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Respiratory heat/water loss alone does not 
determine the severity of exercise-induced asthma 
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ABSTRACT: Respiratory heat loss (RHL) or water loss (RWL) have been 
proposed as possible triggering factors in exercise and byperventnation-induccd 
asthma (EIA and HIA). It has recently been demonstrated that exercise 
intensity and climatic factors are both important in determining the severity of 
EIA. Eight young asthmatics performed both exercise and isocapnic hyperventi
lation (IHV) manoeuvres under identical climatic conditions, as part of our 
investigation of these interactive factors which determine the severity of the 
asthmatic response. It was found that, when challenged at low ventilatory levels, 
exercise produced a significantly attenuated asthmatic response compared to 
IHV. The fall in forced expired volume in J sec (&FEV 1) following exercise was 
15 ± 4% as compared with 27 ± 3% after IHV (p < 0.002). It is concluded that 
while the hypernoea in exercise may serve as a trigger, exercise per se 
introduces an additional factor which serves to limit the full response seen with 
IHV. This attenuated response is revealed at low ventilatory levels but is 
masked at high levels. 
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Respiratory heat loss (RHL) has been proposed as 
the triggering factor in exercise-induced asthma (EIA) 
[7]. More recently, ANDERSON et a!. carried out a 
number of studies, which led them to conclude that 
respiratory water loss (RWL) rather than R HL was the 
more important factor in determining EIA [1 1]. T hese 
two theories are attractive, since they attempt to unify 
the mechanisms leading to bronchoconstriction after 
different types of challenge such as exercise and 
isocapnic hyperventilation (IHV). Both theories, how
ever, basically concluded that the exercise itself is not 
essential and serves only as a means to stimulate 
hypernoea [1, 13]. Remarkable similarity between EIA 
and hyperventilation-induced asthma (HIA) at rela
tively high ventilatory levels has also been reported by 
several investigators [6, 7, 12]. 

An opposing view has been suggested by some 
studies, which have described responses unexplained 
by the RH.L and RWL theories [3, 8]. We recently 
showed an interaction which suggests that exercise 
intensity determines the severi ty of EIA whilst 
climatic conditions act as modifying factors [16]. T he 
aim of this study was to determine whether it is 
R WL/RHL alone that determines the severity of 
exercise-induced asthma even at more modest levels 
of work or ventilation. 

Methods 

Eight young asthmatics aged 10- 17 yr with known 
EIA took part in the study (table 1). Informed consent 

was obtained from the subjects and their parents in 
every case. No bronchodilator medication was taken 
for at least 8 h prior to any test. Only one of the 
children was receiving aerosol steroids which were 
continued at the same dose schedule during both 
tests. 

The study consisted of two tests performed in 
random sequence. The tests were completed within 
two days in seven patients and within two weeks for 
the remaining patient (No. 4). One test consisted of 6 
minutes of cycling at a fixed load and the second test 
consisted of a similar period of IHV. The exercise test 
was planned in such a way as to achieve roughly 1/3 
of predicted maximum oxygen consumption. For 
those who performed the hyperventilation challenge 
first the target ventilation was set to a level that would 
be predicted to develop during exercise at 1/3 of 
predicted maximum oxygen consumption. At the end 
of the first test we calculated R WL and the second test 
was planned in such a way as to achieve the same 
RWL. 

The exercise was performed on an electronically 
braked ergometer (Lode Jnst., N.V., Holland). Dur
ing the hyperventilation tests end tidal Pco2 was kept 
at resting level by adding 1- 2% carbon dioxide to the 
inspired air. During both tests, expired gas was passed 
through a pneumotachograph (Fieish No. 3) to a 
mixing chamber and gas analysers (P.K. Morgan, 
England). The data was fed on line to a computer 
(DEC PDP 11/73, Mass., USA) and a printout of 
heart rate, ventilation and gas exchange was obtained 
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Table 1. -Patient data 

Subject Sex Age Height Weight Regular 
yr em kg Treatment 

1 M 10.5 140 30 ISB 
2 M 14.0 165 41 ISB 
3 M 14.5 165 59 ISB 
4 M 12.5 154 40 ISB.BDP 
5 M 16.0 165 44 ISB 
6 F 10.0 136 32 ISB 
7 F 17.0 170 60 ISB 
8 F 14.0 147 34 ISB 

ISB: Intermittent sympathomjmetic bronchodilators; BDP: Beclomethasone diproprionate 

every 15 s. This information was used to guide the 
children to cycle or hyperventilate at rates that 
resulted in minute ventilation levels needed to achieve 
the same pattern of breathing and the same RWL. 

Both tests were performed whilst breathing cold 
(O±O.SOC), dry air (0 mgH20// air), which was 
supplied to the inspiratory port of the respiratory 
valve box. It was prepared by passing compressed air 
through calcium chloride and a copper coil, which 
was immersed in an iced water bath, and then through 
a simple refrigeration circuit. The tubing system was 
thermally insulated and the temperature of the 
inspired gas was measured 1 em from the inspiratory 
port at the valve box with an accurate mercury 
thermometer. The temperature of the expired gas was 
recorded during exercise with a high response ther
mistor (Model 530, Yellow Springs Instrument Co., 
Ohio, USA). The thermistor tip was suspended at the 
entrance to the rubber mouth piece in such a way as 
to be wholly within the mouth, but not touching the 
sides of the tubing or the tongue. Its 90% response 
time to a sudden temperature change was found to be 
0.51 s. The humidity of the inspired gas was checked 
by weighing a small canister containing calcium 
chloride before and after the passage of one litre of 
the inspired gas. The water content of the expired air 
was calculated assuming full saturation. 

The RWL in g/min was calculated by multiplying 
the minute ventilation by the difference in water 
contents between inspired and expired air. The RHL 
was calculated using the equation of DEAL et a/. [7]. 
The severity of the induced asthma is expressed as 
maximal post challenge fall in FEV 1 as a percentage 
of the baseline value (.1FEY 1 %) defined as: 

Baseline FEV 1 -

.1FEY (%)= Lowest post exercise FEY1 x 100 1 Baseline FEY 1 

Predicted values for FEV 1 and maximum oxygen 
consumption were calculated from the data of 
GODFREY [I 0]. 

Statistical comparisons were made by means of one 
way analysis of variance and by paired t-test, with the 
level of significance being taken as p < 0.05. 
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fig . I. The severity of exercise and hyperventilation induced 
asthma. Both tests were performed under the same conditions of 
respiratory beat loss and respiratory water loss. The mean ± sE.M is 
given for each test. 

Results 

Mean (±SEM) values of baseline FEY1 as well as 
various parameters obtained during the last two 
minutes of the tests are shown in table 2. The mean 
oxygen consumption for the exercise test was 20± I 
ml/rnin/kg. The pattern of breathing was simjlar in 
both tests with no significant differences in frequency 
or tidal volume. 

Individual values of RHL and RWL during the two 
challenges are presented in table 3. There was no 
significant difference in RHL or RWL between the 
tests. Expired air temperature was found to be slightly, 
but significantly, lower during exercise but we could 



EXERCISE AND HYPER VENTI LA TTON- INDUCED ASTHMA 255 

Table 2. - Mean (±SEM) values for various parameters 
measured during both tests. 

Exercise Hyperventilation 

Baseline FEV1 81.00±3 81.00±4 

%pred 

Minute ventilation 28.00±3 28.00±3 
//min 

Frequency of breathing 30.80±5.6 34.20±8.1 

f/min 

Tidal volume 1.00±0.34 1.01±0.42 

I 

Expired air temperature 31.00±0.2 32.10±0.3 
oc 

not attribute this difference to any particular para
meter. Despite these similarities, the induced asthma 
was significantly less following exercise (15 ± 4%) than 
after hyperventilation (27±3%; p<0.002). (fig. l) 

Discussion 

This study has shown that at mild levels of exercise 
or IHV and at the same level of RHL and RWL, there 
is no significant difference between EIA and HlA. 
This finding contradicts most published reports, 
including our own [6, 7, 12]. However, most of these 
studies were performed at high levels of exercise and 
ventilation. One study that used moderate levels of 
ventilation was inappropriate, in that the response to 
the two types of challenge were undertaken in 
different subjects [7]. To the best of our knowledge, 
the present study is the only one in which the same 
subjects were challenged with mild levels of exercise 
and IHV. 

Our results could be said to be due to the fact that 
the two challenges were not identical in terms of their 
minute ventilation response profiles. As seen in table 
2, the pattern of breathing during the steady state 
portions of the challenges were similar. It is true that 
steady state ventilation is normally achieved later in 
exercise, whilst during IHV challenge, it is usually 
fully developed from the onset of the manoeuvre. We 
instucted our subjects to increase their ventilation 
gradually so as to reach the target ventilation level at 
roughly the same time as in their exercise manoeuvres. 
Furthermore, since all previous publications at high 
ventilatory levels have shown the two challenges to 
result in similar responses, albeit the likely mismatch 
in ventilatory response profiles, we do not believe that 
total ventilation envelope during IHV caused the 
increased asthmatic response. 

It is possible that the attenuated response to 
exercise is due to the release of endogeneous cate
cholamines, being absent during IHV. However, as 
no difference in the response to exercise or IHV has 
previously been observed when the challenges were 
performed at greater intensities [6, 7, 12), and as the 
role of catecholamines in EIA and HIA is very 
controversial [4, 18, 19], we do not believe that the 
answer lies in this mechanism. 

GELB et a/. [9] and O'BYRNE and JoNES [17] 
suggested a bronchodilating effect of inhibitory 
prostaglandins during exercise. Since release of these 
mediators is not believed to occur in IHV, this may 
contribute to the differences in our study. While this 
possibility is attractive, tbe full extent of the inter
action of prostaglandins, thromboxanes and other 
mediators in the pathophysiology of EIA and IHV 
remains to be clarified. MCFADDEN et al. [14] recently 
demonstrated that the severity of EIA is dependent on 
the rapidity and magnitude of airway rewarming post 
challenge. BAILE et a/. [2] and McFADDEN and 
PrCHURKO (15) suggested that bronchial and/or 
pulmonary circulation may be determined by the 

Table 3.- Individual values of respiratory heat and water los.ses and of 6FEV1 (%)as measured following both tests. 

PATIENT EXERCISE HYPERVENTILATION 

no. RHL RWL 6FEV
1 

RHL RWL 6FEV1 
kcal/min gm/min % kcaVmin gm/min % 

1 0.58 0.67 4 0.65 0.74 24 
2 0.70 0.80 15 0.71 0.81 24 
3 1.21 1.38 29 1.24 1.41 25 
4 0.68 0.77 34 0.68 0.78 44 
5 0.76 0.87 1 0.83 0.95 18 
6 0.56 0.67 10 0.56 0.64 25 
7 1.18 1.35 11 1.12 1.29 30 
8 0.59 0.67 12 0.71 0.83 25 

Mean 0.78 0.90 15 0.81 0.93 27 
±sEM 0.09 0.11 4 0.09 0.10 3 
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local thermal needs of the airways. Since cardiac 
output is increased during exercise, this increase could 
act to better protect asthmatic subjects during 
exercise as compared to IHV challenges. T hus, it 
seems possible to us that the attenuated response 
observed with exercise relates to the increase in 
bronchial blood fiow, which is effective in providing 
some protection, but only at low levels of exertion. It 
should be reemphasized that most published studies 
have been undertaken at high levels of exercise and of 
IHV where this attenuated response was not ob
served. If there were a plateau effect in this protection, 
the differences between EIA and HIA would not 
necessarily be apparent at high levels of exercise and 
hyperventilation. 

In conclusion, the results of the present study 
suggest that whilst it is possible that the increase in 
ventilation during exercise acts as a trigger, exercise 
per se introduces an additional factor which may act 
to limit the full response observed following IHV. 

References 

I. Anderson SO. - Issues in exercise induced asthma. J Allergy 
Clin Jmmunol 1985, 76, 763-772. 
2. Baile EM, Dahl by RW, Wiggs BR, Pare PD. - Role of tracheal 
and bronchial circulation in respiratory heat exchange. J Appl 
Physiol, 1985, 58, 217- 222. 
3. Bar-Yishay E, Gur I, I nbar 0, Neuman I, Olin RA, Godfrey S. 
- Difference between swimming and runnjng as stimuli for exercise
induced asthma. Eur J Appl Physiol, 1982, 48, 387- 397. 
4. Barnes PJ. Brown MJ, Silverman M, Dollcry CT.- Circulating 
catecholamines in exercise and hyperventilation-induced asthma. 
Thorax, 1981, 36, 435- 440. 
5. Ben Dov I, Bar-Yishay E, Godfrey S. - Refractory period 
following exercised-induced asthma unexplained by respiratory 
heat loss. Am Rev Respir Dis, 1982, 125, 530- 534. 
6. Ben Dov I, Gur I, Bar-Yishay E, Godfrey S. - Refractory 
period following induced asthma: contributions of exercise and 
isocapnic hyperventilation. Thorax, 1983, 38, 849- 853. 
7. Deal EC, McFadden ER, Ingram RH, Jaeger JJ. - Hyperpnea 
and heat flux: irutial reaction sequence in exercise-induced asthma. 
J Appl Plrysiol: Respirat Environ Exercise Physio/, 1979, 46, 
476- 483. 
8. Eschenbacher WL, Sheppard D. - RHL is not the sole stimulus 
for bronchoconstriction induced by isocapnic hyperpnea with dry 
air. Am Rev Respir Dis, 1985, 131,894- 901. 
9. Gelb AF. Tashkin DP, Eplinstein JD, Gong H Jr, Zamel N. -

Exercise induced bronchodilation in asthma. Chest, 1985, 87, 
196-201. 
10. Godfrey S. - In: Exercise testing in children. Saunders, 
London, 1974. 
II. Hahn A, Anderson SD, Morton AR. Black JL, Fitch KD. -
A re-interpretation of the effect of temperature and water content 
of the inspired air in exercise-induced asthma. Am Rev Respir Dis, 
1984, 130, 575-579. 
12. Kilham H. Tooley M, Silverman M. - Running, walk.ing and 
hyperventilation causing asthma in children. Thorax, 1979, 34, 
582-586. 
13. McFadden ER. - An analysis of exercise as a stimulus for the 
production of airway obstruction. Lung, 1981 , 159, 3-11. 
14. McFadden ER, Lenner KAN, Strohl KP.- Post exertional 
airway rewarming and thermally-induced asthma. New insights 
into pathophysiology and possibly pathogenesis. J Clin Invest, 
1986, 78, 18-25. 
IS. McFadden ER. Pichurko BM. - Intra-airway thermal profiles 
during exercise and hyperventilation in normal man. J Clin Invest, 
1985, 76, 1007-1010. 
16. Noviski N, Bar-Yishay E, Gur I, Godfrey S. - Exercise 
intensity determines, and climatic conditions modify the severity of 
exercise-induced asthma. Am Rev Respir Dis, 1987. In press. 
17. O'Byrne PM, Jones GL. - The effect of indomethacin on 
exercise induced bronchoconsriction and refractoriness after 
exercise. Am Rev Respir Dis, 1986, 134, 69- 72. 
18. Stearns DR, McFadden ER, Breslin FJ . Ingram J R. -
Reanalysis of the refractory period in exertional asthma. J Appl 
Physiol: Respirat Environ Exercise Physiol, 1981, SO, S03-508. 
19. Zcilinski J, Chodowska E, Radomyski A, Araskiewicz Z, 
Kozlowski S. - Plasma catecholamines during exercise-induced 
bronchoconstriction in broncrual asthma. Thorax, 1980, 35, 
823-827. 

RESUME: IJ a ete suggere que Ia perle de chaleur respiratoire 
(PCR) ou perLe d'eau respiratoire (PER) sont des facteurs possibles 
de declenchement de !'asthma provoquc par l'exercice et par 
!' hyperventilation (APE et APH). II a ete demontre recemment que 
l'intensite de l'exercice ainsi que les facteurs climatiques sont des 
determinants importaots de Ia gravitc de !'APE. Hcit jeunes 
malades asthmatiques ont chacun fait des exercices et accompli des 
manoeuvres d"hyperventilation isocapniques (HVI) dans des 
conditions climatiques identiques dans le cadre de notre enquete 
sur ces facteurs determinants interactifs de Ia gravite de Ia reponse 
astltmatique. Nous avons trouve que, accompli a des niveaux de 
ventilation peu eleves l'exercice a declenchc une response asthmati
que nettement plus attenuee que dans le cas de I'HVI. La chute du 
volume expire force en une seconde (t. VEF 1) a pres exercice etait de 
15±4% par rapport a 27±3% apres HVl (p<0.0002). L'hyperno· 
"ia qui accompagne l'exercice pouvant servir de declencheur, nous 
en avons conclu que l'exercice lui-mcme introduit un facteur 
supplementaire qui limite Ia reponse max.imum constatee tors de 
I'HVI. Cette reponse attenuee se manifeste a des niveaux de 
ventilation bas mais est masquee lorsquc ces niveaux sonL cleves. 




