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tivity to histamine was revealed. A statistically significant 
correlation between the maximum increase in hs-CRP levels 
both in serum and EBC after exercise and either baseline F ENO  
and an increase in serum ECP or F ENO  24 h after exercise in 
the group of asthmatics with EIB was revealed.  Conclusions:  
We show that, as a result of intensive exercise leading to 
bronchoconstriction, an increase in serum and EBC hs-CRP 
occurs. Our observations could suggest that in asthmatic pa-
tients, as a consequence of exercise-induced bronchocon-
striction, an intensification of low-grade systemic inflamma-
tion can be observed.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Asthma is characterized by chronic inflammation of 
the airways  [1] . The increased levels of plasma fibrinogen 
and serum amyloid A observed in patients with asthma 
suggest that in these patients not only local but also sys-
temic inflammation is present  [2] . 

  Yoshikawa et al.  [3]  have revealed that there is a rela-
tionship between the severity of exercise-induced bron-
choconstriction (EIB) and the eosinophil count in in-
duced sputum as well as in serum eosinophil cationic 
protein (ECP) levels in adult asthmatic patients. This sug-
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 Abstract 

  Background:  Exercise-induced bronchoconstriction (EIB) in 
asthmatics depends on the presence of allergic inflamma-
tion. This study was performed to assess the possible asso-
ciation of EIB with low-grade systemic inflammation, whose 
presence was revealed in asthmatic patients.  Methods:  The 
study was conducted in a group of 24 asthmatics (14 with EIB, 
10 without EIB) and 8 healthy volunteers. Changes in serum 
and exhaled breath condensate (EBC) high-sensitivity C-re-
active protein (hs-CRP) levels induced by intensive exercise 
were determined. Moreover, the possible correlation of 
these measurements with the results of other tests used in 
the diagnosis of asthma as well as laboratory tests common-
ly associated with asthma were investigated.  Results:  In 
asthmatic patients with EIB, a statistically significant increase 
in hs-CRP levels both in serum and EBC after an exercise test 
was observed. Twenty-four hours after the exercise test in 
the group of asthmatics with EIB, a statistically significant 
increase in exhaled nitric oxide (F ENO ), serum eosinophil cat-
ionic protein (ECP) concentrations and bronchial hyperreac-
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gests that the presence of sputum eosinophilia predicts 
the airway responsiveness induced by an exercise chal-
lenge. Eosinophilic inflammation is also augmented by 
postexercise bronchoconstriction, which in turn is stim-
ulated by many mediators released mainly by mast cells 
 [4] . We observed an upregulation of airway inflamma-
tion, expressed as an increase in exhaled nitric oxide 
(F ENO ) levels and in bronchial hyperreactivity (BHR) to 
histamine after postexercise bronchoconstriction in al-
lergic asthma patients  [5] . 

  There are no studies confirming the connection be-
tween postexercise bronchoconstriction and systemic in-
flammation in asthmatic patients. C-reactive protein 
(CRP) is one of the most characteristic markers of the in-
flammatory process. Therefore, the use of high-sensitiv-
ity assays for CRP determination (hs-CRP) could be a 
helpful tool for assessment of low-grade systemic inflam-
mation  [6, 7] .

  In the present study we have decided to investigate the 
effect of postexercise bronchoconstriction on low-grade 
systemic inflammation in asthmatic patients. We have 
determined changes in serum and exhaled breath con-
densate (EBC) hs-CRP levels following intensive exercise 
in order to establish the possible correlation of these mea-
surements with the parameters of airway inflammation 
and their changes after exercise.

  Methods 

 Subjects 
 The study involved a group of 24 patients with mild allergic 

asthma. Asthma was diagnosed according to the criteria recom-
mended by the GINA  [8] . The presence of an allergy to common 
allergens (house dust mite, trees, weeds, grasses, cat,  Alternaria,  
or  Cladosporium ) was demonstrated in all patients by positive 
skin prick tests. The characteristics of the studied patients are 
presented in  table 1 . All patients had been in a stable condition, 
free from respiratory tract infections and acute exacerbations 
during the past 4 weeks. Patients with other factors which could 
influence F ENO  levels (except for asthma, features of atopy or al-
lergic rhinitis) were excluded from the study. Before the begin-
ning of this study, patients were allowed to take short-acting  �  2 -
agonists. Asthmatic patients who had been treated with inhaled 
steroids in the past 3 months were excluded from the study. None 
of the patients with asthma had complications of other lung dis-
eases or a history suggesting systemic infection, tumors or auto-
immune diseases. Patients with sinus disease were excluded by 
means of interview. Subjects with heart disease, diabetes mellitus, 
cancer status, obesity (body mass index  1 30) and systemic in-
flammatory disorders (such as collagen vascular diseases) were 
excluded from the study. 

  The control group was 8 healthy volunteers. F ENO , f low/vol-
ume spirometry and prick tests with common inhaled allergens 
were performed in all healthy persons. All of them were free of 
chronic or recurrent respiratory symptoms with no past history 
of significant pulmonary disease. They were nonatopic and had 
forced expiratory volume in 1 s (FEV 1 )  1 80% predicted. They 
were free of respiratory tract infection within 2 months prior to 
the study as well as free from other significant illnesses known to 

Table 1. Characteristics of study subjects and healthy volunteers

Characteristics Patients
with EIB

Patients
without EIB

Differences between
groups of asthma
patients, p

Healthy volunteers

Number of patients
Sex, F/M
Age, years
Duration of symptoms, years
Baseline FEV1, % predicted
PC20 histamine FEV1, mg/ml
ECP (serum), �g/l
Total IgE (serum), kU/l
Blood eosinophil count, cells/mm3

Baseline FENO, ppB
Hs-CRP (EBC), mg/l
Hs-CRP (serum), mg/l
BMI
Maximum decrease of FEV1 after exercise, %

14
8/6

31.786.9
4.083.2

86.2988.17
1.3680.93

13.6582.91
2588115
2528131

75846
0.2080.03
1.3580.63
23.583.6
22.8811.8

10
6/4

32.386.4
3.382.5

92.1085.58
1.5781.07

11.4982.08
194866
1838107

59835
0.1880.03
1.1180.57
22.483.1

3.482.1

0.92
0.62
0.29
0.66
0.045
0.31
0.21
0.59
0.2
0.56
0.87
0.0003

8
4/4

29.987.1

98.3784.45*, +

2.8880.84*, +

39812*, +

68837*, +

1585*, +

0.0780.02*, +

0.2980.08*, +

21.982.7
0.9183.7*, +

Data are presented as medians. PC20 histamine FEV1 = Provocative concentration of histamine that caused a 20% fall in FEV1.
* Values significantly different from patients with EIB, p < 0.05. + Values significantly different from patients without EIB, p < 0.05.
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affect the measurement of F ENO  or hs-CRP levels (which have 
been described previously). 

  All studied asthmatic patients and healthy volunteers were 
nonsmokers and during the last year had not been passive smok-
ers. 

  The Schema of the Protocol 
 Bronchial provocation test (BPT) with histamine was per-

formed 24 h before and 24 h after an exercise test. EBC was col-
lected before and 30 min after BPT with histamine as well as be-
fore, 30 min and 24 h after the exercise test. F ENO  was measured 
before BPT with histamine, before the exercise test and 24 h after 
the exercise test. Before and 24 h after the exercise test, serum ECP 
and peripheral blood eosinophilia were measured.

  The study protocol was approved by the Ethics of Research 
Committee of the Medical University of Bialystok, number of 
agreement: R-I-003/80/2006. Informed consent was obtained 
from every patient entered into the study. 

  Measurements 
 The baseline spirometry was performed using a MasterScreen 

Pneumo PC spirometer (Jaeger, Hoechberg, Germany). Spirom-
etry was performed according to ATS standards  [9] . FEV 1  was 
evaluated. Before the examination, the patients did not take any 
medications that could change spirometry results. The highest 
value from 3 technically satisfactory attempts was attached. 

  A nonspecific BPT with histamine was carried out according 
to the method described by Ryan et al.  [10] . Provocation was per-
formed using a De Villbiss nebuliser 646 (Viasys Healthcare 
GmbH, Hoechberg, Germany) at an air pressure of 0.15 MPa 
linked to a Rosenthal-French dosimeter (Applied Immunolo-
gy, Baltimore, Md., USA). The results were presented as PC 20  
FEV 1  – the concentration of histamine which causes a decrease in 
FEV 1  of exactly 20% in comparison to initial values. 

  An exercise test was performed on a bicycle ergometer for
9 min with a fixed work load adjusted to increase the heart rate to 
85% of the maximum predicted for the age of each patient  [11] . 
Serial FEV 1  measurements were made 5 min before exercise and 
at 5, 10, 15, 20, 25, 30 and 60 min as well as 24 h after exercise. 
Those patients whose maximum decrease in FEV 1  was greater 
than 15% from baseline were considered to have EIB. The EBC 
and blood samples were collected before, 30 min after and 24 h 
after the exercise test. 

  F ENO  was measured by the chemiluminescence technique, us-
ing a Sievers 280i NO Analyzer (Boulder, Colorado, USA). The 
measurements were performed at an expiratory flow of 50 ml/s 
according to ATS recommendations for on-line measurement of 
F ENO  in adults  [12] . 

  EBC was collected by using a commercially available condens-
er (EcoScreen; Jaeger) according to the current ATS/ERS guide-
lines  [13] . All measurements were performed at the same time 
(between 8.00–10.00 a.m.) to avoid possible circadian rhythm of 
mediator concentrations in EBC. All patients were asked to re-
frain from eating and drinking before collecting EBC. Exhaled 
air entered and left the chamber through one-way valves and an 
inlet and outlet, thus keeping the chamber closed. A low temper-
ature inside the condensing chamber throughout the collection 
time produced a cooling-down sample. The temperature of col-
lection was around 0   °   C  [13, 14] . Patients were instructed to 
breathe tidally for 10 min with a nose clip. The respiratory rate 

ranged from 15 to 20 breaths/min. Patients were asked to swallow 
their saliva periodically and to temporarily discontinue collec-
tion if they needed to cough. At the end of collection, 1.5- to 3.5-
ml aliquots of condensate were transferred to Eppendorf tubes 
and immediately frozen. Samples were stored at –80   °   C  [15] . 

  Serum total IgE concentrations and serum ECP were mea-
sured using ImmunoCAP TM  Technology (Pharmacia Diagnos-
tics, Uppsala, Sweden). The minimum detectable level of ECP was 
2.0  � g/l. Blood eosinophil count was measured using a hemato-
logic analyzer (Coulter Electronics GmbH, Miami, Fla., USA). 
The concentrations of hs-CRP in EBC and serum were deter-
mined using a highly sensitive CRP assay (Konelab, Waltham, 
Mass., USA). The method is based on measurement of immuno-
precipitation at 540 nm. Microparticles coated with anti-human 
CRP are added to buffered samples. The increase in absorbance 
caused by immunoprecipitation is recorded when the reaction has 
reached its endpoint. The change in absorbance is proportional to 
the amount of antigen (CRP) in solution. The minimum detect-
able level of hs-CRP was 0.05 mg/l. All measurements were per-
formed in a blind fashion. All samples were run in duplicate.

  Analysis 
 Statistical significance was analyzed by using analysis of vari-

ance followed by Bonferroni’s t test post hoc to determine statisti-
cal differences. All values were expressed as means  8  SD; p val-
ues  ! 0.05 were considered significant. The relationship between 
studied parameters was assayed by correlation. Pearson’s linear 
correlation coefficient was used. 

  Results 

 Characteristics of asthmatic patients and healthy vol-
unteers are presented in  table 1 . In the studied group of 
asthmatics, 14 patients had a positive and 10 had a nega-
tive exercise test. In none of the healthy volunteers were 
spirometric indices worse after exercise. 

  In the group of asthmatics with EIB compared with 
asthmatic patients without EIB, slightly higher levels of 
markers of allergic inflammation were revealed; however, 
statistical significance was observed only in ECP levels. 
In asthmatic patients (both with or without EIB) com-
pared with healthy volunteers, in serum as well as in EBC 
statistically significantly higher hs-CRP levels were re-
vealed (serum hs-CRP of asthmatic patients: 1.25  8  0.61 
mg/l vs. healthy volunteers: 0.29  8  0.08, p  !  0.0001; EBC 
hs-CRP of asthmatic patients: 0.19  8  0.04 mg/l vs. healthy 
volunteers: 0.07  8  0.02, p  !  0.0001).

  Exercise-Induced Changes in Baseline Levels of
hs-CRP 
 A comparison of the baseline concentrations of serum 

hs-CRP between both groups of asthma patients and 
healthy volunteers demonstrated statistically significant-
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ly higher levels in asthmatics, both with or without EIB 
(patients with EIB: 1.35 mg/l  8  0.63 vs. patients without 
EIB: 1.11  8  0.57, p = 0.56; vs. healthy volunteers: 0.29  8  
0.08, p = 0.0005; asthma without EIB vs. healthy volun-
teers: p = 0.01). Thirty minutes after exercise, in the group 
of asthmatic patients with EIB, a statistically significant 
elevation in the concentration of serum hs-CRP was re-
vealed (1.71  8  1.01 mg/l). Twenty-four hours after exer-
cise, a further statistically significant increase in hs-CRP 
was observed (2.13  8  1.20). There were no significant 
changes in serum hs-CRP in the group of asthma patients 
without EIB and healthy volunteers after exercise ( fig. 1 ).

  The concentrations of hs-CRP in EBC before exercise 
in both groups of asthma patients were statistically sig-
nificantly higher in comparison to the group of healthy 
volunteers (patients with EIB: 0.20 mg/l  8  0.03 vs. pa-
tients without EIB: 0.18  8  0.03, p = 0.2; vs. healthy volun-
teers: 0.07  8  0.02, p  !  0.0001; asthma without EIB vs. 
healthy volunteers: p  !  0.0001). In the group of patients 

with EIB, a statistically significant increase in hs-CRP in 
EBC was demonstrated 30 min after exercise (0.23 mg/l 
 8  0.05). Twenty-four hours after exercise, a further, 
marked increase in the concentration of hs-CRP in EBC 
was still observed (0.27  8  0.07). There were no significant 
changes in EBC hs-CRP in the group of asthma patients 
without EIB and healthy volunteers after exercise ( fig. 2 ).

  Correlations between hs-CRP Levels and Other 
Studied Parameters 
 A statistically significant correlation between hs-CRP 

levels in serum and EBC in both studied groups of asth-
matics was revealed (asthma with EIB: r = 0.96, p  !  0.0001; 
asthma without EIB: r = 0.88, p = 0.0006). Such correla-
tion was not observed in healthy volunteers.

  We revealed statistically significant positive correla-
tions between levels of hs-CRP in either serum or EBC 
(before exercise) and either F ENO  or serum ECP in both 
groups of asthma patients before exercise. There was no 
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  Fig. 1.  Changes in the serum hs-CRP induced by intensive exercise in the studied groups of asthmatics and 
healthy volunteers. 
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statistically significant correlation between hs-CRP in 
serum or EBC (before exercise) and other studied param-
eters in any of the studied groups of asthmatics or healthy 
volunteers. These results are presented in  tables 2  and  3 .

  A statistically significant correlation between the in-
crease in hs-CRP concentration both in serum (r = 0.63, 
p = 0.01) or EBC (r = 0.68, p = 0.006) observed 24 h after 
exercise and F ENO  before exercise was revealed. There was 
no correlation between changes in hs-CRP in serum and 
EBC after exercise and other studied parameters before 
exercise in all studied groups.

  There were no significant correlations between the se-
verity of EIB and hs-CRP both in serum and EBC before 
the exercise (serum: r = 0.48, p = 0.08; EBC: r = 0.53, p = 
0.053) or hs-CRP changes 24 h after the exercise (serum: 
r = 0.47, p = 0.08; EBC: r = 0.48, p = 0.079) ( fig. 5 ). We did 
not reveal significant correlations between the severity of 
EIB and measurements of other studied parameters as-
sessed before and 24 h after the exercise. 

  Correlations between the Changes in F ENO , BHR and 
Serum ECP 24 h after Exercise and Other Studied 
Parameters 
 Changes in F ENO , BHR and serum ECP 24 h after ex-

ercise are presented in  table 4 . Twenty-four hours after 
the exercise test in the group of asthmatics with EIB, a 
statistically significant increase in F ENO , serum ECP con-
centrations and BHR to histamine was revealed. Such 
changes were not observed in the group of asthmatic pa-
tients without EIB and in healthy volunteers ( table 4 ). 

  In the group of asthmatic patients with EIB a statisti-
cally significant correlation between the increase in se-
rum hs-CRP concentrations 24 h after exercise and an 
increase in F ENO  (r = 0.54, p = 0.04) or an increase in ECP 
(r = 0.57, p = 0.03) 24 h after exercise was revealed ( fig. 3 ). 
Such correlations between the increase in hs-CRP con-
centrations in EBC 24 h after exercise and an increase in 
F ENO  (r = 0.54, p = 0.04) or an increase in ECP (r = 0.86, 
p = 0.0006) 24 h after exercise were also observed ( fig. 4 ). 
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  Fig. 2.  Concentrations of hs-CRP in EBC at rest, and subsequent changes during the exercise test in groups of 
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Table 2. Correlations between baseline levels of hs-CRP in serum 
and other studied parameters in the groups of asthma patients 
and healthy volunteers before exercise

Studied
groups

FENO Serum
ECP

Blood eosin-
ophil count

Serum
total IgE

Baseline
FEV1

BHR to 
histamine

Asthma with EIB
r
p

0.85
0.00009

0.60
0.02

0.42
0.12

0.27
0.34

0.13
0.65

0.15
0.62

Asthma without EIB
r
p

0.91
0.0002

0.68
0.03

0.41
0.09

0.54
0.10

0.51
0.13

–0.46
0.18

Healthy volunteers
r
p

–0.04
0.92

0.41
0.30

0.36
0.16

–0.40
0.32

0.17
0.68

Table 3. Correlations between baseline levels of hs-CRP in EBC 
and other studied parameters in the groups of asthma patients 
and healthy volunteers before exercise

Studied
groups

FENO Serum
ECP

Blood eosin-
ophil count

Serum
total IgE

Baseline
FEV1

BHR to 
histamine

Asthma with EIB
r
p

0.88
0.00002

0.71
0.003

0.32
0.53

0.32
0.24

0.13
0.64

0.13
0.66

Asthma without EIB
r
p

0.84
0.002

0.68
0.02

0.17
0.52

0.60
0.06

0.35
0.32

–0.23
0.24

Healthy volunteers
r
p

0.03
0.93

0.15
0.71

0.38
0.12

–0.37
0.35

0.04
0.91
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Table 4. Changes in FENO, BHR to histamine and serum ECP 24 h after exercise in the studied groups of asthmatics and healthy vol-
unteers

Studied groups FENO, ppB BHR to histamine, PC20 FEV1 ECP, �g/l

before
exercise

24 h after
exercise

before
exercise

24 h after
exercise

before
exercise

24 h after
exercise

Patients with EIB 75.00846.82 90.00855.64 1.3680.93 1.1680.91 13.6582.91 16.5984.23
p 0.0002 0.009 0.0002

Patients without EIB 59.30835.40 61.60836.95 1.5781.07 1.5481.05 11.4982.08 11.7082.40
p 0.15 0.34 0.54

Healthy volunteers 15.0285.10 14.4183.80 2.8880.84 2.6180.75
p 0.51 0.53

PC20 histamine FEV1 = Provocative concentration of histamine that caused a 20% fall in FEV1.
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  Fig. 4.  Correlations between the increase the levels of hs-CRP in EBC 24 h after exercise and increase in F ENO , 
ECP or BHR to histamine 24 h after exercise. 
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There was no correlation between the increase in hs-CRP 
concentration (both in serum or EBC) 24 h after exercise 
and a decrease in PC 20  FEV 1  24 h after exercise (serum 
hs-CRP: r = 0.20, p = 0.48; EBC hs-CRP: r = –0.03, p = 
0.9).

  No changes in the mean serum and EBC concentra-
tions of hs-CRP were found within 30 min and 24 h after 
a nonspecific BPT with histamine. No changes in F ENO  
before and 24 h after BPT with histamine were observed 
(data not shown).

  Discussion 

 There are many reports focused on the importance of 
the inflammatory process related to the activation of 
many cells, including eosinophils, in the pathogenesis of 
exercise-induced bronchoconstriction in asthma  [4] . The 

correlations between the severity of exercise-induced 
bronchoconstriction and peripheral blood eosinophilia 
 [16]  or serum ECP concentration  [17]  have been described. 
Kivity et al.  [18]  have demonstrated a significant increase 
in sputum eosinophil counts in patients with exercise-in-
duced bronchoconstriction, but not in those with no EIB 
or after BPT with methacholine. 

  Yoshikawa et al.  [3]  have revealed that there is a con-
nection between the severity of EIB and induced sputum 
eosinophil counts or ECP concentrations in adult asth-
matics. These results suggest that eosinophilia in induced 
sputum predicts the occurrence of exercise-induced 
bronchoconstriction in asthmatic patients. On the other 
hand, EIB, resulting in the release of many mediators 
mainly from mast cells, augments the inflammatory pro-
cess connected with eosinophil activation  [4] .

  The occurrence of EIB in asthmatic patients depends 
on allergic inflammation. There are a few reports also 
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  Fig. 5.  Correlations between severity of EIB and hs-CRP concentrations before exercise or hs-CRP changes ob-
served 24 h after exercise.   
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suggesting that EIB, through the release of many pro-in-
flammatory cytokines and activation of inflammatory 
cells, could augment airway inflammation and bronchial 
hyperreactivity  [19, 20] . 

  In our previous study we revealed that in asthmatic 
patients, as a consequence of intensive exercise leading to 
bronchoconstriction, both damage and activation of en-
dothelial cells occur. In asthmatics, changes in endothe-
lial cells could in turn evoke the release of inflammatory 
mediators and migration of inflammatory cells, and, as a 
result, lead to intensification of the inflammatory process 
in airways and bronchial hyperreactivity after exercise 
 [5] . 

  CRP is one of the recognized markers of the inflam-
matory process. CRP is produced mainly by Browicz-
Kupfer cells and hepatocytes  [21, 22] . The mechanism of 
activating CRP production is still unclear. It has been 
demonstrated that the main stimulators of this process 
are IL-1, IL-6 and TNF- � . These cytokines play an im-
portant role in the pathophysiology of asthma  [22, 23] . 
The hs-CRP assays detect small changes in CRP levels 
within the reference range, and the introduction of this 
measurement has significantly extended the possibilities 
for employing CRP. Measurements of serum hs-CRP lev-
els have suggested the presence of low-grade systemic in-
flammation in several disorders, such as diabetes melli-
tus or cardiovascular disorders  [6, 7] . 

  Jousilahti et al.  [2]  have demonstrated that levels of 
acute phase proteins (such as plasma fibrinogen and se-
rum amyloid A) are positively associated with the preva-
lence of asthma. It has also been shown that in patients 
with asymptomatic asthma increased levels of amyloid A 
were present  [24] . Taking these findings into account, it 
is very likely that systemic inflammation may exist in 
asthma. There are some studies concerning the possibil-
ity of using hs-CRP measurements to assess subclinical, 
systemic inflammation in asthma. Olafsdottir et al.  [25]  
have revealed that increased serum levels of hs-CRP are 
associated with respiratory symptoms in asthmatics. The 
authors also demonstrate that the increase in serum hs-
CRP correlates with the degree of airway obstruction. 
Moreover, they suggest that serum hs-CRP levels may be 
associated with the state of asthma control and chronic 
airway inflammation, and hs-CRP measurements could 
be a useful tool in the management of asthmatic patients 
 [25] . Takemura et al.  [26]  have revealed that in patients 
with steroid-naïve asthma, serum levels of hs-CRP in-
crease, compared with healthy volunteers, and correlate 
positively with sputum eosinophilia and negatively with 
indices of pulmonary function. Fujita et al.  [27]  suggest 

that serum hs-CRP levels could be a marker of atopic and 
nonatopic asthma. The authors show a significant corre-
lation between serum hs-CRP and ECP levels, and they 
suppose that increased hs-CRP levels may be related to 
allergic, particularly eosinophilic, inflammation. 

  There are no studies concerning the connection be-
tween postexercise bronchoconstriction and systemic in-
flammation in asthmatic patients. Moreover, there are no 
reports about the possible influence of EIB on low-grade 
systemic inflammation in asthma patients. 

  The aim of this study was to evaluate the changes in 
hs-CRP both in serum and exhaled breath condensate 
following intensive exercise in asthmatic patients, and to 
establish the possible correlation of these measurements 
with the parameters of airway inflammation, as well as 
their changes after exercise. 

  Several factors could affect serum levels of hs-CRP. 
The presence of diabetes mellitus, cardiovascular disease 
or obesity is associated with increased serum hs-CRP lev-
els, which may be due to adipocyte-derived IL-6  [6, 28] . 
In smokers, elevated levels of hs-CRP have also been 
shown; stopping smoking leads to their reduction  [29] . 
Aging is another factor of elevated hs-CRP levels  [30] . In 
our study, patients and healthy volunteers were carefully 
selected to exclude all these confounding factors. We se-
lected asthmatics and healthy persons without objective 
evidence of infection based on interview information, ab-
sence of clinical symptoms or abnormal laboratory val-
ues.

  Our results confirmed the presence of low-grade sys-
temic inflammation in asthma as shown previously  [2, 
24, 26, 27] . Hs-CRP levels in serum and EBC were statis-
tically significantly higher in asthmatics than in healthy 
controls. We found a correlation of hs-CRP levels, mea-
sured in serum and EBC, with the results of other inflam-
matory markers (such as F ENO  and ECP). 

  In the study performed by Ueno et al.  [31] , in which 
CRP was measured using ELISA with a high sensitivity, 
the authors demonstrated raised CRP levels in the EBC 
in asthmatics compared with healthy volunteers. These 
results were confirmed by our previous report, in which 
the increase in hs-CRP levels both in serum and EBC and 
the correlation of this parameter with F ENO  and ECP in 
asthmatic patients were revealed  [32] . However, Rosias et 
al.  [33]  were not able to demonstrate the presence of CRP 
in the EBC of asthmatic children and healthy controls. 
Moreover, the authors emphasized that high-sensitivity 
assays for measurement of inflammatory markers in EBC 
should be used. 



 Zietkowski et al. Int Arch Allergy Immunol 2010;153:75–8584

 References   1 Busse WW, Lemanske RF: Asthma. N Engl J 
Med 2001;   344:   350–362. 

  2 Jousilahti P, Salomaa V, Hakala K, Rasi V, 
Vahtera E, Palosuo T: The association of sen-
sitive systemic inflammation markers with 
bronchial asthma. Ann Allergy Asthma Im-
munol 2002;   89:   381–385. 

  3 Yoshikawa T, Shoji S, Fujii T, Kanazawa H, 
Kudoh S, Hirata K, Yoshikawa J: Severity of 
exercise-induced bronchoconstriction is re-
lated to airway eosinophilic inflammation in 
patients with asthma. Eur Respir J 1998;   12:  
 879–884. 

  In our study, hs-CRP measurements in serum were 
statistically significantly correlated with those in EBC. 
This observation suggests the possibility and usefulness 
of the assessment of this parameter in EBC.

  In asthmatic patients, the trend to higher levels of hs-
CRP in serum as well as in EBC has been observed in the 
group of patients with EIB; however, these differences 
were not statistically significant. Only in the group of pa-
tients with EIB could we observe a statistically significant 
increase in hs-CRP concentrations both in serum and 
EBC already 30 min after exercise. Twenty-four hours af-
ter exercise, a subsequent significant increase in hs-CRP 
concentration was still observed, which could suggest 
that in asthmatic patients, as a consequence of EIB, the 
intensification of low-grade systemic inflammation oc-
curs. The increase in CRP levels could be, on the one side, 
the consequence of intensification of synthesis at the lo-
cal inflammatory area (airways), which could be con-
firmed by the rapid increase in CRP concentration. On 
the other side, the increase in CRP synthesis by hepato-
cytes as an answer for intensification of inflammation 
after postexercise bronchoconstriction could also be tak-
en into account. In airways the expression of CRP was 
observed in macrophages, myofibroblasts, endothelial 
and epithelial cells. Monocytes and lymphocytes are also 
capable of CRP synthesis  [34] . The increase in local pro-
duction of CRP could be a consequence of the intensifica-
tion of airway inflammation; however, other mechanisms 
could also play a role, such as damage of the vascular en-
dothelium, as well as bronchial epithelium activation, in-
duced by postexercise bronchoconstriction.

  The maximum increase in hs-CRP in serum and EBC 
was correlated with baseline F ENO  levels – which has be-
come a more and more appreciable criterion for the eval-
uation of airway eosinophilic inflammation  [35]  – as well 
as with the increase in F ENO  or serum ECP 24 h after ex-
ercise. 

  In this study there were no significant correlations be-
tween the severity of EIB and the results of studied pa-
rameters (including inflammatory mediators and CRP) 
before exercise and their changes after exercise. The se-
verity of EIB could be the consequence of initial intensi-
fication of eosinophilic inflammation or bronchial hy-
perreactivity, as well as of changes observed during and 
after exercise (degranulation of mast cells, activation of 
vascular endothelium, airway epithelium and blood 
platelets). Therefore, the severity of EIB could be depen-
dent on the intensification of systemic inflammation to a 
lesser extent, and the lack of correlation between EIB se-
verity and hs-CRP could confirm this observation. The 

increase in hs-CRP concentration after exercise could be 
the consequence of the enhanced inflammatory process 
in which many mediators and pro-inflammatory cyto-
kines take part. Moreover, it could not be excluded that 
the small group of patients, which is a possible limitation 
of the study, could be related to the lack of these correla-
tions. 

  Hypoxia may also have an influence on changes in 
CRP – which was confirmed in a study performed by To-
mita et al.  [36]  in patients with pre- and postoperative 
congenital heart disease. However, in our study the sig-
nificant correlation between the increase in CRP, both in 
serum and EBC and baseline F ENO  or ECP, and changes 
in F ENO  24 h after exercise could indicate that changes in 
CRP are closely related rather to airway inflammation 
and their changes after exercise.

  This study was performed to assess the possible asso-
ciation of low-grade systemic inflammation with EIB. 
We show that, as a result of intensive exercise leading to 
bronchoconstriction, an increase in hs-CRP occurs. 
Based on these findings, it is considered that in asthmat-
ic patients, as a consequence of EIB, the intensification of 
low-grade systemic inflammation occurs. This process is 
not observed in asthmatics, in whom postexercise bron-
choconstriction is not found. 

  Proper anti-inflammatory treatment could protect 
asthmatic patients from postexercise bronchoconstric-
tion and, as a consequence, from the intensification of 
local and systemic inflammation. 

  Acknowledgments 

 This work was supported by research grant No. 3-06523 from 
the Medical University of Bialystok, Poland. We would like to 
thank all study participants.
 



 Changes in hs-CRP after Exercise in 
Asthmatics 

Int Arch Allergy Immunol 2010;153:75–85 85

  4 Lee SY, Kim HB, Kim JH, Kim BS, Kang MJ, 
Jang SO, Hong SJ: Eosinophils play a major 
role in the severity of exercise-induced bron-
choconstriction in children with asthma. Pe-
diatr Pulmonol 2006;   41:   1161–1166. 

  5 Zietkowski Z, Bodzenta-Lukaszyk A, To-
masiak MM, Skiepko R, Szmitkowski M, 
Mroczko B: The role of endothelium-derived 
mediators in exercise-induced bronchocon-
striction. Int Arch Allergy Immunol 2007;  
 143:   299–310. 

  6 Tracy RP: Inflammation in cardiovascular 
disease: cart, horse, or both? Circulation 
1998;   97:   2000–2002. 

  7 Rifai N, Tracy RP, Ridker PM: Clinical effi-
cacy of an automated high-sensitivity C-re-
active protein assay. Clin Chem 1999;   45:  
 2136–2141. 

  8 Global Initiative for Asthma: Global strategy 
for asthma management and prevention: 
NHLBI/WHO Report 2005, publication 02-
3659, www.ginasthma.org. 

  9 American Thoracic Society. Lung function 
testing: selection of reference values and in-
terpretative strategies. Am Rev Respir Dis 
1991;   144:   1202–1218. 

 10 Ryan G, Dolovich MB, Roberts RS, Frith PA, 
Juniper EF, Hargreave FE, Newhouse MT: 
Standardization of inhalation provocation 
tests: two techniques of aerosol generation 
and inhalation compared. Am Rev Respir 
Dis 1981;   123:   195–199. 

 11 Eggleston PA: Methods of exercise challenge. 
J Allergy Clin Immunol 1984;   73:   666–669. 

 12 American Thoracic Society/American Lung 
Association Recommendations for On-line 
Measurement of Exhaled Nitric Oxide in 
Adults and the Recommendations for On-
line, Offline and Nasal Expired Nitric Oxide 
Measurements in Children. Am J Respir Crit 
Care Med 1999;   160:   2104–2117. 

 13 Horvath I, Hunt J, Barnes PJ: Exhaled breath 
condensate: methodological recommenda-
tions and unresolved questions. Eur Respir J 
2005;   26:   523–548. 

 14 Rahman I, Biswas S: Non-invasive biomark-
ers of oxidative stress: reproducibility and 
methodological issues. Redox Rep 2004;   9:  
 125–143. 

 15 Multu GM, Garey KW, Robbins RA, Dan-
ziger LH, Rubinstein I: Collection and analy-
sis of exhaled breath condensate in humans. 
Am Respir Crit Care Med 2001;   164:   731–
737.  

 16 Koh YI, Choi S: Blood eosinophil counts for 
the prediction of the severity of exercise-in-
duced bronchospasm in asthma. Respir Med 
2002;   96:   120–125. 

 17 Venge P, Henriksen J, Dahl R: Eosinophils in 
exercise-induced asthma. J Allergy Clin Im-
munol 1991;   88:   699–704. 

 18 Kivity S, Argaman A, Onn A, Shwartz Y, 
Man A, Greif J, Fireman E: Eosinophil influx 
into the airways in patients with exercise-in-
duced asthma. Respir Med 2000;   94:   1200–
1205. 

 19 Zietkowski Z, Skiepko R, Tomasiak MM, 
Bodzenta-Lukaszyk A: Endothelin-1 in ex-
haled breath condensate of allergic asthma 
patients with exercise-induced bronchocon-
striction. Respir Res 2007;   8:   76. 

 20 Zietkowski Z, Bodzenta-Lukaszyk A, Toma-
siak MM, Skiepko R, Mroczko B, Szmit-
kowski M: Changes in RANTES and  � -
thromboglobulin after intensive exercise in 
patients with allergic asthma. Int Arch Al-
lergy Immunol 2009;   148:   31–40. 

 21 Pepys MB: C-reactive protein fifty years on. 
Lancet 1981;   1:   653–657. 

 22 Nakayama T, Sonoda S, Urano T, Yamada T, 
Okada M: Monitoring both serum amyloid 
protein A and C-reactive protein as inflam-
matory markers in infectious diseases. Clin 
Chem 1993;   39:   293–297. 

 23 Baumann H, Gauldie J: The acute phase re-
sponse. Immunol Today 1994;   15:   74–80. 

 24 Buyukozturk S, Gelincik AA, Genc S, Kocak 
H, Oneriyidogan Y, Erden S, Dal M, Colako-
glu B: Acute phase reactions in allergic air-
way disease. Tohuku J Exp Med 2004;   204:  
 209–213. 

 25 Olafsdottir IS, Gislason T, Thjodleifsson B, 
Olafsson I, Gislason D, Jogi R, Janson C: C-
reactive protein levels are increased in non-
allergic but not allergic asthma: a multicen-
tre epidemiological study. Thorax 2005;   60:  
 451–454. 

 26 Takemura M, Matsumoto H, Niimi A, Ueda 
T, Matsuoka H, Yamaguchi M, Jinnai M, 
Muro S, Hirai T, Ito Y, Nakamura T, Mio T, 
Chin K, Mishima H: High sensitivity C-reac-
tive protein in asthma. Eur Respir J 2006;   27:  
 908–912. 

 27 Fujita M, Ueki S, Ito W, Chiba T, Takeda M, 
Saito N, Kayaba H, Chihara J: C-reactive pro-
tein levels in the serum of asthmatic patients. 
Ann Allergy Asthma Immunol 2007;   99:   48–
53. 

 28 Yudkin JS, Stehouwer CDA, Emeis JJ, Cop-
pack SW: C-reactive protein in healthy sub-
jects: association with obesity, insulin resis-
tance, and endothelial dysfunction: a 
potential role for cytokines originating from 
adipose tissue? Arterioscler Thromb Vasc 
Biol 1999;   19:   972–978. 

 29 Ridker P: High-sensitivity C-reactive pro-
tein: potential adjunct for global risk assess-
ment in the primary prevention of cardio-
vascular disease. Circulation 2001;   103:  
 1813–1818. 

 30 Nakamura H, Yamashita T: Predictive value 
of cardiovascular events by high sensitivity 
CRP. Nippon Rinsho 2002;   60:   916–921. 

 31 Ueno T, Kataoka M, Hirano A, Iio K, Tani-
moto Y, Kanehiro A, Okada C, Soda R, Taka-
hashi K, Tanimoto M: Inflammatory mark-
ers in exhaled breath condensate from 
patients with asthma. Respirology 2008;   13:  
 654–663. 

 32 Zietkowski Z, Tomasiak-Lozowska MM, 
Skiepko R, Mroczko B, Szmitkowski M, 
Bodzenta-Lukaszyk A: High-sensitivity C-
reactive protein in the exhaled breath and 
serum in stable and unstable asthma. Respir 
Med 2009;   103:   379–385. 

 33 Rosias PP, Dompeling E, Dentener MA, Pen-
nings HJ, Hendriks HJ, Van Iersel MP, Jobsis 
O: Childhood asthma: Exhaled markers of 
airway inflammation, asthma control score 
and lung function score. Pediatr Pulmonol 
2004;   38:   107–114. 

 34 Paivaniemi OE, Maasilta PK, Vainikka T, 
Alho HS, Karhunen PJ, Salminen US: Local 
C-reactive protein expression in obliterative 
lesions and the bronchial wall in posttrans-
plant obliterative bronchiolitis. Mediators 
Inflamm 2009;   2009:   510254. 

 35 Smith AD, Cowan JO, Filsell S, McLachlan 
C, Monti-Sheehan G, Jackson P, Taylor DR: 
Diagnosing asthma. Comparisons between 
exhaled nitric oxide measurements and con-
ventional tests. Am J Respir Crit Care Med 
2004;   169:   473–478. 

 36 Tomita H, Takamuro M, Soda W, Hatakeya-
ma K, Tsutsumi H: Increased serum high-
sensitivity C-reactive protein is related to hy-
poxia and brain natriuretic peptide in 
congenital heart disease. Pediatr Int 2008;  
 50:   436–440. 

  


