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Body composition and plasma levels of
inflammatory biomarkers in COPD

T.M.L. Eagan*#, P. Aukrust’*, T. Ueland'*, J.A. Hardie*, A. Johannessen’,
T.E. Mollnes**, J.K. Damas'***# p_S. Bakke*'' and P.D. Wagner*

ABSTRACT: Previous studies suggest a relationship between systemic inflammation and body
composition in chronic obstructive pulmonary disease (COPD). We examined the relationships
between body composition (fat free mass index (FFMI) kg-m? and fat mass index (FMI) kg-m)
and three plasma inflammatory markers C-reactive Protein (CRP), soluble tumour necrosis factor
receptor 1 (sTNF-R1) and osteoprotegerin (OPG) in 409 stable COPD patients (aged 40-75 yrs,
Global Initiative for Obstructive Chronic Lung Disease (GOLD) categories II-IV, 249 male) from the
Bergen COPD Cohort Study in Norway.

FFMI and FMI were measured by bioelectrical impedance. Plasma CRP (ug-mL’"), sTNF-R1
(pg-mL") and OPG (ng-mL™") were determined by enzyme immunoassays. Correlations and
Kruskal-Wallis tests were used for bivariate analyses. Linear regression models were fitted for
each of the three markers, CRP, sTNF-R1 and OPG, with FFMI and FMI as explanatory variables
including sex, age, smoking habits, GOLD category, hypoxaemia, Charlson Comorbidity Index
and inhaled steroid use as potential confounders.

CRP and sTNF-R1 levels correlated positively with both FFMI and FMI. The adjusted regression
coefficients for an increase in logCRP per unit increase in FFMI was 1.23 (1.14-1.33) kg-m™ and
24.9 (11.8-38.1) kg-m™ for sTNF-R1. Higher FMI was associated with a lower OPG, with adjusted
regression coefficient -0.14 (-0.23- -0.04), whereas FFMI was unrelated to OPG.

In conclusion, COPD patients with low FFMI had lower not higher plasma levels of CRP and
sTNF-R1, whereas higher fat mass was associated with higher CRP and sTNF-R1 and lower OPG.
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c hronic obstructive pulmonary disease
(COPD) is a chronic inflammatory dis-
ease of the airways and lung parench-
yma, estimated to affect 9-10% of adults aged

>40 yrs [1]. COPD causes both significant mor-
tality [2] and morbidity [3].

Approximately 25% of patients with COPD
experience a pathological loss of lean body mass
[4]. COPD patients with abnormally low lean
body mass are at an increased risk of death
compared to those with normal lean body mass
[5]. The term cachexia is often used to describe
the state of pathologically low lean body mass.
However, some authors define cachexia as a state
in which protein is lost specifically due to pro-
inflammatory processes, such as those driven by
tumour necrosis factor (TNF)-o and interleukin
(IL)-6 [6]. Although an increase in systemic
inflammation is arguably the prevailing theory
for loss of lean body mass in some COPD
patients, this theory remains unproven [4].

Support for the role of systemic inflammation
comes from cross-sectional studies in which
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higher blood levels of TNF-a [7-10], IL-6 [9, 10]
and C-reactive protein (CRP) [9] were seen in
underweight COPD patients compared with
normal weight patients. However, in earlier
studies [7-9], body mass index (BMI) was used
to stratify patients. This is imperfect, since
patients can have significant muscle wasting
without a significant decrease in total body
weight, if there is a corresponding increase in
fat mass [11].

Four later studies have included measurements
of fat-free mass index (FFMI) by bioelectrical
impedance [12-15]. Among these studies there
was no statistically significant relationship
between levels of TNF-o and body composition
in the three studies which measured TNF-o [12—
14]. In the fourth study, CRP was negatively
associated with FFMI in bivariate analyses, but
not after adjustment for confounder age, number
of lymphocytes, handgrip strength, walking
distance on 6-min walk test and per cent low-
attenuating area on high-resolution computed
tomography scans [15]. The total number of
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COPD

COPD patients in these studies was generally small and varied
between 20 subjects [13] and 99 subjects [12].

Because of confounding variables there is still considerable
uncertainty regarding the question of whether COPD patients
with low FFMI have different blood levels of important
inflammatory markers or not. To shed further light on this
question, it is necessary to have a sample size that allows for
multivariate analysis. The Bergen COPD Cohort Study has
enrolled >400 COPD patients and is powered for a multi-
variate analysis. It has, therefore, provided an opportunity to
assess the relationship between pro-inflammatory markers and
body composition defined by both FFMI and fat mass index
(FMI). We have recently published the levels of six inflamma-
tory markers in COPD patients and subjects without COPD
[16]. Of these, CRP, soluble TNF receptor 1 (sSTNF-R1) and
osteoprotegerin  (OPG) were potentially related to body
composition in COPD based on previous studies for CRP
and sTNF-R1 [7-11, 13-15, 17], and for OPG based on its role in
bone metabolism [18] and in metabolic disorders like diabetes
[19]. Thus, our study reports the relationship between these
three markers and body composition in the >400 COPD
patients at entry into the Bergen COPD Cohort Study.

METHODS

Study population

The first phase of the Bergen COPD Cohort study was
undertaken from 2006 to 2007, and the selection of the study
population and data collection has recently been published in
greater detail [16]. Altogether 433 COPD patients from western
Norway, aged 40-75 yrs, were included in the first phase of the
Bergen COPD Cohort study. Approximately 75% of the COPD
patients were recruited through the outpatient clinic of the
Dept of Thoracic Medicine (Haukeland University Hospital,
Bergen, Norway). The remaining 25% were recruited from
surrounding hospitals in western Norway, or from referrals
from three private lung physicians outside the hospital.

All patients had a clinical diagnosis of COPD, a smoking
history of >10 pack-yrs, a post-bronchodilator forced expira-
tory volume in 1 s (FEV1)/forced vital capacity ratio <0.7, and
an FEViof <80% predicted based on Norwegian pre-bronch-
odilation reference values [20]. Patients with known cancer in
the last 5 yrs or with a known inflammatory disorder such as
rheumatoid arthritis, systemic lupus erythematosus or inflam-
matory bowel disease were not included. Common chronic
comorbid disorders with known inflammatory components,
such as coronary heart disease, hypertension and diabetes,
were not cause for exclusion. No COPD patients were included
if judged by the study physician to have had an exacerbation in
the last 4 weeks prior to enrolment.

All patients received written information prior to participation,
and all patients signed informed consent. The regional ethical
committee (REK Vest, Bergen, Norway) approved the study.

Data collection

A physician examined all patients and recorded a full medical
history including smoking history and comorbidities. The
physician performed arterial blood gas sampling and imme-
diately analysed the sample on a Radiometer ABL 520 blood
gas analyser (Radiometer, Copenhagen, Denmark). Lung
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function measurements were performed with a Viasys Master-
scope (Viasys, Hoechburg, Germany) before and 15 min after
an inhalation of 0.4 mg salbutamol. Bioelectrical impedance
was used to measure fat-free mass after overnight fasting using
a Bodystat 1500 (Bodystat Ltd, Isle of Man, UK). The FFMI was
defined as the fat free mass (kg) divided by the square of
height (m?), and similarly for the FMI.

Plasma samples were centrifuged within 30 min at 2,150 xg
(15 min at 4°C). All samples were stored at -80°C and thawed
less three times. The inflammatory markers CRP, sTNF-R1 and
OPG were analysed by enzyme immunoassays (EIAs), as
previously described [16].

Statistical analyses

Stata 10.1 (Stata Statistical Software, College Station, TX, USA)
was used for computation. Based on medical history,
Charlsons Comorbidity Index was calculated [21, 22]. Since
females and males differ in body composition with regard to
fat mass, muscle mass and bone density, quartiles of FFMI and
FMI were calculated for females and males separately, and
then pooled into one variable for both sexes for FFMI and FMI
quartiles respectively. Bivariate associations between the levels
of each of the three markers and FFMI and FMI in quartiles
were tested with the Kruskal-Wallis nonparametric test. For
the multivariate analyses, linear multivariable regression was
performed with the three markers as the outcome variables.
Due to the non-normal distribution of the residuals, logCRP
was used as the outcome in the regression analysis examining
the effects of FFMI and FMI on CRP. The independent
variables studied were sex, age, smoking (ex- versus current
smoker), FEV1 % pred, hypoxaemia, Charlson Comorbidity
Index and use of inhaled steroids. Multicollinarity prevented
the simultaneous inclusion of FFMI and FMI directly in the
multivariable regression models. Instead, the method of
residualisation was used to correct for multicollinarity. The
residuals from a regression of FMI and FMI squared on FFMI
were included in the models predicting the effect of FFMI on
the levels of the markers, and vice versa for FMI. Thus, for each
model we examined the effect of either FFEMI or FMI, adjusted
for the residuals of the other body composition index, as well
as all mentioned potential confounders. Age, FEV1 % pred,
FFMI and FMI were all treated as continuous variables after
testing the linearity assumption with the method of fractional
polynomials [23].

Bioelectrical impedance was not measured in five patients: two
patients had metal implants (pacemakers) and three patients
refused measurement. The EIA analyses were performed
before inclusion of seven patients, and blood sampling was
unsuccessful in another six patients. For six patients we ran out
of plasma before completing the analyses for either sSTNF-R1 or
OPG. Thus, the final multivariable models are based on 409
patients.

RESULTS

The baseline characteristics of the 409 COPD patients are given
in table 1. Male patients were slightly older, had slightly lower
FEV1 % pred and had more comorbidity but were less likely to
use inhaled steroids. Even though BMI was not significantly
different between the sexes, FFMI was higher in males while
FMI was higher in females. 31% of females had an FFMI
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<14 kg-m'2 and 27.5% of males had an FFMI <17 kg-m'2
(table 1). These FFMI cut-off values indicate the 5th percentile
for FFMI in normal adult Caucasian male and female
populations [24], and form a useful definition of cachexia [4].

When considered separately, a close relationship was found
between FFMI and FMI in both males and females, as shown in
figure 1. With increasing FFMI, there was an increase in FMIL.
However, the relationship differed somewhat between the
sexes, where males had a narrower range of FMI for a wider
range of FFMI (fig. 1).

Association between markers of inflammation and body
composition: bivariate analyses

Mean plasma levels of CRP, sTNF-R1 and OPG by quartiles of
FFMI, FMI and the FFMI/FMI ratio are shown in figures 24,
respectively. CRP and sTNF-R1 increased significantly with
increasing FFMI and also with increasing FMI (figs 2 and 3),
whereas OPG decreased significantly with increasing FFMI,

/=188 8 Baseline characteristics of 409 chronic
obstructive pulmonary disease (COPD) patients

Females  Males p-value*
Subjects n 160 249
Age 623+66 642+70 <0.01
Body composition
BMI kg-m2 249462 257+49 0.16
FMI kg-m™ 101443 7.3+26  <0.01
FFMI kg-m™ 148424 184+33 <0.01
Patients with pathologically low FFMI 31.0 27.5 0.45
Smoking habits 0.57
Ex-smoker 55.0 57.8
Current smoker 45.0 42.2
FEV1 % pred 50.4+139 47.8+14.4 0.08
Hypoxaemia Pa,0, <8.0 kPa* 0.31
No 84.8 15.2
Yes 88.4 11.6
Daily use of inhaled steroids 75.0 64.7 0.03
Charlson Comorbidity Index 0.01
1 (COPD only) 63.1 52.2
2 25.0 23.7
3 8.8 145
4-6 3.1 9.6
Inflammatory markers
CRP ug-mL™” 89+125 7.7+108  0.78
sTNF-R1 pg-mL"" 699+219 7584250  0.01
OPG ng-mL" 6.0+21 57423 0.16

Data are presented as mean+sb or %, unless otherwise stated. BMI: body
mass index; FMI: fat mass index; FFMI: fat-free mass index; FEV1; forced
expiratory volume in 1 s; % pred: % predicted; Pa,0,: arterial oxygen tension;
CRP: C-reactive protein; sTNF-R1; soluble tumour necrosis factor receptor 1;
OPG: osteoprogerin. #: t-test for age, body composition, FEV1; Chi-squared for
percentage of patients with low FFMI, smoking habits, use of inhaled steroids,
hypoxsemia and Charlson’s comorbidity index; Wilcoxon Rank sum test for
CRP, sTNF-R1 and OPG; : <14 kg:m™ in females and <17 kg-m™ in males,
based on reference values from a normal population [24]; *: 38 subjects
refused measurement or attempt was unsuccessful.
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but did not vary significantly with FMI (fig. 4). The analyses
were also performed separately for females and males, but
there was no significant sex difference in the relationship
between the quartiles of FFMI and FMI and the three markers
(data not shown).

To further attempt to disentangle the effects of FFMI and FMI,
we looked at the association between FFMI and each of the
three markers in males with an FMI <10 kg-m™ only. This was
done in an attempt to separate the influences of FMI and FEMI
on the biomarkers. The rationale was that, in this subgroup of
subjects, there was a wide variation in FFMI, but only small
variation in FMI (fig. 1). Thus, this group might provide the
opportunity to better assess the effect of FFMI on the three
markers. In this group, the correlation coefficient between
FFMI and CRP was only 0.05 (p=0.5), that between FFMI and
sTNF-R1 was only 0.02 (p=0.8), and that between FFMI and
OPG was -0.10 (p=0.14). Thus, in this sub-sample there was no
significant association between FFMI and the three markers.
However, despite the small variation in FMI in this sub-
sample, there was still a significant positive association
between FMI and CRP (correlation coefficient 0.16; p=0.02)
and between FMI and sTNF-R1 (correlation coefficient 0.22;
p<<0.01), but no relationship between FMI and OPG (correla-
tion coefficient 0.07; p=0.33).

Association between markers of inflammation and body
composition: multivariate analyses

The effect (regression coefficients) of FFMI and FMI on the
levels of the three markers CRP, sTNF-R1 and OPG in the
COPD patients after adjustment for sex, age, smoking, FEV1,
hypoxaemia, Charlson Comorbidity Index and use of inhaled
steroids are shown in table 2.

In both models, adjustment was made for the other body
composition index by way of residualisation, to reduce the
effect of multicollinearity between FFMI and FMI.

For both CRP and sTNF-R1, the multivariate analyses
confirmed the findings from the bivariate analyses. Higher
FEMI and higher FMI were both associated with higher plasma
levels of CRP and sTNF-R1 after adjustment for potential
confounders. For OPG, the results were reversed compared
with the bivariate analyses after adjustment for confounders.
Higher FMI was significantly associated with lower levels of
OPG. For FFMI, the association with OPG did not reach
statistical significance.

DISCUSSION

In this cross-sectional study of >400 COPD patients, including
>100 with cachexia, circulating plasma levels of the two
inflammatory markers CRP and sTNF-R1 were not elevated in
patients having lower FFMI, as noted both in the bivariate
analyses, and in the multivariate analyses with adjustment for
sex, age, smoking, FEV1, hypoxaemia, comorbidities, use of
inhaled steroids and FMI. Rather, we found the exact opposite.
Our analyses imply that fat mass in addition to fat-free mass
was related to the plasma levels of CRP and sTNF-R1. In
contrast to the pattern for CRP and sTNF-R1, low FMI was
associated with high OPG levels, whereas no association was
found between FFMI and OPG.
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FIGURE 1. The distribution of fat mass index by fat free mass index in females
(@) and males (O) in the baseline phase of the Bergen COPD Cohort Study.

COPD is a heterogeneous disease, with substantial individual
variation in symptomatology, progression of lung function
decline, exacerbation frequency and development of complica-
tions such as cachexia. Approximately 25% of COPD patients
develop cachexia [4], a serious complication associated with
increased mortality within the COPD patient population. The
reasons why some COPD patients develop cachexia and others
do not remain elusive. One prominent theory suggested by
several authors [25-27], is that pathological weight loss is at
least partly explained by an increase in systemic inflammation
reflected in enhanced plasma or serum levels of inflammatory
markers.

Several cross-sectional studies have examined systemic levels
of inflammatory markers in COPD patients with and without
cachexia. Most of the studies have focused on TNF-o [7-10, 12—
14], and/or the TNF-o receptors [8, 9, 14, 17, 28-30], whereas
two examined CRP [15, 31]. The earliest published studies
found elevated levels of TNF-o [7-10] in cahectic patients,
whereas in later studies [12, 13], no such difference was found.
In addition, over time the reported levels of TNF-o have
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decreased, from 6-70 pg-mL™ [7, 8] in the earlier studies, to
0.5-1.2 pg-mL'1 in the later studies [12, 13]. This decrease
probably reflects improvement in assay specificity over time,
and suggests that group differences in the earliest studies
should be confirmed by more specific assays.

Measurement of the two soluble TNF-o. receptors, sTNF-R1
and sTNF-R2, is easier than that for TNF-o, in a large part
because of much higher concentrations in serum and plasma.
In addition, whereas TNF-o typically is pulse secreted, the
receptors provide a more stable and reliable measurement of
the activity of the TNF-o pathway [32]. In two previous studies
that examined cachexia in COPD patients by systemic levels of
the TNF-o receptors, one study found that the receptors were
elevated in cachectic COPD patients compared with non-
cachectic COPD patients [9] and the other study did not [12].
However, the numbers of cachectic patients in these two
studies were only 29 and 35, respectively.

Loss of muscle mass may not be the only factor when cachectic
patients experience a loss of lean body mass, loss of bone mass
may be important too. COPD patients with cachexia have an
increased risk for developing osteoporosis [33]. OPG is a
soluble member of the TNF receptor superfamily that inhibits
osteoclastogenesis by binding the receptor activator of nuclear
factor-kB ligand (RANKL), acting as a decoy receptor to
competitively inhibit RANKL interaction with its receptor
RANK. However, while RANKL circulates in very low levels,
OPG is a more stable overall measure of RANKL/RANK
activity than RANKL, potentially reflecting inflammatory as
well as bone and matrix remodelling activity induced by
RANKL. We have previously shown that plasma levels of OPG
were lower in COPD patients than subjects without COPD [16].
We are not aware of previous studies examining the relation-
ship between systemic OPG and body composition. In the
current study, high OPG was associated with low FMI,
whereas no association was found between plasma levels of
OPG and FFMI after adjustment for confounders. This finding
could reflect a higher turnover of bone metabolism in COPD
patients with low FMI, that OPG reflected inflammatory
pathways not reflected by CRP or sTNF-R1, or a hitherto

b) -~

Qt Q2 Q3 Q4
Quartiles of FMI kg-m-2

FIGURE 2. The mean st plasma level of C-reactive protein (CRP) by quartiles of a) fat-free mass index (FFMI) and b) fat mass index (FMI) among chronic obstructive

pulmonary disease patients. p<<0.001.
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FIGURE 3. The mean + sk plasma level of soluble tumour necrosis factor receptor 1 (STNF-R1) by quartiles of a) fat-free mass index (FFMI) and b) fat mass index (FMI)

among chronic obstructive pulmonary disease patients. a) p=0.008, b) p<0.001.

unrecognised metabolic effect of the RANKL/OPG/RANK
axis. Unfortunately, we did not have measurements of bone
density in this study and, therefore, could not compare levels
of OPG to degrees of measured osteoporosis. This could be an
interesting topic for future studies.

The largest challenge in interpreting the results from the
current study is the close relationship between FFMI and FMI.
BMI is an imperfect tool in assessing body composition, as it
does not separate lean body mass from fat mass and was,
therefore, not used. Two subjects can vary widely in fat mass
and still have the same BMI. To try to separate the effects of
FFMI and FMI, we looked at the relationship between FFMI
and the three markers in the subgroup of males with a FMI
<10 kg-m’z. In this group, where the variation of FFMI was
great but the variation of FMI small, FFMI was not related to
the levels of the three markers. In addition, the multivariable
analyses indicated that both FFMI and FMI had independent
effects on the levels of CRP and possibly sTNF-R1. Thus, these

1

55, } {

5.0+

OPG ng-mL-1

4.5 T

Q Q2 Q3 Q4
Quartiles of FFMI kg-m-2

analyses support the conclusion that CRP and sTNF-R1 is not
elevated in cachectic COPD patients.

Our study highlights the probable contribution of metaboli-
cally active fat tissue in systemic inflammation in COPD.
Adipose tissue may promote low-grade systemic inflammation
and inflammation may promote dysfunction of adipocytes and
adipose tissue. Previous studies have shown that overweight
subjects have elevated CRP, both in healthy population studies
[34] and in studies on other diseases, such as diabetes [35].
Furthermore, TNF-o. has been shown to be produced by
adipocytes, and its expression increases with adipocyte mass
[36, 37]. TNF-a increases insulin resistance and may be
upregulated as a consequence of a high fat diet. Elevated
levels of sSTNF-R1 could be seen as a marker of this mechanism.
There are not many studies looking specifically at obesity in
COPD. However, in a small Canadian study on 28 COPD
patients, overweight patients had higher systemic levels of
CRP, TNF-a and IL-6 [38]. Thus, we suggest that inflammation

af Q2 Q3 Q4
Quartiles of FMI kg-m-2

FIGURE 4. The mean+se plasma level of osteoprotegerin (OPG) by quartiles of a) fat-free mass index (FFMI) and b) fat mass index (FMI) among chronic obstructive

pulmonary disease patients. a) p=0.008, b) p=0.9.
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V=188 Regression coefficients from six multivariable
regression analyses assessing the association of
fat-free mass index (FFMI) and fat mass index
(FMI) to the level of three plasma markers

logCRP p-value sTNF-R1 p-value OPG p-value
FFMI kg-m?  1.23 <0.01 24.9 <0.01 -0.06 0.32
(1.14-1.33) (11.8-38.1) (-0.19-0.06)
FMI kg-m™ 1.12 <0.01 15.4 <0.01 -0.14 <0.01
(1.06-1.19) (5.6-25.3) (-0.23- -0.04)

Data are presented as regression coefficients (95% confidence interval), unless
otherwise stated. All models included sex, age, smoking, forced expiratory
volume in 1 s, Charlson Comorbidity Index, hypoxaemia, use of inhaled steroids
and the residuals from the other body composition index than the one in
question (see text for further details). CRP: C-reactive protein; sTNF-R1: soluble
tumour necrosis factor receptor 1; OPG: osteoprotegerin.

in COPD may also be related to obesity within the COPD
population, potentially contributing to the increased occur-
rence of obesity related comorbidities, such as coronary heart
disease. This will need to be confirmed in longitudinal studies.

Some methodological shortcomings must be acknowledged.
First, the study was cross-sectional. Therefore, there is the
possibility that COPD patients prone to develop cachexia had
higher systemic levels of inflammation prior to their loss of
lean body mass, but as cachexia developed, levels of the
markers fell. This can only be resolved in future longitudinal
studies. Secondly, being an observational study we cannot say
for certain whether the observed relationships are physiologi-
cal or pathological. Thirdly, by design we only have COPD
patients with global Initiative for Chronic Obstructive Lung
Disease (GOLD) stage II or worse, and the results may not be
applicable to patients with mild disease (GOLD stage I).
Finally, we did not measure the levels of sTNF-R2 in the
plasma of our patients. In previous studies on levels of TNF
receptors in COPD [8, 9, 12, 14, 28-30], no real difference has
been found between the two receptors, with regard to levels in
COPD patients versus controls, and with regard to cachexia or
no cachexia. However, whether that would also be true in the
current cohort we cannot know. Ideally, future studies should
include measurements of both TNF receptors and TNF-o, as
well as TNF-o bioactivity.

In conclusion, the current study does not support the theory
that cachexia in COPD patients is mediated through an
increase in TNF-a related systemic inflammation. Rather, the
study results allow the hypothesis that high fat mass may also
be a predictor of high plasma levels of CRP and sTNF-R1 in
COPD patients. The relationship between FMI and OPG in
COPD patients is novel, and could be an indication that fat
metabolism is a factor in the development of osteoporosis in
COPD patients. However, these findings need to be confirmed
in longitudinal studies.
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