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Rationale: The National Heart, Lung, and Blood Institute (NHLBI) recommend a stepwise 
approach to asthma management, with the goals of maintaining asthma control and reducing 
exacerbations. Although asthma treatments reduce the frequency of exacerbations, they still 
occur. We aimed to characterize the treated United States of America (US) adult asthma 
population, including those experiencing exacerbations, in terms of socio-demographics, 
clinical characteristics, and healthcare resource utilization (HRU).
Patients and Methods: A retrospective cohort of asthma patients aged ≥18 years on 01 
January 2014 with ≥1 ICD-9 asthma code (493.xx) enrolled in a US healthcare claims 
database during 2013–2014. Patients who had ≥2 asthma medication dispensings during 
2013 (baseline), including ≥1 in the 90-day period before index date, were classified 
according to NHLBI step. Patients with chronic obstructive pulmonary disease, cystic 
fibrosis, or lung cancer diagnoses were excluded. Demographics, comorbidities, clinical 
characteristics, and HRU were described during baseline. Exacerbations and HRU were 
described during 2014 (follow-up period).
Results: In total, 72,156 patients were included; 10,590 (14.7%) had ≥1 exacerbation during 
follow-up. Approximately 44% of patients were classified as NHLBI Steps 1–2, 41% as 
Steps 3–4, and 11% as Steps 5–6. Exacerbation frequency increased with step (Steps 1, 2, 
and 3: 12–14%; Steps 4, 5, and 6: 16–26%). Compared with the overall population during 
baseline, patients with an exacerbation had similar demographics, but differences were 
observed for comorbid allergic rhinitis (46.4% vs 40.1%, respectively), blood eosinophil 
counts ≥300 cells/μL (45.5% vs 39.6%, respectively), and asthma-related healthcare encoun-
ters (62.9% vs 52.4%, respectively). Overall, asthma-related HRU during follow-up 
increased with NHLBI step.
Conclusion: Exacerbations were observed among patients classified at each NHLBI step 
and were more frequent with increasing step. Exacerbations and asthma-related HRU high-
light the continued unmet need in the treated US asthma population.
Keywords: asthma, clinical traits, real-world, administrative claims, healthcare costs, 
healthcare resource utilization

Introduction
Asthma affects approximately 300–350 million people worldwide and over 25 million 
individuals in the United States of America (US).1,2 Patients with asthma often 
experience episodes of worsening symptoms, known as exacerbations, which often 
vary in severity and frequency.3 A significant proportion of healthcare costs and 
morbidity derive from these acute deteriorations. For example, in the US alone, around 
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15 million outpatient visits, 2 million emergency department 
(ED) visits, and 500,000 hospitalizations occur each year 
during the management of acute asthma.4 The burden asso-
ciated with these asthma-related exacerbations remains 
significant5–8 despite the refinement of asthma management 
guidelines, development of new treatments, and increases in 
medication use.

The clinical severity of asthma is indicated by symp-
toms including sleep disturbance, limitation of daily activ-
ity, lung function impairment, and the use of rescue 
medications.9,10 When patients have uncontrolled asthma, 
they experience significantly impaired quality of life and 
increased asthma-related healthcare costs.9,11 In particular, 
exacerbations requiring oral corticosteroid (OCS) treat-
ment and/or ED visits or hospitalization have been 
reported as posing the most significant burden to health-
care systems.12–15

Effective treatments to enhance asthma control have 
been developed, including inhaled corticosteroids (ICS) 
and ICS/long-acting beta-agonist combinations. However, 
despite these advances in asthma management, exacerba-
tions continue to occur.16–19

Clinical guidelines aiming to improve long-term 
asthma control (including reduction of exacerbation risk) 
include those from the Global Initiative for Asthma 
(GINA)9 and the National Heart, Lung, and Blood 
Institute (NHLBI).20,21 Previous studies have described 
exacerbation frequencies and clinical characteristics in 
patients from the United Kingdom and US using the 
GINA guidelines’ step categorization of asthma 
treatment;22 however, no study has yet reported exacerba-
tions according to the steps described in the NHLBI 
guidelines.21

We aimed to characterize the treated adult asthma 
population in the US, including those experiencing exacer-
bations, using the NHLBI guidelines’ treatment step cate-
gories, to provide insights regarding potential unmet needs 
of US asthma patients.

Patients and Methods
Objectives
The objectives of this study were two-fold. First, to char-
acterize the US adult asthma population treated with asthma 
controller medication(s) and/or rescue medication accord-
ing to the NHLBI stepwise treatment categories, thus pro-
viding a proxy of asthma severity (Figure 1). Second, to 
characterize the treated US adult asthma population who 

experienced exacerbations during 2014 according to the 
NHLBI stepwise treatment categories. In order to describe 
these populations, the following variables were assessed: 
baseline demographics and clinical characteristics; comor-
bid conditions; asthma treatments (including adherence); 
total and asthma-related healthcare resource utilization 
(HRU) and costs; and asthma exacerbations (including fre-
quency, type, and seasonality).

Study Design
We conducted a retrospective cohort study of adult 
patients in 2013–2014 using a large US private health 
insurance claims database: Optum’s de-identified 
CLINFORMATICS Data Mart Database (hereafter 
referred to as the Optum database). The index date was 
01 January 2014, with the respiratory treatment(s) in the 
90 days before the index date used to classify patients 
according to the six NHLBI steps. Patient demographics, 
comorbidities, exacerbations, and HRU and costs were 
described in the 12 months before the index date and 
termed as the baseline period (01 January 2013 to 
31 December 2013). The 12-month period after the 
index date was termed the follow-up period 
(01 January 2014 to 31 December 2014) and was used 
to describe the occurrence of asthma exacerbations, treat-
ment changes (discontinuation, augmentation), adherence 
to treatment, HRU, and costs by NHLBI step.

Study Population
The study population included patients with treated asthma 
who were identified in the Optum database. Inclusion criteria 
for the study were: continuous enrollment in the database 
between 01 January 2013 and 31 December 2014; at least 18 
years of age at the index date; at least one diagnosis code for 
asthma (International Classification of Diseases, 9th revision 
[ICD-9] 493.xx); and at least two prescriptions for an asthma 
medication (rescue or maintenance medication) in the base-
line period. This included at least one dispensing in the 90 
days prior to the index date, which was used to classify the 
patients according to NHLBI steps. Patients were excluded 
from the study if they had any diagnosis of chronic obstruc-
tive pulmonary disease (ICD-9: 491.xx, 492.xx, 496.xx), 
cystic fibrosis (ICD-9: 277.0x), acute respiratory failure 
(ICD-9: 518.81), or lung cancer (ICD-9: 162.xx) in their 
medical claims records. The subset of adult asthma patients 
who experienced an exacerbation during the follow-up per-
iod was described and characterized similarly to the overall 
population.
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Study Outcomes
Baseline Patient Demographics and Clinical 
Characteristics
Baseline patient characteristics were measured during the 
12-month period up to, but excluding, the index date. These 
included: demographics; atopy status; comorbid conditions; 
respiratory medications; and eosinophil count level (among 
those who had eosinophil data available). Atopy status was 
inferred by the presence of a prior medical claim for allergic 
rhinitis (ICD-9 of 477.xx) during the baseline period.

NHLBI Asthma Treatment Steps
The stepwise approach to asthma management recom-
mended by the NHLBI21 was used to assign each treated 

patient to a corresponding step. These steps are used as 
a proxy for disease severity, whereby patients are stepped 
up to the next management level if they are symptomatic 
despite current treatment. Patients were therefore assigned to 
each NHLBI step depending on their level of treatment. The 
NHLBI steps are described in further detail in Figure 1. 
Patients with a treatment combination not corresponding to 
one of the steps were considered unclassifiable.

Assignment of NHLBI step was based on asthma 
medication(s) dispensed closest to the index date along 
with other asthma medications dispensed during the 
90-day period immediately preceding the index date 
(ie, 01 October 2013–31 December 2013). Days’ sup-
ply was assumed as 30 days in the case of missing day 

Figure 1 NHLBI step diagram – illustrates the step-based categorization based on patients' treatment recommended by NHLBI. 
Note: Adapted from National Heart, Lung, and Blood Institute (NHLBI); National Institutes of Health; U.S. Department of Health and Human Services. Expert panel report 
3: guidelines for the diagnosis and management of asthma. Available from: https://www.nhlbi.nih.gov/health-topics/guidelines-for-diagnosis-management-of-asthma.21 

Abbreviations: EIB, exercise-induced bronchoconstriction; ICS, inhaled corticosteroid; LABA, long-acting beta agonists; LTRA, leukotriene receptor antagonist; NHLBI, 
National Heart, Lung, and Blood Institute; PRN, as required; SABA, short-acting beta agonist.
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supply value. When assigning treatment steps, we also 
examined medications that were dispensed prior to the 
90-day period if these were still being taken by the 
patient during the 90-day period (eg, a 30-day supply 
of an ICS dispensed the day before the 90-day period 
would be considered in NHLBI step assignment).

Asthma Exacerbations
Asthma exacerbations were defined as either: 1) an 
asthma-related ED visit or asthma-related hospital admis-
sion, or 2) any OCS use of ≥20 mg prednisone (average 
daily dose) or equivalent lasting at least 3 days (but no 
more than 28 days) with an asthma medical code recorded 
within ±2 weeks (eg, presence of ICD-9 code 493.x).

ED visits or hospital admissions were determined to be 
asthma-related by the presence of a primary diagnosis of 
asthma (ICD-9 code 493.x) on the medical claim. All OCS 
use other than that described above to define an exacerba-
tion was considered maintenance therapy or non-asthma 
related. For exacerbations to be considered independent 
episodes, at least 7 days must have elapsed from the end 
date of the OCS script, date of ED visit, or hospital dis-
charge date. The seasonality of exacerbations was 
described based upon the season in which an exacerbation 
occurred.

Healthcare Resource Utilization
All-cause and asthma-related HRU were examined during 
the baseline and 12-month follow-up periods. All-cause 
HRU was captured as the number of outpatient visits, ED 
visits, or inpatient admissions for any reason. Asthma- 
related HRU (defined as associated with a primary diag-
nosis code for asthma) was captured as the number of 
outpatient visits, ED visits, and inpatient admissions.

Healthcare Costs
All-cause and asthma-related healthcare costs were calcu-
lated as total costs, medical costs, and pharmacy costs. 
These costs were adjusted to 2016 US dollars.

Medication Adherence and Treatment 
Patterns
Medication adherence in patients with asthma was evalu-
ated using the proportion of days covered (PDC) by main-
tenance asthma medication (any ICS, ICS/LABA, 
leukotriene receptor antagonist, or maintenance OCS), as 
well as the asthma medication ratio (AMR).23,24 The AMR 
measures the units of maintenance medications dispensed 

divided by the sum of maintenance and short-acting beta 
agonist (SABA) medications dispensed. Mean AMR and 
the percentage of patients with AMR ≥0.50 were calcu-
lated during the follow-up period and medication adher-
ence was estimated for patients in each NHLBI step.

Other treatment patterns assessed in the follow-up per-
iod included discontinuation of maintenance therapy 
(defined as no prescription of any maintenance medication 
after a gap of 60 days after the end of the maintenance 
medication supply by 31 December 2014), stepping up of 
therapy (as defined by NHLBI steps), and the number of 
SABA canisters dispensed.

Data Analysis
All analyses were descriptive; no statistical analysis was 
conducted to assess differences between groups. Sample 
selection and the creation of analytic variables was per-
formed using the Instant Health Data platform (BHE, 
Boston, MA, US). Descriptive analysis was undertaken 
with R version 3.2.1 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results
Baseline Demographics and Clinical 
Characteristics
In total, 72,156 patients met the study inclusion criteria 
(Table 1; Figure 2). In this overall cohort, patients had 
a mean age of 49.9 years (standard deviation [SD] 
16.17) and the majority were female (64.0%). During 
the 12-month baseline period, 15,701 patients (21.8%) 
had at least one exacerbation and 3442 (4.8%) had 
a history of at least two exacerbations. The majority of 
asthma exacerbations among patients in the baseline 
period were OCS-defined (19.0%) versus ED/hospital 
admission (3.8%). Of the 15,349 (21.3%) patients with 
an eosinophil value, 6074 patients (39.6%) had an eosi-
nophil count ≥300 cells/µL. The percentage of patients 
with one or more asthma-related healthcare encounter at 
baseline was 52.4% for outpatient visits, 3.7% for ED 
visits, and 0.8% for hospitalizations (Table 2).

Among the overall cohort, 10,590 patients (14.7%) had 
at least one exacerbation during the follow-up period. This 
exacerbating cohort was comparable to the overall cohort 
(mean age 49.0 years, SD 15.4) (Supplementary Table 1). 
Higher proportions of these patients had blood eosinophil 
counts ≥300 cells/µL (45.5% among 2122 patients with 
blood eosinophil measurements) and one or more asthma- 
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related healthcare encounters (62.9% for outpatient visits, 
8.0% for ED visits, and 1.7% for hospitalizations) when 
compared with the overall study population. Also, among 
patients with an exacerbation, there were higher propor-
tions of patients with allergic rhinitis during the baseline 
period compared with the overall population (46.4% 
vs 40.1%).

NHLBI Asthma Treatment Steps
A total of 69,286 patients met the criteria to be classi-
fied within an NHLBI step; 2870 (4.0%) patients were 
not classifiable (Table 1). Approximately 44% of 

patients were classified as NHLBI Steps 1–2; 41% as 
NHLBI Steps 3–4; and 11% as Steps 5–6. There was 
an increase from Steps 2–6 in the percent of patients 
with at least one prior exacerbation during the baseline 
period. Of the patients with an eosinophil value avail-
able (19.2–26.2%, depending on step), the proportion 
of patients with an eosinophil count ≥300 cells/µL 
generally increased with NHLBI step. Among patients 
in the exacerbating cohort (≥1 exacerbation in the 
follow-up period), the classification of patients by 
NHLBI step had relatively more patients in Steps 4–6 
and slightly fewer patients in Steps 1–3 compared with 

Figure 2 Patient flow diagram – describes patient attrition throughout the study and step classification. 
Abbreviaton: NHLBI, National Heart, Lung, and Blood Institute.
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the overall population: Step 1 (n=2163, 20.4%); Step 2 
(n=1931, 18.2%); Step 3 (n=1280, 12.1%); Step 4 
(n=3121, 29.5%); Step 5 (n=1641, 15.5%); and Step 6 
(n=66, 0.6%).

Asthma Exacerbations in the Follow-Up 
Period
A total of 10,590 (14.8%) patients experienced at least one 
exacerbation during the follow-up period and had a mean 
exacerbation rate of 1.36 (SD 0.79) exacerbations per year. 
At least 13% of the total study population experienced an 
OCS-defined exacerbation while 2.2% had at least one 
asthma-related ED visit/hospital admission-defined exacer-
bation (Supplementary Table 2). Exacerbations were 
observed among patients classified at each of the NHLBI 
steps and were more frequent with increasing step 
(Figure 3). The baseline exacerbation rate was higher 
among patients who experienced an exacerbation in the 
follow-up period compared with the overall population 
(0.29 [SD 0.64] vs 0.67 [SD 1.01]).

Similar trends were observed for OCS-defined and 
asthma-related ED/hospital admission exacerbations; how-
ever, Step 1 patients had a higher proportion of ED/hospi-
tal admission exacerbations (3.1%) compared with Steps 
2–5 (1.6% to 2.4%) (Supplementary Table 2). Of note, 
6.8% of Step 5 and 9.9% of Step 6 patients experienced 
at least two exacerbations during the follow-up period.

With respect to seasonality, the majority of exacerba-
tions occurred in the winter and spring (30.8% and 26.1%, 

respectively) followed by the fall and to a lesser extent in 
the summer (24.0% and 19.1%, respectively) 
(Supplementary Table 2).

Healthcare Resource Utilization in the 
Follow-Up Period
In the overall population, the mean annual number of all- 
cause hospitalizations (all steps: 0.08, SD 0.36) and outpa-
tient visits (all steps: 12.29, SD 14.15) in the follow-up 
period were similar across Steps 1–5, and highest among 
patients at Step 6 (hospitalizations [0.13, SD 0.44], outpatient 
visits [19.33, SD 16.46]). Asthma-related HRU increased by 
NHLBI step and was highest for Step 6 for mean asthma- 
related hospitalizations (0.03, SD 0.20), ED visits (0.06, SD 
0.27), and outpatient visits (4.38, SD 7.99) (Table 3). 
A similar pattern was seen for the percent of patients with 
at least one asthma-related hospitalization, ED visit, and 
outpatient visit, as shown in Figure 4. In addition, the mean 
number and percentage of patients with at least one asthma- 
related ED visit were higher among Step 1 patients (mean 
0.04, SD 0.28; 3.1%) than those at Steps 2–5.

In the exacerbating population, mean rates for all-cause 
hospitalizations, ED visits, and outpatient visits were 0.11 
(SD 0.41), 0.70 (SD 1.53), and 15.69 (SD 15.54), respec-
tively, which were higher than those for the overall asthma 
population at all steps except for all-cause hospitalizations 
and ED visits at Step 6. Among patients with at least one 
exacerbation in the follow-up, total asthma-related HRU was 
highest for Step 6 (8.00, SD 9.83) and next highest for Step 5 
(3.51, SD 6.10). Exacerbators in Step 6 had the highest mean 
number of hospitalizations (0.05, SD 0.21). Unexpectedly, 
Step 1 exacerbators had the highest mean number of ED 
visits (0.30, SD 0.70) during the follow-up period, possibly 
suggesting a lack of control or under-treatment.

Healthcare Costs in the Follow-Up 
Period
In the overall treated asthma population, mean annual all- 
cause total costs were $11,673.09 (SD $23,951.48) and 
mean asthma-related total costs were $1367.80 (SD 
$3910.96). Mean asthma-related total costs increased 
with each NHLBI step (Figure 5).

Asthma-related pharmacy and medical costs for Step 6 
patients ($3251.04 and $1627.29, respectively) were at 
least three times higher than the average costs in the 
total population ($1018.54 and $349.25, respectively) 
(Table 3).

Figure 3 Exacerbations during the follow-up period (2014) by NHLBI step 
(n=10,590) – bar chart shows the proportion of patients who experienced an 
exacerbation in the follow-up period, classified by NHLBI step. 
Abbreviations: NHLBI, National Heart, Lung, and Blood Institute.
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In the exacerbating population, mean all-cause total 
costs were $14,834.92 (SD $25,569.54) and mean 
asthma-related total costs were $2560.22 (SD $4534.78). 
Mean costs among exacerbators also increased by NHLBI 
step and were markedly higher in all asthma-related cost 
categories compared with the overall asthma population. 
Mean asthma-related total, medical, and pharmacy costs 
among patients with at least one exacerbation in the fol-
low-up were highest for Step 6 (total $6372.10; medical 
$2897.22; pharmacy $3474.88) and next highest for Step 5 
(total $4176.88, medical $1330.09, pharmacy $2846.79).

Medication Adherence and Treatment 
Patterns
In the overall population during the baseline period, the mean 
number of SABA canisters dispensed was 2.72 (SD 3.37), 
78.0% of patients had at least one SABA dispensing, 41.3% 
had at least one OCS dispensing, and their use generally 
increased with NHLBI step (Table 1). Use of SABA and 
OCS was higher among the exacerbating cohort (both at 
baseline and during the follow-up period; data not shown). 
With regards to rescue medication use in the overall popula-
tion during the follow-up period, the mean number of SABA 
canisters dispensed was 2.28 (SD 3.51) and was lower than in 
the exacerbating subgroup (3.63, SD 4.37) (Supplementary 
Tables 3 and 4).

Adherence in the follow-up period, as measured by 
mean PDC (0.59 vs 0.56, respectively), was slightly 
higher in the overall population compared with the 
exacerbating population; although the reverse was 
observed with the proportion of adherent patients, as 
measured by PDC ≥80% (28.7% vs 32.3%) 
(Supplementary Tables 3 and 4). For both measures, 
adherence to maintenance therapy tended to increase 
with increasing NHLBI step. The mean AMR was 0.65 
in the overall population versus 0.60 in the exacerbation 
population (Supplementary Tables 3 and 4). 
Maintenance therapy discontinuation rates tended to be 
high for both the overall and exacerbating populations, 
and they also tended to decrease with increasing NHLBI 
step.

In the overall population, a quarter of all Step 1 
patients (25.9%) escalated to Steps 2–4 during the fol-
low-up period while 9.9% of patients in Steps 2–4 esca-
lated to Steps 5–6 (Supplementary Table 3). Among those 
with exacerbations, more Step 1 patients (48.3%) escalated 
to Steps 2–4, and almost twice as many Step 2–4 patients 

escalated to Steps 5–6 (18.0%), compared with the overall 
population (Supplementary Table 4).

Discussion
This study examined a large asthma cohort (n=72,156) in 
the US. To our knowledge, it is the first study to quantify 
the burden of exacerbations occurring among the treated 
asthma population using the NHLBI step categorization as 
a proxy measure for disease severity. Among the overall 
cohort of treated asthma patients, a total of 10,590 (14.7%) 
experienced one or more exacerbations in the follow-up 
period. This population had clinical characteristics that 
were notably different from the overall study population: 
a higher proportion of patients had experienced comorbid 
allergic rhinitis, had blood eosinophil counts ≥300 cells/ 
µL, and had asthma-related healthcare encounters during 
the baseline period, compared with the overall population.

During the 12-month follow-up period, asthma-related 
exacerbations, HRU, and costs increased with increasing 
NHLBI step (severity). In addition, the proportion of 
patients who were adherent to their asthma maintenance 
medication (PDC ≥80%) was low for both the overall and 
exacerbating cohorts (28.7% and 32.0%, respectively); 
however, higher adherence was observed with increasing 
NHLBI steps. Treatment discontinuation rates were also 
high for both the overall and exacerbating cohorts but 
were progressively lower with increasing NHLBI step. 
The use of rescue medications was more frequent in the 
exacerbating cohort compared with the overall population 
and increased with NHLBI step.

Exacerbations were observed among patients at all 
NHLBI steps and were more frequent with increasing 
step/asthma severity. Patients who experienced an exacer-
bation in the follow-up period also had a higher rate of 
baseline exacerbations compared with the overall popula-
tion. This aligns with previous findings where asthma 
patients with an exacerbation in the prior year (vs those 
without) had 7.80-times higher odds of experiencing an 
exacerbation in the subsequent year.25 Seasonality trends 
indicated a higher frequency of exacerbations in the win-
ter/spring, followed by the fall, and lowest in the sum-
mer – despite exacerbations remaining prevalent during 
this season. The proportion of patients escalating to 
a higher step in the exacerbating population was as 
expected compared with the overall population: nearly 
double the percentage of patients escalated from Step 1 
to Steps 2–4 (48.3% vs 25.9%) and from Steps 2–4 to 
Steps 5–6 (18.0% vs 9.9%).
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These study results further concur with an earlier retro-
spective cohort study, which reported on asthma exacerba-
tions and healthcare use by asthma severity, as defined by 
the GINA step classification.22 Suruki and colleagues 
reported that the percentage of treated asthma patients 
with ≥1 exacerbation in the follow-up period was 12.5% 
in their US database (vs 14.7% in the current study) and 
mean exacerbation rate was 0.16 per year within this 
population (vs 0.20 per year in our study). Similar trends 
were also seen, with exacerbations occurring more fre-
quently in patients with increasing GINA step/disease 
severity, and in those with clinical traits of allergic rhinitis 
(atopy) and elevated eosinophil levels.22 Patients in GINA 
Step 5 (eg, the most severe group, akin to NHLBI Steps 

5–6) had the highest rate of exacerbations and mean total 
HRU, and total all-cause and asthma-related costs per 
exacerbation in the 30 days after an exacerbation. These 
patterns were consistent with those observed in our study, 
including the increases in these parameters according to 
severity. Our study shared multiple characteristics with the 
study by Suruki et al; both studies analyzed a 1-year base-
line and 1-year follow-up period, utilized the Optum data-
set, utilized similar exacerbation definitions, and 
considered treatments during a 90-day window to categor-
ize treatment step (GINA/NHLBI). The primary differ-
ences between the studies were those between GINA and 
NHLBI classifications, as well as the study time periods. 
Regarding study design, the current study utilized calendar 

A B

C

Figure 4 Asthma-related HRU during the follow-up period (2014) by NHLBI step for the overall population (N=72,156) – bar charts illustrate the proportion of all patients 
who required hospitalization (A), ED visit (B), or outpatient department visit (C) during the follow-up period, classified by NHLBI step. 
Abbreviations: ED, emergency department; HRU, healthcare resource utilization; NHLBI, National Heart, Lung, and Blood Institute.
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years to ensure that any seasonal trends in exacerbations 
were captured; whereas, Suruki et al identified an index 
date based on an asthma diagnosis during the study period, 
therefore the baseline and follow-up periods for individual 
patients may have varied in the seasons/months that were 
encompassed.

NHLBI Step 1 patients (with intermittent asthma), 
when compared with NHLBI Step 2 and 3 patients 
(mild-moderate asthma), had a slightly higher mean num-
ber of exacerbations, ED visits, and higher SABA use 
during the baseline period. This may indicate that those 
in NHLBI Step 1 had poor control of their asthma, and 

thus could potentially benefit from earlier use of inhaled 
maintenance therapy to better control their asthma. This 
suggestion is supported by the finding that over a quarter 
(25.9%) of NHLBI Step 1 patients stepped up to NHLBI 
Steps 2–4 therapy in the follow-up period. Notably, since 
2019, GINA no longer recommends SABA only use but 
rather ICS/LABA as needed as reliever treatment for 
patients with intermittent asthma; this is in discordance 
with the latest NHLBI 2020 guidelines which continue to 
recommend SABA use as needed for intermittent asthma 
in Step 1. Another explanation for this finding could be 
that the study inclusion criteria required a prescription for 
asthma medication within 90 days of the index date, 
which, in the context of intermittent asthma, would be 
a rescue inhaler. This could have potentially excluded 
those with well-controlled asthma and increased the like-
lihood of identifying uncontrolled or worsening intermit-
tent asthma. The highest exacerbation rate was still 
observed in patients with asthma categorized as NHLBI 
Steps 5–6.

Direct total and asthma-related costs in the 12-month 
follow-up period also increased with NHLBI step and 
were highest for more severe patients at NHLBI Steps 
5–6; this was in agreement with previous studies.15,26 

Some studies have detailed further indirect costs and high-
lighted the unmet need for severe asthma patients, as 
evidenced by patient questionnaires, health-related quality 
of life, work productivity, and activity impairment.27–29

Considered together, our study findings highlight 
a large disease burden and continued unmet need in the 
treated US asthma population. Additional research and 
improved multifactorial assessment strategies may help 
to address the underlying drivers of disease and improve 
the management of asthma. For example, severe refractory 
eosinophilic airway inflammation in asthma is a clinically 
valid endotype associated with frequent exacerbations.30 It 
has been described as a treatable trait since it is identifi-
able, measurable, and treatable, allowing for targeted ther-
apy to improve outcomes for individual patients.31 In this 
study, characterization of patients according to clinical 
traits was not widespread; we note that blood eosinophil 
levels were not measured in the majority of patients, with 
only 21.3% of the overall population having an eosinophil 
measurement. Through incorporating exacerbation risk 
and blood eosinophil count into a multidimensional assess-
ment, there is an opportunity to identify those patients for 

A

B

Figure 5 Asthma-related total costs during the follow-up period (2014) by NHLBI 
step – bar charts illustrate the cost associated with patients in each NHLBI step for 
both the overall population (A) and for those who experienced ≥1 exacerbation 
during follow-up (B). Costs were adjusted to 2016 USD ($). 
Abbreviations: NHLBI, National Heart, Lung, and Blood Institute; USD, United 
States dollars.
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who appropriately targeted treatment could help drive 
better disease outcomes.31–33

Limitations of this study include those inherent to the 
use of retrospective claims database methodology, such as 
the lack of clinical measures of disease severity and symp-
tom control, for which the characterization by NHLBI 
steps served as a proxy. As the Optum database contains 
a large sample of individuals in the US covered by private 
insurance plans, the results of this study may not be gen-
eralizable to US patients who receive healthcare through 
government organizations (eg, Medicare, Medicaid), other 
commercially insured populations, or to those without 
health insurance. Our findings also reflect asthma manage-
ment practices among US physicians and may not, there-
fore, be generalizable to other countries; additionally, the 
study data represent only patients who have sought care or 
treatment for asthma. Furthermore, the NHLBI steps are 
based on guidelines for asthma management and are 
intended for dynamic application to maximize control of 
disease. The current study attempted to discern the level of 
asthma control by retrospectively determining the extent 
of asthma treatment for each patient during the 90-day 
period prior to the index date. As a result, there is potential 
for misclassification of asthma control level (NHLBI 
steps) because the claims database may not accurately 
reflect the clinical presentation and/or control of the dis-
ease. Since exacerbations in this study are more common 
in winter, it is reasonable to suspect a significant amount 
of people would have an exacerbation in the 90 days prior 
to index, which in turn may have affected treatment step 
determination. A further limitation linked to the use of 
NHLBI steps as a proxy for severity is that those who 
were receiving medications not consistent with any of the 
steps remained unclassified; however, over 96% of 
patients were classified. As the data examined in this 
study were derived from 2013–2014, our findings may 
not fully reflect the current situation in the treated US 
asthma population. The healthcare costs may also not 
reflect the current landscape as, being adjusted to 2016 
US dollars, they have likely further inflated over the past 
few years.

The strengths of this study include its use of a large 
integrated US health insurance claims database (ie, captur-
ing the whole patient encounter record), thus allowing 
observation of, and real-world insights on, a large number 
of patients with asthma, diverse medical histories, and 
varying disease severity. Administrative claims data are 
a rich data source for examining patterns of care and 

health outcomes in a real-world setting. As the health 
plans included in the database span a wide geographic 
distribution across the US, it provides the capability for 
generalization of the study results to managed care popu-
lations on a national level.

Conclusions
Exacerbations were observed among treated asthma 
patients classified at each of the NHLBI steps (used as 
a proxy for disease severity) and were more frequent with 
increasing step categories. Asthma-related HRU and asso-
ciated costs also increased with increasing NHLBI step 
categories and were higher among those who experienced 
one or more exacerbations. These trends in exacerbations 
and asthma-related HRU highlight the continued unmet 
need within the treated US asthma population.

Abbreviations
AMR, asthma medication ratio; ED, emergency depart-
ment; GINA, Global Initiative for Asthma; HRU, health-
care resource utilization; ICD-9, International 
Classification of Diseases, 9th revision; ICS, inhaled cor-
ticosteroid; NHLBI, National Heart, Lung, and Blood 
Institute; OCS, oral corticosteroid; PDC, proportion of 
days covered; SABA, short-acting beta agonist; SD, stan-
dard deviation; US, United States.
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