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ABSTRACT

An estimated 5-20% of the general population and up to 90% of people with asthma experience exercise-induced
bronchospasm (EIB). The EIB Landmark Survey is the first comprehensive study on exercise-related respiratory symptoms in
the United States. Two surveys were conducted: the first surveyed adults (=18 years) in the general public and the second
surveyed adults with asthma or taking medications for asthma in the prior year. Parameters assessed included exercise-related
respiratory symptoms, activity levels, and short-acting beta-antagonist (SABA).use. In the general public survey (n = 1085),
8% were currently diagnosed with asthma. However, 29% reported experiencing one or more of six respiratory-related
symptoms during or immediately after exercising. In the EIB in adult asthma survey (n = 1001), although >80% of adults
experienced one or more of six exercise-related respiratory symptoms, only 30.6% reported a diagnosis of EIB. Almost one-half
(45.6%) of adults with asthma reported that they avoid physical activities because of symptoms. Despite symptoms, only 22.2%
of respondents took SABAs before exercise “always” or “most of the time”; 36:3% took rescue medications after or during
exercise. Exercise-related respiratory symptoms limit physical activities and negatively impact daily lives. However, adults in
the United States lack awareness of EIB. Although miany subjects stated that their asthma symptoms limit their physical
activity, few adhered to treatment guidelines by using SABAs appropriately before exercising. Findings from this survey
support the need for better communication about the proper evaluation and management of EIB in the community and in
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asthma patients.

(Allergy Asthma Proc 32:431-437, 2011; doi: 10.2500/aap.2011.32.3501)

Exercise—induced bronchoconstriction (EIB) is expe-
rienced by a majority of the estimated 23 million
individuals who have asthma in the United States.'?
The term EIB is used to describe the phenomenon of
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transient airway narrowing that occurs during or after
physical exertion. Although its pathogenesis is still not
fully understood, it is thought that it probably results
from exercise-induced hyperventilation and changes in
airway physiology.> The most common symptoms of
EIB include cough, wheezing, chest tightness, unusual
shortness of breath, and/or excess mucus after a burst
of strenuous and continuous aerobic exercise. In most
cases, symptoms occur during or minutes after vigor-
ous activity and, typically, the last several minutes.*
The severity of symptoms can vary from mild impair-
ment during physical activity to severe bronchospasm
leading to respiratory failure and even death.”

It has long been recognized that exercise and physi-
cal activity are common triggers of exercise-related
respiratory symptoms in patients with asthma. How-
ever, it is increasingly clear that a significant number of
individuals in the general population have respiratory
symptoms in response to exercise without having a
diagnosis of persistent asthma. Although EIB has been
estimated to occur in ~5-20% of the general popula-
tion,! there has been no consensus. Public awareness of
the condition is generally low, and the symptoms are
often attributed to deconditioning and situational fa-
tigue. In addition, both underdiagnosis and overdiag-
nosis have been reported on symptoms alone." More-
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over, a proper diagnosis of EIB requires objective
pulmonary function testing. EIB, therefore, likely re-
mains an underdiagnosed and undertreated condition.

In patients with chronic asthma, exercise-induced
symptoms may be a manifestation of poor asthma
control.>®” For example, recent large surveys of
asthma such as the comprehensive survey of health-
care professionals and asthma patients offering insight
on current treatment gaps and emerging device op-
tions (CHOICE) survey found that more than one-half
(56%) of adults and adolescents with asthma reported
symptoms during exercise, play, or physical exertion in
the past 4 weeks, with 39% having these exercise-
induced symptoms at least twice a week.® Treatment
strategies for EIB are well established and are effective
in the majority of patients. The most commonly used
pharmacologic therapy for EIB is an inhaled short-
acting B-agonist (SABA), which can be used to both
prevent and treat symptoms. Guidelines recommend
the prophylactic use of an SABA inhaler, such as albu-
terol, 15-30 minutes before starting moderate exercise."
By using an SABA and warming up for a short period
of time, the average noncompetitive athlete with EIB
can usually exercise without experiencing acute symp-
toms.”

Despite the high prevalence of EIB, there still has not
been a large database analysis that has focused on
exercise-related respiratory symptoms in the general
population with and without asthma. We report here
the results of the first large national survey of the
general public and patients with asthma regarding
asthma and exercise-related respiratory symptoms in
the United States.

METHODS

Study Design

Two national surveys assessing EIB in subjects were
conducted using telephone interviews. The EIB in the
general public survey was conducted December 7-21,
2009, and the EIB in Asthma survey was conducted
December 8, 2009, to January 3, 2010. The surveys were
conducted by the national public opinion research or-
ganization Abt SRBI, Inc., in partnership with Strategic
Pharma Solutions, LLC, and sponsored by Teva Spe-
cialty Pharmaceuticals, LLC. All participants were in-
terviewed after consenting to participate in the volun-
tary surveys. Respondents were made aware of the
purpose of the surveys at the start of the interview, but
company sponsorship was only disclosed at the end of
the surveys.

Both surveys were developed with input from a
faculty of primary care and asthma specialists. The EIB
in the general public survey included 78 questions
regarding demographics, general health, awareness of
EIB, and EIB symptoms experienced. The EIB in
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Asthma survey included 84 questions regarding demo-
graphics, symptoms experienced, and impact of EIB on
daily function.” The majority of survey questions had
multiple answer options for the respondent to choose
from and respondents were not required to answer all
questions.

Subjects

The EIB in the general public survey was conducted
in adults (aged =18 years) in the general public, se-
lected by random-digit dialing.

For the EIB in Asthma survey, subjects were identi-
fied by systematically screening a national list sample
of households reporting one or more persons with
asthma. The asthma sample included children (aged
4-17 years) and adults (aged =18 years). Only the
results for the adult asthma sample are reported here;
the results of the pediatric asthma sample are reported
separately.'” Current subjects with asthma were de-
fined as persons diagnosed with asthma who have
experienced an asthma attack or asthma symptoms
within the past year or currently take medication for
their asthma. In households with more than one eligi-
ble patient, the computer-assisted telephone interview-
ing system randomly selected one person by age as the
designated patient.

Data Analysis

Data analysis was performed by Abt SRBI, Inc. The
maximum expected sampling error for a simple ran-
dom sample of 1000 was +3.1 percentage points at the
95% confidence level. The sample of adult subjects
with asthma was weighted by age and gender using
estimates obtained from the 2008 National Health In-
terview Survey. Those currently suffering from asthma
were selected from the 2008 National Health Interview
Survey data; and then age and gender estimates were
obtained from this subgroup of respondents. The
weights were computed based on these estimates and
then applied to the EIB patient sample.

Differences between subjects with asthma and EIB
symptoms and subjects with asthma but no EIB symp-
toms were tested by using the z test for two propor-
tions.

RESULTS

Subject Characteristics

In total, 1085 adults in the general public, of whom
999 did not currently have asthma and 86 did have
asthma, were surveyed using the EIB in the general
public survey. A total of 1001 adults with asthma were
surveyed using the EIB in Asthma survey. The survey
for the general adult population averaged 7.5 minutes
and the survey for the asthma population averaged
25.9 = 7.6 minutes.
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Table 1 Subject characteristics

General Public (n = 1085)

Asthma Population (n = 1001)

Nonasthma (n= 999) Asthma (n = 86)

Age (mean [yr]) 47.5
Gender (%)
Male 49.3
Female 50.7
Race (%)
Asian or Pacific Islander 3.1
American Indian or Alaskan native 2.2
Black or African American 10.8
White 77.6
Mixed 0.7
Hispanic 4.3
Refused 2.1
Weight (%)
Underweight (BMI <18.5) 4.8
Normal (BMI =18.5 and <25) 34.2
Overweight (BMI =25 and <30) 322
Obese (BMI =30) 28.8
General health status
Excellent 24.0
Very good 31.4
Good 30:6
Only fair 10.0
Poor/very poor 3.3
Not sure 0.2
Household income
$10,000 or less 7.8
$10,001-25,000 13.7
$25,001-50,000 20.6
$50,001-75,000 15.2
$75,001-100,000 11.1
Over $100,000 14.6
Do not know 5.1
Refused 11.9

454 33.5
35.1 44.5
64.9 55.5
— 1.9
2.1 3.2
10.9 6.4
67.0 86.7
3.7 1.2
11.2 1.6
5.1 0.8
52 1.0
15.5 271
42.3 28.1
37.1 43.7
12.4 7.0
27.8 27.7
27.8 35.3
14.4 20.5
17.5 94
— 0.1
18.5 8.7
14.4 14.8
15.5 26.2
16.55 12.2
52 10.8
8.3 9.2
7.2 6.5
14.4 11.5

Subject demographics for both samples are given in
Table 1. The majority of respondents were white, and
the mean age was 45.4—47.5 years in the general public
survey and 33.5 years in the asthma survey. More
people with asthma were considered overweight or
obese and reported fair or poor health compared with
the nonasthma population, and more people in the
nonasthma population reported excellent or good
health compared with those with asthma.

The EIB in the General Public Survey

In total, 14% of the general population had been
diagnosed as having asthma; more specifically, 8% re-
ported having a current diagnosis of asthma, and 5%
reported having a diagnosis of asthma in the past with
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no asthma-related symptoms or medication within the
preceding 12 months.

Although only 5% of those surveyed were currently
diagnosed as having EIB (29% of the asthma popula-
tion and 2% of the nonasthma population), 26% re-
ported experiencing one or more of the six common
exercise-related respiratory symptoms suggestive of
EIB (shortness of breath, wheezing, coughing, diffi-
culty taking a deep breath, noisy breathing, or chest
tightness during or immediately after exercising). This
increased to 76% in those who reported a diagnosis of
asthma (Fig. 1). There appeared to be a modest associ-
ation between exercise-related symptoms and a diag-
nosis of EIB; the proportion of adults diagnosed with
EIB was 7% for those who experienced 2 or fewer of
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these symptoms and 35% for those who experienced
six of the exercise-related symptoms.

More people with asthma indicated that their health
interferes with their ability to participate and perform
well in sports and other recreational activities versus
those without asthma (52% versus 20%, respectively;
p < 0.001). Similarly, over twice as many adults with
asthma compared with those without (42% versus 17%;
p < 0.001) indicated a lot or some limitations in activ-
ities with normal physical exertion. However, when
questioned about their awareness of EIB, 37% of people
with asthma had not previously heard of EIB or exer-
cise-induced asthma (EIA) and this increased to 59%
(p < 0.001) of people without asthma.

The EIB in Asthma Survey

Asthma Triggers. Although there were many differ-
ent triggers listed, exercise (30.9%), weather changes
(30.1%), and dust mites (22.7%) were the most com-
monly reported asthma triggers in respondents with
asthma (Fig. 2).

Exercise-Related Respiratory Symptoms. In total, 30.6%
of adults with asthma already had a diagnosis of EIB.
However, 83% of adults reported that they experience
one or more of the six exercise-related respiratory
symptoms after sports, exercise, play, or other physical
activity. Moreover, 53.6% reported four or more of
these symptoms, and 25% reported all six symptoms.
The most frequently reported exercise-related symp-
toms were shortness of breath (70.9%), wheezing
(62.6%), and trouble getting a deep breath (56.1%).

Of those who reported having exercise-related respi-
ratory symptoms, 54.6% of respondents with asthma
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general population (with and without
a diagnosis of asthma).

sports or
exercise

reported that the symptoms lasted no longer than 10
minutes. By contrast, however, 8.2% reported that the
symptoms lasted >30 minutes and 15.6% reported that
their symptoms persisted until rescue medication was
used.

Medication Use

Use of rescue medication was high; 18.3% of
asthma subjects reported using their rescue inhaler
on a daily basis for symptoms; 10.6% reported they
used their inhalers three to six times per week (both
suggesting their asthma was not controlled); and
only 24.1% responded that they had not used it
within the past year.

Of those who reported having exercise-related
symptoms, only 22.2% of subjects reported taking
quick-relief medications such as albuterol “always”
or “most of the time” before exercising. A higher
percentage (36.3%) reported they took it during or
after exercise in response to their symptoms. Of
those diagnosed with EIB or EIA, 38% reported using
a rescue inhaler before exercise, 19% reported using
it during exercise, and 47% reported using it after
exercise (Fig. 3).

Quality of Life and Burden of Disease

Respondents felt that asthma limited their ability to
participate either “a lot” or “some” in sports/recre-
ation (46.1%), normal physical exertion (39.8%), and
other outdoor activities such as biking /hiking (47.8%).
Almost one-half (45.6%) of adults with asthma re-
ported that they avoid activities because of their symp-
toms and a similar percentage (42.7%) indicated that
they cannot keep up as well as other persons their own
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Figure 3. Rescue medicine use while g,

exercising. Before

age in physical activities. Moreover, compared with
subjects without EIB symptoms, subjects with asthma
who experienced at least one EIB symptom reported
feeling more fearful (10.9% versus 27.7%; p < 0.001),
isolated (6.0% versus 15.1%; p < 0.01), depressed (9.1%
versus 23.4%; p < 0.001), frustrated (22.9% versus
54.5%; p < 0.001), and embarrassed (4.2% versus 20.0%;
p < 0.001).

DISCUSSION

This is the first comprehensive, national survey
that focuses on exercise-induced respiratory symp-
toms in the general public and in those diagnosed
with asthma. Limitations of this study include those
that are inherent to all retrospective surveys, such as
reliability of response and recall bias. A history of
cough, shortness of breath, chest pain or tightness,

AIIergy and Asthma Proceedin
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During

After Never for exercise Don't know Refused

wheezing, or endurance problems during exercise
suggests EIB. However, use of history alone has been
shown to both underdiagnose and overdiagnose
EIB." To establish a diagnosis of EIB, an exercise
challenge is often used, although additional indirect
and direct bronchoprovocation tests can also be used
to confirm diagnosis. Typically, a 10-15% decrease
in peak expiratory flow or forced expiratory volume
in 1 second after an indirect or direct bronchoprovo-
cation test is compatible with EIB."® Although med-
ical history alone is neither specific nor sensitive for
EIB, the large size of the survey provides the first
“real-world” insight into the prevalence and impact
of exercise-related respiratory symptoms in the
United States.

The results of this survey clearly show that exer-
cise-induced symptoms are not limited to persons
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with known asthma. Although only 5% of the gen-
eral public surveyed were diagnosed as having EIA
or EIB, almost one-third of respondents reported
experiencing at least one exercise-related respiratory
symptom. Although the presence of exercise-related
symptoms does not necessarily mean that the indi-
vidual has EIB, it is interesting to note that there was
only a modest association between number of com-
mon ElB-related symptoms and a current diagnosis
of EIB. Indeed, of those individuals who experienced
all six exercise-related respiratory symptoms, most
(65%) had never been diagnosed with EIB. This im-
plies that there is a large population of people with
common exercise-related respiratory symptoms who
do not have a formal diagnosis of EIB. It is likely that
many of these respondents actually may not have
EIB despite presence of respiratory symptoms dur-
ing exercise, but it presents a valuable opportunity
for health care providers to discuss exercise limita-
tions with their patients.

The high prevalence of exercise-related respiratory
symptoms in the general public also urgently high-
lights the need for a greater focus and better com-
munication in the community. Of particular concern
is the significant proportion of people who indicated
that they had not previously heard of EIB. Even more
worrisome is the observation that 37% of those with
asthma were not aware of the significance of exer-
cise-related symptoms as a potential marker for poor
asthma control. Lack of awareness of EIB and its
likely underdiagnosis in‘both the general and the
asthma communities may contribute to poor man-
agement of these conditions and may negatively im-
pact quality of life.

The EIB in’ Asthma survey confirms previous re-
ports that exercise-related symptoms are very com-
mon in people with asthma.'"'? In this survey, >80%
of those with asthma reported at least one exercise-
related respiratory symptom, but only 30.6% had a
diagnosis of EIB. Similar to the earlier Asthma In-
sight and Management survey, this survey found
that the most frequently reported “triggers” were
exercise and changes in weather. However, despite
the majority of respondents with asthma reporting at
least one exercise-related symptom, only one-third
actually considered exercise a trigger for their
asthma.

People with asthma reported a significant physical
burden of disease, as evidenced by lower self-health
ratings and increased activity limitations compared
with persons without asthma. For example, nearly
one-half of respondents with asthma reported that
their health interferes with their ability to participate
and perform well in sports and other physical activ-
ities. It is therefore perhaps inevitable that more
subjects with asthma (in both surveys) were reported
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to be either overweight or obese compared with the
nonasthma population. Importantly, the ability to
participate and perform well in sports and other
physical activities was directly impacted by the pres-
ence of EIB; almost 40% of subjects with exercise-
related respiratory symptoms reported that they
could not keep up as well as others their own age.
Moreover, respondents with asthma who reported
the presence of EIB-associated symptoms reported
feeling more fearful, isolated, depressed, frustrated,
and embarrassed than persons without EIB symp-
toms.

Finally, the survey highlights the urgent need for
better asthma education. The fact that almost one-
third of people with asthma have to take asthma
rescue medication at least three to six times weekly
supports the suggestion that exercise-related symp-
toms among patients with asthma reflect uncon-
trolled or improperly managed asthma. Despite
guidelines recommending the use of SABA as pre-
ventive measures for EIB,"'? this survey found that
less than one-quarter of respondents with EIB-asso-
ciated symptoms used an SABA, such as albuterol,
before exercising. Even when the person already had
a diagnosis of EIB, the majority (57%) of those who
used a quick-relief inhaler did not use it before ex-
ercise. For individuals with asthma to be able to
undertake normal levels of activity, it is necessary to
manage asthma appropriately and to minimize or
prevent EIB. Patient education for EIB should in-
clude discussion of which activities are most likely to
cause symptoms and under what conditions. Infor-
mation should also be provided on the proper use of
pharmacotherapy, particularly controller medica-
tions, in treating EIB, and consideration of nonphar-
macologic approaches to minimizing EIB symptoms.
Most importantly, patients and physicians should be
made aware that—with proper therapy—the major-
ity of patients with EIB (including elite athletes)
should be able to perform at their desired levels of
activity.
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