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Abstract: Antenatal fetal death is one of the most severe obstetric condition, which has a
significant impact on both somatic health and the psycho-emotional state of the woman. Recently,
the data appeared that highlight the role of vitamin-mineral balance in the antenatal fetal death
etiopathogenesis due to the influence on the angiogenesis and on the formation of placental blood
flow processes. Therefore, studying the vitamin-mineral compounds levels in women with a history
of antenatal fetal death is particularly relevant and prompted the formation of our study purpose:
to determine the features of the folic acid, vitamins B, D, ferritin, homocysteine concentrations in
women with antenatal fetal death in anamnesis at the stage of pre-pregnancy preparation. Materials
and methods of the study — a prospective examination of 82 patients was conducted, of which
49 women (main group) with antenatal fetal death in anamnesis and 33 women (control group) with
no late reproductive losses in anamnesis. In all patients, the levels of folic acid, vitamins B, Bs, B>,
25-hydroxyvitamin D, ferritin, Mg?*, Se’* and homocysteine in the blood serum were determined. The
concentration of vitamins D, Bi, Bs, Biz, folic acid, ferritin and homocysteine was determined using
enzyme-linked immunosorbent assay (Monobind (USA)). The determination of Mg>* concentration
was carried out using the colorimetric method (Roche Diagnostics, Switzerland). Selenium was
determined using atomic absorption spectrophotometry (PerkinElmer, USA). According to the results
obtained, the women in the main group had statistically significant differences in compared with
the control group women: lower concentration of folic acid by 28.2%, vitamin Bs by 24.3%, Biz by
23.7%, Vitamin D was 18.4 £ 1.1 ng/ml, which is 15.6% less than in the control group and 38.7%
less than the lower limit of reference values. The concentration of Mg®>* was recorded as 1.4 times
lower, as well as Se’* 1.2 times in the main group. Alterations in the vitamin and mineral profile can
contribute to the activation of oxidative stress, endothelial dysfunction and, as a result, placental
insufficiency, which are currently considered one of the key pathogenetic links of antenatal fetal
death. The obtained results emphasize the feasibility of the vitamin and mineral compounds levels
determination in the pre-pregnancy preparation of women with a burdened obstetric history, which
will allow the formation of individual strategies to prevent pregnancy complications and repeated
perinatal losses.
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Antenatal Fetal Death.

Introduction

Antenatal fetal death (AFD) is one of the
most severe complications of pregnancy, which
is recorded in 2-4 cases per 1000 births in a high
level developed countries and in 10-20 cases per
1000 births in a low level developed ones [1].
The highest proportion of antenatal fetal deaths
occurs between 32 and 36 weeks of gestation. In
2021, the global rate of preterm births beyond
22 weeks was 23.0 per 1000 births, equivalent
to over 3 million cases per year, of which 77%
occurred in South Asia and Africa [2, 3]. In
Ukraine, the incidence of AFD ranges from
4 to 8 cases per 1000 live births [4, 5]. In the
last 5 years, there has been a gradual decrease
in perinatal losses, but the rates of AFD remain
stably high.

The etiopathogenesis of stillbirth s
multifactorial and includes factors such as
infectious, chromosomal abnormalities, obstetric
complications, thrombophilia, immune and
endocrine disorders about 30% of stillbirths
remain unexplained [6]. At the current stage
of research, special attention is paid to the role
of endothelial dysfunction in the pathogenesis
of AFD, which can serve as a marker and a
factor in gestational complications. It has been
established that the state of the endothelium
significantly depends on the balance of vitamin
and mineral compounds, which play a key role in
the processes of angiogenesis, blood clotting and
the formation of placental blood flow [7].

During pregnancy, the need for micronutrients
increases by 20-50%, while the nutritional
security of women of reproductive age often
remains insufficient. In 70-80% of pregnant
women, a combination of deficiencies of three
or more vitamins and minerals is recorded, in
particular folate, vitamins of group B, D, iron,
zinc, iodine, magnesium and selenium [8, 9].
Nutrient deficiencies are associated with an
increased risk of preeclampsia, fetal growth
restriction, congenital malformations, preterm
birth, and stillbirth [10]. It is also known that
reproductive loss in anamnesis significantly

increases the risks of repeated obstetric
complications in subsequent pregnancies,
including perinatal mortality, preterm birth, and
fetal growth restriction [11].

Currently, the role of folate during pregnancy
is well understood, with the main focus being on
preventing neural tube defects, congenital heart
defects, and fetal growth retardation [12, 13].
In case of impaired folate metabolism, the need
for folates and cofactors folate metabolism
(vitamins B2, Bs, Bi2) increases significantly,
the processes of DNA repair, cell proliferation
and vascular remodeling are inhibited, which is
especially critical in the conditions of placenta
formation [14-16]. Decreased activity of folate
enzymes metabolism disrupts the transformation
of homocysteine into methionine and reduces
the production of S- adenosylmethionine — a
universal donor of methyl groups necessary for
DNA methylation and epigenetic regulation of
embryonic and placental development [17].

Vitamin D also plays an important role in the
proper functioning of the maternal-placental-
fetal system. 25(OH)D deficiency is associated
with an increased risk of placental dysfunction,
preeclampsia, fetal growth retardation, and AFD
[18]. Combined deficiency of folate, vitamin D,
and iron, a cofactor for vitamin D activation, is
found in some pregnant women, especially those
with low socioeconomic status [19, 20].

The use of multivitamin complexes with
prophylactic dosage increases the effectiveness
of eliminating deficiencies of folate, vitamin D,
iron and other nutrients during the preconception
stage, which has been demonstrated in many
studies and confirmed by a decrease in the
frequency of preterm birth, low birth weight of
the newborn and a reduced risk of AFD [21-23].

Thus, assessment of vitamin and mineral
status in women with AFD in anamnesis is of
significant importance in the pre-pregnancy
period. Insufficiency of vital trace elements and
vitamins may be a hidden factor in disorders
of placentation, uteroplacental blood flow and
intrauterine development of the fetus. Detection
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and timely correction of micronutrient disorders
in the pre-pregnancy period opens up the
possibility of personalized prevention, reducing
the risk of adverse reproductive outcomes and
improving perinatal outcomes [24, 25].

Aim

To determine the concentrations of vitamin
and mineral compounds, namely B vitamins, folic
acid, vitamin D, ferritin, magnesium, selenium,
and homocysteine, in women with antenatal fetal
death in anamnesis on the pre-pregnancy stage.

Materials and methods

A prospective examination of 82 women who
admitted in the pre-pregnancy period to plan
their next pregnancy was conducted. The main
group included women with AFD in anamnesis
(n=49), the control group consisted of patients
with no late reproductive losses in anamnesis
(n=33). The examination was conducted on the
basis of the outpatient department of obstetrics
and gynecological observation of the Maternity
and Childhood Center of the Municipal Non-
Profit Enterprise «Kyiv City Clinical Hospital
Ne5» in the period between 2022 and 2024 years.
Patients of both groups were representatively
compared by age and level of social security.

Inclusion criteria: childbirth in anamnesis,
voluntary consent to participate in this study.

Exclusion criteria: oncological condition;
severe somatic or mental illnesses; infectious
diseases in the acute stage; taking medications
that affect vitamin metabolism or hormonal
levels; refusal to participate at any stage of the
study.

All patients were tested for the concentration
of B vitamins, namely: thiamine (B:), pyridoxine
(Bs), cyanocobalamin (B12), folic acid, vitamin D
(25(OH)D), ferritin, magnesium (Mg?*), selenium
(Se?*), and homocysteine in their blood serum.

Venous blood was collected on an empty
stomach, from the cubital vein into two test tubes.
To determine the level of vitamins D, Bi, Be,
Bi2, folic acid, ferritin, Se*" and homocysteine,
gel — free tubes were used. To determine Mg?*, a
tube with lithium heparin was used. After blood
collection, the centrifuged serum was stored
at -20 °C until analysis. The concentration of
vitamins D, Bi, Bs, Bi2, folic acid, ferritin, and
homocysteine was determined by enzyme-linked
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immunosorbentassay (ELISA) using commercial
kits according to the manufacturer's protocols
(Monobind (USA)). Mg?>* concentration was
determined by the colorimetric method (Roche
Diagnostics, Switzerland). Se** was determined
using atomic absorption spectrophotometry
(PerkinElmer, USA).

Statistica 10 software (StatSoft, USA) was
used on a personal computer with Microsoft
Excel 2019 software using parametric and
nonparametric analysis methods. Quantitative
variables were presented as mean values (M)
with the corresponding standard error (m).
Student's t-test was used to assess the statistical
significance of intergroup differences. Fisher's
exact test was used to compare categorical
variables. A statistically significant difference
was considered a difference at p<0.05.

The study was conducted in accordance with
the principles of the Declaration of Helsinki. The
research protocol was approved by the Bioethics
Committee of the Bogomolets National Medical
University (protocol No. 181 dated 01/29/2024).

Results

The average age of patients in the main
group was 29.6+2.3 years; in the control group —
30.242.4 years (p>0.05). All patients of both
examined groups lived in the Kyiv region.
The somatic anamnesis in the main group was
burdened by condition of the cardiovascular
system (19 (38.8%) women), thyroid gland
(13 (26.5%) women); metabolic syndrome (7
(14.3%) patients); diseases of the gastrointestinal
tract and hepatobiliary system (13 (26.5%)
women) urinary tract infection (13 (26.5%)
women). In the control group, pathology of the
cardiovascular system was noted in 8 (24.2%)
women; thyroid gland — in 6 (18.1%) patients,
diseases of the urinary system — in 6 (18.1%).

Among gynecological pathologies,
inflammatory diseases of the urogenital tract
prevailed (main group — 19 (38.8%); control
group — 11 (33.3%) women); uterine leiomyoma
(main group — 11 (22.4%); control group —
4 (12.1%) women, p<0.05); menstrual cycle
disorders, manifested by dysmenorrhea (main
group — 15 (30.6%); control group — 8 (24.2%)
women), irregular menstrual cycle (main group —
4 (8.2%); control group — 2 (6.1%) women).

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

&3


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 4 (158), 2025

Creative Commons «Attribution» 4.0

Analyzing the concentration of folic acid
in the studied groups, as a key microelement
for ensuring women's health and preventing
perinatal pathology, it was found that the
concentration of folic acid was found to be
1.5 times lower in patients of the main group,
compared with the results in the control group
(p<0.05) (Table 1).

Table 1. The content of markers of folate
metabolism in women of the examined groups

(Mzm)
Survey groups
[ et Main Control
group group
(n=49) (n=33)
Homocysteine (umol/L) | 16.7+1, 2* 8.7+0.7
Folic acid (ng /ml) 8.9+0.6 * | 12.4+0.7

Note: * - statistically significant differences compared
to the control group (p<0.05)

It is worth noting that one of the activators
of oxidative stress and endothelial dysfunction
is a high level of homocysteine, which is one
of the markers of impaired folate metabolism.
The average value of homocysteine in patients
of the main group was significantly increased
and exceeded the values of the control group
by 1.6 times (p<0.05). In particular, a third of
patients of the main group (17 (34.7%) women)
had significant hyperhomocysteinemia in com-
bination with a decrease in serum folic acid.

The results obtained regarding the violation
of folate metabolism necessitated the assessment
of the levels of B vitamins (Bi, Bs, and Bi»),
which participate in the biosynthesis of amino
acids, purine, and pyramidine bases (Table 2).

According to the data obtained, patients in
the main group had a significant decrease in
vitamin B¢ levels by 24.2% compared to the
control group, as well as a decrease in vitamin
B> concentration by 23.7% (p<0.05), which
coincided with anamnestic data on pathology
of the gastrointestinal tract and hepatobiliary
system in 26.5% of women in the main group.

The average value of vitamin B, in both
study groups was within the reference values
(70-180 ng/ml) and the difference in the average
value of thiamine between the study groups was
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Table 2. Concentration of B vitamins in women
of the examined groups (M+m)

Survey groups
T e Main Control
group group
(n=49) (n=33)
Pyridoxine (Bs) (ng/ml) | 56.8+4.6* 74.9+5.3
Thiamine (B1) (ng/ml) 106.3+ 8.4 | 112.5£9.7
Cyanocobalamin (Bi2)
(pg/ml) 147.4+6.7* | 193.2+10.3

Note: * - statistically significant differences compared
to the control group (p<0.05)

5.5% (p>0.05). However, vitamin B, deficiency
was detected in the main group, 14 (28.6%)
women were found to have a deficiency state in
relation to this micronutrient.

Given the significant percentage of women
with chronic pathology of the gastrointestinal
tract and hepatobiliary system in the main group
(26.5%), the level of ferritin was determined — a
cofactor of cytochrome P.so enzymes, which is
involved in the conversion of vitamin D to the
biologically active form of calcitriol. In women
of the main group, the average ferritin level was
14.6+1.1 ng/ml, which is 1.8 times lower than in
the control group (26.3+£1.6 ng/ml, p<0.05).

Analyzing the results of the study of
the content of cofactors with pronounced
antioxidant and anti-inflammatory properties
(25(0OH)D, Mg?*, Se?"), a significant difference
was established between the studied groups
(Table 3).

Table 3. Concentration of cofactors with
antioxidant properties in women of the
examined groups (M+m)

Survey groups
Indicator Main group Control
(n=49) E
(n=33)

Vitamin D (25(OH)D),
ng/ml 18.4+1.1 *| 21.8+1.3
Magnesium (Mg?"),
mmol/l 0.69+0.06* | 0.97+0.08
Selenium (Se?"), pg/l 79.1£5.9| 97.34+7.2

Note: * - statistically significant differences compared
to the control group (p<0.05)
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The average value of the concentration
of 25(OH)D in women of the main group
was 18.4+1.1 ng/ml, which is 15.6% lower
than the similar indicator in the control group
(21.8£1.6 ng/ml; p<0.05) and 38.7% lower
than the lower limit of the reference value (30—
70 ng/ml). In particular, vitamin D deficiency
(<20 ng/ml) was detected in 67.3% of women
of the main group versus 24.2% in the control
group. A similar situation was found in the study
of Mg?" in the examined groups, where the
concentration of Mg?" was 1.4 times lower in
the main group compared to the control group
(p<0.05). Clinically, we associated the high
frequency of violation of menstrual function
(30.6%) in the main group with this deficiency
condition.

Selenium, as the main antioxidant
micronutrient, deserved no less attention,
where in both examined groups it was within
the reference value (70-150 pg/l). However,
the concentration of Se?' in the main group
was lower by 18.7% compared to the control
group. This was clinically confirmed by the high
incidence of thyroid disease (26.5%) in women
of the main group.

Thus, the obtained results of the study of
vitamin and mineral compounds demonstrate
significant changes in micronutrient status in
women with a history of antenatal fetal death
and indicate a pathogenetically combined
mechanism of the occurrence of deficient states,
and also justify the feasibility of including an
assessment of vitamin and mineral metabolism
in the pre-pregnancy examination of women
with a burdened obstetric history.

Discussion.

The results of the study indicate significant
deviations in the concentrations of vitamin and
mineral compounds in women with a history
of ADP in the pre-pregnancy stage, which is
consistent with the results of recent studies. In
particular, reduced levels of folic acid, vitamin
Be, Biz2 and vitamin D in reproductive losses are
consistent with the results obtained in the works of
Lindqvist PG (2025), which indicated a correlation
between folate and B vitamin deficiency,
hyperhomocysteinemia and an increased risk
of thrombotic complications. At the same time,

ISSN 2786-6661
eISSN 2786-667X

Petersen JM et.al. (2023) emphasize that the best
period for correcting deficiency states, in order to
prevent perinatal pathology, is the pre-pregnancy
period. A systematic review showed an association
between low selenium levels and pregnancy
loss, preeclampsia and premature birth. In the
studies of Dahlen CR (2022), lower Se?* values
were found in the group with pregnancy losses
compared to controls. The results obtained
confirm the hypothesis of the study and also
have practical significance for the formation of
pregravid preparation algorithms. The limitation
of our study at this stage is a relatively small
sample and the lack of dynamic monitoring
of the course of pregnancy after correction of
deficiencies, which requires further research.

Conclusions

1. The study found that women with
antenatal fetal death in anamnesis have
significantly lower vitamin and mineral
metabolism indicators, in particular, a 1.5-
fold lower level of folic acid compared to
women without a history of late reproductive
losses, which coincides with an increased
level of average homocysteine concentration
(16.7£1.2 pmol/l versus 8.7+0.7 umol/l, p<0.05)
and indicates high alertness to oxidative stress
and, as a prognostic factor, to the development
of endothelial dysfunction and prompts the
mandatory correction of deficient states during
the preconception stage.

2. The concentration of vitamins Bs, Bz,
25(OH)D was recorded in a significantly lower
concentration in the main group, namely:
vitamin Bs was reduced by 24.2%; vitamin B, —
by 23.7%; 25(OH)D — by 15.6% compared to
the control group and by 38.7% compared to the
lower limit of reference values (p<0.05).

3. The results of the analysis of the content
of micronutrients with pronounced antioxidant
and anti-inflammatory effects showed a reduced
amount of Mg?* by 1.4 times and Se?* by 1,2 times
compared to the value in the control group,
which coincided with the clinical manifestations,
namely thyroid pathology — 26.5%; metabolic
syndrome — 14.3%.
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Anomauia: Aumenamanvha 3a2ubensb niooa € 0OHIEN 3 MANCKUX AKYUEPCLKUX NAMONO02IU, WO
MA€ 3HAYHUL NIUB K HA COMAMUYHe 300pP08 s, MAK | HA NCUXOeMOYIUHUL cmar JHCiHku. B cyuachux
ooicepenax 3’s6NAomsbcsi 0aHi w000 poii GiMAMIHHO-MIHEPAIbHO20 OANaucy y emionamoceHesi
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aHmeHamanvHoi 3acubeni nio0a WISAXOM 6NAUsy HA npoyecu aueioceHe3y ma hopmysanHs
niayenmaprno2o Kpogomoxy. Tomy, 0ocniodxicenHs pigHs 8IMAMIHHO-MIHEPAIbHUX CNOIYK Y HCIHOK 13
AHMEHAMAIbHOI 3a2UbeNI0 N100d 8 aHaMHe3l HaA0YI0 0COONUBOT aKMYANIbHOCII MA CNOHYKALO0 00
Gopmysanna memu HAULIO20 OOCTIONHCEHHA: BUSHAYUMU 0COOIUBOCMI KOHYenmpayii ¢honiesoi kuciomu,
gimaminie epynu B, D, ¢hepumuny comoyucmeiny y H#CIHOK i3 AHMEHAMANbHOW 3a2Ubenio niodda 6
anamuesi Ha emani npecpagioapHoi niocomosxku. Mamepianu ma memoou 00CIi0HCEHHS — NPOBEOEHO
npocnekmugene oocmedgicents 82 nayicHmok, 3 akux 49 sxcinox (ocHoema epyna) 3 aHmeHamaibHO
3a2ubenito n1ooa 8 anamtesi ma 33 HCiHKU (KOHMPOIbHA 2PYNA), V AKUX 8I0CYMHI NI3HI penpoOYKMUGHI
empamu 6 anamuesi. Y 6cix nayienmox 8uzHaueHo pieeHv Qoniceoi kuciomu, gimaminié B, Bs, B,
25-eiopokcusimaminy D, hepumuny, Mg?*, Se’* ma comoyucmeiny 6 cuposamuyi kpoei. Konyenmpayiio
simaminie D, Bi, Bs, Biz, poniesoi kuciomu, ghepumuny, ma 2omoyucmeiny usHauaiu 3a 00NomMo2oi
imyHopepmenmnozo awnanizy (Monobind (CILIA)). BusnauenHs KoHyeHmpayii MacHilo Nno8OOUIU
3a 00nomMo2oio Konomempuunozo memoody (Roche Diagnostics, Illseiiyapisn). Cenen susnauanu 3a
oonomoeor amomuoadbcooyitinoi cnexkmpogomomempii (PerkinElmer, CILLIA). 32iono ompumarnux
pe3yibmamisa, y JCIHOK OCHOBHOI 2pYnU 8UABIEHO CIMAMUCIUYHO OOCHOBIPHO HUNCUY KOHYeHmMpayii
goniesoi’ kucnomu 6 1,5 pazie , eimaminy Bs na 24,3%, Biz na 23,7% 6iOHOCHO KOHMPOIbHOT
epynu. Bimamin D cmanosus 18,4+1,1 ne/mn, wo na 15,6% menwe Hixe 8 KOHMPOAbHIl epyni ma
Ha 38,7% 6iOHOCHO HUdCHbOI Medxci pepepenmuux 3nauens. Konyenmpayia Mg** sapeecmpoeana
Hudicuoio 6 1,4 paszie, a makooic Se’* na 18,7% 6 ocnosniti epyni. Ilopywenns nokazHukie 6imamiHHo-
MIHEPAbHO20 NPOQINIO MONCYMb CAPUAMU AKMUBAYI] OKCUOAMUBHO20 CMpecy, eHOOMEeNidaNbHOI
oucghynkyii ma, AK HACTIOOK, NIAYEHMPAHOI HeOOCMAMHOCMI, AKi HAPa3si po32nsA0aAlOMbCsl K OOHI
3 KII0Y08UX NAMOSEHEMUYHUX JIAHOK aHmeHamanvHoi 3azubeni niooa. Ompumani pe3yibmamu
niOKpecaoms OOYIIbHICMb B8KIIIOYEHHST GU3HAYEHHS DIBHIE GIMAMIHHO-MIHEPANIbHUX CHONYK 00
CMPYKMypu npezpagioaproi nio2omosKu JHCIHOK 13 0OMANCEHUM aKYUEPCOKUM AHAMHE30M, U0
003601uMb  chopmysamu  iHOUBIOyanbHi cmpamezii npoginaxmuxku YCKIaOHeHb B8a2imHOCmI ma
NOBMOPHUX NEPUHAMATLHUX GMPANI.

KuouoBi ciioBa. AnTeHaranpHa 3arudens mioja, Bitamin I, Bitaminu rpynu B, romonucTeiy,
YCKJIQJHEHHS BariTHOCTI, GepuUTHH, QoJlieBa KKCIIOTA.
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