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EXERCISE INDUCED BRONCHOSPASM

Screening for Exercise-Induced Bronchoconstriction in College Athletes
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Objective. Previous studies have reported that the prevalence of exercise-induced bronchoconstriction (EIB) in athletes is higher than that of the
general population. There is increasing evidence that athletes fail to recognize and report symptoms of EIB. As a result, there has been debate
whether athletes should be screened for EIB, particularly in high-risk sports. Methods. We prospectively studied 144 athletes from six different
varsity sports at a large National Collegiate Athletic Association Division I collegiate athletic program. Baseline demographics and medical history
were obtained and the presence of asthma symptoms during exercise was documented. Each athlete subsequently underwent a eucapnic voluntary
hyperventilation (EVH) test to document the presence of EIB. Exhaled nitric oxide (eNO) quantification was performed immediately before EVH
testing. EIB was defined as a >10% decline in forced expiratory volume in 1 second compared with baseline. Results. Only 4 of 144 (2.7%) athletes
were EIB-positive after EVH testing. The presence of symptoms was not predictive of EIB as only 2 of the 64 symptomatic athletes (3%) were EIB-
positive based on EVH testing. Two of the four athletes who were found to be EIB-positive denied such symptoms. The mean baseline eNO in the
four EIB-positive athletes was 13.25 parts per billion (ppb) and 24.5 ppb in the EIB-negative athletes. Conclusions. Our data argue that screening
for EIB is not recommended given the surprisingly low prevalence of EIB in the population we studied. In addition, the presence or absence of

symptoms was not predictive of EIB and eNO testing was not effective in predicting EIB.

Keywords

INTRODUCTION

Exercise-induced bronchoconstriction (EIB) describes
airway narrowing that occurs in association with exercise.
Exercise is one of the most common triggers of broncho-
constriction and also occurs in approximately 10% of the
general population who do not have a known history of
chronic asthma (1, 2). Previous studies have reported that
the prevalence of EIB in athletes is significantly higher
than that of the general population (2—4). In addition, there
is increasing evidence that athletes fail to recognize and
report symptoms of EIB (5, 6). Based on these and more
recent data, some authors advocate for routine screening of
athletes for EIB (7).

We have published previous data demonstrating a high
prevalence of undiagnosed EIB documented by eucapnic
voluntary hyperventilation (EVH) testing in a cross section
of college athletes from a large Division I athletic program
(5). Our prior study was limited by the fact that we tested a
cross section of the entire athletic department rather than
specific teams; hence, despite the high prevalence of EIB,
we were unable to draw reliable conclusions regarding
which sports, if any, may benefit from routine screening
for EIB. The goal of this study was to prospectively screen
a specific group of athletic teams in a large Division I
collegiate athletic program for EIB using EVH testing.
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METHODS

Potential participants in the study were members of six
select male and female varsity athletic teams (Men’s and
Women'’s: Soccer, Lacrosse, and Ice Hockey) at The Ohio
State University. Exclusion criteria included pregnancy,
recent upper respiratory tract infection (within 2 weeks
of study enrollment), or a history of >10 pack-years of
tobacco use (calculated by multiplying the number
of packs of cigarettes smoked per day by the number of
years the person has smoked). History of asthma, defined
as self-reported, prior diagnosis made by a physician, was
not an exclusion criteria unless the participant was found to
have a current forced expiratory volume in 1 second
(FEV)) of <70% of the predicted value on baseline spiro-
metry. Such a finding would identify baseline airway
obstruction and possibly poor asthma control as well as
increase the risk of further bronchoprovocation. Athletes
were presented the proposal in a short oral presentation and
then given the opportunity to participate in the trial. All
participation was voluntary and written informed consent
was obtained from every participant prior to enrollment.
The study received the approval of the Institutional
Review Board at The Ohio State University and the
National Collegiate Athletic Association Compliance
Office.

Participation in the study required one visit. At the study
visit, athletes underwent baseline spirometry following
American Thoracic Society (ATS) guidelines (8) followed
by exhaled nitric oxide (eNO) quantification as per ATS
guidelines (9). EVH testing was performed after eNO
measurement per protocol outlined by Anderson et al.
(10). Prior to testing, athletes completed both a baseline
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medical history questionnaire and an additional question-
naire addressing respiratory symptoms (e.g., wheezing,
dyspnea, and chest pain) during exercise designed by the
US Olympic Committee Sports Medicine Division (11).

Prior to objective lung function testing, all asthma med-
ications were withheld as per standard clinical protocol.
Restrictions included no short-acting bronchodilators for 8
hours prior, no long-acting bronchodilators for 48 hours
prior, no leukotriene antagonists or inhaled steroids for 4
days prior, no caffeine or chocolate for 8 hours prior, and
no vigorous exercise on the day of the test. Each athlete
performed baseline spirometry according to ATS stan-
dards. eNO was then measured by chemoluminescence
using an online nitric oxide monitor (Apieron, Inc.,
Menlo Park, CA, USA) according to the ATS guidelines
published in 2005 (9). Seated subjects exhaled fully then
inhaled ambient air through a nitric oxide scrubber to total
lung capacity. Repeated exhalations were performed a
maximum of six times to obtain three acceptable measure-
ments that agreed within 10%. The average of these three
measurements was used.

EVH bronchoprovocation challenge testing was then
performed after spirometry and eNO. Participants breathed
a mixture of dry compressed gas (5.0% CO,, 21.0% O,,
and balance N,) at a target rate of 85% of their maximum
voluntary ventilation (MVV) per minute (calculated as 30
times the baseline FEV |, which approximates 85% MVV)
for 6 minutes. Gas was channeled from a cylinder into a
calibrated rotameter (Brooks Model 1307, Brooks
Instrument, Inc. Hatfield, PA, USA) and then through an
inspiratory target balloon (medical research bladder 100
MRL) that was maintained half full (to ensure correct
minute ventilation) and then to a two-way, low-resistance
valve (Hans Rudolph; Model 2700 2-Way Non-
Rebreathing Valve, Hans Rudolph, Inc, Shawnee, KS,
USA) and mouthpiece (Medical Graphics #758301-001,
Medical Graphics Corporation, St. Paul, MN, USA) for
exercise. Ventilation was quantified using a flow sensor
manufactured by SensorMedics, Inc. Spirometry was per-
formed at 3, 5, 10, 15, and 20 minutes after the EVH
challenge. EIB was defined by a fall >10% in FEV,
post-EVH testing. EVH testing was considered adequate
if the MVV achieved was >60% of predicted MVV (10).

RESULTS

Of the possible 185 (78%) athletes, 144 completed the
study. Overall, participants were young, healthy, free of
comorbidities, and predominantly Caucasian (Table 1). No
athlete who consented for participation was excluded on
the basis of any of the exclusion criteria. All athletes had
normal baseline resting spirometry without any evidence
of airway obstruction. Of the 144 (24%) athletes, 35 stated
they had a history of either asthma or EIB prior to enrolling
in the study, but none were excluded given the fact all had
baseline FEV| >70%. Only 14 of these 35 (40%) athletes
had undergone spirometry previously and none had under-
gone formal bronchoprovocation testing specifically for
EIB. Of the 35 patients with history of asthma or

TABLE 1.—Athlete demographics (n = 144).

Age in years, mean (range) 20 (18-23)
Male 55%
Caucasian 93%
Average FEV,/FVC baseline 84%

35 of 144 (24%)
14 of 35 (40%)
0 of 35 (0%)

Self-reported history of asthma or EIB
Undergone spirometry prior to study
Undergone bronchoprovocation testing prior to study

Presence of gastroesophageal reflux disease <1%
Presence of seasonal allergies <1%
Presence of eczema <1%

Note: EIB, exercise-induced bronchoconstriction; FEV,, forced expiratory volume in
1 second; FVC, forced vital capacity.

EIB, only 7 were currently prescribed a short-acting
bronchodilator and only 3 were on any class of asthma
controller medication.

Based on the results of EVH testing, only 4 of the 144
(2.7%) athletes were EIB-positive (Table 2). All four EIB-
positive athletes were female. Of the 144 (95%) athletes,
137 achieved >60% of predicted MVV during EVH test-
ing (mean 74.5%, +£9.9%). Only 7 of the 144 athletes
failed to meet the minimum MVV threshold for an ade-
quate EVH test of 60% of predicted MVV. There were no
significant differences between the athletes who were able
to meet the 60% MV'V threshold and the seven who did
not. Figure 1 shows maximum MVV achieved during
EVH plotted against maximum decline in FEV; post-
EVH (note many athletes actually bronchodilated after
EVH and hence the smallest increase in FEV; was used
in lieu of a decline in FEV).

The average maximum decline in FEV, for the four
EIB-positive athletes was 12.7% (range 10-14%). Of the
144 (44%) athletes, 64 stated they experienced chest tight-
ness, shortness of breath, or wheezing provoked by exer-
cise periodically.

eNO was not predictive of EIB. In the four EIB-positive
athletes, the mean baseline eNO was 13.25 + 2.5 parts per
billion (ppb) (range 10—16 ppb). The EIB-negative athletes
had a mean baseline eNO of 25.50 £ 16.23 ppb (range 9-
88 ppb). Figure 2 shows eNO plotted against maximum
decline in FEV, post-EVH (once again, where applicable,
the smallest increase in FEV | was used in lieu of a decline
in FEV)).

The presence of symptoms did not predict objectively
confirmed EIB, as only 2 of 64 symptomatic athletes (3%)
were found to be EIB-positive based on EVH testing. In
addition, only 2 of 21 (5%) athletes stated that they had
EIB, but had never undergone any type of lung function
testing prior to enrolling in this study, and were EIB-
positive after EVH testing. Comparison of EIB-positive
athletes with EIB-negative athletes was not statistically
reasonable given the low number of EIB-positive athletes.

DISCUSSION

Previous studies, including from our group, have demon-
strated a high prevalence of undiagnosed EIB documented
by EVH testing in athletes (5, 7, 12—14). It is also clear that
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TABLE 2.—Level of participation and prevalence of exercise-induced bronchoconstriction (EIB).

Number of athletes Number of athletes who Percentage of Number of EIB- Percentage of EIB-positive

Team on team participated in study participation (%) positive athletes athletes (%)

Women’s Ice Hockey 23 23 100 1 43

Men’s Ice Hockey 28 26 93 0 0

Women’s Soccer 27 17 63 1 5.8

Men’s Soccer 27 19 70 0 0

‘Women’s Lacrosse 32 23 72 2 8.7

Men’s Lacrosse 48 36 75 0 0

Total 185 144 78 4 2.7
z 20, goal of this study was to determine whether all athletes,
% 154 . irrespective of symptoms, on select athletic teams in a
‘z'; 0 . collegiate athletic program should be screened for EIB.
i o Recently, Dickinson et al. (7) studied 228 elite athletes
; *1 . . and performed EVH testing to determine the prevalence of
g 0 oL :“::::.:...\:‘ £ 3 . EIB. The study found 34% of the cohort were EIB-positive
£ 54 A A and that 73% of those EIB-positive athletes had never been
3 104 v ng xmtHN diagnosed with EIB. Based on the results of their study,
§ 15 . : Dickinson et al. proposed that elite athletes should be
E ” screened routinely for EIB using a suitable bronchoprovo-
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FIGURE 1.—Decline in forced expiratory volume in 1 second (FEV,) post-

eucapnic voluntary hyperventilation (EVH) testing plotted against percen-

tage of maximum voluntary ventilation (MVV) achieved during EVH testing.

Note: Many athletes actually bronchodilated after eucapnic voluntary hyper-

ventilation (EVH) and hence the smallest increase in FEV;| was used in lieu of
a decline in FEV
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FIGURE 2.—Decline in forced expiratory volume in 1 second (FEV,) post-
eucapnic voluntary hyperventilation (EVH) testing plotted against baseline
exhaled nitric oxide (eNO).

Note: Many athletes actually bronchodilated after EVH and hence the smal-
lest increase in FEV; was used in lieu of a decline in FEV;.

many athletes are unaware they have EIB as respiratory
symptoms with exercise have poor specificity and sensi-
tivity for this problem. Because symptoms alone have a
very low positive predictive value for EIB, and previous
studies have demonstrated a substantial burden of undiag-
nosed EIB (5, 7), some have advocated that populations of
athletes should be screened with objective testing (7). The

cation challenge. Surprisingly, in this study, despite the
fact that we used the same bronchoprovocation technique
as in the Dickinson study, we found a very low prevalence
of EIB (2.7%) on the six collegiate athletic teams screened.
Only seven athletes did not reach the minimum accepted
threshold of MVV for EVH testing to be considered ade-
quate (60% of predicted MVV) (10).

It is unclear why our data differ so greatly from the
Dickinson et al. study, but some differences in the popula-
tions studied are apparent. Their study involved elite ath-
letes versus our study of collegiate athletes. Furthermore,
we tested athletes in different sports than they did,
although we did choose sports that have high ventilatory
requirements and that have been suggested to be more
prone to have EIB (7, 15, 16). The two populations of
athletes were similar in age and size, but athletes in their
study had a much higher prevalence of self-reported atopy/
allergies, which has been implicated as an independent risk
factor for EIB (17). The differences between the two
populations could account, in part, for the widely discre-
pant findings and raise significant questions about the
value of large-scale screening among populations of ath-
letes. In addition, data from this study and our previous
study (5) argue traditional stratification of high versus low
ventilation sports does not seem to be of value in terms of
efficacy of EIB screening.

Hull et al. (18) specifically examined the issue of
screening athletes for EIB and concluded there are sub-
stantial barriers that would likely make large-scale screen-
ing difficult. From an epidemiological perspective,
screening for any disease requires the disease be well
understood and clearly defined, the prevalence of the dis-
ease be well known, and there should be a gold standard
diagnostic technique with well-defined diagnostic thresh-
olds. It would be reasonable to state that none of the above
applies to EIB, at least in the populations studied herein.



156 J. P. PARSONS ET AL.

Studies examining the prevalence of EIB in athletes
have demonstrated prevalence widely ranging between
approximately 10% and 50% (2-4). As discussed, our
prevalence of EIB in this study is vastly different than
Dickinson et al. We even found vast differences in the
prevalence of EIB in this study compared with our pre-
vious data 5 years ago using identical testing methods on a
similar athletic population (3% vs. 39%) (5). The reasons
for the differences in our two studies are unclear. It may
simply be that the incidence rate of EIB, although likely
substantial overall, can vary widely from year to year.
Whatever the true explanations for the differences are,
the variable prevalence of EIB in our own data and in the
literature overall suggest that widespread screening for
EIB may not be of value.

In addition to the variable prevalence of EIB in different
studies, the multiple potential testing methods available for
diagnosis of EIB further complicate screening for
EIB. Multiple bronchoprovocation techniques including
traditional field-based exercise testing, laboratory-based
exercise testing, EVH testing, and mannitol inhalation are
all widely used both clinically and in research settings.
Although each test alone is acceptable for diagnosing
EIB, sensitivities, specificities, and predictive values differ
among the tests. In addition, there remains a controversy
on the appropriate threshold for making a diagnosis of EIB
clinically and in research trials, with thresholds of 10-25%
being used in different studies (19). Taken together, the
lack of consensus about testing methods and diagnostic
thresholds combined with the broad range of prevalence of
EIB across different athletic populations argue that screen-
ing for EIB on a broad scale at the present time is unlikely
to be successful.

In contrast to the variability in prevalence of EIB in
athletic populations observed in different studies, one
theme that has been consistently demonstrated is that the
presence of exercise-induced respiratory symptoms is a
very poor predictor of objectively confirmed EIB (5, 6,
20). In our previous study (5), the prevalence of EIB was
36% in athletes who denied exercise-induced symptoms
and 35% in those who complained of symptoms. These
data suggested that there was a large group of athletes that
were EIB-positive but lacked awareness of their condition
and a similar group that complained of symptoms pro-
voked by exercise, but the symptoms were not a result of
EIB. Although we did not find a high prevalence of EIB in
this study, our current data continue to strongly support
that symptoms alone are not of diagnostic value. Almost
half of our cohort stated they were symptomatic periodi-
cally during exercise, but only two athletes who were
symptomatic during exercise actually had EIB documen-
ted by EVH testing. Furthermore, only 2 of the 21 athletes
who had been diagnosed with EIB previously based on
symptoms alone were actually found to have EIB cur-
rently. Our findings continue to underscore the importance
of objective confirmation of EIB that is suspected based on
history alone and again demonstrate that diagnosis of EIB
based on history is extremely poor in accurately making a
diagnosis. These data have particular clinical relevance

because physicians commonly diagnose and treat sus-
pected EIB empirically according to symptoms alone,
without objective testing, which may result in many inac-
curate diagnoses of EIB, particularly in athletes (21).

eNO quantification has been used as a diagnostic
adjunct in the management of asthma (22), but the role of
eNO in EIB is not well established. Data are conflicting
with eNO levels reported to both decrease (23) and
increase (24) after exercise in asthmatic patients with
known EIB. Others have suggested that low pre-exercise
eNO levels (<12 ppb) have significant negative predictive
value and may obviate the need for bronchoprovocation
testing in patients who complain of exertional dyspnea
(25). Our data do not support eNO as a useful diagnostic
tool for EIB. None of the EIB-positive athletes in our study
had elevated baseline eNO levels (>25 ppb) (22)
Furthermore, several of the EIB-negative athletes had
markedly elevated eNO levels of greater than 70 ppb.
The very poor correlation between eNO levels and objec-
tively documented EIB suggests that eNO should not be
used in lieu of bronchoprovocation testing in the diagnos-
tic workup of exertional dyspnea.

Our study has limitations. Although we found a very
low prevalence of EIB in teams that we tested, it is possible
that other sports in our athletic program had a higher
prevalence of EIB and our data are not representative of
the entire athletic program as a whole. It is possible, as our
data in this study suggest, that the prevalence of EIB in
individual teams likely varies significantly year to year,
which may explain in part why we did not see a high
prevalence of EIB in this study, but did in past studies
(5). Our testing methods, study personnel, and study loca-
tion (laboratory based) were identical to our previous
study. It 1is wunlikely that seasonal influences
(e.g., pollens/humidity/temperature) influenced the results
of the current or previous study (5) as both studies were
conducted over several months; hence, a confounding
effect of one single variable seems implausible.

In addition, despite our goal of 100% participation of
the athletes in the selected teams, we did not achieve that
benchmark in all the teams. Accordingly, it is possible that
the reported results may not reflect the true prevalence of
EIB in the teams with <100% participation. It is possible
that some athletes who did not participate avoided the
study due to asthma symptoms, which would create a
potential selection bias.

Additionally, although all four EIB-positive athletes
were female, we were unable to further investigate any
potential sex differences related to the presence of EIB in
athletes, because our sample size of EIB-positive athletes
was so small that it prevented statistically robust compar-
isons. Our data suggest screening all athletes for EIB may
not be useful and there is a great need for further studies to
determine if there are other factors (demographics, race,
sex, comorbidities, etc.) that may indicate which athletes
should be screened. In addition, future studies of college
athletes should aim to include all athletes in teams being
studied to avoid selection bias, although logistically and
economically this may prove to be very difficult.
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CONCLUSIONS

Our data argue that screening for EIB is not recommended
given the surprisingly low prevalence of EIB in our popu-
lation. In addition, the presence of symptoms is not pre-
dictive of EIB as virtually all of the athletes who
complained of exercise-induced respiratory symptoms
were EIB-negative. eNO quantification does not appear
to be of diagnostic value in the workup of EIB. True
prevalence of EIB may vary widely between groups of
athletes over time, which would make screening an inef-
fective strategy to implement widely. Given the previously
documented high prevalence of EIB in select athletes
independent of symptoms, there remains a significant
need for further studies to better determine which athletes
should undergo objective testing for EIB.
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