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Abstract

Purpose Changes in body composition are commonly present in chronic obstructive pulmonary disease (COPD). The main
aim of this study were to evaluate changes in body composition and the prevalence of pre-sarcopenia and sarcopenia in
patients with COPD, compared with two control groups and correlate these parameters with indices of COPD severity
(VEF1 and GOLD) and prognosis (BODE).

Methods This was a cross-sectional study in COPD patients (DG) that undergone body composition assessment by DXA.
Two control groups were used, smokers individuals without COPD (smokers group, SG), and healthy never smokers
individuals (never smokers group, NSG).

Results DG comprised 121 patients (65 women, mean age 67.9 + 8.6 years). The percentage of total body fat mass (TFM)
was significantly lower in DG in both genders, despite no difference in BMI. Both BMI and relative skeletal muscle mass
index (RSMI) decreased according to the worsening of GOLD in men and women, as well as the TFM and total lean mass
(TLM) in men. As BODE get worse, BMI and RSMI decreased in both sexes, as well as TLM in men. The prevalence of
pre-sarcopenia in the DG was 46.3% and no different with controls. In DG 12.4% were sarcopenic. Patients with sarcopenia
were older and had worse prognosis. Higher BODE prognostic index, higher the prevalence of sarcopenia (OR 3.5, 95% CI
1.06—-11.56, p = 0.035).

Conclusions This study showed alterations in body composition parameters in patients with COPD. A high prevalence of
sarcopenia and the association with worse prognostic index.

Keywords COPD - Sarcopenia * Body composition - BODE - GOLD

Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon, preventable, and treatable disease that is characterized
by persistent respiratory symptoms and airflow limitation
[1]. The prevalence of COPD is high, ranging from 7.8 to
19.7% depending on the population studied, and is asso-
ciated with high morbidity and increased mortality [2]. In
general, the inflammatory and structural changes in the
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airways increase with disease severity and persist on
smoking cessation [3]. COPD is associated with several
extrapulmonary disorders, including cachexia, and skeletal
muscle weakness. Systemic inflammation may be present
and could play a role in the multiple comorbid conditions
found in patients with COPD [4].

Recent data obtained from patients with COPD have
shown that changes in body composition, particularly
decreases in lean mass, are associated with a low exercise
capacity, worse quality of life indices, and increased mor-
tality [5, 6]. The condition of pre-sarcopenia is character-
ized by a low muscle mass, while sarcopenia, a more severe
spectrum of the syndrome, is defined by low muscle mass
along with weakness, which results in impaired functional
capacity and disability in elderly individuals [7]. Pre-
sarcopenia has been demonstrated in approximately
20-40% of the patients with COPD, and sarcopenia in
10-25% of them [8, 9].
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Low bone mineral density (BMD) is common in patients
with COPD, with prevalence of osteoporosis varying from 9
to 69% in previous studies [10, 11]. The etiology of low
BMD in these patients is multifactorial and includes low
body mass index (BMI), inflammatory cytokines, and
decreased lean mass [12—-14].

It is still unclear whether abnormalities of body composi-
tion in patients with COPD are associated with disease
severity and prognosis [15]. The main aims of this study were
to evaluate changes in body composition and the prevalence
of pre-sarcopenia and sarcopenia in patients with COPD.

Patients and methods
Subjects

This was a cross-sectional study involving patients with
COPD treated at the pulmonary outpatient clinic of the
Hospital de Clinicas at Universidade Federal do Parand. The
study was approved by the Ethics Committee on Human
Research at our institution and all patients signed an
informed consent form.

All participants undergone BMD and body composition
analysis between January 2010 and December 2014.
Patients of both sexes and older than 50 years were included
in the study if they had a diagnosis of tobacco-induced
COPD evaluated by spirometry (KoKo PFT Spirometer,
Occupational Health Dynamics, Hoover, AL, USA) with a
post-bronchodilator FEV1/FVC < (.70, as defined by the
global initiative for chronic obstructive lung disease
(GOLD) [1]. Patients were excluded if they were taking any
medications (as corticosteroids, steroids, nutritional sup-
plements, and antiretrovirals) or had another disease or
clinical condition known to interfere with body composi-
tion. Two control groups matched by age and sex were used
for comparison with the disease group (DG). One group of
smokers without COPD (smokers group, SG), who were
attending an outpatient clinic in our institution to stop
smoking. One group of healthy, never smoker, individuals
(never smoker group, NSG), who were volunteers of both
sexes from a random population invited to participate in the
study. All individuals in the control groups were older than
50 years and had undergone evaluation of BMD and body
composition in the same equipment as those in the DG. All
individuals in the SG underwent spirometry using the same
spirometer used for the patients in the DG and were
excluded from the study if diagnosed with COPD.

Weight (kg) was measured on a digital electronic scale
with a maximum capacity of 200 kg and accuracy of 50 g
while the participants wore light clothes. Height (m) was
measured while the individuals kept their backs straight,
heels together, and arms extended alongside the body. Their
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BMI was determined by dividing the weight (kg) by the
squared height (m?). According to the BMI results, the
groups were classified as underweight (BMI < 22 kg/m?),
normal weight (BMI =22 and <27 kg/m?), or overweight/
obese (BMI =27 kg/m?) following the recommendation by
Lipschitz et al. [16], which are more suitable for elderly
individuals.

All participants underwent a total body assessment for
evaluation of body composition and BMD using dual
energy X-ray absorptiometry (DXA) on a Lunar Prodigy
whole-body scanner (GE Medical Systems, Madison, WI,
USA) equipped with the software Encore. The software
provides data about lean body mass (bone mass plus fat-free
mass), bone-free lean mass (lean mass minus fat-free mass),
fat mass, and BMD. The regions evaluated in the test were
the lumbar spine (LS), total femur (TF), and femoral neck
(FN). The BMD results were expressed as g/cm?. The pre-
cision, accuracy and stability of the equipment were con-
stantly tested, and its coefficient of variation was 0.010 g/
cm? for the LS, 0.012 g/cm2 for the TF and 0.010 g/cm2 for
FN. The body composition data were analyzed separately
according to gender.

Patients in the DG underwent the 6-min walk test for
evaluation of exercise capacity and gait speed. Patients with
a gait speed <0.8m/s were considered to have a slow
walking speed [7].

Definition of sarcopenia

Pre-sarcopenia was defined as the occurrence of a low lean
body mass, which was diagnosed according to the criterion
proposed by the Foundation for the National Institute of
Health (FNIH), as follow: appendicular lean mass (ALM)
divided by the BMI (ALM/BMI). A ALM/BMI ratio below
0.789 in men and 0.512 in women was used to define low
body lean mass [17]. The diagnosis of sarcopenia was made
in patients with a low lean mass associated with a gait speed
<0.8 m/s [17].

COPD severity and prognosis was evaluated according to
several clinical parameters, including lifetime smoking
exposure (pack-years) [18], history of exacerbations, post-
bronchodilator forced expiratory volume in the first second
(FEV1), modified Medical Research Council (mMRC) dys-
pnea scale [19], COPD Assessment Test (CAT) [20], and 6-
min walk test [21]. Patients in the DG were classified
according to the degree of airflow obstruction (FEV1) into
categories 1 (280%), 2 (50-79%), 3 (30—49%), and 4 (<30%)
(1). The COPD severity was determined according to the
GOLD index, which is based on the postbronchodilator
FEV1, history of exacerbations in the previous year, and
symptoms such as dyspnea (measured with the mMRC or
CAT), and classified the study groups into categories A, B, C,
and D (1). The COPD prognosis was evaluated with the
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BODE index (B, body mass index; O, airway obstruction;
D, dyspnea; E, exercise capacity), and the patients were
classified into four quartiles, with the first being the least
severe and the fourth the most severe one [22].

Statistical analysis

Data are presented as mean =+ standard deviation (SD). All
analyses were performed using IBM SPSS Statistics, v.20.0
(Armonk, NY: IBM Corp.). The normality of the distribu-
tion of the variables was evaluated with the
Kolmogorov—Smirnov test. The comparison between two
groups of quantitative variables was performed with Stu-
dent’s ¢ test for independent samples or using the nonpara-
metric Mann—Whitney test. When comparing more than two
groups, we used analysis of variance (ANOVA) with one
factor and the least significant difference (LSD) test for
multiple comparisons or the nonparametric Kruskal-Wallis
test. For the preliminary statistical analysis, we used Fish-
er’s exact test and the chi-square test to assess the associa-
tion between two qualitative variables. p values below 0.05
were considered statistically significant.

We performed univariate analysis and adjusted a logistic
regression model considering sarcopenia as the response
(dependent) variable and age, gender, GOLD index, and
BODE index as explanatory variables. For each variable and
for the presence of the other variable included in the model,
we tested the null hypothesis that the probability of sarco-
penia was equal for any classification of the variable (lack of
association between the variable and sarcopenia), versus the
alternative hypothesis of different probabilities. The sig-
nificance (p) values of the statistical tests and the odds ratio
(OR) with a confidence interval of 95% were calculated.

Results
Subjects

Of the 758 COPD patients screened, one hundred twenty six
accepted to participate in the study, but five were excluded
for not having the body composition exam. Thus, the final
DG comprised 121 patients (65 women, mean age 67.9 +
8.6 years, mean BMI 26.5 + 6.2 kg/mz). Of these, 34 (28%)
had normal weight, 32 (26.4%) were underweight, and 55
(45.5%) were overweight. The mean tobacco consumption
was 58.9 +40.8 pack-years and 23 (19.1%) patients were
still smoking at the time of the study. According to the
degree of obstruction evaluated by the FEV1, 21 (17.3%)
patients were classified as group 1, 48 (39.6%) as group 2,
39 (32.2%) as group 3, and 13 (10.7%) as group 4. Based
on the GOLD classification, GOLD A, B and D groups had
the same number of 29 patients each, while 34 patients were

classified as GOLD C. According to the BODE index, 55
(45.4%) patients were in the first quartile, 37 (30.5%) in the
second quartile, 18 (14.8%) in the third quartile, and 11
(9%) in the fourth quartile.

The SG comprised 63 individuals (29 women) with a
mean age of 65.5 + 8.9 years and a mean BMI 27.6 +3.6
kg/m?. All individuals were current smokers at the time of
the study. The mean tobacco consumption was 38 & 28.2
pack-years. The NSG comprised 81 individuals (47 women)
with a mean age of 66 + 8.5 years and a mean BMI of 26.1
+ 2.6 kg/m”.

There were no differences in gender (p = 0.612), age (p
=0.147), or BMI (p = 0.143) among the groups, except for
the mean tobacco consumption in the DG, which was
greater than that in the SG (p < 0.001).

Body composition

Body composition parameters are shown in Table 1. The
percentage of total body fat mass (TFM) was significantly
different among the groups in both genders, despite no
difference in BMI. In DG women, TFM was 38.3 +9.6%, a
value significantly lower than 41.9 +5.3% observed in SG
women and 40.3 + 5.7% observed in the NSG women (p =
0.048). Similarly, DG men exhibited a TFM of 27.2 +
10.4% that was significantly lower than 30.5 +6.0%
observed in SG group and 30.5 +5.6% observed in the
NSG group (p =0.043).

Both BMI and relative skeletal muscle mass index
(RSMI: ALM/height?) decreased according to the worsen-
ing of GOLD in men and women, as well as the TFM and
TLM in men (Table 2).

As BODE get worse, BMI and RSMI decreased in both
sexes, as well as TLM in men (Table 3).

Lean mass (TLM) and BMD

There was a positive correlation between BMD values in all
three measured sites with lean mass results in all study
groups, but the FN in SG. The correlations observed in DG
are shown in Fig. 1. SG presented a positive correlation in
LS r=0.39 (p =0.002), FN r =0.16 (p =0.217) and TF =
0.39 (»p =0.02) and in the NSG the correlations were LS r
=0.59, FN r=0.36 and TF r=0.46, all p < 0.001.

Pre-sarcopenia

The prevalence of pre-sarcopenia in the DG was 46.3% (n
=56), 39.7% (n=25) in the SG and 29.6% in the NSG (n
=24) (p=0.06). In the DG, the gait speed significantly
decreased as disease severity and prognosis impaired
according to the GOLD classification and BODE index
(Table 4 and Fig. 2).

@ Springer



98

Endocrine (2018) 60:95-102

Sarcopenia

A total of 15 (12.4%) patients in the DG presented sarco-
penia. Age was the only difference observed between
patients with (73.4 + 8.8 years) and without (67 + 8.2 years)

sarcopenia did not differ in relation to BMI, gender, current
tobacco use, mean tobacco use, osteopenia or osteoporosis,
LS BMD, EN BMD, TF BMD, number of MVF, %TFM,
TLM, A/G, FMI, and RSMI. The higher the BODE prog-
nostic index, the higher the prevalence of sarcopenia (p =

sarcopenia (p =0.006). Patients with

Table 1 Body composition parameters between groups

and without

0.035) (Table 5).

Variable Women Men
DG (n=121) SG (n=63) NSG (n=381) P DG (n=121) SG (n=63) NSG (n=381) )4

BMI (kg/m?) 272+6.6 28 +3.7 256+23 0.088 256+5.3 27.3+3.5 26.7+2.7 0.180
TEM (%) 38.3+9.6 419+53 403 +5.7 0.048 272+104 30.5+6 30.5+5.6 0.043
A/IG 0.98 +0.1 0.99 +0.1 0.98 +0.1 0.839 1.15+0.2 1.18+0.2 1.27+0.2 0.070
TFM (kg) 247+114 282+7.1 24.7+5.1 0.165 20.5+11.7 232+7.1 22.8+5.6 0.295
FMI 10.5+4.7 11.3+£25 10.1+2 0.344 73+4 8.0+2.3 8.1+£2.2 0.392
TLM (kg) 36.2+7.7 379+4.4 359+54 0.329 48.4+8.3 514 +55 50.3+59 0.108
RSMI 6.2+09 6.2+0.6 6.1+0.7 0.812 72+1.1 7.7+0.8 7.7+0.7 0.069

DG disease group, SG smoking group, NSG never smoked group, BMI body mass index, TFM total body fat mass, A/G android/gynoid fat mass
ratio, TFM total fat mass, FMI fat mass index (TFM/heightz), TLM total lean mass, RSMI relative skeletal muscle mass index ALM/heightz;

statistical significance p < 0.05

Table 2 Body composition according to the global initiative for chronic obstructive lung disease (GOLD) classification in women and men with

chronic obstructive pulmonary disease (COPD)

Women gold Men gold
Variable Amn=15 Bm=18) Cm=200 D®n=12) p Amr=14) Bm=11) Cm=14) Dm=17) p
BMI (kg/m?) 28.6+7 27.6+7.1 264+69 26.1+47 0.032 28.7+4.8 27.1+38 23+45 24.1+6 0.015
TFM (%) 40.2+9.2 37.8+11.6 374+85 38+9.1 0.883 30.2+8.9 31.7+7.6 222+9.8 257+122 0.08
A/G 1.04 +0.1 098+0.2 098+0.1 0.88+0.1 0.688 1.19+0.1 1.25+0.1 1.15+02 1.07+0.2 0.115
TFM(kg) 266 +11.8 262+13.1 23+113 228+86 0.690 254+11.5 245+95 18.1+9.7 153+12.8 0.049
FMI 11.5+52 10.7+53 9.7+45 99+35 0.07 92+44 85+29 528+3.1 64+43 0.06
TLM (kg) 36.8+6.2 382+64 343+97 352+43 0345 535+99 49.1+68 47.6+74 444+66 0.02
RSMI 64+1 6.2+09 6+1 6+0.6 0.004 82+13 74+0.38 6.8+0.8 6.5+0.7 <0.001

BMI body mass index, TFM percentage of total fat mass, A/G android/gynoid fat mass ratio, 7FM total fat mass, FMI fat mass index (TFM/
heightz), TLM total lean mass, RSMI relative skeletal muscle mass index

Table 3 Body composition according to the BODE index in women and men with chronic obstructive pulmonary disease (COPD)

Women BODE quartiles

Men BODE quartiles

Variable 1 (=31 2@®=22 3®m=8) 4@m=4 p l(n=24) 2m=15 3@=10) 4(m=7) p
BMI (kg/m?) 282469 266+62 263+79 244+47 0002 274+43 264+62 21.6+33 232+63  0.001
TEM (%) 394+10  369+92 365+105 395+64 0754 30+84 274+105 22+93  244+16  0.196
A/G 102401  092+0.1 099+02 092+0.1 008 123+0.1 1.14+02 1.1+02 1.03+02  0.07
TFM (kg) 263+11.5 23.6+11.6 234+129 205+55 0694 23.6+102 21.6+125 129+78 182+157 0.09
FMI 11245 98+44  98+51  94+32 0645 85+38  74+41  48+26 6.1+5 0.08
TLM (kg) 36.9+6 36.7+58 37.8+9 309433 0335 508+81 505+89 42.1+47 447469 0014
RSMI 63+09  62+0. 6.1+1.1 54405 0001 77+12  73+09  63+06 63+06  0.001

BMI body mass index, TFM percentage of total fat mass, A/G android/gynoid fat mass ratio, 7FM total fat mass, FMI fat mass index (TFM/
heightZ), TLM total lean mass, RSMI relative skeletal muscle mass index
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Fig. 1 Correlation of bone mineral density at a lumbar spine, b femoral neck, and ¢ total femur with lean mass in the disease group (DG). LS
lumbar spine, FN femoral neck, TF total femur, LM lean mass, r = coefficient correlation

Table 4 Gait speed in the disease group (DG) distributed according to
disease severity (GOLD classification) and prognosis (BODE index)

Gait speed (m/s)

/A 2/B 3/C 4/D »
FEVI  1.16+02 107+02 096+02 085+03 0.001
GOLD 1.12+02 1.10+£02 099+03 090+02 0.004
BODE 1.14+02 1.00+02 092+03 0.75+03 0.000

FEV1 postbronchodilator forced expiratory volume in the first second,
BODE B body mass index, O airway obstruction, D dyspnea, E
exercise capacity, GOLD global initiative for chronic obstructive lung
disease

On univariate analysis, sarcopenia was associated with
age and BODE index. Logistic regression analysis using
these two explanatory variables showed an increased risk of
sarcopenia with age (OR 1.10, 95% CI 1.02-1.18, p =
0.012) and BODE index (OR 3.5, 95% CI 1.06-11.56, p =
0.035).

Discussion

This study evaluated the body composition, pre-sarcopenia,
and sarcopenia in patients with COPD, and correlated them
with criteria of severity and prognosis of the disease. The
evaluation also included a comparison of these results with

those obtained in two control groups, one with smokers and
another with never smokers. The smoking load was higher
in the DG when compared with the SG, which was expected
considering that the number of pack-years is related to the
development of COPD, although other factors are also
involved in this process [23, 24].

Patients in the DG had a lower body fat percentage
compared with those in the control groups, as previously
described [25, 26]. A negative energy balance mainly
influencing the individual’s body composition accompanies
frequent exacerbations of the disease. These changes in
body composition may contribute to the low-grade chronic
systemic inflammation present in these patients and indir-
ectly stimulate COPD progression. The reasons for a pro-
gressive loss of weight, lean mass, and fat mass in patients
with COPD include an increased catabolic demand from the
respiratory muscles, elevated levels of proinflammatory
cytokines, increased oxidative stress, and smoking [25]. The
absence of changes in body composition in the SG rein-
forces the hypothesis that the disease itself, rather than
smoking, is responsible for these changes, besides the
smoking load could have an effect too.

The parameters of body composition in the DG varied
according to the GOLD and BODE indices. Levels of BMI
< 21kg/m? are described as a risk factor for exacerbations
and worse prognosis in patients affected by the disease [27].
In addition to lower BMI, lower lean mass is associated
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Fig. 2 Percentage of patients
with abnormal gait speed (<0.8
m/s) according to disease
severity (FEV1 and GOLD
classification) and prognosis 60%
(BODE index). *p < 0.026

(FEV1), T p < 0.001 (BODE) 509
ANOVA FEV1 forced
expiratory volume in first
second-post-bronchodilator,
GOLD global intiative for
chronic obstructive lung disease,
BODE (B body mass index, O 20

airway obstruction, D dyspnea,

E exercise capacity). 10 4.7%

70%

40%

30%

% patients

Table 5 Diagnosis of sarcopenia in relation to disease severity (FEV1
and GOLD classification) and prognosis (BODE index)

/A 2/B 3/C 4/D p
FEVI 1 @47%) 6 (12.5%) 4 (102%) 4 (30.7%) 0.149
GOLD 2 (69%) 3(103%) 5(147%) 5(17.2%) 0.634
BODE 3 (54%) 5 (13.5%) 3 (16.6%) 4 (363%) 0.035

FEV1 postbronchodilator forced expiratory volume in the first second,
BODE B body mass index, O airway obstruction, D dyspnea, E exercise
capacity, GOLD global initiative for chronic obstructive lung disease

with worse lung function, greater number of exacerbations,
and worse FEV1 [28]. Recent studies have pointed out that
a higher percentage of fat mass, rather than a reduction in
lean mass, could be the factor related to poorer physical
performance in patients with COPD [29, 30]. The calculated
fat mass index (FMI) showed no association with disease
severity and prognosis or difference with the control groups.

In patients with COPD, poorer physical performance
evaluated with the 6-min walk test was associated with
worse disease severity and prognosis. A greater degree of
pulmonary obstruction and worse prognosis, in turn, were
associated with gait velocity <0.8 m/s, a criterion of poor
performance. Andrianopoulos et al. [31] have suggested the
use of a higher gait speed cutoff value (<0.9m/s) for
characterization of poor performance in patients with
COPD, showing that at this level, the patients present a
worse prognostic index and higher rates of hospitalization
and mortality.

The prevalence of pre-sarcopenia (46.3%) in the DG
was similar to that found in other studies, which range from
20 to 40%, and showed a trend towards higher values in the
DG when compared with the SG and NSG [8, 32].
The frequency of sarcopenia however, was much higher in
the DG when compared with the control groups, and similar
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to the frequency found in the literature (around 15-20%) [8, 9].
Comparing to healthy individuals seen in literature and
using the same diagnostic criteria we found in our patients
with COPD, much higher prevalence of sarcopenia 12.4 vs.
2.3% [33]. This finding emphasizes the importance of
obtaining a physical performance test in patients with
COPD since only a reduction in lean mass or a diagnosis of
pre-sarcopenia is insufficient to determine the exercise
capacity of these patients. However, this may also suggest
that the respiratory difficult itself may be the reason to the
low performance.

When we separated the patients with COPD into sub-
groups with and without sarcopenia, we observed that the
differences between both subgroups were the mean age and
BODE prognostic index. The low absolute number of
patients with sarcopenia may explain the lack of difference
in the other parameters. The finding that sarcopenia was
unrelated to the patients’ BMI in our cohort is an important
one, considering the common assumption that the diagnosis
of sarcopenia is present only in lean patients, assuming that
it is more prevalent in this population [34]. However, recent
studies have also shown that around 10-15% of normal-
weight individuals have sarcopenia, as well as overweight
or obese individuals [35, 36].

Some studies have shown an association between the
occurrence of sarcopenia and worse obstruction index
(FEV1), GOLD, and lower walking performance [8, 9]. The
finding of a higher prevalence of sarcopenia in patients with
a poorer BODE index was expected since the index takes
into account a parameter of physical capacity that can be
affected by lean mass. The reduction in lean mass leads to a
decrease in exercise capacity, which in turn leads to poorer
quality of life indices, high frequency of exacerbations, and
increased mortality [37]. We were unable to find in the
literature associations between sarcopenia and the BODE
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index, as shown in the present study. On univariate analysis,
the OR of this association was 3.50 showing that the pre-
sence of sarcopenia is associated with a worse prognosis of
the disease.

The correlations between a lower lean mass and lower
BMD values and the presence of osteopenia or osteoporosis
and fractures have already been shown in different popu-
lations [38, 39]. Vondracek et al. [40] have reported spe-
cifically in patients with COPD the association between
lower lean mass and lower BMD, which we have confirmed
in all three groups in the present study.

One of the limitations of the present study was the lack
of evaluation of muscle strength tests to compare the
diagnosis of sarcopenia obtained from patients with COPD
with those obtained from controls. In order to minimize this
limitation, we compared the diagnoses of pre-sarcopenia
between the groups. Other limitation was that the type of
feeding of these subjects, in particular the protein intake
was not investigated and patients with COPD may have had
a worse outcome in the walking test due to a worse
respiratory parameter and not a muscular limitation.

In conclusion, this study showed an important prevalence
of sarcopenia in patients with COPD. These findings serve
as an alert for physicians to weight on potential muscu-
loskeletal changes that occur in patients with this condition,
in addition to changes related to aging and low body weight.
In order to increase survival, improve quality of life and
compress morbidity, a multi-modal approach is needed,
which should targeted the factors involved in loss of lean
mass in patients with COPD.
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