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AIRWAY RESPONSES IN HEAL THY AND ASTI-Ilv1ATIC SUBJECTS 
FOLLOWING EXPOSURE TO LOW AMBIENT AIR TEMPERATURE 
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Ventilatory capacity following exposure to low ambient air temperature (-5 °C) was measured in 46 male and 37 female medical 
students. In healthy subjects there was an increase in all test parameters during a four-hour exposure as compared to preexposure 
values. However, six students with bronchial asthma showed a decrease in ventilatory capacity tests following exposure to low tempera­
ture. The changes in healthy subjects as well as in asthmatics were most pronounced for the maximal flow rates at 50% and the last 25% 
of the vital capacity (FEF50, FEF25). The mean increase in FEF25 for healthy subjects was recorded up to a +15.1 % and +6.4% increase 
in nonsmokers and smokers, respectively. In asthmatics, the largest decrease of FEF25 was -21.5%. Authors' data indicated that envi­
ronmental exposure to low ambient air temperature caused an increase of ventilatory function tests in healthy subjects and a decrease 
in asthmatics, particularly in flow rates at lower lung volumes. 
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INTRODUCTION 

Hyper-responsiveness of the tracheobronchial tree 
following the inhalation of cold air with or without 
hyperpnea has been desoibed by several authors.I, 
2 Weiss et al. 3 have suggested that airway respon­
siveness to isocapneic hyperventilation with cold air 
reflects nonspecific bronchial hyper-responsiveness. 
Tn the general population, cold air challenge in par­
ticular has proven to be a sensitive measure of air­
way reactivity.4 Seindenberg et aJ.5 reported on 
bronchoconstriction in asthmatic children to be in­
duced by cold air challenge. Nicolai et aJ.6 reported 
that reactivity to cold air challenge in otherwise 
healthy schoolchildren increased with the number of 
episodes of asthma. Zach et al? observed the use of 
cold air challenge in children to be characterized by 
small airway reactivity, and the response to cold to 
better demonstrate the clinical sevetity of asthma as 
compared to the information from histamine chal­
lenge. Similarly, O'Cain et al.ll have in normal sub­
jects, that aitway cooling may also cause changes in 
the lung function. Reisman et aJ.9 described a drop 
in FEVl following cold air challenge in asthmatic 
children. In a study of Guleria et aJ.10 it is suggested 
that direct action of cold air on the upper respiratory 
tract in healthy subjects is responsible for mild local 
airway obstruction. The study of Berk et al. 11 sug­
gests that cooling of the skin can also induce bron­
choconstriction in both asthmatics and normal sub­
jects. There is, however, no available information on 
the effects of "body cooling" on respiratory function 
in people who live in cold environments. 

1n the present study we investigated the effect 
of exposure to low ambient air temperature on the 

lung function in a group of medical students during 
normal daily activity. 

SUBJECTS AND METHODS 

Subjects 

The study included 83 medical students (46 men 
and 37 women) aged 22 to 25 years, mean age 23 
years. Forty one percent of men were regular smok­
ers, smoking on the average 29 cigarettes daily, whe­
reas only 24% of women were regular smokers, 
smoking on the average lS--20 cigarettes daily. 

RespiratonJ symptoms 

Chronic respiratory symptoms were recoreded by a 
modification of the British Medical Research Council 
Committee questionnaire on the etiology of chronic 
bronchitis. 12 The following definitions were used: 

Chronic cough/phlegm: cough and/or phlegm 
production on most days for at least three months 
in the year; 

Chronic bronchitis: cough and phlegm for a mi­
nimum of three months in the year and for not less 
than two successive years; 

Dyspnea grades: grade 2 - shortness of breath 
when hurrying on the level or walking up a slight 
hill; grade 3 - shortness of breath when walking 
with other people on level ground; 

Asthma: chest tightness, cough, wheezing, short­
ness of breath accompanied by reversible obstructive 
lung function changes confirmed by medical re­
cords. 

97 



E. Zu~kin, E. N. Schachter, J. Mustajbcgovic Anway Responses in Healthy and Asthmatic Subjects Following Exposure to Low 
Ambient Air Temperature. Acta med. Croat. Vol. SO (1996) No. 2, pp 97-101 

Ventilntory mpncity 

Ventilatory capacity was measured by recording 
maximal expiratory flow volume (MEFV) curves on 
a Pneumoscreen spirometer Oaeger, Wurzburg, Ger­
many). Measurements were performed according to 
the recommendation of the European Respiratory 
Society. 13 MEFV curves were recorded in the morn­
ing at 8 am and again every one hour over a 4 hour 
period during normal activity with the ambient tem­
perature of -5° C. We measured the forced vital 
capacity (FVC), one-second forced expiratory vol­
ume (FEVl) and maximal flow rates at 50% and the 
last 25% of the vilal capacity (FEF50, FEF25) on 
MEFV curves. Al least three MEFV curves were re­
corded for each subject and the best value of the 
three technically satisfactory MEFV curves was taken 
as the result of the test. The pre-exposure measured 
values of ventilatory capacity tests were compared 
to the predicted values of Quanjer.14 

RESULTS 

Table 1 presents ventilalory capacity data obtained 
in 27 male nonsmokers. There was a mean increase 
in all tests with the maximal increase of 2.9% for 
FVC, 3.6% for FEVl, 6.7% for FEF50 and 15.1 % for 
FEF25. 

Table 3 shows the ventilatory capacity data in 28 
female nonsmokers. The largest increase was 5.0% 
for FVC, 5.5% for FEVl, 10.1 % FEF50 and 8.7% for 
FEF25. 

In 9 female smokers (Table 4), this increase was 
smaller: 3.4% for FVC, 2.5% for FEVl, 2.2% for 
FEFSO and 4.9% for FEF25. The pre-exposure meas­
ured values in female smokers and nonsmokers 
were more than 80% of the predicted normal values. 

All changes in ventilatory capacity in healthy 
male and female students during the 4-hour of cool­
ing period were not significantly different from the 
pre-cooling values (NS). 

Table 5 presents the maximal percentage change 
in ventilatory capacity during 4 hour cooling in six 
male nonsmoking students with bronchial asthma. 
Asthmatic subjects were not taking any medication 
during Lhe study period. In contrast to healthy sub­
jects, all asthmatics showed a considerable decrease 
in all parameters, which was particularly pronounc­
ed for FEFSO (range, 9.1% to 16.2%) and in FEF25 
(range, 11.3% to 21.5%). The pre-cooling measured 
values (as a percent of the predicted) for these six 
subjects varied from 90.5% to 80.6% for FVC, from 
84.3% to 78.5% for FEVl, from 80.7% to 75.4% for 
FEFSO and from 79.4% to 71.4% lo FEF25. 

Table 1 
Changes of ventilatory cnpacity in 27 male nonsmokers during 4-hour exposure to low ambient air temperature 

FVC FEV1 FEF50 FEF25 

Time Measured Change Measured Change Measured Change Measured Change 

L % L 

Before 5 52 4.67 

exposure ±0.73 ±0.85 

Exposure (min) 

60 5 65 +2.3 4.79 

±0.75 ±0.78 

120 5.64 +2 2 4.81 

±0.69 ±0.86 

180 5.67 +2 7 4.84 

±1.14 ±0.90 

240 5.68 +2.9 4.83 

±0.69 ±0.89 

Table 2 presents ventilatory capacity data for 19 
male smokers. The maximal mean increase was 
2.4%, for FVC, 3.2% for FEVl, 6.4%, 5.6% for FEFSO 
and 6.4% for FEF25. This increase, particularly for 
FEF25, was smaller than that of FEF25 in male non­
smokers. The pre-exposure (baseline) measured val­
ues in male smokers and nonsmokers were more 
than 80% of the predicted normal values. 
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% Us % Us % 

6.54 3.11 

aa2.39 ±1.45 

+2.6 6.59 +0.7 3.18 +2.3 

±2.30 ±1.39 

+2.9 6.86 +4.8 3.32 +6.8 

±2.40 ±1.45 

+3 6 6.96 +6.4 3.50 +12.5 

±2.36 ±1.41 

+3.4 6.98 +6.7 3.58 +15.1 

±2.37 ±1.44 

DISCUSSION 

Our data showed that exposure of healthy subjects 
to low ambient air temperature did not cause a 
decrease of ventilatory capacity. On the contrary, 
there was an increase (not statistically significant) in 
the lung function following the 4-hour cold expo­
sure. This increase was similar to that recorded in 
workers not exposed to pollution, whose lung func-
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Table 2 
Changes of ventilatory capacity in 19 male smokers during 4-hour exposure to low ambient air temperature 

FVC FEV1 FEF50 FEF25 

Time Measured Change Measured Change Measured Change Measured Change 

L % L % Us % Us % 

Before 5.51 4,63 6.24 3.14 

exposure ±0.63 ±0.80 ±2.10 ±1.50 

Exposure 
(min) 

60 5.52 +0.2 4.65 +0.4 6.25 +0.2 3.17 +0.9 

±0.71 ±0.86 ±1.99 ±1 .54 

120 5.58 +1.2 4.67 +0.9 6.51 +4.3 3.30 +5.1 

±0.70 ±0.86 ±2.05 ±1 .58 

180 5.64 +2.4 4.73 +2.2 6.57 +5.3 3.31 +5.4 

±0.61 ±0.78 ±2.14 ±1 .47 

240 5.64 +2.4 4.78 +3.2 6.59 +5.6 3.34 +6.4 

±0.65 ±0.81 ±2.12 ±1 .52 

Table 3 
Changes of ventilatory capacity in 28 male nonsmokers during 4-hour exposure to low ambient air temperature 

FVC FEV1 FEF50 FEF25 

T,me Measured Change Measured Change Measured Change Measured Change 

L % L 

Before 3.37 3 47 

exposure ±0.45 ±0.55 

Exposure 
(min) 

60 3.91 +3.7 3.59 

±0.50 ±0.56 

120 3.96 +5.0 3.62 

±0.47 ±0.51 

180 3.95 +4.8 3.65 

±0.44 ±0.52 

240 3.95 +4.8 3.66 

±0.46 ±0.52 

lion was measured before and after the morning 
shift (6 a. m. and 2 p. m.). 15 Our data are also 
similar to those reported by other authors. 9, 16-18 

In our six asthmatic subjects there was a decrease 
in ventilatory capacity tests which was particularly 
pronounced in FEF50 and FEF25 (range 9.1 %-
21.5% ). Such a decrease in ventilatory capacity tests 
in our asthmatics caused by body cooling could be 
compared to the bronchospasm seen following in­
halation of cold air. Wiebicke et al. 19 pointed to the 
role of histamine as a mediator in exercise-induced 

% Us % Us % 

5.67 3.46 

±0.76 ±0.95 

+3.5 5.86 +4.7 3.50 + 1.2 

±0.68 ±0.92 

+4.3 6.20 +9.3 3.71 +7.2 

±0.92 ±1.07 

+5.2 6.24 +10.1 3.74 +81 

±0.94 ±1 .09 

+5.5 6.24 +10.1 3.76 +8 7 

±0.91 ±1 .07 

asthma, but not in isocapneic hyperventilation of 
cold air. Exercise tests while inspiring cold dry air 
caused exercise-induced asthma in asthmatic sub­
jects. 20 Strauss et al. 21 have reported that in a­
symptomatic atopic subjects, a small acute broncho­
constrictive effect of cold-air breathing occurred at 
rest, but the magnitude of the response was mark­
edly enhanced during exercise. Heat loss and/or 
water loss from the airways during exercise have 
been described as a cause of exercise-induced 
asthma in asthmatic subjects by Chen and Horton. 
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Table 4 
Changes of ventilatory capacity in 9 female smokers during 4-hour exposure to low ambient air temperature 

FVC FEV1 FEF50 FEF25 

Time Measured Change Measured Change Measured Change Measured Change 

L % L 

Before 3.78 3.50 

Exposure ±0.48 ±0.43 

Exposure 
(min) 

60 3.84 + 1.6 3.51 

±0.51 ±0.45 

120 3.88 +2.6 3.58 

±0.47 ±0.48 

180 3.89 + 2.9 3.58 

±0.47 ±0.50 

240 3.91 +3.4 3.59 

±0.45 ±0.49 

Table 5 
Changes of ventilatory capacity in 6 male nonsmoking 

students with brondzial asthma during 4-hour exposure 
to low ambient air temperature 

Subject FVC FEV1 FEF50 FEF25 

% % % % 

-5.3 - 5.6 - 9.1 - 11.3 

2 - 3.2 -6.5 - 10.2 - 12.3 

3 -4.1 -6.7 - 11 .3 - 11 .8 

4 - 5.1 - 7.2 - 12.4 - 15.2 

5 - 6.2 - 9.5 - 14.1 - 18.2 

6 - 7.3 - 10.1 - 16.2 - 21 .5 

Data are presented as percentage of precooling values 

22 Hahn et al. 23 stress the importance of cooling 
and osmotic effects in inducing exercise-induced 
asthma in asthmatics. Weiss et al. 3 suggest that 
airway response caused by isocapneic hyperventila­
tion with cold air reflects nonspecific bronchial hy­
per-responsiveness. In spite of the fact that body 
cooling can induce bronchoconstriction, there was a 
significant improvement of FVC in patients with an 
obstructive pulmonary disease during the sauna pro­
gram. 24 

Lung function measured in Eskimos is mostly 
compared to the predicted values for "white" sub­
jects with large FEVl, FVC and diffusing capacity 
and with the metabolic activity directly related to 
body temperature. 25--2.6 A study of Shepard and 
Rode27 in Canadian Inuit Eskimos demonstrated 
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% Us % Us % 

5.86 3.44 

±0.90 ±0.85 

+ 0.3 5.86 0 3.47 + 0.9 

±0.81 ±0.92 

+2.3 5.90 + 0.7 3.50 +1 .7 

±0.91 ±0.85 

+2.3 5.94 + 1.4 3.53 1-2.6 

±1 .00 ±0.79 

+ 2.5 5.99 +2.2 3.61 -r4.9 

±0.98 ±0.84 

high normal values for both lung function and maxi­
mal oxygen intake. Another study of the Canadian 
Inuit demonstrated an accelerated loss of lung func­
tion in the elderly subjects. 28-29 

Our data indicated asthmatic subjects to be sus­
ceptible to the development of bronchoconstriction 
following exposure to cold air at low levels of activ­
ity. Therefore, they shoud take appropriate precau­
tions when exposed to low ambient air temperature. 
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S A Z E T A K 

REAKTNNOST DISNlH PUTOV A U ZORA VIH OSOBA I OSOBA S ASTMOM IZLOZENIH NISKOJ 
TEMPERATURI OKOLINE 

E. ZUSKIN, E. N. SCHACTER1 i J. MUSTAJBEGOVIC 

Slrola narod,rog zdrnvljn »Andrija Stnmpar« Medici11skog Jakulteta Sveucilista II Zngrebu i Medici11ski fakultet Mount Si11ni1, New York, NY, SAD 

lspitivan je ventilacijski kapacitet pluca nakon izlozenosli niskoj temperaturi okoline (-5 °C) u 46 studenata i 37 studentica medicine. U 
zdravih osoba utvrdeno je povecanje svih testova ventilacije tijekom 4 sata izlozenosti u odnosu na vrijednosli prije izlozenosti. Me­
dutim, u sestoro s tudenata sa simptomima bronhalne astme utvrdeno je smanjenje testova ventilacijskog kapaciteta tijekom izlozenosti 
niskoj temperaturi. Promjene u zdravih osoba kao i u astmaticara bile su narocito izrazene u maksimalnim protocima pri 50% i zadnjih 
25% vitalnoga kapaciteta (FEF50, FEF25). Srednje povecanje FEF25 u zdravih osoba iznosilo je do +15, 1% u nepusaca i do +6,4% u 
pusaca. U astmaticara najvece smanjenje FEF25 iznosilo je - 21,5%. Rezultati upucuju da izlozenost niskoj temperaturi okoltne uzrokuje 
povecanje testova ventilacijske funkcije pluca u zdravih osoba, a smanjenje u osoba s astmom, poglavito u protocima pri manjim 
plucnim volumenima. 
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