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ABSTRACT

Introduction: The impact of pre-sarcopenia, sarcopenia
on important clinical and biological outcomes in individuals
with Chronic obstructive pulmonary disease (COPD) have not
been fully investigated.

Objective: To analyze the impact of pre-sarcopenia and
sarcopenia on balance, muscle mass, peripheral and respira-
tory muscle strength and inflammatory and oxidative stress
biomarkers in individuals with COPD.

Methods: sixty-one patients diagnosed with COPD were
included, stratified into three groups: without sarcopenia (n =
33; 69 £ 6 years), with pre-sarcopenia (n = 15; 66 £ 6 years)
and with sarcopenia (n = 13; 71 + 7 years), according to the
European Working Group on Sarcopenia in Older People. It
was assessed respiratory muscle strength, through maximum
inspiratory pressure (MIP) and maximum expiratory pressure
(MEP), handgrip strength (HGS) and body composition analy-
sis with bioimpedance. Inflammatory and oxidative stress
biomarkers were analysed from peripheral blood.

Results: The prevalence of pre-sarcopenia and sarcopenia
in individuals with COPD was 36% and 25%, respectively.
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Individuals with sarcopenia exhibit inferior muscle mass, pe-
ripheral muscle strength, respiratory muscle strength, and
balance compared to their counterparts (p<0.05 for all). In
addition, individuals with sarcopenia presented lower levels of
protein oxidation (p=0.015) and higher levels of interleukin-
16 (p=0.035) compared to those without sarcopenia.
Individuals with pre-sarcopenia presented lower levels of an-
tioxidant activity (p=0.045) and higher levels of C-reactive
protein (p=0.035).

Conclusion: Individuals with COPD who have sarcopenia
exhibit diminished muscle mass, impaired balance, and re-
duced peripheral and respiratory muscle strength in compari-
son to those with pre-sarcopenia or without sarcopenia. In
addition, the presence of sarcopenia and pre-sarcopenia is
probably linked by biological mechanisms related to systemic
inflammation and oxidative stress.

KEYWORDS

COPD; Sarcopenia; Muscle Strength; Inflammation; Oxidative
stress.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an airflow
limiting disorder caused by inhalation of toxic gases and par-
ticles! that is characterized by extra pulmonary changes that
negatively affect physical function and quality of life2=>. The
presence of such factors is also closely related to sarcopenia®,
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a condition defined as the presence of low muscle mass, mus-
cle strength and physical performance®. Sarcopenia is a sig-
nificant contributor to frailty and disability in older people,
and it is associated with increased rates of falls, hospitaliza-
tion and mortality”:.

Various clinical and biological factors have been identified
as significant contributors to sarcopenia in individuals with
COPD®11, These factors encompass the advanced stage of
the disease, diminished levels of physical activity, smoking
status, as well as heightened levels of oxidative stress and in-
flammatory biomarkers®-!1, Sarcopenia has a negative impact
on a range of clinical outcomes, physical function, exercise
capacity, physical activity levels, quality of life, dyspnea and
prognosis in individuals with this respiratory diseasel2-16,
Additionally, current studies reported that individuals with this
respiratory disease who have sarcopenia presented more
chronic inflammation and oxidative stressto:11,

Sarcopenia exhibits a high prevalence among individuals
with COPD, ranging from 15% to 34%17. Its presence is
strongly linked to a worsened prognosis and more health
costs associated with hospitalization!8, For this reason, health
strategies to early diagnose and detect sarcopenia are impor-
tant®19, Therefore, considering the large prevalence of sar-
copenia in individuals with COPD and its negative clinical im-
pact?, the identification of previous stages of sarcopenia
(pre-sarcopenia) is necessary to prevent functional disorders
in this population. However, according to a current systematic
review in this field!’, there is a lack about the clinical impact
of pre-sarcopenia on functional and biological factors in indi-
viduals with COPD. Thus, the present study aimed to analyze
the impact of pre-sarcopenia and sarcopenia on clinical out-
comes not fully studied by the literature!” such as balance,
respiratory muscle strength, inflammatory and oxidative
stress biomarkers in individuals with COPD.

METHODS
Study Design and sample

This study is a cross-sectional design, with a convenience
sample composed of sixty-one individuals with diagnosis of
COPD?! aged between 60 and 79 years from the University
Hospital of Londrina, Parana, Brazil. The inclusion criteria
were COPD diagnosed at least 3 years, with peripheral base-
line oxygen saturation> 90%, who did not have neurological,
orthopedic, cardiovascular, or psychiatric diseases that inca-
pacitated them testing. Individuals who had exacerbations of
COPD and decompensated metabolic disorders in the last
two months were excluded, as well as chronic respiratory
failure during the data collection or who were unable to per-
form the tests. The research project was approved by the
Research Ethics Committee of the State University of
Londrina and authorized by the Education Department /
Londrina / PR (1.830.048).

Functional measurements

Muscle mass was quantified with bioelectrical impedance
(Biodynamics 310TM; Biodynamics Corp., USA) with meas-
urements of fat-free mass (FFM) and fat-free mass index
(FFMI-FFM/ height?). FFM was calculated by the formula of
Kyle et at?2.

Handgrip strength (HGS) was assessed using a hydraulic
dynamometer (Jamar Plus + Digital 563213; Lafayette
Instrument Company, USA). The highest value from tree at-
tempts (1-minute rest each) was used as a maximal force
value®.

Physical performance was evaluated with 4-meter gait
speed test (4MGS). The best time of two walks was used for
analysis®.

Respiratory muscle strength was measured as maximum in-
spiratory pressure (MIP) and maximum expiratory pressure
(MEP) using a digital manovacuometer (MVD 300, GlobalMed,
Brazil) following previously standardized procedure?3,
Maneuvers were maintained for at least 2 seconds and the
peak value was recorded. The best of 3 acceptable and re-
producible maneuvers was used for analysis.

Balance was measured using the Timed Up and Go (TUG)
test?%, The best time of two walks was used for analysis.

Blood biomarkers

All individuals underwent a 12-hour fasting blood collection
and were classified into their respective groups. The collected
peripheral blood serum was analyzed. Blood samples were
centrifuged for 30 minutes at 3000 rpm (2100 xg) at 20°C, to
obtain serum, plasma and concentrated of red blood cells to
ensure the analysis of inflammatory markers and oxidative
stress biomarkers, and then, frozen at -80°C. Serum levels of
inflammatory markers were analyzed: C-reactive protein, in-
terleukin 6, 8, 10, 1B, 12P70, tumor necrosis factor-a (TNF-
a). The reaction was read on a microplate reader using a flow
cytometer. Total radical-trapping antioxidant parameter
(TRAP)23, paraoxonase 1 activity (PON1)26, superoxide dis-
mutase activity (SOD) in erythrocytes?’, catalase activity
(CAT) in erythrocytes?8, advanced oxidation protein products
(AOPP)2° and nitric oxide metabolites (NOx)3° were used as
oxidative stress biomarkers. According to protocol previously
published!!. All collections and tests were performed in the
graduate laboratory of the University Hospital of Londrina,
Parana, Brazil by properly trained professionals.

Sarcopenia diagnosis

Sarcopenia definition was following the European working
group of sarcopenia in older people (EWGSOP)®. Individuals
diagnosed with COPD were separated into 3 groups: without
sarcopenia, with pre-sarcopenia and with sarcopenia. Low
muscle mass was detected according to a specific cutoff point
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for the Brazilian population with COPD using FFMI (14.65 kg
/ m2 for women and 20.35 kg / m2 for men)3!, low muscle
strength using HGS (<20 kg for women and <30 kg for men)®
and low physical performance using 4MGS (<0.8 m /s was
adopted for both sexes)®. Sarcopenia was defined as the
presence of low muscle mass plus low muscle strength and/or
decreased physical performance, and pre-sarcopenia as the
presence of only low muscle mass (Figure 1)°.

Statistical analysis

Descriptive statistics were used to describe the demo-
graphic and clinical characteristics of the patients and other
potentially confounding variables. Continuous variables were
presented as the mean and standard deviation (SD), and cat-
egorical variables were presented as number and percentage.
The normality of data distribution was analyzed using the
Shapiro-Wilk test. Intergroup analysis (COPD separated into
without sarcopenia with pre-sarcopenia, and with sarcopenia)
was performed using the Student’s T-test or Mann-Whitney
test. A value of p <0.05 was adopted as statistical significance

with 95% confidence intervals (95%CI). For statistical analy-
sis, SPSS-IBM version 20 software was used.

RESULTS

Sixty-one individuals were stratified into three groups: with-
out sarcopenia (n = 33; women: 51%), pre-sarcopenia (n =
15; women: 20%) and sarcopenia (n = 13; women: 62%)
(Figure 1). Sociodemographic characteristics were reported in
Table 1. Individuals without sarcopenia presented lower
weight, body mass index (BMI), fat-free mass index (FFMI),
muscle mass index (MMI) and abdominal circumference when
compared to those with sarcopenia. Age, height, and GOLD
variables did not show statistically significant differences.
Individuals with COPD and sarcopenia presented lower MIP,
TUG and HGS compared to those with pre-sarcopenia and
without sarcopenia (Table 1).

Oxidative stress and inflammatory blood biomarkers of in-
dividuals with COPD were described in Table 2. In individu-
als with COPD, AOPP levels were lower in those with sar-
copenia compared to those with pre-sarcopenia and without
sarcopenia. SOD activity was
lower in individuals with pre-sar-

PRE-SARCOPENIA
(n=15; 25%)

Low Muscle Mass

copenia compared to those with-
out sarcopenia. IL-1 was de-
tected only in individuals with
sarcopenia. CRP was higher in
those individuals with pre-sar-
copenia compared to those with
sarcopenia. The main results
were summarized in Figure 2,
which presents clinical variables
that were increased or reduced in
individuals with pre-sarcopenia

SARCOPENIA
(n=13; 21%)

Low muscle mass plus
low muscle strength
and/or decreased
physical performance

WITHOUT
SARCOPENIA
(N=33; 54%)

Normal muscle mass,
muscle strength and
physical performance

and sarcopenia compared to indi-
viduals without sarcopenia.

DISCUSION

This study contributes novel in-
sights to the field by delineating
specific clinical characteristics in in-
dividuals with COPD afflicted by ei-
ther sarcopenia or pre-sarcopenia.
Our findings reveal that individuals
with sarcopenia exhibit inferior
muscle mass, peripheral muscle
strength, respiratory  muscle
strength, and balance compared to
their counterparts. Moreover, we
observed that the presence of sar-
copenia and pre-sarcopenia is
probably linked by biological mech-

Figure 1. Diagnosis and prevalence of pre-sarcopenia and sarcopenia in individuals with COPD

included in this study
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anisms related to systemic inflam-
mation and oxidative stress.
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Table 1. Baseline characteristics of individuals with COPD with different body composition phenotypes

Variables Without sarcopenia Pre-sarcopenia Sarcopenia p
(n=33) (n= 15) (n=13)

Age (years) 68 £ 7 66 £ 6 717 0,142
Women, n (%) 17 (51%) 3 (20%) 8 (62%) 0.056
Weight (kg) 74 + 14 77 + 14 58 + 15 ab 0,004*
Height (m) 158 + 10 162 + 10 158 + 9 0,299
BMI (Kg/m?2) 29,8+4 26+4 2043 b 0,0002*
Abdominal circumference (cm) 107+12 97+12 81+9 ab 0,0001*
FFMI (Kg/m2) 19+3 1942 16+22 0,0003*
MMI (Kg/m2) 10+2 10+1,6 7£1,4 2 0,0004*
A.A Charlson Comorbidity index 4+1,5 3,7+1 5+1 0,29
Pulmonary function
FEV; (% predicted) 50 + 16 54 + 15 47 £ 10 0,434
FVC (% predicted) 82 + 20 89 + 20 88 + 15 0,552
FEV,/FVC (%) 48+ 9 49+ 9 43+9 0,230
MIP (cmH,0) 82 + 23 91 + 29 61 + 14 ab 0,010%
MEP (cmH,0) 113 + 34 131 + 40 99 + 26 0,095
GOLD, I, II, III, IV, n (1/17/11/3) (0/6/5/3) (0/5/8/0) 0,39
Balance, strength and functionality
TUG (m/s) 71+1,1 73+1,3 83+132 0,036*
4MGS (m/s) 1,2+0,11 1,1+0,13 1,04+0,2 0,1
HGS (Kg) 33+£7 38+9 25 + 6 ab 0,002*

The values were described as mean + SD, with the exception of the GOLD class. BMI: body mass index; COPD: chronic obstructive pulmonary
disease. FFMI: fat-free mass index; GOLD: Global Initiative for Obstructive Lung Disease; FEV1: final expiratory volume in 1 sec; FVC: forced vi-
tal capacity; HGS: handgrip strength; MMI: muscle mass index; MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure; TUG:
Timed Up and Go test; 6BMWT: 6-minute walk test; 4MGS: 4-meter gait speed. Comparison between without sarcopenia, pre sarcopenia and sar-

copenia (a, b, c respectively). P * <0.05 was used.

In our study, we observed a sarcopenia prevalence of 21%
and pre-sarcopenia at 25%, which are comparatively lower
than those reported in other studies involving the Brazilian
population (4,9% and 12,4%, respectively)32. However, our
study differs from the investigations by Costa et al 201732 in
the methodology used to diagnose sarcopenia, because we
detected sarcopenia and pre-sarcopenia according to interna-
tional recommendations®. The prevalence observed in our
study is in accordance with the worldwide prevalence of sar-
copenia in this population?’.

We observed a negative clinical impact among individuals
with COPD and sarcopenia, characterized by lower muscle
mass, peripheral, respiratory muscle strength and balance.
The decrease in muscle mass in individuals with COPD is al-
ready known and it is prevalent in around 35% of the indi-
viduals with COPD3!. This reduction is linked to alterations in
both peripheral and respiratory muscle strength33. In our
study, individuals with COPD and sarcopenia exhibited notably
poorer respiratory muscle strength compared to the other
groups. While a decline in respiratory muscle strength has

Nutr Clin Diet Hosp. 2024, 44(1):295-302
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Table 2. Inflammatory and oxidative stress biomarkers in individuals with COPD with different body composition phenotypes

Variables Without sarcopenia |  Pre-sarcopenia(®= | - sarcopenia(n=13) p
Oxidant
AOPP (uM/I) 80 (67-128) 86 (62-104) 58 (51-71) &b 0.015
NOX (pmol/mg) 7.7+3 8.7t4 8.6+4 0.5
Antioxidant
TRAP (uM/trolox) 985+134 987+178 889+150 0.1
SOD (U/mgHb) 49.5+15 39.749 a 41+12 0.045
CAT (U/mgHb) 51+11 49+11 46+11 0.4
PON-1 (U/ml) 194452 172451 195468 0.4
Inflammation
CRP (mg/L) 2.6 (1.1) 4.5(1.3-6) ¢ 1.2(0.9-1.8) 0.035
IL6 (pg/mL) 2,542 + 3,893 2,025 + 2,152 2,297 + 2,097 0,876
IL-8 (pg/mL) 12 + 5,985 12 + 4,860 15 + 5,010 0,468
IL-10 (pg/mL) 0,117 + 0,192 0,541 + 1,990 0,118 + 0,182 0,543
IL-1B (pg/mL) 0 0 0 (0-0.20) &b 0.033
IL-12P70 (pg/mL) 0+0 0,037 + 0,112 0+0 0,232
TNF-a (pg/mL) 946 (890-1080) 942 (882-1049) 845 (770-1062) 0.6

COPD: Chronic pulmonary obstructive disease; AOPP: Advanced oxidation protein product; PON-1: paraoxonase 1; SOD: superoxide dismutase
activity; NOX: nitric oxide metabolites; TRAP: total radical trapping antioxidant parameter; CRP: C-reactive protein; IL-6: interleukin-6; IL-16b: in-
terleukin-16; TNF-a: tumoral factor-a; IL-12: interleukin-12. Comparison between without sarcopenia, pre-sarcopenia and sarcopenia (a, b, ¢ res-

pectively). P * <0.05 was used.

been observed in individuals with COPD3#, our study consti-
tutes a pioneering investigation, as it delves into the specific
comparison between individuals with and without sarcopenia
and pre-sarcopenia in this context.

Muscle weakness is associated to chronic inflammation and
oxidative stress in individuals with COPD3>:36, Elevated levels
of pro-inflammatory cytokines and oxidative stress biomark-
ers have been documented in this respiratory condition3. In
our study, Individuals with COPD with sarcopenia and pre-sar-
copenia showed high levels of circulating proinflammatory cy-
tokines. These findings align with prior research indicating
that individuals with COPD and sarcopenia exhibit elevated
levels of inflammatory biomarkers3® and diminished protein
oxidation3”. Chronic inflammation and oxidative stress bio-
markers have been correlated with compromised muscle
strength, reduced muscle mass, and slower gait speed in in-
dividuals with COPD36, The decline in peripheral muscle mass

Nutr Clin Diet Hosp. 2024; 44(1):295-302

is directly associated with decreased protein synthesis, a con-
sequence of oxidative stress and chronic inflammation38.

While muscle mass and strength have received attention
from previous authors in the context of individuals with COPD
and sarcopenia, balance has been not totally investigated!’.
In our study, we addressed this gap by examining dynamic
balance using the Timed Up and Go test. This particular test
is widely recommended for assessing physical performance,
dynamic balance, and fall risk in the elderly population3, and
it has found application in individuals with COPD#0, Notably, a
previous study has indicated that individuals with COPD ex-
hibit compromised balance and an elevated risk of falls*®, The
potential association between impaired balance and sarcope-
nia in individuals with COPD is noteworthy, considering that
muscle weakness is a known factor contributing to balance
dysfunction and an increased risk of falls, particularly in older
individuals3. As clinical message, the early diagnose of sar-
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Individual with COPD
with sarcopenia

Individual with
COPD
without

} Muscle mass

} Peripheral muscle strength
} Respiratory muscle strength
} Balance

} Protein oxidation

t Inflammation

sarcopenia

Comparisons

Individual with COPD
with pre-sarcopenia

} Antioxidant activity
t Inflammation

| reduced

tincreased

Figure 2. Comparison between individuals with COPD with pre-sarcopenia and sarcopenia: main results

copenia or pre-sarcopenia in individuals with COPD is benefi-
cial to detect patients who need more intervention specially
exercise program to improve the balance, muscle strength
and muscle mass. One of the few studies to explore rehabili-
tation in individuals with COPD who have sarcopenia was con-
ducted by Jones et al.*, that included a multicomponent ex-
ercise-based intervention with aerobic exercise, lower and
upper limb resistance training, and education classes.
However, this exercise program* did not include balance
training. Therefore, considering the negative functional im-
pact of sarcopenia in individuals with COPD, it is necessary to
incorporate other exercises modalities in the pulmonary reha-
bilitation which have not been fully considered by the inter-
national consensus in this respiratory disease*243,

The limitations of the study are related to the cross-sec-
tional design, and the results cannot infer the causality of the
data. Additionally, the sample was for convenience, not prob-
abilistic, and some groups were left with the sample quantity

decreased. However, we used the recommendation of
European Working Group on Sarcopenia in Older People to di-
agnose sarcopenia. In addition, we analyzed clinical and bio-
logical biomarkers not fully investigated in the literature.
Future studies could include a large sample size and explore
longitudinally these and other variables in individuals with
COPD and pre-sarcopenia or sarcopenia.

CONCLUSION

In conclusion, our study demonstrates that individuals with
COPD who manifest sarcopenia exhibit diminished muscle
mass, impaired balance, and reduced peripheral and respira-
tory muscle strength in comparison to those with pre-sar-
copenia or without sarcopenia. Furthermore, our findings
suggest a probable association between the coexistence of
sarcopenia and pre-sarcopenia, indicating a connection
through biological mechanisms linked to systemic inflamma-
tion and oxidative stress biomarkers.

Nutr Clin Diet Hosp. 2024, 44(1):295-302



NUTRICION CLINICA Y DIETETICA HOSPITALARIA

REFERENCES

1.

10.

11.

12.

13.

14.

Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the diag-
nosis, management, and prevention of chronic obstructive pul-
monary disease GOLD executive summary. Am J Respir Crit Care
Med. 2013;187(4):347-365. doi:10.1164/rccm.201204-0596PP

Costa TM da RL, Costa FM, Moreira CA, et al. Sarcopenia in COPD:
relationship with COPD severity and prognosis. J Bras Pneumol.
2015;41(5):415-421. doi:10.1590/51806-37132015000000040

Riviati N, Setiati S, Laksmi PW, Abdullah M. Factors Related with
Handgrip Strength in Elderly Patients. Acta Med Indones. 2017;
49(3):215-219. http://www.ncbi.nlm.nih.gov/pubmed/29093231

Mathews AM. The Functional and Psychosocial Consequences of
COPD. Respir Care. 2023;68(7):914-926. doi:10.4187/resp
care.10542

Horner A, Olschewski H, Hartl S, et al. Physical Activity,
Depression and Quality of Life in COPD — Results from the CLARA
II Study. Int J Chron Obstruct Pulmon Dis. 2023;Volume 18:2755-
2767. doi:10.2147/COPD.S435278

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing.
2018;(1):1-16. doi:10.1093/ageing/afy169

Beaudart C, Zaaria M, Pasleau F, Reginster JY, Bruyére O. Health
outcomes of sarcopenia: A systematic review and meta-analysis.
PLoS One. 2017;12(1):1-16. doi:10.1371/journal.pone.0169548

Yuan S, Larsson SC. Epidemiology of sarcopenia: Prevalence, risk
factors, and consequences. Metabolism. 2023;144:155533.
doi:10.1016/j.metabol.2023.155533

Costa TM da RL, Costa FM, Moreira CA, Rabelo LM, Boguszewski CL,
Borba VZC. Sarcopenia in COPD: relationship with COPD severity
and prognosis TT - Sarcopenia na DPOC: relagdo com a gravidade
e 0 progndstico da DPOC. J Bras Pneumol. 2015;41(5):415-421.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=51806-
37132015000500415

Byun MK, Cho EN, Chang J, Ahn CM, Kim HJ. Sarcopenia correlates
with systemic inflammation in COPD. Int J Chron Obstruct Pulmon
Dis. 2017;Volume 12:669-675. doi:10.2147/COPD.S130790

Sepulveda-Loyola W, de Castro LA, Matsumoto AK, et al. NOVEL
antioxidant and oxidant biomarkers related to sarcopenia in COPD.
Hear Lung. 2020;000:1-8. doi:10.1016/j.hrtlng.2020.06.001

Jones SE, Maddocks M, Kon SSC, et al. Sarcopenia in COPD:
prevalence, clinical correlates and response to pulmonary reha-
bilitation. Thorax. 2015;70(3):213-218. doi:10.1136/thoraxjnl-
2014-206440

de Blasio FFFF, Di Gregorio A, de Blasio FFFF, et al. Malnutrition
and sarcopenia assessment in patients with chronic obstructive
pulmonary disease according to international diagnostic criteria,
and evaluation of raw BIA variables. Respir Med. 2018;134(July
2017):1-5. doi:10.1016/j.rmed.2017.11.006

Sergi G, Coin A, Marin S, et al. Body composition and resting en-
ergy expenditure in elderly male patients with chronic obstructive
pulmonary disease. Respir Med. 2006;100(11):1918-1924.
doi:10.1016/j.rmed.2006.03.008

Nutr Clin Diet Hosp. 2024; 44(1):295-302

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.
29.

Lee DW, Choi EY. Sarcopenia as an independent risk factor for de-
creased BMD in COPD patients: Korean national health and nutri-
tion examination surveys IV and V (2008 2011). Respirology.
2016;21:183. doi:10.1111/resp.12939_15

Lee DW, Jin HJ, Shin KC, Chung JH, Lee HW, Lee KH. Presence of
sarcopenia in asthma-COPD overlap syndrome may be a risk fac-
tor for decreased bone-mineral density, unlike asthma: Korean
National Health and Nutrition Examination Survey (KNHANES) IV
and V (2008-2011). Int J Chron Obstruct Pulmon Dis. 2017;
12:2355-2362. doi:10.2147/COPD.S138497

Sepulveda-Loyola W, Osadnik C, Phu S, Morita AA, Duque G,
Probst VS. Diagnosis, prevalence, and clinical impact of sarcope-
nia in COPD: a systematic review and meta-analysis. J Cachexia
Sarcopenia Muscle. 2020;11(5):1164-1176.

Alvarez-Bustos A, Rodriguez-Sanchez B, Carnicero-Carrefio JA,
Sepulveda-Loyola W, Garcia-Garcia FJ, Rodriguez-Mafias L.
Healthcare cost expenditures associated to frailty and sarcopenia.
BMC Geriatr. 2022;22(1). doi:10.1186/s12877-022-03439-z

Zanker J, Sim M, Anderson K, et al. Consensus guidelines for sar-
copenia prevention, diagnosis and management in Australia and
New Zealand. J Cachexia Sarcopenia Muscle. 2023;14(1):142-
156. doi:10.1002/jcsm.13115

Gologanu D, Ionita D, Gartonea T, Stanescu C, Bogdan MA. Body
composition in patients with chronic obstructive pulmonary dis-
ease. Maedica (Buchar). 2014;9(1):25-32.

Miller MR, Hankinson ], Brusasco V, et al. Standardisation of
spirometry. Eur Respir J. 2005;26(2):319-338. doi:10.1183/090
31936.05.00034805

Kyle UG, Genton L, Karsegard L, Slosman DO, Pichard C. Single
Prediction Equation for Bioelectrical Impedance Analysis in Adults
Aged 20 — 94 Years. Nutrition. 2001;3:248-253.

Leo F. Black, Hyatt RE. Maximal Respiratory pressures: normal
values and relationship to age an sex. Am Rev Respir Dis. 1969;
99:696-702.

British Geriatric Society. Fit for Frailty Fit for Frailty. Published on-
line 2014:1-22.

Repetto M, Reides C, Gomez Carretero ML, Costa M, Griemberg
G, Llesuy S. Oxidative stress in blood of HIV infected patients.
Clin Chim Acta. 1996;255(2):107-117. doi:10.1016/0009-8981
(96)06394-2

Rebecca J. Richter, BS, Gail P. Jarvik, MD, PhD, and Clement E.
Furlong P. Determination of Paraoxonase 1 Status Without the
Use of Toxic Organophosphate Substrates. Circ Cardiovasc Genet.
2008;1(2):147-152. doi:10.1161/CIRCGENETICS.108.811638.
Determination

Marklund S, Marklund G. Involvement of the Superoxide Anion
Radical in the Autoxidation of Pyrogallol and a Convenient Assay
for Superoxide Dismutase. Eur J Biochem. 1974;474:469-474.

Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-126.

Witko-sarsat V, Friedlander M, Capeillere-blandin C, et al. Advanced
oxidation protein products as a novel marker of oxidative stress in
uremia. Kidney int. 1996;49:1304-1313. doi:10.1038/ki.1996.186



IMPACT OF PRE-SARCOPENIA AND SARCOPENIA ON BIOLOGICAL AND FUNCTIONAL OUTCOMES IN INDIVIDUALS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE: A CROSS-SECTIONAL STUDY

30.

31.

32.

33.

34.

35.

36.

Navarro-Gonzalvez JA, Garcia-Benayas C, Arenas Joaquin.
Semiautomated Measurement of Nitrate in Biological. Clin Chem.
1998;0022(3):679-681.

Travassos A, Rodrigues A, Furlanetto KC, et al. Fat-free mass de-
pletion in patients with COPD in Brazil : development of a new
cutoff point and its relation with mortality and extrapulmonary
manifestations. Eur J Clin Nutr. 2017;(April):1-6. doi:10.1038/
ejcn.2017.105

Munhoz T, Costa L, Costa FM, Moreira CA, Zeghbi V, Borba C.
Sarcopenia prevalence in COPD patients-comparison among four
different criteria. 2017;5:489-493.

Choi Y], Park HJ, Cho JH, Byun MK. Low Skeletal Muscle Mass and
Clinical Outcomes in Chronic Obstructive Pulmonary Disease.
Tuberc Respir Dis (Seoul). 2023;86(4):272-283. doi:10.4046/
trd.2023.0008

Liu X, Li P, Wang Z, et al. Evaluation of isokinetic muscle strength
of upper limb and the relationship with pulmonary function and
respiratory muscle strength in stable COPD patients. Int J Chron
Obstruct Pulmon Dis. 2019;Volume 14:2027-2036. doi:10.2147/
COPD.S214737

Queiroz CF, Lemos ACM, Bastos M de LS, et al. Inflammatory and
immunological profiles in patients with COPD: relationship with
FEV 1 reversibility. J Bras Pneumol. 2016;42(4):241-247.
doi:10.1590/s1806-37562015000000122

Byun, Min Kwang, Eun Na Cho, Joon Chang, Chul Min Ahn HJK.
Sarcopenia correlates with systemic inflammation in COPD. Int J
Chron Obs Pulmon Dis. 2017;12:669-675.

37.

38.

39.

40.

41.

42.

43.

Sepulveda-Loyola W, de Castro LA, Matsumoto AK, et al.
NOVEL antioxidant and oxidant biomarkers related to sarcope-
nia in COPD. Hear LUNG. 2021;50(1):184-191. doi:10.1016/
j.hrting.2020.06.001

Chen M, Wang Y, Deng S, Lian Z, Yu K. Skeletal muscle oxidative
stress and inflammation in aging: Focus on antioxidant and anti-
inflammatory therapy. Front Cell Dev Biol. 2022;10. doi:10.3389/
fcell.2022.964130

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: Revised
European consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. doi:10.1093/ageing/afy169

Aratjo de Castro L, Morita AA, Sepulveda-Loyola W, et al. Are
there differences in muscular activation to maintain balance be-
tween individuals with chronic obstructive pulmonary disease
and controls? Respir Med. 2020;173:106016. doi:10.1016/
j.rmed.2020.106016

Jones SE, Maddocks M, Kon SSC, et al. Sarcopenia in COPD:
prevalence, clinical correlates and response to pulmonary reha-
bilitation. Thorax. 2015;70(3):213-218. doi:10.1136/thoraxjnl-
2014-206440

O'Hoski S, Harrison SL, Butler S, Goldstein R, Brooks D. Clinician-
led balance training in pulmonary rehabilitation. Physiother
Canada. 2021;73(3):235-243. doi:10.3138/ptc-2019-0111

Nolan CM, Rochester CL. Exercise Training Modalities for People
with Chronic Obstructive Pulmonary Disease. COPD J Chronic
Obstr Pulm Dis. 2019;16(5-6):378-389. doi:10.1080/15412555.
2019.1637834

Nutr Clin Diet Hosp. 2024, 44(1):295-302



