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The global decline in fertility rates has intensified the reliance on
assisted reproductive technology (ART) for infertility treatment. Antioxidant
supplementation, particularly with coenzyme Q10 (CoQ10), has gained
prominence as a therapeutic strategy to enhance fertility outcomes and
ART success. As a lipid-soluble benzoquinone, CoQ10 plays dual roles in
the metabolism of mitochondrial energy and antioxidant protection. By
regulating oxidative stress and reducing reactive oxygen species (ROS), CoQ10
improves oocyte quality, ovarian function, and mitochondrial efficiency,
thereby optimizing ART outcomes. Clinical studies demonstrate that CoQ10
supplementation enhances ovarian function, increases the number of eggs,
and improves the quality of embryo, particularly in women with weak ovarian
reserve functions or older age. This review synthesizes current evidence on
CoQ10’s mechanisms in safeguarding female fertility, including its effects on
oocyte maturation, embryonic development, and ovarian aging. Furthermore, it
explores CoQ10’s potential in addressing conditions such as premature ovarian
failure and polycystic ovary syndrome. This review provides an overview of
CoQ10’s protective effect on female fertility and its potential clinical application
in reproductive medicine, aiming to offer guidance for the future use of CoQ10
in ART clinical practice.
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Introduction

Based on the World Health Organization’s publication titled “Infertility Prevalence
Estimation (1990-2021),” approximately 1/6 of the adult population worldwide, or 17.5%,
suffers from infertility, with a rising trend. This growing prevalence has made infertility
a significant public health concern (Herweck et al., 2025). Human reproduction depends
on the production and transportation of gametes, fertilization, and development within
the uterus, and any abnormalities in this process can negatively impact fertility and
lead to infertility (Yong et al., 2021). Infertility is a medical condition that denotes a
couple’s inability to become pregnant despite trying to conceive naturally for a duration
of 1 year, without using any form of contraceptive measures (Tamrakar and Bastakoti,
2019). Available evidence suggests that approximately one in eight women between the
ages of 15 and 49 seek infertility services (Carson and Kallen, 2021). Assisted reproductive
technology (ART) is widely acknowledged as the most efficient solution for infertility.
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An increasing number of infertile couples are turning to ART
to achieve pregnancy. ART encompasses all laboratory techniques
involved in managing human oocytes, sperm, and embryos for
the purpose of reproduction. This includes processes like ovarian
stimulation, ovulation induction, in vitro fertilization (IVF), and the
intracytoplasmic sperm injection (ICSI) method (Siristatidis et al.,
2025). Despite significant advances in ART technology in recent
years, the success rate of embryo implantation remains relatively low,
making it difficult for infertile couples worldwide (Vidal et al., 2025).
To address the low success rate of ART, it is essential to enhance
the quality of gametes, which can subsequently improve clinical
pregnancy rates. For instance, coenzyme Q10 (CoQ10), known for
its antioxidant characteristics, shown promise in enhancing oocyte
quality and boosting pregnancy rates (Alexandru et al., 2024),
making it a prominent focus of current research.

CoQ10 is a crucial physiologically active substance present
in various living organisms, exhibiting a range of biochemical
properties, particularly its significant role in energy metabolism
and antioxidant activity (Xu et al., 2025). The main biochemical
characteristics of CoQ10 are as follows: 1. CoQ10 is an integral
component of all cellular mitochondrial respiratory chains,
participating in the processes of electron transfer and oxidative
phosphorylation (López-Sánchez et al., 2025). It functions as
an electron carrier within the inner mitochondrial membrane,
facilitating the transfer of electrons fromcomplexes (I, II) to complex
III, thus promoting the synthesis of adenosine triphosphate (ATP).
ATP is essential as the main energy source for cells, making CoQ10
vital formaintaining cellular energymetabolism (Rimle et al., 2025).
2. CoQ10 acts as a potent antioxidant, effectively scavenging oxygen
free radicals within cells and protecting them from oxidative stress-
related damage (Ahmadi et al., 2025). By neutralizing free radicals,
it preserves the integrity of cellular structures and functions,
thereby preventing oxidative damage to deoxyribonucleic acid
(DNA), proteins, and lipids (Nesci et al., 2023). This antioxidant
property is particularly critical in the field of reproductive
medicine, as oxidative stress is a significant factor contributing
to female infertility. 3. CoQ10 is a lipid-soluble benzoquinone
characterized by a molecular structure that includes a quinone
ring and a side chain made up of ten isoprene units. The structural
configuration facilitates its integration into the cell membrane and
the inner mitochondrial membrane, thereby enabling its electron
transfer and antioxidant functions (López-Sánchez et al., 2025).
4. CoQ10 enhances immune response by facilitating the activity
and functionality of immune cells (Roşian et al., 2025). This
characteristic may improve the immune status of female infertility
patients in reproductive medicine (Nie et al., 2023). Endogenous
biosynthesis serves as the primary source of CoQ10. Key steps
in this process include the formation of the benzoquinone ring
and the assembly of the isoprenoid side chain. The rate-limiting

Abbreviations: ART, assisted reproductive technology; CoQ10, coenzyme
Q10; ROS, reactive oxygen species; IVF, in vitro fertilization; ICSI,
intracytoplasmic sperm injection; MAPK, mitogen-activated protein
kinase; PCOS, polycystic ovary syndrome; RCT, randomized controlled
trial; POR, poor ovarian response; FF, follicular flfluid; HCG, human
chorionic gonadotrophin; IVM, in vitro maturation; POI, premature
ovarian insufficiency; HOMA-IR, homeostatic model assessment of insulin
resistance.

enzyme, 4-hydroxybenzoate polyprenyltransferase, regulates the
elongation of the side chain to ten isoprene units, which is
characteristic of human CoQ10 (Shi et al., 2025). Importantly,
while the human body can synthesize CoQ10, its synthesis capacity
diminishes with age (Singh et al., 2007). Therefore, exogenous
supplementation of CoQ10 holds significant clinical relevance.

Dietary intake serves as a secondary yet significant source of
CoQ10, with rich sources including fatty fish, organ meats, nuts,
and vegetable oils. While dietary contributions typically account
for 10%–20% of total body CoQ10, this proportion increases
in individuals with impaired biosynthesis, such as those with
genetic mutations in COQ genes (Kuang et al., 2025). CoQ10
is primarily absorbed in the small intestine. Emerging evidence
suggests that gut microbiota may play a significant role in the
metabolism of CoQ10, although its precise function remains
inadequately defined (Sun et al., 2025). Certain bacterial species,
such as Eubacterium spp. and Lactobacillus, have been identified to
synthesize CoQ homologs, which may be absorbed in the colon and
subsequently converted into CoQ10 within host tissues (Liang et al.,
2025). Once absorbed or synthesized, CoQ10 is distributed to
tissues through lipoprotein transport, accumulating primarily in
mitochondria, where it plays a crucial role in electron transport
and ATP production (Deshwal et al., 2023). Understanding these
sources and metabolic pathways provides a foundational rationale
for CoQ10 supplementation in clinical contexts, particularly in
states of deficiency—such as aging and ovarian dysfunction—where
endogenous synthesis or dietary intake is insufficient to meet
reproductive demands.

A study investigated the relationship between CoQ10 and
female fertility and indicated that CoQ10 can support healthy
oocyte development in women, prevent premature ovarian
failure, and increase ovarian sensitivity to estrogen, ultimately
leading to improved ovarian function (Brown and McCarthy,
2023). Importantly, studies have shown that CoQ10 can enhance
the quality of eggs during in vitro fertilization and embryo
transfer (IVF-ET) treatment, resulting in a higher success rate of
embryo transfer (Zhang et al., 2020). Although CoQ10 has been
used in clinical and human-assisted reproduction, its mechanism
remains unclear and warrants further research and exploration.This
review sought to collect and integrate existing knowledge of CoQ10
in reproductive medicine as a reference for future research into
female fertility.

CoQ10 in assisted reproductive
technology

CoQ10 supplementation has been linked to increased pregnancy
rates in both natural conception and ART (Zhu et al., 2023).
This phenomenon can be linked to its capacity to enhance
gamete quality, which could help manage health issues often
associated with IVF/ART (Zhu et al., 2023). A comprehensive
review showed that oral CoQ10 supplementation (200 mg/thrice
per day or 600 mg/day) increased clinical pregnancy rates in female
infertility undergoing ART procedures (Florou et al., 2020). In
addition, CoQ10 has been shown to enhance ovarian response and
embryo quality to stimulation in young women with poor ovarian
reserve during IVF-ICSI cycles (Xu et al., 2018). In this study,
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FIGURE 1
CoQ10 and improving oocytes quality. The mechanism by which CoQ10 affects oocytes is through the promotion of energy production, modulation
of antioxidant gene expression levels, and involvement in various signaling pathways that inhibit oxidative stress and apoptosis.

participants were given CoQ10 orally at a dosage of 200 mg three
times a day for a period of 60 days (inclusion criteria: women age
<35 years, antral follicle count <5, and anti-Mullerian hormone
<1.2 ng/mL) (Xu et al., 2018). Studies vary in their use of CoQ10,
but all results demonstrate the benefits of CoQ10 in the IVF-ICSI
cycle. It is important to mention that although the elderly group
receives a small dose of CoQ10, it is administered in conjunction
with transcutaneous electrical acupoint stimulation (Qi et al., 2022).
In vitro studies have demonstrated that the addition of 50 μMCoQ10
to the culture medium resulted in increased expression of Bcl2 and
Sirt1 in cumulus cells, and a positive impact on the reduction of
ROS, maturation rate, and first polar body extrusion was enhanced
from 48.9% to 75.7% by the addition of CoQ10 to the culture
medium (Lee et al., 2022). Additionally, CoQ10 treatment led to a
significant reduction in the levels of apoptosis markers (Caspase3
and Bax) in both oocytes and cumulus cells and improved the
distribution, relativemass, andmembrane potential ofmitochondria
(Heydarnejad et al., 2019). CoQ10 primarily functions within
mitochondria, but it can also be found in various other subcellular
organelles, including the endoplasmic reticulum, Golgi, lysosome,
and peroxisome. Its role in providing energy to oocytes and reducing
oxidative stress is crucial (Figure 1). Oocytes contain a substantial
number of mitochondria, making them the human cells with the
highest mitochondrial density. Consequently, a significant amount
of ATP is required for processes such as eggmaturation, fertilization,
and embryonic development (Nie et al., 2023). CoQ10 has been
found to play a significant role in improving oocyte quality and
increasing the clinical pregnancy rate of ART, which highlights the
importance of CoQ10 in this process.

CoQ10 and oocyte quality

Oocyte quality plays a crucial role in sperm-oocyte binding,
early embryonic development, and improved clinical pregnancy
rates. Unfortunately, various defects, such as oxidative stress
and mitochondrial dysfunction, could hinder oocyte maturation
(Li et al., 2023). Mitochondria serve as the energy factories of cells,
and the development of eggs necessitates a substantial amount of
ATP (Richani et al., 2021). CoQ10 is a crucial component of the
mitochondrial electron transport chain, facilitating ATP production
and enhancing mitochondrial function (Rimle et al., 2025). For
women experiencing ovarian dysfunction or those of advanced
age, CoQ10 supplementation may aid in restoring mitochondrial
function and improving energymetabolism in oocytes (Zhang et al.,
2019). The mechanisms of action of CoQ10 include restoring ROS
imbalances and preventing DNA damage and oocyte apoptosis
(Zhang et al., 2019). CoQ10 has been shown to enhance the
maturation of inferior oocytes during meiosis, and 50 μM CoQ10
treatment could increase the average cell number of blastocysts
(Yang et al., 2021). In addition, CoQ10 has been observed to
significantly decrease the levels of oocyte apoptosis, double-strand
breaks, and DNA damage (Hornos Carneiro et al., 2020). This
decrease in aberrant cellular processes could result in lower levels of
chromosome defects in diakinesis oocytes and aneuploidy in early
embryonic divisions (Hornos Carneiro et al., 2020).

In addition, research has found that high levels of
CoQ10 in the follicular fluid were associated with improved
embryo morphokinetic parameters and higher pregnancy rates
(Akarsu et al., 2017). In IVF, follicular fluid CoQ10 levels of A- and
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B-grade embryos were significantly higher than those of C- and D-
grade embryos (Akarsu et al., 2017).The clinical trial results indicate
that oral administration of 200 mg/day CoQ10 for 30–35 days could
increaseCoQ10 levels in follicular fluid, resulting in various benefits.
This suggests that supplementing individuals in late reproductive
stages with CoQ10 could improve the quality of mature oocytes
and increase the rate of successful fertilization (Giannubilo et al.,
2018). Research has shown that supplementation with CoQ10 can
improve the in vitromaturation rate of immature oocytes in patients
with endometriosis compared to those who do not receive the
supplement (Romero et al., 2020). Supplementation with 50 μM
CoQ10 during in vitro maturation has been found to increase
oocyte maturation rates and decrease postmeiotic aneuploidies
in women aged 38-46 (Ma et al., 2020). The specific mechanism
warrants further exploration. CoQ10 enhances oocyte maturation
by stabilizing mitochondrial membrane potential, augmenting ATP
production through increased electron transfer from complexes
I and II to III in the respiratory chain (Bozdemir et al., 2025).
Additionally, it upregulates anti-apoptotic proteins such as Bcl2
while downregulating pro-apoptotic factors like Caspase3 and Bax.
Notably, the relative expression level of GDF9, an oocyte-specific
growth factor, is significantly increased (Heydarnejad et al., 2019).
In addition, CoQ10 reduces the mRNA expression of HSD11B1 and
FKBP5 in immature oocytes, as well as in cumulus cells regarding
HSD11B1. Additionally, it affects the Bax:Bcl2 mRNA expression
ratio (Ruiz-Conca et al., 2022). The potential mechanism by which
CoQ10 improves the quality deterioration of aging-related oocytes
is closely associated with its antioxidant properties, enhancement
of mitochondrial function, promotion of autophagy, and inhibition
of apoptosis. These biological processes are regulated by signaling
pathways such as PPAR, TNF, and MAPK (Yang et al., 2022). In
vitro studies have shown that a concentration of 50 μM CoQ10 in
culture media elevates the expression of Sirt1, a key regulator of
mitochondrial function, in cumulus cells. This elevation reduces
ROS-induced DNA damage and improves the rates of first polar
body extrusion from 48.9% to 75.7% (Lee et al., 2022). During
oocyte aging, the levels of proteins associated with mitochondrial
biosynthesis, specifically SIRT1 and PGC-1α, as well as those
involved in mitochondrial phagocytosis, namely, PINK1 and
PARKIN, are diminished. However, the in vitro supplementation
of CoQ10 has been shown to mitigate the decline of these proteins
attributable to aging (Niu Y. et al., 2020). These findings suggest
that using CoQ10 for oocyte culture could be a beneficial option for
improving oocyte quality, providing clinicians with more treatment
options to explore.

CoQ10 and ovarian aging

The process of ovarian aging is marked by a gradual decline in
mitochondrial function, which affects both somatic and germ cells
in the ovary (Colella et al., 2021). This decline can lead to lower
fertilization rates and hinder embryonic development (Labarta et al.,
2019).Thenegative impact of aging on ovarian reserve, chromosome
segregation, and embryonic capacity is attributed to decreased
mitochondrial function and energy production (Meldrum et al.,
2016). The decline in CoQ10 levels is prevalent among individuals
aged 35 and older, and it appears to coincide with the age-related

decrease in fertility and an increase in the rate of embryonic
aneuploidy. This suggests that the reduction in CoQ10 expression
is linked to ovarian aging (Miles et al., 2004). Interestingly, a study
on aging mice demonstrated that CoQ10, a mitochondrial cofactor,
can effectively reverse most of these changes (Meldrum et al., 2016).
A study has shown that the use of CoQ10 during the oocyte
growth phase has a significant rejuvenating effect on aging oocytes
and can counteract ovarian aging (Homer, 2021). Additionally,
CoQ10-treated mice showed improved ovarian function. This was
attributed to an increase in the activity of superoxide dismutase,
glutathione peroxidase, and glutathione S-transferase, while also
reducing malondialdehyde and ROS content (Honardoust et al.,
2021). These findings suggest that CoQ10 may have a protective
effect against ovarian ischemia‒reperfusion damage. In a study
investigating the molecular mechanisms of ovarian aging, the
data available suggest that oxidative stress is the primary cause.
Nevertheless, the use of the direct antioxidant CoQ10 has been
found to alleviate ovarian aging (Tesarik et al., 2021). In the context
of ovarian aging, CoQ10 mitigates mitochondrial dysfunction by
activating superoxide dismutase and glutathione peroxidase, which
reduces malondialdehyde levels and the accumulation of ROS
(Honardoust et al., 2021; Tekin et al., 2024). During aging, there is
a decrease in mitochondrial biogenesis-related proteins (SIRT1 and
PGC-1α) and mitophagy-related proteins (PINK1 and PARKIN).
The addition of CoQ10 effectively prevents the age-related decline
of these proteins (Niu Y. et al., 2020). This intervention not only
preserves the primordial follicle reserve but also enhances ovarian
sensitivity to gonadotropins, as evidenced by improved ovarian
responses in women with diminished ovarian reserve following
CoQ10pretreatment (Teppa-Garrán et al., 2025).The recommended
dosage of CoQ10 varies among individuals. Research indicates that
supplementing with CoQ10 at a dosage of 600 mg per day for
60 days can enhance ovarian response in women with diminished
ovarian reserve. During in vitro fertilization, this supplementation
may reduce the demand for gonadotropins, thereby improving the
response to follicle pre-stimulation (Gat et al., 2016). As a result,
restoring CoQ10 levels could prove to be an effective intervention
for ovarian anti-aging.

CoQ10 and embryonic development

CoQ10 not only positively impacts egg quality and ovarian
function but also enhances the developmental potential of embryos.
It improves embryo quality by reducing oxidative stress and
enhancing mitochondrial function, which in turn increases embryo
implantation and pregnancy rates (Shang et al., 2024). Embryo
development commences with the formation of the zygote,
progressing through themorula and blastula stages (Coticchio et al.,
2019). With advancements in culture conditions, embryos can now
survive in vitro for extended periods. The physiological level of
ROS is crucial for embryonic development. However, excessive
ROS production can adversely affect the embryo by inducing
intracellular damage and metabolic disorders (Niu Y. J. et al.,
2020). Mitochondria play a vital role in several cellular processes,
such as ATP production, cytoplasmic redox regulation, calcium
homeostasis, signal transduction, and apoptosis. The proper
functioning of mitochondria is considered essential for the early
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stages of embryonic development (Marei et al., 2019). Research has
indicated that CoQ10 has the potential to safeguard the structure
of mitochondria and facilitate the development of the nucleus
of oocytes, leading to a higher average cell count of blastocysts
(Yang et al., 2021). Animal studies have demonstrated that the
supplementation of CoQ10 in vitro during the culture of embryos
significantly enhances the cleavage rate, blastocyst formation rate,
hatching rate, and blastocyst expansion rate of early embryos
(Ben-Meir et al., 2015; Stojkovic et al., 1999). A prospective
randomized controlled trial has shown that pretreatment with
CoQ10 can significantly increase the number of high-quality
early embryos in young women who have a decreased ovarian
reserve and a low prognosis (Xu et al., 2018). Women in the
CoQ10 group demonstrated an increased number of retrieved
oocytes, a higher fertilization rate, and a greater quantity of high-
quality embryos. Moreover, significantly fewer women treated with
CoQ10 experienced cancelled embryo transfers due to poor embryo
development compared to the control group (8.33% vs 22.89%).
Additionally, a higher percentage of women in the treatment group
had available cryopreserved embryos (18.42% vs 4.3%) (Xu et al.,
2018). In addition, CoQ10 led to a decrease in the rate of embryonic
apoptosis and an improvement in quality parameters associated
with embryo development and hatchability (Higa et al., 2018;
Kalantar et al., 2019; Shin et al., 2024). CoQ10 has been identified
as a potential enhancer of embryonic development, having a
positive impact on early embryonic maturity, energy supply, and
divisive ability.These findings suggest a promising new approach for
improving the quality of embryonic development.

CoQ10, an important antioxidant and a key component of
cellular energy metabolism, has garnered significant attention
in the field of reproductive health in recent years. Its role in
enhancing egg and embryo quality, as well as increasing pregnancy
rates, is particularly noteworthy. Table 1 summarizes the studies
evaluating CoQ10 in relation to female infertility, as discussed
in this study. In clinical practice, the dosage and duration of
CoQ10 supplementation for female patients undergoing ART or
experiencing fertility concerns should be individualized, taking
into account factors such as ovarian reserve, age, and specific
reproductive conditions. For women with normal ovarian reserve
undergoing standard IVF/ICSI cycles, a daily oral dose of 200 mg of
CoQ10, administered for 30–35 days prior to ovarian stimulation, is
advised. This regimen is intended to elevate follicular fluid CoQ10
levels, improve oocyte maturation rates, and enhance early embryo
quality (Giannubilo et al., 2018). For patients with diminished
ovarian reserve, a higher dosage of 600 mg/day over a period of
60 days has been shown to be more effective in enhancing ovarian
response to gonadotropins. This approach not only reduces the
required dosage of gonadotropins but also increases the number
of retrieved oocytes and high-quality embryos (Xu et al., 2018;
Florou et al., 2020). Women aged 35 years and older, as well as those
experiencing premature ovarian failure, may benefit from long-term
supplementation of CoQ10. Specifically, a dosage of 200 mg/day
for a duration of 90 days, combined with transdermal acupoint
electronic therapy, is recommended. This supplementation aims to
counteract the age-related decline in endogenous CoQ10 synthesis,
restore mitochondrial function in oocytes, and reduce postmeiotic
aneuploidies (Qi et al., 2022). In vitro studies support the adjunctive
use of 50 μMCoQ10 inmaturationmedia during in vitromaturation

(IVM) cycles, which may further enhance maturation rates and
mitigate oxidative stress-induced DNA damage (Ma et al., 2020).

Clinical data indicate that the safe daily dosage of CoQ10
for humans is 1,200 mg/person, which significantly exceeds
the conventional dosage (Arenas-Jal et al., 2020). Research has
demonstrated that CoQ10 exhibits low toxicity, lacks potential
genetic toxicity, and does not induce serious adverse reactions
in humans (Arenas-Jal et al., 2020). Furthermore, CoQ10 does
not interfere with endogenous synthesis nor does it accumulate
in plasma. However, gastrointestinal symptoms may arise when
the daily dosage surpasses 1,200 mg (Villalba et al., 2010). It is
important to note that the safety of this compound in children,
pregnant women, and lactating women has not been thoroughly
validated.

CoQ10 and female fertility

CoQ10 has emerged as a potential intervention for female
infertility, specifically in cases related to ovarian dysfunction, poor
oocyte quality, polycystic ovaries, pelvic inflammatory disease, and
other factors (Nie et al., 2023; Sarrible et al., 2025). CoQ10 is a potent
antioxidant that neutralizes free radicals and reduces oxidative
stress damage to ovarian tissue. This is particularly significant for
patients with premature ovarian failure, as oxidative stress is a
critical factor contributing to ovarian dysfunction. Supplementation
with CoQ10 can effectively protect ovarian function and delay
the aging process of the ovaries (Ma et al., 2023). Polycystic
ovary syndrome (PCOS) is a prevalent endocrine disorder that can
cause subfertility and obstetric complications (Zhang et al., 2025).
Studies have shown that CoQ10 can impede the progression of the
disease and enhance fertility in women with PCOS (Zhang et al.,
2023). Specifically, studies have demonstrated that CoQ10 can raise
follicle-stimulating hormone levels and lower testosterone levels,
as well as decrease HOMA-IR, FINS, and FPG. CoQ10 has been
observed to decrease triglycerides, total cholesterol and low-density
lipoprotein cholesterol while increasing high-density lipoprotein
cholesterol in women with PCOS (Izadi et al., 2019). For patients
with diminished ovarian reserve, the supplementation of CoQ10 is
particularly crucial, as it aids in restoring the energy levels of oocytes
and enhancing their quality. Research indicates that CoQ10 can
improve mitochondrial function in oocytes, reduce ROS levels, and
regulate antioxidant proteins and autophagy, thereby augmenting
the fertilization capacity and developmental potential of embryos
(Feng et al., 2022). Inflammatory diseases represent a significant
category of disorders that impair the function of the female
reproductive system, with pelvic inflammatory disease serving as
the most prominent example (Dong et al., 2025). CoQ10 has been
shown to effectively reduce inflammatory cytokines by inhibiting
their gene expression (Mantle et al., 2021). A meta-analysis of
seventeen randomized controlled trials demonstrated that CoQ10
can significantly reduce the levels ofCRP, IL-6, andTNF-α (Fan et al.,
2017). Although there are no clinical trials or related studies on
the use of CoQ10 in treating female pelvic inflammatory diseases,
it has been proven to reduce the inflammatory response (Abiri
and Vafa, 2021). Additionally, supplementation with CoQ10 has
been found to be an effective intervention in reducing the risk of
developing preeclampsia.This condition is associatedwith abnormal
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TABLE 1 Summary of studies evaluating CoQ10 effects on female fertility. POR: poor ovarian response; FF: follicular flfluid; IVM: in vitromaturation;
POI: premature ovarian insufficiency.

Research object PatientsNumber Age (years)
mean ± SD

CoQ10
Treatment

Main
Results

Year References

Infertile women n = 15 31-41 200 mg/day (30 days) Increases in follicular
content

2018 Giannubilo et al.

POR women n = 185 32.27 ± 3.47 10 mg/three times a day
(a total duration of

3 months)

Increase the numbers of
retrieved eggs

Improves clinical
pregnancy rate

2019 Zhang et al.

Infertile women n = 45 (age ≥ 38)
n = 45 (age ≤ 30)

39.8 ± 2.0 (age ≥ 38)
26.8 ± 2.1 (age ≤ 30)

In vitro addition (IVM
media for 24–48 h,

50 mmol/L)

Increases oocyte
maturation rates (≥38)
Reduces postmeiotic
aneuploidies (≥38)

2020 Ma et al.

POR women n = 110 39.22 ± 2.94 10 mg/three times a day
(a total duration of

3 months)

Increase the numbers of
retrieved eggs

Increase superior
embryos

Improves endometrial
receptivity

2022 Qi et al.

POI women n = 32 <40 —— Inversely associated
with POI

A protective factor for
ovarian

2023 Ma et al.

Infertile women n = 34 35.38 ± 3.46 500 IU twice daily for
12 weeks

High good-quality
embryo rate

High implantation rate
High clinical pregnancy

rate

2024 Shin et al.

placental development due to several factors. Interestingly, the
reduction of free radicals through CoQ10 can help mitigate this
risk (Garrido-Maraver et al., 2014; Teran et al., 2018). In summary,
CoQ10 supplementation has demonstrated considerable potential
in enhancing female fertility, particularly by improving ovarian
function, increasing egg quality, and mitigating inflammatory
responses (Figure 2).

Despite numerous positive reports regarding the role of CoQ10
in enhancing female fertility, it is equally important to conduct a
critical analysis. For example, a total of 169 women of childbearing
age were evaluated, comprising 76 who received CoQ10 treatment
and 93 in the control group. Compared to the control group,
there were no significant differences in the clinical pregnancy rate
or live birth rate among women receiving CoQ10 treatment for
each embryo transfer or complete stimulation cycle (Xu et al.,
2018). Similarly, the study found no significant difference in clinical
pregnancy rates among 78 IVF cycles following oral administration
of CoQ10 (Gat et al., 2016). This finding may be attributed to the
limitations associated with small sample sizes in clinical research.
Numerous studies have demonstrated the benefits of CoQ10 for
female fertility; however, many of these studies have small sample
sizes, typically involving fewer than 50 participants (Nie et al.,
2023). Such limited sample sizes diminish the statistical power of
the studies, increasing the likelihood of overlooking actual effects or
drawing inaccurate conclusions.

CoQ10 in combination therapy

The application of CoQ10 in reproductive medicine is
significantly enhanced when used in conjunction with adjunct
therapies. This synergistic effect amplifies its therapeutic potential.
When combined with vitamin E, a lipid-soluble antioxidant, CoQ10
provides improved protection for oocytes against oxidative damage.
Research indicates that vitamin E safeguards cell membranes from
lipid peroxidation, while CoQ10 mitigates mitochondrial ROS.
Together, these compounds improve the maturation rate of oocytes
and the cleavage rate of embryos (Maddahi et al., 2024). In clinical
studies, CoQ10, when combined with vitamin E, has been shown
to improve levels of fasting blood sugar, insulin, homeostasis
model assessment of insulin resistance, sex hormone-binding
globulin, and total testosterone in patients diagnosed with PCOS
(Izadi et al., 2019). Animal studies indicated that, compared to
the vitamin C group, the group supplemented with vitamin E and
CoQ10 exhibited significantly higher maturation and cleavage rates
(Maddahi et al., 2024). Furthermore, the combination of CoQ10
and melatonin has been shown to increase the number of oocytes
collected (Shang et al., 2024). In an in vitro study involving cattle,
the combined administration of CoQ10, IGF1, and melatonin
significantly enhanced oocyte quality and functionality. This
improvement was achieved by ROS levels and apoptosis, increasing
mitochondrial membrane potential, optimizing mitochondrial
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FIGURE 2
Mechanism of CoQ10 for female fertility. CoQ10 has emerged as a potential intervention for female infertility, specifically in cases related to ovarian
dysfunction, poor oocyte quality, polycystic ovaries, pelvic inflammatory disease, and other factors.

distribution, and upregulating genes associated with oocyte quality
(Zhang et al., 2025). Interestingly, clinical studies have demonstrated
that the combined application of dehydroepiandrosterone (DHEA)
and CoQ10 in patients with diminished ovarian reserve can
significantly enhance the number of antral follicles and improve
ovarian responsiveness during intrauterine insemination and
IVF cycles. However, this combination appears to have no effect
on clinical outcomes (Gat et al., 2016). In addition to its use
alongside antioxidants, CoQ10 combined with transcutaneous
electrical acupoint stimulation pretreatment significantly enhances
ovarian responsiveness, increases the number of retrieved
eggs and high-quality embryos, and improves endometrial
receptivity in patients with ovarian hyporesponsiveness (POR).
However, the administration of CoQ10 alone does not yield such
significant effects (Qi et al., 2022). Hence, the combined application
of CoQ10 alongside other adjunctive treatments, such as vitamins,
antioxidants, and acupuncture, significantly enhances female egg
quality and ovarian function. Future research should focus on
further investigating the synergistic effects of CoQ10 in conjunction
with other therapeutic modalities.

Future research directions and unresolved
questions

Despite the increasing body of evidence supporting the role
of CoQ10 in enhancing female fertility, several critical gaps and
future research directions must be emphasized to facilitate its

clinical translation. First, mechanistic investigations require a
higher degree of precision that transcends generalized antioxidant
and mitochondrial effects. Current studies have demonstrated
that CoQ10 can enhance oocytes quality by exerting antioxidant
effects and improving mitochondrial function (Chen et al., 2025).
However, the specific mechanisms underlying its action remain
inadequately understood. For instance, how does CoQ10 precisely
regulate the energy metabolism of oocytes? Is its antioxidant effect
mediated through specific signaling pathways? These questions
warrant further investigation through molecular biology and cell
biology experiments. Secondly, the dosage and treatment duration
of CoQ10 vary significantly across different studies, and there is
currently no standardized protocol. Future research should aim
to establish the optimal dosage and treatment duration tailored
to specific populations, such as age and ovarian reserve function
status, in order to maximize therapeutic efficacy while minimizing
potential side effects. Thirdly, the combined application of CoQ10
and other nutrients, such as melatonin (Zhang and Wu, 2025), may
yield synergistic effects. However, numerous unresolved questions
and avenues for exploration remain in this field. Future research
should investigate the absorption variations of different CoQ10
dosage forms when combined with other nutrients, while also
considering individual differences, including age and ovarian
reserve. Furthermore, it is recommended to prioritize research on
specific combination strategies tailored to various reproductive
disorder phenotypes, such as premature ovarian failure and oocyte
maturation disorders.
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Conclusion

CoQ10, recognized as a natural antioxidant and regulator
of energy metabolism, plays a crucial role in enhancing the
quality of oocytes and embryos, increasing pregnancy rates, and
safeguarding ovarian function. It demonstrates significant potential
in the treatment of infertility; however, numerous research gaps
remain that require urgent attention. A comprehensive exploration
of its mechanisms of action, optimization of dosage and treatment
protocols, evaluation of combined application effects, and expansion
of research scope are essential to further elucidate the role of CoQ10
in infertility treatment, thereby providing effective therapeutic
strategies for a broader patient population. Future research should
emphasize interdisciplinary collaboration, integrating basic research
with clinical practice to advance the application and development of
CoQ10 in reproductive health.

Author contributions

YJ: Data curation, Formal Analysis, Investigation, Software,
Writing – original draft. YH: Data curation, Formal Analysis,
Software, Writing – review and editing. PQ: Funding
acquisition, Project administration, Writing – review and editing.
FR: Conceptualization, Formal Analysis, Investigation, Software,
Project administration, Writing – review and editing, Writing –
original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article.This reviewwas supported

by grants from theWu JiepingMedical Foundation Research Special
Project (no. 320.6750.2024-06-8), the Project of Affiliated Hospital
of Shandong Second Medical University (no. 2022wyfzzjj02), and
the Project of Weifang Municipal Health Commission Project (no.
WFWSJK-2023-369).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product thatmay be evaluated in this article, or claim
thatmay bemade by itsmanufacturer, is not guaranteed or endorsed
by the publisher.

References

Abiri, B., and Vafa, M. (2021). Impact of coenzyme Q10 on inflammatory
biomarkers and its role in future therapeutic strategies. Clin. Nutr. ESPEN. 43, 25–30.
doi:10.1016/j.clnesp.2021.04.005

Ahmadi, A., Valencia, A. P., Begue, G., Norman, J. E., Fan, S., Durbin-Johnson,
B. P., et al. (2025). A pilot trial of nicotinamide riboside and coenzyme q10 on
inflammation and oxidative stress in CKD. Clin. J. Am. Soc. Nephrol. 20 (3), 346–357.
doi:10.2215/CJN.0000000624

Akarsu, S., Gode, F., Isik, A. Z., Dikmen, Z. G., and Tekindal, M. A. (2017). The
association between coenzyme Q10 concentrations in follicular fluid with embryo
morphokinetics and pregnancy rate in assisted reproductive techniques. J. Assist.
Reprod. Genet. 34 (5), 599–605. doi:10.1007/s10815-017-0882-x

Alexandru, I., Nistor, D., Motofelea, A. C., Cadar Andone, B., Crintea, A., Tatu, C.,
et al. (2024). Vitamins, coenzyme q10, and antioxidant strategies to improve oocyte
quality in women with gynecological cancers: a comprehensive review. Antioxidants 13
(12), 1567. doi:10.3390/antiox13121567

Arenas-Jal, M., Suñé-Negre, J. M., and García-Montoya, E. (2020). Coenzyme Q10
supplementation: efficacy, safety, and formulation challenges. Compr. Rev. Food Sci.
Food Saf. 19 (2), 574–594. doi:10.1111/1541-4337.12539

Ben-Meir, A., Burstein, E., Borrego-Alvarez, A., Chong, J., Wong, E., Yavorska,
T., et al. (2015). Coenzyme Q10 restores oocyte mitochondrial function and
fertility during reproductive aging. Aging Cell 14 (5), 887–895. doi:10.1111/acel.
12368

Bozdemir, N., Cakir, C., Topcu, U., and Uysal, F. (2025). A comprehensive review of
mitochondrial complex I duringmammalian oocytematuration.Genesis 63 (3), e70017.
doi:10.1002/dvg.70017

Brown, A. M., and McCarthy, H. E. (2023). The Effect of CoQ10 supplementation
on ART treatment and oocyte quality in older women. Hum. Fertil. 26 (6), 1544–1552.
doi:10.1080/14647273.2023.2194554

Carson, S. A., and Kallen, A. N. (2021). Diagnosis and management
of infertility: a review. JAMA 326 (1), 65–76. doi:10.1001/jama.
2021.4788

Chen, H., Wang, S., Song, M., Yang, D., and Li, H. (2025). Oocyte and
dietary supplements: a mini review. Front. Cell Dev. Biol. 13, 1619758.
doi:10.3389/fcell.2025.1619758

Colella, M., Cuomo, D., Peluso, T., Falanga, I., Mallardo, M., De Felice,
M., et al. (2021). Ovarian aging: role of Pituitary-Ovarian axis hormones and
ncRNAs in regulating ovarian mitochondrial activity. Front. Endocrinol. 12, 791071.
doi:10.3389/fendo.2021.791071

Coticchio, G., Lagalla, C., Sturmey, R., Pennetta, F., and Borini, A. (2019).
The enigmatic morula: mechanisms of development, cell fate determination, self-
correction and implications for ART. Hum. Reprod. Update 25 (4), 422–438.
doi:10.1093/humupd/dmz008

Deshwal, S., Onishi, M., Tatsuta, T., Bartsch, T., Cors, E., Ried, K., et al.
(2023). Mitochondria regulate intracellular coenzyme Q transport and ferroptotic
resistance via STARD7. Nat. Cell Biol. 25 (2), 246–257. doi:10.1038/s41556-
022-01071-y

Dong, S., Du, Y., Wang, H., Yuan, W., Ai, W., and Liu, L. (2025). Research
progress on the interaction between intestinal flora and microRNA in pelvic
inflammatory diseases. Non-Coding RNA Res. 11, 303–312. doi:10.1016/j.ncrna.
2025.01.007

Frontiers in Cell and Developmental Biology 08 frontiersin.org

https://doi.org/10.3389/fcell.2025.1633166
https://doi.org/10.1016/j.clnesp.2021.04.005
https://doi.org/10.2215/CJN.0000000624
https://doi.org/10.1007/s10815-017-0882-x
https://doi.org/10.3390/antiox13121567
https://doi.org/10.1111/1541-4337.12539
https://doi.org/10.1111/acel.-✐12368
https://doi.org/10.1111/acel.-✐12368
https://doi.org/10.1002/dvg.70017
https://doi.org/10.1080/14647273.2023.2194554
https://doi.org/10.1001/jama.-✐2021.4788
https://doi.org/10.1001/jama.-✐2021.4788
https://doi.org/10.3389/fcell.2025.1619758
https://doi.org/10.3389/fendo.2021.791071
https://doi.org/10.1093/humupd/dmz008
https://doi.org/10.1038/s41556--✐022-01071-y
https://doi.org/10.1038/s41556--✐022-01071-y
https://doi.org/10.1016/j.ncrna.-✐2025.01.007
https://doi.org/10.1016/j.ncrna.-✐2025.01.007
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org


Jiang et al. 10.3389/fcell.2025.1633166

Fan, L., Feng, Y., Chen, G., Qin, L., Fu, C., and Chen, L. (2017). Effects of
coenzyme Q10 supplementation on inflammatory markers: a systematic review
and meta-analysis of randomized controlled trials. Pharmacol. Res. 119, 128–136.
doi:10.1016/j.phrs.2017.01.032

Feng, Y., Wang, J., Li, M., Tian, Y., Zhao, A., Li, L., et al. (2022). Impaired primordial
follicle assembly in offspring ovaries from zearalenone-exposed mothers involves
reduced mitochondrial activity and altered epigenetics in oocytes. Cell. Mol. life Sci.
79 (5), 258. doi:10.1007/s00018-022-04288-0

Florou, P., Anagnostis, P., Theocharis, P., Chourdakis, M., and Goulis, D. G.
(2020). Does coenzyme Q(10) supplementation improve fertility outcomes in women
undergoing assisted reproductive technology procedures? A systematic review and
meta-analysis of randomized-controlled trials. J. Assist. Reprod. Genet. 37 (10),
2377–2387. doi:10.1007/s10815-020-01906-3

Garrido-Maraver, J., Cordero, M. D., Oropesa-Avila, M., Vega, A. F., de la Mata, M.,
Pavon, A. D., et al. (2014). Clinical applications of coenzyme Q10. Front. Biosci. 19 (4),
619–633. doi:10.2741/4231

Gat, I., Blanco Mejia, S., Balakier, H., Librach, C. L., Claessens, A., and Ryan,
E. A. J. (2016). The use of coenzyme Q10 and DHEA during IUI and IVF cycles
in patients with decreased ovarian reserve. Gynecol. Endocrinol. 32 (7), 534–537.
doi:10.3109/09513590.2015.1137095

Giannubilo, S. R., Orlando, P., Silvestri, S., Cirilli, I., Marcheggiani, F., Ciavattini,
A., et al. (2018). CoQ10 supplementation in patients undergoing IVF-ET: the
relationship with follicular fluid content and oocyte maturity. Antioxidants 7 (10), 141.
doi:10.3390/antiox7100141

Herweck, A. M., Delawalla, M. L., Reed, C., Carson, T. L., Ahuja, A., Chey, P.,
et al. (2025). Enhancing reproductive access: the influence of expanded employer
fertility benefits at a single academic center from 2017 to 2021. Am. J. Obstet. Gynecol.
doi:10.1016/j.ajog.2025.04.069

Heydarnejad, A., Ostadhosseini, S., Varnosfaderani, S. R., Jafarpour, F., Moghimi,
A., and Nasr-Esfahani, M. H. (2019). Supplementation of maturation medium with
CoQ10 enhances developmental competence of ovine oocytes through improvement
of mitochondrial function. Mol. Reprod. Dev. 86 (7), 812–824. doi:10.1002/mrd.23159

Higa, R., Roberti, S., Mazzucco, M. B., White, V., and Jawerbaum, A. (2018).
Effect of the antioxidant idebenone on maternal diabetes-induced embryo
alterations during early organogenesis. Reprod. Biomed. Online. 37 (4), 397–408.
doi:10.1016/j.rbmo.2018.05.006

Homer, H. A. (2021). Understanding oocyte ageing: can we influence
the process as clinicians? Curr. Opin. Obstet. Gynecol. 33 (3), 218–224.
doi:10.1097/GCO.0000000000000708

Honardoust, P., Najafpour, A., and Mohammadi, R. (2021). Influence of
systemic administration of Coq10 nanoparticles on ischemia-reperfusion injury
on ovaries in Rat. Evidence-based complementary Altern. Med. 2021, 2303417.
doi:10.1155/2021/2303417

Hornos Carneiro, M. F., Shin, N., Karthikraj, R., Barbosa, F. J., Kannan, K., and
Colaiácovo, M. P. (2020). Antioxidant CoQ10 restores fertility by rescuing bisphenol A-
Induced oxidative DNA damage in the caenorhabditis elegans germline. Genetics 214
(2), 381–395. doi:10.1534/genetics.119.302939

Izadi, A., Ebrahimi, S., Shirazi, S., Taghizadeh, S., Parizad, M., Farzadi, L., et al.
(2019). Hormonal and metabolic effects of coenzyme q10 and/or vitamin e in patients
with polycystic ovary syndrome. J. Clin. Endocrinol. metabolism 104 (2), 319–327.
doi:10.1210/jc.2018-01221

Kalantar, M., Hosseini, S. M., Hosseini, M. R., Kalantar, M. H., and Yang, L.
G. (2019). Effects of in ovo injection of coenzyme q10 on hatchability, subsequent
performance, and immunity of broiler chickens. Biomed. Res. Int. 2019, 7167525.
doi:10.1155/2019/7167525

Kuang, H., Zhao, D., Tian, Z., Liu, Z., Dai, S., Zheng, Y., et al. (2025). Association
between dietary coenzyme Q10 intake and hyperuricemia in Chinese adults: a
nationwide cross-sectional study. BMC Public Health 25 (1), 806. doi:10.1186/s12889-
024-21041-3

Labarta, E., de Los Santos, M. J., Escribá, M. J., Pellicer, A., and Herraiz, S.
(2019). Mitochondria as a tool for oocyte rejuvenation. Fertil. Steril. 111 (2), 219–226.
doi:10.1016/j.fertnstert.2018.10.036

Lee, C. H., Kang, M. K., Sohn, D. H., Kim, H. M., Yang, J., and Han, S. J. (2022).
Coenzyme Q10 ameliorates the quality of mouse oocytes during in vitro culture. Zygote
30 (2), 249–257. doi:10.1017/S0967199421000617

Li, X., Duan, J., Wang, S., Cheng, J., Chen, H., Zhang, Z., et al. (2023). Isorhamnetin
protects porcine oocytes from zearalenone-induced reproductive toxicity through the
PI3K/Akt signaling pathway. J. Anim. Sci. Biotechnol. 14 (1), 22. doi:10.1186/s40104-
022-00809-w

Liang, Y., Han, Y., Xiao, L., Su, Y., Bao, T., Ji, X., et al. (2025). Coenzyme Q10
modulates the immunity by enhancing mononuclear macrophage, NK cell activity, and
regulating gut microbiota. Front. Nutr. 12, 1504831. doi:10.3389/fnut.2025.1504831

López-Sánchez, C., de Andrés, F., Zougagh, M., and Ríos, Á. (2025). A multi-
step approach for the accurate screening and determination of Coenzyme Q(10)
(Nano)micelles. Anal. Chim. Acta. 1348, 343820. doi:10.1016/j.aca.2025.343820

Ma, L., Cai, L., Hu, M., Wang, J., Xie, J., Xing, Y., et al. (2020). Coenzyme
Q10 supplementation of human oocyte in vitro maturation reduces postmeiotic
aneuploidies. Fertil. Steril. 114 (2), 331–337. doi:10.1016/j.fertnstert.2020.04.002

Ma, L., Li, X., Li, C., Chen, P., Lan, Y., Huang, Y., et al. (2023). Association of
coenzyme q10 with premature ovarian insufficiency. Reprod. Sci. 30 (5), 1548–1554.
doi:10.1007/s43032-022-01136-1

Maddahi, A., Saberivand, A., Hamali, H., Jafarpour, F., and Saberivand, M. (2024).
Exploring the impact of heat stress on oocyte maturation and embryo development in
dairy cattle using a culture medium supplemented with vitamins E, C, and coenzyme
Q10. J. Therm. Biol. 119, 103759. doi:10.1016/j.jtherbio.2023.103759

Mantle, D., Heaton, R. A., and Hargreaves, I. P. (2021). Coenzyme q10 and immune
function: an overview. Antioxidants 10 (5), 759. doi:10.3390/antiox10050759

Marei, W. F. A., Van den Bosch, L., Pintelon, I., Mohey-Elsaeed, O., Bols, P. E. J.,
and Leroy, J. L. M. R. (2019). Mitochondria-targeted therapy rescues development and
quality of embryos derived from oocytes matured under oxidative stress conditions: a
bovine in vitro model. Hum. Reprod. 34 (10), 1984–1998. doi:10.1093/humrep/dez161

Meldrum, D. R., Casper, R. F., Diez-Juan, A., Simon, C., Domar, A. D., and Frydman,
R. (2016). Aging and the environment affect gamete and embryo potential: can we
intervene? Fertil. Steril. 105 (3), 548–559. doi:10.1016/j.fertnstert.2016.01.013

Miles, M. V., Horn, P. S., Tang, P. H., Morrison, J. A., Miles, L., DeGrauw, T., et al.
(2004). Age-related changes in plasma coenzyme Q10 concentrations and redox state
in apparently healthy children and adults. Clin. chimica acta; Int. J. Clin. Chem. 347
(1-2), 139–144. doi:10.1016/j.cccn.2004.04.003

Nesci, S., Spagnoletta, A., and Oppedisano, F. (2023). Inflammation, mitochondria
and natural compounds together in the circle of trust. Int. J. Mol. Sci. 24 (7), 6106.
doi:10.3390/ijms24076106

Nie, X., Dong, X., Hu, Y., Xu, F., Hu, C., and Shu, C. (2023). Coenzyme q10 stimulate
reproductive vatality. Drug Des. Dev. Ther. 17, 2623–2637. doi:10.2147/DDDT.S386974

Niu, Y., Zhou, W., Nie, Z., Shin, K., and Cui, X. (2020a). Melatonin enhances
mitochondrial biogenesis and protects against rotenone-induced mitochondrial
deficiency in early porcine embryos. J. Pineal Res. 68 (2), e12627. doi:10.1111/jpi.12627

Niu, Y. J., Zhou, W., Nie, Z. W., Zhou, D., Xu, Y. N., Ock, S. A., et al. (2020b).
Ubiquinol-10 delays postovulatory oocyte aging by improving mitochondrial renewal
in pigs. Aging 12 (2), 1256–1271. doi:10.18632/aging.102681

Qi, S., Liang, Q., Yang, L., Zhou, X., Chen, K., and Wen, J. (2022). Effect of Coenzyme
Q10 and transcutaneous electrical acupoint stimulation in assisted reproductive
technology: a retrospective controlled study. Reproductive Biol. Endocrinol. 20 (1), 167.
doi:10.1186/s12958-022-01043-9

Richani, D., Dunning, K. R., Thompson, J. G., and Gilchrist, R. B. (2021).
Metabolic co-dependence of the oocyte and cumulus cells: essential role in
determining oocyte developmental competence. Hum. Reprod. Update 27 (1), 27–47.
doi:10.1093/humupd/dmaa043

Rimle, L., Phillips, B. P., Codo Costa Barra, I. M., Arnold, N., Hennebert, C.,
Meier, T., et al. (2025). A splendid molecular factory: de- and reconstruction of the
mammalian respiratory chain. Proc. Natl. Acad. Sci. U. S. A. 122 (12), e2416162122.
doi:10.1073/pnas.2416162122

Romero, S., Pella, R., Zorrilla, I., Berrío, P., Escudero, F., Pérez, Y., et al.
(2020). Coenzyme Q10 improves the in vitro maturation of oocytes exposed to the
intrafollicular environment of patients on fertility treatment. JBRA Assist. Reprod. 24
(3), 283–288. doi:10.5935/1518-0557.20200003

Roşian, Ş. H., Boarescu, I., and Boarescu, P. (2025). Antioxidant and Anti-
Inflammatory effects of bioactive compounds in atherosclerosis. Int. J. Mol. Sci. 26 (3),
1379. doi:10.3390/ijms26031379

Ruiz-Conca, M., Gardela, J., Mogas, T., López-Béjar, M., and Álvarez-Rodríguez,
M. (2022). Apoptosis and glucocorticoid-related genes mRNA expression is
modulated by coenzyme Q10 supplementation during in vitro maturation and
vitrification of bovine oocytes and cumulus cells. Theriogenology 192, 62–72.
doi:10.1016/j.theriogenology.2022.08.030

Sarrible, G. B., Bazzano, M. V., Koutsovitis, C., Bilbao, M. G., Da Cuña, R. H.,
Neira, M., et al. (2025). Effects of coenzyme q10 supplementation on metabolic and
reproductive outcomes in obese rats. J. Ovarian Res. 18 (1), 22. doi:10.1186/s13048-
025-01604-7

Shang, Y., Song, N., He, R., and Wu, M. (2024). Antioxidants and fertility in women
with ovarian aging: a systematic review and Meta-Analysis. Adv. Nutr. Bethesda, Md 15
(8), 100273. doi:10.1016/j.advnut.2024.100273

Shi, G., Miller, C., Kuno, S., Rey Hipolito, A. G., El Nagar, S., Riboldi, G. M.,
et al. (2025). Coenzyme Q headgroup intermediates can ameliorate a mitochondrial
encephalopathy. Nature 9. doi:10.1038/s41586-025-09246-x

Shin, S. Y., Yoon, H. K., Kim, J. H., Kim, J. H., Park, C., Choi, D. H., et al. (2024).
The efficacy and safety of GF101 and its antioxidant effect on in vitro fertilization
outcomes: a double-Blind, non-Inferiority, randomized, controlled trial with coenzyme
Q10. Antioxidants 13 (3), 321. doi:10.3390/antiox13030321

Singh, U., Devaraj, S., and Jialal, I. (2007). CoenzymeQ10 supplementation and heart
failure. Nutr. Rev. 65 (6 Pt 1), 286–293. doi:10.1301/nr.2007.jun.286-293

Frontiers in Cell and Developmental Biology 09 frontiersin.org

https://doi.org/10.3389/fcell.2025.1633166
https://doi.org/10.1016/j.phrs.2017.01.032
https://doi.org/10.1007/s00018-022-04288-0
https://doi.org/10.1007/s10815-020-01906-3
https://doi.org/10.2741/4231
https://doi.org/10.3109/09513590.2015.1137095
https://doi.org/10.3390/antiox7100141
https://doi.org/10.1016/j.ajog.2025.04.069
https://doi.org/10.1002/mrd.23159
https://doi.org/10.1016/j.rbmo.2018.05.006
https://doi.org/10.1097/GCO.0000000000000708
https://doi.org/10.1155/2021/2303417
https://doi.org/10.1534/genetics.119.302939
https://doi.org/10.1210/jc.2018-01221
https://doi.org/10.1155/2019/7167525
https://doi.org/10.1186/s12889-024-21041-3
https://doi.org/10.1186/s12889-024-21041-3
https://doi.org/10.1016/j.fertnstert.2018.10.036
https://doi.org/10.1017/S0967199421000617
https://doi.org/10.1186/s40104-022-00809-w
https://doi.org/10.1186/s40104-022-00809-w
https://doi.org/10.3389/fnut.2025.1504831
https://doi.org/10.1016/j.aca.2025.343820
https://doi.org/10.1016/j.fertnstert.2020.04.002
https://doi.org/10.1007/s43032-022-01136-1
https://doi.org/10.1016/j.jtherbio.2023.103759
https://doi.org/10.3390/antiox10050759
https://doi.org/10.1093/humrep/dez161
https://doi.org/10.1016/j.fertnstert.2016.01.013
https://doi.org/10.1016/j.cccn.2004.04.003
https://doi.org/10.3390/ijms24076106
https://doi.org/10.2147/DDDT.S386974
https://doi.org/10.1111/jpi.12627
https://doi.org/10.18632/aging.102681
https://doi.org/10.1186/s12958-022-01043-9
https://doi.org/10.1093/humupd/dmaa043
https://doi.org/10.1073/pnas.2416162122
https://doi.org/10.5935/1518-0557.20200003
https://doi.org/10.3390/ijms26031379
https://doi.org/10.1016/j.theriogenology.2022.08.030
https://doi.org/10.1186/s13048-025-01604-7
https://doi.org/10.1186/s13048-025-01604-7
https://doi.org/10.1016/j.advnut.2024.100273
https://doi.org/10.1038/s41586-025-09246-x
https://doi.org/10.3390/antiox13030321
https://doi.org/10.1301/nr.2007.jun.286-293
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org


Jiang et al. 10.3389/fcell.2025.1633166

Siristatidis, C. S., Papapanou, M., Maheshwari, A., and Vaidakis, D. (2025).
In vitro maturation in subfertile women with polycystic ovarian syndrome
undergoing assisted reproduction. Cochrane database Syst. Rev. 2 (2), D6606.
doi:10.1002/14651858.CD006606.pub5

Stojkovic, M., Westesen, K., Zakhartchenko, V., Stojkovic, P., Boxhammer,
K., and Wolf, E. (1999). Coenzyme Q(10) in submicron-sized dispersion
improves development, hatching, cell proliferation, and adenosine triphosphate
content of in vitro-produced bovine embryos. Biol. Reprod. 61 (2), 541–547.
doi:10.1095/biolreprod61.2.541

Sun, D., Tong, W., Han, S., Wu, M., Li, P., Li, Y., et al. (2025). Effects of
dietary supplementation with Lactobacillus reuteri postbiotics on growth performance,
intestinal flora structure and plasma Metabolome of Weaned Piglets. Anim. (Basel) 15
(2), 204. doi:10.3390/ani15020204

Tamrakar, S. R., and Bastakoti, R. (2019). Determinants of infertility in couples. J.
Nepal Health Res. Counc. 17 (1), 85–89. doi:10.33314/jnhrc.1827

Tekin, Y. B., Tumkaya, L., Mercantepe, T., Topal, Z. S., Samanci, T. C., Yilmaz,
H. K., et al. (2024). Evaluation of the protective effect of coenzyme Q10 against x-
ray irradiation-induced ovarian injury. J. Obstet. Gynaecol. Res. 50 (7), 1242–1249.
doi:10.1111/jog.15966

Teppa-Garrán, A., Pérez-Peña, E., Sobrevia, L., and Marín, R. (2025). Pharmacologic
interventions targeting ovarian aging, cancer, and mitochondrial dysfunction: an
updated evidence. Biochim. Biophys. Acta Mol. Basis Dis. 1871 (8), 167987.
doi:10.1016/j.bbadis.2025.167987

Teran, E., Hernández, I., Tana, L., Teran, S., Galaviz-Hernandez, C.,
Sosa-Macías, M., et al. (2018). Mitochondria and coenzyme q10 in the
pathogenesis of preeclampsia. Front. Physiol. 9, 1561. doi:10.3389/fphys.2018.
01561

Tesarik, J., Galán-Lázaro, M., and Mendoza-Tesarik, R. (2021). Ovarian aging:
molecular mechanisms and medical management. Int. J. Mol. Sci. 22 (3), 1371.
doi:10.3390/ijms22031371

Vidal, A., Trejos, V., Pape, J., Karrer, T., Yilmaz, G., and von Wolff, M. (2025).
Lower pregnancy rate in women with high uterine peristalsis before embryo transfer:
a systematic review and meta-analysis. Reproductive Biol. Endocrinol. RB&E 23 (1), 49.
doi:10.1186/s12958-025-01380-5

Villalba, J. M., Parrado, C., Santos-Gonzalez, M., and Alcain, F. J. (2010). Therapeutic
use of coenzyme Q10 and coenzyme Q10-related compounds and formulations. Expert
Opin. Investig. Drugs 19 (4), 535–554. doi:10.1517/13543781003727495

Xu, Y., Nisenblat, V., Lu, C., Li, R., Qiao, J., Zhen, X., et al. (2018). Pretreatment with
coenzyme Q10 improves ovarian response and embryo quality in low-prognosis young

women with decreased ovarian reserve: a randomized controlled trial. Reproductive
Biol. Endocrinol. 16 (1), 29. doi:10.1186/s12958-018-0343-0

Xu, J., Lei, Y., Zhang, X., Li, J., Lin, Q., Wu, X., et al. (2025). Design
of CoQ(10) crops based on evolutionary history. Cell. 188 (7), 1941–1954.e15.
doi:10.1016/j.cell.2025.01.023

Yang, C., Liu, S., Miao, J., Mou, Q., Liu, X., Wang, P., et al. (2021). CoQ10
improves meiotic maturation of pig oocytes through enhancing mitochondrial
function and suppressing oxidative stress. Theriogenology 159, 77–86.
doi:10.1016/j.theriogenology.2020.10.009

Yang, L., Wang, H., Song, S., Xu, H., Chen, Y., Tian, S., et al. (2022). Systematic
Understanding of anti-aging effect of coenzyme Q10 on oocyte through a network
pharmacology approach. Front. Endocrinol. 13, 813772. doi:10.3389/fendo.2022.
813772

Yong, W., Ma, H., Na, M., Gao, T., Zhang, Y., Hao, L., et al. (2021). Roles of
melatonin in the field of reproductive medicine. Biomed. and Pharmacother. 144,
112001. doi:10.1016/j.biopha.2021.112001

Zhang, W., and Wu, F. (2025). Elevated linoleic acid intake becomes a risk factor for
polycystic ovary syndrome by affecting ovarian granulosa cells. FASEB J. 39 (7), e70518.
doi:10.1096/fj.202402648RR

Zhang, M., ShiYang, X., Zhang, Y., Miao, Y., Chen, Y., Cui, Z., et al. (2019).
Coenzyme Q10 ameliorates the quality of postovulatory aged oocytes by
suppressing DNA damage and apoptosis. Free Radic. Biol. and Med. 143, 84–94.
doi:10.1016/j.freeradbiomed.2019.08.002

Zhang, Y., Zhang, C., Shu, J., Guo, J., Chang,H., Leung, P. C. K., et al. (2020). Adjuvant
treatment strategies in ovarian stimulation for poor responders undergoing IVF: a
systematic review and network meta-analysis. Hum. Reprod. Update 26 (2), 247–263.
doi:10.1093/humupd/dmz046

Zhang, T., He, Q., Xiu, H., Zhang, Z., Liu, Y., Chen, Z., et al. (2023). Efficacy
and safety of coenzyme q10 supplementation in the treatment of polycystic ovary
syndrome: a systematic review and meta-analysis. Reprod. Sci. 30 (4), 1033–1048.
doi:10.1007/s43032-022-01038-2

Zhang,H., Yang, B., Zhang, P., Cao, J., Zhang, X., Gahallah, S., et al. (2025). Combined
treatment with IGF1, CoQ10 and melatonin improves the quality of bovine oocytes
and heat-shocked blastocysts. Biol. Reprod. Ioaf123., ioaf123. doi:10.1093/biolre/
ioaf123

Zhu, F., Yin, S., Yang, B., Li, S., Feng, X., Wang, T., et al. (2023). TEAS, DHEA,
CoQ10, andGH for poor ovarian response undergoing IVF-ET: a systematic review and
network meta-analysis. Reproductive Biol. Endocrinol. 21 (1), 64. doi:10.1186/s12958-
023-01119-0

Frontiers in Cell and Developmental Biology 10 frontiersin.org

https://doi.org/10.3389/fcell.2025.1633166
https://doi.org/10.1002/14651858.CD006606.pub5
https://doi.org/10.1095/biolreprod61.2.541
https://doi.org/10.3390/ani15020204
https://doi.org/10.33314/jnhrc.1827
https://doi.org/10.1111/jog.15966
https://doi.org/10.1016/j.bbadis.2025.167987
https://doi.org/10.3389/fphys.2018.-✐01561
https://doi.org/10.3389/fphys.2018.-✐01561
https://doi.org/10.3390/ijms22031371
https://doi.org/10.1186/s12958-025-01380-5
https://doi.org/10.1517/13543781003727495
https://doi.org/10.1186/s12958-018-0343-0
https://doi.org/10.1016/j.cell.2025.01.023
https://doi.org/10.1016/j.theriogenology.2020.10.009
https://doi.org/10.3389/fendo.2022.-✐813772
https://doi.org/10.3389/fendo.2022.-✐813772
https://doi.org/10.1016/j.biopha.2021.112001
https://doi.org/10.1096/fj.202402648RR
https://doi.org/10.1016/j.freeradbiomed.2019.08.002
https://doi.org/10.1093/humupd/dmz046
https://doi.org/10.1007/s43032-022-01038-2
https://doi.org/10.1093/biolre/-✐ioaf123
https://doi.org/10.1093/biolre/-✐ioaf123
https://doi.org/10.1186/s12958--✐023-01119-0
https://doi.org/10.1186/s12958--✐023-01119-0
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org

	Introduction
	CoQ10 in assisted reproductive technology
	CoQ10 and oocyte quality
	CoQ10 and ovarian aging
	CoQ10 and embryonic development
	CoQ10 and female fertility
	CoQ10 in combination therapy
	Future research directions and unresolved questions

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References

