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ABSTRACT

Aim of the study:To study interdependence between pro-inflammatory cytokines and erythropoietin in
chronic heart failure (CHF) patients with anemia.

Materials and methods:

For the study 95 patients with CHF that developed as a result of ischemic heart disease were chosen.

Patients were divided into three groups. The first group consisted of 30 CHF patients with iron deficiency
anemia. The second group consisted of 35 CHF patients with anemia of chronic disease. The control group
consisted of 30 CHF patients without anemia. In all patients serum levels of ferrokinesis, erythropoietin and
levels of pro-inflammatory cytokines (IL-1, IL-6 and a-TNF) were measured.

Results: the study showed that in CHF patients with anemia of chronic disease (the 2™ group) serum levels of
erythropoietin was lower than other groups with 6,4%1,12 mlU/ml (p<0,05).

Only in limited number of studies correlation between erythropoietin levels and pro-inflammatory cytokines
was examined, and they had contradictory results[3, 4, 8]. Statistically significant correlation was found
between pro-inflammatory cytokines and erythropoietin levels. In CHF patients with anemia of chronic disease
(2"group) there was weak negative correlation (r= -0.24 P<0.05) between erythropoietin and IL-1, strong
negative correlation (r=-0.52, P<0.001) between IL-6 and erythropoietin, and average negative correlation (r=
-0.37, P<0.05) betweenTNF-aand erythropoietin. In CHF patients with iron deficiency anemia and without
anemia weak positive correlation was found between erythropoietin and pro-inflammatory cytokines.
Conclusion: The study found, that in patients with iron deficiency and anemia of chronic disease serum
ferritin, transferrin, hepcidin and erythropoietin levels were different, and in the last group erythropoietin
levels were reliably low (6.4+1.12 mlU/ml, p<0.05) compared to other groups;

There was a negative correlation between cytokines and erythropoietin levels in disease development.

Keywords: Chronic heart failure, anemia, pro-inflammatory cytokines, erythropoietin.
INTRODUCTION of

In recent years, special attention is given to
anemia as a leading factor that affects life

the main disease. There are different
approaches in explaining the course and
pathogenesis of anemia in CHF patients,

expectancy and quality of life in patients with
chronic heart failure (CHF). «In developed
countries anemia is found in 10-70% of CHF
patients, the percentage increases in tandem with
functional class (FC) of CHF, and in IV FC it
reaches 80% » [1, 4, 5, 8]. At the same time,
anemia is seen as an independent risk factor that
negatively affects the course, results and outcome

requiring serious study of the problem. Distinctive
course of CHF in anemic patients and doubled
morbidity compared to CHF patients without
anemia make early diagnosis, effective treatment
and prevention of this pathology one of the
pressing problems of medicine [10, 12, 13].

Mechanisms that cause chronic kidney disease
(CKD) and anemia CHF activate renin-
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angiotensin-aldosterone and sympathic nervous
system, oxidation stress ctpecc and inflammation
factors. In development of kidney failure negative
correlation between serum erythropoietin levels
and hemoglobin is disturbed. As a result,
erythropoietin  synthesis will not increase in
accordance with degree of anemia. Ineffective
erythropoiesis that consists of bone marrow
hemolysis and shorter erythrocyte lifespan,
develops [9].

Additionally, interleukin-1 (IL-1), interleukin-6 (IL-
6) and tumor necrosis factor alpha (a-TNF)
decrease  erythropoietin  concentration  and
increase sensitiveness of erythropoiesis line cells
to it, which may lead to the development of
relative resistance to erythropoietin [11, 12, 13].
Nakhodnova gives in her study that in CHF with
iron deficiency anemia (IDA) and anemia of
chronic disease (ACD) serum erythropoietin levels
are high and it is one of the predictors of the
course of the disease. In contrast, Zokhidova
shows in her studies, that in CHF patients with
ACD erythropoietin levels decrease, and therefore
use of iron compounds alone is not sufficient in
effective treatment of anemia of this type. She
also observed, that in CHF patients with IDA
erythropoietin levels increased as a compensation
and after the threatment of anemia erythropoietin
levels returned to normal ranges [12].

In addition, it needs an attention,
thatvadministration of angiotensin  converting
enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARB) for a long time in CHF patients
may itself cause decreased erythropoiesis and
development of anemia [11]. According to De
Silva R. and coauthors, medication used in
treatment of CHF patients, such as diuretics, ARBs

aoand aldosterone antagonists, also negatively
affect kidneys, causing anemia [11]. Life
expectancy of CHF patients with anemia

decreases even more when combined with CKD
(2, 3].

As mentioned above, anemia is considered an
independent risk factor of kidney insufficiency.
Presence of CHF, anemia and diabetes
additionally affects the kidney function. This in
turn worsens the anemiann even more and leads
in decreaseof erythropoietin levels.

Additionally, number of conducted clinical studies
show, that it is diagnostically important to
examine serum erythropoietin levels in CHF
patients. Erythropoietin levels is not always related
to kidney damage in CHF patients.

All reviewed material indicates, that anemia is
one of the leading factors that increase mortality
in CHF patients. CKD induced anemia
deteriorates the course and prognosis of CHF. If
the cause of anemia is not determined when

found and additional measurements included in

complex treatment of CHF, itmay become
refractory.
There is information about effectiveness of

intravenous iron and recombinant erythropoietin
(rEPO) use in European Society of Cardiology
guidelines for the diagnosis and management of
CHF (2012) [1, 10]. Taking this into
consideration, number of trials were conducted
concerning erythropoietin use in CHF patients
with anemia [7, 10]. Initially, RED-HF multi-
centered randomized clinical trial showed
improvement of clinical condition, decreased
dyspnoe, increased tolerance to physical exercise
was found in CHF patients with anemia after
erythropoietin  treatment [1, 3]. Unfortunately,
final results of the ftrial did not confirm initial
theory. Erythropoietin (darbopoietin—alpha) use
did not lead to decrease in hospitalization and
morbidity levels in CHF patients with hemoglobin
less than 120 mg/l [1, 3, 7]. At the same time
thromboembolic complications increased 3.5,
strokes rose 1.7times in these patients. Similar
cardiovascular complications were found after
erythropoietin use in CKD and 2™ type diabetes
mellitus patients [7].

Before, when optimal levels of hemoglobin was
considered 120-140 mg/I, such complications
were thought to be related with hemoglobin levels
higher than 145 mg/l [1, 6]. But in RED-HF ftrial
reached hemoglobin levels were on average 130
mg/l, despite this risk of complications kept
increasing [1]. It was concluded, that even in low
levels of hemoglobin of CHF patients, use of
erythropoietin is not recommenden in treatment
of anemia (recommendation class lll, level of
evidence A) [1].

In conclusion, getting good results by using of
erythropoietin in treating anemia of CHF patients
is not proved and further research in this field is
required.

Aim of the study

To study interdependence between pro-
inflammatory cytokines and erythropoietin in CHF
patients with anemia.

MATERIALS AND METHODS

For the study 95 patients with CHF that developed
as a result of ischemic heart disease were chosen.
Patients were divided into three groups. The first
group consisted of 30 CHF patients with iron
deficiency anemia. The average age of the
patients was 64.8+1.31 years, 11 (37.5%) of
them were men and 19 (62.5%) were women.
According to functional class of CHF, 9 (30.5%)
of the patients had Il FC and 21(69.5%) had llI
FC.
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The second group consisted of 35 CHF patients
with anemia of chronic disease. The average age
of the patients was 65.3+1.48 years, 14 (39.5%)
of them were men and 21 (60.5%) were women.
According to functional class of CHF, 10 (28.5%)
of the patients had Il FC and 25(71.5%) had llI
FC.

The control group consisted of 30 CHF patients
without anemia. The average age of the patients
was 63.4+1.13 years, 16 (54.5%) of them were
men and 14 (45.5%) were women. According to
functional class of CHF, 12 (39.5%) of the
patients had I FC and 18 (61.5%) had Il FC.

In our study 100mg iron (lll) hydroxide
saccharose complex (Venofer ®) was given
intravenously to patients of 1° and 2™ groups in
addition to standard CHF treatment in in-patient
conditions. In order to correct iron deficiency fotal
amount of the compound was calculated using
special formula created for Venofer ® (general
iron deficiency = body mass, kg x (150 -
hemoglobin level of the patient Hb, g/I) x 0.24 +
500mg). Patients of the control group received
standard CHF treatment. All patients were
observed for six months. Sufficient information
about CHF was given to the patients, and they
were taught principles of self control.

Diagnosis of CHF and classification of the disease
according to functional classes in involved
patients was made based on patients complaints,
anamnesis, clinical examination, laboratory and
instrumental investigations and New — York Heart
Association (1964) criteria.

For classification of anemia World Health
Organisation  (WHO)  criteria were  used
(hemoglobin is<13.0 g/dl in men and <12.0
g/dl in women). In all patients serum levels of
ferrokinesis, erythropoietin and levels of pro-
inflammatory cytokines (IL-1, IL-6 and a-TNF)
were measured.

Inclusion criteria
Ischemic heart disease induced chronic heart
failure patients with anemia.

Exclusion criteria

Patients with acute myocardial infarction and
instable angina pectoris, arterial hypertension,
serious arrhythmias, II-lll level AV blockade,
congenital heart defects, stroke, autoimmune and
diffuse connective tissue diseases, acute and
chronic inflammatory diseases in recurrence
stage, developed chronic kidney disease, liver
failure, severe respiratory failure caused by
bronchial asthma and COPD recurrence,
oncologic diseases, psychiatric conditions, alcohol
abuse and other serious comorbidities.

Laboratory tests

9ml venous blood was taken from fasting
patients.The blood was centrifuged for 15 minutes
in order to separate serum. Next, in Cobas €601
analysator  (Germany) hepcidin levels were
measured using “BCM diagnostics” protocols,
ferritin levels - «ORGENTEG» and transferrin
using «ELISA» protocols.

Data analysis

For data processing MS Excel (2013) computer
program was used. Arithmetic mean and
standard deviation (M=m) of all data in following
tables were calculated. Student’s paired and
unpaired t-tests were used to deftermine
significance of difference between groups.
Correlation analysis was done using Pearson’s
correlation coefficient and confidence tables.

Ethical statement

The study was conducted according to scientific
research plan of Tashkent Medical Academy,
within  “Development of new methods of
diagnosis, prophylaxis and treatment of internal
diseases” (2015-2017) parameters.  Written
informed consent was taken from all patients
before the study.

RESULTS

In order to study how anemia affects CHF
patients, theirhematologic levels were measured
before the treatment.

Analysis showed, that there were defferences in
hematologic indicators between CHF groups with
and without anemia, between patients with
anemia of chronic disease and iron deficiency
anemia.

Before the treatment, in CHF patients with iron
deficiency anemia (first group) average level of
hemoglobin was 101.4%3.1 g/l, of ferritin -
85.9+8.5 mcg/I, of transferrin - 5.2+1.21 g/I, of
serum iron - 7.94+0.21 mmol/l, of hepcidin -
10.6=1.3 ng/ml and of erythropoietin was
52.67+4.3 mlU/ml.

In CHF patients with anemia of chronic disease
(second group) average level of hemoglobin was
104.3x4.8 g/l, of ferritin - 167.6+8.54 mcg/I, of
transferrin - 6.9+2.28 g/I, of serum iron -
6.14x1.12 mmol/l, of hepcidin - 23.3%3.5
ng/ml and of erythropoietin was 6.4+1.12
mlU/ml.

In CHF patients without anemia (control group)
average level of hemoglobin was 126.0+6.5 g/I,
of ferritin - 289.5+11.6 mcg/l, of transferrin -
4.1+1.8 g/l, of serum iron - 25.8+4.81 mmol/l,
of hepcidin - 7.7+x1.02 ng/ml and of
erythropoietin was 20.76+6.2 mlU/ml.
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After six month of treatment, significant
improvement took place in hematologic indicators
of patients of the first group compared to initial
state: average levels of hemoglobin increased
from 101.4%x2.1 g/l to 126.6x4.7 g/l
(P<0.001). In the second group levels of
hemoglobin increased from 104.3+4.8 g/l to
118.1£3.9 g/l (P<0.001). Additionally, in
patients of the first group serum iron levels
increased from 7.94+0.21 mmol/l to 22.9+2.8
mmol/l (P<0.001), ferritin levels rose from
85.9+8.5 to 318.4+x5.46 (P<0.001), transferrin
decreased from 5.2+1.21 g/l to 3.1x0.14
(P<0.05), hepcidin levels changed from

10.6+1.3 ng/ml to 3.2+0.05 ng/ml, and
erythropoietin levels decreased from 52.67+4.3

In the second group patients serum iron levels
increased from 6.14=1.12 mmol/l to 16.1£2.12
mmol/l (P<0.001), ferritin levels rose from
167.5+8.54 t0 259.6+6.5 (P<0.001), transferrin
decreased from 6.9+2.28 1o 4.4+0.3
(P<0.001), hepcidin levels decreased from
23.3+3.5 ng/mlto 19.2+0.06 ng/ml (P<0.001),
and erythropoietin levels changed from 6.4+1.12
mlU/mlto 11.2 = 1.32 mlU/ml (P<0.01).

In CHF patients without anemia (control group)
serum iron, ferritin, transferrin  saturation,
transferrin and hepcidin levels remained within
normal ranges (Table 1).

mlU/ml to 32.4+2.1 mlU/ml (P< 0.001).
Table 1: Hematologic changes before and after six month of treatments in CHF patients with and

without anemia
o ;’:s;:‘em Main group ~ . Control group
1*' subgroup (30) (35) aulagiews 3 group (30)
Before 101.4£3.1%% 104.3+4.8** | >0.05 | 126.0+6.5
Hemoglobin, o/l Al 126.6+4.7~~~ 120123977 605 | 126.4+5.2
Before 3.6+£0.04** 3.7+0.02** <0.05 | 4.3+0.04
Sowrpoumnan, 10771 | 412002~~~ | £OFOOTTT <000y 520,05
gi=y 524015~~~ | 20201677 1 405 | 552008
Before 7.94+0.21%* 6.14+1.12%* | >0.05 | 25.8+4.81
Serum iron, mmol/l [ Affer 229428~~~ | 161221277 05 | 24.743.72
Helere 85.9+8.5%** 167.5+8.54%* TO'OO 289.5+11.6
Ferritin, mcg/I After 3/,\] 8.4+5 46"~ 2/\59.616.5" ~ ]<0.00 286.6+10.9
Before 5.2+1.21 6.9+2.28 >0.05 | 4.1+1.8
Transferrin, g/ After 3.1+0.14" 4.4+03" "7 TO‘OO 3.9+0.10
— Before 10.1+8.2 11.6+6.8 >0.05 |26.3+8.6
saturation,% Al 28.6+82~~~ | 2243277 1 405 |30.3+6.9
Before 10.6+1.3* 03,343 5+ ]<O-OO 5.7+1.02
Hepcidin ng/ml After 3.2+005~~~ | 192200677 ]<o.oo 29.7+0.03
e hropaieti Before | 55 67:+4.3%+ 6.4=1.12* <090 120.7626.2
miU/ml After 304491~~~ }133/\ ~ + ]<0.00 18.6+2.3
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Note:
P<0.001

* - differences are significant compared to control group (*- P <0.05, ** - P <0.01, *** -

~ - differences are significant after treatment compared to before treatment (~ - P <0.05,

~7~ 2P <001, 7" -P<0.001)

Pro-inflammatory cytokines in serum were also
measured in all patients.

According to the results of the study, in Il-lll FC
CHF patients without anemia (control group)
average serum IL-1 levels were respectively
16.4+0.72 (Il) and 18.6=1.93ng/ml (lll), levels
of IL-6 were respectively17.2+1.78 (ll) and
18.9+1.3 ng/ml (lll), and that of TNF-a were
respectively 15.9+0.72 (Il) and 17.4%=1.93 ng/ml

(1n).

20.8+1.3ng/ml (lll), levels of IL-6 were
respectively20.4+1.8 (ll) and 22.6+x1.3 ng/ml
(), and that of TNF-a were respectively
19.6+0.62 (Il) and 21.8+1.64 ng/ml (Ill).

In -l FC CHF patients with anemia of chronic
disease (second group)average serum IL-1 levels
were  respectively  18.2+0.72 (Il and
21.1£1.93ng/ml (lll), levels of IL-6 were
respectively26.6+1.7 (ll) and 29.7+1.3 ng/ml
(), and that of TNF-a were respectively

In II-lll FC CHF patients with iron deficiency 20.2+0.72 (ll) and 24.7+1.93 ng/ml (lll).(Table
anemia (first group) average serum IL-1 levels 2)
were respectively 17.9+2.1 (M and
Table 2: Dynamics of serum pro-inflammatory cytokines levels after the treatment
Treatment et E;r:rd i?Up Il, | CHF  FC Il
Indicator | stages CHFFCII,n=9 | CHFFCIIl, n=21 - el !
n=12 n=18
" Before 17.9+2.1 20.8+1.3 16.4+0.72 18.6+1.93
- After 9.6+12~"~ " 10.8+£1.23~ """ | 74137~ " |8.7x092~ "~
w Before 20.4+1.8 22.6+1.3* 17.2+1.78 18.9+1.3
- After 10.3£0.98"™ "~ " | 122143~~~ | 7.7£1.43~ "~ [ 8.6x12" "~ "
Before 19.6+0.62*** 21.8+1.64* 15.9+0.72 17.4+1.93
TNF-a
After 92+133"7"" | 11416777 | 6821777~ |8.2+x23" """
Group B Control group
CHF FCIl, n=10 | CHF FCIll, n=25 CﬁF el CTF FC i,
n=12 n=18
" Before 18.2+0.72 21.1+1.93* 16.4+0.72 18.6+1.93
After 162112~~~ | 1831217~ 7 | 74137~ " [8.7x092~~"
o Before 26.6+1.7*** 29.7+£1.3%** 17.2+1.78 18.9+1.3
- After 19.7£0.98"~ ~~ | 22.8+1.32" "~ | 7.7£1.43"~"" | 8.6x1.2" "7
Before 20.2+£0.72*** 24.7+1.93* 15.9+0.72 17.4+1.93
TNF-a
After 15.6x1.42> 7 1193089~~~ | 6821 "~ |8.2x23"""
Note: * - differences are significant compared to control group (*- P <0.05, ** - P <0.01, *** -

P<0.001

~ - differences are significant after treatment compared to before treatment (©~ - P <0.05,
~N P <0.01, """ -P<0.001)

After the treatment in CHF patients with iron
deficiency anemia (Group | A) serum levels of
pro-inflammatory cytokines reliably decreased. In
CHF patients with anemia of chronic diseases
serum levels of pro-inflammatory cytokines,
although decreased after the treatment, remained

higher compared to other groups. Dynamics of
serum pro-inflammatory cytokines levels after 6
months of treatment is given in the Table 2.

After the treatment in CHF patients without
anemia pro-inflammatory cytokines changed as
following: in FC Il patients there was reliable
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decrease of IL-1 levels from 16,4 to 7,4 ng/ml
(p<0,001), of IL-6 levels from 17,2 to 7,7 ng/ml
(p<0,001), of TNF-a levels from 15,9 to 6,8
ng/ml (p<0,001); in FC Il patients there was
positive change in IL-1 levels from 18,6 to 8,7
ng/ml (p<0,001), in IL-6 levels from 18,9 to 8,6
ng/ml (p<0,001), in TNF-a levels from 17,4 there
was reliable decrease 8,2 ng/ml (P<0,001).

Only in limited number of studies correlation
between  erythropoietin  levels and  pro-
inflammatory cytokines was examined, and they
had contradictory results[3, 4, 8]. Statistically
significant correlation was found between pro-
inflammatory cytokines and erythropoietin levels.
In CHF patients with anemia of chronic disease
(2" group) there was weak negative correlation
(r=-0.24 P<0.05) between erythropoietin and IL-
1, strong negative correlation (r= -0.52,
P<0.001) between IL-6 and erythropoietin, and
average negative correlation (r= -0.37, P<0.05)
betweenTNF-aand erythropoietin. In CHF patients
with iron deficiency anemia and without anemia
weak positive correlation was found between
erythropoietin and pro-inflammatory cytokines.

DISCUSSIONS

In chronic heart failure patients some authors
consider iron deficiency anemia as a prevalent
form of anemia [2, 3, 4, 9], while others see
anemia of chronic diseases as the main type [9,
12]. Number of studies showed, that duration of
CHF is one of the main causes of anemia of
chronic diseases [9, 11, 12]. Gastrointestinal
disorders (antacid gastritis), blood lost due to
anticoagulant and antiaggregant administration,
as well as vitamin B12 and folic acid deficiency
are also among factors that cause anemia of
chronic diseases.

Anemia of chronic diseases has characteristics of
normocytic anemia. And number of studies
showed that it is the prevalent form of anemia in
CHF patients [5, 6, 12].

Course and outcome of CHF are closely related
to  hemoglobin levels.Therefore anemia s
considered as an independent factor in severe
cases of CHF [3, 9]. According to some sources
[2, 4, 9] in patients with iron deficiency anemia
blood levels of hemoglobin, serum levels of iron
and ferritin are decreased, while transferrin levels
are increased compared to normal ranges. In
patients with anemia of chronic diseases, on the
other hand, levels of hemoglobin and iron are
decreased, while serum levels ferritin which
indicate iron reserves, are within normal ranges.
In our study, in order to differentiate CHF patients
with  anemia we used above mentioned
laboratory finding differences between iron
deficiency anemia and anemia of chronic

diseases. We also measured serum levels of
hepcidin, useful in diagnosing anemia of chronic
diseases. After diagnosing patients were divided
into groups. The 1° group of our study consisted
of CHF patients with iron deficiency anemia (IDA).
In this group mean level of hemoglobin was
101,4+3,1 g/l, of ferritin 85,9+8,5 mcg/|, of
transferrin  5,2+1,21 g/l, of serum iron
7,94+0,21 mmol/l and of hepcidin 10,6+1,3
ng/ml. Data gathered during the study indicate
statistically  relioble decrease in  levels of
hemoglobin, serum iron and ferritin (which
indicate iron reserves in organism). This in turn
mean, that those patients had clear iron
deficiency. The 2™ group consisted of CHF
patients with anemia of chronic diseases (ACD).
In this group mean level of hemoglobin was
104,3 +£5,8 g/, of ferritin 167,6+8,5 mcg/|, of
transferrin = 6,9+2,28 g/I, of serum level
6,14=1,12 mmol/l and of hepcidin 23,3+3,5
ng/ml.

Control group consisted of CHF patients without
anemia. In those patients indicators of iron
metabolism were within normal ranges. As can
be seen, there is a difference in laboratory
findings between IDA and ACD. Our study
confirmed, that measuring serum levels of iron,
transferrin, ferritin and hepcidin is important in
diagnosing IDA and ACD.

Moreover, in the 1% group patients erythropoietin
levels were higher compared to other groups
(p<0,001). Scientific literature also confirms
increased erythropoietin  production in iron
deficiency anemia patients [4, 12]. In anemia of
chronic diseases according to some authors
erythropoietin  levels decrease [5, 6], while
according to others [8, 9] it increases. Besides, in
CHF patients with anemia, increase in serum
erythropoietin levels is independent risk factor in
development of unwanted outcomes [6, 9, 12]
and aggravating course of the disease [3, 9]. In
our study mean serum level of erythropoietin of
the 2™ group patients (CHF patients with anemia
of chronic diseases) was 6,4+1,12 mlU/ml,
which is considerable lower compared to the
other groups (p<0,05).

Comparative analysis of laboratory finding of
CHF patients with iron deficiency anemia and
anemia of chronic disease show the following:
before the treatment patients of 1°'group patients
had decreased serum iron and ferritin levels, as
well as increased transferrin levels, which
indicates absolute iron deficiency in these
patients. 2" group patients had decreased
serumuga iron levels and decreased transferrin
levels, while ferritin which indicates iron reserves
was within normal ranges. This means that 2™
group patients had functional iron deficiency. As
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known, functional iron deficiency is one of the key
mechanisms of ACD pathogenesis. Although
ferritin levels correctly represent iron reserves of
reticuloendothelial system, it is not specific
enough in assessing anemia of chronic disease.
Discovery of acute phase protein that regulates
iro levels — hepcid in recent years, allowed to
understand iron homeostasis disorder in ACD
development. Therefore, in our study hepcidin
levels were measured in all patients, and in 2™
group patients hepcidin levels were reliably
higher (P<0.001) compared to 1% and control
groups (45.4% and 33% difference respectively).
This in turn means that hepcidin is important in
differentiating anemia of chronic disease and iron
deficiency.

Erythropoietin  levels were reliably  higher
(p<0.001) in CHF patients with iron deficiency
anemia (1% group) compared to other groups.
Literature on the subject also shows increased
erythropoietin - production in  iron deficiency
anemia [4, 9, 12], which was also found in our
study. In anemia of chronic disease, on the other
hand, some authors [5, 6] found decreased
erythropoietin levels, while other authors [8, 9]
had opposite results. Additionally, it was found,
that in CHF patients with anemia increased
erythropoietin levels may be independent risk
factor in causing complications [5, 9] and
deteriorating the course of the disease [6, 8]. In
our study, reliably low erythropoietin levels
(6.4%£1.12 mlU/ml p<0.05) in the second group
patients compared to other groups.

Based on literature review, it can be concluded,
that in progression of CHF and development of
complications systemic hypoxic process, activation
of neurohumoral local tissue hormones induce
expression of  pro-inflammatory  cytokines.
Increase in expression of cytokines is directly
proportional with functional class and severity of
CHF. In all patient groups of our study cytokine
levels increased from normal ranges in tandem
with functional classes of CHF. The dependence
was reliably higher in patients with anemia
compared to patients without anemia.

In the 1% group patients IL-1 levels were 9.1 —
11.8% (P<0.05), that of IL-6 were 18.6 — 19.5 %
(P<0.01), and of TNF-a were 23.2-25.0%
(P<0.01) higher compared to the control group.
In the 2™ group patients IL-1 levels were 10.9 —
13.4% (P<0.05), that of IL-6 were 54.6 — 57.1%
(P<0.001), and of TNF-awere 27.1-41.0%
(P<0.01) higher compared to the control group.

CONCLUSION

The study found, that in patients with iron
deficiency and anemia of chronic disease serum
ferritin, transferrin, hepcidin and erythropoietin

levels were different, and in the last group
erythropoietin levels were reliably low (6.4+1.12
mlU/ml, p<0.05) compared to other groups;

In Il and Il functional classes of CHF with anemia
of chronic disease levels of pro-inflammatory
cytokinesincreased in accordance with functional
class of the disease.

There was a negative correlation between
cytokines and erythropoietin levels in disease
development.
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