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Abstract 
 
Early pregnancy loss (EPL), commonly known as miscarriage, affects a significant percentage of pregnancies and 
poses a considerable emotional burden on individuals and couples. Recent studies have indicated that oxidative stress 
plays a pivotal role in the pathophysiology of EPL by disrupting cellular function and impairing reproductive health. 
An imbalance between reactive oxygen species (ROS) and antioxidants can compromise oocyte quality, embryo 
development, and uterine receptivity, contributing to an increased risk of miscarriage. Antioxidant supplementation 
has emerged as a promising strategy to mitigate oxidative stress and improve reproductive outcomes. Various 
antioxidants, including vitamins C and E, Coenzyme Q10, N-acetylcysteine, and omega-3 fatty acids, have 
demonstrated beneficial effects in enhancing fertility and supporting early pregnancy. This narrative review aims to 
explore the mechanisms of oxidative stress related to EPL, examine the role of antioxidant defense systems, and 
present clinical evidence supporting antioxidant supplementation as a preventive measure against EPL. 
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Introduction 
 
Early pregnancy loss (EPL), defined as the 
spontaneous loss of a pregnancy before the 20th 
week, is a common occurrence that affects an 
estimated 10-20% of clinically recognized 
pregnancies. This percentage may be higher, as 
many biochemical pregnancies, which are often 
undetected, also result in loss before a missed 
period. EPL can cause significant emotional and 
psychological distress, impacting the well-being 
of individuals and couples attempting to conceive. 
One of the critical factors implicated in EPL is 
oxidative stress, a condition characterized by an 
imbalance between the production of reactive 
oxygen species (ROS) and the body’s antioxidant 
defenses. In normal physiological conditions, 
ROS play a vital role in cellular signaling and 
homeostasis. However, excessive ROS levels can 
lead to cellular damage, inflammation, and 
apoptosis, adversely affecting reproductive health. 
In the context of early pregnancy, oxidative stress 
can impair oocyte quality, disrupt embryo 
development, and hinder uterine receptivity, all of 
which are essential for a successful pregnancy.1-5 

The reproductive system is particularly vulnerable 
to oxidative stress due to its high metabolic 
activity and the processes involved in 
gametogenesis and embryo implantation. Factors 
such as advanced maternal age, environmental 
toxins, poor nutrition, and underlying health 
conditions can exacerbate oxidative stress levels, 
further increasing the risk of EPL. Given the 
significant role that oxidative stress plays in 
reproductive failure, there is a growing interest in 
exploring potential interventions to mitigate its 
effects, particularly through antioxidant 
supplementation.Antioxidant supplementation 
involves providing the body with additional 
antioxidants to counteract oxidative stress and 
improve overall reproductive health. Various 
antioxidants, including vitamins C and E, 
Coenzyme Q10, N-acetylcysteine (NAC), and 
omega-3 fatty acids, have been studied for their 
potential to enhance fertility and support early 
pregnancy. These compounds work by 
neutralizing ROS, reducing inflammation, and 
promoting cellular health, thereby creating a more 
favorable environment for embryo development 

and implantation.6-10 Recent clinical studies have 
begun to investigate the efficacy of antioxidant 
supplementation in preventing EPL. Evidence 
suggests that antioxidants may improve oocyte 
quality, increase implantation rates, and reduce 
the incidence of miscarriage in certain 
populations, particularly women undergoing 
assisted reproductive technologies (ART) or those 
with known risk factors for EPL. However, 
despite promising findings, the current body of 
literature remains limited, and further research is 
necessary to establish clear guidelines regarding 
the use of antioxidants in clinical practice.11-12 

 
Mechanisms of Oxidative Stress in Early 
Pregnancy Loss 
 
Oxidative stress arises when there is an imbalance 
between reactive oxygen species (ROS) 
production and the body’s antioxidant defenses, 
leading to cellular damage and dysfunction. In the 
context of early pregnancy loss (EPL), this 
phenomenon can significantly disrupt key 
physiological processes essential for successful 
conception and embryo development. Several 
mechanisms illustrate how oxidative stress can 
impact early pregnancy and contribute to EPL.13-

14 

 

1. Oocyte Quality and Maturation: The 
quality of the oocyte is crucial for fertilization and 
early embryonic development. During oocyte 
maturation, an increase in metabolic activity 
results in elevated ROS levels. If antioxidant 
defenses are insufficient to counteract this surge, 
oxidative damage can occur, negatively affecting 
the oocyte's genetic material and subsequent 
embryo quality. Studies have shown that poor 
oocyte quality is associated with a higher risk of 
miscarriage, highlighting the importance of 
maintaining redox balance during this critical 
phase.14-15 
 
2. Fertilization and Embryo Development: 
Once fertilization occurs, the embryo undergoes 
rapid cell divisions and differentiation. High 
levels of ROS can disrupt these processes, leading 
to impaired embryo development and viability. 
Oxidative stress can affect key cellular pathways,  
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such as mitochondrial function, which is essential 
for energy production during early 
embryogenesis. Mitochondrial dysfunction can 
result in increased apoptosis and cell death, 
further contributing to the risk of EPL.16-17 

 
3. Uterine Environment: The uterine 
environment plays a vital role in embryo 
implantation and maintenance of early pregnancy. 
Oxidative stress can alter the uterine 
microenvironment by promoting inflammation 
and affecting endometrial receptivity. Elevated 
ROS levels may lead to increased expression of 
inflammatory cytokines and chemokines, which 
can disrupt the normal implantation process and 
compromise uterine health. A suboptimal uterine 
environment can hinder successful embryo 
implantation, increasing the likelihood of EPL.18-

19 
 
4. Placental Development: The placenta is 
crucial for nutrient and oxygen exchange between 
the mother and fetus. Proper placentation requires 
a finely tuned balance of ROS and antioxidants. 
Excessive oxidative stress can disrupt placental 
trophoblast function, leading to inadequate 
remodeling of maternal blood vessels and reduced 
blood flow. This can result in poor placental 
development, negatively impacting fetal growth 
and increasing the risk of EPL.20-21 

 

5. Genetic and Epigenetic Alterations: 
Oxidative stress can induce genetic mutations and 
epigenetic modifications in oocytes and embryos. 
These changes can lead to impaired cellular 
signaling and abnormal gene expression, 
contributing to developmental defects and 
reproductive failure. For instance, oxidative DNA 
damage may result in mutations that disrupt 
normal embryonic development, ultimately 
leading to miscarriage.22 

 

6. Hormonal Regulation: Hormones play a 
critical role in maintaining early pregnancy, and 
oxidative stress can disrupt hormonal balance. For 
example, high ROS levels can impair the function 
of luteal cells, which are responsible for  

producing progesterone—a hormone essential for 
sustaining pregnancy. Insufficient progesterone 
levels can lead to luteal phase defects, 
compromising the uterine lining's ability to 
support embryo implantation and increasing the 
risk of EPL.23-24 

 
7. Immunological Factors: The immune 
system plays a vital role in pregnancy by 
promoting tolerance towards the developing 
embryo. Oxidative stress can alter immune cell 
function and cytokine profiles, leading to an 
inflammatory environment that is detrimental to 
pregnancy. An imbalance in immune responses 
may result in maternal immune activation against 
the embryo, further contributing to the risk of 
EPL.25-26 
 
Antioxidant Defense Systems 
 
The body employs a complex and efficient 
antioxidant defense system to combat oxidative 
stress and maintain redox homeostasis. This 
system comprises both enzymatic and non-
enzymatic antioxidants that work synergistically 
to neutralize reactive oxygen species (ROS) and 
mitigate their harmful effects on cellular 
structures. Understanding these defense 
mechanisms is crucial for recognizing how they 
can be supported or enhanced, especially in the 
context of early pregnancy loss (EPL).27-28 

 

1. Enzymatic Antioxidants: These are 
proteins that catalyze biochemical reactions to 
convert ROS into less harmful substances. Key 
enzymatic antioxidants include: 
 
o Superoxide Dismutase (SOD): 
SOD is one of the first lines of defense against 
oxidative stress, catalyzing the conversion of 
superoxide radicals into hydrogen peroxide. There 
are different forms of SOD, including cytosolic 
(Cu/Zn-SOD) and mitochondrial (Mn-SOD), each 
playing a vital role in specific cellular 
compartments.29 
 
o Catalase: This enzyme further 
detoxifies hydrogen peroxide generated by SOD, 
converting it into water and oxygen. Catalase is 
primarily located in peroxisomes and is crucial for  
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preventing the accumulation of hydrogen 
peroxide, which can be harmful in high 
concentrations.30 

 
o Glutathione Peroxidase (GPx): 
GPx utilizes glutathione (GSH), a tripeptide 
antioxidant, to reduce hydrogen peroxide and 
lipid peroxides, thereby protecting cellular 
membranes from oxidative damage. GPx plays a 
critical role in maintaining cellular redox balance 
and ensuring proper cellular function.31 
 
2. Non-Enzymatic Antioxidants: These are 
small molecules that scavenge ROS directly or 
enhance the effectiveness of enzymatic 
antioxidants. Important non-enzymatic 
antioxidants include: 
 
o Glutathione: GSH is a key 
intracellular antioxidant that plays a vital role in 
detoxifying ROS and maintaining cellular 
homeostasis. It can directly scavenge free radicals 
and also serves as a substrate for GPx in the 
reduction of hydrogen peroxide. Glutathione 
levels can be affected by dietary intake and 
overall health, emphasizing its importance in 
supporting reproductive health.32 
 
o Vitamins C and E: Vitamin C 
(ascorbic acid) is a potent water-soluble 
antioxidant that can regenerate vitamin E in its 
active form. It is crucial for neutralizing ROS in 
extracellular fluids and protecting tissues from 
oxidative damage. Vitamin E (tocopherol) is a fat-
soluble antioxidant that protects cell membranes 
from lipid peroxidation by trapping free radicals. 
Together, these vitamins contribute to a robust 
antioxidant defense.33-34 

 

o Coenzyme Q10 (CoQ10): This 
lipid-soluble antioxidant is essential for 
mitochondrial function and energy production. 
CoQ10 participates in electron transport and can 
directly scavenge free radicals, helping to mitigate 
oxidative stress within cells, particularly in 
energy-demanding tissues such as those involved 
in reproduction.35 

 

3. Dietary Antioxidants: Certain dietary 
components can enhance the body’s antioxidant 
defenses. Phytochemicals found in fruits and 
vegetables, such as flavonoids, polyphenols, and 
carotenoids, possess significant antioxidant 
properties. These compounds can scavenge free 
radicals, reduce oxidative damage, and improve 
overall antioxidant capacity. A diet rich in 
antioxidants may promote reproductive health by 
supporting the body’s defense systems.36 
 
4. Redox Signaling: While antioxidants 
primarily serve to neutralize ROS, it is essential to 
note that low levels of ROS play a role in redox 
signaling, which regulates various cellular 
processes. Antioxidants help maintain the delicate 
balance between oxidative stress and redox 
signaling, ensuring that ROS levels are adequate 
for normal physiological functions without 
causing damage. This balance is particularly 
critical during early pregnancy, where signaling 
pathways are involved in implantation and 
placentation.37-38 

 

5. Hormonal Influence: Hormones such as 
estrogen and progesterone have been shown to 
modulate the expression of antioxidant enzymes 
and influence the body's overall antioxidant 
status. For example, estrogen can enhance the 
activity of SOD and GPx, contributing to a more 
robust antioxidant defense system. Hormonal 
fluctuations during the menstrual cycle and early 
pregnancy can therefore impact oxidative stress 
levels and the effectiveness of antioxidant 
defenses.39 

 

6. Mitochondrial Function: Mitochondria 
are both a source of ROS and a critical site for 
antioxidant activity. They contain their own 
antioxidant systems, including SOD and GPx, 
which are essential for protecting mitochondrial 
function and maintaining cellular energy levels. 
Healthy mitochondrial function is crucial for 
oocyte and embryo quality, emphasizing the 
importance of antioxidants in reproductive 
health.40 
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7. Clinical Implications: Understanding the 
body’s antioxidant defense systems highlights the 
potential for antioxidant supplementation as a 
therapeutic approach to reduce oxidative stress 
and improve reproductive outcomes. For women 
at risk of early pregnancy loss, enhancing 
antioxidant capacity through dietary means or 
targeted supplementation could provide 
significant benefits, supporting overall 
reproductive health and mitigating the risk of 
EPL.41 
 
Antioxidant Supplementation in Preventing 
Early Pregnancy Loss 
 
Antioxidant supplementation has emerged as a 
potential strategy for mitigating oxidative stress 
and improving reproductive outcomes, 
particularly in the context of early pregnancy loss 
(EPL). This approach aims to bolster the body’s 
natural defenses against oxidative damage, which 
can impair various physiological processes crucial 
for successful conception and embryonic 
development. The following sections discuss the 
rationale for antioxidant supplementation, the 
types of antioxidants commonly used, and the 
evidence supporting their efficacy in preventing 
EPL.42 

 

1. Rationale for Antioxidant 
Supplementation: The pathophysiology of early 
pregnancy loss is multifaceted, with oxidative 
stress playing a significant role in disrupting 
cellular functions essential for maintaining 
pregnancy. Elevated levels of reactive oxygen 
species can lead to DNA damage, mitochondrial 
dysfunction, and inflammatory responses that 
compromise embryo viability. By supplementing 
with antioxidants, it is possible to enhance the 
body’s capacity to neutralize excess ROS, thereby 
reducing the likelihood of oxidative damage to 
oocytes, embryos, and uterine tissue. This 
supportive approach is particularly important for 
women with underlying conditions associated 
with increased oxidative stress, such as polycystic 
ovary syndrome (PCOS), obesity, or advanced 
maternal age.43 
 
 

 
2. Types of Antioxidants Used in 
Supplementation: Various antioxidants have 
been studied for their potential benefits in 
reproductive health, particularly in preventing 
EPL. Commonly used antioxidants include: 
 
o Vitamin C: As a powerful water-
soluble antioxidant, vitamin C protects cellular 
components from oxidative damage. It plays a 
critical role in collagen synthesis and hormone 
regulation, both of which are essential for 
maintaining a healthy uterine environment. Some 
studies have suggested that vitamin C 
supplementation may improve oocyte quality and 
enhance pregnancy outcomes.44 
 
o Vitamin E: This fat-soluble 
antioxidant is known for its ability to prevent lipid 
peroxidation in cell membranes. Vitamin E 
supplementation has been associated with 
improved reproductive outcomes, as it may 
enhance the quality of oocytes and embryos while 
also supporting healthy placentation.45 

 

o Coenzyme Q10 (CoQ10): CoQ10 
is essential for mitochondrial function and energy 
production, making it a valuable supplement for 
women facing infertility or recurrent pregnancy 
loss. Studies indicate that CoQ10 supplementation 
can improve oocyte and embryo quality by 
enhancing mitochondrial efficiency and reducing 
oxidative stress.46 

 

o N-acetylcysteine (NAC): NAC is 
a precursor to glutathione, one of the body’s most 
important intracellular antioxidants. It has been 
studied for its potential to improve insulin 
sensitivity in women with PCOS and may also 
enhance ovarian function and embryo viability 
through its antioxidant properties. 

 

3. Evidence Supporting Antioxidant 
Supplementation: A growing body of literature 
supports the use of antioxidant supplementation in 
improving reproductive outcomes and preventing 
early pregnancy loss. For example, several 
clinical studies have reported positive correlations  
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between antioxidant intake and improved oocyte 
quality, higher fertilization rates, and better 
embryo development. 
 
o Vitamin C and E: Research has 
shown that women who receive vitamin C and E 
supplementation prior to and during pregnancy 
exhibit reduced oxidative stress markers and 
improved pregnancy outcomes. A randomized 
controlled trial indicated that supplementation 
with these vitamins decreased the rate of EPL in 
high-risk populations, emphasizing their 
protective role in early gestation.47 
 
o CoQ10: Emerging evidence 
suggests that CoQ10 supplementation may 
enhance oocyte quality and improve embryo 
viability in women undergoing assisted 
reproductive technologies (ART). Studies have 
found that women who supplemented with 
CoQ10 had higher pregnancy rates and lower 
rates of miscarriage compared to those who did 
not.48 

 

o NAC: Clinical trials have 
demonstrated that NAC supplementation can 
improve reproductive outcomes in women with 
PCOS, a condition often associated with increased 
oxidative stress. The use of NAC has been linked 
to improved ovarian response and embryo quality, 
potentially reducing the risk of EPL.49 

 

4. Dosing and Safety Considerations: The 
effective dosing of antioxidant supplements is 
crucial to achieving the desired protective effects 
without adverse outcomes. While many studies 
have used varying dosages, clinical guidelines for 
antioxidant supplementation in reproductive 
health are still evolving. It is important for 
healthcare providers to tailor antioxidant 
supplementation regimens to individual patients, 
considering factors such as age, underlying health 
conditions, and specific reproductive goals.50 
 
o Safety: Generally, antioxidant 
supplements are considered safe when taken 
within recommended guidelines. However,  

 
excessive intake of certain antioxidants, 
particularly in isolated forms, may have pro-
oxidative effects or interfere with physiological 
processes. It is vital to encourage women to 
consult with healthcare professionals before 
initiating any supplementation, especially during 
pregnancy. 
 
5. Combination Therapy: The use of 
combination antioxidant therapies may provide 
synergistic benefits in preventing early pregnancy 
loss. For example, a regimen that includes both 
vitamins C and E, along with CoQ10, could target 
multiple pathways of oxidative stress and enhance 
overall antioxidant capacity. Clinical studies 
investigating the efficacy of multi-antioxidant 
formulations are needed to determine the optimal 
combinations and dosages for improving 
reproductive health.51 
 
Clinical Evidence Supporting Antioxidant 
Supplementation 
 
The use of antioxidant supplementation in 
preventing early pregnancy loss (EPL) is 
supported by a growing body of clinical evidence 
that underscores its potential to mitigate oxidative 
stress and improve reproductive outcomes. This 
section reviews the key studies and findings that 
highlight the efficacy of various antioxidants in 
enhancing fertility and reducing the risk of EPL. 
 
1. Vitamin C and E Supplementation: 
Several studies have examined the impact of 
vitamins C and E on reproductive health. A 
notable randomized controlled trial involving 
women with a history of recurrent pregnancy loss 
found that supplementation with vitamins C and E 
significantly reduced oxidative stress markers and 
improved pregnancy outcomes. Women who 
received these vitamins during the preconception 
period experienced a lower incidence of EPL 
compared to those receiving a placebo. This study 
suggests that antioxidant supplementation can 
create a more favorable uterine environment for 
implantation and early fetal development.52 
 
2. Coenzyme Q10 (CoQ10): CoQ10 has 
been the subject of multiple studies investigating  
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its role in improving fertility, particularly among 
women undergoing assisted reproductive 
technologies (ART). A systematic review of 
clinical trials indicated that CoQ10 
supplementation led to improved ovarian 
response, increased fertilization rates, and higher 
pregnancy rates in women undergoing in vitro 
fertilization (IVF). One study reported that 
women supplemented with CoQ10 had a 
significantly lower miscarriage rate compared to 
those who did not receive the supplement, 
suggesting that CoQ10 may enhance embryo 
viability and reduce the risk of EPL.53 

 
3. N-acetylcysteine (NAC): NAC has 
garnered attention for its antioxidant properties, 
particularly in women with conditions associated 
with oxidative stress, such as polycystic ovary 
syndrome (PCOS). Clinical trials have 
demonstrated that NAC supplementation can 
improve insulin sensitivity, ovarian function, and 
overall reproductive outcomes in women with 
PCOS. In a specific study, women who received 
NAC exhibited improved oocyte quality and a 
reduced rate of EPL compared to a control group. 
These findings indicate that NAC may provide a 
protective effect during early pregnancy, 
particularly in high-risk populations.50 
 
4. Combined Antioxidant Therapies: Some 
clinical evidence suggests that the use of 
combined antioxidant therapies may offer 
synergistic benefits. A randomized trial assessed 
the effects of a multi-antioxidant supplement, 
including vitamins C and E, CoQ10, and other 
nutrients, on women with a history of recurrent 
pregnancy loss. Results indicated that women 
receiving the combined supplement experienced a 
statistically significant reduction in EPL rates 
compared to the control group. This highlights the 
potential advantage of employing a multi-faceted 
approach to antioxidant supplementation.51 

 

5. Dietary Antioxidant Intake: Beyond 
supplementation, dietary intake of antioxidants 
has also been linked to reproductive health. A 
study examining the dietary habits of women 
trying to conceive found that higher consumption  

 
of antioxidant-rich foods, such as fruits and 
vegetables, was associated with better 
reproductive outcomes and a lower risk of 
miscarriage. This underscores the importance of a 
balanced diet rich in natural antioxidants in 
supporting reproductive health and preventing 
EPL.53 

 
6. Safety and Tolerability: Clinical studies 
have generally reported that antioxidant 
supplementation is well-tolerated and safe for 
most women, even during pregnancy. However, it 
is crucial to adhere to recommended dosages to 
avoid potential adverse effects. Monitoring 
antioxidant levels and assessing the overall health 
status of patients prior to supplementation can 
help optimize safety and efficacy.53 
 

Conclusion 
 
Antioxidant supplementation represents a 
promising strategy for preventing early pregnancy 
loss (EPL) by addressing the detrimental effects 
of oxidative stress on reproductive health. The 
clinical evidence indicates that antioxidants, 
including vitamins C and E, Coenzyme Q10, and 
N-acetylcysteine, can improve oocyte and embryo 
quality, enhance uterine conditions for 
implantation, and ultimately reduce the risk of 
EPL. These findings underscore the importance of 
maintaining a balanced oxidative state during 
early pregnancy, particularly for women at higher 
risk of complications due to conditions such as 
polycystic ovary syndrome or advanced maternal 
age.The integration of antioxidant 
supplementation into clinical practice may 
provide a supportive approach to reproductive 
health, particularly for women with a history of 
miscarriage or those undergoing assisted 
reproductive technologies. However, it is essential 
for healthcare providers to tailor supplementation 
regimens to individual needs, considering factors 
such as medical history and dietary intake. 
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