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Abstract. Introduction. In modern obstetrics and gynecology, increasing importance is being placed on the
assessment of causal relationships between modifiable risk factors and the development of maternal and fetal
diseases. Traditional observational studies are often limited by confounding factors and reverse causality, while
randomized controlled trials in reproductive medicine are frequently ethically or practically unfeasible. In this
context, Mendelian randomization (MR) is considered a promising tool for causal inference.

Aim of the study. To analyze the theoretical foundations of the Mendelian randomization method, evaluate
its capabilities and limitations, and summarize current evidence regarding the application of MR in obstetric and
gynecological research.

Materials and methods. A bibliographic and content analysis of scientific sources published in international
peer-reviewed journals was conducted. Comparative analysis and data synthesis methods were applied, with pri-
ority given to systematic reviews, meta-analyses, and large-scale cohort studies focusing on the use of Mendelian
randomization in reproductive medicine.

Results. The Mendelian randomization method was found to minimize the influence of confounding factors
and reverse causality through the use of genetic variants as instrumental variables. In obstetric and gynecological
research, MR is applied to assess the causal effects of metabolic, hormonal, and reproductive factors on the risk
of preeclampsia, polycystic ovary syndrome, postpartum depression, gestational complications, and gynecologic
oncological diseases. At the same time, major limitations of the method have been identified, including pleiotropy,
weak genetic instruments, and population stratification.

Conclusions. 1. The Mendelian randomization method in obstetrics and gynecology is associated with increased
accuracy in assessing causal relationships between genetically determined risk factors and the development of ob-
stetric and gynecological diseases by minimizing confounding and reverse causality. 2. The application of Mendelian
randomization enables the identification of causal effects of metabolic, hormonal, and reproductive factors on the de-
velopment of pregnancy complications and gynecologic and perinatal pathologies, which has significant clinical impli-
cations for prevention and therapeutic decision-making. 3. The justified use of the Mendelian randomization method,
considering its methodological limitations and in combination with observational and clinical research findings, is
necessary to improve the evidence base and optimize long-term health outcomes for women and children.
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MeToa MeHA e 1iBCbKOI paHA0Mi3alnii B aKymepcTBi Ta rinekoJiorii
KopuuHcoka 0.0., Ullyminina TP

Pesiome. Bcmyn. Y cyyacHOMY aKyllepcTBi Ta riHeKoJ10Tii Aefjai 6i1b110ro 3Ha4eHHSI HabyBa€E OLjiHKa NpHU-
YHMHHO-HACJIiKOBUX 3B’AA3KIB Mi>Xk MOAN(}IKOBAHUMHU PaKTOpPaMU PU3UKY Ta PO3BUTKOM 3aXBOPIOBaHb MaTepi
1 mioza. TpaZuLiiiHi ciocTepeXHi AOCAiI)KeHHs YacTo obMexKeHi BIJIMBOM KoHayH/iepiB i npo6seMoto 3B0-
POTHOI MPUYMHHOCTI, TOAi IK NPOBeJleHHs PaH/A0Mi30BaHUX KOHTPOJIbOBAHUX JOC/i/KeHb y PeNPOAYKTUBHIN
MeJMLNHI HEPIKO € eTUYHO 260 NPAaKTUYHO HEMOXJIUBUM. Y IbOMY KOHTEKCTi MeToJi MeH/ie/1iBCbKOI paH0Mi-
3auii (MP) po3risifaeThcs K NepcneKTUBHUM IHCTPYMEHT Kay3a/bHOTO aHaJli3y.

Mema docaidsxcerHs. IlpoaHanizyBaTu TeopeTU4YHI OCHOBU MeToAy MeHJeiBCcbKOI paHzoMi3allii, OiHUTH
J0T0 MOXJIMBOCTI Ta 0OMeXeHHs], a TAK0X y3araJbHUTH Cy4acHi AaHi 1o/10 3acTocyBaHHA MP y nociifxeHHAX
3 aKyllepcTBa Ta riHeKoJ10ril.

Mamepiaau ma memodu. IllpoBeseHo 6i6/1iorpadiyHUil Ta KOHTEHT-aHaJ1i3 HayKOBHUX JKepeJ, omy6.IiKo-
BaHUX y MDXHApOJHHUX pelleH30BaHUX BUJAHHAX. BUKOpUCTAaHO MeToJM MOPIBHAJBHOTO aHaJi3y Ta CUHTe3y
iHpopMaLii 3 mpiopUTeTOM CHUCTEMAaTUYHUX OIVISI/IiB, MeTaaHali3iB i MacIITaOHUX KOTOPTHUX J0C/iPKEHb, TPU-
CBSIYEHUX 3aCTOCYBaHHIO MeH e iBCcbKOI paHAoMi3alii y penpoAyKTHUBHIN MeJULIUHI.

Pe3ynemamu docnidixceHsb. BcTaHoB/EHO, 110 MeTo, MeHzeiBCbKOI paHAoMi3alii 703BoJIsSE MiHIMi3yBaTH
BIVIUB KOHpayH/epiB Ta 3BOPOTHOI MPUYMHHOCTI IIJISXOM BUKOPUCTAHHA FeHeTUYHUX BapiaHTIB fK iHCTpY-
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MEHTaJ/IbHUX 3MIHHUX. ¥ NOCAiKEeHHSX 3 aKyllepcTBa Ta rinekoJsiorii MP 3acTocoByeTbcs /151 OLIHKA IPUYHUH-
HOTO BIJIUBY MeTa0O0JIiYHUX, TOPMOHAJIbHUX i PENpOAyKTUBHUX GAKTOPIB HA PU3UK PO3BUTKY NpeeKJIaMIICIi,
CUH/POMY NOJiKICTO3HUX SIEYHUKIB, MiCJAAM0JI0T0OBOI Aenpecii, recTaljilHUX YCKJIaJAHEHb, a TAK0X FiHEKO0J10TiY-
HUX OHKOJIOTIYHHX 3aXBOPIOBaHb. Pa3oM i3 TUM ileHTHiKOBaHO OCHOBHI 06MeXXeHHSI METO/Y, 30KpeMa IJIeio-
TPOIIilo, C1a0Ki reHEeTUYHI iHCTPYMeHTH Ta NOMyJIALiHHY cTpaTUdikaniro.

BucHosku. 1. MeTop, MeH/e1iBCbKOI paH0Mi3allil B aKyLIepCTBi Ta MHEKOJIOTI] aCOLIIOETHCS 3 MMiJIBULIEHOI0
TOYHICTIO OI[{HKH TPUYMHHO-HACJIIKOBUX 3B’AI3KiB Mi>K F€HETUYHO JIeTePMiHOBaHUMH (PAKTOpaMU PU3UKY Ta pO3-
BUTKOM aKylLIepCbKO-TiHEKOIOT{UHUX 3aXBOPIOBaHb 3a paxyHOK MiHiMizaulii BBy KoHdayHAepiB i 3BOpOTHOI pH-
YUHHOCTI. 2. 3acTocyBaHHs MeH/ie/liBCbKOi paHZoMi3allil 103BoJIs€E i/leHTH}IKyBaTH IPUIMHHUH BILIUB MeTab0J1iu-
HUX, TOPMOHaJ/IbHUX i peNpoAyKTUBHUX YUHHUKIB HAa PO3BUTOK YCKJ/IaZJHEHb BariTHOCTI, FiHEKOJIOTIYHUX Ta IEPUHA-
TaJIbHUX MATOJIOTIH, 110 Ma€ CyTTEBE KJIiHIUHE 3HAYEHHS JJ1s1 NPODITAaKTHKH ¥ BUGOPY TepaneBTUYHUX CTPATETIH.
3. 06rpyHTOoBaHe BUKOPHUCTAHHSA MeToy MeH/ies1iBCbKOi paHioMizallii 3 ypaxyBaHHSM HOro MeTO/0JI0TYHHUX 0OMe-
>KeHb, a TaKOXK NMOeAHaHHA MP-aHani3y 3 pe3y/sibTaTaMU CIIOCTEPEKHUX | KJITHIYHUX OCIIKeHb € HEOOXiJHUM [/

MOKpallleHHs JI0Ka30Boi 6a3U Ta ONTUMi3allii J0BroCTPOKOBUX OKA3HUKIB 3/10pOB’sl *KiHOK i ZIiTel.
Knto4oBi ciioBa: MeH/ies1iBcbKa paH/0Mi3allisi, aKylIepCcTBO, FiHEKOJIOTisl, reHeTHYHI BapiaHTH, daKTopH

PHU3UKY.

Introduction

Mendelian randomization (MR) is a modern
epidemiological method that enables the
identification of causal relationships between
genetically determined factors and clinical
outcomes. This approach uses genetic variants
as instrumental variables that are naturally
randomized at conception, analogous to a
randomized controlled trial, thereby reducing
the influence of confounding factors and reverse
causation [1]. Unlike conventional observational
studies, MR is less susceptible to bias caused by
environmental factors or behavioral changes, as
genetic instruments remain stable throughout an
individual’s lifetime [1].

In obstetrics, MR is increasingly applied to
assess the causal effects of reproductive and
perinatal factors. For example, studies have
shown that polycystic ovary syndrome (PCOS)
may causally contribute to the development of
gestational hypertension, whereasitsassociations
with gestational diabetes or preeclampsia are not
consistently confirmed [2]. Such findings help
clarify which specific aspects of clinical conditions
exert a direct causal effect on perinatal outcomes,
independent of accompanying factors such as
body mass index or metabolic parameters [3].

Moreover, MR is used to evaluate other
pregnancy-related exposures. For instance, two-
sample MR analyses have investigated the effects of
chronotype and sleep characteristics on the risk of
preterm birth and other perinatal complications,
allowing the separation of biological from
behavioral risk factors [4]. In addition, MR has
been applied to examine causal links between
maternal body mass index, gestational weight
gain, and the risk of adverse perinatal outcomes,
thereby refining clinical recommendations for
complication prevention [5].

Overall, the application of MR in obstetrics
and gynecology enhances the understanding
of causal mechanisms underlying gestational
complications and supports the development of
clinical recommendations based on genetically
informed evidence, which is crucial for designing
targeted strategies for the prevention and
treatment of reproductive and perinatal diseases.

Aim of the study

To analyze the theoretical foundations of the
Mendelian randomization (MR) method, assess
its potential and limitations, and summarize
current evidence regarding the application of MR
in obstetrics and gynecology for the evaluation of
causal relationships between genetic, metabolic,
hormonal, and reproductive factors and maternal-
fetal outcomes.

Materials and methods

The study employed bibliographic and content
analysis of scientific sources published in interna-
tional peer-reviewed journals from 2020 to 2025.
Comparative analysis, data synthesis, and semantic
grouping of information were performed to evalu-
ate applications of Mendelian randomization in
reproductive medicine. Priority was given to sys-
tematic reviews, meta-analyses, large-scale cohort
studies, and Mendelian randomization studies in-
vestigating causal effects of metabolic, hormonal,
and reproductive factors on the risk of preeclamp-
sia, polycystic ovary syndrome, gestational compli-
cations, postpartum depression, and gynecologic
oncological diseases. Methodological strengths and
limitations of MR were also critically assessed.

Results
Mendelian randomization (MR) has become a
powerfultoolforinvestigating causalrelationships



in obstetrics and gynecology, particularly for
assessing the effects of genetically determined
maternal factors on perinatal and reproductive
outcomes. Owing to the natural “randomization”
of alleles, MR minimizes the influence of
behavioral and socioeconomic confounders that
often bias traditional observational studies. A
number of MR studies have demonstrated that
genetically determined higher maternal body
weight is directly associated with an increased
risk of gestational diabetes. These findings
confirm that maternal obesity is a causal factor
in the development of metabolic complications of
pregnancy, rather than merely correlating with
them through lifestyle or external factors [6].

In addition to metabolic complications, MR
enables the evaluation of cardiovascular compli-
cations of pregnancy, such as preeclampsia [7].
Genetically determined factors related to elevated
maternal blood pressure have shown a direct effect
on the development of preeclampsia, supporting
a mechanistic link between hypertension and this
serious pregnancy complication [8]. Moreover,
analyses indicate that this association persists
across populations with differing socioeconomic
conditions, underscoring the independence of the
effect from external confounders.

The MR approachisalsoapplied to investigate
the risk of preterm birth and abnormal offspring
birth weight [9]. Genetically determined maternal
body weight characteristics and insulin resistance
have been directly associated with an increased
risk of preterm birth as well as with the delivery
of infants with macrosomia [10]. These data
indicate that the effects of obesity and metabolic
disturbances on perinatal outcomes are causal
rather than merely associative, providing
important evidence for the development of
preventive strategies in pregnancy management.

The role of hormonal factors in reproductive
disorders has also been examined using MR.
Genetically determined levels of estrogen and
progesterone have been directly linked to the
risk of pregnancy loss, allowing true hormonal
mechanisms to be distinguished from correlations
driven by other factors [11]. Furthermore, MR has
shown that even modest genetically determined
variations in hormone levels can have clinically
meaningful effects on reproductive outcomes,
highlighting its value for accurate risk prediction.

A systematic review of MR studies on age at
natural menopause (ANM) demonstrated that
Mendelian randomization helps clarify causal
relationships between ANM, its determinants, and
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a wide range of diseases [12]. Earlier menopause
is causally associated with increased risks of
osteoporosis, fractures, and impaired glucose
metabolism, whereas later menopause is linked to
a higher risk of hormone-dependent malignancies
and certain cardiovascular outcomes. The authors
emphasize that MR is a key tool for overcoming
the limitations of observational studies and
for elucidating the role of cumulative estrogen
exposure in women'’s health.

Studies examining the impact of genetically
determined metabolic markers, such as glucose
levels and insulin resistance, on perinatal
complications have also yielded significant
findings. The use of MR has established causal
effects of these markers on the development of
gestational diabetes, preterm birth, and fetal
macrosomia. This suggests that early monitoring
and control of metabolic parameters during
pregnancy may substantially reduce the risk of
complications [13].

MR is additionally used to assess the effects of
maternal obesity on complex perinatal outcomes,
including combined risks for both mother and
fetus [14]. Genetically increased body weight
is simultaneously associated with higher risks
of gestational diabetes, preeclampsia, and fetal
macrosomia, highlighting the multifaceted impact
of metabolic factors on pregnancy outcomes
and the need for multidisciplinary preventive
approaches.

Finally, the integration of MR with data from
large biobanks and genome-wide association
studies (GWAS) enables large-scale, statistically
robust, and cost-effective research encompassing
diverseaspectsofobstetricand gynecologicpractice
[15]. This facilitates the identification of truly
causal risk factors and supports the development
of evidence-based clinical recommendations
aimed at preventing pregnancy complications
and improving reproductive outcomes [16].
Mendelian randomization has become a powerful
tool for establishing causal relationships between
metabolic markers and the risk of developing
gynecological malignancies, particularly ovarian
cancer. Traditional observational studies often
fail to distinguish true causality from associations
arising from lifestyle factors, comorbidities, or
other confounders. In a large-scale MR study, 637
genetically determined metabolites were analyzed
as potential risk factors for ovarian cancer. Classical
MR methods were applied, including inverse-
variance weighted (IVW), MR-Egger, and weighted
median, together with tests for heterogeneity and
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horizontal pleiotropy, as well as the Steiger test to
verify the direction of effect. This comprehensive
approachmadeitpossible toidentify 31 metabolites
with a significant effect on ovarian cancer risk, of
which 9 demonstrated stable and consistent causal
effects [17].

Among the metabolites associated with an
increased risk of ovarian cancer, androsterone
sulfate, propionylcarnitine, 5a-androstan-3,
17B-diol disulfate, as well as lipids in medium-sized
VLDL particles were particularly notable [18]. The
MR study confirmed that genetically determined
elevations in these compounds are directly
associated with ovarian cancer development,
indicating their causal role in carcinogenesis.
This is especially important because lipid
metabolism and steroid metabolites may act as
oncometabolites, supporting the proliferation and
survival of malignant cells.

At the same time, several metabolites with
negative causal associations were identified,
which may potentially act as protective factors or
markers oflow ovarian cancerrisk. Theseincluded
octanoylcarnitine, N2, N2-dimethylguanosine,
and cis-4-decenoyl carnitine. Each of these
metabolites showed a statistically significant
negative effect on ovarian cancer risk, suggesting
possible metabolic protective mechanisms or
regulatory pathways that inhibit carcinogenesis.
This opens perspectives for the identification of
early diagnostic biomarkers and personalized
risk prediction [19].

The results of this study have practical
significance for gynecology, as they allow the
identification of biologically grounded targets for
prevention and therapy without the influence of
external confounders. Metabolites with positive
causal effects may become potential therapeutic
targets, whereas those with negative effects
may serve as promising biomarkers of low risk
or targets for preventive interventions. Thanks
to MR, it became possible to confirm the causal
role of these metabolites in ovarian cancer
developmentrather than merely their association,
which substantially increases the reliability of the
conclusions. This study highlights the importance
of using genetic tools in gynecological practice
for risk prediction, early diagnosis, and the
development of targeted interventions. The
identification of causal metabolites provides a
foundation for further translational and clinical
studies aimed at reducing disease incidence and
improving prognosis in women at high risk of
ovarian cancer.

Among obstetric complications, preeclampsia
and other hypertensive disorders of pregnancy
(PE-HTPs) have particular clinical significance, as
they are associated with a substantially increased
risk of maternal and perinatal morbidity and
mortality. Traditional observational studies
have repeatedly identified associations between
plasma levels of specific fatty acids and the risk of
PE-HTPs; however, due to potential confounders
and reverse causation, the establishment of
mechanistic relationships has been limited. To
overcome these limitations, Zhou and colleagues
applied a bidirectional two-sample Mendelian
randomization approach, using genetic proxies
for levels of different types of plasma fatty acids
and PE-HTPs data from large GWAS cohorts of
European ancestry. The analysis used inverse-
variance weighted (IVW) as the primary method,
along with MR-Egger, weighted median, simple
mode, and weighted mode as complementary
analyses, as well as tests for heterogeneity,
horizontal pleiotropy, and colocalization to assess
the robustness of the findings [23].

The results showed that genetically predicted
PE-HTPs risk has significant causal associations
with several specific classes of plasma fatty acids.
In particular, lower levels of linoleic acid (LA;
omega-6 fatty acid) were directly associated
with a reduced risk of PE-HTPs (OR = 0.95, 95%
CI: 0.92-0.98), indicating causal effects of lipid
metabolism on the development of hypertensive
disorders during pregnancy. Genetically
predicted increases in docosahexaenoic acid
(DHA, omega-3 FA) and a higher PUFA/MUFA
ratio were also associated with a reduced risk
of PE-HTPs (OR = 0.86 for both), suggesting
a potentially protective role of long-chain
polyunsaturated fatty acids in maternal lipid
profiles and inflammation. In contrast, a higher
proportion of monounsaturated fatty acids
(MUFA) was associated with a moderate increase
in PE-HTPs risk (OR = 1.12, 95% CI: 1.00-1.25),
which may reflect different mechanisms of lipid
regulation of blood pressure during pregnancy
[24]. These findings have important clinical
implications, as they demonstrate that fatty acid
metabolic pathways directly influence the risk of
hypertensive complications in pregnant women
rather than serving merely as associated markers.
The use of MR substantially reduces the influence
of potential confounders, including dietary habits,
body weight, or other behavioral factors, thereby
clarifying the mechanistic role of lipid metabolism
in PE-HTPs pathology. Mechanistically, this may



reflect the influence of PUFAs on endothelial
function, anti-inflammatory signaling pathways,
and placental vascularization, which are key
components in the pathogenesis of preeclampsia.

Mendelian randomization (MR) has also
become an extremely valuable method in modern
genetic epidemiology for establishing causal
relationships between biologically determined
factors and psychiatric outcomes, as it minimizes
confounding and eliminates reverse causation by
using genetic variants as instrumental variables.
In a large two-sample MR study published in
Frontiers in Genetics, nine female reproductive
characteristics, including age at first sexual
intercourse (AFS), age at menarche (AMC), age at
first birth (AFB), age at last live birth (ALLB), age
at menopause (AMP), lifetime number of sexual
partners (LNSP), number of live births (NLB),
number of stillbirths, and number of spontaneous
abortions - were analyzed for their effects on the
risk of postpartum depression (PPD) in a European
population (13,657 PPD cases and 236,178
controls) [25]. The primary method for causal
effect estimation was inverse-variance weighted
(IVW), supplemented by MR-Egger, weighted
median, and MR-PRESSO analyses to control for
heterogeneity and horizontal pleiotropy, as well as
multivariable MR (MVMR) to assess direct effects
while controlling for other factors in the model.

In the univariable MR (UVMR) analysis,
significant inverse causal associations were
identified between three reproductive characte-
ristics and PPD risk: age at first sexual intercourse
(AFS), age at first birth (AFB), and age at last live
birth (ALLB) were all significantly associated
with a lower risk of PPD (e.g, AFS: OR = 0.474,
95% CI 0.396-0.567; p ~ 4.6 x 107'%; ALLB:
OR = 0.296, 95% CI 0.138-0.636; p = 0.002).
This suggests that later sexual debut or later
childbearing may have a protective effect against
postpartum depression. UVMR also showed
that a higher lifetime number of sexual partners
and a greater number of spontaneous abortions
may be associated with an increased risk of PPD,
although these associations were less robust
after multiple testing correction and controlled
analyses. However, in multivariable MR (MVMR),
where other reproductive characteristics were
simultaneously controlled, only age at first birth
(AFB) retained an independent causal association
with PPD risk (OR = 0.804, 95% CI 0.661-0.978;
p = 0.029). This indicates that among all assessed
reproductive variables, age at first birth is the
strongest and most stable causal predictor of

HayKoBO-npaKTUYHMI }KypHaA AnA neaiaTpis Ta nikapis
3ara/ibHOT NPaKTUKK — CiMeMHOT Me ML MHM 39

postpartum depression. This finding suggests
that later motherhood may be associated with a
lower risk of developing PPD, which has important
clinical implications for counseling and preventive
strategies in women of reproductive age [26].

The application of MR in this context allows,
for the first time, the quantification of causal
effects of reproductive characteristics on the risk
of a psychiatric condition such as postpartum
depression, which has traditionally been studied
only in observational research with numerous
limitations. The identification of age at first
birth as a key causal factor underscores the
potential of MR for formulating personalized
recommendations for pregnancy care and the
prevention of postpartum disorders, including
psychosocial  interventions and targeted
monitoring of high-risk groups [27].

During the COVID-19 pandemic, many
observational studies suggested a potential
association between SARS-CoV-2 infection during
pregnancy and an increased risk of obstetric
complications, such as preeclampsia, preterm
birth, low birth weight, and other adverse
perinatal outcomes [28, 29]. However, these
findings may have been confounded by postnatal
factors, lifestyle changes, or healthcare limitations
characteristic of the pandemic period. To address
the question of causality, Fang and Fang conducted
a two-sample Mendelian randomization analysis,
using genetic markers associated with COVID-19
risk as instrumental variables to assess their
causal effects on obstetric outcomes using large
GWAS datasets of European ancestry [30].

In this MR study, the primary estimation
method was inverse-variance weighted (IVW),
complemented by MR-Egger and MR-PRESSO
analyses to detect potential horizontal pleiotropy
of instrumental SNPs, as well as sensitivity
analysesincludingleave-one-out tests. The results
demonstrated a statistically significant causal
association between COVID-19 and placental
dysfunction, with an IVW beta coefficient of 1.57
and an OR of 4.81 (95% CI: 1.05-22.05, p = 0.04),
indicating a substantial increase in the risk of this
pathology with genetically predicted SARS-CoV-2
infection. This suggests that genetic susceptibility
to COVID-19 may directly contribute to placental
structural or functional impairment, which is
consistent with prior evidence of local placental
infection and inflammatory changes in chorionic
villi.

At the same time, the MR analysis did not
identify causal effects of SARS-CoV-2 on other major
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obstetric outcomes, including gestational diabetes
mellitus (GDM) (OR = 1.12; 95% CI: 0.85-1.45;
p=0.41),intrahepatic cholestasis of pregnancy (ICP)
(OR=1.42;95% CI: 0.85-2.36; p=0.18), gestational
hypertension/preeclampsia (OR = 1.00; p = 0.85),
low birth weight, spontaneous miscarriage (OR =
1.00; p = 0.90), or stillbirth (OR = 1.00; p = 0.62).
MR-Egger and MR-PRESSO analyses showed no
evidence of substantial horizontal pleiotropy, and
heterogeneity was acceptable, strengthening the
reliability of the conclusions regarding the absence
of causal relationships between COVID-19 and
other perinatal complications in this sample.

These results have important clinical and
epidemiological implications [31, 32]. First, con-
firmation of a direct link between COVID-19 and
placental dysfunction, but not with other obstet-
ric outcomes, points to specific mechanisms that
may mediate the effect of SARS-CoV-2 at the ma-
ternal-placental interface without a generalized
impact on gestational metabolism, blood pres-
sure, or perinatal mortality risk. This is partly
consistent with mechanistic data indicating local
alterations in syncytiotrophoblasts and increased
placental permeability during SARS-CoV-2 infec-
tion. Second, the absence of causal relationships
with other obstetric pathologies suggests that
associations observed in previous cohort stud-
ies may have been driven by confounders such as
comorbidities, access to healthcare, or behavioral
changes during the pandemic- factors that Men-
delian randomization (MR) effectively controls.

The application of MR in this context con-
firms its value for epidemiological research in
obstetrics, as it enables the assessment of causal-
ity through a “natural experiment” without con-
trolled interventions, which are often impossible
or unethical during large-scale infectious epi-
demics. These findings may help inform pregnant
patients and healthcare providers by reducing
uncertainty regarding SARS-CoV-2 risks for dif-
ferent obstetric outcomes and by focusing atten-
tion on specific mechanisms, such as placental
dysfunction, that may warrant further monitor-
ing or targeted interventions.

The MR-PREG (Mendelian Randomization in
Pregnancy) study was established to investigate
the causal effects of maternal lifestyle and health
factors on adverse pregnancy and perinatal out-
comes (APPOs), including preterm birth, pre-
eclampsia, and gestational diabetes [33]. Due to
ethical and practical limitations of randomized
controlled trials in pregnant women, MR leverag-
es genetic variants as instrumental variables, nat-

urally randomized at conception to infer causal
relationships while minimizing confounding [34].

The MR-PREG collaboration integrates data
from three prospective cohorts (ALSPAC, BiB,
MoBa), UK Biobank, FinnGen, and GWAS, encom-
passing up to 678,001 women and 34 APPOs. Us-
ing triangulation of evidence from MR, conven-
tional regression, and negative parental control
analyses, the study found that higher maternal
BMI increases the risk of multiple APPOs, while
maternal circulating proteins and metabolites
may influence birth weight. MR-PREG also applies
drug-target MR to evaluate the effectiveness and
safety of medications in pregnancy and to iden-
tify novel molecular targets. Future plans include
expanding ethnic diversity, integrating molecular
data (placental transcriptomics and proteomics),
and conducting exome and whole-genome analy-
ses to identify new genetic determinants of AP-
POs. This approach enhances understanding of
the mechanisms underlying adverse pregnancy
outcomes and supports the development of more
effective prevention and treatment strategies.

Another recent study used Mendelian ran-
domization to examine the impact of sleep dura-
tion during pregnancy on the risks of stillbirth,
perinatal depression, and low or high birth weight.
Data were drawn from UK Biobank, FinnGen, and
three cohorts (ALSPAC, BiB, MoBa), totaling more
than 320,000 women [35]. The results demon-
strated a nonlinear effect: both short and exces-
sively long sleep durations increased the risks of
stillbirth and low birth weight, while short sleep
increased the risk of perinatal depression. These
effects were not detected by linear models, under-
scoring the importance of MR for clarifying causal
relationships. The study confirms that optimal
sleep duration is important for maternal and child
health and highlights the strength of Mendelian
randomization in perinatal research.

A study by K. Taylor et al. (2023) employed
Mendelian randomization to assess the effects of
maternal BMI, smoking, and alcohol consumption
during pregnancy on the development of con-
genital heart defects (CHD) in offspring [36]. The
analysis included three large cohorts comprising
65,510 mother-child pairs, with 562 CHD cases
identified. Genetic risk scores (GRS) derived from
GWAS data were used to estimate genetically pre-
dicted effects of these exposures on CHD risk. The
results showed that associations between mater-
nal BMI, smoking, alcohol intake, and CHD were
close to null, and additional sensitivity analyses
confirmed the robustness of these findings. The



authors concluded that there is currently no con-
vincing evidence of a direct causal effect of these
maternal factors on CHD risk in offspring, while
emphasizing the need for larger studies incorpo-
rating genetic data from both mothers and chil-
dren for more precise estimation.

A study by L. Pan et al. (2024) applied Men-
delian randomization to evaluate causal relation-
ships between levels of 15 micronutrients and 12
obstetric disorders [37]. The analysis showed that
iron had a protective effect against gestational di-
abetes (OR = 0.597), whereas zinc increased the
risk of gestational hypertension (OR = 1.064). Vi-
tamin B6 was associated with an increased risk of
spontaneous abortion (OR = 1.222), and vitamin
D with fetal growth restriction (OR = 1.612). In
contrast, vitamin B12 reduced the risk of preterm
birth (OR = 0.686). Selenium and vitamin E exhib-
ited protective effects against polyhydramnios, al-
though selenium increased the risk of premature
rupture of membranes. Other micronutrients did
not demonstrate significant causal effects. These
findings help clinicians offer personalized recom-
mendations for micronutrient supplementation
during pregnancy planning and management and
underscore the role of nutritional interventions
in preventing pregnancy complications [38, 39].

Another interesting study published in 2024
examined the impact of coffee consumption dur-
ing pregnancy on child development [40]. Initial
observational analyses suggested a possible as-
sociation between coffee intake and difficulties in
children’s social behavior and attention; however,
after adjustment for smoking, alcohol use, educa-
tion, and income, this association disappeared.
Genetic analysis using Mendelian randomization
provided weak indications of an effect, but no
causal relationship was established.

Discussion. The obtained results confirm
that Mendelian randomization is a reliable and
methodologically robust approach for establish-
ing causal relationships in obstetrics and gyne-
cology, where randomized controlled trials are
often ethically or practically infeasible. The use
of genetic variants as instrumental variables sub-
stantially reduces the influence of socioeconomic,
behavioral, and clinical confounders and helps
avoid reverse causation, a limitation inherent to
traditional observational studies.

Particular attention should be paid to the
findings related to maternal metabolic factors.
The identified causal effects of genetically de-
termined increased body mass and insulin re-
sistance on the risks of gestational diabetes, pre-
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eclampsia, preterm birth, and fetal macrosomia
are consistent with current concepts regarding
the role of metabolic imbalance in placental dys-
function and intrauterine programming. These
data confirm that maternal obesity is not merely
a marker of an unfavorable lifestyle but an inde-
pendent causal factor in the development of peri-
natal complications, with important clinical and
preventive implications.

The identified causal associations between
plasma fatty acid profiles and hypertensive disor-
ders of pregnancy provide deeper insight into the
pathophysiology of preeclampsia. The protective
effects of polyunsaturated fatty acids and a higher
PUFA/MUFA ratio, as well as the adverse impact
of excess MUFA, may reflect distinct mechanisms
regulating vascular tone, inflammatory responses,
and endothelial dysfunction during pregnancy.
Thus, MR data refine biological pathways that were
previously assessed mainly at an associative level.

The application of MR in gynecologic
oncology demonstrated a causal role of specific
metabolites in the development of ovarian cancer,
particularly steroid and lipid compounds. The
identification of metabolites with positive and
negative causal effects enables differentiation
between potential oncometabolites and protective
metabolic markers. This opens nepcnekTuBes for
developing new strategies for early risk prediction
and for translational studies targeting metabolic
pathways in the therapy of malignancies of the
female reproductive system.

Important findings were also obtained
regarding polycystic ovary syndrome (PCOS). The
identified protective causal effect of genetically
determined increased vitamin A levels suggests
a specific role in regulating folliculogenesis,
steroidogenesis, and insulin sensitivity. The
absence of causal effects for other macro- and
micronutrients underscores the complexity of
PCOS pathogenesis and highlights the advantage
of MR in identifying truly meaningful biological
factors among numerous associations reported
in the literature.

Results related to postpartum depression
indicate the presence of causal links between
certain reproductive characteristics and women'’s
mental health after childbirth. In particular, the
consistent protective effect of a later age at first
birth may reflect a combination of biological
maturity, hormonal stability, and psychosocial
factors. This underscores the potential of MR to
investigate not only somatic but also psychiatric
outcomes in obstetric and gynecologic practice.
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Special attention should be given to the
MR findings concerning SARS-CoV-2 infection
during pregnancy. The identification of a causal
association with placental dysfunction, but not
with other obstetric complications-helps explain
discrepancies between previous observational
studies and highlights the specificity of viral
effects on the maternal-placental interface.
This has practical implications for the clinical
monitoring of pregnant women after infection.

Overall, the presented results demonstrate
the broad potential of Mendelian randomization
as a tool of evidence-based medicine in obstetrics
and gynecology. The integration of MR with
large-scale GWAS and biobank data provides
a foundation for developing personalized
preventive and therapeutic approaches aimed at
reducing maternal and perinatal morbidity and
improving women'’s reproductive health.

Study limitations. Although Mendelian ran-
domization reduces the impact of confounding
and reverse causality, pleiotropy cannot be com-
pletely excluded. Some genetic instruments have
limited strength, and the available data are pre-
dominantly derived from European populations,
which restricts the generalizability of the find-
ings. In addition, MR reflects the effects of geneti-
cally determined exposures over the life course

rather than short-term clinical interventions, and
it does not always account for nonlinear effects or
critical periods of pregnancy.

Conclusions

1. The Mendelian randomization method in
obstetrics and gynecology is associated with in-
creased accuracy in assessing causal relation-
ships between genetically determined risk fac-
tors and the development of obstetric and gy-
necological diseases by minimizing confounding
and reverse causality.

2. The application of Mendelian randomiza-
tion enables the identification of causal effects of
metabolic, hormonal, and reproductive factors on
the development of pregnancy complications and
gynecologic and perinatal pathologies, which has
significant clinical implications for prevention
and therapeutic decision-making.

3. The justified use of the Mendelian random-
ization method, considering its methodological
limitations and in combination with observa-
tional and clinical research findings, is necessary
to improve the evidence base and optimize long-
term health outcomes for women and children.
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