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ABSTRACT

Introduction. Iron homeostasis has been extensively
studied in the recent years. The factors regulating hep-
cidin secretion and the significance of hepcidin during
pregnancy have not been fully clarified.

The objective of the study was to investigate the
serum concentrations of hepcidin and interleukin-6
(IL-6) and their relationships to parameters of iron
metabolism in women with low-risk and high-risk
pregnancies.

Material and methods. The study involved 40
pregnant women distributed in two groups: high-risk
pregnancies (HRP, n=20) and low-risk pregnancies
(LRP, n=20). The HRP were associated with chronic
inflammatory disorders and reproductive failures. We
evaluated the red blood cell count, hemoglobin (Hb)
concentration, hematocrit (Hct), erythrocyte indices,
serum concentrations of hepcidin, IL-6, ferritin (Ferr)
and iron (Fe), the total iron binding capacity (TIBC)
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REsumE

Relations entre 'hepcidine, 'interleukine-6 et les
parametres du métabolisme du fer chez les femmes
enceintes

Introduction. La régulation de I’homéostasie du fer
a été largement étudiée ces derniéres années. Les fac-
teurs régulateurs de la sécrétion d’hepcidine et la signi-
fication de I’hepcidine pendant la grossesse n'ont pas
été entierement clarifiées.

Lobjectif de I'étude était d’explorer les concentra-
tions sériques d hepcidine et d’interleukine-6 (IL-6) et
leurs relations avec les parameétres du métabolisme du
fer chez les femmes aux grossesses a faible et a haut
risque.

Matériel et méthodes. L'étude a porté sur 40
femmes enceintes réparties en deux groupes: les gros-
sesses a haut risque (GHR, n = 20) et les grossesses a
faible risque (GFR, n=20). Les GHR étaient associées
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and transferrin saturation (SatTf) twice, at the begin-
ning of the second and third trimester of pregnancy.
Results. We found significantly higher serum Ferr
and lower TIBC in HRP than in the controls at the
beginning of the second trimester (p<0.05). Significant
decline in serum Ferr and rise in TIBC were observed
during pregnancy in both groups, whereas decrease in
SatTf was found only in LRP (p<0.05). In HRP, serum
concentrations of IL-6 were negatively related to serum
Fe and SatTf, and positively - to Hb concentration,
while serum hepcidin was negatively related to Hb con-
centration and Hct (p<0.05). A significant positive rela-
tionship between serum hepcidin and IL-6 was found
in LRP (p=0.038).

Conclusions. There are significant relationships be-
tween IL-6 and hepcidin production and parameters
of iron metabolism in pregnancy.

Keywords: hepcidin, IL-6, iron homeostasis, preg-
nant women.

Abbreviations list:

ANOVA - analysis of variance

BMI - body mass index

CRP - C-reactive protein

ECLIA - electrochemiluminescence immunoassay
ELISA - enzyme-linked immunosorbent assay
Fe - iron

Ferr - ferritin

gw. — gestation week

Hb - hemoglobin

Hect - hematocrit

Hepc - hepcidin

HRP - high-risk pregnancies

IL-6 - interleukin-6

IQR - interquartile range

LRP - low-risk pregnancies

MCH - mean cell hemoglobin

MCHC - mean cell hemoglobin concentration
MCV - mean cell volume

RBC - red blood cell count

SatTf - saturation of transferrin

SD - standard deviation

SE - standard error

sTfR - soluble transferrin receptor

TIBC - total iron binding capacity

INTRODUCTION

Iron homeostasis throughout pregnancy is essen-
tial for the health of both mother and fetus.

Recent data indicate that the peptide hepcidin,
discovered in 2001 and initially identified as an anti-
microbial protein, is the major regulator of systemic

a des troubles inflammatoires chroniques et a des
échecs de reproduction. Nous avons évalué le nombre
de globules rouges, la concentration d’hémoglobine
(Hb), I'hématocrite (Hct), les indices érythrocytaires,
les concentrations sériques d’hepcidine, d’IL-6, de
ferritine (Ferr) et de fer (Fe), la capacité totale de liai-
son du fer (TIBC) et la saturation de la transferrine
(SatTf) deux fois, au début des deuxiéme et troisiéme
trimestres de la grossesse.

Résultats. Nous avons trouvé une Ferr sérique lar-
gement plus élevée et un TIBC plus bas dans la GHR
que chez les témoins au début du deuxiéme trimestre
(p<0,05). Une diminution significative de la Ferr s¢-
rique et une augmentation du TIBC ont été observées
pendant la grossesse dans les deux groupes, alors qu'un
abaissement de SatTf n’a été trouvé que dans la GFR
(p<0,05). Dans la GHR, les concentrations sériques
d’IL-6 étaient négativement liées au Fe sérique et SatTf,
et positivement a la concentration d’Hb, tandis que
I’hepcidine sérique était négativement liée a la concen-
tration d’Hb et Hect (p<0,05). Une relation positive
significative entre I’hepcidine sérique et I'[L-6 a été
trouvée dans LRP (p=0,038).

Conclusions. Il existe des relations significatives
entre la production d’IL-6 et d’hepcidine et les para-
meétres du métabolisme du fer pendant la grossesse.

Mots-clés: [’hepcidine, I'interleukine-6, homéostasie
du fer, les femmes enceintes.

iron homeostasis"?. It is the sole hormone found to
be involved in the systemic regulation of iron metab-
olism®. Hepcidin acts as a negative regulator of intes-
tinal iron absorption and body iron distribution?*. It
has also been shown to affect transplacental transfer
of iron during pregnancy®”, but the exact mechanism
of this interaction is not fully understood. Hepcidin
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synthesis and secretion are regulated by a wide range
of factors, such as body iron status, erythropoietic ac-
tivity, partial pressure of oxygen, and inflammation*.
At present, it is considered that the body iron status
regulates the production of hepcidin via two separate
signals, provided by circulating iron and iron stores*.
Inflammation induces hepcidin synthesis, an effect
mediated by the proinflammatory cytokine interleu-
kin-6 (IL-6)%°. So far, the significance of factors reg-
ulating hepcidin secretion during pregnancy has not
yet been clarified.

Findings on serum hepcidin concentrations and
their dynamic changes during pregnancy are limit
ed and somewhat contradictory. It has been proved
that in healthy pregnant women, with uncomplicated
pregnancies, serum concentrations of hepcidin are
lower than in non-pregnant women!'®!!, Moreover, in
complicated, high-risk pregnancies associated with
inflammatory conditions, obesity, and preeclampsia,
significantly higher serum hepcidin concentrations
have been found than in low-risk pregnancies'*'¢. In
contrast to these data, a recently conducted study re-
ported significantly lower serum hepcidin levels in pre-
eclamptic women than in healthy pregnant women'.
Besides, high-risk pregnancies have been associated
with diminished iron bioavailability to the mother and
fetus, probably caused by the effects of hepcidin!>'8,

Longitudinal assessment has indicated that serum
hepcidin concentrations gradually decline throughout
pregnancy, reaching the lowest and even undetectable
levels in the third trimester''>%°. However, the factors
responsible for suppression of hepcidin production
and hepcidin dynamics during pregnancy have not
been clarified. Fetal iron requirements, which increase
over pregnancy and become highest in the third tri-
mester, have been proposed as a possible factor for the
progressive decrease in maternal hepcidin levels”s.
The results of a study suggest that the lower and even
undetectable maternal serum hepcidin at delivery is
associated with a greater transplacental transfer of iron
to the fetus®. It is now considered that suppression of
hepcidin production during pregnancy allows maxi-
mal iron bioavailability to the mother and fetus'®*.,

The regulatory mechanism of inhibition of
hepcidin production during low-risk pregnancy has
not yet been completely elucidated. In the attempt
to elucidate the factors involved in hepcidin regula-
tion during pregnancy, different studies have assessed
relationships between the levels of hepcidin and pa-
rameters of iron metabolism. Each of these markers
has been used to characterize distinct aspects of iron
metabolism: serum ferritin (Ferr) for the assessment
of iron stores, serum iron (Fe) and saturation of trans-
ferrin (SatTf) as measures of transport iron available
for erythropoiesis, total iron binding capacity (TIBC)

566 / vol. 55, no. 4

as an indicator of the plasma capacity for binding and
transport of iron, soluble transferrin receptor (sTfR)
for the evaluation of erythropoietic activity, and hae-
moglobin (Hb) concentration as a parameter reflect
ing the amount of functional iron in the body**?.
Results are inconsistent. Some studies have estab-
lished positive correlations of serum hepcidin levels
with serum Ferr, serum Fe, SatTf, and Hb concentra-
tion and negative correlations with serum transferrin,
TIBC and sTfR®"!1619  Other studies, however, have
not confirmed significant correlations of hepcidin
levels with serum Ferr, serum Fe, SatTf, sTfR and Hb
concentration!®!72¢, These results suggest that either
changes in the maternal iron status and erythropoi-
etic activity during pregnancy, or unknown pregnan-
cy-specific regulators could be involved in the regula-
tion of hepcidin synthesis and secretion'®.

Moreover, other data indicate that fetal factors
might also exert influence on maternal hepcidin pro-
duction. In a study of obese and lean pregnant wom-
en, maternal hepcidin has been negatively related to
fetal cord blood serum Fe and SatTf". Data from an
animal study indicate that it is the fetal, rather than
the maternal iron stores that determine maternal
hepcidin production during pregnancy”’.

THE OBJECTIVE OF THE STUDY was to investigate serum
concentrations of hepcidin and IL-6 and their relation-
ships to parameters of iron metabolism in women with
low-risk and high-risk pregnancies.

MATERIAL AND METHODS

The present study was approved by the Committee
on Ethics of Scientific research at Medical University -
Pleven (Bulgaria). All the procedures and experiments
of the study were performed in conformity with the
ethical standards in the Helsinki Declaration of 1975,
as revised in 2000, for biomedical research involving
human subjects.

We conducted a longitudinal prospective study
between October 2015 and May 2016. A total of 40
pregnant women with a mean age of 28.86+4.8 years
(range 21.0-39.0 years) were distributed in two groups:
a group of high-risk pregnancies (n=20) and a con-
trol group of low-risk pregnancies (n=20). Written
informed consent was obtained from all participants
prior to participation. Pregnant women who met the
following criteria at the time of registration were el-
igible to the high-risk pregnancy group: pregnancies
complicated by chronic inflammatory conditions,
including autoimmune diseases, obesity, diabetes
mellitus, and preeclampsia. The characteristics that
qualified women for inclusion in the control group
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were singleton pregnancies uncomplicated by the
afore-mentioned conditions.

The high-risk pregnancies in the present study
were associated with conditions characterized by
chronic inflammation: autoimmune thyroiditis (n=8),
obesity (n=3) and preceded by reproductive failures
(infertility, spontaneous abortions; n=13). The cur-
rent pregnancy was achieved by assisted reproduc-
tive technology procedures in 10 of the women with
high-risk pregnancies [conventional in vitro fertiliza-
tion (n=9) and intrauterine insemination (n=1)]. One
woman had a twin pregnancy and the others - sin-
gleton pregnancies.

Anthropometric measurements were performed
and venous blood specimens for laboratory analysis
were collected at each examination. Anthropometric
measurements included determination of body
weight and height by a standard methodology and
calculation of body mass index (BMI). Women were
examined twice, at the beginning of the second tri-
mester (16-18 gestation weeks) and at the beginning of
the third trimester (30-32 gestation weeks).

Whole-blood samples were used for determina-
tion of hematological indicators and extraction of
serum. Serum samples were distributed into cryogen-
ic vials and stored at -70°C prior to analysis. Serum
samples were used for determination of serum con-
centrations of hepcidin and the inflammatory marker

IL-6, and evaluation of biochemical markers of iron
metabolism.

Iron metabolism was assessed by blood and
serum parameters as follows: red blood cell count
(RBC), Hb concentration, hematocrit (Hct), erythro-
cyte indices - mean cell volume (MCV), mean cell
hemoglobin (MCH) and mean cell hemoglobin con-
centration (MCHC), and biochemical markers serum
Ferr, serum concentration of Fe, TIBC and SatTf.

Hematological parameters were determined on
hematological analyzer MICROS. Serum concentra-
tions of hepcidin 25 (Hepc25) and IL-6 were quanti-
fied by sandwich ELISA methods using commercial
kits from Cusabio (Cusabio Biotech Co., Ltd, Wuhan,
Hubei Province, China) and Diaclone (Diaclone SAS,
Besancon Cedex, France), respectively, according to
the manufacturers’ protocols. Serum Ferr analysis was
performed by electrochemiluminescence immunoas-
say (ECLIA) on Cobas E 411 immunoassay analyzer.
FerroZine method was applied to determine serum Fe
and TIBC with subsequent calculation of percent SatTf.

Data were processed by statistical package
STATGRAPHICS Centurion XVI. Differences be-
tween the study groups in the laboratory parameters
with a normal distribution were tested by analysis of
variance (One-way ANOVA), and in non-normally
distributed variables - by H-test of Kruskal-Wallis.
Relationships between numerical variables were as-
sessed by Pearson’s correlation analysis. Statistical

Table 1. Results of investigated laboratory parameters for the study groups of pregnant women
with LRP and HRP at the beginning of the second and the third trimesters

Laboratory 16-18 gw. 3032 gw.
parameters LRP HRP LRP HRP
RBC (x 10"%/L)S 3.86+0.08 3.79£0.09 3.67+0.08 3.620.1
Hb (g/L) 116.86+2.27 115.6242.3 113.31x1.76 113.33+2.05
Hee (L/L)S 0.35+0.01 0.34+0.01 0.33+0.01 0.33+0.01
MCV (fL)® 89.39+1.44 87.68+1.61 90.65+1.33 90.29+1.11
MCH (pg)® 30.18+0.55 30.17+0.73 30.70.55 31.4+0.63
MCHC (g/L)% 338.07+2.18 344.25+5.24 338.54+2.51 341.6+4.48
Serum Ferr (ug/L)* 26.27 (21.28-45.28) 62.15 (43.68-91.0)* 12.67 (11.27-19.16)" 21.48 (11.69-37.98)"
Serum Fe (pmol/L)® 21.75+1.73 18.98£1.71 16.5+1.17 17.73+2.17
TIBC (pmol/L)* 71.13 (68.31-71.22) 63.36 (57.25-68.17)* 84.69 (78.53-91.0) 87.43 (75.15-92.9)
SatTf (%)° 30.53£2.95 30.42+2.96 19.571.46 21.68+3.21
Serum Hepc (ng/mL)% 13.93+4.95 15.04+4.63 12.7844.78 26.31+7.73
Serum IL-6 (pg/mL)* 0.59 (0.39-1.02) 0.68 (0.37-1.45) 0.54 (0.42-1.02) 0.31 (0.08-0.49)

$Data are expressed as means + SE
*Data are expressed as median (IQR)

*p<0.05 when comparing the results for the study group of LRP with HRP at the same trimester

*p<0.05 when comparing the results for the 2" trimester with the 3 trimester of the same study group

Abbreviations: Fe - iron; Ferr - ferritin; g.w. - gestation week; Hb - hemoglobin concentration; Hct - hematocrit;

Hepc - hepcidin; HRP - high-risk pregnancies; IL-6 - interleukin-6; IQR - interquartile range; LRP - low-risk pregnancies;
MCH - mean cell hemoglobin; MCHC - mean cell hemoglobin concentration; MCV - mean cell volume; RBC - red blood
cell count; SatTf - saturation of transferrin; SE - standard error; TIBC - total iron binding capacity
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significance was indicated by p<0.05. Values are
expressed as mean * standard error (SE) or median
linterquartile range (IQR)] according to the type of
distribution, unless otherwise indicated.

REesuLTs

The mean age was 28.13+5.1 years (median 26.0
years) among the women with high-risk pregnancies
and 29.45+4.59 years (median 28.0 years) among the
women with low-risk pregnancies. We did not find
any significant differences between the two study
groups in relation to age (p=0.418). Mean BMI val-
ues did not significantly differ between the groups of
high-risk and low-risk pregnancies either at the time
of registration (26.44+1.56 kg/m?vs. 23.26+0.76 kg/
m? p=0.073) or at their follow-up (26.96+0.97 kg/m?
vs. 27.08£0.57 kg/m?; p=0.915).

We found that median serum Ferr concentra-
tion in the group of high-risk pregnancies was sig-
nificantly higher than in the controls with low-risk
pregnancy (p=0.001) at the beginning of the second
trimester (Table 1). With progression of the pregnan-
cy serum Ferr showed a significant decline in both
study groups of high-risk pregnancy (p=0.0002) and
low-risk pregnancy (p=0.002). At the beginning of the
third trimester, median serum levels of Ferr were not
significantly different between the groups (p=0.113).

The total iron binding capacity presented with
significantly lower median value in the high-risk preg-
nancies than in the controls at the beginning of the
second trimester (p=0.004). With progression of the
pregnancy TIBC increased significantly in the group
of high-risk pregnancies (p=0.0002), and a similar rise
was observed in the control group (p=0.0006). At the

Table 2. Correlations between serum concentrations of Hepc and IL-6 and parameters
of iron metabolism for the study groups of pregnant women with LRP and HRP
at the beginning of the second and the third trimesters

16-18 gaw.s 3032 gw.
LRP HRP LRP HRP
Laboratory
barameters Serum Hepc Sleiugn SIZZ)T: Serum IL-6  Serum Hepc  Serum IL-6  Serum Hepc  Serum IL-6
(ng/mL) (bg/mL)  (ng/mL) (pg/mL) (ng/mL) (pg/mL) (ng/mL) (pg/mL)
. r 0.008 -0.403 -0.462 0.108 0.082 -0.017 -0.151 0.361
RBC (x 10%/1) p 0.98 0.173 0.112 0.727 0.789 0.955 0.641 0.25
r -0.284 0.087 -0.262 -0.059 0.033 0.054 -0.646 0.685
Hb (g/L)
& p 0.371 0.777 0.387 0.849 0914 0.861 0.023* 0.014*
Het (L/1) r -0.308 -0.012 -0.399 -0.226 -0.058 0.087 -0.654 0.528
¢ p 0.33 0.97 0.177 0.457 0.852 0.778 0.021* 0.078
MCV (f1) r -0.422 0.41 0.012 -0.556 -0.085 -0.004 -0.193 -0.429
p 0.172 0.164 0.971 0.061 0.783 0.989 0.593 0.216
MCH (pg) r -0.315 0.456 0.034 -0.457 0.069 0.026 0.012 -0.135
Pg p 0319 0.117 0.917 0.136 0.823 0.933 0.974 0.709
r 0.194 0.463 0.047 -0.03 0.354 0.097 0.257 0.168
MCHC /D o545 o111 0884 0926 0.235 0.754 0.474 0.642
Serum Ferr r -0.454 -0.421 -0.031 -0.128 0.173 0.159 0.008 -0.199
(ng/L) p 0.138 0.152 0.915 0.663 0.555 0.588 0.977 0.496
Serum Fe r -0.395 -0.034 -0.127 -0.697 -0.114 0.207 -0.067 0.395
(umol/L) p 0.204 0912 0.665 0.006* 0.697 0.478 0.821 0.163
r 0.448 0.441 0.073 -0.025 0.193 0.312 -0.156 -0.09
TIBC qumol/L) g4 0132 0805 0.932 0.509 0.278 0.593 0.761
SatT¥ (%) r -0.458 -0.201 -0.143 -0.598 -0.178 0.061 -0.035 0.385
° p 0.134 0.51 0.627 0.024* 0.544 0.836 0.905 0.175
Serum Hepc (ng/ r 1 0.398 1 0.061 1 0.558 1 -0.166
mL) p 0.201 0.835 0.038* 0.571
Serum IL-6 (pg/ r 0.398 1 0.061 1 0.558 1 -0.166 1
mL) p 0.201 0.835 0.038* 0.571

*Significance level, p<0.05

Abbreviations: Fe - iron; Ferr - ferritin; g.w. - gestation week; Hb - hemoglobin concentration; Hct - hematocrit; Hepc -
hepcidin; HRP - high-risk pregnancies; IL-6 - interleukin-6; LRP - low-risk pregnancies; MCH - mean cell hemoglobin;
MCHC - mean cell hemoglobin concentration; MCV - mean cell volume; RBC - red blood cell count; SatTf - saturation

of transferrin; TIBC - total iron binding capacity
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representing the relationship between Hb concentrations
and serum levels of IL-6 in the group of HRP
at the beginning of the third trimester.

Legend: Hb — hemoglobin concentration;

HRP — high-risk pregnancies; IL-6 — interleukin-6

beginning of the third trimester, median TIBC did not
significantly differ between the study groups (p=0.801).

Mean SatTf significantly declined with pro-
gression of the pregnancy only in the control group
(p=0.017), while in the group of high-risk pregnancies
no significant dynamical changes in SatTf were found

2
=3
=)

20 40 60 80
Hepc (ng/mL)

o}

Figure 4. Regression function and scatter diagram
representing the relationship between Het and
serum concentrations of Hepc in the group of HRP
at the beginning of the third trimester.
Legend: Hct — hematocrit; Hepc — hepcidin;
HRP — high-risk pregnancies

(p=0.772). Mean SatTf values were not significantly
different between the high-risk and low-risk pregnan-
cy groups either at the initial evaluation or at the fol-
low-up examination (p>0.05).

We did not observe any statistically significant
differences in the mean serum hepcidin concentra-
tions between the study groups at either stages of
pregnancy or were the median serum levels of 1L-6
different (p>0.05). We did not establish significant dy-
namical changes in serum hepcidin and serum 1L-6
concentrations during pregnancy in either of the two
groups (p>0.05).

Correlation analysis demonstrated that serum
concentrations of IL-6 were significantly negatively
related to the values of serum Fe (r=-0.697; p=0.000)
and SatTf (r=-0.598; p=0.024) in the high-risk preg-
nancies at the beginning of the second trimester
(Table 2). According to the regression models, which
are represented in Figures 1 and 2, a one-unit in-
crease in serum IL-6 diminishes the value of serum
Fe by 4.62 units and that of SatTf by 6.85 units.

At the later stage of gestation, serum hepci-
din concentrations were found to be significantly
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positively related to those of IL-6 (r=0.558; p=0.038)
in the low-risk pregnancies, while in the group of
high-risk pregnancies serum hepcidin did not show
significant correlation to the serum levels of IL-6
(r=-0.166; p=0.571).

In the high-risk pregnancies, serum hepcidin
showed significant inverse correlation to Hb con-
centration (r=-0.646; p=0.023) and Hct (r=-0.654;
p=0.021) at the beginning of the third trimester,
whereas serum levels of IL-6 were found to be signifi-
cantly positively related to the values of Hb concentra-
tion (r=0.685; p=0.014). As indicated by the regression
models, a one-unit increase in serum hepcidin dimin-
ished the value of Hb concentration by 0.17 units
(Figure 3) and that of Hct - by 0.0006 units (Figure
4). Our results showed that for one-unit increase in
serum IL-6, the value of Hb concentration increased

by 8.24 units (Figure 5).
Discussion

Comparative assessment of parameters of iron
homeostasis between the two study groups revealed
significantly higher median value of serum Ferr in the
high-risk pregnancies than the controls at the begin-
ning of the second trimester. This could be indicative
of greater amounts of stored iron due to the chronic
inflammatory conditions presented in the group of
high-risk pregnancies. It is well-known that synthesis
of hepcidin is greatly stimulated in inflammatory con-
ditions, which is mediated by IL-6%°. The hormone in-
hibits cellular release of iron, resulting in iron seques-
tration and increased storage of iron in macrophages
of the reticuloendothelial system**°. However, neither
serum concentrations of hepcidin nor of IL-6 showed
significant differences between the study groups in
our research. Besides, serum Ferr is an acute-phase
reactant and its levels could be elevated regardless of
iron stores in the settings of chronic inflammatory
conditions and hyperthyroidism?’.

The significantly lower median value of TIBC
in the study group of high-risk pregnancies vs. the
low-risk pregnancies at the beginning of the sec-
ond trimester points to a greater iron saturation of
the transport protein transferrin and lower serum
iron-binding potential. This can be inferred from the
fact that the TIBC represents a measure of the avail-
able, unoccupied binding sites for iron on the plasma
protein transferrin’*?%. Along with the higher values
of serum Ferr, lower values of TIBC in the high-risk
pregnancies at the beginning of the second trimes-
ter were in accordance with the literature data on
the inverse relationship between the TIBC and the
amount of iron stores?®, The TIBC has been reported
to diminish in chronic inflammatory conditions®®, as
was the case with high-risk pregnancies in our study.
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Longitudinal evaluation of parameters of iron
metabolism in our study showed a significant de-
crease in serum Ferr and SatTf, and a significant rise
in TIBC with the progress of pregnancy, which sup-
ports the results of other studies''®?*?, These find-
ings could reflect the physiologic hemodilution and
elevated demands for iron, which affect the measures
of iron status during pregnancy”’. The significant dy-
namical changes in SatTf, were not confirmed over
the course of high-risk pregnancies. We suggest that
this result may be attributed to the response of serum
Fe, as a negative acute-phase reactant®, to the chronic
inflammatory processes observed in the study group
of high-risk pregnancies.

Our findings on serum hepcidin dynamics are
not consistent with the results of most previous
studies showing progressive reduction in the serum
hepcidin levels throughout pregnancy'**?°. Hepcidin
has been found to decrease significantly at late-preg-
nancy, whereas the follow-up period in our study did
not cover the end of pregnancy. It is most likely that
significant decrease in the serum hepcidin concentra-
tion is present in the final four weeks of pregnancy.
However, in our study of pregnant women within
16-32 weeks of gestation, we did not establish any
significant changes in serum hepcidin. Data, similar
to our results, were obtained by Welke et al (2017)
in a longitudinal analysis of serum hepcidin concen-
trations between the second and third trimesters in
women with high-risk pregnancies'®.

The lack of significant dynamical changes in se-
rum hepcidin during low-risk and high-risk pregnan-
cies in our study formed a contrast to the significant
changes in parameters of iron metabolism observed
longitudinally. We speculate that this discrepancy may
be attributed to a dominant effect of increased eryth-
ropoietic activity and inflammatory signals that coun-
teract the effects of iron signals on hepcidin secretion.

Our results clearly indicated that as serum IL-6
levels increased, serum concentrations of Fe and SatTf
decreased in high-risk pregnancies. The negative re-
lationship observed is likely to reflect the decreased
release of iron into plasma from macrophages under
inflammatory conditions. Nemeth et al (2004) showed
that IL-6 infusion induces a significant decrease in the
serum Fe levels and SatTf in human volunteers. The
effect is known to be exerted by hepcidin’, but no
consistent relationship was found between the serum
levels of Fe and hepcidin in our study.

The positive relationship between the serum
concentrations of hepcidin and IL-6 observed in the
group of low-risk pregnancies points to the regulatory
influence of IL-6, a potent inducer of hepcidin syn-
thesis®’. In most studies of uncomplicated pregnan-
cies, hepcidin levels have not been shown to correlate
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with IL-6 and C-reactive protein (CRP), which indi-
cate inflammation'®>?°. Conversely, a positive cor-
relation between serum hepcidin and CRP has been
found in a large study involving mostly uncomplicat-
ed pregnancies’!,

Our findings demonstrated that as the serum lev-
els of hepcidin increased, the values of Hb concentra-
tion and Hct became lower in women with high-risk
pregnancies. These negative relationships were in ac-
cordance with our expectations. In chronic inflamma-
tion, hepcidin production is stimulated, which could
result in inhibition of intestinal iron absorption and
sequestration of iron in macrophages®**°, This would
ultimately lead to a decreased supply of iron for he-
moglobin synthesis. However, we did not observe a
significant relationship between the serum levels of
the inflammatory marker IL-6 and hepcidin in the
group of high-risk pregnancies at any stage of gesta-
tion. In some studies involving high-risk pregnancies
inflammatory markers were positively correlated with
serum hepcidin'*!", whereas in other studies there was
no relationship between the serum levels of IL-6 and
hepcidin during pregnancy!°. These results provide
evidence that other hepcidin-regulating signals may
override inflammation in the regulation of hepcidin
synthesis and secretion in pregnancy'®.

CONCLUSIONS

There are significant relationships of serum
hepcidin and IL-6 to parameters of iron metabolism
in pregnancy. Comparisons of iron status indicators
between the two study groups revealed significant dif
ferences in relation to the serum concentrations of
Ferr and the TIBC, possibly indicating greater stores
of iron and lower iron-binding potential of serum in
women with high-risk pregnancies. Besides, longitu-
dinal assessment has shown a significant decrease in
the serum levels of Ferr and a rise in the TIBC found
in both low-risk and high-risk pregnancies. Due to
the limitations of this study in view of the number of
examined women, we cannot make a definitive con-
clusion about the appropriateness of iton supplemen-
tation in women with high-risk pregnancies. It is well
known that in settings of chronic inflammation and
abundant iron stores, iron supplementation provides
an excess of free iron, which is a potent pro-oxidant.
Correlation and regression analyses have demonstrat-
ed negative effects of hepcidin on the values of Hb
concentration and Het in women with high-risk preg-
nancies. These findings pose the question about the
need to determine serum hepcidin concentrations in
cases of anemia during high-risk pregnancies. The
results could be used to optimize iron supplementa-
tion in women with high-risk pregnancies, because

patients with elevated levels of hepcidin are at risk of
ineffective response to oral iron supplementation. A
significant positive relationship between the serum
concentrations of hepcidin and IL-6 was confirmed
in the low-risk pregnancies, but we consider that fur-
ther research is needed to completely elucidate the
complex and multifactorial regulation of hepcidin se-
cretion during pregnancy. Our findings imply that se-
rum hepcidin levels may be a possible useful marker
for determination of the appropriate time of iron sup-
plementation in women with high-risk pregnancies.
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