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Summary

Introduction. Decreased production of erythropoietin by the kidneys plays crucial role in the
development of anemia in patients with chronic heart failure, especially on the background of
comorbid diabetes mellitus type 2. In diabetic patients due to early damage of the kidney vessels
and following erythropoietin deficiency anemia develops much earlier than clinically significant
decrease of glomerular filtration rate.

The aim of the study was to find out possible dependence of changes in the erythropoietin-
synthesizing function of the kidneys on the degree of severity of anemic hypoxia in elderly and
senile patients with chronic heart failure, including those with comorbid type 2 diabetes mellitus.
Materials and methods. 120 patients with chronic heart failure of ischemic origin, type 2 diabetes
mellitus and mild and moderate anemia were examined. Control group comprised 12 people with
chronic heart failure without comorbid pathology. The examined groups were comparable in terms
of gender and age, differing in the presence of comorbid diabetes mellitus and degree of severity of
anemic syndrome. The level of erythropoietin in blood serum was determined by standard enzyme-
linked immunosorbent assay.

Results. Type 2 diabetes mellitus in patients with chronic heart failure results in a significant
decrease in erythropoietin production by 25 % compared to the control group (p<0,05). Comorbid
to heart failure anemia leads to an increase in the level of erythropoietin by 74,4 % (p<0,05), and
in the case of chronic heart failure and type 2 diabetes mellitus on the background of concomitant
anemia — only by 39,5 % (p<0,05). As the severity of anemia in patients with chronic heart failure
without diabetes progresses, the severity of the compensatory response of the kidneys to chronic
anemic hypoxia is significantly higher than in patients with heart failure and comorbid type 2
diabetes.

Conclusions. Diabetic nephropathy in patients with chronic heart failure and comorbid anemia
leads to a significant deterioration of the erythropoietin-synthesizing function of the kidneys,
complicating the course of both main and comorbid diseases.
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INTRODUCTION Chronic heart failure (CHF), renal dysfunction,

o ) anemia, and iron deficiency affect each other and form

Nowadays comorbidity tends to be considered the  , yicious cycle, a condition referred to as cardiorenal

rule rather than the exception, so increasing awareness and ;e mia iron deficiency syndrome. The presence of
improving guidance for patients with comorbid conditionsis  giabetes mellitus (DM) further accelerates this vicious
crucial in order to prevent adverse health outcomes, increase cycle [2]. Diabetes comorbidity is a poor prognostic
efficiency, and reduce costs [1]. One of the first steps in this e gictor in patients with heart failure. Diabetes is often
Process 1s 1o assess the prevalence of comorbidity in CVD o plicated by renal dysfunction, which further increases
and to provide a context for future research. the risk of developing heart failure. On the other hand,
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heart failure in diabetes adversely affects the kidneys. The
function of the kidney is tightly linked to the function of
the heart. Dysfunction / disease of the kidney may initiate,
accentuate, or precipitate of the cardiac dysfunction /
disease and vice versa, contributing to a negative spiral.
Further, the reciprocal association between the heart
and the kidney may occur on top of other entities,
usually diabetes, hypertension, and atherosclerosis,
simultaneously affecting the two organs [3].

Despite the fact that renal anemia can be due to
different reasons (iron deficiency, latent blood loss,
chronic hypoxia, etc.) [4, 5], according to the literature
data, the main role in its development belongs to the
lack of erythropoietin (EPO), a glycoprotein which is
synthesized by peritubular fibroblasts of the cortical layer
of the kidneys and physiologically regulates the process of
erythrocyte maturation [6].

THE AIM OF THE RESEARCH

The analysis of the peculiarities of erythropoietin
secretion by the kidneys in patients with chronic heart
failure on the background of comorbid diabetes mellitus
and anemic syndrome.

MATERIALS AND METHODS

Research included 120 elderly and senile male
patients with comorbid course of CHF due to coronary
artery disease, DM type 2 and anemia of different
degrees of severity who were admitted to the cardiological
department due to CHF exacerbation. All enrolled
patients gave consent for the investigation. According to
the comorbid pathology patients were randomized to the
following groups:

I — patients with CHF and comorbid DM type 2
(n=12);

31,67

= CHF+mild anemia
CHF+DM-+mild anemia

IT — patients with CHF and anemia of different
degrees of severity (n=32)

IIT — patients with CHE, DM type 2 and anemia of
different degrees of severity (n=76)

Control group for comparative studies consisted of
12 patients with CHF without comorbid pathology, whose
age statistically did not significantly differ from the average
age of patients in the research groups.

CHF was diagnosed according to 2023 Focused
Update of the 2021 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure [7] and
corresponded stage C NYHA II-I1I; it was due to chronic
forms of coronary artery disease (stable exertional angina,
post myocardial infarction cardiosclerosis). Anemia was
considered as hemoglobin level below 130 g/L (WHO’s
Recommendations, 2003). DM type 2 was diagnosed
by endocrinologist according to consensus report by the
American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD) [8]. The
average duration of DM was 3,2+1.11 years. All examined
patients were diagnosed with mild and moderate degree
of diabetes severity. Exclusion criteria from the study
were any comorbid diseases during the exacerbation
period, oncological pathology, known bleeding of any
localization, previously diagnosed kidney diseases, any
surgical interventions in the anamnesis.

Patients of II and III groups were additionally
randomized based on the degree of anemia severity (fig. 1).

Erythropoietin-synthesizing function of the
kidneys was assessed by the level of erythropoietin in
the blood serum. EPO was detected by enzyme-linked
immunosorbent assay using a set of erythropoietin
reagents. The range of values of 4,3-32,9 mIU/mL for
serum EPO was considered normal values.

CHF-+moderate anemia
CHF+DM-+moderate anemia

Fig. 1. Distribution of patients of research groups based on degree of anemia severity
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RESULTS AND DISCUSSION

Analysis of the obtained results are given on the
figure 2.

Average value of the EPO level in patients of the
control group coincides with the lower limit of the normal
range of values. In patients with comorbid course of
CHF and DM type 2, decrease in serum EPO by 25 %
against control group (p<0,05) was detected, which,
in our opinion, may be conditioned by violation of the

miU\mL

u CHF+DM

m Control

CHF+anemia

physiological secretion of erythropoietin due to damage
of the tubulointerstitial tissue of the kidneys as a result
of chronic hyperglycemia and development of diabetic
nephropathy. In patients with CHF and comorbid anemia,
on the contrary, statistically significant increase in EPO
content in blood serum was observed in comparison with
control group (7,5%0,16 vs. 4,3£0,14 mO/ml, p<0,05),
which could be understood as existing mechanism between
the severity of hypoxia and degree of erythropoietin
synthesizing function of the kidneys.

*#g

CHF+DM-+anemia

Fig. 2. Erythropoietin content in blood serum of patients with chronic heart failure, diabetes mellitus type 2 and anemia (M=SEM)

Note: *— difference is significant compared to patients of control group (p<0,05); # — difference is significant compared to patients
with chronic heart failure and diabetes mellitus (p<0,05); X — difference is significant compared to patients with chronic heart failure

and anemia (p<0,05)

The following interesting pattern was observed
in case of comorbid course of CHF, DM type 2 and
anemia. Decrease of hemoglobin and existing hypoxia in
patients with CHF and DM results in a probable increase
in serum EPO almost twice, compared with patients
with CHF and DM without anemia (p<0,05), which
may indicate a relatively preserved erythropoietin-
synthesizing function of the kidneys even in case of
diabetic nephropathy. However, presence of statistically
significant difference between EPO levels in patients
with CHF and anemia in comparison with patients
with CHF, anemia and DM type 2 in the direction of
its decreasing (7,5%0,16 vs. 6,0£0,23 mO /ml, p<0,05)
proves in favor of the fact that along with stimulating
effect of hypoxia on kidney function in this category of
patients, it is important to prevent the progression of
their diabetic lesions in order to preserve the functional
ability of the kidneys to adequately respond to this stress
factor.

Regarding the fact that in all examined patients
with comorbid anemia compared to those with normal
hemoglobin level relatively higher levels of EPO in the
blood were detected, we analyzed possible connection
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between serum erythropoietin level and severity of the
comorbid anemic syndrome.

We found out that along with blood hemoglobin level
decreasing in patients with CHEF, there is a statistically
significant increase of the content of EPO in blood serum
(Fig. 3) by 28 % with comorbid mild anemia (p<0,05)
and twice more in patients with comorbid anemia of
moderate severity (p<0,05). Serum EPO levels differed
also in patients with CHF and moderate anemia compared
to patients with CHF and mild anemia (p<0,05). Similar
tendency was observed in case of comorbid course of CHF
and DM type 2 diabetes and anemia: the relationship
between level of hemoglobin and erythropoietin had
a statistically significant inverse character (p<0,05).

However, it is worth noting that as the severity of
anemia in patients with CHF without DM increases,
intensity of the compensatory response of the kidneys to
chronic hypoxia is significantly higher than in patients
with CHF and comorbid DM type 2. In patients with
CHF complicated by moderate anemia, level of serum
EPO increased almost twice compared to such patients with
comorbid mild anemia, while in case of comorbid course of
CHEF, DM and anemia it increased by only 17,8 %.
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Fig. 3. Changes of erythropoietin-synthesizing function of kidneys in patients with chronic heart failure and diabetes mellitus depending on the

severity of comorbid anemia

Note: *— difference is significant compared to patients of the control group (p<0,05); # — difference is significant compared to patients
with chronic heart failure and mild anemia (p<0,05); X — difference is significant compared to patients with chronic heart failure,

diabetes mellitus type 2 and mild anemia (p<0,05)

CONCLUSIONS

In elderly and senile patients with chronic heart
failure without comorbid diabetes mellitus type 2 and
anemia erythropoietin-synthesizing function of the
kidneys is preserved, although absolute values of EPO
content in blood serum of these patients are close to
the lower limit of the range of normal values. In case
of complication of CHF by anemia, there is significant
increase of the serum EPO level, the degree of which
depends on the severity of the comorbid anemia and
serves as a compensatory mechanism of the organism

under conditions of prolonged exposure to chronic
hypoxia. Type 2 diabetes mellitus, causing signs of diabetic
nephropathy in patients, leads to a significant decrease in
the production of erythropoietin by the kidneys in patients
with chronic heart failure, and in the case of a comorbid
course of chronic heart failure, diabetes mellitus type
2 and anemia, it strongly reduces the compensatory
capabilities of the latter.
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Pestome

CUHTE3 EPUTPONOETUHY Y XBOPUX HA XPOHIYHY CEPLLEBY HEAOCTATHICTb 3AJIEXXHO BIf, KOMOPBEIAHOI
nATonorii

Haranis [1. Maeniokoeuy', Bonogumup B. Nycak?, Onekcanap B. Maeniokosuy', Bipa O. Lynep',

Cepriin B. LLlynep?, Onexna M. lNycak?

1 — ByKOBWHCHKWIA AiepXaBHUiA MEUYHWIA YHIBEpCUTET, M. YepHiBui, YkpaiHa
2 — HaujioHanbHuin yHiBepcuTeT imeHi Opist enpbkoBrya, M. YepHisui, Ykpaina

BcTryn. 3H1OKeHHS MPOAYKITiT HUpKaMI epUTPOIIOeTHMHY Ma€ Ba)KABe 3HaUeHHs y PO3BUTKY aHeMii y XBOpuX
Ha XPOHIYHY CcepIieBy HEAOCTAaTHICTh, 0COOAMBO Ha (pOHI CYIIyTHBOIO IIyKPOBOIrO Alabery 2-ro Tumy. [Tpwu my-
KpOBOMY AlabeTi BHACAIAOK paHHBOTO Ypa’keHH: CyAUH HUPOK Ta AeillUTy epUTPOIIOEeTHHY, aHeMisl pO3BU-
Ba€ThCsI 3HAYHO paHillle, HiX KAIHIYHO 3HaYMMe 3HVKEHH: MIBYAKOCTI KAYOOUKOBOI (iAbTpalii.

MeTo10 AOCAIAKEHHS CTaAO BUBUYEHHS iIMOBIpHOI 3aA€KHOCTI 3MiH epUTPOIIOeTMHCUHTE3YI0U0I PYHKIIIT HIA-
POK BiA CTyIIeHs TSKKOCTI aHeMivHOI IiITOKCii y XBOpMX Ha XpOHIYHY ceplieBy HEAOCTAaTHICTh AiTHBOTO Ta CTa-
pedoro BiKy, y TOMy YMCAi Ha TAiI KOMOPOIAHOTO IIyKpPOBOTO AiabeTy 2-TO TuILy.

Marepiaau Ta MeTOAU AOCAipXKeHHsI. ObcTexxeHo 120 XBOpUX Ha XpOHIUHY ceplieBy HeAOCTATHICTD ileMid-
HOTO TeHe3y, IIyKpOBMii AlabeT 2-ro TUITy Ta aHEMIIO AeTKOT'O Ta CEPEAHBOTO CTYIIeHs TSDKKOCTi. KoHTOpoAbHY
rpyiy cxaaan 12 ocib i3 ceplieBoo HeAOCTaTHICTIO 6e3 CyIlyTHBOI IIaTOAOTIL. 'pyri obcTeskeHHs 6y AM crIiBCTaB-
HIMM 3a CTaTTIO Ta BiKOM, BiApi3HSIOUNCH HasIBHICTIO CYIIyTHBOTO IyKPOBOIO AiabeTy Ta CTyIeHeM TsKKOCTi
aHeMiYHOIO CMHAPOMY. PiBeHb epUTPOIIOeTHHY CUPOBATKM KPOBi BUSHAYAAM 3a CTaHAAPHOIO iMyHO(depMeHT-
HOIO METOAMKOIO.

PesyabTaTu pAocaiaxeHHs1. Llykposuii AiabeT 2-To THILy Y XBOPYMX Ha XPOHIUHY ceplieBy HEAOCTaTHICTh CYIIPO-
BOAXKYETHCSI CYTTEBUM 3HVDKEHHSIM IIPOAYKIIil epuUTpoIIoeTVHy Ha 25 % y IOPiBHSIHHI 3 KOHTPOABHOIO IPYIIOI0
(p<0,05). CyrryTHs aHeMis IPMU3BOAUTD AO IiABUIIIEHHS PiBHs epuTponoeTuHy Ha 74,4 % (p<0,05), a y BUnaaky
Iepebiry XpoHiuHOI ceplieBoi HEAOCTaTHOCTI Ta ITyKPOBOTO AjabeTy 2-TO THITy Ha TAi CyIIyTHBOI aHeMil — AmIile
Ha 39,5 % (p<0,05). Y Mipy mporpecyBaHHsI CTyIIeHsI TSKKOCTI aHeMil ITpy cepIieBiii HEAOCTATHOCTI 6€3 IIyKpo-
BOT'O AlabeTy CTYIIiHb BUPa’keHOCTi KOMIIEHCATOPHOI BIAITOBIAI HUPOK Ha XPOHIYHY aHeMiYHY TiIIOKCIIO € 3Ha4-
HO BMIIIOIO, HIX Y XBOPMX Ha CeplieBy HEAOCTATHICTb Ta CYIIyTHIN IyKpOBUii AlabeT 2-ro TuILy.

BucHoBku. AiaberrdHa HedpomarTis y XBOpUX Ha XPOHIUHY CeplieBy HEAOCTATHICTb Ta CYIyTHIO aHEMio
IIPU3BOAUTD AO CYTTEBOTO IIOTipIIIEHHSI epUTPOIIOETMHCUHTE3YBAABHOI (PYHKIIII HMPOK, YCKAQAHIOIOYM IIe-
Pebir sK 0OCHOBHOTO, Tak i CyIIyTHIX 3aXBOPIOBaHb.

Kniouoei cnosa: xpoHiuHa cepleBa HEAOCTAaTHICTh, IYKPOBUII AilabeT 2-ro TuIly, aHeMis|, rimokcis,
€pUTPONOETUH
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