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Abstract

Objective: Although interventions have been shown to alleviate symptoms in most patients
suffering from asthma, only one-third of asthma patients have disease that is well-controlled.
The purpose of this study is to investigate whether partly and uncontrolled asthmas are
associated with increased costs for asthma-related healthcare utilization compared to well-
controlled asthma and to determine whether these associations differed across racial groups.
Methods: We classified respondents from the Asthma Insights and Management survey into
those with well-, partly and uncontrolled asthma and compared utilization of healthcare
services and costs among these groups, as well as between whites and non-whites. Results:
Respondents categorized as having asthma that was not well-controlled reported lower income
levels, higher rates of unemployment and more trouble paying for healthcare; similar results
were found in analyses stratified by race. Patients whose asthma was partly or uncontrolled had
greater use of asthma-related medications and medical services compared to patients whose
asthma was well-controlled. Total unadjusted and adjusted costs were greater in patients
whose asthma was classified as partly and uncontrolled. Similar results were found in analyses
stratified on race. Across all levels of asthma control, non-whites had higher rates of utilization
of emergency rooms and urgent care facilities and had greater rates of hospitalizations
compared to whites. Conclusions: Our findings indicate that patients with asthma that is not
well-controlled utilized more healthcare resources and had greater medical costs, despite
lacking of health insurance which may suggest less access to care.
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Introduction compared to whites [6-8]. Increased rates of asthma morbid-
ity and mortality have also been shown in populations with
limited access to healthcare, such as populations with low-
income levels and in census tracts with high-poverty rates [8—
10]. The importance of this issue was recently highlighted by
the creation of a task force, the Coordinated Federal Action
Plan to Reduce Racial and Ethnic Asthma Disparities, that
aims to implement clinical care guidelines and coordinate
research to prevent asthma and reduce its severity among
populations at risk [11].

To accommodate the recent emphasis  on improving
the quality of life, rather than physiological measurements,
of asthma patients, the Global Initiative for Asthma (GINA)
and the National Asthma Education Prevention Program
(NAEPP) have published guidelines that focus on managing
asthma symptoms in order to maintain normal daily activity
levels [12,13]. In this paper, we defined groups of patients
whose asthma was well-controlled, partly controlled, and
uncontrolled (defined by GINA guidelines) [13] and exam-
ined associations between these levels of asthma control and
direct medical costs. To make our results more applicable to
asthma patients in international locations, we used the GINA,
rather than the NAEPP, guidelines to define each level of

Asthma increased in prevalence by approximately 12.3%
between 2001 and 2009 in the United States [1]. Although
medical interventions and environmental modifications in
existence could likely prevent symptoms in most patients
suffering from asthma, only about one-third of asthma
patients are estimated to have well-controlled asthma [2—4].
Direct medical expenses for asthma are a significant burden,
with an estimated $50.1 billion spent on asthma-related costs
in the U.S. in 2010 [1]. Asthma also contributes to indirect
costs since patients with asthma have significantly more
absenteeism from work, earn lower wages, and are more
likely to be covered by Medicaid (state-funded U.S. health
insurance for low-income families and individuals) compared
to patients without asthma [5].

In the U.S., prevalence rates of asthma vary by race, with
higher rates in blacks compared to whites, and by income,
with higher rates in lower income populations [1].
Additionally, some populations such as blacks and Latinos
have increased burden of asthma morbidity and mortality
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asthma control. The purpose of this study was to investigate
whether partly and uncontrolled asthmas were associated
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with increased costs for asthma medications as well as
asthma-related utilization of healthcare services such as
hospital admissions and emergency room visits compared
to patients whose asthma was classified as well-controlled.
In addition to analyzing these associations in our population
as a whole, we also examined these relationships stratified
on white versus non-white race.

Methods

This study was a retrospective, cross-sectional analysis of the
Asthma Insights and Management (AIM) telephone survey
conducted in 2009, the details of which have been outlined
previously [14,15]. Briefly, subjects included 2500 asthma
patients who were >12 years old sampled by random digit
dialing of 60 682 U.S. households. The survey took an average
of 33min to complete and questions were answered by
the adult who was most knowledgeable about that patient’s
asthma for subjects between 12 and 17 years old.
Respondents/surrogates were defined as asthma patients and
included in our dataset if they reported ever having been
diagnosed with asthma, as well as either taking medication
for their asthma or having had an asthma attack or asthma
symptoms in the previous 12 months.

Because the AIM participants did not answer questions
related to assessment of asthma control such as the Asthma
Control Test, we used patients’ answers (Supplementary
table) to characterize respondents based on GINA guidelines
[13] into three categories: well-controlled, partly controlled
and uncontrolled asthma. The manifestations of asthma
included daytime symptoms, restriction of daily activities,
night-time symptoms and need for reliever/rescue treatment.
We did not include the criteria of lung function measurement
<80% of predicted, because 66% of our sample had not
received testing in the previous year.

Respondents to the survey provided data on the number of
times they took oral steroids, inhalers for quick relief/rescue
and long-term maintenance medications for management
of asthma symptoms in the previous 12 months. They also
reported the number of times they visited the emergency room,
urgent care facilities or were hospitalized for asthma symptoms
in the past 12 months. Direct health care costs for patients with
an asthma diagnosis (ICD-9-CM, 493.01-493.02; 493.10—
493.22; 493.90-493.92) between 1 January 2010 and 31
December 2010, were drawn from the Thomson Reuters
MarketScan® Commercial Claims and Encounters (Ann Arbor,
MI). National Drug Codes associated with oral steroids,
inhalers for quick relief/rescue and long-term maintenance
asthma medications were derived from the National
Committee for Quality Assurance and supplemented using
recent asthma clinical guidelines [16,17]. Mean annual costs in
each therapeutic category were calculated by multiplying the
mean cost per utilization by the number of instances of
utilization in the previous 12 months reported by each AIM
survey respondent. Mean costs of hospitalizations, emergency
room visits and unscheduled visits to healthcare providers were
similarly calculated. Finally, we totaled each participant’s costs
for all medications and instances of utilization to obtain the
total mean annual direct costs of asthma care. The costs of the
health services were standardized regardless of reported
insurance status or out-of-pocket costs.
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Frequencies and chi-square tests were calculated for
demographic variables and measures of socioeconomic
status (SES). Frequencies and chi-squared tests were
calculated on SES variables stratified on white versus non-
white race. Differences by level of asthma control in the
number of instances of past 12 months-utilization of medi-
cations and healthcare services were examined and we used
the Kruskal-Wallis tests to detect significance of these
differences. We also calculated the differences between the
number of instances of past 12 months utilization separately
among white and non-white survey respondents and used
t-tests to examine whether differences in instances of
utilization were statistically significant between whites and
non-whites. Next, we calculated unadjusted costs for the
population as a whole and separately for white and non-white
respondents and used #-tests to examine whether differences
in total costs were statistically significant between whites and
non-whites. We calculated adjusted costs using negative
binomial regression, controlling for age, gender, race (white
versus non-white), education, health insurance status (any
versus none) and whether someone in the household smoked.
Finally, we calculated adjusted costs, again using negative
binomial regression, stratified on white and non-white race.
Analyses were conducted using SAS Version 9.2 (SAS
Institute, Inc, Cary, NC).

This study did not meet the federal definition of ‘‘human
subject’s research’” and was exempt from Human Subjects
review by the University of Washington Institutional Review
Board.

Results

Seven respondents were missing data to calculate their
level of asthma control, leaving 2493 asthma patients in our
analysis population. Demographic characteristics of the
respondents to the AIM survey, stratified on level of asthma
control, are presented in Table 1. The majority of respondents
to the survey (74%) had asthma that was classified as partly or
uncontrolled. Being aged 40-64 years was associated with
asthma that was classified as uncontrolled and female gender
was also associated with uncontrolled asthma. Being black/
African-American or American Indian/Alaska Native was
also associated with uncontrolled asthma.

We observed several associations between measures of
socioeconomic status and degree of asthma control. Having
lower annual income was associated with asthma that was
classified as partly or uncontrolled. Additionally, subjects/
parents who owned their own homes and who were employed
had higher rates of well-controlled asthma compared to
subjects/parents who did not own their own homes or who
were unemployed at the time of the survey. Having a high-
school education or less was associated with asthma that was
classified as uncontrolled. Finally, not having health insur-
ance was associated with uncontrolled asthma compared to
patients who did not have health insurance; similarly, having
little or no trouble paying for health-related expenses was
associated with well-controlled asthma. We found similar
trends between markers of poverty and uncontrolled asthma
when we examined measures of SES stratified by white versus
non-white race (Table 2).
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Table 1. Frequencies and chi-square results of descriptive variables of AIM survey respondents.

All asthma
patients Well-controlled  Partlycontrolled  Uncontrolled  Chi-square
(n=2493) (n=1638) (n=1093) (n=1762) p-value

Age

12-17 314 (13%) 123 (19%) 143 (13%) 48 (6.3%)

18-39 519 21%) 152 (24%) 223 (20%) 144 (19%)

40-64 1154 (46%) 250 (39%) 475 (43%) 429 (56%)

65+ 506 (20%) 113 (18%) 252 (23%) 141 (19%) <0.0001
Male 764 (31%) 223 (35%) 341 31%) 200 (26%)
Female 1727 (69%) 415 (65%) 751 (69%) 561 (74%) 0.002
Race

White 1903 (78%) 503 (80%) 851 (79%) 549 (74%)

Non-white combined 539 (22%) 122 20%) 227 21%) 190 (26%) 0.01
Asian/Pac. Islander 47 (1.9%) 17 (2.7%) 19 (1.8%) 11 (1.5%)
American Indian/Alaska native 76 (3.1%) 14 (2.2%) 30 (2.8%) 32 (4.3%)
Black/African-American 292 (12%) 60 (9.6%) 126 (12%) 106 (14%)
Hispanic 69 (2.8%) 15 2.4%) 37 (3.4%) 17 (2.3%)
Mixed race/other 55 (2.3%) 16 (2.6%) 15 (1.4%) 24 (3.3%) 0.003
Yearly income

<$15000 444 (22%) 50 (10%) 178 (20%) 216 (34%)

$15001-$75 000 1013 (51%) 228 (47%) 468 (52%) 317 (50%)

>$75 000 548 (27%) 203 (42%) 250 (28%) 95 (15%) <0.0001
Subject/parent owned home 1683 (69%) 480 (77%) 763 (71%) 440 (60%)
Subject/parent did not own home 748 (31%) 143 (23%) 313 (29%) 293 (40%) <0.0001
Subject/parent employed 1167 (53%) 375 (63%) 524 (53%) 268 (45%)
Subject/parent unemployed 177 (8.1%) 32 (5.3%) 78 (7.8%) 67 (11%)
Subject/parent not in labor orce 843 (39%) 193 (32%) 393 (40%) 257 (43%) <0.0001
Household member lost job in past year 466 (19%) 98 (16%) 203 (19%) 165 (22%)
No household member lost job in past year 1990 (81%) 530 (84%) 882 (81%) 578 (78%) 0.01
Education: High school or less 963 (39%) 186 (30%) 390 (36%) 387 (52%)
Some/completed college 1107 (45%) 302 (48%) 517 (48%) 288 (39%)
Some/completed graduate school 385 (16%) 141 (22%) 176 (16%) 68 (9.2%) <0.0001
Asthma patient had health insurance 2193 (89%) 593 (94%) 979 (90%) 621 (83%)
Asthma patient did not have health insurance 274 (11%) 40 (6.3%) 105 (9.7%) 129 (17%) <0.0001
Had little or no trouble paying health costs in past year 1759 (72%) 544 (87%) 781 (72%) 434 (58%)
Had some or a lot of trouble paying health costs in past year 694 (28%) 82 (13%) 300 (28%) 312 (42%) <0.0001

Next, we examined the mean number of times that
respondents utilized asthma medications and healthcare
services pertaining to their asthma, stratified on level of
asthma control (Table 3). Patients whose asthma was
characterized as partly or uncontrolled had greater numbers
of uses of asthma medications (oral steroids, inhalers for
quick relief/rescue and long-term maintenance medicines) as
well as greater numbers of visits to the emergency room,
other urgent care facilities and hospitalizations compared to
patients whose asthma was well-controlled. We observed
significant trends for all healthcare services across the levels
of asthma control. We observed similar trends of greater
medication use and healthcare utilization in respondents
whose asthma was characterized as partly or uncontrolled
compared to those with well-controlled asthma when we
stratified our analyses on whites versus non-white race
(Table 4). Additionally, respondents who were white reported
significantly greater numbers of inhalers for quick reliet/
rescue medicine within each level of asthma control compared
to non-whites (data not shown; p-value for well-controlled
asthma: 0.01; partly controlled asthma: p =0.002 and uncon-
trolled asthma: p=0.01) but lower average utilization
of emergency rooms (data not shown; p-value for well-
controlled asthma: 0.05; partly controlled asthma: p =0.01;
uncontrolled asthma: p=0.01). White asthma patients also
reported fewer visits to urgent care facilities and fewer
hospitalizations compared to respondents who were not white

but these differences were not statistically significant (data
not shown).

Unadjusted and adjusted mean costs for utilization of
asthma medications and healthcare services, stratified on
level of asthma control, are presented in Table 5. In both
unadjusted and adjusted analyses, we observed significant
trends of increasing costs for decreasing level of asthma
control with the exception of the adjusted costs for long-
term maintenance medications. The greatest differences
in absolute costs were observed for hospitalizations, with
patients having well-controlled asthma with adjusted hospi-
talization costs that were less than 5% of the costs for patients
with uncontrolled asthma ($110 versus $3060). Total adjusted
costs for queried asthma-related medications and services
for respondents whose asthma was classified as well-
controlled were $750 (95% CI: $500-$1100), compared to
$4140 ($2860-$6010) for respondents whose asthma was
classified as uncontrolled. For the unadjusted costs, we
observed similar trends of increasing costs with decreasing
levels of asthma control, with the exception of long-term
maintenance medications, when we stratified the analyses
on respondents who were white and non-white (Table 6).
Similar results were observed for adjusted costs stratified on
white versus non-white race (Table 7). Differences in total
costs were not significant between whites and non-whites
with well-controlled asthma ($830 versus $650, respectively,
p=0.36), partly controlled asthma ($1420 versus $1960,
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respectively, p =0.31), or uncontrolled asthma ($4950 versus
$6170, p=0.38).

Discussion

This study demonstrated that patients whose asthma is
characterized as partly or uncontrolled use asthma-related
medications and healthcare services at significantly greater
rates and have significantly greater costs of care for their
asthma compared to patients whose asthma is characterized as
well-controlled. We also found that patients whose asthma
was characterized as partly or uncontrolled were less likely
to have higher income and education levels, have health
insurance, or classify themselves as white compared to
respondents with well-controlled asthma. Taken together,
these findings indicate that patients with asthma that is not
well-controlled utilize significantly greater asthma-related
healthcare resources, despite the fact that they are more likely
to have less access to care because they lack health insurance
and are more likely to have lower socioeconomic status
compared to patients with well-controlled asthma.

Several previous studies have examined the relationship
between medical costs and level of asthma control using
different methods of classification of asthma control. Szefler
et al. examined costs associated with level of impairment
from asthma in children using the 2007 NAEPP guidelines
to characterize degree of asthma control [18]. Similar to our
findings, they found that costs associated with hospitaliza-
tions, emergency department visits and asthma-related medi-
cations, as well as total mean costs, were greatest in patients
whose asthma was very poorly controlled [18]. A study in
Italy assigned asthma symptom scores to each of its
participants and evaluated the association between these
scores and medical costs [19]. They found that patients whose
asthma was poorly controlled had more than three times the
costs compared to patients whose asthma was well-controlled
and, though patients in the poorly controlled category
accounted for only 25% of the population, they accounted
for over half of the costs due to hospitalization. Finally,
a paper by Sullivan et al. compared costs among patients
with controlled and uncontrolled asthma, characterized using
guidelines from the Gaining Optimal Asthma Control
(GOAL) study [20] and found that costs for patients whose
asthma was uncontrolled were more than twice the costs for
patients whose asthma was controlled [21].

Many studies have shown relationships between markers of
reduced socioeconomic status such as low income or lack
of health insurance and increased prevalence and severity
of asthma [22-24]. We found non-whites with partly and
uncontrolled asthma tended to have greater utilization rates
of health services and incur greater costs compared to whites.
Across all levels of asthma control, we also found that non-
whites tended to have higher rates of utilization of emergency
rooms and urgent care facilities and had greater rates of
hospitalizations compared to whites, indicating that they
might be more likely to depend on these sources, rather than
non-urgent office visits, for their primary care.

Additionally, rates of asthma diagnoses and severity have
been shown to be higher among African-Americans and
Latinos, especially those residing in inner-city urban areas,

Asthma control and cost 789

compared to other races and ethnicities [25,26]. While the
causes of these disparities are likely complex, the fact that our
study showed that poorly controlled asthma was highly associ-
ated with both indicators of poverty and with the largest
economic burden is troubling because, among those with
access to quality healthcare, medications and environmental
modifications have been shown to be effective at bringing
asthma symptoms under control [27-29]. Even among high-
risk populations (including those with low incomes, Latinos
and African-Americans, and/or populations without health
insurance) with persistent asthma symptoms, intensive inter-
ventions have the potential to control asthma for a majority of
patients [30,31]. Successful interventions geared specifically
at controlling asthma symptoms in non-white and low-
socioeconomic status populations would likely have a large
impact on the economic burden of asthma in the United States.

Although our study included a large, randomly selected
population and was the first to utilize GINA guidelines to
examine associations between healthcare costs and level of
asthma control, it had several limitations. Because we did not
have data on non-respondents, we cannot be sure that those
who agreed to take part in the survey were representative of the
U.S. population of asthma patients and results of this analysis
might not be generalizable. Although the survey questions
were standardized across interviewers, terms used in the
questionnaire might have been subject to interpretation and
responses between participants might not be comparable.
A minor limitation is that although the survey was conducted
in 2009, we only had access to 2010 cost data, but since
these costs were applied consistently to all levels of asthma
control, we do not expect that this limitation affected our
conclusions. Also, not all costs that asthma patients would
have been expected to incur was included in the questionnaire.
For example, we did not have data on the number of times
patients visited physicians or specialists, and thus could not
include those costs in our calculations. We also did not include
indirect costs such as absenteeism from work/school or
reduced productivity in our comparisons across the varying
levels of asthma control. Although the wording of the survey
questions that we used to define well-controlled, partly
controlled and uncontrolled asthma was similar to that used
in the GINA guidelines (see Supplementary table), it did not
correlate perfectly and most of our study population did not
provide information on FEV1 so we were not able to use
that information in our classifications. Also, our analyses
were based on self-reported information which may have been
biased. Additionally, because one purpose of this study was to
generate hypotheses, we did not oversample asthma patients
whose race was other than white. Future research should
focus on sampling non-white populations to further investigate
associations between race and asthma-related costs and
healthcare utilization. Finally, while this paper reports asso-
ciations between poorly controlled asthma and healthcare
costs, the data were cross-sectional and thus, we cannot address
issues of causality in this study.

Conclusions

Using a large population of the U.S. asthma patients, this
study demonstrated that the healthcare costs of asthma that
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was not well-controlled were substantial. In addition, poorly
controlled asthma was strongly associated with indicators of
low socioeconomic status. We found similar associations
when we examined costs and indicators of low socioeconomic
status in whites and non-whites separately, indicating that
lack of asthma control results in a substantial burden to the
U.S. healthcare system beyond simple racial identifications.
Steps to achieve control over asthma symptoms, especially
among patients belonging to communities that lack access
to quality care, would significantly reduce the clinical and
economic burden of asthma in the U.S.
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