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With oral intake, iron absorption in patients with celiac disease (CD) is reduced due to the decreased absorption sur-
face of the atrophic small intestine mucous membrane. Besides, there are additional risk factors for anemia whose
mechanisms are unclear. The aim of this study was to evaluate gastrointestinal risk factors for anemia in children.
Materials and methods. The first group consisted of 58 children with newly diagnosed CD who did not adhere to the
gluten-free diet (GFD). The second group included 49 children with CD who hasn’t been adhering to the GFD. The third
group included 69 children with chronic gastritis (CG) without CD. In addition to the standard examination, which includes
the determination of antibodies to tissue transglutaminase and histological examination of the duodenum mucous mem-
brane, a histological evaluation of the gastric mucosa, determination of pepsinogen 1 and 2 and their ratio, antibodies
to Castle’s intrinsic factor were performed. Results. The mean level of hemoglobin in the group 1 - 114,71120’10125,50 a/l,
in the group 2 - ,,.,128,74 ., ; 9/, in the group 3 - ,133,78 ., .. g/l (p,,=0.013; p,, =0,000; p,,=0.083). A cor-
relation analysis of the hemoglobin level and morphological parameters of the duodenal mucosa among the studied
patients revealed an inverse moderate correlation between the hemoglobin level and the degree of the small intestinal
atrophy according to Marsh r=-0.331, p=0,000, crypt depth r=-0,439, p=0,000, and a moderate direct with the
ratio of villi:crypt r=0.417, p=0.000, with the height of the villi r=0.366, p=0,000. Additionally, a moderate direct
correlation between the level of hemoglobin and the number of parietal cells was found to be r=0.354, p=0.037.
In group 1, a significant inverse correlation between the level of hemoglobin and the level of antibodies to Castle’s
factor r=-0.529, p=0.006, was obtained for the level of antibodies in the Castle’s factor. Conclusion. Autoimmune
gastritis may be an additional risk factor in combination with malabsorption, as a possible cause of anemia in children
with CD.
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lpu nepopanbHOM NpreMe BCcacbiBaHMeE Xenes3a y NaluneHTOB C LeMakuen CHUXKEHO 3a CHeT yMeHblueHUs abcopObLumMoHHOM
MOBEPXHOCTU AaTPOPUUHOM CAU3UCTON 060N0YKM TOHKOM KMLIKK. [TOMUMO 3TOro, CYLWeCcTBYOT AONONHUTENbHbIe haKTopbl
pUCKa aHEMWUM, MEXAHM3Mbl KOTOPbIX OCTAKTCS HEACHbIMU. Llesbio [aHHOTO UccienoBaHus Bblna OLEHKA racTpOUHTEeCTH-
HanbHbIX GaKTOPOB puUCKa aHeMuuU y aeTeil. MaTtepuanbl u MeToabl. [epByto rpynny coctaBuan 58 petei C BNepBble Bbl-
SBMIEHHOW Lennakuein, He cobnoaatowme 6esrnoteHoByo anety (BI1). Bo BTopyto rpynny Bownu 49 peteit ¢ uennakuen,
Haxoaswwmecs Ha BI. B TpeTbto rpynny Bownu 69 getei ¢ XxpoHMYeckuM ractputom 6e3 uenmakuu. Kpome ctaHaapTHOro
obcnenoBaHMs, BKIKOYAOWEro onpeaeneHme aHTMTeN K TKAHEBOWM TpPaHCIyTaMMUHa3e, U TMCTONIOTMYeCcKoro UCCnenoBaHms
cAun3uncToi 06onouku aBeHaauatunepctHoi kuwku (COANMK) BbINONHEHO FMCTONOrMYECKOE UCCNeloBaHUE CAU3NCTON 060-
NOYKM Xenynka, onpegeneH nencuHoreH | v Il u nx cooTHoweHue, onpeaenexHbl aHTUTENA K BHYTpeHHeMy dakTopy Kactna.
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Pesynbtatel. CpeaHuit yposeHb remornobunxa s rpynne 1 — . 0.120,10,,, ., /0, B rpynne 2 — ,, .. 128,74 ., r/n, B rpynne
3 = 5012133,78,5, 5 /0 (p,,=0,013; p, . =0,000; p,, = 0,083). KoppensiumoHHbiit aHanu3 ypoBHsi remornobuHa u Mopgo-
noruyeckux nokasateneit COAMNK cpenn nccnenyembix 60/bHbIX BbIIBUN 06PaTHY YMEpPeHHYI0 KOPPENsSLMOHHYI0 CBS3b
ypOBHS remornobuHa co cteneHbto atpopun COAMNK no Marsh r=-0,331, p = 0,000, rnybuHon kpunt r=-0,439, p = 0,000,
M YMEpEHHYI0 NpsMyto C OTHoweHueM BopcuHa: kpunta COANK r= 0,417, p= 0,000, c BbicoToi BopcuH COAMNK r= 0,366,
p=0,000. JononHuTenbHO, 06HAPYXEHA yMepeHHas npsaMas CBA3b MexXAy YPOBHEM remMornobuHa M KonM4yecTBOM napu-
eTaNbHbIX KNeTOK B CAM3MCTOM obonoyke aHa xenyaka r= 0,354, p=0,037. B rpynne 1 ansa ypoBHS aHTUTEN K dakTopy
Kactna nonyyeHa 3HauuTesbHas 06paTHas KOppensiLMOHHas CBS3b MeXAY YPOBHEM reMornobuHa v ypoBHEM aHTUTEN

K daktopy Kactna r=-0,529, p=0,006. 3aknioueHne. Bo3MOXHON MPUUMHON aHEMUM Y AeTei C Lenuakuein nmomMmMmo

ManbabcopbLUmMM MOXKET ABNSTLCS aYyTOMMMYHHbIA FacTpuT, BbICTYNas LOMNONHUTENbHbIM GAKTOPOM puUCKa.

KntoueBble cnoBa: aHeMuWs; reMOrNo6uWH; LLeMakus; aHTUTENA K BHYTpeHHeMY dakTopy KacTna; netu.

INTRODUCTION

The onset of celiac disease can manifest as ane-
mia; therefore, pediatric patients with chronic iron de-
ficiency anemia (IDA) are at risk for celiac disease
and should be screened [7]. According to the literature,
the incidence of anemia among celiac disease patients
who do not receive a gluten-free diet (GFD) ranges
from 12% to 69% [9]. However, the mechanism of
the relationship between these two diseases remains
unclear. A 2017 study by Rajalahti and Miki showed
that GFD for 1 year resulted in the resolution of ane-
mia in 92% of pediatric patients with celiac disease.
However, their hemoglobin levels were even lower
after cure than in the control group of children without
celiac disease [22].

Iron is a critical trace element that deficiency can
be noted both with a typical manifestation of celiac
disease and in the absence of diarrhea and weight
loss [4]. It is obvious that with oral administration,
iron absorption in celiac disease is reduced because
of decreased absorption surface of the atrophic mu-
cous membrane of the small intestine, which is the
main factor in anemia. In addition, erosive process-
es and neoplasms of the gastrointestinal tract in the
complicated course of celiac disease can become an
additional etiological factor in anemia during the de-
velopment of bleeding [8, 17, 19]. Also, with celiac
disease, there may be a disorder of expression of pro-
teins significant for iron absorption, namely, divalent
metal transporter-1 (DMT-1), ferroportin, hephaestin,
and ferritin receptor mRNA. Thus, a decrease in se-
rum iron and an increase in the expression of ferritin
are registered both in patients with celiac disease and
in the control group with iron deficiency [5], and the
expression of DMT-1 and ferroportin is increased in
patients with celiac disease with and without iron de-
ficiency [20]. These factors may be significant in the
pathogenesis of celiac disease itself. It was revealed
that gluten can penetrate the body using transferrin
receptors on enterocytes, in which expression is in-
creased with iron deficiency [10]. Celiac disease is an
autoimmune disease that is characterized by chronic

inflammation of the mucous membrane of the small
intestine in the active phase. Acute phase cytokines
and proteins play an important role in the pathogen-
esis of anemia of the chronic disease. Changes in iron
metabolism through hepcidin and ferritin molecules
can contribute to both IDA and chronic inflammation
anemia additionally.

Anemia associated with autoimmune gastritis (AG)
has not been described for celiac disease. At the same
time, there are few reports of AG in patients with
celiac disease [1, 2].

This study aimed to evaluate gastrointestinal risk
factors for anemia in children.

MATERIALS AND METHODS

A total of 176 children from 3 to 16 years old were
examined. Group 1 consisted of 58 pediatric patients
with newly diagnosed celiac disease, who were not
on a GFD. Group 2 included 49 patients with celiac
disease on GFD. For comparison, Group 3 included
69 pediatric patients with chronic gastritis without
celiac disease.

All patients were examined according to a single
protocol. The diagnosis of celiac disease was estab-
lished based on the federal clinical guidelines for
the medical care of children with celiac disease of
the Ministry of Health of the Russian Federation
and the Union of Pediatricians of 2015 [14] and
the guidelines for celiac disease of the European
Society for Paediatric Gastroenterology Hepatol-
ogy and Nutrition of 2012 [15]. The analysis of
clinical and anamnestic data was performed, and the
presence of positive specific antibodies (IgG and
IgA) against deamidated gliadin peptides and tissue
transglutaminase-2 was taken into account. Human
leukocyte antigen genotyping was performed to de-
tect celiac disease-associated DQ2 and DQS§ genes.
All patients underwent a morphometric examination
of the duodenal mucous membrane (DMM). Detec-
tion of atrophy to a degree not less than Marsh 3a
proved the presence of celiac disease. Also, based
on all the above conciliation documents [15], the
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diagnosis of celiac disease was ruled out in patients
of the comparison group. The diagnosis of chronic
gastritis was verified morphologically for all study
participants. Biopsy samples of the mucous mem-
brane of the fundus and antrum of the stomach
were obtained with esophagogastroduodenoscopy
performed using an Evis Exera I OLYMPUS ap-
paratus of the HGi 180 type (Japan) using a standard
technique. The endoscopic and histological evalua-
tion of the gastric mucosa was performed according
to the Sydney system. Determination of the levels
of hemoglobin (g/L), red blood cells (102 L), mean
corpuscular volume (MCV; fl), mean corpuscular
hemoglobin (MCH; units), and mean cell hemoglo-
bin concentration (MCHC; pg) was included in the
general clinical examination. Antibodies (IgG) to
Castle’s intrinsic factor were determined in the blood
plasma by enzyme-linked immunosorbent assay on
a standard photometer using the kits manufactured
by EUROIMMUN Medizinische Labordiagnostica
AG, Germany, from 140 children. According to the
instructions, the negative result was 0-20 au/mL,
and a positive result is >20 au/mL.

Statistical analysis was performed using the IBM
SPSS Statistics 23. The average antibody level was
calculated with a 95% confidence interval (CI), in-
dicating the upper and lower limits, median, and
mean square deviation. For comparison of means,
the Student’s t-test was used for independent sam-
ples (two-tailed significance level, p < 0.05), as
well as Mann—Whitney U-test. The Livin disper-
sion equality criterion, Kolmogorov—Smirnov test,
and Shapiro—Wilk test were taken into account. To
analyze endoscopic and morphological studies in
groups, the Fisher’s exact test was used (signifi-
cance p < 0.05).

The mean level of hemoglobin in groups
CpefHui ypoBeHb reMorniobmnHa B rpynnax

RESULTS

Anemia in Group 1 was diagnosed in 18.9 cas-
es, while in group 2, it was registered in 2.0%
and did not occur in Group 3 (0.0%; p,,=0.017;
p,;=0.001; p,;=0.261). Among patients with ane-
mia, hypochromic and microcytic anemia was noted,
mainly of mild severity, with an average hemoglobin
level of 97.88 £8.6 g/L. Only one patient in Group
1 had moderate anemia with a hemoglobin level of
74 g/L. This child had atypical celiac disease with
a single complaint of recurrent IDA. The average
level of red blood cells among anemia patients was
3.66 +0.52 - 10" L; MCV was 77.63 £ 1.09 fl; MCH
was 26.50 = 0.77 units; MCHC was 32.00 £+ 0.89 pg.

The average hemoglobin level was the lowest in
Group 1 with statistically significant differences com-
pared with that in Groups 2 and 3 and the highest
in Group 3 with a statistically significant difference
relative to Groups 1 and 2. The data are presented
in Table 1.

The average erythrocyte count was significantly
different in all groups and was lower in Group 1, with
a statistically significant difference related to Groups 2
and 3. The data are presented in Table 2.

The average erythrocyte MCV levels did not dif-
fer statistically significantly; they were 83.60 + 0.90,
83.95+1.70, and 85.13 £ 1.73 fl in Groups 1, 2, and 3,
respectively (p,,=0.848; p ,=0.180; p,,=0.416).
The average level of MCH did not differ in the
groups, as it was 28.24+0.61 units in Group 1,
28.51 = 0.58 units in Group 2, and 28.05 £ 0.45 units
in Group 3 (p,, = 0.864; p, , = 0.663; p,, = 0.835). The
average level of MCHC differed statistically signifi-
cantly for Groups 1 and 3; it was 32.51 + 0.44 units
in Group 1, 33.31+0.57 pg in Group 2, and
33.56 +0.53 pg in Group 3 (p,,=0.051; p,,=0.007;

Table 1 / Tabnuuya 1

Groups / T'pymmsl Hemoglobin g/1* / Standard deviation / % Student’s z-test /
’ > TemoroGun r/i* Cp. KB. OTKJIOHEHHE Koaddunuent CtrroneHta
Group 1/
I'pynma 1 1a71120.10, 5 5 16.64
p,,=0.013

ICﬁ}roup 22/ e 128.74 14.01 p,,=0.000

2 p,,=0.083
Group 3/
prl’ll‘[a 3 130,12133‘78137‘43 10.80

Note. The hemoglobin level is represented in mean value with upper and lower limits, a standard deviation with a 95% confidence
interval. Levene’s Test for equality of variances and Student’s ¢-test for paired comparison were used.

IIpumeuanue. *YpoBeHb reMOrIo0MHa MPEACTABICH CPSAHNUM 3HAYCHHEM C YKa3aHHEM BEPXHEil 1 HIKHEH IpaHuMl, CpeIHeKBaIpa-
TUYHOT'O OTKJIOHCHHS ¢ 95 % JOBEPHUTENBHBIM HHTEPBAJIOM. **PaBeHCTBO qUCIIEPCHii TPOBEPEHO KpuTeprueM JIMBUHS, IPH MapHOM

CPaBHEHHUH UCTIONb30BaJCs KpuTepuii CThIOCHTA.
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P,;=0.6). Correlation analysis of the hemoglobin
level and morphological indicators of DMM among
the patients studied revealed an inverse moderate
correlation between the hemoglobin level and DMM
atrophy degree according to Marsh, the crypt depth,
and a moderate direct correlation with the ratio of the
villus: DMM crypts and DMM villi height. The data
are presented in Table 3.

When analyzing the linear correlation between the
hemoglobin level and gastric mucosa indices, a mod-
erate direct relationship was found between the level
of hemoglobin and the number of parietal cells in the
mucous membrane of the gastric fundus. The data are
presented in Table 4.

When analyzing a linear correlation between the
level of hemoglobin and indicators of the peptic func-
tion of the stomach in the groups, no statistically sig-
nificant relationship was obtained. A significant in-
verse correlation was obtained between the level of

The mean level of erythrocytes in groups
CpeaHuit ypoBeHb 3pUTPOLMTOB B rpynnax

hemoglobin and the level of antibodies to Castle’s
factor in Group 1. The analysis of all groups revealed
a weak, direct, and statistically significant correlation
between the level of hemoglobin and pepsinogen I and
a weak, negative, inverse statistically significant cor-
relation with the level of antibodies to Castle’s factor.
The data are presented in Table 5.

At that, the average levels of antibodies to Cas-
tle’s factor in the groups did not statistically differ;
they were , ,4.06, ,,in Group 1,  .3.12, , in Group 2,
and | ,.8.03,, , in Group 3 (p,,=0.347; p, ;= 0.464;
P,;=0.368). Increased level was noted in 4.76%
in Group 1 and 4.4% in Group 3, and in Group
2, there were no such patients (0%; p,,=0.083;
p,,=0.945; p,,=0.096). The frequency of heli-
cobacteriosis detection was histologically equal in
all the studied groups (63.8% in group 1, 53.1%
in group 2, and 68.1% in group 3; p, ,=0.387;
P,y =0.954; p,,=0.420).

Table 2 / Tabauya 2

Groups / I'pynmst

Erythrocytes 10" 1* /
Dputporursl 102 o*

Standard deviation /
Cp. KB. OTKJIOHEHHUE

Mann—Whitney U-test /
U-xputepuit** Manua— Yutuu

Group 1 / I'pymnma 1 507416, 5 0.59 p,, = 0.002
Group 2 / I'pynma 2 254, 0.50 p,,=0.000
Group 3 / I'pynmna 3 w382, 0.36 p,, = 0.016

Note. *The hemoglobin level is represented in maen value with upper and lower limits, a standard deviation with a 95% confidence
interval. **Levene’s Test for equality of variances and Mann—Whitney U-test for paired comparison were used.

Ipumeuanue. *YpoBeHb TeMOTTIO0MHA MPEICTABICH CPEIHIM 3HAUCHUEM C YKa3aHHEM BEPXHEH M HUKHEH IpaHUIl, CPeJHEKBAIpa-
THYHOTO OTKJIOHEHHS ¢ 95 % NOBEpHUTEIBHBIM HHTEPBAIOM. **PaBeHCTBO AucIepcnit MpOBEpeHO KpuTepueM JIMBHHS, IPH ITapHOM
CpaBHEHUHU UCIOJb30BaJIcd KpuTepuit ManHa— YUTHH.

Table 3 / Tabnuya 3
Analysis of the linear correlation of hemoglobin level and morphological parameters of the duodenal mucosa
AHanu3 NMHeNHOM KOppensiLMOHHOM CBA3M YPOBHS reMornobunHa u Mophonormyeckux nokasarenen camsmcTtor obonoykm age-
Ha[LATUNEPCTHOM KMULLKK

s . Spearman’s coeffi-
Pearson’s coefficient / .
Parameter / [Toka3aTens p* cient / Koappunuent | p*
Koappunument IMnupcona
CrnupmeHa

The Marsh degree of duodenal mucosa atrophy / Crenens atpodun

. . - - —-0.331 0.000
CIIM3UCTON 000JIOUKH JABEHALATHIIEPCTHOM KUIIKK 110 Marsh
Villus height / Beicota Bopcun 0.354 0.000 0.366 0.000
Crypt depth / Tny6una xpunt —-0.380 0.000 —-0.439 0.000
Ratio villus: crypt / OTHOLIEHNE BOPCHHA: KPHUIITA 0.413 0.000 0.417 0.000

Note. Pearson’s linear coefficient Spearman’s rank correlation coefficient were used. 'p — bilateral significance. The values of the
modulus of the correlation coefficient and Linear quality characteristic: || < 0,3 weak, 0,3 <|r| < 0,5 moderate, 0,5 <|r|<0,7 sig-
nificant, 0,7 <|r|<0,9 strong, 0,9 <|r| <1 very strong.

IIpumeuanue. Vicionp30BaHbl BEIGOpOUHBIH K03 duineHT [Tupcona u panrossiit kosddurpent CriupMeHa. p — 3HAYUMOCTD JBY-
CTOPOHHSISI. 3HAYCHUS MOy KO3 HLIMeHTa KOPPEISIUY M KaYeCTBeHHAs XapaKTeprCcTHKa JIMHeiHoit cBs3u. || < 0,3 — cnabas,
0,3 <|r|<0,5 — ymepennas, 0,5 <|r| <0,7 — 3nauurensnas, 0,7 <|r| < 0,9 — cunpnas, 0,9 <|r| <1 — o4eHb CHUIIbHAS.
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Table 4 / Tabnuuya 4

Analysis of the linear correlation of hemoglobin level and indices of the gastric mucosa

AHanu3 MHeMHOM KOPPEeNsLMOHHOM CBA3M YPOBHSI reMOrnobuHA M NokKasaTtesen CAM3MCToN 060104KM TeNa xXenyaka

Parameter / Tlokasarens Pearson’s coefficient / % Spearman’s coefficient / "
Kos¢ppuument IMupcona P Koadpdpunnent Crnupmena P
Parameters of the gastric fundic mucous membrane / [lokazarenu caIu3UCTON 000JOUKHU JTHA KEITYIKA
The thickness of theu gastric mucosa / 0.089 0.543 0.091 0.583
ToJIMHa CIM3UCTON 000JIOUKH HKeIlyIKa
The depth of gastric pits / ['myO6una simox —-0.112 0.492 —-0.174 0.284
The glands length / {nuna xene3 0.197 0.222 0.159 0.328
The height of the integumentary epithelium / 0.230 0.154 0.201 0214
BbIcOTa TOKPOBHOT'O SMHUTENHS
The height of glandular epithelium / _0.101 0.535 0,141 0.385
BbICOTA KEJIE3UCTOTO SMUTEITHS
The number of parietal cells / 0.304 0.056 0.281 0.079
Yucino napueTanbHbIX KISTOK
Parameters of the gastric fundic mucous membrane / [Toka3aTenn cau3uCTO 000JIOUKYM THA JKEITyAKA
The thickness of theu gastric mucosa / 0.227 0.227 0.183 0334
ToJIMHa CIU3UCTON 000IOUKH HKEIyIKa
The depth of gastric pits / ['myOuna smok 0.038 0.840 0.059 0.753
The glands length / Jnuna xene3 0.085 0.650 0.114 0.543
The height of the integumentary epithelium / 0,039 0.836 0.061 0746
BpIcOTa TOKPOBHOTO SIMHUTEIHS
The height of glandular epithelium / 0038 0.642 _0.046 0.807
BbIcOTa KENE3UCTOTO SMUTEITHS
The number of parietal cells / 0.354 0.037 0.339 0.046
Yucio napueTanbHbIX KICTOK

Note. Pearson’s linear coefficient Spearman’s rank correlation coefficient were used *p bilateral significance. The values of the
modulus of the correlation coefficient and Linear quality characteristic: || < 0.3 weak. 0.3 <|r| < 0.5 moderate. 0.5 <|r| < 0.7 sig-
nificant. 0.7 <|r| < 0.9 strong. 0.9 <|r| <1 very strong.
Ipumeuanue. Vicnonb3oBanbl BbIOOpoUuHbIi K03 duunent [Iupcona u panrossiii kodddunuent Cnupmena. *p — 3HAYUMOCTD JBY-
CTOPOHHSISI. 3HAYCHUs MOIYJIsl KO3 uinenTa Koppensinuy 1 KadeCTBEeHHAs XapaKTepHUCTHKA IMHEeHHOH cBs3u. |r| < 0.3 — ciabast.
0.3 <|r|<0.5 — ymepennas. 0.5 <|r| < 0.7 — 3nauntenbuas. 0.7 <|r| <0.9 — cunbnas. 0.9 <|r| <1 — oueHb CHIIbHASL.

Table 5 / Tabauya 5

Analysis of the linear correlation between the level of hemoglobin and parametrs of peptic function of the stomach and

the level of antibodies to Castle’s intrinsic factor

AHanM3 NMHENHOW KOPPENSLMOHHOM CBA3M YPOBHS reMornobuHa 1 nokasatenen nenTuyeckon QYHKLMKU XXenyaKa, ypoBHS aHTu-

Ten K dakTopy Kactna

Parameter / TlokasaTens Pearson’s coefficient / % Spearman’s coefficient / "
Kos¢ppunnrent [Mupcona p Koadpdpunuent Criupmena p
Group 1 / I'pynmna
Pepsinogen I / [lencunoresn [ 0.276 0.172 0.268 0.186
Pepsinogen 1I / [lencunoren 11 0.001 0.998 -0.216 0.289
Pepsinogen I/Pepsinogen 11 / 0276 0172 0.271 0.181
Iencunoren I/Ilencunoren 11
Antibodies to Castle’s intrinsic factor / 0529 0.006 _0.418 0.034
AntuTtena x paxropy Kactia
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Table 5 (continued) / lMpodonxeHue maba. 5

Parameter / TlokasaTeis Pearson’s coefficient / « Spearman’s coefficient / "
e oKasare Koadpduument [Mupcona P Koapopunuent Cimpmena P
Group 2 / I'pynma 2
Pepsinogen I / [encunoren 1 0.273 0.177 0.328 0.102
Pepsinogen 11 / Tlencunoren 11 0.222 0.276 0.349 0.081
Pepsinogen I/Pepsinogen I1 / 0,140 0494 0146 0.477
Tencunoren I/Ilencunoren 11
Antibodies to Castle’s intrinsic factor / _0238 0242 0385 0.052
Anturena k ¢akropy Kactia
Group 3 / I'pynmna 3
Pepsinogen I / [lencunoren [ 0.076 0.662 —-0.056 0.748
Pepsinogen 11 / [lencunoren 11 0.211 0.224 0.101 0.563
Pepsinogen I/Pepsinogen 11 / 0229 0,185 0255 0.139
Tencunoren I/Ilencunoren 11
Antibodies to Castle’s intrinsic factor / 0.042 0.813 0052 0768
Anturena k ¢akropy Kactia
In all studied patients / Cpexn Bcex MccieTyeMbIX OOTBHBIX
Pepsinogen 1 / [lencunoren I 0.243 0.024 0.190 0.078
Pepsinogen 11 / [lencunoren 11 0.133 0.218 0.109 0.316
Pepsinogen I/Pepsinogen 11 / 0.049 0.650 0,040 0710
Iencunoren I/Ilencunoren 11
Antibodies to Castle’s intrinsic factor / _0.012 0913 —0280 0.009
AnTHnTena x ¢akropy Kactma

Note. Pearson’s linear coefficient Spearman’s rank correlation coefficient were used. *p, bilateral significance. The values of the
modulus of the correlation coefficient and Linear quality characteristic: || < 0,3 weak, 0,3 <|r| <0,5 moderate, 0,5 <|r| <0,7 sig-

nificant, 0,7 <|r| <0,9 strong, 0,9 <|r| <1 very strong.

Ipumeuanue. Vicionb30BaHbl BEIOOPOUHEIH K03 dunuent [Iupcona u panrossiit kodddunuent Cnupmera. *p — 3HAYNMOCTD JBY-
CTOPOHHSS. 3HAYCHHS MOAYJA KO (DULIHEHTa KOPPEISALHH 1 Ka4eCTBCHHAs XapaKTepUCTHKa JTUHeiTHOU cBs3u: | 7| < 0,3 — ciabas,
0,3 <|r|<0,5 — ymepennas, 0,5 <|r| < 0,7 — 3naunrensnad, 0,7 <|r| < 0,9 — cunpnas, 0,9 <|r| <1 — o4eHb CHUIbHAS.

DISCUSSION

Iron malabsorption in patients with celiac disease,
who do not follow GFD, is known to lead to ane-
mia [9]. In our study, the prevalence of anemia among
pediatric patients who did not receive GFD was 18.9%
and was significantly higher when comparing pediatric
patients with celiac disease who received GFD for at
least a year with the control group. Compared with
other studies, the incidence of anemia was low, but not
the least among those described in the literature. This
indicator is close to that among Finnish children, ac-
cording to the study in 2017 (prevalence of 18%) [22].
The highest incidence of anemia of up to 85% has
been registered in India [16, 21], while in the devel-
oped countries of Europe and the USA, this indicator
is 20% [11, 18]. The authors note that this indicator
depends on the economic situation, and the incidence
of anemia reflects the differences in the clinical pre-
sentation of celiac disease. In developing countries, the
prevalence of severe forms of celiac disease is higher,
and mainly typical forms of gastrointestinal symptoms

are detected, whereas in developed countries, the atypi-
cal forms predominate. Studies have shown that patients
with celiac disease combined with anemia (both adults
and children) show a higher level of autoantibodies and
a more pronounced degree of atrophy of DMM than
patients without anemia [3, 22]. Our study demonstrates
the correlation between the level of hemoglobin and the
degree of DMM atrophy, as well as with all the key
indicators characterizing atrophy, namely, the height of
the villi and the depth of the crypts and their ratio. The
data obtained confirm the importance of malabsorption
in the development of anemia.

It is known that celiac disease is accompanied
by autoimmune lesion of the stomach [1, 2, 23-25].
AG is a known cause of pernicious anemia in middle-
aged and elderly people and is usually manifested by
cobalamin deficiency and megaloblastic anemia. How-
ever, the role of IDA has recently been described as
a recognized complication of achlorhydria. The rela-
tionship of helicobacteriosis with IDA has also been
described [26]. It was revealed that IDA is more com-
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mon in pediatric patients with AG, while pernicious
anemia is the most common hematological condition
for adults and elderly patients [6, 12, 13]. At the
same time, population studies on the prevalence of
AG among pediatric patients with celiac disease have
not been conducted. Although celiac disease is a sys-
temic autoimmune disease, the incidence of AG in
our study did not exceed the control group. However,
among patients with newly diagnosed celiac disease,
a statistically significant inverse correlation was re-
vealed between the level of antiparietal antibodies and
the level of hemoglobin. In addition, the hemoglobin
level showed a direct correlation with the count of
parietal cells. The incidence of helicobacteriosis was
histologically the same in all studied groups.

CONCLUSION

Thus, in addition to malabsorption, AG may be a
possible cause of anemia as an additional risk factor in
pediatric patients with celiac disease. Further studies
are required with a large number of participants, the
determination of various types of antiparietal antibod-
ies, and indicators of iron metabolism to assess the
severity of the iron deficiency and normalization of
its indicators when following the diet.
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