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TREATMENT OF ANEMIA OF CHRONIC
INFLAMMATION IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

A.V.Kovchun, L. N. Prystupa
Sumy State University

Abstract. Most extrapulmonary manifestations of chronic obstructive pulmonary disease (COPD) are now
interpreted as its systemic manifestations, including anemia of chronic inflammation. If there is a sufficient
number of scientific studies devoted to determining the frequency of anemia in COPD and its pathogenetic
aspects, there are practically no studies about its treatment. The aim of our work was to compare the
effectiveness of various methods of management of COPD with anemia of chronic inflammation. Materials and
methods. The study included 52 patients with COPD in the acute phase and anemia of chronic inflammation
and 62 healthy patients. During the baseline treatment all patients received treatment for exacerbation of
COPD and were randomized to 3 groups: I (20 patients), II (20 patients) and III (12 patients). Group I
additionally received 80 mg of Fe?* 2 times per day during 21 days; Group II — 100 mg of the iron (III)
hydroxide sucrose complex intravenously 3 times per week during 4 weeks, Group III — 100 mg of the iron
(III) hydroxide sucrose complex intravenously and human recombinant erythropoietin 3000 IU 3 times per
week during 4 weeks. The blood levels of hemoglobin, serum iron, ferritin, hepcidin and C-reactive protein
were determined before treatment, after completion of treatment of COPD exacerbation, and after treatment
with iron and erythropoietin. Erythropoietin was determined in all patients before treatment. Statistical
analysis of the results was performed by using the SPSS-21 program. Results. It was established that only in
patients of group III the content of ferritin in the blood was significantly reduced, and the content of serum
iron was significantly increased in comparison with patients of other groups. An increase in hemoglobin and
decrease in hepcidin concentration in patients of group III and a decrease in hemoglobin and increase in
hepcidin in patients of groups I and II was a confirmation of the existing idea about the role of hepcidin, which
is the main hormone that regulate metabolism of iron by controlling its absorption in the small intestine and
its use from the depot, and thus plays a key role in the pathogenesis of anemia of chronic inflammation. After
completion of treatment, it was found that in patients of group III the hemoglobin content was significantly
higher (p > 0.05), and hepcidin and C-reactive protein — lower compared to patients in groups I and II (p <
0.001). Conclusions. In patients with COPD and anemia of chronic inflammation basic treatment in combination
with iron (III) hydroxide sucrose complex intravenously and erythropoietin subcutaneously leads to
suppression of the inflammatory process, specifically by a significant decrease in the content of hepcidin,
C-reactive protein and ferritin simultaneously with an increase in the content of hemoglobin and serum iron,
which was not observed in patients with oral or intravenous iron monotherapy.
Key words: anemia of chronic inflammation, chronic obstructive pulmonary disease, serum iron, hepcidin, ferritin,
C-reactive protein, erythropoietin.
A.V. Kovchun,
PhD student of the internal medicine postgraduate education department,
Sumy State University
str. Rimsky-Korsakova, 2, Sumy, Sumy region, Ukraine, 40000
Asthma and Allergy, 2020, 1, P. 28-36.

© Kovchun A.V., Prystupa L. N., 2020
www.search.crossref.org
DOI: 10.31655/2307-3373-2020-1-28-36

ASTHMA AND ALLERGY « 1 -2020
ISSN 2307-3373



= ORYGINALS

JIIKYBAHHS AHEMII XPOHIYHOTO 3AITAJIEHHA Y XBOPUX HA XPOHIYHE
OBCTPYKTVBHE 3AXBOPIOBAHHA JIETEHD
A. B. Kosuyn, /1. H. IIpucmyna

Pestome. BinpuIicTh I03aereHeBUX MPOSBIB XPOHIYHOrO 0OCTPYKTUBHOrO 3axBoproBaHHs yereHb (XO3JI) remep
iHTepIpeTyIOTbCA AK Ioro crcTeMHi MaHidecranii, cepen AKkMX i aHeMiA XpoHIYHOro 3amajeHHA. 3a HafABHOCTI
IOCTAaTHBOI KiNIbKOCTI HAYKOBUX AOCII/KEHb IPUCBAYEHNX 3’ sCyBaHHI0 YacToTy aHemil mpu XO3JI ta ii maToreHe-
TUYHMX aCIEeKTiB, IPAaKTUYHO BiICYTHI JOCIPKeHHA CTOCOBHO LUIAXIB ii ikyBaHHA. Memorw pobomu 6yno nopis-
HATU ePeKTUBHICTh PI3HUX MeTOAIB TiKyBaHH: xBopux Ha XO3JI i3 aHeMi€lo XpOHIYHOrO 3anajeHHs. Mamepianu
i memoou. Y pocnimxenss 6yno Bxmodeno 52 xsopux Ha XO3JI y dasi sarocTpeHH: i3 aHeMi€0 XpOHIYHOTO 3ama-
JIEHHS Ta 62 IIPAKTUYHO 3[0POBi 0cobu. Yci malieHTH OTPUMYBaIN KOMIUIEKCHe JiKyBaHHs 3arocTpenHs XO3JI ua
¢oni 6asucHoro NiKyBaHHs Ta Oyn1u paHgomisoBani Ha 3 rpynnm: I (20 maunienrtis), II (20 manientis) ta III (12 xBO-
pux). IMaunientn I rpynu gomatkoBo orprumyBanu 80 MI [BOBaJIEHTHOTO 2 pasu Ha poby mporsarom 21 mobu; II
rpynn — 100 Mr caxapo3HOT0 KOMIUIEKCY rifpokcupy 3anisa (III) BHyTpilIHbOBeHHO 3 pasyu Ha TUDK/IEHb NPOTH-
roM 4 tixHiB, III rpymu — 100 Mr caxapo3HOTro KOMIUIEKCY rifpokcupy sanisa (III) BHyTpilIHbOBEHHO Ta epUTPO-
[OeTHH MIANHY pexombinanTHMit 3000 MO mifmkipHo 3 pasy Ha TIDKAEHD IPOTIAroM 4 TIDKHIB. XBOPKUM BM3HA-
9ajIi BMICT B KPOBI TeMOTI/IIO0iHY, CMPOBAaTKOBOTO 3alisa, pepuTuny, rencuguuy ta C-peakTUBHOTO HPOTEiHY [0
[I0YATKy NiKyBaHH:, MiC/IA 3aBeplIeHHsA NiKyBaHH:A 3arocTpeHHA XO3JI Ta mic/a 3aBeplleHHs MiKyBaHHSA Ipemnapa-
TaMM 3a/li3a Ta epUTPONOETVHOM. Bu3HaYeHHA epUTPONOETUHY IPOBOAMIN BCIM XBOPUM [0 ITOYATKY MiKyBaHHA.
Craructnany o6po6Ky npoBofuIn 3 BUKOpucTaHHaM nporpamu SPSS-21. Pesynvmamu. BcraHoBIeHO, 1o nulIe y
xBopux III rpynu BmicT ¢epuTuHy B KpoBi BipOriZHO 3HMKYBAaBCs, a BMICT CHPOBATKOBOTO 3aji3a JOCTOBIpHO
HiBUIIYBABCs MOPIBHIHO i3 XBOPUMU IHIINX IPYIL. 3pOCTaHHS BMICTy reMor1obiHy Ha (OHI 3MEeHIIIEHHsT KOHIIeH-
Tpauii rencuanHy y xsopux III rpynn Ta 3HVDKeHHSA BMIiCTy TeMOII00iHy IOp:AQ i3 301/IbIIeHHAM BMiCTY TeIICUAVHY
y manientis I ta II rpyn 6y/10 migTBepAKeHHAM iCHYI04OI JYMKHU IIPO PO/Ib TeNCUAUHY, SIKUIl € OCHOBHUM TOPMO-
HOM, 1O Peryioe MeTabo/li3M 3ali3a LIIAXOM KOHTPOJIIO JIOTO BCMOKTYBaHHA B TOHKOMY KHUIIEYHMKY Ta J1OTO
BUKOPMUCTaHHA 3 JENO0, i TAKMM YMHOM, BiJjirpa€ KI0Y0BY pO/Ib B IIaTOreHe3i aHeMil XpOHiuyHOro 3amaneHHs. Ilo
3aBepIIEHHIO JIiKyBaHHs 6Y/I0 BUsIBIEHO, w0 y xBopux III rpynn BMicT remMornobiny 6yB gocToBipHO BuIuM (p <
0,05), a rencuauHy Ta C-peakTUBHOIO NPOTeiHy — HIDKYUM NOpiBHAHO i3 manientamu I Ta II rpyn (p < 0,001).
Bucnosxu. Y xBopux Ha XO3JI 3 aHeMi€l0 XpOHIYHOTO 3aIla/ieHH:A 3aCTOCYBaHHA 6a3MCHOTO JIiKyBaHHA y IIOETHAH-
Hi 3 caXxapo3HUM KOMIIZIEKCOM Tifpoxcupy 3aniza (III) BHyTpilIHbOBEHHO Ta €PUTPOMOETUHY HifIIKipHO Bigbymocs
NPUTHiIYe€HHA 3allaJibHOTO IIPOLECy, W0 CYHNPOBOMXKYBAnOCA HOCTOBIPHMM S3HIVDKEHHAM BMICTy TeICULMUHY,
C-peakTUBHOrO IpoTelHy Ta QepUTUHY OJHOYACHO i3 361/IbIIEHHSIM BMICTy reMOra06iHy Ta CHPOBAaTKOBOTO 3asli-
3a, — YOrO He CIOCTEpirajsoch y MaljieHTiB Miff BINIMBOM MOHOTepamii mepopaapHuMy a60 BHYTPIlIHbOBEHHIMN
IpernapaTamu 3amisa.
Kntouogi cnosa: aHemiss XpOHIYHOTO 3amajeHHs, XPOHiUHe 0OCTPYKTUBHE 3aXBOPIOBAHHS JIeT€Hb, CUPOBATKOBE 3a/Ii30,
rerncupn, peputut, C-peakKTUBHMIT IPOTelH, ePUTPOIOETHH.
A. B. Kosuyn,
Acnipanm xagpedpu eHympiuiHooi meouyumu
NicAAOUNIOMHOI oOceimu,
Cymcokuti depicasruii yrisepcumem
8yn. Pumcvkozo-Kopcaxosa, 2, Cymu, Cymcoka obnacmo, Ypaina, 40000
«AcTMa Ta aneprisa», 2020, Ne 1, C. 28-36.

JTEYEHME AHEMUMN XPOHUYECKOTO BOCITAJIEHMA Y BOJIBHBIX XPOHNYECKM
OBCTPYKTVBHBIM 3ABOJIEBAHMEM JIETKNX
A. B. Kosuyn, /1. H. IIpucmyna

Pe3tome. BOTBIIMHCTBO BHENETOYHBIX IPOSBICHUN XPOHWYECKOTO OOCTPYKTHBHOTO 3aboieBaHus jerkux (XO3JI)
Tenepb MHTEPIPETUPYIOTCs KK ero CUCTEeMHbIe MaHU(ECTALN, CPeiy KOTOPBIX M aHEMUS XPOHMYIECKOTO BOCITA/ICHN.
ITpy HanM4YMM JOCTATOYHOTO KONMMYECTBA HAYYHBIX MCCIEIOBAHMIT TOCBAIEHHDIX OIIPEMe/IeHNI0 YaCTOTH AaHEMUN IIPU
XO3JI u e€ maToreHeTUYEeCKUX ACIEKTOB, IPAKTUYECKU OTCYTCTBYIOT MCCIIEOBaHNUA M3ydawoliue e€ jedeHue. Lenvro
pabombt 6610 CpaBHUTD 3P HEKTUBHOCTD PasIMIHBIX MeTOZIOB JiedeHus 60mbHbIX XO3JI ¢ aHeMueit XpOHUYECKOTo BOC-
naneHus. Mamepuanv. u memoovl. B uccnegosaHme 6b110 BKIodeHo 52 manuenta ¢ XO3JI B ¢ase 060cTpeHNs U aHEMU-
ell XpOHMYEeCKOro BOCIIa/IeHNs 1 62 MPaKTUYECKN 30POBBIX MalMeHTa. Bce MalyeHThl NomyYany KOMIJIEKCHOE JiedeHe
o6octpennss XO3JI Ha poHe 6a3MCHOTO TedeHNs U OBV paHKOMU3MPOBaHb! Ha 3 rpymnnsl: I (20 maunentos), II (20 maun-
entoB) u III (12 6onbHbIx). [lauyents! [ rpynnbl fononHuUTeNbHO Homyvany 80 Mr [BYXBaTeHTHOTO >Kejle3a 2 pasa B CYTKU
B Teyenue 21 gus; II rpymmsr — 100 Mr caxaposHOTo KOMITIeKca ruapokcuza sxernesa (11I) BHyTpuBeHHO 3 pasa B Hee/Tio
B TedeHne 4 Hepmenb, III rpynmsr — 100 Mr caxapo3HOTo KOMIUIeKca rugpokcupa xenesa (I111) BHyTpuBEHHO U 3pUTpPOIIO-
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9TMH 4YenoBeKa pekombunaHTHBIT 3000 ME 3 pasa B Hefento B TeveHne 4 Hefeb. BOIbHBIM OIpeesiIn CofepiKaHie B
KPOBI T€MOITIO0MHA, CBIBOPOTOYHOTO JKejie3a, (heppuTuHa, rercupnta u C-peakTHBHOTO MIPOTENHA 0 Hava/Ia JIeYeHNs,
nocrte 3aBepuieHs nedeHnst obocrpenns XO3JI u mocye 3aBepIeHNs] IeYeHNUs IIperapaTaMiL Xele3a 1 9PUTPOIIOTH-
HoM. OIIpesiesieHie pUTPOIIOITIHA IPOBOAMIN BCeM OOIBHBIM 10 Hadasa edeHns1. CTaTucTudeckyo o6paboTKy mpo-
BOJM/IN C MCHONMb30BaHMEM mporpammbl SPSS-21. Pesynvmampt. YCTaHOBIEHO, YTO TONbKO y 6onbHBIX III rpymme!
copiep>kaHme ¢peppuUTHHA B KPOBU IOCTOBEPHO CHIDKAIOCH, 4 COJEPKaHMe CBIBOPOTOYHOTO YKele3a JOCTOBEPHO IOBbI-
IIAI0Ch IO CPAaBHEHMIO ¢ OOIBbHBIMIU [PYTUX TPYIIL YBeIMYeHUe COfEPXKAHUS reMOrTOOMHa Ha (pOHE yMeHbIIEHMs
KOHIIEHTpAIMM rencupuHa y 60bpHbix I Tpymmel 1 CHIDKEHME COAEpXKaHWs TeMOrIOOMHA Hapsify C yBeIMdeHNeM
cofiepyKaHs TelcuanHa y nanneHTos I u II rpymm O6b110 OATBEPIK/AeHIeM CYI[eCTBYIOIell MBICTN O POJIM TelICHUANHA,
KOTOPBIIL SIB/ISIETCSI OCHOBHBIM TOPMOHOM, PEeryIMpyIOIINM MeTaboImu3M Kelesa IyTeM KOHTPOJISL €r0 BCACHIBAHWS B
TOHKOM KMIIEYHMKE 1 €T0 MCIO/Ib30BAHNS U3 [IEI0, M TAKMM 00pasoM, UTPaeT KIIYeBYI0 PO/Ib B IIATOreHe3e aHeMUN
XPOHIYECKOro BocmaneHys. 110 3aBepIieHuIo iedeHns O6bUI0 BBIIBIEHO, 4TO y 60/1bHbIX III rpymmbsl coepskaHue reMo-
rmobuHa 611 focToBepHO BbIlIe (p < 0,05), a rencupuna 1 C-peakTUBHOTO IIPOTENHA — HIDKE 10 CPABHEHMIO C MaIy-
entamn I u II rpynm (p < 0,001). Buigodwt. Y 6ombprbix XO3JI ¢ aHeMuelt XpOHNYECKOTO BOCIIATIEHNs [IpUMeHeHe 6asnic-
HOTO JICYEHNA B COYETAHUM C CAaXapO3HBIM KOMIUIEKCOM Tuppokcupa xenesa (III) BHYTpMBEHHO M SpUTPOIOSTHHA
MIOJKOXKHO TIPMBENO K IOJjaB/IeHNI0 BOCHAIUTEIbHOTO IPOIecca, YTO COMPOBOXKANIOCH TOCTOBEPHBIM CHIDKEHMEM
comepaHus rercuanta, C-peakTUBHOIO MpoTerHa 1 (peppUTHHA OFHOBPEMEHHO C YBEINYEHIEM COLEpPIKaHMs [eMO-
r7106MHa 11 CBIBOPOTOYHOTO JKejle3a, — 4Yero He HaO/MI0AanIoCh y NAIMeHTOB MO BAMSHIEM MOHOTEPAIINIL IIePOPAIbHbI-
MU VIV BHYTPMBEHHBIMU IIpeIIapaTaMi Keye3a.

Kniouesvie cnosa: anem1ist XpOHIIECKOTO BOCIIATIEHNsT, XPOHIIECKOE 0OCTPYKTUBHOE 3a60/IeBaHNe JIETKIX, CBIBOPOTOU-

HO€ KeJIe30, rencuaut, pepputnt, C-peakTUBHBII IPOTENH, IPUTPOIIOITHH.

A. B. Kosuyn,

Acnupanm xagedpui HymperHeti MeOUyUHbL NOCIEOUNTIOMHO20 00pA306aHUS,

Cymckoti eocyoapcmeeHHblll yHUsepcumem

yn. Pumckozo-Kopcaxosa, 2, Cymot, Cymckas obnacmo, Yipauna, 40000.

Introduction. According to the data of The
Global Burden of Disease Study, in 2016 chronic
obstructive pulmonary disease (COPD) prevalence
was 251 million cases globally [1]. The National
Institute of Phthisiology and Pulmonology reports
that at least 7 % population of Ukraine suffers from
COPD, which is approximately 3 million people [2].
However, there is no accurate data on the prevalence
of the disease, since there is no official statistics in
the country [3]. Untimely treatment of such patients
and consequent loss of working capacity leads to a
high mortality rate. Taking into account the
immensity of socioeconomic losses, this problem
needs further study in order to improve health care
services for COPD patients [1].

Over the last century, new data emerged regarding
the pathogenetic mechanisms of COPD development
and course, including some clinical and laboratory signs
that previously seemed to be independent of the lung
disease. Due to this, the majority of extrapulmonary
symptoms are interpreted as systemic manifestations of
COPD [4]. The data obtained eventually were reflected
in The Global Initiative for Chronic Obstructive Lung
Disease (GOLD): «Inflammatory mediators in the
circulation may contribute to skeletal muscle wasting
and cachexia, and may initiate or worsen comorbidities
such asischemicheart disease, heart failure, osteoporosis,
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normocytic anemia, diabetes, depression and metabolic
syndrome» [10].

COPD has long been associated with polycythemia,
which used to be attributed to chronic hypoxia. But
recent epidemiological studies demonstrated that only
6-10 % of patients have polycythemia, while anemia is
observed in 17-27 % of patients with COPD [5, 7, 8, 11,
12, 21]. One of the few studies of anemia in patients with
COPD [8], which included a study of its etiology,
showed that approximately 70 % of anemia cases are
pathogenetically associated with COPD and regarded as
anemia of chronic inflammation (or anemia of chronic
disease, ACD), while the rest of cases are iron-deficiency
anemia or acute posthemorrhagic anemia, which could
be regarded as comorbid conditions.

The pathogenesis of ACD is complex enough, but it
was found that hepcidin is a universal humoral regulator
of iron metabolism [17]. Proinflammatory cytokines
(IL-6,IL-8, TNF-a) and acute phase proteins (C-reactive
protein (CRP), fibrinogen) were proved to cause
hepcidin overproduction by the liver which prevents
iron from exiting cells and inhibits its redistribution
from bone marrow into macrophages; as a result, it leads
to impaired utilization of iron by erythroid cells for
hemoglobin formation [6]. At the same time, cytokines
(IL-6, IL-8, TNF-a) inhibit secretion of erythropoietin
(EPO) and suppress its response, which leads to impaired
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proliferation of erythroid progenitor cells and shortening
of erythrocyte life [17].

Though there are a lot of scientific studies related to
the incidence of anemia in COPD patients and its
pathogenetic aspects, there are practically no studies
regarding its treatment. Based on the data of Cote C. et al.
(2007) [7], who indicated a more severe course of COPD
in patients with anemia, it is suggested that correction of
anemia will improve the functional state of patients (i. e.
reduce shortness of breath and increase exercise tolerance).
It was shown in a study involving patients with chronic
heart failure and anemia [16]: as a result of treatment with
EPO for 3 months the hemoglobin content in the blood
increased as well as exercise tolerance.

A study of the effectiveness of ACD treatment
using erythrocyte transfusion in COPD patients during
exacerbation period showed that administration of
erythrocyte mass led to an increase in hemoglobin and
improved respiratory function [18]. Another study
reported that patients with COPD and anemia had
decreased dyspnea and increased values of hemoglobin,
hematocrit, erythrocyte count and ferritin in response
to treatment with EPO-stimulating agents and
intravenous iron [19].

The objective of the study was to determine efficacy
of different treatment strategies in patients with COPD
and ACD.

Materials and methods. The study included 52
patients with exacerbation of COPD and ACD, including
9 patients from group B, 40 patients from group C and
3 patients from group D; patients had stage II-IV
obstruction by GOLD [10]. The control group consisted
of 62 apparently healthy individuals. The study was
carried out at the Pulmonary Unit of Municipal
Institution of Sumy Regional Council «Sumy Regional
Clinical Hospital» and Therapeutic Unit of Municipal
Institution «Sumy Municipal Clinical Hospital No. 4».

COPD was diagnosed according to the Order of the
Ministry of Health of Ukraine No. 555 dated 27 June 2013
and GOLD 2014 recommendations [10]. Anemia was
diagnosed according to WHO recommendations
(hemoglobin < 130.0 g/L in men and < 120.0 g/L in
women) and the Unified Clinical Protocol of Primary and
Secondary (Specialized) Medical Care No. 709 dated 02
Nov 2015. ACD was diagnosed if hemoglobin < 130.0 g/L
in men and < 120.0 g/L in women and soluble transferrin
receptors content within reference range (8.7-28.1
nmol/L). The exclusion criteria were: severe concomitant
diseases (pulmonary tuberculosis, oncopathology, alco-
hol and/or drug addiction, AIDS, heart failure (stages
IIB-III), and decompensated liver failure, kidney failure,
or other failures); a defined source of bleeding (complica-
tions of peptic ulcer, nonspecific ulcerative colitis, chron-
ic hemorrhoids, etc.); prediagnosed true anemias (mega-
loblastic, aplastic, hemolytic); use of angiotensin-convert-
ing enzyme inhibitors; pregnancy or lactation; chronic
administration of systemic corticosteroids.

In order to study treatment effectiveness for ACD in
COPD patients, all patients were randomized into 3
groups: group I (20 patients), group II (20 patients), and
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group III (12 patients), who were representative of sex,
age, and severity of COPD. All patients in groups I-III
received background therapy, namely: long-acting
B,-agonists (salmeterol or formoterol), long-acting anti-
cholinergic drugs (tiotropium bromide) and inhaled
corticosteroids (inhaled GCs). For the period of exacer-
bation (7 days) systemic corticosteroids were prescribed
(30 mg in terms of equivalent amount of prednisolone),
short-acting bronchodilators were used as needed, anti-
bacterial therapy (aminopenicillins, macrolides or fluo-
roquinolones) were given to patients with COPD bacte-
rial exacerbation. After exacerbations had been treated,
the patients in all groups continued to receive back-
ground therapy: patients in group I additionally received
tablets of divalent iron 80 mg (“Tardiferon”) twice a day
for 21 days; patients in group II received iron(III)-
hydroxide sucrose complex 100 mg intravenously
(“Sufer”) 3 times a week for 4 weeks, patients in group
III received iron(III)-hydroxide sucrose complex 100
mg intravenously (“Sufer”) and recombinant human
erythropoietin 3000 IU (“Emaveil”) subcutaneously 3
times a week for 4 weeks. Patients were assessed for
hemoglobin, serum iron (SI), ferritin, hepcidin, and
CRP in the blood prior to initiation of treatment (visit
1), after completion of exacerbation treatment (visit 2,
Day 8), and after completion of iron and EPO treatment
(visit 3, Day 36); EPO content analysis was performed
during visit 1. Assessment of patient’s risk of deep vein
thrombosis and pulmonary embolism was determined
by Wells criteria during visit 1 and at the end of each
week of EPO treatment (after the third infusion
onwards).

Statistical analysis of the results was performed
using SPSS-21 program. Mean values were presented as
(M + m), where ‘M’ is the mean value and ‘m’ is the
standard error. The differences in median values of 3 or
more linked samples were estimated by nonparametric
techniques, namely Friedman’s two-way analysis of
variance by ranks, and for 2 samples the Wilcoxon test
was used. Kruskal-Wallis test was used for comparing
three or more independent samples. All tests were two-
sided, value of p < 0.05 was considered statistically
significant.

Results and discussion

Assessment of EPO content in patients with COPD
and ACD showed the following results: in the patients of
group I the average EPO content was 6.775+0.74 IU/mL,
in group II — (7.255 + 0.919) IU/mL, in group III —
(6.850 + 0.96) IU/mL; no significant differences were
observed for these results (p = 0.979). The control group
had significantly (p < 0.001) higher EPO content (13.65
+ 1.47) TU/mL compared to patients of groups I-IIL
Detailed analysis of EPO content in patients with COPD
and ACD showed that content of EPO was below the
lower reference limit in 7 patients (35 %) in group I, in
5 (25 %) patients in group II, and in 4 (33 %) patients in
group III. Given that the mean EPO content in patients
of all groups was within the reference values, and
patients of group III were assigned recombinant human
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Table 1. Changes in ferritin and serum iron content in COPD patients in groups I-III during treatment

Group Parameter Visit 1 Visit 2 Visit 3 Control group
471,76 £19,38 395,85 + 4,77 409,38 + 4,8 262,02 + 3,38
Ferritin, ™ X% =26,0; P,<0,001;P,<0,001;P.<0,001
| Hg/L ; 215,84+ 11,10 | 170,43 + 14,27 | 185,57 + 12,76 | 104,99 + 1,51
1, umollL 10,95 + 0,59 | 12,87 +0,78 | 10,83 +2,04 | 21,64 +0,39
' ¥% = 27,7;P, < 0,001; P, < 0,001; P, < 0,001
N 442,52 + 18,27 | 373,67 +30,30 | 399,42 + 29,0 | 262,02 + 3,38
Ferritin, X2 = 20,66; P,<0,001; P,<0,001;P,< 0,001
| Ho/L ] 2136+ 18,34 | 166,5 + 5,12 | 184,38 + 5,70 | 104,99 + 1,51
11,58 + 0,97 | 12,78 + 0,85 | 11,44 +2,73 | 21,64 + 0,39
SI, umol/L P - - -
¥2=15,7; P, < 0,001; P, < 0,001; P, < 0,001
N 463,76 9,24 | 40433 £7,6 | 351,17 £9,25 | 26202+338
Ferritin, ¥ = 14,00; P, = 0,001; P, < 0,001; P, < 0,001; P, < 0,001; P, = 0,011
i Hg/L ] 195,90 + 15,38 | 187,76 + 18,44 | 131,33+7,76 | 104,99 + 1,51
S1, umol/L 10,92 + 0,61 | 12,98 + 0,86 | 18,27 + 0,56 | 21,64 + 0,39
' ¥* = 20,00; P, < 0,001; P, < 0,001; P, < 0,001; P, < 0,001; P_= 0,001
Remarks:

P, — statistical significance in a group throughout the treatment period; P, — statistical significance between visit 1 parameters of a study group and the control
group; P, — statistical significance between visit 3 parameters of a study group and the control group; P, — statistical significance between visit 3 parameters
of groups I and III; P, — statistical significance between visit 3 parameters of groups I and II; x> — Friedman's test.

EPO, which is known to increase the risk of thrombosis
[21], we assessed the risk of deep vein thrombosis and
thrombosis pulmonary artery by Wells criteria. The
results of each evaluation of patients equaled 0.

We evaluated the main parameters of iron
metabolism in the three study groups: ferritin content
was assessed to evaluate the concentration of iron in the
depot and SI for the analysis of free circulating iron
(Table 1).

Analysis of ferritin content, which characterizes
depot iron concentration and activity of inflammatory
process, demonstrated significantly higher values of
ferritin in all patients regardless of sex (for all p < 0.05).
It should be noted that due to the assigned therapy,
there was a decrease in ferritin content in patients of
groups I and II at visit 2, but at visit 3 its content
increased again. In contrast to the results of patients in
groups I and II, analysis of ferritin content in men and
women of group III showed a significant decrease in its
content throughout the treatment period, which may
indicate a decrease in the activity of the inflammatory
process. The analysis of SI content at visit 1 showed that
patients in all groups (p < 0.05) had a significantly lower
content of SI as compared to the control group, but in
patients of groups I and II its content increased by visit
2 and returned to baseline levels by visit 3. However, in
patients of group III, the content of SI probably was
increasing throughout the treatment period, indicating
that it was sufficient for hemoglobin formation. It
should be mentioned that the content of ferritin and SI
in patients of all groups, regardless of sex, did not reach
the values of the control group. However, by comparing
the laboratory parameters of the patients in the studied
groups at visit 3, it was found that in group III patients
ferritin content was significantly lower compared to
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patients of groups I and II (for all p < 0.05), while SI
content was significantly higher compared to patients in
groups I and IT (p < 0.001 and p = 0.001).

In order to evaluate the effectiveness of anemia
treatment, hemoglobin content was assessed; hepcidin
and CRP content was assessed to determine the course
of the inflammatory process, which is shown in Table 2.

The analysis of hemoglobin content in the blood,
which is the main indicator of anemia treatment effec-
tiveness, showed that all patients in groups I and II had
their hemoglobin content increased at visit 2, but at visit
3 there was a decrease in hemoglobin content regardless
of patient’s sex. A study of hepcidin and CRP content in
groups I and II showed significant changes in the values
throughout the treatment period, but a detailed analysis
of the results demonstrated a temporary decrease in
hepcidin and CRP content at visit 2 and an increase at
visit 3. It should be mentioned that after the treatment
hepcidin and CRP content remained significantly high-
er in the patients of groups I-II as compared to the
control group. Therefore, the above increased values of
hepcidin and CRP content may indicate persistence of
inflammatory process. Given that hepcidin and CRP
values were higher and, accordingly, hemoglobin values
were lower than those in the control group, the above
results may indicate that assigned treatment regimens
for patients in groups I and II were not effective.

Analyzing the parameters of patients in group III, it
should be noted that 2 patients discontinued from the
study after 2 weeks of treatment due to their unwilling-
ness to continue participation, as well as occurrence of
ossalgia which was attributed by the patients to EPO
treatment. Hemoglobin content was found to increase
significantly (p = 0.001) in men of group III throughout
the treatment period, and in women of group III there
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Table 2. The content of hemoglobin, hepcidin and CRP in COPD patients n groups I-III with regard to treatment duration

Group Parameter Visit 1 Visit 2 Visit 3 Control group
. 105,00 3,0 111,00 £ 1,29 108,84 £ 2,11 143,89 £ 1,44
Hemoglobin, X2 =21,16, P, <0,001;P,<0,001
gL ; 10343+257 | 11029180 | 10942243 | 1308 £0,77
[
Hencidin ma/dL 3247+207 |  2418+052 |  2756+1,10 | 13,62 + 2,29
epcidin, n
P g X2 = 40,0; P, < 0,001; P, < 0,001; P, < 0,001
2,90+0,18 2,05+0,10 2,94 +0,06 0,467 +0,14
CRP, maydL | | |
X2 =28,7; P, < 0,001; P, < 0,001; P, < 0,001
N 10492+284 |  111,33+098 |  10933+4386 | 143,89 + 1,44
Hemoglobin, X2 =16,56; P,<0,001;P,<0,001; P, <0,001
g/L ] 103,13+29 [ 111,75+088 |  10762%219 | 130,8 + 0,77
I
N 31,94+ 18 | 2451+068 |  27,45+281 | 13,62 +2,29
Hepcidin, ng/dL
¥ = 34,3; P, < 0,001; P,< 0,001; P, < 0,001
2,94 +0,31 2,04+0,11 2,86 +0,13 0,467 +0,14
CRP, mg/dL | I |
o 10543+269 |  11486+106 | 123,85+ 6,7 | 143,89 + 1,44
Hemoglobin, X2 =14,0; P,=0,001;P,<0,001; P,<0,001;P,<0,001; P.= 0,002
g/L ] 106,0 + 3,6 | 112,67 £2,5 | 1256+ 1,15 | 130,8 +0,77
I
N 3214+116 | 2517+079 |  2255+264 | 13,62 + 2,29
Hepcidin, ng/dL 3
¥ = 15,8; P, < 0,001; P, < 0,001; P, < 0,001; P, < 0,001; P, < 0,001
2,95 +0,25 2,08+0,18 1,89+0,12 0,467 + 0,14
CRP, mg/dL | | |
Remarks: P, — statistical significance in a group throughout the treatment period; P, — statistical significance between visit 1 parameters of a study group

and the control group; P, — statistical significance between visit 3 parameters of a study group and the control group; P, — statistical significance between
visit 3 parameters of groups I and III; P, — statistical significance between visit 3 parameters of groups I and II; y* — Friedman's test.

was a reliable tendency (p = 0.05) to hemoglobin con-
tent increase. The content of inflammatory markers,
such as hepcidin and CPR which are key elements in
ACD pathogenesis, decreased throughout the treatment
period. It should be noted that hepcidin is the major
hormone that regulates iron metabolism by controlling
absorption of iron in the small intestine and its use from
depot; thus, it plays a key role in the pathogenesis of
ACD [14]. The changes of laboratory parameters found
in patients of group III, i. e. increased hemoglobin con-
tent against the background of decreased hepcidin con-

centration and decreased hemoglobin content vs.
increased hepcidin content in patients of groups I and II
confirm the existing opinion about the role of hepcidin
in pathogenesis of ACD.

In order to summarize the results obtained for ACD
treatment in COPD patients we provide a figure demon-
strating the changes in hemoglobin content over time with
regard to gender (Figure 1). In order to assess the effective-
ness of assigned treatment regimens, we analyzed and com-
pared CRP and hepcidin content in the study groups
throughout the treatment period (Figures 2 and 3).

135
130 +—— -

:2; / ~___— ~—Men((group])
2 115 A il —Women (group I)
% / ——Men (group II)
E 119 —Women (group II)
= :gg ~——Men (group III)

——Women (group III)
95
90 T T T T T
Visit 1 Visit 2 Visit 3

Fig. 1. Hemoglobin content in patients with COPD in groups I-lll during treatment

depending on sex characteristics.
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Figure 2. CRP content in patients with COPD in groups I-lll during treatment.
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Figure 3. Hepcidin content in patients with COPD in groups I-lll during treatment.

As shown in Figure 1, the increase in hemoglobin
content throughout the treatment period occurred
only in the patients that received intravenous iron
(ITI)-hydroxide sucrose complex and subcutaneous
EPO in addition to the background therapy. Patients
in other groups had an increase in hemoglobin con-
tent only at visit 2 and a decrease in hemoglobin
content at visit 3. It should be noted that the increase
in hemoglobin content in patients of groups I and II
occurred against the background of temporary sup-
pression of inflammatory process due to active treat-
ment of COPD exacerbation, which may serve as an
explanation for the positive changes in hemoglobin
content at visit 2.

Hepcidin and CRP are informative markers for
assessment of inflammatory process and, consequently,
of ACD development in COPD patients [14]. The
results of our study showed that the content of hepcidin
and CRP in the blood decreased in group III throughout
the treatment period. In contrast to the data obtained in
group III patients, the content of CRP and hepcidin in
groups I and II patients decreased only at visit 2, while
at visit 3 there was an increase in CRP and hepcidin
content and, subsequently, inflammatory process
persistence was observed.
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Obviously, high content of acute phase protein ferritin
and the persistent increased level of CRP and, as a
consequence, high content of hepcidin in patients of
groups I and II may account for ineffectiveness of the
assigned regimens for ACD, which is related to its major,
iron-regulatory function. Due to the influence of
inflammatory mediators or high concentrations of free
iron, hepcidin inhibits ferroportin, limiting iron transport
into cells by intestinal villi and blocking iron exit from
macrophages that leads to impaired iron homeostasis and
the development of anemia. Apart from influencing iron
processes, proinflammatory cytokines lead to direct
inhibition of erythropoiesis and relative EPO deficiency
[9, 20]. Thus, ACD treatment requires erythropoiesis
stimulation, as well as maintenance of adequate level of
iron in order to form hemoglobin; this can be achieved by
simultaneous use of EPO and iron. On the other hand,
there is a number of experimental studies that confirm
the effect of EPO on inflammatory reactions, i. e. increased
expression of endothelial nitric oxide synthase and
induced production of nitric oxide in cardiomyocytes
were demonstrated in myocardial ischemia-reperfusion
under the influence of this factor, which led to a decrease
in oxidative stress, in transendothelial migration of
neutrophils and myeloperoxidase activity [14]. Another
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experimental study of chronic heart failure signs showed
a decrease in the content of proinflammatory cytokines
(TNF-a, IL-1p, IL-6, and transforming growth factor-f1)
in the blood nearly to control levels after four weeks of
treatment with EPO [13]. An experimental study showed
a high anti-inflammatory effect of EPO, namely, a
decrease in blood levels of TNF-a and IL-1p and an
increase in the anti-inflammatory cytokine, IL-10 [15].
Therefore, the effectiveness of ACD treatment in patients
with COPD using a combination of EPO and iron
supplements can be explained not only by the major,
erythropoiesis-stimulating function of EPO, but also by
probable pleiotropic, namely, anti-inflammatory effect of
EPO.
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Conclusions

In patients with COPD and concomitant anemia of
chronic disease, the use of background therapy for
COPD and oral and intravenous iron supplements did
not lead to an increase in blood levels of hemoglobin
and serum iron and a decrease in levels of hepcidin,
C-reactive protein and ferritin.

Under the influence of background therapy
combined with intravenous iron (III)-hydroxide sucrose
complex and subcutaneous erythropoietin in COPD
patients, the levels of hepcidin, C-reactive protein and
ferritin decreased, which contributed to suppression of
chronic inflammatory process, as well as hemoglobin
and serum iron content increase.
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