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Cardiac cachexia

Stefan D Anker'?, Wolfram Steinborn' and Sabine Strassburg’

Chronic heart failure (CHF) remains an important and
increasing public health care problem. It is a complex
syndrome affecting many body systems. Body wasting (i.e.,
cardiac cachexia) has long been recognised as a serious
complication of CHF. Cardiac cachexia is associated with
poor prognosis, independently of functional disease sever-
ity, age, and measures of exercise capacity and cardiac
function. Patients with cardiac cachexia suffer from a
general loss of fat tissue, lean tissue, and bone tissue.
Cachectic CHF patients are weaker and fatigue earlier, which
is due to both reduced skeletal muscle mass and impaired
muscle quality. The pathophysiologic alterations leading to
cardiac cachexia remain unclear, but there is increasing
evidence that metabolic, neurohormonal and immune
abnormalities may play an important role. Cachectic CHF
patients show raised plasma levels of epinephrine, norepi-
nephrine, and cortisol, and they show high plasma renin
activity and increased plasma aldosterone level. Several
studies have also shown that cardiac cachexia is linked to
raised plasma levels of tumour necrosis factor alpha and
other inflammatory cytokines. The degree of body wasting is
strongly correlated with neurohormonal and immune
abnormalities. The available evidence suggests that cardiac
cachexia is a multifactorial neuroendocrine and metabolic
disorder with a poor prognosis. A complex imbalance of
different body systems may cause the development of body
wasting.
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Introduction

Chronic heart failure (CHF) is a leading cause of
morbidity and mortality world-wide and associated
with a poor prognosis, comparable to many highly
malignant cancers (1). It was recognised a long time
ago that significant weight loss and wasting are
important features of advanced CHF. The earliest
report dates back 2300 years to classical Greece and
the school of medicine of Hippocrates (about 460-377
BC) on the island of Cos (2). Hippocrates wrote that
“the flesh is consumed and becomes water,... the
abdomen fills with water, the feet and legs swell, the
shoulders, clavicles, chest and thighs melt away....
This illness is fatal”. The term cachexia is of Greek
origin, derived from the words kakds=bad and
hexis = condition or appearance.

Cardiac cachexia is a serious complication of CHF
which has been too little investigated (3,4). This
article will focus on the available knowledge con-
cerning the presence of general weight loss in CHF
patients, its clinical implications, and the potential
importance of immunologic and neurohormonal
abnormalities in its development and progression
and the potential treatment strategies.

Definition of cardiac cachexia

Research groups have extensively investigated the
wasting process in different conditions, but there is
still no accepted global definition of cachexia. In heart
failure studies, patients were classified as ‘malnour-
ished’ when the body fat content was <15% for men
and <22% for women, or when the percentage of
ideal weight was <90% (5). Other groups defined
CHF patients prospectively as ‘cachectic’ when the
body fat content was <27% (men) or <29% (women)
(6), or when the ideal body weight was <85% (7) or
even <80% (8).

As the cut-off to define cardiac cachexia, Freeman
and Roubenoff suggested in 1994 (9) a documented
loss of at least 10% of lean tissue. This definition may
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Abbreviations and acronyms

ACE angiotensin converting enzyme
ANP atrial natriuretic peptide

BNP brain natriuretic peptide

CHF chronic heart failure

GH growth hormone

IGF-1 insulin-like growth factor 1

IL interleukin

LVEF left ventricular ejection fraction

NYHA New York Heart Association
sTNF-R1 soluble TNF receptor 1

TNFa tumour necrosis factor alpha
TGF-B transforming growth factor

not be ideal as it is muscle focused. Additionally, it
does not consider that fat tissue replacement may take
place with no general weight loss. Furthermore, some
patients may suffer from fat tissue loss but little or no
lean tissue loss. Finally, focusing on body composi-
tion to define cachexia (particularly when done with
dual energy x-ray absorptiometry (DEXA) scanning)
could cause fairly large additional cost and many
physicians may not have easy access to such machines.

It is important to note that the development of the
cachectic state in CHF is a dynamic process that can
only be proven by documentation of dry weight loss
measured in a non-oedematous state. We suggest the
use of a relatively broad definition of ‘clinical cardiac
cachexia’: In CHF patients without signs of other
primary cachectic states (e.g., cancer, thyroid disease,
or severe liver disease), cardiac cachexia can be
diagnosed when ‘weight loss of >6.0% of the
previous normal weight is observed over a period of
>6 months’. This definition is simple and quickly
applicable. In general, the previous normal weight of
a heart failure patient would be the average weight
prior to the onset of heart disease (e.g., before the
diagnosis of idiopathic dilated cardiomyopathy). On
the time axis, it would be important to note the last
time point when the patient had this weight without
being oedematous.

Epidemiology

The incidence and prevalence of CHF is about 1% in
middle-aged people, but it rises with increasing age to
>10% in subjects older than 80 years (10). It is
important to note that the prevalence of CHF is still
increasing. Mainly, this is due to improved treatment
and survival of patients with coronary artery disease
(11), which is the most important etiological factor
for the development of CHF (12). In patients with
cardiac cachexia, natural and perioperative morbidity

© 2004 Taylor & Francis. ISSN 0785-3890

Key messages

* Cardiac cachexia is a common complication of
CHF with a poor prognosis, in which patients
suffer from generalised loss of lean, fat and bone
tissue.

* Inflammatory cytokine activation and neuro-
endocrine abnormalities play a significant role in
the pathogenesis of the wasting process in CHF.
* There is no established, proven therapy of
cardiac cachexia. Further research is needed to
develop new effective and safe treatments for
cardiac cachexia.

and mortality are higher than in non-cachectic
patients (8,13). The New York Heart Association
(NYHA) class does not correlate with disease
morbidity or mortality in cachectic CHF patients
(14).

In the first prospective study on the frequency and
prognostic importance of cachexia in CHF outpati-
ents, 28 patients (16%) were identified as being
cachectic (15). The observed weight loss amounted
to 6-30 kg. The 18-month mortality was 50% in the
cachectic patients, which is worse than the prognosis
for some types of cancer (Fig 1). Cardiac cachexia is
not as rare as previously thought. In the Studies of
Left Ventricular Dysfunction (SOLVD) treatment
trial the incidence of new oedema-free weight loss
>6.0% was more than 35% over three years with a
cross-sectional prevalence of this degree of weight

loss between 12% and 14% (16).

Etiology

Three different mechanisms have been proposed to be
responsible for the development of cardiac cachexia:
1) dietary deficiency, 2) malabsorption and metabolic
dysfunction and 3) loss of nutrients via the urinary or
digestive tracts (17). Already in 1964, Pittman and
Cohen were the first to analyse extensively the patho-
genesis of the syndrome of cardiac cachexia (18). An
increased catabolism (protein loss) and reduced
anabolism due of cellular hypoxia were proposed as
the principal pathogenic factors.

The mechanisms of the transition from heart
failure to cardiac cachexia are not yet clarified.
Neither malabsorption nor cellular hypoxia was of
importance in a group of 11 cachectic patients with
NYHA class IV mitral valve disease (19). In contrast
to this study, King et al. demonstrated presence of fat
malabsorption but not protein malabsorption in
elderly ambulatory patients with cardiac cachexia
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Figure 1. Top: Kaplan-Meier survival curve for 18-month survival
of 171 patients with chronic heart failure (CHF) subgrouped to
cachectic and non-cachectic CHF patients. Bottom: The influ-
ence of peak oxygen consumption (peak VO,) <14 ml/kg/min. The
effect of both, presence of cardiac cachexia and peak VO, is
independent and additive. Adapted from reference (15).

(20). Another aspect is a higher resting metabolic rate,
which was demonstrated in patients with heart
failure. (21,22) and increases with the severity of
the disease (23). Interestingly, the resting metabolic
rate correlates with increasing concentrations of
catecholamines in older individuals (24), but it is
not known if this holds true for heart failure patients.

Body composition alterations

It has long been known, that patients with CHF suffer
from muscle atrophy (25) being present in up to 68%
of patients (26). Two of the main symptoms of CHF
patients are early fatigue and muscle weakness. We
found that both mainly occur in patients with NYHA
class III and IV (27), and in cachectic subjects (28). A
direct relationship between loss of lean body mass
and impaired prognosis, as it is known to exist in
cancer and AIDS, has not yet been documented, in
CHEF (29).

CHF patients do not only suffer from significant

© 2004 Taylor & Francis. ISSN 0785-3890

loss of lean tissue (i.e., skeletal muscle) but also show
a reduced fat tissue mass (i.e., energy reserves) and
evidence of decreased bone mineral density (i.e.,
osteoporosis) (28). We found that cachectic CHF
patients have a reduction in total body fat, lean tissue
mass, and bone mineral density (30-32) (Fig 2).
Others (33) have confirmed these findings. Loss of
limb muscle tissue together with impaired peripheral
blood flow seen in CHF patients (28, 34) contribute to
decreased oxidative capacity as the main cause of the
decreased exercise capacity of CHF patients. Patients
with cardiac cachexia also show particularly abnor-
mal baro- and chemoreflex function and increased
slope of ventilation to carbon dioxide production
(VE/VCO2-slope) (35), which are all known to be
related to poor prognosis (36, 37). Finally, in addition
to these peripheral changes, cardiac wasting also
occurs in cachectic CHF patients (38).

Neuroendocrine abnormalities

The precise mechanisms of these body composition
changes are not entirely clear. It is known that plasma
levels of inflammatory cytokines and catabolic hor-
mones correlate significantly with the reduced muscle,
fat and bone tissue mass (30, 32). Moreover the
growth hormone (GH)/insulin-like growth factor-1
(IGF-1) axis plays an important role in the patho-
genesis of the wasting process (39, 40). High TNFa,
an abnormal GH/IGF-1 ratio and low testosterone
levels all correlate with the degree of weight loss in
cachectic CHF patients (41).

Whilst plasma norepinephrine may reflect overall
sympathetic activity (42), both norepinephrine and
epinephrine can cause a catabolic metabolic shift
(24, 41). Catecholamines can lead to an increase in
resting energy expenditure in CHF patients (43, 44).
There is a relation between the clinical severity of
illness and the degree of the increase in resting energy
demands (44). Until recently no study has investigated
catecholamine levels specifically in cachectic CHF
patients. When we stratified 53 CHF patients for
LVEF, NYHA class and presence of cachexia, we
found cachectic CHF patients to have markedly
increased norepinephrine and epinephrine levels,
while non-cachectic CHF patients have near-normal
levels (Fig 3) (41).

The specific association between cachexia and
neuroendocrine activation in CHF is also reflected
in abnormal aldosterone plasma levels and plasma
renin activity. Both variables are increased in patients
with cardiac cachexia although treatment characteris-
tics (ACE inhibitors and diuretics) as well as the time
since diagnosis of CHF were similar (41). Renin is a
stimulator of the production of angiotensin II and
norepinephrine (45). The activity of angiotensin II
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Figure 2. Body composition of 18 cachectic chronic heart failure (CHF) patients and 36 non-cachectic CHF patients compared to 15
healthy controls as determined by dual X-ray absorptiometry. Cardiac cachexia is defined as presence of documented non-oedematous
and non-intentional weight loss of more than 7.5% compared to previous normal weight. The results of the assessment of total fat, lean
and bone tissue were standardised for body height (g/cm). The total body mineral density is given in g/cm?. * iP < 0.0001 versus non-
cachectic patients. ** P < 0.001 versus non-cachectic patients. *** P < 0.01 versus non-cachectic patients. Adapted from reference (25).

and aldosterone can explain the fibrosis of smooth  Inflammatory cytokine activation

muscle cells as well as the reduction of circulating

IGF-1 (46). Recently, very similar hormonal changes ~ Already in 1990, Levine and colleagues reported that

were described in adult patients with congenital heart ~ tumour necrosis factor alpha (TNFa) is increased in

disease (47). patients with cardiac cachexia (7). Other groups
Anand and colleagues demonstrated a 2.5-fold  subsequently confirmed this (6,51). The strongest

increase in cortisol (48) in untreated CHF patients  predictor of the degree of previous weight loss is the

with severe disease. Cortisol is a hormone considered =~ TNFa plasma level (Fig 3) (41).

to be part of the general stress response with a The main stimulus for the immune activation in
catabolic action. This rise is probably due to an  CHEF is not known. But there are three hypotheses.
increase in the release of adrenocorticotropic hor-  One hypothesis suggests hypoxia as the main stimulus

mone (49). Cortisol levels are particularly increasedin ~ for increased TNFa production in CHF patients (52).
cachectic CHF patients (Fig 3) (41). In addition, inour ~ The second hypothesis assumes that the heart itself is
study the anabolic steroid dehydroepiandrosterone  the main source of inflammatory cytokines (53). It has
was lowest in cachectic CHF patients, suggestive of a ~ been shown that the failing myocardium is capable of
catabolic/anabolic imbalance (41). Abnormalities of = producing TNFa (54). However, treatment of pa-
sex steroid metabolism are strongly and directly  tients with ventricular assist devices has no long-term
related to the immune activation seen in cachectic  beneficial anti-inflammatory effects (55).

CHEF patients (50). The third hypothesis (the endotoxin hypothesis

\
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(56)) suggests that bowel wall oedema that occurs in
CHEF is responsible for bacterial translocation with
subsequent endotoxin release and endotoxin-
stimulated inflammatory cytokine production. A first
argument for this hypothesis is that there are elevated
concentrations of endotoxin in patients during an
acute oedematous exacerbation, which can be nor-
malised by diuretic therapy (57). Acute venous
congestion can lead to altered gut permeability for
bacteria and endotoxin, which may subsequently
enter into the circulation. Bacterial endotoxin is the
strongest known natural inflammatory stimulus (58).
In any healthy person the gut contains >1 kg of gram-
negative bacteria. Therefore, intact gut barrier func-
tion is of importance to protect against endotoxin
translocation.

Additionally, the lipopolysaccaride (LPS) sensitiv-
ity of peripheral monocytes has been found to be
increased in some CHF patients without oedema (59).
Raised LPS levels have also been found in severely
diseased adolescents with congenital heart disease (3).
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We have also found that the LPS levels detected in
vivo (0.6-1.0 EU/ml) are biologically relevant to
stimulate significant cytokine production in whole
blood of CHF patients ex vivo (60).

The endotoxin hypothesis opens up the possibility
for novel therapeutic strategies directed against the
bacteria in the bowel, against endotoxin itself, or the
binding of endotoxin to cells of the immune system.
For instance, IL-10 can reduce LPS-stimulated cyto-
kine production of mononuclear cells of CHF patients
as well as in healthy controls in vitro (61). Also in
cardiogenic shock we found evidence that endotoxin-
mediated inflammation may be of importance (62). In
2000, we have hypothesised that lipids play a bene-
ficial role in patients with CHF by binding to and
detoxifying the effects of endotoxin (63). This may
explain why high lipoprotein levels were found to
relate inversely to low plasma levels of TNF and other
inflammatory cytokine variables (64), and why low
but not high serum lipoprotein levels are related to
poor prognosis in CHF patients (63, 66).
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Figure 3. Tumor necrosis factor alpha (TNFa), epinephrine, norepinephrine and cortisol plasma levels in 53 chronic heart failure (CHF)
patients and 16 healthy controls. Patients are sub-grouped according to: 1) cachectic state (nc = non-cachectic, n = 37; cach = cachectic,
n = 16): 2) maximal oxygen consumption (peak VO,) (<14 (n = 17) versus 14-20 (n = 24) versus >20 ml/kg per min (n = 12); 3) New York
Association class (NYHA) (class 1/2 (n = 16) versus class 3/4 (n = 37)); 4) left ventricular ejection fraction (LVEF) (<20% versus 20%—35%
(n=17) versus >35% (n = 12)). Data presented as mean + S.E.M. P-values for Fisher’s test are given if ANOVA showed significant inter-

group variation. Adapted from reference (38).
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TNFa is one of the key cytokines important to the
development of catabolism together with interleukin-
1 (IL-1), interleukin-6 (IL-6), interferon-y and trans-
forming growth factor-B (TGF-B). In animal models,
proteolysis, muscle atrophy and weight loss were
prevented by IL-6 antibody therapy (67). Addition-
ally, it has been suggested that IL-6 can lead to the
development of osteoporosis (68). We were unable to
find a significant correlation between serum IL-6
levels and bone mineral density (30).

Many of the TNF-effects can directly or indirectly
contribute to body wasting in CHF (69). Animal
experiments have shown a difference between the site
of production and action of TNFa. Cachexia occurs
when TNFa producing cells are implanted in skeletal
muscle, whereas TNF producing cells implanted in
the brain cause profound anorexia (70). This shows
that increased levels of TNFa may indeed play a
causative role in the genesis of cachexia. TNFa also
can induce apoptosis, which may be important in the
development of the cachectic state (70).

Furthermore, TNFa exerts effects on endothelial
cells including rearrangement of the cytoskeleton,
increased permeability to albumin and water,
enhanced expression of activation antigens, induction
of surface procoagulant activity and IL-1 release (71)
and reduction of the constitutive nitric oxide synthase
mRNA in vascular endothelial cells (72). The strong
inverse relationship between maximal peripheral
blood flow and TNFa levels in CHF patients could
support the idea of detrimental effects of long-term
increased TNFa-effects (73).

Leptin, the product of the ob gene, is a protein
involved in the regulation of food intake and energy
balance (74). It acts centrally to decrease food intake
and increase resting energy expenditure. Although it
has been reported that plasma levels of leptin are
increased in CHF (75), it is doubtful that leptin is
important for cardiac cachexia pathophysiology
(76-78).

To predict the impaired survival of patients with
CHF, elevated plasma levels of cytokines and soluble
cytokine receptors are suitable (79). In particular,
soluble TNF receptor 1 (sTNF-R1) levels appear to be
the most accurate predictors of mortality, with the
highest sensitivity and specificity amongst all immune
variables (80).

The elevation of other inflammatory markers (like
the erythrocyte sedimentation rate) also relates
adversely to prognosis (81). There is a strong
correlation between serum uric acid and circulating
markers of inflammation in CHF patients (82). Uric
acid is more elevated in CHF with cachexia than in
patients without cachexia (33). Additionally, serum
uric acid appears to be a strong and independent
marker of impaired prognosis in patients with CHF
(83). The serum uric acid also can be more easily and

© 2004 Taylor & Francis. ISSN 0785-3890

inexpensively assessed than cytokine levels. Lowering
uric acid (with therapeutic application of allopurinol)
has been shown to improve endothelial function and
blood flow in arms and legs in CHF patients (84, 85).
In a pilot study allopurinol was shown to improve
myocardial efficiency (86).

Clinical implications

Cardiac cachexia is a multifactorial neuroendocrine
and metabolic disorder. It is characterised by an
imbalance of catabolic and anabolic body system,
which may cause the development of body wasting
(Fig 4). It appears unlikely that any single agent will
be completely effective in treating this condition.
Fortunately, it is not difficult to detect the wasting
process in heart failure. It is important to document
the weight history and changes (weight taken regu-
larly in a non-oedematous state) for all CHF patients.
This is an easy, time-effective and cost-effective task.

Nutritional support

Except for preoperative and postoperative nutritional
support of patients with cardiac cachexia, there are
no controlled studies of nutritional strategies in
cardiac cachexia. Treatment studies are limited by
poor compliance of patients with nutritional regimes.
In patients with heart failure, studies have either
failed to quantify nutrient and caloric intake (3), or
have involved small numbers of patients without
cachexia being assessed (87).

It is important to note that healthy older people
have a high incidence of inadequate nutritional intake
(88). As diseases causing cachexia are more common
in the elderly, many patients will be predisposed to
cachexia by pre-existing inadequate nutrition.
Furthermore, protein-energy malnutrition is common
in those with chronic illness (89). In stable CHF
patients with no signs of severe malnutrition, nutri-
tional support alone does not have a significant effect
on clinical status of heart failure (87). Intensive
nutritional support can lead to an increase in the
amount of lean tissue (90). This strategy is of great
importance in the preoperative and postoperative
phases. Immediate postoperative intravenous hyper-
alimentation alone did not improve survival in one
study (13), whereas in another study, when cachectic
patients with heart failure received preoperative
nutritional support, there was an improvement in
the operative mortality rate in the treatment group
(17% wversus 57%, P < 0.05) (8).

Patients with heart failure have a number of risk
factors for micronutrient deficiency. They are usually
elderly and prone to excess urinary losses of, for
example, thiamine due to diuretic therapy. But
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deficiencies of specific micronutrients such as sele-
nium and thiamine can also cause heart failure (91).
Many micronutrients have, as part of their function,
the ability to scavenge free radicals. The presence of
elevated levels of markers of oxidative stress in heart
failure patients correlates with functional class,
reduced exercise tolerance, lower antioxidant levels
and indices of worse prognosis including cachexia
(92, 93). The stimuli for free radical production, such
as catecholamines and cytokine activation, are ele-
vated in heart failure. Antioxidants and free radical
scavengers like vitamin C and E can suppress the
elevated production of free radicals in leucocytes (94).
To achieve a balanced, sufficient nutrition the con-
sultation of dietitians could be very helpful in the
management of cachectic CHF patients.

Exercise

Exercise rehabilitation training improves the exercise
capacity. It reverses the muscular metabolic abnor-
malities and atrophy as well as impaired blood flow
and neurohormonal abnormalities (95). It has been
suggested that moderate exercise training could safely
be applied to cachectic CHF patients in NYHA class |
to III (96). The best correlate of impaired exercise
capacity in cachectic CHF patients is the peak leg
blood flow, whereas the muscle strength and age are
the best predictors of exercise intolerance in non-
cachectic patients (28). Whether this has implications
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ET-1, steroids)

Nitric Oxide
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Inflammatory
cytakines

Oxygen free
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for a potential systematic rehabilitation programme
has not been studied yet.

Drug therapy

State-of-the-art CHF therapy is based on modulation
of neurohormonal systems, particularly with ACE
inhibitors, beta blockers and aldosterone antagonists.
However, there is no specific therapy for cachexia in
CHEF available. Several options are potentially avail-
able.

ACE inhibitors have a favourable effect on cate-
cholamines and other neurohormones and endothelial
function in patients with chronic heart failure, which
might prevent tissue damage and apoptosis through
improved nutritional status of tissues and reduction
of ischaemia and oxidative stress. This auspicious
effect of ACE inhibitors in cachectic heart failure
patients (enalapril in addition to conventional treat-
ment) was affirmed by a 19% reduction of the risk of
weight loss of 6% or more. (97) Reduction of the
immune activation might be a further mechanism by
which ACE inhibitors reduces mortality.

Fish oil (n-3 polyunsaturated fatty acids) has been
shown to reduce TNFa and IL-1 concentrations in
healthy volunteers (98) and patients with rheumatic
disease (99). Furthermore, it improves cachexia in
dogs with congestive heart failure (100).

For the management of rheumatoid arthritis and
Crohn’s disease specific anti-cytokine therapies have
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Figure 4. The development of cachexia due to a complex interaction of different body systems and an imbalance of catabolic and anabolic

systems. Adapted from reference (17). ET-1 = Endothelin-1.
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been established (101-103). The value of such treat-
ment in the management of CHF is highly contro-
versial (104).

Some large scale studies — RENAISSANCE and
RECOVER (combined the renewal programme) (105)
— were initiated in CHF patients in NYHA class II to
IV. These studies had to be stopped prematurely in
2001 because of a lack of benefit from etanercept
(106). A phase II study using the TNFa antibody
remicade for 6 weeks in CHF patients in NYHA TII
and IV (ATTACH) was also stopped earlier because
of an increase in mortality in patients on the highest
dose of active therapy (107). Therefore, the future of
anti-TNF therapy in CHF patients is uncertain.
Possibly, only patients with proven high TNFa levels
(like patients with cardiac cachexia) could benefit
from this type of therapy (108).

It has been suggested that the phosphodiesterase
inhibitor pentoxiphylline can reduce TNFao plasma
concentrations in CHF patients (109). However, in a
well-controlled study Skudicky et al. have shown that
in CHF patients treated with ACE inhibitors and
beta-blockers, therapy with pentoxifylline did not
reduce TNF levels (110). Furthermore, other phos-
phodiesterase inhibitors (e.g., amrinone, vesnarinone,
pimobendan), which have short-term hemodynamic
benefits in heart failure, can inhibit the production of
TNFo and other cytokines from stimulated human
lymphocytes (111). Whether simultaneous treatment
with beta-blockers changes the adverse prognosis of
phosphodiesterase inhibitors in CHF is currently
under investigation.

On the anabolic side, the use of anabolic steroids to
increase muscle mass in cardiac cachexia may be an
option, but their side effects on kidney function and
potential to induce prostate hyperplasia may limit
their potential (17, 112). Furthermore, recombinant
human growth hormone can be considered as an
option for the treatment of cardiac cachexia. In fact,
normal doses (2 IU per day given daily) did not cause
significant clinical benefits after 3 months of treat-
ment compared to placebo (113), but two case reports
involving three cachectic patients demonstrated an
increases of muscle mass and strength and improve-
ment of exercise capacity (114, 115). Both of the latter
studies used high dose GH therapy (70-98 1U per
week) for a short period (1 week to 3 months) with no
reported side effects. These high doses of GH may be
necessary to overcome GH resistance, which is
present in patients with cardiac cachexia (40).

Another option to treat cardiac cachexia may be

© 2004 Taylor & Francis. ISSN 0785-3890

ghrelin which in animal studies has been proven to
improve ventricular function and increase body
weight (116). Possibly, ghrelin is better suited to
overcome growth hormone resistance in CHF than
growth hormone itself (117).

Circulating levels of atrial and brain natriuretic
peptides (ANP, BNP) (118, 119), TNFo (120) and IL-6
(121) are all reduced following treatment with ACE
inhibitors. Additionally, it has been shown that ACE
inhibitors, likely by reduction of the angiotensin II
activity, can restore depressed levels of circulating
IGF-1 in CHF patients (122). Angiotensin II is a
potent stimulator of the immune and neurohormonal
axis. In a study of Tsutamato and colleagues it was
demonstrated that therapy with candesartan — an
angiotensin II type 1 receptor antagonist — resulted in
reduced plasma levels of TNFa, IL-6 and BNP (123).
We now have evidence that ACE inhibitors (16) as
well as beta blockers (124) can prevent the develop-
ment of cachexia in CHF. However, these drugs
cannot reverse cardiac cachexia. Future trials need to
focus on cachexia in CHF.

Conclusions

Chronic heart failure has a prevalence of about
1%—-2% in the population (10, 125). Because of
general progress in health care and improved survival
after myocardial infarction the incidence of new-onset
CHF cases appears to increase. Significant pro-
portions of CHF patients are cachectic patients
(10%—15%), with this condition being readily detect-
able. The immune and neurohormonal abnormalities
play a significant role in the pathogenesis of the
wasting process and hopefully further research will
lead to the development of new treatments for this
aspect of cardiac cachexia. Finally, major research is
needed to obtain the ability to predict the develop-
ment of cardiac cachexia and to stop the wasting
process before the onset of significant weight loss. All
of this will have a significant influence on the quality
of life of many patients and may improve the long-
term prognosis of CHF in general.
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