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ABSTRACT
Exercise-induced bronchospasm (EIB) commonly affects patients with asthma. However, the relationship between EIB and

asthma control remains unclear. Exercise limitation due to asthma might lead to reduced physical activity, but little information
is available regarding obesity and EIB in asthma. A recent survey evaluated the frequency of EIB and exercise-related
respiratory symptoms in a large number of patients with asthma. The survey results were reanalyzed to address any
relationship between EIB and asthma control and obesity. A nationwide random sample of children aged 4-12 years (n = 250),
adolescents aged 13-17 years (n = 266), and adults aged >18 years (n = 1001) with asthma were interviewed by telephone.
Questions in the survey addressed asthma symptoms in general, medication use, and height and weight. Asthma control was
categorized using established methods in the Expert Panel Report 3. Body mass index (BMI) was calculated using standard
nomograms and obesity was defined as a BMI > 30 kg/m^. Most children (77.6%), adolescents (71.1%), and adults (83.1%)
had either "not well" or "very poorly" controlled asthma. Children with "not well" controlled asthma reported a history of EIB
significantly more often than those with "well" controlled" asthma. Asthma patients of all ages who had "not well" and "very
poorly" controlled asthma described multiple (four or more) exercise-related respiratory symptoms significantly more ofien than
those with "well-controlled" asthma. Obesity was significantly more common in adolescents with "not well" and "very poorly"
controlled asthma and adults with "very poorly" controlled asthma. Children, adolescents, and adults with asthma infrequently
have well-controlled disease. A history of EIB and exercise-related respiratory symptoms occur more commonly in patients with
not well and very poorly controlled asthma. Obesity was found more often in adolescents and adults, but not children, with
asthma, which was not well and very poorly controlled.

(Allergy Asthma Proc 34:342-348, 2013; doi: 10.2500/aap.2013.34.3674)

Exercise-induced bronchospasm (EIB) has been esti-
mated to affect up to 90% of asthma patients,^" ̂

but this estimate is based on limited data.* The EIB
Landmark Survey was, to our knowledge, the first
effort to evaluate the frequency of EIB in a large num-
ber of asthma patients.'''^ In that nationwide survey of
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randomly selected asthma patients, the reporting rates
of EIB varied from 16.3% in children aged 4-12 years to
33.9% in adolescents aged 13-17 years, with 22.8% of
adults reporting a history of EIB. Respiratory symp-
toms with exercise were more frequently reported than
a history of EIB. Asthma patients noted that respiratory
symptoms frequently interfered with their ability to
participate in sports, outdoor activities, and even nor-
mal physical activity.

The EIB Landmark Survey provides the opportunity
to address two other issues of clinical concern. Eirst,
respiratory symptoms during exercise are often con-
sidered a reflection of poor asthma control. EIB is
thought to be more common in patients with more
severe or poorly controlled asthma.* However, infor-
mation on the relationship between EIB, exercise-re-
lated respiratory symptoms and asthma eontrol is lim-
ited. Seeond, many adoleseents and adults in the
United States perform insuffieient physieal aetivity on
a regular basis to maintain good health.^'^° Redueed
exereise is a eoncern regarding the development of
obesity. Consequently, asthma patients with EIB or
multiple exercise-related respiratory symptoms and
reduced physical activity might more likely be obese.
The objective of this study was to reanalyze the
results of the EIB Landmark Survey and to evaluate
the relationship between asthma control, determined
using the Expert Panel Report 3 (EPR 3)" recom-
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mended methods, and a diagnosis of EIB, patient
reported exercise-related respiratory symptoms, and
obesity.

METHODS

Survey Population
The EIB Landmark Survey consisted of multiple

parts, each conducted using telephone interviews in
December 2009 and January 2010. There was a survey
of EIB in the general public, a survey of EIB in children
and adoleseents with asthma, a separate survey of EIB
in adults with asthma, and a survey of physicians
caring for asthma patients. Only the portions dealing
with the EIB survey in children, adolescents, and
adults with asthma are reported. Patients with asthma
were identified by randomly contacting 22,137 house-
holds in the United States. Of these households, 11,665
agreed to be sereened for inclusion of one or more
persons with asthma. Current asthma patients were
defined as persons diagnosed with asthma and having
experienced an asthma attack or asthma symptoms
within the past year or currently taking 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. If the designated patient was be-
tween 4 and 17 years of age, the adult most knowl-
edgeable about that patient's asthma and its treatment
was interviewed. The surveys were conducted by the
National Public Research Organization Abt SRBI, Inc.,
in partnership with Strategic Pharma Solutions, LLC.
Teva Respiratory, LLC, sponsored the survey. Survey
participants were guaranteed confidentiality. Inter-
views were only conducted after participants con-
sented to participate by a verbal informed consent
approved by an appropriate ethics committee.

Questionnaires
The EIB Landmark Survey included 84 questions

developed by a faculty of primary care and asthma
health care providers. The questions addressed demo-
graphics and baseline characteristics, asthma medica-
tion use, and height and weight. The survey respon-
dents were specifically asked, "Has a doctor or other
health care professional ever told you that you had
exercise-induced asthma or exercise-induced broncho-
spasm?" The response to this question was used as the
basis for determining whether there was a history of
EIB. There were a series of questions that separately
addressed the occurrence of exercise-related respira-
tory symptoms (shortness of breath, wheeze, cough,
difficulty taking a deep breath, noisy breathing, and
chest tightness) with activities. The number of these
symptoms reported by survey respondents was calcu-
lated. The survey used a short-term period {i.e., the

previous 4 weeks) to evaluate asthma symptom bur-
den and medication use. The survey also queried the
need for emergency care for asthma exacerbations over
the past 12 months.

Asthma Control
Asthma control was determined using the EPR 3

criteria {i.e., impairment by the frequency of daytime
symptoms, nighttime awakenings, short-acting inhaled
^2-agonists use, and the degree of asthma-related lim-
itation of normal activities reported over the prior 4
weeks; risk by acute health care use reported over the
previous 12 months) using the most severe category for
any individual feature (see Table El in the online sup-
plement). Asthma control was categorized as "weU,"
"not well," or "very poorly" controlled.

Data Analysis
Body mass index (BMI) was determined from pa-

tient-reported height and -weight using standard no-
mograms. Obesity was defined as a BMI > 30 kg/m^.
Deseriptive statistics of questiormaire responses were
compiled by Abt SRBI, Inc. (New York, NY). Compar-
isons were made within age groups for "not well" and
"very poorly" controlled against "well" controlled us-
ing the f-test. The maximum expected sampling error
for a simple random sample of 1000 patients was
±3.1% at the 95% confldence level.

RESULTS

Subject Characteristics
Most of the children and adolescents with asthma

were boys, but most of the adults with asthma were
women (Table 1). The distribution of BMI revealed that
very few children (6.4%) and adolescents (10.1%) were
obese, but a much larger proportion of adults (44.0%)
with asthma were obese. All three age groups infre-
quently reported a previous history of EIB with chil-
dren having the lowest rate (16.6%), adolescents the
highest rate (33.9%), and adults an intermediate rate
(22.8%). Nasal allergies were reported commonly and
to a similar extent among all three age groups. A
minority of children (22.4%) and adolescents (19.9%)
reported having another health condition, but a major-
ity of adults described having another health condition
(54.8%).

Use of controller medication over the 4 weeks before
the survey was highest in the adults (53.1%), lowest in
the adolescents (41.4%), and intermediate in the chil-
dren (48.0%; see Table E2 in the online supplement).
The most eommonly reported controller medications
varied by age group. Children most commonly were
on a leukotriene modifier (27.6%) or an inhaled corti-
costeroid (ICS; 26.8%). Adolescents were most often on
an leukotriene modifier (27.1%) or an ICS with long-
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Table 1 Patient characteristics for children aged 4-12
adults aged >18 yr (n = 1001) who participated in the

Characteristic

Gender
Male
Eemale

Age (mean in yr)
BMI (kg/m^)*

<18.5
18.5-24.9
25-29.9
>30

History of EIB diagnosis*
Yes
No
Do not know

Nasal allergies
Yes
No
Do not know

Other health conditions
Yes
No
Do not know

*Incomplete data capture.
EMI = body mass index; EIB

Children Aged 4-12 yr
(« = 250)

161 (64.4%)
89 (35.6%)

9.0

101 (46.3%)
86 (39.4%)
17 (7.8%)
14 (6.4%)

34 (16.6%)
164 (80.0%)

7 (3.4%)

126 (50.4%)
119 (47.6%)

5 (2.0%)

56 (22.4%)
194 (77.6%)

0 (0%)

yr (H = 250), adolescents aged 13-17 yr (n = 266), and
survey (number with percent in

Adolescents Aged 13-17 yr
(n = 266)

150 (56.4%)
116 (43.6%)

15.1

42 (16.3%)
140 (54.3%)
50 (19.4%)
26 (10.1%)

77 (33.9%)
145 (63.9%)

5 (2.2%)

139 (52.3%)
126 (47.4%)

1 (0.4%)

53 (19.9%)
212 (79.7%)

1 (0.4%)

= exercise-induced bronchospasm.

Table 2 Asthma control determined by EPR 3 criteria

Asthma Control

Well controlled
Not well controlled
Very poorly controlled

EPR 3 = Expert Panel Report

Children Aged 4-12 yr
(n = 250)

56 (22.4%)
138 (55.2%)
56 (22.4%)

3.

(no. with percent in parentheses)

Adolescents Aged 13-17 yr
(n = 266)

77 (28.9%)
130 (48.9%)
59 (22.2%)

parentheses)

Adults Aged >18 yr
(« = 1001)

285 (28.5%)
716 (71.5%)

48.2

10 (1.1%)
250 (27.1%)
257 (27.8%)
407 (44.0%)

228 (22.8%)
761 (76.0%)

12 (1.2%)

624 (62.3%)
365 (36.5%)

12 (1.2%)

549 (54.8%)
444 (44.4%)

8 (0.8%)

Adults Aged ^18 yr
(M = 1001)

169 (16.9%)
468 (46.8%)
364 (36.4%)

acting inhaled ßj-agonist combination product (21.4%).
Adults most often reported taking an ICS + long-
acting inhaled ßj-agonist combination product (36.3%).

Only a small proportion of children (22.4%), adoles-
cents (28.9%), and adults (16.9%) were categorized as
having well-controlled asthma (Table 2).

EIB and Asthma Control
A history of EIB was reported significantly more often

{p < 0.05) in children with not well-controlled asthma
than in those with well-controlled asthma (Fig. 1).
Although there was a higher reporting rate of a history of
EIB in adolescents and adults with not well and very
poorly controlled asthma than in those with weU-con-
trolled asthma, the differences were not significant. There

were more adolescents and adults described as having a
previous diagnosis of EIB than children.

Exercise-Related Respiratory Symptoms and
Asthma Control

Children, adolescents, and adults with not well and
very poorly controlled asthma reported having four or
more exercise-related respiratory symptoms signifi-
cantly more often {p < 0.01) than those with well-
controlled asthma (Fig. 2). The reporting rate of exer-
cise-related respiratory symptoms was similar for each
age group according to asthma control. Exercise-re-
lated respiratory symptoms were reported more often
than a history of EIB.
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Figure 1. Percent of children aged 4-12 years, adolescents aged
13-17 years, and adults aged s l g years with a previous diagnosis
of exercise-induced bronchospasm (EIB) by Expert Panel Report 3
(EPR 3) asthma control classification (*p < 0.05 versus well
controlled).
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Figure 2. Percent of children aged 4-12 years, adolescents aged

13-17 years, and adults aged ^18 years reporting four or more

respiratory symptoms with exercise by Expert Panel Report 3 (EPR

3) asthma control classification (**p < 0.01 versus well controlled).
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Figure 3. Percent of children aged 4-12 years, adolescents aged
13-17 years, and adults aged ^18 years with obesity (body mass
index [BMI], >30 kg/m^) by Expert Panel Report 3 (EPR 3)
asthma control classification (*p < 0.05 versus well controlled,
**p < 0.01 versus well controlled).

Obesity and Asthma Control
The rates of obesity in children with not well and

very poorly controlled asthma were not different from
those with well-controlled asthma (Fig. 3). However,
adolescents with not well and very poorly controlled
asthma were significantly more likely (p < 0.05) to be
obese than those with well-controlled asthma. Adults
with very poorly controlled asthma were significantly
more likely {p < 0.01) to be obese than those with
well-controlled asthma. There was a trend {p = 0.06)
for adults with not well-controlled asthma to be more
obese than adults with well-controlled asthma.

DISCUSSION
This reanalysis of the EIB Landmark Survey confirms

that a large proportion of this broad sample of chil-
dren, adolescents, and adults with asthma living in the
United States in 2009-2010 did not have a level of
asthma control that met national treatment targets set
in the EPR 3. Two other important observations can be
made. First, a history of EIB and reporting of respira-
tory symptoms with exercise were more common in
patients with not well and very poorly controlled
asthma. Second, obesity was more common in adoles-
cents and adults, but not children, with not well and
very poorly controlled asthma than with well-con-
trolled asthma.

The finding that most asthma patients in this survey,
including children, adolescents, and adults, had not
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well or very poorly controlled disease should not be
surprising. Multiple surveys, using either telephone
interviews^^"^* or questionnaires,^^"^* have shown that
most patients with asthma are regularly symptomatic.
The percent of patients with not well and very poorly
controlled asthma found in this analysis of the EIB
Landmark Survey is in the same range as noted in
other studies. In a long-term, randomized, controlled
study that used a similar definition of control based on
the EPR 3, only -10% of the asthma patients were
categorized as well controlled during run-in.^^ The
CHOICE survey, which used a similar approach to
categorize asthma control, showed that only 14.3% of
asthma patients on controllers had well-controlled dis-

ease.
28

Fewer asthma patients in this survey reported a his-
tory of EIB than previously estimated. The highest
reporting rate of a previous history of EIB was found in
adolescents at 33.9%. This is substantially below com-
monly cited estimates of up to 90% of asthma patients
being affected by EIB.̂ "*̂  However, 78.8% of children
and adolescents^ and 83% of adults® reported at least
one respiratory symptom with exercise, and a substan-
tial percent described having four or more of these
symptoms with exercise. This disparity between symp-
tom reporting and an EIB diagnosis probably reflects
limited recognition and diagnosis of EIB by health care
providers. There is important clinical value to estab-
lishing the diagnosis of EIB because EIB symptoms can
generally be effectively managed with short-acting in-
haled ß2"3goriists" with the addition of appropriate
additional controller medications as indicated. This re-
analysis confirms the clinical suspicion that patients
with not well and very poorly controlled asthma more
often had a history of EIB and described four or more
respiratory symptoms with exercise than patients with
well-controlled asthma. This finding further empha-
sizes the need for improved asthma control.

Obesity is an epidemic in the United States. The prev-
alence of obesity in children and adolescents in the U.S.
general population was 16.9% in 2009-2010^' and in
adults the prevalence was just over 35%.̂ ° In this analysis
the rates of obesity for children and adolescents with
asthma were lower than these national averages, but the
rate of obesity in adults with asthma was higher. When
rates of obesity were categorized by asthma control, they
were found to be higher in adolescents and adults with
not well and very poorly controlled asthma but, surpris-
ingly, tended to be lower in children with not well and
very poorly controlled asthma. Balfour-Lynn made a sim-
ilar observation.̂ ^ In a long-term survey of children with
chronic perennial asthma, "children most severely af-
fected by the disease ...tended to be underweight" and
teens tended to gain "an excessive amount of weight."

The relationship between obesity and asthma is com-
plex and controversial. Obesity is thought to be a risk

factor for asthma, but the mechanism of this interaction
is not clear.̂ ^ The results of this analysis raise two
different issues. Could uncontrolled asthma reduce the
likelihood of obesity in children? Could avoidance of
physical activity by children with uncontrolled asthma
patients due to frustration with exercise-induced respi-
ratory symptoms then contribute to the development
of obesity in adolescents and adults? These are impor-
tant issues because Vahlkvist and colleagues have
shown in children that poorly controlled asthma is
associated with reduced physical activity.^^ Improve-
ment in asthma control in these children resulted in an
increase in physical activity. Future studies are needed
to determine whether reduced physical activity due to
exercise-related respiratory symptoms in children with
not well or very poorly controlled asthma could con-
tribute to the development of obesity in adolescents
and adults with asthma. Improving asthma control in
children might help break this cycle of inactivity lead-
ing to later obesity.

There are limitations to a telephone survey. Because
all information is self-reported, responder bias and
inaccurate recall must be considered. This is of partic-
ular concern for the use of self-reported height and
weight. However, previous work reassures us that self-
reported height and weight are reasonably reliable
when compared with directly measured values. Kucz-
marski et al. found that there was a high correlation
between self-reported height and weight and directly
measured height and weight in young adults partici-
pating in the Third National Health and Nutrition
Examination Survey.^* In adults >60 years old, self-
reported height tended to be lower than directly mea-
sured height, but the difference had orüy a small effect
on calculated BML Sherry and colleagues reported that
adolescent girls tended to underreport weight but that
there was only a minimal effect on calculated BMI in
adolescents when self-reported height and weight
were used rather than directly measured values.^^ It
should be noted that our definition of obesity was
based on a BMI > 30 kg/m^. This is a standard defi-
nition for adults and adolescents, but in children an
alternative definition based on BMI greater than the
99th percentile of a specified reference population has
been recommended.''^ Recent work has shown that the
adult definition of a BMI > 30 kg/m^ for children
provides similar results as the proposed child defini-
tion.^' For simplicity and ease of interpretation of re-
sults, we used the same obesity definition for all age
groups. An asthma diagnosis was also based on patient
self-reporting, but asthma may be misdiagnosed in
obese patients.̂ '''̂ ® The likelihood of an asthma misdi-
agnosis in this survey was reduced by the requirement
that patients either had a recent attack or were on
asthma medications. Self-reporting of EIB is also a
concern, because exercise-related symptoms are nei-
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ther a sensitive nor specific indicator of EIB.̂  In this
study, the diagnosis of EIB was not established by
survey responses. Instead, the patients were directly
asked whether they had ever been told by a doctor or
health care professional that they had exercise-induced
asthma or EIB. The responder population was not re-
balanced. Although this approach may have led to a
sample not entirely representative of the U.S. popula-
tion, it did allow for comparisons among groups
within the responder sample. The EPR 3 recommends
using spirometry results for control categorization but
obtaining this information in a telephone survey was
not feasible. Because this was a pilot analysis of previ-
ously collected data, prospective studies are urgently
needed to further explore the issues raised.

In summary, the "EIB in Asthma" survey raises sev-
eral important issues. National efforts must continue to
emphasize the need for effective asthma control. EIB is
probably an important, underrecognized component of
not well and very poorly controlled asthma. This is
clinically important because EIB, if appropriately diag-
nosed, can be effectively treated. Physical activity
should be encouraged in patients with asthma for good
general health. Asthma control should be achieved so
that asthma patients can actively participate in any
activity without limitations. Einally, the relationship
between exercise-related respiratory symptoms in chil-
dren and subsequent development of obesity in ado-
lescents and adults with asthma warrants further eval-
uation.

Key Messages

• The 77.6% of children, 71.1% of adolescents, and
83.1% of adults with asthma were not well or very
poorly controlled.

• A history of EIB and report of four or more respira-
tory symptoms with exercise were more common in
patients with not well and very poorly controlled
asthma.

• Obesity was more common in adolescents and
adults, but not children, with not well and very
poorly controlled asthma.

Capsule Summary
This article is relevant to practicing physicians and

asthma specialists because it shows that respiratory
symptoms with exercise are common in patients with
not well and very poorly controlled asthma and that
obesity occurs more often in adolescents and adults
with not well and very poorly controlled asthma.
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