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Introduction

ABSTRACT
Introduction: The role of adipose tissue as energy storage and endocrine organ is an area of interest
in the treatment of several diseases. This study aimed to to evaluate blood adiponectin (ADP), leptin,
tumor necrosis factor type alpha (TNF-alpha) concentrations, and their prognostic value in patients with
exacerbated chronic heart failure (CHF).
Methods and results: The following were assessed in 64 consecutive patients hospitalized for exacerbated
CHF and a control group of 32 age and sex-matched individuals admitted due to life-limiting symptoms of
peripheral artery disease: serum leptin, ADRE, TNF-alpha concentrations, and body composition determined by
bioelectrical impedance analysis. Compared to the control group, CHF patients had significantly higher blood
ADP concentrations, a higher ratio of ADP to fat mass expressed as a percentage of body mass, and lower
blood TNF-alpha concentrations and ratios of TNF-alpha to the visceral fat level (VFL). Compared to patients who
survived, patients with CHF who died during the one-year follow-up had significantly higher values of ADP and
higher ratios of ADP to body surface area. In the Cox regression model, blood ADP concentration was the only
independent risk factor in respect of all-cause mortality during the one-year follow-up (HR; 95% CI: 1.16; 1.03-1.31).
Conclusions: Patients with CHF present dysregulation in the secretion of ADP and TNF-alpha. Increased
blood ADP concentration was associated with an increase in one-year all-cause mortality by 16%.
Key words: chronic heart failure; adipocytokines; adiponectin; tumor necrosis factor alpha; leptin; prognosis
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[2-4]. However, this negative effect of TNF-alpha is not
found in all studies [3]. Moreover, a randomized trial

An inflammatory response is recognized as an im-
portant cause of cardiovascular disease development
and progression, including chronic heart failure (CHF)
[1]. A patient’s nutritional status, both excessive (i.e.,
overweight or obesity) and deficient (i.e., malnutrition or
cachexia), is considered one potential source of chronic
subclinical inflammatory status, which is mediated by,
among other factors, adipocytokines, which are secreted
by adipose tissue and regulate various body functions.

Tumor necrosis factor alpha (TNF-alpha) is the adi-
pocytokine investigated most often in patients with CHF.
It exerts pro-inflammatory and pro-fibrotic activity, and
increased blood TNF-alpha concentration is recognized
as a risk factor for cardiovascular disease progression

failed to show any benefits from anti-TNF-alpha biolog-
ical treatment with etanercept in patients with CHF [3].

Leptin regulates energy intake (satiety hormone),
energy balance, and metabolism [5, 6]. However, as
it is also involved in pro-inflammatory and pro-fibrotic
activity, it may stimulate oxidative stress, inflammation,
thrombosis, arterial stiffness, angiogenesis, and ath-
erogenesis [5-7]. Such properties of leptin signaling
deficiency or leptin resistance are a potential factor
involved in the pathogenesis of cardiac and vascular
dysfunction and/or failure, as well as being recognized
as a cause of negative electrical and structural heart
remodeling [6, 7]. However, not all studies confirm this
effect of leptin [6, 8-11].
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Adiponectin (ADP) is the only adipocytokine that is
recognized as cardioprotective [12]. It is shown to have
anti-diabetic, anti-atherogenic, and anti-inflammatory
properties in experimental studies [6-9], and to regulate
cardiac and vascular remodeling [7, 13]. Nevertheless,
in patients with CHF, the ADP level gradually increases
with the severity of the disease and a higher ADP level
is a factor of poor prognosis (the “adiponectin para-
dox”). Nevertheless, as with leptin and TNF-alpha, the
outcomes of clinical studies concerning the relationship
between blood ADP concentration and cardiovascular
risk are ambiguous [12-17]. The adiponectin paradox,
defined as an increased cardiovascular risk despite
cardioprotective ADP properties, can be explained with
reference to ADP resistance [16].

In the context of an increased interest in biomarkers
that aid diagnosis, risk stratification, and the monitoring
of the course of CHF, we compared blood concentra-
tions of selected adipocytokines (i.e., TNF-alpha, leptin,
and ADP) in patients with exacerbation of ischemic
CHF caused by severe coronary artery atherosclerosis
and patients with symptomatic atherosclerosis of lower
limbs arteries. We also evaluated the prognostic value
of TNF-alpha, leptin, and ADP in patients with ischemic
CHF during a one-year observation period.

Material and methods
Patients

We enrolled in the study 64 consecutive patients
who had been hospitalized in an urban university hos-
pital for exacerbation of ischemic CHF diagnosed in
accordance with the European Society of Cardiology
(ESC) recommendations [18]. The severity of CHF
exacerbation in these patients was class Il or IV on
the New York Heart Association (NYHA) classification
system. The control group comprised 32 age- (within
2 years) and sex-matched patients (2:1) treated in the
same clinic for life-limiting intermittent claudication (IC),
without necrosis and any clinical or laboratory (e.g.,
N-terminal pro B-type natriuretic peptide [NT-proB-
NP] < 400 pg/mL) indications of CHF. The rationale for
comparing CHF and IC patients was that both groups
present different clinical manifestations of atheroscle-
rosis. Patients were enrolled in the study between May
01, 2016, and February 21, 2018.

On the first day of hospitalization, a medical history
was obtained from each patient enrolled in the study.
A physical examination, biochemical determinations,
and transthoracic echocardiography (Aplio, Toshiba,
Canon, USA) were also conducted. The assessment of
nutritional risk (Nutritional Risk Screening 2002 [NRS-
2002] and Mini Nutritional Assessment [MNA] surveys)
and status (height [cm], body weight [kg], body mass

index [BMI], waist circumference [cm], and waist to
height ratio [WHtR]), as well as body composition
analysis using bioelectrical impedance analysis [BIA,
Tanita BC 420 MA device (Tanita Corporation, Japan)],
were performed twice: once on admission and once on
discharge. The following BIA parameters were obtained:
fat-free mass (FFM; kg); skeletal muscle mass (kg;
percentage of FFM); fat mass (FM; %; kg); the visceral
fat level (VFL) score; and total body water (TBW; kg).

Adipocytokines

Blood sampling for adipocytokines determination
was made on the day of discharge. After coagulation,
blood was centrifuged, and the plasma obtained was
frozen at —80°C until the determination (not longer
than 6 months). Blood leptin and ADP concentrations
were determined using an enzyme-linked immunosor-
bent assay (ELISA) kit from ALPCO (cat. no. 11-LEP-
HU-EO1 and 80-ADPHU-EO1, respectively). Blood
TNF-alpha concentration was assessed using an ELISA
kit from CUSABIO (cat. no. CSB-E04740h). All param-
eters were determined in accordance with the man-
ufacturers’ instructions, and the blood adipocytokine
concentrations found were presented as crude values,
as well as values indexed to body surface area (BSA),
and BIA parameters obtained at the time of the patient’s
discharge (e.g., a ratio of blood ADP concentration to
FM measured on discharge).

BSA was calculated using the following formula:
BSA (m?) = 0.01666667 x height %5 x body mass 05

Measured outcomes

During a one-year follow-up period, the following
measured outcomes were obtained during routine
check-ups in an ambulatory clinic and during telephone
interviews with patients or their relatives: all-cause mor-
tality, cardiovascular mortality, all-cause readmission,
and readmission due to CHF exacerbation.

Bioethics Committee

The investigation was conducted in compliance
with the Declaration of Helsinki for medical research,
after receiving permission from the local Bioethical
Committee No. 325/2016 given on April 26, 2016. Each
patient signed written consent form regarding his or her
participation in the study.

Statistics

Statistical analysis was conducted using the li-
censed version of the statistical software STATISTICA
version 13.1 (data analysis software) developed by
TIBCO Software Inc. (2017). The normal distribution
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of the study variables was checked using the Kolm-
ogorov-Smirnov test. The statistical significance level
was set at a p-value of < 0.05. The results were pre-
sented as the mean =+ standard deviation or median;
interquartile range (IQR), or n, %. The statistical sig-
nificance of differences between groups was verified
using Student’s t-test and the Mann-Whitney U-test for
quantitative variables (for parametric and non-paramet-
ric tests, respectively) and the Chi? test for qualitative
variables. A Kaplan-Meier curve was used to deter-
mine the risk of all-cause mortality or a major adverse
cardiovascular event. Cut-off values for the crude and
indexed (to BSA, FFM, FM, VFL) blood adipocytokine
concentration composition with a predictive value for
the measured outcomes were determined for maximal
Youden'’s indices by plotting the receiver operator
curves (ROC). The hazard ratio (HR) was determined
for the dichotomized variables (having crude or indexed
blood adipocytokine concentrations above or below
established cut-offs) as the chance of an established
end-point occurring in the group with a value of the
respective adipocytokine (crude or indexed) or NT-
proBNP higher than the established cut-off divided by
the chance of the end-point occurring in the group of
patients with a lower value of adipocytokine measured.

The sample size was calculated with the assumption
that the blood adipocytokine concentrations would
differ between the study and control groups analyzed
by 20% with a 25% standard deviation in comparison
to the baseline values. We also assumed in our use of
Student’s t-test and the Mann-Whitney U-test an alpha
of 0.05 and a beta of 0.10 (with a power of analysis of
at least 90%). The sample size for Kaplan-Meier survival
analysis and the log rank test was estimated on the
assumption of a 15% difference in mortality prevalence
in the analysis of the CHF group: 80% analysis power
and an alpha < 0.05. A total of 34 and 60 patients were
required to complete these tests to establish group
effect and survival analysis, respectively.

Results
Clinical characteristics

Compared to the control group, patients with CHF
had a higher risk of all-cause death and readmission
during the one-year follow-up, had higher blood cre-
atinine and C-reactive protein (CRP) concentrations,
lower blood albumin, hemoglobin, total and low-density
lipoprotein cholesterol concentrations, and a lower
albumin-to-CRP ratio (Tab. 1). Moreover, they had
a higher FFM on discharge (Tab. 1). All patients were
treated according to the current ESC recommendations
[18], i.e. with angiotensin-converting enzyme inhibitors,

beta-blockers, diuretics, statins, and acetylsalicylic acid.
All study participants had sinus rhythm of the heart.

Blood adipocytokine concentration

Compared to the control group, CHF patients had
a significantly higher crude blood ADP concentration
and the ratio of ADP to FM expressed as a percentage of
body mass (FM%), as well as a lower blood TNF-alpha
concentration and ratios of TNF-alpha to VFL (Tab. 2).
Neither the crude nor the indexed (for BSA, FM%, VFL)
values of the adipocytokines differed between CHF pa-
tients classified in relation to the severity of symptoms
on admission (lll vs. IV NYHA class) (Tab. 3), and LVEF
determined in transthoracic echocardiography (< 50%
vs. > 50%; Tab. 4).

Prognosis

Compared to patients who survived, patients with
CHF who died during the one-year follow-up had sig-
nificantly higher values of ADP and ratios of ADP to
BSA (Tab. 5).

In the Kaplan-Meier analysis, elevated blood ADP
concentration, both crude and indexed to FM% or
VFL, was related to higher all-cause mortality (log rank
test; Fig. 1). One-year all-cause mortality among CHF
patients was also related to higher blood NT-proBNP
concentration (log rank test in Kaplan Meier analy-
sis; > 2010 pg/mL vs. < 2010 pg/mL; p < 0.01, Fig. 1).
We observed that the shapes of the Kaplan-Meier curves
obtained for NT-proBNP, crude ADP, and indexed ADP
were similar. However, LVEF failed to reach statistical
significance in respect of our patients’ survival (log rank
test in Kaplan-Meier analysis; LVEF > 15% vs. < 15%;
p = 0.19). In univariate analysis, the established cut-off
values for the ratio of ADP to VFL achieved statistical
significance for the HR in relation to one-year all-cause
mortality risk (Fig. 1). In our Cox regression model,
blood ADP concentration was the only independent
risk factor for all-cause mortality during the one-year
follow-up, which increased significantly the risk of one-
year mortality by 16% (Tab. 6).

Discussion

In this study, CHF patients, compared to the con-
trol group, had similar FM, greater signs of abdominal
distribution of adipose tissue (WHtR), higher CRP, and
alower albumin-to-CRP ratio (Tab. 1). CHF patients also
presented significantly higher ADP, only slightly, but not
significantly higher, blood leptin, and lower TNF-alpha
concentrations (Tab. 2). As a result of the differences
mentioned in nutritional and inflammatory status, and

144

www.journals.viamedica.pl/medical_research_journal



Anna Wawrzenczyk et al., Adipocytokines in heart failure

Table 1. Clinical and biochemical characteristics of patients with CHF and in the control group

Parameter CHF patients Control group P-value
(n = 65) (n = 32)
Age (years) 72.08 £ 9.12 70.13 + 7.58 0.299
Male gender n (%) 43 (66.2) 20 (62.5) 0.726
All-cause death during one-year follow-up; n (%) 1(16.9) 1(3.1) 0.052
Patients readmitted during one-year follow-up; n (%) 47 (72.3) 15 (46.9) 0.014
Diabetes mellitus; n (%) 34 (52.3) 12 (37.5) 0.173
Smoking habit: present/past (n, %) 7 (10.8/ 7 (21.9)/ 0.241
41 (63.1) 24 (75.0)

CClI (score) 5.8 +1.99 3.56 +£1.24 < 0.001
NT-proBNP [pg/mL] 2551; 1560.0-5872.0 88.8; 37.5-122.5 < 0.001
Albumin [g/dL] 3.78 + 0.41 428 +0.35 < 0.001
Hemoglobin [g/dL] 13.07 + 1.74 14.24 + 1.26 < 0.001
TLC [G/L] 1.59 + 0.70 2.18 £ 0.66 < 0.001
Creatinine [mg/dL] 1.30 + 0.46 0.89 + 0.22 < 0.001
LDL cholesterol [mg/dL] 69; 55.0-93.0 89.0; 71.0-122.0 0.0015
Triglycerides [mg/dL] 74;62.0-127.0 115.0; 84.0-185.0 0.100
Blood glucose [mg/dL] 117.98 + 34.9 111.29 + 291 0.384
CRP [mg/L] 6.9;4.2-16.5 1.4;0.8-4.8 0.044
Albumin-to-CRP ratio 0.55; 0.21-1.30 3.07; 0.93-5.76 < 0.001
Body mass on discharge [kg] 84.34 = 22.97 77.36 = 14.67 0.121
BMI on discharge [kg/m?] 29.66 + 7.42 27.38 + 4.07 0.114
WHIR on discharge 0.64; 0.56-0.71 0.59; 0.56-0.63 0.036
FM on discharge expressed as percentage of body mass (%) 27.4;18.8-34.30 30.00; 26.30-37.10 0.114
VFL level on discharge 14.00; 10.00-18.00 12.50; 10.00-16.00 0.300
FFM on discharge [kg] 58.90; 51.00-71.50 53.30; 43.15-60.55 0.025

Data are presented as mean + SD or median; IQR (interquartile range); or as n (%). BMI — body mass index; CCl —

Charlson Comorbidity Index

(age-adjusted); CHF — chronic heart failure; CRP — C-reactive protein; FFM — fat-free mass; FM — fat mass; LDL — low-density lipoprotein;
NT-proBNP — N-terminal pro B-type natriuretic peptide; TLC — total lymphocyte count; VFL — visceral fat level; WHtR — waist-to-height ratio

Table 2. Blood adipocytokine concentrations as measured in CHF patients and in the control group

Parameter CHF patients Control group P-value
(n = 65) (n =32)
ADP [mcg/mL] 7.96; 5.60-12.64 5.08; 3.74-6.62 0.030
LEP [ng/mL] 24.26; 8.00-66.47 28.72; 10.17-41.54 0.296
TNF-alpha [pg/mL] 34.24; 20.80-58.56 39.15; 24.32-101.71 0.004
ADP-to-FM (%) ratio 0.26; 0.15-0.74 0.16; 0.12-0.21 0.020
ADP-to-VFL ratio 0.54; 0.28-1.17 0.39; 0.23-0.66 0.189
LEP-to-FM (%) ratio 0.89; 0.37-1.94 0.77;0.44-1.25 0.194
LEP-to-VFL ratio 1.56; 0.64-3.88 1.83; 0.88-3.02 0.950
TNF-alpha-to-FM (%) ratio 1.36 - 0.75-2.25 1.49;0.61-3.13 0.264
TNF-alpha-to-VFL ratio 2.58;1.43-4.22 3.58; 1.50-10.21 0.005

Data are presented as median; IQR (interquartile range). ADP — adiponectin; CHF — chronic heart failure; FM — fat mass; LEP — leptin; TNF-
alpha — tumor necrosis factor alpha; VFL — visceral fat level
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Table 3. Blood adipocytokine concentrations measured in CHF patients divided in relation to LVEF preservation
(LVEF > 50%)

Parameter LVEF > 50% (n = 28) LVEF < 50% (n= 37) P-value
ADP [mcg/mL] 7.12; 3.78-11.91 9.36; 5.77-13.46 0.183
LEP [ng/mL] 33.05; 8.21-90.23 18.30; 5.87-66.47 0.427
TNF-alpha [pg/mL] 29.27;19.09-42.13 40.53; 23.15-62.62 0.567
ADP-to-FM (%) ratio 0.24; 0.14-0.63 0.33; 0.16-0.77 0.419
ADP-to-VFL ratio 0.46; 0.23-0.97 0.58; 0.29-1.35 0.657
LEP-to-FM (%) ratio 0.97; 0.37-2.01 0.70; 0.28-1.92 0.368
LEP-to-VFL ratio 1.59; 0.59-5.30 1.32; 0.64-3.40 0.216
TNF-alpha-to-FM (%) ratio 1.32; 0.74-2.03 1.39; 0.77-2.30 0.373
TNF-alpha-to-VFL ratio 2.55;1.43-4.03 2.67;1.38-4.77 0.301

Data are presented as median; IQR (interquartile range). ADP — adiponectin; CHF — chronic heart failure; FM — fat mass; LEP — leptin; LVEF
— left ventricular ejection fraction; TNF-alpha — tumor necrosis factor alpha; VFL — visceral fat level

Table 4. Blood adipocytokine concentrations measured in CHF patients divided in relation to severity of symptoms on
admission according to NYHA classification

Parameter Klasa 11l wg NYHA Klasa IV wg NYHA P-value
(n = 30) (n = 35)
ADP [mcg/mL] 9.10; 5.92-13.64 7.90; 4.49-12.21 0.454
LEP [ng/mL] 24.58; 9.77-53.17 20.05; 5.87-87.61 0.899
TNF-alpha [pg/mL] 36.43; 22.19-47.25 30.40; 19.20-62.62 0.842
ADP-to-FM (%) ratio 0.30; 0.18-0.64 0.25; 0.14-0.77 0.784
ADP-to-VFL ratio 0.53; 0.34-1.14 0.58; 0.25-1.21 0.604
LEP-to-FM (%) ratio 1.00; 0.44-1.86 0.59; 0.41-1.53 0.996
LEP-to-VFL ratio 1.58; 0.65-3.40 1.52; 0.59-5.93 0.571
TNF-alpha-to-FM (%) ratio 1.58; 0.95-2.02 1.33; 0.74-2.35 0.306
TNF-alpha-to-VFL ratio 2.62; 1.58-3.81 2.55; 1.38-5.52 0.402

Data are presented as median; IQR (interquartile range). ADP — adiponectin; CHF — chronic heart failure; FM — fat mass; LEP — leptin; NYHA
— New York Heart Association; TNF-alpha — tumor necrosis factor alpha; VFL — visceral fat level

Table 5. Comparison of crude and indexed blood adipocytokine concentrations in CHF patients who died and those
who survived during the one-year follow-up

Parameter Died (n = 11) Survived (n = 54) P-value
ADP [mcg/mL] 9.86; 6.34-18.65 6.53; 4.04-10.10 0.02
LEP [ng/mL] 11.73; 4.16-38.11 27.26; 9.24-53.17 0.30
TNF-alpha [pg/mL] 35.90; 25.17-57.82 36.05; 21.65-64.43 0.66
ADP indexed to BSA 6.29; 3.12-10.24 3.68; 2.31-5.83 0.01
ADP-to-FM (%) ratio 0.57; 0.19-1.08 0.20; 0.14-0.38 0.07
ADP-to-VFL ratio 0.91; 0.57-1.89 0.42; 0.25-0.82 0.08
LEP indexed to BSA 3.76; 2.31-17.18 12.66; 4.45-35.66 0.36
LEP-to-FM (%) ratio 0.50; 0.31-1.17 0.89; 0.44-1.70 0.38
LEP-to-VFL ratio 0.88; 0.65-2.76 1.65; 0.69-3.59 0.41
TNF-alpha indexed to BSA 20.05; 13.88-33.65 17.19; 10.19-30.02 0.52
TNF-alpha-to-FM (%) ratio 1.35; 0.92-2.93 1.47; 0.74-2.49 0.40
TNF-alpha-to-VFL ratio 2.79; 1.89-4.67 2.62; 1.45-5.52 0.33

Data are presented as mean = SD or median; IQR (interquartile range). ADP — adiponectin; BSA — body surface area; CHF — chronic heart
failure; FFM — fat-free mass; FM — fat mass; LEP — leptin; TNF-alpha — tumor necrosis factor alpha; VFL — visceral fat level
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Figure 1. The Kaplan-Meier curve showing crude and indexed blood ADP concentrations in comparison to NT-proBNP
with respect to survival probability of patients with CHF. ADP — adiponectin; FM% — percentage fat mass in whole body
weight; HR — hazard ratio; NTproBNP — N-terminal pro B-type natriuretic peptide; VFL — visceral fat level

Table 6. Cox regression model of one-year all-cause mortality among the CHF patients studied

Parameter Beta; 95% CI Standard error P-value HR; 95% CI

ADP [mcg/mL 0.15; 0.03-0.27 0.06 0.01 1.16; 1.03-1.31
Age (years) -0.03; -0.13-0.07 0.05 0.53 0.97;0.88-1.07
Male gender 0.47;-0.86-1.81 0.68 0.49 1.61; 0.42-6.11
LVEF (%) 0.01; -0.05-0.06 0.03 0.86 1.01; 0.95-1.06
CCl (score) 0.04; -0.36-0.44 0.20 0.85 1.04; 0.70-1.55
NT-proBNP [pg/mL] 0.00; 0.00 0.11 1.00; 1.00-1.00

ADP — adiponectin; CClI — Charlson Comorbidity Index (age-adjusted); CHF — chronic heart failure; Cl — confidence interval; HR — hazard

ratio; LVEF — left ventricular ejection fraction; NT-proBNP — N-terminal pro B-type natriuretic peptide

adiposity distribution between the study groups (Tab. 1),
we compared the two groups not only in terms of crude
but also indexed values of the adipocytokines mea-
sured (Tab. 2). The analysis showed that CHF patients
presented hypersecretion of ADP and undersecretion
of TNF-alpha per unit of the whole (FM%) and visceral
adipose tissue (VFL) (Tab. 2). Those dysregulations in
the endocrine function of adipose tissue were associ-

ated with significantly higher blood ADP concentrations
in CHF patients who died, compared to those who sur-
vived the observation period (Tab. 5), and with a ten-fold
increase in the HR of one-year mortality for ADP/VFL
ratio > 0.55 (Fig. 1). The poor prognosis related to higher
ADP blood concentration was also confirmed in both
the Kaplan-Meier (statistically significant log rank tests,
Fig. 1) and Cox regression model analyses (Tab. 4).
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It was surprising that despite the small patient sample,
elevated blood ADP concentration in CHF patients was
the only independent factor predicting patient death
during the one-year follow-up. In contrast to ADP, such
well-known prognostic CHF markers as LVEF and blood
NT-proBNP concentration did not reach statistical signif-
icance as independent prognostic factors (Tab. 6). The
obtained results corroborate data presented in recent
publications showing that increased blood ADP concen-
tration is a factor in the poor prognosis in CHF patients
[12-17]. The association of poor prognosis in CHF
patients with higher blood ADP concentration, which
should, theoretically, exert cardioprotective action, is
known as the “ADP paradox”, and is recognized as the
result of ADP resistance [16]. On the other hand, our
results are inconsistent with those of a study by Mayer
et al. [19], who showed that the associations between
higher blood ADP concentration and patient mortality
and risk of CHF disappeared after data adjustment for
blood NT-proBNP concentration.

In our study, we did not find any relationships
between crude and indexed blood adipocytokine con-
centrations and severity of CHF exacerbation according
to the NYHA classification (Tab. 3) and/or the presence
of preserved (> 50%) or non-preserved (< 50%) LVEF
(Tab. 4). Inthe available articles, data concerning those
relationships with regard to ADP, leptin, and TNF-alpha
are ambiguous [4, 5, 12-17]. Despite potential cardio-
protective effects of ADP, Mado et al. [12] summarize
in their review that the adiponectin level gradually
increases with the severity of CHF. Horbal et al. [16]
showed positive and negative NT-proBNP relationships
with ADP and leptin, respectively. In comparison, Na-
kamura et al. [20] demonstrated in a mice model that
higher ADP enhanced mesenchymal stem-cell-driven
therapy of heart failure. With regard to TNF-alpha, our
results are contrary to the data showing associations
between elevated blood TNF-alpha concentration and
a worsening of heart failure symptoms [4]. Our results
are also not consistent with clinical trials on the use
of anti-TNF-alpha therapy in the treatment of CHF
patients. However, it should be underlined that such
therapy failed to improve CHF patients’ prognosis [3].

In our study, we not only presented blood adipocyto-
kine concentrations as crude values but also as values
indexed to BSA and parameters of body composition
(i.e., FM and VFL). To the best of our knowledge, this
was the first use of this kind of analysis. We assumed
that adipocytokine indexation would make it possible
to estimate production of the respective adipocyto-
kines per unit of adipose tissue. In this way, we found
dysregulation in adipocytokine secretion through adi-
pocytes in CHF patients, which mainly concerned ADP
overexpression and decreased expression of TNF-alpha
(Tab. 2). Hypersecretion of ADP, expressed as elevated

ratios of ADP to FM (%) and ADP to VFL, influenced
the one-year mortality of CHF patients according to
the Kaplan-Meier analysis (Fig. 1). It is possible that
abnormalities in ADP and TNF-alfa blood concentrations
in CHF patients may be an effect of resistance to the
action of those cytokines [16].

In our study, CHF patients compared to the control
group had significantly higher blood LDL cholesterol
and CRP concentrations (Tab. 1). It seems to be im-
portant whether these differences affected blood adi-
pocytokine concentrations as a potential confounding
factor. Excess of adipose tissue, which is the source
of adiponectin and leptin, causes chronic low-grade
inflammation expressed, for example, by an elevated
high sensitivity CRP blood level [21]. However, the
opposite relationship, i.e. influence of the inflammatory
process on adipocytokines secretion, was not reported.
Similarly, a chronic inflammatory state, expressed by
elevated TNF-alpha and CRP, may induce production
of oxidized-LDL with intensified proatherogenic action.
However, the relationships between urinary adiponectin
and severity of metabolic abnormalities, including plas-
ma lipids, were not confirmed, admittedly, in peri- and
postmenopausal women only [22]. In CHF patients
we did not also find significant correlations between
blood adipocytokines, LDL, and CRP concentrations,
both in whole study population and the study groups
(CHF patients and controls separately). However, it is
known that a combination of elevated levels of both LDL
cholesterol and CRP is the risk factor for endothelial
dysfunction, progression of ischemic heart failure [2-5,
12, 17, 21-29], and unfavorable outcomes, including
mortality and readmission, especially in men [30] and
in CHF patients with preserved LVEF [25, 31]. On the
other hand, lower, rather than higher, blood LDL cho-
lesterol concentration was related to a poor prognosis
in CHF patients and other advanced diseases requiring
hospitalization, which is known as the “cholesterol
paradox” [32].

Study strengths and limitations

The first strength of our study lies in the multifactorial
analysis of the endocrine function of adipose tissue in
relation to parameters of body composition (indexation),
which has not previously been done. The second ad-
vantage is that parameters of body composition were
compared to the control group on the day of discharge.
This was because of the loss of, on average, 5 kg of
water in CHF patients during hospitalization, which,
in turn, affects especially the results concerning FFM,
which is strongly related to overhydration. Such analysis
made it possible to compare “dry (not-overhydrated)
weight” of CHF patients with the usual weight of patients
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who acted as the control group. The third strength is the
one-year follow-up period, which is of sufficient length
to observe changes in patients’ outcomes in relation to
their adipocytokine status.

The main limitation of our study is the small sample
size. However, the number of patients was determined
as sufficient to achieve the statistical power of assumed
differences and is comparable to that in other published
works [4]. On the other hand, multifactorial analysis
has a limited value when performed in a small sample,
which was probably the reason why age, low LVEF, and
NT-proBNP did not reach statistical significance (Tab.
6). Therefore, the data presented in Table 6 ought to
be interpreted carefully. However, it should be under-
lined that the number of patients included in the study
resulted from established inclusion criteria that excluded
individuals with comorbidities that might potentially
affect the endocrine function of adipose tissue. The
second limitation might be related to the choice of the
control group. Nonetheless, in our opinion, comparing
the results to those from a healthy control group would
have been less valuable than a comparison with the
group of cardiovascular patients who were chosen. The
third limitation is the lack detailed data on severity of
coronary artery disease (i.e. one-, two-, three vessels
disease, left main stem disease).

Conclusions

Patients with CHF present hypersecretion of ADP,
which was associated with an increase in one-year
all-cause mortality by 16%. Further studies are need-
ed to estimate the cause of ADP hypersecretion and
outcomes of interventions on the reduction of a chronic
inflammatory status related to dysregulation in the en-
docrine function of the adipose tissue in CHF patients.
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