


study population with respect to questionnaire analysis and
exercise testing.

Procedures. All cross-country runners were assembled
on the track and given a brief introduction to the study
protocol. Our protocol included recording baseline peak
expiratory flow rate (PEFR); performing a 2000-m run at an
intense exertion level; and then recording PEFR measure-
ments at 2, 5, 10, and 30 min after the run. All measure-
ments took place at the respective team’s running track
during normal practice session times. The air temperature,
wind speed and direction, air ozone (O5), nitrogen dioxide
(NO,), carbon monoxide (CO), Particulate Matter, and Pol-
lution Standard Index (PSI) were all recorded through the
South Coast Air Quality Management District (SCAQMD).
A portable peak flowmeter (Astech peak flowmeter, Dey
L.P., Napa, CA) was used for all PEFR measurements and
each athlete used the same meter throughout the test. A
portable pulse oximeter (Nonin 850 pulse oximeter, Nonin
Medical Company, Plymouth, MN) was used to obtain the
preexercise heart rate as well as the postexercise heart rate.
The proper use of the peak flowmeter and the pulse oximeter
was demonstrated as well as the details of the exercise
protocol. The best of three PEFR values was recorded each
time the PEFR was measured. A warm-up consisting of
stretching was allowed, but the athletes were instructed to
refrain from further warm-up with any strenuous activity
including running.

The distance of 2000 m was chosen as a standard distance
that both men and women could complete in 6 to 10 min if
run at 85% maximal heart rate. This range of times was
selected on the basis of the time required to produce a
maximal bronchoconstrictive response after exercise as
noted in previous studies (3). The athletes were given their
split times every 400 m, and a time was recorded for the
completion of the 2000-m run. Immediately after the run, a
postexercise heart rate was recorded, and then the athletes
were informed that they could rest and stretch but refrain
from further running. Three postexercise PEFR values were
obtained at 2, 5, 10, and 30 min after the run. The change in
PEFR was determined by subtracting the PEFR value at 2,
5, 10, and 30 min after exercise from the best of three
baseline PEFR values. The lowest postexercise PEFR value
of the four different times was used to calculate the percent
change.

The 16-question survey was modeled after the survey used
in prior studies of U.S. Olympic athletes sponsored by the
American Academy of Allergy and Immunology and is
listed in Table 1 (27). EIB-positive athletes were those with
a 15% or greater decrease in postexercise PEFR. All other
athletes were considered EIB-negative.

Statistical analysis. For each survey question, respon-
dents were separated into EIB-positive and EIB-negative
groups, and the fraction of each group that answered the
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TABLE 1. Survey questionnaire. BLE 2. Results of survey questionnaire.

1. List any allergies to any medicine (aspirin, penicillin, sulfa, etc.) EIB-Positive—Yes ElB-Negalive—hYes Pearson
2. Are you allergic to any insect bites/stings or do you have any food allergies? Response” Response Correlation
3. Do you take any medications (over-the-counter herbs, supplements, vitaming| Question No. % No. % P Value Coefficient 0dds Ratio
4. Do you take any prescribed medications taken on a permanent or
semipermanent basis? 1 0 0 10 10.2 0.0905 -0.13 ggg
5. Have you ever been told that you have/had asthma or exercise-induced asthi 2 4 25.0 14 14.3 0.1379 0.10 ;
i 3 6 375 61 62.2 0.0311 -0.18 0.36
6. Do you ever have chest tightness?
i 4 4 25.0 15 15.3 0.1674 0.09 1.84
7. Do you ever have wheezing?
i 5 3 18.8 16 16.3 0.4047 0.02 118
8. Do you ever have itchy eyes? 01293 011 185
9. Do you ever have itching of the nose or throat or sneezing spells? 6 7 438 29 296 '2 3 0.06 1.48
10. Does running ever cause chest tightness or wheezing or prolonged shortng 7 5 31.2 23 235 0.25 ; ;
breath? 8 5 31.2 35 35.7 0.3643 -0.03 0.82
11. Have you ever had chest tightness, cough, wheezing, asthma, or other chest 9 6 37.5 30 306 O'Zglg gg? 128
(lung) problems that make it difficult for you to perform in sports? 10 6 37.5 28 28.6 8‘(2)805 0.13 2‘20
12. Have you ever missed school, work, or practice because of chest tightness @ 1 6 37.5 21 214 i 028 1108
cough or wheezing or prolonged shortness of breath? 12 3 18.8 2 2.0 0.2791 0.06 1.51
13. If you have been told you have asthma, what medications have you taken? 13 3 18.8 13 133 0'2 I 0.07 153
14. Do you have trouble breathing or do you cough during or after activity? 14 / 438 33 37 0. sl 0.09 219
15. Do you have or have you ever had lung disease (pneumonia)? 15 2 125 6 6.1 0. - 0.26 475
16. List current medications 16 6 37.5 1 11.2 0.003 ; .

16 total EIB-positive.
§ total EIB-negative.

question positively was recorded. A difference-in-prop
tions Z test was used to see if there was a statisticil
significant difference between the percentage of the
positive athletes who answered yes and the percentage
EIB-negative athletes who answered yes. The #-value f0
difference-in-means r-test was used to analyze the diff
ence between the EIB-positive and EIB-negative group
the parameters of “percentage of maximal heart
achieved” and the time of the 2000-m run. For all statisti
comparisons, the level of significance was set as P << (),
A chi-square test applied to a 2 X 2 contingency table
each survey question gives the same P value as doe§
difference-in-proportions Z test. The Pearson correld
coefficient was calculated by assigning (arbitrary) nu
cal values to the yes/no categories and EIB-positive/l
negative categories. For the 2 X 2 case considered here,
Pearson correlation coefficient is equal to the square roof
the chi-square statistic divided by the sample size. Posi
correlation coefficients indicate that those who answer §
are more likely to be EIB-positive. The odds ratio
calculated by taking the ratio of the odds of being
positive for those who answered yes to the odds of be
EIB-positive for those who answered no. The odds ratig
greater than 1 if the correlation coefficient is positive
less than 1 if the correlation coefficient is negative, |
statistical significance of the correlation coefficient or o
ratio is assessed by the P values calculated from the di

strated no significant postexercise PEFR decrease. There
ere no athletes reporting a history of asthma and requiring
armacologic intervention that were not taking any medi-
tions for asthma at the time of the study (the four athletes
porting needing asthma medications were taking medica-
s for asthma during the study).

The results of the questionnaire were tabulated as either a
sitive or negative response (“yes” or “no”). Table 2 com-
res positive response rates between EIB-positive and EIB-
pative athletes. Out of the 16 EIB-positive athletes, 13
1.25%) demonstrated at least one symptom of asthma or
rcise-induced asthma (questions 5, 6, 7, 10, 11, or 14).
rty-nine (50%) out of 98 EIB-negative athletes reported at
st one symptom of asthma or exercise-induced asthma.
lis difference between the two groups was statistically
nificant (P = 0.0100). Of the 16 athletes positive for EIB
lo were not taking medications, only 3 (19% of those
-positive not taking asthma medications) reported a past
tory of asthma or exercise-induced asthma. This question
s not statistically significant in predicting a positive test
EIB (P = 0.4047). Of the 98 EIB-negative athletes, 16
hletes (17% of those testing negative) reported a history of
ma or exercise-induced asthma yet none were found to
ve EIB on testing. Statistical significance for the predic-
of those testing positive for EIB was shown only in

S =

R

studied, 4hada previous history of asthma or EIB and Question 3, regarding the use of over—the counter (OTC)
currently taking medication (all beta-agonist or steroid ths, medications, supplements, and vitamins, yielded
tered-dose inhalers (MDIs)) for the asthma. Of these fo ore positive responses than any other question (see Table
only one athlete currently taking medication demonstrate This was significantly correlated with testing results (P
greater than 15% decrease in PEFR after exercise. 10.0311).

athlete only used a triamcinolone MDI the day of the stu Exercise testing results. All of the athletes were
and indicated she only used the beta-agonist MDI for asth) led with exercise challenge and then completed the sur-
symptoms. The other three were all taking beta-agoi (Tables 3 and 4). Only the 114 athletes not taking
MDIs, two with concomitant steroid use, and all three dications for asthma were included in the results and
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statistical analysis of survey questions. Ninety-eight athletes
were EIB-negative (47 women and 51 men) and 16 athletes
(8 women and 8 men) were EIB-positive. The average
baseline PEFR for the 47 EIB-negative women was 423
L-s™'; for the 51 EIB-negative men, 605 L-s~'. The
postexercise percent PEFR change at 2, 5, 10, and 30 min
for the EIB-negative runners was an increase of 6%, 4%,
5%, and 5%, respectively. The average of the percent of
maximal heart rate achieved in the EIB-negative group was
71.3%. The EIB-negative women ran the 2000-m course in
a mean time of 8 min 33 s (8:33); the EIB-negative men, 6
min 48 s (6:48). The average baseline PEFR for the eight
EIB-positive women was 411 L-s™'; for the eight EIB-
positive men, it was 620 L-s~'. The average of the percent
of maximal heart rate achieved in the EIB-positive group
was 70.3%. The postexercise percent PEFR change at 2, 5,
10, and 30 min for the EIB-positive runners was a decrease
of 16% for all parameters, with a range of decrease from
15% to 43%. The EIB-positive women ran the 2000-m
course in a mean time of 9 min 22 s (9:22); the EIB-positive
men, 6 min 43 s (6:43).

The difference between the percent of maximal heart rate
achieved by the EIB-positive and EIB-negative group was
not statistically significant (P = 0.407). The difference of
the mean time for the 2000-m run was not s1§n1ﬁcant

Casauny S S G ST
results of the env1ronmental conditions as recorded through
the SCAQMD are recorded in Table 5.

TABLE 3. Results of 2000-m run in seconds.

No. 2000-m Time (s)
EIB-negative women 47 513 + 56
EIB-positive women 8 567 *+ 35
EIB-negative men 51 408 + 25
EIB-positive men 8 403 + 22
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TABLE 4. Results of average percent of maximum heart rate achieved (%

and 30 min after exercise.

MHR) and average percent change in peak expiratory flow rate (PEFR) from baseline PEFR at 2, 5, 10,

% Change PEFR

% Change PEFR

% Change PEFR

% Change PEFR

%MHR 2 Min 5 Min 10 Min
EIB-negative runners 713 +6 +4 +5
EIB-positive runners 70.3 -16 -16 -16

DISCUSSION

EIB prevalence. The goal of our study was to screen
collegiate cross-country runners for EIB using a protocol
that tested the athletes in the environment of their training at
an exertion level at which they commonly trained. We chose
runners because the prevalence rate of EIB in runners has
been understudied despite the frequently quoted statement
that outdoor cross-country running is asthmogenic (1,5).
The focus of our study was specifically collegiate runners
because prior studies of collegiate athletes have relied on
laboratory testing or survey questionnaires to quantify EIB
prevalence rates (9,21,28). A further goal was to investigate
an opposing supposition that a low EIB prevalence rate
would be associated with running at the competitive colle-
giate level because of a prior negative selection of asthmatic
athletes who avoid running and choose instead to compete in

less asthmogenic sports.

We did not find a low prevalence of EIB among runners
in our study and, in fact, found a prevalence rate of EIB
higher than or similar to that found in previous studies of
EIB in collegiate athletes (9,21,28). The results of our study
demonstrate the prevalence rate of EIB in collegiate runners
not on medications for asthma or EIB to be at least 14%
using the criteria of a 15% postexercise decrease in PEFR as
an indicator of EIB. Including the athletes with a prior
history of asthma and/or EIB currently taking asthma med-
ications, we found the prevalence rate of EIB could be as
high as 16.7%. We included the four athletes with a current
history of asthma for this prevalence rate on the basis of past
observations that most asthmatics will experience EIB at
intense exertion levels (15,29). Some authors have sug-
gested using a 10% decrease as the cutoff for EIB diagnosis,
as any appreciable airway obstruction could be detrimental
to athletic performance (12,24). Using the criteria of a 10%
decrease in PEFR as diagnostic of EIB, we found a preva-
lence rate of 25.8%. The 14% prevalence rate is higher than
previous studies performed with screening auestions and

TABLE 5. Environmental data at specific test sites.

softball, and soccer athletes demonstrating a 15% incideng
of EIB as demonstrated through an outdoor running exerci
challenge (16).

Exercise challenge protocol. Our exercise protog
was developed to test for EIB in the context of a typig
cross-country running practice session in the standard trai
ing environment. The coaching staffs were contacted to helf
develop a testing protocol that would be effective, practig
and applicable to test for EIB in a large group of athle
The standard testing protocol for EIB has been to f
athletes with an exercise load of 85% of maximum heart 1
for 6 to 10 min (2,3,6). Recent protocols have sugges
testing athletes at an even higher level of exertit
(15,22,30). We encouraged the athletes to run at a pace |
least 85% of maximum heart rate. The exercise protocol
developed was to run a 2000-m course. Most collegi
runners are able to run 2000 m within 6 to 10 min, ay
2000 m is a distance cross-country athletes often run wh
running intervals on the track. The approximate time |
complete the 2000-m run would meet the criteria of
exercise challenge lasting 6 to 10 min and produce a m
imal bronchoconstrictive response. |

It has been noted that athletes develop bronchospas
most readily after the cessation of exercise, and the time
onset of bronchoconstriction can vary (2-4,15). Accol
ingly, protocols have suggested testing periodically for up
30 min after cessation of exercise (3,4). This observation I
been supported by work on the pathophysiology of H
relating to airway rewarming and bronchial hyperemia a
the cessation of exercise (15). In our study, we tested afl
letes at 2, 5, 10, and 30 min after the exercise challenge an
in the EIB-positive group, found the average PEFR decre
was 16% at each of the testing times.

Our protocol did not control running speed, minute v
tilation, or exact time to complete the 2000-m run. T}

athletes were under the observation of their coaching §
and were nunder inctriction ta min a 200N_m min at laaal

. _ Temp RWS  RWD 0, co S0, NO NOX NO,

Location Date Time (°F) RH % MPH Deg PPHM PPM PPHM PPHM PPHM PPHM PM 10 UC
Claremont, CA 09/20/99 1630 80 44 4 279 <2 2 0 1 1 10 48
Claremont, CA 09/27/99 1630 72 67 4 251 2 1 0 1 6 5 39
Claremont, CA 10/05/99 0730 73 55 1 187 1 3 0 20 32 12 103
Thousand Oaks, CA 10/20/99 1630 82 15 1 350 1 2 0 4 9 5 37
La Verne, CA 11/15/99 1530 68 68 6 253 0 3 0 1 3 2 143
Redlands, CA 11/17/99 1700 61 48 3 225 1 1 0 1 5 4 33
Riverside, CA 12/01/99 0730 49 83 1 174 0 2 1 27 36 6 85
Riverside, CA 12/01/99 1530 60 62 3 280 0 2 1 1 5 4 101
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art rate achieved/220 — age) is a variable estimate and
huld misrepresent the percentage of maximum heart rate
le runners actually achieved. Our results indicated a level
exertion lower than the optimal goal of 85% of maximum
sart rate. This could be accounted for by our testing meth-
Is of checking the postexercise heart rate with pulse
imeters after the run. Although the heart rate monitor
linction on a pulse oximeter is normally faster, easier, and
bssibly more accurate than manually counting the heart
le for a given time, we found that occasionally athletes
ould wait in line to get a heart rate check when a large
oup of runners finished at the same time. The recorded
lue (71.3% in the EIB-negative group and 70.3% in the
IB-positive group) was most likely lower than during and
rectly after the completion of the run. The coaches sub-
ctively commented that the pace and times of the athletes
ere similar to those achieved during a standard interval-
flining workout. On the basis of recent studies testing
hletes for EIB using higher levels of exertion, it is possible
prevalence rate of EIB in our study population could
live been higher if the athletes had run at a higher level of
fertion (15,22,30).

The use of peak flowmeters was chosen because of their
ucticality of use for a large group of athletes in the field
lvironment. We noted that evaluating the FEV, is an
icepted value but full spirometry evaluation was not prac-
'ul and the PEFR can give a reasonable indicator of bron-
loconstriction, as suggested in other studies (16,24). The
IR value was effort-dependent and error was minimized
rough careful instruction and practice of correct peak
pwmeter use and by recording the best of three PEFR
lues. We found the peak flowmeter was a practical and
onomical method of testing a large group of athletes. The
hletes were able to learn its proper use easily and the
sthod was quick, noninvasive, and allowed for the testing
be performed efficiently.

There was no significant difference (P = 0.299) in the
)0-m run time between the EIB-positive and EIB-nega-
y¢ men, but the EIB-positive men actually ran a mean time
5 s faster than the EIB-negative men. The EIB-positive
omen ran a mean difference of 53 s (P = 0.0053) slower
the EIB-negative group. This finding is interesting
hin an observational standpoint, and further studies would
needed to Ji)r]:/}gggigate these findings. Previously undi:égc

BII\'B\«\J UYL LULLLIVID VWLV 1luawve }Jllal HHavuviv
itment for EIB.

Survey questionnaire. Recent studies regarding the
feening and diagnosis of EIB have focused on testing the
hlete in the environment of competition (16,22,30). The
\portance of performing testing instead of relying on
Imptoms, lack of symptoms, or surveys as a method of EIB
gnosis or exclusion has been emphasized because of a
ik of correlation between subjective symptomatic param-
lers and testing positive for EIB (7,10,13,14,21-23). In

{RCISE-INDUCED BRONCHOSPASM IN RUNNERS

analyzing the survey results to correlate those testing posi-
tive for EIB and giving a positive response to survey ques-
tions, we found a positive correlation with only one ques-
tion: “Have you ever missed work or school because of
chest tightness or shortness of breath?”” This finding corre-
lates with a study by the Sports Medicine Committee of the
American Academy of Allergy and Immunology (27). The
remainder of the questions did not correlate to those testing
positive and reconfirms the findings of others suggesting
that reported symptoms do not correlate with either the
presence or absence of EIB (7,10,13,14,21-23).

The other questions that were positively correlated both
dealt with current medications. One large team (with 35
members) was taking supplements as recommended by the
coaching staff, so the statistically significant finding con-
cerning current use of medications and OTC herbs, supple-
ments, and vitamins may have been spurious. We found
significance to the reporting of at least one symptom of
asthma and/or EIB, as 13 of 16 EIB-positive athletes an-
swered “yes” to at least one of six questions regarding
symptoms of EIB. One half (49 of 98) of the EIB-negative
athletes also reported at least one symptom of EIB, however,
demonstrating the lack of specificity of reported EIB
symptoms.

Environmental testing. The location of exercise testing
for EIB has been examined recently, and an emphasis has been
placed on testing athletes in the environment in which they
compete (16,22,30). At issue is the potentially asthmogenic
nature of the air in the environment in which athletes actually
compete and train. Athletes may be especially sensitive to
allergens, colder temperature, air pollutants, and other environ-
mental triggers, and may demonstrate bronchospasm when
exposed to these variables (8,19,20,26). This is a practical
observation because athletes are concerned with increasing
performance where they train and compete, and not in an
artificial environment such as a temperature-controlled labora-
tory setting. Performing the exercise challenge in the environ-
ment was of specific interest in our study population of local
collegiate athletes, as the Los Angeles metropolitan area and
Inland Empire have a reputation of poor air quality and many
out-of-town athletes complain of asthma and allergy-like
symptoms on arrival to the area.

Interestingly, during the testing there were no smog alerts

and the air cLuality was reported as good to moderate. For
nuuuuéu un L\,ulyvuuuu,, nuluIty, aunu all l.l(«llallll/lblb

were similar in all locations as measured by proximate
SCAQMD monitors, controlling and recording acute
changes in air quality, temperature, and allergens is difficult.
Testing in the training environment was a strength of our
study, yet it may have been a confounding variable across
training sites. It is known that cold, dry air will produce an
increased asthmogenic response, and if the athletes were
preparing to compete in a colder or drier climate, it would
be advantageous to test the athletes in those climatic
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extremes in order to determine the true positive rate
(13,14,30).

CONCLUSION

This study demonstrated a prevalence rate of EIB among
collegiate cross-country runners not taking medications for
asthma or EIB to be at least 14%. This value suggests that
a significant percentage of collegiate runners will develop
bronchospasm if exposed to an intense exercise challenge.
This study also demonstrated a lack of correlation between
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