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Abstract

Introduction. Preeclampsia remains one of the leading causes of maternal and
perinatal morbidity worldwide. Accumulated evidence indicates that disturbances
in folate metabolism and elevated homocysteine levels may contribute to the
development of hypertensive disorders of pregnancy. This study evaluated the
effectiveness of long-term folic acid supplementation for the prevention of
preeclampsia in pregnant women with and without polymorphisms in folate cycle
genes.

Methods. A single-center randomized controlled study included 320 women in the

control group (folic acid intake until 12 weeks of gestation) and 894 women in the
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1. Introduction

main group (folic acid intake throughout pregnancy). The main group was stratified
by dosage: 400 pg, 800 pg, and 1200 pg. Clinical, biochemical, and genetic
assessments were performed, including measurement of homocysteine levels and
genotyping of MTHFR, MTR, and MTRR polymorphisms. Pregnancy outcomes and
the incidence of hypertensive complications were compared between groups.

Results. Long-term folic acid supplementation was associated with a lower overall
incidence of hypertensive disorders of pregnancy compared with the control group
(RR 1.43; p = 0.038). The incidence of preeclampsia was 1.67 times lower in the main
group, indicating a favorable trend. No significant differences in blood pressure
dynamics or perinatal outcomes were found among groups receiving different folic
acid doses. Homocysteine levels were significantly higher in all women who
subsequently developed preeclampsia, regardless of folic acid dosage. Genotype
distribution demonstrated population-specific frequencies of MTHFR and MTR
polymorphisms; however, no clear dose-response relationship was observed.

Conclusion. Long-term folic acid supplementation reduces the risk of hypertensive
disorders of pregnancy, including a tendency toward a decreased incidence of
preeclampsia, and is safe at all studied doses. The potential benefit is particularly
relevant for populations with a high prevalence of genetic variants affecting folate
metabolism. Further multicenter randomized studies are required to determine the

optimal dosage and duration of supplementation.

Keywords: preeclampsia, folate cycle, folic acid.

Preeclampsia is one of the serious and potentially
life-threatening pregnancy-related conditions that lead to
numerous maternal and fetal complications [1], and its
prevalence is increasing in developed countries [2]. The
global trend toward delayed childbearing in high-income
countries contributes to the rise in risk factors associated
with preeclampsia, such as advanced maternal age,
obesity, insulin resistance, and the accumulation of
comorbid somatic conditions [2]. Inadequate or absent
prenatal care partly explains the high prevalence of
preeclampsia in developing countries [1-3].

Despite significant progress in understanding the
preeclampsia pathogenesis, effective methods of primary
prevention remain limited. The exact etiological factors of
preeclampsia are still unclear. However, it is believed
that two critical mechanisms play a major role in the
pathogenesis of preeclampsia: abnormal placentation,

followed by the development of a maternal-placental

syndrome associated with an excess of anti-angiogenic
factors [1,2,4,5,6]. These well-established hypotheses
conceptualizing preeclampsia as a placental disorder
contribute  to  understanding and appropriate
management of the complications associated with the
condition.

Recent research continues to identify factors that
may reduce the risk of developing preeclampsia [6].
Numerous studies have been conducted to explore
possible approaches to prevent and manage
preeclampsia [1,3,7-9]. Growing evidence indicates that
disturbances in folic acid metabolism and elevated
homocysteine levels may contribute to the development
of hypertensive disorders during pregnancy, including
preeclampsia [8-10]. One such potential protective factor
is folic acid supplementation, traditionally prescribed
during preconception and the first trimester for the

prevention of neural tube defects [9]. In recent years,
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researchers have increasingly focused on the possible role
of long-term folic acid supplementation in reducing the
likelihood of hypertensive pregnancy complications,
including preeclampsia. Potential mechanisms linking
folate deficiency and hyperhomocysteinemia with
preeclampsia include endothelial dysfunction, oxidative
stress, and impaired DNA methylation, all of which may
lead to vascular dysregulation and placental perfusion
abnormalities [9,10]. Many studies confirm that folic acid
supplementation can help reduce elevated levels of
homocysteine in the blood [8,12-18]. However, the
relationship between folic acid intake and reduced risk of
preeclampsia has produced conflicting findings, and the
recommended doses vary widely [7,8,19-24]. Whether
folic acid supplementation during pregnancy can reduce

the risk of preeclampsia remains unclear [7].

2. Materials and research methods

Design: a single-center, randomized controlled
trial.

Study Material: the study included 320 pregnant
women in the control group, who received folic acid from
the moment pregnancy was confirmed until 12 weeks of
gestation for the prevention of congenital fetal
malformations, and 894 pregnant women in the study
group, who received folic acid throughout the entire
duration of pregnancy. The study group was stratified
according to folic-acid dosage: 400 mcg (n = 332), 800 mcg
(n=257), and 1200 mcg (n = 305).

The sample size for the randomized controlled
trial was calculated according to the standard formula
[20]. The sample size for the nested cohort was
determined using the Epi Info statistical software (CDC,
USA), based on previously published data on the
frequency of polymorphisms in the MTHFR (C677T,
A1298C), MTRR (G66A), and MTR (G2756A) genes
among pregnant women in the Kazakh population [21].
The calculation was based on the lowest frequency
polymorphism among those under study, specifically
MTR (rs1805087), with a prevalence of 17.9%, and

considering the prevalence of preeclampsia (PE) of 5.5%

The mechanisms underlying the proposed
protective effect of folic acid are not fully understood; its
involvement in the regulation of endothelial function,
homocysteine metabolism, and antioxidant protection
has been suggested. Given the clinical importance of the
problem and accessibility of the intervention,
investigating the role of folic acid in preeclampsia
prevention presents significant scientific and practical
interest.

The present study aims to evaluate the
effectiveness of long-term folic acid supplementation in
reducing the risk of preeclampsia among pregnant
women  with and  without folate-metabolism
impairments.

Hypothesis: Long-term folic acid supplementation
lowers the risk of developing preeclampsia in pregnant

women with and without folate-metabolism disorders.

in the population of 18,000 pregnant women in Aktobe.
Allowing for a 30% attrition rate, the required sample size
was determined to be 536 pregnant women.

Participant selection and randomization method:
a stratified sampling method was applied to form the
study groups, based on the presence or absence of
established risk factors for PE, in accordance with
recommendations from previous research [22].

Inclusion Criteria: Kazakh ethnicity; age >18
years; ultrasound-confirmed singleton intrauterine
pregnancy; gestational age up to 14 weeks at enrollment;
written informed consent; and adherence to the study
protocol.

The clinical component of the study was
conducted in city polyclinics, at the Regional Perinatal
Center of Aktobe, and at Kargalinsk City Hospital.

The laboratory component was conducted at the
Scientific and Practical Center of West Kazakhstan Marat
Ospanov  Medical INVITRO-

Kazakhstan.

University and at

A complete blood count with platelet count was
performed using the MEK-7300K automated hematology
analyzer (Nihon Kohden Corporation, Japan, series 2845).
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Biochemical measurements, including bilirubin levels
and cytolytic enzyme activity (ALT and AST), were
performed using the Respons-910 biochemical analyzer
(Germany).

Proteinuria was assessed using either a single
urine sample and/or a 24-hour urine collection, analyzed
on the Uriscan Optima analyzer (YD Diagnostics, South
Korea).

Homocysteine levels were measured using an
assay (ICLA) on the
automated IMMULITE® 2000 XPi analyzer (Siemens,

Germany) with Immulite® 2000 Homocysteine reagents

immunochemiluminescent

(Siemens, Germany). The determination of homocysteine
concentration (Hcy) in serum or EDTA-stabilized plasma
was performed according to the

method using  the
IMMULITE® 2000 XPi analyzer (Siemens Healthcare

Diagnostics, Germany).

immunochemiluminescent

The analytical method is based on competitive
binding between endogenous homocysteine in the
patient’s sample and an enzyme-labeled methylated
derivative of homocysteine for a limited number of
specific antibodies immobilized on a solid phase. After
binding and washing of unbound components, a
substrate for alkaline phosphatase is added, which
produces a chemiluminescent signal detected by the
analyzer’s photometer. The intensity of the emitted signal
is inversely proportional to the concentration of
homocysteine in the sample.

Samples were processed in EDTA-stabilized
plasma or in serum obtained after centrifugation at 3000
rpm for 10 minutes. Storage conditions were as follows:
at +2°C to +8°C for no more than 48 hours; at -20°C for up
to 3 months. Frozen samples were thawed at room
temperature and mixed before analysis. Repeated freeze-
thaw cycles were not permitted. The analysis utilized the
Siemens IMMULITE® 2000 Homocysteine Assay Kit,
which includes a solid phase with immobilized anti-Hcy
antibodies, an enzyme conjugate (alkaline phosphatase—
(2-50 umol/L),
and high

substrate.

homocysteine), calibrators control

materials  (low levels), and the

chemiluminescent Prepared  samples,
calibrators, and controls were loaded into the designated

positions of the IMMULITE® 2000 XPi analyzer, which

automatically performed sample pipetting, incubation,
washing, substrate addition, and chemiluminescent
signal measurement.

Genotyping of Folate Metabolism Gene
Polymorphisms: venous blood (2.0 ml) was collected by
venipuncture into K2-EDTA tubes (EcoPharm
International, Kazakhstan). DNA extraction was
performed using the PROBA-RS-GENETIKA reagent kit
(DNA-Technology, Russia). DNA concentration was
measured using the NanoDrop Lite spectrophotometer
(USA), where a minimum DNA concentration of at least
1.0 ng/ml per PCR tube was required, corresponding to
Ct < 32.0 on the VK detection channel (Sy5). Molecular
genetic analysis was performed wusing real-time
polymerase chain reaction (Real-Time PCR) on the
DTprime 4 instrument (DNA-Technology, Russia), with
determination of genotypes for the polymorphisms
under study: MTHEFR (C677T, A1298C), MTRR (G66A),
and MTR (G2756A). Ready-to-use primers were used:
MTHFR 677 C>T (Ala222Val), MTHFR 1298 A>C
(Glu429Ala), MTR 2756 A>G (Asp919Gly), and MTRR 66
A>G (IIe22Met) (DNA-Technology, Russia).

Blood Collection and Genomic DNA Isolation:
For the analysis, after overnight fasting, 5.0 milliliters of
peripheral blood samples were obtained from each of the
study subjects in EDTA-containing tubes. Genomic DNA
was extracted from the cell pellet in whole blood using
the Promega Wizard® Genomic DNA Purification Kit
following a standard method according to the producer’s
instructions. The real-time polymerase chain reaction
(RT-PCR) using CFX-96 Real-Time System (Singapore)
and Vector Best (Russia) reagents with specific primers
for PCR were used to perform the analysis for detection
of the MTR A2756G, MTRR A66G, and MTHFR C677T
genotypes. The following RT-PCR cycle parameters were
followed: 94 -C for 2 min, then 35 cycles of amplification
(94 -C 30's, 60 °C 30 s, and 72 30 s). The final elongation
step of 10 min, 72 C, and 5 mL of the reaction product
were analyzed in a 1.5% agarose gel. The normal,

heterozygous, genotype

and homozygous mutant
profiles of each of the genes were identified.
Statistical analysis. Statistical analysis and data

visualization were performed using the R statistical
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computing environment, version 4.4.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Descriptive statistics were presented as absolute
and relative frequencies for categorical variables, and as
medians with interquartile ranges (1st-3rd quartiles) for
continuous variables with asymmetric distributions.
Assessment of normality for continuous variables was
conducted using the Shapiro-Wilk test, evaluation of the
skewness coefficient (where an absolute value >1.96 was
considered indicative of significant deviation from
normality), and visual inspection of histograms and
quantile-quantile (Q-Q) plots.

Compliance of observed genotype frequencies
with theoretical Hardy—Weinberg equilibrium was
assessed using Pearson’s x2 test and the inbreeding
coefficient (f).

Comparisons between two groups for
quantitative variables were performed using the Mann—
Whitney U test, whereas comparisons among three or
more groups were conducted using the Kruskal-Wallis
test, with post-hoc pairwise analyses performed using
Dunn’s test. Group comparisons for categorical variables
were conducted using Pearson’s x? test and Fisher’s exact
test when the minimum expected frequency in
contingency table cells was <5. The Holm correction was
applied to adjust for multiple pairwise comparisons.
Relative risk (RR) with corresponding 95% confidence
intervals (95% CI) was used to assess the strength of
association between binary outcomes and potential

predictors. For the analysis of changes in quantitative and

3. Results

The mean age of pregnant women in the main
and control groups was 30.2 + 5.7 and 29.4 + 4.9 years,
respectively, with no statistically significant differences
identified between them (p < 0.001; see Table 1 in the
appendix). There were no statistically significant
differences between the groups with respect to body
weight (p = 0.83); the mean body weight of all examined
participants was 58.7 + 89 kg and 58.8 + 8.7 kg,
respectively. The average body mass index (BMI) was

22.5+ 3.2 and 22.6 + 3.1 kg/m?, indicating the absence of

binary outcomes across repeated measurements,
generalized estimating equations (GEE) were employed,
including models with interaction terms between
gestational-age indicators and group assignment.
Stepwise predictor selection for inclusion in the
prognostic model was performed using the Akaike
Information Criterion (AIC). Selected predictors were
incorporated into a multivariable logistic regression
model without interaction terms. Model performance
was evaluated using Nagelkerke’s pseudo-R?, Somers’
Dxy coefficient, and the concordance index (C-index,
AUC). Additionally, metrics corrected for potential
overfitting were obtained

bootstrapping (B = 1000). The optimal threshold

using non-parametric

probability for classification was determined using
Youden's J-statistic, followed by calculation of predictive
accuracy, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), all with
corresponding 95% CL

Ethical consideration

The study was conducted in accordance with the
Declaration of Helsinki and its subsequent revisions.
Written informed consent was obtained from all
participants prior to sample collection. Ethical approval
was granted by the Local Bioethics Committee of the
West-Kazakhstan Medical University (Minutes No. 7,
dated 03 March 2025). Throughout the study, the
investigators adhered to established principles of
biomedical research ethics and scientific integrity. No
personally identifiable information was accessible to the
research team at any stage of the study.

such risk factors for preeclampsia as obesity or excessive
body weight. No significant intergroup differences were
detected in social status (p = 0.994), family history, or
personal medical history, including arterial hypertension,
diabetes mellitus, cholecystitis, or prior surgical
interventions, which might influence the development of
preeclampsia. A positive family history of malignant
neoplasms of various localizations was observed only
among participants receiving the 800-mcg folic acid dose

(p=0.01).
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Comparative analysis of gynecological and
obstetric histories revealed that women in the main study
group exhibited a tendency toward a higher age at sexual
debut (p = 0.059). The prevalence of cervical erosion was
significantly higher among participants in the control
group (p <0.001), whereas uterine fibroids were observed
only among participants in the main group (p = 0.076)

(see table in the appendix). Therefore, no statistically

significant differences were identified between the main
and control groups regarding major demographic or
medical history characteristics that could influence the
outcomes of the study. Comparative analysis of systolic
blood pressure (SBP) dynamics throughout pregnancy
demonstrated no statistically significant differences
between the groups (p = 0.522) (Table 1).

Table 1 - Dynamics of systolic blood pressure in the study groups

Study group
Gestational age Control group p!
400 mcg 800 mcg 1200 mcg
103,7 (+7,8) 103,2 (+7,9) 104,5 (+7,5) 103,6 (+7,7)
10-14 weeks 0,216
100 (100; 110) 100 (100; 110) 110 (100; 110) 100 (100; 110)
104,5 (£8,3) 103,8 (+8,3) 105,2 (+8,4) 104,6 (+8,6)
14-20 weeks 0,251
110 (100; 110) 100 (100; 110) 110 (100; 110) 110 (100; 110)
105 (18,6) 104,1 (£8,9) 105,3 (£9) 105,2 (£8,8)
20-24 weeks 0,289
105 (100; 110) 100 (100; 110) 105 (100; 110) 105 (100; 110)
105,6 (+8,7) 104,2 (£9,1) 106,4 (£8,6) 105,1 (£9)
24-30 weeks 0,031
110 (100; 110) 100 (100; 110) 110 (100; 110) 110 (100; 110)
107,8 (£11,3) 106,8 (£9,8) 107,8 (£10,2) 106,1 (£9,5)
30-34 weeks 0,112
110 (100; 110) 110 (100; 110) 110 (100; 110) 110 (100; 110)
111,6 (£13,4) 110,8 (£13,6) 110,9 (£12,2) 109,4 (x11,4)
34-38 weeks 0,183
110 (100; 120) 110 (100; 120) 110 (100; 120) 110 (100; 115)
113,8 (£11,6) 114 (+10,8) 114 (+10,9) 113,7 (x10,4)
40-42 weeks 0,989
110 (110; 120) 110 (110; 120) 110 (110; 120) 110 (110; 120)
p? <0,001 <0,001 <0,001 <0,001 -
Note: p*-; p?-

In all groups, a statistically significant increase in SBP was observed as the pregnancy period increased,

especially in the later stages (Table 2).
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Table 2 - Results of comparative analysis of the dynamics of SBP in the study groups

Group Comparison 14-20 weeks|20-24 weeks|24-30 weeks|30-34 weeks j:e:s 40-42 weeks

Control group vs. baseline period 0,359 0,066 0,003 <0,001 <0,001 <0,001
vs. preceding period 0,422 0,870 0,668 0,001 <0,001 0,072

400 mcg vs. baseline period 0,53 0,231 0,212 <0,001 <0,001 <0,001
vs. preceding period 0,617 0,978 >(,999 <0,001 <0,001 0,001

800 mcg vs. baseline period 0,460 0,473 0,004 <0,001 <0,001 <0,001
vs. preceding period 0,539 >0,999 0,161 0,081 <0,001 0,003

1200 mcg vs. baseline period 0,105 0,006 0,013 <0,001 <0,001 <0,001
vs. preceding period 0,119 0,672 >(,999 0,234 <0,001 <0,001

At 24-30 weeks, the group of patients taking 400
mcg of folic acid showed a statistically significantly lower
SBP level compared to the group of patients taking 800
mcg of folic acid (p=0.023) (Table 4).

Pairwise comparisons of the other groups
revealed no statistically significant differences.

A comparative analysis of diastolic blood

pressure between the study groups revealed no

statistically significant differences between the groups in
pregnancy dynamics (p=0.383) (see table in the
appendix).

All study groups showed a statistically
significant increase in DBP with increasing gestational
age (p<0.001), most pronounced in the second half of the

gestational period (Table 3).

Table 3 - Results of comparative analysis of the dynamics of DBP in the study groups

Group Comparison 14-20 weeks|20-24 weeks|24-30 weeks|30-34 weeks vi::fs 40-42 weeks

Control group vs. baseline period 0,568 0,01 <0,001 <0,001 <0,001 <0,001
vs. preceding period - 0,184 0,65 0,059 <0,001 0,014

400 mcg vs. baseline period 0,841 0,460 0,003 0,001 <0,001 <0,001
vs. preceding period - 0,958 0,103 0,968 <0,001 <0,001

800 mcg vs. baseline period 0,101 0,355 0,001 <0,001 <0,001 <0,001
vs. preceding period - >(,999 0,149 0,37 <0,001 <0,001

1200 mcg vs. baseline period 0,988 0,209 0,021 0,016 <0,001 <0,001
vs. preceding period - 0,024 0,811 >(,999 <0,001 <0,001

No statistically significant differences were
found between the groups in terms of proteinuria
dynamics during pregnancy (p=0.285). However, a

statistically significant increase in the frequency of

proteinuria was noted in the control group and in the
group of participants taking folic acid in doses of 400 mcg
and 1200 mcg (p<0.001 and p<0.028).
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Table 4 - Dynamics of proteinuria frequency in the study groups

Study group
Gestational age Control group p!
400 mcg 800 mcg 1200 mcg

10-14 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

14-20 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

20-24 weeks 0/306 (0%) 0/331 (0%) 0/255 (0%) 0/304 (0%) -

24-30 weeks 0/305 (0%) 0/330 (0%) 0/253 (0%) 0/304 (0%) -
30-34 weeks 2/306 (0,7%) 0/330 (0%) 1/254 (0,4%) 0/304 (0%) 0,389
34-38 weeks 7/306 (2,3%) 10/330 (3%) 4/254 (1,6%) 2/304 (0,7%) 0,083
40-42 weeks 6/295 (2%) 9/323 (2,8%) 4/252 (1,6%) 5/299 (1,7%) 0,754

p? 0,133 <0,001 0,218 0,028 -

Note: p' - differences between the control and main groups, p? - differences in the same group between the previous and subsequent indicator.

The incidence of general (non-hypertensive)
pregnancy complications (such as anemia and threatened
miscarriage) was 18.1% in the control group and 19.2% in
the study group, which did not have a statistically
significant difference (P=0.82). The highest incidence of
general pregnancy complications in both groups
occurred in the second trimester due to an increase in
anemia.

A comparative analysis of all pregnancy

complications, including hypertensive conditions,
revealed a trend toward a higher incidence of pregnancy
complications among patients in the control group

(RR=1.07 [95% CI: 0.99; 1.15], p=0.076). The incidence of

hypertensive conditions (arterial hypertension without

proteinuria,  proteinuria  without  hypertension,
preeclampsia, arterial hypertension with proteinuria) in
the study group was 9.6%, and did not differ significantly
from the control group (P=0.038). The incidence of
preeclampsia was 1.67 [95% CI: 0.94; 3.28] times
significantly lower in the study group compared to the
control group (p=0.077).

The overall incidence of hypertensive conditions
during pregnancy among patients in the study group was
statistically significantly 1.43 [95% CI: 1.02; 2.53] times

lower (p=0.038) than in the control group.

Table 5 - Features of the course of pregnancy in the study groups

Variables Control group Study group >
n=306 n=894

Pregnancy complications 160(52,2%) 388 (43,4%) 0,076
I trimester 14 (4,4%) 39 (4,4%) 0,876
II trimester 24 (7,5%) 76 (8,5%) 0,719
III trimester 20 (6,25%) 56 (6,3%) 0,866
Pregnancy-induced hypertension 12 (3,75%) 24 (2,7%) 0,274
Preeclampsia 15 (4,68%) 25 (2,8%) 0,077
Pregnancy-induced proteinuria 17 (5,3%) 37 (4,1%) 0,302
Total hypertensive disorders 44 (13,75%) 86(9,6%) 0,038
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The results of the comparative analysis of the
study groups in terms of the characteristics of the
pregnancy course (Table 6) showed that general
pregnancy complications were slightly more common
among the participants taking 1200 mcg folate compared
to the control group (OR=1.13 [95% CI: 1.01; 1.27],
p=0.028, other

comparisons revealed no

Figure 7); pairwise  intergroup

statistically ~ significant

differences in the incidence of pregnancy complications.
No statistically significant differences were found
between the groups in terms of the incidence of arterial
hypertension and preeclampsia (p=0.565 and 0.237,
respectively); however, a trend towards a higher
incidence of proteinuria was found among the control

group participants who did not take folic acid (p=0.06).

Table 6 - Complications during pregnancy depending on the dose of folic acid taken

Study group
Variables Con(tl:':;(;g;oup (n=894) p
400 mcg (n=332) | 800 mcg (n=257) | 1200 mcg (n=305)

Pregnancy complications 160(52,2%) 97(29,2%) 83(32,2%) 77 (25,2%) 0,025
I trimester 14 (4,6%) 14 (4,2%) 10 (3,9%) 15 (4,9%) 0,94
II trimester 24 (7,8%) 30 (9%) 23 (8,9%) 23 (7,5%) 0,876
III trimester 20 (6,5%) 14 (4,2%) 23 (8,9%) 19 (6,2%) 0,139
Pregnancy-induced hypertension 12 (3,9%) 8 (2,4%) 9 (3,5%) 7 (2,3%) 0,565
Preeclampsia 15 (4,9%) 10 (3%) 9 (3,5%) 6 (2,0%) 0,237
Pregnancy-induced proteinuria 17 (5,6%) 21 (6,3%) 9 (3,5%) 7 (2,3%) 0,06

There were no statistically significant differences in platelet levels (p=0.363) between the control group and the

groups of patients taking folic acid at doses of 400, 800, and 1200 mcg (see table in the appendix).

There were no statistically significant differences between the groups of patients taking folic acid in terms of

AST (p=0.841) and ALT (p=0.931) levels.

The concentration of serum homocysteine levels in the first trimester of pregnancy in the control group was
statistically comparable with pregnant women with further folic acid intake at dosages of 400, 800, and 1200 mcg in
both pregnant women with further development of preeclampsia and non-preeclampsia cases Table 7. However, we
found that in all cases of further development of preeclampsia, serum homocysteine concentrations in all groups were

significantly higher in comparison with pregnant women without developing preeclampsia during pregnancy Table 7.

Thus, at the start of the folic acid supplementation study, pregnant women had no differences in serum

homocysteine concentrations.
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Table 7 - Serum homocysteine concentrations in the first trimester of pregnancy depends

on the development of preeclampsia

Folic acid supplementation groups

Control group
FA 400 FA 800 FA 1200 p-value
n=306
n=334 n=259 n=305
HCY
PE 13.1 (9.1-15.6) 14.7 (12.2-20.2) 15.5 (14.6-18.8) 16.9 (11.5-23.8) 0.7041
concentrations,
umol/L,
non-PE 5,9 (5.4-6.7) 6.0 (4.9-7.5) 5.8 (4.9-7.4) 6.0 (4.9-7.3) 0.05!
Me (25-75IQR)
p-value < 0.00012 < 0.00012 < 0.00012 < 0.00012

HCY - homocysteine; PE - preeclampsia

1 - Kruskal-Wallis ANOVA test; 2 -Mann-Whitney U Test

Analysis of the condition of the fetus in the study groups (Table 8) did not show statistically significant

differences between the groups with respect to the anthropometric characteristics of newborns and assessment

according to the Apgar scale at the 1st (p=0.675) and 5th (p=0.695) minutes.

Table 8 - Fetal condition in the study groups

Variables Control group Study group .
400 mcg 800 mcg 1200 mcg
Body weight (g) 3450 (3120; 3750) 3440 (3100; 3720) | 3470 (3100; 3704) | 3400 (3094; 3720) | 0,506
Body length (cm) 54 (52; 56) 53 (52; 55) 54 (52; 56) 53 (51; 55) 0,313
Apgar score
at 1 minute 9(8;9) 9(8;9) 9(8;9) 9(9;9) 0,675
2 points 1/306 (0,3%) 0/331 (0%) 2/254 (0,8%) 2/303 (0,7%)
3 points _ _ - —
4 points - - - -
5 points 2/306 (0,7%) 1/331 (0,3%) 0/254 (0%) 0/303 (0%)
6 points 10/306 (3,3%) 9/331 (2,7%) 6/254 (2,4%) 6/303 (2%)
7 points 23/306 (7,5%) 21/331 (6,3%) 17/254 (6,7%) 22/303 (7,3%)
8 points 47/306 (15,4%) 59/331 (17,8%) 45/254 (17,7%) 41/303 (13,5%)
9 points 223/306 (72,9%) 241/331 (72,8%) 184/254 (72,4%) 232/303 (76,6%)
at 5 minutes 10 (9; 10) 10 (9; 10) 10 (9; 10) 10 (10; 10) 0,695
6 points 2/306 (0,7%) 0/331 (0%) 2/254 (0,8%) 2/303 (0,7%)
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7 points 7/306 (2,3%) 8/331 (2,4%) 6/254 (2,4%) 5/303 (1,7%)

8 points 23/306 (7,5%) 21/331 (6,3%) 14/254 (5,5%) 21/303 (6,9%)

9 points 51/306 (16,7%) 61/331 (18,4%) 48/254 (18,9%) 43/303 (14,2%)

10 points 223/306 (72,9%) 241/331 (72,8%) 184/254 (72,4%) 232/303 (76,6%)
Congenital malformation 5/306 (1,6%) 4/331 (1,2%) 2/255 (0,8%) 1/304 (0,3%) 0,408
Transfer to the acute renal

19/306 (6,2%) 19/331 (5,7%) 10/255 (3,9%) 15/304 (4,9%) 0,64

failure/intensive care unit

Table 9 and Figures 1, 2, 3 present the results of
genotyping of patients in the main group in relation to
polymorphic loci of the MTR, MTRR, and MTHER genes.
The analysis of the correspondence between the observed
genotype frequency at the studied loci and the theoretical
one determined by the Hardy-Weinberg equilibrium in
relation to the polymorphic loci rs1801394 of the MTRR
gene (f= -0.008, x?=0.013, p=0.909) and rs1801131 of the

1.0

08

fr
04 06
L)

02

0.0

foc

MTHEFR gene (£=0.078, x?=3.08, p=0.079) did not reveal
any significant deviation of the observed frequencies
from the theoretical ones; the distribution of genotypes at
the polymorphic loci rs1805087 of the MTR gene (£=0.19,
x2=17.74, p<0.001) and rs1801133 of the MTHFR gene
(£=0.161, x>=13.603, p<0.001) was statistically significant

deviated from the theoretical distribution (Figure 1).

1.0

08

0.6

04

02

Figure 1 - Correspondence between the observed genotype frequency at the studied loci and the theoretical frequency

determined by the Hardy-Weinberg equilibrium (B is the minor allele)

A comparative analysis revealed a lower
proportion of CC homozygotes in the group of patients
receiving 1200 mcg folate compared to those receiving
400 (p=0.005) or 800 mcg (p=0.144). Table 8 presents a
multivariate model developed using stepwise selection
of predictors with exclusion based on the Akaike
information criterion (AIC) to predict the likelihood of
developing obstetric complications among patients

receiving folate.

The resulting model was characterized by a
Nigelkerke pseudo-R? value of 0.03, Sommers' Dxy
coefficient of 0.14 (adjusted value - 0.1), and AUC of 0.58
[95% CI: 0.53; 0.63] (adjusted value - 0.55) (Figures 2 and
3). Based on the model coefficients, a prognostic
nomogram was developed to assess the likelihood of
developing obstetric complications among patients

taking folates (Figure 4).
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Table 9 - Genotyping results

Locus All patients (n=549) 400mcg 800 mcg 1200 meg P
(n=199) (n=162) (n=188)
MTR rs1805087 0,671
AA 377 (68,7%) 140 (70,4%) 107 (66%) 130 (69,1%)
AG 172 (31,3%) 59 (29,6%) 55 (34%) 58 (30,9%)
MTRR rs1801394 0,12
AA 178 (32,4%) 62 (31,2%) 44 (27,2%) 72 (38,3%)
AG 271 (49,4%) 105 (52,8%) 81 (50%) 85 (45,2%)
GG 100 (18,2%) 32 (16,1%) 37 (22,8%) 31 (16,5%)
-/G 371 (67,6%) 137 (68,8%) 118 (72,8%) 116 (61,7%) 0,076
MTHER rs1801131 0,499
AA 279 (50,8%) 106 (53,3%) 86 (53,1%) 87 (46,3%)
AC 212 (38,6%) 73 (36,7%) 57 (35,2%) 82 (43,6%)
CcC 58 (10,6%) 20 (10,1%) 19 (11,7%) 19 (10,1%)
-/C 270 (49,2%) 93 (46,7%) 76 (46,9%) 101 (53,7%) 0,307
MTHEFR rs1801133 0,01
CcC 318 (57,9%) 125 (62,8%) 96 (59,3%) 97 (51,6%)
CT 177 (32,2%) 50 (25,1%) 49 (30,2%) 78 (41,5%)
TT 54 (9,8%) 24 (12,1%) 17 (10,5%) 13 (6,9%)
-/T 231 (42,1%) 74 (37,2%) 66 (40,7%) 91 (48,4%) 0,076

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MTR rs1805087 Il AA Il AG Il GG

49.4%

0% 10%0 20% 30% 40% 50%0 60% 70% 80%0 90% 100%

MTRR rs1801394 [l AA Il AG Il GG

0% 10% 20% 30% 40% 50% 60% 70% 80% 20% 100%

MTHFR rs1801131 lll AA Il Ac Il cCcC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
KyMynaTuBHas dacrtora

MTHFR rs1801133 Il cCc I <7 Il 7T

Figure 2 - Results of genotyping of polymorphic loci rs1805087 of the MTR gene (A), rs1801394 of the MTRR gene (B),
rs1801131 (C) and rs1801133 (D) of the MTHEFR gene
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A

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MTR rs1805087 [l AA [ AG M GG

B

400 mKr 38.3% 45.2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MTRR rs1801394 ll AA [ AG B GG

B

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MTHFR rs1801131 |l AA [ AC [ cC

r
800 mKr 59.3% 30.2%
400 mKr 51.6% 41.5%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
KymMynaTuBHadA 4acroTa

MTHFR rs1801133 i cc Bl cT 7T

Figure 3 - Results of genotyping of polymorphic loci rs1805087 of the MTR gene (A), rs1801394 of the MTRR gene (B), rs1801131

(O) and rs1801133 (D) of the MTHER gene in the study groups

Using a 25% cutoff for the predicted probability 68.5; 82.4] sensitivity, and 38.4% [95% CI: 33.5; 43.4]

of developing obstetric complications among folate- specificity. The positive predictive value was 33.2% [95%

supplemented patients, the resulting model had 49.2% CIL: 28.4; 384], and the negative predictive value was

[95% CI: 44.9; 53.4] predictive accuracy, 75.9% [95% CI: 79.8% [95% CI: 73.3; 85.3] (Table 9).
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Table 10 - Coefficients in the resulting model for predicting the likelihood of developing complications during

childbirth among patients taking folates

Predictor B SE) OR 95% CI P VIF
Intercept -1,53 (0,25) - - - -
Genotype at MTHFR rs1801133
CC 0 1 - - -
CT 0,49 (0,21) 1,64 1,07; 2,50 0,022 1,17
1T 0,3 (0,36) 1,34 0,65; 2,69 0,412 1,27
Carrier of C allele at MTHEFR rs1801131 0,33 (0,21) 1,39 0,92; 2,12 0,115 1,23
Carrier of G allele at MTRR rs1801394 0,38 (0,21) 1,46 0,97; 2,22 0,072 1,01
0 10 20 30 40 50 60 70 80 90 100
Ea”nu L 1 L 1 1 1 1 L 1 1 J
T
TNoryc rs1801133 rena MTHFR r ! .
CC cT
ACICC
TNoryc rs1801131 rena MTHFR r !
A AGIGG
TNowyc rs1801394 rena MTRR r !
AA
Cymma 6annos r . T T T . T . T T . T . :
0 20 40 60 80 100 120 140 160 180 200 220 240 260
3HaueHWe NUMHEAHOTO NPEAMKTOPA T T T T T T T T T T T T 1
16 1.5 14 -13 1.2 1.1 -1 09 08 0.7 0.6 0.5 0.4 -0.3
PWCK pa3BUTHA OCNOXHEHHHA (%) T - .
20 30 40

Figure 4 - Nomogram for predicting the likelihood of developing obstetric complications among patients taking folate. To

estimate the likelihood of developing obstetric complications, it is necessary to determine the score corresponding to the

predictor value by lowering the normal to the appropriate scale. Then, it is necessary to find the sum of the scores and, by

lowering the normal to the appropriate scale, find the estimate of the linear predictor value (the logarithm of the odds of the

event) and the likelihood of developing obstetric complications

4. Discussion of Study Results

This study evaluated the effectiveness of long-
term folic acid supplementation at different doses (400,
800, and 1200 mcg) for the prevention of preeclampsia in
pregnant women and examined its relationship with
folate metabolism markers and pregnancy outcomes. The
study results show a trend toward reduced preeclampsia
incidence in the group taking folic acid overall, with no
statistically significant differences in the primary

outcomes between the dosage groups. Some differences

were noted in the frequency of overall complications and
homocysteine levels. These observations partially align
with and partially differ from previously published.
Results from the large international randomized
FACT trial demonstrated that high doses of folic acid (4
mg/day) after the first trimester do not prevent the
development of preeclampsia in high-risk women [1].

This is consistent with our data, where significant
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preeclampsia prevention from high (compared to low)
doses was not observed.

Some meta-analyses and reviews have shown
conflicting results: some studies reported a positive effect
of folic acid or folate-containing multivitamins in
reducing the risk of hypertensive disorders of pregnancy,
whereas other reviews and meta-analyses did not
support a significant impact of folate therapy on
risk. Our
pronounced clinical effect when comparing doses—align
highlighting the

preeclampsia findings—absence of a

with recent systematic reviews
ambiguity of existing data and the need for further high-
quality research [27-33].

Several recent studies have noted associations
between polymorphisms in folate metabolism genes
(specifically MTHFR C677T and A1298C) and increased
risk of preeclampsia, as well as imbalances in angiogenic
markers. Our study considered the frequency of these
polymorphisms in the local Kazakh population, which is
important for interpreting responses to folate therapy
since genetic background can modify both folate
metabolism and clinical response. These observations are
consistent with studies in other populations, including a
Tunisian cohort and broader analyses of variant
population frequencies [27].

Possible

Agreements

Reasons for Discrepancies and

1. Dose and timing of therapy: differences in
study design (folic acid doses, timing of initiation, and
duration) complicate direct comparison. FACT used a
dose of 4 mg in late pregnancy, whereas our study
examined lower therapeutic doses throughout
pregnancy, including the periconceptional period, which
may explain partial differences in results.

2. Population structure and genetic
background: population differences in the frequency of
folate metabolism gene polymorphisms (e.g., MTHFR)
and baseline prevalence of folate
deficiency/hyperhomocysteinemia may influence the
observed effect size of supplementation. Our data from
the Kazakh population emphasize the importance of
accounting  for

genetic and  epidemiological

characteristics.

3. Methodological differences and study power:
our results should be interpreted in the context of a
randomized design with an adequate sample size for
primary comparisons; however, the potential influence of
confounders and effect sizes approaching statistical
significance for some outcomes (e.g, reduced
preeclampsia incidence in the main group, p=0.077)
warrant cautious interpretation and confirmation in
future studies.

Clinical Significance and Recommendations for
Future Research

Our data confirm that routine high-dose folic
acid supplementation solely for preeclampsia prevention
lacks strong evidence, although periconceptional folate
intake remains standard for neural tube defect
prevention. Further studies are needed to:

- Stratify risks considering genetic profiles
(polymorphisms of MTHFR, MTRR, etc.);

- Compare the effect of folate monotherapy
versus complex multivitamin regimens;

- Investigate potential biomarkers
(homocysteine levels, sFlt-1/PIGF) as predictors of
therapy response.

The results demonstrate consistency with large
randomized studies and partial alignment with some
meta-analyses: folic acid remains an important nutrient
during pregnancy, but its role in primary preeclampsia
prevention is uncertain and likely depends on dose,
timing, and population genetics.

In this study, we analyzed the effectiveness of
long-term folic acid supplementation in preventing
preeclampsia among pregnant women with and without
folate cycle disorders. The results showed a trend toward
reduced hypertensive disorders and preeclampsia
among participants taking folic acid throughout
pregnancy compared to the control group. Although
some differences did not reach statistical significance, the
overall risk of pregnancy complications was lower in
women receiving folic acid.

Dose comparisons indicated that 800 mcg was
associated with a relatively low incidence of hypertensive
complications, while 1200 mcg showed no significant
advantage over lower doses. This aligns with previous

studies highlighting the effectiveness of moderate folic
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acid doses without additional benefits from higher doses.
Proteinuria analysis also showed a trend toward reduced
frequency in groups with long-term folic acid intake,
particularly in late pregnancy. However, these
differences were mostly not statistically significant, likely
due to sample size and population heterogeneity.
Importantly, long-term folate supplementation did not
negatively affect laboratory parameters (platelet count,
ALT, AST), confirming the safety of this intervention.
Observed differences in homocysteine levels support the
role of folate metabolism in hypertensive pregnancy
complications.

Comparison with the literature shows
consistency with systematic reviews and meta-analyses
emphasizing folic acid's role in reducing the risk of
gestational hypertension and preeclampsia, especially in
women with folate metabolism gene polymorphisms
(MTHFR, MTRR, MTR). However, variability in results
depending on dose and duration of supplementation
persists, similar to our findings. Practical significance
long-term folic acid supplementation may be considered
an accessible, safe, and relatively inexpensive strategy for
preeclampsia prevention in clinical practice. This is
especially relevant in regions with high prevalence of
folate cycle gene polymorphisms and limited access to
specialized prevention. Thus, these results can inform
clinical guidelines for managing pregnant women,
including those at high risk for hypertensive
complications, indicating the level of evidence.

The findings demonstrate reduced risk of
hypertensive complications and preeclampsia among
women taking long-term folic acid, consistent with
reviews Literature

systematic and meta-analyses.

5. Conclusion

Long-term folic acid supplementation may be
considered a promising method for preeclampsia
prevention, particularly in women with folate
metabolism disorders. Multicenter randomized trials are
needed to determine optimal doses and duration of

therapy.

indicates that folic acid improves endothelial function,
lowers homocysteine levels, and may reduce the
likelihood of gestational hypertension. However, as in
our study, many studies show conflicting results
regarding doses and duration, underscoring the need for
further clinical trials.

Given conflicting data and limited statistical
significance of some results, additional multicenter
randomized studies are needed to clarify optimal folate
doses and duration in pregnant women.

Practical Implications

Long-term folate supplementation is an
accessible, safe, and cost-effective method for preventing
pregnancy complications. Implementing this strategy is
with  high

prevalence of folate metabolism gene polymorphisms.

particularly important in populations

Routine long-term folic acid wuse may reduce
preeclampsia incidence and thereby improve perinatal
outcomes.

Study Limitations

The study has several limitations. First, not all
differences reached statistical significance, possibly due
to limited sample size and population heterogeneity.
Second, additional factors such as diet, physical activity,
or comorbidities cannot be excluded. Third, the study
was conducted in a single region, limiting
generalizability. These factors should be considered
when interpreting results and planning future research.
Inclusion of only one population (Central Asian) may
limit generalizability. There may also be limitations
regarding follow-up duration and monitoring of
concomitant nutrient status (particularly vitamins B12

and B6).

The study was conducted as part of the scientific
project “Prevention of preeclampsia by long-term folic
acid supplementation with assessment of genetically
determined disorders of folate metabolism: a
randomized controlled trial with a nested cohort study”
funded by the West Kazakhstan Medical University

named after Marat Ospanov.
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Appendix
Demographic and anamnestic characteristics of the study and control groups
Characteristic Control group Main group b
(n=320) (n=894)
Age (years 29,4 (+4,9 30,2 (£5,7
o 29 (2(6; 31; 30 (2(6; 34; <0067
Height 161,4 (+5,7 161,6 (+5,4
’ 161 (15(8; 16)5) 161,5 (1£(38; 1;5) 0732
Weight (kg) 58,8 (+8,7) 58,7 (¢8,9) 083
58 (52; 64) 58 (52; 64)
BMI (kg/m?) 22,6 (£3,1) 22,5 (£3,2) 0,529
22,2 (20,4; 24,1) 22 (20,2; 24,2)
Social status 0,994
Employed 150 (49%) 438 (49%)
Unemployed 156 (51%) 456 (51%)
Family history 20 (6,5%) 66 (7,4%) 0,62
Hypertension 12 (3,9%) 34 (3,8%) 0,926
Diabetes mellitus 8 (2,6%) 29 (3,2%) 0,582
Thyroid disease 0 (0%) 3(0,3%) 0,575
Past medical history
Appendicitis 44 (14,4%) 97 (10,9%) 0,098
Hepatitis A 12 (3,9%) 22 (2,5%) 0,184
Chickenpox 9 (2,9%) 24 (2,7%) 0,813
Urinary tract infections 2 (0,7%) 2 (0,2%) 0,27
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Calculous cholecystitis 1(0,3%) 1(0,1%) 0,445
Surgical interventions in history 61 (19,9%) 146 (16,3%) 0,15
Chronic gynecological diseases 23 (7,5%) 57 (6,4%) 0,49

Features of the gynecological and obstetric history of the study participants
Characteristic Control group Main group >
Age at menarche (years) 13 (13; 14) 13 (13; 14) 0,813
Age at onset of sexual activity (years) 21,2 (£2,6) 21,6 (+2,9) 0,059
21 (20; 22) 21 (20; 22)
Irregular menstruation 9 (2,9%) 28 (3,1%) 0,868
Gynecological diseases 69 (22,5%) 159 (17,8%) 0,067
Cervical erosion 64 (20,9%) 99 (11,1%) <0,001
Ovarian cyst 1 (0,3%) 12 (1,3%) 0,203
Endometrial polyp 1 (0,3%) 11 (1,2%) 0,315
PCOS (Polycystic Ovary Syndrome) 1 (0,3%) 10 (1,1%) 0,307
Uterine fibroids 0 (0%) 11 (1,2%) 0,076
STIs (Sexually Transmitted Infections) 0 (0%) 5 (0,6%) 0,337
History of pregnancies 209 (68,3%) 601 (67,2%) 0,729
History of deliveries 196 (64,1%) 564 (63,1%) 0,762
History of abortions 62 (20,3%) 148 (16,6%) 0,141
History of miscarriages/stillbirth 44 (14,4%) 147 (16,4%) 0,394
Gestational age (weeks) 12 (11; 12) 12 (11; 13) 0,409
Dynamics of diastolic blood pressure in the study groups
Gestational age Control group Main group p!
400 mcg 800 mcg 1200 mcg
10-14 weeks 65,5 (£6,6) 65,6 (£7,3) 66,2 (£5,8) 66,1 (+7,2) 0,48
60 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
14-20 weeks 66,1 (+6,5) 66 (£6,8) 67,1 (x6,7) 65,9 (+6,3) 0,131
70 (60; 70) 65 (60; 70) 70 (60; 70) 70 (60; 70)
20-24 weeks 66,9 (£6,6) 66,3 (+6,7) 67 (£7) 67 (£6,9) 0,454
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
24-30 weeks 67,5 (+6,5) 67,3 (x6,5) 68 (+6,7) 67,5 (+6,7) 0,564
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
30-34 weeks 68,7 (+8,4) 67,5 (+7,6) 68,8 (+7,6) 67,6 (+6,5) 0,059
70 (60; 70) 70 (60; 70) 70 (60; 70) 70 (60; 70)
34-38 weeks 71,8 (x9,3) 71,3 (29,2) 71,6 (+8,1) 70,3 (+8,4) 0,157
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70 (65; 80) 70 (60; 80) 70 (70; 80) 70 (60; 80)
40-42 weeks 73,8 (+8,4) 74,5 (£8,4) 74,7 (8,8) 73,9 (£7) 0,624
70 (70; 80) 70 (70; 80) 70 (70; 80) 70 (70; 80)
p? <0,001 <0,001 <0,001 <0,001 -
Note: p' - ;p?-
Results of the study of individual laboratory blood parameters in pregnant women of the study groups
Parameters Main group
Control group P
400 mcg 800 mcg 1200 mcg

Platelets (x10%/L) 227,5 (200; 264) 230 (208; 272) 230 (202; 263) 230 (203; 269) 0,363
ALT (U/L) - 12 (12;18) 12 (8; 18) 13 (8,6; 18) 0,841
AST (U/L) - 23 (20; 29) 23 (20; 29,1) 24 (19; 29,1) 0,931
Homocysteine (pmol/L) 5,7 (4,6;7) 6 (5;7,6) 5,9 (5;7,6) 6(5,7,3) 0,02

Doanii IMKAiHiH Oy3bIAybI Oap X9He OHCBI3 JKYKTIi alieagepae NpesKAaMIICVsIHbBIH

aAABIH aAy YIIiH y3aK Mep3iMAi (poanii KbIIIKBLABIH €HTi3y 4iH TMiMAiairi

Kaaapirvaosa /. 1, Ypasosa V. 2, Tycynkaames A. 3, Tanaait A. 4, Asa30aesa /. 5 Aunertr A. ¢

1 No2 akymiepaik >koHe rmHeKoA0r1s1 KadepackiHblH accuctenTi, Mapart OcriaHoB ateiHAars! bateic Kaszakcran MeMaekeTTik

MeaunyHa yHusepcuteti, AkTobe, Kazakcran
2 No 2 aKy1epAik >kKoHe r'MHeKoA0oru s KadeApachIHbIH JOIIeHTi, AcTaHa MeAuliMHa yHuBepcuTeTi, Acrana, Kasakcran
3 ITpodeccop, No2 akyepaik >xoHe ruHekoaorus Kageapa MeHrepyiici, Mapat OcriaHOB aThIHAAFBI
Bareic Kasakcran MeMaekeTTiK MeaunHa yHusepcuTeTi, AKkTobe, Kasakcran
4 Phd, Ne2 aky1epaik >koHe ruHekoa0rus1 KadeapacbHbig goneHTi, MapaT Ocrianos aTeinAarsl bateic Kasakcran
MeM/EeKeTTiK MeauIuHa yHusepcuteTi, Akrobe, Kasakcran

5 No2 akymiepaik >koHe rmHeKoA0r1s1 KadepackiHblH accuctenTi, Mapart OcrianoB ateiHAarsl bateic Kasakcran MeMaekeTTik

MeauIMHa yHusepcuteTi, AkTo6e, Kazakcran
6 PhD, J)Korapsl OKy OpHBIHaH KeliiHri 6iaiM >koHe 6iaiKTiZikTi apTTBIpY paKyAbTETiHIH A€HCayABIK CaKTay

0oaimi Menrepyumici, Kues arpapasix yunsepcureti, Kues, Ykpanna

Tyiingeme

Kipicme. [Ipeskaamricus Oykia aaeMae aHa MeH YPBIK aypyIIaHABIFBIHBIH JKeTeKIIi cedenTepiniy 0ipi 60bI
Kaaa Oepegi. Kunakraaran gepexkrep ¢poaaT aaMaCybIHBIH OY3bLABICTAPBI MEH TOMOLIMICTENH AEHTeiHiH JKOFaphLiaybl
JKYKTiAiK Ke3iHAeTi TMIIepTeH3MsABIK acCKbIHyAapAblH JaMybIHa BIKIIAA €Tyi MyMKIiH eKeHiH kopceTeai. Bya septreyae

(oaaTTLIK IIUKA reHAepiHiH noauMoppuamaepi Oap >KoHe XKOK XYKTi alfieaepae IPpedKAaMIICUHBIH aA/bH aly YIIiH

(oaMIt KBIIIKBIABIH Y3aK YaKbIT KOAAaHYABIH TUiIMAiAiri GaraaaHABbL.
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Oaicrepi. bip opraasIKTH panjoMM3anMalaHFaH OaKbLAaHATEIH 3epTTeyTe OakbLaay ToObHa 320 sitea (Ppoani
KBIIIKBLABIH JKYKTiAiKTiH 12 anTackiHa geitiH KaObla4aFaH) >KoHe HeTisri Tonka 894 ariea (poAmii KBIIKBLABIH JKYKTiAiK
Ooribl KabblaAaraH) eHrisiaai. Herisri Torr go3asap Ooiieiama crpatudukanysaaasass: 400 Mxr, 800 Mxr sxoHe 1200 MKT.
Kannankaaslk, OMOXMMUAABIK >KoHE TeHETMKaABIK 3epTreylep >KYprisiasi, oHBIH iImmiHAe TOMOLIUCTEMH AeHTIeliH
anpikTay >koHe MTHFR, MTR >xene MTRR noanmopdmamaepiniy reHotunreayi KamToiaAbl. JKyKriaik HaTioKeAepi
MeH IUIIePTeH3UIABbIK aCKbIHYAapAbIH JKIiAiri ToITap apacklHAa CaAbICTBIPBLAADL

Hotmxeaepi. ®Poanii KBIIKBIABIH Y3aK YakKbeIT KaObLigay OaKbliay TOOBIMEH CaABICTBIPFaHAA >KYKTiAikK
Ke3iHAEeTi TUITepTeH3UAABIK, OY3bLABICTap ABIH JKaAIlbl XXIiAiriHiH TeMeHeyiMmeH OartaansicTe 001451 (RR 1,43; p=0,038).
Heriari Tonra mnpeskAaMmncusaHbIH >kmidiri 1,67 ece TeMmeH 0014bI, Oya KoAalabl YpAicTi Kepceregi. Poamit
KBIIIKBLABIHBIE 9pTYpAi Jo3ajapbhlH KaObllgaFaH TOITap apachlHAa apTepUsABIK KBICBIM AMHAMMKackl MeH
IepMHATaAAbIK, HITVKeJep OOIBIHINA aliTapAbIKTall allblpMalllbIABIKTap aHBIKTAaAFaH >KOK. KeltiH mpeskaamricyst
JAaMBbIFaH OapABIK difeasepie TOMOLIMCTENH AeHTeili poAnil KBIIIKBIABIHEIH A03achlHa TOYeACi3 TypAe allTapABIKTail
>KoFaphl 001451 ['eHoTUIITEp 2iH Tapaayst MTHER >xene MTR noanMmopdusmaepiniy monyasnysira ToH XXuiaikrepin
KOpCeTTi, alaiiAa «A03a—acep» allKbIH Oall1aHbIChI aHBIKTaAMaJBbl.

KopbITbiHABL POAMI KBIIIKBIABIH Y3aK yaKbIT KOAAaHY KYKTiAiK Ke3iHAeTi IMIlepTeH3UAAbIK aCKbIHYAapAbIH,
COHBIH illliHAe ITpesKAaMIICUsl KMiAiTiHiH TeMeHAey YpAiCiH Koca aafaHAa, AaMy KayIliH asaliTagbl >KoHe OapABIK
3epTTeAreH go3alapaa Kayircis 60abi Tabsraaaer. OHBIH 94eyeTTi maitAacs poaaT aaMacyblHa >KayallThl TeHETMKAABIK
BapMaHTTapAbIH TapaAybl >KOFaphl IOy ASNsAAp YILUiH epeKille MaHb3AbL OHTallAbl 403a MeH KaObl14ay Y3aKTHIFBIH
aHBIKTay YIIiH KOIl OpTaABIKTH paHAOMI3alMAAaHFaH 3epTTeyAep KaXKeT.

TyriiH ce3gep: npeskaamrcys, Gpoanii UKL, POANIT KbIIITKBLABL.

P PeKTUBHOCTD 4ANTEAbBHOTO IIpreMa (poaneBo KNCAOThI AAs1 HPOPNAAKTUKA
HpesKaaMIICy y OepeMeHHBIX ¢ 1 0e3 HapymeHus (poaaTHOTO IIMKAa

Kaaapirvaosa /. 1, Ypasosa V. 2, Tycyiikaames A. 3, Tanaan A. 4, Aszbaesa /. 5, Aunerr A. 6

1 AccuctenT Kadephl akyIiepcrsa 1 ruHekoaorun Ne 2, 3anagHo-KazaxcraHCKmii rocy AapCTBeHHBIN

MeAUIMHCKUI yHuBepcuteT nMeHn Maparta Ocrianosa, Akrode, Kasaxcran
2 AccounnpoBaHHbIi Ipodeccop kadeapsl akymepcrsa 1 ruHekoaorun Ne 2, MeanmyHckuit yuusepcutet Acrada, Acrana, Kasaxcran
3 IIpodeccop, PykoBoauTens kadpeaphl aKylepcTsa 1 rmHekoaorny Ne 2, 3armaano-KasaxcraHckuil rocyapCTBeHHBIN
MeAUIMHCKUI yHuBepcuteT nMeHn Maparta Ocrianosa, Aktode, Kasaxcran
4 Phd, Jouent xadeapsl akymepcrsa 1 ruHekoaorun No 2, 3anagHo-KasaxcTaHckmii rocyAapCTBeHHBIN

MeAUIMHCKUI yHuBepcuteT nMeHn Maparta Ocrianosa, Akrode, Kasaxcran

5 AccucTeHT Kadpeaphl aKyllepcrsa 1 rmHekoaoruu No 2, 3arragno-KasaxcraHcknit rocyapCTBeHHBIN
MeAUIMHCKIUI yHuBepcuteT nMenn Mapata Ocnianosa, Akto6e, Kazaxcran

¢ Phd, PykoBoautean kadpeapsl 34paBooxpaHeHus ¢paKyabTeTa I10CAe AUIIAOMHOIO OOPa3OBaHIsl U IOBBIIIIEHN s KBaAu(uUKaIun,

Kwuesckuit arpapnsiit yausepcnteT, Kues, Ykpanna

Pe3iome

Beeaernme. Ilpeskaammcuss ocTaérca OAHOM U3 BeAyIIMX HPUYMH MaTePUHCKOM M IIepuHaTaAbHON!
3aboaeBaeMocTH BO BCéM Mupe. HakoraeHHbIe 4aHHbBIE CBUAETEALCTBYIOT O TOM, YTO HapyIeHns poaaTHOro oOMeHa
M TIOBBIIIEHHBII YpPOBEHb TOMOIINICTEMHA MOIYT CIIOCOOCTBOBaTh PasBUTUIO IMIIEPTEH3MBHBIX OCAOKHEHMII

OGepemenHocTH. B gaHHOM 1ccaeaoBanny orieHnBaach 9P PeKTUBHOCTD AAUTEABHOTO IMpréMa POAMeBO KICAOTH A5


https://orcid.org/0000-0001-9866-8444
https://orcid.org/0009-0000-2332-1075
https://orcid.org/0000-0002-1228-7390
https://orcid.org/0000-0001-7629-8737
https://orcid.org/0000-0001-7002-9077
https://orcid.org/0000-0001-9680-7519

Astana Medical Journal, 2025, 6, 125

NpoPUAaKTUKM IIpedKAaMIICUM y OepeMeHHBIX >KeHIVH C HaAudMeM U OTCYTCTBMEM II0AMMOP(NU3MOB I€HOB
¢oaarHOrO NMIKAA.

Metogabl. B oAHOIIEHTpOBOE pPaHAOMU3NMPOBAHHOE KOHTPOAMPYEMOe JCCAejOBaHme ObLAM BKAIOYeHHI 320
SKEeHIIMH B KOHTPOABHON rpymie (mpuém ¢poamesoit KMCAOTH A0 12 Hegeap GepemeHHOCTH) M 894 SKEHINNHBI B
OCHOBHOI rpymme (IpuéM (oAMeBON KHUCAOTH Ha IPOTSKeHuM Bceit GepemenHoctn). OcHOBHasl rpymma Oblia
crpatugunuposana 1o gosaM: 400 mxr, 800 mkxr m 1200 mxr. IIpoBogmanch KamMHM4YecKye, OMOXMMMIYECKUE U
reHeTMYecKe MCCAeAOBaHILs, BKAIOUas OIlpeAeleHre YPOBHSI TOMOLIVICTEMHA ¥ TEHOTUIINPOBaHNe IT0ANMOP(PIU3MOB
MTHFR, MTR n MTRR. Iloka3zatean 1cxoA0B OepeMeHHOCTH ¥ 4aCTOTa IMIIEPTEH3MBHBIX OCAOXKHEHNI CPaBHUBAAVICH
Me>KAy TPyIIIaMI.

PesyabTartel. JanteapHsnii mpnéM ¢$oAneBoil KUCAOTHI acCOIMMpoBaAacs ¢ 6oaee HM3KOM OOIIel JacTOTOM
TUIIePTEH3MBHBIX OCAOXKHEHUII ODepeMeHHOCTU MO CpaBHeHUIO ¢ KOHTpoabHOM rpymnmon (RR 1,43; p=0,038). UacToTa
npesKAaMIIcumu Obiaa B 1,67 pasa HM>Ke B OCHOBHOII IPYIIIIE, YTO OTpa’kaeT 61aronpusTHYIO TEHAEHIINIO. JHAUMMBIX
pasAnanIi B AMHAMUKe apTePUaAbHOTO AaBAEHVIs 1 ITlepMHaTaABHBIX MCX0JaX MeXAY TPYIIIaMU € pa3ANIHBIMU A03aMU
¢ 0111€BOII KMCAOTHI BBISIBAEHO He OBLA0. YPOBEHb TOMOITUCTENHA OBL1 AOCTOBEPHO BBIIIIE Y BCEX SKEHIINH, Y KOTOPHIX B
JaAbHeNIIeM pas3BuAach IIPedKAaMIICKsI, He3aBUCUMO OT A03bI (OAMEBON KUCAOTHL PacrpejeseHue reHOTUIIOB
MIPOAEMOHCTPUPOBAAO IONYASNVOHHO-CIIelndudeckre yacToTsl nmoanmopduamos MTHFR u MTR, oarako uéTkoit
3aBUCHMOCTHU «A03a—(PPeKT» BBLABAEHO He OBLAO.

3akaiogyenne. JauteapHbni NpuéM ¢(OAMEBON KUCAOTH CHVDKAET PUCK PasBUTHS IUIIEPTEH3UBHBIX
OC/I0KHEHNI OepeMEeHHOCTH, BKAIOYAs TEHAEHITUIO K CHUKEHUIO YaCTOTHI IIPEDKAAMIICUN, U SABASETCA Oe30I1aCHBIM BO
BCeX M3y4eHHBIX 403ax. [ loTeHIT1aAbHasA 1T0Ab3a OCOOEHHO 3HauUMMa AA51 IIOITY ASILINIA C BBICOKO pacIpOCTPaHEHHOCTHIO
TeHeTNYEeCKIX BapuaHTOB (poaaTHOro oOMeHa. /s orpeeeHNs OIITUMAABHO 4035l U ITPOAOAKUTEABHOCTY IIpUEMa
HeOOXOAMMBI AaAbHEIIIVe MHOTOIIEHTPOBbIE PaHAOMU3MPOBaHHBIE VICCA€]0BaHNSL.

Kaiouessbie caoBa: IIpesKAaMIICILL, Cl)OAaTHbIIZ II1KA, CI)O/H/IEBEI}I KncAaora.
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