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Background: High sensitivity C reactive protein (HsCRP) is an inflammatory marker known to be related to
smoking, obesity, and cardiovascular disease. A study was undertaken to determine whether HsCRP is
related to respiratory symptoms, asthma, atopy, and bronchial hyperresponsiveness in population samples
from three countries.

Methods: HsCRP was measured in 1289 subjects from three centres in ECRHS II: Reykjavik, Uppsala and
Tartu. The HsCRP values ranged from <0.01 mg/I to 70.0 mg/| and were divided into four equal groups
(<0.45, 0.46-0.96, 0.97-2.21, and >2.21 mg/|).

Results: HsCRP increased with increasing body mass index (r=0.41; p<0.0001) and was higher in
smokers than in never smokers (p=0.02). A significant relationship was found between increased HsCRP
levels and respiratory symptoms such as wheeze, attacks of breathlessness after effort, and nocturnal
cough (p<0.0001). The crude odds ratio (95% Cl) for the probability of non-allergic asthma was 3.57
(1.83 o 6.96) for subjects in the 4th quartile compared with the 1st quartile of HsCRP. This association
remained significant after adjusting for study centre, age, sex, body weight, and smoking history (OR 2.19
(95% CI 1.04 to 4.63)). No significant relationship was observed between HsCRP and allergic asthma or
bronchial responsiveness.

Conclusions: Raised levels of HsCRP are significantly associated with respiratory symptoms and non-

10 February 2005

inflammation, infection, and tissue damage which

contributes to host defence against infection by
activating the complement pathways.! The rise in CRP is
driven by its rate of synthesis and falls rapidly when the
pathological stimulus ceases with a plasma half life of
approximately 19 hours.' > Highly sensitive assays for CRP
(HsCRP) are available and reflect low grade inflammation.’
CRP is produced by hepatocytes under transcriptional control
by the proinflammatory cytokine interleukin (IL)-6, but
adipose tissue has an active role in its metabolism by
producing about 30% of IL-6." *°

A positive relationship has been reported between raised
CRP levels and current asthma,® ” respiratory impairment,* "'
and bronchial hyperresponsiveness.'”> The association
between asthma and CRP is by no means clear, however,
and could at least in part reflect the role of obesity in CRP
production® > as asthma in young adults is significantly more
common in subjects with a raised body mass index (BMI)."”"
Whether there is a difference in the association between
HsCRP and atopic and non-atopic asthma is unknown.

The aim of this paper was to explore the relationship
between HsCRP, respiratory symptoms, bronchial respon-
siveness, asthma, and atopy in a randomly selected group of
young adults in Reykjavik, Uppsala, and Tartu.

C reactive protein (CRP) is a highly sensitive marker of

METHODS

Population

The European Community Respiratory Health Survey
(ECRHS) is an international multicentre study of asthma
and allergy. The first part, ECRHS I, was conducted in 19904
and the follow up study, ECRHS 11, in 1999-2001. The design
of ECRHS I and ECRHS II has been published in detail."* "
Each participant was sent a brief questionnaire (stage 1) and,
from those who responded, a random sample was invited to
undergo a more detailed clinical examination (stage 2). In

allergic asthma but not with allergic asthma.

addition, a ““symptomatic sample” consisting of those who
reported symptoms of waking with shortness of breath,
asthma attacks, or using asthma medication in stage 1 was
also studied. In ECRHS II subjects who had participated in
stage 2 of ECRHS I were invited to participate in a follow up
study (www.ECRHS.org). Subjects answered a standardised
questionnaire administered by trained interviewers and
underwent lung function and blood tests. The present study
includes data from three of the 29 centres in the ECRHS II—
Reykjavik in Iceland, Tartu in Estonia, and Uppsala in
Sweden—where 2033 subjects participated in stage 2 of
ECRHS I. The number of subjects in the present analysis was
1289, of which 512 were from Reykjavik, 288 from Tartu and
489 from Uppsala (participation rate 63.4%).

Subjects were asked to postpone their examination if they
had suffered from respiratory infection in the 3 weeks
immediately preceding the examination as this was a
criterion for exclusion. Written informed consent was
obtained from each subject before inclusion in the study.
The protocol was approved by the National Bioethics
Committee of Iceland, the ethics committee of the Medical
Faculty, Uppsala University, and the ethics review committee
on human reseach of the University of Tartu.

Respiratory symptoms and asthma

The subjects underwent a structured interview which
included detailed information on respiratory symptoms and
asthma. The symptoms included in this analysis had all
occurred during the preceding 12 months and were wheeze;
wheeze in combination with breathlessness; wheeze when
not having a cold; nocturnal chest tightness; attacks of
breathlessness following activity, at rest or at night time; and
nocturnal cough. “Asthma” was defined as having physician

Abbreviations: BMI, body mass index; CRP, C reactive protein; HsCRP,
high sensitivity C reactive protein
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diagnosed asthma and having had asthma related symptoms
or attacks of asthma in the preceding 12 months.'

Allergy testing
Total and specific serum IgE was determined using the
Pharmacia CAP System (Pharmacia Diagnostics, Uppsala,
Sweden). In all centres specific IgE was measured against
Dermatophagoides  pteronyssinus, timothy grass, cat, and
Cladosporium herbarum. Detection of specific IgE (=0-35 kU/
1) was used as the definition of sensitisation. Atopy was
defined as being sensitised to any of the above allergens.

In this analysis allergic asthma was defined as having
asthma in combination with atopy, while non-allergic
asthma was defined as having asthma but not having atopy.

Body mass index
BMI was calculated as weight in kilograms divided by the
square of height in metres.

Bronchial responsiveness

Methacholine challenge was carried out using a dosimeter
(Mefar, Brescia, Italy) in all subjects with none of the
exclusion criteria defined in the international ECRHS
protocol (www.ECRHS.org) and described in detail in a
recent publication."” The level of bronchial responsiveness
was expressed using a dose-response slope.'”

Smoking

Information on smoking history was collected by adminis-
tering a questionnaire on each occasion. For those who
answered “yes” to the lead question (““Have you ever smoked
for as long as a year?””), additional questions were asked on
age at starting, amount smoked currently, whether they had
stopped or cut down, and amount smoked previously. Based
on this information, the subjects were classified into “never
smokers”, ‘“‘ex-smokers” (before ECRHS 1), “quitters”
(between ECRHS I and II), “starters” (between ECRHS I
and II), and “smokers”.

HsCRP measurements

All laboratory measurements were carried out at the
Department of Clinical Biochemistry, Landspitali University
Hospital, Iceland. Serum samples were stored frozen at
—20°C. HsCRP concentrations were measured on a Hitachi
911 analyser using a commercially available latex enhanced
immunoturbidimetric assay from Roche. The lower detection
limit of the assay is 0.1 mg/l. The between-day coefficient of
variation was 1.1% at a concentration of 3.73 mg/l and 1.9%
at a concentration of 0.68 mg/l.

Statistical analyses

All statistics were calculated with STATA software, version
intercooled STATA 8.0 for Windows. Log-transformed values
of HsCRP were used when comparing means between groups
and in regression models. One way analysis of variation was
used to compare HsCRP levels in non-asthmatics, allergic,
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and non-allergic asthmatics. The subjects were divided into
four groups according to the quartile distribution of the
HsCRP values (<0.45, 0.46-0.96, 0.97-2.21 and >2.21 mg/l)
when estimating risk association. Odds ratios were calculated
using logistic regression. The adjusted risk ratios and 95%
confidence interval (CI) were first analysed on pooled data
from all three centres, adjusting for centre, and then
calculated separately at each centre. Potential heterogeneity
between centres was examined using standard methods for
random effects meta-analysis."®

RESULTS

The general characteristics of non-asthmatic (n=1100) and
asthmatic participants (n = 189) are summarised in table 1.
The non-allergic asthmatic subjects were more often women
and they also reported smoking more often than the
asthmatic participants.

The HsCRP values ranged from <0.1 mg/l to 70.0 mg/l. The
distribution was skewed but normally distributed after log
transformation. There were no significant centre or sex
differences in HsCRP levels, but there was a weak but
statistically significant positive correlation between age and
HsCRP (r=0.10; p=0.0003). HsCRP increased with increas-
ing BMI (p<<0.0001, fig 1) and was higher in current smokers
than in never smokers (geometric mean 1.17 (95% CI 1.02 to
1.33) v 0.92 (95% CI 0.83 to 1.01), p<0.02).

HsCRP and respiratory symptoms

The prevalence of most respiratory symptoms increased with
increasing HsCRP (table 2) and there was a significant
difference between the quartile with the lowest levels of
HsCRP (<0.45) and the highest quartile (>2.21) for most of
the symptoms.

HsCRP, atopy, and bronchial responsiveness

A weak positive correlation was found between HsCRP and
total IgE (r=0.07, p=0.01). There was no significant
relation between HsCRP and atopy (adjusted OR 0.95 (95%

p<0.0001
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Figure 1 Relationship between HsCRP and body mass index.

Table 1 Respiratory symptoms and atopy in relation to HsCRP (mean (SD) and %)
No asthma Allergic asthma Non-allergic asthma
(n=1100) (n=103) pvalue (n=86) p value
Age 41.6(7.2) 40.5 (7.3) 0.27 43.3 (7.4) 0.11
Women 51.2 43.7 0.15 75.6 <0.0001
Smoking history 0.005 0.52
Never smokers 42.1 56.3 44.2
Ex-smokers 30.1 29.1 24.4
Smokers 27.8 14.6 314
BMI 25.4 (4.1) 26.1 (4.7) 0.38 26.5 (4.7) 0.09
p values relate to comparison with non-asthmatic subjects.
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Table 2 Respiratory symptoms and atopy in relation to HsCRP

1st quartile  2nd quartile 3rd quartile 4th quartile

CRP CRP CRP CRP

<0.45 0.46-0.96  OR (95% CI)* 0.97-2.21 OR (95% CI)* >2.21 OR (95% CI)*
Wheeze 17.3 23.1 1.22(0.81t0 1.93) 27.3 1.40 (0.93t0 2.12)  36.0 1.93 (1.27 to 2.93)
Wheeze and breathlessness 11.3 12.2 0.98 (0.591t0 1.63) 14.8 1.24 (0.7510 2.03)  20.4 1.63 (0.99 to 2.03)
Wheeze without a cold 12.2 16.0 1.21 (0.76t0 1.94)  19.3 1.46 (0.92t0 2.32) 23.3 1.67 (1.04 to 2.69)
Nocturnal chest tightness 12.8 10.9 0.84 (0.51 to 1.40) 16.7 1.39(0.86 t0 2.24) 19.2 1.53 (0.93 to 2.49)
Breathless at rest 6.4 6.4 1.15 (0.59 to 2.25) 9.1 1.88(0.991t03.58) 11.9 2.07 (1.08 to 3.94)
Breathless after effort 15.5 18.0 1.20 (0.78t0 1.86)  21.4 1.41 (0.91102.18)  30.2 2.08 (1.34 t0 3.22)
Nocturnal breathlessness 7.9 6.2 0.94 (0.49 to 1.82) 97 1.55(0.84 to 2.86) 9.4 1.36 (0.71 to 2.60)
Nocturnal cough 18.6 26.0 1.48 (1.06 t0 2.38)  28.3 1.59(1.06 0 2.38)  37.3 2.11 (1.40 to 2.38)
*Adjusted for centre, age, sex, BMI and smoking history. The adjusted odds ratios are compared with the subjects in the lowest CRP quartile.

CI 0.62 to 1.44)) or between HsCRP and bronchial respon-
siveness (r=0.02, p=0.51).

HsCRP and asthma

Asthmatic subjects had higher HsCRP values than non-
asthmatic participants (geometric mean 1.35 (95% CI 1.14 to
1.61) v 0.96 (95% CI 0.90-1.03) mg/l, p =0.0002). Subjects
with non-allergic asthma had significantly higher levels of
HsCRP than non-asthmatic subjects, whereas subjects with
allergic asthma had levels similar to non-asthmatic subjects
(fig 2).

The association between HsCRP and non-allergic asthma
remained significant after adjusting for age, sex, smoking,
BM]I, and centre (table 3). The relationship between BMI and
allergic and non-allergic asthma is shown in table 4. Before
adjustment for HsCRP, increasing BMI was associated with
both allergic and non-allergic asthma. After adjustment for
HsCRP the association between BMI and allergic asthma
remained significant while no significant association was
found between non-allergic asthma and BMI. No significant
interaction was found between BMI and HsCRP in relation to
allergic and non-allergic asthma.

Meta-analysis and centre heterogeneity

The association between HsCRP, respiratory symptoms, and
asthma was also assessed by meta-analysis. The estimates
were similar to those derived when analysing the pooled
data. Significant centre heterogeneity was found for the
relationship between HsCRP and wheeze without a cold
(p=0.04), attacks of breathlessness following activity
(p=0.02), and breathlessness at rest (p = 0.04), with higher
odds ratios in Tartu than at the other two centres. No

or p=0.23 p<0.0001
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Figure 2 Relationship between HsCRP and no asthma, allergic asthma,
and non-allergic asthma (p values calculated in comparison with non-
asthmatic subjects).

heterogeneity was found for the association between HsCRP
and the other respiratory symptoms or asthma.

DISCUSSION

Our study confirms previous results which found that HsCRP
is related to age, BMI, and smoking. Our novel finding is,
however, that non-allergic asthma is strongly related to
higher HsCRP levels whereas allergic asthma is not. There
was also a strong association between high HsCRP values and
respiratory symptoms such as wheeze, breathlessness after
effort, and nocturnal cough. This brings into focus the triad:
asthma, high BMI, and high HsCRP.

Several studies have recently reported a strong association
between increasing asthma prevalence and increasing
BML" ”*° but the causality is unknown. Schachter et al*!
reported that obesity (BMI =30) was a risk factor for self-
reported asthma and wheeze but this group did not have
higher levels of atopy, airway hyperresponsiveness or airway
obstruction. Sin ef al** also found that obese subjects reported
a higher point prevalence of self-reported asthma, although
they had a lower prevalence of significant airflow obstruc-
tion.

Many factors are associated with both asthma and obesity
which complicates the picture. Firstly, in contradiction to
that mentioned earlier in the discussion, obesity might be a
consequence of asthma as these subjects have reduced
exercise capacity and obesity is a known side effect of oral
steroid treatments. Secondly, gastro-oesophageal reflux and
obstructive sleep apnoea are both possible risk factors for
asthma development and are related to obesity."* ** Thirdly,
obesity has detrimental effects on respiratory symptoms and
lung function, and weight reduction in obese asthmatics has
been associated with improvement in symptoms, lung
function, and quality of life.** > In overweight women weight
loss has been shown to be independently associated with
both improvements in glucose metabolism and decreased
CRP.* In our study the association between obesity and CRP
levels was equally strong for allergic and non-allergic asthma.
In the non-allergic asthma group this association became
non-significant when adjusting for HsCRP levels but

Table 3 Odds ratio (95% confidence interval)* for the
relationship between HsCRP (expressed in quartiles and
as a continuous variable) and allergic and non-allergic
asthma

HsCRP (mg/I) Allergic asthma Non-dllergic asthma
<0.45 1 1

0.45-0.96 0.87 (0.47 to 1.61) 0.76 (0.33 to 1.76)
0.97-2.21 0.89 (0.48 10 1.64)  1.57 (0.73 to 3.36)
>2.21 0.64 (0.32t0 1.27) 2.19 (1.04 to 4.63)
Log HsCRP 0.90 (0.73101.12)  1.46 (1.16 to 1.82)

*Adjusted for centre, age, sex, and smoking history.
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Table 4 Odds ratio (95% confidence interval)* for the relationship between body mass index and HsCRP

Without adjustment for HsCRP

With adjustment for HsCRP (quartiles)

Body mass index Allergic asthma

Non-allergic asthma

Allergic asthma Non-allergic asthma

Per 5 kg/m2 increase 1.31 (1.03 to 1.6¢)

<20 kg/m? 0.95 (0.31 to 2.87) 1.14 (0.37 to 3.46)
20-25 kg/m? 1 1

>25-30 kgz/mz 1.24 (0.76 to 2.04) 1.24(0.73 0 2.12)
>30 kg/m 1.92 (0.99 to 3.71) 1.89 (1.00 fo 3.60)

1.34 (1.06 to 1.71)

0.96 (0.32 to 2.92) 1.34 (0.43 to 4.20)
1

.25 (0.62 to 2.50)
.34 (0.43 to 4.20)
.13 (0.87 to 1.48)

2.22 (1.09 to 4.51)

1
1.32(0.79 t0 2.19) 1
1
1.39 (1.08 to 1.81) 1

*Adjusted for centre, age, sex, and smoking history.

remained significant in the group with allergic asthma. This
indicates that the pathophysiological background for the
association between asthma and obesity differ between
allergic and non-allergic asthma.

Previous studies have shown that patients with allergic and
non-allergic asthma differ in many aspects, including
responsiveness to cold air, response to adenosine monopho-
sphate (AMP),”” levels of nitrogen oxide (NO) in expired air,*
and the level of eosinophilic inflammation in the airways.”
Our results show an association between increased HsCRP
and non-allergic asthma even when adjusted for body
weight, but the lack of association between HsCRP and
allergic asthma further emphasises the difference between
these two subgroups of asthma. The increased HsCRP levels
in non-allergic asthma support the theory that, in non-atopic
asthma, there is not only a local but also an ongoing systemic
inflammatory process.

We conclude that increased levels of HsCRP are signifi-
cantly associated with respiratory symptoms and non-allergic
asthma but not with allergic asthma. Further studies on the
possible role of CRP in the pathogenesis of non-allergic
asthma could lead to a recognition of new biomarkers, other
mechanisms which we have not corrected for, or even new
therapeutic possibilities. HSCRP might in the near future be
used as a risk factor marker for lung diseases.
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