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Pestome. Cypynxamu xacamwuxnap anemuscu (CKA) 6onanapoa, aiinuxca cypywkanu 6yupax Kacauiiueu 6d
SULTUEIAHULW JHCAPAEHAAPU DUNAH Keuysyu XOIamaapod Kene mapkanean. by xonamoa ymymuil memup 3axupanapu emapiu
oynca xam, memupHune MyKUMAIapoan YuKUuy 8 YHuHe Konoazu mukoopu kamasou. Opmuxya unmepneikun-6 (1L-6)
Jrcueapoazu 2encuOuH CuHmesunu Kyyaumupaou. I'encuoun gepponopmun Ounan 00e1anud, YHUHZ NAPHALAHUWUSA 84
MeMUPHUHZ KOH2a YUKUWUHU mycunumuea cabab o6yraou. Hamusicada memup xyscatipa uyuoa “mymub Koiunaou” 6a
apumponoa3 yuyn emapau oyimaiiou. @eppumun éa C-peaxmue oxcun (CRP) dapaswcanapu owean, Konoaeu memup 6a
mpancgheppur MyuuHeanIuKk Kypcamxuyiapu nacavean oynraou. I'encuoun, peppumun éa CRP dapascanapunu 6axonraw
CKAHu memup mankuciueu anemuacuoan gapxiawea 8a 60iaiapoa 0agonaul yCyiiapuHy maKoMuuiaumupumea époam
bepaou.

Kanum cysnap: cypynkaiu xacaiiukiap amemuscu, 2encuoun, gepponopmun, ¢eppumun, C-peaxmue okcui, me-
Mup mpancnopmu, GOIANAP, CYPYHKAIU OYUPAK KACAIIUU.

Abstract. Anemia of chronic disease (ACD) commonly occurs in children with chronic kidney disease and inflam-
matory disorders. It is characterized by functional iron deficiency caused by impaired iron release from storage sites. Ex-
cessive interleukin-6 (IL-6) stimulates hepatic synthesis of hepcidin, which binds to ferroportin, leading to its degradation
and blocking iron export into plasma. As a result, iron becomes unavailable for erythropoiesis despite normal or in-
creased stores. Elevated ferritin and C-reactive protein (CRP) levels with reduced serum iron and transferrin saturation
(TSAT) are typical for ACD. Evaluating hepcidin, ferritin, and CRP helps distinguish ACD from iron deficiency anemia
and optimize therapy in children with chronic diseases.

Keywords: anemia of chronic disease, hepcidin, ferroportin, ferritin, C-reactive protein, iron transport, children,
chronic kidney disease.

Introduction. Anemia of chronic disease  ders, inflammatory diseases, and prolonged infections
(ACD), also referred to as anemia of inflammation, is  [1, 2].
one of the most common forms of anemia in children Despite having sufficient or even elevated iron
suffering from chronic pathological conditions such  stores, these patients exhibit low serum iron levels
as chronic kidney disease (CKD), autoimmune disor-  and impaired iron utilization, leading to the develop-
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ment of functional iron deficiency that is poorly re-
sponsive to conventional oral iron therapy [3, 4].

The pathogenesis of ACD is multifactorial and
largely associated with immune-inflammatory regula-
tion of iron metabolism. During chronic inflamma-
tion, there is an overproduction of interleukin-6 (IL-
6), which stimulates hepatic synthesis of hepcidin -
the key peptide hormone that regulates systemic iron
homeostasis [5,6]. Hepcidin binds to the membrane
protein ferroportin located on enterocytes and macro-
phages, causing its internalization and degradation
[7,8]. As a result, iron becomes “trapped” within
cells, its release into the plasma is blocked, and it be-
comes unavailable for erythropoiesis, despite normal
or elevated total body iron stores [9].

In addition to hepcidin, C-reactive protein
(CRP) and ferritin play important roles in the regula-
tion of iron metabolism, reflecting the interaction be-
tween inflammation and iron status. In children with
ACD, ferritin levels are usually normal or elevated,
while serum iron (Fe) and transferrin saturation
(TSAT) are decreased, making differential diagnosis
between iron deficiency anemia (IDA) and ACD dif-
ficult [10, 11, 17, 18]. Measurement of hepcidin and
CRP levels allows for a more accurate assessment of
the inflammatory blockade of iron transport and helps
identify functional iron deficiency [12, 13, 18].

In children, anemia of chronic disease poses a
significant diagnostic and therapeutic challenge, as it
is often combined with both iron deficiency and
chronic inflammation. Understanding the biochemical
and regulatory mechanisms of impaired iron transport
in these patients is essential for improving differential
diagnosis and optimizing approaches to the treatment
of anemia in chronic diseases [14, 15, 16, 19].

Objective. To evaluate biochemical and regu-
latory factors affecting iron transport in children with
anemia of chronic disease, with particular emphasis
on the relationship between hepcidin, ferritin, and C-
reactive protein (CRP) levels.

Materials and Methods. The study was con-
ducted at the Pediatric Department of the Samarkand
State Medical University. A total of 60 children aged
5 to 15 years who underwent examination and treat-
ment for anemia of various etiologies were included.

All patients were divided into two groups:
Group | (n = 30) - children with anemia of chronic
disease (ACD) associated with chronic kidney dis-
ease, rheumatic, or inflammatory disorders. Group 11
(n = 30) - children with iron deficiency anemia (IDA)
without signs of chronic inflammation, serving as the
control group.

The diagnosis of anemia was established based
on clinical and laboratory criteria according to WHO
guidelines (Hb below age-specific norms). Differen-
tial diagnosis between ACD and IDA was performed

using a combination of iron metabolism indicators
and markers of inflammation.

Inclusion Criteria: Age 5-15 years; Laboratory-
confirmed anemia; Diagnosed chronic inflammatory
disease (for ACD group); Informed parental (guardi-
an) consent for participation in the study.

Exclusion Criteria: Acute infectious or in-
flammatory diseases at the time of study; Hemolytic
or aplastic forms of anemia; Recent (within one
month) administration of iron preparations or eryth-
ropoietin; Liver or gastrointestinal disorders affecting
iron metabolism.

Methods of Investigation. All children under-
went a comprehensive clinical and laboratory exami-
nation, including:

1. Complete Blood Count (CBC):
measurement of hemoglobin (Hb), erythrocyte count,

hematocrit, and mean corpuscular hemoglobin
(MCH).
2. Biochemical markers of iron metabo-

lism: serum iron (Fe, umol/L); total iron-binding ca-
pacity (TIBC, umol/L); transferrin saturation (TSAT,
%); ferritin (ng/mL) - determined by enzyme-linked
immunosorbent assay (ELISA).

3. Markers of inflammation: C-reactive
protein  (CRP, mg/L) - determined by
immunoturbidimetric method; Erythrocyte sedimen-

tation rate (ESR, mm/h) - determined by
Panchenkov’s method.
4, Regulatory marker of iron metabo-

lism: serum hepcidin (ng/mL) measured by ELISA
using certified diagnostic kits.

Statistical analysis was performed using SPSS
Statistics 26.0. Results were expressed as mean =+
standard error of mean (M + m). To assess the signif-
icance of differences between groups, the student’s t-
test for independent samples was applied. Correla-
tions between parameters were assessed using Pear-
son’s correlation coefficient (r). Differences were
considered statistically significant at p < 0.05.

Results and Discussion. As a result of the
study, it was found that children with ACD exhibited
pronounced alterations in iron metabolism and in-
flammatory markers compared with those suffering
from IDA.

Both groups of children demonstrated moder-
ate anemia (Hb 80-90 g/L); however, their metabolic
profiles differed significantly. In the ACD group, se-
rum iron (Fe) levels were significantly reduced, while
total iron-binding capacity (TIBC) remained relative-
ly low, indicating functional iron deficiency rather
than absolute depletion of iron stores. In contrast,
children with IDA exhibited the classical pattern of
low Fe combined with elevated TIBC, which is typi-
cal of true iron deficiency (Table 1).
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Table 1. Indicators of iron metabolism and inflammation in examined children

Indicator Control group (n=20) ACD (n=30) (M + m) IDA (n=30) (M £+ m) p-value
Hb, g/L 125.0+4.74 854+2)1 80,3+1,8 >0,05
Fe, umol/L 18.35+2.26 6,72+ 0,31 423 +0,28 <0,001
TIBC, pumol/L 60.00+6.32 479+24 68,4+29 <0,001
TSAT, % 30.5+£5.37 14,8 +0,9 10,2 £0,7 <0,01
Ferritin, ng/mL 38.6+2.7 156,2+9,4 18,7+1,6 <0,001
Hepcidin, ng/mL 224+1.8 118,6 £6,3 124 +1,1 <0,001
CRP, mg/L 1.9+0.3 17,3+2,1 3,1+£0,6 <0,001

Note: p - statistical results before treatment in children with ACD/IDA, compared with the healthy con-

trol group.

The key difference between the two groups
was in ferritin and hepcidin levels. In children with
ACD, ferritin levels were elevated (156.2 + 9.4
ng/mL), reflecting preserved or excessive iron stores.

At the same time, hepcidin levels exceeded 100
ng/mL (118.6 £ 6.3), which was nearly tenfold higher
than in children with IDA (12.4 + 1.1; p < 0.001).
This finding indicates pronounced activation of in-
flammatory regulation of iron metabolism, where ex-
cessive hepcidin secretion leads to ferroportin degra-
dation and blockage of iron release from storage
cells.

Role of Inflammation and Interrelations Be-
tween Parameters. High CRP levels in children with
ACD (17.3 + 2.1 mg/L) confirmed the presence of
chronic inflammation.

Correlation analysis demonstrated:

1.a negative correlation between hepcidin and
TSAT (r =-0.65; p < 0.01),

2.a positive correlation between hepcidin and
CRP (r = +0.62; p < 0.01),

3.a positive correlation between ferritin and
hepcidin (r = +0.59; p < 0.05).

Thus, the greater the inflammatory activity, the
stronger the blockade of iron transport.

Discussion. An increase in hepcidin levels
above 100 ng/mL in children with anemia of chronic
disease represents a critical laboratory marker of in-
flammatory iron blockade.

Such levels are commonly observed in chronic
kidney disease, juvenile arthritis, tuberculosis, and
other chronic inflammatory or infectious conditions.

Elevated ferritin with low Fe and TSAT values
creates the phenomenon of “trapped iron” - iron is
present but unavailable for erythropoiesis due to
hepcidin-mediated transport inhibition.

These findings are consistent with the data of
international authors, who emphasize that hepcidin is
a key mediator of anemia of chronic disease and re-
flects the degree of activation of inflammatory cyto-
kines, primarily 1L-6.

Conclusion. Children with anemia of chronic
disease exhibit pronounced hepcidinemia (above 100
ng/mL), which correlates with the degree of inflam-
mation and CRP levels.

1. Elevated hepcidin is accompanied by
decreased transport forms of iron (TSAT) and block-
ade of its mobilization from depots, despite high fer-
ritin levels.

2. The diagnostic combination
“hepcidin + ferritin + CRP” serves as a reliable crite-
rion for distinguishing functional from absolute iron
deficiency in pediatric patients.
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BHOXUMHWYECKHE H PEI'Y/JIATOPHBIE
MEXAHHU3MbI HAPYIIEHHOI'O TPAHCITOPTA
JKEJIE3A ITPH AHEMHH XPOHUYECKHUX
34B0JIEBAHHUH Y JETEH

Awyposa HIII, Mypadosa 3.B., Ymaeanosa I’ X.,
Xamuooe A.U.

Pestome. Anemus npu XpoHuueckux 3a001€6aHUSX
WUPOKO pacnpocmpanena y oemeti, 0COOEHHO 6 CIyYdsix,
CONPOBOAHCOAIOWUXCA  XPOHUUECKOU OONIe3HbI0 NOYeK U
socnanumenvbubiMu npoyeccamu. B omom cayuae, oadsice
ecau obwue 3anacel dicene3a OOCMAMOUHbL, GblOeNeHUe
Jlcenesa U3 mMKamelu U €20 KOHYEeHmpayusi 6 Kpogu
ymenvwaiomes.  Hzowimox — unmepneikuna-6  (1L-6)
ycunueaem Ccunmes 2encuouna 6 neuenu. Iencuoun
CBS3bIBACMCSL C (PepPONOPMUHOM, BbI3bIBASL €20 PACHAO U
Npensimcmeysi 8blx0dy dicene3d 6 Kpoeb. B pesyromame
grcenezo  "zadepacusaemcs”  ewympu  KiemKku U
CMAaHOBUMCSE HEOOCMAMOYHBIM OISl APUMPON0I3d. YposHu
geppumuna u C-peaxmusnozo o6eaxa (CPE) nosviuiensi, a
noKazamenu HACblWeHus: Jcere3a U mpancgheppuna 8
Kpogu crudicenvl. OyenKka yposHs 2encuouna, peppumuna
u CPBE nomooxcem ougpgepenyuposamv anemuro npu
XpoHUudeckux 3abonegaHuii om  dcene300eQuyUmMHOL
aHeMuU U YCoBePUIEHCMBOBANb MEMOObL IeUeHUs Yy Oemell.

Kniwouesvie cnosa: anemus npu XpOHUHECKUX
3abonesanusix, 2encuouH, ¢pepponopmun, eppumun, C-
peakmugnblii  0eloK,  mpancnopm  dicenesd, — O0emu,
XpoHuyeckast 60e3Hb Noyex.
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