§ sciendo [ REVIEW )

10.2478/AMB-2025-00067

OXIDATIVE STRESS, DIETARY SUPPLEMENTATION
AND HYPERTENSIVE DISORDERS IN PREGNANCY:
A REVIEW

Z. Kirovakov

Department of Healthcare, Faculty for Public Health and Health care,
Prof. Dr. Assen Zlatarov University, Burgas — Bulgaria

Abstract. Objective. To provide an understanding of the effects of oxidative stress and
hypertensive disorders during pregnancy and the significance of dietary supplementa-
tion in addressing the related adverse outcomes and complications. Methodology. The
review methodology was designed to provide a flexible but a comprehensive overview of
pregnancy in terms of oxidative stress, hypertensive disorders and dietary supplemen-
tation through identification of applicable and relevant literature that was based on an
inclusion and exclusion criteria that followed the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) framework for systematic reviews. Findings.
Hypertensive disorders are a primary risk factor for adverse pregnancy outcomes, ac-
counting for 14 percent of maternal mortality and occurring in up to 10 percent of all preg-
nancies. The mechanisms leading to oxidative stress during pregnancy can cause the
excessive generation of highly reactive and unstable reactive oxygen species radicals,
which can directly disrupt gestational processes such as oocyte maturation, luteolysis,
and embryo implantation. Excessive production of reactive oxygen species can directly
interfere with the placental membrane, which can disrupt the exchange of nutrients and
oxygen between the mother and fetus, leading to poor embryo development and preg-
nancy complications. There is a direct association between imbalanced serum nutrient
levels and adverse health outcomes during pregnancy, such as inflammation and dys-
lipidemia. Conclusion. The adverse pregnancy outcomes associated with genetic and
biological risk factors, such as oxidative stress and hypertensive disorders, are prevent-
able and manageable through proper hygienic conditions, appropriate lifestyle choices,
and pharmacological and dietary interventions.
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INTRODUCTION

The fragility of pregnancy processes and related
adverse outcomes that are attributed to biological
and lifestyle etiological risk factors such as oxidative
stress, poor dietary supplementation, and hyperten-
sive disorders has become a significant area of in-
terest in gestational scientific research. Specifically,
there is an increased interest in research on the role
of maternal genetics in the development of pregnan-
cy-related complications with concerns on both ma-
ternal and fetal health concerning conditions which
arise from the complex interactions between genetic
factors, environmental influences and lifestyle choic-
es [1]. Existing literature indicate that the largest pro-
portion of maternal complications develop during the
pregnancy with those that can lead to mortality being
associated with biological processes that are caused
by chronic conditions such as hypertensive disorders
of pregnancy including gestational hypertension, pre-
eclampsia and eclampsia, as well as other chronic
diseases such as diabetes and vascular diseases
[2, 3]. Hypertensive disorders have been cited as a
primary risk factor for adverse pregnancy outcomes,
accounting for 14 percent of maternal mortality and
occurring in up to 10 percent of all pregnancies [4].
Also, apart from the adverse outcomes, gestational
hypertensive disorders can be an underlying risk fac-
tor for future metabolic and cardiovascular adverse
conditions for both the mother and the newborn,
which can further cause other complications such as
abdominal obesity, insulin resistance and impaired
metabolic processes [5, 6]. An understanding of the
direct gestational effects of hypertensive disorders
and related biological risk factors, such as oxidative
stress and dietary supplementation, can be impor-
tant in the formulation of preventive strategies and
treatment techniques for management of intergen-
erational pathological consequences of the related
complications.

In pregnancy, oxidative stress has been implicated
as a primary pathophysiological risk factor for ad-
verse outcomes ranging from miscarriage, maternal
vascular diseases, to pre-term labour. From a bio-
logical standpoint, oxidative stress is defined as the
imbalance between free radicals, including the re-
active oxygen species (ROS) and reactive nitrogen
species (RNS), and the cellular antioxidant capacity,
which leads to a compromised bodily anti-oxidation
system that can cause cellular toxicity and macro-
molecular oxidative damage [7, 8]. The mechanisms
leading to oxidative stress during pregnancy can
cause the excessive generation of highly reactive
and unstable reactive oxygen species (ROS) radi-
cals, which can directly disrupt gestational process-

es such as oocyte maturation, luteolysis, and em-
bryo implantation [9, 10].

It is worth noting that pregnant women are highly
susceptible to oxidative stress as a result of the sys-
tematic inflammatory bodily responses attributed to
pregnancy-related biological process and the ampli-
fication of the condition can directly contribute repro-
ductive failure and adverse pregnancy outcomes and
complications such as recurrent pregnancy loss, in-
trauterine growth restriction, and even maternal mor-
tality [11]. Indeed, the adverse pregnancy outcomes
associated with genetic and biological risk factors
such as oxidative stress and hypertensive disorders
are preventable and manageable through proper hy-
gienic conditions, appropriate lifestyle choices, and
pharmacological and dietary interventions [12, 13].
In the recent past, there has been increased inter-
est in the significance of dietary supplementation in
pregnancy and its influences on the mother’s health
and the developmental processes of the fetus. The
present review provides a scientific analysis of ex-
isting literature on dietary supplementation, oxidative
stress and hypertensive disorders in pregnancy to in-
form on effective preventive strategies and treatment
techniques for the related adverse outcomes.

METHODOLOGY

The present review aims to provide an understand-
ing of the effects of oxidative stress and hypertensive
disorders during pregnancy and the significance of
dietary supplementation in addressing the related
adverse outcomes and complications. Considering
the broader scientific scope of the topic, the review
methodology is designed to provide a flexible but a
comprehensive overview of pregnancy in terms of
oxidative stress, hypertensive disorders and dietary
supplementation through identification of applicable
and relevant literature that was based on an inclu-
sion criteria and explored using the Boolean opera-
tor “OR” and “AND”. A flexible but structured search
strategy was based on the inclusion and exclusion
criteria, which was guided by specific keywords in-
cluding "oxidative stress", "hypertensive disorders",
"dietary supplementation”, "preeclampsia”, "intra-
uterine growth restriction", "gestational diabetes",
and "recurrent pregnancy loss". It is important to note
that there were other related keywords that were
used during the search process, considering the wid-
er scope of the topic of the research and also, two
or more of the keywords were combined to narrow
down to the specific articles of interest.

The primary focus of the inclusion criteria was sci-
entific articles and research papers that focused on
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the research topic and were published within the past
five years, between 2019 and 2024, and written in
English. The included articles and research papers
were required to focus on the research topic, as well
as its implications for practice and future research
directions. Any additional articles that met the inclu-
sion criterion and could not be identified through da-
tabase searches were identified through cross-refer-
encing and hand searches of the reference lists of
the included articles. The screening of the selected
articles started with the removal of duplicate articles
that might have been present in more than one da-
tabase. The suitability of the remaining articles was
confirmed through a second application of the inclu-
sion and exclusion criteria. An independent review
was then performed to create the final list of studies
that met the review objectives. After selecting the ap-
propriate and relevant studies, specific facets of in-
formation associated with the variables of interest in
the review were extracted.

DISCUSSION

The review findings highlight a wide range of adverse
pregnancy outcomes that are directly attributed to the
biological mechanisms of oxidative stress and hyper-
tensive disorders, and their disruptive effects on ges-
tational and reproductive processes. First, an included
review article highlights the biological effect of reac-
tive oxygen species (ROS) on reproductive processes
including maturation of oocytes, development of the
embryo, luteolysis, and fertility, as well as disruption of
the reproductive functions of different female systems
such as ovaries, fallopian tubes, and embryos [14].
Different studies further report an association between
oxidative stress and gestational problems that are di-
rectly related to placental pathology. It is reported that
excessive production of ROS can directly interfere with
the placental membrane, disrupting the exchange of
nutrients and oxygen between the mother and the fe-
tus, which can lead to poor embryo development and
pregnancy complications [15, 16]. The findings further
indicate a correlation between the quantity of free radi-
cals and the occurrence of gestational diabetes mel-
litus (GDM), where women with the condition produce
more free radicals compared to those without [17]. On
the same note, women with GDM have been found
to release 8-isoprostane at a higher rate compared to
those without the condition, which highlights a positive
correlation with plasma glucose and suggests a link
between glycemic control and lipid peroxidation [18,
19]. Surprisingly, the findings indicate reduced placen-
tal sensitivity to oxidative stress among women with
GDM, attributed to the accumulation of antioxidants in
the placenta emanating from the effects of oxidative

stress experienced by the developing fetus, which of-
fers cellular protection against lipid peroxidation.

A large proportion of research studies identified hy-
pertensive disorders as being a primary factor that
hinders normal cardiovascular functioning during
pregnancy. It is reported that hypertensive disorders
are directly associated with maternal hemodynamic
alterations, which are a consequence of pre-existing
maternal cardiovascular adverse conditions or as a
result of significant changes in gestational cardio-
vascular load [20]. The changes of the gestational
cardiovascular load dictate the severity of the ad-
verse pregnancy outcomes, which often show from
the first trimester but can be detected before the ap-
pearance of the clinical symptoms [21, 22]. Further,
the findings highlight the persistence of the hemody-
namic alterations, which can predispose the woman
to long-term cardiovascular conditions and adverse
pregnancy outcomes [23]. In comparison with normo-
tensive pregnancy, it is reported that hypertensive-
related pregnancies are characterized by adverse
outcomes such as a high ventricular mass, increased
systemic vascular resistance (SVR) and concentric
hypertrophy [24-26]. The findings further show re-
duced intravascular volume expansion for mothers
with hypertensive disorders, even though there was
conflicting evidence on cardiovascular changes as-
sociated with gestational hypertension [27, 28]. On
the same note, hypertensive disorders were directly
linked with preeclampsia, which was characterized
by reduced stroke volume, myocardial performance
index, and cardiac dysfunction, which was reported
in almost half of mothers with preeclampsia [29]. The
findings further demonstrate increased cardiovascu-
lar dysfunction in pregnant women with preeclampsia
as compared to those with gestational hypertension,
with changes being more pronounced at the early
stages of both conditions [30]. The findings highlight
the need for early identification of women with under-
lying and clinically inactive cardiovascular risk factors
for the development of preventive and therapeutic
interventions to reduce the effects of adverse preg-
nancy outcomes.

Dietary supplementation is one of the effective pre-
ventive strategies and therapeutic interventions that
can be used to address adverse pregnancy effects
caused by the genetic, biological, environmental
and lifestyle factors. The review findings note that
adequate nutrition is a crucial component of health-
care for maternal and fetal health during pregnancy,
considering that pregnant women are susceptible to
nutritional deficiencies caused by increased nutrient
needs for fetal growth and development, as well as
maternal metabolic changes attributed to the devel-
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opment of tissues [31, 32]. It is reported that dietary
supplementation during pregnancy has a significant
influence on the health outcomes of both the mother
and the fetus, considering that the growth and de-
velopment of the latter are dependent on the mother
[33]. According to the research findings, an unbal-
anced diet is a primary risk factor for the develop-
ment of cardiovascular conditions such as GDM and,
therefore, plays a pathophysiological role in the de-
velopment of gestational hypertensive disorders [34,
35]. Also, the findings show a direct association be-
tween imbalanced nutrient serum levels and adverse
health outcomes during pregnancy, such as inflam-
mation and dyslipidemia [36]. Further, the findings in-
dicate a correlation between poor nutrient status of a
pregnant mother in terms of low levels of magnesium,
zinc, and vitamins with increased risk for preeclamp-
sia [37, 38]. On the same note, high serum triglyc-
erides and fatty acids and reduced calcium intake,
which are signs of poor nutritional status, have also
been associated with increased risk for preeclampsia
and other related adverse pregnancy outcomes [39].
The review findings recommend ideal nutrient and di-
etary supplementation as effective preventive strate-
gies for pregnancy-related complications, as well as
improvements in fetal growth and development.

The findings identify different dietary supplements and
highlight their role in improving pregnancy outcomes for
pregnant mothers who might face complications dur-
ing the gestational period. According to the findings, L-
arginine can be an important dietary supplement that
can act as a substrate for the production of nitric oxide
(NO) and is a potent endothelium-derived vasodilator
that plays a crucial role in maintaining the endothelial
adaptive regulatory mechanisms for vasodilatation in
healthy pregnancy. As a gestational supplement, L-
arginine reduces the risk of preeclampsia by improv-
ing the levels of plasma nitric oxide, which enhances
vascular function and increases fetal birth weight while
also reducing adverse birth outcomes and enhancing
epigenetic reprogramming effects of the fetus [40]. L-
citrulline, a metabolite of L-arginine, was identified as
another dietary supplement that is responsible for in-
creased nitric oxide production and improved vascular
function while reducing hypertensive disorder risk fac-
tors such as blood pressure and placental fibrosis, and
the risk of preeclampsia [41]. The findings indicate that
L-citrulline is more biologically available as compared to
L-arginine, which highlights its ease of access and ap-
plicability in gestational processes [42]. Also, L-citrulline
was found to promote fetal growth and protein synthe-
sis while also reducing the risk of fetal renal dysfunction
and improving long-term anti-hypertensive and epigen-
etic effects [2]. The review further identifies other ges-

tational dietary supplements, such as calcium, vitamins
D, C, and E, all of which play crucial roles in promoting
healthy pregnancy outcomes by reducing the incidence
of preeclampsia, reducing placental inflammation, im-
proving calcium metabolism, and enhancing uterine ar-
tery blood flow. The dietary supplements are also cited
as playing a crucial role in offspring reprogramming ef-
fects, such as blood pressure modulation, controlling
changes in DNA methylation, and reducing the risk of
renal dysfunction.

CONCLUSION

The present review focused on providing a scientific
understanding of the effects of oxidative stress and
hypertensive disorders on pregnancy outcomes and
the significance of dietary supplementation in ad-
dressing the nutritional deficiencies that might fur-
ther exacerbate the pre-existing adverse conditions
and outcomes. The review shows that the largest
proportion of maternal complications develop dur-
ing pregnancy, with those that can lead to mortality
being associated with biological processes that are
caused by chronic conditions, including hyperten-
sive disorders of pregnancy and oxidative stress.
The mechanisms leading to oxidative stress during
pregnancy can cause the excessive generation of
highly reactive and unstable reactive oxygen spe-
cies (ROS) radicals, which can directly disrupt ges-
tational processes such as oocyte maturation, lute-
olysis, and embryo implantation. Pregnant women
are highly susceptible to oxidative stress as a result
of the systemic inflammatory bodily responses at-
tributed to pregnancy-related biological processes,
and the amplification of the condition can directly
contribute to reproductive failure and adverse preg-
nancy outcomes. However, the adverse pregnancy
outcomes associated with genetic and biological
risk factors such as oxidative stress and hyperten-
sive disorders are preventable and manageable
through proper hygienic conditions, appropriate
lifestyle choices, and pharmacological and dietary
interventions.
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