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Abstract

Aims: To examine relationships between markers of systemic inflammation and functional status in patients with chronic obstructive
pulmonary disease (COPD). 

Methods: 41 COPD patients were stratified using the Medical Research Council (MRC) dyspnoea scale. Six-minute walking distance
(6MWD), Quadriceps (% body weight) (QBW), St George’s Hospital Respiratory Questionnaire (SGRQ), London Chest Activity of Daily
Living Scale (LCADL), C-reactive protein (CRP), interleukin 6 (IL6), tumour necrosis factor α, and neopterin were measured. Relationships
between variables and differences in inflammatory markers between MRC categories were tested. 

Results: Inflammation increased with MRC grade and was significantly different across grades; CRP (p=0.002) and IL6 (p=0.04).
Relationships were evident between CRP, 6MWD, LCADL and SGRQ, r=-0.47, 0.50, 0.43 (all p<0.01) respectively, and between IL6, QBW
and LCADL, rho=-0.36, 0.51 (p<0.05). 

Conclusions: Measures of systemic inflammation, and in particular CRP, may prove to be useful markers in the assessment of COPD
severity in primary care.    
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Introduction
Patients with chronic obstructive pulmonary disease (COPD)
have impaired functional status.1-3 Quality of life and exercise
tolerance provide comprehensive information about the
patient and there is evidence that frequency of exacerbation
is associated with health status impairment.4 The degree of
breathlessness using the Medical Research Council (MRC)
dyspnoea scale has been identified as a stronger predictor of
5-year mortality than the forced expiratory volume in one
second (FEV1),5 and measures of health status and exercise
tolerance are strongly associated with mortality.6 However,
severity of COPD is most often assessed using measures of
lung function – usually FEV1 – although functional status in
COPD bears little or no relationship with FEV1.7 In the primary
care management of COPD, assessment of exercise tolerance

and health status may prove unrealistic, thereby highlighting
a need for simple biomarkers of severity. 

COPD is a multi-component disease with known systemic
effects such as cachexia, reduced muscle mass, and
osteoporosis.8 Concentrations of inflammatory markers such
as C-reactive protein (CRP), interleukin 6 (IL6) and tumour
necrosis factor (TNF-α) are higher in COPD patients compared
with healthy individuals9,10 and CRP is an independent
prognostic variable for heart disease.11 Neopterin is highly
prognostic of major adverse coronary events in angina12 and
is recognised as a risk factor for acute respiratory tract
infections in COPD patients.13 There has been recent work on
the contribution of chronic low grade inflammation to
impairment in health status and disability; COPD patients with
raised CRP have worse quality of life, exercise capacity and
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lung function.10,14,15 Over the past decade there has been
much progress in understanding factors that contribute to
disability and exacerbation in COPD. Muscle weakness has
been accepted as an important feature of impaired activity16

and the influence of systemic inflammation on cachexia and
muscle wasting has been described.17 However, before
measures of inflammation can confidently be utilised in the
primary care assessment of COPD, further work is required to
identify possible relationships with other validated measures
and to explore differences according to perceived disability. 

The aim of this study therefore was to examine
relationships between known markers of inflammation – CRP,
TNF-α, IL6 and neopterin – and measures of disability and
handicap in COPD patients. An additional aim was to
consider differences in inflammation after stratification using
the MRC dyspnoea scale. 

Methods
Patients with a diagnosis of COPD confirmed by spirometry18

were recruited from secondary and primary care services.
Patients had stable COPD (no change in medical intervention
over the last four weeks) and were excluded if they had
unstable angina, intermittent claudication, mobility-limiting
conditions, previous stroke, cognitive impairment, or co-
morbidity of an inflammatory nature e.g. rheumatoid
arthritis. The study protocol was approved by the Merton
Sutton and Wandsworth Research Ethics Committees and
conducted according to Good Clinical Practice Guidelines and
the 1996 declaration of Helsinki. Signed informed consent
was obtained from all patients. Patients attended hospital
twice and assessments were performed in the following
order.
Visit 1
Body mass index (BMI): Weight, with clothes on, and
height, minus shoes was measured. BMI was calculated as
weight (kg) divided by height (m) squared. 
Smoking status: was measured in pack years.
Systemic inflammation: CRP, IL6, TNF-α, Neopterin: venous
blood was taken at the initial visit, at rest prior to all other
tests. Plasma was frozen at –80°C within an hour of
sampling. High sensitivity CRP, IL6 and TNF-α were all
measured using commercially available assays (Euro/DPC Ltd,
Gwynedd, UK) and performed on an Immulite® automated
analyser (Euro/DPC Ltd). The functional sensitivities of each of
the assays were 0.2 mg/l, 2.0 ng/l, and 1.7 ng/l for CRP, IL6
and TNF-α respectively. Serum neopterin (nmol/l) was
analysed using an enzyme-linked Immunosorbent Assay
(ELISA), in accordance with the manufacturers’ instructions
(Brahms, Henningsdorf, Germany). 
Health-related quality of life was assessed using the St
George’s Hospital Respiratory Questionnaire (SGRQ).19 Scores

are expressed as a percentage of overall impairment where
100 represents poorer health status and 0 indicates best
possible health status.  
Breathlessness during daily activities was assessed using The
London Chest Activity of Daily Living Scale (LCADL), a 15-item
questionnaire designed to measure dyspnoea during routine
daily activities in patients with COPD. Patients score from 0 to
5 with higher scores representing maximal disability.20

Subjective breathlessness. The MRC Dyspnoea Scale21 was
used to divide patients into groups according to their level of
perceived breathlessness. Three groups were used: MRC
grades 1 & 2 – those who were “troubled by breathlessness
on strenuous exertion” or “short of breath when hurrying”;
MRC grades 3 & 4 – patients who needed to “walk slower
than most people (of my own age) on the level” or to “stop
for breath after walking about one hundred yards on the
level”; and MRC Grade 5 – those who were "too breathless
to leave the house” or were “breathless after undressing". 
Exercise capacity was assessed using the six-minute walking
distance (6MWD) according to ATS instructions and along a
30 metre corridor.22 Results were recorded as actual values
and as percent predicted of normal data.23 

Visit 2 - other measures of disease
Lung function: FEV1 and forced vital capacity (FVC) were
measured using “SensorMedics™ Vmax 29c Cardio-
pulmonary Exercise Testing Instrument,” in accordance with
the manufacturer’s and BTS instructions.18

Peak exercise tolerance: VO2 peak (ml/kg/min) was
measured using Vmax 29c equipment according to the
Naughton protocol.24 The test was stopped either when
patients were unable to tolerate symptoms any longer or
when anaerobic threshold point was detected.  
Muscle strength: quadriceps muscle strength was assessed
using a “Cybex Norm™ Testing and Rehabilitation System” in
accordance with manufacturers instructions. Maximum
torque was recorded as percentage of body weight (Quads %
pred). Grip strength was measured using a “Baseline™
Hydraulic Hand Dynamometer”. The best of three attempts
was recorded as % of reference values.25

Maximal Inspiratory (MIP) and Maximal Expiratory
(MEP) Pressures: these were measured using Jaeger
Masterscreen Body™ equipment. The best of three attempts
for both MIP and MEP (cm H2O) were recorded.26

Statistical analysis
Log transformation was necessary to achieve a normal
distribution for CRP and neopterin, but this could not be
achieved for IL6 and TNF-α. All other variables were normally
distributed. Differences between MRC breathlessness
categories were examined using Analysis of Variance
(ANOVA). Post hoc tests were performed. Correlations
between measures of functional status, measures of systemic
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inflammation and the other measures of disease were
calculated using Pearson’s r and Spearman’s rho. For all tests
p<0.05 was taken as significant. One outlier was removed
from the data set as this individual had a CRP level >70 mg/l
and was likely to be experiencing an exacerbation. Analysis
was carried out using SPSS version 12. 

Results
Demography
Forty-three COPD patients were recruited (21 male). Mean
FEV1 (SD) was 1.13 (0.5)l, mean age (range) was 68.3 (44 –
88) years, and smoking history expressed as mean (SD) pack
years was 41.6 (34.8). One patient declined to have his blood

taken, leaving 42 samples for analysis. As previously
mentioned, one outlier with an initial high CRP level was
removed. Ten patients described themselves as MRC Grades 1
or 2, 21 as MRC Grades 3 or 4, and 10 as MRC Grade 5. Six-
minute walking distance (6MWD) expressed as % predicted
was low with a mean (SD) value of 48.0 (22.5)%. Health
status was impaired; mean (SD) SGRQ Total was 71.0 (19.2).
Co-morbidity was low in this group; six patients were
hypertensive and five had type 2 diabetes. Oral corticosteroids
were not being prescribed for any patient.
Relationships between MRC breathlessness and
systemic inflammation
Values of systemic inflammation increased with
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MRC Dyspnoea Grade N Neopterin (n/mol/l) TNF-α (pg/ml) CRP (mg/l) IL6 (pg/ml)

MRC 1 & 2 10 5.1 (7.5) 10.2 (27.9) 2.6 (5.9)  ** 1.9 (2.3) *

MRC 3 & 4 21 6.3 (8.6) 15.7 (27.1) 6.8 (32.7) 3.6 (28.7)

MRC 5        10 7.1 (11.1) 19.5 (28.1) 7.2 (16.4) ** 3.6 (8.2) *

MRC = medical research council; TNF-α = tumour necrosis factor alpha; CRP = C-reactive protein; IL6 = Interleukin 6

** Difference between groups at p=0.01; * Difference between groups at p=0.04

Table 1. Median (range) cytokine levels in total group and according to MRC Dyspnoea Grade.

CRP (log 10) Neopterin (log 10) IL6 TNF-α

Quads % BW -0.34* -0.12 -0.36 * -0.10

SGRQ Tot 0.43** 0.12 0.27 0.16

VO2 peak -0.46** -0.37* -0.31 0.11

6MWD (m) -0.47** -0.33* 0.10 0.10

6MWD % pred -0.46** -0.29 -0.36* -0.01

LCADL 0.50** 0.32* 0.51** 0.18

age 0.27 0.43** 0.34* 0.13

BMI 0.20 0.01 0.13 -0.11

pack years 0.18 -0.003 0.19 0.22

FEV1 % pred -0.16 0.22 0.16 0.19

FEV1 (l) -0.33 * -0.08 -0.22 0.17

Grip % pred -0.26 -0.34* -0.18 0.05

MIP % pred -0.27 0.11 -0.21 -0.03

MEP % pred -0.16 0.04 0.04 0.16

SGRQ Tot = St George’s Respiratory Questionnaire Total. 6MWD = 6 Minute walking Distance (% pred of normal values). 

LCADL = London Chest Activity of Daily Living, VO2 peak = peak oxygen consumption, Quads % BW quadriceps strength % body weight.

BMI = Body Mass Index. FEV1 % pred = Forced Expiratory Volume in one second % pred. VO2 peak = peak oxygen consumption. 

Quads % BW quadriceps strength % body weight; MIP = maximal inspiratory pressure; MEP = maximal expiratory pressure % predicted.

** = p<0.01; * = p<0.05

Table 2. Relationships between systemic inflammation and functional and other measures of disease.
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breathlessness level for all markers. Differences between the
groups were significant for CRP (ANOVA, p = 0.002) and IL6
(Kruskall Wallis, p=0.04). Post hoc tests showed that the
differences were between Grades 1 & 2 and Grade 5 patients
(Table 1).
Relationships between systemic inflammation,
measures of functional status, and other measures
of disease
CRP and TNF-α were both correlated with IL6 (rho=0.61, p<
0.0001 & rho=0.34, p=0.03 respectively). Correlations
between the inflammatory markers – CRP, TNF-α, IL6,
neopterin – and the other measures of disease are shown in
Table 2.

Discussion
This study, like others published recently,10 confirms that
measures of chronic low-grade inflammation in patients with
stable COPD are associated with measures of exercise
tolerance and health status. Furthermore, severity – as
assessed by FEV1 – was not predictive of systemic
inflammation whereas inflammatory markers were higher
across all levels of breathlessness. It is of note that even in our
MRC Dyspnoea Grades 1 & 2 patients (with a mean FEV1 of
62% predicted) median CRP levels were close to 3 pg/m, a
level considered significantly to increase cardiovascular
disease in otherwise healthy women.11 Therefore, our data, as
well as other data,27 suggest that inflammation may occur
earlier in COPD than previously recognised. 

A new finding from our data is the evidence of a
relationship between neopterin and grip strength. Whilst we
recognise the possibility of type I error, we highlight this as an
important area for future research. This relationship is
supported by other data showing grip strength as a predictor
of mortality after pneumonia28 and neopterin as a risk factor
for respiratory tract infection13 and cardiovascular events.12

These observations may have clinical implications when
assessing COPD severity and exacerbation in primary care. 

We found that quadriceps muscle strength, but not
respiratory nor grip strength, was  associated with systemic
levels of CRP, and IL6. In addition, the negative relationship
between IL6 and walking distance has resonance with one
study in which infusion of recombinant IL6 was found to
increase fatigue and impair exercise performance in athletes.29

Systemic inflammation may play a contributory role in the
development of peripheral muscle fatigue and in the
perception of fatigue in COPD. In primary care the assessment
of inflammation may complement management and
highlight the need for other therapeutic interventions such as
pulmonary rehabilitation. 

This preliminary study is not designed to elicit mechanisms
nor conclude the source of these raised inflammatory

markers. Possible sources include; pulmonary, epithelial cells,
muscle, or hepatic, or an interaction between all these
potential sources. Up-regulation of hepatic increased levels of
systemic IL6 from a pulmonary source, such as fibroblasts,
could mediate CRP. Chronic low-grade systemic inflammation
may then affect muscle strength through a number of
processes – in particular, inactivity, oxidative stress, lactic
acidosis and inflammatory cytokines working congruently to
disrupt the local anabolic/catabolic mechanisms in play.17 Our
study was not able to demonstrate an association between
serum TNF-α and measures of disability or health status. It is
possible that different results would have been observed had
we focussed on TNF receptors rather than serum markers, as
suggested by data from Broekhuizen and colleagues.10

In summary, relationships between CRP, IL6 and health-
related quality of life confirm the importance of systemic
inflammation in patient perceptions of the impact and
symptoms of COPD. CRP levels are higher in those patients
with greater perception of breathlessness during mobilisation.
Recent data show that CRP is an important predictor of future
exacerbation and hospitalisation;30 we suggest that measures
of inflammation may prove useful in the comprehensive
assessment and follow up of COPD patients in primary care. 
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