
Medicaid did not seek care differently from those in the larger
persistent asthma population (P ¼ .09). Individuals with a
prior mental or behavioral health diagnosis (24.5% vs 23%) or
those with a higher number of comorbid conditions (2.4 vs 2.0)
more often sought in-person care.

Courses of prednisone and asthma exacerbations requiring
urgent care, ED care, or hospitalization were all more common
in those receiving a mix of in-person and virtual care (Table II).
Individuals receiving no care during COVID-19 had the highest



TABLE I. Patient sociodemographic, clinical, and social health characteristics of use subgroups derived from March 2020 to October
2020 (n ¼ 7,805)

Characteristicz

Characteristic for

entire cohort column

(%)

Distribution by visit type

P

No asthma care during

COVID-19 (row %)

(n [ 2,977; 38%)

In-person asthma care

only (row %) (n [
1,792; 23%)

Mix of in-person and

virtual care (row %)

(n [ 1,084; 14%)

Virtual care only (row

%) (n [ 1,952; 25%)

Age group, y (n [%])* <.001

18-34 1,264 (16.2) 518 (41.0) 248 (19.6) 159 (12.6) 339 (26.8)

35-50 2,064 (26.4) 829 (40.2) 405 (19.6) 283 (13.7) 547 (26.5)

51-64 2,253 (28.9) 877 (38.9) 488 (21.7) 329 (14.6) 559 (24.8)

�65 2,224 (28.5) 753 (33.9) 651 (29.3) 313 (14.1) 507 (22.8)

Sex, n (%) <.001

Female* 4,920 (63.0) 1,730 (35.2) 1,139 (23.2) 758 (15.4) 1,293 (26.3)

Male 2,885 (37.0) 1,247 (43.2) 653 (22.6) 326 (11.3) 659 (22.8)

Racial and ethnic subgroups,
n (%)*

.009

Asian 172 (2.2) 70 (40.7) 36 (20.9) 22 (12.8) 44 (25.6)

Black 417 (5.3) 129 (30.9) 91 (21.8) 73 (17.5) 124 (29.7)

Other race 247 (3.2) 109 (44.1) 55 (22.3) 26 (10.5) 57 (23.1)

Unknown race 161 (2.1) 75 (46.6) 34 (21.1) 11 (6.8) 41 (25.5)

White 5,724 (73.3) 2,200 (38.4) 1,325 (23.2 788 (13.8) 1,411 (24.7)

Hispanic ethnicity 1,084 (13.9) 394 (36.4) 251 (23.2) 164 (15.1) 275 (25.4)

Insurance coverage, n (%)*

Medicaid and subsidized 517 (6.6) 170 (32.9) 128 (24.8) 80 (15.5) 139 (26.9) .087

Health maintenance
organization

4,205 (53.9) 1,523 (36.2) 1,088 (25.9) 614 (14.6) 980 (23.3) <.001

Deductible/coinsurance 3,971 (50.9) 1,573 (39.6) 833 (21.0) 524 (13.2) 1,041 (26.2) <.001

Count of medical
comorbidities, n (SD)†

2.0 (1.8) 1.7 (1.7) 2.3 (2.0) 2.4 (1.9) 1.9 (1.7) <.001

Any mental health
comorbidity, n (%)*

2,226 (28.5) 718 (32.3) 545 (24.5) 371 (16.7) 592 (26.6) <.001

Median family income
(mean [75th percentile,
25th percentile])†,x

98,124 (74,794,
117,083)

98,966 (75,156,
118,958)

96,767 (74,000,
116,416)

96,409 (74,148,
116,750)

99,039 (76,107,
118,958)

.014

Less than high school
education (% [SD])†,x

7.9 (0.08) 7.9 (0.08) 8.2 (0.09) 7.9 (0.08) 7.5 (0.08) .064

Receipt of medical-financial
assistance, n (%)*

300 (3.8) 94 (31.3) 81 (27.0) 66 (22.0) 59 (19.7) <.001

Address changes, n (SD)† 0.10 (0.36) 0.08 (0.3) 0.12 (0.38) 0.13 (0.39) 0.12 (0.40) <.001

Other race includes Native Hawaiian or other Pacific Islander, American Indian, Native Alaskan, and those that identify as other race without specificity.
*Categorical variables are row percentages to allow for comparison of characteristics across use categories in header columns. P values were obtained with c2 test. Insurance
coverage is not mutually exclusive.
†Continuous variable P values were obtained with Kruskal-Wallis test.
zCharacteristics were derived as of March 2020.
xUS Census tract using postal code to obtain income and education status estimates.
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AMR (0.78 vs 0.76 for the group as a whole) whereas those
receiving a mix of care (the group with the highest rate of ex-
acerbations during COVID-19) had a lower AMR (0.74 vs 0.76
overall) despite having the highest PDC (0.57 vs 0.54)
(Table II). We adjusted for age, sex, and race and ethnicity. The
baseline value of the outcome did not affect these findings
(Table III).

We also analyzed the number of visits patients had in each
mode of care they used. Patients who used only in-person care
had a mean of 1.3 visits (SD, 0.9 visits; median, 1 visit; inter-
quartile range [IQR], 1-1 visit). Patients who used only virtual
care had a mean of 1.4 visits (SD, 0.8 visit; median, 1 visit; IQR,
1-2 visits) in all virtual care channels. Those who used a com-
bination of in-person and virtual care had a mean of 1.6
in-person visits (SD, 1.26 visits) and 1.9 virtual visits (SD, 1.26
virtual visits), with medians of 1 for both in-person and virtual
visits (IQR, 1-2 for both). The many different blends of in-
person and virtual care made it difficult to test the association
of visit volume with outcomes.

Comparison of time periods
Cohort members received a higher volume of care during the

spring months (March to May) of 2019, when seasonal allergies
would typically induce more requests for care (Figure 2). How-
ever, in spring 2020, as the pandemic first developed, the level of
care decreased for all modes of care, with a shift from an in-
person mode of care (85% of all visits in 2019) to virtual care,
ranging from a high of 76.7% of care in April to 43% by



TABLE II. Unadjusted comparison of asthma outcomes between use groups during COVID-19

Outcome

Overall during

COVID-19

(n [ 7,805)

No asthma care during

COVID-19

(n [ 2,977)

In-person asthma

care only

(n [ 1,792)

Mix of in-person and

virtual care

(n [ 1,084)

Virtual care

only (n[ 1,952) P

Total exacerbations 0.214 (0.009) 0.017 (0.004) 0.164 (0.014) 0.827 (0.041) 0.221 (0.016) <.001

Prednisone* 0.169 (0.008) 0.017 (0.004) 0.099 (0.011) 0.610 (0.035) 0.221 (0.016) <.001

Emergency department
or urgent care visits*

0.116 (0.009) 0 0.063 (0.008) 0.204 (0.019) 0 <.001

Hospitalizations* 0.006 (0.002) 0 0.003 (0.002) 0.012 (0.004) 0 .021

Proportion of days covered† 0.539 (0.004) 0.563 (0.006) 0.497 (0.008) 0.570 (0.010) 0.525 (0.007) <.001

Asthma medication ratioz 0.762 (0.002) 0.784 (0.003) 0.780 (0.004) 0.736 (0.004) 0.732 (0.004) <.001

Data are presented as mean (SE).
*Poisson model accounting for overdispersion used to obtain P. Rates are person-year adjusted.
†Poisson model accounting for overdispersion used to obtain P. Mean is total number of days covered by total number of days of enrollment in study period.
zLogit binomial model with fractional-dependent variable (controller divided by sum of controller and reliever) model used to determine P.
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October 2020. In October 2020, there was a 19% increase in
total care compared with October 2019.

Compared with before COVID-19, there was a decrease in
asthma exacerbations during COVID-19 from 0.264 to 0.214 (P
< .001) (Table IV), largely reflected in a significant decrease in
the prescription of oral corticosteroids (0.213 to 0.169; P <
.001). Decreases in ED, urgent care, and hospitalization rates for
asthma exacerbations during COVID-19 were not statistically
significant. There was a statistically significant increase when the
period before COVID-19 is compared with the same months in
the first year of the COVID-19 pandemic, for the whole pop-
ulation for both PDC (0.53 to 0.54; P < .001) and for AMR
(0.75 to 0.76; P ¼ .019). However, these changes do not appear
to be clinically meaningful.

In comparing patients who had one or more exacerbations in
2019 with those who had one or more exacerbations during
2020, the mean number of total visits was equal. However, the
portion of total visits that were virtual for this population
increased from 13% of all visits before COVID-19 to 58% of all
visits during COVID-19 (Table V).
DISCUSSION
In this retrospective cohort study of patients with persistent

asthma, during the transition of care delivery from before to
during COVID-19, we found no evidence for an adverse impact
on the important clinical outcomes of hospitalizations, ED visits,
and courses of prednisone for asthma flares or on asthma
medication adherence or AMR. Although there was an expected
and widely documented decrease in volumes of care early on in
the pandemic, the volume of care recovered quickly and transi-
tioned from in-person to virtual care. To a large extent, virtual
care was adopted across age, race, income, and insurance-type
groups. At the same time, the use of virtual care tended to be
lower among older patients, those with a lower household in-
come, and those with a mental health diagnosis or a higher
number of comorbidities. Asthma exacerbations (courses of
prednisone, ED visits, and hospitalizations) all decreased during
COVID-19 relative to the same period before COVID-19,
although only a reduction in the courses of prednisone was sta-
tistically significant.

Others have documented that the extent and duration of
the virtual care transition during COVID-19 varied by dis-
ease,8-11,18-25 socioeconomic status,5,6 ethnicity,6,18 and
practice type.26,27 For instance, there was a rapid and nearly
complete transition to virtual visits in mental health care,27-29

suggesting an easier transition for health conditions that were
not as dependent on in-person testing and examinations.
However, other studies showed that people with lower so-
cioeconomic status had more difficulty making connections
for virtual care.14,18 Our finding of the lower use of virtual
care among more economically vulnerable populations is
consistent with this finding. Similar to our study findings, a
study conducted in the Department of Veterans Affairs health
care system documented an increase in virtual care among
those who were younger (aged less than 45 years), but in
contrast found that those with a lower income, higher
disability, and more chronic conditions were more likely to
receive virtual care during the pandemic.30 Findings from an
urban academic medical center were similar to those of our
own study, showing that virtual visits were less likely in men
and in elderly patients. However, in contrast to our study,
they found fewer virtual visits among people with Medicaid-
sponsored insurance.31

Although several studies looked at the rapid implementation
of virtual care for chronic disease and patient satisfaction with
this change in mode of care,8,19-22,30,31 few looked at outcomes
for these chronic diseases.24,25 A few studies examined the
transition to virtual care specifically in allergy practices and
asthma populations but did not include clinical outcomes.8,23

One study of children with asthma presenting to a large
inner-city tertiary hospital found that courses of prednisone,
outpatient visits, and hospitalizations all decreased during the
first few months of the pandemic, whereas video visits and
prescriptions for asthma medications increased.32 Despite the
change in how outpatient care was delivered to the current
KPCO adult patient population with asthma, adverse outcomes
decreased. Even patients with at least one asthma exacerbation
before COVID-19 received the same volume of care during
COVID-19, which suggests that this higher-need population of
asthma patients was able to access the care that it needed either
virtually or in person. The existence of virtual care options
within KPCO before the onset of the pandemic may have led to
greater awareness and comfort with virtual care once COVID-
19 arrived.

Multiple studies documented that patients with asthma had
improved outcomes during the pandemic.33 Several factors may
have led to improved outcomes in patients with persistent



FIGURE 2. Virtual and in-person care in 2019 compared with 2020.

TABLE III. Exacerbation rates before and during COVID-19 (n ¼ 7,805)

Outcome

Rate before COVID-19

(mean [SE])z
Rate during COVID-19

(mean [SE])z
Ratio of rates before vs

during COVID-19 (95% confidence interval) P

All exacerbations* 0.264 (0.009) 0.214 (0.009) 0.810 (0.739-0.888) <.001

Prednisone* 0.213 (0.008) 0.169 (0.008) 0.794 (0.718-0.878) <.001

Any inpatient visit† 0.004 (0.001) 0.002 (0.001) 0.478 (0.238-0.960) .04

Any emergency
department visit†

0.017 (0.002) 0.015 (0.002) 0.874 (0.650-1.175) .37

Any urgent care visit† 0.025 (0.002) 0.023 (0.002) 0.903 (0.717-1.137) .39

Portion of days covered* 0.528 (0.004) 0.539 (0.004) 1.022 (1.010-1.033) <.001

Asthma medication ratiox 0.755 (0.003) 0.762 (0.003) 1.035 (1.006-1.064) .019

*Poisson model accounting for repeated measures unadjusted for covariates. The ratio with the confidence interval is the incidence density ratio.
†Generalized linear model using log-binomial model accounting for repeated measures unadjusted for covariates. The reported ratio and confidence interval are the relative risk.
zRates are adjusted for person-years except for the asthma medication ratio, which is not dependent on time.
xOdds ratio for logit model with fractional-dependent variable accounting for repeated measures.
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asthma during this time. These include improved adherence32,34

and decreased exposure to traditional viral triggers as well as to
the COVID-19 virus.34,35 Eosinophilic inflammation, which is
characteristic of allergic asthma, may also have been protective
against the COVID-19 virus.36 Other mitigating factors may
have included decreased exposure to air pollution, fire smoke,
tobacco smoke, and indoor allergens in the workplace or social
settings; social distancing; mask wearing; and improved personal
hygiene. For all of these reasons, the impact of the rapid con-
version to virtual care cannot be distinguished from clinical and
social changes resulting from the COVID-19 pandemic itself.
Also, fewer adverse outcomes may have occurred in the no-care
and virtual-only care groups because they tended to be
younger and to have fewer comorbidities.

We found that adherence improved overall for the current
patient population during the COVID-19 pandemic, but this
statistically significant improvement was not likely clinically
meaningful, because changes in adherence need to be substantial
to affect asthma outcomes.37 The no-care group had the highest
AMR, which suggests that asthma remained more stable or was
more mild. It is also possible that those individuals managed the
exacerbations at home rather than attending an in-person visit,
although those exacerbations likely would have been mild. All
persistent asthma patients recieved automated reminders if they
are due to refill controller medications, which has been shown to
improve adherence.37 Those receiving virtual care had the lowest
AMR, which suggests less well-controlled but perhaps milder
asthma, which, with a little reassurance via virtual care, they were
able to manage at home. Those receiving a mix of care had the
highest rate of exacerbations and a lower AMR despite having a
higher PDC. Driving down the AMR, despite the higher PDC,
was a higher use of albuterol. Thus, this group using more care
and more albuterol likely had more severe asthma. This is
consistent with previous studies that found the Healthcare



TABLE V. Mean visits in patients with one or more exacerbations before COVID-19 (2019) vs during COVID-19 (2020) (n ¼ 223)

Use measure Before COVID-19* During COVID-19*

Difference (mean

[95% confidence interval])†

Rate ratio (mean

[95% confidence interval])z
In-person visits 4.11 (0.23) 1.98 (0.17) e2.13 (e2.57 to e1.70) 0.48 (0.41-0.57)

Virtual visits 0.62 (0.07) 2.75 (0.19) 2.13 (1.75-2.52) 4.46 (3.48-5.70)

Total visits (in-person / virtual visits) 4.73 (0.24) 4.73 (0.29) 0.00 (e0.59 to 0.59) 1.00 (0.88-1.13)

*Means are adjusted for person-years; SEs were derived from Poisson regression.
†Confidence intervals were derived from Poisson regression and nonlinear mixed models.
zConfidence intervals were derived from Poisson regression.

TABLE IV. Adjusted comparison of asthma outcomes among use groups during COVID-19

Outcomex

Overall during

COVID-19

(n [ 7,805)

No asthma care

during COVID-19

(n [ 2,977)

In-person asthma

care only

(n [ 1,792)

Mix of in-person

and virtual care

(n [ 1,084)

Virtual care

only

(n [ 1,952) P

Total exacerbations 0.136 (0.014) 0.013 (0.003) 0.127 (0.015) 0.537 (0.055) 0.161 (0.018) <.001

Prednisone* 0.127 (0.013) 0.015 (0.003) 0.088 (0.011) 0.456 (0.045) 0.183 (0.019) <.001

Emergency department
or urgent care visits*

0.082 (0.018) 0 0.048 (0.012) 0.137 (0.033) 0 <.001

Hospitalizations* <0.001 (0.106) 0 <0.001 (0.062) <0.001 (0.291) 0 .034

Proportion of days covered† 0.477 (0.006) 0.489 (0.007) 0.446 (0.008) 0.497 (0.010) 0.476 (0.008) <.001

Asthma medication ratioz 0.760 (0.004) 0.778 (0.005) 0.762 (0.006) 0.745 (0.006) 0.743 (0.005) <.001

Data are presented as mean (SE).
*Poisson model accounting for overdispersion used to obtain P. Rates are person-year adjusted.
†Poisson model accounting for overdispersion used to obtain P. Mean is total number of days covered by total number of days of enrollment in study period.
zLogit binomial model with fractional-dependent variable (controller divided by sum of controller and reliever) model used to determine P.
xEach outcome is adjusted for age, sex, race, and baseline value of outcome.
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Effectiveness Data and Information Set AMR, and in particular
albuterol use, to be a stronger correlate for adverse asthma out-
comes.38-40

Our study had several limitations. It was conducted in an
integrated health care system whose clinicians shared an EHR
and for which modes of virtual care had already been developed,
although those care channels were infrequently used (15% of
patient encounters, with less than 1% conducted through video
visits) before the pandemic. Thus, it may not be generalizable to
other health care delivery systems or populations. We chose to
use a clinician diagnosis of persistent asthma but no other criteria
such as AMR, frequent use of b-agonists, frequency of asthma
flares, or other criteria to define this population. An asthma
exacerbation was used as an inclusion criterion, which may have
blunted differences in outcomes among populations. Neverthe-
less, we found a difference in important outcomes both for the
population as a whole between the two periods and within the
subpopulations (divided by mode of care) during COVID-19.
Finally, our research was restricted to an analysis of EHR data,
which does not include patients’ perceptions regarding perceived
or actual challenges to accessing care, their perceptions of the
quality of care during COVID-19, and motivational factors that
may have influenced their decisions regarding whether or how to
access care.

Given the persistence of the COVID-19 pandemic, it is hard
to predict how the expanded use of virtual care will be main-
tained. For patients with asthma, some amount of in-person care
will be needed to assess the patient objectively by examination
and spirometry testing. The amount and mix of virtual and in-
person care will depend on both patient and clinician comfort
with virtual visits, but also patient and clinician resources to
conduct virtual visits efficiently and effectively. Before the
pandemic, one study, which looked at children with asthma
living in rural locations, who were managed by a tertiary care
allergy clinic, demonstrated noninferior outcomes with those
managed virtually versus in person.41 A 2015 Cochrane sys-
tematic review examining the impact of telehealth involving
remote monitoring or video conferencing compared with in-
person or telephone visits for chronic conditions, including
diabetes and congestive heart failure, found similar health out-
comes for patients with those conditions.42 Future research will
need to continue to examine outcomes and ensure maintenance
of care quality. In addition, there will be a need for research that
surveys or interviews patients to facilitate the development of
interventions to address systems-level and patient-level barriers to
access in health care systems. Compensation for virtual visits will
also likely influence the outcome, as will the potential cost sav-
ings in both personal and office space derived from conducting
fewer in-person visits.

Our study suggests that access to services for this large
population of patients with persistent asthma was maintained
during the COVID-19 pandemic despite the change from in-
person to virtual care. Although it was likely the result of
other mitigating factors imposed by the pandemic itself, this
sudden transition to virtual care did not lead to worse out-
comes. Our study and others have highlighted a number of
issues regarding the ongoing delivery of virtual care that will
require thoughtful research in the future, particularly when the
pandemic has subsided.
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