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BACKGROUND: Despite the high prevalence of weight loss in subjects with COPD, the 2011
COPD management guidelines do not include an index measuring nutritional status. Fat-free mass
index (FFMI) can accurately determine the nutritional status of subjects and may be closely
correlated with COPD severity. We aimed to determine the nutritional status evaluated by FFMI
according to the 2011 Global Initiative for Chronic Obstructive Lung Disease (GOLD) levels in
stable subjects with COPD and the association between nutritional status and respiratory symp-
toms, exercise capacity, and respiratory muscle function. METHODS: We included 235 stable
subjects with COPD in this cross-sectional study. All of the subjects were divided into the 2011
GOLD Groups A, B, C, and D. FFMI (measured by bioelectrical impedance), spirometry (FEV,,
percent-of-predicted FEV,, and FEV,/FVC), respiratory muscle function (peak inspiratory and
peak expiratory pressures), exercise capacity (6-min walk distance), and dyspnea severity (Modified
Medical Research Council dyspnea scale) were measured and compared between the GOLD groups.
RESULTS: Malnutrition was identified in 48.5% of subjects and most prevalent in Group D
(Group A: 41%, Group B: 41%, Group C: 31%, and Group D: 62%). FFMI was significantly lower
in Group D (P < .001), with both sexes considered malnourished. Low FFMI significantly corre-
lated with frequent exacerbation, older age, decreased pulmonary function, 6-min walk distance,
peak inspiratory pressure, and worsened dyspnea. FFMI was significantly lower in the emphysema-
dominant phenotype and mixed phenotype compared with the normal phenotype and airway-
dominant phenotype. A stepwise multiple linear regression analysis identified peak inspiratory
pressures and older age as independent predictors of FFMI. CONCLUSIONS: Malnutrition is
highly prevalent in all COPD groups, particularly in Group D subjects, who warrant special
attention for nutritional intervention and pulmonary rehabilitation. FFMI significantly correlated
with exercise capacity, dyspnea, respiratory muscle function, and pulmonary function and may be
a useful predictor of COPD severity. Key words: chronic obstructive pulmonary disease; epidemiology;
free fat mass index; malnutrition; pulmonary function; prognosis. [Respir Care 2016;61(5):680-688.
© 2016 Daedalus Enterprises]

Introduction

COPD is is a common chronic respiratory disease char-
acterized by persistent air flow limitation that primarily
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affects the lung and causes systemic complications.! COPD
exacerbation and comorbidities contribute to the overall
severity of disease in individual subjects. COPD is pre-
dicted to be the seventh leading cause of disease leading to
disability worldwide by 2030 from its current position at
twelfth.! In 2011,2 the Global Initiative for Chronic Ob-
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structive Lung Disease (GOLD) proposed a comprehen-
sive system, including multiple variables such as symp-
toms, severity of air flow limitation, and history of
exacerbation, for the diagnosis and management of COPD
that better reflects COPD severity than previous indices
measuring air flow limitation. However, several other vari-
ables, including exercise tolerance, weight loss, low fat-
free mass index (FFMI), and respiratory failure, place sub-
jects at an increased risk for mortality.

COPD can cause significant systemic effects, such as
weight loss and muscle dysfunction.? In several survival
studies,*© weight loss was particularly prevalent in sub-
jects with COPD; this trend was closely correlated with
exercise capacity limitation, decreased quality of life, in-
creased frequency of exacerbations, and mortality.”® The
weight loss in subjects with COPD has been ascribed to
alterations in caloric intake, basal metabolic rate, and body
composition®!'" and increased inflammatory mediators.'?
Currently, the nutritional status of subjects with COPD is
primarily evaluated using body mass index (BMI).! How-
ever, alterations in body composition can occur in COPD
in the absence of clinically important weight loss.® Body
mass comprises the fat mass and the free fat mass, which
includes highly metabolically active organs, especially the
skeletal muscle. Some studies show that FFMI is more
closely correlated with COPD mortality and may better
reflect the muscle mass compared with BMI.'3-15 FFMI
could negatively affect other indices used to evaluate the
COPD severity, such as the lung function grade, frequency
of exacerbation, respiratory muscle strength, health-related
quality of life, dyspnea, and exercise capacity.”-813.14
Ischaki et al'* investigated nutritional status in subjects
with clinically stable COPD equally classified into the 5
stages according to FEV, and showed that FFMI was sig-
nificantly correlated with air flow limitation and obstruc-
tion compared with BMI. A study by Steuten et al'® showed
that the incidence of low FFMI increased as the pulmonary
function worsened. The 2011 GOLD classification is rec-
ognized to better reflect COPD severity; however, the dis-
tribution of FFMI among the 2011 GOLD groups remains
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Current knowledge

The 2011 Global Initiative for Chronic Obstructive Lung
Disease (GOLD) proposed a comprehensive system that
better reflects COPD severity than previous indices mea-
suring air flow limitation. Fat-free mass index (FFMI)
can accurately determine the nutritional status of sub-
jects and may be closely correlated with COPD sever-
ity. However, the distribution of FFMI among the 2011
GOLD groups remains uncertain.

What this paper contributes to our knowledge

Malnutrition is prevalent in all COPD groups, espe-
cially in subjects with high risk and more symptoms as
described in the 2011 GOLD guidelines. Therefore, this
study highlights the need to focus on nutritional inter-
vention and pulmonary rehabilitation in this patient
group. FEMI is significantly correlated with exercise
capacity, dyspnea, respiratory muscle function, and
FEV, and could be used to predict COPD severity.

uncertain. The present study used FFMI to analyze the
nutritional status of stable subjects with COPD in different
GOLD groups to determine the relationship between FFMI
and respiratory symptoms, exercise capacity, and respira-
tory muscle function.

Methods
Subjects

The nutritional status of subjects with COPD was in-
vestigated using a cross-sectional study, and the indices
correlated with COPD were recorded. The study popula-
tion comprised subjects with COPD examined at the out-
patient clinic of Zhujiang Hospital, Southern Medical Uni-
versity, between June 2013 and September 2014. Subjects
were included according to the following criteria: age
=18y, diagnosis of COPD according to pulmonary func-
tion tests, and clinically stable COPD. Subjects with ex-
acerbation within the previous 2 months or with serious
organ failure, malignant tumor, or metabolic disease and
uncooperative subjects were excluded. The COPD severity
was assessed according to the 2011 GOLD guidelines us-
ing the modified British Medical Research Council dys-
pnea scale (MMRC), FEV,, and frequency of exacerba-
tions in the last year. The 4 groups were as follows: Group
A, low risk, fewer symptoms; Group B, low risk, more
symptoms; Group C, high risk, fewer symptoms; Group D,
high risk, more symptoms.!
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Pulmonary Function and Respiratory Muscle
Function Testing

Pulmonary function was measured using a spirometer
(PonyFX 229, Cosmed, Rome, Italy) that was calibrated
daily.!” The FEV,, percent-of-predicted FVC, and
FEV,/FVC were measured before and after the bron-
chodilator test.

During the bronchodilator test, subjects were instructed
to inhale 400 ug of salbutamol using a handheld spirom-
eter. Subjects were instructed not to use any inhaled med-
ications on the day of pulmonary function assessment or
within 6 h before testing. The highest FEV, and FVC
values of at least 3 acceptable spirometric maneuvers and
the largest FEV ,/FVC from a technically acceptable curve
were used for analysis. Respiratory muscle function was
determined based on the maximal inspiratory pressure
(Ppmax) and maximal expiratory pressure (Pg,,,,) using the
largest value of 3 technically correct maneuvers according
to the American Thoracic Society/European Respiratory
Society statement on respiratory muscle testing.'8 The lower
limit of normal P ,, measured by a digital manometer
(AZ-8205, AZ Instrument, Taichung City, Taiwan) was
75 cm H,O in men and 50 cm H,O in women.'® The lower
limit of normal Pg,,, was 100 cm H,O in men and
80 cm H,O in women.

Fat-Free Mass Index Test

FFMI was measured by multifrequency and 8-spot con-
tact bioelectrical impedance in kg/m? according to the equa-
tion, FFMI = fat-free mass/height®>. A low FFMI was
defined as FFMI =15 kg/m” in women and FFMI =16
kg/m? in men, as reported previously.202!

Dyspnea

MMRC was adopted to evaluate the severity of breath-
lessness.?? Subjects were categorized into 5 grades accord-
ing to the dyspnea severity as follows: Grade 0, subject
experiences dyspnea only during strenuous exercise; Grade
1, subject experiences dyspnea when moving briskly on
level ground or walking up a slight incline; Grade 2, sub-
ject walks more slowly on level ground than age-matched
individuals due to dyspnea or is forced to stop when walk-
ing at subject’s own pace on level ground due to dyspnea;
Grade 3, subject forced to stop due to dyspnea after
walking approximately 100 m or after walking several
minutes on level ground; and Grade 4, subject experi-
ences severe dyspnea preventing the subject from leav-
ing the house or dyspnea during routine activity, such as
dressing or undressing.
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Exercise Capacity

Exercise capacity was evaluated using the 6-min walk-
ing distance (6MWD) according to American Thoracic
Society guidelines.?* Both the oxyhemoglobin saturation
and heart rate were monitored by pulse oximetry. All tests
were conducted by an experienced respiratory therapist,
and the oxygen saturation was maintained >90% during
testing in all subjects. The largest value measured over 2
days was subjected to analysis.

Computed Tomography Scans

We used high-resolution computed tomography (CT) to
quantify and calculate the percentage of low-attenuation
area and section helical CT to quantify airway dimen-
sions.>* Both scans were performed in a supine position
using a 256-slice CT scanner (Brilliance iCT, Philips, Eind-
hoven, Netherlands).?* The percentage of low-attenuation
area was calculated using a previously reported method,
with —960 HU as the cut-off level. The dimensions of the
right apical segmental bronchus were measured as described
previously, and the percentage of wall area was used in the
analyses.?*

COPD Phenotypes

COPD can be classified into 4 groups according to the
percentage of low-attenuation area and percentage of wall
area. The 4 groups were: CT-normal (low percentage of
low-attenuation area and low percentage of wall area),
airway-dominant (low percentage of low-attenuation area
and high percentage of wall area), emphysema-dominant
(high percentage of low-attenuation area and low percent-
age of wall area), and mixed (high percentage of low-
attenuation area and high percentage of wall area) pheno-
types, respectively.?>

Ethical Approval

The study protocol was reviewed by the appropriate
ethics committee, and the study was performed in accor-
dance with the ethical standards laid down in the 2000
Declaration of Helsinki. All persons gave their informed,
written consent before study inclusion.

Statistical Analysis

The statistical analyses were performed using SPSS 13
(SPSS, Chicago, Illinois). Results are presented as the
mean * SD, unless stated otherwise, and proportional data
are presented as percentages. Groups were compared using
one-way analysis of variance as appropriate. Two groups
were compared using the independent samples 7 test. Rel-
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Table 1.  Prevalence of Malnutrition of Subjects According to Table 3.  Levels of Fat-Free Mass Index for Different COPD
Fat-Free Mass Index and COPD Stage Phenotypes
Group A Group B Group C Group D Phenotypes
n % n % n % n % CT- Airway-  Emphysema- Mixed P
Normal  Dominant ~ Dominant
Normal FFMI
Male 20 454 15 441 25 490 33 311 n (%) 10 (24.30)  6(14.63) 1639  9(21.95)
Female 6 13.6 5 147 10 19.6 7 6.6 FFMI, kg/m? 17.46 17.65 15.32 15.22 .01
Total 26 591 20 588 35 686 40 377 _
.. CT = computed tomography
Malnutrition FFMI = fat-free mass index
Male 14 318 11 324 15 294 51 48.1
Female 4 9.1 3 8.8 1 20 15 142
Total 18 409 14 412 16 314 66 623

Malnutrition is defined as fat-free mass index =15 kg/m2 in women and =16 kg/m2 in men.
FFMI = fat-free mass index

Table 2.  Correlation Analysis of Continuous Variables Associated
With Fat-Free Mass Index

r P
Age —0.27 <.001
% Predicted FEV 0.17 .01
Exacerbations —0.12 5
6MWD 0.26 <.001
MMRC —0.21 .02
Plimax 0.32 <.001
Pemax 0.23 <.001

MMRC = modified Medical Research Council dyspnea scale
6MWD = 6-min walk distance

Pimax = maximal inspiratory pressure

Pgmax = maximal expiratory pressure

evant indicators of COPD were assessed using Spearman
correlation or Pearson correlation analysis. A multiple step-
wise linear model including potential confounding factors
was established to identify factors independently associ-
ated with FFMI. A P value of <.05 was considered sta-
tistically significant.

Results

The clinical characteristics and GOLD classification of
the subjects are shown in Table 1. Group D (45%) was the
largest of the groups, and Group B (14%) was the smallest.
There were more men than women in all GOLD groups.

Malnutrition was identified in 48.5% of subjects accord-
ing to the FFMI, with Group D (62.3%) comprising most
of the malnourished subjects, followed by Group A (40.9%),
Group B (41.2%), and Group C (31.4%) in Table 2. FFMI
was significantly decreased in Group D (P < .001), and
both men and women met the definition of malnutrition
(men: =15.4 * 2.2 kg/m?%; women: =14.6 + 1.6 kg/m?).
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The FEV |, Py..x» and Pg, .. were decreased in Groups C
and D. Group D showed the lowest 6MWD. The MMRC
was significantly higher in Groups B and D than that in
Groups A and D, as predicted.

FFMI was associated with increased age, frequency of
exacerbation, GMWD, MMRC, Py,...., Pemax, and percent-
of-predicted FEV,, as shown in Table 3 and Figure 1. The
mean FFMI among the variables by GOLD category is
shown in Table 4. Among them, older age, more frequent
exacerbation, deceased lung function, worsened dyspnea,
decreased 6MWD, and decreased Py, were significantly
correlated with a low FFMI. A stepwise multiple linear
regression analysis identified Py, ,, and older age as inde-
pendent predictors of FFMI (Table 5).

Based on the CT scan, 41 subjects with COPD were
classified into the 4 phenotypes, with 10 (24.30%) as CT-
normal phenotype, 6 (14.63%) as airway-dominant phe-
notype, 16 (39%) as emphysema-dominant phenotype, and
9 (21.95%) as mixed phenotype (Table 6).

Discussion

Using the FFMI, we observed a high incidence of mal-
nutrition in every COPD group, especially in Group D,
indicating that these subjects warrant special attention for
nutritional intervention and pulmonary rehabilitation. FFMI
was strongly correlated with the exercise capacity, dys-
pnea, respiratory muscle function, and FEV, and could be
a predictor of COPD severity.

An epidemiological investigation of 389 subjects with
COPD at 39 clinical centers in the Netherlands found that
the incidence of low FFMI was 27%.2¢ Similarly, approx-
imately 36% of subjects were malnourished in a nutri-
tional analysis of 169 subjects with COPD conducted by
Nordén et al.?’ In our study, malnourishment was preva-
lent in subjects with stable COPD (48.5%), with the larg-
est incidence of malnourishment in Group D. The higher
incidence of malnourishment observed in our study than in
previous reports may reflect differences in the ethnicity of
the subjects, since the subjects in our study were Asians,
who often have smaller body frames than whites.?3 Inter-
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Fig. 1. Correlation between the fat-free mass index (FFMI) in all study subjects with percent-of-predicted FEV, (r = 0.17, P = .01) (A), 6-min
walk test distance (6MWD) (r = 0.26, P < .001) (B), maximal inspiratory pressure (P, (r = 0.32, P < .001) (C) and maximal expiratory
pressure (Pgmay) (r = 0.23, P < .001) (D).

Table 4.  Baseline Characteristics Categorized by COPD Stages

Characteristics Group A (n = 44) (19%) Group B (n = 34) (14%) Group C (n = 51) (22%) Group D (n = 106) (45%) P
Age, y 654 *+9.7 67.8 =139 64.9 = 10.0 70.8 = 9.5 .002
FFMI, kg/m? 16.38 = 1.95 16.41 =2.17 16.63 = 2.08 15.26 = 1.98 <.001
Males 16.7 = 2.0 16.7 £2.2 16.7 £2.3 15422 .001
Females 15315 154 1.7 163 £ 1.3 146+ 1.6 .040
FEV,, L 1.88 £ 0.55 1.57 £ 0.41 1.32 £ 045 0.99 = 0.42 <.001
FEV,/FVC 60.28 = 9.16 59.05 =9.93 54.60 = 12.56 47.22 £ 11.76 <.001
6MWD, m 488.55 + 73.40 428.76 £ 111.99 463.71 £ 78.24 331.98 = 116.68 <.001
MMRC 0.36 = 0.49 2.35 = 0.54 0.78 = 0.42 2.93 £0.75 <.001
Plmaxe cm H,O 84.66 £ 22.24 83.59 = 2297 77.87 = 19.38 64.34 = 18.95 <.001
Pemaxs cm H,O 96.17 = 25.86 93.23 + 27.03 87.8 + 25.69 73.88 £ 24.92 <.001

N = 235. Data are mean * SD.

FFMI = fat-free mass index

6MWD = 6-min walk distance

MMRC = modified Medical Research Council dyspnea scale
Plmax = maximal inspiratory pressure

Pgmax = maximal expiratory pressure

estingly, the FFMI was lowest in Group D, and both male sive disease, chronic oxidative stress, inflammatory
and female subjects met the criterion for malnutrition. This stimulation, increased consumption of skeletal muscle pro-
trend probably reflects a variety of pathologic factors, in- tein, pulmonary hypofunction due to advanced COPD, and
cluding an increased frequency of exacerbations, wors- decreased food intake of food resulting in insufficient en-
ened pulmonary function status, protracted and progres- ergy intake.!#42°
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Table 5.  Levels of Fat-Free Mass Index for Different Potential
Explanatory Variables by Subject Category

Table 6.  Multiple Linear Regression Analysis with FFMI as the
Dependent Variable

FFMI * SD, kg/m? P Variables B SE 95% CI P
Age, y <.001 Pias 0.33 0.014 0.007-0.057 01
=60 16.99 = 2.23 Age —0.166 0.013 0.061 to —0.005 .02
>60 15.67 = 1.99 -
Exacerbations 02 B = estimated coefficient
' Pimax = maximal inspiratory pressure
<2 16.24 = 2.33 SE = standard error
=2 15.59 = 1.77
GOLD status .01
I (FEV, > 80) 16.05 = 1.71
II (FEV, 50-80) 1637 + 1.96 femoris muscle decreased, and the muscle strength de-
II (FEV, 30-50) 15.71 = 2.28 clined 20-30% compared with normal weight subjects.
IV (FEV, 0-30) 15.02 * 2.09 However, the relationship between exercise capacity and
MMRC <.001 FFMI has not been completely elucidated, and it is un-
<2 16.51 + 2.02 known whether decreased muscle mass alone causes the
=2 15.54 = 2.08 decline in exercise capacity or whether a multifactorial
6MWD, m 01 mechanism is responsible. Potentially, decreased lung func-
=350 16.16 = 2.14 e . ) o N,
250349 15.44 + 2.03 tion,'* progressive dyspnea,** and systemic inflammation
150-258 15.61 + 1.79 may all help decrease mob.lhty and activity, rgsultlng in
=149 14.16 = 1.45 muscular atrophy due to disuse of the lower limbs and,
P, cm H,0 ultimately, a decline in the exercise capacity. Similar to
Female 03 previous findings,3> the present results show that the ex-
=50 15.77 = 1.55 ercise capacity of subjects in Group D decreased more
<50 14.78 = 1.54 than observed in the remaining 3 groups. Notably, prior
Male 02 studies found that early nutritional intervention and exer-
=15 16.58 + 2.19 cise training helped to improve the nutritional status and
<75 15.80 = 2.14 exercise capacity of subjects with COPD.3¢-37
Prma, cm H,0 Hyperinflation in COPD increases the end-expiratory
Female A2 . . . .
—30 15.56 = 1.63 gas volume, which displaces the diaphragm into an unsat-
= 56 = 1. ; . e 18 )
<80 14.85 + 1.53 isfactory position on the'length tension curve. Cogse
Male 02 quently, muscle strength is decreased. Decreased respira-
=100 16.53 + 2.32 tory muscle strength is common in subjects with COPD
<100 15.78 + 2.01 and is strongly correlated with dyspnea.3® One study found

FFMI = fat-free mass index

GOLD = Global Initiative for Chronic Obstructive Lung Disease
6MWD = 6-min walk distance

MMRC = modified Medical Research Council dyspnea scale
Plmax = maximal inspiratory pressure

PEgmax = maximal expiratory pressure

Yilmaz et al*® divided 65 stable subjects with COPD
into a low-FFMI group and a normal group. Their results
showed that subjects with low FFMI had significantly an-
thropometric measurements and body composition com-
pared with those with normal FFMI; however, they did not
evaluate daily exercise capacity. The FFMI is an important
predictor of exercise capacity. FFMI is positively corre-
lated with the 6MWD, as shown in the present results,
since malnourished COPD patients are particularly prone
to exercise intolerance due to skeletal muscular cell atro-
phy.3' FFMI also reflects the muscle mass more accurately
than other indices.?? Using radiation technology, Bernard
et al?3 found that the cross-sectional area of the quadriceps
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that the decline in muscle mass can aggravate dyspnea
and interfere with the quality of life.** Sabino et al*! re-
ported that respiratory muscle function in subjects with
severe COPD was better in those with a higher FFMI than
in underweight subjects. This was attributed to the differ-
ence in skeletal muscle mass, which is the main compo-
nent of mat-free mass and dictates the respiratory muscle
function. Our study also found that the FFMI was posi-
tively correlated with the respiratory muscle strength and
negatively correlated with MMRC. However, Weekes
et al*? found that subjects who gained weight after 6 months
of dietary intervention did not experience an improvement
in respiratory muscle function. In contrast, van Wetering
et al*® found that the respiratory and periphery muscle
strength increased after subjects received nutritional inter-
vention combined with exercise training for 4 months.
This result highlights the need to combine nutritional sup-
plementation and exercise rehabilitation training to increase
skeletal mass and enhance respiratory muscle function dur-
ing pulmonary rehabilitation.
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We found that FFMI was positively correlated with the
severity of lung dysfunction in subjects with COPD. The
FEV, in subjects with a normal FFMI was larger than in
subjects with an abnormal FFMI, indicating that malnu-
trition was associated with impaired lung function. Con-
sistent with our findings, Krzystek-Korpacka et al*3 found
that the FEV, and percent-of-predicted FEV, decreased
more significantly in malnourished subjects with COPD
than in nourished subjects. These findings may reflect skel-
etal muscle apoptosis caused by inflammation and increased
oxidative stress.*

Similar to previous studies, we found that frequent ex-
acerbations of COPD led to an apparent decrease in the
FFMIL.#54¢ Patients experiencing exacerbation of COPD
are prone to weight loss due to the imbalance between
dietary intake and energy expenditure.*’ Difficulty eating
and decreased appetite caused by fatigue and dyspnea de-
crease the dietary intake. In addition, oxygen consumption
during ventilation rises due to an increase in the elastic and
resistive work of breathing, metabolic effects of theophyl-
lines and (3, agonists, and proteolysis caused by systemic
inflammation.#” Nutritional status is correlated with acute
COPD exacerbations. Based on the present study findings,
improving the nutritional status through nutritional inter-
vention can decrease the frequency of exacerbations and
reduce hospitalization costs.3¢

It has been found that the COPD phenotype is associ-
ated with clinical and functional variables.?* In the present
study, we evaluated the FFMI in 4 COPD phenotypes
according to CT scans. Our results showed that FFMI was
significantly lower in the emphysema-dominant pheno-
type and mixed phenotype compared with the normal phe-
notype and airway-dominant phenotype. A previous study*®
showed that severe calorie restriction leads to decreased
production of surfactant and a reduction in the number of
alveoli with a corresponding increase in alveolar volume
and decrease in lung surface area. Another hypothesis sug-
gested emphysema as an autoimmune disease, where pro-
tease antiprotease imbalance leads to inflammatory re-
sponse and therefore tissue destruction is extended from
the lungs to whole body soft tissue.** However, it remains
unclear whether low FEMI contributes to the development
of emphysema or whether emphysema leads to the nutri-
tional depletion.

Our results emphasize the significance of FFMI in eval-
uating the severity of COPD. FFMI is calculated from the
biological electrical impedance and is a convenient, inex-
pensive, and noninvasive method of objectively evaluating
the nutritional status of patients. Nutrition supplementa-
tion and pulmonary rehabilitation is recommended in Group
D subjects based on our findings that the nutritional status,
exercise capacity, and respiratory muscle function were
lower in the Group D subjects than in the other groups.
Our results show that including FFMI within the multidi-
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mensional evaluation system will affect the distribution of
severity in COPD groups. Previous studies have proposed
that the BMI is poorly correlated with the severity of
COPD,!*16 and therefore it may weigh very little in the
BODE index>° FFMI seems promising as a useful variable
replacing BMI in a multidimensional system of COPD
evaluation, although more evidence is needed for further
validation.

Our study has a few limitations. First, female subjects
were fewer due to the relatively low morbidity of COPD in
women; in future studies, more women should be enrolled.
Second, the enrolled subjects in this study were primarily
Asian, and the results should be verified in different racial
groups. Third, static lung volume and lung diffusing ca-
pacity were not measured in this study, and therefore we
did not evaluate the relationship between FFMI and the
above variables. Future studies should address this rela-
tionship.

Conclusions

Malnutrition is prevalent in all COPD groups, espe-
cially in Group D subjects, highlighting the need to
focus on nutritional intervention and pulmonary reha-
bilitation in this patient group. FFMI is significantly
correlated with exercise capacity, dyspnea, respiratory
muscle function, and FEV, and could be used to predict
COPD severity.
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