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Abstract

Background: A multistakeholder core outcome set created for asthma trials showed that asthma-
specific quality of life (QoL) was a critically meaningful outcome. However, the definition and
measurement methods were undetermined. The adverse effects (AEs) of corticosteroids may be a
vital clinical trial outcome. Nevertheless, the AE burden from the patient perspective has not yet
been elucidated in an asthma population.

Objective: To characterize patient burden of AEs in oral (OCS) and inhaled corticosteroids (ICS)
and how this relates to QoL within an asthma population.

Methods: We used a convergent parallel mixed-methods design with quantitative surveys of
known ICS and OCS AEs that were distributed through the Allergy & Asthma Network database,
social channels, and the Asthma UK newsletter. Participants rated the AEs that were (1) most
burdensome and (2) most desired to be eliminated. Qualitative interviews and focus groups were
performed to better understand patient views on barriers reported in the quantitative data, and to
identify patient-important barriers that were not a part of the quantitative survey.

Results: The 3 most burdensome AEs for OCS were bone mineral density, infectious
complications, and weight gain, whereas weight gain was the most desired to be eliminated.
The 3 most burdensome AEs for ICS were pneumonia, hoarse voice, and oral thrush, with
concordant results for the most desired to be eliminated. In the focus groups, OCS AEs were
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concordant with quantitative findings. Focus groups identified unmeasured psychosocial effects,
such as embarrassment.

Conclusion: The most burdensome AEs may not be those that would cause patients to stop
therapy. Furthermore, qualitative focus groups suggest a psychosocial burden associated with ICS,
which needs further investigation.

Introduction

Asthma is 1 of the most common chronic diseases in the world, affecting more than 300
million people worldwide.! Life expectancy for these individuals is similar to that of the
general population, and improved pharmacotherapy is 1 factor that has led to drastic declines
in the mortality and hospitalization rates.?

Inhaled and oral steroids are usually used to treat asthma. Inhaled corticosteroids (ICS)

are the most effective controllers used in treatment and are a first-line medication.3

Oral corticosteroids (OCS) are also effective in asthma management, particularly in acute
exacerbations and in the long term in severe asthma.# Unfortunately, adverse effects (AEs)
associated with corticosteroids may be intolerable for some patients. For ICS, several AEs
have been reported by patients, including mostly localized effects such as oral candidiasis
and dysphonia.®> Oral corticosteroids also have a range of AEs, with more systemic findings
than those of ICS, affecting several body systems.6 Cooper et al surveyed patients and
showed that those with strong concerns regarding the use of OCS and ICS had lower
adherence to their medication regimen.” This observation was supported by another study
linking fears of AEs and decreased adherence in a minority population with low income
(87% African American or Hispanic participants, with 64% of patients earning <US$30,000
per year).8 The importance of corticosteroids in asthma control, the high risk of adverse
events, and the impact of AEs on adherence suggest that corticosteroid AEs may be an
important clinical trial outcome.

A recent study sought to develop a core set of outcomes recommended for all clinical

drug trials in patients with moderate-to-severe asthma using a multistakeholder modified
Delphi consensus.® This process involved a wide range of stakeholders including clinicians,
regulators, and researchers, in addition to patients and other key stakeholders. Interestingly,
outcomes related to OCS and ICS AEs were felt to be important by patient participants

but perceived as redundant with other outcome measures by the clinician participants. The
study also found that asthma-specific quality of life (QoL) was a critically meaningful
outcome that was nearly unanimously agreed upon. However, the essential components of
an asthma-specific QoL instrument were not determined. These results have prompted us to
further explore the perception of burden of AEs on patients using steroids, in addition to
determining constituents of asthma-specific QoL.

An optimal asthma-specific QoL is a patient-reported outcome that accurately measures
the perceived impact that asthma has on a patient’s QoL.10 Currently, there are several
independent instruments used to measure asthma-specific QoL. Some of these instruments
include components such as symptomology and functional status, whereas some evaluate
other factors such as social impact and emotional well-being.11 There is currently no
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consensus on the vital components of an asthma-specific QoL tool. A structured review
comparing 6 of the most used QoL instruments found that each instrument differed in
almost all the criteria considered, bringing into question whether the different instruments
were measuring the same thing.10 In addition, the National Institutes of Health and other
federal agencies convened an expert group to recommend standardized measures of asthma
QoL for use in future clinical research. Subcommittees reviewed 11 known instruments and
concluded that none of the instruments met their standards.!! The authors reported that

the current measures of asthma QoL measured different domains, with most predominantly
measuring indicators of asthma control, but failed to provide a reliable score measuring

the intended construct or lacked adequate psychometric data. They also mentioned that a
patient’s perspective of burden from disease can vary on the basis of the patient’s own
priorities that need to be considered. In the Delphi study, participants also communicated
that existing QoL measures did not capture symptom impact on QoL. These findings
suggest that patients bring a unique perspective in evaluating treatment efficacy, and their
experiences can help researchers determine outcome variables that are most impactful.

Despite efforts for a patient-centered approach to asthma, the AE burden of steroids

from the patient perspective and its influence on QoL and treatment decision making

have not yet been elucidated in an asthma population. The primary aim of this study

was to use a convergent mixed-methods approach to quantify the AE burden from short-
and intermediate-term OCS and ICS use and conduct qualitative focus groups to better
understand the impact of AEs on patient QoL among adults with asthma. Gaining a better
understanding of the effect of OCS and ICS from the patient perspective will aid the asthma
community, healthcare providers, and other healthcare stakeholders in improving the quality
of asthma care.

This study used a convergent design with a mixed-methods approach, incorporating both
quantitative and qualitative methods. The quantitative component involved using surveys
to obtain data on the perceived burden of AEs to ICS and OCS, whereas the qualitative
component involved interviews and focus groups, which allowed us to better understand
patient views on barriers reported in the quantitative data and to identify patient-important
barriers that were not a part of the quantitative survey. The described quantitative and
qualitative analyses were conducted independently and sequentially, and findings were
integrated during interpretation using a convergent design.12 The quantitative survey was
collected between February 2020 and April 2020. The qualitative interviews and focus
groups were completed between March 2021 and June 2021.

Quantitative Inhaled Corticosteroids and Oral Corticosteroids Survey

Three members (AT, RM, VT) of the Green Park Collaborative’s coreASTHMA project
team® developed the survey used in collaboration with the Allergy & Asthma Network and
Asthma UK to determine which ICS or OCS AEs were most burdensome to patients. It
was written at an eighth-grade level and distributed online through the Allergy & Asthma
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Network database and social channels and the Asthma UK newsletter. No incentives were
given for completing the surveys.

Respondents were queried regarding their steroid use and whether they used short- or
long-term OCS in the last 12 months; the dose was also queried. The full survey is presented
in eFigure 1. Respondents were also asked to rate a list of known AEs, comprising 25 from
OCS and 9 from ICS (alone or combination inhalers), on a scale of 1 to 5, ranging from least
burdensome to most burdensome. The list of AEs was compiled from a targeted literature
review, which included only immediate and intermediate (occur in <3 years) AEs (eTable 1).
An option to select “Don’t Know/No Opinion” was offered if they had no opinion or had
uncertainties that made it impossible to form an opinion. Respondents were then asked to
select the 1 AE they would eliminate from each corticosteroid category by switching their
treatment, if given the choice. Mean scores for the most burdensome AEs and AES most
desired to be eliminated were calculated.

Demographic information was also collected. The inclusion criteria for analysis were (1)
the respondent completed the survey within 24 hours of opening the survey, and (2) the
respondent rated at least 1 AE.

Qualitative Interviews and Focus Groups

An expert advisory panel was convened (eTable 2) to help generate a semistructured
interview guide (eFig 2). Using this guide, interviews were conducted individually with

11 patients who were members of the Asthma & Allergy Network who recently participated
in our core outcome set.? Results from the 11 patient interviews were subsequently used to
generate a guide for the focus groups (eFig 3).

Participants were recruited for the focus groups using convenience sampling, through
advertisements from the Allergy and Asthma Network.13 Each participant of the focus
groups was given a $100 Amazon gift card for their participation. A total of 3 2-hour virtual
in-depth focus groups, each comprising 5 participants with moderate-to-severe asthma, were
conducted by our team to determine ways to improve the assessment of QoL in asthma
clinical trials to increase patient-centeredness. Focus groups were led by a coinvestigator,
and a list of questions was prepared to encourage open discussions on the impact of asthma
on QoL. To enhance rigor, a single moderator (RM) was assigned to lead all focus group
sessions. In addition, a second coinvestigator (AR) was present during the virtual calls

to observe participant interactions, which included identifying any issues related to body
language and verbal cues, and provided technical support to the primary moderator. This
allowed the primary moderator to focus on facilitating the conversation. Questions involved
multiple topics including (but not limited to) the impact of asthma on family, financial and
social well-being, mental health, and treatment satisfaction (eFig 3). Focus groups were
recorded and transcribed, with responses remaining anonymous.

The focus groups were analyzed qualitatively using an inductive approach.1 Transcripts
were reviewed by 2 reviewers (AT and RM) and independently coded. Disagreements in
coding were discussed until consensus was reached. These codes were then grouped into
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themes, which were further grouped into major categories. The study was approved by
institutional review board of Advarra (approval number Pro00038849).

Quantitative Inhaled Corticosteroids and Oral Corticosteroids Survey Results

There were 192 respondents to the survey, and of these, 124 met the prespecified inclusion
criteria. Most respondents were between 35 and 74 years old (81%), identified as cis-female
(85%), and had an asthma diagnosis (95%) (Table 1). All respondents resided in either the
United States (78%) or United Kingdom (22%). A total of 82 patients reported short-course
OCS use (<30 days), and 42 reported having a long course of OCS (>30 days) in the past 12
months; 105 reported daily ICS use. Daily doses of OCS, if a patient had been taking them,
were queried, but data regarding whether the doses were referring to short- or long-term use
was not collected, preventing the assessment of cumulative dosing.

Regarding OCS, the most burdensome AEs were weight gain or obesity, decreased bone
mineral density, and infectious complications, with mean ratings of 3.77, 3.68, and 3.61 (of
5), respectively. The least burdensome AEs included elevated blood pressure, skin effects,
and diarrhea, rated as 2.73, 2.62, and 2.39, respectively (Fig 1).

For ICS, the most burdensome AEs were pneumonia, hoarse voice, and oral thrush, with
mean ratings of 3.19, 3.14, and 3.09 (of 5), respectively. The least burdensome AEs were
cough with inhalation, tongue enlargement, and nose bleeds, rated as 2.46, 2.42, and 2.39,
respectively (Fig 2).

Participants were also given the option to choose the AE they most desired to be eliminated
from each treatment option. For OCS, the top 3 effects most desired to be eliminated were
weight gain or obesity, decreased bone density, and sleeplessness (Fig 3). For ICS, the most
desired to be eliminated AEs were pneumonia, hoarse voice, and oral thrush (Fig 4).

Qualitative Asthma Treatment Results

Qualitative data were collected from organized focus groups, where participants with asthma
were asked about topics they associated mostly with QoL. The major topics discussed
included mental health and emotional wellness, treatment satisfaction and access to care,
physical health and functioning, impact on daily life/lifestyle, and financial well-being.
Patients’ quotes and major themes are listed in eTable 3.

Although there were no direct questions involving steroid usage, experiences with OCS and
ICS kept arising. It was noted that patients who used OCS were burdened predominantly by
biological/physical AEs of the medication. For example, “...I know about the prednisone.
Made me gain so much weight that | don’t even like taking it.” Another patient-reported
poor sleep from prednisone: “Prednisone as we all know is horrible. 1t’s worse for some
people than others, but there have been times when I’ve gone at least 10 days with...not

one minute of sleep.” The AEs reported by patients using ICS were more focused on the
social stigma of using the medication. For example, a participant reported embarrassment
with having to use their ICS in front of others: “If | have to use my inhaler sometimes out,
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I’ll go into the restroom or I’ll try to pull it out quickly and put it back.” The major themes
discussed during the focus groups that involved the burden of medication use are described
in Table 2.

Discussion

This study used a convergent mixed-methods approach, combining both quantitative and
qualitative methods to provide a comprehensive understanding of patient experiences with
ICS and OCS use. The quantitative results highlighted the most burdensome AEs associated
with ICS and OCS use, whereas the qualitative data further enriched the understanding of
patient perspectives and uncovered additional concerns, such as the psychosocial burden not
captured by the quantitative data.

Differing views of the AEs from ICS emerged from our qualitative and quantitative data. In
the quantitative surveys, the most burdensome AEs reported by patients were pneumonia,
hoarse voice, and oral thrush and were also the 3 most desired AEs that patients would
eliminate by switching therapies. However, in our qualitative data, psychosocial burden

of ICS was an emergent theme whereas somatic ICS AEs were not. This difference may

be partially explained by the importance healthcare providers place on somatic ICS AEs,

as indicated by the wide range of interventions to prevent their occurrence, compared

with a paucity of interventions targeting psychosocial AEs of ICS. Local effects of ICS

are common, with estimated incidence of hoarse voice reported to have an incidence of

5% to 58%,15 and oral thrush of 5% with a range from less than 1% to almost 70%

across studies.18 Conversely, studies have been mixed regarding whether there is a risk of
pneumonia in patients with asthma on medication.1718 Although prevalent, the AEs of ICS
may be reduced by rinsing with water after inhaler use,1%-20 using a spacer device,20 or using
different steroid formulations/regimens.16 Psychosocial effects of inhalers are known but not
widely studied. Past studies have reported that adolescents with asthma expressed concerns
of social stigma from taking inhalers,21:22 and patients in India viewed inhaler use as an
impediment to marriage proposals.23 In addition, these effects may be generalizable to other
inhaler medications.24 However, there are few studies investigating ways to mitigate this
social stigma or the effect of stigma on medication adherence. This is particularly important
given the association of depression and anxiety with asthma severity2® and exacerbations,26
and data showing behaviors such as educating individuals about the disease and positive
thinking may be protective.2! The consistency of our qualitative data with past results

and the lack of inclusion of psychosocial AEs of ICS in the quantitative survey suggest

that psychosocial AEs of ICS are important to patients and underrecognized by healthcare
practitioners.

Regarding OCS AEs, somatic AEs were highly prevalent in our quantitative data, in addition
to being an emergent theme in our qualitative data. In our quantitative study on OCS, the
most burdensome AEs (weight gain, decreased bone density, and infectious complications)
reported by patients aligned with the AEs patients preferred most to eliminate, except

for infectious complications, which were replaced by sleeplessness. Consistent with the
quantitative group, our qualitative study group reported weight gain and sleeplessness as
burdensome AEs. These results are consistent with past reports showing association of OCS
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with weight gain,2” decreases in bone density,28 and sleeplessness,2’ even at low doses* or
intermittent dosing.2° Past qualitative work has likewise highlighted the great importance
patients with pulmonary diseases such as chronic obstructive pulmonary disease3° and
sarcoidosis3! place on avoiding OCS AEs. Although there are interventions to reduce OCS
AEs, such as calcium and vitamin D supplementation,32 screening for osteoporosis,3! and
minimizing dose, these measures are often insufficient to mitigate all somatic effects.* These
results indicate the continued importance of developing therapies to minimize the reliance
on OCS in patients with asthma, and the impact of OCS physical effects on asthma QoL.

It is important to note the burden of AEs is only a piece of the puzzle regarding medication
adherence. Although AEs from OCS and ICS were prevalent in our quantitative results,
our qualitative results highlighted many other barriers to adherence, including cost of
medication, access to expert providers, unpredictability of disease, and comorbid mental
health burdens (eTable 3). Because of these and other factors, adherence to asthma
medication regimens remains poor, with reported rates ranging from 30% to 70%.33 By
determining the AEs that would deter patients with asthma from steroid adherence, future
studies can look for ways to further minimize the most burdensome effects. Further
studies may also explore the populations most at risk. Given that ICS and OCS remain

the cornerstone of asthma management, better mitigation of these AEs, both somatic and
psychosocial, will be important to enhance medication compliance and improve asthma
treatment. Understanding the role of ICS and OCS in AEs will also be important for
developing more patient-centered asthma-specific QoL instruments for research and clinical
practice.

There are limitations of our study that merit discussion. The qualitative and quantitative data
did not include an in-depth look at patient demographics, which makes patient individuality
difficult to consider. For example, sleeplessness was voted to be a more desirable AE

to eliminate than were infectious complications. However, occupational factors, such as
working fixed hours vs flexible hours or being a retiree, may affect one’s ability to manage
sleeplessness and how one rates that AE. Ethnicity and race were also not considered in
this study, in both the participants in the study and the individuals who composed the
expert panel and interview guides. As a result, this study may have a bias toward Western
perspectives, ignoring culturally relevant aspects of the disease and AE perceptions. Asthma
severity is another important variable, whereby patients with less severe asthma symptoms
or less experience with steroids would more likely be open to switching therapies. Patients
who have experienced certain AEs may also have different responses from those who have
not. Unfortunately, if a patient previously experienced an AE, this was not documented.
The cumulative steroid dose each patient received was also not documented. In addition,
the study did not document patients who used strategies to mitigate OCS or ICS, such as
mouth rinsing. Individuals who used such strategies may have perceived a different level

of burden for specific AEs. Another limitation of this study involves its limited sample

size (124 participants) and the use of voluntary surveys to collect data. These limitations
put us at risk for voluntary response bias and not being fully representative of the total
population. Individuals with limited technology literacy/access were also unlikely to be
included. Another limitation that exists is the rating system used for level of burden, given
this is a subjective measure and the difference between the nonextreme values may be
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difficult for participants to discriminate. The study also relied on patients self-reporting
their asthma diagnosis and medication use, which may introduce further bias. Moreover,
not all AEs were included in the survey, such as cataracts, which were previously shown

to have a prevalence of 9% in patients with severe asthma on long-term OCS.34 This is an
unfortunate limitation because we are unable to determine how patients view the burden

of this AE compared with others. Lastly, the survey period traversed the announcement

of the SARS-CoV-2 pandemic, which could have confounded participants’ responses. We
anticipate participants might have answered on the basis of their historical experiences, but
the effect that the pandemic announcement might have had on survey responses is unclear.
In addition, although our study emphasized the psychosocial burden of ICS, it is likely that
this finding is not unique to ICS but could also apply to other inhalers.

Using quantitative questionnaires and qualitative interviews and focus groups, this study
allowed us to explore aspects of asthma-specific QoL important to patients, especially
regarding the perception of burden of AEs from steroids. We found that the most
burdensome AEs faced by patients were not fully the same AEs that would cause them

to change medications, although there is overlap. Furthermore, patient interviews and focus
groups identified social stigma and psychosocial burden associated with ICS and OCS

use that may limit adherence. Further understanding of patient perception can assist in
better characterization of asthma-specific QoL as a clinical outcome, importantly with
incorporation of the medication AE burden. Closer collaboration and direct communication
between healthcare providers and patients will allow greater understanding of the effects of
asthma interventions on patients” QoL and most accurately capturing the burden of asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Most burdensome OCS adverse effects organized by mean rating of responses.

OCS, oral corticosteroids.
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Figure 2.
Most burdensome ICS adverse effects (with or without LABA) organized by mean rating of
responses.

ICS, inhaled corticosteroids; LABA, long-acting beta agonist.
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Figure 3.
OCS adverse effects most desired to be eliminated, organized by percentage of votes.
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Figure 4.
ICS adverse effects (with or without LABA) most desired to be eliminated by switching

medical therapy.
ICS, inhaled corticosteroids; LABA, long-acting beta agonist.
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Baseline Characteristics and Medical history of Survey Respondents

Table 1

Characteristics Number (%)
Age,y

<24 6 (5)
25-34 11 (9)
35-44 12 (10)
45-54 21 (17)
55-64 43 (35)
65-74 24 (19)
75+ 7(6)
Gender

Cisgender-female 105 (85)
Cisgender-male 18 (15)
Other 1(1)
Location

United States 97 (78)
United Kingdom 27 (22)
Asthma diagnosis

Yes 118 (95)
No 6 (5)
Severe persistent asthma diagnosis

Yes 54 (44)
No 65 (52)
Not known 5(4)
Short-course OCS use (<30 days) in past 12 mo

Yes 82 (66)
No 42 (34)
Long course OCS use (>30 days) in past 12 mo

Yes 24 (19)
No 100 (81)
OCS dose in past 12 mo (if applicable)

Low (<7.5mg prednisone) 12 (10)
Medium (7.5-30mg prednisone) 21(17)
High (30-100mg prednisone) 36 (29)
It decreased over time 19 (15)
Don’t know 36 (29)
Current daily ICS + LABA use

Yes 105 (85)
No 19 (15)

Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting beta agonist; OCS, oral corticosteroid.
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