
Continuous fat-free mass decline in
COPD: fact or fiction?

To the Editor:

Patients with chronic obstructive pulmonary disease (COPD) generally have lower fat-free mass (a
surrogate marker of skeletal muscle mass) compared with their healthy peers [1, 2], and this is associated
with decreased functional capacity [3], the presence of other comorbidities (e.g. osteoporosis and renal
impairment) [4] and increased mortality risk [5]. To date, longitudinal observational studies have shown
no difference in the mean decline in fat-free mass over time between COPD patients and non-COPD
control subjects [6, 7]. However, it remains unknown whether and to what extent a subgroup of COPD
patients suffer continuous loss of fat-free mass. We hypothesised that COPD patients have 1) a higher
prevalence of continuous fat-free mass decline, and 2) that this subgroup has a steeper decline of fat-free
mass compared with a non-COPD control group with a continuous fat-free mass decline. We tested this
hypothesis in the ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate
Endpoints) study, which had a 3 year follow-up period.

The design, aims and methodology of ECLIPSE have been described elsewhere [8]. Fat-free mass was
measured by a trained research nurse using bio-electrical impedance (Bodystat 1500; Bodystat Ltd,
Douglas, UK) (each centre had the same device) after at least 4 h fasting and calculated with a COPD
specific formula [9]. Only subjects with complete fat-free mass data throughout the study were included in
the present analysis. Low attenuation was determined by a chest computed tomography scan. Decline was
defined as any fat-free mass measurement during follow-up that was lower than the fat-free mass of the
previous year, and the number of years with a fat-free mass decline was summed. The prevalence of 3-year
fat-free mass decline was calculated. Severe (hospitalisations) and moderate (use of corticosteroids/
antibiotics) exacerbations during the 3 year follow-up were recorded. Frequent exacerbators were defined
as those patients with at least two exacerbations per year in the 3 year follow-up. The Chi-squared test was
used to test the prevalence of fat-free mass decline between the COPD patients and the non-COPD
control group. The unpaired t-test was used to compare the characteristics and level of decline in the
patient group with the control group, and the characteristics in the group with a continuous decline
compared with the remaining group. A p-value <0.05 was considered statistically significant.

In total, 1494 COPD and 497 control subjects (both smoking and non-smoking) were included in this
analysis. The control group was younger (mean±SD 55±9 versus 63±7 years; p<0.05), included more women
(51% versus 45%; p<0.05), had higher lung function (mean±SD forced expiratory volume in 1 s: 111.3±13.3
versus 49.9±15.4% predicted; p<0.01), and had a comparable fat-free mass index (mean±SD 18.2±2.3 versus
18.1±2.5 kg·m−2; p>0.05) when compared with the patients. More patients had a decline in fat-free mass
from baseline to year one compared with controls (50% versus 39%, respectively; p<0.01), but this effect was
not present when comparing the data of year 1 with year 2 (52% versus 49%, respectively; p=0.30) and of
year 2 with year 3 (51% versus 54%, respectively; p=0.25). The percentage of subjects with three consecutive
years of fat-free mass decline was low, but significantly higher in the patients than in controls (7% versus 5%;
p=0.04). The level of fat-free mass decline tended to differ between patients and controls who had
continuous fat-free mass decline (median (interquartile range) −3.29 (−5.03–−2.14) versus −2.61 (−3.65–
−1.85) kg, respectively; p=0.05). Gender, age, lung function, cumulative smoking exposure (pack-years) and
body mass index (BMI) in patients with continuous fat-free mass decline was similar to the remaining group
of patients, but they tended to have a higher fat-free mass index (table 1). In addition, besides comparable
baseline low attenuation area, change in low attenuation area over the 3 years was higher in the patients with
continuous fat-free mass decline compared with the remaining patients. Also, the total number of
exacerbations during follow-up was higher in the patients with continuous fat-free mass decline compared
with the remaining patients (median (interquartile range) 3 (1–5) versus 2 (1–5); p=0.04). However, the
prevalence of frequent exacerbators was comparable between the groups (10% versus 9.7%; p=0.93).

The main results show that the prevalence of continuous fat-free mass decline was small, but higher in
COPD patients compared with a non-COPD control group. Nevertheless, the level of fat-free mass decline
in the subjects with a 3-year continuous fat-free mass decline was not different between the groups. The
patients with a continuous fat-free mass decline had more exacerbations.

In the Health ABC (Health, Aging and Body Composition) study, the 7 year decline in lean mass was
comparable between patients with obstructive lung disease and control subjects [6]. These observations
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were reproduced in the ECLIPSE study [7]. Our study extends these previous observations by investigating
the prevalence and correlates of patients with continuous fat-free mass decline, often termed muscle
wasting [10]. Since the prevalence of abnormal low muscle mass is highly prevalent in cross-sectional
COPD studies, it is often assumed that this is the consequence of muscle wasting. The current results show
that the prevalence of continuous fat-free mass decline is infrequent in COPD patients, but it is commoner
among our COPD population than in the controls (7% versus 5%, respectively). These differences are too
small to affect the overall rate of fat-free mass decline. Nevertheless, our data indicate that there is a small
subgroup of patients with disease-specific muscle wasting defined by continuous fat-free mass decline,
which might be partly explained by excess exacerbation count, an observation in line with previous reports
[11]. Alternatively, our findings are also in line with a genetic predisposition for the development of a thin
body habitus in a subgroup of COPD patients [12], but this does not fully explain the high prevalence of
low muscle mass in COPD patients. Additional causes seem responsible for this phenotype. For instance,
as recently shown in the Baltimore Longitudinal Study of Aging [13], low body weight can be a risk factor
for developing COPD. Further, an association between low BMI and increased risk for COPD has been
confirmed in never-smokers in the BOLD (Burden of Obstructive Lung Disease) study [14]. An alternative
hypothesis might be the weight lowering effect of tobacco smoke, which is concurring with the
development of COPD [15]. Future research should discriminate between COPD patients with low muscle
mass due to a constitutionally low fat-free mass versus those suffering from true muscle wasting. As a
limitation, we acknowledge that the bio-electrical impedance analysis is not the gold standard for
longitudinal changes of body composition although its validity in subjects with a normal hydration state is
confirmed [16].

In summary, our results show that only a small proportion of COPD patients suffer continuous decline of
fat-free mass. Additional causes are probably responsible for the high prevalence of low muscle mass in COPD.
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TABLE 1 Characteristics of the patients with or without continuous fat-free mass decline

Continuous fat-free mass decline Remaining patients

Males % 66 65
Age years 63.4±6.2 63.0±7.1
FEV1 % predicted 48.8±15.0 49.9±15.4
FEV1/FVC % predicted 57.9±16.0 59.7±14.6
Smoking history pack-years 45.0 (28.8–56.3) 43.0 (30.0–57.0)
BMI kg·m−2 26.7±5.3 26.6±5.6
FFMI kg·m−2 18.5±2.4 18.0±2.5#

Low attenuation area HU 11.4 (3.9–22.0) 16.5 (4.9–24.1)
Change in low attenuation area ΔHU 1.6 (−0.3–5.9) 1.0 (−0.8–3.8)*

Data are presented as %, mean±SD or median (interquartile range). FEV1: post-bronchodilator forced
expiratory volume in 1 s; FVC: forced vital capacity; FEV1/FVC: tiffeneau index; BMI: body mass index;
FFMI: fat-free mass index. #: p=0.05; *: p<0.05.
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Diagnosis of COPD before cardiac surgery

To the Editor:

We recently performed a retrospective study of the utility of respiratory function tests prior to cardiac
surgery at our hospital. The study aimed to identify whether an association exists between pre-operative
respiratory function tests and post-operative outcomes. The study also aimed to determine how the
definition of chronic obstructive pulmonary disease (COPD) by Global Initiative in Chronic Obstructive
Lung Disease (GOLD) [1] or by lower limit of normal (LLN) [2] may alter peri-operative management.

Between January 2011 and January 2014, 1330 patients underwent cardiac surgery at Holy Spirit
Northside Private Hospital (HSNPH), Brisbane, Australia, a private hospital facility operating as part of
the St Vincent’s Health Australia group. Of this number, 289 mainly symptomatic patients were referred
for respiratory function tests which were performed at HSNPH within 3 days of admission. The patients
then proceeded with the intended cardiac surgery.

A patient was classified as COPD (GOLD) if the ratio of forced expiratory volume (FEV1) to forced vital
capacity (FVC) was <0.70 [1]. A patient was classified as COPD (LLN) if the FEV1/FVC ratio was <LLN.
The LLN criteria identify the fifth percentile of the study population, defined as 1.645 relative standard
deviations below the mean predicted value [2]. The Global Lung Function Initiative 2012 equations were
used to calculate predicted values and z-scores for spirometry [3].
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