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What is already known about this topic? Asthma costs are substantial. Greater and more equitable patient access to
specialist care could lower the costs. Newer health care modes evolved and accelerated during the COVID pandemic may
be useful.

What does this article add to our knowledge? We review that new health care modes evolved and accelerated during
the COVID pandemic may be useful in closing health care disparities.

How does this study impact current management guidelines? Further research is needed to determine if these new
health care tools are cost-effective.
BACKGROUND: Inconsistent and unequal access to medical
care is an issue that predates the COVID19 pandemic, which
only worsened the problem. Limited access to care from asthma
specialists and other specialists treating comorbid diseases may
adversely affect asthma.
OBJECTIVE: The purpose of this review is to identify health
disparities associated with access to care for asthma, and cost-
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effectiveness of therapies and interventions addressing this
health disparity.
METHODS: A narrative systematic review was undertaken using
MeSH searches of English language articles published in
CINAHL, Scopus, or PubMed.
RESULTS: A total of 725 articles were identified. Barriers
recognized from the literature included access to diagnostic
spirometry, access to specialists, medication formulary
restrictions, and issues leading to medical nonadherence.
Telemedicine, school-based health care interventions, digital
applications, and noneoffice-based digital spirometry could be
used to address these gaps in access to asthma care while
potentially being cost-effective.
CONCLUSION: With the widespread adoption of telemedicine
because of the pandemic, and adoption of other mobile services,
we now have potential tools that can increase access to asthma
care, which can help address this health care inequity. Evidence
is limited, but favorable, that some of these tools may be cost-
effective. � 2022 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2022;10:2109-16)

Key Words: COVID-19; Allergy; Asthma; Access to care; Tele-
medicine; Asthma cost-effectiveness; Asthma biologics; Health
care disparities; Health equity

The COVID-19 pandemic has forced health care to innovate
including the expansion of telemedicine.1 The management
model of allergic disease needs to evolve to allow access to crit-
ically necessary therapeutics, to ensure that patient care remains
minimally disrupted.2 Before the pandemic, the field of health
disparities in other allergic and immunologic diseases was an
emerging field, whereas there were already well-established data
regarding asthma health disparities and the impact this has on
disease diagnosis, management, and outcomes. However, the
pandemic has further exposed the morbidity and mortality dis-
parities among poor and minority populations, as recent reviews
have highlighted the growing disparities in asthma, including
access to care.3,4 In this article, we review the role of access to
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Abbreviations used

ATS- A
merican Thoracic Society
COPD- C
hronic obstructive pulmonary disease

ED- E
mergency department
EPR-3- E
xpert Panel Report 3

ERS- E
uropean Respiratory Society

FEV1- F
orced expiratory volume in 1 second

QALY- Q
uality-adjusted life years lost

SABA- sh
ort-acting b-agonists

SBHC- S
chool-based health center
care, adherence with care, and cost/cost burden as major health
disparities affecting our ability to provide optimal asthma care,
with a focus on the cost-effectiveness of interventions that can
increase access in managing asthma.

METHODS
Our objective was to perform a narrative systematic review of the

relevant literature regarding health care access and equity for asthma.
We undertook a literature search for English language articles pub-
lished in CINAHL, Scopus, or PubMed. We used the MESH terms
(“Asthma”[Mesh] OR asthma*[tiab]) AND (“Health Services
Accessibility”[Mesh] OR “Vulnerable Populations”[Mesh] OR
“Healthcare Disparities”[Mesh] OR “health access”[tiab] OR
“healthcare access”[tiab] OR “health care access”[tiab] OR “health
services access”[tiab] OR “health accessibility”[tiab] OR “healthcare
accessibility”[tiab] OR “health care accessibility”[tiab] OR “health
services accessibility”[tiab] OR “access to care”[tiab] OR “access to
health care”[tiab] OR “access to healthcare”[tiab] OR “access to
health services”[tiab] OR “healthcare availability”[tiab] OR “health
care availability”[tiab] OR “health services availability”[tiab] OR
“health equity”[tiab] OR “healthcare equity”[tiab] OR “health care
equity”[tiab] OR “vulnerable population”[tiab] OR “vulnerable
populations”[tiab] OR “underserved population”[tiab] OR “under-
served populations”[tiab] OR “under-served population”[tiab] OR
“under-served populations”[tiab] OR disparit*[tiab]) AND
(“Internet-Based Intervention”[Mesh] OR interven*[tiab] OR
increas*[tiab] OR expan*[tiab] OR broaden*[tiab]). A total of 1886
nonduplicate studies were identified from the 3 databases and
downloaded into Covidence (Melbourne, Australia) for review. Re-
viewers screened the titles and abstracts, and if relevant, were
included in a more careful review of the titles and full text. A total of
725 relevant articles were selected, along with additional articles
relevant to the topic and cost-effectiveness. A Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram
of the literature search can be found in Figure 1. No institutional
review board approval was needed as reviews are not considered the
human subject’s research.

RESULTS

The economic burden of asthma
Asthma is a disease associated with significant direct and in-

direct costs, which have steadily increased over time. A 1992
study calculated the direct cost at $6.2 billion, and a 2011 study
estimated the national cost at $56 billion just 20 years later.6,7 At
an individual level, this direct cost has been estimated to be
between $1907 and $3856.8 A more recent estimate, incorpo-
rating both direct and indirect costs, of individuals with at least 1
case of treated asthma (eg, 1 medical encounter or
pharmaceutical claim associated with asthma in a 12-month
period) from Medical Expenditure Panel Survey data between
2008 and 2013 calculated this cost to be $3226 per person and a
societal cost of $81.9 billion (in 2015 dollars).9 For the indi-
vidual burden, there were $1830 in prescription medication
costs, $640 in ambulatory visits, $529 in hospitalizations, $176
in hospital-based outpatient visits, and $105 in emergency
department (ED) visits. The individual cost burden was not
experienced equally. Uninsured persons had direct costs of
$2145, and persons living below the poverty line had costs of
$3581. Overall, the total direct burden of all medical costs was
$50.3 billion, with an additional $29 billion resulting from
asthma-related mortality and $3 billion from lost work/school
days. The issue is not just the staggering direct and indirect cost
expenditures, but the rapid increase in these costs within a
decade or two. As noted by Nurmagambetov,9 the more recent
estimates accounted for approximately 1 in 3 individuals with
current asthma had no asthma-related encounter with a medical
provider or pharmacy in 2013. As their analysis was restricted to
persons who had a claim/encounter in the prior 12 months of
analysis, these cost approximations might be underestimates.9

Table I details how these societal and individual level costs
fluctuated during the study period on a year-to-year basis. One of
the limitations of this analysis is, again, that this only accounts
for persons with access to health care and having a diagnosis code
for asthma.

Controlling the sources of the independent variables that are
associated with these increased costs (eg, sex, income level, health
insurance category, etc), as well as controlling the overall future
costs to patients and society, may prove more difficult. One large
source of variation is the cost of uncontrolled asthma relative to
controlled asthma. A recently published forward-looking cost
model explores projected future costs of the burden of uncon-
trolled asthma over a 20-year horizon (2019-2038).10 Their
model incorporates 6 sources to estimate the excess financial
burden of uncontrolled asthma over controlled asthma and
paints a rather bleak outlook that cost containment will be
feasible, mainly attributable to suboptimal disease management.
They calculate the direct costs of uncontrolled asthma in the
United States increasing modestly from $14.6 billion in 2019 to
$15.23 billion in 2038 (increase of 4%), the indirect cost
increasing from $32.2 billion in 2019 to $33.5 billion in 2038
(also a 4% increase), and total quality-adjusted life years lost
(QALY, the value of a healthy year of life in someone with a
medical condition) in this time frame to be 15.46 million QALY
(eg, 15.46 healthy years of life lost) from uncontrolled asthma.
Altogether, they estimate that poorly controlled asthma will be
associated with $963 billion in direct and indirect costs including
lost work productivity in the next 20 years, with this cost per
patient ranging from $2209 to $6132 depending on where in the
United States one lives. Their model further estimated that over
this 20-year period, 52% of the 175.3 million patient years with
asthma will be associated with uncontrolled asthma, and that
20% of the costs could be saved with more optimal asthma
control.10

There are now 6 biologic agents approved for severe asthma to
improve asthma control. Biologics for asthma are expensive
medications. The cost-effectiveness of these medicines will be
predicated by 2 main levers: (1) low wholesale acquisition costs
(which may not be realistic to change) and (2) producing a
favorable outcome in a short period of time and being able to



TABLE I. Annual prevalence and total medical costs of asthma—United States, 2008-2013

Year

Prevalence

of asthma (%)

No. of people

with asthma

Per-person

incremental medical

cost of asthma ($)

Total medical

cost of asthma

(billion $)

95% confidence

interval ($)

Pooled sample 5.0 15,406,570 3266 50.3 32.0-68.7

2008 4.8 14,549,170 2698 39.3 21.8-56.7

2009 4.8 14,750,374 3657 53.9 25.4-82.5

2010 5.1 15,798,988 3027 47.8 27.3-68.4

2011 5.2 16,054,089 4022 64.6 46.6-82.5

2012 5.0 15,674,493 4304 67.5 40.9-94.1

2013 4.9 15,533,522 3728 57.9 28.3-87.6

Monetary values are given in 2015 US dollars. The numbers of people with asthma were estimated by the use of personal weights provided in the 2008-2013 Medical
Expenditure Panel Survey samples. Confidence intervals were estimated assuming that prevalence and per-person medical cost are independent random variables.
Reprinted with permission of the American Thoracic Society. Copyright � 2021 American Thoracic Society. All rights reserved.

FIGURE 1. PRISMA flow diagram of the study selection process.5 PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.
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discontinue therapy quickly, which enhances the value (and cost-
effectiveness) of such a product. High-value care could be ach-
ieved through the sensible selection of what outcomes to evaluate
and the selection of specific populations to access and use these
therapies. Knowing when to stop a therapy is also essential when
there is marginal to no clear benefit to the outcome of interest in
a targeted population. Under certain circumstances, particular
choices could become more cost-effective than others. There is a
significant knowledge gap in understanding what type of patient
will benefit the most from the addition of a specific biologic,
which agent to choose from, and how clinicians should evaluate
“optimal” response. This is the aim of starting a specific biologic
for specific patient endotype or phenotype and following a
biomarker. One potential strategy would be to develop cost-
effectiveness planes based on patient endotypes (eg,
eosinophilic asthma), so that the choice of a therapy such as a
biologic has a higher probability of potential response, and hence
more value for that choice.11,12

Adherence with asthma guidelines

Medication adherence. The 2007 Expert Panel Report 3
(EPR-3) guidelines and the 2020 Focused Update emphasized
adherence before stepping up pharmacotherapy.13,14 Treatment
nonadherence compromises treatment effectiveness and drives up
health care costs. The cost of nonadherence was estimated to be
$300 billion per year US dollars in 2002.15 Nonadherence results
in increased asthma-related urgent care and hospitalization.16

Although changing behavior to improve adherence is difficult,
it is not impossible.17 A recent systematic review of medication
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adherenceeenhancing interventions evaluated different strate-
gies.18 The strategies evaluated in the review included educa-
tional programs, telephone-aided programs, simplified dosing
regimens (eg, once a day compared with twice a day), and pro-
grams with a mixture of these strategies. All these strategies were
cost-effective after comparing costs and consequences between
interventions including increased adherence rate and improved
clinical effectiveness.

Another source of increased expenditure is escalation of
medication to more expensive options to achieve control in pa-
tients struggling with their asthma management. Nonadherent
patients are more likely to have poor control, with this poor
control making them “eligible” for needing more novel/expensive
therapies, such as biologics, leading to an increase in direct and
indirect costs.19 Data regarding outcomes with the use of asthma
biologics are not reassuring regarding their cost-effectiveness.
Anderson and Szefler20 recently reviewed data specifically per-
taining to the cost-effectiveness of asthma biologic therapy. They
note analysis by the Institute for Clinical and Economic Review
for anti-IgE, multiple anti-IL-5 agents, and anti-IL-4 receptor a
therapy, which showed that these drugs currently are not cost-
effective at current prices, and cite additional studies of omali-
zumab, reslizumab, and mepolizumab that reached similar
conclusions.20 The cost-effectiveness of all the biological agents
used in allergic disorders, not just asthma, was also recently
reviewed.21

Access and equity to spirometry. The importance of
spirometry in the initial diagnosis of asthma was emphasized in
box 3-2 of the EPR-3 guidelines, reiterated in the 2020 focused
update and in the 2021 Global Initiative of Asthma.13,14,22 The
underuse of spirometry was shown in a 1999 cross-sectional
survey of primary care physicians in the Chicago area; only
54.6% of primary care physicians used spirometry as part of
initial evaluation of asthma.23 As part of a diagnostic algorithm in
the cohort model of 10,000 patients, spirometry and/or meth-
acholine challenge testing was estimated to remove the diagnosis
of asthma in 3366 subjects.24 In those whose asthma diagnosis
was removed, spirometry and/or methacholine challenge testing
could potentially save $36.26 million. In this model, the diag-
nostic algorithm was the dominant strategy (less costly and better
outcomes) in 99% of simulations. Not only is spirometry un-
derused, but it is also not equally used across at-risk groups.
Among children 7 years or older with newly diagnosed asthma,
the children in lower socioeconomic status quintile were less
likely to have spirometry testing than those in the highest so-
cioeconomic status quintile.25 This underuse of spirometry can
lead to misdiagnosis of asthma. In a group of adults with
frequent severe exacerbations of physician-diagnosed asthma or
physician-diagnosed chronic obstructive pulmonary disease
(COPD), spirometry was significantly underused among those
with physician-diagnosed asthma compared with those with
physician-diagnosed COPD (28% compared with 41%; P <
.001).26 In the final multivariable model, spirometry underuse
was an independent risk factor for misdiagnosis of physician-
diagnosed asthma and physician-diagnosed COPD. Together
these studies highlight the importance of adhering to guidelines,
especially for individuals of lower socioeconomic status, and use
of an objective measure of lung function to accurately diagnose
asthma that can then reduce prescription of unnecessary
medications.
Given these present and future projected costs, there is ur-
gency for interventions that can reduce costs while effectively
managing disease. One such method would be, as previously
noted, a validated algorithm for asthma diagnosis, to reduce the
costs associated with a false-positive asthma diagnosis. Yaghoubi
et al24 have proposed an algorithm to diagnose asthma in adults
(patients �15 years old) using objective testing methods (step-
wise use of spirometry with a bronchodilator and methacholine
challenge if there is less than 12% change in forced expiratory
volume in 1 second [FEV1]). Using a simulated cohort of 10,000
adult patients with self-reported asthma who underwent stepwise
evaluation using this algorithm (vs the current standard of care),
use of the algorithm approach removed the diagnosis of asthma
in one-third of these patients and was associated with an esti-
mated cost savings of $36.26 million in direct costs over a 20-
year horizon and a gain of 4049 QALY (eg, healthy years of
life), concluding that even more savings could be actualized if
this model were extrapolated to the US adult population.24

Given the potential cost savings of such an algorithm, there
are additional interventions that can increase the use of
spirometry, the first step of the cost-saving algorithm. Bender
et al27 used an asthma toolkit bootcamp which provided inten-
sive training to rural clinicians on the NHLBI asthma guidelines
for children, including a focus on increasing use of spirometry,
action plans, use of the asthma control test, and a team-based
approach in clinic. Each participating practice was given a
spirometer and training. This intervention, performed in rural
Colorado (USA), increased spirometry rates 4-fold and doubled
the rate of both severity assessments and use of asthma action
plans. Moreover, this resulted in a 10% decrease in ED visits, a
35% decrease in asthma-related hospitalizations, and a 29%
decrease in oral glucocorticoid prescriptions using Medicaid
claims data as the main utilization source. Nonparticipating
clinics showed no reduction in any asthma-related health care
utilization.27 Unfortunately, economic modeling was not per-
formed to demonstrate the cost-effectiveness of this program.

Access and equity to specialists. When one considers
care of asthmatic patients, beyond need for access to asthma
specialists, there is a need to consider access to other medical
subspecialties. The American Thoracic Society (ATS)-European
Respiratory Society (ERS) guidelines for severe asthma emphasize
the evaluation and treatment of the comorbid illness such as
sinusitis, gastroesophageal reflux disease, sleep-disordered
breathing, and vocal cord dysfunction.28 Appropriate manage-
ment of asthma comorbidities is important in both children and
adults.29,30 Unfortunately, not all patients have easy access to
these specialists. There may be geographic impediments to being
evaluated by any of the specialists of treating these comorbid
conditions. In Taiwan, rural patients in need of evaluation for
gastrointestinal disorders had lower access to specialists compared
with urban patients.31 This geographic disparity is not unique to
gastroenterologists or Taiwan, but also access to otolaryngologist
in the United States. A recent population study investigated the
distribution of otolaryngologists within the State of Illinois.32 In
a state where there are 276 otolaryngologists registered with the
American Academy of Otolaryngology, 151 were located within
a single county (Cook County), a large central metropolitan
county, equating to 2.91 otolaryngologists per 100,000 popu-
lation. In contrast, there were only 11 otolaryngologists prac-
ticing among the 62 nonmetropolitan counties, equating to 0.72
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otolaryngologists per 100,000 population. These disparities to
access other medical specialists are in addition to the access to
asthma specialists, including allergists. Access to an asthma
specialist was significantly associated with severe pediatric asthma
ED visits.33 In addition, urban minority children are more likely
to have no access to an asthma specialist.34 Clearly, there is much
work to be done on improving access to specialties who treat
comorbidities of asthma and allergies, including allergists and
immunologists.

Restricted and changing formularies. Access to special-
ists is just one aspect of improving care. Accessing medications,
especially those medications that are preferred by the individual
patient, is another aspect. Switching a patient’s preferred inhaled
controller to a less-expensive formulary inhaler is associated with
an impaired inhaler technique, reduced asthma control, and
reduced quality of life, whereas it is associated with increased use
of health care resources and greater use of unsuccessful treat-
ment.35 A retrospective chart review of a group of Medicaid
children 6 to 18 years old before and after a formulary change
demonstrated that payor-initiated inhaled corticosteroids
switching led to a decrease in percent predicted FEV1 and peak
expiratory flow rate among children.36 Among adult asthma and/
or COPD patients, enrolled in Medicare Part D, who were
receiving budesonide/formoterol but were later switched to
another controller, there was on average a 4-month gap in care.
In addition, of those patients who experienced a gap in care, 47%
of patients filled a prescription for either an oral systemic corti-
costeroid or an antibiotic, indicating reduced control of their
disease.37 High-deductible health plans often use preventive drug
lists that patients may receive at low, or no cost, before meeting
their deductible. When preventive drug lists were used as part of
high-deductible health plans, members reported difficulty
affording nonmedication costs, including ED visits, hospitaliza-
tions, diagnostic testing (eg, spirometry), and access to special-
ists.38 These findings suggest that the cost associated with
therapeutic substitutions can impact adherence and the afford-
ability of health care.

Available and emerging solutions
One of the ways we could possibly improve health care equity

is by improving health care access. Alternative delivery systems
can be avenues to improve access.

Digital platforms

Telemedicine. One of the consequences of the COVID-19
pandemic was that it brought telemedicine services to many
more people, and this is a vehicle to improve health care
access. Telemedicine and its role since the onset of COVID-19
pandemic has been thoroughly evaluated, including some of
the benefits and cautions (eg, coding, licensing, liability) in a
recent American Academy of Allergy, Asthma & Immunology
work group report.39 A recent systematic review of pediatric
randomized controlled trials across a range of specialties
concluded that telemedicine may be able to deliver
comparable, or better, services compared with in-person
visits.40 Telemedicine demonstrated the ability to reduce no-
show rates even for mobile asthma vans.41 In a quality-
improvement project of a mobile asthma van that evaluates
underserved pediatric asthmatics at their school, before
implementation of telehealth, the mean no-show rate was
36%. After implementation of video-conference capability that
allowed off-site parent input to talk to the clinical team in
addition to on-site patient examination, the no-show rate
decreased to 7.9% to 18%. The ability to increase access
without any reduced quality indicates that telemedicine could
be a useful tool.

School-based interventions

In-person school-based interventions. Not only does
the study by Van Houten41 highlight the role of telemedicine,
but it also highlights the utility of having a clinician’s presence
in the pediatric asthmatic’s school. A study by Weber42

investigated how the presence of a school-based health center
(SBHC) in inner-city Bronx affected asthma outcomes.
Asthmatic children attending a school without an SBHC were
more likely to have been hospitalized for asthma (17.1%)
compared with asthmatic children attending elementary school
with an SBHC (10.5%) (relative risk: 1.6; 95% confidence
interval: 1.2-2.3). In addition, asthmatic children attending a
school without an SBHC had 3 more absentee days compared
with children attending a school with an SBHC (21.3 [15.4]
to 18.2 [13], mean [standard deviation]; P ¼ .02). These
SBHCs have potential to do much more. In a systematic
review, Knopf et al43 found that these SBHCs can improve
educational outcomes (eg, reducing rates of suspension and
noncompletion while also improving grade point averages and
grade promotion) and asthma health care outcomes (eg,
reducing asthma symptoms, asthma-related ED visits, and
hospitalizations).42-45 Not only can these SBHCs help reduce
health care disparities, they can also be cost-beneficial.46 In a
study of schools with or without SBHCs in Greater
Cincinnati, asthmatic students from schools with SBHCs had a
lower risk of hospitalization and ED visits compared with
students attending a school without an SBHC. The potential
cost savings for hospitalization was estimated at $970 per
student with asthma. With greater primary care access, the
SBHCs were able to reduce health care disparities among
Black patients and those with disabilities overall. Thus, SBHC
could be a way to improve overall health care access, reduce
asthma disparities, and reduce costs.

A potentially cost-effective intervention is the expansion of the
asthma “Breathmobile,” a mobile asthma clinic aimed to provide
care in underserved areas/populations. Bollinger et al47 investi-
gated the cost saving of the use of the Breathmobile program over
a 5-year period in Baltimore, MD (USA), whereby children were
evaluated at school every 4 to 12 weeks depending on their
asthma severity. Use of the Breathmobile was associated with a
significant increase in symptom-free days, resulting in a mean
increase in 44 symptom-free days in a single year, at a cost
savings of $79/symptom-free day. The cost savings per
symptom-free day was $116 among the 5- to 11-year-old pop-
ulation and $126 among those with intermittent asthma.
Morphew et al48 performed a retrospective study of the use of 4
Breathmobile programs in Southern California (USA) over a
single-year period, encompassing 15,986 patients and 88,865
visits in 2008-2009. This program provided an overall return on
investment of $6.73 per $1 spent, and $24,381,000 for the total
QALYs saved (343.3 QALY saved at $70,000 per healthy year of
life).

Telemedicine school-based Interventions. The com-
bination of telemedicine within a school setting could also be a
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powerful partnership. A school-based telemedicine-enhanced
asthma management program in an elementary school in
Rochester, New York, increased the number of symptom-free
days and reduced asthma-related health care utilization.49

Although this result in an urban setting is encouraging, in a
rural setting, a school-based asthma education program
delivered by telemedicine did not yield significant differences
in symptom-free days.50 A review of telemedicine school-based
interventions noted the difference in design, population, and
lack of primary care involvement for the conflicting results.
Perry and Turner concluded that future, larger scale
randomized trials with primary care and specialists are needed
to accurately assess the efficacy of these programs.51

Mobile digital applications

Digital applications. With the impact of the COVID-19
pandemic ongoing and the shift toward increasing use of
mobile health systems and telehealth, digital applications are
increasingly valuable health care delivery tools. However,
evidence is limited study as to the potential value and cost
savings of these digital applications, though that may change
given the shifts in delivery in 2020-2021. In 2015, de la
Torre-Dietz et al52 performed a systematic review of cost-
effectiveness studies of electronic/mobile health and
telemedicine, noting 35 relevant studies between 1998 and
2013, the majority of which focused on the cost-effectiveness
of telemedicine for various disease states and reported that
outpatient pulmonary subspecialty telehealth for rural
populations was a cost-effective alternative. However, there
were no specific asthma-focused studies identified, and overall
there were few studies identified investigating this issue.52 A
recent American Academy of Allergy, Asthma & Immunology
workgroup report scoping review by Mosnaim et al53 regarding
digital health technology in asthma identified 121 articles
detailing digital asthma interventions, but this did not
investigate the cost-effectiveness of these interventions, though
their review gives hope that there are enough interventions to
potentially evaluate such cost-effectiveness.

Digital applications may have role in the post-COVID allergy
clinic for disease management. Here the evidence for the role is
limited but evolving. A digital application for asthma manage-
ment, called AsthmaCare, which sends reminders to patients to
take controller medications and records if they used their
controller or had symptoms requiring rescue medication. While
the AsthmaCare application improved asthma-related urgent care
visits, it did not improve healthcare asthma-related emergency
department visits, hospitalizations or total healthcare utilization
compared to online asthma information from tertiary univer-
sity.54 The authors note that this study may have been under-
powered to see any change in total health care utilization that
approached statistical significance (P ¼ .07). As discussed in a
recent review, although there is potential, more research is
needed for mobile digital applications to demonstrate
effectiveness.55,56

Poor asthma control is a potentially modifiable source of high
costs, as poor asthma control leads to the use of more expensive
medications as well as ED and hospital visit utilization. In a
single-arm observational study sponsored by a digital health
technology company, Merchant et al57 observed the effect of
patients enrolled in a digital health intervention, consisting of an
electronic medication monitor tracking rescue and controller use
as markers of asthma-related health care utilization. They found
that patients enrolled in this intervention had a significant
decrease in asthma-related ED visits, hospitalizations, use of
short-acting beagonists (SABA), and an improvement of
controller to total medication (number of controller medication
puffs recorded divided by the total number of puffs of SABA plus
controller medications, with lower numbers reflecting lower
rescue medication utilization, a surrogate for better control).57

The authors concluded that such an intervention could help
with medication adherence, leading to lower costs through
reduced overall expenditures.

Mobile spirometry. Digital applications can serve to extend
diagnostic tests that are commonly performed within the clinic.
This need for the out-of-office diagnostics was highlighted
during the COVID-19 pandemic. Some have suggested that
the pandemic has focused on alternatives to office-based
spirometry that may not just replace but also improve open
existing tests.58 For example, a smartphone-based spirometer
has been developed that meets the ATS-ERS recommendations
for spirometry performance.59,60 As more of these diagnostic
tools are developed, clinicians can expand access to these
diagnostic tests. A recent study, however, does bring this into
question, demonstrating poor agreement between home FEV1

trough measurements in comparison to the trough FEV1

measured in the clinic setting.61 Further research is needed,
but likely such home testing will have greater uptake in the
future.
CONCLUSIONS

Access to medical care is not a temporary problem, but a
chronic problem for many patients. The barrier to medical care is
not uniform. As can be seen in the example of asthma, impeded
access to care, both to asthma specialists and physicians
specializing in potential comorbid diseases that may be impacting
the asthma, translates to escalation in health care utilization in an
already strapped system. Decreased utilization from poor access
can lead to uncontrolled asthma, escalating the economic burden
of disease, and may necessitate use of more expensive manage-
ment tools, which results in a vicious cycle of ineffective and
expensive provision of care. Ample and broad access to cost-
effective management strategies is a way to break this cycle.
Recognizing the relationship between how poor access influences
high costs and necessitates more expensive management strate-
gies is paramount in understanding how cost of care presents an
enormous health disparity and one that can leverage access to
care, an equally problematic disparity. With the widespread
adoption of telemedicine and digital applications, we now have
tools that can increase access to care when in-office visits are not
possible (eg, during a pandemic), or in underserved areas and
populations. These may be very valuable tools to help close the
access and equity gap, and control costs through better man-
agement of asthma. The cost-effectiveness of these interventions
and therapies will need to be determined, as will more stable
regulations regarding reimbursement and licensure, but such
tools could be game changers for high-risk populations. Although
there are not many positive examples of how the pandemic
helped evolve health care, innovative models of health care
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delivery, including telemedicine, may be the rare example of a
silver lining to emerge that can address barriers to an equitable
and accessible health care system.
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