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ABSTRACT
Background Cross- country skiers train and compete 
during the winter for long periods of time in subfreezing 
conditions, which strains the airways and provokes 
respiratory symptoms. This study aimed to compare the 
prevalence of exercise- related symptoms and prolonged 
cough in competitive cross- country skiers versus the 
general population and to investigate the association 
between these symptoms and asthma.
Methods A questionnaire was sent to Finnish cross- 
country skiers (n=1282) and a random sample of the 
general population (n=1754), with response rates of 
26.9% and 19.0%, respectively.
Results Both groups were mostly asymptomatic at 
rest, but symptoms were increased in both groups 
during and after exercise. Cough was more prevalent 
after exercise in skiers and phlegm production was more 
common during and after exercise in skiers. Asthma did 
not provoke specific symptoms, but symptom prevalence 
was higher in asthmatic individuals. Skiers had a higher 
prevalence of cough after exercise (60.6% vs 22.8%, 
p<0.001) compared with controls, but controls had a 
higher prevalence of prolonged cough (4.1% vs 9.6%, 
p=0.004). In participants without asthma, cold air triggered 
symptoms more often in skiers than controls, while strong 
odours triggered symptoms more often in asthmatic 
controls than skiers. Chronic cough lasting more than 
8 weeks was rare, reported by 4.8% of controls and 2.0% 
of skiers.
Conclusion Cross- country skiers, especially those with 
asthma, experience a higher burden of exercise- related 
respiratory symptoms compared with controls. However, 
repeated exposure to cold air does not appear to result in 
long- term hypersensitivity of the cough reflex arc.

INTRODUCTION
Cross- country skiing is a demanding Olympic 
winter sport that requires a high maximal 
oxygen uptake, anaerobic capacity and high 
levels of upper body power.1 Minute venti-
lation in elite skiers may well exceed 200 L/
min, and their forced vital capacity and forced 
expiratory volume in one second often exceed 
normal values.2 During the winter season, 

most of the training and competition in cross- 
country skiing takes place in subfreezing 
temperatures and cold and dry air acts as 
an external irritant, which cools the airways 
and increases osmolarity of the respiratory 
lining fluid due to water loss. This increase 
in osmolarity stimulates sensory nerves and 
may activate inflammatory cells and smooth 
muscle, contributing to the provocation of 
symptoms.3 Respiratory symptoms are very 
common among cross- country skiers and may 
sometimes even be normal reactions to inten-
sive exercise and the environment, thus being 
completely benign and physiological.

Respiratory symptoms in skiers are often 
reported using point prevalence, which 
refers to the proportion of individuals expe-
riencing specific symptoms at a given time.4–8 
Reported symptoms include cough, chest 
tightness, phlegm production, wheezing 
and shortness of breath. The first study on 
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respiratory symptoms in cross- country skiers was by 
Heir and Oseid in 1994, who found that 58% out of 153 
Norwegian skiers had two or more respiratory symptoms 
and that skiers with asthma had more symptoms than 
non- asthmatic skiers, except for cough.4 Sue- Chu et al 
reported respiratory symptoms separately for Norwegian 
and Swedish cross- country skiers, finding in the winter 
that 42% of Norwegian skiers and 64% of Swedish skiers 
(p<0.001) reported coughing during training. During 
the summer, the respective percentages were only 10% 
in Norwegian and 9% in Swedish skiers.5 Turmel et al 
found in a screening study that 50% of the tested Cana-
dian skiers and biathletes had respiratory symptoms, but 
possible differences between genders were not reported.6 
In recent studies by Norqvist and Eklund, female skiers 
had significantly more symptoms than male skiers in 
Sweden.7 8 Various factors, such as exposure to cold air, 
may contribute to the provocation of respiratory symp-
toms. The effect of cold air on symptoms in skiers has 
been reported in one study that showed cold air increased 
respiratory symptoms in 14% of adolescent cross- country 
skiers in Norway and 45% in Sweden, without providing 
a specific comparison point.5

Cough in winter athletes is highly prevalent during 
exercise and after exercise.4 5 9 10 However, it is not clear 
whether this causes a decrease in performance or leads 
to prolonged cough. Although cough as a respiratory 
symptom during and after exercise has been studied in 
skiers, no studies have investigated prolonged cough 
in athletes of any sport.11 12 It is uncertain whether 
repeated high- intensity exercise in cold air damages the 
airways and induces long- term cough reflex hypersensi-
tivity. Among athletes training in cold air, cough reflex 
sensitivity to capsaicin remained unchanged during the 
season, but cough after training was observed to be more 
frequent up to 8 hours after training.10 This suggests that 
training might not change sensitivity of the cough reflex 
but to act as a trigger of cough.

The primary aim of the current study was to investi-
gate the prevalence of respiratory symptoms in Finnish 
cross- country skiers, with a focus on prolonged cough 
and asthma subgroups at rest, during exercise and after 
exercise. Additionally, we sought to compare these find-
ings with the general population of the same age, gender 
and region. We hypothesised that respiratory symptoms 
are more common in skiers during and after exercise, 
as they frequently engage in high- intensity exercise and 
have a higher prevalence of asthma.13 14 Both factors 
may contribute to an increased occurrence of acute and 
prolonged cough in skiers.

METHODS
The present study protocol has been described in detail 
previously.14 In short, all Finnish cross- country skiers 
who had enrolled in either national championships 
(from 17 years of age onwards to seniors) or the largest 
national junior skiing competition (13–16 years of age, 
Hopeasompa competition) were invited to participate in 

this cross- sectional questionnaire survey (n=1282). The 
control group was collected from the Finnish Digital and 
Population Data Services Agency, matching the skiers 
who had responded regarding age, gender and region 
of the country in which they lived. The controls were 
allowed to participate in competitive sports, but none of 
the controls competed in cross- country skiing.14 Engaging 
in competitive sports was divided into four categories: 
team sports and sports based on required ventilation rate 
(high, moderate, low). Written informed consent was 
obtained from each respondent and from their guard-
ians for participants under 18 years of age.

Skiers participated in the study at the beginning of 
the training season in May and June, while the controls 
participated in March and April. The participants filled 
out a questionnaire where different respiratory symp-
toms (cough, wheezing, shortness of breath, phlegm 
production and chest tightness) were each inquired 
about separately for at rest, during exercise and after 
exercise. The common triggers for respiratory symptoms 
were enquired. The participants were also asked whether 
they suffered from a current cough and its duration (less 
than a week, over a week but under 3 weeks, over 3 weeks 
but under 2 months, over 2 months but under 1 year, over 
1 year but under 5 years, over 5 years but under 10 years 
or over 10 years). Cough was defined as acute current 
cough if it had lasted less than 3 weeks, prolonged cough 
if it had lasted more than 3 weeks but under 8 weeks and 
chronic cough lasting over 8 weeks.15

Current asthma was defined as self- reported physician- 
diagnosed asthma and at least one of the following criteria: 
currently having three asthma- related symptoms (cough, 
chest tightness, shortness of breath, wheezing or sputum 
production), active use of any asthma medication or an 
asthma control test score less than 25 points.16 Allergic 
rhinitis was defined as self- reported physician- diagnosed 
allergic rhinitis. Smoking was defined as never- smoking 
or current smoking.

Statistical analyses were performed using SPSS V.27.0 
(IBM, Armonk, New York). The continuous variables were 
tested for normality (Kolmogorov–Smirnov). Unpaired 
t- test, Mann- Whitney U test and one- way analysis of vari-
ance (ANOVA) were used for the comparisons between 
the groups, as appropriate. A χ2 test or Fisher’s exact test 
was used for comparisons of the categorical variables. A 
p value of <0.05 was considered statistically significant.

RESULTS
The total response rate in the current study was 19.0% 
(n=334) in the controls and 26.9% (n=345) in the skiers. 
The participants’ characteristics are presented in table 1. 
The controls were slightly older, and a larger proportion 
of the controls compared with the skiers were women. 
Skiers had asthma more often, and none of them was 
currently smoking.

Number of different respiratory symptoms in cross- 
country skiers and controls at different states are 
presented in figure 1, and all percentages from all figures 
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are presented in online supplemental file 1. Both groups 
were mostly asymptomatic at rest, but symptoms were 
increased in both groups during and after exercise. Skiers 
had more exercise- related respiratory symptoms than the 
controls (figure 1). Moreover, skiers tended to have more 
symptoms after exercise than during exercise (p<0.001).

The most common respiratory symptoms in cross- 
country skiers were cough, phlegm production, 
wheezing and shortness of breath. Only chest tightness 
was uncommon in cross- country skiers. In controls, there 
were fewer symptoms overall compared with skiers and 
there was no clear difference in prevalence between 
different types of symptoms in controls themselves 
(figure 2). There were significant differences between the 
groups regarding respiratory symptoms. Cough was more 
prevalent after exercise in skiers. Phlegm production was 
more common in skiers both during and after exercise. 

In the controls, wheezing was more common at rest than 
in skiers, but during exercise and after exercise, skiers 
experienced wheezing significantly more (figure 2)

As asthma was more prevalent among skiers, the prev-
alence of respiratory symptoms in different physical 
activity categories according to asthma status is shown 
in figure 3. Skiers and controls with asthma reported 
a similar number of respiratory symptoms at rest and 
during exercise, but cross- country skiers with asthma 
had more symptoms after exercise than the asthmatic 
controls. In participants with no asthma, cross- country 
skiers had more symptoms during and after exercise 
compared with the controls.

When respiratory symptoms were grouped by category 
and asthma status, a higher prevalence in all symptoms 
was found in participants with asthma. The relative 
proportions of different symptoms between asthmatic 

Table 1 Participants’ characteristics in the cross- country skiers and controls

Cross- country skiers
n=345

Controls
n=334

PMedian/n Q
1
- Q

3
/% Median/n Q

1
- Q

3
/%

Age, years 16.5 14.3–21.5 17.0 15–22.5 0.033

Body mass index, kg/m2 21.0 19.2–22.8 21.6 19.7–25.1 <0.001

Women 204 58.1 235 69.5 0.002

Engaged in competitive sports other than cross- country skiing 223 63.5 88 26.0 <0.001

  Team sports 36 16.1 54 61.3 <0.001

  High ventilation sports (cycling, running, triathlon, orienteering, aerobic 
gymnastics)

195 87.6 7 7.9 <0.001

  Moderate ventilation sports (combat sports, gymnastics, dancing) 0 0 19 21.6 <0.001

  Low ventilation sports (shooting, horseback riding, weightlifting) 34 15.2 5 5.7 0.022

Smoking 0 0 20 5.9 <0.001

Current asthma 91 25.9 31 9.2 <0.001

Physician- diagnosed allergy to pollens or animals 113 32.8 82 24.6 0.018

Self- reported allergic rhinitis 159 46.1 122 36.5 0.011

P values were obtained with a Mann- Whitney U test for continuous variables and a Chi- squared test or Fisher’s test for categorical 
variables; statistical significance (p<0.05) is indicated in bold.

Figure 1 Number of different respiratory symptoms in cross- country skiers and controls at rest, during exercise and after 
exercise.

https://dx.doi.org/10.1136/bmjsem-2022-001502
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and non- asthmatic participants were similar (ie, asthma 
did not provoke specific symptoms), but the prevalence 
of symptoms in general was higher in participants with 
asthma (figure 4).

The most common triggers causing respiratory symp-
toms were dust, tobacco smoke, exhaust gases, cold 
air, pollen and strong odours. All triggers caused more 
respiratory symptoms in participants with asthma than 
in non- asthmatic participants. In participants without 

asthma, cold air triggered symptoms more often in skiers 
than in the controls. On the other hand, strong odours 
triggered symptoms more often in asthmatic controls 
than in asthmatic skiers. The data are presented in 
table 2.

Current cough, both acute and prolonged, was more 
prevalent in controls compared with skiers (table 3). 
When skiers and controls were pooled together, partici-
pants with prolonged coughs also reported coughs more 

Figure 2 Prevalence of different respiratory symptoms in cross- country skiers and controls at rest, during exercise and after 
exercise.

Figure 3 Number of respiratory symptoms in cross- country skiers and controls at rest, during exercise and after exercise 
according to the asthma status.
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frequently at exercise and after exercise (table 4). Further-
more, participants with prolonged cough reported cold 
air and strong odours as triggers for their respiratory 
symptoms more frequently.

DISCUSSION
In the current study that was conducted among compet-
itive cross- country skiers, we have reported a high 
prevalence of respiratory symptoms during and after 
exercise. Skiers are more symptomatic than controls, 
even when the participants are grouped by asthma status. 
Asthmatic participants had more symptoms than non- 
asthmatics in both skiers and controls. Even though cough 
after exercise was more prevalent in skiers compared with 
the controls, prolonged cough (>3 weeks) and chronic 

cough (>8 weeks) were less prevalent in skiers than in 
controls.

Different respiratory symptoms may have different 
causes. Cough and phlegm may be triggered by irritation 
of the airways, which activates sensory nerves and mucous 
glands, while wheezing and shortness of breath may be 
signs of obstruction, possibly due to smooth muscle 
contraction or mucosal oedema.17 18 Also, dysfunctional 
breathing or exercise- induced laryngeal obstruction 
(EILO) may case dyspnoea and wheezing, mimicking 
asthma. Gastro- oesophageal reflux, although not exten-
sively studied in skiers regarding cough,19 may also play 
a role. Furthermore, cold air hyperpnea can increase 
airway lining fluid osmolarity by evaporating water, acti-
vating certain sensory endings and causing coughing.20 

Figure 4 Prevalence of different respiratory symptoms in cross- country skiers and controls at rest, during exercise and after 
exercise according to asthma status.

Table 2 Triggers causing respiratory symptoms

No asthma n=567
P 
between 
groups 
with no 
asthma

Asthma n=122
P 
between 
groups 
with 
asthma

Controls
n=307

Cross- 
country skiers
n=260

Controls
n=31

Cross- country 
skiers
n=91

n % n % n % n %

Cold air 55 18.0 68 26.1 0.025 19 61.3 56 62.2 1.000

Dust, tobacco smoke, exhaust gases 100 32.7 89 34.4 0.739 22 71.0 55 60.4 0.404

Pollen 46 15.0 56 21.6 0.055 17 54.8 42 46.7 0.564

Hairy animals 21 6.9 18 7.0 1.000 11 36.7 18 19.8 0.103

Strong odours 51 16.7 28 10.7 0.058 16 51.6 23 25.3 0.013

Humid, misty air 15 4.9 10 3.8 0.693 3 9.7 17 18.7 0.399

P values were obtained with Chi- squared test; statistical significance (p<0.05) is indicated in bold.
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Exercise- induced bronchoconstriction (EIB) could 
trigger coughing; however, bronchoconstriction is a rela-
tively weak stimulus for cough.21

Although asthma has been reported to be highly 
prevalent according to earlier articles in this current 
population,14 22 prolonged cough was not prevalent in 
skiers in the current study. The mechanisms behind 
asthma and cough reflex hypersensitivity are at least 
partly different.23 High ventilation rate in cold air may 
trigger epithelial damage, induce inflammatory response 
and lead to hyper- reactivity of airway smooth muscle and 
asthma.24 Once hyper- reactivity has developed, EIB is 
thought to be caused by water loss, resulting in heat loss 
and hyperosmolality of the airway surface liquid during 
exercise, leading to activation of mast cells releasing 
substances contracting smooth muscle.24

The most common respiratory symptom in skiers was 
cough, especially after exercise. Prolonged cough for over 
8 weeks was very rare in skiers (2.0%). In both groups, 
current cough had mainly lasted less than 3 weeks, but 
prolonged cough was two times as prevalent in controls 
as in skiers. This does not support our hypothesis that 
repeated exposure through high- volume endurance 
training causes long- term cough reflex hypersensitivity. 
This may be partly explained by the survey taking place 
outside the competition season during which skiers may 

be less symptomatic in the training season. A study to 
support this was reported by Sue- Chu et al,5 where in the 
winter, 42% of Norwegian skiers and 64% of Swedish 
skiers (p<0.001) reported coughing during training and 
while during the summer, the respective percentages 
were 10% in Norwegian and 9% in Swedish skiers. To 
support this, in another Norwegian study in cross- country 
skiers, the airways were found to be more hyperreactive 
to methacholine challenge during competition season in 
skiers.25 26

Cough after exercise and prolonged cough may be 
related to different mechanisms. Airway mucosa irritation 
due to intense ventilation in cold air is a physiological 
response, as suggested by the high prevalence of rhinor-
rhoea in healthy participants exposed to cold air.17 18 This 
may also trigger short- term cough after intense exer-
cise in cold air. On the other hand, prolonged cough is 
often related to cough reflex hypersensitivity, which may 
involve altered function in peripheral sensory neurons or 
altered central processing of the urge to cough.27 Turmel 
et al discussed that cough receptors could be desensitised 
due to long- term exposure to cold and dry air.10 This 
would explain why exercise may still trigger a short- term 
cough right after exercise but decreases the tendency 
to have prolonged cough. Moreover, capsaicin, another 
hypertussive irritant in addition to cold air, triggers 

Table 3 Current cough in cross- country skiers and controls

Controls
n=332

Cross- country skiers
n=345

Pn % n %

Any current cough 105 32.0 61 17.7 <0.001

Acute cough (<3 weeks) 73 21.9 47 13.6 0.006

Prolonged cough (≥3 weeks) 32 9.6 14 4.1 0.004

Chronic cough (>8 week) 16 4.8 7 2.0 0.047

P values were obtained with Chi- squared test; statistical significance (p<0.05) is indicated in bold.

Table 4 Characteristics of participants with and without current prolonged cough among the total population

No current cough or cough <3 
weeks
n=640

Prolonged cough
≥ 3 weeks
n=46

Pn % n %

Cross- country skier 337 52.6 14 30.4 0.004

Women 407 63.5 30 65.2 0.815

Current asthma 110 17.2 12 26.1 0.126

Smoking 19 3.0 1 2.2 1.000

Cough at exercise 101 15.8 22 47.8 <0.001

Cough after exercise 258 40.2 31 67.4 <0.001

Cold air provokes respiratory symptoms 176 27.5 22 47.8 0.003

Strong odours provoke respiratory symptoms 100 15.6 18 39.1 <0.001

P values were obtained with χ2 test or Fisher’s test; statistical significance (p<0.05) is indicated in bold.
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cough after a single exposure but has been suggested to 
decrease cough sensitivity and to treat chronic cough as 
repeated dosing.28 29 This similarity between capsaicin and 
repeated exposure to cold air further supports the idea 
that different mechanisms are involved in cough after 
exercise and prolonged cough. Exposure to a trigger like 
cold air or capsaicin provokes cough, but repeated long- 
term exposure to the same trigger may desensitise cough 
reflex and protect from chronic cough.

In the current study, we found that 39.1% of all partic-
ipants and 35.7% (5 with prolonged cough vs 44 with no 
cough, p<0.035) of skiers with prolonged cough were 
sensitive to strong odours. This feature, known to be asso-
ciated with cough reflex hypersensitivity in the general 
population,30 31 has not been reported in athletes previ-
ously. Furthermore, participants with asthma were more 
sensitive to strong odours, and this may be related to asth-
matic inflammation sensitising cough reflex.32

To interpret these high prevalence rates of respira-
tory symptoms in skiers, it should be highlighted that 
cross- country skiing puts an exceptionally high strain 
on airways through high sustained ventilation and cold 
subfreezing air in the winter.1 2 Although respiratory 
symptoms may be a sign of respiratory illness, such as 
asthma, the airway response in the form of cough and 
increased sputum production may also be a physiological 
response to exercise.17 18 Although skiers are symptom-
atic, asthma is well controlled overall and across different 
performance levels.14 22 However, it is possible that skiers 
with respiratory health issues may have retired their 
athletic career and, thus, not affecting the results. Skiers 
may also present with different conditions affecting the 
airways simultaneously, such as EILO or dysfunctional 
breathing.33 The presence of other respiratory conditions 
may further confound the results, as not all symptoms are 
due to asthma and different respiratory conditions may 
exist simultaneously, as shown by Irewall et al.34

Strengths and weaknesses
In the present study, we did not measure the intensity 
of symptoms, only the mere presence of symptoms in 
different situations and the time frame presented (at 
rest, at exercise, after exercise) was not strictly defined. 
The intensity and effect of symptoms may differ, and 
mild symptoms may not be disturbing. Survivor bias may 
also affect the results because skiers with difficult symp-
toms may not continue a successful athletic career for 
long. However, respiratory symptoms in skiers may be in 
general mild in nature as most skiers report respiratory 
symptoms.

The survey times were slightly different in skiers and 
controls. Skiers mainly responded to the study during 
May/June and the controls in March/April. This may 
confound the results because the most intensive tree- 
pollen season in Finland is in May (usually from March 
to June). Moreover, the survey in skiers was conducted in 
early training season outside of competitions, so the prev-
alence of respiratory symptoms and current cough might 

have been lower at this of year. Again, as discussed earlier, 
truly prolonged cough over 8 weeks was rare in skiers and 
supports the argument that prolonged cough is less prev-
alent in skiers, irrespective of the time of the year.

The methods used in each skier’s diagnostic work out 
could not be verified, but in Finland, asthma diagnosis 
is most often based on objective lung function measures 
because of the criteria for drug reimbursement. Valida-
tion of self- reported asthma by lung function measures 
has been studied in a similar demographic population as 
the participants in the present study, finding that among 
Finnish university students, 18 to 25 years of age, the spec-
ificity of physician- diagnosed current asthma was 99%.35

The response rate in the current study was relatively low 
(19.0% (n=334) in the controls and 26.9% (n=345) in the 
skiers). Women responded more often, which has also 
been reported earlier in a similar age group investigating 
respiratory health.36 Low response rate is a common issue 
when surveying young and healthy populations, and 
it is particularly challenging to obtain responses from 
young men living in rural areas,37 38 who constituted the 
majority of participants in this study. Responses may be 
subjected to recall bias, and this type of cross- sectional 
study is limited in investigating time effects.

CONCLUSION
We conclude that cross- country skiers have more exercise- 
associated respiratory symptoms than controls and that 
the prevalence of symptoms is especially high in partic-
ipants with asthma. Although exercise often provokes 
cough in cross- country skiers, repeated hyperpnea of cold 
air does not seem to lead to long- standing hypersensi-
tivity of the cough reflex and prolonged cough. This is in 
contrast to the high prevalence of asthma in skiers. Thus, 
the results suggest that the high prevalence of symptoms 
does not cause a major burden to prevent a successful 
athletic career. In the future, research on respiratory 
symptoms should be graded with symptom severity and 
burden to further evaluate their effect on training and 
competition and explore whether long- time exposure to 
high ventilation of dry and cold air actually desensitises 
cough receptors and prevents prolonged cough.
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