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ABSTRACT
Background: Environmental interactions are very complex in childhood asthma, and we
hypothesized that even a short-term exposure to an allergy safe outdoor environment
(AllSOE) combined with pulmonary rehabilitation program (PRP) could exert significant
beneficial effects. Our aim was to test the effects of 2-week PRP provided in an AllSOE in
children with mild to moderate asthma.
Methods: 110 children (aged 7.5–17 years, 46% girls), with partially or totally controlled
asthma, attended the PRP at the Island of Lo�sinj (Croatia) supervised by a multidisciplinary
team (pediatric pulmonologist, sports medicine specialist, physiotherapist and kinesiologist).
Each child had an adjusted intensity of physical activity with at least 2 h of exercise per day.
Body height and weight, spirometry, fraction of exhaled nitric oxide (FeNO), running dis-
tance during free running test (FRT) and the decline in lung function after FRT (exercise-
induced bronchoconstriction- EIB) were measured at baseline and after PRP.
Results: A significant improvement in running distance (from 903±272m to 968±289m;
p< 0.001), a decrease of FeNO (from 37±32ppb to 25±17ppb; p< 0.001) were determined
after PRP. There were no significant changes in lung function and EIB, except EIB in the
fourth quartile (significant EIB at baseline) where EIB significantly decreased (p< 0.001)
after PRP.
Conclusion: Two weeks of PRP in an AllSOE significantly improved exercise capacity and
reduced airway inflammation and airway hyperreactivity showing that even a short-term
PRP within a proper environment could be effective and affordable management strategy
for children and adolescents with mild to moderate asthma.

Abbreviations: AllSOE: allergen safe outdoor environment; PRP: pulmonary rehabilitation
program; HRQoL: health-related quality of life; BMI: body mass index; FVC: forced vital cap-
acity; FEV1: forced expiratory volume in 1 second; FeNO: fraction of exhaled nitric oxide;
FRT: free running test
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Introduction

Asthma is one of the most common chronic diseases
in the general population and among children with a
predominant allergic phenotype (1,2). Currently, sen-
sitization rates to one or more allergens among school
children are approaching 40%-50% (3), and experts
estimate that one in five infants will develop asthma
(4,5). This disease has a significant impact on child-
ren’s quality of life, especially on children with a
poorly controlled and/or severe asthma (6). Physical
exercise is a common trigger for asthma symptoms in
40–90% of children, provoking exercise-induced

bronchoconstriction (EIB) with shortness of breath,
cough and wheeze (7).

Fear from triggering EIB may keep children from
engaging in physical activity or sports resulting in sed-
entary lifestyle (8). Less physical activity means less aer-
obic capacity that can aggravate dyspnea and asthma
symptoms leading to complete exercise avoidance. On
the other hand, it is proven that regular physical activ-
ity in asthmatics reduces corticosteroid consumption,
improves aerobic capacity and asthma symptoms as
well as health-related quality of life (HRQoL) and over-
all having beneficial anti-inflammatory effects which
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makes it an add-on treatment for asthma (7,9).
Therefore, pulmonary rehabilitation programs (PRPs)
play a significant role in chronic respiratory disorders
management and treatment. PRPs for children and
adolescents focus at preventing exacerbations, improv-
ing HRQoL and overall health status (HS) or disease
progression (10). Asthma camps gather children suffer-
ing from asthma and provide continuous health educa-
tion combined with climate/balneotherapy which
decreases symptoms, emergency department visits, hos-
pitalizations, exacerbations and school absence (10–12).

Taking into consideration that environmental inter-
actions for childhood asthma development are com-
plex, we hypothesized that even a short time exposure
to an allergen safe outdoor environment (AllSOE)
combined with PRP can exert significant beneficial
effects in asthmatic children. The aim of this study
was to test the potential effects of 2 weeks PRP in an
AllSOE in children with mild to moderate persistent
allergic asthma.

Methods

Experimental design

In this work was performed an interventional single
arm prospective study (quasi-experimental research
design) that enrolled 110 children (51 girls and 59
boys), aged 7.5–17 years, body mass index (BMI) rang-
ing from 13.7 to 27.2 kg/m2 with mild to moderate
persistent allergic asthma. All patients had allergic
rhinitis (from mild to moderate persistent). They were
all recruited from our outpatient clinic, regularly con-
trolled and skin prick tested with a standard panel for
inhalant and for nutritive allergens (Supplemental
Table S1).

Inclusion criteria were as follows: diagnosed asthma
for at least one year before the study, regular control
visits at our outpatient clinic with lung function tests
and fraction of exhaled nitric oxide (FeNO) measure-
ments, mild to moderately severe asthma (partially or
totally controlled according to GINA guidelines) (13).
Exclusion criteria of the subjects were presence of any
other significant pulmonary, cardiovascular or muscu-
loskeletal disorder, severe and uncontrolled asthma, as
well as hospitalization with an asthma exacerbation
within the prior month. All parents/legal guardians
signed and dated the informed consent form approved
by the Institutional Ethics Committee before taking
part in the PRP study. All participants attended two
weeks of PRP at the Island of Lo�sinj (Croatia). This
destination was selected due to its geographical pos-
ition which is characterized by mild Mediterranean

climate with over 2500 sunny hours a year and nat-
ural healing aerosol with dissipated droplets of medi-
cinal plant’s essential oils and sea salt particles which
gives asthmatic children the opportunity for high-
quality climate/balneotherapy. Veli Lo�sinj is declared
as Climatic Health Resort with long-lasting domestic
and international reputation for treatment of respira-
tory diseases, asthma, allergies and psoriasis.

The PRP at Asthma camp was organized in mid-
June after the end of school term. In that period aver-
age air temperature was 24.2� Celsius (28.2� daily
maximum and 20.3� daily minimum), average value
of air humidity was 61.4% and average value of air
pressure was 1,00,803 Pa. At Asthma Camp children
have the opportunity to interact with peers sharing
the same health problems, learn more about their dis-
ease and how to better cope with it through sport
activities and workshops which reduce anxiety and
fear from physical exercise as an asthma trigger.
Children were supervised by a multidisciplinary team
consisting of pediatric pulmonologists, sports medi-
cine specialists, kinesiologists, physiotherapists, and
respiratory nurses from Srebrnjak Children’s Hospital.
The intensity of PRP was personally adjusted for each
child according to its age and individual capacities.
The training intensity was set from mild to vigorous
and included morning stretching and exercise, swim-
ming and sports games during the morning and after-
noon, resulting in at least 2 h of active exercise per
day (Table 1). Ninety percent of trainings were aer-
obic (mild to moderate intensity) with at least 10% of
anaerobic training per day (14). Breathing exercises
were also incorporated as the morning and even-
ing routine.

All subjects used their regular antiasthma treatment
with inhaled corticosteroids with or without long act-
ing beta-2 agonist or leukotriene modifiers. Prior to
testing (i.e. lung function and free running tests) an
appropriate washout period of applied bronchodilators
was performed. FeNO was measured in the morning
at rest, at baseline and at the end of 2-week PRP.
Spirometry was measured before the free running test
(FRT) and within 10 and 20min after the FRT) at
baseline and after 2 weeks of PRP. Forced vital cap-
acity (FVC) and forced expiratory volume in 1 s
(FEV1) were recorded and expressed as the % of pre-
dicted values. The FEV1/FVC ratio was expressed as
the absolute value. The maximal decline in lung func-
tion after FRT was calculated as the percentage of
baseline FEV1 value (((lowest FEV1 after FRT – base-
line FEV1)/baseline FEV1)�100%) for both the base-
line FRT test and the FRT test performed after
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2weeks of PRP. FRT was performed as a 3min run-
ning test in children aged <10 years and as a 6min
running test in children aged �10 years. Heart rate,
blood pressure and oxygen saturation were measured
and recorded before and after the FRT together with
the distance run.

Fraction of exhaled nitric oxide (FeNO) and spir-
ometry were measured on site using a portable FeNO
device (NIOX MINO, Aerocrine AB, Sweden) and
MasterScreen spirometer (CareFusion, Germany)
according to the ATS/ERS guidelines and standards
(15,16). Blood pressure was measured using Welch
Allyn (USA) device while heart rate and blood oxygen
saturation were measured using a pulse oximeter
(Nonin Onyx Vantage, USA).

Statistical analysis

All continuous variables are presented as mean-
s ± standard deviations (±SD). Differences between the
tests at baseline and at the end of PRP (% of maximal
decline of FEV1 from baseline after 3/6-FRT, FEV1
(%), Tiffeneau index (FEV1/FVC), FeNO and 3/6-FRT
running distance) were tested using Wilcoxon Signed
Ranks Test. Multiple regression models and canonical
correlation were applied to assess the relative contri-
bution of the independent variables (age, sex and
BMI) to the total variance of the outcome measures.
The threshold value of p< 0.05 was considered statis-
tically significant for all performed tests. Statistical

analyses were performed using MedCalc statistical
software for Windows, version 14.8.

Results

Children were aged from 7.5–17 years (mean age
12.1 years) with no significant difference in relation to
sex (p¼ 0.961). Boys and girls also had comparable
body height, body weight and body mass index – BMI
(Table 2), and showed no significant differences for
all outcome variables of lung function, FeNO and
running distance in a free running test (Table 3).

Running distance (mean ± SD) improved signifi-
cantly from 903 ± 272m to 968 ± 289m (p< 0.001)
and FeNO (median) improved significantly from
27 ppb to 19 ppb (p< 0.001) after 2weeks of PRP
(Table 3, Figures 1 and 2). Although no significant
difference in EIB after 2 weeks of PRP was found for
the whole tested group (p¼ 0.401), the patients in the
4th quartile experienced significant and clinical
improvement from -12.4 ± 8.6% to -2.8 ± 5.3%
(p< 0.001, Cohen’s d¼ 1.33). Those were the patients
(N¼ 27) with the greatest max. FEV1 decline from
baseline after FRT, representing patients with the
greatest EIB level (Table 3 and Figure 3). As presented
in Table 3, measured significant improvements vary
from small to very large clinical improvement
(Cohen’s d from 0.23 to 1.33) except for FEV1 (%)
that declined (d¼ 0.18, not clinically significant).
Interaction of lung function parameters and FeNO

Table 2. Age and anthropometric parameters according to sex (N¼ 110).
Variable All Boys (n¼ 59) Girls (n¼ 51) p-value�
Age (year) 12.1 (±2.1) 12.1 (±2.1) 12.0 (±2.1) 0.961
Body height (cm) 156.3 (±13.2) 156.0 (±14.6) 156.6 (±11.3) 0.726
Body weight (kg) 48.7 (±11.7) 49.6 (±12.5) 47.6 (±10.7) 0.541
BMI (kg/m2) † 19.7 (±2.9) 20.2 (±3.0) 19.2 (±2.7) 0.096
�Calculated using Mann-Whitey U-test.
†BMI – body mass index.

Table 1. Daily training activities and intensities.

Daily training activities Activities

Intensity

Mild Moderate Vigorous

Athletic 7.15–8.00 h Walking, breathing exercise, game of chase, aerobic running, stretching x
Running school x
Aerobic – anaerobic running x
Relay race games x
Stretching x

Swimming 16.00–17.30 h Stretching x
Aerobic swimming x
Swimming technique x
Swimming races (relay) x

Sport of choice 18.00–19.30 h Soccer x x
Basketball x x
Table tennis x x
Badminton x x
Breathing exercise x
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between anthropometric measures (age, sex and BMI)
tested non-significant in the multiple regression with
low coefficient of determination (R2 ¼ 0.03–0.06;
p> 0.05 for all, Supplemental Table S2). Canonical
correlation between all outcome variables and
anthropometric variables (age, sex and BMI) was also
not statistically significant (p¼ 0.40, Supplemental
Table S3).

Discussion

In this study was found that in children and adoles-
cents with asthma already after 2 weeks of aerobic
exercise training (PRP) in an AllSOE, level of airway
inflammation (FeNO) and hyper-reactivity (EIB) sig-
nificant decreased and running distance in FRT
increased. Changes of EIB in the fourth quartile,
where EIB significantly decreased (p< 0.001) after
PRP, showed that even after a short PRP subjects with
the lowest tolerance to physical activity experienced
the largest (clinically significant) improvement of EIB,
thus validating our initial hypothesis.

However, FVC and FEV1 have not changed signifi-
cantly during the PRP, showing if anything a slight
non-significant (clinical and/or statistical) decline after
2 weeks. There are two possible explanations for this
finding: (1) The average FVC and FEV1 at baseline
were already in the reference range because these chil-
dren had partially or totally controlled asthma, or (2)
the increased control, better physical fitness and
improvement in diaphragm’s strength could decreased
expiratory time and increased starting expiratory flow
thus seemingly changing these parameters. However,
there was no evident change for Tiffeneau-Pinelli
index (FEV1/FVC) that by some authors relates better
to asthma symptoms than FEV1 (17). Similar results
were also presented in the review by Wanrooij et al.
(7) that compared intervention and control groups in
all performed studies (N¼ 9).

Mainly, in asthmatic children aerobic exercise may
trigger asthma attacks, and because of that they usu-
ally avoid to actively exercise, their fitness deteriorates,
and dyspnea may occur even with lower levels of
physical activity. However, exercise can decrease the

Table 3. Lung function and FeNO measurements and running distance in a free running test (N¼ 110).

Variable Patients
Baseline
Mean ± SD

Final
Mean ± SD

Mean
difference ± SD
difference

Baseline
Median

Final
Median Cohen’s d p-value�

FVC† (%) Boys (n ¼ 59) 100.4 ± 16.6 98.8 ± 13.6 �1.6 ± 3.0 97.0 96.7
Girls (n ¼ 51) 101.2 ± 13.7 98.3 ± 11.6 �2.9 ± 2.1 99.1 96.3
Boys vs. Girls: 0.068
All 100.7 ± 15.3 98.5 ± 12.6 �2.2 ± 2.7 97.85 96.5 0.16 0.087

FEV1‡ (%) Boys (n ¼ 59) 105.9 ± 17.9 103.5 ± 14.8 �2.0 ± 3.1 105.6 101.3
Girls (n ¼ 51) 107.6 ± 14.6 104.6 ± 12.0 �3.0 ± 2.6 108.1 104.4
Boys vs. Girls: 0.220
All 106.7 ± 16.4 104.0 ± 13.5 �2.7 ± 2.9 105.8 103.35 0.18 0.033

FEV1/FVC Boys (n ¼ 59) 0.88 ± 0.05 0.87 ± 0.09 �0.01 ± 0.04 0.87 0.86
Girls (n ¼ 51) 0.91 ± 0.06 0.91 ± 0.10 <�0.01 ± 0.04 0.91 0.87
Boys vs. Girls: 0.634
All 0.89 ± 0.06 0.89 ± 0.10 <�0.01 ± 0.04 0.88 0.87 0.02 0.704

FeNO§ (ppb) Boys (n ¼ 59) 37 ± 33 23 ± 16 �14 ± 17 25 19
Girls (n ¼ 51) 37 ± 31 27 ± 18 �10 ± 13 29 19
Boys vs. Girls: 0.188
All 37 ± 32 25 ± 17 �12 ± 15 27 19 0.48 <0.001

Running distance (m) Boys (n ¼ 59) 936 ± 294 1007 ± 314 70 ± 20 1035 1065
Girls (n ¼ 51) 865 ± 241 924 ± 254 59 ± 13 924 980
Boys vs. Girls: 0.602
All 903 ± 272 968 ± 289 66 ± 17 960 1025 0.23 <0.001

Max.FEV1 decline from
baseline after FRT¶ (%)

Boys (n ¼ 59) �3.0 ± 9.3 �2.3 ± 3.9 0.7 ± 5.4 �1.4 �2.0

Girls (n ¼ 51) �2.9 ± 6.9 �1.5 ± 4.1 1.4 ± 2.3 �2.5 �1.5
Boys vs. Girls: 0.336
All �3.0 ± 8.2 �1.9 ± 4.0 1.0 ± 4.2 �2.0 �1.8 0.16 0.401

Max.FEV1 decline from baseline
after FRT¶ (%)(4th quartile)

Boys (n ¼ 14) �13.6 ± 10.2 �3.0 ± 5.8 10.6 ± 4.4 �8.9 �2.4

Girls (n ¼ 13) �11.1 ± 6.7 �2.7 ± 5.0 8.4 ± 1.7 �7.4 �3.4
Boys vs. Girls: 0.923
All (n ¼ 27) �12.4 ± 8.6 �2.8 ± 5.3 9.6 ± 3.3 �7.9 �2.6 1.33 <0.001

�Statistical analysis was done using a Wilcoxon Signed Ranks Test.
†FVC-forced vital capacity.
‡FEV1-forced expiratory volume in 1 s.
§FeNO- fraction of exhaled nitric oxide.
¶FRT- free running test.
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frequency and severity of asthma attacks, but mostly
in patients who are well controlled and regularly use
anti-inflammatory therapy, and also exercising for at
least an hour per day has many other health benefits
for asthmatic children and adolescents (1,13).
Different studies investigated potential effects of regu-
lar exercise in asthmatic children with different exer-
cise modes, e.g. swimming, running or cycling and all
showed significant improvement in maximum oxygen
uptake, though no effects were observed in other
measures of pulmonary function (7,18,19). Abdelbaset
et al. investigated the effects of moderate-intensity
exercise training in 38 asthmatic school-aged children
and found that ten weeks of physical exercise had

beneficial effects on pulmonary functions and aerobic
capacity (20).

In our study patients with the lowest tolerance to
physical activity (patients with the greatest EIB level)
had the greatest benefit from the PR program.
Zampogna et al. (21) conducted a retrospective study
in 515 subjects (mean age ¼ 64 yrs.) with moderate
to severe asthma who underwent 3weeks of PRP. The
subjects who benefited more from PRP were patients
with worse lung function impairment and with lower
baseline 6-min walk distance. These results support
the expectations that PRP benefits are more pro-
nounced in patients who were more disabled.

Several studies applied climate therapy for asth-
matic patients in low-trigger environments (22–24)
but there was no record of organized physical or PR
activities while in our study subjects had daily organ-
ized training activities with intensities set from mild
to vigorous. Hashimoto et al. (23) conducted a 12-
week study in severe asthma patients in a low-trigger
environment (1600 meters altitude in Davos,
Switzerland). Intervention was done in 136 patients
(mean age 46 yrs.) and found improved quality of life
and lung function in all patients with severe asthma.
Mallett et al. (24) presented results of a 5 day stay at
asthma camp in 34 children (mean age ¼ 11 yrs, 56%
boys) with diagnosed asthma. Asthma camp was based
on regular summer camp activities and daily asthma
education. After the participation in camp subjects
had increased their lung function variables,
improved attitudes and knowledge, had better ACT
scores and decreased visits in emergency depart-
ment and hospitalizations.

Figure 1. Running distance (in meters) during the free running
test at baseline and final measurements after two week-pro-
gram; black dots represent median and horizontal lines repre-
sent 95% confidence interval, p< 0.001, Wilcoxon Signed
Rank Test.

Figure 2. Fraction of exhaled nitric oxide (FeNO) in parts per
billion (ppb) at baseline and final measurements after two
week-program; black dots represent median and horizontal
lines represent 95% confidence interval, p< 0.001, Wilcoxon
Signed Rank Test.

Figure 3. Maximal decline in forced expiratory volume in 1 s
(FEV1) after the free running test (FRT) in the fourth quartile
subgroup at baseline and final measurements after two week-
program; black dots represent median and horizontal lines rep-
resent 95% confidence interval, p< 0.001, Wilcoxon Signed
Rank Test.
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However, our study is specific because the PRP we
conducted is combined with climate/balneotherapy.
We believe that the improvement after just 2 weeks
represents a combined effect of regular training activ-
ities and exposure to characteristic Mediterranean
environmental factors in a clean (allergen safe) out-
door environment. This combined effect is also sup-
ported by a significant reduction of FeNO values
measured on site in our patients. Our result is sup-
ported by the study done by Kaminsky et al. showing
a significant reduction of FeNO after a week of
asthma camp, without significant changes in lung
function or asthma control. In the same study, the
anti-inflammatory therapy during asthma camp was
not modified and the authors concluded that airway
inflammation was reduced because of improved
adherence to therapy and/or reduced exposure to pro-
inflammatory stimuli when residing out of the home
environment (22). FeNO is also involved in nonaller-
gic inflammatory and pulmonary vascular mechanisms
or responses to environmental stimuli. Elevated FeNO
is found in people with nonatopic chronic conditions
including diabetes and chronic obstructive pulmonary
disease (COPD) exposed to higher levels of air pollu-
tion (25). In our study FeNO levels after the 2-weeks
of PRP tested at rest showed a significant decrease of
airway inflammation supporting the hypothesis that
even a short PRP with the combined effect of regular
exercise and allergy safe outdoor environment can be
effective. This effect however is not comparable to
what Evjenth et al. reported in non-asthmatics after
acute exposure to exercise. Even though FeNO levels
improved significantly, the result was clinically mar-
ginal and as it was not tested at rest which can lead
to erroneous (lower) FeNO readings (26).

To our notion, such a particular combination of
PRP with climate/balneotherapy was not studied thor-
oughly by other researchers. Few studies investigated
the effects of pulmonary rehabilitation but without the
concomitant climate therapy (20,21), while others
only investigated the effects of a climate therapy with-
out PRP (22–24). The single study that combined
organized PRP and climate therapy was done by
Muller et al. (27), but in elderly patients (mean age 61
yrs, n¼ 678). They were mostly patients with asthma
(77%), but also patients with and/or COPD and/or
allergic rhinitis. After 3 weeks of combined therapy,
significant improvements were found for 6-min walk
test, and for several lung function parameters (i.e.
FEV1, FEV1/FVC). Current recommendations suggest
that a pulmonary rehabilitation program should last
for 6 to 12weeks to produce benefits that gradually

decline over 12 to 18months (28). On the other hand,
our PRP lasted only two weeks, but demonstrated stat-
istically and clinically significant benefits on important
outcomes (i.e. airway inflammation and hyperreactivity,
and physical fitness). Our findings represent an added
value which can steer the pulmonary rehabilitation to a
shorter 2-week programs in a specified environment
allowing school children and their parents/legal guardi-
ans less absence from school and work, respectively
with consequent lower direct and indirect costs.

The uniqueness of our study is the combined
approach of pulmonary rehabilitation in allergen free
outdoor environment with specific climate/balneology
properties which potentially facilitate the effectiveness
and benefits of the applied PRP. However, it is also
important to consider the limitations of this interven-
tional single arm prospective study (quasi-experimental
research design) such as: short period of PRP, no
randomized control group and the lack of follow-up
period. All these aspects should be considered in future
similar studies. On the other hand, even though the
study was done in a group of children with well or
partially controlled mild to moderate asthma the sig-
nificant benefits were clearly evident.

Conclusion

The results of this study showed that even a short-
term pulmonary rehabilitation program (PRP) provided
in an AllSOE in children with mild to moderate per-
sistent asthma could produce a significantly beneficial
clinical effect. Children and adolescents who attended
such PRPs significantly improved their exercise cap-
acity and demonstrated improvement in both airway
inflammation and bronchial hyperreactivity levels.
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Supplemental Table 1 

Standard SPT panel for inhalant allergens Standard SPT panel for nutritive allergens 

- Hazel (Corylus avellana) 

- Birch (Betula alba) 

- Grass mix  

- Mugwort (Artemisia vulgaris) 

- Ragweed (Ambrosia artemisiifolia) 

- Alternaria alternata (tenuis) 

- Cladosporium herbarum 

- Parietaria 

- Cat dander 

- Dog dander 

- Dermatophagoides pteronyssinus 

- Dermatophagoides farinae 

 

- Sesame seed 

- Soybean 

- Peanut 

- Wheat flour 

- Corn flour 

- Egg 

- Milk 

- Hake 

- Trout 

- Tuna 

- Almond 

- Walnut 

- Hazelnut 

SPT- Skin Prick Test 

 

 

 

 

 

  



Supplemental Table 2 

Results of a multiple regression analysis for the outcomes (dependent variables) regarding 

age, sex and BMI (independent variables)  

 Age Sex BMI 

R2 
p-

value 
 Stand. 

Coeff. 

Beta 

p- 
value 

Stand. 

Coeff. 

Beta 

p- 
value 

Stand. 

Coeff. 

Beta 

p- 
value 

Δ FVC (%) -0.17 0.07 -0.09 0.32 -0.13 0.19 0.06 0.09 

Δ FEV1 (%) -0.18 0.06 -0.05 0.63 -0.12 0.21 0.03 0.10 

Δ FeNO (ppb) 0.08 0.32 0.04 0.53 0.04 0.27 0.06 0.82 

Δ Max.FEV1 
decline 

from baseline 

after FRT (%) 

-0.10 0.32 -0.06 0.53 -0.11 0.27 0.03 0.40 

 

 

  



Supplemental Table 3 

Correlations between Set-1 and Set-2 

 

 Age Sex BMI 

Δ FeNO (ppb) 0.043 0.072 0.032 

Δ FEV1 (%) -0.205 -0.023 -0.150 

Δ FVC (%) -0.198 -0.072 -0.144 
Δ max. FEV1 decline 

from baseline after 

FRT (%) 

-0.118 -0.041 -0.118 

 
 

Canonical Correlations 

X2(12) = 9.36, p=0.40, r=0.27 
X2(4) = 1.62, p=0.80, r=0.13 
X2(1) = 0.00, p=0.99, r=0.03 
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