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Wykaz publikacji stanowiacych osiagni¢cie naukowe

Podstawa zlozonego wniosku o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk
o zdrowiu w dyscyplinie nauk medycznych jest monotematyczny cykl publikacji naukowych,
obejmujacy dwie prace o lacznej wartos$ci 7,9 Impact Factor i liczbie 280 punktow wg listy
Ministerstwa Nauki i Szkolnictwa Wyzszego, pod wspolnym tytutem: ,,Niedokrwistos¢ jako
konsekwencja przewleklych stanéw zapalnych u oséb starszych”, przygotowany w oparciu

o badanie eksperymentalne oraz przeglad literatury.
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Zembron-Lacny A. The role of inflammation in age-associated changes in red blood system. Int

J Mol Sci 2023; 24: 1-13. doi: 10.3390/ijms24108944.

Publikacja 2; Wacka E, Nicikowski J, Jarmuzek P, Zembron-Lacny A. Anemia and its
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Wykaz stosowanych skrotow

AUC - pole pod krzywa (ang. area under the curve)

BMI — wskaznik masy ciata (ang. body mass index)

CD — markery réznicowania powierzchniowego (ang. cluster of differentiation)

CHIP — hematopoeza klonalna o nieokreslonym potencjale (ang. clonal hematopoiesis of
indeterminate potential)

CI - przedziat ufnosci (ang. confidence interval)

CKD - przewlekta choroba nerek (ang. chronic kidney disease)

CRP - biatko C reaktywne (ang. C-reactive protein)

CV — wspotczynnik zmienno$ci (ang. coefficient of variation)

DM - cukrzyca (ang. diabetes mellitus)

EDTA — kwas wersenowy (ang. ethylenediaminetetraacetic acid)

ELISA — test immunoenzymatyczny (ang. enzyme-linked immunosorbent assay)

EPO — erytropoetyna (ang. erythropoietin)

EPOR - receptor erytropoetyny (ang. erythropoietin receptor)

GFR — wskaznik filtracji kiebuszkowej (ang. glomerular filtration rate)

Hb — hemoglobina (ang. hemoglobin)

Hct — hematokryt (ang. hematocrit)

HDL - lipoproteiny o wysokiej gestosci (ang. high density lipoprotein)

HPC — hepcydyna (ang. hepcidin)

IL — interleukina (ang. interleukin) np. IL-1p — interleukina 13

IL-1ra — antagonista receptora dla interleukiny 1 (ang. interleukin-1 receptor antagonist)

LDL — lipoproteiny o niskiej gestosci (ang. low density lipoprotein)

LPS — lipopolisacharyd (ang. lipopolysaccharide)

MCH - $rednia masa hemoglobiny w krwince czerwonej (ang. mean corpuscular hemoglobin)
MCHC - $érednie stezenie hemoglobiny w krwince czerwonej (ang. mean corpuscular
hemoglobin concentration)

MCYV - érednia objetos¢ krwinki czerwonej (ang. mean corpuscular volume)

Me — mediana (ang. median)

MPYV — §rednia objetos¢ ptytki krwi (ang. mean platelet volume)

NF-kB — jadrowy czynnik transkrypcyjny NF kappa B (ang. nuclear factor kappa-light-chain-
enhancer of activated B cells)

NK — komorki ,,naturalni zabojcy” (ang. natural killers)



NPT — neopteryna (ang. neopterin)

OR —iloraz szans (ang. odds ratio)

oxLDL — utlenione lipoproteiny o niskiej gestosci (ang. oxidized low density lipoprotein)
RBC — erytrocyty (ang. red blood cells)

RDW — rozpigto$¢ rozktadu objetosci erytrocytow (ang. red blood cell distribution width)
ROC — krzywa oceny jakosci klasyfikatora (ang. receiver operating characteristic curve)
ROS - reaktywne formy tlenu (ang. reactive oxygen species)

1s — wspoOlczynnik korelacji rang Spearmana (ang. Spearman's rank correlation coefficient)
SD — odchylenie standardowe (ang. standard deviation)

TC — cholesterol catkowity (ang. fotal cholesterol)

Tf — transferyna (ang. transferrin)

TfS — procent wysycenia transferyny zelazem (ang. transferrin saturation)

TG — trojglicerydy (ang. triglycerides)

TNFa — czynnik martwicy nowotwordw o (ang. tumor necrosis factor o)

UAE — niedokrwisto$¢ nieokreslona u 0sob starszych (ang. unexplained anemia in the elderly)
WBC — krwinki biale (leukocyty) (ang. white blood cells)

WHO — Swiatowa Organizacja Zdrowia (ang. World Health Organization)



Streszczenie

Starzenie si¢ uktadu immunologicznego skutkuje nasileniem zapalenia (ang.
inflammaging), co zwigksza podatno$¢ na choroby zakazne i infekcyjne powiktania urazéw
oraz zachorowalno$¢ na choroby niezakazne, w tym niedokrwisto$¢. Czgsto§¢ wystepowania
niedokrwisto$ci w wieku > 65 lat wynosi $rednio 12% u 0s6b mieszkajacych samodzielnie,
40% u hospitalizowanych pacjentow 1 47% u mieszkancow doméw opieki, przy Sredniej
czestosci wynoszacej 17% w ogolnej populacji. Zapalenie powoduje tzw. funkcjonalny
niedobdr zelaza, charakteryzujacy si¢ obnizonym st¢zeniem we krwi i zmniejszong zdolnoscia
jego wigzania oraz normalnym lub podwyzszonym st¢zeniem ferrytyny. W funkcjonalnym
niedoborze zapasy zelaza w organizmie s3 znaczne, ale jego dostepnos¢ dla produkcji
erytrocytow jest ograniczona z powodu ,,uwi¢zienia” w makrofagach i komoérkach watroby.
Niedokrwisto$¢ zapalna (ang. anemia of inflammation, Al), znana réwniez jako niedokrwisto$¢
choréb przewleklych (ang. anemia of chronic disease, ACD) stanowi istotny problem
zdrowotny w populacji geriatrycznej, jest skorelowana z pogorszeniem jako$ci zycia,
zwigkszong czgstoscig hospitalizacji 1 $miertelno$cig. Zrozumienie mechanizméw lezacych u
podstaw niedokrwisto$ci zapalnej (ang. anemia of inflammation, Al) jest istotne dla

opracowania nowych wytycznych diagnostycznych i terapeutycznych.

Celem pracy byla analiza zalezno$ci migdzy parametrami hematologicznymi a
wskaznikami metabolizmu Zelaza u 0sob w wieku powyzej 65 lat z przewleklym zapaleniem
oraz ocena przydatnosci diagnostycznej markerow zapalnych w rozpoznawaniu
niedokrwistosci. Nastgpnie dokonanie prezgladu pisSmiennictwa na temat epidemiologii
wystepowania niedokrwisto$ci u 0sob starszych, jej przyczyn i konsekwencji klinicznych oraz
molekularnych mechanizmoéw, poprzez ktore przewlekle zapalenie inicjuje lub podtrzymuje

rozwoj niedokrwistosci.

Rekrutacja objeta 113 os6b w wieku 73,0 = 7,2 lat (kobiety n=62, mezczyzni n=51).
Uczestnikéw podzielono dwie grupy grupy: z niedokrwisto$ciag AA (n=47, Hb <13 g/dL dla
kobiet, Hb <14 g/dL dla me¢zczyzn) 1 bez niedokrwistosci NA (n=66, Hb >13 g/dL dla kobiet,
Hb >14 g/dL dla me¢zczyzn). W grupie AA parametry hematologiczne, jak RBC, MCV, MCH,
RDYV oraz stgzenia zelaza i ferrytyny byly istotnie nizsze w poréwnaniu do grupy NA. Stezenia
erytropoetyny (EPO) i transferyny (Tf) miescity si¢ w zakresach wartosci referencyjnych,
ale wykazywaty tendencj¢ do wyzszych wartoSci w grupie AA. W calej badanej grupie
mezczyzni mieli istotnie nizsze stezenia zelaza i transferyny (84,38 £ 26,72 ng/dL 12,75+ 1,16
mg/dL) niz kobiety (100,82 + 31,71 pg/dL 13,17 £ 1,99 mg/dL), podczas gdy st¢zenia ferrytyny
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nie roznity si¢ migdzy piciami. Stezenie hepcydyny (HPC) bylo 2,5-krotnie wyzsze w grupie
AA niz w NA. Stezenie HPC byto ponad 2-krotnie wyzsze u mezczyzn (16,79 + 16,08 ng/mL)
w poroéwnaniu do kobiet (7,00 £ 6,99 ng/mL), co doprowadzito do obnizenia st¢zenia zelaza
w meskiej grupie. Podobnie do HPC, wysokie st¢zenia cytokin IL-1f, IL-6 i TNFa stwierdzono
w grupie AA. Stgzenie Hb bylo ujemnie skorelowane z IL-1B (r=-0,581, p <0,0001),
co sugeruje ostabienie syntezy hemoglobiny w warunkach zapalenia. Analiza krzywych ROC
oraz ilorazu szans OR dla interleukiny 1B (IL-1PB) ujawnila bardzo wysoka warto$¢
diagnostyczng IL-1 w niedokrwisto$ci zwigzanej z wiekiem (AUC=0,922, OR=72,374,
95%CI 19,688-354,366). Stezenia jednojadrzastych komoérek krwi obwodowej wykazujace
ekspresje biatek powierzchniowych CD34 1 CD38 byly istotnie wyzsze w grupie AA, sugerujac

ich role w mechanizmach kompensacyjnych w niedokrwistos$ci.

Na podstawie przeprowadzonych badan i przegladu literatury mozna stwierdzic,
ze przewlekly stan zapalny jest silnie zwigzany z obnizeniem zasoboéw zelaza ustrojowego
irozwojem niedokrwistosci u pacjentéw powyzej 65 roku zycia, przy czym ryzyko
niedokrwisto$ci jest wyzsze w grupie me¢zczyzn niz kobiet. Jednoczesny pomiar st¢zenia
hepcydyny oraz mediatorow zapalenia ujawnia ich wysoka przydatno$¢ w rozroznianiu
pacjentow z niedokrwisto$cia od pacjentdow bez niedokrwistosci. Potwierdzony w wielu
badaniach zwigzek mig¢dzy stanem zapalnym, zaburzeniem wchlaniania zelaza w uktadzie
pokarmowym a zmianami w uktadzie czerwonokrwinkowym jest wskazaniem do opracowania
panelu diagnostycznego obejmujacego spektrum markeréw niezbgdnych do kompleksowe;j
oceny niedokrwistosci w starszym wieku, ze szczeg6dlnym uwzglednieniem hepcydyny (HPC)

oraz cytokin prozapalnych IL-1p i TNFa.



Abstract

Aging of the immune system results in increased inflammation, which enhances
susceptibility to infectious diseases, infection-related complications of injuries, and the
incidence of non-communicable diseases, including anemia. The prevalence of anemia in
individuals over 65 years of age averages 12% of the community-dwelling population, 40% of
hospitalized patients, and 47% of nursing home residents, with an overall prevalence of
approximately 17% in the general elderly population. Inflammation induces a functional iron
deficiency, characterized by decreased serum iron levels and reduced iron-binding capacity,
despite normal or elevated ferritin concentrations. In functional iron deficiency, total body iron
stores remain substantial, yet iron availability for erythropoiesis is restricted due to iron
sequestration within macrophages and hepatocytes. Anemia of inflammation (Al), also referred
to as anemia of chronic disease (ACD), represents a significant health concern in the geriatric
population, correlating with diminished quality of life, increased hospitalization rates, and
higher mortality. Understanding the underlying mechanisms of Al is critical for the

development of novel diagnostic and therapeutic guidelines.

The objective of this study was to analyze the relationship between hematologic
parameters and iron metabolism indices in individuals over 65 years of age with chronic
inflammation and to evaluate the diagnostic utility of inflammatory markers in anemia
detection. Additionally, a literature review was conducted to examine the epidemiology of
anemia in the elderly, its etiological factors, clinical consequences, and the molecular

mechanisms by which chronic inflammation initiates or sustains anemia progression.

The study included 113 individuals (mean age: 73.0 + 7.2 years; women: n=62, men:
n=51). Participants were allocated into two groups: anemic (AA, n=47, Hb <13 g/dL for
women, Hb <14 g/dL for men) and non-anemic (NA, n=66, Hb >13 g/dL for women, Hb >14
g/dL for men). In the AA group, hematologic parameters such as RBC count, MCV, MCH,
RDW, as well as serum iron and ferritin levels, were significantly lower compared to the NA
group. Meanwhile, erythropoietin (EPO) and transferrin (Tf) concentrations remained within
reference ranges but exhibited a trend toward higher values in the AA group. Across the entire
study population, men demonstrated significantly lower serum iron and transferrin levels (84.38
+26.72 pg/dL and 2.75 + 1.16 mg/dL, respectively) compared to women (100.82 +31.71 pg/dL
and 3.17 £ 1.99 mg/dL, respectively), whereas ferritin concentrations did not differ between
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Hepcidin (HPC) concentrations were 2.5-fold higher in the AA group than in the NA
group. Additionally, HPC levels in men (16.79 + 16.08 ng/mL) were more than twice as high
as in women (7.00 = 6.99 ng/mL), contributing to a further decline in serum iron levels among
men. Similarly, elevated levels of pro-inflammatory cytokines IL-1B, IL-6, and TNFa were
observed in the AA group. Hemoglobin concentration was negatively correlated with IL-10 (rs
= -0.581, p<0.0001), suggesting impaired hemoglobin synthesis in the presence of
inflammation. Receiver operating characteristic (ROC) curve analysis and odds ratio (OR)
assessment for IL-1B demonstrated its high diagnostic value in age-related anemia
(AUC=0.922, OR=72.374, 95% CI: 19.688-354.366). The concentration of peripheral blood
mononuclear cells expressing CD34 and CD38 surface antigens was significantly higher in the

AA group, indicating their role in compensatory mechanisms in anemia.

Based on conducted research and literature review, it has been showed that chronic
inflammation is strongly associated with diminished systemic iron availability and anemia
development in individuals over 65 years of age, with a higher risk observed in men compared
to women. Simultaneous measurement of hepcidin and inflammatory mediators reveals their
high diagnostic usefulness in differentiating anemic from non-anemic patients. The well-
established link between chronic inflammation, impaired iron absorption in the gastrointestinal
tract, and alterations in erythropoiesis supports the need for a diagnostic panel incorporating a
spectrum of markers essential for the comprehensive evaluation of anemia in the elderly, with

particular emphasis on hepcidin (HPC) and pro-inflammatory cytokines IL-18 and TNFa.
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I. Wstep uzasadniajgcy polaczenie wskazanych publikacji w jeden cykl

Starzenie si¢ populacji to wspodtczesny problem demograficzny dotyczacy spoteczenstw
Europy, a takze innych wysokorozwinigtych krajow $wiata. W ciggu ostatnich stu lat dtugos¢
ludzkiego zycia zwickszyta si¢ o 50%. W niezwykle szybkim tempie zwicksza si¢ liczebnos¢
populacji ludzi po 65 roku zycia, ktora obecnie stanowi 10% $wiatowej populacji i wzro$nie do
16% w 2050 roku zgodnie z prognozami organizacji zdrowotnych i towarzystw geriatrycznych
[Guralnik 1 wsp. 2004].

Starzenie jest definiowane jako zmniejszenie mozliwo$ci adaptacji organizmu do
rozmaitych obcigzen fizycznych, biologicznych, psychospolecznych i zachowania homeostazy
[Gilbert 2000]. W 1956 roku Strehler zaproponowat pie¢ cech charakteryzujacych zmiany
struktury i funkcji tkanek podczas starzenia: cumulative (zmiany nawarstwiaja si¢), universal
(zmiany dotycza wszystkich istot zywych, a osobniki tego samego gatunku starzeja si¢ w
podobny sposdb), progressive (zmiany postepuja, nie zawsze dajac objawy kliniczne), intrinsic
(zmiany sa specyficzne - wewnetrzne), deleterious (zmiany maja destrukcyjny wplyw na
organizm). Proces starzenia jest zatem zwigzany ze stopniowg utratg sprawnos$ci funkcjonalnej
oraz zwigkszonym ryzykiem wystapienia chorob przewleklych, takich jak choroby sercowo-
naczyniowe, neurodegeneracyjne, cukrzyca, nowotwory i niedokrwisto$¢ [Bach i wsp. 2014;

Gaskell 1 wsp. 2008; Sen 1 wsp. 2016].

Niedokrwisto$¢, charakteryzujaca si¢ obnizonym stezeniem Hb we krwi, czgsto
wystepuje wsérod osob starszych. Swiatowa Organizacja Zdrowia (ang. World Health
Organization, WHO) ustalifa kryteria diagnostyczne niedokrwisto$ci na podstawie stezenia Hb
ponizej 13,0 g/dL dla m¢zczyzn i ponizej 12,0 g/dL dla kobiet [Nutritional anaemias. Report of
a WHO scientific group. 1968]. Kryteria WHO zostaty sformutowane ponad p6t wieku temu
na podstawie ograniczonej liczebno$ci proby populacyjnej, bez réznicowania ze wzgledu na
wiek 1 bez odpowiedniej dokumentacji metodologicznej. Pomimo tych zastrzezen, definicja
WHO nadal pozostaje standardem diagnostycznym do rozpoznawania niedokrwistos$ci, takze
w populacji 0s6b starszych. Badanie populacyjne przeprowadzone przez Culleton i wsp. [2006]
wykazalo, Ze utrzymanie stezenia Hb w zakresie od 13,0 do 15,0 g/dL u kobiet i od 14,0 do
17,0 g/dL u me¢zczyzn zmniejsza ryzyko hospitalizacji oraz zgonu u pacjentéw w podesztym
wieku. Wouters 1 wsp. [2019] zalecaja zmian¢ kryteriow rozpoznawania niedokrwisto$ci u
kobiet powyzej 65 roku zycia do wartosci Hb ponizej 13,0 g/dL, tak aby odpowiadaty kryteriom

stosowanym dla mezczyzn.
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Wystepowanie niedokrwistosci rozni si¢ w zaleznosci od wieku, pfici i rasy, obejmuje
10-25% pacjentéw powyzej 65 roku zycia ambulatoryjnych i hospitalizowanych, przy czym
wyzsze ryzyko stwierdza si¢ u mezczyzn (nawet 50% powyzej 80 roku zycia) w porownaniu z
kobietami oraz u 0sob rasy negroidalnej w poréwnaniu z rasg europeidalng [Alvarez-Payares i
wsp. 2021]. Niskie stezenie Hb zwieksza ryzyko zgonu, gdy niedokrwistos$¢ jest wtorna do
zaburzen odzywiania lub przewleklego stanu zapalnego. Obie sytuacje sa obserwowane w
anemii nieokreslonej u osob starszych (ang. Unexplained Anemia in the Elderly, UAE) [Ramel
1 wsp. 2008; Shavelle 1 wsp. 2012]. Niedokrwisto$¢ wigze si¢ z szerokim spektrum istotnych
klinicznie schorzen i niedoboréw zywieniowych (Tabela 1), dlatego kluczowe znaczenie ma

rozpoznanie nawet tagodnej niedokrwistosci.

Tabela 1. Rozktad etiologii niedokrwistosci u pacjentoéw w podesztym wieku [Stauder i Thein 2014].

Przyczyna Czestos¢ wystepowania (%)
USA-1 USA-2 Wiochy Polska
Kraj [Goodnough i [Agnihotri i [Roy i wsp. [Chen-Edinboro i
Schrier 2014] wsp. 2007] 2017] wsp. 2018]
Niedobor zelaza 16.6 25.3 16.0 13.0
Niedobor witaminy B12 i/lub folianéw 14.3 <1 9.5 7.1
Niedobor zelaza i witaminy B12 i/lub folianow 34 - - 24
Niedokrwisto$¢ choré lektych - st
iedokrwistos¢ chorob przewlektych - stanu 19.7 08 17.4 131
zapalnego
Niedokrwisto$¢ w przewlektej chorobie nerek CKD 8.2 34 15.0 1.2
Niedokrwisto§¢ w CKD i niedokrwisto$¢ chordb 43
przewlektych - stanu zapalnego ’
Niedokrwisto$¢ nieokres§lona u osob starszych UAE 33.6 43.7 26.4 28.4
Hematopoeza klonalna - 7.5 1.8 -
Inne - 10.3 14.4 14.8

CKD Chronic Kidney Disease, UAE Unexplained Anemia in the Elderly

Niedokrwisto$¢ u oséb starszych jest zwigzana z wigcej niz jednym czynnikiem
predysponujacym, a przyczyng moze by¢ przewlekly stan zapalny, krwawienia, deficyty
zywieniowe (gléwnie zelaza, witaminy B12 i kwasu foliowego) i/lub hematopoeza klonalna
(Rycina 1) [Xia i wsp. 2016]. Jednak jako gtdéwna przyczyng rozwoju niedokrwistosci u os6b
starszych w ostatnich latach wskazano przewlekty stan zapalny bedacy skutkiem starzeniem si¢

uktadu immunologicznego - immunosenescencji (ang. immunosenescence) [Franceschii wsp.

2006; Minciullo i wsp. 2016].
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Rycina 1. Mechanizmy niedokrwisto$ci u 0sob starszych wg Alvarez-Payares i wsp. [2021]; EPO erytropoetyna
(ang. erythropoietin), HPC hepcydyna (ang. hepcidin), ROS reaktywne formy tlenu (ang. reactive oxygen species).

Najwazniejszymi cechami immunosenescencji jest obnizenie liczby dziewiczych
limfocytow T 1 limfocytow B oraz zmniejszenie roznorodnosci wystgpujacych na ich
powierzchni receptoréw, czego efektem jest stabsza odpowiedz immunologiczna, obnizenie
miana produkowanych przeciwcial 1 wytwarzania interferondw przez plazmacytoidalne
komorki dendrytyczne. Doprowadza to do ostabienia odporno$ci na zakazenia wirusowe i
bakteryjne oraz odpowiedzi na szczepienia oraz do zwickszonego wytwarzania mediatoréw
reakcji zapalnej, co z kolei skutkuje stala obecnoscig stanu zapalnego u starszych osob (ang.
inflammaging). Z wiekiem nie zaobserwowano zmian catkowitej liczby komoérek nalezacych
do odpornosci nieswoistej, jak neutrofile, makrofagi, ale wykazano zmniejszong r6znorodnos¢
w ich subpopulacjach i wrazliwo$¢ na apoptoze oraz spadek aktywnosci chemotaktycznej i
fagocytarnej. W przypadku komorek NK (ang. natural killer T cells) wykazano wzrost liczby
z jednoczesnym ostabieniem ich cytotoksycznej aktywnosci. Skutkuje to obnizeniem zdolno$ci
naciekania przez neutrofile i makrofagi uszkodzonej tkanki oraz wydluzeniem czasu gojenia,
zwigkszonym ryzykiem infekcyjnych powiklan urazéw, zaostrzeniem objawéw chordb
przewlektych, jak choroby autoimmunologiczne, cukrzyca typu 2, choroby sercowo-
naczyniowe, choroby neurodegeneracyjne i niedokrwisto$¢, oraz niedostateczng reakcja na

obecno$¢ komoérek nowotworowych [Tylutka 1 Zembron-Lacny 2020].
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W rozwijajacym si¢ zapaleniu, aktywacja uktadu immunologicznego prowadzi do
istotnych zaburzen w obiegu zelaza, a glownym efektorem jest hepcydyna (HPC) wytwarzana
przez komorki watroby w odpowiedzi na wysokie stezenie interleukiny 6 (IL-6) [Nemeth i
Ganz 2009; Park i wsp. 2001]. Podwyzszony poziom krazacej HPC hamuje translokacje¢ zelaza
do osocza poprzez internalizacj¢ biatka transportujacego zelazo - ferroportyn¢ z blon
enterocytow dwunastnicy, makrofagéw watrobowych i §ledzionowych oraz hepatocytow. W
efekcie nastepuje spadek podazy zelaza do krazenia i rozwdj niedokrwisto$ci [den Elzen i wsp.
2013; Donovan i wsp. 2005]. Synteza HPC jest hamowana przez wzmozong aktywno$¢
erytropoetyczng szpiku. Jednak u pacjentdow z niedokrwisto$cig zapalng st¢zenie erytropoetyny
(EPO) w surowicy jest nizsze w poréwnaniu do 0séb z podobnym stopniem niedokrwistosci z
niedoboru zelaza [Cazzola i wsp. 1996; Miller i wsp. 1990]. Utrzymywanie si¢ wysokiego
stezenia prozapalnych cytokin IL-1f i TNFo wywotuje zahamowanie ekspresji genu EPO i
sekrecji hormonu [La Ferla i wsp. 2002]. Zapalenie takze obniza wrazliwo$¢ komorek
progenitorowych erytrocytoéw na EPO, o czym $wiadczy zwigkszone zapotrzebowanie na
egzogenng erytropoetyne u pacjentow ze schytkowa niewydolno$cig nerek [Kimachi i wsp.
2015; Macdougall i Cooper 2002]. W opornosci na EPO czgéciowo rolg odgrywa zmniejszenie
liczby receptoréow dla EPO (EPOR) na komorkach progenitorowych erytrocytow, co jest
skutkiem hipoferremii [Khalil i wsp. 2018; Maccio i Madeddu 2012].

W niedokrwisto$ci zapalnej wykazano skrocenie czasu zycia czerwonych krwinek do
okoto 90 dni, podobnie jak w innych stanach klinicznych przebiegajacych z zapaleniem bez
wystepowania niedokrwisto$ci [Mitlyng i wsp. 2006]. Skrocenie obecnosci erytrocytéw na
obwodzie o 25% jest spowodowane aktywacja makrofagéw ($ledzionowych i watrobowych)
indukowang przez cytokiny prozapalne i przedwczesng erytrofagocytoza oraz zaburzeniem
kompensacyjnej odpowiedzi szpiku w wytwarzaniu czerwonych krwinek [Ganz 2016; Pagani
1 wsp. 2019].

Kolejng przyczyna przyspieszonej eliminacji erytrocytow z krazenia jest eryptoza, ktora
w normalnych warunkach, podobnie jak apoptoza, stanowi fizjologiczny proces eliminacji
dysfunkcyjnych erytrocytéw [Alghareeb i wsp. 2023]. Jednakze, w warunkach przewlektego
zapalenia, ktory wigze si¢ z nasilonym wytwarzaniem reaktywnych form tlenu (ang. reactive
oxygen species, ROS) dochodzi do nadmiernej eryptozy [Abed i wsp. 2017]. Generacja ROS
doprowadza do stresu oksydacyjnego obejmujacego peroksydacje lipidow btonowych i
lipoprotein osocza, oksydacyjne uszkodzenie bialek, otwarcie kanatow wapniowych,
fragmentacj¢ btony, co przyspiesza senescencj¢ i przedwczesne usuwanie erytrocytow z

krazenia [Guo 1 wsp. 2022; Kozakiewicz i wsp. 2019]. Zmniejszenie zdolnosci
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antyoksydacyjnej osocza charakterystyczne dla osob starszych dodatkowo nasila oksydacyjne
uszkodzenia blon erytrocytarnych i rozwdj niedokrwistosci [Costagliola i wsp. 1989].
Zrozumienie przebiegu i rozlegtosci procesow towarzyszacych starzeniu si¢ organizmu,
w tym nasilenia zapalenia i zaburzen metabolizmu Zelaza moze stanowi¢ podstawe do
modyfikacji obecnych wytycznych dotyczacych zapobiegania, diagnostyki i leczenia
(farmakologicznego i zywieniowego) niedokrwistosci zapalnej, co jest istotne dla dynamicznie

zmieniajacych si¢ demograficznie spoleczenstw.
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I1. Zalozenia i cel pracy

Niedokrwistos¢ w przewlektych stanach zapalnych wystepuje u 10-25% oséb starszych
(ang. anemia of aging) i jest czynnikiem przyczyniajagcym si¢ do pogorszenia jakosci zycia,
zwigkszonej czestosci hospitalizacji 1 $miertelnosci [Ferrucci 1 Balducci 2008]. Zrozumienie
mechanizmow lezacych u podstaw niedokrwisto$ci z zapalenia jest istotne dla opracowania

nowych wytycznych diagnostycznych i terapeutycznych.
Glownym zalozeniem prac skladajacych si¢ na rozprawe doktorska bylo:

1. Przeprowadzenie badania w celu okreslenia zaleznos$ci migdzy parametrami
hematologicznymi a wskaznikami metabolizmu Zelaza u osob w wieku powyzej 65 lat z
przewleklym zapaleniem oraz oceny przydatnosci diagnostycznej markerdw zapalnych w
rozpoznawaniu niedokrwistos$ci [Wacka E, Wawrzyniak-Gramacka E, Tylutka A, Morawin B,
Gutowicz M, Zembron-Lacny A. The role of inflammation in age-associated changes in red

blood system. Int J Mol Sci 2023; 24: 1-13. doi: 10.3390/ijms24108944].

2. Dokonanie przegladu piSmiennictwa na temat epidemiologii wystepowania
niedokrwisto$ci u 0sob starszych, jej przyczyn i konsekwencji klinicznych oraz molekularnych
mechanizmow, poprzez ktére przewlekle zapalenie inicjuje i/lub podtrzymuje rozwdj
niedokrwisto$ci [Wacka E, Nicikowski J, Jarmuzek P, Zembron-Lacny A. Anemia and its
connections to inflammation in older adults: A review. J Clin Med 2024; 13: 1-22.

doi: 10.3390/jcm13072049].
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I11. Badanie eksperymentalne z grupa kontrolna

Publikacja 1; Wacka E, Wawrzyniak-Gramacka E, Tylutka A, Morawin B, Gutowicz
M, Zembron-tacny A. The role of inflammation in age-associated changes in red blood
system. Int J Mol Sci 2023; 24: 1-13. doi: 10.3390/ijms24108944.

Podstawowa funkcja uktadu krwiotworczego jest wytwarzanie odpowiedniej liczby
erytrocytow, co jest kluczowe w zapewnieniu wiasciwej ilosci tlenu dla wszystkich komorek
organizmu i niezb¢dne do prawidtowego metabolizmu oraz utrzymania homeostazy. Starzenie
si¢ uktadu krwiotworczego jest zlozonym i wieloczynnikowym procesem, w trakcie ktorego
dochodzi do zmian w erytrocytach oraz komoérkach macierzystych w szpiku kostnym, co
wplywa na zdolno$¢ do samoodnawiania, réznicowania, plastyczno$ci oraz reagowania na
sygnaly zewnetrzne [Liang 1 Van Zant 2003]. U pacjentdw powyzej 65 roku zycia obserwuje
si¢ nie tylko zmniejszong produkcje krwinek czerwonych, skrocong zywotnos¢, ale takze
zwigkszong podatnos¢ na uszkodzenia oksydacyjne [Chen i wsp. 2007]. Warto réwniez
zauwazy¢, ze u starszych pacjentdéw z niedokrwisto$cig obserwuje si¢ zmniejszenie liczby
uwalnianych retikulocytow ze szpiku kostnego do krazenia po krwawieniu, co wskazuje na

ograniczong rezerwe¢ szpikowa [Boggs i Patrene 1985].

Monitorowanie oddzialywania mediatorow zapalenia na uktad czerwonokrwinkowy
obejmuje m.in. analiz¢ trzech podstawowych cytokin prozapalnych, takich jak interleukina 1
(IL-1pB), czynnik martwicy nowotworéw o (TNFa) i interleukina 6 (IL-6) [Franceschi i Campisi
2014]. Zwigkszone stezenie interleukiny IL-6 koreluje ze wzrostem stezenia hepcydyny (HPC),
co prowadzi do zmniejszenia dostgpnosci zelaza potrzebnego do syntezy hemoglobiny i
erytropoezy [Nemeth i wsp. 2004]. Wysokie stezenia IL-1p i TNFa obnizaja wytwarzanie
erytropoetyny (EPO) oraz wrazliwo$¢ receptorow dla EPO (EPOR) na progenitorach
erytrocytow [Faquin i wsp. 1992; Jelkmann 1998], co prowadzi do ostabienia, a nawet
zahamowania erytropoezy. Ponadto, utrzymujace si¢ wysokie stezenie IL-1 1 TNFa nasila
apoptoze progenitorow erytrocytow, co intensyfikuje rozwdj niedokrwistosci [Weiss i
Goodnough 2005]. Badanie populacyjne oséb starszych EPESE (ang. Established Populations
for Epidemiologic Studies of the Elderly) wykazaly, ze stezenie IL-6 znacznie wzrasta po
przekroczeniu 70 roku zycia [Cohen i1 wsp. 1997]. Z kolei w badaniu populacyjnym
InCHIANTI obejmujacym ponad 1300 osoéb regionu Toskanii w wieku powyzej 65 lat,
stwierdzono podwyzszone stezenia TNFa, IL-1ra, IL-6 i biatka C-reaktywnego (CRP) [Ferrucci
1 wsp. 2010].
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Wedtug Minciullo i wsp. [2016], zrozumienie procesu starzenia si¢ wymaga analizy
etapow 1 skutkdw zapalenia, poniewaz interwencje przeciwzapalne moga znaczaco przyczyni¢
si¢ do zwigkszenia dtugowiecznosci z jednoczesng poprawa jakosci zycia w zaawansowanym
wieku. Przyktadem skutecznej interwencji w zakresie kontroli zapalenia moze by¢ stosowanie
tocilizumabu — inhibitora receptora IL-6. Uzycie tocilizumabu u pacjentéw z umiarkowanym,
cigzkim 1 opornym na leczenie reumatoidalnym zapaleniem stawdw istotnie obnizyto objawy
choroby, zwigkszylo stg¢zenie hemoglobiny, jednocze$nie normalizujac st¢zenia markeréw
zapalenia, jak CRP i ferrytyna [Maini i wsp. 2006]. W ostatnich latach opracowano nowe
podejscia terapeutyczne, ktore maja na celu antagonizowanie aktywnosci hepcydyny (HPC), a
w rezultacie wzrost stezenia zelaza w osoczu i wzmocnienie erytropoezy. Skutecznos¢
interwencji byta oceniona na modelach zwierzecych, a obecnie jest testowana w badaniach
klinicznych [Sebastiani i wsp. 2016]. Mechanizmy wykorzystywane w leczeniu obejmuja
hamowanie wytwarzania 1 aktywnosci HPC, zapobieganie internalizacji biatka
powierzchniowego - ferroportyny oraz hamowanie aktywnos$ci IL-6 stymulujacej produkcje
HPC w watrobie [Stauder i wsp. 2018]. Kierunkiem przysztych badan terapeutycznych moze
by¢ identyfikacja kolejnych celow w sieci cytokin regulujacych zapalenie i odpowiedzialnych

za rozw0j niedokrwistosci u osob starszych.

1. Material i metody

1.1. Charakterystyka badanej grupy

Do badania zakwalifikowano 113 0s6b z Uniwersytetu Trzeciego Wieku w Zielonej
Gorze (Polska), ktory jest stowarzyszeniem zrzeszajacym osoby w wieku powyzej 60 lat
uczestniczacych w wielu programach edukacyjnych, takze dotyczacych zdrowego stylu zycia.
Kryteria wlaczenia obejmowaty wiek 65 lat lub wigcej i dostep do opieki medycznej
$wiadczonej przez Poradni¢ Podstawowej Opieki Zdrowotnej. Na podstawie wywiadu
lekarskiego z udziatlu w badaniach wykluczono osoby z ostrymi i przewleklymi chorobami
zakaznymi, chorobami sercowo-naczyniowymi, onkologicznymi i neurologicznymi, a takze z
niedoborem kwasu foliowego (<1,8 ng/mL) lub witaminy B12 (<140 pg/mL). Uczestnicy
(kobiety n=62, me¢zczyzni n=51) w wieku 73,0 & 7,2 lat zostali przydzieleni do dwoch grup na
podstawie st¢zenia hemoglobiny (Hb) zgodnie z kryterium Culletona i wsp. [2006]:

— Anemic AA (n=47) Hb <13 g/dL dla kobiet i <14 g/dL dla m¢zczyzn,
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— Non-Anemic NA (n=66) Hb >13 g/dL dla kobiet i >14 g/dL dla me¢zczyzn.

Wszyscy badani zostali poinformowani o celu badania i podpisali pisemng zgode¢ na
udziat w projekcie. Protokot badania zostat zatwierdzony przez Komisj¢ Bioetyczng przy
Okregowej Radzie Lekarskiej w Zielonej Gorze (Nr 04/133/2020) i przez Komisje Bioetyczng
przy Collegium Medicum Uniwersytetu Zielonogérskiego (Nr UZ/19/2021), zgodnie z
Deklaracja Helsinska.

Tabela 1. Wiek i charakterystyka antropometryczna pacjentow z niedokrwisto$ciag (Anemic AA) i bez
niedokrwistosci (Non-Anemic NA).

AA n=47 NA n=66 AA vs. NA

$rednia + SD (Me) $rednia + SD (Me) Wartos¢ p
Wick (lata) 773+ 5,0 (78,0) 71,8+ 7,6 (71,0) <0,001
Masa ciata (kg) 74,7 12,7 (73.,0) 69,7+ 10,5 (67.,5) <0,001
Wysokos¢ ciata (cm) 167,3 £ 6,5 (168,0) 160,2 = 6,0 (159,0) <0,001
BMI (kg/m?) 26,6+ 3,6 (26,1) 273437271 0,765

Wyjasnienia skrotow: BMI wskaznik masy ciala, SD odchylenie standardowe, Me mediana.

1.2. Analizy laboratoryjne

Badania wykonano we krwi pobranej z zyly lokciowej przy uzyciu probowek S-
Monovette EDTA-K> (Sartedt, Austria) - do analizy morfologii oraz probowek S-Monovette
serum (Sartedt, Austria) - do oznaczen biochemicznych. Petng krew pobrang na antykoagulant
EDTA-K> przeznaczono do oznaczef natychmiast po pobraniu. Surowic¢ otrzymywano przez
10-minutowe wirowanie z predkoscig 3000 x g i przechowywano w temp. -80°C do czasu

wykonania oznaczen.

Do oceny parametrow krwi obwodowej, w tym: liczby krwinek biatych (neutrofili,
limfocytow 1 monocytéw) i1 krwinek czerwonych (ang. red blood cell, RBC), stezenia
hemoglobiny (ang. hemoglobin, Hb), warto$ci hematokrytu (ang. hematocrit, Hct), $redniej
objetosci krwinki czerwonej (ang. mean corpuscular volume, MCV), S$redniej masy
hemoglobiny w krwince czerwonej (ang. mean corpuscular hemoglobin, MCH), $redniego
stezenia hemoglobiny w krwince (ang. mean hemglobin concentration, MCHC) oraz liczby
ptytek krwi wykorzystano automatyczny 5 diffowy analizator Sysmex XN-1000 (Niemcy).
Stezenia zelaza i ferrytyny oznaczono za pomocg analizatora biochemicznego Biomaxima
BM200 (Polska). Stezenia transferyny (Tf) i1 erytropoetyny (EPO) oznaczono metoda
immunoenzymatyczng ELISA firmy SunRed Biotechnology Company (Chiny) z granica
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czutosci odpowiednio 0,05 mg/mL i 0,526 mU/mL. Procent wysycenia transferyny zelazem

(T£S) obliczono wedtug wzoru: TfS = (st¢zenie zelaza w surowicy/stezenie transferryny) x 100.

Trojglicerydy w surowicy (ang. triglycerides, TG), cholesterol catkowity (ang. fotal
cholesterol, TC), lipoproteiny o niskiej (ang. low density lipoprotein, LDL) 1 wysokiej gestosci
(ang. high density lipoprotein, HDL) oznaczono za pomoca analizatora biochemicznego
Biomaxima BM200 (Polska). Cholesterol nie-HDL obliczono wedlug wzoru: nie-HDL = TC -
HDL. Stezenie utlenionej formy LDL (oxLDL) oznaczono metoda immunoenzymatyczng
ELISA firmy SunRed Biotechnology Company (Chiny) z granicg wykrywalnosci 30,3 ng/mL.
Stezenia glukozy i bilirubiny zostaly oznaczone za pomoca analizatora biochemicznego

Biomaxima BM200 (Polska).

Stezenia biatka C-reaktywnego (ang. C-reactive protein, CRP), neopteryny (NPT) i
hepcydyny (HPC) oznaczono przy uzyciu testOw immunoenzymatycznych ELISA firmy DRG
International Inc. (USA) z granicg czutosci odpowiednio 0,001 mg/L, 0,7 nmol/L i 0,153
ng/mL. St¢zenia mediatoréw zapalenia: interleukina IL-1P, interleukina IL-6 i czynnik
martwicy nowotwordw TNFa (ang. tumour necrosis factor @), oznaczono przy uzyciu
zestawdw immunoenzymatycznych ELISA firmy SunRed Biotechnology Company (Chiny) z
granica czuloéci odpowiednio 0,028 ng/mL, 1,867 pg/mL i 2,782 ng/mL. Stezenia
jednojadrzastych komorek krwi obwodowej wykazujace ekspresje biatek powierzchniowych
CD34 1 CD38 okreslono za pomocg zestawow ELISA firmy SunRed Biotechnology Company
(Chiny) z granicg czutosci 0,167 ng/mL i 0,009 ng/mL.

1.3. Analiza statystyczna

Analize statystyczng wykonano z wykorzystaniem pakietu statystycznego RSystem
4.2.1 [R Core Team. R: A Language and Environment for Statistical Computing, R Foundation
for Statistical Computing. Vienna Austria; 2020; https://www.R-project.org]. Zatozenia do
zastosowania testow parametrycznych lub nieparametrycznych sprawdzono za pomocg testu
Shapiro-Wilka do oceny normalnosci rozktadow i Levene’a do oceny jednorodno$ci wariancji.
Do testowania istotno$ci pomigdzy grupami (AA vs. NA) zastosowano test t-Studenta. W
przypadku naruszenia zalozen normalnosci i jednorodnos$ci zastosowano nieparametryczny test
Manna-Whitneya. Optymalne warto$ci odcigcia zostalty wyznaczone na podstawie krzywych
ROC (ang. receiver operating characteristic curve) poprzez obliczenie wskaznika Youdena w
celu maksymalizacji r6znicy migdzy czulosécig a specyficznos$cig testu diagnostycznego. lloraz

szans OR (ang. odds ratio) obliczono za pomoca funkcji ilorazu szans z pakietu epitools w
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oprogramowaniu RSystem. Do badania zaleznos$ci migdzy wskaznikami hematologicznymi i
zapalnymi wykorzystano wspodtczynnik korelacji rang Spearmana (rs). Warto$ci zmiennych
przedstawiono jako warto$¢ $rednia = odchylenie standardowe (SD) i mediana (Me). Istotnos¢

statystyczng ustalono na poziomie p <0,05.

2. Wyniki badan

2.1. Charakterystyka badanej grupy

Badani z grupy AA byli istotnie starsi w poréwnaniu do grupy NA (Tabela 1). Ponadto,
w grupie AA liczba mezczyzn byta wyzsza (n=33) niz w grupie NA (n=18). Wartos¢ BMI w
calej badanej grupie wyniosta od 20,7 do 40,8 kg/m?. Okoto 55% uczestnikow badania miato
prawidlowg mase ciata (BMI 18,5-24,9 kg/m?), 29,2% sklasyfikowano jako osoby z nadwaga
(BMI 25,0-29,9 kg/m?), a 15,9% jako osoby otyte (BMI >30 kg/m?). Warto$¢ AUC wyliczona
dla wieku wyniosta 0,722 (czuto$¢ 62,1%, swoistos¢ 74,2%), co wskazuje na zadowalajaca
warto$¢ diagnostyczng — wieku pacjenta w rozréznianiu grupy AA od grupy NA. Iloraz szans
(OR) wynoszacy 4,712 oznacza, ze osoby w wieku >71,5 lat (warto$¢ odcigcia cut-off)
wykazuja 4,7 razy wicksze prawdopodobienstwo wystapienia niedokrwisto$ci w poréwnaniu

do <71,5 lat.

2.2. Analiza morfologii krwi obwodowej

Liczba biatych krwinek, neutrofili, limfocytow i monocytéw miescita si¢ w zakresach
wartosci referencyjnych i nie roznita si¢ istotnie miedzy grupami AA i NA (Tabela 2). Zgodnie
z kryterium niedokrwistosci wg Culletona i wsp. [2006], 42% badanych osob zaklasyfikowano
do grupy AA (kobiety Hb <13,0 g/dL, m¢zczyzni Hb <14,0 g/dL). Me¢zczyzni stanowili 70%
grupy AA, ale nie wykazano istotnych rdznic w stezeniach Hb mi¢dzy kobietami (13,36 + 0,84
g/dL) a mezczyznami (13,37 + 1,65 g/dL). W calej badanej grupie m¢zezyzni wykazywali
istotnie nizsze st¢zenia zelaza i transferyny (84,38 + 26,72 pg/dL i 2,75 £ 1,16 mg/dL) niz
kobiety (100,82 31,71 pg/dL 13,17 £ 1,99 mg/dL), podczas gdy stezenia ferrytyny nie rdznity
si¢ miedzy plciami. Stezenie Hb byto ujemnie skorelowane z IL-1f (1;=-0,581, p <0,0001), co
sugeruje oslabienie syntezy Hb w warunkach wysokiego stezenia prozapalnej cytokiny IL-1p.
W grupie AA parametry hematologiczne, jak RBC, MCV, MCH, RDV oraz st¢zenia zelaza i
ferrytyny byly istotnie nizsze w porownaniu do grupy NA, podczas gdy stezenia erytropoetyny
(EPO) 1 transferyny (Tf) miescily si¢ w zakresach wartos$ci referencyjnych, ale wykazywaty
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tendencj¢ do wyzszych wartoSci w grupie AA. Wysycenie transferyny zelazem u 26%
uczestnikow badania wyniosto TS <20% i bylo istotnie nizsze w grupie AA w poroéwnaniu do
NA. Stezenie ferrytyny u 20% badanych <10-15 ng/mL, co wyraznie wskazuje na obnizenie
zasobow zelaza w ustroju.

Tabela 2. Wartosci parametréw hematologicznych w grupie z niedokrwisto$cia (Anemic AA) i bez
niedokrwistosci (Non-anemic NA).

AA n=47

NA n=66

WartoSci AAvs. NA
referencyjne $rednia = SD (Me) $rednia = SD (Me) Wartos¢ p
WBC (10¥/uL 4,0-10.2 6,37+2,12 (5,67 6,25+ 1,72 (6,08) 0,937
u
Neutrofile (10¥/uL 2,069 414+ 1,87 (3,90 3,59+ 1,44 (3,29) 0,052
u
Limfocyty (10%/uL. 0.6-3,4 1,80 + 0,77 (1,66 1,89+ 0,63 (1,84) 0,207
yty (10
Monocyty (10/uL 0,00-0,90 0.44+0,19 (0,42 0,56+ 0,29 (0,51) 0,055
yty (10
RBC (105/uL) 15[1’2:552 420+ 0,39 (4,24) 4,69 + 0,53 (4,64) <0,001
Hb (¢/dL) o ieen 12,50 = 0,98 (12,70) 1426 + 0,90 (14,05) <0,001
Het [%] N 36,25 + 3,56 (37,0) 42,58 + 2,87 (42,25) <0,001
MCV (fL) 82-92 86,42 + 6,30 (88,00) 91,30 4,99 (91,95) <0,001
MCH (pg) 27-33 29,81 + 1,56 (29,80) 30,58 + 1,61 (30,75) <0,001
MCHC (g/dL 32-36 34,61 + 1,93 (33,70 33,52+ 1,16 (33,35) 0,015
g
RDWY% 11,5-14,5 14,56 + 2,44 (14,30) 14,75 + 0,98 (14,85) <0,001
Phytki krwi (10%/uL. 140-420 219+ 56 (211 229+ 57 (226) 0417
y
MPV (fL) 7,5-10,5 8,85+ 1,77 (9,10) 7,26+ 1,16 (7,11) <0,001
Zelazo (ug/dL) iié;jiig 782242476 (7620) 10421 +30,27 (101,60) <0,001
Ferrytyna (ng/mL) pag 16,04 + 21,82 (8,60) 38,27+ 4491 (23,43) <0,001
Tf (mg/dL 200-400 393 + 184 (306 302 4 99 (298) 0,096
g
TiS% 20-50 2340+ 1124 21,14) 37,09 15,90 (37,07) <0,001
EPO (mU/mL) 4329 12,77+ 432 (11,02) 8,05 + 3,04 (7,24) 0.197

Wyjasnienia skrétow: WBC liczba biatych krwinek, RBC liczba krwinek czerwonych, Hb hemoglobina, Hct
hematokryt, MCV $rednia objetos¢ krwinki czerwonej, MCH $rednia masa hemoglobiny w krwince czerwonej,
MCHC $rednie stgzenie hemoglobiny w krwince czerwonej, RDW% rozpigtos¢ rozktadu objetosci erytrocytow,
MPV S$rednia objetos¢ ptytki krwi, Tf transferyna, TfS% procent wysycenia (saturacja) transferryny zelazem,
EPO erytropoetyna, K kobiety, M me¢zczyzni, SD odchylenie standardowe, Me mediana
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2.3. Wskazniki biochemiczne

Cholesterol catkowity (TC) i lipoproteiny sa waznymi markerami starzenia, poniewaz
istotnie koreluja ze wspoiczynnikami chorobowos$ci na choroby sercowo-naczyniowe i
Smiertelnoscig [Wagner i wsp. 2016]. Wysokie stezenia TC >200 mg/dL, LDL >130 mg/dL 1
nie-HDL >130 mg/dL wykazano u 63%, podczas gdy wysokie stezenia TG >150 mg/dL
stwierdzono u 23% uczestnikow badania. St¢zenia lipoprotein HDL byly istotnie nizsze w
grupie AA niz w grupie NA (Tabela 3). Niektorzy uczestnicy (n=9) wykazywali podwyzszone
stezenie glukozy >115 mg/dL pomimo braku wczes$niej rozpoznanej cukrzycy. Stezenie
bilirubiny w surowicy, ktora jest markerem rozpadu czerwonych krwinek [Boland i wsp. 20141,
byto w granicach warto$ci referencyjnych <0,1 mg/dL. Jednak w grupie AA stezenie bilirubiny
byto dwukrotnie wyzsze niz w grupie NA, co wskazuje na zwigkszony rozpad krwinek
czerwonych w grupie AA w odpowiedzi na stan zapalny (Tabela 4).

Tabela 3. Porownanie wskaznikéw biochemicznych: profilu lipidowo-lipoproteinowego, glukozy i bilirubiny
miedzy grupa z niedokrwistoscia (Anemic AA) i bez niedokrwistosci (Non-anemic NA).

Wartosci AAn=47 NA n=66 AAvs. NA

referencyjne Srednia + SD (Me) Srednia + SD (Me) Wartos¢ p
TG (mg/dL) <150 114,43 £ 36,69 (117,40) 143,78 + 31,77 (139,23) <0,001
TC (mg/dL) <200 194,80 + 48,87 (187,96) 228,90 + 38,67 (228,70) <0,001
LDL (mg/dL) <130 91,37 + 35,93 (90,58) 87,89 + 30,84 (89,05) 0,864
oxLDL (mg/dL) - 0,031 + 0,034 (0,016) 0,038 + 0,041 (0,014) 0,822
HDL (mg/dL) >60 61,25 + 13,74 (60,70) 71,48 + 19,49 (69,59) <0,001
nie-HDL (mg/dL) <130 133,56 +45,62 (125,16) 157,42 + 43,37 (160,04) <0,001
Glukoza (mg/dL) 60-115 94,44 + 28,17 (86,50) 93,33 + 20,61 (93,40) <0,001
Bilirubina (mg/dL) <1,0 0,24 +0,18 (0,22) 0,12 +0,13 (0,07) <0,001

Wyjasnienia skrotow: TG trojglicerydy, TC cholesterol calkowity, LDL lipoproteiny o niskiej gestosci, oxLDL
utlenione lipoproteiny o niskiej gestosci, HDL lipoproteiny o wysokiej gestosci, SD odchylenie standardowe,
Me mediana.

2.4. Wskazniki zapalenia

Pomiar st¢zenia biatka C-reaktywnego (CRP) jest stosowany w wigkszo$ci badan jako
wskaznik uogolnionego stanu zapalnego, ze wzgledu na stabilno$¢ i fatwo$¢ pomiaru. W
przeprowadzonym badaniu stezenie CRP wyniosto >3 mg/L u 43% pacjentow, potwierdzajac
obecno$¢ subklinicznego stanu zapalnego zgodnie z warto$ciami referencyjnymi dla osob

starszych opisanymi przez Wyczatkowska-Tomasik i wsp. [2016]. Podobnie, wysokie stezenie
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NPT >10 nmol/L zaobserwowano u 40% badanych pacjentow, ale dla markerow zapalenia
CRP i NPT nie wykazano istotnych r6znic mi¢dzy grupami AA i NA (Tabela 4). Stezenie
hepcydyny (HPC) bylo 2,5-krotnie wyzsze w grupie AA niz w NA. Stezenie HPC bylo ponad
2-krotnie wyzsze u mezczyzn (16,79 £ 16,08 ng/mL) w poréwnaniu do kobiet (7,00 + 6,99
ng/mL), co doprowadzilo do spadku stezenia zelaza w meskiej grupie. Podobnie do HPC,

wysokie stezenia cytokin IL-1f, IL-6 i TNFa stwierdzono w grupie AA (Tabela 4).

Tabela 4. Porownanie wskaznikow zapalnych migdzy grupa z niedokrwistoscia (Anemic AA) i bez
niedokrwistosci (Non-anemic NA).

Anemic AA Non-anemic NA

n=47 n =66 AA vs. NA

$rednia + SD (Me) $rednia + SD (Me) Wartos¢ p
CRP (mg/L) 3,12+2,34 (3,12) 2,92 +2,29 (2,54) 0,843
NPT (nmol/L) 23,16 + 11,30 (22,88) 19,95 £ 5,86 (19,95) 0,205
HPC (ng/mL) 16,84 + 13,88 (15,60) 6,42 + 3,29 (6,08) <0,001
IL-1pB (ng/mL) 11,69 + 9,83 (8,19) 2,55+3,64 (1,21) <0,001
IL-6 (pg/mL) 97,22 + 68,28 (75,78) 74,98 + 27,27 (74,72) 0,195
TNFa (ng/mL) 121,50 + 69,82 (112,00) 85,65 + 59,64 (82,41) <0,001

Wyjasnienia skrotow: CRP biatko C-reaktywne, NPT neopteryna, HPC hepcydyna, IL-1p interleukina 1f, IL-6
interleukina 6, TNFa czynnik martwicy nowotworow o, SD odchylenie standardowe, Me mediana.

Analiza krzywych ROC 1 ilorazu szans OR dla wskaznikéw zapalenia HPC 1 IL-13
ujawnila ich wysoka warto$¢ diagnostyczng u pacjentdéw z niedokrwisto$cia zwigzang z
wiekiem (Tabela 5). Najwyzszg wartos¢ AUC wérdd oznaczanych wskaznikéw wykazywata
IL-1B (AUC=0,922, OR=72,374, 95%CI 19,688-354,366). Wysoka warto$¢ czutosci (87,9%) i
swoistosci (91,5%) testu dla IL-1p wskazuje na matg liczb¢ wynikow fatszywie dodatnich 1
falszywie ujemnych podczas procedury diagnostycznej. Natomiast analiza st¢zenia cytokiny
IL-6, nazywanej "cytoking gerontologéw" [Minciullo i wsp. 2016], ujawnita niskg przydatnosé¢
w rozrdéznianiu pacjentow z niedokrwistoscig od pacjentow bez niedokrwistosci (AUC=0,523,
czutos¢ 62,2%, swoistos¢ 51,1%, OR=1,939, 95%CI 0,848-4,489) w poréwnaniu z IL-10 1
TNFa (Tabela 5). W przypadku HPC, wartos¢ AUC okreslono jako zadowalajaca w
testowanym modelu porownujac grupe AA do grupy NA (AUC=0,735, czulos¢ 84,8%,
swoistos¢ 59,6%, OR=8,069, 95%CIl 3,131-22,397), co wskazuje na potencjalng przydatnos¢

diagnostyczng hepcydyny w rozpoznawaniu niedokrwisto$ciag o podtozu zapalnym.
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Tabela 5. Charakterystyka statystyczna krzywych ROC (ang. receiver operating characteristic curve) dla
wskaznikéw hematologicznych i zapalnych oraz iloraz szans OR (ang. odds ratio) dla wskazan ustalonych na
podstawie wartosci odciecia (cut-off) (n=113).

Wartos¢
AUC odciecia Czulosé (%) Swoistos¢ (%) OR 95%CI1
cut-off

Zelazo (ug/dL) 0,745 88,6 68,2 72,3 5,510 2,292-13,937
Ferrytyna (ng/mL) 0,652 16,4 60,6 74,5 4,424 1,845-11,193
Tf (mg/mL) 0,622 32 78,4 48,9 3,422 1,208-10,546
TfS (mg/dL) 0,756 32,5 62,2 83,0 7,76 2,64-25,23
EPO (mU/mL) 0,583 8,48 59,1 48,9 0,725 0,318-1,643
HPC (ng/mL) 0,735 9.4 84,8 59,6 8,069 3,131-22,397
IL-1pB (ng/mL) 0,922 53 87,9 91,5 72,374 19,688-354,366
IL-6 (pg/mL) 0,523 75,5 65,2 51,1 1,939 0,848-4,489
TNFa (ng/mL) 0,685 97,7 74,2 66,0 5,488 2,292-13,741

Wyjasnienia skrotow: Tf transferyna, TfS% procent wysycenia transferyny zelazem, EPO erytropoetyna,
HPC hepcydyna, IL-1f interleukina 1B, IL-6 interleukina 6, TNFa czynnik martwicy nowotworoéw a, AUC pole
pod krzywa ROC, OR iloraz szans, Cl przedziat ufnosci.

2.5. Komoérki jednojadrzaste krwi obwodowej

Stezenia komorek jednojadrzastych krwi obwodowej CD34 1 CD38 byly istotnie wyzsze
w grupie AA (23,40 + 14,63 ng/mL 1 1,73 £ 0,83 ng/mL) niz w grupie NA (17,81 + 10,57 ng/mL
i 1,37 £ 0,74 ng/mL) (Rycina 2). Prawdopodobnie komorki z ekspresja CD34 i CD38
uczestnicza w mechanizmie kompensacyjnym w niedokrwistos$ci zwigzanej z wiekiem. Dla
antygenow CD34 i CD38, warto$¢ AUC zostata okreslona jako niedostateczna w testowanym
modelu (CD34: AUC=0,600, czutos¢ 76,8%, swoistos¢ 50,0%; CD38: AUC=0,657, czutos¢
76,8%, swoisto$¢ 57,8%), co potwierdza niska przydatnos¢ diagnostyczng w rozrdznianiu

pacjentéw z niedokrwisto$cig od pacjentow bez niedokrwistosci.
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Test Manna-Whitney'a, p =0.010
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Rycina 2. Stgzenia komorek jednojadrzastych krwi obwodowej z ekspresja antygenéw CD34 (A) i CD38 (B) w
grupach: z niedokrwisto$cia (Anemic AA) i bez niedokrwisto$ci (Non-Anemic NA).
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IV. Praca przegladowa

Publikacja 2; Wacka E, Nicikowski J, Jarmuzek P, Zembron-Lacny A. Anemia and its
connections to inflammation in older adults: A review. J Clin Med 2024; 13: 1-22.
doi: 10.3390/jcm13072049.

Starzenie si¢ uktadu immunologicznego skutkuje nasileniem zapalenia (ang.
inflammaging), co zwigksza podatno$¢ na choroby zakazne i infekcyjne powiktania urazéw
oraz zachorowalno$¢ na choroby niezakazne, w tym niedokrwisto$¢ [ Tylutka i Zembron-Lacny
2020]. Z przeprowadzonego przegladu 34 badan wynika, Ze czgsto$¢ wystgpowania
niedokrwisto$ci w wieku > 65 lat wynosi §rednio 12% u oséb mieszkajacych samodzielnie
(poza placoéwkami opiekunczymi), 40% u hospitalizowanych pacjentow i 47% u mieszkancéw
domoéw opieki [Gaskell 1 wsp. 2008], przy $redniej czgstosci wynoszacej 17% w ogdlnej
populacji [Bach i wsp. 2014]. Dane z badan populacyjnych pokazaty, ze czgstos¢ wystgpowania
niedokrwisto$ci wzrasta z wiekiem (Tabela 6). W populacji 0sob w wieku 65-79 lat czgstosé
wystepowania niedokrwisto$ci wynosi okoto 17,3%, natomiast u 0s6b w wieku 80 lat i wigcej
wzrasta do 31,4%. Ponadto, niedokrwisto$¢ wystepuje czesciej u megzczyzn niz u kobiet. Na
podstawie wynikow badania EMPIRE stwierdzono, ze cz¢sto$¢ wystepowania niedokrwistosci
wynosi 22,2% u mezczyzn 1 19,9% u kobiet. Podobne wyniki uzyskano w badaniach
przeprowadzonych w Stanach Zjednoczonych, Wtoszech i Hiszpanii. Przeprowadzone badania
epidemiologiczne jednoznacznie pokazuja, ze niedokrwisto$¢ jest powaznym problemem
zdrowotnym w$rod osob starszych i wymaga szczegdlnej uwagi zardwno ze strony naukowcow,

jak 1 klinicystow.

Tabela 6. Badania dotyczace czgstosci wystgpowania niedokrwistosci w roznych populacjach.

Badanie/Autorzy Kraj Wyniki PiSmiennictwo

= wyzsza cz¢stos¢ wystgpowania niedokrwistosci u
mezczyzn niz u kobiet (odpowiednio 22.2% vs. 19.9%)
EMPIRE Portugalia = czgsto$¢ wystepowania niedokrwistosci wzrastata z
wiekiem osiagajac 17,3% w grupie wiekowej 65-79 lat
oraz 31,4% u os6b w wieku 80 lat i wigcej

[Robalo Nunes i
wsp. 2017]

= stopniowy wzrost czgstosci wystgpowania
Third US National nifadokrwistoéci wraz z Wiel’qem u uczestni.kéw badgnia w
oo wieku >65 lat, gdzie czgsto§¢ wystgpowania wynosita
Health and Nutrition N o .
o . USA 13% w podgrupie wickowej 75-84 lata oraz 23% w

Examination Survey d ic wickowei >85 lat

NHANES III) podgrupie wiekowey =¢> fat - - 5
( = niedokrwisto$¢ wystgpowala czesciej u me¢zczyzn niz u

kobiet

[Guralnik i wsp.
2004]

» niedokrwisto$¢ wystgpowata u 62% mezczyzn w wieku
>65 lat w porownaniu do 44,1% w grupie ponizej 65 roku
zycia

Zaninetti i wsp. Wiochy = podobne obserwacja dotycza kobiet, gdzie odsetek kobiet
z niedokrwisto$cig w wieku >65 lat wynosit 60,1% w
poréwnaniu do 53,5% odnotowanych u kobiet ponizej 65
roku zycia

[Zaninetti i wsp.
2018]
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= czgsto$¢ wystepowania niedokrwistosci zalezata od
rodzaju interwencji chirurgicznej, wahajac si¢ od 14% w  [Mufioz i wsp.
przypadku operacji prostaty, do 61% w przypadkach 2017]
operacji raka jelita grubego

Muiioz i wsp. Hiszpania

Liczba krwinek czerwonych na obwodzie zalezy od zdolno$ci proliferacyjnych
komorek prekursorowych linii czerwonokrwinkowej w szpiku kostnym, oddziatywania
czynnikow stymulujacych erytropoezg, dostgpnosci substancji niezbgdnych w przebiegu
erytropoezy oraz czasu przezycia erytrocytow [Maccio i Madeddu 2012]. Kazdy z tych
proceséw moze zosta¢ zaburzony przez przewlekly stan zapalny. Utrzymujace si¢ wysokie
stezenia mediatorow zapalenia IL-1B, IL-6 i TNFa prowadza do zahamowania syntezy
erytropoetyny (EPO) oraz do zmniejszenia liczby receptorow dla EPO (EPOR) na
erytroblastycznych komodrkach progenitorowych, a takze opornosci na EPO [van der Putten 1
wsp. 2008; Zivot 1 wsp. 2018]. Zjawisko to zaobserwowano u dializowanych pacjentéw z
przewlekla chorobg nerek, u ktorych stezenie CRP powyzej 3,2 mg/dL wiazato si¢ ze znaczaco
wyzszym zapotrzebowaniem na dawki EPO [Bradbury i wsp. 2008].

Zapalenie powoduje tzw. funkcjonalny niedobdr zelaza, charakteryzujacy si¢
obnizonym st¢zeniem we krwi i zmniejszong zdolnoscig jego wigzania oraz normalnym lub
podwyzszonym stezeniem ferrytyny. W funkcjonalnym niedoborze zapasy zelaza w organizmie
sa znaczne, ale jego dostgpno$¢ dla produkcji erytrocytow jest ograniczona z powodu
,2uwigzienia” w makrofagach 1 komorkach watroby. W warunkach fizjologicznych,
zmniejszona dostepnos¢ Zelaza jest uznawana za mechanizm obronny, ktory utrudnia rozwoj
drobnoustrojow chorobotworczych. W ostrych zakazeniach (i ostrym zapaleniu) zjawisko jest
pozytywne dla organizmu, jednak w przypadku przewleklego zapalenia prowadzi do
niedokrwistosci. W takich sytuacjach wytwarzanie hepcydyny (HPC) w komoérkach watroby i
jej stezenie na obwodzie determinuje zarowno wchlanianie Zelaza, jak i jego dystrybucje w
tkankach [Nemeth 1 Ganz 2009; Park i wsp. 2001]. HPC faczac si¢ na powierzchni komorek z
ferroportyna, wyzwala jej fosforylacje i internalizacj¢. Po usunigciu ferroportyny z btony
komoérkowej do pecherzykoéw endosomalnych, dochodzi do jej degradacji. Inaktywacja
ferroportyny na boczno-podstawnej powierzchni enterocytéw doprowadza do zatrzymywania
zelaza w komorkach 1 jego usunigcia wraz ze zluszczajagcym si¢ nablonkiem jelitowym.
Inaktywacja ferroportyny ponadto uposledza mobilizacj¢ zZelaza z zapasow uktadu
siateczkowo-§rodbtonkowego. Zmniejsza si¢ podaz zelaza do krazenia, dochodzi do niedoboru
zelaza 1 rozwoju niedokrwisto$ci [Weiss 1 wsp. 2019]. Badania na hodowlach ludzkich

hepatocytow potwierdzity, ze zapalenie stymuluje wytwarzanie hepcydyny [Nemeth i wsp.
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2003]. Zaobserwowano u zdrowych osob, ze podanie IL-6 lub lipopolisacharydu (LPS)
wywoluje we krwi siedmiokrotny wzrost stezenia HPC 1 jednoczesne obnizenie stezenia zelaza
w ciggu kilku godzin. HPC hamuje uwalnianie zelaza z makrofagdw i powoduje wzrost st¢zenia
ferrytyny, co w efekcie doprowadza do kumulacji Zzelaza w makrofagach i ograniczenia jego
dostepnosci dla erytropoezy [Fraenkel 2017; Tilg i wsp. 2002].

W wielu publikacjach wykazano przydatno$¢ diagnostyczng oznaczania st¢zenia HPC
wsrdd pacjentdow w podesztym wieku, szczegolnie w odroéznieniu niedokrwisto$ci zwigzanej z
niedoborem zelaza od niedokrwisto$ci choréb przewlektych (ang. anemia of chronic diseases).
Obecnie uwaza si¢, ze za niedokrwisto$¢ chordob przewlektych odpowiedzialna jest glownie
HPC, a jej wysokie stezenia we krwi 1 moczu sg obserwowane w infekcjach i nowotworach.
Jednak wprowadzenie HPC do standardowej diagnostyki niedokrwisto$ci wymaga wielu badan
m.in. z uwagi na wieloczynnikowos¢ procesu chorobowego [Busti i wsp. 2014].

Cytokiny prozapalne, poza wplywem na metabolizm Zelaza, skracaja czas zycia
dojrzatych erytrocytéw [Weiss i Goodnough 2005]. Badania na modelach mysich pokazaly, ze
interferon-y (IFN-y) i interleukina 4 (IL-4), pelnig kluczowa role w tym procesie, indukujac
fagocytoze erytrocytow przez makrofagi [Milner i wsp. 2010; Orsini i wsp. 2019]. Inkubacja
krwinek czerwonych pochodzacych od zdrowych dawcoéw z osoczem pacjentdéw w stanie
wstrzasu septycznego, u ktorych stwierdza si¢ wysokie stezenia krazacych cytokin
prozapalnych, powodowata w btonach erytrocytarnych hydrolize fosfatydylocholiny do
lizofosfatydylocholiny oraz translokacje fosfatydyloseryny do monowartswy zewngtrznej, co
prowadzi do skrocenia przezycia erytrocytow wskutek erytrofagocytozy i hemolizy [Dinkla i
wsp. 2016].

Stres oksydacyjny zwigzany z generacja reaktywnych form tlenu (ang. reactive oxygen
species, ROS) i1 zapaleniem redukuje czas przezycia krwinek czerwonych poprzez eryptozg -
proces, ktory jest analogiczny do apoptozy obserwowanej w komoérkach jadrzastych [Lang i
wsp. 2005]. Konsekwencje modyfikacji wywotanych stresem oksydacyjnym obejmuja
naruszenie struktury btony i szkieletu blonowego, obnizenie opornosci osmotycznej i
odksztatcalnosci krwinki czerwonej [Chaudhary i Katharia 2012]. Zmniejszona oporno$¢
osmotyczna ostabia tolerancj¢ na warunki panujagce w naczyniach krwiono$nych, takie jak
zmiany stezen jonow Na' i K, ci$nienia osmotycznego, zmiany pH krwi, a takze obcigzenie
mechaniczne 1 tarcie, ktorym sa poddawane erytrocyty podczas przeptywu przez waskie
naczynia wlosowate. Prowadzi do zaklocenia réwnowagi miedzy produkcja a eliminacja
erytrocytow, co skutkuje rozwinigciem, a pozniej poglebianiem niedokrwistosci (Rycina 3)

[Ammendolia i wsp. 2021; Huisjes i wsp. 2018; Orrico i wsp. 2023].
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Rycina 3. Mechanizmy rozwoju niedokrwistosci chorob przewlektych.

Niedokrwisto$¢ u oséb starszych czgsto wynika z wieloczynnikowych zaburzen,
obejmujacych obecno$¢ stanu zapalnego w przebiegu choréb przewlektych, niedobory
sktadnikéw pokarmowych, a takze wptyw lekow i interwencji medycznych (Tabela 7). Stwarza

to konieczno$¢ zindywidualizowanego podejscia do diagnostyki i terapii.

Tabela 7. Rozpoznania, ktére moga prowadzi¢ do rozwoju niedokrwistosci u osob starszych.

Grupa choréb Przyklady

Infekcje uktadu oddechowego
Infekcyjne zapalenie wsierdzia

Choroby infekcyjne Przewlekte zakazenie uktadu moczowego
Przewlekte zakazenia grzybicze
Choroby nerck Przewlekta choroba nerek

Niewydolno$¢ nerek

Przewlekta obturacyjna choroba phuc
Choroby uktadu oddechowego i krazenia Przewlekta niewydolno$¢ serca
Miazdzyca

Reumatoidalne zapalenie stawow
Goraczka reumatyczna

Zapalenia naczyn

Sarkoidoza

Zespoty mielodysplastyczne

Anemia aplastyczna

Choroby nowotworowe Hematologiczne nowotwory zlosliwe, chloniaki, guzy lite

Choroby autoimmunologiczne

Choroby hematologiczne
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Zesp6t metaboliczny
Nadwaga i otylos¢
Sarkopenia
Kacheksja
Niedozywienie
Zapalenie przetyku, zapalenie zotadka i jelit, choroba wrzodowa,
wrzodziejace zapalenie jelita grubego, krwawienia z przewodu
pokarmowego
Choroby gastroenterologiczne Zespot ztego wcehtaniania jelitowego
Celiakia
Zakazenie Helicobacter pylori, Clostridioides difficile
Dysbioza
Witamina B12, kwas foliowy, witamina D
Niedobory sktadnikow pokarmowych Aminokwasy
Zelazo, cynk, selen, miedz
Antybiotyki
Niesteroidowe leki przeciwzapalne (NLPZ)
Inhibitory pompy protonowej (IPP)
Chemioterapia
Radioterapia
Polipragmazja

Choroby endokrynologiczne i
metaboliczne

Wplyw lekow i interwencji medycznych

Postepujace pogarszanie si¢ funkcji szpiku kostnego, nerek i watroby z wiekiem
przyczynia si¢ do rozwoju niedokrwistosci i obejmuje zmiany makroskopowe - glownie
zmniejszenie masy narzadow oraz mikroskopowe zmiany patologiczne w tkankach i
komorkach, takie jak miazdzyca naczyn wlosowatych, zanik, widknienie i odktadanie kolagenu
[Bolignano i wsp. 2014; Hirota i wsp. 1988; Ogawa i wsp. 2000; O’Sullivan i wsp. 2017; Zhao
1 wsp. 2022]. Z uptywem lat szpik kostny stopniowo ulega transformacji z czerwonego,
petniacego funkcje krwiotworcze, na zotty, ktory jest nieaktywny pod wzgledem hematopoezy
[Kovtonyuk i wsp. 2016].

W miar¢ postgpu starzenia organizmu dochodzi do uposledzenia procesow
samoodnowy, réznicowania, proliferacji 1 dojrzewania komoérek bioracych udziat w
hematopoezie. Wykazano, ze zmiany w mechanizmach epigenetycznych, niestabilno$¢
genetyczna, skracanie telomeréw i zmiany aktywnosci biatka p53, wplywaja na starzenie si¢
komorek [Ou i Schumacher 2018; Walsh i wsp. 2022]. Nasilenie mutacji somatycznych
powoduje wzrost klonalnej hematopoezy o nieokre§lonym potencjale (ang. clonal
hematopoiesis of indeterminate potential, CHIP) u $rednio 25% populacji powyzej 65 roku
zycia, a jej czegstos¢ zwigksza si¢ wraz z wiekiem. Prowadzi to do zwigkszonego ryzyka
rozwoju choréb przewlektych typowych dla starszego wieku, chor6b mieloproliferacyjnych
oraz zwigkszonej §miertelnosci [Jaiswal i Ebert 2019].

Funkcjonowanie nefronéw pogarsza si¢ z uptywem lat, co objawia si¢ obnizeniem
wskaznika filtracji klgbuszkowej (GFR) w starzejacej si¢ populacji. Waas i wsp. [2021]

zaobserwowali spadek szacowanej GFR (eGFR) o 1 mL/min/m? rocznie od trzeciej dekady
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zycia. Zwigkszenie stadium zaawansowania przewleklej choroby nerek (ang. chronic kidney
disease, CKD) wigze si¢ z nasileniem zapalenia i stresu oksydacyjnego. W badaniu
epidemiologicznym przeprowadzonym przez Kovesdy i1 wsp. [2023] stwierdzono, ze
niedokrwisto$¢ wystepuje u 25,3% osob z CKD w stadiach 3-5 (eGFR <60 mL/min/1,73 m?)
oraz rozwija si¢ czgsciej u pacjentow w wieku >75 lat, u ktorych stwierdzono réwniez korelacje
wieku ze stezeniem Hb. Wedtug Stauffera i wsp. [2014] niedokrwisto$¢ wystepuje dwukrotnie
czesciej u 0os6b z CKD niz w populacji ogolnej (odpowiednio 15,4% vs. 7,6%).

Warto rowniez zwrdci¢ uwage na hormonalne zmiany zwigzane z wiekiem, takie jak
zmniejszenie st¢zen hormonu wzrostu, estrogendéw i testosteronu, ktére w istotny sposob
oddziatuja na hematopoezg. Ich wpltyw jest zwigzany z regulacja wydzielania EPO [Price
2008]. Wykazano, ze zaro6wno u mezczyzn, jak i1 kobiet, obnizenie stezenia testosteronu
prowadzi do zmniejszenia masy erytrocytarnej [Ferrucci i wsp. 2006]. U m¢zczyzn ten sam
efekt jest wywotany rowniez przez redukcj¢ stezenia estradiolu [Lewerin i1 wsp. 2014].
Obnizone wytwarzanie estrogenéw 1 testosteronu w okresie menopauzy i andropauzy jest
zwigzane ze wzrostem st¢zenia mediatorow zapalenia i stresu oksydacyjnego, co przyczynia
si¢ do rozwoju przwleklego zapalenia o niskim nat¢zeniu [Maggio i wsp. 2006]. W ubieglym
wieku androgeny byly stosowane w farmakoterapii niedokrwisto$ci wywotanej CKD [Doane i
wsp. 1975; Shaldon i wsp. 1971], ale od lat 90-tych zostaly zastgpione ludzka rekombinowang
erytropoetyng (thEPO).

U pacjentow w podesztym wieku z cukrzyca (ang. diabetes mellitus, DM) typu 2
niedokrwisto$¢ wystepuje czesciej niz u pacjentow bez DM w podobnym wieku. Gtowna
przyczyna jest stopniowe pogarszanie si¢ funkcji nerek, co prowadzi do redukcji wytwarzania
EPO. Niemniej jednak, niedokrwisto$¢ wystepuje rowniez u pacjentow z DM, ktdrzy maja
prawidtowa lub jedynie nieznacznie obnizong filtracje nerkowa. Moze to by¢ w duzym stopniu
spowodowane przewlekltym stresem oksydacyjnym towarzyszacym DM. Chen i wsp. [2011]
zaobserwowali, ze u pacjentow z DM typu 2 stezenia HPC, ferrytyny i IL-6 w osoczu sg wyzsze
niz u oso6b zdrowych. U me¢zczyzn cukrzyca moze prowadzi¢ do rozwoju hipogonadyzmu
hipogonadotropowego, co jest w znacznym stopniu determinowane zmniejszeniem wydzielania
testosteronu i przewlekltym stanem zapalnym. Badania przeprowadzone na modelach mysich
dowodza, ze testosteron hamuje na wydzielanie HPC i stymuluje wzrost stezenia krazacej EPO
[Guo 1 wsp. 2013], co wyjasnia interakcje¢ migdzy hormonami steroidowymi a zapaleniem w

kontekscie cukrzycy i niedokrwistosci.
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Niedokrwisto$¢ stanowi istotny czynnik pogorszenia wydolnosci fizycznej, szczegdlnie
w populacji geriatrycznej. Hemoglobina, odgrywajaca kluczowa role w transporcie tlenu z
pecherzykow ptucnych do tkanek obwodowych, jest niezbednym elementem utrzymania
homeostazy metabolicznej, zwlaszcza w warunkach zwigkszonego zapotrzebowania na tlen
podczas wysitku fizycznego. Deficyt hemoglobiny skutkuje uposledzeniem oksygenacji
tkanek, prowadzac do metabolicznej dysfunkcji i zmniejszenia wydolno$ci aerobowej migsni
[Penninx i wsp. 2003]. Stezenie hemoglobiny jest skorelowane z maksymalnym poborem tlenu
(VOomax), ktory stanowi podstawowy wskaznik oceny wydolnosci aerobowej organizmu
[Saunders i wsp. 2013]. W populacji os6b starszych z niedokrwistoscia, obnizenie VO>max
przejawia si¢ pogorszeniem tolerancji wysitku, manifestujagcym si¢ subiektywnym uczuciem
szybszego zmeczenia nawet podczas realizacji podstawowych aktywnos$ci zycia codziennego,
takich jak poruszanie si¢ czy wykonywanie czynno$ci domowych [Gregg 1 wsp. 1989; Otto i
wsp. 2013; Webb i wsp. 2023]. Obnizenie wydolnosci fizycznej przyczynia si¢ do redukcji
codziennej aktywnosci fizycznej przez osoby starsze, co w konsekwencji prowadzi do
zmniejszenia masy 1 sity mie$niowej, rozwoju zespotu kruchos$ci (ang. frailty syndrome),

wzrostu ryzyka upadkow i powiktan zwigzanych z unieruchomieniem.

Przewlekta hipoksemia wywotana niskim st¢zeniem hemoglobiny takze zwigksza
ryzyko rozwoju powiklan sercowo-naczyniowych i przyspiesza progresj¢ innych schorzen
wspolistniejacych, istotnie wptywajac na dlugos¢ i jakos¢ zycia pacjentéw [Aguirre i Villareal
2015; Buliga-Finis i wsp. 2023; Larsson i wsp. 2019]. Natomiast przewlekte niedotlenienie
mozgu wynikajace z niedokrwistosci prowadzi do zwigkszonej produkcji reaktywnych form
tlenu (ROS), ktore wywotuja stres oksydacyjny w komoérkach nerwowych, co z kolei zaburza
funkcjonowanie mitochondriow, redukcja syntezy ATP i upo$ledzeniem mechanizmoéw
transportu aksoplazmatycznego. W rezultacie dochodzi do uszkodzen neuronow, zwtaszcza w
strukturach mozgowia szczeg6élnie wrazliwych na niedobory tlenu, takich jak hipokamp czy
kora przedczotowa, co prowadzi do obnizenia zdolnosci koncentracji, pamigci 1 funkcji
wykonawczych [Clemente-Sudrez i wsp. 2023; Hare 2004; Merelli i wsp. 2021]. Ponadto,
uczucie ostabienia i chronicznego zmeczenia towarzyszace niedokrwistosci przyczynia si¢ do
zmniejszenia zdolno$ci do podejmowania aktywnosci zycia codziennego, izolacji spotecznej

oraz obnizenia jakoS$ci zycia [Falk 1 wsp. 2006; Rakib i wsp. 2005].

Kliniczne konsekwencje niedokrwisto$ci nie ograniczajg si¢ jedynie do zwigkszenia
ryzyka zaburzen funkcjonalnych, ale obejmujg rowniez wzrost ryzyka hospitalizacji i czgstsze

interwencje medyczne. Starsi pacjenci z niedokrwistoscig czesciej doswiadczaja zaostrzen

-33 -



chorob przewleklych, takich jak niewydolnos$¢ serca, przewlekta choroba nerek, czy choroby
nowotworowe, co przeklada si¢ na wigksza liczbe 1 dlugo$¢ hospitalizacji. Zaburzona
homeostaza metaboliczna oraz ostabienie ogdlnoustrojowe przyczyniaja si¢ do dluzszego czasu
rekonwalescencji oraz wigkszego ryzyka powiktan podczas leczenia szpitalnego [Fougere i
wsp. 2024; Luthi 1 wsp. 2006]. Dane z badan wskazuja, ze ogolne rokowanie i1 jako$¢ zycia
pacjentéw ulega poprawie dzigki skutecznemu leczeniu niedokrwisto$ci u pacjentow z
przewlekta niewydolno$cig serca i schytkowa niewydolnos$cig nerek [Collins i wsp. 2000;
Silverberg 1 wsp. 2000]. Postgpowanie terapeutyczne w grupie osob starszych z
niedokrwisto$cig obejmuje wieloaspektowe podejscie oparte na przetaczaniu koncentratu
krwinek czerwonych w przypadkach wymagajacych poprawy stanu ogolnego, stosowaniu
egzogennej erytropoetyny (EPO) lub jej rekombinowanych analogow w celu pobudzenia
erytropoezy, oraz suplementacji zelaza w formie doustnej badz dozylnej w celu uzupetnienia
zapotrzebowania metabolicznego zwigzanego z nasilong synteza hemoglobiny [Madrazo
Gonzalez i wsp. 2010]. Istotng role odgrywa takze kontrola stanow zapalnych, ktore poprzez
podwyzszenie st¢zenia HPC moga hamowaé wchlanianie 1 mobilizacj¢ Zelaza, a takze
optymalizacja parametréw dializoterapii, pozwalajaca na skuteczniejsze usuwanie toksyn
mocznicowych mogacych negatywnie wptywac na erytropoeze. Potaczenie opisanych strategii
terapeutycznych pozwala przeciwdziata¢ powiktaniom wynikajacym z niedotlenienia tkanek,
zmniejszy¢ obcigzenie uktadu sercowo-naczyniowego oraz ograniczy¢ inne niekorzystne
skutki niedokrwistos$ci. W rezultacie obserwuje si¢ nie tylko poprawg kluczowych wskaznikow
klinicznych, takich jak tolerancja wysitku czy funkcja hemodynamiczna, lecz takze odczuwalng

poprawg jakosci zycia pacjentow z tej szczegdlnie wymagajacej populacji [Wacka i wsp. 2024].

W kontekscie obserwowanego wzrostu czgstosci wystepowania niedokrwisto$ci oraz
dynamicznego, wykladniczego przyrostu populacji 0sob starszych, niedokrwisto$¢ nalezy
postrzega¢ jako istotny problem zdrowia publicznego o potencjalnie powaznych
konsekwencjach systemowych. Zjawisko to generuje znaczace implikacje dla zasobow opieki
zdrowotnej, obejmujgce zarowno wzrost zapotrzebowania na $wiadczenia medyczne, jak i
istotne zwickszenie kosztow zwigzanych z leczeniem i hospitalizacjami pacjentow w wieku

podesztym [Ershler i wsp. 2005].
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IV. Podsumowanie i wnioski

Zmiany na poziomie molekularnym, oslabienie funkcji narzagdow oraz choroby

przewlekle przyczyniaja si¢ do zwigkszenia ryzyka wystgpienia niedokrwistosci u pacjentow

powyzej 65 roku zycia. Ztozono$¢ tych interakcji wymaga wieloaspektowego podejscia do

diagnostyki i leczenia w populacji geriatrycznej, z uwzglednieniem indywidualnych

uwarunkowan kazdego pacjenta. Przeprowadzone obserwacje oraz przeglad literatury nt.

niedokrwisto$ci w przewlektych stanach zapalnych u osob starszych (ang. anemia of aging)

dostarczyly informacji, ktéore moga by¢ przydatne w weryfikacji podejscia do niedokrwistosci,

poprawy wynikéw 1 jako$ci opieki zdrowotnej w grupie pacjentéw powyzej 65 roku zycia.

Analiza wynikdéw badan przedstawionych w publikacji Wacka i wsp. [Int J Mol Sci

2023; doi: 10.3390/ijms24108944] pokazata, ze:

1.

Przewlekly stan zapalny wyrazony stezeniem mediatoréw zapalenia, jak cytokin IL-1f3
1 TNFa, jest silnie zwigzany z obnizeniem zasobdéw zelaza ustrojowego i rozwojem
niedokrwisto$ci u oséb powyzej 65 roku zycia.

Osoby w wieku >71,5 lat (cut-off) wykazuja 4,7 krotnie wyzsze ryzyko wystapienia
niedokrwisto$ci w pordwnaniu do <71,5 lat, przy czym ryzyko niedokrwisto$ci jest
wyzsze w grupie me¢zczyzn niz kobiet.

Jednoczesny pomiar st¢zenia hepcydyny HPC oraz mediatorow zapalenia, tj. cytokin
IL-1p 1 TNFa, ujawnia wysoka przydatnos¢ w rozrdznianiu pacjentéw
z niedokrwistoscig od pacjentéw bez niedokrwistosci, przy czym najwyzsza warto$¢
diagnostyczng wykazuje interleukina IL-1B przy stezeniach cut-off >5,3 ng/mL
(AUC=0,922, OR=72,374, 95%CI 19,688-354,366).

Anemia z zapalenia zwicksza na obwodzie o 50% stezenia komorek jednojadrzastych
CD34 i CD38, co oznacza uruchomienie mechanizméw przeciwdziatajagcych
niedokrwisto$ci zwigzanej z wiekiem, przy czym nalezy rozwazy¢ ustalenie wydolnos$ci
mechanizméw kompensacyjnych dla réznych wartosci hemoglobiny (tagodna

niedokrwistosc¢ vs. cigzka niedokrwistosc).

Przeglad literatury dokonany przez Wacka 1 wsp. [J Clin Med 2024; doi:

10.3390/jecm13072049] potwierdzit obserwacje eksperymentalne:

1. Wiek, choroby wspdtistniejace i pte¢ meska sg czynnikami ryzyka niedokrwistosci

w populacji starszych pacjentdw; jedna pigta przypadkow niedokrwistosci (19,7%)

-35-



u o0sob starszych jest klasyfikowana jako niedokrwisto$¢ zapalna (ang. anemia of
inflammation, Al), znana réwniez jako niedokrwisto§¢ chordb przewlektych (ang.
anemia of chronic disease, ACD).

Pomimo Ze rozpoznanie Al opiera si¢ na wykluczeniu i jest poparte zaburzeniami
homeostazy zelaza, niskim stezeniem hemoglobiny i hipoferremia w populacji
ogolnej, to rozpoznanie Al u starszych pacjentow jest trudne ze wzgledu na
obecnos¢ schorzen wspdtistniejacych, a takze zwigzany z wiekiem wzrost poziomu
cytokin prozapalnych (ang. inflammaging).

Potwierdzony w wielu badaniach zwigzek miedzy stanem zapalnym, zaburzeniem
wchiania Zelaza w ukladzie pokarmowym a zmianami w ukladzie
czerwonokrwinkowym jest wskazaniem do opracowania panelu diagnostycznego
obejmujgcego spektrum markerow niezbednych do kompleksowej oceny
niedokrwisto$ci w starszym wieku, ze szczegdlnym uwzglednieniem hepcydyny

HPC oraz cytokin IL-1p i TNFa.
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Abstract: Aging-related anemia contributes to frailty syndrome, cognitive decline and early mortality.
The study aim was to evaluate inflammaging in relation to anemia as a prognostic indicator in
affected older patients. The participants (73.0 4= 7.2 years) were allocated into anemic (1 = 47) and
non-anemic (1 = 66) groups. The hematological variables RBC, MCV, MCH, RDW, iron and ferritin
were significantly lower, whereas erythropoietin EPO and transferrin Tf tended toward higher values
in the anemic group. Approx. 26% of individuals demonstrated transferrin saturation TfS < 20%,
which clearly indicates age-related iron deficiency. The cut-off values for pro-inflammatory cytokine
IL-13, TNFe and hepcidin were 5.3 ng/mL, 97.7 ng/mL and 9.4 ng/mL, respectively. High IL-13
negatively affected Hb concentration (rs = —0.581, p < 0.0001). Relatively high odds ratios were
observed for IL-13 (OR =72.374, 95%C1 19.688-354.366) and peripheral blood mononuclear cells CD34
(OR = 3.264, 95%Cl1 1.263-8.747) and CD38 (OR = 4.398, 95%Cl 1.701-11.906), which together indicates
a higher probability of developing anemia. The results endorse the interplay between inflammatory
status and iron metabolism and demonstrated a high usefulness of IL-1f in identification of the
underlying causes of anemia, while CD34 and CD38 appeared useful in compensatory response
assessment and, in the longer term, as part of a comprehensive approach to anemia monitoring in
older adults.

Keywords: anemia; cytokines; erythropoietin; hematopoietic progenitor cells; hepcidin; iron

1. Introduction

Anemia is a common hematological disorder that affects 17% of persons aged >65 years.
The World Health Organization (WHO) defines anemia as a decreased number of erythro-
cytes and/or decreased hemoglobin (Hb) levels of <12.0 g/dL in women and <13.0 g/dL in
men, and the definition dates back to the 1970s. Analyses of the American databases of Na-
tional Health and Nutrition Examination Survey III [1] and the Scripps-Kaiser database [2]
have suggested higher reference values for Hb to define anemia [3]. The optimal Hb levels
of >13.7 g/dL for men and >12.6 g/dL for women have been described in connection with
better survival in the Cardiovascular Health Study [4]. A population study by Culleton et al.
demonstrated the levels of 13.0 to 15.0 g/dL for women and 14.0 to 17.0 g/dL for men as the
optimal Hb values to avoid hospitalization and mortality in old age [5]. Wouters et al. [6]
suggested that the definition of anemia in women over 60 years of age should include a
modified value of Hb, i.e., <13.0 g/dL, which makes the definition comparable to the one
applied to men. Nevertheless, the WHO definition remains the standard for the classifica-
tion of anemia in older adults [7]. Normal Hb distribution varies not only with regard to
age and sex, but it also depends on ethnicity and physiological status [3,8]. Penninx et al. [9]
and Katsumi et al. [10] indicated the need to also identify a risk of physical decline in older
adults by detection of borderline anemia, defined as a decreased Hb levels within 1 g/dL
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above WHO criteria. Additionally, it is noteworthy that anemia has been demonstrated to
have a significant impact on survival in individuals older than 60 years of age [6].

In older adults, anemia can be divided into nutritional deficiency anemia, bleeding
anemia, and unexplained anemia that might be caused by the reduced erythropoietin (EPO)
activity, the progressive erythropoietin resistance of bone marrow erythroid progenitors
and the chronic subclinical pro-inflammatory state [11]. Overall, one-third of older patients
with anemia have a nutritional deficiency which mainly includes iron, folate or vitamin B12
deficiency, one-third have a chronic subclinical pro-inflammatory state and a chronic kidney
disease, and one-third suffer from anemia of an unknown cause [12]. Understanding the
pathophysiology of anemia in this population is crucial because it contributes to frailty
syndrome and falls, cognitive decline, depression, functional ability deterioration and early
mortality [10]. A prospective cohort analysis of 3758 patients aged 65 years and older
showed that a new-onset anemia was associated with an increased mortality risk with a
drop in Hb of 1 g/dL [13].

The pro-inflammatory state in older age, called inflammaging, is manifested by the
release of a large number of inflammatory mediators that are produced to repair damage at
the tissue level, such as: interleukins 1L-1, IL-2, IL-6, IL-8, IL-12, [L-13, IL-15, [L-18, 1L-22, IL-
23, tumor necrosis factor « (TNF«) interferon-y (IFN-y) as pro-inflammatory cytokines, and
IL-1Ra, IL-4, IL-10; transforming growth factor (TGF-$1) as anti-inflammatory cytokines;
and also lipoxin A4 and heat shock proteins as cytokine mediators [14,15]. Inflammaging
is a result of changes in the immune system also known as immunosenescence [16,17].
According to Minciullo et al. [17], inflammaging is a key to our understanding of the aging
process, and anti-inflammaging may be one of the secrets of longevity. Thus, it is important
to intervene more quickly and multidimensionally in anemia of inflammation.

The inflammatory molecules produce adverse effects on the cells of the hematological
system, and these include iron deficiency, reduced EPO production and elevated phago-
cytosis of erythrocytes by hepatic and splenic macrophages, and also enhanced eryptosis
by oxidative stress in the circulation [10,18]. First, systemic inflammation induces the
production of hepcidin, the major regulator of iron homeostasis, in hepatocytes through
interleukin 6 (IL-6) production. Hepcidin both reduces intestinal iron absorption and
releases iron from the macrophages. The recycling of iron from senescent erythrocytes
by macrophages accounts for more than 90% of the daily iron requirements for erythro-
poiesis. Older adults with anemia of inflammation have higher hepcidin levels than their
counterparts without anemia [19,20]. The second pathogenic factor in anemia of inflamma-
tion is the reduced EPO level and progressive EPO resistance of bone marrow erythroid
progenitors. Tumor necrosis factor « and interleukin 1§ (IL-1p) inhibit the production of
EPO through GATA-binding protein 2 and nuclear factor kappa B transcription [21]. In
addition, IL-1f inhibits the binding of hepatocyte nuclear factor 4 to the enhancer of the
EPO gene, whereas TNFa stimulates the secretion of microRNA122 from the liver, which
reduces EPO gene expression in the kidney [22,23]. Interferon-y reduces the expression of
the EPO receptor in erythroid progenitor cells, inhibits their differentiation and shortens
the lifespan of erythrocytes [24]. Thus, TNFe, IL-1p, IL-6 and IFN-y seem to be responsible
for impaired EPO synthesis in the development of anemia associated with inflammation
(Figure 1).
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Figure 1. Mechanisms associated with anemia of inflammation: TNF«, tumor necrosis factor «; IL-1§3,
interleukin 1f; IFN-y, interferon y; IL-6, interleukin 6; EPO, erythropoietin; Fe-Tf, iron-transferrin;
CMP, common myeloid progenitor; RBC, red blood cell. Dashed line represents inhibition. The
upward arrow symbolizes growth or an upward trend, while the downward arrow signifies a
reduction or a downward trend.

Anemia contributes to age-associated diseases and significantly affects the health-
related quality of life [6]. In older individuals, even mild anemia is associated with an
increased risk of falls, decreased physical performance, longer and more frequent stays
in hospital and increased mortality [5,25-27]. Despite its clinical importance, evidence-
based guidelines for anemia management in older adults are yet to be developed [28]. The
underlying cause of anemia still remains unexplained in 30% of cases [29]. It is important
to identify the pathways that control age-related inflammation across multiple systems
in order to understand and prevent anemia [14]. Therefore, the present study focused
primarily on the evaluation of the major feature of inflammation in relation to anemia,
thereby indicating therapeutic strategies to counteract the pathophysiological effect of
age-associated changes in red blood cell system.

2. Results
2.1. Participants and Body Composition

In anemic group, the participants were significantly older than in the non-anemic
group (Table 1). Moreover, the number of males was higher in the anemic group (1 = 33)
than in non-anemic group (n = 18). BMI ranged from 20.7 to 40.8 kg/m?. For age, AUC
was relatively high in the tested model, anemic vs. non-anemic (AUC = 0.722, sensitivity
62.1%, specificity 74.2%), which indicates a good prognostic value of age to distinguish
the individuals with anemia from no-anemia ones. The odds ratio (OR) of >1 means that
individuals aged >71.5 years (cut-off value) demonstrated a four-fold higher probability
of developing anemia (OR = 4.712, 95%Cl 1.961-11.959). Approximately 55% of the study
participants had a normal body mass (18.5-24.9 kg /m?), 29.2% were classified as overweight
(25.0-29.9 kg/m?) and 15.9% as obese (>30 kg/m?) [30].
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Table 1. Age and anthropometric characteristics.

Anemic Non-Anemic Anemievs:
n=47 n=66 Non-Anemic
Mean =+ SD (Me) Mean =+ SD (Me) p Level
Age (years) 77.3 £5.0 (78.0) 71.8 + 7.6 (71.0) <0.001
Weight (kg) 74.7 +£12.7 (73.0) 69.7 + 10.5 (67.5) <0.001
Height (cm) 167.3 £ 6.5 (168.0) 160.2 + 6.0 (159.0) <0.001
BMI (kg/m?) 26.6 + 3.6 (26.1) 27.83::3.7'(27.1) 0.765

Abbreviations: BMI, body mass index.

2.2. Hematological Variables

White blood cells, neutrophils, lymphocytes and monocytes were within the referential
ranges, and they did not differ significantly between the anemic and non-anemic groups
(Table 2). According to the Culleton et al. classification [5], 42% of our study individuals
were described as anemic (Hb < 13.0 g/dL for women and Hb < 14.0 g/dL for men).
Admittedly, men with a low concentration of Hb constituted 70% of the anemic group,
but no significant differences were observed between women (13.36 £ 0.84 g/dL) and
men (13.37 & 1.65 g/dL). In the total observed population, men demonstrated significantly
lower levels of iron and transferrin (Tf) (84.38 4= 26.72 pg/dL and 2.75 + 1.16 mg/dL) than
women (100.82 + 31.71 ug/dL and 3.17 + 1.99 mg/dL), whereas ferritin levels did not differ
between sexes. Hb was inversely correlated with IL-1f (rs = —0.581, p < 0.0001), which
confirms the impairment of Hb synthesis under inflammation [19,20,22,23]. The other
hematological variables such as RBC, MCV, MCH, RDV, iron and ferritin were significantly
lower, whereas EPO and Tf were within the referential ranges but tended toward higher
values in the anemic group. Approximately 26% of the study participants demonstrated
transferrin saturation (TfS) < 20%, and 20% had ferritin <10-15 ng/mL, which together
indicates age-related iron deficiency. For TfS, AUC is relatively high in the tested model,
anemic vs. non-anemic group (AUC = 0.756, sensitivity 62.2%, specificity 83.0%, OR = 7.76,
95%Cl 2.64-25.23), which indicates a good affiliation of TfS to the observed population
compared to other markers of iron deficiency.

Table 2. Hematological variables.

Anemic Non-Anemic Anemic
R:/f:ll:::e i =66 vs. Non-Anemic

Mean =+ SD (Me) Mean =+ SD (Me) p Level
WBC (10%/uL) 4.0-10.2 6.37 £ 2.12 (5.67) 6.25 + 1.72 (6.08) 0.937
Neutrophils (103/pL) 2.0-6.9 4.14 + 1.87 (3.90) 3.59 + 1.44 (3.29) 0.052
Lymphocytes (10%/pL) 0.6-3.4 1.80 + 0.77 (1.66) 1.89 + 0.63 (1.84) 0.207
Monocytes (10> /uL) 0.00-0.90 0.44 + 0.19 (0.42) 0.56 + 0.29 (0.51) 0.055
RBC (10°/uL) ;i%__séi 4.20 + 0.39 (4.24) 4.69 =+ 0.53 (4.64) <0.001
Hb (g/dL) 151112355_—1168% 12.50 + 0.98 (12.70) 14.26 + 0.90 (14.05) <0.001

o F 37-47

Hct% M 40.0-51.0 36.25 + 3.56 (37.0) 42.58 + 2.87 (42.25) <0.001
MCYV (fL) 82-92 86.42 + 6.30 (88.00) 91.30 + 4.99 (91.95) <0.001
MCH (pg) 27-33 29.81 + 1.56 (29.80) 30.58 + 1.61 (30.75) <0.001
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Table 2. Cont.

Anemic Non-Anemic

Reference Anemilc
Values n=47 n=66 vs. Non-Anemic
Mean + SD (Me) Mean + SD (Me) p Level
MCHC (g/dL) 32-36 34.61 + 1.93 (33.70) 33.52 4 1.16 (33.35) 0.015
RDW% 11.5-14.5 14.56 + 2.44 (14.30) 14.75 + 0.98 (14.85) <0.001
Platelets (103/puL) 140420 219 + 56 (211) 229 -+ 57 (226) 0417
MPV (fL) 7.5-10.5 8.85 + 1.77 (9.10) 7.26 +£1.16 (7.11) <0.001
I (ug/dL) FO7-145 78.22 + 24.76 (76.20) 104.21 + 30.27 (101.60) <0.001
ron (ug M 58-158 5 i I . ; J i
- F 10-200
Ferritin (ng/mL) 40 16.04 + 21.82 (8.60) 38.27 4 44.91 (23.43) <0.001
Tf (mg/dL) 200400 393 + 184 (306) 302 + 99 (298) 0.096
TfS% 20-50 23.40 + 11.24 (21.14) 37.09 £ 15.90 (37.07) <0.001
EPO (mU/mL) 4.3-29 12.77 + 4.32 (11.02) 8.05 + 3.04 (7.24) 0.197
Abbreviations: WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean cell
volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell
distribution width; MPV, mean platelet volume; Tf, transferrin; TfS, transferrin saturation; EPO, erythropoietin.
2.3. Biochemical Variables
The total cholesterol and lipoproteins have been proven to be the strongest biomarkers
of aging [31]. High levels of TG > 150 mg/dL were found in 23% of the study participants,
whereas high levels of TC >200 mg/dL, LDL > 130 mg/dL and non-HDL > 130 mg/dL were
recorded in 63% of them. HDL lipoproteins were significantly lower in the anemic group
than in the non-anemic group (Table 3). As is the case with cholesterol, an elevated glucose
level is a known biomarker of aging, and it is associated with alterations in metabolic
and hormonal functioning, including altered expression of cellular insulin receptors and
glucose transporter units in target tissues [31]. Some participants (n = 9) demonstrated
an increased glucose level >115 mg/dL without being diagnosed with diabetes. Serum
bilirubin level, as a biomarker of red blood cells aging or disintegration, was recorded
within normal ranges, but it was two-fold higher in the anemic group, which may enhance
erythropoiesis expressed as a high EPO concentration in that group (Table 4).
Table 3. Lipoprotein-lipid profile and other biochemical variables.
Anemic Non-Anemic Afiewiic
R:;;l:;ce n=47 n =66 vs. Non-Anemic
Mean + SD (Me) Mean =+ SD (Me) p Level
TG (mg/dL) <150 114.43 + 36.69 (117.40) 143.78 + 31.77 (139.23) <0.001
TC (mg/dL) <200 194.80 + 48.87 (187.96)  228.90 + 38.67 (228.70) <0.001
LDL (mg/dL) <130 91.37 + 35.93 (90.58) 87.89 + 30.84 (89.05) 0.864
oxLDL (mg/dL) - 0.031 + 0.034 (0.016) 0.038 + 0.041 (0.014) 0.822
HDL (mg/dL) desirable > 60 61.25 + 13.74 (60.70) 71.48 + 19.49 (69.59) <0.001
non-HDL (mg/dL) <130 133.56 + 45.62 (125.16) 157.42 + 43.37 (160.04) <0.001
Glucose (mg/dL) 60-115 94.44 + 28.17 (86.50) 93.33 + 20.61 (93.40) <0.001
Bilirubin (mg/dL) <1.0 0.24 + 0.18 (0.22) 0.12 £ 0.13 (0.07) <0.001

Abbreviations: TG, triglycerides; TC, total cholesterol; LDL, low-density lipoproteins; oxLDL, oxidized low-
density lipoprotein; HDL, high-density lipoproteins; non-HDL, cholesterol calculated by subtracting the HDL

value from a TC.
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Table 4. Inflammatory variables.

Anemic Non-Anemic Anemic
n=47 n=66 vs. Non-Anemic

Mean + SD (Me) Mean =+ SD (Me) p Level
CRP (mg/L) 3124234 (3.12) 2.92 +2.29 (2.54) 0.843
NPT (nmol/L) 23.16 + 11.30 (22.88) 19.95 + 5.86 (19.95) 0.205
HPC (ng/mL) 16.84 + 13.88 (15.60) 6.42 + 3.29 (6.08) <0.001
IL-1B (ng/mL) 11.69 + 9.83 (8.19) 2,55 + 3.64 (1.21) <0.001
IL-6 (pg/mL) 97.22 + 68.28 (75.78)  74.98 = 27.27 (74.72) 0.195
TNF« (ng/mL) 121.50 + 69.82 (112.00)  85.65 + 59.64 (82.41) <0.001

Abbreviations: CRP, C-reactivity protein; NPT, neopterin; HPC, hepcidin; IL-1p, interleukin 1p; IL-6, interleukin
6; TNF«, tumor necrosis factor «.

2.4. Inflammatory Variables

Most observational studies and clinical trials have used high-sensitivity CRP as a bio-
chemical marker of inflammation because it is relatively stable and easy to measure. In our
study, CRP concentration was recorded at >3 mg/L in 43% of the patients, which indicates
the subclinical inflammatory state according to the reference values for the older adults
described by Wyczalkowska-Tomasik et al. [32]. NPT concentration reached high values
>10 nmol/L in the majority of our patients, indicating a crucial role of NPT in inflammaging.
However, CRP and NPT levels did not differ between anemic and non-anemic groups in a
statistically significant manner (Table 4). Classical cytokine biomarkers of aging including
IL-1B, IL-6 and TNFa were higher in the anemic group. The most considerable changes
concerned IL-13, TNFx and HPC, which were approx. 1.5-3-fold higher in the anemic
group than in the non-anemic group (Table 4). The diagnostic ability of hematological
and inflammatory variables was determined by receiver operating characteristic (ROC)
curve analysis. The results of the ROC and OR analysis of age and inflammatory variables,
i.e., IL-1B, TNFa and HPC, indicate a potential diagnostic value for clinical prognosis
for patients with age-associated anemia. The optimal threshold values corresponded to
71.5 years for age, 5.3 ng/mL for IL-1, 97.7 ng/mL for TNFa and 9.4 ng/mL for HPC
(Table 5). The highest average odds ratio was observed for IL-1 (AUC = 0,922, OR =72.374,
95%Cl 19.688-354.366), which indicates this cytokine as a good marker of inflammation-
related anemia. The highest sensitivity (87.9%) and specificity (91.5%) were also observed
for IL-1f3, which, in turn, indicates a low level of false-positive results during diagnostic
procedure. It was surprising that IL-6, called “a cytokine for gerontologists” [17], showed
poor diagnostic usefulness to distinguish the individuals with anemia from no-anemia
ones (AUC = 0.523, sensitivity 62.2%, specificity 51.1%, OR = 1.939, 95%Cl 0.848-4.489)
compared to other cytokines (Table 5). Interestingly, HPC level was more than twice as
high in the study for men (16.79 + 16.08 ng/mL) compared to women (7.00 + 6.99 ng/mL),
which resulted in low iron concentrations in men. For HPC, AUC was relatively high in the
tested model, anemic vs. non-anemic (AUC = 0.735, sensitivity 84.8%, specificity 59.6%,
OR = 8.069, 95%Cl 3.131-22.397), which indicates a good affiliation of this pathogenic factor
to the observed population.
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Table 5. The statistical characteristics of the ROC curve for hematological and inflammatory variables
and the odds ratio for indications determined by the cut-off values (1 = 113).

Variables AUC Cut-off Value  Sensitivity (%)  Specificity (%) OR 95%CI
Tron (ug/dL) 0.745 88.6 682 72.3 5510 2.292-13.937
f:;‘;irﬁri) 0.652 16.4 60.6 745 4424 1.845-11.193
Tf (mg/mL) 0.622 32 784 489 3422 1.208-10.546
TfS (mg/dL) 0.756 325 622 83.0 7.76 2.64-2523
EPO (mU/mL) 0.583 8.48 59.1 489 0.725 0.318-1.643
HPC (ng/mL) 0.735 94 84.8 59.6 8.069 3.131-22.397
IL-1 (ng/mL) 0.922 53 87.9 915 72.374 19.688-354.366
IL-6 (pg/mL) 0.523 755 65.2 51.1 1.939 0.848-4.489
TNF« (ng/mL) 0.685 97.7 742 66.0 5.488 2.292-13.741

Abbreviations: AUC, the area under the curve; cut-off value the optimal threshold value for clinical stratification;
OR, odds ratio; 95%CI, confidence interval.

2.5. Peripheral Blood Mononuclear Cells

The levels of peripheral blood mononuclear cells CD34 and CD38 were significantly
higher in the anemic group (23.40 + 14.63 ng/mL and 1.73 £ 0.83 ng/mL) than the non-
anemic group (17.81 & 10.57 ng/mL and 1.37 4 0.74 ng/mL), which proves that these cells
participate in the compensation mechanism in age-associated anemia. The levels of CD34
and CD38 changed simultaneously (Figure 2). For CD34 and CD38, AUC was moderately
high in the tested model, anemic vs. non-anemic (AUC = 0.600, sensitivity 76.8%, specificity
50.0% for CD34, and AUC = 0.657, sensitivity 76.8%, specificity 57.8% for CD38), which
indicates their moderate diagnostic utility in patients with anemia. However, the OR values
for CD34 (OR = 3.264, 95%Cl 1.263-8.747) and CD38 (OR = 4.398, 95%Cl 1.701-11.906)
suggested a significantly higher probability of developing anemia in patients with cut-off
values >19.1 ng/mL for CD34 and >1.4 ng/mL for CD38.

(A)
Mann-Whitney test, p = 0.010

CD34 (ng/mL)

Non-anemic group

Figure 2. Cont.
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(B)
Mann-Whitney test, p < 0.001

CD38 (ng/mlL)
N

Anemic group Non-anemic group

Figure 2. The levels of peripheral blood mononuclear cells CD34 (A) and CD38 (B) in anemic
(represented by black circles) and non-anemic (represented by black triangles) groups.

3. Discussion

In this study, low Hb concentration was observed to be associated with subclinical,
chronic inflammation, exhibited by high levels of IL-1f and TNFx, and their inverse
correlations (Hb/IL-1f rs = —0.581, p < 0.0001; Hb/TNF«x rs = —0.225, p < 0.01) in the
analyzed population. Inflammaging is typically manifested by the release of a large number
of pro-inflammatory mediators which are produced to repair damage at the tissue level;
however, their persistently elevated levels contribute to the damaging catabolic effects on
aging tissues, leading to degradation and damage acceleration and eventually causing a
decline in mental and physical performance [17,33]. In the large INCHIANTI study of more
than 1300 individuals, the levels of IL-6, IL-1ra, IL-18, CRP and fibrinogen were all elevated
in patients aged over 65; yet, when adjusted for cardiovascular risk factors and morbidity,
the elevation was reduced [34]. The unexplained anemia cohort (36% of all the anemic
population) was found to have higher levels of pro-inflammatory markers and higher
resistance of bone marrow erythroid progenitors to erythropoietin compared to non-anemic
controls [8,35]. In our study population, hematological variables such as RBC, MCV, MCH,
RDYV, iron and ferritin were significantly lower in the group with low Hb concentration,
and 26% of individuals demonstrated TfS < 20%, which together indicates age-related
anemia. EPO tended toward high values in anemic group, and it was two-fold higher in
men (13.06 = 12.65 mU/mL) than women (7.96 + 4.63 mU/mL). A sex breakdown was
reported in the majority of studies concerning anemia in older adults [36].

Population studies reported the mean and median Hb concentrations to be higher
by 12% in age-matched men in comparison to women [37]. Altered end-organ response
to circulating testosterone or EPO, reduced erythropoietic reserve or decreased marrow
reactivity may account for the observed increase in anemia with age, particularly in older
men. Sex differences, however, may reflect the prevalence of undetected chronic disease or
other underlying causes of anemia in these populations [38]. The difference in Hb levels
observed between our study women (13.36 &+ 0.84 g/dL) and men (13.37 & 1.65 g/dL) was
not significant in the total population, which confirms the validity of the suggestion put
forward by Wouters et al. [6] that the value of Hb < 13.0 g/dL should be applied for both
sexes aged over 60 years.
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The studies from the nineties demonstrated that EPO blood level in anemic patients
suffering from inflammation was often decreased in relation to Hb concentration. To date,
various proinflammatory cytokines have been tested for their action on the EPO gene
expression in isolated perfused rat kidneys and in human hepatoma cell cultures, and
itis mainly IL-1p and TNF« that have been indicated as molecules responsible for the
defect in EPO production in severe systemic and renal inflammatory diseases [35]. How-
ever, in studies conducted in older adults, the elevated EPO production can potentially
be triggered by an impaired oxygen delivery to the kidney, which can result from various
pathophysiologic mechanisms such as anemia, hypoperfusion caused by renal arteriosclero-
sis, decreased renal blood flow or heart failure, decreased oxygen saturation due to diseases
such as chronic obstructive pulmonary disease, and eryptosis-related decrease in blood
oxygen capacity [18,39]. Generally, there are two relevant hypotheses, i.e., a decreased
production of EPO or an insufficient bone marrow response to EPO, but neither of them
has been satisfactorily resolved by experimental evidence [18]. The elevated EPO level
recorded in the anemic group (12.77 + 4.32 mU/mL) when compared to the non-anemic
group (8.05 + 3.04 mU/mL) clearly emphasizes the need for further studies to investigate
whether the elevated EPO levels observed in anemic patients are due to EPO resistance.
One potential study design could involve comparing the EPO levels of anemic patients
to those of younger patients with uncomplicated iron deficiency and the same degree of
anemia. This would facilitate a direct comparison of EPO response between two groups
with similar anemia severity but different age and disease status. If the EPO response is
blunted in anemic patients compared to younger patients with iron deficiency, this would
suggest the presence of EPO resistance in the anemic group. Such studies could provide
valuable insights into the underlying mechanisms of anemia and EPO resistance, which
could ultimately inform the development of more effective management strategies.

The pro-inflammatory state is thought to elicit a chronic elevation of circulating hep-
cidin leading to impaired availability of plasma iron, limiting Hb synthesis and eventually
causing anemia of inflammation. Whether HPC plays a role in anemia in older adults
from the general population has been debated [40]. HPC binds to the membrane protein
ferroportin, an iron efflux channel on the surface of absorptive enterocytes, macrophages
and hepatocytes, and induces its internalization and degradation in lysosomes, thereby
sequestering iron in the cytoplasm of these cells [41]. As a result, serum iron level decreases
rapidly [40]. The anemic group in our study demonstrated higher levels of HPC than their
counterparts without anemia. Earlier, the Leiden 85-plus Study showed elevated serum
hepcidin levels, unlike the INRCHIANTI study, which did not demonstrate an increase in
urinary hepcidin levels in older adults with anemia of inflammation [34,40]. In turn, the
Val Borbera study [42] and the Nijmegen Biomedical Studies [43] showed that hepcidin
levels in pre-menopausal women were nearly 50% lower than in men of corresponding
ages. After the menopause, hepcidin levels tended to be similar in both sexes. Interestingly,
in our study, HPC levels remained at lower levels in women (7.00 = 6.99 ng/mL) than in
men (16.79 + 16.08 ng/mL). The cut-off value for HPC > 9.4 ng/mL significantly increased
the risk of anemia in the observed population. The results of the ROC analysis of HPC,
as was the case in cytokines IL-18 and TNFq, ranged between 0.6 and 1.0, indicating a
potential diagnostic value for clinical prognosis for patients with age-associated anemia.

In older populations, changes in ferritin concentration do not always correlate with
variations in iron stores because ferritin is an acute phase protein and is affected by inflam-
matory processes irrespective of the iron store status. Lower levels of ferritin were recorded
in our anemic group (16.04 + 21.82 ng/mL) when compared to the non-anemic group
(38.27 £ 44.91 ng/mL), which proves the depletion of iron stores. However, diagnostic
capability of ferritin varies across different studies with regard to cut-off points [44-46]. In
our study, the cut-off value for ferritin was 16.4 ng/mL. This result indicates that in the
individuals aged 60 years and older, iron deficiency anemia may develop with higher levels
of serum ferritin than 10 ng/mL (reference value for women) and 15 ng/mL (reference
value for men). Hence, the conventional serum ferritin cut-off value used to diagnose
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iron deficiency anemia in young adults is not applicable for the older adults. This creates
difficulties in the diagnostic capability of the ferritin test in anemia diagnostics. Our ob-
servations warrant further investigations to determine the ferritin level of more reliable
diagnostic properties. A systematic review of 55 studies found some variations in ferritin
test results across populations with and without inflammatory processes, liver disease or
neoplastic diseases [47]. For ferritin, AUC was moderate in the tested model anemic vs.
non-anemic (AUC = 0.652, sensitivity 60.6%, specificity 74.5%), which indicates mediocre
diagnostic utility, whereas for the TfS, AUC was relatively high (AUC = 0.756, sensitivity
62.2%, specificity 83.0%, OR = 7.76, 95%Cl 2.64-25.23), which indicates a good affiliation of
TfS to the observed population. Studies have showed that TfS is less affected by inflam-
matory processes and may therefore be more accurate and reliable than serum ferritin,
particularly in conditions with elevated inflammatory state [48].

The last decade of studies has indicated the hematopoietic stem cell’s ability to differ-
entiate into various blood cell types, such as red and white blood cells and platelets. These
stem cells can self-renew, and they can generate fully developed blood cells [49]. CD34
is expressed on the surface of peripheral blood mononuclear cells such as hematopoietic
progenitor cells and endothelial cells [49,50], and studies on CD34 function suggested that
it might play a role in cell adhesion and signal transduction [51]. CD38 is expressed on early
and activated hematopoietic cells [50], and it is particularly associated with immune cells
such as B cells, T cells and natural killer cells. While CD38 expression has been observed
in hematopoietic stem cells, its role in these cells is still not fully understood. However,
studies suggest that CD38 may play a role in the regulation of hematopoietic stem cells
differentiation and proliferation [52]. CD34 and CD38 proteins are usually used as surface
markers to identify hematopoietic stem cells and leukemic stem cells [53]. This study is
the first to have shown high CD34 and CD38 expression in older adults with anemia of
inflammation (Figure 2). Although the available literature on CD34 and CD38 involvement
in anemia is limited, and the exact mechanisms underlying the observed differences in
CD34 and CD38 levels are not fully understood, the engagement of several factors may
already be identified. One possibility is that the higher expression of these markers in the
anemic group reflected a compensatory response to the reduced oxygen-carrying capacity
of the blood [54,55], indicated by odd ratios >1 for CD34 and CD38. Another possibility
is that high levels of CD34 and CD38 might be a marker of increased inflammation or
oxidative stress in the anemic group. Both anemia and oxidative stress are known to
promote the release of pro-inflammatory cytokines and reactive oxygen species, which
can activate immune cells and potentially induce the expression of CD34 and CD38 [56].
Therefore, further studies into the underlying mechanisms of CD34 and CD38 expression
in inflammatory-related anemia are needed to fully understand their potential usefulness
as indicators of anemia severity and associated pathologies.

4. Materials and Methods
4.1. Participants

One hundred and thirteen individuals were recruited from the University of the Third
Age in Zielona Gora (Poland), which is an organization encouraging adults over 60 years of
age to stay active by participating in many educational programs. The current health status
of the participants was assessed on the basis of medical records at a routine follow-up visit
to a primary care physician. The inclusion criteria included the age of 65 years or older and
the same access to medical healthcare provided by the same medical center. On the basis
of the medical interview, the following exclusion criteria were applied: acute infectious
and autoimmunological diseases, uncontrolled hypertension and/or diabetes, oncologic
diseases, neurodegenerative diseases and folate (<1.8 ng/mL) or vitamin B12 (<140 pg/mL)
deficiency. The participants (females 7 = 62, males n = 51) aged 73.0 £ 7.2 years were
included in the project, and they were allocated to two groups, i.e., anemic (n = 47) and
non-anemic (1 = 66), as a conventional marker of anemia, according to the reference
values <13 g/dL for women and <14 g/dL for men, as defined by Culleton et al. [5]. The
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medications taken by the participants included antihypertensive (84%) and hypolipidemic
(10%) drugs as well as anticoagulants including anti-platelet agents (15%). All the subjects
were informed of the aim of the study and signed a written consent to participate in
the project. The study protocol was approved by the Regional Bioethics Commissions
(Regional Medical Chamber in Zielona Gora, No. 04/133/2020, University of Zielona Gora
No. UZ/19/2021), in accordance with the Helsinki Declaration.

4.2. Blood Sampling

Fasting blood samples were collected from the median cubital vein in the morning
between 8.00 and 10.00 using S-Monovette tubes (Sarstedt AG & Co. KG, Niimbrecht,
Germany). The whole-blood samples were placed into specimen tubes containing EDTA
and were immediately analyzed. For the other biochemical analyses, blood samples
were centrifuged at 3000 rpm for 10 min, and aliquots of serum were stored at —80 °C.
The average intra-assay coefficients of variation (intra-assay CV) for the used enzyme
immunoassay tests (ELISA) were <8%. All samples were analyzed in duplicate in a single
assay to avoid inter-assay variability.

4.3. Hematological Variables

Hematological parameters including total white blood cell count (WBC), red blood
cell count (RBC), platelet count, differential white cell count (neutrophils, lymphocytes,
monocytes, eosinophils and basophils) and hemoglobin concentration (Hb) were deter-
mined by Sysmex XN-1000 (Sysmex Europe Gmbh, Norderstedt, Germany). Iron and
ferritin levels were determined using BM200 Biomaxima (Lublin, Poland). The levels of
transferrin (Tf) and erythropoietin were identified by using ELISA kits from SunRed
Biotechnology Company (Shanghai, China) with detection limit of 0.05 mg/mL and
0.526 mU/mL. The percent of transferrin saturation (TfS) was calculated as follows:
TfS% = (serum iron level / transferrin level) x 100.

4.4. Biochemical Variables

Serum triglycerides (TG), total cholesterol (TC), high-density lipoproteins (HDL) and
low-density lipoproteins (LDL) were determined using BM200 Biomaxima (Lublin, Poland).
The non-HDL cholesterol was calculated by subtracting HDL from total cholesterol concen-
tration. Oxidized low-density lipoprotein (oxLDL) was determined using ELISA kits from
SunRed Biotechnology Company (Shanghai, China) with detection limit at 30.3 ng/mL.
Glucose and bilirubin were determined using BM200 Biomaxima (Lublin, Poland).

4.5. Inflammatory Variables and Peripheral Blood Mononuclear Cells

C-reactive protein (CRP), neopterin (NPT) and hepcidin (HPC) concentrations were
determined using highly sensitive ELISA kits from DRG International Inc. (Springfield
Township, Cincinnati, OH, USA). The detection limits for CRP, NPT and HPC were set
at 0.001 mg/L, 0.7 nmol/L and 0.153 ng/mL, respectively. IL-1f3, IL-6 and TNF« con-
centrations were determined by using ELISE kits from SunRed Biotechnology Company
(Shanghai, China) with detection limits of 0.028 ng/mL, 1.867 pg/mL and 2.782 ng/mL,
respectively. The levels of peripheral blood mononuclear cells expressing CD34 and CD38
were determined by using ELISA kits from SunRed Biotechnology Company (Shanghai,
China) with detection limit of 0.167 ng/mL and 0.009 ng/mL, respectively.

4.6. Statistical Analysis

Statistical analyses were performed using R 4.2.1 software [57]. Levene and the
Shapiro-Wilk tests were used to evaluate the homogeneity of variances and the normality
of the distributions, respectively. The significant differences in mean values between the
groups (anemic and non-anemic) were assessed via Student’s t-test. If the homogeneity
and normality assumptions were violated, the non-parametric Mann-Whitney test was
used. The optimal clinical stratification thresholds (cut-off values) were based on receiver
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operating characteristic (ROC) curves by calculating the Youden index. The odds ratio (OR)
was calculated using odds ratio function from the epitools package in R. Spearman’s rank
correlation coefficient (rs) was used to investigate the relationships between hematolog-
ical and inflammatory markers. The variables were reported as mean value =+ standard
deviation (SD) or median (Me). Statistical significance was set at p < 0.05.

5. Conclusions

The mechanisms underlying low Hb levels in older adults are multifactorial and
complex. Our study suggested that the underlying mechanisms involve subclinical chronic
low-grade inflammation, bone marrow resistance to EPO, and changes in hepcidin levels,
ultimately affecting iron metabolism and resulting in lower serum iron levels. IL-13, TNFx
and hepcidin revealed the highest diagnostic value, whereas CD34 and CD38 showed
usefulness in evaluation of the compensatory response to the reduced oxygen-carrying
capacity in inflammatory-related anemia. A comprehensive understanding of these mech-
anisms is crucial for accurate diagnosis and effective management of anemia in older
patients. Further research is warranted to fully elucidate the complex interplay between
hematological and inflammatory factors. Our improved understanding of the pathophysio-
logical mechanisms underlying anemia could serve as crucial intervention targets, leading
to enhanced survival and overall quality of life in the older population.
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Abstract: Anemia is a common hematological disorder that affects 12% of the community-dwelling
population, 40% of hospitalized patients, and 47% of nursing home residents. Our understanding of
the impact of inflammation on iron metabolism and erythropoiesis is still lacking. In older adults,
anemia can be divided into nutritional deficiency anemia, bleeding anemia, and unexplained anemia.
The last type of anemia might be caused by reduced erythropoietin (EPO) activity, progressive EPO
resistance of bone marrow erythroid progenitors, and the chronic subclinical pro-inflammatory state.
Overall, one-third of older patients with anemia demonstrate a nutritional deficiency, one-third have
a chronic subclinical pro-inflammatory state and chronic kidney disease, and one-third suffer from
anemia of unknown etiology. Understanding anemia’s pathophysiology in people aged 65 and over
is crucial because it contributes to frailty, falls, cognitive decline, decreased functional ability, and
higher mortality risk. Inflammation produces adverse effects on the cells of the hematological system.
These effects include iron deficiency (hypoferremia), reduced EPO production, and the elevated
phagocytosis of erythrocytes by hepatic and splenic macrophages. Additionally, inflammation causes
enhanced eryptosis due to oxidative stress in the circulation. Identifying mechanisms behind age-
related inflammation is essential for a better understanding and preventing anemia in older adults.

Keywords: aging; anemia diagnosis; erythropoiesis; geriatric diseases; inflammation; iro deficiency;
hypoferremia; oxidative stress

1. Introduction

The world population is rapidly aging, and this demographic shift is expected to
continue over the coming decades. This phenomenon is characterized by an increase in
both the number and the percentage of older adults worldwide. Currently, 10% of the
world population is aged 65 years or older, but this figure is expected to reach 16% by
2050. Developing countries are particularly affected by this trend due to the declining
levels of mortality, as reflected in the increased levels of life expectancy at birth [1]. As
individuals grow older, their organic functionality naturally declines over time (aging),
ultimately resulting in death. Aging is also associated with an increased likelihood of
common conditions such as cardiovascular diseases, cancer, diabetes, or neurodegenerative
diseases, which, in turn, elevate the risk of mortality [2].

Anemia, a condition that frequently occurs in older patients, has no standard definition.
The World Health Organization (WHO) established the diagnostic criteria for anemia,
which was defined as a hemoglobin (Hb) level < 13.0 g/dL for men and <12.0 g/dL for
women [3]. Since the WHO definition of anemia was established more than five decades
ago on the basis of a limited population sample and without proper documentation of
the methodology used, understandably, there are now certain restrictions related to these
thresholds. Nevertheless, the WHO definition continues to be the standard for anemia
classification in older adults, despite suggestions from various studies that the definition be
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revised. Higher Hb reference values to define anemia were suggested after the analyses of
American databases including the National Health and Nutrition Examination Survey III [4]
and the Scripps-Kaiser database [5]. The Cardiovascular Health Study [6] identified optimal
Hb levels of >13.7 g/dL for men and >12.6 g/dL for women, which were recorded to be
associated with improved survival. The population study by Culleton et al. [7] determined
that optimal Hb values of 13.0 to 15.0 g/dL for women and 14.0 to 17.0 g/dL for men
could help avoid hospitalization and reduce the risk of mortality in old age. Wouters et al.
recommended modifying Hb values to <13.0 g/dL for women over 60 years of age to align
with the definition used for men [8].

Age-related, chronic, low-grade inflammation is not only a consequence of increasing
chronological age, but also a marker of biological aging, multimorbidity, and mortality
risk [9]. Systemic inflammation can significantly exacerbate health status and lead to a
decline in overall well-being [10]. As the immune system ages, its ability to effectively re-
spond to and manage inflammation diminishes, which renders the elderly more susceptible
to a range of diseases such as anemia [11,12]. Therefore, the objective of this review was to
explore the pathophysiological causes of anemia in the elderly, particularly those associated
with inflammation, and to elucidate the underlying mechanisms and contributing factors
for anemia in this age group.

Prevalence of Anemia

The prevalence of anemia varies across age groups, genders, and races, and the condi-
tion is more common in older individuals, with higher rates observed in men compared to
women and in black individuals compared to white ones. However, it is noteworthy that
most individuals classified as anemic according to the WHO criteria demonstrated anemia
of a mild degree [3].

A systematic review of 34 studies showed that in people aged >65 years, the preva-
lence of anemia was recorded in 12% of community-dwelling persons, 40% of hospitalized
patients, and 47% of nursing home residents [13], with the overall mean prevalence of
17% [14]. The increased prevalence of anemia among nursing home residents was of-
ten attributed to poorer health status and the higher occurrence of comorbidities in the
elderly residents of these facilities compared to the community-dwelling age-matched
population [15]. Insights into the prevalence of anemia across different populations and its
findings, based on selected studies, are summarized in Table 1.

Table 1. Selected studies examining the prevalence of anemia across various populations and
its findings.

Study Name/Author Country Findings Reference
- higher prevalence of anemia in men
than women (22.2% vs. 19.9%,
respectively).
EMPIRE study Portugal - anemia prevalence increased with age, [16]

with the rates of 17.3% in the 65-79 age
group and 31.4% in those aged 80 years
and above.

Third US National Health and
Nutrition Examination Survey
(NHANES I1I)

- aprogressive increase in anemia
prevalence with increasing age in the
study participants aged >65 years,
where the prevalence of 13% and 23%

USA was recorded in subgroups aged 75-84 (1]

vs. >85, respectively.

- data demonstrated that anemia was
more prevalent in men than in women.
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Table 1. Cont.

Study Name/Author

Country Findings Reference

Zaninetti et al.

- anemia was prevalent in 62% of males
aged >65 years compared to 44.1%
prevalence in the group aged below
65 years.

Ttaly - similar observations pertained to [17]

female gender where the proportion of
women >65 years with anemia reached
60.1% vs. 53.5% recorded in females
below 65 years of age.

Muiioz et al.

- prevalence of anemia varied depending
on the surgical intervention, ranging
Spain from 14% in prostate surgery to 61% in [18]
colorectal cancer cases.

The severity of anemia was found to be higher in skilled nursing facilities compared to
community-based settings, as revealed in a survey of five such facilities where a hemoglobin
level <10 g/dL was detected in 11.4% of the residents [19]. In hospitalized patients aged
>65 years, the prevalence of anemia reached up to 48%, with 65% of patients exhibiting mild
(Hb > 10 g/dL) to moderate (Hb 8-10 g/dL) anemia [20]. Interestingly, it was observed that
the recognition and investigation of anemia were rarely undertaken [21]. These findings
highlight the increased severity of anemia in skilled nursing facilities and the need to raise
the awareness of the staff and the management of this condition in both health care settings.

It is evident that the analyzed issue differs depending on the geographical location
and the economic status of various countries.

The identification of the putative factors underlying anemia of inflammation in older
adults poses a considerable challenge as this age group is affected by a tremendous extent
of subclinical and clinical morbidities as well as an age-related increase in the levels of
proinflammatory cytokines. It is therefore hardly surprising that nearly a fifth of anemia
cases (19.7%) in older adults have been classified as anemia of inflammation, also known
as anemia of chronic disease [1]. However, distinguishing anemia of chronic inflammation
from iron deficiency anemia is particularly challenging in older adults due to the comorbid
effects of gastrointestinal bleeding and the effects of medications [22]. Serum ferritin levels
can still fall within the reference range when both types of anemia are present, which might
potentially have led to an overestimation of anemia of chronic inflammation prevalence
in the NHANES III study [1] at the expense of iron deficiency anemia. Furthermore, even
distinguishing anemia of chronic inflammation from anemia of chronic kidney disease is
somewhat tenuous, given the emerging evidence of increased inflammation associated
with renal function in older adults without chronic kidney disease [23,24].

2. Causes of Anemia in Older Adults

The processes responsible for the maintenance of homeostasis diminish with increasing
age, and one of these processes involves a decrease in hematopoietic potential. However,
there are no adequate hemoglobin reference values below which anemia can be diagnosed
in adults aged over 65 years, so the referential range for the general population is still
applied [25]. Figure 1 provides a visual representation of the main factors contributing to the
development of aging-related inflammation that can further contribute to the development
of anemia in the elderly.
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Figure 1. Causes of anemia in the elderly. The diagram shows the main causes of the devel-
opment of aging-related inflammation that can contribute to anemia in the elderly. Aging pro-
cesses such as genome instability, reactive oxygen species in the mitochondria, synthesis of pro-
inflammatory cytokines, negative environmental factors, and chronic diseases lead to inflammation.
Inadequate nutrition, eating disorders, and loss of appetite contribute to an increased risk of nutri-
tional deficiencies—iron, vitamin B12, folic acid, zinc, selenium, and copper. Their deficiency leads to
inflammation and modulation of the intestinal microbiota to its detriment, increasing the risk of intesti-
nal dysbiosis. The number of somatic mutations increasing with age can lead to clonal hematopoiesis.
This, in turn, increases the incidence of myeloid myeloproliferative neoplasms, myeloid-derived
suppressor cells causing inflammation. Clonal hematopoiesis shortens the lifespan and durability
of erythrocytes, increasing their risk of hemolysis, the process of eryptosis. Chronic inflammatory
processes further contribute to gastrointestinal inflammatory disease and blood loss; a decrease in
sensitivity to hypoxia and EPO, thereby causing a reduction in EPO synthesis; endocrine dysfunction
causing a decrease in sex hormones; and a decrease in muscle mass to sarcopenia, leading to the risk
of cachexia. Pharmacotherapy with drug-drug interactions can produce adverse effects potentially
contributing to anemia in older adults. Lately, anemia in the elderly has been reported to cause an
increase in hepcidin, a plasma ferritin causing pro-inflammatory iron overload. CCUS, clonal cytope-
nia of unknown significance; CHIP, clonal hematopoiesis of indeterminate potential; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; EPO, erythropoietin; GI, gastrointesti-
nal; HE, heart failure; HT, hypertensive; ICUS, idiopathic cytopenia of undetermined significance;
IDUS, idiopathic dysplasia of undetermined significance; MASLD, metabolic dysfunction-associated
steatotic liver disease; MASH, metabolic dysfunction-associated steatohepatitis; ROS, reactive oxygen
species. Created with BioRender.com (accessed on 9 March 2024).
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Genomic instability is a fundamental cause of the progressive aging process [26]. The
factors favoring genome instability include environmental factors [27], the influence of
chemicals [28], oxidative stress [29], hypoxia progression with aging [30], and chronic
inflammation [31]. An increase in DNA instability results in elevated numbers of somatic
mutations in the resulting cells [32]. With age, somatic mutations also affect all cells
involved in hematopoiesis, resulting in clonal hematopoiesis [33]. The incidence of progres-
sive clonal hematopoiesis increases with age [34]. The number of clonal abnormalities is
correlated with the risk of developing myeloid and myeloproliferative neoplasms including
acute myeloid leukemia, myelodysplastic syndromes, myeloproliferative syndromes, and
mixed (myelodysplastic-myeloproliferative) syndromes. The list of the above-mentioned
diseases also includes anaplastic anemia.

Increased mitochondrial damage in stem cells [35] and impaired mitochondrial func-
tion observed in chronic diseases during hematopoiesis [36] are further elements of the
hypothesis concerning the etiology of anemia in old age. Accumulating damage to telom-
eres leads to aging of the mitochondria and the increased production of reactive oxygen
species (ROS), which results in generalized hypoxia as a consequence [37,38]. In the
longer term, a persistent increase in hypoxia activates systemic compensatory and adaptive
mechanisms [39].

3. Pathophysiology of Inflammation Causing Anemia in Older Adults

As individuals age, the phenomenon known as inflammaging becomes increasingly
prevalent. Inflammaging is characterized by chronic low-grade inflammation, and it
is considered a significant contributor to the aging process. The underlying mechanism
involves the release of a multitude of inflammatory mediators that are produced in response
to tissue damage and stress. The key players in chronic inflammation include a variety of
interleukins such as IL-1, IL-1b IL-2, IL-6, IL-8, IL-12, IL-13, IL-15, IL-18, IL-22, and IL-23.
The pro-inflammatory activity of these cytokines initiates and amplifies the inflammatory
response. Additionally, tumor necrosis factor & (TNFx) and interferon-y (IFN-y) are also
prominent pro-inflammatory cytokines. Variations in the genetic sequences within the
promoter regions of proinflammatory and controlled cytokine genes can influence the
processes of inflammaging and vulnerability to age-related diseases [40].

On the other hand, attempts are made by anti-inflammatory cytokines including
IL-1Ra, IL-4, IL-10, and transforming growth factor (TGF-f1) to counterbalance the pro-
inflammatory response. These cytokines, in turn, are engaged in the suppression of inflam-
mation and they promote a more balanced immune response. Along with the cytokines,
a range of other molecules contribute to the complex network of inflammaging. For
instance, lipoxin A4 plays the role of a lipid mediator with potent anti-inflammatory prop-
erties. Heat shock proteins are also involved in the regulation of inflammation, acting like
chaperones that help to protect cells from stress-induced damage [41-43]. According to
Minciullo et al. [43], inflammaging is a key to our understanding of the aging process, and
anti-inflammaging may be one of the secrets of longevity. Therefore, anemia caused by
inflammation is an important issue to be tackled more quickly and multidimensionally.

3.1. Iron Restriction (Hypoferremia)

During infection or inflammatory events, hypoferremia occurs quickly with a de-
crease in plasma iron level and transferrin saturation, which prevents the formation of
nontransferrin-bound iron, a powerful trigger for the pathogenicity of Gram-negative bacte-
ria and potentially also other microorganisms [44,45]. Iron consumption by erythropoiesis
and the turnover of senescent or damaged erythrocytes by macrophages are the primary
factors affected by various inflammatory processes. Therefore, maintaining strict control
over iron levels during inflammation is crucial for host defense.

Hepcidin, a 25-amino-acid peptide released by liver cells, circulates in the blood and
is expelled in the urine. Hepcidin serves as the primary governing factor for both iron
absorption and distribution across different tissues [46,47]. Elevated levels of circulating
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hepcidin, induced by IL-6, inhibit the release of cellular iron into plasma by binding to the
cellular iron efflux channel ferroportin [48]. Ferroportin occurs on the cells that serve as
specialized iron managers within the body, and these cells include duodenal enterocytes
that are responsible for the absorption of dietary iron, hepatic and splenic macrophages that
recycle senescent erythrocytes, hepatocytes that are engaged in iron storage, and placental
trophoblasts that facilitate iron transfer to the developing fetus during pregnancy [49].

Macrophages play a crucial role in recycling iron from aging red blood cells and once
recycled, the iron is released into the bloodstream through ferroportin. Inflammation
triggers an increase in hepcidin levels, thereby leading to enhanced internalization and
the breakdown of ferroportin [50]. As a result, the release of ferrous iron from key iron
transport tissues such as duodenal enterocytes, iron-recycling macrophages, and iron-
storing hepatocytes into the bloodstream is reduced. This leads to the accumulation of
iron within their cellular ferritin. Subsequently, the continuous utilization of iron by
erythropoiesis depletes the extracellular iron pool, which results in low levels of iron and
restricted erythropoiesis.

Anemia of inflammation is characterized by hypoferremia accompanied by increased
plasma ferritin and hepcidin levels, whereas iron-deficiency anemia manifests itself in
hypoferremia accompanied by low levels of plasma ferritin and hepcidin. Inflammatory
hypoferremia, similar to hypoferremia in systemic iron deficiency, inhibits erythropoiesis,
however, the inhibitory effect is detected at a relatively high threshold (transferrin sat-
uration of 15 to 20%), which may suggest a protective function of this mechanism to
ensure an adequate iron supply for other tissues such as muscles, the central nervous
system, and nonerythroid marrow, which are less affected by decreased plasma iron levels

(Figure 2) [51].
INFLAMMATION
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Figure 2. Inflammation impact on the regulation of systemic iron metabolism. Hepcidin plays
a crucial role in systemic iron level control via ferroportin concentration in iron-exporting cells
including duodenal enterocytes, hepatic and splenic iron-recycling macrophages and hepatocytes.
Created with BioRender.com (accessed on 9 March 2024).

Our previous study demonstrated higher hepcidin levels in the group with anemia
compared to non-anemic participants [52], which is consistent with other reports, for
instance, the Leiden 85-plus Study, which also revealed elevated serum hepcidin levels
in older adults with anemia of inflammation. However, the INCHIANTI study did not
find an increase in urinary hepcidin levels [48,53]. The available studies also reported
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differences in hepcidin levels across the compared genders. On average, approximately 50%
lower hepcidin levels were observed in premenopausal women than in the age-matched
male groups. However, post-menopause hepcidin levels tend to become comparable in
both gender groups, which was reported in the Val Borbera study [54] and the Nijmegen
Biomedical Studies [55].

The impact of hepcidin-ferroportin interaction in iron homeostasis is shown in Figure 2.

3.2. Erythropoiesis Suppression

Pro-inflammatory cytokines, especially interferons and TNFe, appear to inhibit the
proliferation and differentiation of erythroid progenitor cells, leading to ineffective erythro-
poiesis as a result [56].

Early inflammatory responses include leukocytosis and the increased production
of leukocytes in the marrow, which is manifested by an increased number of myeloid
precursors (>4:1 myeloid to erythroid precursors ratio). Inflammatory cytokines such
as TNF-a [57] and interferon-y [58] activate the transcription factor PU.1 and trigger
bone marrow reprogramming, which promotes myelopoiesis and lymphopoiesis while
suppressing erythropoiesis. Inflammatory cytokines also inhibit the ability of BFU-E to
generate more differentiated erythroid cells [59,60].

Another bone marrow-reprogramming mechanism involves inflammation-induced
suppression of erythropoietin production, the primary hormone responsible for erythro-
poiesis. In patients with systemic inflammation, serum erythropoietin levels are lower
compared to the individuals with a similar degree of iron-deficiency anemia [61,62]. In-
flammation also impairs the responsiveness of erythroid precursors to erythropoietin,
as evidenced by increased exogenous erythropoietin requirements in end-stage kidney
disease patients with inflammation [63,64]. Resistance to erythropoietin is partly medi-
ated by a decrease in the number of erythropoietin receptors on erythroid progenitors,
whose proliferative capacity is therefore reduced, which is a recently discovered effect of
hypoferremia [65].

The Klotho enzyme, which is mainly expressed in humans in the kidney and brain by
the KL gene, especially its alpha-Klotho variant activated by fibroblast growth factor 23
(FGF23), has been indicated as another potential cause of inflammatory anemia in old
age [66,67]. Most of the early as well as current studies have focused on the role of alpha-
Klotho in chronic kidney disease (CKD) in elderly populations, and reported an age-related
Klotho reduction and association with increased likelihood of anemia [68]. Klotho is
involved in hematopoiesis regulation through its impact on the hypoxia-inducible factor
(HIF1e) pathway. Its deficiency interferes with hematopoietic stem cell development and
erythropoiesis [69]. Klotho has the ability to modulate inflammation and oxidative stress
through various mechanisms. As a suppressor gene of aging, Klotho protein expression,
among other things, reduces phosphorus, ROS, and slows age-related renal fibrosis [70,71].
Increased Klotho levels could also potentially contribute to inflammation and anemia
reduction in the elderly [70].

The production of erythropoietin, a major cytokine that affects the development of
red blood cells, is triggered by a mechanism that detects low oxygen levels in anemia
conditions. The relationship between the impaired response of hematopoietic stem cells to
EPO and the development of anemia was observed in elderly patients [72]. The Baltimore
Longitudinal Study on Aging [73] reported that EPO levels increased with age in healthy
individuals without anemia, particularly in those without diabetes or hypertension. Con-
versely, individuals with anemia demonstrated a lower rate of EPO increase, suggesting
that anemia is linked to a failure in the normal compensatory rise of EPO levels during
aging. Although low EPO levels have specifically been associated with unexplained anemia
in the elderly population, the exact cause of the inadequate EPO response is still unknown.
Therefore, further studies on larger samples of elderly patients are necessary to confirm
these findings [73]. A study by Chencheng et al. [68] suggested that low serum Klotho
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levels were associated with an increased likelihood of anemia in middle-aged and older
adults regardless of kidney disease.

Overall, the age-dependent impairment of EPO response suggests a progressive re-
sistance of hematopoietic stem cells to EPO as individuals age. The underlying reasons
are yet to be determined, however, they could be attributed to impairments in normal
EPO-dependent pathways caused by inflammatory cytokines, age-related comorbidities,
declines in renal function, or a combination of these factors [74].

3.3. Shorter Erythrocyte Lifespan

The available studies on anemia of inflammation have consistently reported a mod-
erate reduction (approximately 2-5%) in the lifespan of red blood cells with a decrease to
approximately 90 days. However, a shortened erythrocyte lifespan was also observed in
many cases of non-anemic inflammation, which indicates that anemia develops only when
the compensatory response of red blood cell production is impaired [75].

The shortened lifespan of erythrocytes during inflammation has been ascribed to
macrophage activation triggered by inflammatory cytokines, which results in prema-
ture phagocytosis and erythrocyte elimination. Macrocytic anemia and heightened ery-
throphagocytosis are prominent manifestations observed in macrophage activation syn-
dromes, particularly those associated with systemic juvenile rheumatoid arthritis [76].
Multiple cytokines including interferon-y and IL-4 have been implicated in macrophage
activation for erythrophagocytosis in mouse models [57,77].

Except for rare cases of fulminant hemophagocytic states, erythrophagocytosis in
anemia of inflammation exhibits only a mild increase, and the increase could easily be
compensated if the production of erythrocytes is unimpaired [78,79].

Furthermore, the inflammatory cascade involves the generation of reactive oxygen
and nitrogen species, shaping the intricate interrelationship between inflammation and the
behavior of erythrocytes in the circulatory system. The oxidative stress within the vascular
bed exerts multifaceted effects on the structural integrity of red blood cells, characterized
by lipid peroxidation and the oxidation of membrane skeletal proteins. These biochemical
alterations do not only compromise the molecular architecture of red blood cell membranes,
but they also have profound implications for their functional properties [80-83].

The consequence of oxidative stress-induced modifications extends beyond mere
structural compromise, significantly impacting the physiological characteristics of red
blood cells. Notably, the reduction in osmotic resistance and deformability of red blood
cells has emerged as a pivotal outcome of oxidative stress in the vascular microenviron-
ment [84]. The compromised osmotic resistance renders erythrocytes more susceptible
to premature removal from circulation as their resilience to environmental challenges
diminishes [81,82,85,86].

The intricate relationship between oxidative stress and red blood cell dynamics un-
derscores the accelerated elimination of these cells from the circulatory system. This phe-
nomenon, although crucial in our understanding of broader implications of inflammation-
induced alterations, unfortunately remains unexplored in the current discourse. An in-
depth exploration of this aspect of oxidative stress is imperative for our thorough compre-
hension of the intricate mechanisms underpinning anemia in the context of inflammation.

Figure 3 provides a comprehensive overview of the interconnected processes con-
tributing to inflammation-induced anemia. The schematic representation serves as a visual
guide to illustrating the complex dynamics involving the key elements in the pathogenesis
of inflammation-associated anemia.
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Figure 3. Overview of the processes linked to inflammation-induced anemia: iron restriction (yellow
background), erythropoiesis suppression (blue background), and shortened erythrocyte lifespan (red
background). Created with BioRender.com (accessed on 9 March 2024).

4. Diseases Associated with Anemia in Older Adults

Anemia in older adults has a multifactorial cause. Consequently, there are no and
major and clear-cut contributors to anemia in the elderly. Overlapping diseases leading
to multimorbidity and an increased risk of frailty syndrome make the identification of
the causes of anemia even more challenging [87,85]. Nonetheless, the disease entities that
are associated with reduced synthesis, disruption of normal hematopoiesis to achieve the
desired volume and number of red blood cells and hemoglobin content, can be included in
the list of potential anemia-inducing conditions. This section discusses the most common
diseases associated with anemia in older adults. As depicted in Table 2, there are numerous
common diseases prevalent among the elderly that have the potential to lead to anemia.
Understanding these diseases is vital for health care professionals to accurately diagnose
and manage anemia in this population.

The commonly reported reasons include the increased risk of nutritional disorders due
to an excessive intake or negative balance in dietary supply of energy, nutrients, vitamins,
and the inability to replenish the effects of catabolic processes [89]. Cachexia, defined
as disease-related malnutrition (DRM) with inflammation in the ESPEN guidelines on
definitions and terminology of clinical nutrition [90], has been reported in relevant analyses.

The process of aging is associated with epigenetic changes that lead to somatic mu-
tations of cells beginning with pluripotent hematopoietic stem cells (PHSCs), which are
further growth pathways in hematopoiesis. These alterations result in shorter erythrocyte
lifespan and increased eryptosis rate. As a consequence, augmented oxidative stress in-
creases inflammation and the risk of age-related chronic diseases as well as hematopoietic
disorders [91,92]. The progressive deterioration of kidney and liver function in elderly
populations is a key element in the development of anemia and it involves: firstly, macro-
scopic changes, mainly a lower mass of the organs and, secondly, microscopic pathological
tissue and cells changes such as atherosclerosis of capillaries, atrophy, fibrosis, and collagen
deposition. Functional and structural changes in the aging organs increase the probability
of erythropoiesis suppression [93-95].
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Table 2. Examples of common diseases potentially leading to anemia in older adults.

Pulmonary infectious
Infective endocarditis

Chronic urinary tract infection
Chronic liver diseases
Arthritis

Chronic fungal infections
COPD

Chronic kidney disease
Chronic heart failure
Atherosclerosis

Chronic inflammatory diseases

Rheumatoid arthritis
Rheumatic fever
Vasculitis
Sarcoidosis

ICUS, CCUS, IDUS, CHIP, MDS
Aplastic anemia

Autoimmune disorders

Hematological diseases

Cancer disease Hematological malignancy, lymphomas, solid tumors

Metabolic syndrome
Overweight
Sarcopenia

Cachexia
Malnutrition

Endocrinological and metabolic
diseases

Esophagitis, gastroenteritis, peptic ulcers, ulcerative

colitis—GlI bleeding

Intestinal malabsorption syndrome (lactose, gluten
Gastrointestinal diseases intolerance)

Celiac disease

Helicobacter pylori, Clostridioides difficile

Dysbiosis

B12, folic acid, vitamin D
Nutritional deficiency Amino acids

Iron, zing, selenium, copper,

Antibiotics, NSAIDs
Proton pump inhibitors (PPIs),
Drug-induced anemia Chemotherapy

Radiotherapy

Polypharmacy
Abbreviations: CCUS, clonal cytopenia of unknown significance; CHIP, clonal h »poiesis of indete
potential; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; ICUS, idiopathic cytopenia of
undetermined significance; IDUS, idiopathic dysplasia of undetermined significance; MDS, myelodysplastic
syndromes; NSAIDs, n teroidal anti-infl. tory drugs.

4.1. Hematopoietic Disorders

Hematopoiesis-regulating mechanisms that involve players such as cytokines, chemokines,
hormones, adhesion molecules, and transcription factors occur at each stage of the cell lines,
ranging from the process of renewal, through differentiation to maturation of blood cells.
However, the process of aging is linked to the impairment to the processes of self-renewal,
differentiation, proliferation, and maturation of cells involved in hematopoiesis.

Age-related progressive changes such as epigenetic alterations, genetic instability,
telomere shortening, and accumulation of p53 damage have all been reported to affect cellu-
lar aging [96,97]. Progressive somatic mutations cause an increase in clonal hematopoiesis
of indeterminate potential (CHIP) in an average of 25% of the human population aged
over 65 years, with a further increase observed with aging. The most common mutations
concern the following genes: DNMT3A, TET2, ASXL1, JAK2, SF3B1, and TP53 [33,98-100].
Clonal changes correlate with increased heterogeneity of the cell size indices such as the
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red cell distribution width (RDW) [100]. These findings have been supported by recent
genome-wide association studies. Furthermore, studies have also demonstrated correla-
tions with an increase in inflammatory markers such as CRP, IL-1b, and IL-18, but with a
decrease in hemoglobin [98,99,101]. These somatic mutations result in an increased risk of
chronic diseases typical of old age, myeloproliferative diseases, and mortality.

Changes associated with clonal hematopoiesis can also lead to aplastic anemias [102].
Along with changes in the cell population in the hematopoietic lineage, the bone marrow
undergoes conversion from hematopoietically active red marrow to hematopoietically
inactive yellow bone marrow [103]. A decrease in bone density and disturbances to
homeostasis in osteoblast-osteoclast communication are also correlated with an increased
risk of anemia in elderly people [104].

Consequently, the balance between new erythrocyte formation and their erythrophago-
cytosis and hemolysis is disrupted and can lead to a decrease in the number of erythrocytes
in the bloodstream. Since oxidative stress is known to affect erythrocyte lifespan, one of the
hypotheses for anemia involves the activity of reactive oxygen species on erythrocytes in
the course of chronic inflammation in a progressive process of aging.

In the 1980s, Tozzi-Ciancarelli and Fedele showed that the structural properties of
erythrocytes differed between older and young adults [105]. The age-related accumulation
of defective proteins has further consequences for hematopoiesis, ultimately creating
defects in the structure of reticulocytes and erythrocytes such as changes in the spectrin-
4.1-actin complex, cytoskeleton structure, glycocalyx, and band protein III, which causes
hemolysis [106-110].

4.2. Kidney Disease

Chronic kidney disease was defined by the KDIGO (Kidney Disease; Improving
Global Outcomes) 2012 Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease as a progressive abnormality of kidney structure and function,
a condition leading to end-stage renal disease requiring renal replacement therapy [111].
Uremia progression is accompanied by an increase in chronic inflammation and oxida-
tive stress. The processes of hematopoiesis and eryptosis are therefore disrupted by the
accumulation of pro-inflammatory molecules such as CRP, NOS, ROS, IL-1, IL-6, TNF-«,
and other inflammatory mediators. Normal nephron functioning deteriorates with age,
as shown by a decrease in the glomerular filtration rate (GFR) in the aging population.
In a population study of 12,381 Germans, Waas and Schulz [112] recorded a decrease by
1 mL/min/m? estimated GFR (eGFR) per year from the third decade of life. The increased
risk of developing progressive nephropathy includes age-related chronic diseases such
as hypertension, diabetes, and glomerulonephritis [113]. An epidemiological study by
Kovesda et al. [114] recorded 25.3% prevalence of anemia in people with stages 3-5 CKD
(eGFR < 60 mL/min/1.73 m?). With regard to age groups, anemia was more likely to
develop in patients aged >75 years, who also demonstrated a significant correlation with
lower mean hemoglobin concentrations. According to Stauffer et al. [115], anemia was twice
as prevalent in people with CKD as in the general population (15.4% vs. 7.6%, respectively).

The phenomena of polypharmacy and polypragmasy, which belong to the risk fac-
tors for kidney disease, are frequently recorded in the elderly [116]. Increased use of
drugs available without prescription, primarily, non-steroidal anti-inflammatory drugs
(NSAIDs), herbal remedies, and dietary supplements can lead to drug-induced nephrotoxi-
city [117] with potential consequences being acute kidney injury (AKI), possibly leading to
irreversible CKD [118].

Other risk factors of AKI and CKD progression include water—electrolyte disturbances.
Older adults belong to the age group at increased risk of disruption of physiological home-
ostasis such as thirst control disturbances and water-electrolyte imbalance. Dysfunction of
central nervous system mechanisms of thirst control results in reduced thirst in response to
current water-electrolyte needs [119,120]. These tendencies toward dehydration are the
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risk factors for hemodynamic weakness, which significantly contributes to the increased
risk of kidney damage [121,122].

Erythropoietin, the major regulator in erythropoiesis renewal, is prenatally synthe-
sized in the liver, but hepatic EPO production is switched to the kidneys and taken over
perinatally by peritubular interstitial fibroblasts (which belong to renal erythropoietin-
producing cells (REPCs)) [123]. In chronic kidney disease, the number of REPCs is reduced
due to their differentiation into myofibroblasts, which lose their ability to produce EPO.
Therefore, an insufficient number of hypoxia-inducible factor (HIF)-sensitive REPCs in
response to hypoxic stimuli causes an EPO decrease and erythropoiesis, leading to the
development of anemia [124].

Vlasschaert et al. [125] observed more rapid development of progressive chronic kid-
ney disease and greater severity of anemia in patients with previous CKD and current CHIP.

4.3. Hormonal Factors

Hormonal regulation is also affected by age-related changes, which pertains to both
genders: menopausal and postmenopausal changes in women and andropausal transition
in men have been widely investigated. In both genders, a reduction in circulating estrogen
and testosterone plasma levels have been recorded. An age-related decrease in muscle
mass due to lower testosterone levels also results in reduced sensitivity of erythropoietin
forming [126,127]. Significant correlations between sarcopenia and anemia were detected
in population-based studies [128-130]. A reduction in erythropoiesis may also result
from decreased thyroid hormonal activity, which slows down the anabolic hormone level.
Fatigue, weakness, and loss of appetite are among the significant effects of decreased
numbers of blood erythrocytes [131].

With aging, the endocrine abnormalities decrease the production of hormones and
consequently affect red blood cell homeostasis. A potential impact of anabolic hormones
(IGF-1, testosterone, TSH, T3, T4) on hepcidin regulation and the expression of progenitor
cells involved in hematopoiesis has been recorded [132] The late-onset hypogonadism
in andropausal elderly males and hypoestrogenism in postmenopausal elderly females
are the hormonal factors that potentially contribute to anemia development. Adequate
plasma testosterone levels modulate pro-inflammatory cytokines, mainly IL-6, which ensure
appropriate hepcidin levels and proper hematopoietic cell differentiation without clonal
cells. These are the elements that favorably affect the hemoglobin and hematocrit levels
in older men [133,134]. Reduced testosterone levels correlate with a negative response to
erythropoiesis-stimulating factors [135].

It should be noted, however, that in elderly patients with prostate cancer treated with
hormone replacement therapy (androgen deprivation), radiotherapy, and brachytherapy
procedures, their hemoglobin levels were observed to fall by an average of 1-2.5 g/dL,
which should not be directly linked to inflammatory processes and anemia [132,136].

Progenitor cells contain estrogen receptors (ER-a and ER-B) that are influenced by
estrogen during differentiation [137]. Zhou and Tseng [138] showed that estrogen reg-
ulated erythropoiesis by ROS and NOS modulation on the progenitor erythroid cells,
which affected proliferation and differentiation. The research conducted to date has also
confirmed the protective cardiovascular effects of estrogens in women as their NOS and
ROS-modulating activity produces anti-inflammatory effects [139]. Moreover, estrogen has
an erythropoiesis-stimulating effect on bone marrow stem cells, which has been proven to
support erythrocyte count and hemoglobin levels in pregnant women [140].

Estrogens participate in the estrogen-iron axis through their ability to inhibit hep-
cidin formation. A decrease in hepcidin results in an increase in iron storage, while an
inflammation-induced increase of hepcidin levels, among other factors, negatively affects
iron metabolism.
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4.4. Gastrointestinal Diseases

Gastrointestinal (GI) changes are common in the elderly, with some GI disorders
being more prevalent in this age group such as changes in the oral cavity, esophagitis,
gastroesophageal reflux disease (GERD), chronic atrophic gastritis, Clostridioides difficile
and Helicobacter pylori infection, peptic ulcer disease, celiac disease, small bowel bleeding,
angiodysplasias, small bowel ulcers, inflammatory bowel disease (IBD), small intestinal
bacterial overgrowth (SIBO), abdominal hernia, constipation, and diarrheal illnesses [141].

Decreased production of pepsin and hydrochloric acid limits the bioavailability of
dietary and supplementary vitamin B12 [141,142]. Examples of bioavailability limitations
include the use of acid suppressants to protect against medication side-effects (mainly
NSAIDs), the presence of gastritis and/or duodenal inflammation, and esophageal dis-
orders. Age-associated changes to intestinal epithelial cells and enterocyte function may
result in insufficient nutrient absorption [143]. These limitations are also related to the
higher prevalence of celiac disease in the elderly, reaching from 4 to about 25 percent [144].
In fact, this difference may be due to delayed diagnosis for celiac disease, mainly because of
the atypical clinical manifestations of this enteropathy [141,143,145]. A higher incidence of
hernias, adhesions, diverticulosis, and risk of obstruction may also contribute to bacterial
overgrowth (SIBO) and chronic intestinal inflammation. Diverticular disease is rare in the
general population, but it was found to affect 65% of people aged >65 years [141,146,147].

Abnormal hematological indicators such as inflammation-related normocytic anemia
occur in approximately half of patients with hepatic cirrhosis [148]. Hepcidin plays a major
role in hepatic disorders due to iron restriction. On the other hand, information regarding
patients with cirrhosis is limited, and there is debate about the plasma erythropoietin
(EPO) levels in these individuals. It is plausible that EPO elevation could be a result of
renal hypoperfusion, hypoxia, anemia, or a hepato-protective and regenerative mechanism
mediated by EPO. In contrast, inadequate EPO response in advanced cirrhosis might be
attributed to poor hepatic synthesis capacity, decreasing co-factor levels, and inflammatory
feedback mechanisms. Ultimately, the source of a potential increase in EPO production
during certain stages of cirrhosis—whether from the kidney or liver—remains a lingering
question [149].

While some changes associated with an aging GI system are physiologic, others are
pathological and particularly more prevalent among those above 65 years of age [141].
Such GI diseases increase the risk of gastrointestinal bleeding.

Diseases of the gastrointestinal tract in old age are among the main causes of anemia
due to the reduced absorption of micro- and macronutrients necessary for cell synthesis
in erythropoiesis up to the erythrocytes themselves. It is challenging to unequivocally
demonstrate anemia in the elderly as a result of chronic inflammation due to the over-
lapping causes of anemia such as disorders, impaired iron absorption, and the intake of
other micronutrients.

4.5. Intestinal Dysbiosis

Our microbiota is subject to constant variation over our life course. The risk of intesti-
nal dysbiosis (i.e., a significant reduction in beneficial microorganisms and an increase in
opportunistic or pathobiont microbes in the gastrointestinal tract) is on the increase in old
age depending on our health status, lifestyle, previous illnesses, and general inflamma-
tion [150,151]. Intestinal epithelial barrier dysfunction and increased permeability with
aging, previously confirmed only in patients with inflammatory bowel diseases, have raised
particular concerns. This is especially relevant for individuals with inflammatory bowel
disease, nutritional deficiencies, overweight, metabolic syndrome, or those undergoing
antibiotic therapy [152].

Josefsdottir et al. [153] demonstrated that the gut microbiota supports adequate
hematopoiesis. Previous hypotheses suggested a signaling model involving the gut micro-
biome and the bone marrow.
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The gut microbiome-macrophage-iron axis recently discovered by Zhang and Gao [154]
shows that microbiota-derived metabolites increase iron availability in a manner dependent
on bone marrow macrophage erythrophagocytosis, which affects hematopoietic differen-
tiation and blood regeneration. These include STAT1 signaling, type I IFN signaling in
hematopoietic cells [155]. The presence of a favorable gut microbiota population ensur-
ing adequate synthesis of short-chain fatty acids (SCFAs) such as acetate, butyrate, and
propionate may contribute to erythrophagocytosis and favorable hematopoietic regener-
ation [156—158]. Soriano-Lerma and Garcia-Burgos [159] reported a potential mediatory
function of SCFAs in iron absorption, and possibly in anemia status modulation. A gradual
increase in unfavorable intestinal microbiota contributes to an increased risk of intestinal
absorption disorders in the elderly [143,160].

4.6. Autoimmune Diseases

The risk of chronic inflammation including autoimmunization increases with age.
Paradoxically, an increase in the incidence of new autoimmune pathologies in all autoim-
mune diseases has not been recorded in older adults [161]. A recent population-based
study by Conrad et al. [162] confirmed that they occurred almost twice as often in women
as in men, and the mean age of diagnosis was 54 years. Only in entities such as Graves’
disease, pernicious anemia, and rheumatoid arthritis (RA) did the risk increase with age.
For the other di es (coeliac di , inflammatory bowel disease and vasculitis), the
incidence reached three different peaks: in childhood, early adulthood, and old age.

Even if we assume that the components of immunescence such as chronic inflamma-
tion, increased production of autoantibodies, and a decline in the immune response are
most likely to be chronic autoimmunity rather than autoimmune diseases, they are still
potential contributors to anemia in the elderly [163,164]. Some scientific reports support the
link between anemia and autoimmune diseases, however, other causes of anemia should
be considered such as anti-inflammatory drugs, glucocorticosteroids, biologic drugs that re-
duce iron-bioavailability and other essential micro- and macro-nutrients for erythropoiesis,
or increased macrophage release [165]. This hypothesis may be supported by the decrease
in Hb levels in RA, and the degree of clinical exacerbation of rheumatic disease. However,
more research is needed into the relationships between anemia and autoimmunity and au-
toimmune diseases in older adults, taking into account confounding factors such as the use
of medications that increase the risk of gastrointestinal diseases and limit bioavailability as
well as other chronic diseases (e.g., CKD, hematological diseases, malnutrition, or hepatic
diseases) [165-169].

Numerous research papers have reported that erythropoiesis-enhancing treatment re-
duced the severity of autoimmune diseases [170-174]. However, the conclusions should be
treated with caution, as in some autoimmune diseases, EPO may produce pro-inflammatory
or anti-inflammatory effects [175].

Itis possible that the response of B and T lymphocytes in the autoimmunity process is
potentially related to the increased risk of stress erythropoiesis, which does not allow older
people to keep pace with the demand for erythrocytes [176,177].

5. Summary

Extensive studies on anemia in older adults have revealed significant outcomes includ-
ing increased mortality, hospitalization rates, frailty, falls, mobility limitations, cognitive
decline, dementia, functional dependence, and reduced quality of life. These findings
are consistent across major cohort studies that excluded individuals with other condi-
tions [6,178-181]. The multifactorial and highly prevalent nature of anemia in older adults
is directly correlated with age. While the degree of anemia is mostly mild in the ambulatory
setting, institutionalized patients exhibit higher rates of anemia of increased severity.

Aging-related changes are evident in the frequent occurrence of both anemia and
indicators of inflammation in the elderly. It is crucial to recognize the interconnectedness
of anemia and inflammaging, as they are, to some extent, manifestations of the same
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biological processes such as elevated levels of various proinflammatory mediators. Both
conditions, anemia and inflammation, contribute to a heightened mortality risk, with the
underlying causes of decreased survival likely stemming from a variety of factors. To
enhance the clinical management of individual patients, a deeper understanding of the
molecular mechanisms driving anemia and inflammation is essential. Our perspective
emphasizes the need for personalized care based on the comprehensive clinical context
when dealing with elderly patients.

A critical facet involves recalibrating reference values for older adults for key hema-
tological parameters such as hemoglobin and hematocrit to align with the unique phys-
iological changes associated with aging. This should make the diagnostic process more
accurate and reflective of the health status of older individuals. Moreover, a diagnostic
panel should be devised to encompass a spectrum of markers essential for comprehensive
anemia assessment in older age. In addition to conventional indicators, special attention
should be directed to hepcidin and inflammatory biomarkers such as CRP and cytokines
such as IL-1p and TNF-« [52]. These indicators provide a more nuanced insight into the
underlying causes of anemia, enabling tailored interventions that could address specific
clinical conditions common in the elderly population.

Stratifying the elderly population into distinct age groups is another crucial modifica-
tion proposal in the diagnostic approach. While anemia can affect individuals at various life
stages, placing emphasis on those aged 65 and above recognizes the increased susceptibility
to anemia-related issues in this demographic. Moreover, pinpointing high-risk groups such
as individuals with specific chronic diseases ensures targeted and more frequent screenings
for those who need it the most. Notably, persons aged 80 and above as well as institutional-
ized patients require even more vigilant monitoring, considering their advanced age and
higher vulnerability to potential anemia-associated complications.

Moving beyond diagnostic measures, the multifaceted nature of combating anemia in
the elderly necessitates the consideration of both non-pharmacological and pharmacological
interventions. Non-pharmacological strategies, particularly dietary adjustments, have
emerged as a cornerstone in anemia management.

However, when pharmacological interventions are warranted, a judicious approach is
essential. Considering the likelihood of elderly individuals already being on a myriad of
medications, potential interactions must be carefully evaluated.

In essence, addressing anemia in the elderly requires a meticulous balance between
comprehensive diagnostic measures and tailored interventions. By embracing these mod-
ifications in diagnostic testing and intervention strategies, health care professionals can
navigate the complexities of anemia management in older individuals with greater preci-
sion and efficacy.

We ought to incorporate every accessible data found in the Clinical Practice Guide-
lines, which shall support the comprehensive management of these patients through a
multidisciplinary and multimodal approach.

This review provides valuable insights that can guide future endeavors in refining
the approach to anemia in the elderly, ultimately contributing to improved health care
outcomes for this demographic population.
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VII. Opinie Komisji Bioetycznych

KOMISJA BIOETYCZNA

1
przy Okregowej R
Le

379 00, tel.fax 68 320 78 15

adzie Lekarskiej
nej Gorze
3, ul. Batorego 71 Komisja Bioetyczna
przy Okregowej Radzie Lekarskiej w Zielonej Gorze
65-735 Zielona Gora, ul. Batorego 71
tel. (068) 320 79 00, fax (068) 3207815

Uchwala Komisji Bioetycznej Nr 04/133/2020
z dnia 26 sierpnia 2020 r.

w sprawie wydania opinii o projekcie badawezym pt.:  Procesy zapalne i niedokrwisto$¢ u osob
starszych™.

Opinia wydana jest na podstawie art. 29 ust. 2 ustawy z dnia 16 grudnia 2016 r. o zawodach lekarza
i lekarza dentysty (Dz.U. z 2017 poz. 125), rozporzadzenia MZiOS z dnia 11 maja 1999 r. w sprawie
szezegolowyceh zasad powolywania i finansowania oraz trybu dzialania komisji bioetycznych (Dz.U. Nr
47, poz. 480 7z 1999 r.) oraz uchwaly nr 49/VII1/2019 Okregowej Rady Lekarskiej w Zielonej Gorze z dnia
25 kwietnia 2019 r. w sprawie powolania Komisji Bioetycznej.

Komisja Bioetyczna przy Okregowej Izbie Lekarskiej w Zielonej Gorze na posiedzeniu
zdalnym w dniu 26 sierpnia 2020 r. zapoznala si¢ ze zgloszeniem projektu badawczego
zatytulowanego ,,Procesy zapalne i niedokrwisto$¢ u osob starszych”.

Glownym badaczem jest dr Edyta Wawrzyniak-Gramacka. Badanie bedzie prowadzone na
Uniwersytecie Ziclonogorskim (65-714 Zielona Goéra, ul. Licealna 9). Kierownikiem naukowym
badania jest dr hab. Agnieszka Zembron-Lacny (prof. Uniwersytet Zielonogorski).

Do wniosku dolaczono nast¢pujace dokumenty:
I. Protokol badania.

2. Formularz $wiadomej zgody pacjenta.

3. Oswiadczenie badacza.

4. Oswiadczenie badanego wraz ze zgoda na przetwarzanie danych.
5. Klauzula informacyjna.

6. Zyciorys naukowy badacza.

W wyniku tajnego glosowania Komisja Bioetyczna wyraza zgod¢ na przeprowadzenie
badania zatytulowanego: ,Procesy zapalne i nicdokrwisto$¢ u oséb starszych”.

Komisja zastrzega sobie prawo do uzyskiwania informacji o powiklaniach i efektach
niepozadanych oraz do uzyskania raportu koncowego. Komisja Bioetyczna przy Okregowej Radzie
Lekarskiej w Ziclonej Gorze dziala zgodnie z zasadami Good Clinical Practice (ICH-GCP) oraz przestrzega
Deklaracji Helsinskiej 1 Tokijskiej. Do opinii zalaczono wykaz oséb bioracych udzial w glosowaniu.

przy Okregowej
OIL w Zig|
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KOMISJA BIOETYCZNA
przy Collegium Medicum
Uniwersytetu Zielonogoérskiego
ul. Zyty 28 bud. F

65-046 Zielona Gora

UCHWALA KOMISJI BIOETYCZNEJ
przy Collegium Medicum Uniwersytetu Zielonogorskiego nr 7/2021
z dnia 02.06.2021 r.
w sprawie wniosku o numerze ewidencyjnym KB-UZ/19/2021

Komisja Bioetyczna przy Collegium Medicum powotana zarzadzeniem rektora Uniwersytetu
Zielonogorskiego nr 228 z dnia 1 grudnia 2020 r. oraz dzialajace w trybie przewidzianym
rozporzadzeniem ministra zdrowia z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152
z pdzniejszymi zmianami) w skladzie:

1) ks. dr Mariusz Dudka

2) dr n. med. Piotr Defort,

3) dr hab. n. med. Jarostaw Hiczkiewicz,

4) mgr Ewa Hassa,

5) dr n. med. Szymon Jurga,

6) dr n. med. Pawetl Jarmuzek,

7) dr hab. n. med. Rafal Rzepka,

8) dr n. med. Marek Szwiec,

9) mgr Ewa Sibilska,

10) mgr Maria Wechmann,

11) dr n. med. Mariusz Witczak.

Pod przewodnictwem:
dr hab. n. med. Jarostawa Hiczkiewicza

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt. ,,Wplyw sktadnikow diety na profil zapalno-
immunologiczny 0s6b w réznym wieku” zgloszonym przez mgr Natali¢ Hertmanowska oraz
ztozonymi wraz z wnioskiem dokumentami w tajnym glosowaniu postanowita wyrazi¢ zgode
na przeprowadzenie badania jednomyslnie pod warunkiem zachowania anonimowosci
uzyskanych danych. Wnioskodawca jest zobowigzany zawrze¢ umowe OC przed rozpoczeciem
badan.

Przewodniczqcy Komisji

PRZEWODNIC
KOMIsJI BlOETYgéA?\J?S

Un%egi m Medicum
bt/ g S ielonogdrski
Drhab. n. me%ukiewi}ﬁ{

d /
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VIII. Oswiadczenia wspolautorow prac

dr Edyta Wawrzyniak-Gramacka Zielona Gora, 9 kwietnia 2024
Katedra Fizjologii Stosowanej i Klinicznej

Collegium Medicum Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Goéra

e-mail: e.gramacka@inz.uz.zgora.pl

OSWIADCZENIE

Oswiadczam, ze jestem wspOlautorem publikacji: Eryk Wacka, Edyta Wawrzyniak-
Gramacka, Anna Tylutka, Barbara Morawin, Marzena Gutowicz, Agnieszka Zembron-Lacny.
The Role of Inflammation in Age-Associated Changes in Red Blood System, 2023,
International Journal of Molecular Sciences; Vol. 24, Iss. 10, 1-13. DOL
10.3390/ijms24108944.

Méj wklad w przygotowanie publikacji polegal na zebraniu materiatu biologicznego,
wykonaniu analizy biochemicznej i analizy statystycznej.

Swdj catkowity wktad w przygotowanie publikacji oceniam na 10 procent.
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(wilasnoreczny podpis)
dr Edyta Wawrzyniak-Gramacka
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Dr n. med. Anna Tylutka Zielona Goéra, 9 kwietnia 2024
Katedra Fizjologii Stosowane;j i Klinicznej

Collegium Medicum Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Géra

e-mail: a.tylutka@inz.uz.zgora.pl

OSWIADCZENIE

Os$wiadczam, Ze jestem wspotautorem publikacji: Eryk Wacka, Edyta Wawrzyniak-Gramacka, Anna
Tylutka, Barbara Morawin, Marzena Gutowicz, Agnieszka Zembron-Lacny. The Role of
Inflammation in Age-Associated Changes in Red Blood System, 2023, International Journal of
Molecular Sciences, Vol. 24, Iss. 10, 1-13. DOI: 10.3390/ijms24108944.

Moj wkiad w przygotowanie publikacji polegat na zebraniu materiatu biologicznego i analizy
biochemiczne;j.

Swoj catkowity wkiad w przygotowanie publikacji oceniam na 10 procent.

T L'«/\t,(&Q 4 MM

(wlasnoreczny podpis)
Dr n. med. Anna Tylutka
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Dr Barbara Morawin Zielona Gora, 9 kwietnia 2024
Katedra Fizjologii Stosowanej i1 Klinicznej

Collegium Medicum Uniwersytet Zielonogdrski

ul. Zyty 26, 65-046 Zielona Gora

e-mail: b.morawin@inz.uz.zgora.pl

OSWIADCZENIE

Oswiadczam, ze jestem wspotautorem publikacji: Eryk Wacka, Edyta Wawrzyniak-Gramacka,
Anna Tylutka, Barbara Morawin, Marzena Gutowicz, Agnieszka Zembron-Facny. The Role of
Inflammation in Age-Associated Changes in Red Blood System, 2023, International Journal
of Molecular Sciences; Vol. 24, Iss. 10, 1-13. DOI: 10.3390/1jms24108944.

Moj wkilad w przygotowanie publikacji polegal na zebraniu materialu biologicznego,
wykonaniu analizy antropometrycznej i sktadu ciala oraz analizy biochemiczne;.

Swoj catkowity wkiad w przygotowanie publikacji oceniam na 10 procent.
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(wlasnoreczny podpis)

Dr Barbara Morawin
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Dr Marzena Gutowicz Zielona Géra, 9 kwietnia 2024
Katedra Fizjologii Stosowanej i Klinicznej

Collegium Medicum Uniwersytet Zielonogérski

ul. Zyty 26, 65-046 Zielona Géra

e-mail: m.gutowicz@inz.uz.zgora.pl

OSWIADCZENIE

Oswiadczam, Zze jestem wspolautorem publikacji: Eryk Wacka, Edyta Wawrzyniak-
Gramacka, Anna Tylutka, Barbara Morawin, Marzena Gutowicz, Agnieszka Zembron-Lacny.
The Role of Inflammation in Age-Associated Changes in Red Blood System, 2023,
International ~ Journal of Molecular ~ Sciences; Vol. 24. Iss. 10, 1-13. DOI:
10.3390/ijms24108944.

Moj wkilad w przygotowanie publikaci polegal na zebraniu materiatu biologicznego i
wykonaniu analizy biochemicznej.

Swoj catkowity wkiad w przygotowanie publikacji oceniam na 10 procent.

G ity

(wlasnoreczny podpis)

Dr Marzena Gutowicz
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Prof. dr hab. Agnieszka Zembron-Facny Zielona Gora, 9 kwietnia 2024
Katedra Fizjologii Stosowanej i Klinicznej

Collegium Medicum Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Gora

e-mail: a.zembron-lacny@inz.uz.zgora.pl

OSWIADCZENIE

Oswiadczam, ze jestem wspotautorem publikacji: Eryk Wacka, Edyta Wawrzyniak-Gramacka,
Anna Tylutka, Barbara Morawin, Marzena Gutowicz, Agnieszka Zembron-Lacny. The Role of
Inflammation in Age-Associated Changes in Red Blood System, 2023, International Journal of
Molecular Sciences; Vol. 24, Iss. 10, 1-13. DOI: 10.3390/ijms24108944.

Moj wktad w przygotowanie publikacji polegal na organizacji funduszy na projekt i grupy badane;j
oraz weryfikacji ostatecznej wersji manuskryptu.

Swoj catkowity wklad w przygotowanie publikacji oceniam na 10 procent.
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(wlasnoreczny podpis)

Prof. dr hab. Agnieszka Zembron-Lacny
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Jan Nicikowski Zielona Gora, 9 kwietnia 2024
Collegium Medicum

Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Gora

e-mail: jan.nicikowski@gmail.com

OSWIADCZENIE

Oswiadczam, ze jestem wspolautorem publikacji: Oswiadczam, ze jestem wspotautorem
publikacji: Eryk Wacka, Jan Nicikowski, Pawel Jarmuzek, Agnieszka Zembron-Lacny. Anemia
and Its Connections to Inflammation in Older Adults: A Review, 2024, Journal of Clinical
Medicine; Vol. 13, Iss. 7, 1-22, DOI: 10.3390/jcm13072049.

Mo wkilad w przygotowanie tej publikacji polegal przygotowaniu koncepcji pracy, przeglad
literatury, przygotowaniu ryciny nr 1 oraz pisaniu tresci pracy.

Swoj catkowity wklad w przygotowanie publikacji oceniam na 35 procent.

lalooohs
(wlasnoreczny podpis)
Jan Nicikowski
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Dr n. med. Pawet Jarmuzek Zielona Gora, 9 kwietnia 2024

Klinika Neurochirurgii i Choréb Uktadu Nerwowego
Collegium Medicum Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Géra

e-mail: b. morawin@inz.uz.zgora.pl

OSWIADCZENIE

Os$wiadczam, ze jestem wspdtautorem publikacji: Eryk Wacka, Jan Nicikowski, Pawet Jarmuzek,
Agnieszka Zembron-Lacny. Anemia and Its Connections to Inflammation in Older Adults: A
Review, 2024, Journal of Clinical Medicine; Vol. 13, Iss. 7, 1-22, DOI: 10.3390/jcm13072049.

Méj wkiad w przygotowanie publikacji polegat na organizacji funduszy i weryfikacji ostatecznej
wersji manuskryptu.

Swoj catkowity wkiad w przygotowanie publikacji oceniam na 5 procent.

(wlasnoreczny podpis)

Dr n. med. Pawel Jarmuzek
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Prof. dr hab. Agnieszka Zembron-Lacny Zielona Gora, 9 kwietnia 2024
Katedra Fizjologii Stosowanej i Klinicznej

Collegium Medicum Uniwersytet Zielonogorski

ul. Zyty 26, 65-046 Zielona Gora

e-mail: a.zembron-lacny@inz.uz.zgora.pl

OSWIADCZENIE

Oswiadczam, ze jestem wspotautorem publikacji: Eryk Wacka, Jan Nicikowski, Pawel Jarmuzek,
Agnieszka Zembron-Lacny. Anemia and Its Connections to Inflammation in Older Adults: A
Review, 2024, Journal of Clinical Medicine; Vol. 13,1ss. 7, 1-22, DOI: 10.3390/jcm13072049.

Moj wklad w przygotowanie publikacji polegal na organizacji funduszy 1 weryfikacji ostatecznej
wersji manuskryptu.

Swoj catkowity wklad w przygotowanie publikacji oceniam na 10 procent.

?L,
// / ~ a —( < —
3(: o DI S h
e~
P . //

(wlasnoreczny podpis)

Prof. dr hab. Agnieszka Zembron-Lacny
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