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ABSTRACT: Asthma is characterised by chronic inflammation of the airways, but the relevance of

high-sensitivity assays for C-reactive protein (hs-CRP), which are known to be a sensitive marker

of low-grade systemic inflammation, has not been fully studied in asthma. The objective was to

examine serum hs-CRP levels in patients with asthma and their relationship to clinical

characteristics and degree of airway inflammation.

Serum hs-CRP levels were cross-sectionally examined in steroid-naive (n522) and steroid-

inhaling (n523) adult patients with asthma and healthy controls (n514). All were nonsmokers.

Serum hs-CRP levels were significantly increased in steroid-naive patients (mean¡SD

1.33¡1.48 mg?L-1) compared with controls (0.21¡0.30 mg?L-1), but not in patients on inhaled

corticosteroid. Among steroid-naive patients, serum hs-CRP levels significantly negatively

correlated with indices of pulmonary function (forced expiratory volume in one second/forced

vital capacity and forced mid-expiratory flow) and positively with sputum eosinophil count. Among

patients on inhaled corticosteroid, hs-CRP levels did not correlate with any indices.

In conclusion, an increase in serum C-reactive protein levels measured by high-sensitivity

assays may be associated with airflow obstruction and airway inflammation, and may serve as a

surrogate marker of airway inflammation in asthma.
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S
erum levels of the well-known inflamma-
tory marker C-reactive protein (CRP) can
be simply and inexpensively measured in

order to assess systemic inflammation [1].
However, standard assays for CRP, with a lower
detection limit of 3–8 mg?L-1, lack the sensitivity
required to determine levels of inflammation
within the normal range [2]. Recently, high-
sensitivity assays for CRP (hs-CRP) have become
available in clinical laboratories. Measurement of
serum hs-CRP levels has suggested the involve-
ment of low-grade systemic inflammation in
several disorders, such as cardiovascular disease
and diabetes mellitus [3–6]. Serum hs-CRP levels
can be a prognostic marker for the development
of diabetes mellitus [7] or future cardiovascular
events [8, 9]. Furthermore, a recent population-
based study showed associations of increased
levels of serum hs-CRP with a high frequency of
airway hyperresponsiveness and low forced
expiratory volume in one second (FEV1) among
subjects without heart disease [10], suggesting
that systemic inflammation may be associated
with respiratory impairment. Another recent
epidemiological study showed that elevated
levels of hs-CRP correlate significantly with

respiratory symptoms and with prevalence of
nonallergic asthma [11].

Asthma is characterised by airway hyperrespon-
siveness and inflammation, in which various cells
(such as eosinophils, neutrophils, macrophages
and T-lymphocytes), cytokines and mediators
play a role. Beside local inflammation, systemic
inflammation is present in asthma, as shown by
increased levels of plasma fibrinogen and serum
amyloid A [12]. Thus hs-CRP could theoretically
also be a useful tool for detecting systemic
inflammation in asthma; indeed, an association
between serum hs-CRP level and severity of
asthma has been suggested [13]. However,
correlation between serum hs-CRP levels and
airway inflammation in asthma has not been
examined to date.

In the present study, the serum levels of hs-CRP
of asthmatic patients with and without inhaled
corticosteroid (ICS) treatment were compared
with those of healthy controls. The relationship
of serum hs-CRP levels to clinical indices and
inflammatory cell differentials were then investi-
gated in induced sputum.

METHODS
Study population and design
Healthy controls (n514) and two groups of adult
patients with asthma diagnosed according to
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American Thoracic Society criteria [14], 23 patients receiving
ICS (967¡372 mg?day-1 expressed as the equivalent dose of
CFC-beclomethasone dipropionate) (ICS+ group) and 22
steroid-naive patients treated with short-acting inhaled b2-
agonists as required (ICS- group), were cross-sectionally
studied. None of the subjects was a smoker or had a
respiratory tract infection or exacerbation of asthma during
the month before enrolment. Subjects with heart disease,
diabetes mellitus, cancer status, obesity (body mass index
(BMI) o30 kg?m-2) and systemic inflammatory disorders (such
as collagen vascular diseases) were excluded clinically and
serologically. Subjects whose serum CRP levels by standard
assay were .10 mg?L-1 were excluded. This study was
approved by the Ethics Committee of the Graduate School of
Medicine (Kyoto University, Kyoto, Japan) and written
informed consent was obtained from all participants.

Sputum induction and processing
Sputum induction and processing were performed as
described by PIN et al. [15], with slight modification [16].
Briefly, subjects were premedicated with inhaled salbutamol
(200 mg), and inhaled hypertonic (3%) saline solution, admini-
stered for 15 min from an ultrasonic nebuliser (MU-32; Azwell,
Inc., Osaka, Japan). Subjects were then asked to try to cough
sputum into a plastic Petri dish. All adequate plugs of sputum
were separated from saliva and treated with 0.1% dithiothrei-
tol (SputasolTM; Oxoid Ltd, Basingstoke, UK) followed by
Dulbecco’s PBS. After centrifugation, differential cell counts
were determined by counting o400 nonsquamous cells in
specimens stained using the May-Grünwald-Giemsa method.

Measurement of serum high-sensitivity C-reactive protein
levels
Samples of peripheral venous blood were collected and
centrifuged for 10 min at 1,3006g at 4uC. The sera were stored
at -20uC. Serum hs-CRP levels were measured using a highly
sensitive CRP assay (Behring Latex-Enhanced using the
Behring Nephelometer BN-100; Behring Diagnostics,
Westwood, MA, USA). The sensitivity of the assay ranged
0.04–5.0 mg?L-1.

Pulmonary function
Pre-bronchodilatory FEV1, FEV1/forced vital capacity (FVC)
and forced mid-expiratory flow (FEF25–75%) were measured
using a spirometer (Chestac-65V unit; Chest, Tokyo, Japan)
before sputum induction.

Statistical analysis
Data are presented as mean¡SD or median (range). The Mann–
Whitney U-test was used to analyse differences between two
groups. Comparison of three groups was performed using
analysis of variance and Fisher’s protected least significant
difference test or Chi-squared test. Correlations between data
were analysed using Spearman’s rank correlation test. A
p-value of ,0.05 was considered significant.

RESULTS

Comparison of asthmatic patients and control subjects
The characteristics and outcomes of the control subjects and
two groups of patients with asthma are shown in table 1. Sex
distribution, smoking status, FEV1 and BMI did not differ

among the three groups. The healthy control group was
younger than the two asthmatic groups. FEV1/FVC and FEF25–

75% in the asthmatic groups were decreased compared with
those in the control group. The number of sputum eosinophils
was significantly increased in the ICS+ group compared to
healthy controls, and disease duration in the ICS+ group was
significantly longer than that in the ICS- group. Serum
concentrations of hs-CRP were significantly increased in the
ICS- group but not in the ICS+ group compared with healthy
controls (fig. 1, table 1).

Relation between serum high-sensitivity C-reactive protein
levels and clinical or sputum indices in asthmatic patients
In the ICS- group, serum hs-CRP levels correlated negatively
with FEV1, FEV1/FVC and FEF25–75%, and positively with
numbers of sputum eosinophils (figs 2 and 3, table 2). There
were marginal positive correlations between serum hs-CRP
levels and numbers of sputum macrophages or neutrophils,
but the correlations were nonsignificant. No correlation was
found between serum hs-CRP levels and clinical indices
(table 2).

In the ICS+ group, no significant correlation was found
between serum hs-CRP levels and sputum or clinical indices
(table 2). Atopic status did not affect hs-CRP levels in either
the ICS+ group (1.1¡1.2 mg?L-1 in 15 atopic patients;
0.7¡0.4 mg?L-1 in eight nonatopic patients; p50.84) or the
ICS- group (1.7¡1.7 mg?L-1 in 15 atopic patients; 0.6¡

0.3 mg?L-1 in seven nonatopic patients; p50.18).

TABLE 1 Characteristics and outcomes of asthmatic and
control subjects

Asthma Control

ICS- ICS+

Subjects n 22 23 14

Age yrs 48¡21 56¡13 26¡7"

Sex (male/female) 7/15 9/14 9/5

Lifetime smoking nonsmoker/ex-

smoker

20/2 20/3 14/0

Disease duration yrs 5.9¡7.0 10.9¡9.8+

FEV1 % pred 87¡23 90¡18 94¡9

FEV1/FVC % 72¡9 72¡11 88¡71

FEF25–75% % pred 60¡32 55¡24 100¡201

BMI kg?m-2 22¡3 23¡4 21¡2

Serum hs-CRP mg?L-1 1.3¡1.5 0.9¡1.0 0.2¡0.3e

Cell counts in induced sputum#

Macrophages cells6105?g-1 2.3¡3.2 4.1¡4.9 8.1¡5.5

Neutrophils cells6105?g-1 9.8¡15.8 19.7¡34.2 3.2¡2.2

Eosinophils cells6105?g-1 3.5¡9.2 7.0¡11.9 0.0¡0.1##

Lymphocytes cells6105?g-1 0.2¡0.4 0.4¡0.1 0.3¡0.3

ICS: inhaled corticosteroid; FEV1: forced expiratory volume in one second;

FVC: forced vital capacity; FEF25–75%: forced mid-expiratory flow; BMI: body

mass index; hs-CRP: high-sensitivity C-reactive protein; % pred: percentage of

the predicted value. #: in 18 ICS- subjects, 22 ICS+ subjects and 14 controls. ":

p50.0001 versus ICS-; p,0.0001 versus ICS+; +: p50.011 versus ICS-; 1:

p,0.0001 versus ICS- and ICS+; e: p50.0047 versus ICS-; ##: p50.036 versus

ICS+.
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DISCUSSION
It has been shown, for the first time to the present authors’
knowledge, that, in patients with steroid-naive asthma, serum
levels of hs-CRP were increased compared with healthy
controls, and correlated negatively with indices of pulmonary
function and positively with numbers of sputum eosinophils.
In steroid-inhaling patients with asthma, no significant
correlations were found between serum hs-CRP levels and
clinical and sputum indices.

In asthma, the importance of airway inflammation has been
well established. Beside the airway inflammation, systemic
inflammation may exist in asthma [12, 17, 18]. One study
showed that serum amyloid A levels were significantly
increased in 20 patients with asymptomatic asthma compared

with 20 healthy controls [17]. In another cross-sectional
population-based study, levels of acute phase proteins, such
as plasma fibrinogen and serum amyloid A, were positively
associated with asthma prevalence [12]. Another recent multi-
centric epidemiological study showed that serum hs-CRP
levels were increased in nonallergic asthma [11]. However,
these studies did not further evaluate correlations between the
degree of systemic inflammation and clinical indices in
asthma. SÄVYKOSKI et al. [13] investigated the association
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FIGURE 1. Serum high-sensitivity C-reactive protein (hs-CRP) levels in a

healthy control group (C; n514) and two asthmatic groups (inhaled corticosteroid

(ICS)+ (n523); ICS- (n522)). Boxes represent median and interquartile range;

whiskers represent the full range of values obtained. Levels of hs-CRP were

significantly higher in patients with steroid-naive asthma than in healthy controls

(p50.0047).
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FIGURE 2. Relationship between serum high-sensitivity C-reactive protein (hs-

CRP) levels and forced expiratory volume in one second (FEV1)/forced vital

capacity (FVC) in patients with steroid-naive asthma (n522, r5 -0.63, p50.004).
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FIGURE 3. Relationship between serum high-sensitivity C-reactive protein (hs-

CRP) levels and numbers of sputum eosinophils in patients with steroid-naive

asthma (n518, r50.50, p50.039).

TABLE 2 Relationship between serum high-sensitivity
C-reactive protein (hs-CRP) levels and clinical or
sputum indices in patients with asthma

Serum hs-CRP mg?L-1

ICS- ICS+

r p-value r p-value

Subjects n 22 23

Age yrs 0.15 0.49 -0.14 0.52

BMI kg?m-2 0.36 0.10 0.27 0.20

FEV1 % pred -0.57 0.009 -0.34 0.11

FEV1/FVC % -0.63 0.004 -0.15 0.48

FEF25–75% % pred -0.51 0.020 -0.13 0.55

Disease duration yrs -0.017 0.935 0.33 0.14

Cell counts in induced sputum#

Macrophages cells6105?g-1 0.45 0.063 0.21 0.36

Neutrophils cells6105?g-1 0.46 0.056 0.05 0.82

Eosinophils cells6105?g-1 0.5 0.039 0.08 0.74

Lymphocytes cells6105?g-1 0.09 0.70 0.21 0.39

ICS: inhaled corticosteroid; BMI: body mass index; FEV1: forced expiratory

volume in one second; FVC: forced vital capacity; FEF25–75%: forced mid-

expiratory flow; % pred: percentage of the predicted value. #: in 18 ICS-

subjects, 22 ICS+ subjects and 14 controls.
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between serum hs-CRP levels in asthmatic patients and
Chlamydia pneumoniae infection. Their main result was that
asthmatic patients with elevated levels of hs-CRP (1.8 mg?L-1)
exhibited higher levels of immunoglobulins A and G directed
against Chlamydia pneumoniae than those with lower levels of
hs-CRP. In addition, they demonstrated that serum hs-CRP
levels were significantly higher in patients with mild-to-
moderate asthma than in healthy controls. The difference in
hs-CRP levels remained significant when the comparison was
confined to patients with moderate asthma and healthy
controls with a normal BMI (,25 kg?m-2) or nonsmokers.
However, in their study, association of hs-CRP levels with
airway obstruction or with airway inflammation was not
addressed [13].

In the present study, patients with steroid-naive asthma show-
ed increased serum hs-CRP levels compared with healthy
controls. Moreover, serum hs-CRP levels correlated negatively
with FEV1, FEV1/FVC and FEF25–75%, positively with numbers
of sputum eosinophils and marginally with numbers of
macrophages and neutrophils. The present result confirmed
the presence of systemic inflammation in asthma as shown
previously [12, 17, 18], and is the first to indicate an association
of systemic inflammation with airway inflammation, as well as
with decreased pulmonary function. Furthermore, in patients
on ICS treatment, serum hs-CRP levels did not differ from
those of healthy controls, and did not correlate with clinical or
sputum indices. It is likely that the ICS, which has well-
characterised anti-inflammatory properties, used in these
patients might have reduced serum hs-CRP. Conversely, hs-
CRP could be a good marker of airway inflammation in
steroid-naive patients with asthma.

Several factors other than the presence of asthma might affect
serum levels of hs-CRP. Not only the presence of cardiovas-
cular disease or diabetes mellitus but also obesity itself is
associated with increased plasma hs-CRP levels, which may be
due to adipocyte-derived interleukin-6 [19–21]. Smokers also
show elevated hs-CRP levels, and smoking cessation leads to a
reduction in hs-CRP level [2]. Ageing is another confounding
factor of elevated hs-CRP levels [22]. The present patients were
carefully selected to exclude these confounding factors, except
for age, which was not adjusted for in the control group.
However, the difference in hs-CRP levels between patients
with steroid-naive asthma and healthy controls remained
significant in age-adjusted comparisons (subjects aged
,40 yrs) (data not shown). Atopic status could be another
affecting factor as shown by a recent multicentric epidemio-
logical study [11]. However, in the present study, atopic status
did not affect hs-CRP levels in either steroid-naive or steroid-
inhaling patients.

In conclusion, it was found that, in steroid-naive patients,
increased sputum eosinophil numbers and decreased pulmon-
ary function were associated with higher serum high-
sensitivity C-reactive protein levels, which suggests that
serum high-sensitivity C-reactive protein could be a surrogate
marker, indirectly reflecting the degree of airway inflamma-
tion. However, further studies are required in order to better
elucidate the clinical significance of the association of high-
sensitivity C-reactive protein and asthma, especially its
responsiveness to treatment.
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13 Sävykoski T, Harju T, Paldanius M, et al. Chlamydia
pneumoniae infection and inflammation in adults with
asthma. Respiration 2004; 71: 120–125.

14 American Thoracic Society. Standards for the diagnosis
and care of patients with chronic obstructive pulmonary
disease (COPD) and asthma. Am Rev Respir Dis 1987; 136:
225–243.

15 Pin I, Gibson PG, Kolendowicz R, et al. Use of induced
sputum cell counts to investigate airway inflammation in
asthma. Thorax 1992; 47: 25–29.

16 Takemura M, Niimi A, Minakuchi M, et al. Bronchial
dilatation in asthma: relation to clinical and sputum
indices. Chest 2004; 125: 1352–1358.
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