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Increased concentrations of tumour necrosis
factor in "cachectic" patients with severe chronic
heart failure

John McMurray, Ibrahim Abdullah, Henry J Dargie, David Shapiro

Abstract
Objective-To ascertain whether

patients with cardiac failure and re-
duced body weight ("cardiac cachexia")
have increased circulating concen-
trations of tumour necrosis factor
(cachectin).
Design-Patients with cardiac failure

were prospectively identified as "cachec-
tic" (body fat <27% in men and < 29% in
women measured by skinfold thickness
callipers) or "non-cachectic". Tumour
necrosis factor was assayed blind to
patient group.
Setting-Cardiology unit in a tertiary

referral centre.
Patients-26 consecutive patients (10

women) (mean age 61) admitted for in-
vestigation or treatment of chronic heart
failure. All were in New York Heart
Association class III or IV.
Results-In nine of the 16 cachectic

patients the concentration of tumour
necrosis factor was increased (mean
(SEM) 74 (20) pg/ml) compared with one
of the 10 "non-cachectic" patients (22 pg/
ml, p < 0-001). Patients with a raised
circulating concentration of tumour
necrosis factor weighed significantly less
(55'6 (3-5) kg) than those in whom the
concentration of tumour necrosis factor
was normal (69-0 (4 1) kg) (p = 0-02).
Conclusions-Circulating concentra-

tions of tumour necrosis factor were in-
creased in a significant proportion of
patients with chronic heart failure and
low body weight. Tumour necrosis factor
stimulates catabolism experimentally
and it may be a factor in the weight loss
seen in patients with "cardiac cachexia".
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Some patients with chronic heart failure suffer
generalised wasting referred to as "cardiac
cachexia".' Inadequate nutritional intake is
not thought to be the major aetiological fac-
tor.' 2 Instead, it is suggested that cardiac
cachexia is a catabolic state caused by the
actions of a circulating factor.' The same fac-
tor is considered to be responsible for the
cachexia characterising malignant conditions.
Recently, a circulating polypeptide causing
catabolism and, in laboratory animals,
cachexia has been identified and labelled
tumour necrosis factor or "cachectin".5 We
have measured tumour necrosis factor concen-

trations and body fat content in patients with
chronic heart failure.

Patients and methods
PATIENT POPULATION AND SKINFOLD
MEASUREMENT
Twenty six consecutive patients aged 31-81
(mean (SEM) 61 (2) years), 10 of whom were
female, admitted for investigation or treat-
ment of chronic heart failure were studied
with ethical approval and after giving infor-
med consent. Chronic heart failure was secon-
dary to coronary artery disease in 17, valve
disease in seven, idiopathic dilated car-
diomyopathy in one, and congenital heart dis-
ease in one. All patients were in New York
Heart Association clinical class III or IV and
were being treated with diuretics; most were
receiving an angiotensin converting enzyme
inhibitor and digoxin. Patients with significant
concomitant disease (for example, infection,
renal failure, pulmonary disease, thyroid dis-
ease, malignancy, collagen-vascular disease)
were not studied. Once treatment had been
optimised, subcutaneous fat was measured-
that is, in most cases immediately before dis-
charge from hospital. We measured body fat
content rather than body weight to avoid the
potential complicating factor of residual fluid
retention.6 Using callipers, a single practised
observer measured biceps, triceps, infra-
scapular, and suprailiac skinfold thickness in
quadruplicate (skinfolds over the lower part of
the body were again avoided because retained
fluid collects in dependent regions). The per-
centage body fat content was derived from the
sum of the mean of each of these measure-
ments and standard tables.7

Patients were prospectively grouped as
"cachectic" (males <27%, females <29%
body fat) and "non-cachectic" groups on the
basis of body fat content; these percentage
estimates were based on typical values for our
non-chronic heart failure patients and pub-
lished data from a local population.7
Venous blood was also collected from five

healthy controls for measurement of tumour
necrosis factor.

BLOOD COLLECTION AND TUMOUR NECROSIS
FACTOR ASSAY
A 10 ml sample of antecubital venous blood
was taken into chilled potassium EDTA tubes
from supine, resting subjects. These samples
were immediately centrifuged at 4°C and the
separated plasma stored at - 20°C until assay.
All samples were assayed as a batch within
two months of collection. Tumour necrosis
factor was assayed without knowledge of
which group patients belonged to, and
whether the plasma was from a patient or
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Figure 1 Plasma
concentrations of tumour
necrosis factor (pg/ml) in
cachectic and non-
cachectic patients with
chronic heartfailure.
Lower limit of detection of
assay (15 pglml); patients
with concentrations below
this are shown as open
circles.
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STATISTICAL ANALYSIS
The "non-cachectic" and "cachectic
of patients were compared by the
Subsequently the "normal" and
TNF groups were compared by indei
tests. All values are given as mean (SE

Figure 2 Body mass
("weight", kg) in patients
with normal plasma
concentrations of tumour
necrosisfactor (0) and
those with raised
concentrations (0).
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P<0 001 Results
Sixteen patients (11 male) were "cachectic"
(mean (SEM) body fat content 21 (1-2)%). Of
these, nine (chronic heart failure due to coron-
ary disease in seven, valve disease in one, and
congenital heart disease in one) had mixed
circulating concentration (> 15 pg/ml) of
tumour necrosis factor (fig 1). Ten patients
were not cachectic (body fat 31 (1 0)%). Only
one patient (with chronic heart failure due to
coronary artery disease) in this second group

* had raised circulating concentration of tumour
necrosis factor (X2 = 14X8, p < 0X001).
Tumour necrosis factor was undetectable

(<15 pg/ml) in frozen plasma from the five
healthy controls.
Mean (SEM) body mass ("weight") was 69-0

(4 1) kg in patients with undetectable tumour
necrosis factor and 55-6 (3 5) kg in those with
raised concentrations (p = 0 02) (fig 2). Body
mass index (mass in kg/height2) was 24-8 (1 4)
in patients with undetectable tumour necrosis
factor and 20-3 (1 1) in those with raised
concentrations (p = 0 02) (fig 3). Within the
group of patients who were "cachectic" those

-0ooo0 with measurable tumour necrosis factor con-

centrations weighed 56-5 (3 8) kg and those
without 66 0 (5 1).

ichectic
n= 16)

Discussion
One of the many effects of tumour necrosis

tor was factor is to cause cachexia. Our findings showed
available that reduced body fat content in chronic heart
unoassay failure was associated with raised concentra-
elgium).8 tions of tumour necrosis factor and suggested
mdetect- that wasting in chronic heart failure may be due
r healthy to the sustained effect of this polypeptide. Our
tssay and results accord with those of a recent study in
are 6,6% which patients with chronic heart failure were

found to have higher concentrations of tumour
necrosis factor, measured by bioassay, than
controls. In that study the patients with the

groups highest concentrations of tumour necrosis fac-
x test. tor had lower body weights.9 In the present
"raised" study, a similar observation was made and body
?endent t
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Figure 3 Body mass index (weight/height2) in patients
with normal plasma concentrations of tumour necrosis
factor (0 ) and those with raised concentrations ( ).
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mass index was also found to be decreased.
Weight loss in other conditions, such as

acquired immunodeficiency syndrome, chronic
parasitic infection, and malignancy, has also
been related to increased tumour necrosis fac-
tor concentrations.'o-" Seven patients who
were "cachectic", however, did not have raised
concentrations of tumour necrosis factor. Why
some wasted patients had high concentrations
and others did not is unclear. Those "cachec-
tic" patients who did have high tumour
necrosis factor concentrations tended to weigh
less than "cachectic" patients with normal
concentrations, suggesting the circulating pep-
tide is only increased in the most advanced
states of cardiac cachexia syndrome. A similar
pattern has been noted in other disease states.
For example, in human immunodeficiency
virus infection, only patients with full-blown
acquired immunodeficiency syndrome have
significantly raised concentrations of tumour
necrosis factor (up to 200 pg/ml); those with
acquired immunodeficiency syndrome related
complex usually have normal cachectin con-

centrations."3 This may suggest that enhanced
tumour necrosis factor activity, undetectable
by existing assays, is present in the early course
of cachectic illnesses or that these wasting
syndromes are multifactorial with other factors
leading to weight loss in the early stages.

Cardiac cachexia is debilitating, leading
eventually to severe skeletal muscle wasting
and consequent immobility; it is also associated
with a poor prognosis.' Recently, oxpen-
tifylline has been reported to reduce the
production of tumour necrosis factor in vitro
and in vivo in healthy human volunteers.'4'5
This drug may offer the prospect of pharma-
cological intervention in cardiac cachexia. Fish
oils too have been shown to suppress concen-

trations of tumour necrosis factor in humans,
suggesting yet another therapeutic approach.'6
Corticosteroids, which suppress tumour
necrosis factor production, or anti-tumour
necrosis factor antibodies might also be of
benefit in chronic heart failure patients with
progressive wasting.' 18

Tumour necrosis factor has additional
biological actions that may be disadvantageous
in chronic heart failure. Tumour necrosis fac-
tor can promote intravascular coagulation,
stimulate leucocyte adhesion and activation,
and induce anaemia.4 '149 Tumour necrosis fac-
tor is also reported to depress myocardial
contractility, alter muscle membrane potential,
lower blood pressure, and precipitate pulmo-
nary oedema."22 Anti-tumour necrosis factor

interventions might therefore have other
potentially beneficial effects in chronic heart
failure.

J McMurray is a British Heart Foundation Intermediate
Research Fellow.
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