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ABSTRACT ARTICLE HISTORY
Objective: Despite advances in treatment, asthma remains uncontrolled in many patients, Received 6 July 2020

with increased risk of exacerbation and associated healthcare resource utilization (HCRU). Revised 29 January 2021

We describe patient characteristics, exacerbations, asthma control, and HCRU using GINA Accepted 27 February 2021
treatment step (GS) as a proxy for asthma severity. KEYWORDS

Methods: Using a large, US, health-claims database, 4 longitudinal cohorts of 517,738 Control/management;
patients in GS2-5, including a subgroup of patients with baseline eosinophil (EOS) counts, treatment; treatment guidelines;
were analyzed retrospectively (study period 2010—2016). Index for each cohort was patients’ disease exacerbation; real-world
first time entering the GS, determined by first claim of first regimen. Uncontrolled asthma evidence; claims data;

was defined according to published criteria as a multi-dimensional measure that includes healthcare resource utilization

number of exacerbations. Key variables including, baseline characteristics, post-index
exacerbations, and HCRU (all-cause and asthma-specific events) are summarized by
descriptive statistics.

Results: Uncontrolled asthma was reported in 19.8% patients in GS2, 44.8% in GS3, 49.3%
in GS4, and 58.6% in GS5. Annualized mean (SD) rates of exacerbation 12 months post-index
generally increased across GS2-5 (0.26 [0.86], 0.32 [0.79], 0.36 [0.83], 0.29 [0.86], respectively).
HCRU also increased with increasing GS, with higher HCRU among the uncontrolled cohort
within each GS. In patients with EOS =300 cells/pL, uncontrolled asthma also increased with
increasing GS (21.8%, 43.9%, 50.5%, 67.2% for GS2-5, respectively).

Conclusions: This large database study provides real-world evidence of the substantial
degree of uncontrolled asthma in US clinical practice across GS, supporting calls for better
asthma management. Healthcare burden tends to increase with lack of control in all groups,
highlighting the need for improved patient education, adherence, access, and treatment
optimization.

Introduction Despite implementation of these guidelines, asthma
remains poorly controlled in many patients, with inad-
equate or suboptimal control present in approximately
45-57% of patients (4-6), and high exacerbation rates
(a key component of control) reported worldwide

Asthma is a heterogeneous disease (1) that affects
more than 26 million people in the United States
(US), comprising ~8% of the total population (2), and
its prevalence is increasing (3). The aims of asthma
treatment are to achieve and maintain control of
symptoms, and minimize risk of future exacerbations
(1). The treatment guidelines provided by the Global
Initiative for Asthma (GINA) recommend a stepwise ) ) i
approach to disease management, with each step rep- ~ '1'8S of anxiety and depression vs. those with

resenting an increase in intensity of treatment required well-controlled disease (4-6). In addition, poor symp-
to achieve control (1). tom control is associated with increased risk of future

(7-9). Patients with poorly controlled asthma report
a greater impact of their disease on work productivity,
lower health-related quality of life, greater healthcare
resource utilization (HCRU), and more frequent feel-
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exacerbations, long-term airway damage, and increased
hospitalizations (1,10-14).

To date, very few real-world studies have adequately
evaluated asthma control or stratified patients by
treatment step, and few studies have included all age
groups and investigated the HCRU of uncontrolled
patients in the US (4-6,9,13-17). The aims of this
observational, retrospective study of a US health
claims database are to describe demographic and clin-
ical characteristics, disease exacerbations, asthma con-
trol, and HCRU in a large study of both pediatric
and adult patients with asthma, using patients’ GINA
treatment step (GINA step) as a proxy for disease
severity. This will provide US stakeholders and phy-
sicians a more complete picture on which to base
their decision making.

Methods
Study design

Our study was a retrospective, longitudinal cohort
analysis of data retrieved from Optum® Clinformatics®
Data Mart™ (the Optum database), a large US admin-
istrative health claims dataset of a commercially
insured patient population, including a proportion of
patients on Medicare Advantage (>65years old). The
population includes data for members across all eth-
nicities and US states who are commercially insured.
The study period ran from January 1, 2010 to
December 31, 2016. The index date was determined
by the date a patient made their first claim for their
first asthma treatment regimen and the baseline
period was defined as 12months prior to this index
date. Patients were identified from January 1, 2011
to December 31, 2015 and were followed up from
their index date either to GINA step change (up or
down) or for 12 months, whichever occurred first
(Supplementary Figure 1).

GINA step is a well-established criterion to
assess asthma severity and was used as a proxy for
patient disease severity in this study. To assess
which GINA step cohort the patient should be cat-
egorized into, severity was assigned retrospectively
by the treatment needed to achieve control of
symptoms and exacerbations based on the 2017
GINA guidelines (the most recent guidelines at the
time this study was conducted) (18). GINA Step 2
was used as a proxy for mild asthma, step 3 for
moderate asthma and Steps 4 and 5 for severe
asthma (18). The treatment regimens that fall
within each GINA step (from Step 2 onwards) are
shown in Figure 1. The definitions of asthma,

allergic rhinitis and COPD were based on the
International Classification of Diseases, Ninth and
Tenth revisions, clinical modification (ICD-9-CM
and ICD-10-CM) codes.

Data collection and analysis

Data in the baseline period for patients in each GINA
step cohort (Step >2) were analyzed for baseline
demographics and clinical characteristics. Criteria for
uncontrolled asthma shown in Table 1 were deter-
mined to measure control across disease severity and
include standard measures similar to those used in
other studies (14,17,18). Exacerbations were defined
as a hospital admission, ER visit with a primary diag-
nosis for asthma or asthma exacerbation, or an out-
patient visit with a diagnosis for asthma with an OCS
prescription order within 7 days.

Patients could be included in multiple GINA steps
but only the first time they entered each GINA step
was used for analysis. As an example, a patient who
entered GINA Step 3 with a medium-dose inhaled
corticosteroid (ICS; March 2012), stepped up to
medium-dose ICS/long-acting B2 agonist (LABA;
January 2013), and then stepped down to medium-dose
ICS (October 2013), would be included in the Step 3
cohort (index: March 2012) and followed up till
January 2013; this patient would also be included in
the Step 4 cohort (index: January 2013) and followed
up until October 2013. The patient’s second time
entering GINA Step 3 (October 2013) would not be
used to avoid double-counting. The rationale for this
approach was to examine the dynamics of uncontrolled
asthma within each treatment step and capture when
patients experience a change in treatment and move
to a higher GINA step in order to achieve control.

In addition to typical claims-related data, the
Optum database includes outpatient laboratory test
results for 35-40% of patients. Patients with available
eosinophil (EOS) data in the baseline period were
included as a subgroup and were characterized by
EOS count (<300 cells/uL; 2300 cells/uL) and age
(212 to <18years; 218years). Associations between
blood EOS level and asthma control status were
evaluated.

All-cause and asthma-specific HCRU were analyzed
in patients with at least 30 days’ follow-up by evalu-
ation of the annualized rate of hospitalizations, inpa-
tient days, outpatient visits, and number of emergency
room (ER) visits. Asthma-specific HCRU included
hospital admission or ER visits with a primary
diagnosis for asthma or asthma exacerbations, or
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Figure 1. The GINA stepwise approach to disease management (18) used for cohort allocation in this study.

ICS, inhaled corticosteroids; GINA, Global Initiative for Asthma; LABA, long-acting beta,-agonist; med, medium (dose); OCS, oral
corticosteroids; anti-IgE, anti-immunoglobulin E therapy; anti-IL5, anti-interleukin 5.

aNot for children <12 years.

bFor children 6-11 years old, the preferred Step 3 treatment is medium-dose ICS.

‘Low-dose ICS/formoterol is the reliever medication for patients prescribed low-dose budesonide/formoterol or low-dose beclometa-
sone/formoterol maintenance and reliever therapy.

9Tiotropium by mist inhaler is an add-on treatment for patients with a history of exacerbations; it is not indicated in children
<12 years.

Reproduced from: Global Initiative for Asthma (GINA), Global Strategy for Asthma Management and Prevention, 2017 (18). More
recent GINA guidelines are available; figure provided here reflects that used at time of study.

Table 1. Study criteria for uncontrolled asthma (19).

Patients must meet one or more of the following:

1. One or more exacerbations,® defined as a hospital admission, ER visit with a primary diagnosis for asthma or asthma exacerbation,
or an outpatient visit with a diagnosis for asthma and, within 7 days, one OCS (prescribed for <30 days and no subsequent OCS
prescription); or

2. Step up from a lower to higher GINA step (i.e. change of GINA step); or

3. A regimen step-up within the same GINA step, defined as increased ICS dose or adding an additional controller medication
(e.g. changing from medium- to high-dose ICS within GINA Step 3); or

4. Requiring 6 or more short-acting B, agonist inhalers over 12 months.

ER, emergency room; ICS, inhaled corticosteroid; GINA, Global Initiative for Asthma; OCS, oral corticosteroid.
aThere are other definitions of exacerbation in the literature, the one used here corresponds to moderate to severe exacerbations (18).
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outpatient visits with an asthma diagnosis plus an
OCS prescription. Annualized rates were calculated
by the number of events (e.g. hospitalizations, inpa-
tient days, etc.) divided by time (either number of
months from entering a GINA step to end of step,
or 12months, whichever came first).

Patients

Patients were eligible for inclusion in the analysis if
they were: aged >6years at index; had continuous
medical and pharmacy benefit claims for 12 months
pre- and post-index; had 22 outpatient asthma diag-
noses during the set identification period (1 January
2011 to 31 December 2015) that were >7 days apart,
or 1 outpatient asthma diagnosis and =2 pharmacy
claims for asthma control medications, or =2 pharmacy
claims for asthma-specific medications, or >1 ER or
inpatient asthma diagnosis.

Patients were required to meet the criteria for
GINA Step 2 or above. For patients included in the
EOS subgroup, at least 1 EOS measurement in the
12 months prior to or 3months after the index date
was required. Patients with cystic fibrosis, COPD, or
autoimmune diseases (e.g. ulcerative colitis, Crohn’s
disease, rheumatoid arthritis, systemic lupus erythe-
matosus) were excluded from this analysis.

This study was designed in accordance with the
Guidelines for Good Pharmacoepidemiology Practices
(20), the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines
(21), and with the ethical principles laid down in the
Declaration of Helsinki. Information retrieved from
the health claims database was de-identified for com-
pliance with HIPAA (Health Insurance Portability and
Accountability Act) regulations regarding the protec-
tion of human subjects.

Statistical analysis

Demographics and baseline clinical characteristics
were summarized descriptively by GINA step and
age group. Patients in the overall and uncontrolled
cohorts were summarized descriptively by GINA
step. Annualized exacerbation rate and annualized
HCRU outcomes in the follow-up period (from index
date either to GINA step change or up to 12 months)
were derived among patients with at least 30 days’
follow-up, in order to minimize the impact of
extreme outliers on the annualized rates due to very
short follow-up periods. Data were summarized
descriptively by type of visit and GINA step for the
overall, controlled, and uncontrolled populations.

Descriptive statistics by GINA step and age group
overall, and by disease control status, were used for
blood EOS levels in the EOS subgroup. The closest
EOS data to the index date in the 12-month pre-index
period were used.

Results
Patient demographics and clinical characteristics

Patient claims data were derived from the Optum data-
base, which contains inpatient and outpatient medical,
and outpatient prescription drug information of
patients in employment and their dependents with
employer-sponsored insurance and retirees who opt
into Medicare Advantage insurance plans offered by
private companies. Supplementary Figure 2 summa-
rizes the patient distribution by GINA step category.
A total of 668,113 patients were available for analysis;
of these 517,738 patients could be categorized into
GINA steps 2-5 based on their treatment regimen.
Baseline demographics and clinical characteristics
including number of exacerbations in the 12months
prior to index, are presented in Table 2, and are shown
by GINA step for the overall cohort and for the sub-
group of patients with EOS counts in the base-
line period.

Overall cohort in the baseline period

The majority (~75%) of patients were aged 18years
or older. Mean (standard deviation; SD) age generally
increased with increasing GINA step and was notably
higher for those in GINA Step 5 (60.1 [18.1] years)
compared with those in Step 2 (37.7 [23.1] years),
Step 3 (36.6 [23.8] years), and Step 4 (48.6 [20.6]
years). The proportion of females (range: 59.3%-
61.2%) was consistently higher than males (range:
38.8%-43.9%) in each GINA step (Table 2).

The presence of comorbidities, as assessed by the
Charlson Comorbidity Index, was lowest in GINA
Step 2 (mean 0.4 [SD 1.1]) and Step 3 (0.4 [1.0]);
this value rose slightly in Step 4 (0.5 [1.2]) and then
increased 3-fold, to 1.5 (2.3), for patients in Step 5
(Table 2). For pre-specified allergic comorbidities, the
presence of allergic rhinitis declined with increasing
GINA step, from 39.2% of patients in GINA Step 2
to 23.8% of patients in Step 5. In contrast, comorbid
chronic sinusitis was more common in GINA Step 5
(12.3%) than in Steps 2-4 (8.7%-10.8%).

The mean (SD) number of exacerbations in the
12months prior to index date increased with increas-
ing GINA step, starting at 0.23 (0.59) in Step 2, 0.28
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(0.63), and 0.32 (0.71) in Steps 3 and 4, respectively,
and 0.39 (0.95) in Step 5 (Table 2). GINA Step 5
included a higher proportion of patients with multiple
(>2) exacerbations than in the lower GINA steps
(8.2% vs. 4.1%, 5.0% and 6.2% in GINA Steps 2-4,
respectively), and a similar trend was seen for the
proportions of patients with >3 exacerbations. The
proportion of patients free from exacerbations in the
12months prior to index ranged from 77.3% to 82.8%,
with the lowest proportion in the GINA Step 5 cohort.

Treatment use by GINA step

The proportions of patients on their first treatment
regimen falling within GINA Steps 2-5 are shown in
Supplementary Table 1. The most common regimen
in GINA Step 2 was leukotriene receptor antagonist
(LTRA) monotherapy, received by 77.9% of patients
in this cohort, and 21.1% received low-dose ICS. In
GINA Step 3, 20.1% of patients received the preferred
controller low-dose ICS/LABA, 44.5% received
medium-dose ICS and 20.9% received high-dose ICS.
In GINA Step 4, most patients received the preferred
treatments of medium-dose ICS/LABA (46.6%) and
high-dose ICS/LABA (27.6%). The most common
regimen in GINA Step 5 was GINA Step 4 therapy
plus an add-on biologic treatment, reported in 75.3%
of patients in the cohort.

EOS subgroup in the baseline period

In general, baseline demographics and clinical char-
acteristics in the EOS subgroup were similar to the
overall cohort; one exception was that the proportion
of patients aged 18years or older was higher vs. the
overall cohort (86.0%-97.5% vs. 65.6%-96.7%) across
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Figure 2. Uncontrolled asthma within each GINA step.
GINA, Global Initiative for Asthma.
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all GINA steps (Table 2). For patients with baseline
EOS count 2300 cells/pL, the smallest proportion
(24.7%) was seen in GINA Step 5 and the largest in
GINA Step 4 (33.7%). When stratified by age, over
60% of adolescents had baseline EOS counts <300
cells/uL across all GINA steps. In general, a larger
proportion of adolescent than adult patients had base-
line EOS counts 2300 cells/uL across GINA Steps 2-4
(Supplementary Table 2).

Frequency of exacerbations post-index

In the overall cohort of patients with =30 days’
follow-up, mean (SD) annualized rates of exacerbation
in the follow-up period for GINA Steps 2 (n=196,034),
3 (n=146,259), 4 (n=152,984) and 5 (n=38892) were
0.26 (0.86), 0.32 (0.79), 0.36 (0.83), and 0.29 (0.86),
respectively (Table 1).

Asthma control by GINA step: overall cohort

In the overall cohort, the proportion of patients with
uncontrolled asthma increased with each subsequent
GINA step, with 40,828/205,925 (19.8%) patients in
Step 2, 66,864/149,158 (44.8%) in Step 3, 75,548/153,382
(49.3%) in Step 4, and 5430/9273 (58.6%) in Step 5.
Uncontrolled asthma was thus 2-3-fold higher among
patients in Steps 3-5 (45-59%) compared with Step 2
(20%; Figure 2).

HCRU by GINA step and asthma control status

In the overall, controlled and uncontrolled subgroups,
HCRU generally increased with increasing disease sever-
ity, as indicated by increasing GINA step (Figure 3;
Supplementary Table 3). The most pronounced difference

58.6%

GINA 4
(n=153,382)

GINA 5
(n=9273)
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Figure 3. All-cause and asthma-specific healthcare resource utilization by GINA Step in the overall, controlled, and uncon-

trolled cohorts.
ER, emergency room; GINA, Global Initiative for Asthma.

Overall cohort is the combined controlled and uncontrolled subgroups. Uncontrolled status is a multi-dimensional measure

as defined in Table 1, and by definition the controlled cohort should have zero asth
days/ER visits.

ma-specific hospitalizations/inpatient
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between the overall vs. the uncontrolled cohort was seen
in asthma-specific ER visits, with annualized rates con-
sistently higher in the uncontrolled population across all
GINA steps. There was a higher rate of annualized
asthma-specific ER visits among GINA Step 2 patients
(0.40) vs. GINA Steps 3-5 (0.22-0.34), which may be
associated with receiving suboptimal treatment. Within
each of the GINA steps, for all four HCRU outcomes,
HCRU was repeatedly higher in the uncontrolled pop-
ulation vs. the overall and controlled cohorts.

Asthma control by GINA step: EOS subgroup

The proportion of patients with uncontrolled asthma
in the EOS subgroup increased with increasing GINA
step. In GINA Step 5, a 12% absolute difference in
presence of uncontrolled asthma was seen for patients
with high EOS counts (67.2%) vs. those with low EOS
counts (55.2%); Figure 4.

Discussion

In this large, retrospective, longitudinal cohort analysis
of more than half a million patients with asthma, over
45% of patients in GINA Steps 3, 4, and 5 had uncon-
trolled asthma. Similar or higher levels of uncontrolled
asthma have been reported in the literature (4,14,22),
and this study contributes a US perspective to the body
of knowledge. Asthma control was a multi-dimensional
measure determined by asthma exacerbations, treat-
ment step-up, or frequency of short-acting B, agonist
use. In all GINA steps, exacerbation rates were indic-
ative of poorly controlled asthma, although the rates
of exacerbation are at the lower end of the range
reported in other studies (14,23). Our data are from

100 -
80 A

60

Patients with uncontrolled asthma (%)

GINA 2 GINA 3

M Overall

43.9%

43.0% 42.5%
40-
21.8%
0l 188% 17.5% °
0_. . T

EOS <300 cells/uL

a database analysis of patients already receiving med-
ication to control their asthma, and will therefore differ
from interventional studies reporting patient outcomes
prior to receiving optimal medication (24). Additionally,
the methodology to assess exacerbations or control
status is not consistent across studies, and asthma man-
agement is not expected to be comparable in different
countries or in different patient populations. Notably,
the rate of exacerbation reported for patients in Step
4 (0.36) is higher than in GINA Step 5 (0.29). The
sample size of GINA step 5 is smaller than GINA steps
2-4, and therefore we may be artificially underestimat-
ing the exacerbation rate. Furthermore, exacerbation
is also not the only criterion that determines the GINA
step category, and those patients in Step 5 may have
more severe asthma with less exacerbations due to the
step up in treatment management.

The proportion of uncontrolled asthma increased
with higher GINA step, with 45%, 49%, and 59% of
those in GINA Steps 3, 4, and 5, respectively. It is
important to note that these results were not statis-
tically validated; however, the observed trends in this
descriptive study demonstrate poorly controlled
asthma across the spectrum of disease severity.
Furthermore, our study supports existing literature
from a small number of studies examining asthma
control in the UK and the US (9,14). It is recognized
that multiple contributory factors, such as lack of
treatment response, history of exacerbations (13,14),
and existing comorbidities (25,26), all affect disease
control. In addition, a patient’s adherence to treat-
ment (1,27,28), inhaler technique (29,30), education
(31), and attitude toward asthma, particularly regard-
ing evaluation of disease severity and interpretation
of symptom control and management (4), also have

67.2%

58.1% 55.29% I

GINA 5

50.5%

GINA 4

B EOS 2300 cells/uL

49.4% 48.9%

Figure 4. Uncontrolled asthma in the EOS subgroup by baseline EOS count and GINA step.

EOS, eosinophil; GINA, Global Initiative for Asthma.



a bearing on disease control status. Country-specific
differences in asthma control are also expected to
reflect differences in access to treatment, prescribing
practices and socioeconomic factors, and we report
here the control status of insured patients with
asthma in the US. Although not captured in insur-
ance claims databases, the ability to track
patient-reported outcome measures combined with
more traditional metrics of control, as well as the
use of biomarkers, will enhance the measurement of
asthma control in future studies (32).

HCRU generally increased with higher GINA step,
and was highest among patients in GINA Step 5. This
trend was generally seen across all 4 HCRU measures
(hospitalizations, inpatient days, outpatient visits, and
ER visits), although high values for HCRU were also
seen in GINA Step 2. One possible explanation for
this is that there may have been a higher proportion
of newly diagnosed patients in the GINA Step 2 group
who were yet to receive optimal treatment (e.g. over
three-quarters of patients in GINA Step 2 received
LTRA monotherapy as their first regimen), and thus
were at risk of transitioning to higher GINA steps
over time. LTRA monotherapy use is known to be
higher in real-world clinical practice, particularly in
the US, than advised in treatment guidelines, possibly
also relating to specific concerns about side effects
with ICS, ease of administration of LTRA and its
favorable safety profile (1,33-36). We also speculate
that LTRA may have been prescribed for some patients
to treat allergic rhinitis, a common asthma comor-
bidity (37). Another factor is that adherence to treat-
ment may be poor in mild asthma when symptoms
are less frequent, possibly contributing to the higher
HCRU rates observed among patients in GINA Step
2. It is not unexpected that uncontrolled asthma-specific
HCRU was markedly high in GINA Step 2. Results
from randomized clinical trials demonstrating that
mild asthma was associated with severe exacerbations
(38,39) led to changes in the 2019 treatment guide-
lines for GINA Step 2, and we provide real-world
evidence to strengthen these recommendations.

Within each GINA step, higher levels of HCRU
were consistently seen for patients with uncontrolled
disease compared with those in the overall cohort.
The difference in HCRU between uncontrolled and
overall populations was particularly pronounced for
asthma-specific ER visits. This suggests patients with
uncontrolled asthma continue to experience disease
exacerbations and require medical attention at the ER.
This finding also demonstrates the higher burden that
is placed on healthcare resources when asthma is not
adequately controlled.
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The highest rates of HCRU, especially hospitaliza-
tions, were seen in GINA Step 5. This may be a result
of the higher mean age of those in the GINA Step 5
cohort (e.g. ~60years in Step 5 vs. <40years in Steps
2 and 3), as older patients with asthma may be
expected to have a greater number of comorbidities
compared with younger patients (40,41), leading to
higher HCRU.

The proportion of patients with EOS data available
generally increased with increasing GINA step. This
may be related to patients with more severe asthma
visiting their physician more frequently, and under-
going more laboratory tests. In the EOS subgroup,
75% of patients in GINA Step 5 had baseline EOS
counts under 300 cells/pL. Interpretation of these data
must take into account that GINA Step 5 represents
patients with severe disease whose treatment regimen
may contribute to suppressed EOS levels (42,43).
However, among patients in GINA Step 5, there was
a notably higher percentage of patients with uncon-
trolled asthma in the higher baseline EOS count
(=300 cells/uL) group than in the lower baseline EOS
count group, suggesting that despite confounding fac-
tors, EOS level is still a useful biomarker that could
play a role in individualized asthma management
alongside other metrics of disease severity (44).

It is also possible that the difference in control status
at GINA Step 5 in these patients may be related to a
higher level of comorbidities, as a general trend of
increasing comorbidities with increasing GINA step
was seen, suggesting a potential association with sub-
optimal disease control. The higher proportion of adults
in later GINA steps would also contribute to the
increasing trend in comorbidities. The presence of aller-
gic rhinitis, however, decreased with increasing GINA
step, consistent with the expectation that this condition
would decline due to treatment with biologics and/or
OCS in Step 5 plus the fact that rates of allergic rhinitis
are generally higher in younger patients (45).

Given the high proportion of patients in our study
with uncontrolled asthma, we believe this highlights an
unmet need in patients who receive escalating levels of
treatment but continue to have uncontrolled disease. This
observation among US patients is supported by the find-
ings of the European REALIZE study (4) of 8000 patients
with asthma, in which disease control was poor, and
symptoms and exacerbations were common. Notably,
while 44% of participants experienced acute exacerba-
tions, 24% had visited an ER and 12% had been hospi-
talized, more than 80% considered their asthma to be
controlled and over two-thirds did not regard their con-
dition as serious (4), showing a clear disconnect between
patient-perceived and guideline-defined asthma control.
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In a global study of perspectives on asthma manage-
ment among physicians, when asked why patients may
not have received the treatments they were prescribed,
the most common reason (given by 59% of physicians)
was that patients failed to understand the importance
of using the medication (46), highlighting the necessity
of improved patient education and support (16). A
recent expert review focused on poor inhaler adher-
ence as a root cause of increasing exacerbations, with
many factors contributing to both intentional and
unintentional poor adherence (47). Technological
advances in monitoring inhaler use and the use of
other validated assessment tools, as well as the devel-
opment of online resources to enable greater access
to specialist care, will go some way to bridging the
gap between treatment guidelines and treatment in
practice (32,47,48). To address the unmet need in
therapy-resistant asthma, research efforts should focus
on developing new treatments for patients who cannot
be helped with improved management (49).

With over half a million patients with asthma in
the dataset analyzed, one of the strengths of this study
is the considerable size of the study population. In
addition, the analytical approach of examining uncon-
trolled asthma by GINA step in a longitudinal fashion,
and using a definition of uncontrolled asthma that
accommodates a change in treatment regimen or
change in GINA step, is distinct and reflects the
dynamics of real-world clinical practice. It should be
noted that patients were classified by GINA step
according to the treatment regimen they were on
during the study period. Therefore, if a patient’s treat-
ment regimen changed over the course of the study
period, they may have been included in both the
previous and new GINA step. However, since we only
examined rates of severity for patients within each
GINA step and not across all GINA steps, patients
were not double-counted. Asthma severity was assessed
based on the physician-prescribed treatment regimen
considered appropriate to control their disease. As a
result, the treatment regimen prescribed may not have
been consistent with the patient’s actual disease sever-
ity, however, it does mean the data are reflective of
real-world practice and demonstrate the actual clinical
application of the treatment guidelines. Only a few
other studies have examined controlled or uncon-
trolled asthma status by GINA-defined treatment steps
2-5. Although our study design precludes across-group
comparisons, the analysis reflects the dynamic move-
ment of patients through the GINA steps and impor-
tantly, we can compare the rates of severity within
each GINA step (2-5).

Regarding asthma control status, the number of
patients with uncontrolled disease in GINA Step 5
may have been underestimated given that there is no
further option to step up therapy. It is also conceivable
that some patients who had a GINA treatment step
up, an increase in dose, or the addition of another
controller medication, may have done so for reasons
other than having uncontrolled asthma, although this
seems unlikely. An additional study limitation is that
it was not possible to fully account either for patient
adherence to treatment or the quality of administra-
tion (29,30).

As this was a retrospective analysis based upon
insurance claims, some general limitations of the study
should be recognized, and we acknowledge their
impact on the strength of the conclusions that can
be drawn. Limitations of data access means that it is
impossible to provide further information regarding
ethnicity, socioeconomic status, insurance plan cov-
erage, treatment settings, and other non-pharmacologic
factors, such as smoking status, that may have influ-
enced treatment selection and thus asthma control.
Generalization of the results to patients in other coun-
tries, with different healthcare systems, is unknown.

Conclusions

To the authors’ knowledge, estimates of asthma control
have not been previously assessed across GINA treat-
ment steps in such a large cohort of patients in a
real-world setting. The results of this US-based pop-
ulation study indicate that a high percentage of
patients with asthma remain uncontrolled and have
asthma-specific ER visits and hospitalizations despite
receiving asthma medications. The fact that patients
across the spectrum of disease severity remain prone
to exacerbations highlights the need for regular assess-
ment of asthma control and appropriate use of
guideline-recommended treatments (32). Further
research is warranted to better understand the com-
plex barriers to adequate treatment and control.
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Supplemental online material

Supplementary Table 1. First treatment regimen for overall cohort of patients within GINA
Steps 2-5.

GINA step Regimen n %
Low-dose ICS 43 430 21.1
n:SZtSSp 9225 LTRA monotherapy_ 160 490 77.9
Low-dose theophylline 2005 1.0
Low-dose ICS/LABA 29 900 20.1
Medium-dose ICS 66 294 44.5
e High-dose ICS 31145 209
Low-dose ICS + LTRA 21 588 14.5

Low-dose ICS + theophylline 231 0.2
Medium-dose ICS/LABA 71 490 46.6
High-dose ICS/LABA 42 371 27.6

Step 4 Medium-dose ICS/LABA + LAMA (tiotropium)? 3483 2.3
n= 153 382 High-dose ICS/LABA + LAMA (tiotropium)? 3255 2.1
High-dose ICS + LTRA 31 506 20.5

High-dose ICS + theophylline 1277 0.8
Step 5 g;rl lr\égiiheif])attherapy + omalizumab, mepolizumab, 6983 753
n=9273 GINA Step 4 therapy + chronic-use OCS 2290 24.7

GINA, Global Initiative for Asthma; ICS, inhaled corticosteroid, LABA, long-acting 32
agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist;
OCS, oral corticosteroid.

4Add-on tiotropium (LAMA) included in Step 4 only (not Step 5, as per Figure 1).



Supplementary Table 2. Characterization of patients by baseline EOS count according to

age group and GINA step.

Characteristic GINA 2 GINA 3 GINA 4 GINAS
(n=38 096) (n=22 123) (n=29 859) (n=2305)

Baseline EOS count, n (%)
<300 cells/uL 26 829 (70.4) 14 816 (67.0) 19 788 (66.3) 1735 (75.3)
>300 cells/uL 11 267 (29.6) 7307 (33.0) 10 071 (33.7) 570 (24.7)

Baseline EOS count by age group, n (%)

Age >12 to <18 years 1921 1390 846 35
<300 cells/uL 1277 (66.5) 901 (64.8) 544 (64.3) 28 (80.0)
>300 cells/uL 644 (33.5) 489 (35.2) 302 (35.7) 7 (20.0)

Age >18 years 34 259 19 015 28 586 2247
<300 cells/uL 24 444 (71.4) 12 925 (68.0) 18 985 (66.4) 1691 (75.3)
>300 cells/uL 9815 (28.6) 6090 (32.0) 9601 (33.6) 556 (24.7)

EQOS, eosinophil; GINA, Global Initiative for Asthma.




Supplementary Table 3. Annualized all-cause and asthma-specific HCRU in patients with at least 30 days of follow-up.

GINA?2 GINA 3 GINA 4 GINAS
Overall Controlled Uncontrolled Overall Controlled Uncontrolled Overall Controlled Uncontrolled Overall Controlled Uncontrolled

(n=196 034) (n=156 850) (n=39 184) (n=146 259) (n=81527) (n=64 732) (n=152 984) (n=77 620) (n=75 364) (n=8992) (n=3624) (n=5268)
All-cause hospitalization visits
N 10 757 5719 5038 8514 3006 5508 13062 4480 8582 1850 704 1146
(%) (5.49) (3.65) (12.86) (5.82) (3.69) (8.51) (8.54) (5.77) (11.39) (20.81) (19.43) (21.75)
Mean 0.09 0.06 0.21 0.09 0.06 0.13 0.16 0.09 0.23 0.60 0.41 0.73
(SD) (0.50) (0.39) (0.79) (0.52) (0.41) (0.63) (2.90) (0.55) (4.10) (7.83) (1.20) (10.12)
Asthma-specific hospitalization visits
N 3865 14 3851 3790 18 3772 5498 24 5474 475 1 474
(%) (1.97) (0.01) (9.83) (2.59) (0.02) (5.83) (3.59) (0.03) (7.26) (5.34) (0.03) (9.00)
Mean 0.03 0.00 0.14 0.03 0.00 0.08 0.05 0.00 0.11 0.12 0.00 0.20
(SD) (0.26) (0.02) (0.56) (0.28) (0.03) (0.41) (1.36) (0.06) (1.94) (3.89) (0.02) (5.06)
All-cause number of inpatient days
N 10 757 5719 5038 8514 3006 5508 13062 4480 8582 1850 704 1146
(%) (5.49) (3.65) (12.86) (5.82) (3.69) (8.51) (8.54) (5.77) (11.39) (20.81) (19.43) (21.75)
Mean 0.44 0.28 1.10 0.44 0.31 0.60 0.80 0.53 1.09 3.20 2.82 3.46
(SD) (5.29) (3.70) (9.19) (4.63) (4.26) (5.05) (13.42) (6.54) (17.93) (22.79) (13.09) (27.55)
Asthma-specific number of inpatient days
N 3865 14 3851 3790 18 3772 5498 24 5474 475 1 474
(%) (1.97) (0.01) (9.83) (2.59) (0.02) (5.83) (3.59) (0.03) (7.26) (5.34) (0.03) (9.00)
Mean 0.12 0.00 0.57 0.13 0.00 0.29 0.22 0.00 0.44 0.46 0.00 0.78
(SD) (2.07) (0.05) (4.59) (1.89) (0.19) (2.83) (8.16) (0.20) (11.62) (5.16) (0.07) (6.69)
All-cause number of outpatient visits
N 174 534 138 066 36 468 128 906 69 677 59 229 127 964 61 080 66 884 6977 2973 4004
(%) (89.03) (88.02) (93.07) (88.14) (85.46) (91.50) (83.65) (78.69) (88.75) (78.46) (82.04) (76.01)
Mean 6.12 5.84 7.24 5.73 5.12 6.49 8.41 5.22 11.71 13.84 11.00 15.79
(SD) (6.06) (5.86) (6.68) (6.35) (5.46) (7.25) (83.10) (5.86) (118.16) (132.66) (10.58) (172.11)
Asthma-specific number of outpatient visits
N 88 957 59 800 29 157 87 367 41582 45785 88 009 35442 52 567 2840 605 2235
(%) (45.38) (38.13) (74.41) (59.73) (51.00) (70.73) (57.53) (45.66) (69.75) (31.94) (16.69) (42.43)
Mean 1.10 0.82 221 1.43 1.02 1.95 2.25 0.97 3.56 2.55 0.43 4.02
(SD) (2.16) (1.78) (3.01) (2.33) (1.72) (2.83) (27.50) (1.73) (39.09) (52.69) (1.59) (68.40)

GINA2 GINA3 GINA4 GINAS
Overall Controlled Uncontrolled Overall Controlled Uncontrolled Overall Controlled Uncontrolled Overall Controlled Uncontrolled

(n=196 034) (n=156 850) (n=39 184) (n=146 259) (n=81527) (n=64 732) (n=152 984) (n=77 620) (n=75 364) (n=8992) (n=3624) (n=5268)
All-cause ER visits
N 37 223 22 483 14 740 28 411 10536 17 875 30 650 10 038 20612 2494 1025 1469
(%) (18.99) (14.33) (37.62) (19.43) (12.92) (27.61) (20.03) (12.93) (27.35) (28.05) (28.28) (27.89)
Mean 0.33 0.22 0.77 0.33 0.19 0.50 0.47 0.19 0.76 0.78 0.59 0.91
(SD) (1.06) (0.75) (1.78) (1.05) (0.65) (1.38) (10.37) (0.65) (14.76) (9.60) (1.41) (12.41)

Asthma-specific ER visits




N 9875 55 9820 9909 51 9858 11302 67 11235 636 0 636
(%) (5.04) (0.04) (25.06) (6.77) (0.06) (15.23) (7.39) (0.09) (14.91) (7.15) (0.00) (12.07)
Mean 0.08 0.00 0.40 0.10 0.00 0.22 017 0.00 0.34 0.20 0.00 034

(SD) (0.51) (0.05) (1.08) (0.50) (0.06) (0.74) (7.89) (0.06) (11.24) (5.51) (0.00) (7.15)

ER, emergency room; GINA, Global Initiative for Asthma; HCRU, healthcare resource utilization; SD, standard deviation.




Supplementary Figure 1. Study design.

Baseline period for
Step N? cohort

12 months’ follow-up
if no Step-up

Entering GINA Step N+1

Y

Follow-up till Step-up
or Step-down

Entering GINA Step N-1

Follow-up as new
Step cohorts

Index® Step-up or
Step-down

GINA, Global Initiative for Asthma.
N denotes GINA Step 2, 3, 4, or 5.

bIndex is the patients’ first time entering a GINA step.



Supplementary Figure 2. Patient categorization.

Patients with continuous medical and pharmacy benefits 1 year pre- and post-index: 941714

Patients age 26 years on index: 891496

Exclude patients with a diagnosis of CF, autoimmune disease?® or COPD in baseline period
(Jan 1, 2010-Dec 31, 2015): 668113

Total patients available for analysis: 668113; total patients categorized into
GINA Steps 2-5: 517738

GINA Step 2: 205925; EQOS subgroup: 38086

GINA Step 3: 149158; EQOS subgroup: 22123

GINA Step 4: 153382; EOS subgroup: 29859

GINA Step 5: 9273; EOS subgroup: 2305

€E€ELCEKLELEEEL

CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; EOS, eosinophil; GINA,
Global Initiative for Asthma.

@UIcerative colitis, Crohn’s disease, rheumatoid arthritis, lupus.

bPatients not on a regimen that could be classified as part of a GINA step were not included
for analysis in this study; Sum of patients in each GINA step may not total 100% as patients

could be in more than one GINA step (steps are not mutually exclusive categories).
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