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ABSTRACT: The aim of this study was to determine the relationship between C-reactive protein

(CRP) levels and factors known to predict outcome in stable chronic obstructive pulmonary

disease (COPD) patients.

The following were studied in 130 stable COPD patients: spirometry, lung volume, arterial

oxygen tension (Pa,O2), dyspnoea, 6-min walk distance (6MWD), body mass index, fat-free mass

index, BODE (body mass index, obstruction, dyspnoea and exercise capacity), health-related

quality of life, smoking status, the presence of cardiovascular risk factors or disease,

corticosteroid use and number of exacerbations in the previous year. CRP levels were measured

in these patients and in 65 controls. Using univariate and multivariate analyses, any possible

association with the predictors of outcomes was evaluated.

CRP levels were higher in COPD patients than in controls (4.1 versus 1.8 mg?L-1, respectively).

Correlation was found with the following variables: forced expiratory volume in one second (FEV1;

-0.23), FEV1 % (-0.20), forced vital capacity (FVC; -0.24), FVC % (-0.24), Global Initiative for

Chronic Obstructive Lung Disease stage (0.17), BODE (0.17), inspiratory capacity/total lung

capacity (-0.20), Pa,O2 (-0.40) and 6MWD (-0.30). Using multivariate analysis, Pa,O2 and 6MWD

manifested the strongest negative association with CRP levels.

C-reactive protein levels in stable chronic obstructive pulmonary disease patients are best

correlated with arterial oxygen tension and 6-min walk distance. This should be considered when

C-reactive protein levels are measured in stable chronic obstructive pulmonary disease patients.
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T
he American Thoracic Society/European
Respiratory Society consensus states that:
‘‘Although COPD [chronic obstructive

pulmonary disease] affects the lungs, it also
produces significant systemic consequences’’ [1].
These consequences can be detected clinically [2]
and appear to be associated with the presence of
systemic inflammatory markers [3].

C-reactive protein (CRP) is an acute-phase
protein synthesised predominantly by the hepa-
tocytes in response to tissue damage or inflam-
mation. It reflects the total systemic burden of
inflammation of individuals [4] and has been
shown to be increased in COPD in stable
condition [3] and during exacerbations [5]. It is
also a predictor of hospitalisation and mortality
in patients with chronic respiratory failure [6].
CRP is higher in patients with poor forced

expiratory volume in one second (FEV1) and in
those who smoke [7]. Finally, elevated levels of
CRP seem to predict cardiovascular risk in
patients with COPD [8] and can decrease with
inhaled and systemic corticosteroids [9], oral
statin therapy [10] and exercise [11].

It is widely accepted that CRP levels relate to the
presence of airflow obstruction [12]. However,
there are no studies that evaluate the relationship
between CRP levels and other clinical variables
known to predict outcome in patients with
COPD. As CRP is used as a prognostic cardio-
vascular factor in the general population and
particularly in COPD, this study aims to measure
how prognostic factors of the disease affect CRP
levels in stable patients, independently from the
degree of airflow obstruction.

METHODS
The current study recruited COPD patients
attending a pulmonary clinic from January 2000
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to December 2004. Patients with all levels of airflow severity
were consecutively included if they had smoked o20 pack-yrs
and had a post-bronchodilator FEV1/forced vital capacity
(FVC) ,0.7 after 400 mg of inhaled albuterol. Patients were
excluded if: they had a history of asthma and/or their FEV1

increased more than 12% or 200 mL after bronchodilation; or
they had bronchiectasis, tuberculosis or other confounding
inflammatory diseases, such as malignancy, arthritis, connec-
tive tissue disorders or inflammatory bowel disease. Patients
were clinically stable (no exacerbation for 2 months) at the time
of evaluation and were a sub-sample of those studied in the
BODE (body mass index, obstruction, dyspnoea and exercise
capacity) international multicentre study [13]. The Ethical
Committee of the Hospital Nuestra Señora de Candelaria
(Tenerife, Spain) approved the study and all participants gave
written informed consent.

The following variables, which are known to predict outcome
in COPD, were evaluated: age; dyspnoea, assessed by the
Modified Medical Research Council (MMRC) scale [14]; degree
of airflow obstruction, via FEV1; arterial oxygen tension (Pa,O2)
[15]; exercise capacity, using 6-min walk distance (6MWD)
[16]; lung hyperinflation, as expressed by the inspiratory
capacity (IC) to total lung capacity (TLC) ratio [17]; body mass
index (BMI) [18]; fat-free mass index (FFMI) [19]; BODE index
[13]; and health-related quality of life, using the Saint George’s
Respiratory Questionnaire (SGRQ) [20]. The current authors
registered the presence of cardiovascular risk factors (hyper-
tension, diabetes, hypercholesterolaemia) or diagnosed cardio-
vascular disease (coronary artery, peripheral vascular or
cerebrovascular disease), as well as the number of exacerba-
tions in the previous year. It was also noted whether patients
were actively smoking and whether they used corticosteroid
(inhaled or systemic) therapy.

Post-bronchodilator FEV1, FVC, FEV1/FVC and IC/TLC were
determined using a Jaegger 920 MasterLab1 spirometer and
Body Box (both Masterlab, Jaegger, Würzburg, Germany),
along with the European Community for Steel and Coal
guidelines [21] to determine predicted values. BMI was
calculated as the weight in kg divided by height in m2. FFMI
was determined using the bioelectrical impedance Bodystat
(Bodystat Ltd, Isle of Man, UK), dividing the fat-free mass
weight in kg by the height in m2. Exacerbations were defined
using the criteria developed by RODRIGUEZ-ROISIN [22].

Blood samples for CRP measurement were taken after 4 h of
fasting, at the same time of the day (08:00 h). Measurement
was performed using a high-sensitivity CRP assay (latex) HS
(measurement range 0.1–20 mg?L-1; Roche Diagnostics,
Indianapolis, MN, USA).

Statistical analysis
Variables are presented as a percentage, mean¡SD or median
(25th–75th percentile) depending on their distribution. Because
of the non-normal distribution of CRP values, logarithmic
transformation was used to perform parametric testing. An
exploratory factor analysis was then performed for all
variables including CRP to obtain its clustering in relatively
independent dimensions. To explore differences in log CRP
levels between healthy, ex-smoking COPD patients and
smoking COPD patients, ANOVA analysis was performed,

followed by a Scheffé test to compare the difference between
each category. In order to study the differences in log CRP
levels between healthy controls and COPD patients, females
and males, those taking and not taking corticosteroids, those
with and without cardiovascular risk factors or disease and
patients who were current smokers versus nonsmoking
patients, a univariate ANOVA test was applied with 95%
confidence intervals (CI) for the estimation of differences. The
correlations between log CRP levels and the different
numerical variables were estimated using Pearson’s or
Spearman’s linear bivariate correlation coefficient depending
on the distribution of the second variable. Finally, a linear
regression analysis was performed using the backward
criterion strategy with log CRP as a dependent variable and
variables that significantly correlated with log CRP levels as
explanatory variables. A p-value f0.05 was considered
statistically significant in all analyses.

RESULTS
A total of 150 consecutive Caucasian patients (95 males) were
recruited into the study. Of these patients, 20 patients (12
males) refused to participate in the study. Also recruited into
the study were 65 healthy, nonsmoking subjects (32 males)
from the general population, of similar age (mean¡SD 65¡11,
p.0.05) and location. The clinical and physiological character-
istics of the COPD patients are presented in table 1. Most of the
patients were in Global Initiative for Chronic Obstructive Lung
Disease (GOLD) stages II and III, 44% of them were still
smoking, 55% had cardiovascular risk factors or disease and
most of them (77%) were on inhaled corticosteroid therapy.

Factor analysis showed that the variables conformed in five
different areas: 1) BODE, FEV1, FVC, GOLD stage, IC/TLC,
MMRC, 6MWD and Pa,O2; 2) SGRQ, age, diffusing capacity of
the lung for carbon monoxide, Charlson index, smoking status
and pack-yr history; 3) cardiovascular risk factors or disease
and exacerbations; 4) BMI; and 5) CRP and corticosteroid use.

CRP levels were higher in COPD patients than controls (4.1
versus 1.8 mg?L-1, respectively, p,0.001). Log CRP was not
equal between controls, ex-smoking COPD patients and
smoking COPD patients (0.34¡0.3 versus 0.52¡0.3 versus
0.70¡0.4, respectively, overall ANOVA p-value ,0.001).
Further differences were found between: controls and ex-
smoking COPD patients (Scheffé p-value ,0.001); controls
and smoking COPD patients (Scheffé p-value ,0.001); and
ex-smoking and smoking COPD patients (Scheffé p-value
,0.001). Actual CRP levels are shown in figure 1. Comparisons
of log CRP levels adjusted for Pa,O2, 6MWD, FEV1 %, IC/TLC
and BMI did not reach statistical significance for sex (95% CI
-0.16–0.16, p50.29), smoking status (95% CI -0.12–0.19,
p50.81), corticosteroid use (95% CI -0.14–0.22, p50.19) or the
presence of cardiovascular risk factors or disease (95% CI
-0.14–0.16, p50.39).

Table 2 shows the correlation coefficients of log CRP levels
with COPD prognostic factors. Statistically significant correla-
tion, at the p,0.05 level, was found with FEV1, FEV1 %, FVC,
FVC %, IC/TLC, Pa,O2 and 6MWD. The results of a multi-
variate linear regression analysis are shown in table 3. Pa,O2

and 6MWD, and not the lung function indices, were the best
explanatory factors of log CRP levels.
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DISCUSSION
This is the largest clinical study investigating the influence of
predictive outcomes on CRP levels in a well-defined popula-
tion of stable COPD patients. The main and novel finding of
this study is that CRP levels in stable COPD patients are most
strongly associated with Pa,O2 and 6MWD. The study also
found that CRP levels correlated independently with other
important prognostic clinical variables: FEV1, FVC, IC/TLC,
GOLD stage and BODE index.

There is now sufficient evidence to support the presence of
‘‘extra-pulmonary or systemic’’ consequences of COPD that

TABLE 1 Clinical and physiological characteristics of
chronic obstructive pulmonary disease patients

Clinical and physiological

parameters

Subjects n Values

Age yrs 130 65¡10

FEV1 % pred 128 53¡21

FVC % pred 128 83¡23

IC/TLC ,0.25 % of patients 128 25

GOLD stage % of patients 128

I 14

II 39

III 32

IV 15

6MWD m 126 459¡99

MMRC scale .2 % of patients 130 14

BMI kg?m-2 130 17¡3

FFMI kg?m-2 130 27¡5

Pa,O2 mmHg 127 71¡11

BODE points 125 2 (1–3)

SGRQ total points 126 34¡19

Exacerbations times in the last

year

130 1 (0–2)

Active smoking % of patients 130 44

Use of corticosteroids % of

patients

130 77

Presence of cardiovascular risk

factors or disease % of

patients

130 55

Data are presented as mean¡SD, % and median (25th–75th percentiles),

unless otherwise stated. FEV1: forced expiratory volume in one second; FVC:

forced vital capacity; IC: inspiratory capacity; TLC: total lung capacity; GOLD:

Global Initiative for Chronic Obstructive Lung Disease; 6MWD: 6-min walk

distance; MMRC: Modified Medical Research Council; BMI: body mass index;

FFMI: fat-free mass index; Pa,O2: arterial oxygen tension; BODE: body mass

index, obstruction, dyspnoea and exercise capacity; SGRQ: Saint George’s

Respiratory Questionnaire. 1 mmHg50.133 kPa.
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FIGURE 1. Data are presented as mean and 95% confidence intervals of C-

reactive protein (CRP) levels for controls, ex-smoking chronic obstructive

pulmonary disease (COPD) patients and smoking COPD patients.

TABLE 2 Parameters that significantly correlated with log
CRP levels

Variable Correlation p-value

Pa,O2 -0.40 ,0.001

6MWD -0.30 0.001

FVC -0.24 0.006

FVC % -0.24 0.006

FEV1 -0.23 0.008

FEV1 % -0.20 0.031

GOLD 0.18 0.042

IC/TLC -0.18 0.041

BODE 0.17 0.050

BMI 0.17 0.050

Correlations were found using Pearson’s bivariate linear correlation coefficient.

Pa,O2: arterial oxygen tension; 6MWD: 6-min walk distance; FVC: forced vital

capacity; FEV1: forced expiratory volume in one second; GOLD: Global Initiative

for Chronic Obstructive Lung Disease; IC: inspiratory capacity; TLC: total lung

capacity; BODE: body mass index, obstruction, dyspnoea and exercise

capacity; BMI: body mass index.

TABLE 3 Results of multivariate linear regression analysis#

Predictive

parameter

Regression coefficient p-value

Value SEM 95% CI Standardised

Pa,O2 -0.011 0.004 -0.18– -0.004 -0.271 0.003

6MWD -0.001 0.001 -0.002– -0.001 -0.206 0.048

FEV1 % 0.006 0.008 -0.010–0.023 0.298 0.457

FVC % -0.008 0.005 -0.18–0.003 -0.395 0.142

GOLD -0.015 0.125 -0.263–0.233 -0.031 0.905

IC/TLC 0.051 0.703 -1.340–1.442 0.010 0.942

BODE -0.022 0.037 -0.096–0.051 -0.103 0.549

BMI 0.006 0.008 -0.010–0.023 0.075 0.465

CI: confidence interval; Pa,O2: arterial oxygen tension; 6MWD: 6-min walk

distance; FEV1: forced expiratory volume in one second; FVC: forced vital

capacity; GOLD: Global Initiative for Chronic Obstructive Lung Disease; IC:

inspiratory capacity; TLC: total lung capacity; BODE: body mass index,

obstruction, dyspnoea and exercise capacity; BMI: body mass index. #: with

log C-reactive protein as a dependent variable, using the variables which

showed significant correlations in the univariate analysis.
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can be detected clinically [2] and that could also be measured
by the determination and level of increased systemic inflam-
matory markers [3]. CRP is one of these markers. It is an acute-
phase protein synthesised predominantly by the hepatocytes
in response to tissue damage or inflammation reflecting the
total systemic burden of inflammation of individuals [4]. GAN

and co-workers [3, 7] were the first to note the importance of
high CRP levels in COPD patients. They showed that CRP is
elevated in patients who actively smoked, had reduced lung
function [7] or stable COPD [3]. They also demonstrated that in
patients with COPD, CRP levels predicted cardiovascular
mortality [8] and decreased with treatment with inhaled
fluticasone [9]. Other researchers have shown that: patients
with COPD have higher levels of CRP, independent of
cardiovascular risk factors [12]; CRP predicts mortality in
patients with chronic respiratory failure [6]; and CRP levels
decrease with exercise [11] and pharmacological therapy with
statins [10]. Recently, BROEKHUIZEN et al. [23] found that high-
sensitivity CRP was a marker of impaired energy metabolism,
functional capacity and distress in 102 severe COPD patients.

In the present study’s population of stable COPD patients, CRP
levels correlated mainly with physiological parameters, such
as FEV1, FVC, IC/TLC, 6MWD, Pa,O2 and BMI, or others that
include them as BODE index or GOLD stages. In the factor
analysis, unsurprisingly, most of these variables were clus-
tered in the same group. In contrast, CRP was grouped with
corticosteroids. This could mean that CRP represents a
different aspect of COPD (the inflammatory one) associated
with these important outcomes, and which is (as the available
data support) directly affected by corticosteroid therapy [9].

The present study confirms the existing data, supporting the
fact that when lung function worsens, CRP levels increase [7].
This could also explain the direct relationship found between
CRP levels and GOLD stages or the BODE index, which
includes some of the previously mentioned outcomes para-
meters (FEV1, 6MWD and BMI).

One of the most important and novel findings of the current
study is the inverse correlation between CRP levels and Pa,O2.
This interesting finding requires further research. Indeed, it is
widely accepted that COPD patients with hypoxaemia have a
higher mortality, which is improved with oxygen therapy.
Hypoxaemia triggers oxidative stress and inflammation in
COPD patients [24]. Unfortunately, until now, no data have
proved that oxygen therapy decreases systemic inflammation
in stable COPD patients. The association observed in the
present study supports the need for more extensive explora-
tion of the relationship between oxygenation, inflammatory
markers and outcomes.

It was also observed that CRP levels inversely correlated with
6MWD. KOECHLIN et al. [25] found that CRP levels inversely
correlated with endurance time. BROEKHUIZEN et al. [23] also
found that CRP increases in patients with poor exercise
capacity. Indeed, some authors postulate that the skeletal
muscle dysfunction is a direct consequence of the systemic
effects of the disease [26], whereas others propose that the
‘‘myopathy’’ is an independent process that contributes to
the systemic inflammatory load of the disease [27]. Whatever
the mechanism, the present results indicate that measuring

CRP levels in stable conditions could indirectly reflect the
exercise capacity of these patients, an important prognostic
factor of the disease.

The present authors are the first to report an inverse
correlation between lung hyperinflation as determined by the
IC/TLC ratio and circulating CRP levels. Recently, CASANOVA

et al. [17] demonstrated that lower values of IC/TLC are
associated with worse survival. OGA et al. [28] also showed that
as lung hyperinflation worsens, exercise capacity decreases
over time. The present study indicates that as hyperinflation
worsens, the CRP levels increase. It may be that the
hyperinflated state is not associated with ‘‘burned out’’
inflammation but rather with an active inflammatory process
of which elevated CRP is a good marker. Indeed, the concept of
persistent inflammation is supported by the findings of HOGG

et al. [29] who described intense inflammatory changes in the
lung and airways of patients with severe emphysematous
COPD, who underwent lung volume-reduction surgery and
had a long-standing history of smoking abstinence. Whether
the CRP level is only a marker or an active component of the
inflammatory process remains to be explored.

Interestingly, in the present study, BMI correlated directly with
CRP. This contrasts with the only published study relating
CRP and BMI, in which SCHOLS et al. [30] observed high CRP
levels in a special subset of 16 COPD patients with high resting
energy expenditure and low FFMI. In the present much larger
set of COPD patients with different degrees of obstruction and
BMI, the BMI and CRP levels displayed a direct correlation.
This could imply that different inflammatory markers, such as
tumour necrosis factor-a and CRP, have different behaviour,
relating to malnutrition or perhaps reflecting depletion of
different compartments (FFMI versus fat mass, respectively).
More studies are needed to help resolve these controversial
findings.

The current authors’ work duplicates the previous findings of
higher CRP levels in smoking COPD patients compared with
nonsmoking COPD patients [7]. Unfortunately, this effect
could not be confirmed in the control group because only
nonsmoking individuals were recruited to represent the
‘‘normal’’ population. However, the level of CRP in the ex-
smoking COPD population remained significantly higher than
the nonsmoking control group. This finding is consistent with
the theory that once initiated the inflammatory state seems to
persist, albeit at a seemingly lower level. Conversely, it
provides us with a strong argument to develop and institute
therapies aimed at decreasing the inflammatory state in-
dependent of smoking cessation.

This study has several limitations. First, even though patients
taking steroids had lower CRP levels than those who did not,
this difference was not statistically significant. This might be
due to the small sample size with low statistical power and
sensitivity or it could be because the patients were not in a trial
and the compliance of medication use was unreliable. In
addition, several corticosteroid preparations were used and
their effect on CRP is unknown. Secondly, patients with
cardiovascular risk factors or diagnosed disease did not have
higher CRP levels. This contradictory finding cannot be
explained, and the present authors did not formally evaluate
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the presence of active cardiovascular disease but depended
solely on the clinical information recorded. Likewise, the
patients were not prospectively followed to determine the
occurrence of new cardiac events.

In summary, the present study confirms that C-reactive protein
levels are higher in stable chronic obstructive pulmonary
disease patients. C-reactive protein levels are associated with
important clinical variables that help predict patient outcome
independently of the degree of airflow obstruction. Of these,
the most important were the arterial oxygen tension and 6-min
walk distance. This reinforces and supports the relevance of C-
reactive protein measurement and the information presented
here should be considered when C-reactive protein levels are
measured in stable chronic obstructive pulmonary disease
patients. Further follow-up cohort studies with bigger samples
and that measure C-reactive protein levels prospectively
should help determine the validity of these findings.
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