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Background: Little is known about economic and productivity loss by severity of asthma.
We investigate health-care utilization, direct medical costs, and indirect costs due to pro-
ductivity loss from asthma by severity.

Methods: We conducted a cross-sectional analysis of the Medical Expenditure Panel Survey
database (2010-2017) of patients with asthma aged >12 years and categorized them into
mild, moderate, and severe asthma groups based on symptom control medications. Study
outcomes included health-care utilization, direct medical costs, and indirect costs of asthma-
related absenteeism. We used zero-inflated Poisson regression models to estimate incremen-
tal health-care utilization and generalized linear models to estimate incremental annual direct
medical costs compared to patients without asthma.

Results: An estimated 139 million persons had an asthma diagnosis. Of patients with
asthma, 77.1%, 22.2%, and 0.7% had mild, moderate, and severe asthma, respectively.
Compared to patients without asthma, patients with asthma had incremental mean differences
of 4.16 outpatient visits, 0.18 emergency department visits, and 0.07 hospitalizations per
year. Annual direct medical costs were significantly associated with asthma severity ($3305
in mild, $7250 in moderate, and $9175 in severe asthma) (P < 0.05). Patients with mild,
moderate, and severe asthma reported 0.76, 2.31, and 7.19 missed work or school days,
resulting in $106, $321, and $1000 indirect costs per person per year, respectively.
Conclusion: Asthma-related direct and indirect costs are significantly associated with
asthma severity, with severe asthma medical costs being about three times higher than
mild. Controlling asthma symptoms is important to reduce the economic and social burden
of asthma.
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Introduction

Asthma is the most common inflammatory disease of the lungs in the United States
(US). It is characterized by respiratory symptoms including wheezing, shortness of
breath, chest tightness, and cough that vary over time and by intensity. More than
25 million individuals (7.7% of the population), including 7.7% of adults aged >18
years and 9.9% of children aged 12—17 years, have asthma according to the Centers
for Disease Control and Prevention (CDC).! Asthma accounts for 9.8 million
outpatient visits, 1.8 million emergency department (ED) visits, and 188,968
inpatient visits annually." In addition, a recent study reported that in children
aged 18 years or younger, children with asthma have the largest proportion of
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missed school days.? In 2013, approximately 13.8 million
missed school days were reported for children,® and 14.2
million missed work days for adults in 2008 due to
asthma.* More importantly, patients with severe asthma,
which is often characterized by poor symptom control and
more frequent exacerbations, consume significant health-
care resources that incur high medical costs®’ and result
in lost work productivity.”

Several studies have assessed the burden of asthma
using US nationally representative data including either
8.9 o or both."*'* A recent
study estimated that the annual economic burden of
using 20082013 Medical
Expenditure Panel Survey (MEPS) data was more than
$81.9 billion, including $50.3 billion in direct medical
costs, $29 billion in asthma-related mortality, and $3 bil-

only pediatric,”” only adults,

asthma for all ages

lion in absenteeism.'> However, none of the previous
studies assessed the current burden of asthma in the gen-
eral US population by severity of asthma, although asthma
severity is the major driver of the clinical and economic
burden of asthma. Thus, we aimed to assess the most
recent estimates of direct medical costs including health-
care utilization resulting from asthma care and indirect
costs due to the productivity loss from asthma categorized
by severity and age group from 2010 to 2017 in the US.

Methods

Data Source

We conducted a cross-sectional study using the 2010-2017
MEPS database. MEPS is based on a nationally represen-
tative sample of the civilian noninstitutionalized popula-
tion of the US established for each calendar year by the
Agency for Healthcare Research and Quality and the
National Center for Health Statistics.'® It includes infor-
mation on health-care use, medical expenditures, and
demographic characteristics for each year of the National
Health Interview Survey and provides nationally represen-
tative estimates for the US population using population
weights. During 2010-2017, the MEPS’ annual samples
ranged from 31,880 to 38,974 persons.

Definition of Asthma by Severity

We included all persons aged >12 years of each year from
2010 to 2017 and divided them into patients with asthma
and patients without asthma . We used the International
Classification of Diseases, Ninth and Tenth Revision,

Clinical Modification (ICD-9-CM and ICD-10-CM)

diagnosis codes 493 and J45 from the medical condition
files to identify patients with asthma for each year from
2010 to 2017. We categorized asthma patients into three
groups (mild, moderate, and severe asthma) according to
the five management steps (step 1 to 5) of the 2010-2017
Global Initiatives for Asthma (GINA) guidelines for adults
and adolescents (>12 years),'” which was also used in
previous studies to define asthma severity.*'® We included
asthma patients aged >12 years because the asthma med-
ications (eg, tiotropium and omalizumab) that we used for
the severe asthma category according to the GINA guide-
lines are only recommended for adults and adolescents
aged >12 years.'” The GINA guidelines categorize steps
1 and 2 as mild, step 3 as moderate, and steps 4 and 5 as
severe asthma, but we had to categorize steps 3 and 4 as
moderate asthma and step 5 as severe asthma due to lack
of information about dose of inhaled corticosteroid/long-
acting beta-agonist combinations (ICS/LABA) in MEPS.
ICS/LABA are recommended for steps 3 (low dose) and 4
(medium to high dose) with different doses. Thus, in our
analyses, mild asthma was defined as patients prescribed
inhaled corticosteroid (ICS) or not prescribed any medica-
tions (Step 1 and 2 of GINA). Moderate asthma was
defined as prescribed ICS/LABA (step 3 and 4 of
GINA). Severe asthma was defined as prescribed ICS/
LABA and add-on omalizumab, mepolizumab, tiotropium,
or low dose oral corticosteroid (OCS) (step 5 of GINA).
Low dose OCS was defined as a prednisolone equivalent
of <7.5 mg per day for >2 weeks using the strength of
OCS and days’ supply or quantity of prescribed OCS.'*!”
We established a control group of persons who did not
have asthma diagnosis codes during the calendar year (e,
persons in all cohorts of each year excluding patients with
asthma). National estimates for the sample sizes in each
group (no asthma, total asthma, and mild, moderate, and
severe asthma) were produced by applying MEPS survey
weights.

Health-Care Utilization and Direct
Medical Costs

Health-care utilization was measured as the mean number
of visits made within a year during the study period.
Medical services consisted of ambulatory care, ED, inpa-
tient hospitalizations, prescribed medicines, and other
medical expenses. Medical costs per person per year
(PPPY) were calculated using the total amount of costs
from all payers including public and private insurances,
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and out-of-pocket costs. Annual health-care utilization and
direct medical costs PPPY were estimated for patients with
asthma compared to patients without asthma. Outcomes
were also assessed across the three severity groups (mild,
moderate, and severe) and across four age groups (1217,
18-34, 35-64, and >65 years).

Productivity Loss and Indirect Costs

We calculated missed work or school days PPPY to esti-
mate absenteeism and indirect costs. We used missed
school days for children aged 12-17 years and missed
work days for adults aged >18 years. The 2017 MEPS
data did not report missed school days, so we used
2010-2016 data only to calculate the number of asthma
patients aged 12—17 years, and we used 2010-2017 data to
calculate the number of asthma patients aged >18 years.
Indirect medical costs per person by absenteeism were
calculated using the number of missed work or school
days and the mean daily wage. For adults aged >18
years, indirect costs PPPY were calculated by multiplying
the missed work days by the mean daily wage of patients
with asthma. The mean daily wage of asthma patients aged
>18 years was estimated using an hourly wage and work
hour per week of patients with asthma as reported in the
MEPS data." For children aged 12—17 years, the indirect
costs PPPY were estimated by multiplying the missed
school days by the mean daily wage of caregivers, which
was assumed to be the same in the MEPS data as in the
general population because we assume that one parent
cannot work due to their child’s asthma.'” Annual per-
person indirect costs of asthma and of mild, moderate, or
severe asthma during 2010-2017 were calculated by mul-
tiplying the number of missed work or school days by the
mean daily wage for patients with asthma or persons with
all occupations, and total indirect costs of asthma patients
per year were calculated by multiplying the indirect costs
PPPY by the number of the annual national estimate of
asthma patients who reported missed work or school days.

Statistical Analysis

We compared baseline characteristics between patients
with and without asthma including mild, moderate, and
severe asthma using chi-square tests and analysis of var-
iance (ANOVA). Means (standard error [SE] or 95% con-
fidence interval [CI]) for continuous variables and
frequencies for categorical variables were calculated and
pooled person weights were used to obtain precise national
annual estimates. To evaluate medical care utilization, a

zero-inflated Poisson regression model was used that
included a logit model for predicting excess zeros and a
Poisson count model. To estimate medical costs, we used a
generalized linear model with a gamma distribution and
log link function, which is most commonly used in cost
studies because it has the advantage of addressing distri-
butions with zeroes or right-skewed tails.>*** Covariates
included age, sex, race, ethnicity, region, marital status,
household income, insurance, smoking, and Charlson
Comorbidity Index (CCI) using the full year consolidated
data file. CCI score was calculated using ICD-9-CM and
ICD-10-CM codes.”*** Differences in medical service
utilization and costs for asthma patients by their severity
were compared with non-asthma patients. Medical expen-
diture and wages were adjusted to 2017 US dollar using a
3% inflation rate. Statistical significance was defined as a
2-sided P < 0.05. All statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC) and
STATA version 13 (Stata Corp., College Station, TX).

Results

Our sample included 183,537 people, representing a popu-
lation of about 2 billion non-institutionalized US civilians
during 2010-2017, of which 7.5% of patients had asthma.
Of the 13,732 patients with asthma, 77.1% (n = 10,586),
22.2% (n = 3048), and 0.7% (n = 98) were classified as
having mild, moderate, and severe asthma, representative
of about 105 million, 33 million, and 1 million, respec-
tively (Table 1). The mean age (SE) increased with sever-
ity level: 43.2 (0.4) in mild asthma, 51.4 (0.7) in moderate
asthma, and 59.6 (1.8) in severe asthma. Across asthma
groups, patients with severe asthma were more likely to be
female (75.5%), white (76.0%), to live in the Southern
region (46.9%), and to have private insurance (64.3%),
while those with mild asthma were more likely to be
Hispanic (22.7%) and smokers (21.1%). The household
income level was not significantly different among asthma
severity groups. Mean CCI scores (SE) among patients
with mild, moderate, and severe asthma were 0.60 (0.02),
0.79 (0.03), and 1.23 (0.27), respectively.

Health-Care Utilization

Supplementary Table 1 shows the unadjusted mean num-

bers of medical service utilization. Compared to patients
without asthma, patients with asthma had incremental
means of 4.16 additional outpatient visits, 0.18 ED visits,
and 0.07 hospitalizations.
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Table | Baseline Characteristics of Asthma Patients by Severity, 2010-2017*

No Asthma Total Mild Moderate Severe P-
(n=169 805) | Asthma Asthma Asthma Asthma value}
(n=13,732) | (n=10,586) | (n = 3048) (n=98)
National estimates, N 1,768,550,177 138,881,934 104,868,160 32,733,303 1,280,470
Age (years), mean (SE) 46.4 (0.2) 45.5 (0.4) 43.2 (0.4) 51.4 (0.7) 59.6 (1.8) < 0.001
12-17 16,344 (9.6) 2052 (15.0) 1829 (17.3) 222 (7.3) I (1.0) < 0.001
18-34 40,643 (23.9) 2793 (20.4) 2406 (22.7) 383 (12.6) 4 (4.1)
35-64 80,374 (47.3) 6267 (45.7) 4629 (43.8) 1580 (51.8) 58 (59.2)
265 32,444 (19.1) 2673 (19.0) 1712 (16.2) 863 (28.3) 35 (35.7)
Sex 0.138
Male 74,852 (44.1) 4921 (35.8) 3819 (36.1) 1078 (35.4) 24 (24.5)
Female 94,953 (55.9) 8811 (64.2) 6767 (63.9) 1970 (64.6) 74 (75.5)
Race 0.002
White 118,951 (70.1) | 8896 (64.8) 6740 (63.7) 2083 (68.3) 73 (76.0)
Black 32,987 (19.4) 3480 (25.3) 2782 (26.3) 679 (22.3) 19 (19.8)
Otherst 17,867 (10.5) 1354 (9.9) 1064 (10.1) 286 (9.4) 4 (4.2)
Hispanic < 0.001
Yes 42,316 (24.9) 2894 (21.1) 2400 (22.7) 487 (16.0) 7(7.0)
No 127,489 (75.1) | 9838 (78.9) 8186 (77.3) 2561 (84.0) 91 (92.9)
Region < 0.001
Northwest 27,572 (16.2) 2825 (20.6) 2139 (20.2) 665 (21.8) 21 (21.4)
Midwest 34,895 (20.6) 2979 (21.7) 2263 (21.4) 696 (22.8) 20 (20.4)
South 62,454 (36.8) 4684 (34.1) 3563 (33.7) 1075 (35.3) 46 (46.9)
West 44,884 (26.4) 3244 (23.6) 2621 (24.8) 612 (20.1) I (11.2)
Marital status < 0.001
Married 76,606 (45.1) 4751 (34.6) 3458 (32.7) 1246 (40.9) 47 (48.0)
Widowed 11,482 (6.8) 1126 (8.2) 772 (7.3) 343 (11.3) I (11.2)
Divorced/separated 24,110 (14.2) 2380 (17.3) 1743 (16.5) 617 (20.2) 20 (20.4)
Not married 57,605 (33.9) 5475 (39.9) 4613 (43.6) 842 (27.6) 20 (20.4)
Education < 0.001
Less than high school diploma 43,865 (25.8) 4345 (31.6) 3573 (33.8) 759 (24.9) 13 (13.3)
High school diploma 42,539 (25.1) 3093 (22.5) 2280 (21.5) 784 (25.7) 29 (29.6)
Bachelor’s degree 57,820 (34.1) 4346 (31.6) 3235 (30.6) 1068 (35.0) 43 (43.9)
Advanced degree 13,735 (8.1) 986 (7.2) 710 (6.7) 265 (8.7) I (11.2)
Unknown 11,846 (7.0) 962 (7.0) 788 (7.4) 172 (5.6) 2 (2.0)
Income level 0.178
<0 4446 (2.6) 485 (3.5) 397 (3.8) 83 (2.7) 5(5.1)
>0-20,000 34,734 (20.5) 3832 (27.9) 2998 (28.3) 813 (26.7) 21 (21.4)
>20,000-40,000 37,160 (21.9) 3053 (22.2) 2368 (22.4) 660 (21.7) 25 (25.5)
>40,000-80,000 46,682 (27.5) 3320 (24.1) 2539 (24.0) 752 (24.7) 20 (20.4)
>80,000 46,783 (27.6) 3051 (22.2) 2284 (21.6) 740 (24.3) 27 (27.6)
Insurance < 0.001
Any private 99,921 (58.8) 6996 (50.9) 5262 (49.7) 1671 (54.8) 63 (64.3)
Public only 49,469 (29.1) 5765 (42.0) 4481 (42.3) 1250 (41.0) 34 (34.7)
Uninsured 20,415 (12.0) 971 (7.1) 843 (8.0) 127 (4.2) 1 (1.0)
(Continued)
548 submit your manuscript Journal of Asthma and Allergy 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Song et al
Table | (Continued).
No Asthma Total Mild Moderate Severe P-
(n=169 805) | Asthma Asthma Asthma Asthma valued
(n=13,732) | (n=10,586) | (n = 3048) (n=98)
Smoking status < 0.001
Yes 23,226 (13.7) 2146 (20.3) 1664 (21.1) 469 (18.1) 13 (14.1)
No 115,324 (67.9) | 8441 (79.7) 6233 (78.9) 2129 (81.9) 79 (85.9)
Unknown 31,255 (18.4) 3145 (22.9) 2689 (25.4) 450 (14.8) 6 (6.1)
Charlson comorbidity index, mean 0.46 (0.01) 0.65 (0.02) 0.60 (0.02) 0.79 (0.03) 1.23 (0.27) < 0.001
(SE)§

Notes: *Data are presented as the number of patients (percentage). $Other race includes American Indian, Alaska native, Asian, native Hawaiian, Pacific Islander, and
multiple races. }Statistical significance was assessed among patients with mild, moderate, severe asthma with a 2-sided P < 0.05 using Chi-Square Test and ANOVA.
§Charlson comorbidity index includes myocardial infarction, heart failure, peripheral vascular disease, dementia, cerebrovascular disease, connective tissue disease, ulcer

disease, hemiplegia, moderate or severe renal disease, diabetes, tumor, mild, moderate, or severe liver disease, and metastatic solid tumor.

Abbreviation: SE, standard error.

Those with severe asthma tended to have higher rates
of hospitalizations, ED visits, and outpatient visits com-
pared to patients with mild asthma. After adjusting for
socioeconomic and clinical covariates, the outpatient visit
rates PPPY among mild, moderate, and severe asthma
patients were significantly higher compared to patients
without asthma: 2.53 (95% CI 2.43, 2.62) in mild, 3.67
(95% CI 3.52, 3.83) in moderate, and 6.72 (95% CI 6.08,
7.35) in severe asthma (P < 0.05 for each comparison)
(Table 2). The adjusted additional number of ED visits
PPPY compared to patients with no asthma were 0.13,
0.17, and 0.28 in the mild, moderate, and severe asthma
groups, respectively (P < 0.05). Hospitalizations also
increased as the asthma severity increased, although sam-
ple size constraints of the severe asthma group resulted in
wide confidence intervals and statistically insignificant
results. Compared to patients with mild asthma, patients
with severe asthma spent 5.55 additional days in the hos-
pital (95% CI 3.85, 7.25).

When stratified by age group, the number of outpatient
visits, ED visits, and hospitalizations increased as age
increased, while outpatient and ED visits of patients aged
>65 years were slightly lower than those of patients aged
35-64 years (Supplementary Figure 1).

Direct Medical Costs

The direct medical costs of asthma were $4333 PPPY and
$75 billion total greater for all patients with asthma than
for those without (Table 3, Supplementary Table 2). Of the
direct medical costs PPPY for those with asthma that
exceeded the costs of those without asthma, 84.0% were

prescription drug ($2975 PPPY) and outpatient visit costs
($946 PPPY) (Table 3).

Compared to patients without asthma, total direct med-
ical costs increased as the severity of asthma increased,
and most of the direct medical costs of mild (88.5%),
moderate (78.3%), and severe asthma (88.1%) were out-
patient and prescription drug costs (Figure 1). Adjusted
additional mean direct costs PPPY of mild, moderate, and
severe asthma when compared to patients without asthma
were $3305, $7250, and $9175, respectively (P < 0.05)
(Table 3). Costs of outpatient visits (moderate vs mild,
$604; severe vs mild, $2001) and prescription drugs
PPPY (moderate vs mild, $3805; severe vs mild, $6479)
increased significantly as severity increased. Costs of ED
visits (moderate vs mild, $40; severe vs mild, $184) and
hospitalizations (moderate vs mild, $1935; severe vs mild,
$568) increased by severity, but these differences were not
statistically significant except for hospitalization costs
between moderate and mild asthma.

Asthma costs PPPY (asthma vs no asthma) stratified by
age groups also increased as the groups’ ages increased.
However, total cost for asthma patients extrapolated to the
entire US population were lower for patients aged >65
years than those aged 35-64 years ($20 billion vs $43
billion) because of a decreasing prevalence of asthma in
older patients (4 vs 8 million patients) (Figure 2).

Productivity Loss and Indirect Costs

Table 4 shows the estimates of missed work or school days
due to asthma relative to the non-asthma group. Of 13,732
patients with asthma, 58% (n = 7974) reported missed work
or school days. Among 11 million children and adults (aged
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Figure | Unadjusted incremental direct medical costs per person per year by severity of asthma, 2010-2017.
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Figure 2 Unadjusted incremental direct medical costs per person per year by age group, 2010-2017.

>12 years), 12 million missed work or school days annually
occurred. On average, a person with asthma missed 1.13
additional work or school days, including 1.27 missed work
days and 0.87 missed school days, compared to a person
without asthma. Additional missed work or school days
PPPY attributable to mild, moderate, and severe asthma
when compared to persons without asthma were 0.76, 2.31,
7.19, respectively.

The indirect costs of asthma were estimated to be
$1692 million ($157 per person) associated with missed

school or work days. Indirect costs PPPY incurred by
patients with mild, moderate, and severe asthma versus
costs incurred by patients with no asthma amounted to an
additional $106, $321, and $1000, respectively. Nationally
7 million, 5 million, and 0.5 million work or school days
were lost owing to mild, moderate, and severe asthma
when compared to persons with no asthma, resulting in a
total loss of $941 million, $689 million, and $63 million,
respectively. Incremental missed work or school days in
patients with moderate and severe asthma compared to
those in mild asthma patients were 3 million and 0.3
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Table 4 Absenteeism and Indirect Costs by Severity of Asthma, 2010-2017

Number of Asthma Patients Who Asthma Mild Moderate | Severe
Reported Missed Days (n=7974) | Asthma Asthma Asthma (n=
(n=6395) | (n=1540) | 39)
Number of patients with missed days,
weighted N
Asthma patients reporting missed work or | 84,414,905 | 65,944,743 17,922,542 | 547,620
school days®
Asthma patients reporting missed work 69,370,166 52,796,368 16,029,435 544,362
days®
Asthma patients reporting missed school 15,044,739 | 13,148,374 | 1,893,106 ¥
days®
Incremental missed days and indirect costs Asthma vs Mild Moderate Severe asthma | Moderate Severe asthma
compared to no asthma and mild asthma no asthma | asthma vs asthma vs vs no asthma asthma vs mild vs mild asthma
no asthma | no asthma asthma
Incremental missed days per person per year,
mean
Missed work or school days® 1.13 0.76 231 7.19 1.55 6.43
Missed work days® 1.27 0.91 227 7.14 1.37 6.23
Missed school days® 0.87 0.62 2.58 ¥ 1.96 ¥
Incremental missed days of total patients per
year, thousand
Missed work or school days™ 12,907 7164 5257 486 3269 342
Missed work days® 11,034 5990 4558 486 2740 342
Missed school days® 1873 1174 699 ¥ 530 ¥
Incremental indirect costs per person per
year®
Missed work or school days® $157 $106 $321 $1000 $215 $894
Missed work days® $165 $118 $295 $926 $177 $808
Missed school days® $122 $87 $360 ¥ $254 -
Incremental indirect costs of total patients
per year ', million
Missed work or school daysa‘d $1692 $941 $689 $63 $424 $44
Missed work days® $1431 $777 $591 $63 $355 $44
Missed school days® $261 $164 $97 ¥ $69 ¥

Notes: *Missed work or school days were calculated for persons 12 years. "Missed work days were reported for persons =18 years in 2010-2017. “Missed school days
were reported for persons 12—17 years in 2010-2016. “Incremental missed days or indirect costs of total patients per year were calculated by adding the values of missed
work days and missed school days. °For adults aged 218 years, indirect costs per person per year were calculated by multiplying the incremental missed work days by the
mean daily wage of patients with asthma (mean $130; 95% Cl, $124-$135). For children aged 1217 years, indirect costs per person per year were calculated by multiplying
the incremental missed school days by the mean daily wage of all persons in the MEPS data (mean $140; 95% Cl, $137-$142). fIndirect costs of total patients per year were
calculated by multiplying incremental indirect costs per person by the number of patients who reported missed school or work days. *Mean number of missed school days in

the severe asthma group is not reported since only one case was included.

million, resulted in $424 and $44 million indirect total cost
loss.
Supplementary Figure 2 shows the unadjusted productiv-

ity loss of patients with asthma by age group compared to
persons with no asthma. Missed work or school days PPPY
of those aged 35—64 years were the highest at 1.62 additional
days attributable to asthma, followed by those among
patients aged 12—17 years (0.87 days). Additional total

indirect costs of patients aged 35—-64 years and 18-34 years
were high as 1065 million and 290 million, respectively.

Discussion

To our best knowledge, this is the first study to estimate
the direct and indirect costs of asthma attributed specifi-
cally to the mild, moderate, and severe presentations of the
disease using the most recent MEPS data, a nationally
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representative sample of the noninstitutionalized civilian
US population.

Consistent with previous reports, direct medical costs of
patients with asthma were higher than those of patients with-
out asthma.'®'>!*!5 On the basis of the 2010-2017 pooled
sample, the direct medical cost attributable to asthma was
about $4300 PPPY, which is comparable with the incremen-
tal direct costs from asthma ($3266 PPPY) in a previous
study considering they used the 20082013 MEPS sample.'”
The proportion of expenditures for prescription drugs and
outpatient visits among the sum of adjusted direct costs for
each item in our study was higher than in previous studies
(84.0% vs 52.3-75.6%), which may be due to the rising cost
of asthma medications.”'*'*!> The average price of 16
leading asthma inhalers from a representative sample of
prescription fills in US pharmacies has steadily climbed
about 35% from $280 per inhaler in 2013 to more than
$380 per inhaler in 2018 according to GoodRx analyses.?

Unlike most of the previous studies investigating the
burden of asthma, this study focused on the variation in
cost imposed by asthma severity. Asthma is widely recog-
nized as a disease with significant health-care burden, but
little has been done to investigate how cost burden can
vary depending on the severity of the disease. Our study
suggests that patients with moderate and severe asthma
had 2.2 and 2.8 times higher direct medical costs com-
pared to those with mild asthma. Although there are dif-
ferent health-care systems in different countries, a recent
Japanese study showed similar results with 2 times higher
annual medical expenses for patients with severe asthma,
compared to those with mild to moderate asthma. The
authors suggested that the high medical costs in severe
asthma may be caused by increased non-allergic comor-
bidities for severe asthma as well as requiring more hos-
pitalization and asthma drug treatment than mild and
moderate asthma.”® Our results provide granular national
estimates of medical expenditure of three levels of asthma
severity based on utilization of control medications using
the GINA guidelines, unlike former studies in the US that
estimated direct medical expenditures of severe asthma
using self-classification® or patients who experienced >2
exacerbations.”

We also sought to estimate direct costs of asthma for
more refined age strata, since previous studies have only
reported comparisons of annual costs between adults and
children (>18 vs <18 years, adult costs were 2.2 times
higher than children’s)'® or based on incremental increases
of age (costs increased by 1.01-1.02 as age increased 1

year).>'® We found that direct costs PPPY among patients
aged >65, 35-64, and 18-34 years were 5.8, 5.7, and 3.0
times higher, respectively, than those aged 12—17 years.
Although asthma patients aged >35 years were more likely
to have severe asthma than those aged <35 years, the
direct asthma costs still increased as age increased after
controlling for the severity in our regression analysis.

We also found that asthma patients' missed work or
school almost 13 million per year ($2 billion of total
indirect costs loss) in the U.S.'®'> When we stratified
this by the severity of asthma, the missed work or school
days PPPY of moderate and severe asthma were 1.5-fold
and 2.9-fold greater compared to patients with mild
asthma, resulting in 3.0 and 9.4 times higher incremental
indirect costs PPPY for moderate and severe asthma,
respectively, than for persons with mild asthma. Our
results also found that missed work or school days in the
group aged 35-64 were the highest. As a result, the indir-
ect costs of patients aged 35-64 years were about $1
billion. In addition, asthma patients aged 35-64 years
had per-person direct medical costs as high as those aged
>65 years ($5459 vs $5545), resulting in total direct med-
ical costs in patients aged 35-64 years being about 22
times higher than that in those aged 12-17 years ($43
billion vs $2 billion). Asthma is widely recognized as a
disease with significant health-care implications in the
young population (aged <18 years).®” It is also worthy to
note that asthma also has serious health-care implications
in adults aged 35-64 years.

This study quantified direct medical costs and indirect
costs by severity of asthma and age groups in a nationally
representative sample of 2 billion individuals in the US.
Estimating medical costs and productivity loss of asthma
can add to understanding of the size, severity, and impact
of the disease and help public health decision-making to
improve the management of asthma and to prevent disease
progression, resulting in reducing its disease burden.*” %’

This study needs to be interpreted considering some
limitations. First, we classified asthma severity into three
groups (mild, moderate, and severe) instead of by the five
treatment steps in the GINA guidelines due to the lack of the
dose information of asthma control medications, especially
ICS/LABA. Because it is not possible to determine the actual
prescribed dose or number of puffs of ICS/LABA in MEPS
as the prescribed strength unit is recorded as a canister, we
combined steps 3 and 4 from the GINA guideline to form a
moderate severity group. Second, the severe asthma group
had only a small sample size resulting in limited ability to
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draw formal inferences in some of our regression analyses.
Furthermore, there was insufficient sample size to classify
severe asthma by age group. However, the percentage of
severe asthma among total asthma patients was similar to
previous studies using claims databases (0.7% vs 0.6—
1.1%)'*'" and is representative of about 1 million patients
nationally. Though not always statistically significant, point
estimates suggested a consistent trend of increasing direct
and indirect cost PPPY with increasing severity of asthma.
Third, productivity loss cannot be generalized due to missing
data on absenteeism. Missed work or school days relied on
patients’ self-report survey and patient decisions to omit this
information may not be random. Fourth, indirect costs might
be overestimated because we used the mean daily wage of
persons who reported wage information, while total indirect
costs might be underestimated because we used the number
of patients who reported missed school or work days.

Conclusions

Asthma continues to be a disease with significant burden
in the US, and economic burden and productivity loss is
significantly associated with asthma severity. Our findings
suggest that direct and indirect costs increased as the
severity of asthma increased, with nearly triple the medical
cost for patients with severe asthma than for patients with
mild asthma in these nationally representative estimates
for the US population. Efforts that focus on asthma control
and that prevent the shifting of patients to a more severe
disease category from a milder presentation of the disease
will reduce asthma’s overall economic and social burden,
especially in those with severe asthma.
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