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Abstract:  

Background: Rehabilitational programs at moderate altitude (1500m to 2500m) showed 

improvement of lung function and reduction of airways inflammation in asthmatic adults. 

Allergen avoidance was postulated as the major cause of these improvements. 

Methods:  Spirometries of 344 and fractional exhaled nitric oxide measurements (FeNO) of 

124 asthmatic children and adolescents, staying in a rehabilitation hospital in Davos (1590m) 

with at least 14 days between admission and discharge, were analysed in associations with 

atopic sensitisation (skin-prick testing and/or specific IgE), level of asthma control, and 

inhalative corticosteroid (ICS) dose. 

Results: Pulmonary conditions improved significantly on average during the sojourn. 

Uncontrolled asthmatics benefited most with an absolute increase of predicted FEV1, 

MEF25 and MEF75 of 7.7, 9.9 12.7%, respectively (p<0.001). FeNO decreased by 36.9ppb 

for uncontrolled, by 26.9ppb for partly-controlled and by 11.8ppb for controlled asthmatics. In 

uncontrolled subjects, pulmonary improvement was comparable between patients with and 
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without house dust mites (HDM)-sensitisation. Pulmonary improvements of pollen sensitised 

patients were not dependent on the season of the sojourn. For the group with constant ICS 

level the absolute increase of FEV1 was 4.9% (p<0.001) with a FeNO decreased by 32.7ppb 

(p<0.001). When the ICS dose was elevated by one GINA-level, the absolute increase of 

FEV1 was slightly higher (6.6%,p<0.001), with a FeNO decrease of 31.4ppb (p<0.001). 

Conclusion: Inpatient rehabilitation at moderate altitude improved pulmonary conditions in 

asthmatic children and adolescents independent of sensitisation status to HDM or pollen. A 

positive effect was also observed in patients without change in medication. 
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MEF25  = maximum expiratory flow at 25%  

MEF75 = maximum expiratory flow at 75% 

FeNO  = Fractional exhaled nitric oxide 

ICS = inhaled corticosteroid 

LABA = long acting beta agonists 

%pred. = Percent predicted 

ppb = Particles per billion 

 

Introduction 

Asthma in children and adolescents is a serious health impairment (1). Prevalence rates of 

asthma vary, according to countries (2): due to differences in the definition of asthma (3), 

due to inhomogeneous study populations, and most likely due to environmental factors. 

Asthma is frequently associated with comorbidities like obesity and atopic diseases such as 

atopic dermatitis (4). In children and adolescents, asthma is often accompanied by 

psychosocial problems, poorer academic- and professional performance and negatively 

affects the quality of life of the family (5,6). The GINA guidelines are effective for most 

asthmatic patients (7). However, in patients in which the controlled level of asthma is hard to 

maintain (8-10) a broader approach is needed to address all interfering comorbidities and 

concomitants of the patient. A feasible option is a multidisciplinatory-rehabilitational, inpatient 

setting (11).  A previous study of an inpatient rehabilitation program showed improvements 

of mid expiratory flow und airway inflammation of forty-eight asthmatic children sensitised to 

HDM at moderate altitude (12). 
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In our study, we investigated the overall effect of an inpatient rehabilitation program at the 

Hochgebirgsklinik Davos on pulmonary function and airway inflammation of asthmatic 

children and adolescents. Allergic sensitisation, level of asthma control, and level of ICS 

dosage were included in our association study. 

The hospital has its expertise in a multidisciplinatory-rehabilitational treatment for chronic 

respiratory, skin and allergic diseases and is located 1590m above sea level in the Swiss 

alps. In Davos, environmental investigations showed a very low indoor HDM concentration 

(13) combined with low outdoor pollen concentration (14), especially when compared to 

lowland areas. Patients included in this investigation originated all from German lowlands. 

German pension insurance regulations entitle children and adolescents with asthma and/or 

atopic eczema for a minimum stay of 21 days in a specialized rehabilitation clinic every 5 

years. The rehabilitation program provided by the hospital is based on the GINA guidelines 

and the Swiss recommendation for treatment of obstructive pulmonary diseases in childhood 

(15,16) and consists of multiple parts. The first part is the diagnosis confirmation within the 

first 2-3 days including differential blood, standard specific IgE panel, standard prick test, 

spirometry, exhaled NO test and/or a methacholine challenge. If required, the patient will 

receive an adjustment of medication according to the clinical course in the last twelve 

months and during follow-up during the rehabilitation program. The second part of the 

rehabilitation program consists of patients and/or parents educational lessons about disease 

theory,   management and prevention, breathing techniques, inhaler use, nutrition etc. 

Thirdly, physical in- and outdoor activities are a daily routine for all patients to improve their 

overall fitness level. For selected patients, psychosocial therapy (psychotherapy, 

ergotherapy) is performed if necessary. 

 

 

 

http://www.linguee.de/englisch-deutsch/uebersetzung/as+necessary.html
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Methods:  

Study population 

Retrospective data analysis of 134 female and 210 male rehabilitation patients (4 to 19 years 

of age; mean 10.5 years) staying at the Hochgebirgsklinik Davos during January 2012 until 

October 2013 was performed. Inclusion criteria were a physician diagnosis of asthma or 

current asthma symptoms and two spirometries, with at least 14 days between admission 

and discharge.  

Questionnaire 

Prior to admission patients or their parents answered a questionnaire about their clinical 

history. Patients were classified into three asthma control level groups (controlled, partly-

controlled and uncontrolled) according to GINA 2016 guidelines.  

Pulmonary function 

Pulmonary function was assessed by spirometry (Master Screen Body, Jäger) for controlled 

(n=61), partly-controlled (n=155) and uncontrolled asthma patients (n=128).  Outcome 

parameters were the forced expiratory volume in 1 second (FEV1), maximum expiratory flow 

at 25% (MEF25) and 75% (MEF75) compared between admission and discharge. The 

differences between admission and discharge are reported as absolute changes from the 

percent predicted value. 

Airway inflammation 

Measurement of fractional exhaled nitric oxide (FeNO) was assessed as airway 

inflammatory marker (15) for controlled (n=24), partly-controlled (n=48) and uncontrolled-

asthma patients (n=52). Values below 20 particles per billion (ppb) were defined as normal 

(17). One test consisted of two FeNO measurements of which the average value was taken 

as the result. 
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Sensitisation status 

Patients with a positive skin prick test and/or specific serum IgE level of >0.35kU/L to HDM 

or pollen (hazel, ash, alder, birch, common timothy, ragweed, mugwort) were defined as 

sensitised to HDM or, respectively, to pollen.  

 

Medication 

Patients were separated into a group without ICS and into three groups (low, medium or high 

dose) with ICS at admission according to GINA guidelines. Comparison between admission 

and discharge resulted in six groups: No ICS, ICS lowered 2 or more levels, ICS lowered 1 

level, ICS level constant, ICS increased 1 level, ICS increased 2 or more levels. Inhalative 

long-acting b2-agonists (LABA) are administered combined with corticosteroids, therefore to 

assess the effect of an additional b2-agonist treatment we split the group, in which the ICS 

level remained constant during the stay, into 4 subgroups: no additional LABA at admission 

and discharge (No LABA), LABA added shortly after admission (added LABA), LABA 

present prior to admission and present at discharge (constant LABA). LABA were stopped in 

only one patient within this group (stopped LABA). 

 

Statistics 

Changes of pulmonary function and airway inflammation were analysed by paired t-test and 

Wilcoxon signed-rank test for paired samples. Differences between groups were analysed 

with t-tests and Mann-Whitney-U tests. Stratification and sensitivity analyses were performed 

in order to take into account the following factors: level of asthma control, gender, age, 

sensitisation , history of atopic dermatitis, duration of sojourn, season of the rehabilitation. P-

values <0.05 were considered statistically significant. Stata was used for analysis. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Ethics 

Informed consent for retrospective data analysis was waived by institutional and 

governmental ethics boards. 

 

Results:  

Patient data 

Among the 344 asthmatic patients, 17.7% were defined as controlled, 45.1% as partly-

controlled and 37.2% as uncontrolled (Tab.1). About 60% of the patients had a history of 

atopic dermatitis. Sensitisation to HDM was observed in 75.6%, to pollen in 78.8% of the 

patients.  

Impaired pulmonary function and present airway inflammation at admission 

Pulmonary function parameters at admission were significantly below their predicted values 

on average. Pathologic FeNO (>20ppb) was observed in 97 out of 124 (78.2%) patients. 

Impaired pulmonary function and increased FeNO was even present in patients with the 

allegedly best condition - controlled asthma. Mean FEV1 at admission ranged from 89.4% 

[95% confidence interval (CI):86.7%-92.2%] in patients with uncontrolled asthma to 96.8% 

[95%CI:93.8%-99.9%] in patients with controlled asthma (Fig.1A). Mean MEF25 at admission 

ranged from 75.7% [69.9%-81.4%] in patients with uncontrolled asthma to 93.6% 

[95%CI:86.0%–101.3%] in patients with controlled asthma (Fig.1B). Mean MEF75 at 

admission ranged from 76.5% [95%CI:77.0%–84.5%] in patients with uncontrolled asthma to 

93.1% [95%CI:88.2%-98.1%] in patients with controlled asthma (Fig.1C). Median FeNO at 

admission ranged from 27.6ppb in patients with controlled asthma to 49.9ppb in patients with 

uncontrolled asthma (Fig.1D). 
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Improved lung function parameters at discharge  

FEV1 and MEF75 improved in all patients. The increase of MEF25 was statistically significant 

for uncontrolled, but not for controlled or partly-controlled subjects. Controlled individuals 

showed FEV1 and MEF75 values close to the 100% predicted benchmark at discharge. The 

improvement of all three outcome parameters was more distinct in the uncontrolled group; 

absolute difference of FEV1:7.7%, p<0.001, MEF75:12.7%, p<0.001 and MEF25:9.9%, 

p<0.001 (Fig.1 A-C). 

Reduced airway inflammation at discharge  

Airway inflammation significantly reduced in all three asthma control groups. Reduced FeNO 

was observed in 114 out of 124 patients. From 97 patients admitted with pathologic FeNO, 

68 showed normalized values (<20ppb) at discharge. Median FeNO reduced by almost 

12ppb, p<0.001 for the controlled, by almost 27ppb, p<0.001 for the partly-controlled and by 

almost 36ppb, p<0.001 for the uncontrolled group (Fig.1D). 

Similar rehabilitation effect among uncontrolled asthmatics with house dust mite or 

pollen sensitisation  

To evaluate a possible effect of the reduced allergen exposure due to the moderate altitude, 

first we stratified the patients in two groups, with HDM-sensitisation and without HDM-

sensitisation. Uncontrolled and HDM-sensitised patients started rehabilitation with slightly 

less favorable pulmonary conditions (Fig. 2). Their pulmonary improvements did not differ 

from those of non-HDM-sensitised patients and ranged at the same margin. A similar pattern 

was observed regarding airway inflammation. FeNO was reduced in patients with HDM-

sensitisation (-32.4ppb, p<0.001) as well as in non-HDM-sensitised patients (-42.4ppb, 

p<0.028). While non-HDM-sensitised patients started with slightly higher FeNO, the 

improvement between these groups did not differ significantly. Similarly, improvements were 

observed for uncontrolled and pollen-sensitised patients staying in autumn/winter and for 
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those staying in the spring/summer. However, the difference of improvement between these 

two groups was not significant (data not shown).  

Atopic dermatitis does not influence the rehabilitation effect  

Stratified analyses among patients with atopic dermatitis and among those without the 

disease showed that both groups benefited significantly from the sojourn. The difference was 

slightly bigger among patients with atopic dermatitis considering FEV1 (patients with atopic 

dermatitis: +4.7%, p<0.001 and patients without atopic dermatitis: +3.3%, p=0.003) and 

slightly smaller considering FeNO (patients with atopic dermatitis: -17.6ppb, p<0.001 and 

patients without atopic dermatitis: -29ppb, p<0.001) (Fig. 3). Even though, the differences of 

improvement between patients with and without atopic dermatitis were not significant.  

Influence of the medication on the outcome 

In the group whose inhaled corticosteroid dose was elevated by one GINA-ICS level, 

significant improvements (FEV1:+6.6%, p<0.001 / FeNO:-31.4ppb, p<0.001) were observed 

(Tab. 2).  Upon elevation of two or more GINA-ICS-levels the lung function improvements 

were even higher (FEV1:+7.2%, p=0.002 / FeNO:-38.5ppb, p=0.002). Patients with constant 

GINA-ICS level throughout the sojourn showed also increased FEV1:+4.9%, p<0.001 and 

reduced FeNO:-32.7ppb, p<0.001. Within this group, those whose initial, inhalative ICS 

treatment was supplemented with LABA (added LABA) showed the highest improvement of 

FEV1:12.5%, p=0.004 and largest reduction of FeNO:-46.8ppb, p=0.021. In another 

subgroup, where LABA were already present at admission and remained at discharge, we 

observed a significant FEV1 elevation of 4%, p=0.001 and also a highly significant reduction 

of FeNO:-33.4ppb, p<0.001. Even in the group with no ICS, FeNO reduction was still -

10.1ppb, p<0.001, while there was no significant change in FEV1, which was already 

96.9%pred. at admission. Interestingly, we observed a FeNO reduction -24.2ppb, p=0.020 

for those whose dose was lowered by one GINA-ICS level. FEV1 in this group was already 

100.6%pred. at admission and did not show a significant improvement at discharge.  
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Uncontrolled asthmatics benefit from a stay longer than 35 days   

Among all groups, our findings showed best results for uncontrolled subjects if their stay was 

longer than 35 days. An increase in FEV1:+7.6%, p<0.001, MEF25:+7%, p=0.003 and 

MEF75:+12.5%, p=0.002 accompanied by a reduction of FeNO:-40.6ppb, p<0.001 were 

observed (Fig. 4). This group showed also benefits for sojourns between 14 and 35 days, 

but to a lesser extent.  

Moreover, stratification and sensitivity analyses concerning the factors gender and age did 

not show a significant difference of improvement in favor for any analysed group (data not 

shown). 

 

Discussion 

In this study, we showed a significant improvement of pulmonary function and a reduction of 

airway inflammation of children and adolescents after an inpatient rehabilitation of at least 14 

days. Particularly the pulmonary conditions of uncontrolled asthmatic patients improved 

considerably. Sensitisation status to pollen or house dust mites did not influence the effect of 

rehabilitation significantly, nor did a concomitant diagnosis of atopic dermatitis. Since also 

the groups with constant ICS and without ICS showed pulmonary improvements, an 

increase of ICS was most likely not the only reason for the positive effect of the rehabilitation 

program. An increase in duration of the stay was especially beneficial for uncontrolled 

asthmatics.  

Previously, numerous studies have shown multiple benefits of sojourns at moderate or high 

altitude, especially for dust mite allergic asthmatics (11,17-20). Allergen reduction was 

discussed as the major contributing factor. A recent cohort study of the Dutch Asthma 

Centre in Davos showed improved pulmonary conditions of adult asthmatics irrespective of 

sensitisation status (21). In our study, uncontrolled asthmatic children and adolescents with 
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HDM-sensitisation showed similar FEV1 at admission and discharge compared to the Dutch 

patients. However, our non-HDM-sensitised patients had a greater improvement of FEV1. 

Also, FeNO of our uncontrolled patients was higher at admission, while the reduction at 

discharge was considerably higher after a much shorter time period. Our finding, that non-

HDM-sensitised benefit to a similar extent as HDM-sensitised, is consistent with finding of 

the Dutch cohort. Since pollen sensitised and non-pollen sensitised, uncontrolled asthmatics 

responded within the same range in our study, the reduction of exposure to pollen allergens 

does not fully explain the benefit of the stay.  

Thus, we further assessed if the adjustment with asthma medication, as it is often 

inadequate (13,22), was responsible for the beneficial effect. Indeed, our data showed 

strong effects on lung function and airway inflammation for those whose ICS dose was 

increased. However, the striking finding was the reduced airway inflammation in patients 

with no, constant or even decreased ICS. For patients with constant ICS, lung function also 

improved significantly, suggesting other beneficial factors than the medication adjustment.   

Interestingly, there was already a benefit for uncontrolled patients after a short term stay of 

2-3 weeks, while with prolonged duration of the stay, the benefits accumulated and showed 

best results for this group at 36+ days. This finding underlines the importance of time in a 

given inpatient setting in order for the intervention to be successful and provides a 

reasonable explanation to health insurances regarding the minimum length of stay for an 

uncontrolled asthmatic patient. 

Our findings suggest that the impact of allergen reduction may be overrated, but may still 

remain a beneficial factor among others such as asthma education, corrected inhalation 

technique, physical activity, physiotherapy and improved adherence leading to optimal 

disease management (15,23,24,25).  In addition, noteworthy are the specific climate factors 

present in moderate altitude, which independently have shown positive effects on lung 

function and airway inflammation and therefore, especially in combination, might also 
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contribute to the observed effect. Among those factors are a low air pollution (26), high 

number of sunshine days, which leads to increased vitamin D levels (27), and a reduced 

gas/air density, which leads to a decrease in lung resistances and to an increase in 

respiratory and expiratory flows (28,29). 

We consider the individualized treatment approach to be a limitation of our study. As due to 

the personalized rehabilitation schedule and a missing control group we could not 

investigate individual effects of particular treatment approaches. Moreover, there is no 

assessment time period after discharge in our patients. A previous study assessed long-term 

effects of inpatient rehabilitation in Germany in children with severe forms of asthma (30). 

Pulmonary function was still on a high level in a 12-month follow up, as well as other 

outcome parameters such as school absence, disease management and quality of life 

improved in the long term.  

Thus, further research is needed to evaluate if the effects of rehabilitation programs at 

moderate altitude can be preserved over a longer time period.  Also, for a better evaluation 

of the climate effect, a moderate altitude rehabilitation program should be compared to a 

comparable program of a clinic at lower altitude. 

In conclusion, we showed that an inpatient rehabilitation program at moderate altitude is 

eligible for improving pulmonary function and reducing airway inflammation of children and 

adolescents, regardless their sensitisation status to pollen or house dust mites. An inpatient 

rehabilitation program is especially beneficial for patients who are classified as “uncontrolled” 

according to the GINA guidelines. 

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

References: 

1 Ring J, Akdis C, Behrendt H, et al. Davos declaration: allergy as a global problem. 

Allergy. 2012; 67: 141-3. 

2 Asher MI, Montefort S, Bjorksten B, et al. Worldwide time trends in the prevalence 

of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC 

Phases One and Three repeat multicountry cross-sectional surveys. Lancet. 2006; 368: 733-

43. 

3 Bisgaard H, Szefler S. Prevalence of asthma-like symptoms in young children. 

Pediatr Pulmonol. 2007; 42: 723-8. 

4  Ledford DK, Lockey RF. Asthma and comorbidities. Curr Opin Allergy Clin 

Immunol. 2013; 13: 78-86. 

5 Braido F, Brusselle G, Guastalla D, et al. Determinants and impact of suboptimal 

asthma control in Europe: The INTERNATIONAL CROSS-SECTIONAL AND 

LONGITUDINAL ASSESSMENT ON ASTHMA CONTROL (LIAISON) study. Respir 

Res. 2016; 17: 51. 

6 Dean BB, Calimlim BM, Kindermann SL, et al. The impact of uncontrolled asthma 

on absenteeism and health-related quality of life. J Asthma. 2009; 46: 861-6. 

7 Bateman ED, Boushey HA, Bousquet J, et al. Can guideline- defined asthma control 

be achieved? The Gaining Optimal Asthma ControL study. Am J Respir Crit Care Med 

2004;170:836-44. 

8 Demoly P, Annunziata K, Gubba E, et al. Repeated cross-sectional survey of patient-

reported asthma control in Europe in the past 5 years. Eur Respir Rev. 2012;21:66–74. 

9 Price D, Ali M, Burden A, et al. Effectiveness of combination therapies: real-world 

versus randomized controlled trials. Prim Care Respir J. 2010;19:A13. 

10 Partridge MR, van der Molen T, Myrseth SE, et al. Attitudes and actions of asthma 

patients on regular maintenance therapy: the INSPIRE study. BMC Pulm Med. 2006;6:13. 

11 Jung A, Heinrichs I, Geidel C, Lauener R. Inpatient paediatric rehabilitation in 

chronic respiratory disorders. Paediatr Respir Rev. 2012; 13: 123-9. 

12 Straub DA1, Ehmann R, Hall GL , et al. Correlation of nitrites in breath condensates 

and lung function in asthmatic children. Pediatr Allergy Immunol. 2004 Feb;15(1):20-5. 

13 F. Th. M. Spieksma, P. Zuidema, and M. J. Leupen,  High Altitude and House-dust 

Mites Br Med J. 1971; Jan 9; 1(5740): 82–84.  

14  Regula Gehrig, Annie G. Peeters,  Pollen distribution at elevations above 1000 m in 

Switzerland Aerobiologia March 2000, Volume 16, Issue 1, pp 69–74 

15 Global Initiative For Asthma. 2016 GINA Report: Global Strategy For Asthma 

Management And Prevention. 2016. 

16 Roth S, Barrazzone C, Barben J, et al. Empfehlungen zur Behandlung der 

obstruktiven Atemwegserkrankungen im Kindesalter (SGPP/PIA-CH 2009). Paediatrica. 

2009; 20: 44-51. 
17 Raed A. Dweik, Peter B. Boggs, Serpil C. Erzurum, , et al.  An Official ATS Clinical Practice 
Guideline: Interpretation of Exhaled Nitric Oxide Levels (FeNO) for Clinical Applications Am J Respir 

Crit Care Med. 2011 Sep 1; 184(5): 602–615.18 Boner AL, Niero E, Antolini I, et al. Pulmonary 

function and bronchial hyperreactivity in asthmatic children with house dust mite allergy 

during prolonged stay in the Italian Alps (Misurina, 1756 m). Ann Allergy. 1985 

Jan;54(1):42-5. 

19 Peroni DG, Piacentini GL, Costella S, et al. Mite avoidance can reduce air trapping 

and airway inflammation in allergic asthmatic children. Clin Exp Allergy. 2002;32:850–5. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Spieksma%20FT%5BAuthor%5D&cauthor=true&cauthor_uid=5539181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuidema%20P%5BAuthor%5D&cauthor=true&cauthor_uid=5539181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leupen%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=5539181
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1795704/
https://link.springer.com/journal/10453
https://link.springer.com/journal/10453/16/1/page/1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dweik%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21885636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boggs%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=21885636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erzurum%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=21885636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4408724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4408724/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boner%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=3966688
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niero%20E%5BAuthor%5D&cauthor=true&cauthor_uid=3966688
https://www.ncbi.nlm.nih.gov/pubmed/?term=Antolini%20I%5BAuthor%5D&cauthor=true&cauthor_uid=3966688
https://www.ncbi.nlm.nih.gov/pubmed/3966688


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

20 Schultze-Werninghaus G. Should asthma management include sojourns at high 

altitude? Chem Immunol Allergy. 2006;91:16-29. 

21 Rijssenbeek-Nouwens LH, Fieten KB, Bron AO, et al. High-altitude treatment in 

atopic and nonatopic patients with severe asthma. Eur Respir J. 2012; 40: 1374-80. 

22 Adams A, Saglani S. Difficult-to-treat asthma in childhood. Paediatr Drugs. 2013; 

15: 171-9. 

23 Mokhallati N, Guilbert TW. Moving towards precision care for childhood asthma. 

Curr Opin Pediatr. 2016; 28: 331-8. 

24 Mendes FA, Almeida FM, Cukier A, et al. Effects of aerobic training on airway 

inflammation in asthmatic patients. Med Sci Sports Exerc. 2011; 43: 197-203. 

25 Eichenberger PA, Diener SN, Kofmehl R, Spengler CM. Effects of exercise training 

on airway hyperreactivity in asthma: a systematic review and meta-analysis. Sports Med. 

2013; 43: 1157-70. 

26 Downs SH, Schindler C, Liu LJ, et al. Reduced exposure to PM10 and attenuated age-

related decline in lung function. N Engl J Med. 2007; 357: 2338–2347.  

27 Sutherland ER, Goleva E, Jackson LP, et al. Vitamin D levels, lung function, and 

steroid response in adult asthma. Am J Respir Crit Care Med. 2010; 181: 699–704. 

28 Pellegrino R, Pompilio P, Quaranta M, et al. Airway responses to methacholine and 

exercise at high altitude in healthy lowlanders. J Appl Physiol (1985). 2010 Feb;108(2):256-

65. 

29 Gautier H, Peslin R, Grassino A, et al. Mechanical properties of the lungs during 

acclimatization to altitude. J Appl Physiol Respir Environ Exerc Physiol. 1982 

Jun;52(6):1407-15. 

30 Bauer CP, Petermann F, Kiosz D, Stachow R. [Long-term effect of indoor 

rehabilitation on children and young people with moderate and severe asthma]. Pneumologie. 

2002; 56: 478-85 
 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Schultze-Werninghaus%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16354946
https://www.ncbi.nlm.nih.gov/pubmed/16354946


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Table 1 

 

 

 

Table 2 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 1  

  

F  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 2 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Figure 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table and Figure titles and legends:  

Table 1: Characteristics of the study population 

Table 2: Pulmonary function and airway inflammation at admission and discharge – 

stratified for change in level of inhalative corticosteroid dosage 

No ICS = patients without inhalative corticosteroid; ICS -1 = inhalative corticosteroid reduced 

by one GINA level; ICS -2 = inhalative corticosteroid reduced by two GINA levels; ICS level 

constant = inhalative corticosteoid level not changed; ICS +1 = inhalative corticosteroid 

elevated by one GINA level; ICS +2 = elevated by two GINA levels respectively. No LABA = 
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no additional LABA at admission and discharge, added LABA = LABA added shortly after 

admission, constant LABA = LABA present prior to admission and present at discharge,   

stopped LABA = LABA were stopped shortly after admission. 

 

Figure 1: Pulmonary function and airway inflammation at admission and discharge – 

stratified for level of asthma control 

(A), (B), (C), Pulmonary function (n=344) is reported by mean values. Circles show patients 

with controlled asthma (n=61). P-value=comparison between discharge and admission, by t-

test for paired samples. Diamonds show patients with partly controlled asthma (n=155). 

Squares show patients with uncontrolled asthma (n=128).  

(D) Airway inflammation (n=124) is reported by median values. P-value=comparison 

between discharge and admission, by Wilcoxon signed-rank test. Circles show patients with 

controlled asthma (n=24). Diamonds show patients with partly controlled asthma (n=48). 

Squares show patients with uncontrolled asthma (n=52). 

 

Figure 2: Pulmonary function and airway inflammation at admission and discharge of 

patients with uncontrolled asthma – stratified for house dust mite sensitisation  

(A), (B), (C), Pulmonary function (n=128) is reported by mean values. P-value=comparison 

between discharge and admission, by t-test for paired samples. Circles show non-sensitised 

patients (n=26). Squares show sensitised patients (n=102).  

(D) Airway inflammation (n=52) is reported by median values. P-value=comparison between 

discharge and admission, by Wilcoxon signed-rank test.  Circles show non-sensitised 

patients (n=6). Squares show sensitised patients (n=46).  
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Figure 3: Pulmonary function and airway inflammation at admission and discharge of 

patients with uncontrolled asthma – stratified for atopic dermatitis 

(A) Pulmonary function  (n=343) is reported by mean values. P-value=comparison between 

discharge and admission, by t-test for paired samples. Diamonds show patients with atopic 

dermatitis (n=200). Squares show patients without atopic dermatitis (n=143).  

(B) Airway inflammation (n=124) is reported by median values. P-value=comparison 

between discharge and admission, by Wilcoxon signed-rank test. Diamonds show patients 

with atopic dermatitis (n=71). Squares show patients without atopic dermatitis (n=53). 

 

Figure 4: Pulmonary function and airway inflammation at admission and discharge of 

patients with uncontrolled asthma – stratified for duration of the sojourn 

(A), (B), (C), Pulmonary function (n=128) is reported by mean values. P-value=comparison 

between discharge and admission, by t-test for paired samples. Circles show patients with a 

stay of 14-21 days (n=30). Diamonds show patients with a stay of 22-35 days (n=61). 

Squares show patients with a stay of >35 days (n=37). 

(D) Airway inflammation (n=52) is reported by median values. P-value=comparison between 

discharge and admission, by Wilcoxon signed-rank test. Circles show patients with a stay of 

14-21 days (n=10). Diamonds show patients with a stay of 22-35 days (n=25). Squares show 

patients with a stay of >35 days (n=17). 

 


