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ABSTRACT

The aim of the research was to establish the role of inflammation mediators and iron metabolism in the pathogenesis
of various types of anemic syndrome in pregnant women with gestational diabetes mellitus (GDM).

Materials and methods. 32 pregnant patients with GDM were examined; 14 of them had iron deficiency anemia,
18 —anemia of chronic diseases. The enzyme-linked immunosorbent assay was used to determine the concentration
of IL-6, hepcidin and a soluble receptor for transferrin in the blood serum of pregnant women, the concentrations
of C-reactive protein and transferrin were determined with the method of turbidimetry.

Results. It was shown that women with GDM had higher IL-6 level compared to healthy pregnant women, and the
concentration of IL-6 did not depend on the type of anemic syndrome. The C-reactive protein concentration was
higher in patients with GDM and anemia of chronic diseases than in healthy pregnant women or in pregnant women
with iron deficiency anemia. An analysis of iron metabolism markers in pregnant women with GDM established
that patients with anemia of chronic diseases had higher hepcidin levels than women with iron deficiency anemia
or healthy pregnant women.

Conclusions. We established the heterogeneity of the anemic syndrome in pregnancy complicated by GDM. It was
confirmed that GDM was accompanied by subclinical inflammation, which was more pronounced in anemia of
chronic diseases. The research showed that the mechanism of development of anemia of chronic diseases involving
the hepcidin protein was also realized in GDM, characterized by subclinical inflammation. The results indicate the
importance of establishing the type of the anemic syndrome in pregnant women with GDM for effective therapeutic
follow-up.
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PE3IOME

Ileab. YCTaHOBUTH POJIb MEIMATOPOB BOCHAJIEHMS M MeTaboJIM3Ma jKele3a B MaTOreHEe3e PasIMyYHBIX BHUJIOB
AQHEMHUYECKOT0 CHHJPOMa y OEpPEeMEHHBIX C ITeCTallMOHHbIM caxapHbIM quaderom (I'CJI).

Martepuainl u Metoabl. [IpoBeneHo obcnenoBanue 32 6epemennbix ¢ ['C/l, u3 KOTOpBIX 14 ManneHTOK HUMEIH
JKeJIe30/IepUIIMTHYIO AHEMHIO, a 18 — aHeMHI0 XpOHMYECKHUX 3a00seBanui. B ChIBOpOTKE KpOBU OEpEeMEHHBIX Me-
TOJIOM UMMYHO(EPMEHTHOIO aHaJIH3a ONPEAISUIN KOHIIEHTPAIMIO HHTEPJIeHKHHA 6, TeIICHINHA, PACTBOPUMOTO
perienitopa K TpaHc(heppuHy, METOJIOM TYpOUANMETPUH — KOHIIEHTparuio C-peakTHBHOTO OeJka 1 TpaHC(heppHHa.

PesyabTatsl. Y 6epemennsix ¢ I'CJ] KOHIEHTpanust HHTEpICHKHHA 6 MOBBIIICHA B CPABHEHHHU C €TO YPOBHEM Y
3JJ0pPOBBIX OEPEMEHHBIX U HE 3aBICHUT OT BH/Ia aHEMUYECKOT0 CHHApoMa. Y 6epeMeHHbIX ¢ ['C/l, nMeBINX aHEMHIO
XPOHHYECKUX 3a00JIeBaHMH, KOHIEHTpays B KpoBU C-peakTHBHOTO OeNka IMpEeBBINIaga TAaKOBYIO Y 370OPOBBIX
OGepeMeHHBIX U OEpEeMEHHBIX C XKene30eGUINTHON aHeMuel. AHaITH3 coiepKaHus B KpoBHU y OepemMeHHbIX ¢ I'CJ]
MapKepoB MeTaboIr3Ma jkele3a IOoKa3al, YTO Yy KEHIIMH ¢ aHeMHUel XPOHNYeCKHX 3a001eBaHnil KOHIIEHTPAIHs
TeTICH/IMHA 3HAYUTEIIHHO BBIIIE, UM y MAIMEHTOK C XKeIe301e(UINTHON aHeMuel 1 3M0POBBIX OePEeMEHHBIX.

3ak/a04eHne. YCTaHOBIEHA TIeTEPOr€HHOCTh AHEMHYECKOTO CHHIpPOMAa MPH OEpPeMEHHOCTH, OTSATOIIEHHON
I'CH: uctuHHyI0 *)ene30Ae(@UINTHYI0O aHEMHIO MMEIH MEHee TOJIOBHUHBI MAllMeHTOK, B TO BPeMs Kak y 0O0Ib-
el 4acTH JKEHIIUH aHeMHs Oblia CBs3aHA ¢ BHYTPUKIIETOYHOH Onokamoil skemesa. Iloareepxkaeno, uro I'CLL
COMPOBOX/AETCA PAa3BUTHEM CYyOKIMHMYECKOTO BOCHaleHHs, 0ojee BBIPAXKEHHOTO MPH aHEMHH XPOHHUECKHX
3aboneBanuii. [lokazaHo, YTO MeXaHU3M pa3BUTHA AaHEMHM XPOHMYECKHMX 3aboneBaHWi ¢ ydacTueM Oenka
rencuanHa peannsyetcs u npu ['CJl, XxapakTepusyromMcst CyOKIMHMYECKHM BocraneHueM. IlomydeHHble
pe3ynbTaThl yKa3plBalOT HA BAKHOCTh yCTAHOBJIEHMS BUJAA aHEMHYECKOro cuuapoma y OepemenHsix ¢ I'CJI ¢
1es1610 3G (YEKTHBHOTO TEPANEBTUYECKOTO CONPOBOKCHHS MAIEHTOK.

KiwoueBble ciaoBa: OepeMEHHOCTh, aHEMHS XPOHHYECKUX 3a00JIeBaHMI, TECTAllMOHHBIA CaXapHBIA IHalerT,
BOCHAJIEHNE, TeNCHANH.

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3AaHHBIX C IIPOBEACHHBIM HUCCIICA0OBAHUEM U Hy6HHKaHHeﬁ HACTOSIICH CTaThH.

Hcrounuk punancupoBanus. ['ocynapcreennoe 3aganue Ne 056-0093-18-00 ot 26.12.2017. CoBeT 1o rpanTam
[pesunenta Poccuiickoit denepannu s TOCyIAapCTBEHHON TMONACPKKU BEeAyMMX HaywHbIX mkon (HIL-
2690.2018.7).

CooTBeTcTBHE IPUHIMIIAM 3THKH. Bee manueHTs! noamncan HHGOpMUPOBAHHOE COTIacHEe HA y4acTHE B UCCIe-
noBanud. MccenenoBanue 0g00peHo JTOKaIbHBIM 3THYeckuM KoMuTeToM Cubl'MY (mportokois Ne 3431 ot 2013).

Jns uutupoBanus: 3uma A.IL., [Ipoxopenko T.C., Canpuna T.B., Mycuna H.H., HoBuukuii B.B., baiikos A.H.
ITaToreHes aHEMUYECKOTO CHHIPOMa y GEpPEMEHHBIX C TeCTAIMOHHBIM CaXapHbIM JIHabeToM. Bioniemens cubup-
croti meduyunsl. 2020; 19 (2): 28-33. https://doi.org: 10.20538/1682-0363-2020-2-28-33.
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INTRODUCTION

Carbohydrate metabolism disorder and anemic
syndrome are some of the most common extragenital
diseases in pregnant women. According to the
World Health Organization (2014), in most cases,
anemia in pregnant women is iron deficiency
anemia, and its frequency in developed countries
reaches up to 20-25%, in Russia — up to 35-43%.
However, due to glucose toxicity and lipotoxic-
ity, anemia of chronic diseases resistant to iron
therapy is very likely to develop in pregnant women
with carbohydrate metabolism disorders. High
prevalence of the anemic syndrome together with
its heterogeneity (in the presence of a concomitant
pathology) in pregnant women and possible
complications (increased perinatal mortality, fetal
growth retardation, intrauterine hypoxia, neonatal
asphyxia, weak labor, poor tolerance of blood loss,
etc.) make both studying the anemia pathogenesis
and improving the methods of its laboratory
diagnosis essensial [1].

The aim of the study was to establish the role
of inflammation mediators and iron metabolism in
the pathogenesis of various types of the anemic syn-
drome in pregnant women with gestational diabetes
mellitus.

MATERIALS AND METHODS

The study included 32 pregnant women with
gestational diabetes mellitus (GDM) followed
up by an endocrinologist at Regional Perinatal
Center (Tomsk). Gestational diabetes mellitus was
diagnosed in the first trimester of pregnancy during
the first biochemical screening according to the diag-
nostic criteriain compliance with the Russian Nation-
al Consensus Statement on gestational diabetes mel-
litus: diagnosis, treatment and postnatal care, 2012.
In all patients, GDM was treated with diet therapy,
without the use of insulin preparations. The anemic
syndrome was diagnosed and specified following
complex analysis of laboratory data. The hematolo-
gy profile (red blood cells, reticulocytes, hemoglo-
bin) (using a 5-diff hematology analyzer Sysmex
xs-10001, Sysmex, Japan) and blood serum chem-
istry (serum iron, total iron binding capacity, serum
ferritin) (using a Cobas analyzer with 311, Roche,
Germany) were studied. A decrease in hemoglobin
concentration lower than 110 g/l was considered
as the anemic syndrome in pregnant women.

Iron deficiency anemia was verified in case of a de-
crease in blood levels of serum iron and ferritin, in
combination with increased total iron binding ca-
pacity. Anemia of chronic diseases was established
in case of reduced total iron binding capacity and
serum iron concentration, but normal or increased
ferritin concentration. All pregnant women were
divided into two groups: iron deficiency anemia
(IDA) — 14 patients, and anemia of chronic diseases
(ACD) — 18 patients.

At the time of the study, all patients were in the
second trimester of pregnancy, aged 23 — 44 years.
The control group consisted of 12 healthy pregnant
women of comparable age. Exclusion criteria were
the use of iron preparations, acute infections or ex-
acerbation of chronic infections, purulent necrot-
ic diseases, allergic diseases (bronchial asthma,
atopic dermatitis, etc.) in the medical history or
at the time of the screening, nephritis of any eti-
ology, psoriasis, and refusal to participate in the
study. The study met ethical standards; all individ-
uals participating in the study signed an informed
consent.

The study material was venous blood serum
taken in the morning before ingestion from
the ulnar vein in an amount of 10 ml into a BD
Vacutainer vacuum tube with a coagulation
activator with silica particles (Becton Dickinson,
USA). The concentrations of IL-6 (pg/ml) (Vector-
Best, Russia), hepcidin (ng/ml) (MyBioSource,
USA) and soluble transferrin receptor (sTfR)
(nmol/l) (R&D Systems, USA) were determined
by the serum-linked immunosorbent assay in blood
serum according to the instructions of reagent kit
manufacturers. The results were read using an
automatic photometer for Sunrise microplates
(Tecan, Austria) at a wavelength of 450 nm.
The concentration of the studied markers was
determined by a standard calibration curve. The
concentrations of C-reactive protein (CRP) (mg/l)
(at a wavelength of 552 nm) and transferrin (g/1)
(at a wavelength of 570 nm) were determined in
the blood serum by the turbidimetric method using
a Cobas c311 analyzer (Roche, Germany).

Statistical processing of the obtained data was
performed using the SPSS Statistics 18 software
package. The distribution normality was checked us-
ing the Shapiro — Wilk criterion. The threshold lev-
el of statistical significance of differences was 0.05.
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Thedataobtained did notobey thenormal distribution
law and were presented as the median and interquar-
tile range (Me, Q,~0Q. ). The significance of differ-
ences between independent comparison groups was
established using the Kruskal — Wallis criteria with
the Bonferoni correction for the three study groups,
and using the Mann — Whitney test for two groups.
The correlation between the studied parameters was
evaluated using the Spearman’s test for nonpara-
metric data.

RESULTS

It was found that the concentration of IL-6 in-
creased in pregnant women with GDM, (p < 0.05)
compared to healthy pregnant women and did not

depend on the type of the anemic syndrome. CRP
level was also higher in patients with GDM and
ACD compared to patients with IDA and healthy
pregnant women (p < 0.05 for both cases) (Table 1).

The analysis of iron metabolism markers in wom-
en with GDM showed that patients with ACD had
higher hepcidin concentrations, than those with IDA
(» <0.05) and healthy pregnant women (p < 0.05).
An average positive linear relationship was found
between the concentrations of hepcidin and CRP
(r=10.61; p <0.05) in the blood serum of patients
with gestational diabetes mellitus and anemia of
chronic diseases. There were no differences in
transferrin and sTfR concentrations in IDA and
ACD patients (p > 0.05 in all cases) (Table).

Table

The concentration of inflammatory and iron metabolism markers in the serum of pregnant women with gestational diabetes mellitus,
taking into account the type of anemia, Me (Q,—0.)

. . . Pregnant women with gestational diabetes mellitus
Pregnant women without gestational diabe- — - -
Parameter tes mellitus and anemia (n = 12) Pregl}ant women with iron Pregnant women with anemia
deficiency anemia (n = 14) of chronic disease (n = 18)

IL-6 (pg/ml) 0.5 (0-1.0) 2.8 (2.6-2.8)* 2.7 (1.8-3.0)*
C-reactive protein (mg/1) 1.33 (1.0-1.65) 2.82 (1.85-3.29) 8.79 (6.32-10.12) * **
Hepcidin (ng/ml) 5.55(0-11.1) 7.1 (3.4-11.7) 12.2 (11.6-14.6)* **
sTfR (nmol/l) 20.15 (5.94-34.36) 34.79 (23.92-38.85) 38.41 (24.5-42.47)
Transferrin (g/1) - 4.03 (3.65-4.39) 4.05 (4.05-4.15)

* the differences are significant against similar indexes in pregnant women without gestational diabetes mellitus and anemia (p < 0.05);

** against pregnant women with iron deficiency anemia.

However, we found a strong positive linear
relationship between the increasing concentrations
of transferrin and its soluble receptor (r = 0.84; p <
0.05) in the blood serum of patients with GDM and
IDA, which reflects the classical concept of IDA
pathogenesis.

DISCUSSION

Already at the stage of patients’ stratification
into clinical examination groups, the study showed
that in almost half of cases anemia in pregnant
women with GDM was not iron deficiency
anemia and, therefore, could not be treated by iron
preparations. The heterogeneity of the structure
of the anemic syndrome in individuals with type
1 diabetes mellitus (both in pregnant and non-
pregnant patients with type 1 diabetes mellitus)
has been confirmed by other studies [2, 3]. Thus,
it is necessary to clearly differentiate anemia of

chronic diseases and iron deficiency anemia in
pregnant women with impaired carbohydrate
metabolism.

It was established that in anemia of chronic
diseases, the key role in the activation of hepcidin
synthesis belongs to the group of proinflammatory
cytokines — IL-1, IL-6, TNFa [4], and especially
to IL-6 [5]. The main function of hepcidin, in turn,
is to block the action of the iron carrier protein,
ferroportin, as a result of which iron is disrupted
from macrophages, enterocytes, placenta, and
other cells, leading to hypoferremia [6]. Thus,
the pathogenesis of anemia of chronic diseases
is associated with an excess of IL-6 production,
activation of hepcidin synthesis and a decrease
in the availability of iron for erythropoiesis.
This study, as well as our previous works [7,
8], indicated the presence of an inflammatory
process in GDM, since the concentration of IL-6
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in the blood serum of women with GDM was
higher than during physiological pregnancy. It
should be noted that the concentration of IL-6
in pregnant women with GDM had comparable
values for various types of the anemic syndrome.
Moreover, a significant increase in hepcidin con-
centration was observed only in pregnant women
with anemia of chronic diseases. This indicates the
presence of additional factors that stimulate hepci-
din production and contribute to the development
of anemia of chronic diseases in GDM. The most
sensitive clinical and laboratory indicator of inflam-
mation is C-reactive protein. The highest concen-
tration of C-reactive protein was recorded in the
blood serum of pregnant women with GDM who
had anemia of chronic diseases, which indicates a
greater activation of inflammation in these patients,
compared with pregnant women suffering from iron
deficiency anemia. Therefore, the mechanism of
development of anemia of chronic diseases involv-
ing hepcidin, IL-6 and C-reactive protein is also
realized in subclinical inflammation accompanying
gestational diabetes mellitus.

Transferrinand sTR are considered as differential
diagnostic markers of IDA and ACD. It is stated
that patients with anemia of chronic diseases have
normal or reduced concentrations of transferrin and
sTfR in the blood serum, while in patients with
iron deficiency anemia the concentrations of these
markers increase [9, 10]. However, the content
of transferrin and sTfR in the blood reflects both
the amount of iron deposited in the body and the
activity of erythropoiesis [11, 12], which increases
by the end of the first trimester of pregnancy. Thus,
the informative value of these tests after 12 weeks
of pregnancy is doubtful.

This study confirmed the limitation of using
transferrin and its soluble receptor as indicators of
ACD verification in pregnant women with GDM.

CONCLUSION

Gestational diabetes mellitus is accompanied by
subclinical inflammation, which is more pronounced
in anemia of chronic diseases, as opposed to iron
deficiency anemia. The mechanism of development
of anemia of chronic diseases in GDM involves the
hepcidin protein. The heterogeneity of the anemic
syndrome in pregnancy complicated by GDM was

established: less than half of patients had true iron
deficiency anemia, while in most women anemia
was associated with intracellular iron blockade.
The results indicate the importance of correct
differential diagnosis of the anemic syndrome in
pregnant women with GDM.
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