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ABSTRACT
Objectives: Body composition assessment in chronic obstructive pulmonary disease (COPD) is im-

portant, as weight loss and muscular wasting are responsible for low exercise capacity in these patients, 
and low body mass index (BMI) and fat free mass index (FFMI) are important prognostic factors. Our 
study aims were: (a) to describe body composition in COPD patients referred to a pulmonary rehabilita-
tion center in Bucharest; (b) to examine the relationships between body composition and disease severity 
(bronchial obstruction, exercise capacity, quality of life); (c) to test if segmental wasting of lower limbs 
muscle mass (measured by segmental body composition analysis) correlates with decreased exercise 
capacity.

Material and methods: We studied 36 consecutive COPD patients referred to our clinic for pulmo-
nary rehabilitation. Patients performed pulmonary function tests, six minutes walking test (6MWT), 
and health status was evaluated with COPD Assessment Test (CAT). Body composition measurements 
were performed by direct segmental multi-frequency bioelectrical impedance analysis (BIA).

Outcomes: This study offers the first data on body composition of Romanian COPD patients
The prevalence of nutritional depletion (defined by low BMI and/or low FFMI) among our COPD 

patients was 22.2%. Mean FFMI was significantly lower in normal or underweight patients versus 
overweight or obese patients. Patients with low FFMI had lower exercise capacity at the 6MWT and 
higher CAT scores than patients with normal FFMI. 

Depending on the BMI and FFMI values the patients were divided in four categories: normal, semis-
tarvation, sarcopenia and cachexia. The group of patients with sarcopenia (low FFMI and normal BMI) 
had the lowest mean MIP (Maximal Inspiratory Pressure), the lowest mean 6MWD (six minutes walk-
ing distance) and the higher CAT mean scores among all groups. Exercise capacity was significantly 
lower in muscular depleted patients (with low skeletal muscle mass index - SSMI). MIP correlated 
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INTRODUCTION 

C hronic obstructive pulmonary dis-
ease (COPD) is a disease with 
multiple systemic effects. Among 
them, weight loss and muscular 
wasting are responsible for low ex-

ercise capacity (1). Body composition is there-
fore important in the assessment of COPD pa-
tients, as well as exercise capacity and muscular 
strength. Body mass index (BMI) is an indepen-
dent prognostic factor in COPD (2,3), but the 
negative effect of low body weight on survival 
can be reversed by appropriate therapy in 
some of COPD patients (2). Body mass can be 
divided into two types: fat mass and fat free 
mass (FFM) which can be directly measured by 
bioelectrical impedance analysis (BIA). Fat free 
mass index (FFMI = FFM/height2) is a strong 
predictor of peripheral skeletal muscle weak-
ness (4), exercise capacity (5-7), reduced health 
status (8), and mortality (9).

Low BMI and involuntary weight loss are 
frequent in COPD patients, with a wide preva-
lence range depending on the selection criteria 
of patients, as well as on the severity of the dis-
ease. Cachexia (low BMI and low FFMI) is 
found in 5-15% of patients with congestive 
heart failure and COPD (10); due to COPD 
prevalence, COPD cachexia is the most fre-
quent cachexia subtype, and mortality rates of 
these patients range from 10% to 15% per year 
(10). Although loss of FFM is more frequent in 
patients with severe COPD or with hypoxemia, 
data regarding the correlation of FFM with 
bronchial obstruction are controversial (11,12). 
FFMI of COPD patients correlates with their 
exercise capacity expressed as six minutes 
walking distance (6MWD) (12,9). Sarcopenia in 

COPD is defined as reduced FFM with normal 
or increased body weight (13). These patients 
are more severely disabled than those with low 
BMI and normal FFMI (14). Tissue depletion is 
an important determinant of health status inde-
pendent of exercise capacity and dyspnoea (8). 
Assessment of FFM is important in patients re-
ferred to pulmonary rehabilitation, as exercise 
training results in a significant gain in FFM in 
normal-weight COPD (15).

There are no available data regarding body 
composition in Romanian COPD patients.

Our study aims were:
• to describe body composition in COPD 

patients referred to a pulmonary reha-
bilitation center in Bucharest

• to examine the relationships between 
body composition and disease severity 
(bronchial obstruction, exercise capacity, 
quality of life)

• to test if segmental wasting of lower 
limbs muscle mass (measured by seg-
mental body composition analysis) cor-
relates with decreased exercise capacity.  


METHODS

We studied 36 consecutive COPD patients 
referred to our clinic for pulmonary re-

habilitation. All patients were in a stable state. 
Patients with cardiac failure class III or IV 
NYHA, neoplasic disease and hyperthyroidism 
were excluded, as these can be causes of 
weight loss. Cardiac comorbidities (arterial hy-
pertension, atrial fibrillation, coronary heart 
disease) and history of COPD exacerbations 
were recorded from medical files; patients with 
at least two COPD exacerbations in the last 
year were defined as frequent exacerbators.

significantly with FFMI and SMMI. No correlations were found between parameters of body composi-
tion and FEV1 or CAT. Segmental body composition assessment revealed that unbalanced upper/lower 
skeletal muscle mass is associated with a lower exercise capacity as measured by 6WMT.

Conclusions: This study offers the first data on body composition of Romanian COPD patients. The 
prevalence of nutritional depletion is similar to that found in other European studies. No significant cor-
relations were found between FFMI and severity of the disease (bronchial obstruction, distance walked, 
CAT score). FFMI and SSMI correlated significantly with MIP. Sarcopenic patients had the lowest 
mean 6MWD, the lowest mean MIP and the highest CAT mean scores. SMMI significantly correlated 
with 6MWD. Segmental body composition assessment of revealed that “unbalanced” patients had lower 
results at 6MWT. These results show that body composition evaluation is useful for the assessment of 
COPD patients referred to pulmonary rehabilitation and should be routinely performed

.
Keywords: body composition, chronic obstructive pulmonary disease,

pulmonary rehabilitation
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Weight and height were assessed with bare-
foot patients wearing light clothes. Pulmonary 
function tests were performed with Quark PFT 
Cosmed and included spirometry, lung vol-
umes, diffusion tests, maximal inspiratory and 
expiratory pressures (MIP and MEP). Health 
status was evaluated with COPD Assessment 
Test (CAT) - Romanian version (16). Exercise 
capacity was assessed by the 6-minutes-walk-
ing test (6MWT); each patient performed at 
least two tests and the best results for the dis-
tance walked (6MWD) were expressed as ab-
solute values (meters) and as a percentage of 
predicted values (17).

Body composition measurements were per-
formed by direct segmental multi-frequency 
bioelectrical impedance analysis (BIA) using 
the Inbody 720 Body Composition Analyzer 
(Biospace Co. Ltd.), with patients standing (18). 
Parameters of body composition included: 
body mass index (BMI), fat free mass (FFM), fat 
free mass index FFMI (FFM/height2), percent of 
body fat (PBF), body fat mass (BFM), visceral fat 
area (VFA), skeletal muscle mass (SMM), skele-
tal muscle mass index (SMMI - SMM/height2), 
segmental lean mass (lean mass right arm - 
LMRA, lean mass left arm - LMLA, lean mass 
trunk, lean mass right leg – LMRL and lean 
mass left leg – LMLL, expressed as kilograms or 
as percentage of normal) and upper/lower 
body balance (unbalanced defined as more 
than 20% weighted difference in percentages 
of normal between upper and lower limbs lean 
mass; the weights are based on 80-120% and 
90-110% normal ranges for upper and lower 
limbs respectively). Skeletal muscle mass is 
computed based on muscle mass of the limbs, 
which is mostly composed of skeletal muscle, 
comprising about 70% of total body skeletal 
muscle. The cut-offs used for low BMI (≤21 kg/
m2) and low FFMI (≤16 kg/m2 in men and ≤15 
kg/m2 in women) were recommended by ERS/
ATS guidelines for pulmonary rehabilitation 
(19). Normal or altered body composition were 
defined in 4 categories using the criteria de-
fined by Schols (14,20):

• normal body composition: BMI >21 
and FFMI >16 (men) or >15 (women)

• semistarvation: BMI ≤21 and FFMI >16 
(men) or >15 (women) 

• muscle atrophy/sarcopenia: BMI >21 
and FFMI ≤16 (men) or ≤15 (women) 

• cachexia: BMI ≤21 and FFMI ≤16 
(men) or ≤15 (women). 

Patients were divided in two categories: 
mus cular depleted or normal, based on the 
cut-off for SMMI used by Janssen (21) to define 
moderate or severe disability: SMMI lower 
than 6.75 in women and 10.75 in men.

The study was approved by the local Ethics 
Committee.

Statistics: Data were analyzed with SPSS for 
Windows. Comparisons between groups strati-
fied by body composition or disease severity 
were evaluated by Mann-Whitney analysis. 
Correlations were assessed with Spearman test. 
A p-value lower than 0.05 was considered sta-
tistically significant.  

RESULTS

The characteristics of the patients are dis-
played in Table 1 and the results of body 

composition assessment in Table 2.
Five patients had low BMI (13.9%). Among 

the remaining 31 patients, 17 patients were 
overweight (8 patients) or obese (9 patients, 
25%). Six patients had low FFMI (16.7%), 3 
with low BMI and 3 with normal BMI. The 
prevalence of nutritional depletion among our 

TABLE 1. Characteristics of the patients.

Mean 
value

Standard 
deviation

Range

Age (years) 65.6 7.5 51 – 79
FEV1 (% of predicted) 50.7 14.5 30 – 80
FEV1 (liters) 1.4 0.4 0.8 – 2.5
MIP (cm H2O) 49.6 15.8 17 - 83
MEP (cm H2O) 74 24.4 24 - 127
6MWD (meters) 385.2 102.8 145 – 536
6MWD (% of predicted) 75.9 19.2 30.7 – 100.1
CAT (points) 18.3 8.2 6 – 40

Number of subjects (percent)
Male / female 33 / 3
GOLD classes I / II / III / IV 0 / 14 / 15 / 7
Frequent exacerbators 7 (19.4%)
Cardiac comorbidities 22 (61.1%) 
Resting hypoxemia (SaO2 <90%) 4 (13.9%)

TABLE 2. Body composition measurements.

Characteristics
Mean 
value

Standard 
deviation

Range

BMI (kg/m2) 27.5 6.1 18-34.2
FFM (kg) 53.3 8.4 37-71.7
FFMI (kg/m2) 18.5 2.3 13.8-23.7
SMM (kg) 29.1 5.3 19.5-39.7
SMMI (kg/m2) 10.1 1.5 6.3-13.2
BFM (kg) 26.0 12.1 6.0-54.9
PBF (%) 31.4 9.4 10.5-45.4
LMRA (kg and % of predicted) 3.1 (107.1%) 0.7 1.8-4.8
LMLA (kg and % of predicted) 3.1 (105.2%) 0.7 1.8-4.8
LMRL (kg and % of predicted) 8.2 (88.1%) 1.3 5.8-11.0
LMLL (kg and % of predicted) 8.1 (89.3%) 1.3 5.8-10.8
Balanced / unbalanced (number 
of subjects)

11 / 25
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COPD patients was 22.2%, as 8 patients had 
low BMI and/or low FFMI.

None of the patients who were overweight 
or obese had low FFMI; mean FFMI was sig-
nificantly lower in normal or underweight pa-
tients versus overweight or obese patients (16.7 
± 1.6 versus 19.3 ± 2.2, p = 0.001) (Figure 1).

a. GOLD classes
Patients were divided in GOLD categories 

of severity using FEV1 values, as follows: GOLD 
2 - 14 patients (38.9%), GOLD 3 - 15 patients 
(41.7%) and GOLD 4 - 7 patients (19.4%). 
There were no patients in GOLD I category. 
The characteristics of the patients of the three 

GOLD categories are illustrated in Table 3.
GOLD 4 patients had the lowest mean BMI, 

FFM, FFMI, SMM and SMMI; their exercise ca-
pacity and maximal respiratory pressures were 
reduced compared with GOLD 2 and 3 pa-
tients, but all these differences reached no sta-
tistical significance. As expected, CAT score 
was significantly higher in GOLD 4 patients 
versus GOLD 2 patients (p=0.036).

b. Low FFMI patients
The characteristics of the patients with low 

FFMI versus those with normal FFMI are shown 
in Table 4.

Patients with low FFMI had lower exercise 
capacity at the 6MWT (either in absolute dis-
tance and in percent of predicted) and higher 
CAT scores than patients with normal FFMI, 
but without statistical significance. Their MIP 
and MEP were significant lower than in patients 
with normal FFMI.

There were more patients with low FFMI in 
the “frequent exacerbators” group (two or 
more exacerbation during the previous year) – 
28.6%, than in COPD patients with less than 2 
exacerbation/year – 13.8%, but no statistical 
significance was found (p=0.346). No signifi-
cant correlation could be found between FEV1 
and FFMI (p=0.482).

The positive correlation with r = 0.296 (p = 
0.080) between FFMI and exercise capacity 
evaluated by 6MWD (% predicted), is illustrat-
ed in Figure 2.

c. Body composition categories
Depending on the BMI and FFMI values the 

patients were divided in the four categories de-
scribed above:

• normal: 28 patients (77.8%)
• semistarvation: 2 patients (5.6%)
• sarcopenia / muscular atrophy: 3 pa-

tients (8.3%)
• cachexia: 3 patients (8.3%).
Their characteristics are illustrated in Table 

5.
Patients in the sarcopenic group (low FFMI 

and normal BMI) had the lowest mean MIP, the 
lowest mean results at 6MWT (expressed either 
in meters or in percentage of predicted values), 
and the highest CAT mean scores, which de-
fines low health status. Low numbers in each 
category did not allow statistical analysis.

Using the cut-points defined by Janssen (21) 
to define moderate or severe disability (SMMI 

FIGURE 1. Fat-free mass index (FFMI, kg/m2) in normal or 
underweight patients (BMI 25 kg/m2) versus overweight or obese 
patients (BMI >25 kg/m2), p=0.001.

TABLE 3. The characteristics of the patients divided by GOLD 
categories.

GOLD categories
GOLD 2

(14 patients)
GOLD 3

(15 patients)
GOLD 4

(7 patients)
BMI (kg/m2) 27.3 28.1 26.3
FFM (kg) 51.9 56.0 50.0
FFMI (kg/m2) 18.2 18.9 17.9
SMM (kg) 28.5 30.5 27.2
SMMI (kg/m2) 10.0 10.3 9.7
6MWD (meters) 406.2 418.8 301.7
6MWD (% of predicted) 81.6 79.3 58.6
CAT (points) 14.1 19.9 23
MIP (cm H2O) 51.8 49.1 46.1
MEP (cm H2O) 75.8 76.3 65.9

TABLE 4. The characteristics of the patients with low FFMI versus 
those with normal FFMI.

Low FFMI
(6 patients)

Normal FFMI
(30 patients)

p value

FEV1 (% of predicted) 53.2 (11.5) 50.2 (15.1) 0.395
FEV 1 (liters) 1.4 (0.5) 1.4 (0.5) 0.949
6MWD (meters) 363.5 (138.3) 389.5 (96.7) 0.579
6MWD (% of predicted) 72.9 (23.6) 76.5 (18.7) 0.682
CAT (points) 20.8 (11.1) 17.7 (7.7) 0.702
MIP (cm H2O) 36 (12.8) 52.3 (15) 0.029
MEP (cm H2O) 52.8 (17.6) 78.2 (23.5) 0.020
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lower than 6.75 in women and 10.75 in men), 
patients were divided in two categories: mus-
cular depleted (22 patients) and normal (no 
muscular depletion) (14 patients). Exercise ca-
pacity was significantly lower in muscular de-
pleted patients: mean 6MWD 69% ± 19.9 ver-
sus 86.6 % ± 12.3 in patients with no muscular 
depletion, p=0.006; (mean distance 358.8 m 
± 115.1, versus 426.6 m ± 63.6 p=0.05). 
Comparison of mean CAT in the two categories 
showed no significant differences: 18.6 points 
± 10 in muscular depleted patients versus 17.7 
± 4.6 points in normal patients, p 0.897. Mean 
MIP in muscular depleted patients was 48.36 
± 15.27 cmH2O versus 51.43 ±16.9 in non-
depleted patients (p=0.399). Mean MEP had 
similar values in the two categories (74 cm-
H2O).

d. Segmental body composition assess-
ment

The segmental body composition assess-
ment revealed that upper limbs lean mass was 
greater than lower limb lean mass: mean lean 
mass percent of predicted was 107.1% and 
105.2% for right and left arm and 88.1% and 
89.3 % for right and left leg. Thus, an important 
part of the patients had unbalanced upper/
lower skeletal muscle mass. This category of 
patients, named “unbalanced “ had lower re-
sults at the 6MWT: mean walking distance was 
73% ± 20.9 in unbalanced patients and 82.4% 
± 13.5 in patients with balanced muscular 
mass (p 0.170). Among the 30 patients with 
normal FFMI, 23 were muscular unbalanced, 
compared with only 2 from the 6 patients with 
low FFMI.  

DISCUSSIONS

The results of the present study are the first 
on body composition in Romanian COPD 

patients and are in general similar with other 
studies on European populations. Regarding 
the correlations found, parameters of exercise 
tolerance correlated better with skeletal muscle 
mass than with fat free mass; no correlations 
were found between parameters of body com-
position and FEV1 or CAT; MIP correlated sig-
nificantly with FFMI and SMMI. Segmental 
body composition assessment revealed that 
unbalanced upper/lower skeletal muscle mass 
is correlated with exercise capacity assessed by 
6WMT.

Bioelectrical impedance analysis is an easy, 
safe and noninvasive method of measuring 
body composition, which has been validated 
extensively in COPD (20 ). DSM-BIA (direct 
segmental multi-frequency BIA) used in this 
study offers additional advantages, like direct 
segmental measurement (trunk and four limbs) 
and reproducibility due to the same 8 points 
tactile electrode system. DSM-BIA is a valid 
tool for the assessments of total body and seg-
mental body composition, particularly for the 
quantification of body lean mass (22).

The results of body composition assessment 
in our study group revealed that only 13.9% of 
patients had low BMI, which is lower than in 
other patients groups (32-64%) (18, 19). This 
difference could be explained by the outpa-
tient type of our rehabilitation program which 
excluded from the beginning more severe pa-
tients with potentially low BMI. Indeed, the 
mean BMI of 27.5 kg in our study was a little 

FIGURE 2. Six minutes walking distance (6MWD, % predicted) 
versus fat-free mass index (FFMI, kg/m2) showing positive 
correlation, r = 0.296, p = 0.080.

TABLE 5. Characteristics of the patients in the four body 
composition categories.

Parameters
(mean values)

Categories depending on the BMI and FFMI values
Normal

(28 
patients)

Semistarvation
(2 patients)

Sarcopenic
(3 patients)

Cachexia
(3 patients)

FEV1 (liters) 1.5 1.2 1.1 1.7
FEV1 (% of 
predicted) 

51.3 35.5 46 60.3

6MWD 
(meters)

388.6 401.5 274 453

6MWD (% of 
predicted)

77.2 66 62.9 82.8

CAT (points) 18.2 11.5 23.3 18.3
MIP (cm H2O) 52.3 51.7 27.7 44.3
MEP (cm H2O) 80.5 47 41.7 64
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higher than in other European studies: 22.8-
26.1 kg (11,15,19,23,24).

The analysis of BMI in our patients revealed 
a 54.8% prevalence of patients who were over-
weight or obese. This is similar with a recent 
EUROSTAT survey (25), which reported 57.5% 
overweight or obese in men and 43.9% in 
women for the Romanian population (healthy 
subjects over 18 years). Still, our group of pa-
tients had a much greater prevalence of obesity 
(25% versus 7.6% in men and 8% in women in 
the above-mentioned study). Due to the small 
number of patients in our study this cannot be 
extrapolated to the global population of Roma-
nian COPD patients, even if their exercise in-
tolerance could determine a low physical activ-
ity and thus explain the higher obesity pre -
va lence. A recent meta-analysis showed that 
for patients with COPD being overweight or 
obese had a protective effect against mortality 
(26).

We used for BMI and FFMI the cut-offs rec-
ommended by ATS/ERS guidelines for pulmo-
nary rehabilitation, as these cut-offs are dis-
criminative for exercise capacity and health 
status (8,20,27). Mean FFM in our group was 
53.3 kg, similar with other studies who found 
mean FFM 49.8 kg (4) and 52.4 kg (15). The 
mean FFMI in our study group was 18 kg/m2 
which is also similar with the results of other 
studies 18.1 kg/m2 (15), 18.7 kg/m2 (2), 16.4 
kg/m2 (20), 17.2 kg/m2 (11).

In our group of patients 16.7% had low 
FFMI (3 sarcopenic and 3 cachectic patients). 
Thus, only 9.7% of our patients with normal 
BMI had a reduced FFMI, which is less than in 
other studies (2,11). Fat free mass index (FFMI) 
is still more suitable in detecting muscular wast-
ing than BMI, as an unapparent and possibly 
asymptomatic loss of skeletal muscle mass (27). 

Mean FFMI was significantly greater in over-
weight or obese patients versus normal or un-
derweight patients, which is concordant with 
another study which showed that severe COPD 
patients who were overweight or obese had 
greater FFM, exercise capacity and inspiratory 
muscle strength than patients with the same 
degree of airflow obstruction who were of nor-
mal weight or underweight (7).

The fact that none of the overweight or 
obese patients had low FFMI can be speculated 
in the sense of the “obesity paradox”; the pro-
tection against hyperinflation could reduce the 
cost of breathing and furthermore reduce en-
ergy expenditure, with a better mechanical ef-
ficiency of respiratory muscles. It seems that 

being overweight protects against the depletion 
of fat free mass, as no patient overweight or 
obese had low FFM.

The prevalence of nutritional depletion (low 
BMI and/or low FFMI) was 22.2% in our study 
group, which is similar with the prevalance of 
27% reported by Vermereen (11) and with 21% 
reported by Engelen (28).

The distribution of the patients in the four 
categories of body composition defined by 
Schols (14,20): normal, semistarvation, sarco-
penia and cachexia was 77.8%, 5.6%, 8.3% 
and 8.3% respectively which is very similar 
with data from Vermereen: 73%, 1%, 15% and 
11% respectively (11). We note that Schols re-
ported a distribution on the four categories of 
56 %, 6%, 10% and 29% in men and 59%, 5%, 
10% and 27% in women, in a group of patients 
referred to rehabilitation (20).

Patients in the sarcopenic group (low FFMI 
and normal BMI) had the lowest mean MIP, the 
lowest mean results at 6MWT and the highest 
CAT mean scores. It was shown in previous 
studies (27) that in patients with low FFM and 
preserved BMI the decrease in exercise perfor-
mance is more important than in patients with 
low FFM and low BMI (26), and that a higher 
lean-to-fat ratio was associated with a greater 
distance walked in 6 minutes (29). One might 
expect that the cachectic group would be the 
most impaired, and emphasize the need of as-
sessing FFM in COPD patients, for an adequate 
tailoring of an individualized pulmonary reha-
bilitation program.

Data regarding the relation between FFMI 
and FEV1 are controversial; some authors 
showed a significant correlation between FFMI 
and COPD stages (12), while other studies 
failed to find a correlation between FFMI and 
FEV1, dyspnoea scores or health status (11). In 
our study, FFMI did not correlate with the se-
verity of bronchial obstruction expressed as 
FEV1; indeed, the mean FFMI was lower in 
GOLD group II than in GOLD group III, which 
emphasizes that loss of fat-free mass can occur 
even in the less severe forms of the disease.

Our study revealed that frequent exacerba-
tors have lower FFMI, which can be explained 
by the fact that FFM depletion occurs frequent-
ly in hospitalised COPD patients (30).

Patients with low FFMI had lower exercise 
capacity expressed as the distance walked at 
6MWT, without reaching statistical significance 
compared with those with normal FFMI, given 
the low number of patients. Indeed, it was 
shown that patients with depletion of FFM ir-
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respective of body weight showed greater im-
pairment in 12MWD (8).

In our study, patients with low FFMI had 
greater CAT scores (without reaching statistical 
significance). The sarcopenic group had the 
highest CAT scores, even greater than in the ca-
chectic group. This tendency suggests the im-
pact of body composition on health status, as 
tissue depletion is an important determinant of 
health status independent of exercise capacity 
and dyspnea (8). It was shown that health sta-
tus is more affected in underweight patients 
with COPD and in those with reduced FFM 
even more so (19).

The only parameter which in our study was 
significantly correlated with impaired FFMI was 
MIP, a finding which is similar with other stud-
ies (20,31). It was showed that in COPD pa-
tients inspiratory muscle force is affected more 
than peripheral muscle force (32). This can be 
explained by a reduced mass of the dyaphragm 
muscle (33), or by the reduced mechanical ef-
ficiency of the respiratory muscles in hyperin-
flated COPD patients. 

Skeletal muscle mass is even more suitable 
in detecting muscular atrophy than FFM; in our 
study group the number of muscular depleted 
patients was more than double the one of pa-
tients with low fat free mass, suggesting that this 
method is more useful in finding patients suit-
able for pulmonary rehabilitation. We have to 
note that the cut-off for normal or depleted 
muscular mass is not clearly defined. Still, we 
used the values described in a study based on 
self-declared level of disability; we consider 
that these values can be used in selecting the 
right candidates for pulmonary rehabilitation. 

In fact, even though due to low numbers we 
could not reproduce the results of other studies 
(8,27) regarding the significant correlation be-
tween FFMI and exercise tolerance assessed by 
walking tests, we found that patients with low 
SMMI had significantly lower exercise capacity 
assessed by 6MWD percent predicted than pa-
tients with normal SMMI. CAT scores were not 
significantly different in these two groups, de-
spite the fact that these categories were defined 
on the basis of a questionnaire regarding dis-
ability.

Segmental assessment of FFM could be in-
teresting, as mechanical efficiency and exercise 
performance of upper extremities are relatively 
preserved in COPD (34); arm and leg muscle 
strength are equally affected in COPD, but arm 
muscle endurance is not impaired (35). Muscle 
wasting of the extremities is frequent in COPD, 

independent of airflow obstruction (4). It was 
noted that in our study group the majority of 
patients with normal FFMI had unbalanced up-
per and lower muscle mass. We can speculate 
from these results that muscular atrophy begins 
with the lower limbs and can be detected with 
segmental body composition analysis in an ear-
ly stage, before the impairment of the total 
SMM.

The results of the present study on Roma-
nian COPD patients emphasize the utility of 
body composition assessment in patients re-
ferred to pulmonary rehabilitation, not only for 
defining the individualized exercise training 
program for each of them, but also for the eval-
uation of the benefits of the intervention (36). 
Future research should focus on the usefulness 
of segmental body composition assessment for 
the individualization of a rehabilitation pro-
gram in order to ameliorate its outcome.

Limits of the study: BIA is not a gold stan-
dard method for assessing body composition, 
but is safe and relatively available. Another 
limit could be the fact that patients referred to 
pulmonary rehabilitation are the most deplet-
ed, as seen in different studies, with larger pro-
portion of depleted patients in this category 
than in general outpatient population with 
COPD (19). Small number of patients is anoth-
er important limit of this study which did not 
allow statistical analysis in some groups.  

CONCLUSIONS

This study offers the first data on body com-
position of Romanian COPD patients. The 

prevalence of nutritional depletion is similar to 
that found in other European studies. No sig-
nificant correlations were found between FFMI 
and severity of the disease (bronchial obstruc-
tion, distance walked, CAT score). FFMI and 
SSMI were significantly correlated with MIP. 
Sarcopenic patients had the lowest mean 
6MWD, the lowest mean MIP and the highest 
CAT mean scores. SMMI is more accurate in 
detecting exercise intolerance, as SMMI signifi-
cantly correlated with 6MWD. Segmental body 
composition assessment revealed that lower 
limbs are more depleted than upper limbs, and 
that “unbalanced” patients had lower results at 
6MWT. These results are extremely useful in 
patients referred to pulmonary rehabilitation, 
and body composition evaluation should be-
come a routine for COPD patients.
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