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Abstract

Background: Chronic Obstructive Pulmonary Disease (COPD) is characterized by progressive and irreversible airflow
limitation. Different factors that modify pulmonary function include age, sex, muscular strength, and a history of
exposure to toxic agents. However, the impact of body composition compartments and sarcopenia on pulmonary
function is not well-established. This study aimed to evaluate how body composition compartments and sarcopenia
affect pulmonary function in COPD patients.

Methods: In a cross-sectional study, patients with a confirmed diagnosis of COPD, > 40 years old, and forced expira-
tory volume in the first second /forced vital capacity ratio (FEV,/FVC) <0.70 post-bronchodilator were included.
Patients with cancer, HIV, and asthma were excluded. Body composition was measured with bioelectrical impedance.
Sarcopenia was defined according to EWGSOP2, and pulmonary function was assessed by spirometry.

Results: 185 patients were studied. The mean age was 72.20+ 8.39 years; 55.14% were men. A linear regression
adjusted model showed associations between body mass index, fat-free mass, skeletal muscle mass index, appen-
dicular skeletal muscle mass index, and phase angle (PhA), and sarcopenia with FEV, (%). As regards FVC (%), PhA and
exercise tolerance had positive associations.

Conclusion: Body composition, especially PhA, SMMI, ASMMI, and sarcopenia, has a significant impact on pulmonary
function. Early detection of disturbances of these indexes enables the early application of such therapeutic strategies
in COPD patients.

Keywords: Chronic obstructive pulmonary disease, Pulmonary function, Sarcopenia, Body composition, Skeletal
muscle mass

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a
treatable and avoidable illness characterized by persistent
respiratory symptoms and progressive and irreversible
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airflow limitation [1]. According to the World Health
Organization, COPD is considered a public health prob-
lem because globally it is the third leading cause of death
[2].

Pulmonary function is modified by different factors,
including age, sex, weeks of gestation, muscular strength,
the immune system, and a history of exposure to toxic
agents such as tobacco, wood smoke, and asbestos [3—5].
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The pulmonary function can be estimated by spirom-
etry. Spirometry reveals pulmonary dynamic volumes:
forced expiratory volume in the first second (FEV,),
forced vital capacity (FVC), and the ratio of forced
expiratory volume in the first second to forced vital
capacity (FEV,/FVC). Several studies have demon-
strated that FEV, reduction is a significant predictor of
mortality in the general population [6, 7] and a marker
of cardiovascular mortality [8]. Therefore, it is neces-
sary to know which factors affect it.

Patients with COPD have alterations in the body
composition compartments of fat-free mass (FFM),
appendicular skeletal muscle mass index (ASMMI),
skeletal muscle mass index (SMMI), fat mass (FM),
phase angle (PhA), and muscular function. Loss of
muscle mass and muscular function have multifactorial
origins. The factors involved include oxidative stress,
hypoxia, disuse, malnutrition, a higher catabolic state,
and glucocorticoid use [9]. The prevalence of muscle
wasting ranges from 15 to 40% in patients with COPD
[10, 11]. Weight and muscle mass loss are associated
with diminished muscle strength, walking speed, exer-
cise tolerance, pulmonary alterations, and worse prog-
nosis in COPD patients [10, 12—-14].

Previous studies in other populations have shown that
reduced skeletal muscle mass is associated with lower
pulmonary function [15, 16]. Moreover, the strength of
the respiratory muscles impacts pulmonary function
[17]. In COPD patients, upper limb muscle strength
has been positively associated with the FEV,/FVC ratio
and respiratory muscle strength [5]. However, the role
of the fat-free mass index (FFMI) is unclear. Maddocks
et al. found no difference in predicted FEV,;% between
subjects with low and normal FFMI. On the other hand,
Machado et al. showed that subjects with low FFMI
had lower predicted FEV;% [18]. No evidence has been
reported about the impact of SMMI or ASMMI on pul-
monary function.

Sarcopenia is a progressive and generalized skeletal
muscle disorder characterized by low muscle strength
and low muscle mass that can lead to falls, fractures,
physical disability, and mortality [10, 19]. The loss of
muscle mass and sarcopenia have multifactorial ori-
gins, including mitochondrial abnormalities, diminished
protein synthesis, diminished intake of essential amino
acids for protein synthesis, hypoxemia which interferes
with protein synthesis, and increased proteolysis due to
a pro-inflammatory state. In addition, glucocorticoid use,
which promotes proteolysis and acidosis, is common in
COPD patients. Combined with these factors, physical
inactivity promotes muscle atrophy [20]. A meta-analysis
performed by Benz et al. estimates that the prevalence
of sarcopenia in COPD patients is 21.6% (95% CI; 14.6
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to 30.9%) [21]. In COPD, sarcopenia patients have lower
FEV, than patients without sarcopenia [22].

Phase angle (PhA) is an important body composition
variable of bioelectrical impedance analysis (BIA). A low
PhA suggests lower cellularity, membrane integrity, cellu-
lar function, malnutrition, status, impaired quality of life,
and worse prognosis [14, 22, 23]. In COPD patients, this
manifests as reduced muscle strength [14, 22] Maddocks
et al. showed that COPD patients with a PhA below of
fifth percentile of age, sex and BMI-stratified reference
values had low predicted FEV;% and lower physical activ-
ity than COPD patients with normal PhA [13].

However, the association between body composition
compartments and sarcopenia with pulmonary func-
tion in COPD patients is not well-established. Thus, the
objective of this study was to evaluate how body compo-
sition compartments and sarcopenia may affect pulmo-
nary function in COPD patients.

Materials and methods
A cross-sectional study was performed. The data were
obtained during outpatient evaluations carried out dur-
ing routine consultations of patients of Mexican origin
with COPD between August 1, 2019, and March 31, 2020.
Patients with a confirmed diagnosis of COPD accord-
ing to the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) recommendations [24] were included.
The subjects were>40 years old, and spirometry with a
post-bronchodilator FEV,/FVC ratio <0.70. Patients with
diagnoses of cancer, HIV, and asthma were excluded.

Outcome measures

Body composition, anthropometry, pulmonary function,
clinical and demographic variables were evaluated as part
of the clinical management provided to the patients who
came to the Institute.

Anthropometry

Weight and height were measured according to the man-
ual reference of anthropometric standardization [25].
All subjects wore light clothing and were barefoot. Body
mass index (BMI) was calculated by dividing the total
body weight (kilograms) by the height in meters squared.

Body composition

Body composition and phase angle (PhA) were meas-
ured with whole-body bioelectrical impedance using a
four-pole mono-frequency equipment RJL. Quantum IV
analyzer (RJL Systems®, Clinton Township, MI, USA).
Phase angle was calculated using the equation: arctan
(Reactance/Resistance) x (180° /m) using the PhA Soft-
ware (RJL Systems®). The standard technique [26] was
used. The measurements were all performed by the same
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operator, in the morning, in a comfortable area, free of
drafts, and with portable electric heaters. The subjects
were fasting and should not have exercised eight hours
before or consumed alcohol 12 h before the study. During
the entire study, the person was supine with arms sepa-
rated from the trunk at about 30° and legs separated at
about 45°.

The area was cleaned with alcohol, and electrodes
were placed on the hand and ipsilateral foot. Resistance
and reactance were registered, and PhA. Fat-free mass
(FFM) and fat mass were estimated by RJL Systems’ soft-
ware BC 4.2.2. Appendicular skeletal muscle mass index
(ASMMI) was assessed according to Sergi’s formula (27):
ASMMI (Kg/m?) = [-3.964+ (0.227*(Height? (cm)/Resist-
ance) + (0.095*Weight) 4 (1.384*Sex) 4 (0.064*Reactance)
/Height (m?)].

Skeletal muscle mass index (SMMI) was assessed
according Janssen’s formula (28): SMM (kg) = [(Height?
cm/Resistance x 401) 4+ (gender x 3.825) + (age
x—0.071) +5.102], and SMMI (kg/m?) =SMMI /Height
(m?).

Handgrip strength

Handgrip strength was measured with a mechanical
Smedley Hand Dynamometer (Stoelting, Wood Dale,
UK) according to the technique described in Rodriguez
et al. [29].

Sarcopenia

Sarcopenia was defined according to EWGSOP2 [19] in
men as ASMMI <7 kg/m?* and handgrip strength <27 kg
and in women as ASMMI<6 kg/m? and handgrip
strength <16 kg.

Exercise tolerance

Exercise tolerance was assessed by a 6-min walk, per-
formed according to American Thoracic Society stand-
ards [30].

Pulmonary function

Spirometry testing was conducted by an experienced
pulmonary technician using a portable spirometer (Easy-
OnePC, Ndd Medical Technologies Inc., Ziirich, Switzer-
land) according to the criteria of the American Thoracic
Society/European Respiratory Society standards [31].
The spirometry variables analyzed were FEV,, and FVC
after using a bronchodilator. After 15 min resting, a max-
imum forced inhalation and a powerful forced expiration
were performed by the participant wearing a nose clip.
The reference values used for spirometry were obtained
in Mexican—American individuals [32].
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Statistical analysis

Analyses were performed using the commercially avail-
able package STATA version 14 (Stata Corp., College
Station, TX, U.S.A.). The Shapiro—Wilk test was used to
test the normality of continuous variables. Normal con-
tinuous variables were expressed as mean and standard
deviation, while non-normal variables were expressed
as median and percentiles 25-75. A comparison among
study groups was analyzed with a chi-square test for cat-
egorical variables and unpaired Student’s t-test or Wil-
coxon tests for continuous variables.

Linear regression analysis was performed to examine
the association between the dependent variable: pulmo-
nary function (predicted FEV,% and predicted FVC %)
and independent variables: body composition compart-
ments, handgrip strength, exercise tolerance, and sarco-
penia. The models were adjusted for sex, height, and age.
A p-value <0.05 was considered statistically significant.

Results

One hundred eighty-five patients with COPD were
evaluated, of whom 78 (42%) had sarcopenia. The mean
population age was 72.2048.39 years; 55.14% were men,
50.27% had systemic hypertension, 29.19% were obese,
and 51.80% were in heart failure.

COPD patients with sarcopenia were older, with a
lower prevalence of obesity, low FEV; (L), FVC (L), BMI,
FM, FFM, handgrip strength, middle-upper arm circum-
ference, SMMI, ASMMI, abdominal obesity, PhA, and
exercise tolerance compared to those COPD patients
without sarcopenia (Table 1).

Table 2 shows the linear regression results adjusted for
age, sex, and height, in which the variables associated
with FEV, and FVC are presented. BMI (B:0.670, 95% CI;
0.181-1.159), FFM (p:0.648, 95% CI;0.217-1.079), mid-
dle-upper arm circumference, SMMI, ASMMI, PhA, and
exercise tolerance were positively associated with FEV;.
Sarcopenia, however, had a negative association with
FEV,. As regards the FVC, PhA and exercise tolerance
showed positive associations ($:0.064, 95% CI; 0.036—
0.093 for exercise tolerance).

Discussion
The main finding in our study was that FEV; had a posi-
tive correlation with SMMI, ASMMI, BMI, FFM, PhA,
middle-upper arm circumference, and exercise tolerance,
while sarcopenia had a negative impact. As far as FVC
was concerned, PhA and exercise tolerance showed posi-
tive associations.

Muscle mass is the largest tissue in the human body
[33]. It can also be an independent prognostic fac-
tor for daily disability, mobility, and mortality in COPD
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Table 1 Clinical and body composition characteristic in sarcopenia subjects
Total population n=185 Sarcopenian=78 No sarcopenia n=107 p-value

Age, years 72204839 74.56+7.60 70.48+8.55 0.001
Male, n (%) 102 (55.14) 45 (57.69) 57 (53.27) 0.550
Diabetes, n (%) 44 (23.78) 7(21.79) 27 (25.23) 0.587
Hypertension, n (%) 93 (50.27) 38(48.72) 55 (51.40) 0718
Obesity, n (%) 54(29.19) 6 (7.69) 48 (44. 86) <0.001
Heart failure, n (%) 72 (51.80) 34 (58.62) 38 (46.91) 0.173
FEV,, (%) 55.64+£22.64 53.30+£24.87 57.34+£20.82 0.230
FEV,, (L) 1.22+0.58 1.09+£0.56 131+£057 0.009
FVC, (%) 7492+ 19.40 73.15+£21.06 76.21+18.08 0.290
FVC (L) 229+081 213+0.78 241£081 0.020
FEV,/FVC 053+0.13 0.50+£0.15 0.54+0.12 0.081
GOLD stage, n (%)

1-2 105 (56.76) 43 (55.13) 62 (57.94)

3-4 80 (43.24) 35 (44.87) 45 (42.06) 0.703

CAT score 12 [7-18] 2 [9-20] 1[6-16] 0.080
Group, n (%)

A-B 4 (53.41) 5(47.95) 9(57.28) 0.221

C-D 82 (46.59) (52 05) (42 72)
Hospitalization previous year, n (%) 1(46.82) 9 (54.17) 42 (41.58) 0.102
Tobacco index, pack-year 40 [25-60] 40 [20-58] 43 [30761.5} 0.164
Biomass index, h/yr 213 [77.5-360] 240 [80-385] 180 [51-360] 0.584
Inhaled bronchodilators, n (%) 144 (78.26) 64 (82.05) 80 (75.47) 0.285
Inhaled corticosteroids, n (%) 117 (66.30) 52 (66.67) 70 (66.04) 0.929
Height, cm? 158.004£11.39 1563141235 1592341052 0.085
Body Mass Index, kg/m? 27.26+5.70 24054450 29.61+534 <0.001
Fat Mass, kg 30.39+£10.03 27.51+£822 3244+£10.71 <0.001
Fat Free Mass, kg 37.794+12.05 30.92+891 42.70+11.63 <0.001
Handgrip strength, kg 23724847 20374776 26224815 <0.001
Middle-upper arm circumference, cm 28224425 25924384 29.93+3.71 <0.001
SMMI, kg/m? 831+£185 7431144 894+1.86 <0.001
ASMMI, l<g/m2 6.79+1.14 6.034+0.74 735£1.07 <0.001
Abdominal obesity, n (%) 140 (76.92) 45 (58.44) 95 (90.48) <0.001
Phase angle, ° 4.9940.88 4574054 530+£0.95 <0.001
Exercise tolerance, m 32434+£131.97 267.24+£128.12 388.58+104.88 <0.001

FEV,, Forced Expiratory Volume in the first second; FVC Forced Vital Capacity; GOLD stage Global Initiative for Chronic Obstructive Lung Disease stage; CAT COPD
Assessment Test; SMMI Skeletal muscle mass index; ASMMI Appendicular Skeletal muscle mass index

patients [10, 12, 34]. Our study showed positive asso-
ciations between FEV;, and ASMMI (p: 4.896, 95% CI;
1.982 to 7.810, p=0.001) and SMMI (B: 2.876, 95% CI;
0.534 to 5.218, p=0.016). That is, for every 1 l(g/m2 of
ASMMI that increased, there was an increase of 4.89%
in FEV,, and for every 1 k/m? of SMMI, FEV increased
2.87%. Previous studies have also reported that subjects
with low muscle mass have worse pulmonary func-
tion. A study performed by Jeon et al. in elderly Koreans
found that subjects with low FEV, were at higher risk for
decreased muscle mass [15]. Also, a study performed by
Park et al. in subjects without pulmonary disease showed

that lower muscle mass was associated with a higher
risk of FEV,;<80% (OR: 2.97, CI 95% 2.74 to 3.17) and
FVC<80% (OR: 2.64, CI 95%; 2.43 to 2.83) [16].

On the other hand, in the present study, a higher BMI
was also positively associated with FEV,. Currently, a
controversy exists about the impact of obesity evalu-
ated by BMI on pulmonary function and prognostic
patients, which has been called the paradox of obesity
[35, 36]. There is evidence that a higher BMI improves
pulmonary function [36, 37]. A meta-analysis per-
formed on COPD patients from clinical trials observed
that overweight-obesity and morbid obesity subjects
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Table 2 Association between body composition, sarcopenia and pulmonary function

FEV, (%) FVC (%)

B C195% p B C195% p
Body Mass Index, kg/m2 0.670 0.181 to 1.1590 0.007 0.061 —0.377t0 0.500 0.783
Fat Mass, kg 0.027 —0.294 10 0.349 0.868 —0.129 —0421t00.162 0.383
Fat Free Mass, kg 0.648 0.217 to 1.079 0.003 0.233 —0.157t00.624 0.241
Handgrip strength, kg 0.037 —0.566 t0 0.641 0.902 0.448 —0.0761t0 0.974 0.094
Upper extremity weakness 3.078 —3959t010.116 0.389 —3.687 —10.196 t0 2.821 0.265
Middle-upper arm circumference, cm 0.884 0.205 to 1.564 0.011 0.227 —0.379t00.833 0461
SMMI, kg/m? 2.876 0.534t05.218 0.016 0.894 —1.212t0 3.001 0403
ASMMII, kg/m2 4.896 1.982t0 7.810 0.001 1.388 —1.228t0 4.00 0.297
Abdominal obesity 5.902 —1.059t0 12.864 0.096 —0.175 —6.350t0 5.999 0.955
Phase angle, ° 5.745 2.596 10 8.895 <0.001 3.871 1.077 t0 6.665 0.007
Sarcopenia —6.992 —13.722t0—0.261 0.042 —5.090 —11.007 t0 0.826 0.091
Exercise tolerance, m 0.057 0.024 t0 0.090 0.001 0.064 0.036 t0 0.093 <0.001

Linear regression model adjusted by age, sex and height. SMMI Skeletal muscle mass index; ASMMI Appendicular Skeletal muscle mass index

evaluated by BMI had minor decreases in FEV, per year
compared to normal weight and underweight subjects
[37]. However, evidence shows the deleterious effects
of obesity on pulmonary function [38-40]. While a
study by Ochs-Balcom et al. found a negative associa-
tion between BMI > 25 kg/m? with both FEV, and FVC,
a study by Peralta et al. reported that increased weight
in overweight and obese subjects was associated with
a reduction only in FVC. However, no association was
observed with the FEV,/FVC ratio [39]. Similar results
have been reported in other studies [41, 42].

Nevertheless, it is essential to bear in mind that BMI
is the quotient of body weight in kg and height in m?,
but BMI cannot distinguish the two most significant
components of body composition: FM and FFM. Our
study observed that FFM positively impacted FEV,,
while no such association was observed with fat mass
when evaluating these two components. These results
suggest that the FFM, specifically SMMI or ASMMI,
plays an essential role in pulmonary function. Won
et al. likewise observed that SMMI was associated
with FEV, and FVC [43]. Apart from FFM, SMMI and
ASMMI correlate with prognosis [10-12].

In this study PhA proved to be a predictor for FEV,
(p: 5.745, CI 95%; 2.596 to 8.895, p<0.001) and FVC (B:
3.871, CI 95%; 1.077 to 6.665, p=0.007) adjusted for
age, sex and height. That is, for every 1 degree that PhA
increases, there is an increment of 5.74% for FEV, and
3.87% for FVC.

A lower PhA has been associated with reduced FEV;,
muscle strength, exercise tolerance, diminished qual-
ity of life, prolonged hospitalization, and exacerbations
[13], as well as being an independent predictor of death

(HR: 0.53, CI 95%; 0.36—0.77 p<0.001) in COPD sub-
jects [14].

It is noteworthy that muscle strength is a significant
predictor of mortality [12]. Although an association
between diminished handgrip strength and pulmonary
function was not observed in the present study, it was
found in other studies. Liu et al. reported a positive cor-
relation between the strength of upper limb muscles
and inspiratory and expiratory respiratory muscles and
the FEV,/FVC ratio [5]. Likewise, subjects hospitalized
because of exacerbations of COPD showed a positive
association between handgrip strength and effective peak
inspiratory flow rate determined by the inspiratory mus-
cle force [44].

As regards sarcopenia, the prevalence in COPD
patients is 22% [21], representing an increase according
to the GOLD [20, 22]. The present study demonstrated
that sarcopenia was an independent predictor for FEV,
since subjects had 6.992% lower FEV, than those with-
out sarcopenia (p:—6.992, 95% CI;—13.722 to—0.261,
p<0.042) adjusted for age, sex, and height. Different
studies have shown that sarcopenia, muscle depletion,
and low muscle strength are associated with deteriorat-
ing lung function, higher inflammatory biomarkers, poor
quality of life, and worse prognosis [10, 19, 20, 45].

When adipose tissue distribution is examined in the
context of obesity, abdominal obesity plays an impor-
tant role in pulmonary function. A study in subjects
over 50 years of age showed that those with abdominal
obesity had decreased pulmonary function. Moreover,
pulmonary function was even lower in those with gener-
alized obesity [42]. In a meta-analysis Wehrmeister et al.
found similar results. They concluded that an inverse
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association exists between pulmonary function and
abdominal circumference [41], which is a good indica-
tor of abdominal obesity. This could be explained by the
fact that obesity causes dysfunction in small airways and
limitation of expiratory flow as well as mechanical res-
piratory changes, restricted movement of the thoracic
cage, decreased strength of the respiratory muscles, gas
exchange, and reduced tolerance to exercise due to excess
adipose tissue around the rib cage and abdomen [46]. The
present study did not establish an association between
abdominal obesity and pulmonary function, but this may
be explained by the population’s higher prevalence of
sarcopenia.

In addition, obesity, especially central obesity, is asso-
ciated with an increase in inflammatory factors such as
interleukin 6 and tumor necrosis « [47], which negatively
impact pulmonary function and increase morbidity and
mortality [48]. That is why it is essential to distinguish
among body composition compartments—FM, FFM,
ASMMI, SMMI, and PhA which have different impacts
on pulmonary function and prognosis, both in healthy
subjects and in COPD patients.

The clinical picture is further complicated by comor-
bidities such as hypertension, diabetes, and heart fail-
ure, which are frequent in COPD [49]. These pathologies
are independent risk factors for sarcopenia [49, 50]. The
presence of one or more comorbidities leads to more
significant loss of skeletal muscle mass, physical perfor-
mance, and worse prognosis [51]. This low skeletal mus-
cle mass had a negative impact on pulmonary function
[15, 16].

Limitations and strengths

This study has the inherent limitations of a cross-sec-
tional study. Another limitation is the small sample size.
However, among the strengths, this is the first study in
COPD patients that evaluates the association of different
compartments of body composition on pulmonary func-
tion using a multivariate prediction model adjusted for
confounding variables.

Conclusions

The components of body composition, especially PhA,
SMMI, ASMM]J, and sarcopenia, have significant impacts
on pulmonary function. Early detection of disturbances
in these indexes and muscle wasting enables the early
application of such therapeutic strategies as physical and
pulmonary rehabilitation, and nutritional treatment may
improve pulmonary function in COPD patients.
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