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ABSTRACT

The purpose of this experiment is to determine the effect of two forms of
warm-up on post exercise bronchoconstriction in athletes with exercise-
induced asthma. Twelve moderately trained persons with asthma were
tested under three experimental conditions: continuous warm-up (CW),
interval warm-up (IW), and control (C). CW consisted of 15 minutes of
treadmill running at a velocity corresponding to 60% VO, max followed
by an exercise challenge test (ET = 6 minutes at 90% VO, max). IW
involved 8 x 30 seconds runs (1.5 minutes rest between bouts of exercise),
at anintensity equivalent to 100% VO, max, followed by an ET. C consisted
of only the ET. FEV,, FVC, and MMEFR were measured prior to the
experimental conditions, repeated before the ET, and every 2 minutes
during a 25 — minute passive recovery period, using a Breon spirometer.
Post-exer cise changesin pulmonary function wererecorded asthe largest
decrease in FEV, FVC, and MMEFR during the recovery period, and
expressed as a per centage of baseline values. Sgnificant differenceswere
detected in % FEV , % FVC and %MMEFR, in comparing C, CW, and IW,
respectively. Scheffe's test detected significance between C and CW for
all three dependent variables, no statistical significance between C and
IWor IWand CW occurred. These data indicate that a continuous warm-
up of 15 minutes at 60% VO, max can significantly decrease post exercise
bronchoconstriction in moderately trained athletes.
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INTRODUCTION
During an exercisechdlengethemost intense symptomsof exercise-induced asthma
(EIA) occur after 6-8 minutes of exercise; beyond thistimethe severity may begin
to decrease and thishas|ed to the observation that some patients can “run through”
their asthma (Fitch and Godfry, 1976). After exercise, 40-50% of personswith
EIA will berefractory to an exercisetask performed within 2 hoursof theinitial
challenge (Bar-Yishay and Godfry, 1984). The mechanismsresponsiblefor this
refractory period are not completely understood and may berelated to increase
circulating levelsof catacholamines (Barnes, Brown and Silverman, 1981) or to
depletion of mediatorsfrom mast cells (Edmunds and Godfry, 1978; Eggleston,
1986). ElA isprecipitated by cold, dry air and inhibited by inspiring warm, humid
air (Chenand Horton, 1977). It has been suggested that Respiratory Heat L oss
(RHL) actsasastimulusto EIA (Anderson et al., 1982; Dedl, M cFadden, Ingram
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and Jaeger, 1979; Dedl et a ., 1979; Mcfadden, 1983). Thetype of exercisethat
will inducearefractory period hasnot been well established, nor hasthe effect of
previousexerciseon RHL. A warm-up period prior to vigorousexerciseiswidely
recommended and isconsidered to offer physiological, psychological, andinjury
preventing benefits (Morton, Fitchand Davis, 1979). However, the effect of warm-
up exerciseon El A hasnot been extensvely investigated. Schnall and Landau (1980)
havereported that seven, repeated, 30— seconds, highintensity runs, precedinga
6 minutesexercisechdlengeresultedin sgnificantly lessbronchocondriction. Morton,
Fitch and Davis, (1979) limit their warm up period to 3 minutesat an intensity
equivalent to 60% VO, max. They were unable to demonstrate a significant
differencein post exercise bronchoconstriction and suggested that the duration of
exerciseshould beincreased. Asthesetwo typesof warm-up exercisesarefrequently
chosen by athletesin preparationfor morevigorousactivities, thisstudy isdesigned
to comparethe severity of bronchoconstriction, following a6 minute exercise
challengetest, in athleteswith exerciseinduced asthmawho were exposed to 15
minutes of continuous, moderateintensity exercise, 8 x 30 seconds, highintensity,
interva runningimmediately prior tothechallengetest.

METHOD

Subjects: Twelvemoderately trained athletes, ninefemalesand threemales, (age
=26.5+ 2.2 years, height =169.2+ 2.6 kg, VO, max =52.5+ 1.3 ml.kg-.min
1 with EIA volunteered for the study. The study was approved by the clinical
screening committeefor research and other studiesinvol ving human subjects, written
informed consent was obtained from all participants. All subjectswerereceiving &-
agonistsin aerosol form (Salbutamol) and/or cromolyn sodium to control their
disease. Thecriteriafor inclusionin the study were amaximal oxygen update
(VO,max) of >45ml.kg*.min', apositive histamine challengetests, and a>15%
fall in FEV following an exercise challengetest. The subjectswere nonsmokers
and did not haveany additiona pulmonary function abnormalities. Prior totreadmill
testing they did not participateinany form of physica activity nor ingest caffeinefor
4 hours.

FitnessAssessment (FA): Prior to themaximal exercisetest, aprescribed dose
of the subjects’ bronchodilator was self administered. Maximal oxygen uptake
(VO,max) wasdetermined during aprogressive continuoustreadmill run. Following
abminutewarm-up at 2.22m.s?, thetreadmill speed wasautomatically increased
t00.22m.s* each minuteuntil volitional fatigue. Heart ratewasmonitored by direct
electrocardiography (Avionics 4000 Electrocardigraph). Expired gases were
continuoudy sampled and respiratory gasexchange variableswere measured with
aBeckman metabolic measurement Cart interfaced to aHewlett Packard 3052, a
dataacquisition system. Themean for thefour highest consecutive 15-svauesfor
oxygen consumption wastaken asthe maximal oxygen consumption.
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Pulmonary Function (PF): These were measured at rest using a Collins
spirometer prior to beginning the study. Forced Expiratory Volumein 1 second
(FEV ), Maxima Mid-expiratory Flow Rate (MMEFR), and forced vital capacity
(FVC) were measured. The highest of threetrials was recorded. Each subject
completed ahistamine challengetest to assessthe degree of bronchial reactivity. A
continuous breathing method was used; thisinvolved inhalation of increasing
concentrationsof histamineduring tidal volumebreathing for 2 minutesinterval.
Salineinhalationisused as control. The maximum dose of histamine givenwas
16mg.mil-* (Juniper, Cockroft and Hargreave, 1991). Pulmonary function was
measured after each concentration of histamineuntil afall in FEV, of 20% or more
occurred. A 20% or greater fall in FEV, with ahistamine concentration (PC,) less
than 8.0mg.ml* was considered to beapositivetest (indicative of bronchia hyper
reactivity (Cockroft, Murdock, Berscheid and Gore, 1992).

Exercise Challenge Test (ECT): Each subject underwent an exercise challenge
test that consisted of a6 minutetreadmill run at avel ocity corresponding to 90%
VO, max for confirmation of thediagnosisand to act asacontrol for thestudy. The
treadmill speed was prescribed using the values determined during thefitness
assessment. Pulmonary function measuresweredetermined using aBreon spirometer
(Model 2400) prior to thetest and every 2 minutes during a25 minute passive
recovery following thetest. Post exercise changeswererecorded asthelargest
decreasein FEV ,, FVC, and MM EFR during recovery, expressed asapercentage
of baseline values. A >15% fall in FEV following the exercise challenge test
representing the criteriafor apositivetest.

Peak Expiratory Flow Rate (PEFR): Thisrateisthe maximum of peak rate (or
velocity), inlitersper minute, withwhich air isexpelled with maximum force after a
deep inspiration. The peak expiratory rateisthe maximum flow rate or peak flow
rateof air, during asingleforced expiration. Thisestimationisuseful indistinguishing
reversible (e.g. asthma) fromirreversible (e.g. emphysema) diseases. The peak
flow meter, which measures PEFR, isof special vauein casesof athmawherethe
effectiveness of treatment with abronchodilator can be quickly evaluated. For
example, aPEFR of, say, 150 litersYmin may improveto 300 litersmin. withina
short time of inhalation of the drug. But the meter isnot useful for assessing the
degreeof disability of patientswith lung fibrosisand other restrictive conditions
becausethey may have normal expiratory flow rate. The measurement of theeffect
of training in athletesisyet another application of the Wright peak flow meter.

Timed Vital Capacity (FEV): Itisthelargest volumeof air aperson can expel
from thelungswith maximum effort after first filling the lungsfully by adeepest
possibleinspiration. It amountsto 3.5 liters. The FEV isadynamic capacity. Ina
normal person, asingleforced expiration takes about 3 seconds, and thetracing
thusobtainediscalled an“expiratory spirogram” Thefractionsof FVC are: 80%in
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1 second (FEV ), 93%in 2 seconds, and 98% in 3 seconds. The FEV , iscalled
the“first expiratory volumeat 1 second (FEV )" or “forced expiratory volumein 1
second”. Inadditionto FVCand FEV , theaverage expiratory flow rateduring the
middle50% of FV C, aso called “ maxima mid-expiratory flow rate” (MMEFR;
OR FEF 25-50%) can also be calculated

Respiratory Heat Loss(RHL): During theexercisetesting theambient temperature
and pressure, relative humidity, and the expired gasvolume and temperature were
recorded and used to calcul ate the respiratory heat and water lossaccording tothe
equation of Strauss, Jagger and M ¢ Fadden (1986).

RHL =VE (HC[Ti —Te+Hv (Wci-Wce)],

Where
RHL = respiratory heat loss(Kcd.min™)
VE = ventilation (I.min BTPS),
HC = specific density of air (0.304 x 102 Kcal .l °C?),
Ti = inspired temperature°C,
Te = expired temperature°C,
Hv = heat of vapourization of water (0.58 Kcal.g?).
Wa = water content of inspired air (mg.I%),
Wce = water content of expired air (mg.I ™).

After completing baselinetesting, each subject then participated in three
experimental sessions. Each sessionincluded atreatment intervention, a2 —minute
rest period, an exercise challenge test and a passive recovery. The control (C)
condition involved no activity during thetreatment intervention period. Continuous
warm-up cons sted of a15—minute continuoustreadmill run at avel ocity equivaent
to 60% VO, max. Interval warm-up consisted of 8 x 30 seconds runs on the
treadmill with 1.5 minute rest between sprints. Theintensity of the sprintswasa
treadmill velocity corresponding to 100%V O, max caculated fromtheinitid fitness
assessment. These conditionswerefollowed by a2 minuterest period to allow for
pulmonary function measurementsand achangeintreadmill velocity. Theexercise
chdlengetest followed immediately. A basdine measure of pulmonary functionwas
taken prior to treatment intervention. A pre exercise challengevauewastaken 1
minuteprior to the exercise chalengetest. Eleven post exercise challengemeasures
wererecorded during therecovery phaseat thefollowingtimes: 0.5, 2, 4, 6, 8, 10,
12, 14, 16, 20, and 25 minutes. Percent fall in FEV , MMERF, and FVC were
ca culated using thelowest va ues obtained during recovery. The pulmonary function
dataand RHL were analysed using four separate ANOVAS. When significant
differenceswerefound apost-hoc Scheffe stest was used to determine differences
between trestments. Satistical sgnificancewasinferredfor P<0.01for dl ANOVAS
to offset possible a-error dueto multiple comparisons, and P < 0.05 for post-hoc
anayses.
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RESULTSAND DISCUSSION

Subjects: Table 1 presentstheindividual physical characteristicsof the subjects.
These athletes were moderately trained having a range of maximal oxygen
consumption of 45—60ml.kg*min? (mean £SD =52.7 + 4.6). Each subject was
confirmed ashaving bronchial hyperreactivity by a>20%fal inFEV, at aPC, of
<8.0 mg.ml* during the histamine challengetest. EIA wasal so confirmed by a
>15%fal in FEV  following theexercisechalengetest. Inthisstudy each subject
satisfied thecriteriafor both increased bronchial reactivity and EIA.

Pulmonary Function Measures. The basdline pulmonary function measuresthat
were taken prior to each experimental session were within 10% of the values
obtained during the prdiminary pulmonary functiontesting (Table 2). Following the
treatment intervention, the pre exercise chalenge measures, taken 1 minuteprior to
exercise challenge, confirmed that bronchoconstriction was not induced by the
treatment intervention. These measureswere within a15% decreasein baseline
values. Themean challengesin FEV ,, MMEFR, and FV Cfor each treatment are
presented infigure 1. Therewasasignificant differencein the percentage change of
FEV,, % MMEFR, and % FV C between thethree conditions (P< 0.01). Scheffe's
post-hoc comparison reveal sthat significant differences P <0.05 occurred inal
pulmonary variablesbetween the control and the continuouswarm-up conditions
only. Post-hoc comparisonsfailed to show sgnificant differencesbetween the control
and interval warm-up conditionsor between the continuouswarm-up and interval
warm-up conditionin any spirometry measurement.

Thedatarelated to respiratory heat and water lossare presented ontable
3. Therewereno gatisticaly significant changesin comparing thethreeexperimenta
conditions. Thisstudy indicatesthat 15 minutesof continuousexercise, a anintengty
equivaent to 60% of maxima oxygen consumption, followed by anexercisechdlenge
test, resultsin significantly lesspost exercise bronchoconstriction than if nowarm-
up took place. All subjectsdemonstrated astatistically significant decreasein %
FEV, % MMERF, and %FV C following the continuouswarm-up intervention, in
comparisonwith baselinetesting (figure 1). Six of the 12 subjectsdecreased their
FEV lessthan 15% foll owing theexercisechallengetest after the continuousaerobic
exercise and therefore did not satisfy thecriteriafor EIA. Thissuggeststhat, in
someindividualswith exercise—induced asthma, 15 minutes of acontinuous,
moderateintensity, warm-up prior to more strenuous exercisewill significantly
decreaseor prevent post exercisebronchocondtriction. Theinterva warm-up period
had less of an effect on post exercise bronchoconstriction following thisform of
intervention; two of the subjects demonstrated a greater than 15% decreasein
FEV , from basdlinevalues. Therewasaslight decreasein %FEV , % MMEFR,
and % FV C, between theinterval and control condition (figure 1), but itisclear
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that repeated, high-intensity exerciseinthe pattern previousy described offersonly
amodest protection to the athletewith EIA. Thereare severa anecdotal reports
that suggest warm-up prior to exercise decreases post exercise bronchocondriction.
Unfortunately, the specificity of thewarm-up activity hasnot beenlooked at in
details. Morton, Fitch and Davis(1979) determinethe effect of awarm-up, ona
treadmill, limited to 3 minutes at an intensity equivalent to 60% VO,max. No
sgnificant differencesin post exercise bronchocondtriction were detected inthe 18
subjectsstudied. However, it was suggested that the duration and intensity of the
warm-up procedure should beincreased prior to rejecting the hypothesi sthat warm-
up can effect EIA. Reiff et al (1989) used thissuggestion and studied seven patients
with asthmafollowing 30 minutes of sub-maximal exerciseand reported that this
form of exercisecouldinducerefractorinessto EIA.

Theintensity of exercisewas approximately 64% of the maximal aerobic
capecity (VO,max ~50 ml.kg*.min™) and themean heart rate during thewarm-up
was 88% of the predicted maximum. An exercise challenge test conducted 21
minutes after thewarm-up run demonstrated amean maximal fall in FEV, of 17%
compared to the control challengetest which resultedin a46%fall. PEFR was
amilarly affected (27% V S51%). Theresultsof the present study arein agreement
with those of Reiff, Choudry, Prideand Ind (1989) and support the suggestion of
Morton, Fitch and Davis (1979), it is apparent that the duration of continuous
warm-up must belonger than 3 minutesin order to affect the degree of airway
constriction. Schnall and Landau (1980) used interval training as awarm-up
procedure and observed a statistically significant decrease in post exercise
bronchoconstriction, asreflectedin PEFR, FEV ,, and FEF 25% - 75%, following
aseriesof 7 x 30—second sprints (2.5 minutes between sprints) in six subjects.
Theseresultsalso agree with the present study, although our changesweremore
modest and did not show statistical significance.

Severd authorshave reported that repesated exercisewill diminishthe post
exercieincreaseinarway res stancein patientswith EIA (Bar-Yishay and Godfrey,
1984; Ben-Dov, Bar-Yishay, and Godfrey, 1982; James, Facianeand Sy, 1976).
Thisrefractory period isrelated to thetimeinterval between exercise sessions.
Edmunds, Tooley and Godfrey (1978) demonstrate asignificant improvementin
the PEFR in saven of eight patientswhen theinterva between testswas 30 minutes.
Schoefel, Anderson, Gillam and Lindsay (1980) report that 12 of 29 patients had
sgnificant protectionfrom EIA onrepested chalenge 40 minutesapart while James,
Facianeand Sly (1976) observe protectioninonly 2 of 10 personswith asthma
whentheinterval between testswas 60 minutes. When exerciseisrepeated after 2
hoursthereisno changefromtheinitia response (Edmunds, Tooley and Godfrey,
1978). Inthisstudy, therewere no significant differencesin thevauesfor RHL
during thethreetrials. These datademonstrate that thereductionin %FEV |, %
MMERF, and % FV C seen after the continuous and interval warm-up isnot dueto
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heat or water lossfrom the airways. These results support the data of Anderson
and Schoeffd (1982), who studied 16 patientswith asthmaexposed to two exercise
challengetests 40-52 minutes apart. Fifty percent of the subjectshad significant
protection from EI A following the second challenge but therewasno differencein
themagnitude of heat or water lossfrom the airwaysduring exercise. Theauthor
interpreted these findings asrepresentative of therange of sensitivity to thesame
degreeof heat and water lossin the popul ation with asthma. Ben-Dov, Bar—Yishay
and Godfrey (1982) havea so reported asimilar disassoci ation between RHL and
the magnitude of the post exercise bronchoconstriction. Theseauthorsusedinspired
gasesof different temperaturesand humidity and thus manipulated the RHL under
each condition. Therefractory periodsthat occurred after exercisewere, however,
identical and thereforewerenot dueto changesin RHL.

Thereare other factorsthat have been promoted as contributing to this
refractory period. Thetime-dependent rel ationship between EIA and repeated
exercise suggeststhat the mechanism responsiblefor the protection of theairways
may bedueto the depl etion of mediatorsof bronchocondtriction that must bereplaced
before asecond bout of equal reactivity can occur. Depletion of mast cell mediator
storesisapopular theory to explain therefractory period that follows exercise
(Edmunds, Tooley and Godfrey, 1978; L ee, Assoufi, and Kay 1983; Schoeffel,
Anderson, Gillam and Lindsay, 1980). Godfrey (1975) hastheorized that warm-
up causesagradua dischargeof themast cell mediators, and atimefor replenishment
isrequired. If exerciseresumesimmediately following warm-up, the depl eted
mediator goreswill havealimited effect onthesmooth musclecdls. Thisexplanation
fitswiththedatafrom the current sudy. Withtherelatively low intengity of exercise
during the continuouswarm-up, agradual mediator rel ease could occur (Godfrey,
1977). Fifteen minutes of slow mediator release may be sufficienttoresultina
substantial decrease in the mast cell mediator stores and thispossibly led to a
significant decreasein post exercise bronchoconstriction following theexercise
challengetest. In these subjects, the higher intensity intermittent activity did not
produceasignificant protection.

If themediator depletion theory isvalid, then theduration of thewarm-up
period would appear to bethe most critical variableinthe exercise prescription
and should be emphasized in patients with asthmawho wish to exercise. The
mechanismsresponsiblefor therefractory period are not completely understood
and the heterogenaity of theresponseto exercisemay underlinethedifferent opinions
reported intheliterature (Margol skee, Bigby and Boushee, 1988; Morton, Fitch
and Davis, 1979). There are opponentsto the mediator depl etion theory (Belcher,
Murdock and Dalton, 1988; Broideet al., 1990; Jarjour and Calhoun, 1992), and
the most recent explanation of therefractory period centerson achangeinthe
intra-airway thermal environment secondary to the rel ease of catecholamines
(Gilbert, Lennen and M cFadden, 1988). Theinterval conditiondid not resultina
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datistically significant changeinany of the spirometry data. Thismay beduetothe
interval nature of the activity and thefact that thisrepresentsatota of only 4 minutes
of activity. Towd|-trained athletesthisisamild training stimulus, and the periods of
rest between sprints (1.5 minutes) may have been enough to allow near complete
recovery between bouts of running. It isalso possible that the exercise was of
insufficient magnitudeto significantly change catecholamineleves. Itisspecul ated,
however, that someintra-airway changesmay have occurred that wereresponsible
for the small observed decreasesin % FEV , % FVC, and % MMEFR in each
individud.

Tablel: Individua Subject Data

Subject Height Weight VO, max PC

No. Age  Sex (cm) (cm) (ml.kg?* - min?) (mg.rrzﬁ—l)
1 24 F 159.8 53.0 54.4 0.50
2 22 F 170.0 68.0 50.3 0.26
3 24 M 181.2 65.8 52.5 0.70
4 25 F 158.0 55.5 50.1 0.50
5 21 F 160.8 50.7 56.1 0.26
6 20 M 165.5 75.3 45.6 0.20
7 42 M 165.5 75.3 45.6 0.26
8 42 F 170.6 62.5 56.7 0.10
9 25 F 159.7 57.5 69.2 0.50
10 23 F 165.5 56.6 51.6 4.00
11 23 F 165.5 56.6 51.6 0.70
12 28 F 171.5 66.3 45.0 4.00
Mean 26.5 169.2 62.3 52.7 1.00
+SD 7.8 9.5 9.0 4.6 1.40
VOmax = Maximum Oxygen consumption express relative to body mass;

PC,, (mg.ml-1) = Provocation Concentration causing a 20% fall in FEV1
Source: Experimentation, 2013

Table2: BasdineVauesof FEV1, MMEFR, FVC (liters, means+ SD)

Condition V1 MMEFR R/C

Control 342+1.05 3.22+141 421+1.15
Continuous exercise 3.30+0.91 3.03+1.29 4,08+1.02
Interval exercise 3.35+0.93 311+1.26 417+1.01

Source: Experimentation, 2013

Table3: Meanvaues(+SD) for inspired (Ti) and expired (Te) air temperature, minute ventilation
and calculated RHL during all three experimented conditions

Condition Ti(oC) Te(oC) Ve(l.min-1)

RHL (kcd.min-1

Control 20+1.2 31.9+05 729454 1.20+04
Continuous exercise 20.1+1.8 32.2+0.6 705+5.2 1.23+04
Interval exercise 20.7+16 325+0.7 68.7+4.2 1.17+0.3

Source: Experimentation, 2013
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Figure 1. Percentage decrease in FEV1, MMEFR and FVC in comparison with baseline
measures following each experimental condition.
* Continuous warm-up condition is significantly different than control
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CONCLUSION

Thisstudy hasdemongtrated that acontinuous period of moderatdy intenseexercise
caninduceasdgnificant protective effect intheathletewith EIA. Theduration and
intengity of exercisechosen for thisstudy iscomparableto that frequently chosen
by athletesto achievethe cardiovascul ar, thermoregulatory, psychological, and
injury-preventing benefits desired by this population. Such a program can be
prescribed for the active personswith asthmathat will enableincreased activity
with lessrisk of bronchoconstriction. Aninterval exerciseprogramwill aso show
positive changesin the degree of bronchoconstriction but thesewill besmall and
thisform of warm-up will be much less effective than the program that utilizes
continuousexercise.
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