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Introduction: Exercise-induced bronchoconstriction is due to osmotic stimulus of the 
airway epithelium and leads to a cascade of biomarker release from several inflammatory 
cells. Several type 2 (T2) mediators have been linked to exercise-induced bronchoconstric-
tion, but the T2 response per se has not been described during exercise. The aim of this study 
was therefore to investigate T2 biomarkers in plasma and urine from subjects with asthma 
and healthy controls before and after an exercise challenge.
Methods: Twenty-two subjects with mild asthma and 18 healthy controls performed an 
exercise challenge test on a treadmill, and fractional exhaled NO (FeNO) was measured at 
baseline. Blood and urine samples were collected repeatedly during 60 min after the test and 
Interleukin-13 (IL-13), thymus and activation-related chemokine (TARC), periostin and 
leukotrienes were measured.
Results: Asthmatics and controls showed similar levels of IL-13, TARC, periostin and Cys- 
LT in plasma at baseline, and there were no differences in baseline levels between subjects 
with a negative and positive exercise challenge. After exercise, there was an overall increase 
in interleukin-13 (IL-13) in plasma in all subjects (p<0.001), with a peak at 10 min after the 
exercise challenge in both the asthmatic and control group. An increase in TARC in plasma 
was also seen (p<0.001), but only in the control subjects. In contrast, Cys-LT in plasma 
showed an overall decrease in all subjects (p<0.001), while periostin in plasma did not 
change. In conjunction with plasma, the level of IL-13 was increased in urine 30 min after 
the exercise challenge (p=0.002) and decreased again at 60 min (p=0.004). Similarly, 
leukotriene E4 (LTE4) was increased in urine samples, with a peak at 60 min and most 
pronounced in asthmatic subjects (p<0.001) but was seen also in controls (p=0.008).
Discussion: In conclusion, circulating levels of IL-13 are increased after exercise to the 
same extent in asthmatics and healthy control subjects, which indicates a physiological rather 
than a pathophysiological response. Also, the levels of TARC and leukotrienes were affected 
after exercise.
Keywords: asthma, biomarkers, exercise, inflammation

Introduction
During exercise-induced bronchoconstriction, an osmotic stimulus of the airway 
epithelium leads to a cascade of biomarker release from several inflammatory cells.1 

Controversy remains about the causative mediators in the bronchoconstrictive response 
to exercise in asthma, but there is clear evidence for mast cell activation during 
exercise-induced bronchoconstriction in asthmatics.2 Mast cells and eosinophils 
release cysteinyl-leukotrienes (Cys-LT) and prostaglandins which are the most well- 
known mediators of exercise-induced bronchoconstriction.3 Increased level of 
leuktrieneE4 (LTE4) in urine has been shown in several studies4,5 and explains the 
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protective role of montelukast against exercise-induced 
bronchoconstriction.6 Although the role of type 2 (T2) med-
iators in exercise-induced bronchoconstriction is not well 
characterized, it has been shown that sputum eosinophil 
percentage correlates to severity of exercise-induced 
bronchoconstriction,7 and that increased serum periostin 
level predicts a positive exercise challenge.8 In addition, 
polymorphism of the T2 cytokine IL-13 has shown to be 
associated to the severity of exercise-induced 
bronchoconstriction.9 Thymus and activation-regulated che-
mokine (TARC) is associated with the allergic inflammation 
of asthma and has shown an inverse correlation to FEV1 in 
children with a positive response to exercise.10

Even though several T2 biomarkers are known to be 
associated with exercise-induced bronchoconstriction, the 
T2 response per se has not been described during exercise. 
The aim of this study was therefore to investigate T2 
biomarkers (IL-13, TARC, periostin and Cys-LT) in 
plasma and urine from subjects with asthma and healthy 
controls before and after an exercise challenge.

Methods
Subjects
Twenty-two subjects with mild asthma (according to Gina 
guidelines)11 and 18 healthy controls were investigated 
(see Table 1). The controls had no respiratory symptoms 
or diagnosed asthma. All subjects were non-smokers with-
out respiratory tract infection within three weeks prior to 
the investigation. All asthmatic subjects refrained from 
using β2-agonists and inhaled corticosteroids for at least 
48 h before the study. The study was conducted in accor-
dance with the Declaration of Helsinki and the Regional 
Ethical Review board in Lund approved the study. All 
subjects gave informed consent.

Study Design
At arrival in the clinic, participants emptied their bladder 
and drank a glass of water. Atopy was defined as having 
a positive skin prick test (ALK-Abello, Hørsholm, 
Denmark) of airborne allergens (including house dust 
mite (D. pteronyssinus and D. farinae), cat, horse, dog, 
A. alternata, C. herbarum, grass, birch and ragweed 
pollen). Thereafter, exhaled NO was measured, spirome-
try performed and blood and urine samples were taken 
just prior to the exercise test. An exercise challenge test 
was performed and thereafter the subjects were resting 
for 60 min while repeated spirometry was performed (at 

5, 10, 15, 20, 30, 45 and 60 min after the end of the 
exercise challenge test) and blood and urine samples 
were collected repeatedly (plasma samples were col-
lected after 10, 30, 45 and 60 min, and urine samples 
were collected after 30 and 60 min).

Exercise Challenge
The exercise challenge test was conducted (as previously 
described)12 on a treadmill: a) two minutes of running: 
speed and slope were set to increase the heart rate of the 
subject to approximately 90% of maximum capacity (defined 
as 220 beats per minute – age in years), b) four minutes of 
running: at about 90% of maximum capacity, c) two minutes 
of running: the speed and slope were increased to induce 
a maximum exertion. A positive exercise test was defined as 
having ≥10% fall in FEV1 after the exercise challenge test.

Forced expiratory volume in 1 second (FEV1) was 
measured using a flow-volume spirometry (Jaeger 
MasterScope, Würzburg, Germany) and FEV1% predicted 
(%p) was calculated according to Crapo.13

Fractional Exhaled Nitric Oxide (FeNO)
FeNO measurements were performed at baseline using 
a NIOX Flex (Aerocrine, AB, Stockholm, Sweden). 

Table 1 Subject Characteristics and Baseline Biomarker 
Concentration in Plasma

Healthy 
Controls, 
n=18

Asthmatics, 
n=22

p-value

Age, years 25 (22–35) 26 (24–33) 0.76

Sex (male/female), n 9/9 12/10 0.78a

Atopy, n 4 12 0.04a

FEV1, l 4.0 (3.3–4.7) 3.8 (2.9–4.5) 0.67

FEV1, %p 101.3 (94.3–111.8) 95.2 (87.5–109.4) 0.25

Positive exercise test, n 1 9 0.013b

Fall in FEV1 during test, % 4.6 (0.0–6.8) 6.1 (3.0–18.8) 0.067

ICS, n 0 15 <0.001b

FeNO, ppb 15.8 (9.5–35.1) 21.8 (15.1–37.3) 0.31

Biomarkers in plasma

IL-13, pg/mL 491 (413–104814) 767 
(352–12472)

0.81

TARC, pg/mL 75 (52–248) 70 (19–98) 0.26

Periostin, pg/mL 495 (361–748) 522 (329–857) 0.76

Cys-LT, pg/mL 559 (509–660) 646 (521–815) 0.23

Notes: Data are presented as median (IQR) or number. Atopy was defined as 
having a positive skin prick-test of airborne allergens. Positive exercise test was 
defined as having ≥10% fall in FEV1 after the exercise challenge test. p-value= 
statistical difference between healthy controls and asthmatics using Mann– 
Whitney U-test, Chi2-testa or Fisher’s Exact testb. 
Abbreviations: FEV1, forced expiratory volume in 1 s; ICS, inhaled corticoster-
oids; FeNO, fractional exhaled NO at flow 50 mL/s.
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Patients were comfortably seated; inhaled NO depleted 
ambient air and exhaled at a flow rate of 50 mL/s. The 
manoeuvre was performed 3–4 times.

Biomarker Analysis
For biomarker analyses, ELISA kits from R&D systems 
(Abingdon, UK) were used to measure IL-13 (DY213), 
TARC (DY364) and periostin (DY3548B) and kits from 
Cayman Chemicals (Ann Arbor, MI) were used to measure 
CysLT (500 390) and LTE4 (501 060). All urine samples 
were corrected for creatinine.

Statistical Analyses
All statistical calculations were performed using SPSS 
25.0 for Windows (SPSS, Inc., Chicago, IL). Due to non- 
normally distributed data, all statistical analyses were done 
using non-parametric tests; Mann–Whitney U-test for 
unpaired data, Wilcoxon signed-rank test for paired data, 
Friedman test for repeated measures and correlations were 
calculated by Spearman correlation test. Chi square test 
was used for number comparisons, with Fisher’s correc-
tion when necessary. A p-value of <0.05 was considered 
statistically significant.

Results
Baseline Characteristics
Asthmatics and controls showed similar levels of IL-13, 
TARC, periostin and Cys-LT in plasma at baseline (Table 
1). Similarly, there were no differences in baseline levels 
between subjects with a negative and positive exercise 
challenge, between atopic and non-atopic subjects, or 
between subjects with or without inhaled corticosteroid 
treatment.

Plasma T2 Biomarkers After Exercise 
Challenge
In plasma, there was an increase over time in interleukin- 
13 (IL-13) in all subjects (p<0.001) during the 60 min 
following the exercise challenge (Figure 1A), with 
a peak at 10 min after the exercise challenge in both the 
asthmatic and control group (p=0.05 from pre to 10 min) 
and thereafter a decrease back to baseline again (from 10 
to 30 min: p=0.011, and from 30 to 60 min: p =0.065).

An increase in thymus and activation-related chemo-
kine (TARC) in plasma was also seen over all time points 
(p<0.001), but only in the control subjects (Figure 1B). 
The increase in TARC in the control subjects peaked at 

10–30 min after the exercise challenge, and the relative 
increase in TARC was significantly larger at both 10 and 
30 min in the controls compared to the asthmatics 
(p=0.037 and 0.022, respectively).

Periostin in plasma did not change in either the asth-
matics or in the controls after the exercise challenge 
(Figure 1C). In contrast, Cys-LT in plasma showed an 
overall decrease in all subjects (p<0.001) during the 60 
min following the exercise challenge (Figure 1D), and this 
decrease was seen in both asthmatics (p=0.040) and con-
trols (p<0.001).

Urine T2 Biomarkers After Exercise 
Challenge
In conjunction with plasma, the level of IL-13 was 
increased in urine 30 min after the exercise challenge 
(Figure 2A, p=0.002). This increase was uniform in all 
samples that had detectable levels at baseline (n=10: 6 
controls and 4 asthmatics), and decreased again at 60 
min compared to 30 min (p=0.004). Similarly, leukotriene 
E4 (LTE4) was increased in urine samples (all: p<0.001), 
with a peak at 60 min (Figure 2B). This increase was most 
pronounced in asthmatic subjects (p<0.001), but was seen 
also in controls (p=0.008). TARC was not detectable in 
urine in any of the subjects. Periostin was detectable in 
urine from only a few subjects (n=7) at different time 
points. Although a tendency towards a decrease over 
time was discerned in these individuals, the trend was 
not significant (data not shown).

Correlation Analyses of T2 Biomarkers
Baseline plasma levels of IL-13 correlated to baseline 
plasma levels of Cys-LT, TARC and periostin. In addition, 
baseline plasma levels of Cys-LT correlated to baseline 
plasma levels of TARC (see Table 2). These associations 
remained at 10, 30 and 60 min after the exercise challenge. 
In addition, baseline levels of IL-13 and LTE4 in urine 
correlated significantly (r=0.66, p=0.027).

In plasma, there was an inverse correlation between the 
change in TARC and the change in CysLT from baseline to 
10 min after exercise (r=−0.47, p=0.050) within the 
healthy subjects (and almost significant from baseline to 
30 min; r=−0.043, p=0.076) which was not seen within the 
asthmatics.

When investigating correlations between plasma and 
urine levels, there were no correlations between plasma 
and urine levels for any of the biomarkers during baseline. 
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Though, after the exercise challenge test, IL-13 levels in 
plasma correlated at most time points to the post test levels 
of IL-13 in urine (r=0.77–0.81 and p=0.005–0.009).

There was no correlation between the levels of Club 
cell protein 16 (CC16), which are previously published,12 

and IL-13.

Figure 1 Relative change in plasma levels of IL-13 (A), TARC (B), periostin (C) and Cys-LT (D) before (pre) and 10, 30 and 60 min after an exercise challenge test in 
controls and asthmatics. Medians and interquartiles are presented. ***=significant change over all time points in all subjects with p<0.001 according to Friedman test.

Figure 2 Urinary levels of IL-13 (A) and LTE4 (B) before (pre) and 30 and 60 min after an exercise challenge test in controls and asthmatics. Medians and interquartiles are 
presented and significant changes in all subjects are shown as **=p<0.01 and ***=p<0.001 according to Wilcoxon signed-rank test.
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FeNO in Relation to T2 Biomarkers
FeNO is a biomarker that most often reflects T2 status, and in 
this study a correlation between FeNO and baseline IL-13 
concentrations in urine (r=0.68, p=0.029) was shown. This 
reflects to some extent a relationship between FeNO and T2 
status, even though FeNO did not correlate to any of the other 
biomarker levels in plasma or urine at baseline. The levels of 
FeNO did however correlate clearly to urinary LTE4 at 60 
min (r=0.57, p=0.001), and a non-significant tendency could 
be seen already at baseline and at 30 min.

There was no difference in FeNO between subjects 
with and without inhaled corticosteroids or between sub-
jects with a positive and a negative exercise test.

Discussion
In both plasma and urine, there was an increase in IL-13 after 
the exercise challenge in both the asthmatic and control 
group. Our finding of a rapid increase in IL-13 after exercise 
in all subjects could be linked to an endothelial response due 
to the increased cardiac output, and/or an epithelial response 
due to osmotic stress. There was however no correlation 
between IL-13 and the levels of CC16 (from previous 
publication)12, which may suggest a different location of 
the response with a focus on the bronchial instead of bronch-
iolar segments. Seeing as IL-13 has previously been shown to 
be a mediator of normal epithelial repair,14 epithelial release 
of IL-13 in response to exercise-induced osmotic trauma 
could be a useful physiological response. Moreover, IL-13 
levels in plasma after the exercise challenge test correlated at 
most time points to the post test levels of IL-13 in urine. This 
reflects a homogenous systemic increase, and might be due to 
a non-metabolized excretion of IL-13.

The correlations seen between most of the T2 biomar-
kers at both baseline and later time points suggest 
a uniform baseline T2 status in the individuals. In addition, 
correlations also after the exercise challenge imply 
a coherent increase in T2.

The increase in plasma TARC in healthy controls, but 
not in asthmatics, could suggest an inadequate T2 response 
due to exercise in asthmatics. Furthermore, the decrease in 
CysLT in response to exercise was evident in both healthy 
controls and asthmatics, even though it was most promi-
nent in healthy controls. In addition, the inverse correla-
tion between the change in TARC and change in CysLT 
during the first 10 min was present only in the healthy 
controls, suggesting a common T2 response to exercise 
that was maybe pathologically impaired in asthmatics. 
This was separated from the IL-13 response since no 
correlations were found between change in IL-13 and 
change in TARC or CysLT.

In urine, there was a distinct increase in LTE4 after 60 
min, while the levels of CysLT in plasma decreased. In 
a previous publication,5 we have shown a small but sig-
nificant decrease of LTE4 in urine in athletes after exercise, 
which can also be discerned in the healthy subjects in the 
present study. The decrease of CysLT after exercise seen in 
plasma in this study is in conjunction with the decrease of 
LTE4 seen in urine in that study.

The correlations between FeNO and leukotriene levels in 
urine suggest a common cellular source of FeNO and Cys- 
LT, tentatively the mast cells that are known to be involved in 
the process of exercise-induced bronchoconstriction.

When investigating all subjects, no differences were 
found between individuals with a negative and positive 
exercise challenge, between atopic and non-atopic sub-
jects, or between subjects with or without inhaled corti-
costeroid treatment. If these analyses would have been 
investigated within an asthma group, there might have 
been other results. Unfortunately, we have too few subjects 
and do not have the power to do these sub-groupings.

Only mild asthmatics were included, which can explain 
the lack of any difference between asthmatics and controls 
and the response would maybe be different in a group of 
patients with more severe asthma. Many of the asthmatics 
were on daily treatment with mild/moderate dose of 
inhaled corticosteroids which might have impeded a T2 
response in these asthmatics. There were though no differ-
ence in baseline levels or response to exercise in asth-
matics with inhaled corticosteroids compared to without. 
Another limiting factor might be accuracy of the assays. 

Table 2 Correlations Between Baseline Values of the Respective 
Biomarkers in Plasma or Urine

Plasma

IL-13 TARC Periostin

TARC r=0.59, p=0.001

periostin r=0.43, p=0.019 r=0.24, p=0.14

Cys-LT r=0.58, p=0.001 r=0.33, p=0.040 r=0.27, p=0.087

Urine

IL-13 TARC Periostin

Periostin r=0.61, p=0.14 n.d.

LTE4 r=0.66, p=0.027 n.d. r=−0.45, p=0.85

Notes: Unit for all plasma biomarkers is pg/mL, and unit for all urine biomarkers is 
pg/mg creatinine. Significant correlations are shown in bold.
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For example, periostin has several isoforms that are 
involved in a variety of biological processes. A precise 
and well-characterized assay for detecting periostin is 
needed to be able to correctly analyze functional aspects 
of periostin, or the ability of periostin as potential biomar-
ker in physiological and pathological conditions.15

In conclusion, circulating levels of IL-13 were increased 
after exercise to the same extent in asthmatics and healthy 
controls, which indicates a physiological rather than 
a pathophysiological response. In contrast, TARC in plasma 
was increased, but only in healthy controls, and CysLT in 
plasma was decreased after exercise, but increased in urine.
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