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Abstract 

A common problem among winter sport athletes, especially cross-country skiers, 

is exercise induced asthma (EIA). Exercise intensity, temperature and humidity 

are factors that appears to affect EIA. The aim of this study was to assess the 

influence of exercise intensity and climate factors on airway responses to exercise 

in cold air in junior cross-country skiers. The participants were fourteen high 

school students whose lung function (FVC, FEV1, FEF25-75 and PEF) was 

measured pre-and post-exercise via spirometer testing. The athletes also 

completed a questionnaire regarding their post-exercise asthma related symptoms. 

The results showed a significant effect of type of training on FEF25-75% and PEF. 

There was a trend towards an effect of type of training on FEV1. Low-intensity 

training resulted in a greater post-exercise decrease in all measurements. There 

was a significant effect of temperature/humidity on FEF25-75% and PEF. Warmer 

and more humid conditions were associated with a greater decrease in both 

measurements. Regarding temperature and humidity, the results were not the same 

as the hypothesis nor previous research. The result which indicates that a low 

exercise intensity results in more severe airway responses, have some support in 

previous research and can therefore have some bearing. Nonetheless, more 

research is needed to know whether a low- or a high intensity results in more 

severe airway responses and an elevated risk for developing EIA. 

 

En vanligt problematik bland vintersportidrottare, speciellt längdskidåkare, är 

ansträngningsutlöst astma. Faktorer som verkar påverka ansträngningsutlöst astma 

är träningsintensitet, temperatur och luftfuktighet. Syftet med denna studie var att 

undersöka effekten av träningsintensitet och klimatfaktorer på luftvägssymptom 

vid träning i kall luft hos unga längdskidåkare. Deltagarna bestod av fjorton 

gymnasieelever vars lungfunktion (FVC, FEV1, FEF25-75 and PEF) testades före 

och efter träning via spirometritester. Efter träningen genomförde deltagarna även 

en enkät angående deras astmarelaterade symtom. Resultaten visade att 

träningsintensitet hade en statiska signifikant effekt gällande FEF25-75% och PEF. 

Det fanns också en trend som påvisade en effekt på FEV1. Lågintensiv träning 

resulterade i en större minskning efter träning av alla variabler. Det fanns en 

statiskt signifikant effekt av temperatur/luftfuktighet gällande FEF25-75% och PEF. 

Varmare temperaturer och en större luftfuktighet medförde en större minskning av 

båda faktorerna. Resultaten rörande temperatur och luftfuktighet var inte 

desamma som hypotesen eller tidigare forskning. Emellertid, resultatet som 

påvisade att lågintensiv träning gav värre symptom kan ha viss bäring då tidigare 

forskning har visat liknande resultat. Det krävs dock mer forskning för att ta reda 

på om låg- eller högintensiv träning ger värre luftvägssymptom och en större risk 

att utveckla ansträngningsutlöst astma.  

 

 

Key words: Exercise induced asthma, cold climate, risk factors, spirometry, 

skiing. 



2 
 

Table of content 

 

1. Background ................................................................................................... 3 

2. Aim and Hypothesis ..................................................................................... 6 

3. Method ........................................................................................................... 7 

3.1 Participants ..................................................................................................... 7 

3.2 Experimental design ....................................................................................... 7 

3.3 Experimental procedures ................................................................................ 9 

3.4 Measures ........................................................................................................ 9 

3.5 Questionnaire ............................................................................................... 10 

3.6 Thematic analysis ......................................................................................... 10 

3.7 Statistical analysis ........................................................................................ 11 

4. Results .......................................................................................................... 12 

4.1 Questionnaire ............................................................................................... 12 

4.1.1 Type of training ..................................................................................... 12 

4.1.2 Temperature ........................................................................................... 13 

4.2 Spirometry .................................................................................................... 14 

5. Discussion .................................................................................................... 17 

6. Conclusion ................................................................................................... 22 

7. Acknowledgements ..................................................................................... 23 

8. References ................................................................................................... 24 

9. Appendix ..................................................................................................... 26 

 

 

 

 

 

 

 

 



3 
 

1. Background 

Exercise-induced asthma (EIA) is a commonly occurring problem among athletes, 

which usually arises during early adolescence (Eriksson et al., 2018). Anderson 

and Daviskas (2000) define EIA as a “transient narrowing of the airways that 

follows vigorous exercise”. EIA is the most common in winter sports such as ice 

hockey (Leuppi, Kuhn & Comminot, 1998), figure skating (Provost-Craig, Arbour 

& Sestili, 1996), cross-country skiing (Sue-Chu, Larsson & Bjermer, 1996; 

Larsson, et al. 1993) nordic combined, biathlon and short-track speed skating 

(Rundel et al., 2000) where up to 35 % of the athletes are affected. Furthermore, 

the highest prevalence is typically found among cross-country skiers; in 1993 

Larson et al. found that the occurrence was 33% among elite skiers with a mean 

age of 24 years. In comparison, the referent group, consisting of non-skiing 

hospital or laboratory workers, had an occurrence of 3 % and a similar mean age, 

29 years. Despite many studies and knowledge acquired through nearly three 

decades of research, this number has been relatively unaffected. When comparing 

with orienteers in 2015, the prevalence was 29 % among cross-country skiers 

aged 15-19 and 17 % among orienteers in the same age group. Among 

participants aged 20-34, the occurrence for cross-country skiers was 35 % and 16 

% for orienteers (Eriksson et al, 2015). Thus, even compared to other endurance 

athletes, skiers seem to have a higher prevalence of EIA. The same trend can be 

observed in a comparison between the general population in 2018, where the 

occurrence was 19 % compared with 27 % for elite adolescent skiers (Eriksson et. 

al, 2018).  

It has been suggested that vigorous training at low temperatures with the repetitive 

inhalation of large volumes of cold air is a risk factor for EIA (Larsson et. al, 

1993). Additionally, there are three factors that seem to influence EIA: exercise 

intensity (percentage of maximum heart rate or perceived exertion), humidity and 

temperature (Butcher & Ogston, 2002). Both humidity and temperature have been 

suggested as factors that may influence the risk of EIA in a study that compared 

Norwegian and Swedish cross-country skiers; the latter had more symptoms, 
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which were explained by the drier and colder climate (Sue-Chu et al., 1996). 

Likewise, Anderson and Daviskas (2000) argue that humidity is an important risk 

factor and that a drier climate seems to result in more symptoms. Since cold air 

holds less water vapour, a colder temperature normally entails a drier air 

(Hanstock, Ainegren & Stenfors, 2020). 

There are few studies that have examined the impact of exercise intensity on EIA. 

One study by Carlsen, Engh and Mörk (2000), where the participants were 

asthmatic children with a history of exercise-induced bronchoconstriction (EIB), 

compared spirometer tests after exercising at 85% and 95% of their estimated 

heart rate maximum (HRmax). Both intensities had a statistically significant 

correlation between reduced forced expiratory volume in one second (FEV1) and 

with the amount of serum eosinophil protein (s-ECP). A higher quantity of s-ECP 

indicates more asthma related inflammation in the body. Hence, the participants 

were affected by both intensities. The test protocol including an exercise intensity 

of 95% of HRmax however, triggered a larger reduction in FEV1, lower p-value and 

could correctly diagnosed 100% of the participants with EIB. The test protocol 

where the participants exercised at 85% of HRmax, could correctly diagnose 40% 

(Carlsen, Engh & Mörk, 2000). In addition, a review article by Hanstock, 

Ainegren and Stenfors (2020) suggest that a high exercise intensity is a 

requirement for a reduction in FEV1 in cold climate in both participant with and 

without asthma. 

There are some studies that take another direction with exercise intensity and aims 

to see the effect of intermittent and continuous exercise. For example, a recent 

study by Burgomaster and colleges (2017), aimed to determine the differences 

between high-intensity interval exercise (HIIE), moderate-intensity interval 

exercise (MIIE) and moderate-intensity continuous exercise (MICE) in adults 

with mild to moderate asthma. HIIE entailed intervals at 90% of peak power 

output (PPO) for 1 minute, followed by 1 min at 10 % of PPO and this was 

repeated 10 times. MIIE entailed intervals at 65% of PPO for 1 minute followed 

by 1 min at 10 % of PPO in and this was repeated 10 times. MICE meant 
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continuous work at 65% of PPO for 20 minutes. The participants’ lung function 

was assessed pre-and post exercise. The result showed that MICE caused the 

greatest decline in FEV1. There was no significant difference between HIIE and 

MIIE even though HIIE had a slightly greater decline in FEV1. Thus, the 

participants could tolerate the interval exercise better than the continuous exercise 

(Burgomaster et al., 2017). Another study that assessed the difference between 

intermittent and continuous exercise, showed the same thing: intermittent exercise 

caused less airway damage then continuous exercise. In this study the participants 

were healthy young adults (19-29 years) and airway damage was measured in 

markers of epithelial cell damage (Bernard et al., 2019). One important thing to 

note however, is that none of these two studies were conducted in a cold climate.  

These two branches in the research regarding exercise intensity and EIA, indicate 

that a high exercise intensity and continuous exercise result in more sever airway 

responses. However, in cross-country skiing and other endurance sports, it is most 

common to either do high intensity intermittent exercise or low intensity 

continuous exercise (Ciccone, Weir & Weir, 2019, p. 403-404). Thus, something 

worth considering is whether intensity (high or low) or training protocol 

(intermittent or continuous) is the most important factor regarding the severity of 

airway responses in cold air. 

Given EIA is a widespread problem among cross country skiers, there is therefore 

a need for more detailed recommendations regarding when athletes or race 

organisers should consider making modifications to training and racing to 

minimize asthma symptoms and the risk of developing EIA. Furthermore, a 

question to consider is whether EIA can be prevented or is this an occupational 

hazard of training and competing in winter sports? 
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2. Aim and Hypothesis  

The aim of this study was to assess the influence of exercise intensity and climate 

factors on airway responses to exercise in cold air in junior cross-country skiers. 

To specify, these research questions were chosen: 

• Do high-intensity intermittent or low-intensity continuous exercise, result 

in more severe asthma related symptoms and greater declines in post-

exercise spirometry measures among the participants? 

• Do spirometry measures and asthma related symptoms correlate with 

temperature/humidity among the participants? 

The aim and research questions were chosen to evaluate in what condition the 

athletes develop the most airway responses, which could potentially be associated 

with an elevated risk for developing EIA. 

Regarding the research questions, the first hypothesis was that the participants 

would be more affected when they have executed a high-intensity intermittent 

session. The second hypothesis was that colder temperatures and less humidity 

would result in more symptoms.  
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3. Method  

3.1 Participants 

Fourteen high school students (six women and eight men) between the ages of 16 

and 19 years (mean 16,5 years) took part in the study. They had six to nine 

training session per week (mean 7,5) and five to seven of these were conducted 

outside (mean 6). During the initial test day, they were asked if they had 

diagnosed asthma or EIA and whether they took medication or not. Two of the 

participants had asthma and one of these also had EIA. One participant solely had 

EIA. These three also take asthma medicine on a regular basis. Within their 

education, they have a special focus on cross-country skiing which facilitates the 

combination of education and performing at a high level in their sport. The 

inclusion criteria for the study were that the participants should be junior athletes 

that trained cross-country skiing outside every week.  

Since sensitive information was collected in this study, all the participants signed 

a consent form before any data was collected. This form included all of the 

information that is required according to the Swedish law about ethical review of 

research involving humans which are the aim, general plan, the methods, potential 

risks and benefits, who is conducting the research and that participation is 

voluntary and it is possible to terminate at any time without consequences (SFS 

2003:460). The form also contained contact information to the person who is 

responsible for the study. Additionally, some of the participants in this study were 

under 18 years old but since they are all over 15 years old, they were deemed able 

to can give consent to participate in the study when provided with a full written 

and verbal briefing (SFS 2003:460). 

3.2 Experimental design 

This study was a field study and had a crossover design. It consisted of four test 

days, two in December and two in February. The reason for having the test days 

distributed in two separate months was to capture a range of typical winter 

temperatures. The participants were randomly assigned into two groups who 
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performed different types of training each session. At each monthly occasion, 

each group should have conducted one continuous low-intensity session and one 

intermittent high-intensity session. Hence, the participants would have done the 

same amount of continuous low-intensity and intermittent high-intensity sessions 

during the entire test period and would, therefore, be their own control group. 

However, all participants did not attend to every session and in some cases missed 

both test days in the same month.  

In the continuous low-intensity sessions, called A1 in cross-country skiing, the 

participants were instructed to exercise at an intensity equivalent to level 11-13 on 

Borg’s rate of perceived exertion (RPE) scale (Gymnastik- och idrottshögskolan, 

2012) (Appendix 1). In the intermittent high-intensity session (A3) they were 

instructed to exercise at an intensity equivalent to level 16-18 on Borg’s RPE 

scale. During the first test day, a thorough explanation of the Borg’s RPE scale 

was given to the participants. The following test days included a reminder of what 

level they should work at. After each session, they documented their effort 

according to the scale.  

Besides exercise intensity, the specific training details were decided by the coach 

and every athlete’s individual training schedule, so as not to intervene too much 

but observe the athletes’ every-day training. In this training, they worked with 

three training zones: A1 (60-75% of HRmax), A2 (75-85% of HRmax) and A3 

(>85% of HRmax). For this study, the working time in the desirable intensity for 

the A1 sessions was 60-105 minutes and in the A3 sessions, the working time in 

the right intensity was 10-30 minutes. However, an A3 session had a longer total 

time, 60-90 minutes. Furthermore, the A3 sessions are an intermittent exercise 

since they included different kind of intervals where the participant skied at a high 

pace in a couple of minutes and then rested for a couple of minutes until the next 

interval. The A1 sessions are continuous exercise since the athletes worked at a 

low pace without any pauses. Moreover, the length of the sessions varied on 

different days and between athletes. On day one in December, the sessions lasted 
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for 90 minutes for all participants and in day two 60-90 minutes. The sessions in 

February lasted from 60-105 minutes on day one and 60 minutes on day two. 

3.3 Experimental procedures 

On each test day, the participants’ lung function (FVC, FEV1, FEF25-75 and PEF) 

was tested pre-and post-exercise using a handheld spirometer. The magnitude of 

the decline from pre-to post-testing indicates if, and how much, the athlete’s lung 

function was affected by the training session. Furthermore, after every training 

session, the athletes completed the Östersund Cold-induced symptom scale 

(OCIS) questionnaire (Appendix 2) regarding their post-exercise asthma-related 

symptoms. To facilitate and make the process more efficient, the spirometry 

testing had a drop-in system. The participants had a 30-minute time-frame where 

they did their pre-testing and then they directly started their workout. As the 

participants came in at different times over the 30 minutes period, the waiting 

time for the participants was minimized. Since they started their exercise at 

different times, they did not complete their training at the same time. 

Consequently, the post-testing had a drop-in system as well. Thus, there was not 

much waiting in post-testing either and it did not go a long time between the end 

of the workout to the testing since it was less than five minutes for every 

participant. Moreover, this timeframe did not differ largely between the 

participants. 

3.4 Measures 

In the spirometry testing, four different variables connected to lung function were 

assessed. A single test protocol was used to obtain all four variables; in an upright 

position, the athlete inhaled completely and with no hesitation did a maximal 

exhalation until it was not possible to exhale any more air. Every individual did 

the test two to three times since it can be hard to get the right technique at first 

(Miller et al., 2005). Hence, reliability will increase when performing the test 

several times. Two different spirometers of the same model (Spirobank USB, 

Medical International Research (MIR), Rome, Italy) were used in the test. They 

were calibrated with a 1L calibration syringe before every monthly test occasion 
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The first test variable was forced vital capacity (FVC), defined as the maximal 

volume of air exhaled with maximal forced effort after a maximal inspiration. The 

second was forced expiratory volume in one second (FEV1) equivalent to the 

maximal volume of air exhaled in the first second of a forced maximal expiration 

preceded by maximal inspiration. The third one was FEF25-75 defined as the mean 

forced expiratory flow between 25% and 75% of the FVC. The last one was peak 

expiratory flow (PEF) and it is the maximal expiratory flow attained from a 

maximal forced expiration (Miller et al., 2005).  

To able to measure both temperature and relative humidity, a temperature and 

humidity data logger was used (Kestrel 5500 Weather Meter, Kestrel Meters, 

Boothwyn, PA, USA). Since absolute humidity correlates with temperature, lower 

in colder temperature, this was calculated using the relative humidity, pressure 

and temperature of every test day (Hanstock, Ainegren & Stenfors, 2020). 

3.5 Questionnaire  

The OCIS questionnaire contains questions about nine different symptoms that 

can arise during exercise, such as ‘irritation in the chest’, ‘mucus and irritation in 

the nose’ and ‘irritation in mouth and throat’ (Appendix 2). There were also six 

questions that covered background information such as age, gender and whether 

they had an asthma diagnosis or not (Appendix 3). These were asked on the first 

test occasion. Two additional questions were asked after every session: perceived 

exertion according to Borg’s RPE scale and type of training (Appendix 3). 

3.6 Thematic analysis 

The OCIS questionnaire contained a question where the participants wrote freely 

about their symptoms. Those answers were analysed using a thematic analysis. 

Before the data analysis, two themes were selected: type of training and 

temperature. When all the questionnaires were collected, the answers to this 

question were transferred to one document. The material was then read through to 

get a good overview. The document was then read through one time per theme to 

find any parts connected to the themes. This was then summarized to see if and 
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how many mentioned temperature and type of training when talking about their 

symptoms.  

3.7 Statistical analysis 

The data in this study was analysed using two different statistical analysis 

programs; SPSS version 25 and Jamovi version 1.2.12. Firstly, normality of the 

data was assessed using the Shapiro-Wilks test of normality (α=0.05). To analyse 

the questionnaire and the difference between A1- and A3-training in the same test 

day, a Chi-square-test was used. To better satisfy the assumptions of the Chi-

square test with the amount of data available, the scale 0-11 in the questionnaire 

was divided into two categories: mild/moderate, representing 0-5, and severe, 

representing 6-11. Linear mixed models were used to investigate the relationship 

between lung function and temperature/humidity and training type. Fixed effects 

were temperature/humidity, type of training and the interaction between these 

two. Random effects were intercepts for participants. An α level of p ≤ 0.05 was 

considered significant, and p ≤ 0.10 was considered a tendency. 
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4. Results 

Table 1: Mean values of temperature, relative and absolute humidity of every test occasion. 

Kolumn1 Temperature (C˚) Relative humidity (%) Absolute humidity (g/m3) 

Dec day 1 -2,60 74,30 2,44 

Dec day 2 -10,30 82,10 1,50 

Feb day 1 -0,60 67,15 2,64 

Feb day 2 -6,80 81,55 2,00 

 

Table 2: Number of participants on each test day and the distribution in type of training 

Kolumn1 Total A1 A3 

Dec day 1 14 6 8 

Dec day 2 9 4 5 

Feb day 1 7 1 6 

Feb day 2 1 1 0 

During the different test days, both temperature and humidity varied to some 

extent. Temperature, relative and absolute humidity are presented in Table 1. The 

number of participants also varied between the test days. Additionally, the 

distribution between participants who did an A1-session and those who did an A3-

session, differed (Table 2). The mean reported intensity for the low- and high-

intensity sessions according to Borg RPE scale was 11 and 17, respectively.  

4.1 Questionnaire 

4.1.1 Type of training 

On the first test day in December, there were no significant differences between 

the types of training (A1 or A3) for any of the questions in the questionnaire. P-

values ranged from 0.12 to 0.83. On the second test day in December, there were 

two questions that showed a trend towards an effect of type of training: irritation 

in the chest (p=0.06) and coldness in the extremities (p=0.06). Regarding irritation 

in the chest, the athletes who performed an A3-session were more affected, 

represented by a higher median (median [range]: A3 7.0 [0.0-10.0]; A1 0.5 [0.5-

1.0]) whereas the athletes who performed an A1-session were more affected by 

coldness in the extremities (A1 9.5  [9.0-10.0]; A3 5.0 [0.5-9.0]). To specify, the 

participants who performed an A3-session was more affected by irritation in the 

chest since more participants experienced severe symptoms (Figure 1). 
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Figure 1: The number of participants,                Figure 2: The number of participants, divided           

divided in type of training (A1 and A3),              in type of training (A1 and A3), who experienced     

who experienced mild/moderate respective        mild/moderate respective severe symptoms 

severe symptoms regarding irritation                 regarding coldness in the extremities on   

in the chest on day 2 in December.                     day 2 in December.                                                         

 

Furthermore, more participants who performed an A1-session experienced severe 

symptoms of coldness in the extremities (Figure 2). Because of the uneven 

distribution between participants who conducted an A1-session and participants 

who conducted A3-session on the first test day in February, and the low number 

of participants on day two the same month, no analyses on differences between 

type of training were performed on these data.  

 

4.1.2 Temperature 

The overall small amount of data and the fact that all participants did not appear 

on every test occasion meant it was difficult to conduct valid analyses on 

differences in perceived symptoms between the test days. However, three 

participants all did an A3-session on day 2 in December and also on day 1 in 

February which were the coldest and warmest days of the study (Table 1). The 

median and range of their score for every question is presented in Table 3 to 

represent the differences between a cold and a warm day. For example, mucus in 

the nose and breathless had a higher median score on the colder day and no 

overlap between the range of each day (Table 3). Additionally, the whole delta 

range is negative which means that every participant had a higher score on the 

cold day then on the warm day since the delta scores for each participant were 

calculated as warm day-cold day. In contrast, irritation in the nose and irritation in  
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Table 3: Median and range for three participants who conducted an A3-session regarding all 

questions in the questionnaires on day 2 in December and day 1 in February. There is also median 

delta score for each question (Feb day 1-Dec day 2) and range. 

 
Dec day 2 (-10,3 C˚) Feb day 1 (-0,6 C˚) Delta score 

 
Median Range Median Range Median Range 

Mucus in the nose 5,0 5,0-6,0 3,0 2,0-4,0 -2,0 -2,0-(-3,0) 

Irritation in the nose 0,5 0,0-3,0 2,0 0,0-2,0 0,0 -1,0-1,5 

Irritation in mouth and throat 1,0 0,0-3,0 1,0 0,0-2,0 0,0 -1,0-0,0 

Irritation in the chest 1,0 0,0-7,0 0,0 0,0-0,5 -1,0 -6,5-0,0 

Coldness in the face 7,0 0,5-7,0 2,0 0,5-3,0 -4,0 -5,0-0,0 

Bodily discomfort 0,5 0,0-6,0 0,0 0,0-2,0 -0,5 -4,0-0,0 

Coldness in the extremities 5,0 1,0-6,0 1,0 0,0-1,0 -4,0 -5,0-(-1,0) 

Warm feeling in the body 4,0 3,0-5,0 4,0 2,0-4,0 -1,0 0,0-(-1,0) 

Breathless 4,0 2,0-7,0 1,0 0,5-1,0 -3,0 -6,0-(-1,5) 

mouth and throat show a little or no difference in scores between the days and the 

range of both questions are overlapping between the days. Furthermore, the 

median delta score for these questions were 0 (Table 3). Unfortunately, it was not 

possible to do the same for participants conducting an A1-session because of the 

lack of data. 

In the questionnaire, the athletes had the opportunity to briefly describe their 

symptoms and whether the symptoms affected them. They both described how 

they are affected in general and on each test day. Six persons stated that the cold 

affect them in a negative way and increase their symptoms. Three persons 

experienced that they developed more symptoms when doing high intensity 

training whereas three athletes described a relationship between high intensity 

training, colder temperature and more severe symptoms. 

4.2 Spirometry 

The mean post-exercise change and range for the four spirometry variables (FEV1, 

FEF25-75%, PEF and FVC) are presented in table 4. The results for all participants 

and test days are included.  

There was no effect of type of training on the post-exercise change in FEV1 

(p=0.618). However, there was a trend towards an effect of temperature (p=0.074) 
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and warmer temperatures were associated with a greater decrease in FEV1 (Figure 

3). 

Both type of training and temperature had a significant effect on the post-exercise 

change in FEF25-75%. The decrease in FEF25-75% was larger in warmer temperatures 

(p =0.024, Figure 4). Additionally, participants conducting an A1-session had a 

greater post-training decrease in FEF25-75%  than participants conducting an A3-

session (Mean (l/s) [range (l/s)]: A1 -0.28 [-1.04 – 0.12]; A3 -0.08 [-0.59 – 0.59], 

p = 0.021). 

 

For PEF, there was a trend towards an interaction between type of training and 

temperature (p=0.074). Participants conducting an A1-session showed a 

significant effect of temperature with a larger decrease in warmer temperatures 

(p=0.009) whereas the participants conducting an A3-session showed no effect of 

temperature (p=0.682). Additionally, there was a significant effect of type of 

training on the post-exercise change in PEF (p=0.003) where participants 

conducting an A1-session had a greater mean decrease (-0.45 l/s range -1.57-0.19 

l/s) than participants conducting an A3-session (-0.07 l/s, range -0.85-0.76 l/s). 

There was also a significant effect of temperature (p=0.009) with a greater 

decrease in PEF in warmer temperatures (Figure 5).  

Results for FVC are not presented because the mixed model failed when analysing 

this variable since the variability could be associated to the person rather than the 

intervention. 

 

Table 4: Mean post-exercise decrease and range of the decrease for the four spirometry variables. 

All participants and test days are included.  

Kolumn1 Mean Range 

FEV1 -0,08 -0,71-0,24 

FEF 25-75% -0,16 -1,04-0,59 

PEF -0,22 -1,57-0,76 

FVC 0,05 -0,31-0,34 
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 Figure 3: The relationship between temperature (C˚) and the change in FEV1 (l)         

 

 

Figure 4: The relationship between temperature (C˚) and the change in FEF25-75% (l/s).          

 

Figure 5: The change of PEF(l/s) after exercise and the effect of temperature (C˚).  
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5. Discussion 

The aim of this study was to evaluate the influence of exercise intensity and 

climate factors on airway responses to exercise in cold air in junior cross-country 

skiers. The aim was chosen to see in what condition the athletes develop the most 

severe airway responses which could be associated with an elevated risk for 

developing EIA. The main findings of this study were that there was a relationship 

between exercise intensity and airway responses since a lower exercise intensity 

resulted in larger mean declines in post-exercise spirometry measures. 

Additionally, there was a relationship between temperature/humidity and airway 

responses since a warmer and more humid conditions resulted in larger mean 

declines in post-exercise spirometry measures.  

Two out of four variables in the spirometry measures, FEF25-75 and PEF showed a 

larger mean post-exercise decrease at lower exercise intensities. This could 

suggest a correlation between lower exercise intensities and more severe airway 

responses. Nevertheless, this is the opposite from the hypothesis and some 

previous research on the subject which typically has seen greater declines in post-

exercise spirometry measures at higher intensities (Carlsen et al., 2000). However, 

there are few studies that focus on different exercise intensities. The study by 

Carlsen et al. (2000) aims to find the best exercise intensity to diagnose EIA. This 

purpose is most common among the few studies that focus on exercise intensities. 

This differs from this study which aims assess the influence of exercise intensity 

on airway responses. Carlsen et al. (2000) include only asthmatic participants 

whereas the present study included both participants with and without asthma. 

Additionally, they compared 85% of HRmax with 95% of HRmax and it can 

therefore be harder to transfer to this study which compares a lower intensity 

(estimated 60-75% of HRmax) with a high intensity (estimated >85% of HRmax).  

The studies which aims to investigate how intermittent and continuous exercise 

affect airway responses, agrees more with the present study. The results from 

those studies indicate a correlation between intermittent exercise and less severe 
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airway responses and airway damage (Bernard et al., 2019; Burgomaster et al., 

2017). This the same as the present study since the intermittent exercise (A3) 

caused less airway responses than the continuous exercise (A1). One possible 

explanation for this result could be that the short pauses the participants had 

between intervals affect them positively and resulted in less airway responses. 

Furthermore, Bernard et al., (2019) observed a correlation between airway 

damage and ventilation rate. To specify, the frequent recovery periods within the 

intermittent exercise resulted in a reduced ventilation rate which may be enough 

to reduced strains on the airways and avoid airway damage (Bernard et al., 2019). 

An additional interesting aspect is that even though these two previous studies 

(Bernard et al., 2019; Burgomaster et al., 2017)  had participants with different 

health status, with and without asthma, the results were the same: intermittent 

exercise caused less airway responses. Especially since the present study included 

participants with and without asthma and has a similar result. 

Two symptoms in the questionnaire (coldness in the extremities and irritation in 

the chest) showed a trend toward an effect of type of training. However, it is not 

possible to see a clear connection between exercise intensity and symptoms. 

Especially since participants conducting an A1-session was more affected by 

coldness in the extremities and participants conducting an A3-session by irritation 

in the chest. Nevertheless, there are some possible explanations for these results. 

When exercising at a low intensity in a cold temperature, the heat production from 

the exercise might not be enough to fully make up for the heat loss (Nimmo, 

2004). Thus, participants performing an A1-session could be at a higher risk for 

freezing and coldness in the extremities. Regarding irritation in the chest, it is 

possible that this symptom requires a higher intensity for the athlete to experience 

it. A higher exercise intensity is sometimes a requirement for some athletes to 

experience respiratory symptoms during exercise (Bjermer, Reinertsen & 

Sandsund, 2001) 

When comparing the warmest and coldest days of the study, most questions in the 

questionnaire showed a higher median score on the cold day. Several participants 
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also stated in the questionnaire that colder temperature gave them more 

symptoms. This could indicate a correlation between colder and drier weather and 

more symptoms. But this is uncertain since no statistical analyses have been done 

and it is just an interpretation of a small amount of data. In comparison, three out 

of four variables connected to lung function, FEF25-75%, PEF and FEV1 showed a 

trend towards or significant effect of temperature and the decline was larger in 

warmer and humid conditions. This is the opposite of the hypothesis and previous 

research (Berntsen, Carlsen & Stensrud, 2007; Kennedy et al., 2019; Faulhaber & 

Kennedy, 2018). An explanation could be that these previous studies had a lower 

minimum temperature than in this study (Range -15- (-20) °C, versus -10,3 °C). 

Some were conducted in an environmental chamber where researcher can control 

the temperature and humidity exactly (Faulhaber & Kennedy, 2018; Berntsen et 

al., 2007) and others had the opportunity to cancel test days when the 

environmental conditions were not optimal (Butcher & Ogston, 2002; Kennedy et 

al., 2019). Thus, they could ensure their desired temperatures and humidity. That 

was not possible in this study. The desirable temperatures were in the range from 

0 °C to at least below -15 °C. The reason for this lower limit is that there has been 

evidence for increasing symptoms when exercising below this temperature. More 

specifically, EIB, cough, chest tightness and sore throat increases (Faulhaber & 

Kennedy 2018). In this study the temperatures varied from -0,6 °C to -10,3 °C and 

consequently, there were not one day with a temperature below the lower limit. 

This could be one explanation for not seeing the effect of temperature that was 

anticipated. 

Both participants with and without asthma took part in the study. This could lead 

to misleading results. However, the athletes with diagnosed asthma were allowed 

to take their medication as usual and could therefore keep their asthma under 

control. This was allowed to minimize the variations between the athletes. To 

address this issue further, asthma diagnosis could have been used as a variable in 

the analysis. Then, an assessment of the effect of asthma could have been made. 
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However, there were not enough athletes with and without an asthma diagnosis in 

the study sample to perform such an analysis.  

One unique component in this study is that the athletes were allowed to perform 

their everyday training and not a more controlled training session that are the 

same for every athlete and between different test days. A more controlled 

intervention has often been used in previous research on the subject. A 

consequence of using the everyday training and the athletes’ individual training 

plan, is that the length of the session varied between athletes and test days. This 

could have some effect on the outcome of the study. However, an important 

aspect of this study was to take another direction and assess the participants' 

airway responses when performing their usual training. Then it is possible to see 

how they are affected in a more ecologically valid setting and what can be done to 

decrease the risk of developing EIA. Additionally, Rundell et al. (2000) suggest 

that the duration of exercise is not as important as exercise intensity and 

temperature/humidity in EIA evaluation. 

The plan beforehand was to have a crossover design where the participants would 

do the same number of low- and high-intensity sessions. Unfortunately, this did 

not happen since all participants did not attend every session. Hence, they do not 

truly become their own control, and it is therefore a weakness for this study. 

Another parameter that did not go according to plan, was the number of test days. 

The plan was to have two test days per month from December to March to capture 

a variety of winter temperatures. However, due to the intense competition 

schedule during January, it was not possible to schedule any sessions that month. 

Additionally, because of the outbreak of COVID-19 the scheduled test days in 

March were cancelled. Thus, the plan was to analyse more data which were 

distributed over a longer period. 

Due to the low volume of data and to satisfy the assumptions of the chi-squared 

test, the symptom data was dichotomised into two categories. With this approach, 

some sensitivity is lost, and this is therefore a weakness of this study. Another 
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consequence of the lack of data, was that not all analyses of the questionnaire 

could be made. As a result, it was harder to interpret the results from the 

questionnaire. 
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6. Conclusion 

Both exercise intensity and climate factors seemed to influence airway responses 

in the participants. In most cases, it did not have the anticipated impact since 

warmer and more humid weather and low-intensity continuous exercise was 

associated with greater declines in post-exercise spirometry measures. However, 

the result which indicates that low-intensity continuous exercise results in more 

severe airway responses could have some bearing since there are some supporting 

evidence in the previous research. Nevertheless, due to the low amount of data 

and the different methodological challenges, it is difficult to draw any clear 

conclusions. Hence, it is hard to tell from this study alone what exercise intensity, 

and environmental conditions that result in more severe airway responses. Future 

research is recommended to focus on exercise intensity in cross-country skiing 

and whether a low or a high intensity result in more severe airway responses and a 

possible elevated risk for developing EIA. Additionally, it would be interesting to 

further investigate airways responses following intermittent and continuous 

exercise in cross-country skiing. 
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9. Appendix 

9.1 Appendix 1: Borg’s RPE scale 

6 No exertion at all  

7 Extremely light 

8  

9 Very light 

10  

11 Light 

12 

13 Somewhat hard  

14  

15 Hard 

16  

17 Very hard  

18  

19 Extremely hard  

20 Maximal exertion 

 

(Gymnastik- och idrottshögskolan, 2012) 
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9.2 Appendix 2: Östersund Cold-induced symptom scale 

Estimate your experience according to the scale below from 0 (nothing at all) to 

11 (maximal) by circling the number that you think best represent the potential 

symptoms you experience. Moreover, circle the potential symptom or symptoms 

you experience.  

0 0,5          1   2  3  4  5 6 7 8 9 10  11     

Nothing      Extremely       Very     Weak/       Moderate                    Strong/                          Very                                          Extremely       Maximal 

at all           weak /Barely    weak    light                                      severe                            strong                                        strong 

            noticeable 

               

1) Do you have any signs of mucus in the nose? 

E.g. runny nose, thick mucus, moisture in the nose. 

0            0,5 1 2 3 4 5 6 7 8 9 10 11 

 

2) Do you have any signs of irritation in the nose?  

E.g. A cold feeling, stuffy nose, roughness, a burning feeling, pain. 

0           0,5 1 2 3 4 5 6 7 8 9 10 11 

 

3) Do you have any signs of irritation in mouth and throat? 

E.g. A cold feeling, itching, wheezy, roughness, a burning feeling, dry mouth/ 

pharynx/throat, elevated production of mucus.  

0         0,5 1 2 3 4 5 6 7 8 9 10 11 

 

4) Do you have any signs of irritation in the chest? 

E.g. A cold feeling in the windpipes, mucus in the chest, chest pains, cough, 

difficult to exhale/inhale (respiratory distress), cramps in the windpipes. 

0         0,5 1 2 3 4 5 6 7 8 9 10 11 

 

5) Do you experience coldness in the face?  

E.g. Ears, nose, around the mouth, dry lips, tightness around mouth/eyes, tears 

from the eyes.  

0          0,5 1 2 3 4 5 6 7 8 9 10 11 

 

6) Do you have any bodily discomfort?  

E.g. Cold, stiffness. 

0          0,5 1 2 3 4 5 6 7 8 9 10 11 
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7) Are you cold in the extremities? 

E.g. Fingertips, fingers, hands, toes, feet, arms, legs. 

0          0,5 1 2 3 4 5 6 7 8 9 10 11 

 

8) Are you warm in body? 

E.g. Sweat, a warm feeling 

0          0,5 1 2 3 4 5 6 7 8 9 10 11 

 

9) Are you breathless? 

E.g. An elevated respiratory work, tiredness, out of breath. 

0          0,5            1         2          3          4          5    6          7  8        9      10          11 

 

10) Can you in short terms describe the possible symptoms you experience and 

how those symptoms affect you, in the respiratory system and in the body, both 

while resting and while you are physically active! 
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9.3Appendix 3: Additional questions to the questionnaire 

Additional questions that was asked the first test day: 

• Age 

• Gender 

• How many training sessions per week to you do and how many of those is 

conducted outside? 

• Do you have diagnosed asthma?  

• Do you have diagnosed exercise induced asthma?  

• Do you take any asthma medication?  

Additional question that was asked at every test day: 

• Rate your perceived exertion of your training according to Borg’s RPE 

scale! 

• Which type of training did you perform (A1 or A3)? 

 

 

 


