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Qué	es	EPOC?

• Global Initiative for Chronic Obstructive Lung Disease (GOLD): Es una
enfermedad crónica de los pulmones caracterizada por persistente
obstrucción de la vía aérea, resultado de inflamación y un
remodelado de la vía aérea. 1 2 3

• EPOC es uno de los mayores contribuyentes a la carga mundial de la
enfermedad, generando 43.3 millones discapacidad ajustados a los
años de vida.
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management strategies or, to a lesser extent, avoidance of 
risk factors. Indeed, the observed low asthma mortality in 
high-income countries reflects better access to health 
services and better treatment options following 
international asthma guidance.39 This fact is reflected by a 
strong relationship between SDI and mortality, but not 

prevalence of asthma. The relationship between SDI and 
COPD is less monotonic. Higher COPD death rates and 
prevalence at the middle range of SDI values reflect the 
increase in smoking and outdoor air pollution observed 
in countries going through the demographic and 
epidemiological transition.

Between the GBD 2013 and GBD 2015 iterations, 
a methodological change led to a significant difference in 
prevalence and YLDs due to COPD. In the GBD 2013 
study, we estimated 328·5 million prevalent cases and 
26·1 million YLDs for the year 2013, whereas the GBD 
2015 estimates for 2015 were 174·5 cases and 12·0 million 
YLDs. This difference is due to a shift from taking LLN 
estimates as the reference case definition to using the 
fixed-ratio definition of GOLD. This change in the methods 
led to much lower prevalence estimates in 2015 than in 
2013 because the GOLD criteria identified lower prevalence 
in younger adults than older adults. Younger adults 
represent a much larger proportion of the world’s 
population, and therefore a higher estimate of prevalence 
at these ages affects the total prevalence more than an 
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Figure 7: Age-standardised DALY rates due to asthma by 21 GBD world regions and the expected value based on the SDI by sex, 1990–2015
The black line represents the expected value of a disease rate based on a LOESS regression of all years of estimates by GBD locations and their SDI value. 
DALYs=disability-adjusted life years. GBD=Global Burden of Disease. SDI=Socio-demographic Index. LOESS=locally weighted regression and smoothing scatterplots. 
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Prevalencia	del	EPOC

• 2015:	EPOC	ocupó	el	octavo	puesto	dentro	de	las	20	enfermedades	
que	causan	discapacidad	a	nivel	global.1

• 3.2	millones	de	personas	murieron	de	EPOC	en	el	mundo	(2015)

1. Lancet Respir Med 2017; 5: 691–706 
Dra.	I.	Barrientos
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Qué	ocurre	metabólicamente	en	las	personas	con	EPOC?

Mecanismos moleculares implicados

Probablemente el mecanismo más importante para la reducción
del peso corporal y la masa magra en los pacientes con EPOC sea el
desequilibrio entre la sı́ntesis y la destrucción de proteı́nas
(proteostasis)3, que afectarı́a fundamentalmente a los músculos
(fig. 2). Por un lado, existe una reducción/alteración en la sı́ntesis de
proteı́nas41, y por otro, un aumento de su destrucción42. Esta se
produce cuando –como sucede en la EPOC– hay un aumento en las
necesidades energéticas43, aunque probablemente tanto la infla-
mación como el estrés oxidativo desempeñen también un papel
relevante3. El sistema más importante de destrucción de proteı́nas
en los pacientes con EPOC parece ser el ligado al proteasoma42, un
corpúsculo celular que las degrada fundamentalmente mediante la
activación del sistema de ubiquitinación y posterior fraccionamiento
en cadenas peptı́dicas (fig. 3a). Este mecanismo se halla claramente
incrementado en los pacientes con EPOC y bajo peso42. El
proteasoma también es capaz de catabolizar pequeños péptidos
no ubiquitinados, sobre todo si han sido modificados previamente
por el estrés oxidativo. En el tejido muscular de los pacientes con
EPOC se ha descrito también la presencia de núcleos con signos
apoptóticos22, aunque su significado no está claro en un tejido
multinucleado. Probablemente no indican la muerte programada de
la fibra, sino un proceso de recambio nuclear con disminución de la
capacidad de sı́ntesis proteica. En cuanto a la autofagia (sistema
autofagosoma-lisosoma), es un mecanismo fisiológico que participa
en la degradación proteica a través del procesado de organelos
celulares y agregados de proteı́nas44 (fig. 3b). Parece que se halları́a
también anormalmente incrementado en los músculos de pacientes
con EPOC y bajo peso44. Otro mecanismo de proteólisis es el de las
calpaı́nas, enzimas muy presentes en el tejido muscular, que en
circunstancias normales producen una proteólisis limitada y
dirigida a un adecuado mantenimiento celular44. Su disregulación
puede llevar a una acción proteolı́tica perjudicial, lo que se
producirı́a en diversas situaciones, como la reducción en la actividad
fı́sica, frecuente en pacientes con EPOC. Otros sistemas proteolı́ticos
o inhibidores del crecimiento muscular, como el de las proteinci-
nasas activadas por mitógenos, la miogenina y la miostatina, parecen
desempeñar un papel menos relevante en la pérdida de peso de los
pacientes con EPOC.

Por otra parte, y como ya se ha visto, se producen fenómenos
inflamatorios y de estrés oxidativo, tanto sistémicos como locales,
que influyen en la activación de las vı́as de proteólisis. Algunas
noxas, como la hipoxia, son capaces de activar los factores de
transcripción nuclear, como kB (NF-kB) y el inducible por hipoxia

145, que son a su vez reguladores de la respuesta inflamatoria y la
producción de sustancias reactivas del oxı́geno. Además, NF-kB
parece participar en la aparición de anorexia y en la activación de la
degradación proteica46.

Potenciales tratamientos

El abordaje terapéutico de los pacientes con EPOC y bajo peso ha
de ser necesariamente multidimensional. Por un lado, deben
evitarse factores desencadenantes como el tabaco, la inactividad
fı́sica, las exacerbaciones recurrentes y el uso prolongado de
glucocorticoides. Por otro, pueden utilizarse diversos fármacos con
propiedades anabolizantes. Ambos planteamientos son comple-
mentarios.

Cesación del hábito tabáquico

Ya que el tabaco puede inducir pérdida de peso por diversos
mecanismos, la cesación en su consumo será uno de los elementos
importantes en el tratamiento de los pacientes.

Adecuado nivel de actividad fı́sica

Es otro elemento importante para el mantenimiento de la masa
corporal en los pacientes. Además, el aumento de actividad fı́sica
potencia la acción de los fármacos anabolizantes.

Dieta y suplementos nutricionales

Consejos dietéticos sencillos y la subsiguiente mejora en la
calidad de la alimentación son suficientes para mantener un peso
corporal adecuado en un elevado porcentaje de pacientes47. Por
otra parte, la suplementación con lı́quidos de elevado contenido
calórico permite recuperar peso y masa muscular a los enfermos
con EPOC y alteraciones nutricionales48. Este efecto puede
mejorarse si se añade ejercicio fı́sico.

Hormonas anabolizantes

Existen diferentes sustancias con esta propiedad. La más
conocida es la testosterona, administrable por vı́a intramuscular
o transcutánea. Incrementa la sı́ntesis proteica, disminuyendo la
proteólisis, pero aumentando la lipólisis. Como consecuencia
induce aumentos en la masa muscular y pérdida de grasa. Sus
efectos secundarios (virilización, aceleración en el crecimiento de
tumores prostáticos) han limitado su utilización. Sin embargo, en
la actualidad existen los llamados selective androgen receptor
modulators (SARM, «moduladores selectivos de los receptores de
andrógenos»(), que presentan acciones similares a la testosterona,
pero menores efectos secundarios49. Probablemente sea un
tratamiento a considerar, aunque no existen todavı́a estudios en
pacientes con EPOC. La oxandrolona es un análogo de la
testosterona, que se puede administrar por vı́a oral y tiene efectos
muy similares a esta última49. En el estudio publicado por Yeh
et al.50, los pacientes con EPOC y bajo peso recibieron el fármaco
durante 4 meses en un ensayo clı́nico abierto, observándose
aumentos en el peso corporal y la masa magra, aunque sin mejorı́a
en la capacidad de ejercicio. En otro estudio más amplio,
multicéntrico, aleatorizado y con placebo, Casaburi et al.51

describieron resultados similares. Otro anabolizante que se ha
empleado en pacientes con EPOC y bajo peso es la nandrolona. En
un estudio realizado por Schols et al.52, con administración
intramuscular de este fármaco y soporte nutricional durante 2
meses, se observó una mejorı́a en el peso, la masa magra y la
función muscular. Sin embargo, este último resultado funcional no
pudo ser reproducido por Creutzberg et al.53 unos años después.
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Figura 2. Factores que se han implicado en la aparición del desequilibrio entre
sı́ntesis y degradación proteica en los pacientes con enfermedad pulmonar
obstructiva crónica y peso reducido.
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to increase successfulness for eating disorder treatment.243

This opens up new insights and therapeutic opportunities
for suspected nutritional therapy-resistant cachectic COPD
patients, if disturbances in the central food reward system
are indeed identified.

Conclusions

It is well established that the prevalence and related disease
burden of cachexia is high in COPD and likely to increase in
the near future given the high and increasing prevalence of
the disease in an ageing population. Nevertheless, cachexia
management is still poorly implemented in clinical practice.
In 2014, the European Respiratory Society published a state-
ment on nutritional assessment and therapy in COPD
including a nutritional risk stratification diagram based on
assessment of BMI, weight changes, and body composition,
which could be useful in patient counselling.24 In order to in-
crease overall survival and compress morbidity, a multi-modal
intervention approach is needed, which should target the
discussed factors involved in cachexia (Figure 1). Such a

multi-modal intervention approach, encompassing exercise
training and improvement of energy balance and nutrient
availability, is currently feasible as supported by recent state-
ments and meta-analyses, possibly improved in the near
future by targeted pharmacological interventions and cognitive
behavioural therapy to sensitize patients to anabolic stimuli.
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Figure 1 Pulmonary and extra-pulmonary cross-talk in COPD cachexia. (A) Altered brain responses to food stimuli; (B) muscle fibre type shifting and
oxidative metabolism; (C) altered adipose tissue metabolism; (D) adipose tissue wasting; (E) limb muscle dysfunction; (F) respiratory muscle dysfunc-
tion; (G) osteoporosis; (H) altered gut integrity and reduced splanchnic extraction.
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Impacto	Metabólico	del	EPOC

• Pérdida	de	peso	1	:	10-20%2 
• Dificultad	para	comer	por	la	disnea
• Uso	de	máscaras	de	ventilación	no	invasiva
• Sensación	de	fatiga	para	cocinar	o	comer
• Aspectos	asociados	al	envejecimiento	(cavidad	oral,	social)	3

Malnutrición

Pérdida	de	masa	grasa
Pérdida	de	masa	muscular
Pérdida	de	densidad	osea
Susceptibilidad	a	infecciones	y	
disnea

1.The	Lancet	Respiratory	Medicine.	2016.	4	(	9):	675
2.Lancet Respir Med	2016;	4:	911–24	
3.Eur	Respir	J	2014;	44:	1504–1520	

Dra.	I.	Barrientos



Prevalencia	de	Malnutrición

• Reino	Unido:	21%1

• Pérdida	de	masa	muscular:	25%	to	40%.	Se	asocia	a	pérdida	de	la	
funcionalidad	y	peor	pronóstico	de	los	pacientes.	1,2

1.	Journal of	trans internal medicine	/	oct-dec 2015	/	vol 3	|	issue 4
2.	Lancet Respir Med	2016;	4:	911–24

3.	Clinical Nutrition xxx	(2016)	1e5
Dra.	I.	Barrientos

COPD patients [13]. Therefore targeted nutritional interventions
that take into account social factors, such as deprivation, could
improve the management of COPD patients.

An increased prevalence of malnutrition is often associated with
an increase in age [14] yet no such relationship was found in the
present study. In contrast, the study found a significant negative
relationship between age and deprivation, which is likely to have
influenced the results. It is unclear whether this is a unique
observation specific to the populations included in the study. One
of the hospitals (site B) boarders the New Forest National Park
which is generally considered affluent and the patients attending
this hospital tended to be older. Deprivation is complex and the
IMD was chosen, as it is multi-faceted including several domains
that seek to assess factors likely to contribute to an individual being
deprived. Whilst malnutrition risk was associated with overall
deprivation it was also found to be significantly associated with the
IMD domains relating to health and disability, barriers to housing,
crime and living environment. Several of these domains, individ-
ually or combination, are likely to influence health behaviour
resulting in poorer nutritional intake and nutritional status. For
example, the health and disability domain, including both physical
and psychological disability, can adversely affect an individual's
dietary intake and poor mental health and functional capacity can
impair the ability to obtain, prepare and regularly eat a diet that is
nutritionally adequate. Deprivation in education could potentially
impact on compliance to pharmacotherapy and nutritional inter-
vention strategies and to an individual's ability to identify a
declining clinical condition and seek healthcare advice. Indeed, a
US study found that deprivation was associated with a reduced
adherence to statin medications [15] although, a UK study found no
association [16]. Regardless, it would be prudent for future nutri-
tional intervention studies in this population to consider depriva-
tion given its association with malnutrition risk.

Although challenges exist in the assessment of deprivation, the
IMD is a useful tool that could be used to identify groups at risk of
deprivationwhere malnutrition is likely to cluster. The information
could lead to targeted nutritional interventions and appropriate
resource allocation. Whilst this may improve clinical and economic
outcomes it is not without logistical challenges as pockets of
deprivation exist in all regions. An important consideration and a
limitation of the current findings, is the fact that not all individuals

residing in an area of deprivation will be deprived and not all
deprived individuals will be at risk of malnutrition. In fact, the
authors of the index of multiple deprivation suggested that it
should be cautiously interpreted since it is not based on an in-
dividual's deprivation per se, but on the deprivation a person
residing in the particular location (postcode) is likely to encounter.
Another consideration is the generalizability of the current find-
ings, In their publication ‘Invisible lives’ the British Lung Founda-
tion outlined the areas within the UK with the highest prevalence
of COPD [17]. The more deprived northern and central regions of
England had substantially higher numbers of individuals with
COPD and higher accompanying hospital healthcare use relating to
the disease. Interestingly, the document listed the then primary
care trusts (PCTs) throughout the UK where COPD presented the
greatest burden in terms of hospitalization rates. Hampshire, where
the current study was carried out, was ranked third from the bot-
tom as an area facing the least burden from the disease. Yet both
Hampshire hospitals had a large number of malnourished COPD
patients (28% and 17%) attending outpatient appointments, with a
significantly higher number at the larger city hospital (site A)
despite the small geographical distance between the sites. There-
fore, further research is needed to obtain insight into the burden of
malnutrition in patients with COPD in other areas of the country,
including more deprived localities where the prevalence may be
considerably higher than the current findings. In addition, the use
of deprivation index measures based on European statistics [18]
may also allow for comparisons to be made between countries.
This French index is based on perceptions of inequalities as well as
individual information such as income but no health domain.
However, similar to those indexes from North America [19,20],
without assessment of individual deprivation domains it does
make interpretation between nationalities challenging.

Within the area of clinical nutrition, deprivation has been rarely
explored, most likely due to the complex nature of deprivation and
poor nutritional status compounded against a backdrop of ill
health. The secondary analysis by Elia and Stratton [21] of data from
the National Diet and Nutrition Survey (NDNS) undertaken in En-
gland revealed a gradient in protein-energy malnutrition according
to ‘MUST’ between the north and the south, with the greatest
prevalence of malnutrition in the north. There was also a progres-
sive deterioration in nutrient status (more deficiencies), including
vitamin C and other anti-oxidants, between the north, central and
southern regions respectively. These findings, togetherwith greater
prevalence of malnutrition according to ‘MUST’ in northern regions,
suggest that COPD patients could be at considerable risk, especially
since the burden of COPD is greater in northern regions. For
example, in COPD with existing elevated systemic inflammation
and oxidative stress, a low intake and status of vitamin C and other
antioxidants, which are more common in those with a high ‘MUST’
risk, could predispose to worsening of respiratory function
precipitated by recurrent infective exacerbations of the disease
[22]. While malnutrition in COPD has long been considered a
clinical problem [23], recent meta-analyses have shown it is
amenable to treatment [24], particularly with multi-nutrient liquid
oral supplements and amongst other functional improvements,
results in a significant improvement in pulmonary muscle function
[25]. However, no nutritional support studies in malnourished
COPD patients to our knowledge have considered deprivation
despite it potentially influencing the effectiveness of intervention
strategies through several mechanisms. These could include
compliance to treatment, health beliefs and dietary adequacy on
enrolment, and from the literature it appears that this has not been
adequately investigated. Prescott et al. [26], found a strong social
gradient in COPD, particularly in males, which was related to
mortality [26], but unfortunately neither nutritional status or

Fig. 1. Malnutrition risk (‘MUST’ medium þ high risk) in relation to rank deprivation
(IMD) according to disease severity analysed using binary logistic regression and
adjusting for age, smoking, disease-severity (GOLD criteria) and rank deprivation
(IMD). The higher the rank IMD the lower the deprivation. Disease-severity (p < 0.001)
was positively associated with the prevalence of malnutrition risk whilst the rank IMD
(p < 0.05) was negatively associated with malnutrition seen in outpatients with COPD.
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Qué	deberíamos	hacer	en	los	casos	de	
pacientes	con	EPOC?

• Evaluación	del	estado	Nutricional

• Cuando?

• Cada	6-12	meses	en	pacientes	ambulatorios
• o

• En	el	momento	que	exista	pérdida	de	peso		o	BMI	≤	20

• En	hospitalización	TODOS	al	ingreso

Journal of	translational internal medicine	/	oct-dec 2015	/	vol 3	|	issue 4	Dra.	I.	Barrientos



Valoración	Nutricional	en	PAM	con	EPOC

• Composición	Corporal	1

• Clínica	Bioimpedancia
• DEXA	(dual-energy X-ray
absorptiometry):	

• Osteoporosis	
• Masa	Grasa
• Masa	libre	de	grasa	(regional	y	
global)

• Masa	musculoesquelética
apendicular	(ASM)	relacionada	
con	capacidad	funcional

Una	
valoración	
nutricional	
incluye׃

-Historia clínica

-Una valoración 
dietética 
orientada

-Examen físico
•Datos deficiencias
vitamínicas

•Composición corporal

-Bioquímica

Pruebas 
funcionales

1. Journal of Cachexia, Sarcopenia and Muscle 2016; 7: 5–22
Dra.	I.	Barrientos



Fenotipos	metabólicos	orientarán	la	intervención

Eur	Respir	J	2014;	44:	1504–1520	

Fat loss
Loss of body weight and fat mass occurs when energy expenditure exceeds energy availability. Eating per se
is an activity that can adversely affect haemoglobin saturation and increase dyspnoea in patients with severe
COPD [23]. Ageing is also a contributing factor to reduced dietary intake in COPD due to symptoms (e.g.
loss of taste, poor dentition, dysphagia, poor chewing and swallowing ability, poor appetite, or food
aversion), social problems (e.g. living or eating alone, or poverty) and inability to self-feed [24]. Anorexia is,
however, not the primary trigger of a disturbed energy balance in clinically stable disease, as generally, a
normal appetite to increased dietary intake is reported in underweight patients [25, 26]. Moreover, while
the normal response to semi-starvation is a reduced metabolic rate and depressed whole-body protein
turnover, weight-losing COPD patients may display elevated resting energy expenditure and increased
whole-body protein turnover [27]. Furthermore, in addition to an increased cost of ventilation due to
abnormal pulmonary mechanics, a higher ATP cost of muscular contraction [28] may contribute to
decreased mechanical efficiency of lower limb exercise [29] and elevated daily energy requirements in some
COPD patients [30]. In support of this, weight gain after lung volume reduction surgery was associated with
improved lung function and reduced work of breathing [31]. Collectively, this indicates a hypermetabolic

TABLE 1 Metabolic phenotypes

Metabolic phenotype Definition Clinical risk

Obesity BMI 30–35 kg?m-2 Increased cardiovascular risk
Morbid obesity BMI .35 kg?m-2 Increased cardiovascular risk

Impaired physical performance
Sarcopenic obesity BMI 30–35 kg?m-2 and SMI ,2 SD below mean

of young M and F reference groups [5]
Increased cardiovascular risk

Impaired physical performance
Sarcopenia SMI ,2 SD below mean of young M and F

reference groups
Increased mortality risk

Impaired physical performance
Cachexia Unintentional weight loss .5% in 6 months

and FFMI ,17 kg?m-2 (M) or ,15 kg?m-2 (F)
Increased mortality risk

Impaired physical performance
Precachexia Unintentional weight loss .5% in 6 months Increased mortality risk

BMI: body mass index (weight/height2); SMI: appendicular skeletal muscle index (appendicular lean mass/height2); M: male; F: female; FFMI: fat-
free mass index (fat-free mass/height2).
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weight loss
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FIGURE 1 Nutritional risk stratification diagram. FFM: fat-free mass; BMI: body mass index.
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abnormal pulmonary mechanics, a higher ATP cost of muscular contraction [28] may contribute to
decreased mechanical efficiency of lower limb exercise [29] and elevated daily energy requirements in some
COPD patients [30]. In support of this, weight gain after lung volume reduction surgery was associated with
improved lung function and reduced work of breathing [31]. Collectively, this indicates a hypermetabolic

TABLE 1 Metabolic phenotypes

Metabolic phenotype Definition Clinical risk

Obesity BMI 30–35 kg?m-2 Increased cardiovascular risk
Morbid obesity BMI .35 kg?m-2 Increased cardiovascular risk

Impaired physical performance
Sarcopenic obesity BMI 30–35 kg?m-2 and SMI ,2 SD below mean

of young M and F reference groups [5]
Increased cardiovascular risk

Impaired physical performance
Sarcopenia SMI ,2 SD below mean of young M and F

reference groups
Increased mortality risk

Impaired physical performance
Cachexia Unintentional weight loss .5% in 6 months

and FFMI ,17 kg?m-2 (M) or ,15 kg?m-2 (F)
Increased mortality risk

Impaired physical performance
Precachexia Unintentional weight loss .5% in 6 months Increased mortality risk

BMI: body mass index (weight/height2); SMI: appendicular skeletal muscle index (appendicular lean mass/height2); M: male; F: female; FFMI: fat-
free mass index (fat-free mass/height2).

Involuntary
weight loss

Involuntary
weight loss

Stable weight

Stable weight

Lo
w

 F
FM

Nor
m

al
 F

FM

BMI kg·m-2
35302520

Low risk
Increased cardiovascular risk
Increased mortality risk

Decreased physical performance and increased mortality risk
Decreased physical performance and increased cardiovascular risk

FIGURE 1 Nutritional risk stratification diagram. FFM: fat-free mass; BMI: body mass index.
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n ! 207). Cachexia was significantly (P ! 0.001) more prevalent
in GOLD stage IV than in GOLD stages II and III.

The mean duration of follow-up was 48 " 20 mo, during
which time 46% of the patients died. Univariate analysis showed
that low BMI, FFMI, and FMI were significantly associated with
increased mortality risk (Table 3). In addition, Cox stepwise
regression analysis showed that FFMI was selected when BMI
was no longer significant (data not shown) when entered as either
an absolute value or as dichotomized BMI (# or $21); this
indicates that FFMI is a stronger predictor for mortality than is
BMI. After multivariate analysis, adjusted only for age (P !
0.001) and sex (NS) (model 1) or also adjusted for FEV1 [either
in vol/s (data not shown) or as a percentage of predicted (P !
0.037)], IVC (NS), and resting arterial blood gases (NS) (model
2), FFMI was an independent predictor of mortality (P ! 0.001
and 0.003 for model 1 and model 2, respectively), but FMI was

not (Table 3). Although only a few patients were in the semistar-
vation category, the Kaplan-Meier plots for all the body-
composition categories are shown in Figure 2. Survival was
significantly (P # 0.001) less in patients with cachexia (median:
26 mo; 95% CI: 21, 31 mo) and muscle atrophy (median: 24 mo;
95% CI: 15, 33 mo) than in patients with semistarvation (median
36 mo; 95% CI: 28, 44 mo) or patients with no impairment
(median: 47 mo; 95% CI: 37, 57 mo). The survival plot for the
semistarvation category did not differ significantly from that of
the no-impairment category during the first 3 y (Figure 2). In the
last 2 y of the study, the survival curve of the semistarvation

FIGURE 1. Body-composition categories are linked to Global Initiative
for Chronic Obstructive Pulmonary Disease (GOLD) disease severity stage
in a category comparison using the chi-square test. No impairment (n ! 232;
■); muscle atrophy (n ! 40; !); semistarvation (n ! 23; u); cachexia (n !
117; o). Cachexia was significantly (P ! 0.001) more prevalent in GOLD
stage IV (n ! 207) than in GOLD stage II (n ! 71) or III (n ! 134).

TABLE 3
Univariate and multivariate analysis of predictors of mortality1

Covariate

Univariate

Multivariate

Model 12 Model 23

RR 95% CI P RR 95% CI P RR 95% CI P

Age 1.04 1.02, 1.06 0.001 1.04 1.02, 1.06 0.001 1.04 1.02, 1.06 0.001
Sex 0.72 0.50, 1.03 0.071 0.72 0.49, 1.06 0.100 0.84 0.56, 1.25 0.385
BMI 0.94 0.90, 0.97 0.001 —4 — — — — —
FFMI 0.88 0.83, 0.94 0.001 0.88 0.82, 0.94 0.001 0.90 0.84, 0.96 0.003
FMI 0.93 0.88, 0.99 0.009 1.01 0.94, 1.08 0.843 1.02 0.95, 1.09 0.680
FEV1 0.98 0.97, 0.99 0.001 — — — 0.98 0.97, 0.99 0.037
IVC 0.99 0.98, 0.99 0.016 — — — 1.00 0.99, 1.01 0.760
PaCO2 1.17 1.01, 1.38 0.047 — — — 0.98 0.81, 1.20 0.860
PaO2 0.84 0.77, 0.92 0.001 — — — 0.92 0.82, 1.02 0.120

1 RR, relative risk; FFMI, fat-free mass index; FMI, fat mass index; FEV1, forced expiratory volume in 1 s; IVC, inspiratory vital capacity; PaCO2, arterial
carbon dioxide tension; PaO2, arterial oxygen tension.

2 FFMI, FMI, age, and sex (0 ! women, 1 ! men).
3 FFMI, FMI, age, sex (0 ! women, 1 ! men), FEV1, IVC, PaCO2, and PaO2.
4 Variable not included in the model.

FIGURE 2. Kaplan-Meier plot of survival in different body-composition
categories. Category 1 (cachexia; n ! 117), solid black line; category 2
(semistarvation; n ! 23), solid gray line; category 3 (muscle atrophy; n ! 40),
dashed gray line; category 4 (no impairment; n ! 232), dashed black line.
Median (95% CI) survival was significantly (P # 0.001) less in patients with
cachexia (26 mo; 21, 31 mo) and muscle atrophy (24 mo; 15, 33 mo) than in
patients with semistarvation (36 mo; 28, 44 mo) or no impairment (47 mo; 37,
57 mo). The survival plot of the semistarvation category did not differ sig-
nificantly from that of the no-impairment category during the first 3 y.
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category diverged from that of the no-impairment category to
resemble the survival curves of the cachexia and muscle atrophy
categories.

The Cox regression plots for the 4 categories, adjusted for age,
sex, FMI, and disease severity markers, are shown in Figure 3.
The RRs (95% CIs) of patients in the 3 tissue-depletion catego-
ries compared with those of patients in the no-impairment cate-
gory were 1.91 (1.37, 2.67; P ! 0.006), 1.23 (1.68, 2.24; NS),
1.96 (1.21, 3.17; P " 0.001) for categories 1 (cachexia), 2 (semi-
starvation), and 3 (muscle atrophy), respectively. Therefore, pa-
tients in both categories with low FFMI have a greater mortality
risk than do patients with no impairment, and, thus, low BMI
does not increase mortality risk beyond the increase due to low
FFMI.

DISCUSSION

This study shows that FFM is an independent predictor of
mortality in COPD irrespective of FM and provides further sup-
port for the use of body-composition assessment as a systemic
marker of disease severity in COPD staging. It also confirms a
previous study of COPD that showed an independent association
between lower-limb cross-sectional area and mortality, particu-
larly in patients with FEV1 "50% (10). In the current study,
however, BIA was used, which is an easier method of estimating
FFM in these patients without needing expensive apparatus or
highly skilled technicians. Recently, Janssen et al (12) developed
and crossvalidated BIA equations against magnetic resonance
imaging in a sample of 388 men and women who varied widely
in age and BMI. In that study, the correlation between BIA- and
magnetic resonance imaging–measured muscle mass was 0.86.
Gosker et al (20) showed in patients with COPD that FFM as-
sessed by BIA was significantly related to muscle fiber cross-
sectional area taken from a biopsy of muscle tissue from the

vastus lateralis, which indicated that whole-body FFM also re-
flects lower-limb muscle atrophy in chronic disease. FFM esti-
mation via BIA was also used in a recent analysis of NHANES III
that identified skeletal muscle cutoffs associated with a high
likelihood of physical disability (19). With the use of these cri-
teria, the current study group was characterized as being at mod-
erate to high risk of physical disability. These studies all indicate
that BIA may be a useful clinical screening instrument for
characterization of the tissue-depletion pattern in chronic lung
disease.

The findings of this study differ from those of population
studies showing that an abundance of FM is particularly associ-
ated with increased cardiovascular disease–related mortality risk
in overweight to obese subjects (reviewed in 21). The current
study indicates that, in COPD patients, the association between
FFMI and survival is independent of the amount of FM and that
FFMI provides information to assist prognosis beyond that pro-
vided by BMI. Strikingly similar physical disability and mortal-
ity risks were seen in the cachexia and muscle atrophy categories,
which indicated that a critical loss of muscle mass, not reflected
in BMI, may be responsible for physical disability and greater
mortality risk. In previous studies, we also showed significant
differences in functional impairment such as exercise capacity
measured by a 12-min walking test (7) or incremental cycle
ergometry between patients in the cachexia and muscle atrophy
categories relative to those in the semistarvation and no-
impairment categories. Remarkably, the survival plot of the
semistarvation category did not differ significantly from that of
the no-impairment category during the first 3 y, whereas, there-
after, mortality was clearly higher in the semistarvation category.
One could speculate that these patients initially have less mor-
tality risk because of (relative) preservation of FFM but that, in
due course, they are at greater risk of a critical loss of FFM. This
hypothesis, however, should be confirmed in a longitudinal study
using repeated measurements of body composition. The current
study also showed remarkable sex-specific differences in body
composition and disability risk from the reference values, and
those differences warrant further investigation. As compared
with the data of Schutz et al (18), the shift in body composition
toward less FFM and more FM was more striking in men than in
women. One could argue that the male patients in the semistar-
vation category were not truly starving according to the external
standards of Schutz et al (18). However, those patients clearly
had lower FM than did patients in categories 3 and 4. Further-
more, in both the men and the women, comparison with the
reference values of Janssen et al (19) showed that physical dis-
ability risk was clearly lower in categories 3 and 4, which con-
firmed previous studies relating those tissue-depletion categories
to objective measures of skeletal function and exercise capacity
(6–8). As was also indicated by Janssen et al (19), the SMI
cutoffs were a significantly stronger predictor of physical dis-
ability in men than in women. This observation could indicate
that SMI cutoffs should be adjusted. However, it might also be
possible that the association between FFMI and physical disabil-
ity risk, as judged by a questionnaire, really differs between
males and females. This could reflect a different relation of body
composition and functional capacity between males and females.
It could also reflect a different coping strategy between males and
females toward the functional limitations consequent to their
chronic disease.

FIGURE 3. Cox regression plot for survival in different body-
composition groups adjusted for age, sex, fat mass index, forced expiratory
volume in 1 s, inspiratory vital capacity, arterial oxygen tension, and arterial
carbon dioxide tension. Patients with low fat-free mass index [category 1
(cachexia; n ! 117), solid black line, and category 3 (muscle atrophy; n !
40), dashed gray line] had a significantly greater risk of mortality than did
patients with normal fat-free mass index [category 2 (semistarvation; n !
23), solid gray line, and category 4 (no impairment; n ! 232), dashed black
line].
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nutritionally depleted states suggests that screening for vitamin D deficiency may be of value in these
populations. It may restrict lifelong supplementation to vitamin D deficient patients, in whom the beneficial
effects on the bones and fall prevention, especially if combined with calcium intake, are proven. Daily
intakes in addition to a minimal amount of ultraviolet radiation exposure vary with age but a dose of
800 IU with 1 g calcium is considered to be largely sufficient. The potential of high-dose supplementation
to obtain other than calcaemic effects, including lung function decline and COPD exacerbations, needs
further exploration [118].

Insufficient intake of fresh fruits and vegetables may result in deficiency of vitamins with antioxidant
capacity. Conversely, long-term supplementation with vitamin E has been shown to reduce the risk of
COPD [119] but no evidence exists on the positive effects of additional vitamin intake on clinical outcome
in a COPD population. As smoking and lung inflammation in COPD are known to cause significant
oxidative stress, a reduction of the antioxidative capacity may have negative effects on the course of COPD.
Large, population-based epidemiological studies have shown that a prudent diet is associated with better
pulmonary function, less lung function decline and reduced risk of COPD [120–122]. More specifically,
greater intake of dietary fibre has been consistently associated with reduced COPD risk, better lung function
and reduced respiratory symptoms [123]. Three studies have reported associations between frequent or high
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FIGURE 4 Abnormal metabolic phenotypes and related nutritional risk in chronic obstructive pulmonary disease.
a) Healthy (reference) with: 1) normal high-resolution computed tomograph of lung tissue; 2) graphic representation of
magnetic resonance imaging (MRI) with quadriceps muscle (red) and adipose tissue (yellow); 3) normal quadriceps
muscle cross sectional area and fibre type distribution (red: type I; pink: type IIA; white: type IIX); 4) healthy arterial
blood vessel; 5) normal bone tissue; and 6) graphic representation of MRI image of abdomen showing visceral and
subcutaneous adipose tissue (yellow). b) Cachexia is often linked to 1) emphysema and hyperinflation, with 2) loss of
skeletal muscle mass combined with 3) muscle fibre atrophy, and a type I to II shift leading to decreased skeletal muscle
function, 5) osteoporosis and 6) wasting of fat mass. c) Obesity is often linked to 1) chronic bronchitis with 6) increased
subcutaneous and visceral adipose tissue, and 4) arterial stiffness and increased cardiovascular risk. d) Sarcopenia and
hidden obesity is not clearly linked to a specific pulmonary phenotype, but is characterised by 2) loss of skeletal muscle
mass combined with 3) muscle fibre atrophy and a type I to II shift leading to decreased muscle function, preservation of
fat mass but redistribution of adipose tissue towards increased 6) visceral adipose tissue, 4) arterial stiffness and increased
cardiovascular risk.
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Tratamiento	
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Review

obesity and the metabolic syndrome are highly 
prevalent in patients with COPD, and are associated 
with less daily physical activity and an increased 
cardiovascular risk.11 However, at the same time, the 
emphysematous underweight COPD phenotype is also 
associated with arterial stiff ness, subclinical 
atherosclerosis, and endothelial dysfunction.12–14 Indeed, 
lung volume reduction surgery for emphysema has 
been shown to improve endothelial dysfunction and 
lower systemic blood pressure.15 Hence, patients with 
COPD need to be considered as at high risk for cardio-
vascular comorbidities, and optimal risk management 
is necessary. Although guidelines on COPD-specifi c 
cardiovascular risk management are absent, all patients 
with COPD should receive routine cardiovascular 
check-ups, and risk factors should be addressed 
accordingly (table 1). Moreover, during COPD 
exacerbations, the diff erential diagnosis or presence of 
concomitant cardiac involvement needs to be 
considered, and exacerbations might further increase 
the cardiovascular risk for several reasons—eg, physical 
inactivity, hypoxia, tachycardia, increase in arterial 
stiff ness, pulmonary hypertension, alterations in 
cardiac fi lling, increased platelet activation, and use of 
high-dose β2 agonists.16

Comorbidities Treatment strategies

Metabolic disorders
Anxiety and 
depression

Osteoporosis

Cardiovascular disease

Drug treatment*

Nutritional
counselling 
and modulation*

Exercise training*

Self-management*

Physical 
activity 
coaching*

Psychological
counselling*

Muscle wasting

Underweight 
and obesity

Figure 1: Management of COPD beyond the lungs
*Part of a comprehensive pulmonary rehabilitation programme.

Recommendations

Cardiovascular risk assessment

Medical history: disproportionate dyspnoea, 
orthopnoea, nocturia, weight changes, oedema, 
palpitations, typical exertional ischaemic chest pain 
(angina pectoris), or leg pain (claudicatio intermittens)

Referral to cardiologist for further assessment when indicated

Physical examination: irregular heartbeats, murmurs, 
abnormal breath sounds (crepitations), fl uid 
homoeostasis, or vascular pulsations

Referral to cardiologist for further assessment when indicated

Hypertension β1 blockers can potentially improve COPD-specific outcomes, but conclusive evidence is lacking; highly 
selective β1 blockade is preferred, and caution is needed with high doses
Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers can be used when hypertension 
is persistent with the use of β1 blockers, when contraindications for β1 blockers (bronchial hyper-reactivity 
and bradycardia) are present, or when the patient has insulin resistance, diabetes, or renal insuffi  ciency
Consider thiazide diuretics in cases of oedema

ECG*

Evidence of previous ischaemia or left ventricular 
dysfunction

Review medical charts; consider exercise ECG and echocardiography; refer to cardiologist for further 
assessment

Evidence of right heart distress (eg, p-pulmonale, 
right axis, RBBB)

Might indicate pulmonary hypertension (if pulmonary hypertension is disproportionate, further 
assessment is needed); consider echocardiography 

Atrial fi brillation or fl utter Consider rhythm control, heart rate control with β1 blockers, and anticoagulation therapy; refer to 
cardiologist for further assessment

QTc time >450 ms Important to assess whether the patient is also receiving certain treatments—eg, neomacrolides

Dynamic ECG changes during exercise ECG 
(ie, CPET)

Refer to cardiologist for further assessment

Venous blood sample

Increase in NT-pro BNP Further echocardiographic assessment; might indicate both left and right heart stress

Increase in troponin-T (on indication) Useful to diff erentiate cardiac involvement in COPD exacerbations; might identify patients at increased 
cardiovascular risk during exacerbations and guide primary prevention

Abnormal blood lipids (LDL, HDL, and triglycerides) Consider statins for cardiovascular risk management

Echocardiography Consider when clinically indicated

(Table 1 continues on next page)

Lancet Respir Med 2016; 4: 911–24 

Intervención multimodal

• Reducir el trabajo ventilatorio optimizando la función pulmonar para reducir el
requerimiento y gasto calórico e incrementar la adherencia a las intervenciones.

• Ejercicio físico: Estimula el apetito y favorece el efecto de la terapia nutricional.
Dra.	I.	Barrientos



Manejo	Nutricional	de	PAM	con	EPOC

• Requerimiento	calórico:	Sólo	preocuparnos	en	exacerbaciones?
• En	reposo	gastan	un	15%	de	E.	para	compensar	el	esfuerzo	adicional	(430–
720	kcal/d).	

• Inicialmente,	los	estudios	mencionaban	la	importancia	del	balance	en	
los	requerimientos,	hoy	día	se	debe	asegurar	cubrir	las	nececidades
calóricas	y	proteicas.	2

• Prestar	atención	a	la	vitamina	D	y	el	calcio.

1.The	Lancet	Respiratory	Medicine.	2016.	4	(	9):	675
2.Journal of	Cachexia,	Sarcopenia and	Muscle 2016;	7:	5–22Dra.	I.	Barrientos



• Personas con IMC <20 kg/m2 y pérdida no intencional de peso se
debería suplementar (600 kcal/d por 3 m) para evitar la aparición o
progresión de pérdida de MLG (masa muscular) ≈
𝐹𝑢𝑛𝑐𝑖ó𝑛	𝑚𝑢𝑠𝑐𝑢𝑙𝑎𝑟

• Por otra parte, la suplementación con líquidos de elevado contenido
calórico permite recuperar peso y masa muscular a los enfermos con
EPOC y alteraciones nutricionales 2

Journal of Cachexia, Sarcopenia and Muscle 2017; 8: 748–758
2. J.	Gea	et	al	/	Med Clin (Barc).	2013;xx(x):xxx–xxx	

Dra.	I.	Barrientos



Tratamiento	Nutricional

Suplementación para las personas con
malnutrición.

La duración exacta de la suplementación no está
claramente definida aún.

Pacientes recibiendo suplementación nutricional,
demostraron mejoría en el test de caminata de 6
minutos, fuerza en los músculos respiratorios y su
estado de salud (malnutridos).

2018	Global	Initiative for Chronic Obstructive Lung Disease,	IncDra.	I.	Barrientos



Ingesta calórica alta en grasa, produce menos CO2 por O2, tiene Cociente respiratorio más 
bajo comparado con el metabolismo de los CHO?

Journal of	the Formosan Medical	Association (2016)	115,	595e601	

production of reactive oxygen species activates the
expression of inflammatory mediators resulting in muscle
cell death through apoptosis and the degradation of actin
and myosin.21 Evidence for this has been shown with an
increase in lipid peroxidation, a marker for oxidative stress,
and reduction in antioxidants (reduced glutathione, cata-
lase, and glutathione peroxidase) in COPD patients
compared with healthy control individuals.22

Nutritional supplementation benefits body
weight control in COPD patients

Overall, 10e45% of patients with COPD are malnourished,
and it is evident that malnutrition and undernutrition are
important prognostic factors for COPD patients.23 A growing
number of studies looking at nutritional supplementation in
COPD patients have been performed and wished to improve
current clinical practice.3,24,25 A meta-analysis of 17 studies
assessing the impact of nutritional support on weight gain,
respiratory function, muscle strength, exercise capacity,
and quality of life revealed that nutritional supplementa-
tion promoted weight gain, with an increase in FFM, fat
mass, improved 6-minute walk distance, and skinfold
thickness in malnourished COPD patients.3 There were also
significant improvements in respiratory muscle strength and
overall quality of life in malnourished COPD patients. A
systematic review and meta-analyses of nutritional support
also found that in 12 randomized controlled trials, nutri-
tional supplements significantly improved respiratory mus-
cle strength, handgrip strength, weight gain (!2 kg),
exercise performance, and quality of life.24 In another
meta-analysis of 13 randomized controlled trials of nutri-
tional supplements, nutritional advice, or enteral tube
feeding, a significant increase in mean total protein and

energy intake were observed with improvements in body
weight and handgrip strength.25 The results from these
meta-analyses clearly indicate that additional nutritional
supplementation together with nutritional advice, provides
significant increases in body weight, muscle strength, and
improved quality of life, which may lead to improved
mortality rates.

Nutritional supplementation with high-fat and
high-carbohydrate formulations

Although it is desirable to increase the body weight of
malnourished COPD patients, challenges may exist as these
patients have a higher resting energy expenditure resulting
in a greater calorie requirement than in mild COPD pa-
tients. Furthermore, these patients may have increasing
fatigue, dyspnea, and early satiety, which affect their
ability to eat and consume enough calories. Therefore,
under these circumstances, it is important to provide
nutrition that has high calorie density. This will also help to
minimize abdominal distention that may cause discomfort
while eating.

It has been proposed that increasing the calorie intake
of COPD patients through a higher fat content diet may be
more beneficial, as fat produces less metabolic CO2 (VCO2)
per O2, and has a lower respiratory quotient (RQ) compared
with carbohydrate (CHO) metabolism. This may be partic-
ularly important in COPD patients with hypercapnia and
those suffering from shortness of breath. Several studies
have been performed to investigate the beneficial effects
of different types of nutritional supplements in COPD pa-
tients, and the results of these studies are summarized in
Table 1.

Table 1 Summary of effects of nutritional supplementation on clinical outcomes in COPD patients.

Nutritional
supplement

COPD status Clinical outcomes References

High fat Stable ambulatory COPD Lower PaCO2, RQ, VE, higher PaO2 Frankfort et al27

COPD with hypercapnia Lower PaCO2, RQ
Improved lung function

Cai et al28

Moderate to severe COPD Lower PaCO2, RQ
Higher PaO2
Improved lung functions

Kane et al26

Angelillo et al30

Akrabawi et al33

Severe COPD with artificial
ventilation

Lower PaCO2
Reduced time on the ventilator

al-Saady et al31

High calories Depleted COPD Patients
Mechanically ventilated
COPD patients

Increased body weight, FFM, increased
handgrip strength, improved exercise capacity
Higher PaCO2

Creutzberg et al36

Talpers et al35

Omega-3 Stable COPD Lower TNF de Battle et al40

Protein (BCAA) COPD Patients Enhanced whole body protein synthesis Engelen et al43

Protein (EAA) Severe COPD Increased FFM
Improved daily life performance, muscle strength,
& energy metabolism
Improved cognitive function

Dal Negro et al44

Dal Negro et al45

Vitamin D COPD patients Reduced risk of exacerbations in the most
deficient patients

Varraso & Camargo47

BCAA Z branched chain amino acid; COPD Z chronic obstructive pulmonary disease; EAA Z essential amino acid; FFM Z fat-free mass;
Ref. Z reference; RQ Z respiratory quotient; TNF Z tumor necrosis factor; VE Z minute ventilation.

Nutritional supplementation in COPD patients 597

1991
2003

1990. 
1985 

1989
1996

1992
2003

Dra.	I.	Barrientos
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Influyen	los	macronutrientes?

• Estudios iniciales que utilizaron QR fue en pacientes con Fibrosis quística

• Pacientes en VMA con dietas altas en grasa redujeron niveles de CO2 y
tiempo de ventilación vs dieta standard

• Malone et al. 2009: Dietas altas en grasas no deberían utilizarse
rutinariamente, solo para los pacientes ventilados

• DeBellis et al., 2012: Dietas altas en grasas producen retraso en el
vaciamiento gástrico, incrementa la saciedad lo que puede empeorar el
estado de malnutrición

Journal of	the Formosan Medical	Association (2016)	115,	595e601	

Se	necesitan	más	estudios	para	determinar	los	beneficios	de	dietas	altas	
en	grasas	sobre	altas	en	carbohidratos,	especialmente	de	acuerdo	a	la	

severidad	de	la	enfermedad

Dra.	I.	Barrientos



• Dietas		(60%	CHO,19%	grasa,		20%	prot)	3	veces	al	día	por	8	semanas:		
• Incremento	en	el	peso	corporal
• MLG
• Fuerza	muscular
• Función	respiratoria

• En	rehabilitación	pulmonar	mejoran	el	área	transversal	del	músculo	y	
la	tolerancia	al	ejercicio

Journal of	the Formosan Medical	Association (2016)	115,	595e601	Dra.	I.	Barrientos



Suplementación	en	EPOC	estable

Nutritional supplementation for stable chronic obstructive
pulmonary disease (Review)

Ferreira IM, Brooks D, White J, Goldstein R

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2012, Issue 12

http://www.thecochranelibrary.com

Nutritional supplementation for stable chronic obstructive pulmonary disease (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Mejoría	en	el	peso	corporal,	en	la	fuerza	de	los	
músculos	respiratorios,	en	la	caminata	y	en	la	
calidad	de	vida

17	estudios	(632	participantes)	al	menos	
2	Semanas	de	suplementación	
nutricional

Dra.	I.	Barrientos



La	nueva	evidencia…
• La	intervención	nutricional	se	debe	dirigir	a	cubrir	las	necesidades	de	
proteínas	para	compensar	la	proteólisis,	y	mantener	un	balance	
positivo.
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been associated with the risk and progression of respiratory
disease.12

Unfortunately, no data are yet available on dietary intake in the
Dutch elderly (470 years). However, according to the Dutch
National Food Consumption survey 2007–2010, 17–21% of older
Dutch adults (51–69 years) had a low intake of vitamin A, a small
percentage had a low intake of vitamins C and E and calcium, and
the median total vitamin D intake was below RDI.21 In the COPD
patients in this study, the reported percentages of patients with
micronutrient intake below recommendations were remarkably
higher and vitamin D was identified as the major deficiency.

The current finding of a high prevalence of inadequate intake of
vitamin D in COPD patients (78%) was in accordance with earlier
findings in a small group (n¼ 17) of Swedish underweight
(BMIp20 kg/m2) elderly with established severe COPD. They
found that intake of vitamin D was below recommendations,
which may contribute to osteoporosis.15 Also, in a Spanish group
of 275 moderate-to-severe COPD patients, merely 11%
accomplished the daily recommendations of 10 mg/d vitamin D
intake, comparable to the Dutch RDI.16 Nonetheless, it was
suggested in that study that the elevated sunlight exposure in
Mediterranean countries may complete the low dietary intake by a
high vitamin D dermic synthesis. However, the included subjects
in the present study all lived in the Netherlands, with less sun
exposure than in Spain. Together with the fact that the elderly
already have a poorer ability to synthesize vitamin D through the
skin,22 our population might be at risk of inadequate vitamin D
intake and production. Indeed, recent data from patients entering
our pulmonary rehabilitation centre have shown that vitamin D
deficiency, measured as plasma 25(OH)D concentration below
50 nmol/l, was present in 58%,23 which is higher than the reported
40% in healthy Dutch adults.24 Unfortunately, we did not have
data on vitamin D status in the present study; thus, no correlation

between vitamin D intake and plasma levels could be made.
Nonetheless, previous research could not detect a correlation.23

Our finding of a low vitamin D intake deserved further
investigation as vitamin D deficiency appears to be involved not
only in the development of osteoporosis23 but also in several
other COPD-related disease features, including impaired lung
function,25 compromised immune function and impaired muscle
strength and function.26 Patients with inadequate vitamin D intake
had a less balanced dietary intake, as reflected by protein and
micronutrients. Dietary sources for vitamin D are fatty fish, butter,
dairy products and cheese, as is for calcium. Vitamin A is
particularly present in animal products and liver, vitamin C in
fruit and vegetables and vitamin E in vegetable oils, nuts, seeds,
fruit and vegetables. Consequently, low vitamin D intake appears
to reflect a poor dietary quality in general and simply
recommending a vitamin D supplement would likely not cover
all dietary needs in these patients. As it is also suggested that a
dietary shift to higher antioxidant food intake may be associated
with improvement in lung function,27 more attention to dietary
quality is warranted in COPD management.

According to the recent Cochrane review, there is moderate-
quality evidence for nutritional supplementation in the manage-
ment of malnourished patients with COPD.28 In the current study,
almost 25% of patients were characterized by a low FFMI. There
was specific interest in protein intake in this subgroup as a
potential limiting factor for muscle protein synthesis29 and in
view of the reported elevated whole-body protein turnover.30

More than 60% of patients with low FFMI had inadequate protein
intake (nutritionþ supplements) per kg body weight, considering
a recommended lower limit of 1.5 g/kg body weight. This level
of protein intake, if possible in combination with physical exercise,
is necessary to achieve a positive protein balance. Nonetheless,
the prevalence of an inadequate dietary intake was lower in
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Figure 1. Quality of macro- and micronutrient intake, stratified by gender. Quality of dietary intake was compared using the chi squared test
between men (n¼ 319) and women (n¼ 245). Results of statistical analysis showed that men differed from women in the quality of dietary
intake of vitamin A. Asterisks indicate a significant difference between groups: **Po0.01.
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thepresenceof acuteor chronicdisease, protein intakemaybe increasedup to 1.5g/kg
BW/d. If a protein intake of more than 1.2 g/kg BW/d is recommended, the satiating ef-
fect of protein must be considered, because it may interfere with the required intake of
calories. An overview of current protein recommendations is presented in Table 1.

SUPPLEMENTATION

Several studies tested supplementation with protein and amino acids in older persons.
They focused on different amounts of protein supplementation, on protein quality, and
on the timing of supplementation.

Amount and Timing of Protein Intake

The timing and distribution of protein intake seem to play an important role in protein
synthesis. Mamerow and colleagues21 examined the 24-hour mixed muscle protein
fractional synthesis rate with evenly distributed protein intake without carbohydrates
at breakfast, lunch, and dinner against a skewed protein meal at dinner. They detected
a 25%higher rate for the evenly distributed approach. Bollwein and colleagues22 found

Table 1
Overview of current protein recommendations

Institute of
Medicine
for Adultsa,7

Recommendations
by the PROT-AGE
Study Groupb,5

Recommendations
by the ESPEN
Group19

ESCEO Guidelines
for
Postmenopausal
Women20

Healthy
older
adults

0.8 g/kg BW/d 1.0–1.2 g/kg BW/d
25–30 g protein/

meal, including
2.5–2.8 g leucine

1.0–1.2 g/kg BW/d 50–71 y: 1.0 g/kg
BW/d

711 y: 1.0–1.2 g/kg
BW/d

20–25 g protein/
meal

Older adults
with an
acute or
chronic
illness

— 1.2–1.5 g/kg BW/d,
adults with
severe illness or
injury or marked
malnutrition
need as much as
2.0 g/kg BW/d

1.2–1.5 g/kg BW/d;
even higher
when severely ill
or malnourished

—

Physical
activity

— Endurance exercise
at 30 min/d,
include resistance
training when
possible, 2–3
per week for
10–15 min or
more

20 g protein
supplement after
exercise

Daily physical
activity (including
resistance
training) as long
as possible

Regular physical
activity/exercise
3–5 times/wk
combined with
protein intake in
close proximity to
exercise

Abbreviations: ESCEO, European Society for Clinical and Economic Aspects of Osteoporosis and
Osteoarthritis; ESPEN, The European Society for Clinical Nutrition and Metabolism; PROT-AGE, In-
ternational study group to review dietary protein needs with aging.

a Recommendations are regardless of gender and age for all adults.
b All adults older than 65 years are included, regardless of gender.
Data from Refs.5,7,19,20

Protein and Older Persons 331
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Figure 1C shows the weekly progression of total isokinetic
work performed during training (weekly average) for each
group. Mean absolute work performed by HCs was greater at
all stages than in both COPD groups, but there was no differ-
ence in the rate of progression of work during training between
the HC and COPD groups and between the COPD (P) and
COPD (S) groups.

Training-induced changes in protein expression
Muscle protein breakdown: In the HC group, expression of proteins
involved in MPB was significantly increased 24 h after the first bout
of training and was sustained at 4 and 8 weeks (figure 2A). In
patients with COPD, the pattern of change was broadly similar, but
of smaller magnitude with fewer changes being statistically signifi-
cant (figure 2C,D). In particular, the expression of MURF1 and
MAFbx was unchanged in both COPD groups during training.
There was no difference in the response to training between COPD
(P) and COPD (S) groups.

Muscle protein synthesis: In HCs, there was an increase with
training in the ratio of phosphorylated protein to total protein
expression for all anabolic signalling proteins with the exception
of PGSK3β/GSK3β ratio (figure 3A). The pattern of change in
COPD was similar, but training-induced changes were of sub-
stantially lower magnitude than in HC (figure 3C,D). There was
no difference in the magnitude of response when comparing
COPD (P) and COPD (S) groups.

Myogenesis: Myostatin protein expression did not change sig-
nificantly from baseline with training in either HC or COPD
groups. There was a statistically significant increase in MyoD
expression after 8 weeks of training in all three groups, which
was of the same magnitude. There was a tendency for myogenin
protein expression to increase with training in all groups, but
this did not reach statistical significance (figure 4A,C,D). There
was no difference in the pattern of response to training when
comparing COPD (P) and COPD (S) groups.

Transcription factors: Phosphorylated to total protein expres-
sion ratios for FOXO1 and FOXO3 transcription factors
increased in all groups during training (figure 5). However, the

magnitude of change was lower in both COPD groups com-
pared with HCs.

Training-induced changes in mRNA expression
A description of changes in mRNA expression is provided in the
online supplementary materials and methods. Broadly, the pattern
change in genes involved in MPB and MPS, myogenesis, transcrip-
tion and inflammation was similar for HC and COPD (P) and
COPD (S) groups (see online supplementary figures 2S–6S).
Notably, myostatin mRNA expression was significantly reduced at
24 h, but was restored to the baseline value at 4 and 8 weeks in all
groups (see online supplementary figure 4S). Similarly, inflamma-
tory gene expression increased significantly in all groups at 24 h
but was reduced to baseline at 4 and 8 weeks (see online supple-
mentary figure 6S).

DISCUSSION
This study details the functional and molecular responses of
skeletal muscle to RT and post-exercise protein/carbohydrate
supplementation combined with RT in patients with COPD and
aged-matched HCs. A major finding was that increases in thigh
lean mass and knee-extensor strength over 8 weeks of RT in
patients with COPD were similar compared with HCs. It is con-
cluded that while baseline muscle function in patients with
COPD is compromised, its responsiveness to RT is preserved.

RT increased anabolic, catabolic and transcription factor
protein expression (not unexpected given exercise increases
muscle protein turnover), but the magnitude of increase was
blunted in patients with COPD. This was surprising given that
thigh lean mass and strength gains were similar, and suggests a
disconnection between changes in protein expression and lean
mass gains. There appeared to be a closer association between
anabolic, catabolic and transcription factor protein expression
levels and work done during RT as the latter was consistently
lower in patients with COPD (figure 1C). However, changes in
myogenic protein expression with RT were similar in patients
with COPD and HCs and may explain the similarity in lean
mass gains. This is in line with the observation that testosterone-

Figure 1 Training-induced changes in muscle mass and strength and progression of work. Changes (%±SEM) from baseline in (A) thigh muscle
mass, (B) isometric peak torque in the healthy control group (HC; red bars), chronic obstructive pulmonary disease (COPD) placebo group (COPD (P);
green bars) and COPD supplement group (COPD (S); blue bars). *p<0.05, **p<0.01, ***p<0.001 significantly different from baseline. (C) Shows
mean (± SEM) weekly total isokinetic work (180°/s) performed during the 8-week training programme in the three groups. #p<0.05 significant
difference compared with control group.
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Figure 5. 
Mean (± SE) whole body net protein gain after intake of the TAA and EAA mixtures in 
healthy controls (n=19) and COPD patients (n=23) (A) per gram total AA intake (B) per 
gram EAA intake (C) per gram balanced EAA intake (=EAA intake minus additional LEU). 
Statistics were done using two-way measures analysis of variance with “group” and 
“mixture” as factors used to compare differences between groups and mixtures. Net protein 
gain per gram total AA intake: group effect, P<0.0001, mixture effect, P<0.0001, and no 
group x mixture interaction. Net protein gain per gram EAA intake: group effect, P=0.0005, 
mixture effect, P<0.0001, and no group x mixture interaction. Net protein gain per gram 
balanced EAA intake: group effect, P=0.0004, mixture effect, P<0.0001, and no group x 
mixture interaction. Net protein gain is expressed as the 3h postprandial area under the 
curve. EAA mixture significantly different from TAA mixture, ****P<0.0001. TAA mixture: 
total amino acid mixture (balanced mixture of EAA and non-EAA). EAA mixture: essential 
amino acid mixture (balanced mixture of EAA and additional LEU). AA: amino acid. EAA: 
essential amino acid. PHE: phenylalanine. Net protein gain = protein synthesis – protein 
breakdown.
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Figure 3. The fate of amino acids (AAs) in muscle cell: physiologic (top) and hypercatabolic syndrome
(HS) and/or insulin resistance (IS) (bottom). The increase in catabolic stimuli enhances protein
breakdown and AA release in the blood stream. These AAs are used almost exclusively for energy
production and gluconeogenesis, but not for de novo protein synthesis. This favors the onset and
aggravation of muscle wasting.

Recently, protein intake above the current recommended dietary allowance (RDA; 0.8 g/kg/day)
has been proposed to preserve muscle health in later life [14–17]. It, therefore, appears appropriate to
promote protein intake of 1.0–1.2 g/kg/day, while 1.2–1.5 g/kg/day of protein may be required in
older adults with acute or chronic conditions [16–18]. Finally, older people with severe illnesses or
overt malnutrition may need as much as 2.0 g/kg/day of protein [17].

It is also important to consider that HS induces “insulin resistance” (IR), a condition which reduces
cytoplasmic and mitochondrial cell protein synthesis and impaired cell metabolism. This reinforces
the protein-amino acid disarrangement [10,19].

3. Clinical Impact of Protein Disarrangements

Alterations in protein balance have been associated with muscle wasting in patients aged 65+,
hospitalized for a variety of chronic disease conditions [20]. Furthermore, approximately 30% of
patients with chronic heart failure exhibit reduced serum albumin (<3.5 g/dL) [21]. Notably, these
conditions are related to increased morbidity, hospitalization, and mortality, independent of primary
diseases, and so increases health-related costs and worse prognosis [11,22].

The central role of muscle proteins for the maintenance of whole-body metabolism, especially
in response to stress (e.g., HS following chronic disease conditions) has recently gained support [23].
Indeed, the maintenance of muscle mass and protein metabolism has been suggested as being a
relevant parameter to include in future studies because of its clinical relevance [23].

Jonker y	Deutz (2017)
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days (2.9% vs. 6.2%; p ¼ 0.049) and 60 days postdischarge (4.2% vs.
8.7%; p ¼ 0.020).

While mortality resulted from a range of causes, including
cancer in 3 patients diagnosed subsequent to study enrollment,
most deaths were due to cardiorespiratory conditions
(Supplementary Table 6).

3.4. Other efficacy endpoints

No significant effects on mean total LOS were observed (HP-
HMB, 5.0 [standard deviation (SD), 3.2] vs. placebo 5.1 [SD, 3.6]);
ADL was also similar between treatments at days 30, 60, and 90
(median [1st quartile, 3rd quartile] was 6 [6, 6] for both groups).
Changes were observed in nutritional status such that the propor-
tion of patients categorized as SGA-A (well-nourished) increased
over the study duration in both groups (Fig. 3A). These increases
were consistently greater with HP-HMB, peaking at day 90, with
45.5% of these patients classified as SGA-A compared with 30.0% in

the placebo group. The differences in SGA levels between groups at
day 90 resulted in significantly higher odds of patients in the HP-
HMB group achieving a better nutritional status relative to pla-
cebo (odds ratio ¼ 2.04, 95% CI, 1.28 to 3.25; p ¼ 0.009).

At day 30, body weight was improved by least squares mean
(standard error [SE]) of 0.55 (SE, 0.32) kg in HP-HMB group, but
decreased by 0.26 (SE, 0.34) kg from discharge in placebo, with a
difference showing significance (p ¼ 0.035; Fig. 3B). Although not
statistically different, changes in body weight were consistently
higher in HP-HMB group at days 60 and 90 (Fig. 3B). Serum levels of
25-hydroxyvitamin D (Fig. 4) were significantly higher with HP-
HMB than placebo at days 30 and 60 (p ¼ 0.035 and p ¼ 0.008,
respectively).

3.5. Safety

A comparable proportion of patients in both groups reported
treatment-emergent adverse events (serious plus nonserious

Fig. 3. Nutritional status and weight change. While consistent improvements in nutritional status, as determined by the SGA scores, were observed over the study duration in both
treatment groups (A), the specialized, nutrient-dense oral nutritional supplement, HP-HMB, resulted in significantly higher odds of patients achieving a better nutritional status at
day 90 relative to the placebo group (odds ratio ¼ 2.04, 95% CI ¼ 1.28 to 3.25, p ¼ 0.009). The differences between treatments in body weight change from discharge significantly
favored HP-HMB at day 30 (B). CI, confidence interval; HP-HMB, high-protein beta-hydroxy-beta-methylbutyrate; LS, least squares; SE, standard error; SGA, Subjective Global
Assessment.
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composition per serving of HP-HMB and placebo are shown in
Supplementary Table 2. All ingredients were stable over the shelf-
life of the supplements.

2.4. Outcomes

The primary efficacy variable was the composite event of death
or nonelective readmission within 90 days postdischarge. Other
efficacy variables included 30- and 60-day rates of readmission
and/or death, length of stay (LOS), and activities of daily living
(ADL) assessed using the Katz Index of Independence in Activities
of Daily Living Scale [21]. This analysis also evaluated nutrition-
related efficacy endpoints, including distribution of SGA nutri-
tional status, changes in body weight at 30, 60 and 90 days
postdischarge, and serum concentration of 25-hydroxyvitamin D
at 30 and 60 days, which was evaluated using a central laboratory
(ICON, Farmingdale, NY). Other variables will be reported sepa-
rately, and a complete listing of the study outcomes is in
Supplementary Table 3.

2.5. Statistical analysis

Efficacy analyses were performed using the intention-to-treat
(ITT) population, defined a priori as all enrolled patients who
received any amount of allocated intervention. For patients who
prematurely discontinued study procedures and intervention, a
postexit follow-up was planned to ascertain death and readmission
outcomes, which were included in the ITT analysis. Missing values
were not imputed in the analyses.

The sample size was calculated based on the 90-day read-
mission outcome. Assuming a 90-day readmission rate of 29% in the
placebo group [22], and that HP-HMB would improve this rate by
10 absolute percentage points, a sample size of 228 patients per
treatment was estimated to provide 80% power using a 0.05-level
1-sided log rank test. Accounting for 30% attrition, the trial
needed to enroll 326 patients per group. As part of the sensitivity
analysis, prior to the unblinding of the trial, the composite outcome
of the competing events (90-day readmission and/or death) was
redefined as the primary outcome.

For the composite outcome and its individual components, the
Tarone-Ware survival (primary analysis) and unstratified
CochraneManteleHaenszel tests (confirmatory analysis) were
used to compare HP-HMB with placebo. Post hoc analysis was
performed using a stratified CochraneManteleHaenszel test to
ascertain the effect of imbalance in New York Heart Association
(NYHA) classification. KaplaneMeier survival curves were plotted
for the primary and component outcomes. For time-to-event ana-
lyses, censoring was done at the time of the last patient contact for
patients who were lost to follow-up (approximately 5% of patients
in both groups). Negative binomial regression was used to analyze
LOS, and generalized estimating equations for SGA. Changes from
discharge in body weight were analyzed by analysis of covariance.
Details of the statistical software, factors, and covariates used in the
models are provided in Supplementary Table 4.

Demographics, clinical characteristics, and adverse events were
compared between interventions using the CochraneMantele
Haenszel test for categorical variables and analysis of variance for
continuous variables.

An interim analysis for the 90-day readmission was made when
approximately 50% of the patients exited the study, were read-
mitted, or died. The Lan-Demets alpha-spending function approx-
imating the O'Brien Fleming method was used for preserving the
overall significance level at a ¼ 0.05. Two-sided p values were
reported.

3. Results

3.1. Patients

A total of 652 patients were enrolled from 78 sites (328 HP-HMB
and 324 placebo), of whom 313 and 309 received their allocated
intervention, respectively, and are included in the ITT population
(Fig. 1B). Among the 121 patients in HP-HMB (38.7%) and 126 in
placebo (40.8%) who exited the study prior to the 90-day visit, the
most common reason for discontinuation was patient's request, 66
in HP-HMB and 61 in placebo. A postexit follow-up for those who
did not have a readmission before exit was conducted in 83 HP-
HMB and 79 placebo patients to ascertain death and readmission
outcomes; a total of 37 patients were completely lost to follow-up.
Overall, clinical outcomes were unavailable from 18 and 19 patients

Table 1
Baseline demographic and clinical characteristics of the treatment groups.

Variable Placebo
(n ¼ 309)

HP-HMBb

(n ¼ 313)

Mean age (SD), y 78.1 (8.6) 77.7 (8.2)
Male, n (%) 149 (48.2) 149 (47.6)
Race, n (%)
Black/African-American 32 (10.4) 35 (11.2)
White 273 (88.3) 267 (85.3)
Other 4 (1.3) 11 (3.5)

Mean body weight (SD), kg 66.2 (16.0) 67.5 (17.4)
Mean BMI (SD), kg/m2 23.9 (5.0) 24.3 (5.2)
SGA category, n (%)
B, Mildly-moderately malnourished 268 (86.7) 275 (87.9)
C, Severely malnourished 41 (13.3) 38 (12.1)

Primary admission diagnosis, n (%)
Heart failure 78 (25.3) 79 (25.2)
Acute myocardial infarction 25 (8.1) 30 (9.6)
Pneumonia 100 (32.5) 95 (30.4)
Chronic obstructive pulmonary disease 105 (34.1) 109 (34.8)

Mean Charlson Comorbidity Score (SD) 2.05 (1.46) 2.12 (1.48)
Government sponsored insurance, n (%) 276 (89) 278 (89)
Income < $25,000/y, n (%) 130 (42) 154 (49)
Katz ADL total score 6 (5, 6)a 6 (5, 6)

ADL, activities of daily living; BMI, body mass index; HP-HMB, high-protein beta-
hydroxy-beta-methylbutyrate; SD, standard deviation; SGA, Subjective Global
Assessment.

a Median (Q1, Q3), Q1 is the first quartile, Q3 is the third quartile.
b No significant differences were observed between treatment groups for any of

the variables.

Table 2
Condition severity.

Severity classification Placebo (n ¼ 309) HP-HMB (n ¼ 313)

NYHA Classification among patients with heart failure, n (%)a

Class I 4 (5.3) 1 (1.3)
Class II 27 (36.0) 46 (59.7)
Class III 31 (41.3) 25 (32.5)
Class IV 13 (17.3) 5 (6.5)

Gold Criteria for severity of chronic obstructive pulmonary disease, n (%)
Stage I 3 (2.9) 3 (2.8)
Stage II 17 (16.2) 28 (25.7)
Stage III 7 (6.7) 12 (11.0)
Stage IV 9 (8.6) 9 (8.3)
Unknown 69 (65.7) 57 (52.3)

Pneumonia CRB-65 Severity Score, n (%)
1 62 (62.0) 66 (69.5)
2 29 (29.0) 26 (27.4)
3 8 (8.0) 3 (3.2)
4 1 (1.0) 0

CRB-65, Confusiondrespiratory ratedblood pressure for those "65 years of age;
HP-HMB, high-protein beta-hydroxy-beta-methylbutyrate; NYHA, New York Heart
Association.

a p ¼ 0.0126 comparing distribution between treatment groups.
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both HMB and leucine are able to attenuate muscle
loss in older adults during catabolic conditions, albeit
HMB being more promising because of a longer half-
life time in blood.

b-HYDROXY b-METHYLBUTYRATE
INTERVENTION STUDIES IN OLDER
ADULTS AND IN DISEASE STATES
HMB given as a dietary supplement in humans has
anticatabolic effects as it blunts age-related losses of
strength and myofiber dimensions [28]. Prolonged

Ca-HMB supplementation was able to improve
strength, body composition, functionality, and
muscle quality with and without resistance exercise
in older adults [29]. Oral nutritional supplement
containing Ca-HMB improved leg muscle strength
and quality in malnourished older adults with
mild–moderate sarcopenia [30&]. We recently found
no muscle loss after 10 days of bedrest in healthy
older adults supplemented with HMB, and a muscle
gain was observed after 8 weeks of exercise rehabili-
tation [25] (Table 3). Supplementation of 1.5 g Ca-
HMB for 8 weeks during a mild fitness program in

Table 3. Published studies in past 2 years investigating effects of HMB intervention in healthy and diseased older adults

Author Study population Design Nutritional intervention
(Exercise) rehabilitation
and assessments Primary results

Berton et al.
[31]

Older women 65 years
and older (n¼80)

Randomized, parallel
group, open label

1.5 g/day of ca- HMB versus
control for 8 weeks

Twice-weekly mild fitness
program for 8 weeks
(i.e. resistance exercise)

Assessments at baseline
and after 8 weeks

No difference in short physical
performance battery,
handgrip strength or body
composition.

HMB group: " isokinetic
flexion and extension,
"isometric strength,
" 6MWT, " handgrip
endurance

Cramer et al.
[30&]

Malnourished and
sarcopenic men and
women 65 years
and older (n¼330)

Multicenter,
randomized, double-
blinded, controlled
clinical trial

Experimental ONS (20 g
protein, 499 IU Vit D3,
1.5 g Ca-HMB) versus
control (14 g protein,
147 IU Vit D3) for 24
weeks. Two servings/day

Assessments at weeks 0,
12 and 24

Experimental ONS versus
control: " leg muscle
strength and quality in
mild–moderate sarcopenia
but not severe sarcopenia

Nishizaki et al.
[36]

Knee osteoarthritis
patients undergoing
total knee
arthroplasty (n¼23)

Randomized controlled
study

2.4 g HMB/14 g ARG/14 g
GLN (n¼13) versus
control (n¼10) daily for
5 days before and
28 days after surgery

Strength training, range of
motion exercise and
walking training postop.
Assessments 7 days
prior and 14, 28 and
42 days postsurgery

HMB: no loss of muscle
strength between
preoperative and
postoperative day 14. No
difference in nonoperative
side, length of hospital stay,
body weight changes

Stout et al. [47] Healthy elderly men
(n¼48)

Randomized, double
blind, controlled
study

1.5 g Ca-HMB with 4 g CHO
versus 200 mg calcium
with 4 g CHO twice daily

Twelve weeks of resistance
training. Assessments
pre and post resistance
training

HMB wit resistance training:
# adipose fat mass

Deutz et al.
[33&]

65 years and older,
hospitalized for
exacerbation COPD,
CHF, acute
myocardial
infarction,
pneumonia
(n¼652)

Multicenter,
randomized,
placebo controlled
double-blind

High protein-HMB (20 g
protein, 11 g fat, 44 g
CHO, 1.5 g Ca-HMB,
160 IU vitamin D) versus
placebo, 2"/day from
hospitalization until 90-
day postdischarge

Inpatient and posthospital
discharge

Assessments at hospital
admission and
discharge, days 30, 60
and 90 postdischarge

No difference in primary
composite endpoint (90
days postdischarge
incidence of death or
nonelective readmission).

High protein-HMB: # 90-day
mortality, " survival, " odd
of patients achieving better
nutritional status at day 90,
" body weight day 30

Ekinci et al.
[35]

Older women with hip
fracture admitted to
orthopedic clinics
(n¼75)

Randomized controlled
study

3 g Ca-HMB, 1000 IU
vitamin D, 36 g protein
nutritional supplement two
servings/day
postoperatively for
30 days versus control

Assessment preoperatively
and at postoperative
days 15 and 30.

CaHMB/vitamin D/protein
combination: shorter wound
healing period. "
ambulatory and
mobilization, " muscle
strength

Fitschen et al.
[32]

Maintenance
hemodialysis
patients (n¼33)

Double-blind, placebo
controlled,
randomized trial

3 g/day Ca-HMB versus
placebo 7 d/w for 6
months

Assessment during
6 months of
hemodialysis

No difference in body
composition, strength, bone
density, physical function,
fall risk, quality of life.
Compliance problems

Olveira et al.
[34]

Bronchiectasis (n¼30) single center,
randomized
controlled trial,
parallel treatment
design

Oral nutritional supplement
(ONS).18 g protein, 1.5 g
HMB, 1.7 g prebiotic fiber
versus no supplement
once/day

12 weeks of pulmonary
rehabilitation.
Assessment at baseline,
12 and 24 weeks

ONS: " bone density,
handgrip strength, mid-arm
muscle circumference,
physical functioning domain
in quality of life. nonsign
" myostatin

Ca, calcium; CHO, carbohydrates; HMB, b-hydroxy b-methylbutyrate; 6MWT, 6-min walk test; ONS, oral nutritional supplement.
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Vitamina	D
• Vitamina	D	por	su	rol	en	hueso,	actividad	antiinflamatoria,	a	nivel	
muscular.

• Ingestas	diarias	de	800	IU	de	vitamina	D	con	1	g	de	calcio.
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Odds ratios of osteopenia, osteoporosis, and a low BMD in the
sarcopenia group

The effects of sarcopenia on the risks of osteopenia and osteoporosis were investigated. In the
model corrected for age, gender, height, smoking frequency, levels of blood vitamin D, PTH,
ALP, FEV1 (%), and physical inactivity level, the presence of sarcopenia increased the risk of
osteopenia, osteoporosis, and a low BMD (OR = 3.227, 95% CI = 2.125–4.899, p< 0.001,
OR = 6.952, 95% CI = 3.418–14.139, p< 0.001, and OR = 3.495, 95% CI = 2.315–5.278,
p< 0.001, respectively). After adjusting for weight and BMI, the presence of sarcopenia still
increased the risk of osteopenia and low BMD (OR = 1.822, 95% CI = 1.123–2.953, p = 0.015
and OR = 1.830, 95% CI = 1.133–2.956, p = 0.014, respectively; Table 6).

Subgroup analyses were conducted to confirm the effects of sarcopenia on BMD in each
body weight group. In the high-weight group (BMI� 23), the presence of sarcopenia increased

Fig 2. Prevalence of bone disease according to the sarcopenia group.

doi:10.1371/journal.pone.0164303.g002

Table 3. Correlation analysis of body indexes for each T-score.

Femur T-score Femur neck T-score Lumbar T-score

Coefficient P-value Coefficient P-value Coefficient P-value

Age (years) -0.351 < 0.001 -0.369 < 0.001 -0.198 < 0.001

Height (cm) 0.418 < 0.001 0.507 < 0.001 0.452 < 0.001

Weight (kg) 0.516 < 0.001 0.522 < 0.001 0.526 < 0.001

BMI (kg/m2) 0.332 < 0.001 0.265 < 0.001 0.320 < 0.001

ASMI (kg/m2) 0.503 < 0.001 0.519 < 0.001 0.462 < 0.001

BMI, body mass index; ASMI, appendicular skeletal muscle mass index.

doi:10.1371/journal.pone.0164303.t003

The Relation of Sarcopenia and Decreased BMD in COPD
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81	pacientes
51%	masc,
43–80	años
NUTRITION		

187.5	kCal (20%	Prot,	60%	CHO	y	20%	grasa.	
Enriquecido Leu,	n-3	PUFA y		vit D	

4	meses de	seguimiento en Rehab	Pulmonar

mood showed significantly improved HADS depression score
in NUTRITION but not in PLACEBO (Table 2).

Discussion

The NUTRAIN‐trial showed that COPD patients with low
muscle mass and moderate airflow obstruction respond well
to high intensity exercise training. In this population, no
additional effect of nutritional intervention was shown on
lower limb muscle strength as primary outcome measure,
but respiratory muscle strength (which was not a training
target) improved in NUTRITION only. Between‐group
differences favouring NUTRITION were shown in body
weight, plasma nutrient status, and physical activity.

Earlier research on nutritional rehabilitation has mainly
focused on providing enough energy and protein to improve
or maintain body weight and muscle mass. Recent research
has shifted towards the quality of dietary protein in terms
of protein sources and supplementation of specific anabolic
amino acids. Casein and whey, both high‐quality proteins
because of their high essential amino acid (EAA) content,
are shown to comparably and efficiently stimulate muscle
protein synthesis.13 Leucine is one of the BCAAs known to
increase insulin secretion and influence molecular regulation
of muscle protein synthesis (via the mTOR pathway), thereby
stimulating anabolism and muscle protein synthesis, provided
sufficient supply of essential amino acids (EAA) to the
muscles.6 The current supplement therefore provided equal
amounts of casein and whey (4.2 g) for a balanced amino acid

Figure 3 Mean pre‐ and post‐ values of A: Lower limb muscle strength; B: Exercise performance. Light grey bars represent patients that received
PLACEBO. Mid grey bars represent patients that received NUTRITION. * P < 0.05; **P < 0.01; *** P < 0.001.

Figure 4 Mean pre‐ and post‐ values of A: Respiratory muscle strength; B: Physical activity level. Light grey bars represent patients that received
PLACEBO. Mid grey bars represent patients that received NUTRITION. * P < 0.05; **P < 0.01.

754 C. van de Bool et al.
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TMN: 230 kcal; 10 g concentrado de prot suero., 2.0 g DHA + 
EPA, 10 µg 25-hydroxy-vitamin D3 en 200 mL.

Leche 25-hy- droxy-vitamin D3, aceite de girasol

Journal of Cachexia, Sarcopenia and Muscle 2018; 9: 28–40 

difference in mean diastolic BP was not significant (!3.9 vs.
+0.8 mmHg; P = 0.2445). Physical examination outcomes, lab-
oratory safety assessment results (Table 3), and concomitant
medication use initiated post-baseline (Table S3) did not dif-
fer numerically between groups.

Body composition and weight

Patients in TMN and comparator groups gained similar
amounts of weight, and thus, BMI rose similarly (Table S4).
There were no between-group differences in changes in waist
and calf circumference, appendicular LBM, or skeletal muscle
index; however, the TMN group gained significantly more FM
than the comparator group (+1.87 vs. +0.60 kg; P = 0.0013),
and a difference was evident regardless of baseline weight
loss (Table S5). This difference remained after adjustment
for COPD severity (P = 0.0013).

Exercise tolerance and muscle function

Borg scale-assessed fatigue after the 6 min walk test was sig-
nificantly reduced in the TMN vs. comparator group by week

12; a similar pattern was observed for dyspnoea, although the
difference missed statistical significance (Figure 2A). When
accounting for COPD severity, reductions in fatigue
(P = 0.0223) and dyspnoea (P = 0.0382) in the TMN group
were both significant. Changes in exercise tolerance were
similar regardless of weight loss at baseline (Table S5).
Change in 6 min walk distance from baseline to week 12 did
not differ significantly between groups (Figure 2B), and
neither did hand grip strength or amount of self-reported
exercise.

Inflammation

Fasting plasma concentrations of all four biomarkers of in-
flammation were numerically lower in the TMN vs. compar-
ator group at weeks 6 and 12. Concentrations of IL-6, IL-8,
and tumour necrosis factor decreased in the TMN group
and increased in the comparator group over 12 weeks,
whereas C-reactive protein concentrations increased in both
groups (Figure 3). These differences were not significant,
before or after taking disease severity into account, but
were similar in patients with >5 and ≤5% weight loss at
baseline (Table S5).

Figure 2 Change from baseline to week 12 in results of the 6 min walk test in the TMN group and the isocaloric comparator group. (A) Borg scale mea-
sured post-walk fatigue and dyspnoea. (B) Distance covered. Data on figures show mean ± SEM change from baseline to week 12, calculated as week 12
value minus baseline value for each patient, divided by the n number; n = 19 for both groups. Data below figures show mean baseline and week 12
values, calculated as the mean of all values recorded. Effect sizes and P values were estimated by analysis of covariance adjusted for baseline value.
*P < 0.05 for the TMN vs. isocaloric comparator group. CI, confidence interval; SEM, standard error of the mean; TMN, targeted medical nutrition.
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Statistical analysis

Safety and efficacy analyses were performed for the safety and
full analysis sets, respectively. Safety endpoints were summa-
rized using descriptive statistics: differences reported are nu-
merical only, unless otherwise specified. For continuous
efficacy endpoints, differences between treatment groups
from baseline to weeks 6 or 12 were assessed using analyses
of covariance (ANCOVA) with baseline value as the covariate.

Greater than expected reductions in the safety endpoint of
blood pressure (BP) were observed between baseline and
week 12, so a post hoc ANCOVA was conducted using treat-
ment as the fixed factor and baseline value as the covariate
for this endpoint; because of observed differences in inflam-
mation between groups, EPA and DHA levels were also
assessed in the same type of post hoc analysis.

Significant differences between groups in disease severity
[assessed by Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) criteria] and FEV1 were observed at baseline.
Therefore, post hoc ANCOVAs were conducted with stage of
COPD [moderate vs. severe, assessed by GOLD criteria (Table 1)]
as a factor, for efficacy endpoints in which treatment effects of
P < 0.1 were observed in one or more variables in an efficacy
outcome category in the primary analysis; treatment and stage
of COPD were fixed factors, and baseline value was a covariate.

All tests were two-sided, and P ≤ 0.05 was considered sig-
nificant. No adjustments were made for multiple compari-
sons owing to the exploratory nature of the analysis. Data

were analysed using Statistical Analysis System (v9.3) soft-
ware. Unless otherwise specified, data in parentheses show
mean change from baseline to week 12 in the TMN group
vs. the isocaloric comparator group, alongside baseline-
adjusted P values. Disease severity-adjusted and baseline-
adjusted P values are provided where specified.

Results

Between 7 May 2015 and 5 April 2016, 48 patients were
screened, and 45 were randomized to receive TMN (n = 22)
or comparator (n = 23). Figure 1 shows patient flow.
Baseline characteristics, including age, weight loss, and propor-
tion of patients with cachexia, did not differ between groups
(Table 2). The proportion of women was slightly, but not signif-
icantly, higher in the TMN group than the comparator group
(P > 0.1). A greater proportion of patients in the TMN vs. the
comparator group had severe disease based on GOLD criteria
at baseline; this was accounted for in post hoc analyses.

Safety

Targetedmedical nutrition was well tolerated, and AEs did not
differ in number or type between the TMN and comparator
groups (36 AEs in 16 patients vs. 36 AEs in 17 patients, respec-
tively), with the exception of diarrhoea, which occurred in a

Table 2 Baseline patient demographics and characteristics

Variable TMN (n = 22) Comparator (n = 23)

Mean SD Mean SD
Age (years) 69.2 6.3 69.7 8.2
Weight (kg) 64.1 10.8 69.4 15.2
Weight loss (%) 4.1 2.5 4.0 2.6
Height (cm) 168.9 9.0 171.3 8.8
BMI (kg/m2) 22.5 3.7 23.5 4.0
FEV1 (% of FVC) 45.0a 10.0 52.4 8.9

n % n %
Women 12 54.5 10 43.5
Severe COPD based on GOLD criteriab 15a 68.2 8 34.8
Weight loss
No weight history 2 9.1 2 8.7
No weight lossc and BMI 16–18 kg/m2 1 4.5 1 4.3
≤5% weight lossc 11 50.0 12 52.2
5–10% weight lossc 8 36.4 8 34.8

Stage of cachexia according to the ERS statement16
Pre-cachexiad 1 4.5 2 8.7
Cachexiae 7 31.8 6 26.0

Smoking status n = 21 n = 22
Current 13 61.9 11 50.0
Former 8 38.1 11 50.0

BMI, body mass index; COPD, chronic obstructive pulmonary disease; ERS, European Respiratory Society; FEV1, forced expiratory volume in
1 s; FFMI, fat-free mass index; FVC, forced expiratory vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SD, stan-
dard deviation; TMN, targeted medical nutrition.
aP < 0.05 for the TMN vs. isocaloric comparator group.
bFEV1 30–50% of predicted value.
cOver the 12 months before randomization.
dUnintentional weight loss of >5%.
eUnintentional weight loss of >5% and FFMI <17 kg/m2 (for men) or <15 kg/m2 (for women).
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may be a potential advancement in the clinical care of patients with
COPD. The past 5 years attention in COPDmanagement extended to
comorbidities as significant contributors to disease burden and
mortality risk and studies proposed to include them in multidi-
mensional grading of disease severity [50].

5. Future

50 years ago, the “pink puffer” and “blue bloater” highlighted
two distinct metabolic phenotypes in advanced COPD. Both hy-
pothesis driven translational research during the past 25 years and
more recent unbiased statistical approaches in observational
studies, indicate that in current obesogenic and aging society, more
than two metabolic phenotypes can be distinguished (Fig. 1).
Metabolic phenotypes are linked to different systemic disease
manifestations and comorbidity clusters. Understanding organ
crosstalk may provide new leads for intervention. It is yet well
established in COPD that both musculoskeletal impairment and
elevated cardiovascular risk contribute to increased morbidity and
mortality but unclear if COPD is somehow influencing the devel-
opment of these comorbidities or whether one should consider
them (including COPD) as multi-morbidity resulting from the
interaction between genetic predisposition and overlapping life-
style determinants. Systems biology approaches in large COPD co-
horts studies (eg. ECLIPSE and COPD-gene) but also analyses of
large population based cohort studies such as Health ABC and the
Baltimore Longitudinal Study of Aging may advance our under-
standing as illustrated by van den Borst et al. [51] for the contri-
bution of airflow obstruction and smoking on the age-related
decline in leanmass and physical function. Current insights provide
sufficient rationale for integrating lifestyle intervention including a
healthy diet, a physical active lifestyle and smoking cessation in
COPD disease management to maintain physical functioning and
prevent cardiovascular comorbidity. Excitingly more and more

studies even point towards a modulating role of physical inactivity
[52] and poor dietary quality [53,54] on COPD etiology and decline
in airflow obstruction. Overall research on metabolism and nutri-
tion in COPD nicely illustrates the need for a paradigm shift from
reactive medicine towards predictive, preventive, personalized and
participatory (P4) medicine.
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Conclusiones	
• Las propuestas anteriores de los efectos adversos de dar suplementación
con CHO en EPOC por el aumento de CO2, no se han mostrado con
evidencia en estudios más recientes, por tanto no debería de ser indicación
por el momento la restricción de estos (European Respiratory Society)

• El estado nutricional (fenotipo) es tan importante como la función
respiratoria para predecir la evolución de de las PAM con EPOC.

• Composición corporal es esencial

• Especial interés y énfasis en aporte proteico: 1,2-1,5 g/kg/d

• No dejar de lado vitamina D
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