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Bronchoconstriction due to exercise combined with 
cold air inhalation does not generally influence 

bronchial responsiveness to inhaled histamine in 
asthmatic subjects 

P. Tessier, A. Cartier, H. Ghezzo, R.R. Martin, J.L. Malo 

Bronchoconstriction due to exercise combined with cold air inhalation does not 
generally influence bronchial responsiveness to inhaled histamine in asthmatic 
subjects. P. Tessier, A . Cartier, H. Ghezzo , R.R. Martin , J.L. Malo. 
ABSTRACT: We investigated immediate and late changes in airway 
responsiveness to histamine, after bronchoconstriction due to exe.rcise combined 
with inhalation of cold air, in ten asthmatic subjects who came on six days. On 
the first visit, the provocation concentration producing 20% faJI in FEV 1 
(PC10) histamine was obtained. After functional recovery, each subject walked 
on a treadmill whils t breathing dry, cold ai.r. This resulted in an immecliate fall 
> 15% (mean ± so== 31.9 ± 11.0%) in forced expiratory volume in one second 
(FEV1). Following recovery, PC10 was measured again. FEV 1 was then 
monitored for up to 6-8 h. PC10 was measured then and on the two foUowing 
days at the same time of the day. Subjects were studied on three control days 
using the same design except that a resting peri.od replaced the exercise with 
cold air. The mean changes in PC10 at each interval after exercise combined 
with cold air were not statistically significant. Physiologically significant 
changes were obtained in only two subjects, reaching a maximum 8 h after the 
manoeuvre. In these subjects, changes in PC10 were reproducible during a 
second series of visits. It is concluded that bronchial responsiveness to histamine 
is not generally inOuenced by the bronchoconstriction due to exercise combined 
with cold air. 
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Non-allergic bronchial hyperresponsiveness to 
pharmacologic agents can be modified by previous 
exposure to an allergen in an acute challenge 
procedure in the laboratory [8] and in the environ
ment [6] as well as an antigenic or 'sensitizing' agent 
in the laboratory [15] and at work [9, 10, 16]. 
Exposure to pollutants such as ozone or sulphur 
dioxide (S02) can also modify airway responsiveness 
in a transient way [7]. Inhalation of water can also 
increase airway responsiveness although this effect is 
minimal [5] and lasts for only two hours [28). There 
are controversies as to whether exercise has any effect 
on airway responsiveness to histamine or methacho
line (21, 29, 31 , 33]. Cold air inhalation increases 
airway response to inhaled methacholine but the 
magnitude of this effect is minimal [27, 32]. 

inhaling cold air can cause changes in bronchial 
hyperresponsiveness. The aim of the present study 
was to determine if the combined stimuli of exercise 
and cold air inhalation alter the level of bronchial 
hyperresponsiveness to histamine in asthmatic sub
jects. Exercise can cause dual bronchospastic re
actions [4, 26]. Any possible effect was thus examined 
immediately, after 6- 8 h and on the two days 
following exposure to both stimuli. 

Asthmatic subjects can be exposed to combined 
stimuli at the same time, such as exercising whilst 
inhaling cold air. These conditions can be encoun
tered in the work place. In the diagnosis of occupa
tional asthma, identification of a non-specific as 
opposed to a sensitizing mechanism, through moni
toring of bronchial hyperresponsiveness at work and 
off-work, is now used more frequently [9, 10, 16]. It is 
relevant, therefore, to know if exercising whilst 

Methods 
Subjects 

Ten adult subjects who satisfied the criteria for 
asthma of the American Thoracic Society [14] and 
who showed significant (2:: I 5% fall in FEY 1), 

immediate bronchoconstriction after performing an 
exercise whilst breathing cold air participated in the 
study. There were eight females and two males, aged 
16- 45 yr (table 1). Each subject was in a clinically 
steady state (no recent increase in bronchodilator 
medication, no nocturnal awakenings due to asthma, 
variation in FEY 1 $ 10% from one visit to the next 
except for three subjects for whom it was between I 0 
and 15% ). Exposure to unusual allergens (pollens and 
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Table I.- Baseline anthropometric, clinical and physiological results for the ten asthmatic subjects 

Sex Age Atopy* Duration Medication~ FEY I FEV/FVC FEF1S·1S% PC2o 
n of asthma 

(y) %pred % %pred mg·ml·1 

1 M 42 3 B2;T 102 65 49 0.17 
2 F 30 D 16 B2;T;Be 75 64 31 0.07 
3 F 17 + 3 B2prn 111 86 94 1.27 
4 F 21 + 7 B2prn 67 61 25 0.64 
5 M 45 + 10 B2;Be 64 60 23 1.16 
6 F 28 1.5 B2 100 80 64 1.30 
7 F 44 + 40 B;T;Be 87 65 36 0.11 
8 F 24 5 B2prn 89 88 74 0.39 
9 F 38 6 B2prn 87 72 42 0.93 
10 F 16 + 16 B2 88 79 49 1.17 
Mean: 30.5 10.8 86.7 72.1 48.7 0.48t 
so: 11.1 11.5 15.3 10.4 22.8 3.0t 

*Atopy:+ if at least one immediate skin reaction to 15 common inhaled allergens; D: dermographism ;~ : B2: inhaled beta-2 adrenergic 
agents; T: theophylline derivatives; Be: inhaled beclomethasone; prn: only if needed; t : geometric mean and so 

animals), for which subjects might have shown 
immediate skin reactivity, was avoided for at least 
two weeks before the tests and during the study 
period. No subject reported upper or lower respira
tory tract infections in the previous two months or 
during the study period. 

Before each visit, current medication was withheld 
for the intervals suggested by the special committee of 
the American Academy of Allergy [12]; inhaled beta-
2-adrenergic agents were stopped 8 h before the tests, 
whereas inhaled beclomethasone was unchanged. 
Two of the three subjects on inhaled beclomethasone 
took 100 11g of this drug one hour before the exercise 
test. Oral sustained-release theophylline derivatives 
were stopped 48 h before the first visit. A written 
consent was obtained from each subject and the 
project was accepted by the hospital ethics committee. 

Study design 

Each subject came to the laboratory on six different 
days. On the first day, a histamine inhalation test 
(HIT) was performed with determination of the 
provocative concentration causing a 20% fall in 
FEY 1 (PC20). After functional recovery (FEY 1 back 
to ± 5% baseline), an exercise test whilst breathing 
cold air was performed, foiJowed by functional 
recovery (criteria as above). The histamine inhalation 
test was then repeated. FEY 1 was monitored hourly 
thereafter until 6-8 h after the end of the challenge 
with exercise and cold air. A third histamine 
inhalation test was then carried out. In the last six 
subjects, maximum peak expiratory flow rate (PEFR) 
was monitored at the same time as FEY 1 and up to 
10-12 h after the end of the challenge. The histamine 
inhalation test was repeated 24 and 48 h respectively 
after the third histamine test of day I. Another set of 
three study days was completed with a similar 
protocol, except that a resting period replaced 

exercise with cold air. The study design is illustrated 
in the following flow chart: 
1st day: HIT-Recovery-Exercise-Recovery
HJT-FEY1 monitoring(6-8h) - -----HIT 
2nd day: HIT 
3rd day: HIT 
(HIT= histamine inhalation test). 
The order of the active and control days was not 
randomized. Indeed, as there were 3- 7 days between 
the beginning of each period, it seemed to us unlikely 
that a stimulus which was applied at a minimum 
interval of three days before would significantly 
influence results of the control days. Subjects were 
asked to avoid strenuous exercise and rested in the 
laboratory at least 15 min before the first test of each 
study day. The study was carried out during summer 
months. 

Material and methods 

Spirometry: Spirometric measurements, including 
FEY 1, forced vital capacity (FYC), FEV 1/FYC ratio, 
and maximum midexpiratory flow rates (FEF 25 _ 75%), 
were obtained according to the proposed standards of 
the American Thoracic Society [2]. These were 
measured with a Collins 9-1 water spirometer (Warren 
E. Collins inc., Braintree, Mass.). 

Histamine inhalation test: The histamine inhalation 
test was performed according to a standardized 
procedure [I 7] at tidal volume breathing for 2 min, 
using a Wright's nebulizer (output=O.l4 ml/min; 
mean mass diameter of inhaled particles= 1.3 ~m). 
After inhalation of phosphate buffer saline, increasing 
two-fold concentrations of histamine from 0.03 
mgfml to a maximum of 4 mgfml were inhaled. 

Exercise and cold air inhalation tests: The exercise test 
consisted of a walk on a treadmill (Pacer R3, Pacer 
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Table II. -Subjects' features in the last minute of exercise 

n Power* Duration VB* YO* 2 RQ Cardiac RHE* Texp* Water FEY,• 
frequency/min loss* fall 

kpm/min min //min ml/min %max obs %max Kcal/min oc rnl/min % 

1 1228 6 62.1 2118 79 0.96 132 72 1.57 22 1.21 40.6 
2 676 6 34.3 1236 53 0.93 120 63 0.82 22 0.67 38.5 
3 1282 4.5 61.0 162 81 1.43 22 1.19 17.7 
4 1166 5.5 49.9 1702 61 0.85 150 77 1.28 23 1.03 26.2 
5 736 5.5 48.9 1886 78 0.84 120 66 1.17 21 0.90 53.6 
6 1246 5.8 52.0 1748 72 0.94 168 88 1.10 18 0.80 38.0 
7 357 5.5 27.8 1079 61 0.85 126 70 0.86 28 0.76 22.5 
8 719 6 45.4 1499 44 0.89 132 68 1.13 22 0.88 20.7 
9 811 6 60.5 1998 69 0.98 162 88 1.29 18 0.93 3L6 
10 811 6 33.4 1138 53 0.90 150 75 0.94 23 0.59 29.5 
Mean: 903 5.7 47.5 1600 63 0.90 142.2 75 1.18 21.9 0.90 31.9 
so: 310 0.5 12.3 382 12 0.05 18.3 8.6 0.28 2.81 0.20 11.0 

Values were obtained just before the end of exercise except for the results with an • representing mean values of the last minute of 
exercise; NO: not obtained; RQ: respiratory quotient; RHE: respiratory heat exchange. + : Immediate maximum fall in FEV1 

Industries Inc., Carollton, Tex.) for a duration 
varying from 4.5- 6 min (table II). The duration of 
exercise depended on the level of ventilation achieved. 
Comparable levels of ventilation had been shown to 
cause significant bronchoconstriction on a previous 
visit. During the exercise, the subject breathed cold air 
supplied by an Air Jet Brea thing Device (FTS System, 
Stoneridgc. NY) which a ll ows the produc~ion o f 
adequate volumes of dry air which ca n be conditioned 
to temperatures varying from - 30 °C to + 40 °C. The 
dry air was supplied by compressed air at 140 psi. 
Cold air was directed to the subject through a ' Hans 
Rudolph' valve No. 2700 (Hans Rudolph, Kansas 
City, M iss.). the extra air being evacuated to room 
air. The portio n of the va lve on the side of the moutl1 
was sepa rated by a plexiglass wall in order to avoid 
the contamina tio n of the cold inspired ai r by the 
conditioned expired air. The expired air was directed 
to a damping device and then to a pneumotachograph 
(Fleisch No. 3). The recorded expiratory flow was 
integrated to provide minute-ventilation (VE) in litres. 
Temperatures of the inspired ( - 20 oc ± 5 oc of 
maximum variation) and expired air were measured 
with probes which were positioned at a distance of l 
em outside of the inspiratory end of the valve and at I 
em of the dental arcade on the expiratory side of the 
valve. Rapidly-responding (3 msecfchangc of degree 
celsius) thermocouples (Extech, Boston, Mass.) al
lowed the assessment of inspiratory and expiratory 
temperatures which were continuously recorded on 
paper. After a minimum of 3 min following the 
beginning of exercise, expired air was collected to 
provide. oxygen and carbon dioxide (C02) contents. 
Thus, VE, respiratory frequency, tidal volume, ex
pired C02, as well as inspiratory and expiratory 
temperatures and electrocardiogram were continu
ously recorded on paper throughout the challenge. 

After each period of exercise and cold air inhala
tion, the response was assessed with FEY 1 measure
ment every minute until the lowest value was 
recorded, then every 5- 15 min until recovery. 

Analysis of results 

Reference values for spirometry were obtained 
from KNUDSON et a/. [25]. Predicted values for 
e~ercise heart frequency and oxygen consumption 
(Vo2) were obtained from JoNES eta/. [24]. Hjstaminc 
dose-response curves were drawn on a semilogarith
mic noncumulative scale. PC 20 value was interpolated 
on the curve. Respiratory heat exchange (RHE) and 
water loss were obtained from the formula described 
by D EAL et a/. [ 18] and HAHN et a/. [22] respectively, 
assum ing full saturation of the expired air. 

Studen t's paired Hest was used to compare: I ) 
absolute PC 20 results at each interval after the 
exercise with cold air, as compared with the baseline 
value before exercise; 2) differences between PC20 
results at each interval after exercise and baseline 
values, as compared with the same differences 
obtained on control days. These data were analysed in 
logarithmic transformation. ln order to take into 
account the multiplicity of testing (4 paired t-tests) 
using only one baseline result on the active and 
control series of tests respectively, the Bonferroni 
adjustment was used and the level of statistical 
significance was set at 0.0125 (i.e. 0.05/4) [20]. 

Results 

Table I demonstrates that three subjects had a 
baseline FEV 1 < 80% predicted. All but one subject 
had a FEF25 _ 75.,. < 80% predicted. PC20 results on 
the first test carried out on day l demonstrated severe 
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to moderate airway hyperresponsiveness [17). Data 
on exercise are listed in table II. Expired temperature 
varied from 18- 28 oc as there was some contami
nation of the inspired and expired air even if the valve 
was divided close to the mouth. Time of recovery 
before the second histamine test varied from 40- 190 
min (mean = 89.5 min). Only one subject (No. 1 0) 
showed, on one occasion, a significant(~ 10%) late 
fall in FEV 1 (27% fall 6 h after the first challenge), 

which was not seen on a second series of tests carried 
out several months later. After baseline assessment, 
there was an increase in FEV 1 which was not 
significantly different on the active and control days 
(table III). After the third histamine test on day 1, 
there were no significant (~ 10%) falls in PEFR in 
the last six subjects who continued to monitor PEFR 
at home in the evening. Table IV lists the serial 
results of PC20 on the active and control days. PC20 

Table Ill.- FEV1 values(~ before each histamine inhalation test 

Active days Control days 
Before After Before After 

n lmrned 6-8h 24h 48h Immed 6-8h 24h 48h 

1 3.50 3.49 3.98 4.14 4.13 4.05 4.06 4.29 3.65 4.12 
2 1.75 2.45 2.04 2.40 2.45 1.89 2.25 2.17 2.73 2.33 
3 3.53 3.60 3.52 3.66 3.52 3.50 3.51 3.51 3.65 3.67 
4 2.01 2.15 2.19 2.27 2.12 2.18 2.11 2.43 2.31 2.16 
5 2.07 2.04 2.26 2.59 2.24 2.34 2.42 2.55 2.44 2.61 
6 2.95 2.86 2.95 2.92 2.96 2.94 2.92 3.08 2.91 3.05 
7 2.16 2.31 2.25 2.32 2.43 2.45 2.30 2.43 2.38 2.39 

(2.25) (2.20) (2.04) (2.08) (2.10) 
8 2.61 2.61 2.72 2.60 2.55 2.59 2.59 2.44 2.60 2.48 

9 2.47 2.45 2.50 2.44 2.45 2.52 2.49 2.51 2.27 2.44 
10 2.83 2.72 2.67 3.10 3.01 2.82 2.97 2.88 2.99 3.07 

(2.90) (2.76) (3.07) (3.13) (3.28) 
Mean: 2.59 2.66 2.71 2.84 2.79 2.73 2.76 2.83 2.80 2.83 
SD: 0.62 0.52 0.62 0.62 0.63 0.64 0.62 0.65 0.52 0.64 

Immed : immediately after recovery from the bronchoconstriction due to exercise with cold air (active) or after rest (control); 24 
h and48 h : respective intervals after the previous histamine test; values obtained during a second series of tests before and after the 
active manoeuvre are listed in parentheses for subjects nos 7 and 10; arithmetic means and so are given. 

Table IV. - PC
20 

results in mg/ml on the active and control days for the ten asthmatic subjects 

Active days Control days 
Before After Before After 

n lmrned 6-8h 24h 48h Immed 6-8 h 24h 48h 

1 0.17 0.26 0.42 0.42 0.56 0.46 0.72 0.52 0.28 0.42 
2 0.07 0.09 0.07 0.16 0.23 0.06 0.09 0.08 0.14 0.04 
3 1.27 1.65 1.17 2.25 2.23 2.34 2.46 1.84 1.42 2.65 
4 0.64 0.81 0.63 1.08 0.88 0.95 0.99 1.65 1.65 0.63 
5 1.16 0.96 0.81 0.43 1.25 0.67 0.47 0.55 0.92 0.56 
6 1.30 0.83 0.61 1.33 1.22 0.77 1.28 1.71 0.95 1.40 
7 0.11 0.15 0.03 0.03 0.06 0.15 0.16 0.09 0.15 0.11 

(0.25) (0.12) (0.04) (0.05) (0.15) 
8 0.39 0.55 0.56 0.55 130 1.00 0.89 0.75 1.30 0.72 
9 0.93 0.99 1.05 1.32 1.35 1.20 1.03 0.76 0.62 0.95 
10 1.17 0.38 0.28 3.10 3.00 0.59 0.57 0.55 0.51 1.08 

(1.05) (0.72) (0.36) (1.10) (1.49) 
Mean: 0.48 0.49 0.37 0.60 0.81 0.57 0.61 0.57 0.59 0.53 
so: 3.03 2.52 3.31 3.95 3.19 2.89 2.67 3.04 2.48 3.44 

Immed : immediately after functional recovery from the bronchoconstriction due to exercise with cold air (active) or after rest 
(control); 24 hand 48 h : respective intervals after the previous histamine test; figures in parenthesis are the results obtained during 
a second series of tests before and after the active manoeuvre; geometric means and so are given. 
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results at each time interval after the exercise with 
cold air, as compared with the baseline value, were 
not significantly different on the active days. Similar 
results were obtained on the control days. Also, the 
changes in the PC20 results after the exercise with 
cold air as compared with baseline results were not 
significantly different on the active and control days 
at each respective time interval. These differences 
showed a trend towards improvement in PC20 at the 
interval '48 hours' on the active series of tests 
(t = 2. 70, p = 0.024; level of significance required by 
the Bonferroni adjustment= 0.0 125). However, there 
were two subjects (Nos 7 and 10) who showed 
significant falls in PC20 after exercise with cold 
air. These changes were beyond those observed on 
the control days. For subject No. 10 a late broncho
constriction was demonstrated after the stimulus 
(see above) but FEV 1 was only -6% of baseline 
when the histamine test was performed. This effect 
on bronchial responsiveness to histamine was repro
ducible when a second series of tests was carried 
out seven months later in subjects No. 7 and 10. 
Finally, there were no significant changes in 
PC20 on the control days for these two subjects. 
Subjects No. 1 and 2 showed an improvement in 
PC20 after the active manoeuvre but a significant 
variability in PC20 was also observed for the control 
assessments. 

Discussion 

The present study shows that bronchoconstriction, 
induced by exercise combined with cold air inhala
tion, does not significantly and generally influence 
bronchial responsiveness to histamine. So far, only 
the effect of one or other of these two stimuli on 
bronchial responsiveness has been studied . The 
absence of changes in bronchial responsiveness after 
both stimuli cannot be attributed to medication. In 
the present study, only two subjects took inhaled 
beclomethasone before the manoeuvre and the dose 
was minimal. 

Two subjects demonstrated significant physiologi
cal changes (> 3.2-fold difference) [19], that were 
maximum 6-8 h after the challenge. These changes 
were absent on control days and were reproducible 
during a second series of tests. One of these two 
subjects had shown a significant late bronchospastic 
reaction before the histamine test, which was per
formed at a time when FEV 1 was at -6% of baseline. 
Changes in PC20 might be more sensitive than 
spirometry in detecting late events following an 
antigenic challenge [3, II , 34]. This might also apply 
to other stimuli. 

Several features of the changes in bronchial 
responsiveness after exposure to an antigenic or a 
'sensitizing' stimulus seem to distinguish them from 
those encountered after exposure to other stimuli. 
These differences might be linked with the fact that 
late bronchospastic reactions are common in the 
former situation and rare in the latter, especially 

after exercise, as shown recently [30]. Firstly, in the 
case of an antigenic stimulus, these changes can be 
recorded with PC20 which is an index with a widely 
recognized clinical usefulness. Secondly, the changes 
normally last several days and are generally con
stant. In the case of other stimuli (pollutants, viral 
infections, water inhalation, exercise, cold air·and the 
combination of both stimuli) the changes seem to be 
of lesser magnitude, more transient and Jess constant 
than after an antigenic stimulus. Changes in bron
chial responsiveness after ozone or so2 exposure 
have been recorded with airway resistance or con
ductance which are more sensitive indices than PC20 
as assessed by FEV1 [19]. Changes in PC20 have not 
been studied after exposure to pollutants. Also, 
modification in non-allergic bronchial responsiveness 
following exposure to pollutants are usually more 
transient and last for only a few hours or a day [7]. 
Although significant changes in bronchial respon
siveness have been described after viral infections by 
using airway resistance or conductance [7], it has 
been shown that these changes are minimal, infre
quent and transient if PC20 is used [23]. It has 
recently been observed that inhalation of water can 
also increase airway responsiveness [5, 28] but in a 
more modest and transient way than allergen expo
sure, as the described changes are not greater than 
the between-day variability of the test. The same 
comments may apply to exercise, cold air and the 
combination of both stimuli. Exercise is particularity 
interesting as it is now recognized as a combination 
of physical and osmotic stimuli [1). 

Our findings are clinically relevant for two reasons. 
Firstly, they indicate that changes in PC20 encoun
tered in an asthmatic subject after work will show that 
he has been exposed to an antigenic or 'sensitizing' 
and not to an irritant agent. The specificity of the 
diagnosis of occupational asthma, defined as a type of 
asthma caused or exacerbated at work by exposure to 
a 'sensitizing' (non-irritant) agent, can thus be 
enhanced by combining peak expiratory flow rate 
monitoring to serial monitoring of non-allergic 
bronchial responsiveness [9, 13). Indeed, assessment 
of PC20 is blind to the subject whereas peak 
expiratory flow rate is not. Moreover, PC20 is not 
significantly affected by irritant or physical stimuli 
(exercise, cold air and the combination of both 
stimuli), which might frequently be present at work in 
some asthmatic subjects. Secondly, they indicate that 
the assessment of bronchial responsiveness to histam
ine in cold countries is not significantly altered if a 
subject comes to a laboratory after exercising while 
breathing cold air outside. 
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RESUME: Nous avons invcstigue les changements immediats et 
tardifs de l'hyperexcitabilite bronchiquc non-allergenique a )'his
tamine apres un bronchospasme induit par l'excrcice combine a 
!'inhalation d'air froid chez dix subjets asthmatiques adultes qui 
ont cffcctue six visites. Lors de Ia premiere visitc, Ia concentration 
d' histaminc provoquant unc chute de 20% du VEMS (CP20) fut 
obtenue. Apres recuperation fonctionnclle, chaque sujet a marchc 
sur un tapis roulant tout en respirant de l' air froid sec. Ceci a cause 
un changement > 15% du VEMS (moyenne et ET=31.9± 11.0%) 
chez to us les sujets. A pres recuperation fonctionnelle, Ia CP 20 fut 
obtenue a nouveau. Lc VEMS fut par Ia suite mesure a. chaque 
heure jusqu'a 6-8 heures aprcs Ia manoeuvre. La CP 20 fut obtenuc 
une derniere fois lors de cette journee, puis le lendemain et le 
surlendemain a Ia memc heure. Nous avons egalcmcnt etudie les 
sujcts lors de trois visites temoins en uti1isant le meme devis sauf 
pour !'absence d'exercice tout en inhalant l'air froid. Lcs 
changements moyens de Ia CP 20 a chaque intervalle a pres l'exercise 
combine a !'inhalation d'air froid ne furent pas statistiquement 
differents. Des changements physiologiquement significatifs ne 
furent notes que chez deux sujets, l'effet maximal sc produisant 8 
heurcs apres Ia manoeuvre active. Chez ces deux sujets, les 
changements decrits furent reproductibles lors d'une seconde serie 
de visites. Nous concluons que l'hyperexcitabilite bronchique non
allergeniquc a !'histamine n'est generalement pas modifiee par le 
bronchospasmc secondaire a l'excrcice combine a !'inhalation d'air 
froid. 




