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a b  s t  r a  c t

Malnutrition  and sarcopenia  are  prevalent  and  often  underdiagnosed in individuals  with  chronic obstruc-
tive  pulmonary disease  (COPD),  with  significant implications  for  morbidity, mortality, and quality  of  life.
Despite  their  clinical  relevance,  current  COPD guidelines  provide limited  direction regarding  nutritional
assessment  and intervention.  This  consensus  document,  developed  jointly  by  the  Spanish Society of  Pul-
monology and  Thoracic Surgery  (SEPAR)  and  the  Spanish Society  of Endocrinology  and Nutrition (SEEN),
offers  evidence-based  recommendations  for the  nutritional assessment  and  management  of patients with
COPD. A multidisciplinary panel of experts identified three key  clinical  issues  relating  to the  prevalence
and impact of malnutrition,  appropriate assessment strategies,  and  the  effectiveness of nutritional  inter-
ventions.  Systematic  reviews  were  conducted  in accordance with  PRISMA  guidelines,  and the  quality
of evidence  was assessed using SIGN and GRADE  methodologies.  These recommendations  aim to  sup-
port  clinical decision-making  and promote  early,  structured,  and  individualized nutritional  strategies  to
improve  outcomes  in patients with  COPD.

©  2025  SEPAR. Published by  Elsevier España,  S.L.U. All  rights  are  reserved,  including those for  text
and  data  mining,  AI training,  and similar  technologies.

Introduction

Chronic obstructive pulmonary disease (COPD) is  one of the
chronic conditions that consumes the most healthcare and eco-
nomic resources, representing a major public health issue. Today,

∗ Corresponding author.
E-mail address: juanmarcofigueira@gmail.com (J.M. Figueira-Gonç alves).

this disease is recognized as a  heterogeneous entity in which, in
addition to pulmonary involvement, systemic manifestations may
also be present. Among these, malnutrition stands out. The rela-
tionship between the two conditions is complex and very likely
bidirectional. Despite their connection and the impact that  may
result from the coexistence of both conditions, nutritional assess-
ment in  the care of patients with COPD remains inadequate. This
may  be partly due to  the limited attention that COPD manage-
ment guidelines give to this non-pharmacological intervention,

https://doi.org/10.1016/j.arbres.2025.08.009
0300-2896/© 2025 SEPAR. Published by Elsevier España, S.L.U. All  rights are reserved, including those for text and data mining, AI training, and similar technologies.

Please cite this article as: J. de Miguel-Díez, J.P. Suárez-Llanos, J.M. Figueira-Gonç alves et al., SEPAR and SEEN Con-
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which has received little focus—except for the recently published
GARIN guideline [1].  All of this justifies the development of the
present consensus document, whose main objective is to com-
prehensively address the nutritional assessment and management
of patients with COPD. Its creation is the result of collaboration
between experts from the Spanish Society of Pulmonology and Tho-
racic Surgery (SEPAR) and the Spanish Society of Endocrinology and
Nutrition (SEEN).

Methodology

Two different evidence assessment methodologies were used in
the development of this document. The first two  questions were
addressed using the Scottish Intercollegiate Guidelines Network
(SIGN) methodology, while the third question was  approached
using the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology.

The process began with the formation of an expert panel com-
posed of members from SEPAR and SEEN. This multidisciplinary
group reached a  consensus on three key questions that guided the
development of the document. A systematic literature review was
then conducted following the guidelines of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
methodology. Each phase of the review was carried out in  dupli-
cate, and in cases of disagreement, a  third reviewer was  involved
to resolve the discrepancies.

For the final phase, the panel was divided into three sub-
groups according to the clinical specialty of its members, allowing
for a more specific and detailed analysis of the evidence. As a
result of this collaborative effort, the recommendations were devel-
oped. Finally, the document was reviewed and approved by all the
authors (Supplementary Materials 1–4).

Questions

What is the prevalence and impact of malnutrition on the clinical

and functional progression of patients with COPD?

Prevalence

The prevalence of malnutrition in  COPD is not well established.
Prior to the publication of the Global Leadership Initiative on Mal-
nutrition (GLIM) diagnostic criteria (Supplementary 1 Table 1)
[2]—developed with the participation of leading clinical nutrition
societies from most continents—there was no consensus on how to
diagnose malnutrition. As a  result, the tools used to identify it across
different studies have not been uniform. This variability in crite-
ria, combined with country-specific socioeconomic factors, study
settings, and the clinical status of patients at the time of assess-
ment (whether in a  stable phase or during an exacerbation), leads
to highly variable prevalence rates [3–7].  A recent meta-analysis
estimated the global prevalence of malnutrition in COPD patients
at 30%, with wide regional variations ranging from 16.1% to 53.5%
[5].  In recent years, the prevalence of malnutrition in  individuals
with COPD—diagnosed using GLIM criteria—has been estimated to
range from approximately 22–48% [8–11].

Sarcopenia is defined as a progressive and generalized skele-
tal muscle disease characterized by the loss of muscle strength,
mass, and quality, leading to unfavorable clinical outcomes [12].
Fig. 1 shows the diagnostic algorithm for sarcopenia according to
the revised criteria of the European Working Group on Sarcopenia
in Older People (EWGSOP2). This condition is  frequently observed
in patients with COPD, with a global prevalence of 21.6% [13],  and
it can go unnoticed in some patients with a  high body mass index
(BMI). Additionally, around 25% of people with COPD will develop
cachexia (defined as the loss of lean body mass due to chronic

disease) during the course of their illness [14]. Although malnu-
trition, sarcopenia, and cachexia are distinct conditions, they are
closely related and often overlap in  many individuals, so a proactive
approach is  necessary to detect them early [9,11].

Impact

A major limitation of the literature review on the clinical impact
of malnutrition is that most studies were conducted without con-
sidering the current diagnostic criteria for malnutrition or the
importance of functionality. Many of these studies use only BMI
as a  marker of nutritional status and do not take into account mor-
phofunctional assessment—which is a  more recent development
but may  be highly relevant in  this type of patient.

Pulmonary function

Several studies have analyzed the association between impaired
nutritional parameters and greater severity of COPD. Most of
these studies, generally cross-sectional in design, have evaluated
pulmonary function variables. Due to  the study methodologies,
only a statistical association can be established, without inferring
causality, between malnutrition and poorer pulmonary function.
Supplementary 1 Table 2 shows the main studies, most of which
confirm an association between deterioration in  nutritional indices
and worse pulmonary function in  COPD [4,15–37].

Nutritional assessment is  predominantly performed
using anthropometric parameters, especially BMI
[4,15–17,19,22,24–26,29–33,35–39], or body composition mea-
surements. The most studied body composition variable is  the
fat-free mass index (FFMI), estimated by bioelectrical impedance
analysis (BIA) [4,15,18,20,22,27,33,37–39].  Few articles employ
multidimensional parameters [21,27,34] or biochemical markers
[17,23,24].  There are also few studies in  which no association
or only a  marginal association between nutritional parameters
and pulmonary function is found [32,34].  It should be noted that
two large longitudinal studies found an association between
low body weight—defined as a  BMI  <  18.5 kg/m2 (among other
variables)—and greater decline in pulmonary function over time
[35,36].  Data from the multinational ECLIPSE cohort reflect a
reduction in nutritional indices such as FFMI and BMI  as the
severity of airflow obstruction increases [38]. Additionally, a
meta-analysis of four clinical trials confirmed that low BMI  is  a
risk factor for significant worsening of pulmonary function, while
a  BMI  >  30 kg/m2 acts as a  protective factor [40]. Other anthropo-
metric parameters, such as reduced calf circumference—which can
be considered a  surrogate marker of muscle mass—are associated
with poorer pulmonary function [41].

Regarding body composition, a  decreased FFMI is associated
with lower maximal inspiratory pressure (MIP), regardless of
whether BMI  is  normal or low [18,42].  BIA can measure resis-
tance (R), which is  the opposition that biological tissue offers to
the passage of an electrical current, and reactance (Xc), which is
the tissue’s ability to store electrical charge like a  capacitor. The
arctangent of these variables produces the phase angle (PA), a
parameter that reflects the integrity of cell membranes and the
distribution of intracellular and extracellular water. PA has been
shown to be a  good prognostic marker in multiple diseases, with
lower values indicating worse clinical prognosis. In relation to
COPD, PA  shows a  strong correlation—sometimes even better than
FFMI—with various measures of respiratory function such as forced
expiratory volume in one second (FEV1) and forced vital capacity
(FVC) [39,43,44].

Similarly, the cross-sectional area of the rectus femoris muscle
measured by computed tomography (CT) correlates with FEV1 [45].
Additionally, reduced handgrip strength is  associated with pro-
gressive decline in FEV1 [35].  Several authors have found poorer
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Fig. 1. Diagnosis of sarcopenia according to  EWGSOP2 criteria. Abbreviations: BIA:  bioelectrical impedance analysis; CT: computed tomography; DXA: dual-energy X-ray
absorptiometry; MRI: magnetic resonance imaging; SARC-F: tool proposed to identify individuals at risk of sarcopenia (see  Supplementary 2  Table 4); SPPB: Short Physical
Performance Battery; TUG: timed up and go test.

nutritional parameters, including BMI  and FFMI, in  patients with
CT-detected emphysema compared to other phenotypes, with a
correlation also observed between the radiological severity of
emphysema and these nutritional markers [20,46].

The influence of categorizing individuals by nutritional risk
using the Mini Nutritional Assessment (Supplementary 2 Table 1)
on pulmonary function is contradictory, with some studies showing
an association with poorer pulmonary function and others showing
no such association [21,34].

Level of evidence according to SIGN: 2+. Most of the evidence
is based on cross-sectional and some longitudinal studies, which
indicate an association between malnutrition—determined by low
BMI or reduced muscle mass—and poorer pulmonary function
in patients with COPD. However, causality cannot be confidently
inferred due to the study designs. Two longitudinal studies suggest
an association between a BMI  <  18.5 kg/m2 and a  greater decline
in pulmonary function over time, which supports the idea that
nutritional status clinically impacts the progression of pulmonary
function in patients with COPD.

Strength of recommendation: Moderate recommendation (B). It
is recommended that nutritional status be regularly monitored in
patients with COPD, as evidence suggests that  malnutrition may  be
associated with worsening pulmonary function.

Mortality

The impact of malnutrition on mortality in COPD has been
assessed in studies involving outpatients [46,47] or patients hos-
pitalized due to an exacerbation [48–51].  Some of these studies
have used administrative databases [50,52],  while others are post
hoc analyses of  clinical trials [53].  Few studies have focused solely
on in-hospital mortality [48,50],  with most analyzing periods of
2–3 years, and some with longer follow-up durations [54,55]. The
vast majority have found an association between poorer nutritional
parameters and higher mortality [8,46,48–60].  Supplementary
1 Table 3  presents various studies evaluating the relationship
between nutritional parameters and mortality in COPD.

Baseline BMI  is  the most commonly used parameter
[46,48,51–54,56,57].  A low baseline BMI  (<18.5 kg/m2,  <20 kg/m2,
or  <21 kg/m2 depending on the authors) has been associated with
higher mortality in two meta-analyses [61,62]. In contrast, the
influence of overweight or obesity is  less consistent. While some
studies have found both overweight and obesity to be associated
with lower mortality [50,52,61,62],  others report that obesity is
linked to lower mortality only in patients with advanced-stage
COPD [54],  or that mild overweight is  associated with lower
mortality compared to normal weight, but the protective effect
disappears at higher degrees of obesity [53].

On the other hand, weight loss over time has been linked to
mortality; specifically, involuntary weight loss of more than 5% is
associated with a  twofold increase in 3-year mortality, showing
greater predictive ability than BMI [46,55,63]. However, in  some
cases, this association may  not  be consistent [47],  possibly because
it depends on baseline BMI  (in overweight or obese patients, sur-
vival appears better in cases of weight loss or  weight stability)
[55].

Body composition assessment is also related to mortality.
Regarding anthropometric parameters, reduced calf circumference
(≤34 cm in  men, ≤33 cm in women) is  associated with higher
two-year mortality in patients with COPD [41].  Mid-arm muscle
circumference (MAMC) appears to be a better predictor than BMI.
Low values increase the risk of mortality up to fourfold, both in
patients with normal weight and those who  are overweight [59].

On the other hand, assessment of body composition using
advanced techniques is also related to mortality. A reduced
FFMI estimated by BIA (defined in most studies as <17 kg/m2 or
<16  kg/m2 in men  and <15 kg/m2 in women) has been shown to be
a prognostic factor for overall and COPD-related mortality, even in
individuals with normal weight [58,64–66], as well as its decline
over time [66].  Furthermore, a  decrease in fat-free mass (FFM)
below 80% of the sex-adjusted European reference value has been
associated with a  fourfold increased risk of mortality [8].  Likewise,
raw electrical variables from BIA have demonstrated their impor-
tance in this patient profile, with a  low phase angle being associated
with higher mortality [43,44].

Level of evidence according to SIGN: 2+. Most studies are  obser-
vational (cohort studies and post hoc analyses) and evaluate the
association between malnutrition (measured mainly by  BMI, but
also by weight loss, FFMI, calf circumference, and phase angle) and
increased mortality in patients with COPD, both outpatients and
hospitalized. The evidence suggests that low BMI (<18.5–20 kg/m2)
is correlated with higher mortality in most studies. However, the
impact of overweight and obesity is  less consistent, with some stud-
ies showing a  protective effect of mild obesity or overweight under
certain circumstances. There is also evidence that weight loss over
time is  associated with higher mortality, although not  all stud-
ies agree, possibly due to the influence of baseline BMI. Likewise,
there is  evidence that  reduced muscle mass and phase angle are
associated with higher mortality, even independently of BMI.

Strength of recommendation: Moderate recommendation (B). It
is recommended to initiate nutritional strategies aimed at improv-
ing weight status as early as possible in COPD patients with low
BMI  (<20 kg/m2).  There is  a strong association between low BMI
(<18.5–20 kg/m2)  and higher mortality in  COPD patients, based on
the majority of available observational studies. Findings regard-
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ing the protective effect of overweight and obesity are not  entirely
consistent.

Body composition analysis appears to be  a  better independent
predictor of mortality than BMI, whether through anthropometric
measures (mid-arm muscle circumference or calf circumference) or
advanced techniques (FFMI or phase angle), even in patients with
apparently normal weight or overweight.

Exacerbations

Malnutrition impacts other clinical outcomes and is associ-
ated with a higher risk of experiencing exacerbations in  general,
as well as more severe episodes leading to hospital admission
(Supplementary 1 Table 4).

There is a high prevalence of underweight, malnutrition, and
sarcopenia [7,10,68] in  patients with COPD hospitalized due to  an
exacerbation. Furthermore, these factors are associated with longer
hospital stays, a  more complicated clinical course, and more fre-
quent subsequent exacerbations [7,24,69,70], which also occurs in
those who lose weight afterward [71].  Individuals admitted with
malnutrition diagnosed using GLIM criteria and sarcopenia diag-
nosed by EWGSOP2 criteria have a higher risk of readmission and
prolonged hospital stays [11], although this effect disappears in
some studies after adjusting for other factors [8].  Overweight and
obesity are often accompanied by a  low FFMI in patients admitted
for an exacerbation, highlighting the importance of the relationship
between obesity and sarcopenia [46].  Additionally, malnutrition
is associated with a  higher number of both early and one-year
readmissions following an initial hospitalization [49,50,70,72,73].
Micronutrient deficiencies, especially vitamins B12 and D, are  com-
mon in patients with acute exacerbations [74]. An albumin level
<3 g/dL appears to identify a  higher risk of prolonged hospitaliza-
tion [70] and short-term readmission [49,70].

Another recognized impact of malnutrition is  a  higher risk of
hospital admissions in  outpatient cohorts, whether defined by
GLIM criteria [8] or by  the presence of a  low BMI  [52,58].  Low values
of FFM and muscle mass are also associated with an increased risk
of readmission, even in  the presence of a  normal BMI [8,58,70].
Similarly, low BMI  values have been linked to a  higher risk  of
exacerbations [19,24,46,47,52,53,58],  although in some studies this
association loses significance when adjusting for lung function [8]
or finds no relationship [46,68,75,76].  Both low BMI and obesity
(BMI < 22 and >30 kg/m2, respectively) are significantly associated
with a lower likelihood of presenting a non-exacerbator phenotype
in women, with no significant association in men  [6]. Likewise, indi-
viduals with stable COPD who experience weight loss over time
have more exacerbations [47], as do  those with reduced calf cir-
cumference [41], hypoalbuminemia, or hypoproteinemia [75]. A
low score on the Mini Nutritional Assessment Short Form (MNA-SF)
screening tool (supplementary 2 Table 1) is also associated with a
higher risk of exacerbations [77].

Level of evidence: 2+. Most studies are observational (cohort and
cross-sectional studies). There is  a  consistent association between
malnutrition (including low BMI, weight loss, sarcopenia, low FFMI,
and hypoalbuminemia) and worse clinical outcomes in  patients
with COPD, such as a  higher risk of exacerbations, hospital read-
missions, and prolonged hospital stays.

Strength of recommendation: Moderate recommendation (B). It
is recommended to  proactively identify and manage malnutrition
in patients with COPD, given its clinical impact on  multiple relevant
outcomes, even in  the presence of a normal or elevated BMI.

Quality of life

Malnutrition is also associated with quality of life in  COPD. This
has been assessed using both disease-specific questionnaires—such
as the St. George’s Respiratory Questionnaire (SGRQ) [18,26,78–80],
the Clinical COPD Questionnaire (CCQ) [81],  and the COPD Assess-

ment Test (CAT) [4,33,82]—as well as generic tools like the SF-36
Health Survey [78] and the EQ-5D-5L [47].  A BMI  <  20 kg/m2 or
<21 kg/m2 has been correlated in many of these studies with
worse quality of life outcomes, both in overall scores and in  spe-
cific domains (symptoms, mental state, and functional status)
[26,78,80,82].  A meta-analysis of 49 studies found that malnutri-
tion, defined in most cases by low body weight, is associated with
poorer quality of life [62]. Likewise, obesity has also been linked to
worse quality of life in people with COPD [83].  Weight loss, reduced
calf circumference [41,47], low fat-free mass index (FFMI), and its
decline over time  have been associated with worse scores in the CAT
and other quality-of-life assessments [18,33,42,67,82].  Few studies
have reported no differences in  quality of life between underweight
and normal-weight patients [79],  but it has been noted that the neg-
ative association with low weight disappears in individuals with
preserved FFMI. The link between malnutrition and poorer qual-
ity of life appears to  be independent of the degree of  pulmonary
impairment [81],  suggesting that nutritional therapy may  improve
quality of life in  COPD patients regardless of the level of airway
obstruction [4,82].

Level of evidence: 2+. The evidence is  based on observational
studies (cohorts, meta-analyses), which show a significant asso-
ciation between malnutrition (primarily defined by a low BMI) and
poorer quality of life in  patients with COPD.

Strength of recommendation: Moderate recommendation (B).
Nutritional intervention is  recommended in  patients with COPD
to  improve their quality of life, regardless of the degree of  pul-
monary obstruction. The assessment of parameters such as BMI,
FFMI, and calf circumference could be incorporated into routine
clinical practice to  identify patients at risk.

Exercise tolerance

Malnutrition is associated with metabolic and structural
changes in  both peripheral and respiratory muscles, worsening
preexisting dyspnea and exercise intolerance [78]. A BMI  below
20 kg/m2 has been linked to increased dyspnea [20,29,80,81,84],  as
measured by the oxygen cost diagram [79]. FFMI and arm circum-
ference are also significantly correlated with dyspnea, respiratory
muscle function, and FEV1 [20,29,85].

Exercise capacity, most commonly assessed through the 6-
minute walk test (6MWT) [20,21,33,86],  is reduced in patients with
low body weight and muscle depletion, and shows a significant
correlation with FFMI [18,20,21,33,80,86–88]. An association has
also been found between low FFMI and poorer performance on the
12-minute walk test [42].  In a  case-control study evaluating quadri-
ceps dysfunction, malnutrition—along with inactivity and airflow
limitation—was identified as a  contributing factor [87].

Level of evidence according to SIGN: 2+. Most studies on mal-
nutrition in patients with COPD are observational, particularly
cohort studies, along with some case-control analyses. These stud-
ies assess the relationship between malnutrition—defined by  a  low
BMI (<20 kg/m2) and muscle mass loss measured by FFMI—and
increased risk  of exacerbations, prolonged hospital stays, readmis-
sions, reduced physical capacity, and poorer quality of life (Fig. 2).
Evidence also shows that patients with certain micronutrient defi-
ciencies experience worse quality of life and greater respiratory
difficulty, which negatively impacts their exercise capacity. How-
ever, some studies suggest that obesity may  have a  protective effect
in certain contexts, although this is  not consistent across all evalu-
ated populations.

Strength of recommendation: Moderate recommendation (B).
Routine assessment of nutritional status, including BMI  and FFMI,
is recommended in  patients with COPD, as malnutrition has been
associated with a higher risk of unfavorable disease progression.
There is a  well-established association between low BMI, weight
loss, and muscle mass loss with increased frequency of exacerba-
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Fig. 2.  Effects of malnutrition in  patients with COPD.

tions and hospital readmissions in COPD patients, although the role
of obesity as a protective factor is  less consistent.

What nutritional assessments should be conducted in a

patient with COPD?

Weight-related parameters: BMI  and weight loss

As mentioned in the previous question, BMI  is  associated with
numerous clinical variables in  COPD [48,61,62,71,76,83]. A low BMI
is also a risk factor for osteoporosis [89–93],  with a  cutoff point of
BMI < 20.5 kg/m2 established to  identify those patients at higher
risk (Thai population) [89].  In this regard, it has been reported that
an increase of 1 kg/m2 in BMI  reduces the risk of osteoporosis [92]
(Supplementary 1 Table 5).

Similarly, weight evolution over time  is also important, as pre-
viously mentioned. Moreover, individuals who have experienced
weight loss during the previous year show a 15–20% increase in
resting energy expenditure measured by  indirect calorimetry com-
pared to the theoretical value estimated by equations. This is  partly
due to increased consumption associated with respiratory muscles,
which are less efficient. However, total energy expenditure may
be similar, due to  lower energy expenditure from physical activity
[94–97].

Level of evidence: 1+. The presence of a  meta-analysis linking
BMI with the risk of osteoporosis in  patients with COPD increases
the quality of the evidence. This is  further supported by the con-
sistency of observational studies and reviews that endorse the use
of anthropometric parameters (such as BMI  and FFMI), nutritional
screening scales, and body composition analysis tools.

Strength of recommendation:  Strong recommendation (A). It  is
recommended to regularly assess the BMI  of patients with COPD,
as maintaining an adequate BMI  helps improve clinical outcomes
and reduce risks. This evaluation allows for the timely identification
of those at risk of malnutrition, which is  associated with multiple

negative clinical outcomes, including osteoporosis, frequent exac-
erbations, and poorer quality of life.

Nutritional screening

The most widely evaluated nutritional screening tool in  people
with COPD is the Mini Nutritional Assessment–Short Form (MNA-SF)

(Supplementary 2 Table 1),  which is specific to  populations over
65 years of age. It has been shown to predict exacerbations [77]
and to better identify individuals with osteoporosis than BMI  alone,
with a  59% prevalence of osteoporosis among those with a positive
screening result [93].  Other screening methods, such as the Mal-

nutrition Universal Screening Tool (MUST) (Supplementary 2 Table
2),  the Nutritional Risk Screening 2002 (NRS-2002) (Supplementary
2 Table 3), or  the adapted screening by Elmore et al. [98],  have not
yet demonstrated sufficient detection capacity [9,99].

Level of evidence: 2+. The recommendation is  based on cohort
studies and case-control analyses evaluating the usefulness of dif-
ferent nutritional screening tools in COPD patients, particularly in
those over 65 years of age.

Strength of recommendation:  Weak recommendation (C). Nutri-
tional screening is  recommended for patients with COPD. Among
the available tools, the MNA-SF helps identify individuals over 65
years old at higher risk of exacerbations and osteoporosis. Although
the MNA-SF shows some superiority in the geriatric COPD pop-
ulation, particularly in detecting the risk of exacerbations and
osteoporosis, comparative evidence with other methods remains
limited and is mainly based on observational studies.

Diagnosis of malnutrition

There are various criteria for establishing the diagnosis of
disease-related malnutrition; however, international scientific
societies currently advocate for standardizing this diagnosis
through the GLIM criteria. Patients diagnosed with malnutrition
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according to these criteria have been shown to have higher mortal-
ity, readmission rates, and hospital stays, as previously discussed.

Other diagnostic criteria previously used have also been eval-
uated against the Subjective Global Assessment (SGA) as the
reference standard. When comparing the criteria of the Academy
of Nutrition and Dietetics and the American Society for Parenteral
and Enteral Nutrition (AND-ASPEN), the European Society for Clin-
ical Nutrition and Metabolism (ESPEN), and the GLIM in individuals
hospitalized for COPD exacerbation, the AND-ASPEN definition
shows the best agreement and accuracy, followed by  the GLIM cri-
teria. The AND-ASPEN and ESPEN definitions are also capable of
identifying individuals at risk of prolonged hospital stays (9. The
Patient-Generated SGA (PG-SGA) has also shown good accuracy,
and  patients with a  score ≥ 9 tend to have lower oxygen satura-
tion, BMI, and functional capacity [100].  The diagnostic capacity of
malnutrition using BMI  compared to  the SGA remains controversial
[48,101].

Level of evidence: 1+. This recommendation is  based on high-
quality comparative studies that have evaluated the diagnostic
performance of  different criteria and tools in  the COPD population.

Strength of recommendation: Moderate recommendation (B).
The use of GLIM criteria is recommended for the diagnosis of
malnutrition in patients with COPD. There is consistent evidence
supporting the superiority of certain diagnostic criteria (AND-
ASPEN, GLIM) over others traditionally used, although further
standardization in clinical implementation is still needed.

Body composition

As previously mentioned, the assessment of body composition
has shown a relationship with clinical outcomes in patients with
COPD, suggesting a  worse prognosis when there is  muscle mass
depletion. Supplementary 1 Table 6 [159] shows several stud-
ies that evaluate body composition using different techniques.
Anthropometry and BIA show good reproducibility in individu-
als with stable COPD [102] and good correlation with dual-energy
X-ray absorptiometry (DXA), which is the gold standard tech-
nique [103–106]. The most commonly evaluated body composition
parameter is the fat-free mass index (FFMI). It  should be noted that
formulas used to estimate FFMI through anthropometric measure-
ments tend to overestimate it compared to DXA (by 0.62–1.70 kg)
[102,103] and BIA (by 0.31–4.4 kg); however, some formulas may
also underestimate it [107,108].

In terms of anthropometry, individuals with stable COPD and
sarcopenia can be identified using mid-upper arm circumfer-
ence (MUAC) (men < 26 cm,  women <  27.5 cm)  or mid-arm muscle
area (MAMA) (men <  32.5 cm2, women < 31.7 cm2) [109]. Likewise,
reduced calf circumference is associated with adverse clinical out-
comes [41]. This is a simple assessment tool that can be used in
clinical practice when advanced body composition techniques are
not available.

There is a method for estimating lower limb lean volume (LLV)
using anthropometry based on limb circumference and skinfolds
[110],  which has shown good agreement with DXA in patients
with moderate-to-severe airflow obstruction and correlates with
functionality. A height-adjusted LLV cutoff of ≤9.2 L/m has been
established to identify malnourished individuals [111]. Attempts
to estimate the cross-sectional area of thigh muscle groups using
circumferences and skinfolds have not demonstrated strong diag-
nostic capability [112].

With BIA, the regression formula used to  calculate body com-
position from electrical data is crucial, as it assumes a  constant
hydration state [105,106]. No ideal formula exists, not even those
specifically developed for COPD populations [103,105,107]. Some
studies suggest that the formula by Kyle et al. shows better corre-

lation with DXA [104],  while others indicate that those by  Kulkarni
and Deurenberg provide better estimates [108]. To avoid issues
with regression equations, it is currently recommended to  use raw
electrical measurements, as these are associated with higher mor-
tality, worse functionality, and respiratory impairment—more so
than FFMI, as previously mentioned.

Patients with COPD experience greater peripheral muscle
impairment, particularly in  the lower limbs [45,113,114], espe-
cially in severe cases, with no significant differences in upper limb
or trunk muscle mass [113].  Regional muscle mass loss correlates
with airflow obstruction and is  associated with increased mortality
[45,115].

The cross-sectional area and thickness of the rectus femoris
(RF), assessed by ultrasound, correlate with muscle mass variables
measured by other techniques (CT and BIA) and with functional
capacity. Consistent with greater involvement of the lower limb
muscles, RF cross-sectional area is reduced compared to healthy
controls with similar FFMI [116–118].

Low FFM determined by anthropometry is  a  risk factor for osteo-
porosis, and an increase of 1 kg/m2 in FFMI reduces this risk [92].

COPD patients also show altered fat distribution. CT imaging
reveals that those with FEV1 < 80% have increased visceral fat accu-
mulation and intramuscular fat infiltration compared to  those with
mild obstruction or  no COPD, which correlates with markers of
metabolic syndrome and coronary artery calcification [119].

Level of evidence:  2++. Based on well-designed cohort studies
linking body composition parameters with clinical outcomes in
COPD, and on comparative studies between evaluation techniques.

Strength of recommendation:  Moderate recommendation (B). It  is
recommended to assess body composition in patients with stable
COPD to identify muscle depletion and guide nutritional support
interventions. There is solid evidence supporting the evaluation
of body composition as part of the clinical management of COPD
patients, particularly due to its prognostic value. However, variabil-
ity among techniques and formulas, as well as limited equipment
availability, may  restrict its systematic use.

Functional measures related to  nutrition

The most studied functional measures for strength are handgrip
dynamometry (HGS) and quadriceps maximal voluntary contrac-
tion (QMVC), both of which have shown good reliability and
reproducibility [120–124].  Reduced QMVC and HGS are risk factors
for mortality in  individuals with COPD [125–127] and are associ-
ated with muscle mass loss [125,128,129] and poorer quality of life
[125].  Their association with the strength of other muscle groups is
more debated [45,130].  Quadriceps strength also correlates with
the distance covered in  the 6-Minute Walk Test (6MWT) [131],
with cutoffs to  detect exercise intolerance of QMVC <  26.2 kg and
QMVC/m2 < 9.6 kg/m2 [132]. The relationship between QMVC and
FEV1 remains controversial [45,87,129].  The Five-Repetition Sit-to-
Stand Test (5STS) has also been validated for assessing strength and
can be used for sarcopenia screening [133].

The most widely used functional test in  COPD patients is  the
6MWT  [134]. Other tests, such as the 10-Repetition Sit-to-Stand
Test (10STS), the 30-Second Sit-to-Stand Test (30STS), and the Short
Physical Performance Battery (SPPB), show good reproducibility
[123] and are associated with low muscle mass estimated by DXA.
The most discriminatory cutoffs are 15 repetitions in the 30STS and
10 points in the SPPB [135].  Additionally, the Timed Up  and Go test,
the Berg Balance Scale, and the unipedal stance test correlate well
with QMVC and the 6MWT  [136]. The 2-Minute Walk Test is a reli-
able and validated technique compared with the 6MWT  to  assess
exercise capacity and may  be of interest due to its simplicity and
better tolerability [137].
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Fig. 3.  Nutritional interventions in patients with COPD.

Various functional assessments can be  performed in hospital-
ized COPD patients, but few studies have analyzed their validity
and reliability [138].

Level of evidence: 2++. Based on well-designed cohort studies
linking body composition parameters with clinical outcomes in
COPD, and on comparative studies of evaluation techniques.

Strength of recommendations:  Moderate recommendation (B).
The use of handgrip dynamometry, QMVC, and the 6MWT  is rec-
ommended as key functional measures to  monitor muscle strength
and exercise tolerance in COPD patients. There is  strong evidence
supporting the inclusion of body composition assessment as part
of the clinical approach to COPD, especially due to its prognostic
value. However, variability in techniques and formulas, as well as
equipment availability, may  limit systematic application.

Biochemical markers related to  nutrition

Markers related to nutritional homeostasis

Supplementary 1 Table 7[160–166] presents the main mark-
ers related to nutritional homeostasis. Although some have been
proposed, none has achieved a  sufficient level of evidence to rec-
ommend routine clinical use.

Inflammatory variables

High-sensitivity C-reactive protein (hs-CRP) and elevated blood
levels of interleukin-6 (IL-6) are negatively associated with BMI
and functional variables such as the 6MWT  [139,140].  Increased

levels of CRP and pro-inflammatory cytokines such as tumor necro-
sis factor-� (TNF-�) and IL-6 are also risk factors for osteoporosis
and deterioration of trabecular bone microarchitecture (Trabecu-
lar Bone Score) in  these patients. A CRP cutoff > 2.3 mg/L has been
established to identify individuals at higher risk of osteoporosis
[89–92] (Supplementary 1 Table 4). Albumin levels decrease in
inflammatory states, and COPD patients tend to have reduced levels
of this biomarker [141], which is also a  risk factor for hypercapnic
respiratory failure [142].

Level of evidence: 2+. Based on observational studies that have
identified consistent associations between inflammatory biomark-
ers (CRP, IL-6, TNF-�, albumin) and adverse clinical outcomes in
COPD patients.

Strength of recommendations:  Weak recommendation (C). It is
suggested to include the measurement of high-sensitivity CRP
and/or serum albumin levels as part of the inflammation phenotype
criterion in the GLIM criteria, as well as markers of disease severity
to inform prognosis. Although the evidence is mainly observational,
the use of these markers may  provide relevant clinical information
in certain contexts, particularly for evaluating phenotypic inflam-
mation and metabolic-bone risk.

Question 3.  Are nutritional interventions effective in

patients with COPD?

Rationale

The impact of nutritional status on the overall condition of
patients with COPD is mainly reflected in  weight loss and mus-
cle mass depletion [143]. In  patients with COPD and malnutrition,
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Fig. 4. Nutritional assessment algorithm in patients with COPD. Abbreviations: AC: arm circumference; BIA: bioelectrical impedance analysis; CT: computed tomography;
GLIM: Global Leadership Initiative on  Malnutrition; HMB: beta-hydroxy-beta-methylbutyrate; MNA-SF: Mini Nutritional Assessment – Short Form; MUST: Malnutrition
Universal Screening Tool; NRS 2002: Nutritional Risk Screening 2002; SARC-F: tool proposed to identify individuals at risk of sarcopenia; Vit D: vitamin D; W3:  omega-3.

decreased pulmonary function and accelerated disease progression
can be expected [144,145]. In addition, patients with COPD often
exhibit peripheral muscle dysfunction and atrophy, manifested as
reduced muscle strength and endurance [146]. In clinical practice,
tailored basic nutrition and oral nutritional supplements are  the
first-line therapeutic options for patients at risk of malnutrition
[147]. Growing evidence supports the positive impact of nutritional
supplements—especially those providing additional calories and/or
protein or enriched diets—on the nutritional and clinical outcomes
of COPD patients.

Based on the available evidence, the panel analyzed the effects
of nutritional interventions according to  the outcomes described
below (Supplementary 1 Table 8).

Pulmonary function

A systematic review that included 13 studies with 916 COPD
participants evaluated various nutritional strategies, including pro-
tein supplementation, increased fruit and vegetable intake, and
higher macronutrient consumption. The authors reported that a
prolonged increase in fruit and vegetable intake may  positively
impact pulmonary function in COPD patients [148]. However, in
another systematic review including 11 studies (1183 patients)
assessing vitamin D  supplementation, no improvement in  pul-
monary function was observed [149].

Anthropometry

A systematic review and meta-analysis of 32 randomized con-
trolled trials (1414 participants) examined the effects of oral
energy/protein supplements or enriched diets for at least one week
[143]. Nutritional interventions were associated with increases in
body weight (mean difference: 1.44 kg, 95% CI: 0.81–2.08) and fat-
free mass (SMD =  0.37, 95% CI: 0.15–0.59). The certainty of the
evidence ranged from very low to low.

In COPD patients with sarcopenia, a  recent systematic review of
29 RCTs involving 1625 participants (mean age: 67.9 ± 7.8 years)
showed that nutritional interventions significantly improved body

weight (mean difference: 1.33 kg, 95% CI: 0.60–2.05) and FFMI
(mean difference: 0.74 kg/m2, 95% CI:  0.21–1.27) [150].

Muscle strength

In the same meta-analysis of 32 RCTs (1414 participants), nutri-
tional interventions including protein supplementation or enriched
diets improved handgrip strength (SMD =  0.39, 95% CI:  0.07–0.71)
[143].  However, in  the review of 1625 COPD patients with sar-
copenia, nutritional interventions did not significantly improve
handgrip strength or quadriceps muscle strength compared to con-
trols [150].

Physical capacity

Among COPD patients with sarcopenia, the same systematic
review of 29 RCTs (1625 participants, mean age 67.9 ± 7.8 years)
found an improvement in  the 6-Minute Walk Test (6MWT) by
19.4 meters (95% CI: 4.91–33.94) in  those receiving nutritional
supplementation compared to the control group [150]. In a  sep-
arate systematic review with meta-analysis including 11 studies
(287 patients), nitrate supplementation improved exercise capacity
(SMD = 0.38, 95% CI:  0.04–0.72) [151].

Other outcomes

A systematic review including 11 studies (1183 patients)
focused on vitamin D supplementation and found no  significant dif-
ferences in exacerbation rate, hospital stay duration, or mortality
[149].

Recommendation

The panel recommends nutritional interventions in COPD
patients with malnutrition (strong recommendation, moderate
level of evidence).
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Specific supplementation

Proposed nutritional interventions for COPD patients are
detailed below (see Fig. 3).

Supplementation with ˇ-hydroxy-ˇ-methylbutyrate (HMB)

Mortality and nutritional and functional parameters. HMB  supple-
mentation in hospitalized COPD patients has shown significant
clinical benefits, including reduced mortality and improved nutri-
tional and functional parameters, based on a post hoc analysis of
the NOURISH study [153]. Administering 3 g/day of HMB  combined
with protein during hospitalization and for 90 days post-discharge
reduced mortality risk by  71% compared to placebo. This effect was
statistically significant at 30, 60, and 90 days post-discharge.

Furthermore, it has been described that patients supplemented
with HMB present a  significant increase in  hand grip strength, a  key
marker of muscle function and nutritional status.

Patients supplemented with HMB  also showed significant
improvements in handgrip strength, a  key marker of muscle func-
tion and nutritional status. Furthermore, significant weight gain

was  observed at discharge (+0.61 kg vs. −0.09 kg with placebo),
along with improvements in  nutritional biomarkers such as
hemoglobin, serum calcium, and vitamin D.

Recommendation

Early administration of HMB  supplementation during hospi-
talization and continued post-discharge reduces mortality and
improves nutritional parameters in  COPD patients.

Inflammation. Targeted nutritional supplementation with HMB
and omega-3 fatty acids (EPA/DHA) has shown significant benefits
in  managing COPD patients with FEV1 < 80%, especially those with
muscle mass loss, systemic inflammation, or  metabolic alterations
[152]. The combination of HMB  (3 g/day) with EPA/DHA produced
greater effects than omega-3 alone, including reductions in visceral
fat  and inflammatory markers such as IL-6, IL-12, and TNF-�.

Recommendation

Supplementation with HMB  and EPA/DHA in COPD patients is
a safe and effective nutritional strategy to  improve body com-
position, reduce systemic inflammation, and optimize clinical
outcomes.

Table 1

Summary of recommendations for the three questions included in  the position statement.

1. What is  the  impact of malnutrition on the clinical and functional progression of patients with COPD?

Dimension Recommendation (Level of evidence, strength of recommendation)

Pulmonary function It is recommended that nutritional status be regularly monitored in patients with COPD, as evidence suggests that malnutrition
may  be associated with worsening pulmonary function (2+, B)

Mortality It is recommended to  initiate nutritional strategies aimed at  improving weight status as early as possible in COPD patients with
low  BMI  (<20 kg/m2) (2+, B)

Exacerbations It is recommended to  proactively identify and manage malnutrition in patients with COPD, given its clinical impact on multiple
relevant outcomes, even in the presence of a normal or elevated BMI  (2+, B)

Quality  of life Nutritional intervention is  recommended in patients with COPD to  improve their quality of life, regardless of the degree of
pulmonary obstruction. The  assessment of parameters such as BMI, FFMI, and calf circumference may be incorporated into
routine clinical practice to identify patients at risk (2+, B)

Exercise tolerance Routine assessment of nutritional status, including BMI  and FFMI, is  recommended in patients with COPD, as malnutrition has
been  associated with a  higher risk of unfavorable disease progression (2+, B)

2.  What nutritional assessments should be conducted in a patient with COPD?

Dimension Recommendation (Level of evidence, strength of recommendation)

Weight-related parameters It is recommended to  regularly assess the BMI  of patients with COPD, as maintaining an adequate BMI helps improve clinical
outcomes and reduce risks (1+, A)

Nutritional screening Nutritional screening is  recommended for patients with COPD. Among the available tools, the MNA-SF helps identify individuals
over  65  years of age who  are  at  higher risk of exacerbations and osteoporosis.

Diagnosis of malnutrition The use of GLIM criteria is recommended for the diagnosis of malnutrition in patients with COPD (1+, B)
Body  composition It is recommended to  assess body composition in patients with stable COPD to  identify muscle depletion and guide nutritional

support interventions (2++, B)
Functional measures It is recommended to  assess handgrip dynamometry, QMVC, and the 6MWT  as key functional measures to  monitor muscle

strength and exercise tolerance in COPD patients (2++, B)
Biochemical markers It is suggested to include the measurement of high-sensitivity CRP and/or serum albumin levels as part of the inflammation

phenotype criterion in the GLIM criteria, as well as markers of disease severity to  inform prognosis (2+, C)

3.  Are nutritional interventions effective in patients with COPD?

Dimension Recommendation

Specific supplementation The panel recommends nutritional interventions in COPD patients with malnutrition (moderate level of evidence, strong
recommendation).
Specific recommendations:
1.  Early administration of HMB supplementation during hospitalization and its continued post-discharge reduces mortality and
improves nutritional parameters in COPD patients.
2. Supplementation with HMB and EPA/DHA in COPD patients is  a  safe and effective nutritional strategy to  improve body
composition, reduce systemic inflammation, and optimize clinical outcomes.
3. Enriched formulas containing leucine, vitamin D,  omega-3, and polyunsaturated fatty acids may offer additional benefits
beyond weight gain, such as improvements in FEV1 ,  inspiratory muscle strength, and mood.
4. EPA/DHA supplementation should be considered in stable COPD patients with sarcopenia, muscle loss, or chronic systemic
inflammation.

Abbreviations: 6MWT:  six-minute walk  test; BMI: body mass index; COPD: Chronic Obstructive Pulmonary Disease; CRP: C-reactive protein; DHA: docosahexaenoic acid; EPA:
eicosapentaenoic acid; FEV1:  forced expiratory volume in  the first second; FFMI: fat-free mass index; GLIM: Global Leadership Initiative on Malnutrition; HMB: �-hydroxy
�-methylbutyrate; MNA-SF: Mini Nutritional Assessment – Short Form; QMVC: Quadriceps Maximum Voluntary Contraction.
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Combined use of  high-calorie/high-protein supplements with 3.6 g

leucine, vitamin D, omega-3, and polyunsaturated fatty acids

[154,155]

These formulas have shown improvements in  body weight
and fat mass in COPD patients. Some studies reported FEV1
improvement, especially when combined with physical exercise.
One randomized, placebo-controlled prospective study also found
improvements in mood, inspiratory muscle strength, and daily step
count. However, in cachectic patients with moderate COPD, long-
term physical capacity did not improve.

Recommendation

Enriched formulas containing leucine, vitamin D, omega-3, and
polyunsaturated fatty acids may  offer additional benefits beyond
weight gain, such as improvements in FEV1, inspiratory muscle
strength, and mood. More studies are needed to  confirm these
findings.

Omega 3 (EPA y DHA)

Administering 2 g/day of EPA/DHA for 10 weeks improves pro-
tein metabolism, increases lean body mass, and reduces specific
inflammatory markers in COPD patients. Its use is recommended
in stable COPD patients with sarcopenia, muscle loss, or persistent
systemic inflammation.

Recommendation

Consider using EPA/DHA supplementation in  stable COPD
patients with sarcopenia, muscle loss, or chronic systemic inflam-
mation. As mentioned in Section 3.2.1, combining it with HMB  may
further enhance clinical outcomes.

Other formulations

Various formulations have been studied, including nor-
mocaloric/normoprotein formulas enriched with omega-3 and -6
and prebiotic fiber; high-protein formulas with omega-3 and vita-
mins A, C, and E; or hypocaloric, high-protein formulas enriched
with magnesium and vitamin C. However, due to the small number
of patients included in these studies, no strong conclusions can be
drawn [156–158].

Based on the above, a  nutritional assessment algorithm for COPD
patients is proposed (Fig. 4). (Table 1).

Conclusion

Malnutrition and sarcopenia are common conditions in  COPD
patients and represent poor prognostic factors, as they worsen
functional capacity, increase morbidity, and even mortality.

The lack of well-designed studies generating strong evidence
justifies the development of algorithms for diagnosing and manag-
ing malnutrition and sarcopenia in these patients. In this consensus,
developed by SEPAR and SEEN, the importance of screening for
both conditions is  emphasized, as well as the need for a proactive
approach through dietary recommendations, lifestyle changes, and
the use of oral nutritional supplements, aiming to  improve clinical
outcomes in patients with COPD.
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[111] Villaç a  DS, Lerario MC,  dal Corso  S, Nápolis L, de Albuquerque ALP, Lazaretti-
Castro M, et  al. Clinical value of anthropometric estimates of leg lean volume
in  nutritionally depleted and non-depleted patients with chronic obstructive
pulmonary disease. Br J  Nutr 2008;100(2):380–6.

[112] Mathur S, Takai KPR, MacIntyre DL, Reid D. Estimation of thigh muscle mass
with magnetic resonance imaging in older adults and people with chronic
obstructive pulmonary disease. Phys Ther 2008;88(2):219–30.

[113] Yoshikawa M,  Yoneda T, Takenaka H, Fukuoka A, Okamoto Y, Narita N, et  al.
Distribution of muscle mass and maximal exercise performance in patients
with COPD. Chest 2001;119(1):93–8.

[114] HajGhanbari B,  Hamarneh G,  Changizi N, Ward AD, Reid WD.  MRI-based 3D
shape analysis of thigh muscles: patients with chronic obstructive pulmonary
disease versus healthy adults. Acad Radiol 2011;18(2):155–66.

[115] Marquis K, Debigaré R, Lacasse Y, Leblanc P, Jobin J, Carrier G, et  al. Midthigh
muscle cross-sectional area is  a better predictor of mortality than body mass
index in patients with chronic obstructive pulmonary disease. Am J  Respir
Crit Care Med  2002;166(6):809–13.

[116] Nijholt W,  ter Beek L, Hobbelen JSM, van  der Vaart H, Wempe  JB, van der
Schans CP, et  al. The  added value of ultrasound muscle measurements in
patients  with COPD: an  exploratory study. Clin Nutr ESPEN 2019;30:152–8.

[117] Shrikrishna D,  Patel M,  Tanner RJ, Seymour JM,  Connolly BA, Puthucheary ZA,
et  al. Quadriceps wasting and physical inactivity in patients with COPD. Eur
Respir J 2012;40(5):1115–22.

[118] Ramírez-Fuentes C, Mínguez-Blasco P, Ostiz F, Sánchez-Rodríguez D,
Messaggi-Sartor M,  Macías R, et al. Ultrasound assessment of rectus femoris
muscle in rehabilitation patients with chronic obstructive pulmonary disease
screened for sarcopenia: correlation of muscle size with quadriceps strength
and  fat-free mass. Eur Geriatr Med  2019;10(1):89–97.

[119] Coats V, Després JP, Alméras N, Martin M,  Sin DD, Rabasa-Lhoret R,
et  al. Ectopic adiposity and cardiometabolic health in COPD. Int J  COPD
2018;13:3331–40.

[120] Karagiannis C, Savva C, Korakakis V, Matheou I, Adamide T,  Georgiou A, et  al.
Test–retest reliability of handgrip strength in patients with chronic obstruc-
tive pulmonary disease. COPD 2020;17(5):568–74.

[121] O’Shea SD, Taylor NF, Paratz JD. Measuring muscle strength for people
with chronic obstructive pulmonary disease: retest reliability of hand-held
dynamometry. Arch Phys Med  Rehabil 2007;88(1):32–6.

[122] Bui KL, Mathur S, Dechman G, Maltais F, Saey D. Fixed handheld dynamometry
provides reliable and valid values for quadriceps isometric strength in people
with chronic obstructive pulmonary disease: a multicenter study. Phys Ther
2019;99(9):1255–67.

[123] Medina-Mirapeix F, Bernabeu-Mora R, Llamazares-Herrán E, Sánchez-
Martínez MP,  García-Vidal JA, Escolar-Reina P.  Interobserver reliability of
peripheral muscle strength tests and short physical performance battery in
patients with chronic obstructive pulmonary disease: a prospective observa-
tional study. Arch Phys Med  Rehabil 2016;97(11):2002–5.

[124] Machado Rodrigues F, Demeyer H, Hornikx M, Camillo CA, Calik-Kutukcu
E,  Burtin C, et al. Validity and reliability of strain gauge measurement
of  volitional quadriceps force in patients with COPD. Chron Respir Dis
2017;14(3):289–97.

[125] Holden M, Fyfe M,  Poulin C, Bethune B,  Church C,  Hepburn P, et al. Handgrip
strength in people with chronic obstructive pulmonary disease: a  systematic
review and meta-analysis. Phys Ther 2021;101(6).

[126] Burtin C, Ter Riet G, Puhan MA,  Waschki B, Garcia-Aymerich J, Pinto-Plata V,
et  al. Handgrip weakness and mortality risk in COPD: a  multicentre analysis.
Thorax 2016;71(1):86–7.

[127] Swallow EB, Reyes D,  Hopkinson NS, Man  WDC, Porcher R, Cetti EJ, et al.
Quadriceps strength predicts mortality in patients with moderate to  severe
chronic obstructive pulmonary disease. Thorax 2007;62(2):115–20.

[128] Ramos D, Bertolini GN, Leite MR,  Carvalho Junior LCS,  da Silva Pestana PR, Dos
Santos VR, et  al. Is dynamometry able to infer the risk of muscle mass loss  in
patients with COPD? Int  J  COPD 2015;10:1403–7.

[129] Engelen MP,  Schols AM,  Does JD, Wouters EF. Skeletal muscle weakness
is  associated with wasting of extremity fat-free mass but not  with airflow
obstruction in patients with chronic obstructive pulmonary disease. Am J  Clin
Nutr 2000;71:733–8.

[130] Newell SZ, Mckenzie DK, Gandevia SC. Inspiratory and skeletal muscle
strength and endurance and diaphragmatic activation in patients with
chronic  airflow limitation. Thorax 1989;44(11):903–12.

[131] Gosselink R, Troosters T, Decramer M. Peripheral muscle weakness con-
tributes to exercise limitation in COPD. Am J Respir Crit Care Med
1996;153(3):976–80.

[132] Iwakura M, Wakasa M,  Okura K,  Kawagoshi A, Sugawara K, Takahashi H, et al.
Functionally relevant threshold of quadriceps muscle strength in patients
with chronic obstructive pulmonary disease. Prog Rehabil Med  2021;6.

[133] Jones SE,  Kon SSC, Canavan JL, Patel MS,  Clark AL, Nolan CM, et al. The five-
repetition sit-to-stand test as a functional outcome measure in COPD. Thorax
2013;68(11):1015–20.

[134] Solway S, Brooks D,  Lacasse Y, Thomas S. A qualitative systematic overview of
the  measurement properties of functional walk tests used in the cardiorespi-
ratory domain. Chest 2001;119(1):256–70.

[135] Lage VKS, Silva GP, Lacerda ACR, Paula FA, Lima LP, Santos JNV, et al. Functional
tests  associated with sarcopenia in moderate chronic obstructive pulmonary
disease. Expert Rev Respir Med  2021;15(4):569–76.

[136] Loughran KJ, Atkinson G,  Beauchamp MK,  Dixon J, Martin D,  Rahim S, et al.
Balance impairment in individuals with COPD: a systematic review with
meta-analysis. Thorax 2020;75(7):539–46.

[137] Leung ASY, Chan KK, Sykes K,  Chan KS. Reliability, validity, and responsive-
ness  of a 2-min walk test to assess exercise capacity of COPD patients. Chest
2006;130(1):119–25.

[138] Leonardi NT, Oliveira Kawakami DM,  Hurst JR, Cruz J, Gonç alves Mendes R.
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