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Increased interleukin-6 but not tumour necrosis
factor-alpha predicts mortality in the population of
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BACKGROUND: Increased proinflammatory cytokines have mainly
been studied in younger patients with heart failure and are regarded
as prognostic markers. However, whether this holds true in elderly
patients with heart failure remains uncertain.

OBJECTIVES: To determine whether inflammation is equally
important in the progression of heart failure in the elderly as has been
previously reported in younger patients, and whether cytokine level
can predict mortality in this population of elderly heart failure
patients.

METHODS: The cytokine profile in an elderly patient group with
severe heart failure (n=54, mean [+ SD] age of 80.1+5.0 years, New
York Heart Association class III or IV) was compared with that of
age-matched healthy individuals (n=70). Of the 54 study patients,
46% were hypertensive, 54% had coronary artery disease, 43% had

atrial fibrillation and 24% had a previous stroke. One-year mortality
was 24%.

RESULTS: The results showed increased levels of interleukin-6
(IL-6), tumour necrosis factor-alpha and epidermal growth factor in
the heart failure patients compared with those in the control group.
Moreover, IL-6, tumour necrosis factor-alpha and vascular endothe-
lial growth factor were significantly increased in patients who died
within one year. Further logistic regression analyses showed that IL-6
was the only significant predictor of one-year mortality. In a subgroup
of heart failure patients with atrial fibrillation, there were significant
cytokine activations, whereas in a subgroup with ischemia or dia-
betes, cytokines were less activated.

CONCLUSIONS: In the present octogenarian group with heart
failure, there were significant increases of inflammatory cytokines
that were associated with mortality, and IL-6 was the only cytokine to
predict one-year mortality. Cytokine activation was more pro-
nounced in the subgroup of patients with heart failure and concomi-
tant atrial fibrillation.
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here is ample evidence that shows inflammation playing

an important role in the progression of heart failure, par-
ticularly in younger patients (1-11). Circulating markers of
inflammation, such as tumour necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6) and C-reactive protein, may be useful in
establishing a diagnosis and in gauging a prognosis in patients
with heart failure. In addition, inflammatory cytokines have
been investigated as targets of heart failure therapy. Although
results from clinical trials directed against specific cytokines
(such as TNF-a) have thus far been disappointing (12-14),
studies continue to address the importance and therapeutic
potential of modulating the immune response in heart failure.

The normal myocardium is composed of cardiomyocytes
and noncardiomyocytes, which includes endothelial smooth
muscle cells, vascular smooth muscle cells and fibroblasts.
Cytokines are believed to be involved in structural remodel-
ling of muscular and nonmuscular compartments. For example,
epidermal growth factor (EGF) has previously been implicated
in cardiac hypertrophy and heart failure (15).

Chronic heart failure (CHF) is partly characterized by tissue
ischemia as well as endothelial dysfunction (16). Conditions
that induce tissue ischemia or endothelial dysfunction,

eg, myocardial infarction, are associated with a release of angio-
genic factors, including vascular endothelial growth factor
(VEGEF), which promotes mobilization of endothelial progenitor
cells from the bone marrow to the peripheral circulation (17).

The present study aimed to determine whether inflamma-
tion is equally important in the progression of heart failure in
the elderly as has been previously reported in younger patients,
and whether cytokine level can predict mortality in this popu-
lation of elderly heart failure patients.

METHODS

Subjects

Patients (n=54) with CHEF, New York Heart Association
(NYHA) class III or IV, who were admitted to the Heart
Failure Unit at Sahlgrenska University Hospital (Gothenburg,
Sweden), were recruited to participate in the present study
during 2005. A diagnosis of CHF was based on the European
Society of Cardiology (18) definition. For a diagnosis of sys-
tolic heart failure, left ventricular ejection fraction (LVEF)
needed to be less than 40%, as assessed by conventional
echocardiography. For a diagnosis of heart failure with pre-
served systolic function (PSF), two criteria were required:
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TABLE 1
Clinical characteristics of chronic heart failure (CHF)
patients and healthy volunteers

TABLE 2
Cytokine profile in chronic heart failure (CHF) patients and
controls

Characteristic CHF (n=54) Control (n=70)

Age, years, mean + SD 80.1+5.0 75.2+4.1
Men, % 74 63
New York Heart Association class Il or IV Not relevant
Hypertension, % 46 0
Diabetes, % 25 0
Coronary artery diseases, % 54 0
Atrial fibrillation, % 43 0
Chronic obstructive pulmonary disease, % 17 0
Stroke, % 24 0
ACE inhibitors or ARB, % 74 0
Beta-blockers, % 78 0
Spironolactone, % 30 0
Statin, % 24 0

ACE Angiotensin-converting enzyme; ARB Angiotensin Il receptor subtype 1
blocker

LVEEF greater than 50% by echocardiography, and B-type natri-
uretic peptide (BNP) (Biosite, USA) greater than 400 pg/L. To
avoid bias because of possible overdiagnosis of heart failure
PSF (ie, including those with CHF symptoms but without dias-
tolic dysfunction), patients only required a reduced LVEE This
was because many cases of diastolic dysfunction was unable to
be reliably determined, such as in the presence of atrial fibril-
lation. Patients were followed as frequently as dictated by the
patients’ clinical status. Healthy age-matched control subjects
(n=70) were included. All healthy subjects had a physical
examination, blood analysis and echocardiography. The pres-
ent study complied with the Declaration of Helsinki. The
study protocol was approved by a Human Ethical Committee
at Gothenburg University (Gothenburg, Sweden), and all
patients gave written informed consent to participate in the
present study.

Clinical variables

Age, sex, NYHA functional class and LVEF data, as well as
one-year mortality data, were collected. Echocardiography
was performed using a commercially available probe and sys-
tem to assess cardiac function. Blood samples were collected
from a peripheral vein after the patient had rested in the
supine position for at least 10 min. Blood samples were placed
on ice and spun in a refrigerated centrifuge to separate the
plasma. Samples were stored at —80°C until further analysis by
appropriate techniques.

Analyses of cytokines

Cytokines were measured by protein array biochip technology
using the Evidence analyzer, which is a fully automated system
from Randox Laboratories Ltd (catalogue number EV 3508,
Randox Laboratories Ltd, United Kingdom).

Statistical analyses

Data are expressed as mean + SD. Cytokine levels were evalu-
ated by Student’s t test. Logistic regression analysis was used to
assess predictors of one-year mortality. Variables with P=0.05
by univariable analysis were further assessed by multivariable
logistic regression analysis. Statistical significance was set at
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CHF (n=54), Control (n=70),

Cytokine profile mean * SD mean * SD
Interleukin-2, ng/L 4.39+4.49 5.78+9.00
Interleukin-4, ng/L 0.50+1.69 0.40+1.25
Interleukin-6, ng/L 10.59415.01*** 1.52+0.94
Interleukin-8, ng/L 15.92414.21** 8.21+5.48
Interleukin-10, ng/L 1.02+3.65* 0.24+1.05

Vascular endothelial growth factor, ug/L  256.90+237.66  281.17+230.37

Interferon-gamma, ng/L 3.531+4.45 4.45+4.07
Tumour necrosis factor-alpha, ng/L 4.9615.43** 1.30+1.57
Interleukin-1a, ng/L 0.61+1.85 0.42+1.15
Interleukin-1b, ng/L 1.40£6.42* 0.47+1.27

Monocyte chemoattractant protein, ug/L  380.47+196.59  413.66+ 156.96

Epidermal growth factor, ng/L 23.10+£33.01***  14.68+14.43

*P<0.05; **P<0.01; ***P<0.001 compared with controls

P<0.05. StatView 5.0 software (SAS Institute Inc, USA) was

used for statistical analyses.

RESULTS

Clinical profiles

Baseline clinical characteristics are shown in Table 1. The
CHEF patients had a mean ( SD) age of 80.1£5.0 years. These
patients were representative of a typical elderly population
with severe heart failure. The most common comorbidities
were hypertension (46%), coronary artery disease (54%), atrial
fibrillation (43%) and stroke (24%). As stated previously, most
of the CHF patients had systolic heart failure. Only a very lim-
ited number of heart failure patients with PSF was enrolled.
One-year mortality was 24%.

Cytokine profile and correlation with clinical variables

The results showed increased levels of IL-6, IL-8, IL-10, IL-1b,
TNEF-a and EGF in heart failure patients compared with those
in the control group (Table 2). Moreover, IL-6, IL-10, TNF-a
and VEGF were significantly increased in those patients who
did not survive within one year (Figure 1). In a subgroup of
heart failure patients with atrial fibrillation (paroxysmal, per-
sistent or permanent), there were significant increases in IL-2,
IL-4, IL-6, IL-8, IL-10 and TNF-a (Figure 2A). However, in
subgroups with coronary artery diseases and diabetes, cytokines
were less activated (Figures 2B and 2C). No significant differ-
ence was found between sexes or among different medications.

Logistic regression analyses

Among the 54 patients with CHE 13 died within one year.
Univariate analyses of available risk factors (37 in total)
demonstrated that IL-6 and IL-8 were significant risk factors.
Other factors such as VEGF and monocyte chemoattractant
protein had a tendency toward significance. Further multivari-
ate analyses, after adjustment for imbalance in other risk fac-
tors (so-called independent risk factors), showed that only IL-6
was significant (Table 3). However, the relationship between
IL-6 level and one-year mortality was not linear. By dividing
the 54 patients into quartiles, there was significantly increased
mortality in IL-6 levels greater than 10 ng/L compared with
those less than 10 ng/L (Table 4).
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Figure 1) Cytokine profile in chronic heart failure patients between those who survived and those who died within one year. *P<0.05; **P<0.01;
*#%P<(0.001. IL Interleukin; TNF-o Tumour necrosis factor-alpha; VEGF Vascular endothelial growth factor

DISCUSSION
Our study has demonstrated that in elderly patients with heart
failure, a significant increase of inflammatory cytokines is asso-
ciated with one-year mortality.

Heart failure in octogenarians

The majority of the population with heart failure are elderly,
and they often have multiple diseases. Despite the vast number
of elderly heart failure patients, this group has not been well
studied (particularly octogenarians) compared with younger
heart failure patients. For instance, there is increasing evi-
dence that inflammation is involved in the progression of
heart failure, mostly in younger patients (1-11). This raises the
question of whether inflammation is equally important in
heart failure in the elderly, and whether cytokines can predict
mortality in this population of elderly heart failure patients.
All CHF patients included in the present study had severe
heart failure with NYHA class III or IV. Diastolic function was
difficult to determine in approximately 40% to 50% of patients
because of the presence of either atrial fibrillation or other
technical limitations. To avoid bias because of possible over
diagnosis of heart failure with PSF — when diastolic function
measurement was impossible — we chose mostly CHF patients
with reduced LVEE In fact, in the present elderly group with
severe heart failure, diastolic dysfunction was believed to be
often present more or less concomitantly with decreased sys-
tolic function. Our heart failure registry study (unpublished
data) showed that approximately 40% of this senior patient
group with CHF had PSE

Cytokines in heart failure

Our results have shown increased IL-6, TNF-a. and EGF in
elderly heart failure patients. Moreover, 1L-6, TNF-o. and
VEGEF were significantly increased in those patients who died
within one year. These results are in line with previous findings
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in younger heart failure patients. Interestingly, in the present
study, we demonstrated increased VEGF in CHF in the elderly,
implying the occurrence of endothelial dysfunction. Logistic
analyses of available risk factors (37 in total), after adjustment
for imbalance, showed that only IL-6 is a significant predictor
of one-year mortality. To our knowledge, this is the first study
to show that octogenarian heart failure patients displayed
increased proinflammatory cytokines, but in a different pattern
from those reported in the younger heart failure patients. By
dividing patients into quartiles, there was an approximately
fourfold increase in one-year mortality in patients with IL-6
levels greater than 10 ng/L, compared with those who had less
than 10 ng/L.

It is well known that hypertension is one of the main causes
of heart failure, particularly in the elderly. Approximately 91%
of heart failure patients have current or previous hypertension
(19). In the present study, 46% of patients had hypertension.
However, this does not exclude the possibility that these elderly
heart failure patients may have had hypertension previously.
There is evidence showing that plasma IL-6 level is strongly
associated with hypertension (20). Recently, Coles et al (21)
reported that IL-6 knockout was able to prevent angiotensin 11-
induced hypertension in mice. Our current results, which
showed increased inflammatory cytokines in CHF patients
with hypertension, were also in accordance with our previous
publication on increased inflammation in the early stages of
heart failure in spontaneously hypertensive rats (22).

Further analyses of subgroups with different comorbidities
in CHF in the elderly showed heterogeneous patterns. For
instance, in a subgroup of heart failure patients with atrial fib-
rillation there were significant increases in 1L-2, IL-4, IL-6, IL-8,
IL-10 and TNF-a. However, in subgroups with coronary artery
diseases and diabetes, cytokines were less activated. This is par-
ticularly interesting and clinically relevant because heart fail-
ure in the elderly is a heterogeneous group complicated by
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TABLE 3
Logistic regression analyses of cytokines in patients with
heart failure who died within one year

Increased IL-6 in elderly heart failure patients

TABLE 4
Quartile distribution of patients with chronic heart failure
(CHF) based on interleukin-6 (IL-6) level

Univariate, P Multivariate, P

Interleukin-6 0.010 0.002
Interleukin-8 0.021
Tumour necrosis factor-alpha 0.121
Interferon-gamma 0.029

Vascular endothelial growth factor 0.054
Monocyte chemoattractant protein 0.068

diversified etiologies, clinical symptoms, cardiac dysfunctions,
coexistence of multiple diseases, and higher incidences of both
morbidity and mortality. Accordingly, in a subgroup with CHF
as described above, it does not necessarily mean that the CHF
subgroup only has one underlying cause. In most cases, the
etiology of CHF in the elderly is multifactorial.

Studies have indicated that there is an association
between systemic inflammation and atrial fibrillation. High-
sensitivity C-reactive protein level determined before car-
dioversion represents an independent predictor of both
successful cardioversion for atrial fibrillation and mainte-
nance of sinus rhythm after conversion (23). Recently, a
meta-analysis (24) suggested that increased C-reactive pro-
tein levels were associated with greater risk of recurrence of
atrial fibrillation, although there was significant heterogene-
ity across the studies. An experimental study (25) using
whole-cell patch clamp and indo-1 fluorometric ratio tech-
niques, in single cardiomyocytes isolated from rabbit pul-
monary veins, showed that TNF-a increased the pulmonary
vein arrhythmogenicity and induced an abnormal calcium
homeostasis, thereby causing inflammation-related atrial fib-
rillation. Our current study in CHF patients with atrial fibril-
lation is in line with the above observations.

We have also observed in our study that IL-10, which is
often regarded as an anti-inflammatory cytokine, was also
increased. This was probably due to a compensatory mecha-
nism secondary to increased proinflammatory cytokines, such
as IL-6 and TNE

The heterogeneous phenotype of CHE, particularly in the
very elderly, makes clinical judgement difficult and unreliable.
To find a suitable marker for this group will no doubt facilitate
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clinical practice. An increase in proinflammatory cytokines is
one useful marker. In some cases, it is complementary to BNP,
eg, in patients who are overweight. It is believed that a combi-
nation of BNP and increases in inflammatory cytokines may
have additional prognostic values.

Limitations

In the present study, we included only a very limited number of
CHEF patients with PSF, because measurement of diastolic dys-
function was difficult, thus avoiding bias. Therefore, the CHF
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CONCLUSION
In elderly patients with heart failure, there was a significant
increase in inflammatory cytokines associated with mortality.
Therefore, cytokine activation may be regarded as a prognostic
marker for heart failure in the elderly in the same way as is con-
sidered in younger patients.
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