Current Heart Failure Reports (2019) 16:189-200
https://doi.org/10.1007/511897-019-00437-y

BIOMARKERS OF HEART FAILURE (J. GRODIN & W.H.W. TANG, SECTION EDITORS)

®

Check for
updates

Anabolism to Catabolism: Serologic Clues to Nutritional Status
in Heart Failure

Laura Murphy - Alastair Gray' - Emer Joyce '

Published online: 12 October 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Purpose of Review Malnutrition, sarcopenia, and cachexia are areas of increasing interest in the management of patients with
heart failure (HF). This review aims to examine the serological markers useful in guiding the physician in identification of these
patients.

Recent Findings Traditional nutritional biomarkers including albumin/prealbumin, iron, and vitamin D deficiencies predict poor
prognosis in malnutrition and HF. Novel biomarkers including ghrelin, myostatin, C-terminal agrin fragment, and adiponectin
have been identified as possible substrates and/or therapeutic targets in cardiac patients with sarcopenia and cachexia, though
clinical trial data is limited to date.

Summary Increased focus on nutritional deficiency syndromes in heart failure has led to the use of established markers of
malnutrition as well as the identification of novel biomarkers in the management of these patients, though to date, their usage

has been confined to the academic domain and further research is required to establish their role in the clinical setting.

Keywords Malnutrition - Sarcopenia - Cachexia - Frailty - Heart failure

Introduction

Heart failure (HF) is increasing in prevalence and is currently
estimated to affect 6.5 million Americans [1]. It places a sig-
nificant burden on healthcare resources, with costs directly
attributable to HF care estimated to reach $53billion by
2030 [2]. Despite promising advances in pharmacological
and device management over the past decade, HF patients
remain at significantly increased risk of morbidity and mor-
tality [3]. Attention in recent years has thereby been increas-
ingly directed at additional substrates that can positively im-
pact HF outcomes outside of traditional myocardial and car-
diovascular system models, including associated metabolic
and wasting conditions. Involuntary loss of body weight
(cachexia) and muscle wasting (sarcopenia) are more common
in the HF population, particularly in more advanced disease
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states. Early identification and treatment of these wasting con-
ditions may be associated with improved outcomes in this
patient group, particularly those who may progress to ad-
vanced therapies including ventricular assist devices and car-
diac transplantation.

In this article, we review both current diagnostic strategies
available to identify HF patients with impaired nutritional sta-
tus and contemporary therapeutic strategies to modify and
potentially reverse some of these factors. We will also discuss
potential therapeutic targets for these factors in future.

Heart Failure and Impaired Nutritional Status:
Pathophysiological Links

Chronic HF and impaired nutritional status and muscle
wasting share many common pathophysiological processes.
The causes contributing to wasting in HF are multifactorial.
Gut hypoperfusion and interstitial edema cause nausea and
anorexia as well as malabsorption of nutrients.
Neurohormonal activation with increased activity of the sym-
pathetic nervous and renin-angiotensin-aldosterone systems
leads to increased energy expenditure at baseline and thereby
induces a catabolic state. A further imbalance between anabolic
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and catabolic metabolism in these patients derives from reduced
anabolic mediators including growth hormone (GH), insulin-like
growth factor-1 (IGF-1), testosterone and ghrelin, as well as in-
creased inflammatory mediators including tumor necrosis factor-
alpha (TNF-w), interleukin-6 (IL-6), and C-reactive protein
(CRP) with resulting increased oxidative stress [4]. An overview
of the interlinking between these biomarkers and pathophysio-
logical processes in malnutrition and HF is provided in Fig. 1.
HF patients are also more vulnerable to nutritional deficien-
cies due to the presence of multiple co-morbidities including
hypertension, coronary artery disease, diabetes mellitus, atrial
fibrillation, chronic lung disease, chronic kidney disease, chronic
liver disease, and anemia [S]. HF patients may also experience
worsening nutritional status and wasting through evolving into a
frailty phenotype, which is being increasingly recognized as
prevalent in all HF groups and stages. There is no strict definition
of how it should be assessed in HF, leading to significant vari-
ability in the stated prevalence of frailty, ranging from 21% in
community dwelling adults up to 70% in patients hospitalized
with acute decompensated HF (ADHF) [6, 7]. The most com-
monly used assessment method to define the presence of frailty is
the Fried Phenotype, which identifies patients as frail based on
deficits in three or more physical domains. Unintentional weight
loss, or cachexia, is one of these domains, alongside self-reported
exhaustion, low physical activity, slow walking speed, and low

grip strength [8]. In summary, it is clear that HF pathophysiology
is currently undergoing a paradigm shift. For so long, the thera-
peutic focus has been solely on the myocardium and cardiovas-
cular system itself, but for further incremental improvements, HF
clinicians are increasingly looking towards substrates such as
metabolism and nutrition as current and future targets for new
successful therapies. This includes assessing clinically relevant
related phenotypes, including malnutrition, sarcopenia, and
cachexia.

Assessment of Nutritional Status in Heart
Failure

Malnutrition is defined as a low body mass index (BMI)
(< 18.5 kg/m?) or unintentional weight loss of > 10% ha-
bitual body weight cumulative or > 5% over 3 months in
association with either a low BMI (<20 kg/m” aged <
70 years, <22 kg/m?® aged >70 years) or a low fat-free
mass index (FFMI) (females: < 15 kg/mz, males: <17 kg/
m?) [9]. The assessment of malnutrition in HF patients is
complicated by the fact that underlying loss of muscle
mass and weight may be masked by edema so that in
routine clinical assessments, the patients’ weight may re-
main stable in the setting of congestion but they may in
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Fig. 1 Serological clues to nutritional deficiency in heart failure: a
number of pathophysiological processes in heart failure result in
nutritional deficiencies which can be detected by conventional and
novel serological biomarkers with the resultant effect of malnutrition,
sarcopenia, and cachexia and ultimately increased mortality,
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hospitalization, and frailty in this already vulnerable group. CRP: C-
reactive protein, eGFR: estimated glomerular filtration rate, Hb:
hemoglobin, IGF-1: insulin-like growth factor-1, IL-6: interleukin-6,
RAAS: renin-angiotensin-aldosterone system, TNF-o: tumor necrosis
factor-alpha, Tsat: transferrin saturation
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Table 1

Summary of methods to detect substrates

Malnutrition

Clinical detection:

Results:

NRS 2002 [10, 11]

MNA [12]

SNAQ [13]

Sarcopenia
DEXA [14]

CT 15, 16]
MRI [17+]

SPPB [18]

Hand grip strength

[19]

Cachexia
Definition [20]

Components:

BMI <20.5 kg/m*: Yes/No
Weight loss in last 3 months: Yes/No
Reduced dietary intake in last Yes/No

week:
Is the patient severely ill? Yes/No

Dietary intake decline in last 3 months due
to anorexia/Gl disturbance/
chewing/swallowing difficulties:
None/moderate/severe decrease

Weight loss in last 3 months:

None/1-3 kg/> 3 kg

Mobility: No dysfunction

Can get out of chair/bed, does not go out of
house, Bed/Chair bound

Psychological stress/acute disease in last
3 months: Yes/No

Neuropsychological assessment:
None/mild dementia/severe dementia or
depression

BMI (kg/m?): < 19/19-21/21-23/> 23

Calf circumference (cm): > 3/ or < 31

Unintentional weight loss:

*> 6 kg in last 6 months ee*

>3 kg in last month ¢

Decreased appetite in last month? ¢

Supplemental drinks or tube feeding in the
last month? «

Appendicular skeletal muscle mass = the
sum of muscle mass of the four limbs
indexed to height in m?

Psoas muscle area measured on axial
images at level of L3/L4 vertebrae

Thoracic muscle cross-sectional area on
chest magnetic resonance images

Side by side stand (10 s)

Semi-tandem stand (10 s)

Tandem stand (10 s)

Gait speed test to walk 4 m

Time taken for x 5 chair stands

Jamar dynamometer

3 attempts with 5 s between each attempt

Dominant and non-dominant hands
measured with averages for each taken

> 5% edeme free body weight loss in
previous 12 months

Imuscle strength, fatigue, anorexia, |at
free mass index, |hemoglobin |albumin
tinflammatory markers

BMLI, weight loss % over time, food intake % normal (score 0-3)
Severity of disease: mild-severe (score 0-3)

Age>70 years—add 1 point

Score > 3 points requires nutritional intervention

Normal assessment: 12—14 points
At risk of malnutrition: 8-11 points
Malnourished: 0—7 points

* No intervention
* Moderately malnourished, nutritional intervention
ee+ Severely malnourished: nutritional interventional and treatment dietician

<5.45 kg/m* women abnormal
<7.26 kg/m” men abnormal

Lowest tertile psoas muscle area:

<12.0 cm® men/< 6.5 cm? women

Strongest correlation between lower pectoralis major muscle mass and increased
mortality

Increased risk of death associated with lower scores.

Score 0: hazard ratio: 6.06 (CI: (2.19-16.76)

Score 1-4: hazard ratio: 4.78 (CI: 1.63-14.02)

Score: 5-8: hazard ratio: 1.95 (CI: 0.67-5.70)

< 25% body weight abnormal

BMI body mass index, CI confidence interval, CT computed tomography, DEXA dual-energy x-ray absorptiometry, MNA Mini Nutritional Assessment,
MRI magnetic resonance imaging, NRS 2002 Nutritional Risk Score 2002, SNAQ Short Nutritional Assessment Questionnaire, SPPB short physical
performance battery

fact be malnourished, highlighting the importance of care-
ful volume status assessment in these patients.

Malnutrition screening can consist of both clinical and se-
rological markers (Table 1).
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The Nutritional Screening 2002 (NRS2002) tool identified a
prevalence of nutritional risk of 57% in chronic HF inpatients,
which was associated with an increased incidence of complica-
tions and prolonged length of stay in this group [10]. A meta-
analysis looking at nutritional and screening tools in HF patients
identified an even higher prevalence of malnutrition in patients
with ADHF or advanced HF (75-90%) and found that the Mini-
Nutritional Assessment was the strongest predictor of mortality
in the HF studies [12]. The Short Nutritional Assessment
Questionnaire (SNAQ) provides an assessment of nutritional sta-
tus based on patients’ own reported weight loss and dietary in-
take [13]. Further details of these assessment tools are provided
in Table 1 below.

Sarcopenia is defined as loss of skeletal muscle mass
and strength associated with the normal process of aging
but exacerbated by chronic disease states, including HF
[21]. In ambulatory HF patients, the prevalence of
sarcopenia is 20% [22]. Strikingly for a condition more
typically associated with advancing age, an even higher
prevalence of 47% has been documented in younger pa-
tients <55 years with dilated cardiomyopathy [14].
Classically, sarcopenia predominantly affects postural rath-
er than non-postural muscles. Sarcopenia can be assessed
using a variety of methods—clinically using lower extrem-
ity strength and function measures or radiologically using
dual-energy X-ray absorptiometry (DEXA) which is the
GOLD standard for assessment. Other imaging measures
including computed tomography (CT) or magnetic reso-
nance imaging (MRI) have also been used. Thresholds
for defining sarcopenia in previous studies in HF patients
detected by these measures are provided in Table 1. Hand
grip strength has been used as an isolated surrogate marker
for muscle strength, can be assessed even in non-
ambulatory HF patients, and has been associated with in-
creased mortality, post-operative complications, and length
of stay in advanced HF patients undergoing left ventricular
assist device (LVAD) implantation [19, 23].

The wasting continuum in HF infers that muscle is
lost before fat tissue, and thereby sarcopenia may prog-
ress into cachexia, which is associated with generalized
loss of both lean, fat, and bone tissue [24]. Formally,
cachexia is defined as 5% or more edema-free body
weight loss in the previous 12 months in patients with
an underlying chronic illness and is associated with ab-
normalities in either clinical or biochemical criteria in-
cluding reduced muscle strength, fatigue, anorexia, low
FFMI with or without increased inflammatory markers,
anemia, and low serum albumin [25]. Cardiac cachexia
is estimated to have a prevalence of anywhere between
5 and 15% in HF patients [26]. It has significant prog-
nostic implications with an 18-month mortality of 50%
[27], highlighting the importance of identifying bio-
markers and treatments in this patient cohort.
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Clinical Consequences of These Three
Phenotypes in Heart Failure

Malnourished Patients

Malnutrition identified in HF patients represents an adverse
prognosis in a variety of HF presentations. Malnutrition is
associated with a significant increase in mortality in both acute
HF patients as well as an increased risk of hospitalization and
death in stable chronic HF outpatients [28, 29]. Advanced HF
patients who were enrolled in the ESCAPE trial and were
identified as being at high malnutrition risk prior to discharge
had an increased mortality at 6 months compared to those not
at high risk [30].

Sarcopenia

Sarcopenia is associated with increased disease severity in
patients admitted with ADHF [31]. Lower extremity strength
and function, as measured by the Short Physical Performance
Battery (SPPB), has been shown to predict long-term survival
in patients hospitalized with HF [18]. Sarcopenia in chronic
HF patients has been associated with an increased risk of
cardiac events [32]. One small study in younger patients aged
<55 years with dilated cardiomyopathy showed that
sarcopenia identified using DEXA was associated with lower
left ventricular ejection fraction (LVEF), reduced 6-min walk
distance (6MWD), and increased New York Heart
Association (NYHA) class in this group [14]. In the advanced
HF population, one study of 333 patients undergoing LVAD
implantation found that sarcopenia, defined as the lowest
tertile psoas muscle area by gender identified on CT, was
associated with an increase in the composite outcome of inpa-
tient mortality or prolonged length of stay [15¢]. This associ-
ation between psoas muscle area and increased mortality and
major adverse post-operative events was also found to be true
in patients following heart transplantation [16].

Cachexia

Cardiac cachexia is important prognostically as it has been
shown to be independently associated with mortality and ad-
verse cardiovascular and non-cardiovascular outcomes in two
studies with a combined patient cohort of 11,712 patients,
regardless of age, HF severity, or LVEF [20]. Melenovsky
identified that cardiac cachexia was found in almost 20% of
advanced HF patients undergoing advanced therapy assess-
ment and was strongly related to the degree of right ventricular
dysfunction (RVD). Higher grades of RVD were associated
with higher amounts of weight loss. Cachexia was not only
associated with worse outcomes (defined as death, transplan-
tation, or need for VAD), but the combination of cardiac ca-
chexia and RVD has the most adverse impact on prognosis
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[33]. This study suggests that the two conditions are probably
mechanistically linked and have a bidirectional relationship,
through known mechanisms such as venous congestion and
related anorexia but also through cytokines, increased TNF-o
and IL-6, and increased oxidative stress.

Biomarkers of Nutritional Status in Heart
Failure

Classic Biomarkers
Serum Albumin/Prealbumin

Albumin is the body’s most common serum binding protein
and accounts for the majority of plasma colloid oncotic pres-
sure. Low serum albumin (< 35 g/L) has historically been used
as a marker of nutritional status. However, its use in function-
ally impaired elderly patients has been questioned, with >
80% in one study being wrongly identified as malnourished
[34]. Albumin needs to be considered in combination with
CRP assessment, given its role as a negative acute-phase pro-
tein, meaning that its synthesis is suppressed in inflammatory
settings. Albumin has been identified as a useful marker of
adverse prognosis in advanced HF patients. Low serum albu-
min levels were found to correlate with increased mortality
and post-operative complications in 72 patients undergoing
LVAD implantation. Albumin levels were also found to cor-
relate with the degree of frailty identified by low handgrip
strength in this group [19].

Prealbumin is a rapid turnover visceral protein with a half
life of 2-3 days which is less sensitive to hydration status than
albumin, and therefore, it is being recognized as a better mark-
er of protein nutrition. It is also a negative acute phase reac-
tant; therefore, CRP also needs to be taken into account; how-
ever, in contrast to albumin, even in the setting of an elevated
CRP, it can be used to monitor changes within the same pa-
tient. Prealbumin is cleared by the kidneys; therefore, it accu-
mulates in patients with renal dysfunction and clinicians need
to be aware of this fact [35]. In one study, 514 patients admit-
ted with ADHF who had prealbumin levels measured at dis-
charge were stratified according to a cut-off <15 mg/dL,
based on a previous study from the same group which showed
that this cut off predicted in-hospital mortality. Prealbumin
levels below this cut-off were found to be associated with
reduced survival and increased rates of all-cause and HF re-
admission at 6-month follow-up [36].

Serum Iron/Iron Indices
Iron deficiency in HF is defined as hemoglobin < 15 g/dL as

well as ferritin < 100 pg/mL or ferritin 100-300 pg/mL if
transferrin saturation is <20% [37]. Iron deficiency is

estimated to affect between 37 and 61% of patients with HF,
including those who do not have overt anemia [38]. Iron is a
vital micronutrient with important roles in tissue oxygenation
and metabolism and in recent years has had increased atten-
tion in the HF arena. A total of 10-15% of iron in the body is
stored in skeletal muscle [39]. Previous animal studies have
demonstrated that iron depletion in skeletal muscle results in a
number of different detrimental metabolic changes which re-
sult mostly in a decrement of oxidative capacity [40]. These
effects are borne out clinically with a significant reduction in
exercise capacity in HF patients with iron deficiency, regard-
less of overt anemia or LVEF [41]. In these malnourished
patients who already have sarcopenia and muscle wasting,
iron deficiency further impairs the optimal functioning of the
remaining skeletal muscle and should be a therapeutic target
in this cohort.

Vitamin D

Vitamin D is essential for skeletal muscle and mineral homeo-
stasis. Vitamin D deficiency is defined as 25-
dihydroxyvitamin (OH) D <20 ng/mL with vitamin D insuf-
ficiency being 21-29 ng/mL [42]. It is highly prevalent in HF
with up to 73% being classed as vitamin D deficient in one
UK study [43]. The age-related decline in vitamin D receptor
expression and 1,25(OH)D activity affects proinflammatory
cytokines in the skeletal muscle, and vitamin D deficiency
enhances bone marrow adipogenesis and intramuscular adi-
pose tissue, which reduces functionality in skeletal tissues
[44]. In studies in a Dutch elderly population, low 25 OH
vitamin D < 25 nmol/L was associated with more than double
the rates of sarcopenia, defined by either a 40% reduction in
grip strength or appendicular mass detected on DEXA scan at
3-year follow-up [45]. This same group also found an impact
in functional outcomes, with patients with vitamin D <25 ng/
mL performing worse on physical assessments (sum score of
walking test, chair stands, and tandem stand) compared to
those with 25 OH vitamin D > 30 ng/mL [46]. The clinical
consequences of low vitamin D in HF include increased hos-
pitalizations [47] and increased mortality in patients with HF
with reduced ejection fraction (HFrEF) [43].

Renal Function/Creatinine

Chronic kidney disease (CKD), generally defined as an esti-
mate glomerular filtration rate (¢GFR) < 60 mL/min/1.72 m’,
is often present in the setting of HF, with a prevalence of
63.6% identified in patients admitted with ADHF [48].
Patients with CKD have a higher prevalence of traditional
HF risk factors, while also being associated with malnutrition,
acid-based alterations, uremic toxins, renal osteodystrophy,
and anemia, further contributing to the risk of HF [49].
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From a cross-sectional analysis of the Cardiovascular
Health Study of 5888 community dwelling adults aged >
65 years, the prevalence of frailty was more than 2.5 times
increased in those with CKD versus those without, even when
adjusted for co-morbidity [50]. For patients post-LVAD im-
plantation, a reduced eGFR was the only parameter associated
with a lack of improvement in frailty phenotype [51].
Impaired renal function on admission (both acute and chronic)
has been associated with increased in-hospital mortality for
HF patients and has been shown to have a negative impact
on physician adherence to guideline-directed medical therapy
[52]. The link between CKD and anemia is also well-
established, with negative prognostic outcomes with respect
to quality of life, cognitive impairment, cardiovascular dis-
ease, hospitalizations, and mortality [53]. In one study of
148 CKD stage 3—5 patients, loss of lean muscle mass detect-
ed on DEXA scanning was significantly related to GFR de-
cline [54]. Another study found that sarcopenia identified
using the lowest tertile of hand grip strength and bio-
electrical impedance measures was an independent predictor
of mortality in a similar cohort of patients [55]. Impaired renal
function is therefore a serological marker of worse outcome in
these patients which is mediated by multi-factorial factors,
many of which relate to nutritional status, wasting, and frailty.

Common Pathophysiological Biomarkers
Inflammation

Inflammatory markers including IL-6, CRP, and TNF-o have
been noted to be significantly elevated in HF patients [56],
particularly those suffering from cachexia and sarcopenia [57,
58]. Increased levels of IL-6 and CRP have been associated
with low handgrip strength in people older than 65 years,
further supporting the relationship between muscle wasting
and inflammation [57]. With regards to clinical effects, one
study of 1680 patients admitted with ADHF found that those
identified as being malnourished had elevated CRP and
TNF-o levels and had higher mortality [59]. Inflammatory
markers can be used as biomarkers and have also been thera-
peutic targets as outlined later in this article.

Glucose Metabolism Disorders

GH has multiple effects on cardiac function, including regu-
lating cardiac growth, decreasing wall stress and vascular re-
sistance, and stimulating myocardial contractility [60].
Abnormalities in the GH/IGF-1 axis have previously been
identified in cachectic patients with chronic HF, with signifi-
cantly elevated levels of GH and a pattern of GH resistance,
with lower IGF-1/GH ratios and trends toward lower IGF-1
levels compared with healthy controls [61]. The prevalence of
GH deficiency following growth hormone releasing hormone
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plus arginine stimulation test was reported in nearly 40% of
HF patients in one study [62]. GH levels have been shown to
be an independent predictor of 1-year outcome, either death or
HF re-admission, in patients with HFrEF admitted with
ADHF [63].

IGF-1 levels have yielded conflicting results with one
study reporting no effect on death/hospital readmission
in a group with mild-moderate HF [60], but another
reporting that low IGF-1 levels act as a prognostic
marker in HF [64]. The use of GH replacement therapy
has raised concern over potential side effects including
edema, arthralgia, and gynaecomastia when used in oth-
erwise healthy elderly men [65]. There is no consensus
as to how best to assess the GH/IGF-1 axis biochemi-
cally; therefore, until agreements can be made on this,
then their use as biomakers for wasting syndromes in
HF remains limited.

Hormonal Disturbances/Testosterone

Testosterone deficiency is defined as the association of low
serum testosterone levels with consistent clinical symptoms or
signs [66]. Low testosterone levels have been reported in 13—
39% of men with chronic HF [67, 68]. Low testosterone levels
in HF serve as an independent predictor of reduced peak V02
and are associated with muscle wasting, reduced functional
capacity, and reduced survival [69-71].

Novel Biomarkers
Ghrelin

Ghrelin is a peptide hormone which stimulates the release of
growth hormone from the pituitary gland. It is primarily re-
leased from the stomach and results in appetite stimulation
[72]. Low baseline ghrelin levels were found to be associated
with worsening nutritional status at 2 years, either by weight
loss, grip strength, or nutritional scores in one cohort study of
313 unselected patients aged over 70 years [73]. Ghrelin
levels have been found to be elevated in patients with HF
and cardiac cachexia compared with those with HF alone [74].

C-Terminal Agrin Fragment

C-terminal agrin fragment (CAF) is produced by the enzyme
neurotrypsin and has been investigated as a potential biomark-
er of muscle wasting. In the SICA-HF study, patients identi-
fied as having muscle wasting on DEXA scanning had higher
levels of CAF, with a calculated sensitivity of 78.9% and low
specificity (43.7%). In this study, CAF was also found to
correlate with functional measures including handgrip and
quadriceps strength, peak oxygen consumption, and 6MWD
[75].
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Adiponectin

Adiponectin is an adipose tissue hormone and is elevated in
cardiac cachexia, correlating with brain natriuretic peptide
(BNP) and weight loss [76]. Patients with chronic HF who
had adiponectin levels above the mean had a 3.4 times in-
crease in mortality compared with those with adiponectin
levels below the mean [77].

Myostatin

Myostatin, also known as growth differentiation factor 8, is a
cytokine primarily found in skeletal muscle and inhibits skel-
etal muscle growth [78]. Myostatin has been shown to be
upregulated in chronic HF patients with an attendant loss in
skeletal muscle mass [79].

Serological Biomarkers of Poor Nutrition
as Therapeutic Targets in HF

General and Disease-Modifying Treatments

Treatment and reversal of the underlying pathophysiological
processes leading to HF and malnutrition require a multi-
disciplinary approach across a number of different targets.
Involvement of a registered dietician with expertise in HF is
crucial and is one of the key recommendations outlined in the
recent Consensus Statement from the Heart Failure Society of
America on nutrition, obesity, and cachexia in HF [80].

Oral protein supplementation has also been examined in
chronic HF patients to replace the protein/calorie deficit in
patients with cardiac cachexia. Twenty-nine patients were ran-
domized to a regimen of high protein (20 g) high calorie
(600 kcal) oral supplement in addition to their usual diet. An
improvement in quality of life and reduced TNF-« levels,

Table 2  Biomarker targeted treatments in HF
Biomarker  Population Patients Study Intervention Outcome
Duration
Vitamin D Elderly, sarcopenia [92] 380 13 weeks Vitamin D and whey-rich protein 1 Handgrip strength
supplement BD 1 Lower extremity function
TNF-a HFrEF <35% 150 28 weeks Infliximab 5 mg/kg or 10 mg/kg at 0,2, 1 Risk of hospitalization
NYHA III-1V [93] and 6 weeks or placebo 1 Mortality
HFTEF <30% 1059 24 weeks Etanercept25 mg once or twice weekly or in higher dose (10 mg/kg) group
NYHA II-1V [94] 925 Stopped placebo No effect on clinical status
early Etanercept 25 mg twice or three times No effect on death/re-hospitalization
weekly or placebo
hsCRP Previous MI 10,061 3.7 years Canakinumab 50 mg, 150 mg, 300 mg or Dose dependent | in HF-related
1 hsCRP [95] placebo 3 monthly hospitalization and | composite of
mortality and HF-related hospitalization
Testosterone Men, chronic HF [96] 70 12 weeks IM testosterone every 6 weeks or placebo 1Peak VO2, 6MWD, body weight
Women, chronic HF [97] 36 6 months Transdermal testosterone patch or placebo 1 6MWD, quadriceps muscle strength
Men, chronic HF [98] 41 12 weeks IM testosterone + exercise or exercise 1Peak VO2, leg strength, QoL
alone
SARM: Cancer cachexia [99] 100 113 days PO Enbosarm 1 mg or 3 mg or placebo  tlean body mass
enbosarm
GH Chronic HF, GH 56 6 months GH 0.012 mg/kg SC every second day or 1Peak VO2, exercise duration, QoL
deficiency [62] placebo T1LVEF, |[NT pro-BNP
Ghrelin Chronic HF [100] 10 3 weeks IV Ghrelin 2 pg/kg IV BD 1 muscle strength, lean muscle mass, peak
Non-small cell lung 174 12 weeks PO Ghrelin (Anamorelin) 100 mg OD vVO2
cancer cachexia, 1 LVEF | Norepinephrine
Japanese patients 1 lean muscle mass, improved anorexia
[101] symptoms
Myostatin  Sarcopenia [102] 253 12 weeks REGN1033 100 mg SC 4 weekly or 1 lean body mass in all groups
COPD, reduced skeletal 67 24 weeks 300 mg SC 4 weekly or 300 mg SC 1 lean body mass

muscle mass [103]

alternate weeks or placebo

Bigramumab (activin type II blocker)
receptor 30 mg/kg BD weeks 0, 8 or
placebo

No change in functional capacity or 6o MWD

BD twice daily, COPD chronic obstructive pulmonary disease, C-reactive protein, GH growth hormone, HF heart failure, HFrEF heart failure with
reduced ejection fraction, 4sCRP high sensitivity, /M intramuscular, /V intravenous, LVEF left ventricular ejection fraction, M/ myocardial infarction,
NYHA New York Heart Association, N7-pro-BNP N-terminal pro-brain natriuretic peptide, OD once daily, PO orally, QoL quality of life, REGN1033
anti-myostatin antibody, SARM selective androgen receptor modulator, SC subcutaneous, TNF-c tumor necrosis factor-alpha, VO2 maximal oxygen
consumption, 6MWD 6-min walk distance
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with associated improvements in body size and composition,
was seen in the treatment group [81]. Another small study
found that amino acid supplementation improved exercise ca-
pacity and peak maximal oxygen consumption (VO,) in el-
derly HF patients [82¢]. The HFSA consensus statement rec-
ommends an even higher goal of protein intake of 1.1 g/kg/
day in patients with malnutrition and cachexia [80].

Exercise training is the most effective proven treatment for
sarcopenia [83]. Exercise in cachexia reduces inflammatory
markers, decreases protein catabolism and reactive oxygen
species, and increases protein synthesis [84]. It has also been
shown to reduce myostatin expression in both skeletal and
cardiac tissue in patients with chronic HF [85].

Treatment of congestion with diuretics will enhance ab-
sorption of nutrients, improve symptoms like anorexia, and
encourage more oral intake. The only proven treatment for
cachexia is standard beta blocker therapy with carvedilol,
which has been shown to arrest the progression of cachexia
and even partially reverse it in patients with HF [86]. In chron-
ic HF, angiotensin-converting enzyme inhibitors were also
shown to reduce the risk of weight loss and attendant risk of
mortality [87]. A study by Maurer et al. of 29 frail patients
with advanced HF undergoing LVAD implantation found im-
provements in frailty as assessed by the Fried phenotype in
nearly half of patients after 6 months of LVAD therapy, a
finding that was also associated with improved quality of life
scores [51]. Confirmation as to the highly beneficial effects of
continuous-flow LVAD implantation on muscle structure and
metabolism was provided in an experimental study of 31 HF
patients who had blood and rectus abdominis muscle samples
analyzed at both implant and explant of the device. Between
both time points, multiple positive effects had occurred, in-
cluding increased muscle fiber cross-sectional area and in-
creased ratio of type I versus type 2 oxidative fibers [88].

Biomarker Targeted Treatments

The benefits of intravenous iron in HF have been well
established with improvements in exercise capacity, 6 MWD,
and patient global assessment, supporting its use in sarcopenic
HF patients [89, 90]. Notably, a recent randomized clinical
trial from the Heart Failure Clinical Research Network found
that among 225 HFrEF participants with iron deficiency, high-
dose oral iron did not improve exercise capacity over 16 weeks
[91]. A summary of other published studies and reports eval-
uating established and novel serological biomarkers of nutri-
tion and metabolism in HF is provided in Table 2.

Conclusion

While HF management and the availability of novel and ad-
vanced therapeutics have significantly evolved in recent years,
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the downstream effects of this success have now become ap-
parent, with an increasing number of older, frail patients with
multiple comorbidities and coexisting conditions such as mal-
nutrition, sarcopenia, and cachexia. Identification of these pa-
tients is essential, both for appropriate healthcare utilization
and also to reverse the muscle wasting at the sarcopenic stage,
prior to progression to cachexia, which has to date proven
largely irreversible. Markers for nutritional status include se-
rological markers as well as physical assessments of frailty.
Serological markers with proven prognostic implications in-
clude increased inflammatory markers (CRP, IL-6, and
TNF-w), iron deficiency, hypoalbuminemia, and chronic kid-
ney disease in HF patients. Serological markers of nutritional
status have the potential to obviate the need for more expen-
sive imaging studies to diagnose and monitor response to
treatments and therefore should continue to be an area of fur-
ther scientific and clinical research interest into malnutrition
and wasting syndromes in the future.
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