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Introduction

Heart failure (HF) remains a major challenge in Western
countries with up to 2% of the population being affected.
Co-morbidities have a huge impact on the clinical course
and on patient outcomes. Such co-morbidities include
coronary artery disease, arterial hypertension, diabetes
mellitus, chronic obstructive pulmonary disease (COPD), and
chronic kidney disease (CKD). In recent years, wasting
disorders have received increasing attention in patients with
HF. These wasting disorders embrace involuntary loss of body
weight—a condition that has been termed cardiac cachexia—
as well as muscle wasting, also known as sarcopenia.

The French physician Charles Mauriac was the first to
use the term cardiac cachexia in his medical dissertation
that was published in 1860.1 The term cachexia, however,
was introduced probably as early as during ancient Greek
times because some sources claim that Hippocrates used
the term already.1 The term sarcopenia, on the other hand,
was coined in 1989 by Rosenberg and colleagues.” It is
important to understand the differences between the two
types of wasting: cardiac cachexia develops in the course
of manifest HF, which has progressed already to a compar-
atively late stage, implying that a catabolic state has
already developed. Cachexia is frequent not only in patients
with HF but also in patients with CKD, COPD, and
neurological diseases as well as in rheumatoid arthritis.>™
The diagnosis can be made by using weighing scale and
by asking the patient for his or her weight before HF
developed or 12 months before the actual date. In 1997,
the presence of cardiac cachexia had been established as
an independent risk factor for mortality in ambulatory pa-
tients with HF.® Sarcopenia, on the other hand, was first
identified as a co-morbidity in patients with HF in 2013.”
Therefore, the guidelines of the European Society of Cardi-
ology have started to mention cachexia and sarcopenia as
relevant co-morbidities of HF only in 2016. It was also in
2016 that sarcopenia received an International Classification

of Diseases code, which was perceived as a major step for-
ward in recognizing sarcopenia as a disease.®?

The original description of sarcopenia in HF used a rather
heterogeneous cohort of ambulatory patients with HF includ-
ing those with HF with reduced as well as those with HF with
preserved ejection fraction. The prevalence of sarcopenia
(muscle wasting) in that study was 19.5% of all patients
included, and sarcopenia was an independent predictor of
poor exercise capacity.’ Subsequent studies restricted to
patients with HF with preserved ejection fraction have
confirmed a similar prevalence.’® Whilst patients with
sarcopenia primarily lose skeletal muscle, those who have
cachexia may lose any type of tissue that ultimately yields
weight loss. Recent data have confirmed that patients with
muscle wasting in cachexia are particularly affected by
reduced exercise capacity, strength, and quality of life.**

Treating wasting in patients with HF remains challenging.
Approaches have included nutritional supplements,***3
exercise training,™* and drug treatments.® The aim of this
overview is to summarize the available knowledge of muscle
wasting and sarcopenia in patients with HF. Most of the
evidence is currently available from geriatric populations,
and data from patients with HF remain rare.

Prevalence and incidence of sarcopenia
in elderly populations

The Newcastle 85+ Study recruited two waves of subjects
born in 1921 and registered in Newcastle general
practices.’® The authors of this study used the definition
proposed by the European Working Group of Sarcopenia
in Older People. This is one among the many different
definitions of sarcopenia that have been suggested;
however, no international consensus has been arrived at
in this question. The study authors assessed grip strength,
gait speed, and lean mass and found that sarcopenia was
present in 21% of this British cohort of very old healthy
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subjects. Whilst the total sample included 719 participants,
incidence data were available for 302 participants with an
incidence rate for sarcopenia of 3.7 cases per 100 person-
years at risk. Another study by Brown et al’ used a
population-based cohort with data of 4425 older adults
from the Third National Health and Nutrition Survey with
muscle mass being quantified by bioimpedance analysis
and muscle function by gait speed. The mean age of this
population was 70.1 vyears, and the prevalence of
sarcopenia was 36.5%. The authors found that sarcopenia
is associated with an increased risk of all-cause mortality
in men and women and also with increased risk of
sarcopenia-specific mortality among women but not men,
identifying sarcopenia particularly in an elderly female
population as a risk factor for cardiovascular adverse events.
Tyrovolas et al. used data from 18 363 people aged 65 years
or older who participated in the Collaborative Research on
Ageing in Europe survey that was conducted in Finland,
Poland, and Spain as well as data from the World Health
Organization Study on Global Ageing and Adult Health
Survey conducted in China, Ghana, India, Mexico, Russia,
and South Africa.’® The prevalence of sarcopenia ranged
from 12.6% (Poland) to 17.5% (India). Sarcopenic obesity,
that is, obese subjects with low muscle mass, was identified
in 1.3% (India) up to 11% (Spain). Low physical activity was
an independent predictor of sarcopenia prevalence and
sarcopenic obesity in the overall sample. A similar study in
only 394 participants from the multicentre Italian Study con-
ducted by the Gruppo Lavoro Italiano Sarcopenia—
Trattamento e Nutrizione (GLISTEN) in 12 acute care wards
of university hospitals across Italy determined a prevalence
of sarcopenia at hospital admission of 14.7% in a sample
with a mean age of 79.6 * 6.4 years. These authors used
the European Working Group of Sarcopenia in Older People
sarcopenia diagnostic criteria at discharge. They found that
patients who developed sarcopenia spent on average of
5.1 days in bed compared with 3.2 days for those with no
sarcopenia at discharge. This study identifies sarcopenia as
an important factor to prolong hospital stay in patients
admitted to acute care wards.'® Yang et al. conducted a
prospective observational study in acute care wards in
teaching hospitals in Western China and obtained the
survival status and readmission information after 12, 24,
and 36 months after the baseline investigation. Among
288 participants (mean age 81.1 + 6.6 years), 49 were
identified as having sarcopenia (17%). The prevalence was
similar in men and women. During 3 years of follow-up,
49 men and 9 women died. Sarcopenic patients were more
likely to die than non-sarcopenic patients, and after
adjusting for age, sex, and other confounders, sarcopenia
remained an independent predictor of 3-year mortality
and readmission.?’ These data confirm that sarcopenia is
very prevalent among elderly subjects and is an indepen-
dent predictor of readmission and mortality in acute care

wards and is a factor that increases the duration of hospital
stay. In this context, it is important to highlight the impor-
tance of systemic inflammation in patients with sarcopenia
and low physical performance, both at a pathophysiological
and at a clinical level.?*

Makizako and colleagues studied physical performance and
body composition in community-dwelling Japanese older
adults using cross-sectional data from 10 092 subjects
analysing handgrip strength, the five-times-sit-to-stand test,
and gait speed. These parameters of physical performance
decreased significantly with ageing. The slope of decline in
age-associated changes was greater in grip strength for men
and walking speed for women. Importantly, these authors
found that the decrease in appendicular skeletal mass index
associated with age is much more prominent than that of
body mass index.”> Among elderly subjects from the UK,
Zengin et al. studied men aged 40-79 years recruited from
Manchester. They analysed lower limb jump force and power
by measuring a single two-leg jump performed on a ground
reaction force platform. Grip strength on the other hand
was measured using a handgrip dynamometer in a total of
301 men. They found that jump force is negatively associated
with age. For every 10 year increase in age, grip strength
decreased by 11%. Interestingly, jump force was positively
associated with tibial bone outcomes.”> These findings
buttress the loss in muscle strength with advancing age. They
also serve as a basis for understanding the increased risk of
falls as assessed in the STRAMBO study. These authors
studied 890 men aged 50 years and older and assessed
appendicular skeletal muscle mass by dual-energy X-ray
absorptiometry (DEXA) scan, grip strength, and physical
function. A total of 813 men aged 60 and older were followed
out to 5 years. Overall, the authors found that low leisure
physical activity, very high occupational physical activity,
Parkinson’s disease, diabetes mellitus, low apparent free
testosterone concentration, and vertebral and multiple
fractures were associated with lower grip strength. On the
other hand, multiple vertebral fractures were associated with
a two-fold higher risk of multiple falls after adjustment for
confounders.®® Another large study in 3493 non-
institutionalized older adults found that approximately 30%
of the participants were at risk for losing physical indepen-
dence at 90 years of age.”> The aforementioned data
underline the fact that the loss of skeletal muscle mass is
associated with an increased risk of morbidity and mortality
and in particular with an increased risk of losing physical
independence. Therefore, the maintenance of skeletal muscle
mass should be regarded as paramount in all elderly subjects;
however, the moment patients have manifest HF, the
maintenance of skeletal muscle mass has to be taken to an
even higher level of importance.

Interestingly, data from the Geelong Osteoporosis Study
confirm these findings using data from a cohort of 750
women aged 50-94 years who were followed for a decade
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after femoral neck bone mineral density and an appendicular
lean mass assessment by dual energy X-ray absorptiometry
(DEXA). These authors found that during 6712 person-years
of follow-up, there were 190 deaths, and proportions were
increasing with diminishing bone mineral density as well as
with diminishing appendicular lean mass, the defining feature
of sarcopenia. These authors conclude that poor musculo-
skeletal health increases the risk of mortality independent
of age, an effect that appears to be driven mainly by a decline
in bone mass. However, low lean mass independently exacer-
bates the mortality risk, and this effect appears to operate
through poor health exposures.?® Indeed, using data from
the Korean National Health and Nutrition Examination Sur-
vey, Kim et al. found that higher vitamin D levels were signif-
icantly associated with a reduced likelihood of ‘adverse body
composition’. In particular, patients in the highest tertile of
serum vitamin D levels were less likely to have
osteosarcopenic obesity, whereas vitamin D sufficiency in
men was significantly associated with in increased likelihood
of a higher number of adverse body composition.*’

Screening and diagnosing sarcopenia

The pathophysiology of wasting in HF remains incompletely
understood. This is also true for sarcopenia in healthy ageing.
An anabolic—catabolic imbalance does certainly play a role as
does an alteration in appetite and food intake. On the other
hand, decreased exercise capacity and decreased physical
activity act hand in hand in aggravating skeletal muscle loss,
in itself accelerated by an imbalance in protein senescence
and degradation.?®?° Protein degradation is maintained
via three pathophysiological avenues, which include the
ubiquitin-proteasome pathway, autophagy, and apoptosis
mediated by caspase signalling.3° The human skeletal muscle
proteome project is currently underway to characterize
muscle proteins and the way they change during ageing and
disease.3>3? It has been established that patients with HF
and sarcopenia have impaired endothelium function with
lower vasodilation having a negative impact of exercise
capacity, which is particularly prevalent in sarcopenic
patients.>® Anorexia is likewise very prevalent in patients with
HF as assessed using a 6-point Likert scale.®* In patients with
dilated cardiomyopathy, an even higher prevalence has been
established. Hajahmadi et al. found in 55 patients with
dilated cardiomyopathy that muscle wasting was prevalent
in 47.3% of all patients. Patients with muscle wasting had
lower left ventricular ejection fraction, lower 6 min walk
distance, and a higher New York Heart Association functional
class and hospitalization rate.?® In patients on the intensive
care unit, muscular weakness and muscle wasting may be
highly prevalent and may, for example, present as failure to
wean from mechanical ventilation. On the other hand,

mechanical ventilation itself may induce progressive
dysfunction of the main respiratory muscle, that is, the
diaphragm. Such problems may be particularly important in
patients admitted to the intensive care unit with sarcopenia
being already present.>® Cheung et al. recently reported that
testosterone deprivation selectively decreases lower limb
muscle function, predominantly affecting muscles that
support body weight and muscles that accelerate the body
forward during walking and mediate balance. Therefore,
androgen deprivation appears to cause selective deficits in
the biochemical leg muscle function, which may also play a
role in patients with HF in whom the deficiency of anabolic
hormones has been reported to play a major role and to have
prognostic significance.3”*® Anorexia, on the other hand,
plays also a major role in the pathogenesis of wasting in both
sarcopenia and cachexia.>® This goes hand in hand with the
appearance of malnutrition. Intervention studies have mostly
focused on n-3 fatty acids; however, the clinical evidence to
support a benefit of such nutritional interventions is still
insufficient. 44

As discussed earlier, the clinical definition of sarcopenia
remains a matter of debate, and a number of screening tools
have been developed. SARC-F, for example, is a symptom
score that exhibits good internal consistency and may have
value in the screening for sarcopenia.*> Very similarly, the
SarQol is a specific health-related quality of life questionnaire
for patients with sarcopenia. A recent study found that it is
valid, consistent, and reliable and can be recommended for
clinical and research purposes, even though its sensitivity to
change needs to be assessed in additional studies.** None
of these screening tools have, however, been evaluated in
the setting of HF. Other approaches have used the
assessment of muscle quantity using ultrasound. Nijholt
et al. found after analysing 17 studies that ultrasound is
reliable and valid tool for the assessment of muscle size in
older adults. On the other hand, these authors admit that
more high-quality research is required to confirm these
findings in clinical and healthy populations and that
ultrasound assessment requires more evaluation in smaller
muscles. Scott and colleagues studied panoramic ultrasound
and magnetic resonance imaging of the quadriceps and
gastrocnemius muscles of the right leg in 27 subjects. They
found that panoramic ultrasound imaging is a valid tool for
monitoring quadriceps muscle atrophy and hypertrophy and
for detecting gastrocnemius atrophy.** The aforementioned
screening tools and devices may help in screening patients
for the presence for sarcopenia.*> However, the gold
standard for the diagnosis remains the assessment using
DEXA scan, computed tomography (CT), or magnetic
resonance imaging. Biomarkers do not currently play a major
role even though a large number of potential candidates has
been evaluated.’*™*° An interesting candidate biomarker C-
terminal agrin fragment has been used in patients with HF*°
and in patients after acute stroke.>* Sensitivity and specificity
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of biomarkers such as C-terminal agrin fragment and other
such candidates remain however unsatisfying.>> Another
interesting approach is the assessment of handgrip strength
using a handgrip dynamometer. The debate is ongoing on
how many attempts are needed to assess the maximum
handgrip strength in order to identify individuals with low
muscle strength, and it might in fact be the case that the
number of attempts may have an influence in this regard.
Reihnierse and colleagues studied three cohorts including a
total of 939 individuals and assessed the handgrip strength
three times.>® Interestingly, the results showed the same
pattern in all three cohorts with the maximal handgrip
strength at Attempts 1 and 2 being higher than Attempt 3.
Overall, values were highly reproducible. The authors thus
concluded that maximal handgrip strength is dependent on
the number of attempts but independent of age and health
status. To assess maximal handgrip strength, at least three
attempts should be made when handgrip strength is
considered as a continuous valuable. If handgrip strength is,
however, considered as discrete variable to assess low
muscle strength, two attempts may be sufficient in younger
populations. This point is important because single
assessments may vyield misclassifications of patients and
may not prompt accurate diagnostic workups. Leong and
colleagues established references ranges of handgrip
strength in using data assessed by Jamar dynamometer in
125 462 healthy adults aged 35-70 years from 21 countries.>*
Their findings were summarized in the Prospective Urban
Rural Epidemiologic Study and found that handgrip strength
values differed among individuals from different geographical
regions. Values were the highest in Europe and North
America and lowest in South Asia, Southeast Asia, and
Africa and intermediate among patients or subjects from
China, South America, and the Middle East (Figure ). This
point has to be considered when assessing handgrip strength
in subjects from different geographical regions.

Kohara and colleagues study two sarcopenic indices: thigh
muscle cross-sectional area calculated by CT imaging and
skeletal muscle mass assessed by bioelectric impedance. They
defined muscle mass decline as either the bottom 10 or 20%
of participants for each sex even though that methodological
approach may have its pitfalls. It is interesting to note that
lower sarcopenic indices were significantly related to lower
cognitive scores. The authors assume that arterial stiffness
and white matter hyperintensities could at least in part
account for this association. In the context of decreasing
skeletal muscle performance, the role of mitochondria needs
to be mentioned. Indeed, mitochondria play a central role as
principal source of intracellular reactive oxygen species,
which are mainly formed in the respiratory chain. Ageing
organs have been associated with dysfunctional mitochondria
that generate less adenosine triphosphate. Such ageing
mitochondria may play a role in senescence, and this effect
may be particularly important in tissues that require high

energy and thus high mitochondrial content such as the heart
and the skeletal muscle. Fabbri and colleagues studied 511
men and women aged 50 years or older who were followed
for an average of 4 years. Using DEXA scan as well as knee-
extension isokinetic strength and CT imaging of thigh muscle
cross-sectional area, they found that muscle quality shows a
significant linear decline over time of the follow-up, an effect
that is independent of covariates such as baseline body
weight and body mass index. Instead, higher total fat mass
and lower total lean mass at baseline predicted a steep
longitudinal decline in muscle quality.>® In patients with HF,
on the other hand, it is interesting to note that carvedilol
attenuates the development of cachexia and promotes a par-
tial reversal of cachexia in patients with severe chronic HF.>’

Physical exercise and rehabilitation

Physical exercise and exercise training are important
therapeutic approaches in muscle wasting and sarcopenia.
Foong et al. studied 636 community-dwelling older adults
with a mean age of 66 + 7 years. The muscle mass was
measured using DEXA scan, and lower limb strength was
measured via dynamometry. Using accelerometer measure-
ment, the authors found that physical activity intensity was
positively associated with both lean mass percentage and
lower limp strength in dose-response fashion. Sedentary
activity, on the other hand, was negatively associated with
lean mass percentage but not with lower limb strength.
Therefore, accelerometer assessment provides a readily avail-
able tool to follow patients’ physical activity.”® Lemos Pinto
and colleagues performed a 12 week parallel-group, double-
blind, randomized, controlled trial in which individuals were
allocated into one of two groups. The first received placebo
and resistance training, and the second received creatine
supplementation and resistance training. Patients were
assessed using DEXA scan at baseline and after 12 weeks at
time points in which they also had their muscle strength
assessed. Interestingly, the group that received creatine
supplementation and resistance training had superior gains
in limb mass compared with the placebo and resistance
training group. Unfortunately, muscle strength did not differ
significantly.>® A study in 146 women with sarcopenic obesity
found that a 3 week weight-reducing programme combined
with aerobic exercise lead to a significant weight reduction.
Interestingly, obese women without sarcopenia lost lean
mass, which was not the case in women with sarcopenic obe-
sity.®% A systematic review of exercise rehabilitation following
intensive care unit discharge for recovery of critical illness
found an overall disappointing quality of evidence. The re-
view of six trials involves 483 patients, but only two studies
evaluated health-related quality of life, and neither of these
reported differences between intervention and control
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Figure 1 (A) Average handgrip strength as a function of age. Nth, North; Sth, South. Reproduced with permission from Leong et al.>* (B) Estimated
handgrip strength (solid line) as a function of age. The dotted curves represent +1 SD, and the dashed curves represent +2 SD. Reproduced with

permission from Leong et al.>*
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group. Therefore, the authors concluded that additional
studies are necessary after intensive care unit discharge.®*
An interesting approach was presented by Chan et al. who
performed a randomized controlled trial of integrated care
for patients with frailty and sarcopenia: 289 patients were
randomized to one of two groups. The first received a 2 h
education course of frailty, sarcopenia, coping strategies,
nutrition, and a demonstration of study exercise
programmes. They also received educational multimedia
material, and patients underwent bimonthly telephone
follow-ups. The second group received all of the above and
six sessions of on-site problems-solving therapy and 48
exercise sessions within 6 months. In addition, a brief
nutrition consultation was also provided. Mean age of the
participants was 71.6 + 4.4 years with 53% being female.
The improvement of the primary outcome, the cardiovascular
health study phenotypic classification of frailty index, was
65% at 3 months and increase to 40% at 6 months. There
was no difference between the two groups.®? In the context
of resistance training, it is important to note that muscle fibre
capillarization may be a critical factor for allowing muscle fi-
bre hypertrophy due to resistance exercise training,®® even
though the coupling between skeletal muscle fibre size and
capillarization is maintained during healthy ageing.®*

Co-morbidities of heart failure

It is important to note that co-morbidities of HF are fre-
quently associated with the development of muscle wasting
and/or cachexia just like HF itself. Chronic kidney disease,
for example, is prevalent in approximately 50% of all patients
with HF, and CKD itself has been associated with wasting,
because, very similar to HF, inflammation is involved in medi-
ating skeletal muscle wasting in these patients. Chronic
kidney disease promotes muscle inflammation through an
up-regulation of toll-like receptor 4, which may activate
downward inflammatory signals such as tumour necrosis
factor and nuclear factor kB-regulated genes.®® Like in HF, it
has been difficult to suppress muscle wasting in patients with
CKD. In vitro and in vivo models have used, for example,
dexamethasone administration as well as ursolic acid derived
from plants. In this in vivo model, ursolic acid improved CKD-
induced muscle wasting by suppressing the expression of
myostatin and inflammatory cytokines.®® Like in osteopenia
development mentioned earlier, vitamin D acts a as a modu-
lator of musculoskeletal health in patients with CKD.®” Indoxyl
sulfate induces mitochondrial dysfunction in models with
CKD. This uraemic toxin is known to accelerate skeletal
muscle atrophy, and therefore, indoxyl sulfate may be a
potential target for mitrochondrial-targeted intervention in

CKD-induced muscle atrophy.®® In patients on haemodialysis,
the valid detection of sarcopenia may be particularly difficult
among obese subjects. Indeed, the valid detection requires
adjustment for body size, because skeletal muscle mass
normalized only for height may underestimate the
prevalence of low muscle mass particularly in overweight
and obese subjects on haemodialysis.® Likewise, patients
with COPD likewise frequently present with cachexia and
wasting. Both may be partly reversible in patients with COPD;
however, they affect disease progression and prognosis in an
adverse manner.”’ One possible approach is again exercise
training, which has been proven to be effective in improving
lower limb muscle strength and exercise performance in pa-
tients with COPD and moderate airflow obstruction. Again,
nutritional supplements may have an additional effect on
nutritional status, inspiratory muscle strength, and physical
activity.”*

Conclusions

The pathophysiological understanding of wasting in patients
with HF is improving; however, many questions remain un-
solved. In geriatric populations, low physical activity is an
independent predictor of sarcopenia prevalence and
sarcopenic obesity. Moreover, sarcopenia is an important
factor in prolonging hospital stay among patients admitted
to acute care wards. The loss of skeletal muscle mass is
associated with an increased risk of morbidity and mortality
and in particular with an increased risk of losing physical
independence. Therapeutic approaches include nutritional
supplements, exercise, and possibly drug treatments, but
evidence remains unsatisfying. The implementation of
sarcopenia into the HF guidelines of the European Society
of Cardiology and the fact that sarcopenia has now an
International Statistical Classification of Diseases code were
important steps forward. In HF, a lot remains to be per-
formed in order to better characterize the pathophysiology
and to establish treatments.
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