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Abstract

Infertility is a growing global public health concern, affecting approximately 17.5% of the population and imposing 
significant psychological, social, and economic burdens. Conventional treatments, including pharmacological 
interventions and assisted reproductive technologies, are often costly, invasive, and associated with variable 
outcomes. Increasing evidence highlights the role of modifiable lifestyle factors, particularly nutrition, in 
influencing reproductive health. This narrative review critically examines the potential of dietary approaches as 
adjunct therapies in infertility management. Current literature indicates that healthy dietary patterns rich in fruits, 
vegetables, whole grains, lean proteins, and unsaturated fats are associated with improved fertility outcomes, 
whereas Western dietary patterns may adversely affect reproductive parameters. Key micronutrients such as 
folate, Vitamin D, zinc, selenium, and antioxidants play essential roles in regulating hormonal balance, reducing 
oxidative stress, and enhancing gamete quality. Mechanistically, dietary interventions may mitigate infertility 
through modulation of oxidative stress, inflammation, and metabolic dysfunction. However, heterogeneity in study 
designs and lack of standardized dietary guidelines limit definitive conclusions. This review synthesizes existing 
evidence on dietary patterns, micronutrients, and functional foods, highlighting their potential as complementary 
strategies alongside conventional treatments. It also identifies critical research gaps and emphasizes the need for 
well-designed clinical studies to establish evidence-based nutritional guidelines for infertility management.
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INTRODUCTION

Infertility has become a significant global 
public health issue, impacting millions of 
individuals and couples globally and inflicting 

considerable psychological, social, emotional, 
and economic difficulties on those afflicted.[1] 
The inability to conceive affects reproductive 
health and substantially impairs mental well-
being, marital relationships, and overall quality 
of life.[2] The World Health Organization reports 
that roughly 17.5% of the global adult population 
encounters infertility at some point in their 
reproductive lives, suggesting that about one in 
six adults globally is impacted by this ailment. The 
rising incidence of infertility in both developed and 
developing countries has heightened the demand 
for comprehensive, accessible, and affordable 
therapeutic strategies to enhance reproductive 
outcomes and overall reproductive health.[3]

Conventionally, the management of infertility 
has primarily depended on pharmaceutical 

treatments, hormonal therapies, surgical interventions, and 
assisted reproductive technologies (ART) including in vitro 
fertilization (IVF) and intracytoplasmic sperm injection 
(ICSI). While these methods have transformed reproductive 
medicine and enhanced conception rates in numerous 
instances, they continue to be costly, technologically 
intensive, invasive, and frequently linked to physical, mental, 
and financial strain. The success rates of ART operations are 
inconsistent and may be affected by various physiological 
and lifestyle parameters, including age, metabolic health, 
oxidative stress, environmental exposures, and nutritional 
status. As a result, there has been a growing focus in the 
scientific community on discovering modifiable lifestyle 
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factors that can act as supporting or supplementary therapy 
strategies in the management of infertility.[4]

Nutrition has become a crucial factor influencing 
reproductive function and fertility potential among many 
lifestyle elements. Growing evidence from epidemiological, 
clinical, and experimental studies indicates that dietary 
patterns, nutrient consumption, and overall nutritional status 
are crucial in regulating various reproductive processes, 
including gametogenesis, steroidogenesis, ovulation, 
fertilization, embryo development, implantation, and 
pregnancy maintenance. Both male and female fertility are 
acutely influenced by dietary imbalances, with deficiencies 
or surpluses of particular nutrients potentially impairing 
endocrine function, reproductive hormone production, and 
cellular reproductive processes. Nutritional variables can 
affect fertility directly by altering reproductive physiology 
or indirectly by influencing obesity, insulin resistance, 
inflammation, and oxidative stress.

Recent scientific literature indicates that adherence to 
nutritious dietary patterns, especially those abundant in fruits, 
vegetables, whole grains, legumes, nuts, lean meats, seafood, 
and unsaturated fatty acids, may enhance reproductive results 
in both genders. Eating models, including the Mediterranean 
diet and sensible eating patterns, are correlated with improved 
semen quality, enhanced ovulatory function, superior embryo 
quality, and increased success rates in ART treatments. The 
advantageous effects are mostly ascribed to the elevated 
antioxidant levels, anti-inflammatory characteristics, and 
better lipid profiles linked to these diets.[5] Conversely, 
Western dietary patterns marked by high intake of processed 
foods, refined carbohydrates, trans fats, saturated fats, 
sugary drinks, and red or processed meats have been linked 
to compromised reproductive metrics, such as diminished 
sperm concentration and motility, ovulatory dysfunction, 
endocrine disruption, and reduced fecundity.[6]

Micronutrients have become significantly important in 
reproductive nutrition research because of their roles in 
cellular metabolism, DNA synthesis, antioxidant defense, 
and hormonal regulation. Micronutrients such as folate, 
Vitamin D, Vitamin B12, zinc, selenium, iron, omega-3 
fatty acids, and antioxidants such as vitamins C and E 
are acknowledged as vital components of reproductive 
physiology. Folate is essential for DNA methylation, oocyte 
maturation, and embryonic development, whereas zinc 
and selenium play roles in sperm generation, motility, and 
protection from oxidative damage. Vitamin D is associated 
with ovarian follicular growth, endometrial receptivity, and 
the modulation of reproductive hormones. Furthermore, 
antioxidants are crucial in neutralizing reactive oxygen 
species (ROS), therefore mitigating oxidative stress-related 
cellular damage in reproductive organs.[6]

Oxidative stress, persistent low-grade inflammation, and 
metabolic dysregulation are widely acknowledged as 

fundamental pathophysiological pathways connecting 
inadequate dietary practices to infertility. Excessive 
production of ROS can weaken sperm membrane integrity, 
damage DNA, diminish oocyte quality, and adversely affect 
implantation and embryonic development. Obesity, insulin 
resistance, and inflammatory disorders such as polycystic 
ovary syndrome (PCOS) and endometriosis are intricately 
linked to modified nutritional status and reproductive 
impairment. Nutritional interventions designed to enhance 
antioxidant defense mechanisms, mitigate inflammation, and 
improve metabolic homeostasis have garnered significant 
interest as potential adjuvant therapy for infertility.[7]

Numerous interventional studies have shown that dietary 
alterations and specific nutritional supplementation can 
enhance reproductive results. Diets abundant in antioxidants, 
along with supplementation of omega-3 fatty acids, coenzyme 
Q10, myo-inositol, folic acid, selenium, and vitamins, have 
demonstrated favorable benefits on sperm quality, ovarian 
reserve, monthly regularity, endocrine equilibrium, and 
ART success rates. Antioxidant supplementation in men has 
been linked to enhancements in sperm quantity, motility, 
morphology, and DNA integrity. Dietary therapies in women 
have shown potential advantages in enhancing ovulatory 
function, insulin sensitivity, endometrial receptivity, and 
embryo quality.[8] Nonetheless, despite these promising 
results, discrepancies persist among studies owing to 
variations in research demographics, intervention durations, 
dietary assessment methodologies, sample sizes, and clinical 
objectives.

Despite the growing quantity of scientific evidence linking 
nutrition to fertility, globally acknowledged and regulated 
dietary guidelines specifically for persons facing infertility 
remain absent. The diversity of infertility causes, together with 
differences in genetic, environmental, cultural, and lifestyle 
factors, complicates the formulation of accurate nutritional 
guidelines. Moreover, numerous current researches are 
observational, constraining the capacity to determine causal 
links between dietary changes and reproductive outcomes. 
A comprehensive synthesis of existing information is crucial 
to enhance understanding of the therapeutic potential, 
mechanisms of action, and practical use of dietary treatments 
in the management of infertility.

Nutritional therapy is increasingly being investigated not 
as a standalone treatment, but as an adjunctive method that 
can enhance standard infertility treatments and improve 
reproductive results.[1] Incorporating evidence-based 
dietary approaches into infertility treatment may provide a 
non-invasive, economical, and comprehensive method for 
improving reproductive health while also tackling related 
metabolic and inflammatory conditions.

This narrative review seeks to critically assess and integrate 
existing scientific information on dietary therapies in 
infertility, focusing specifically on their function as 
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supplementary therapy strategies. The review examines the 
impact of dietary patterns, micronutrients, antioxidants, 
functional foods, and nutritional supplementation on 
reproductive health and fertility outcomes. Furthermore, it 
aims to clarify the fundamental physiological and molecular 
mechanisms involved, pinpoint existing research gaps and 
limitations, and establish a scientific basis for the formulation 
of evidence-based nutritional policies to enhance conception 
and reproductive health.

PHYSIOLOGY OF INFERTILITY

Infertility is a multifaceted reproductive illness arising from 
disruptions in the intricately linked physiological mechanisms 
essential for human reproduction. The successful conception 
and maintenance of pregnancy necessitate the coordinated 
operation of endocrine control, gametogenesis, fertilization, 
embryo development, implantation, and uterine receptivity. 
Any disruption in these systems, whether stemming from 
hormonal imbalances, metabolic abnormalities, oxidative 
stress, genetic flaws, environmental exposures, or lifestyle 
variables, can adversely affect fertility in both males and 
females.[9] The physiology of infertility encompasses 
complex interactions among the neuroendocrine system, 
reproductive organs, immunological responses, and cellular 
metabolic pathways.

The hypothalamic-pituitary-gonadal (HPG) axis centrally 
regulates reproductive physiology, essential for sustaining 
reproductive homeostasis. The hypothalamus releases 
gonadotropin-releasing hormone (GnRH) in a pulsatile 
manner, prompting the anterior pituitary gland to secrete 
luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH). These gonadotropins govern gonadal functions, 
encompassing spermatogenesis in males and follicular 
development, ovulation, and steroid hormone synthesis 
in females.[10] The appropriate pulsatile release of GnRH 
is crucial for optimal reproductive function, since changes 
in pulse frequency or amplitude can interfere with LH and 
FSH secretion, resulting in compromised gonadal activity. 
Conditions such as hypothalamic amenorrhea, pituitary 
dysfunction, hyperprolactinemia, thyroid problems, and 
chronic stress can disrupt HPG axis signaling and lead 
to infertility. Moreover, metabolic disorders including 
obesity, insulin resistance, and diabetes mellitus can disrupt 
neuroendocrine function and compromise reproductive 
hormone equilibrium, thus adversely impacting fertility.[11]

Female fertility is significantly reliant on the proper 
functioning of the ovaries and the synchronized process 
of folliculogenesis. Follicular development encompasses 
the maturation of ovarian follicles from primordial to 
preovulatory phases, driven by FSH, LH, estrogen, and 
several intra-ovarian growth hormones. Disruptions in these 
processes may lead to anovulation, irregular menstrual 
periods, or compromised oocyte maturation, which are 

prevalent causes of female infertility.[12] Conditions such 
as PCOS, reduced ovarian reserve, endometriosis, and 
premature ovarian insufficiency are linked to irregularities in 
follicular development and ovulatory dysfunction. In PCOS, 
hyperinsulinemia and hyperandrogenism disrupt follicular 
maturation and ovulation, whereas premature ovarian 
insufficiency results in the depletion of ovarian follicles and 
diminished estrogen production.

The quality of oocytes is a significant factor in female 
fertility, determined by mitochondrial activity, oxidative 
balance, hormonal regulation, and nutritional health. 
Oocytes are particularly vulnerable to oxidative damage 
because of their increased metabolic activity and extended 
meiotic arrest. Excessive oxidative stress can compromise 
mitochondrial function, damage oocyte DNA, disrupt 
meiotic spindle assembly, and diminish fertilization potential. 
Moreover, deficits in vital micronutrients and antioxidants 
may further undermine oocyte competence and embryonic 
development.[13] Hormonal abnormalities of estrogen and 
progesterone may hinder endometrial receptivity, crucial for 
successful implantation and early pregnancy maintenance.

Male fertility is fundamentally reliant on effective 
spermatogenesis and proper sperm functionality. 
Spermatogenesis transpires in the seminiferous tubules of the 
testes, regulated by FSH, LH, and testosterone synthesized 
by Leydig cells. This intricate process encompasses the 
proliferation, differentiation, and maturation of spermatogonia 
into functional spermatozoa. Numerous physiological and 
pathological variables can impair spermatogenesis, including 
hormonal deficits, varicocele, infections, environmental 
pollutants, thermal stress, tobacco use, alcohol intake, 
obesity, and nutritional inadequacies.[14] Oxidative stress 
is regarded as a significant factor in male infertility, since 
increased levels of ROS can lead to sperm DNA breakage, 
lipid peroxidation of sperm membranes, diminished motility, 
and aberrant morphology. Spermatozoa exhibit constrained 
antioxidant defense systems, rendering them more susceptible 
to oxidative injury. Research has shown that sufficient 
antioxidant levels are essential for preserving sperm integrity, 
motility, capacitation, and fertilization capability.[15]

Fertilization is a specific physiological process involving the 
interaction between a mature egg and a viable sperm in the 
ampullary region of the fallopian tube. Successful fertilization 
necessitates adequate sperm motility, capacitation, acrosomal 
response, and penetration of the zona pellucida encasing the 
oocyte.[16] Subsequent to fertilization, the zygote undergoes 
cleavage divisions and matures into a blastocyst before its 
implantation in the uterus. Deficiencies in sperm functionality, 
oocyte quality, tubal patency, or embryonic development 
might hinder fertilization and diminish pregnancy success 
rates. Moreover, chromosomal anomalies, mitochondrial 
malfunction, and oxidative damage can impair embryonic 
development, resulting in implantation failure, recurrent 
pregnancy loss, or early embryonic arrest.[17]
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The endometrium is essential for fertility due to its periodic 
preparation for embryo implantation. Estrogen and 
progesterone induce proliferative and secretory modifications 
in the endometrium, creating a conducive environment for 
implantation. A responsive endometrium is defined by ideal 
thickness, sufficient vascularization, immunological tolerance, 
and proper production of cytokines, growth factors, and 
adhesion molecules.[18] Disruptions in hormonal signaling, 
persistent inflammation, endometriosis, uterine fibroids, 
or compromised uterine blood flow may adversely impact 
endometrial receptivity and the success of implantation. Nitric 
oxide-mediated vascular control is crucial for sustaining uterine 
perfusion, and endothelial dysfunction may diminish blood 
flow to the endometrium, thereby jeopardizing implantation.[19]

Oxidative stress and persistent low-grade inflammation are 
becoming acknowledged as essential processes contributing to 
infertility in both genders. ROSs are produced normally during 
cellular metabolism; however, excessive ROS generation or 
insufficient antioxidant defense can result in oxidative damage 
to lipids, proteins, and nucleic acids in reproductive tissues.[20] 
In females, oxidative stress can hinder folliculogenesis, oocyte 
maturation, and embryonic development, while in males, 
it leads to sperm malfunction and DNA damage. Chronic 
inflammation exacerbates reproductive failure by modifying 
cytokine profiles, affecting endocrine signaling, and decreasing 
tissue homeostasis. Nutritional inadequacies, inadequate 
dietary practices, environmental contaminants, tobacco use, 
psychological stress, and sedentary lifestyles might exacerbate 
oxidative stress and inflammatory responses, thus establishing 
a detrimental reproductive environment.[21]

Metabolic disorders, including obesity, insulin resistance, 
and metabolic syndrome, are significantly linked to 
compromised reproductive physiology. Excess adiposity 
modifies endocrine function by elevating the release of 
inflammatory cytokines, inducing leptin resistance, and 
disrupting estrogen metabolism. Insulin resistance associated 
with obesity leads to hyperinsulinemia, which interferes 
with ovarian steroidogenesis and fosters androgen excess, 
especially in women with PCOS.[22] In males, obesity 
correlates with diminished testosterone levels, compromised 
spermatogenesis, and heightened oxidative stress. Moreover, 
lifestyle factors such as inadequate diet, lack of physical 
activity, psychological stress, alcohol intake, smoking, 
and exposure to environmental toxins substantially affect 
reproductive health and fertility potential. Given that 
numerous determinants are changeable, they present a 
significant opportunity for preventative and supplementary 
treatment interventions designed to enhance reproductive 
outcomes through lifestyle and nutritional adjustments.[23]

FOOD COMPOSITION AND FERTILITY

Dietary intake is widely acknowledged as a crucial modifiable 
factor influencing reproductive health and fertility outcomes. 

Nutrition affects fertility by maintaining physiological 
homeostasis and directly influencing hormonal control, 
gamete quality, oxidative balance, inflammatory pathways, 
and metabolic function.[24] Overall dietary patterns and 
specific nutrients greatly influence reproductive performance 
in both males and females. Epidemiological research, 
clinical investigations, and experimental models have 
repeatedly shown that nutritional status can either augment 
or detract from reproductive function, contingent upon the 
quality, amount, and balance of eaten nutrients. Nutritional 
deficiencies, excessive caloric consumption, suboptimal 
dietary practices, and metabolic irregularities are increasingly 
linked to ovulatory dysfunction, decreased spermatogenesis, 
diminished implantation potential, and negative pregnancy 
outcomes. Thus, comprehending the correlation between 
dietary composition and fertility has emerged as a 
critical domain in reproductive nutrition research. This 
section rigorously assesses the impact of macronutrients, 
micronutrients, antioxidants, and phytochemicals on 
reproductive physiology and fertility results.

Macronutrients

Macronutrients, comprising carbs, proteins, and fats, are 
the primary energy sources and are essential for sustaining 
metabolic homeostasis, endocrine equilibrium, and cellular 
function. Their impact on fertility is facilitated by various 
processes, including the control of insulin sensitivity, 
inflammatory responses, steroid hormone production, and 
oxidative metabolism. The quality and composition of 
macronutrient consumption are essential factors influencing 
reproductive health.

Carbohydrate consumption significantly influences glucose 
metabolism and insulin dynamics, both of which are 
intricately connected to reproductive physiology. Diets 
with elevated glycemic index (GI) and glycemic load cause 
fast increases in blood glucose and insulin concentrations. 
Chronic hyperglycemia and hyperinsulinemia can interfere 
with ovarian steroidogenesis, hinder follicular growth, and 
lead to ovulatory dysfunction. These metabolic abnormalities 
are particularly significant in women with PCOS, in which 
insulin resistance and hyperinsulinemia are fundamental 
pathogenic characteristics.[22,25] Increased insulin levels 
promote androgen synthesis by ovarian theca cells, leading 
to hormonal dysregulation and disrupted ovulation. Diets 
abundant in low-GI complex carbs, including whole grains, 
legumes, fruits, vegetables, and dietary fiber, enhance insulin 
sensitivity, maintain stable glucose homeostasis, and diminish 
systemic inflammation. These dietary patterns are linked to 
improved ovulatory function, increased menstrual regularity, 
and a reduced risk of infertility.[26] Moreover, low-GI 
meals may diminish oxidative stress and the production of 
inflammatory cytokines, therefore fostering a more conducive 
reproductive environment. Nonetheless, despite encouraging 
data, the influence of carbohydrate quality on fertility may 
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differ based on genetic predisposition, body composition, 
and existing metabolic disorders.

Protein consumption is vital for reproductive health, as 
proteins are necessary for tissue repair, enzymatic function, 
hormone production, and cellular growth. Recent evidence 
indicates that the origin of dietary protein markedly affects 
reproductive results. Plant-based proteins derived from 
legumes, nuts, seeds, soy products, and whole grains are 
linked to enhanced ovulatory receptivity and a diminished risk 
of infertility.[27,28] These meals are frequently accompanied by 
advantageous nutrients, including dietary fiber, antioxidants, 
phytochemicals, magnesium, and unsaturated fatty acids, 
which collectively enhance metabolic and reproductive 
health. Conversely, high consumption of animal proteins, 
especially red and processed meats, has been linked to negative 
reproductive effects. Excessive intake of processed meats 
may elevate oxidative stress, inflammation, and exposure 
to environmental pollutants, hormones, and antibiotics, 
thereby impairing reproductive physiology. However, not all 
proteins derived from animals have harmful effects. Fish and 
seafood are abundant in high-quality proteins and omega-3 
polyunsaturated fatty acids (PUFAs), which exhibit anti-
inflammatory and antioxidant characteristics. Consistent 
intake of fish has been linked to higher semen quality, reduced 
time to conception, and improved reproductive results.[29]

Dairy products exhibit a multifaceted and rather contentious 
association with fertility. Certain studies indicate that high-
fat dairy products may enhance ovulatory function by 
affecting estrogen metabolism and insulin-like growth factor 
pathways, while low-fat dairy consumption has been linked 
to a heightened risk of anovulatory infertility in specific 
populations.[30] These findings underscore the intricacy of 
dietary protein interactions within the reproductive system 
and indicate that fertility outcomes are affected by the 
comprehensive dietary pattern rather than by individual 
nutrients alone.

Dietary fats are essential to reproductive physiology as they 
constitute structural elements of cellular membranes and serve 
as precursors for steroid hormone production. The kind and 
quality of dietary fat ingested are critical factors influencing 
reproductive outcomes. Omega-3 PUFAs, typically found in 
fatty fish, flaxseeds, chia seeds, and walnuts, demonstrate 
significant anti-inflammatory and antioxidant effects. These 
fatty acids participate in prostaglandin synthesis, modulation 
of membrane fluidity, follicular maturation, sperm membrane 
integrity, embryonic development, and implantation.[31] 
Elevated omega-3 consumption has been linked to superior 
oocyte quality, enhanced embryo morphology, and improved 
sperm motility.

In contrast, trans fatty acids, commonly included in 
processed foods, fast foods, baked goods, and fried items, 
are linked to heightened inflammation, insulin resistance, 
endothelial dysfunction, and oxidative stress. A significant 

consumption of trans fats has been associated with ovulatory 
infertility, diminished semen quality, and compromised 
endocrine function. Likewise, high intake of saturated fats 
may adversely affect metabolic health and the equilibrium 
of reproductive hormones.[32] Conversely, monounsaturated 
fatty acids, present in olive oil, avocados, and nuts, are 
seen as advantageous for fertility and are integral to the 
Mediterranean dietary pattern, which has been repeatedly 
linked to enhanced reproductive results.[33]

The composition and quality of macronutrient intake 
collectively exert a considerable influence on reproductive 
physiology by affecting endocrine control, metabolic 
homeostasis, oxidative balance, and inflammatory pathways. 
Diets that prioritize low-glycemic carbohydrates, plant-
based proteins, omega-3 fatty acids, and monounsaturated 
fats promote hormonal equilibrium, enhance gamete quality, 
and improve reproductive results. Diets high in refined 
carbohydrates, trans fats, processed foods, and excessive 
saturated fats may adversely affect reproductive health due to 
metabolic and endocrine dysregulation.

Micronutrients

Micronutrients, comprising vitamins and trace elements, 
are essential in minimal quantities yet crucial for optimal 
reproductive physiology. They engage in several biochemical 
and enzymatic processes related to DNA synthesis, cellular 
metabolism, antioxidant defense, hormone generation, 
and immunological control. Consequently, sufficient 
micronutrient consumption is vital for gametogenesis, 
fertilization, implantation, placental development, and fetal 
growth.

Folate (Vitamin B9) is among the most well-researched 
micronutrients in reproductive nutrition, owing to its 
pivotal function in one-carbon metabolism, DNA synthesis, 
methylation processes, and cellular division. These 
mechanisms are essential for oocyte maturation, fertilization, 
embryogenesis, and placental development. Optimal folate 
levels have been linked to superior oocyte quality, enhanced 
embryo viability, elevated implantation rates, and diminished 
risk of ovulatory infertility.[34,35] On the other hand, folate 
deficiency might hinder ovulation, raise homocysteine 
levels, and augment the chance of miscarriage and congenital 
anomalies.

Vitamin B12 operates synergistically with folate in one-
carbon metabolism and aids in the maintenance of proper 
homocysteine metabolism. Increased homocysteine levels 
have been linked to endothelial dysfunction, compromised 
implantation, recurrent pregnancy loss, and diminished 
reproductive potential.[36] An adequate diet of both folate 
and Vitamin B12 is crucial for sustaining reproductive 
competence and facilitating good embryonic development.
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Vitamin D has become a significant vitamin in reproductive 
medicine. In addition to its traditional function in calcium 
and bone metabolism, Vitamin D serves as a steroid hormone 
that regulates gene expression, modulates immunological 
responses, and influences reproductive tissue activity. Vitamin 
D receptors are extensively present in the ovaries, endometrium, 
placenta, testes, and pituitary gland. Vitamin D deficiency 
is common among adults of reproductive age and is linked 
to diseases like PCOS, endometriosis, diminished ovarian 
reserve, compromised endometrial receptivity, and suboptimal 
ART outcomes.[37,38] Optimal Vitamin D levels may enhance 
ovulatory function, endometrial thickness, implantation 
success, and pregnancy rates. Nonetheless, results are varied 
among research, and additional clinical trials are necessary to 
create uniform supplementation procedures.[39]

Trace elements including zinc, selenium, iron, magnesium, 
and copper are essential for reproductive health. Zinc is 
crucial for spermatogenesis, testosterone metabolism, DNA 
synthesis, and cellular proliferation. Zinc insufficiency is 
linked to diminished sperm count, compromised motility, 
aberrant morphology, and hormonal dysregulation. Selenium 
acts as a coenzyme for antioxidant enzymes such as 
glutathione peroxidase and safeguards reproductive organs 
from oxidative harm. It also plays a role in thyroid hormone 
metabolism, which indirectly affects reproductive function. 
Iron is crucial for oxygen delivery, mitochondrial energy 
generation, and cellular metabolism. Iron deficiency anemia 
is associated with ovulatory failure, tiredness, and diminished 
reproductive potential.[40]

Micronutrients are essential factors influencing reproductive 
health and fertility outcomes. An adequate intake of vitamins 
and important trace elements sustains endocrine equilibrium, 
cellular metabolism, antioxidant defense, and gamete quality, 
whereas deficiencies can alter metabolic and hormonal 
pathways, ultimately compromising reproductive function.

Phytochemicals, antioxidants, and fertility

Oxidative stress is widely acknowledged as a significant 
underlying factor in infertility. This arises from a disparity 
between the generation of ROS and the body’s antioxidant 
defense systems. Excessive ROS production can harm 
cellular lipids, proteins, mitochondria, and DNA, thereby 
compromising gamete quality, fertilization, embryo growth, 
and implantation. Reproductive cells demonstrate elevated 
metabolic activity and constrained antioxidant defense, 
rendering them especially vulnerable to oxidative damage.[41]

Antioxidants are essential in neutralizing ROS and 
safeguarding reproductive organs from oxidative damage. 
Significant non-enzymatic antioxidants are vitamins C and 
E, glutathione, coenzyme Q10, carotenoids, and melatonin, 
whereas enzymatic antioxidants consist of superoxide 
dismutase, catalase, and glutathione peroxidase.[41] In males, 

oxidative stress significantly contributes to sperm failure, 
resulting in compromised motility, aberrant morphology, 
membrane lipid peroxidation, and DNA breakage. Antioxidant 
supplementation has been linked to enhancements in semen 
quality, sperm concentration, and DNA integrity. In females, 
oxidative stress can hinder follicular development, diminish 
oocyte competence, disturb endometrial receptivity, and 
adversely affect embryo development. Antioxidant therapy 
may enhance ovarian reserve, oocyte quality, and results 
of ART.[42,43] Excessive antioxidant supplementation may 
paradoxically produce pro-oxidant effects, highlighting the 
necessity of balanced antioxidant consumption.

Phytochemicals are naturally occurring bioactive molecules 
found in plant-based diets, including fruits, vegetables, whole 
grains, herbs, legumes, tea, and spices. These chemicals 
exhibit antioxidant, anti-inflammatory, immunomodulatory, 
and hormone-regulating activities that may beneficially 
affect reproductive health. Carotenoids, including β-carotene, 
act as vitamin A precursors and have a role in ovarian 
steroidogenesis, follicular growth, and safeguarding against 
oxidative stress in the follicular milieu.[44]

Polyphenols, including flavonoids, phenolic acids, 
anthocyanins, and resveratrol, have demonstrated the ability 
to boost endothelial function, improve uterine blood flow, 
regulate inflammatory pathways, and facilitate implantation. 
These substances may enhance insulin sensitivity and 
diminish chronic inflammation, therefore aiding persons with 
metabolic diseases such as PCOS. Moreover, phytoestrogens 
included in soy products and legumes can demonstrate either 
estrogenic or anti-estrogenic actions, contingent upon their 
concentration and physiological environment. Moderate 
intake of phytoestrogens may promote hormonal equilibrium 
and reproductive health, whereas excessive consumption 
may impair endocrine function.[45]

Phytochemicals and antioxidants have a crucial role in 
reproductive health by diminishing oxidative stress, regulating 
inflammatory responses, enhancing vascular function, and 
facilitating hormonal regulation. Diets abundant in fruits, 
vegetables, legumes, nuts, seeds, and whole grains offer a 
variety of bioactive substances that may improve gamete quality, 
implantation potential, and reproductive results. Nonetheless, 
the therapeutic utilization of certain phytochemicals is 
constrained by inconsistencies in study designs, demographic 
features, dose protocols, and clinical results. Consequently, 
additional extensive, rigorously controlled research is 
necessary to determine optimal intake levels, elucidate 
mechanisms of action, and formulate evidence-based clinical 
recommendations for reproductive health therapies.

DIETARY PATTERNS AND FERTILITY

While specific nutrients are crucial for reproductive 
physiology, overall dietary patterns offer a more extensive 
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and holistic perspective on the impact of nutrition on 
fertility. Dietary patterns embody the collective and 
synergistic influences of many nutrients, foods, and eating 
behaviors on metabolic health, endocrine regulation, 
oxidative equilibrium, inflammation, and reproductive 
function. In contrast to isolated nutrient analysis, dietary 
pattern evaluation accurately represents actual eating 
behaviors, hence providing an enhanced understanding of the 
connection between nutrition and fertility outcomes. Recent 
research indicates that sustained adherence to nutritious food 
patterns enhances reproductive health in both genders, while 
detrimental dietary habits lead to infertility through metabolic 
and inflammatory disruptions.

The Mediterranean diet is one of the most thoroughly 
researched and acknowledged dietary patterns that support 
fertility. The Mediterranean diet is defined by a substantial 
intake of fruits, vegetables, legumes, whole grains, nuts, 
seeds, olive oil, and fish, a moderate consumption of dairy 
products, and a restricted intake of red meat, processed 
foods, and refined carbohydrates. This dietary pattern offers 
a wealth of antioxidants, dietary fiber, monounsaturated 
fatty acids, omega-3 PUFAs, vitamins, minerals, and 
anti-inflammatory phytochemicals, all of which enhance 
reproductive function. Compliance with the Mediterranean 
diet has consistently correlated with superior semen quality, 
higher sperm concentration and motility, improved ovulatory 
function, elevated conception rates, and better results in 
ART.[46,47] The advantageous effects of this dietary pattern are 
chiefly ascribed to its capacity to diminish oxidative stress, 
enhance insulin sensitivity, regulate inflammatory pathways, 
and sustain hormonal equilibrium.

The Mediterranean diet enhances endothelial function and 
vascular health, which are crucial for optimal uterine blood 
flow and endometrial receptivity. Moreover, its elevated 
antioxidant levels safeguard gametes and reproductive organs 
from oxidative harm. In women with metabolic illnesses such 
as PCOS, adherence to the Mediterranean diet correlates with 
enhanced insulin sensitivity, decreased hyperandrogenism, 
and increased menstrual regularity. This eating pattern in 
men is associated with decreased sperm DNA fragmentation 
and enhanced sperm shape, underscoring its significance in 
improving male reproductive capacity.[47]

Prudent dietary habits that prioritize whole, minimally 
processed foods exhibit beneficial impacts on fertility. 
These dietary strategies exhibit numerous parallels to the 
Mediterranean diet, defined by a high consumption of fruits, 
vegetables, whole grains, lean proteins, legumes, nuts, and 
healthy fats. These diets offer balanced nutritional profiles 
abundant in vitamins, minerals, antioxidants, and dietary 
fiber that enhances endocrine function, gametogenesis, 
and cellular metabolism. Compliance with judicious eating 
patterns has been linked to enhanced metabolic health, less 
systemic inflammation, increased micronutrient availability, 
and improved reproductive results in both genders.[48,49] These 

dietary patterns may also aid in sustaining a healthy body 
weight and insulin sensitivity, both of which are essential for 
optimal reproductive physiology.

The Western food pattern is frequently linked to negative 
reproductive results. The Western diet is generally defined 
by an overconsumption of processed and ultra-processed 
foods, refined carbohydrates, sugary drinks, red and 
processed meats, saturated fats, trans fats, and high sodium 
levels, alongside a deficient intake of fruits, vegetables, and 
dietary fiber. These eating habits foster chronic low-grade 
inflammation, oxidative stress, endothelial dysfunction, 
obesity, and insulin resistance, all of which adversely impact 
reproductive processes.[50] In males, Western food patterns 
are linked to diminished sperm concentration, compromised 
motility, aberrant morphology, and heightened sperm DNA 
fragmentation. Excessive consumption of processed meats 
and saturated fats may disrupt testosterone metabolism and 
elevate oxidative stress in the testes.

In females, Western eating practices correlate with ovulatory 
dysfunction, menstrual abnormalities, compromised 
follicular growth, and diminished implantation potential. The 
pro-inflammatory and hyperglycemic characteristics of these 
diets lead to endocrine disruptions, insulin resistance, and 
obesity, which are especially harmful to women with PCOS 
and metabolic syndrome.[51] Moreover, high consumption of 
refined carbohydrates and trans fats may disrupt hormonal 
signaling pathways and adversely affect endometrial 
receptivity and embryonic development.

Evidence clearly suggests that dietary patterns prioritizing 
nutrient-dense, minimally processed, and antioxidant-rich 
foods enhance reproductive health and fertility outcomes. 
Conversely, dietary patterns abundant in processed foods, 
detrimental fats, and refined carbohydrates may intensify 
oxidative stress, inflammation, and metabolic dysfunction, 
thus compromising reproductive function. These findings 
underscore the significance of implementing balanced, 
quality-oriented dietary practices within comprehensive 
fertility management programs.

CLINICAL EVIDENCE AND HUMAN 
STUDIES

Dietary therapies in infertility management have been 
thoroughly examined through observational studies, cohort 
analysis, randomized controlled trials (RCTs), and clinical 
intervention studies. These studies collectively indicate 
that nutrition substantially affects reproductive outcomes 
in both genders; however, the robustness, consistency, and 
applicability of the evidence differ based on study design, 
participant demographics, intervention duration, and dietary 
assessment methods. Human research has predominantly 
concentrated on assessing the impacts of dietary patterns, 
micronutrient supplementation, antioxidants, and functional 
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foods on ovulation, semen quality, pregnancy rates, and the 
outcomes of ART.[51]

Extensive observational and cohort studies have established 
fundamental evidence connecting food practices with 
reproductive results. These studies often employ food 
frequency questionnaires and dietary scoring systems to 
investigate the relationships between dietary consumption 
and reproductive parameters. A seminal cohort study 
revealed that compliance with a “fertility diet,” defined 
by increased consumption of monounsaturated fats, plant-
based proteins, high-fat dairy, and low-glycemic-load 
carbohydrates, correlated with a markedly reduced risk of 
ovulatory infertility. Women exhibiting the best adherence 
to this dietary pattern demonstrated an approximately 66% 
reduced incidence of ovulatory infertility compared to those 
with poor adherence.[52] These data indicate that dietary 
composition can significantly affect reproductive physiology 
by influencing insulin sensitivity, hormonal control, and 
inflammatory balance.

Likewise, compliance with the Mediterranean food pattern 
has repeatedly demonstrated advantageous correlations with 
reproductive outcomes. Clinical and observational research 
have indicated enhanced semen quality, elevated sperm 
concentration, improved motility, and less sperm DNA 
fragmentation in men following Mediterranean-style diets. In 
women, increased adherence to this eating pattern correlates 
with improved ovarian reserve, enhanced embryo quality, 
elevated implantation rates, and better pregnancy and live 
birth rates following ART treatments.[53] Conversely, Western 
dietary patterns marked by elevated intake of processed 
foods, refined sugars, saturated fats, and processed meats 
have consistently correlated with adverse fertility outcomes, 
such as ovulatory dysfunction, diminished semen quality, and 
decreased success rates in ART.

RCTs offer more robust evidence concerning causal links 
between food treatments and reproductive outcomes. 
Numerous RCTs have assessed the efficacy of micronutrient 
supplementation and nutritional treatments in persons with 
infertility. In women with PCOS, treatment with folic acid 
and myo-inositol has shown encouraging outcomes. These 
therapies have been linked to higher insulin sensitivity, 
improved oocyte maturation, a greater number of mature 
follicles, and elevated fertilization rates.[54] Myo-inositol 
has garnered interest for its involvement in insulin signaling 
and ovarian function. Nonetheless, despite advancements 
in ovarian and metabolic metrics, the information about 
enhancements in clinical pregnancy and live birth rates 
remains incongruous.

Vitamin D supplementation has been extensively studied 
due to the widespread prevalence of Vitamin D insufficiency 
among adults of reproductive age. In women with deficit, 
supplementation has demonstrated enhancement of monthly 
regularity, follicular growth, ovulation, and endometrial 

receptivity.[55] Certain studies have indicated enhanced 
pregnancy rates subsequent to supplementing, but others have 
observed negligible or no meaningful impact on reproductive 
outcomes. The discrepancies noted among studies may stem 
from variations in baseline Vitamin D levels, dose protocols, 
treatment duration, and participant demographics.

Antioxidant supplementation is a thoroughly researched 
technique in the management of infertility, especially 
male infertility. Clinical research assessing antioxidants, 
including vitamins C and E, selenium, zinc, coenzyme Q10, 
glutathione, and carnitine, has shown enhancements in sperm 
concentration, motility, morphology, and DNA integrity. 
Combination antioxidant therapy frequently demonstrates 
more efficacy than single-agent supplementation due to 
synergistic effects on the decrease of oxidative stress.[56] 
Antioxidant supplementation in women has demonstrated 
significant advantages in strengthening ovarian reserve 
markers, diminishing oxidative stress, improving oocyte 
quality, and augmenting endometrial receptivity. Nonetheless, 
several studies are constrained by limited sample sizes, 
brief intervention periods, and variability in antioxidant 
formulations, complicating the establishment of conclusive 
clinical guidelines.

The supplementation of omega-3 fatty acids has garnered 
significant interest owing to its anti-inflammatory and 
membrane-stabilizing characteristics. Clinical studies 
indicate that omega-3 supplementation may enhance oocyte 
quality, embryo development, sperm membrane fluidity, and 
pregnancy outcomes.[57] Nevertheless, outcomes continue to 
be uneven, perhaps owing to discrepancies in supplementing 
procedures, participant metabolic conditions, and underlying 
causes of infertility.

Dietary factors greatly affect the results of ART, such as 
IVF and ICSI. Women adopting healthy dietary patterns, 
especially Mediterranean diets, have shown elevated 
implantation rates, enhanced embryo quality, and increased 
clinical pregnancy and live birth rates after ART operations. 
Optimal micronutrient levels, particularly folate, Vitamin 
D, antioxidants, and omega-3 fatty acids, seem to affect 
ovarian response, oocyte quality, embryo development, and 
implantation efficacy.[58] Diets abundant in processed foods, 
refined sugars, trans fats, and saturated fats are linked to 
inferior ART outcomes and diminished embryo quality.

Notwithstanding the increasing data endorsing dietary 
therapies in the management of infertility, significant 
limitations persist. Numerous human studies are observational 
and hence cannot determine direct causality. The variability 
in study populations, causes of infertility, dietary assessment 
techniques, supplement amounts, and outcome measures 
leads to conflicting results among studies. In addition, genetic 
variables, environmental exposures, and lifestyle habits may 
interact with nutritional therapies and affect reproductive 
outcomes. Therefore, additional extensive, rigorously 
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designed randomized controlled studies are necessary to 
formulate standardized dietary recommendations, appropriate 
supplementation strategies, and evidence-based nutritional 
guidelines for the management of infertility.

MECHANISM OF ACTION OF DIETARY 
INTERVENTIONS IN INFERTILITY

Dietary interventions affect reproductive health through 
various interrelated biological systems functioning at 
molecular, cellular, endocrine, and systemic levels. Nutrition 
influences fertility not just by providing energy and nutrients 
but also by regulating hormonal signaling, oxidative 
equilibrium, inflammatory pathways, metabolic homeostasis, 
epigenetic factors, and the physiology of reproductive tissues. 
These mechanisms collectively establish the scientific 
foundation for regarding nutrition as a significant adjunctive 
therapy approach in the management of infertility.[59] The 
relationship between nutrition and reproductive physiology 
is intricate, requiring ongoing communication among 
metabolic, endocrine, and immunological processes that 
ultimately influence reproductive capability in both sexes.

Modulation of hormonal regulation

Dietary interventions primarily affect fertility through 
regulating the HPG axis, the primary neuroendocrine system 
that controls reproductive function. The nutritional condition 
profoundly influences the pulsatile secretion of GnRH from 
the hypothalamus, which in turn governs the release of LH and 
FSH from the anterior pituitary gland. These gonadotropins 
regulate ovarian follicular development, ovulation, 
spermatogenesis, and steroid hormone synthesis.[60]

Dietary patterns abundant in refined carbs, sweets, and 
processed foods lead to hyperglycemia and subsequent 
hyperinsulinemia. Increased insulin levels interfere with 
ovarian steroidogenesis by prompting ovarian theca cells 
to generate excessive androgens, especially in women with 
PCOS. Hyperandrogenism hinders follicular maturation, 
ovulation, and menstrual regularity, thereby diminishing 
reproductive potential. In contrast, dietary regimens that 
prioritize low-glycemic-index carbs and high-fiber diets 
enhance insulin sensitivity, decrease circulating insulin levels, 
and reestablish hormonal equilibrium. These modifications 
facilitate regular ovulatory activity and enhance reproductive 
results.

Dietary fats are crucial for endocrine regulation, as steroid 
hormones including estrogen, progesterone, and testosterone 
are derived from cholesterol. Proper consumption of healthy 
fats, especially omega-3 PUFAs, facilitates hormone 
production, maintains cellular membrane integrity, and 
enhances endocrine signaling. Omega-3 fatty acids affect 
prostaglandin production and modulate inflammatory 

mediators associated with ovulation, implantation, and 
luteal activity.[60] Consequently, nutritional composition 
directly affects reproductive endocrinology and hormonal 
equilibrium.

Mitigation of oxidative stress

Oxidative stress is a major pathophysiological factor 
contributing to infertility in both males and females. This 
occurs when the generation of ROS surpasses the capability 
of antioxidant defense mechanisms, resulting in cellular and 
molecular injury. Reproductive cells, such as spermatozoa 
and oocytes, are especially susceptible to oxidative damage 
due to their elevated metabolic activity and insufficient 
inherent antioxidant defenses.

In males, high ROS generation compromises sperm 
membrane lipids, proteins, and DNA, leading to diminished 
motility, poor morphology, mitochondrial dysfunction, 
and heightened sperm DNA fragmentation. In females, 
oxidative stress negatively impacts folliculogenesis, oocyte 
maturation, meiotic spindle formation, embryo development, 
and endometrial receptivity. Excessive ROS may hinder 
implantation and elevate the risk of early pregnancy loss.[61]

Dietary antioxidants, such as vitamins C and E, selenium, 
zinc, carotenoids, polyphenols, flavonoids, and coenzyme 
Q10, counteract free radicals and safeguard reproductive 
organs from oxidative harm. These chemicals augment overall 
antioxidant capacity, promote mitochondrial efficiency, 
maintain cellular integrity, and diminish lipid peroxidation. 
Dietary patterns abundant in antioxidants enhance gamete 
quality, embryo viability, and overall reproductive results.[61] 
Moreover, antioxidant foods may augment the efficacy of ART 
by improving oocyte competence and sperm functionality.

Anti-inflammatory properties

Chronic low-grade inflammation is now acknowledged as 
a significant factor in infertility and reproductive failure. 
Increased concentrations of inflammatory mediators, 
including tumor necrosis factor-alpha, interleukin-6, and 
C-reactive protein, can compromise ovarian function, 
hinder spermatogenesis, obstruct implantation, and modify 
hormonal signaling pathways.[62]

Dietary patterns abundant in processed foods, refined sugars, 
saturated fats, and trans fats induce systemic inflammation 
by activating inflammatory pathways and oxidative stress 
mechanisms. Diets rich in fruits, vegetables, whole grains, 
legumes, nuts, and omega-3 fatty acids demonstrate 
significant anti-inflammatory effects. Bioactive substances, 
including polyphenols, flavonoids, carotenoids, and 
phytosterols, regulate inflammatory signaling by blocking 
the activation of nuclear factor-kappa B and decreasing pro-
inflammatory cytokine production.[63]
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Healthy dietary patterns exhibit anti-inflammatory effects 
that promote normal ovarian and testicular function, 
enhance uterine receptivity, and establish a more conducive 
reproductive environment. Mitigation of chronic inflammation 
may enhance reproductive results in disorders such as PCOS, 
endometriosis, obesity, and metabolic syndrome, where 
inflammation is a key pathogenic factor.

Enhancement of insulin sensitivity and metabolic 
function

Metabolic dysfunction, especially insulin resistance, 
significantly affects reproductive physiology and fertility 
outcomes. Insulin resistance leads to compensatory 
hyperinsulinemia, which alters ovarian steroidogenesis, 
elevates androgen production, and hinders ovulation. In 
males, metabolic dysfunction adversely affects testosterone 
synthesis, spermatogenesis, and sperm quality.[64]

Dietary therapies aimed at enhancing insulin sensitivity – 
such as low-glycemic-index diets, elevated dietary fiber 
consumption, balanced macronutrient ratios, and calorie-
restricted dietary plans – can reinstate metabolic homeostasis 
and reproductive function. Enhanced insulin sensitivity 
mitigates hyperandrogenism, facilitates follicular maturation, 
and encourages regular ovulation in women. Moreover, 
dietary adjustments that promote a healthy body weight 
significantly enhance fertility outcomes, as both obesity and 
undernutrition negatively impact endocrine equilibrium and 
reproductive physiology.[64]

Nutritional therapies for weight reduction have demonstrated 
enhancements in menstrual regularity, ovulatory function, and 
pregnancy rates in overweight and obese women. Likewise, 
rectifying undernutrition and micronutrient deficiencies may 
reinstate reproductive capability in individuals with low body 
mass index and nutritional deficits.

Improvement of gamete quality

Nutritional considerations directly influence gamete 
quality, a crucial driver of reproductive success. Nutrients, 
including zinc, selenium, folate, omega-3 fatty acids, 
Vitamin C, Vitamin E, and coenzyme Q10, are crucial for 
spermatogenesis, sperm maturation, membrane stability, 
mitochondrial function, and DNA integrity in males. These 
nutrients enhance sperm concentration, motility, morphology, 
and fertilization capability, while mitigating oxidative DNA 
damage.[65]

In females, sufficient consumption of vitamins, antioxidants, 
and vital fatty acids facilitates oocyte maturation, 
mitochondrial function, chromosomal integrity, and 
embryonic development. Nutritional deficits can undermine 
oocyte competence, hinder fertilization rates, and 
diminish embryo viability. Antioxidant nutrients maintain 

mitochondrial function in oocytes, hence enhancing energy 
production and mitigating oxidative damage during follicular 
development.[66]

Nutritional optimization may boost gamete quality, hence 
improving natural conception and the outcomes of ART such 
as IVF and ICSI.

Epigenetic regulation

Recent evidence indicates that nutrition may affect fertility 
through epigenetic pathways, which entail modifications in 
gene expression without alterations to the DNA sequence. 
Epigenetic alterations, including DNA methylation, histone 
modification, and non-coding RNA control, are crucial for 
gametogenesis, embryonic development, implantation, and 
fetal programming.

Nutrients implicated in one-carbon metabolism – such as 
folate, Vitamin B12, choline, methionine, and betaine – 
are essential for DNA methylation activities. Appropriate 
methylation is crucial for optimal reproductive development 
and embryogenesis.[67] Nutritional deficiencies during the 
preconception phase may interfere with epigenetic regulation 
and negatively impact reproductive results.

Maternal diet affects prenatal programming and may 
have enduring implications for offspring health, including 
vulnerability to metabolic disorders, obesity, cardiovascular 
disease, and reproductive dysfunction. Consequently, 
nutritional interventions before and during conception may 
affect both reproductive results and transgenerational health 
implications.

Regulation of endometrial receptivity and 
implantation

Successful implantation necessitates a receptive endometrium 
that can facilitate embryo attachment and growth. 
Endometrial receptivity is affected by hormonal equilibrium, 
immunological modulation, oxidative conditions, and 
uterine vascularization. Dietary components can alter many 
parameters and hence affect implantation success.[68]

Omega-3 fatty acids and amino acids like L-arginine 
promote uterine blood flow by increasing nitric oxide 
generation and improving endothelial function. Enhanced 
vascularization facilitates endometrial thickness, nutrient 
transport, and implantation viability. Antioxidants and anti-
inflammatory foods enhance the uterine environment by 
diminishing oxidative stress and inflammatory mediators in 
the endometrium.

Moreover, dietary regulation of immune responses may 
facilitate maternal immunological tolerance during 
implantation and early pregnancy, hence increasing the 
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probability of successful embryo implantation and pregnancy 
maintenance.

Gut microbiota and reproductive health

Recent advancements in reproductive medicine have 
underscored the significance of gut bacteria in modulating 
reproductive health. The gut microbiota affects metabolism, 
immunological function, estrogen metabolism, inflammation, 
and endocrine signaling. Diet is a critical factor influencing 
gut bacteria makeup and diversity.[69]

Diets abundant in dietary fiber, fruits, vegetables, legumes, 
and fermented foods foster advantageous gut microbial 
communities that enhance metabolic and immunological 
equilibrium. A robust gut flora may boost estrogen metabolism, 
diminish systemic inflammation, improve insulin sensitivity, 
and bolster reproductive function. Dysbiosis, defined as an 
imbalance in gut microbial composition, has been linked 
to reproductive problems including PCOS, endometriosis, 
obesity, and metabolic syndrome.

Despite the nascent nature of research in this domain, the 
manipulation of gut microbiota through dietary treatments 
signifies a promising mechanism connecting nutrition and 
fertility.

Cohesive mechanistic perspective

The processes by which dietary interventions affect fertility 
are intricately linked and operate synergistically rather than 
individually. Oxidative stress can intensify inflammation, 
inflammation can interfere with endocrine signaling, and 
metabolic dysfunction can further aggravate oxidative and 
inflammatory pathways. Likewise, enhancements in insulin 
sensitivity may diminish inflammatory responses and 
concurrently restore hormonal equilibrium.[70]

Dietary interventions exert diverse impacts across multiple 
biological systems, collectively enhancing reproductive 
physiology and fertility outcomes. This comprehensive 
mechanistic viewpoint emphasizes the necessity of addressing 
nutrition as a crucial element of infertility care, rather than 
only a separate lifestyle concern. Nutritional interventions can 
enhance traditional infertility therapies by addressing alterable 
physiological mechanisms that lead to reproductive failure.

FINAL ASSESSMENT

Infertility is a complicated, multidimensional global health 
issue impacting millions of couples and incurring significant 
psychological, social, emotional, and economic costs. This 
narrative review critically synthesizes current evidence on 
dietary interventions as supplementary therapeutic strategies 
in infertility management, demonstrating that nutrition 

is essential for regulating reproductive physiology and 
enhancing fertility outcomes in both males and females.

The analyzed research consistently demonstrates that food 
patterns and specific nutrients affect fertility through many 
interrelated biological pathways. At the molecular and 
cellular levels, nutrition influences the HPG axis, regulates 
endocrine signaling, diminishes oxidative stress, mitigates 
chronic inflammation, and enhances mitochondrial and 
cellular function. Dietary interventions at systemic levels 
promote metabolic balance, improve insulin sensitivity, 
optimize body weight, and facilitate beneficial epigenetic 
control. Collectively, these systems affect gametogenesis, 
fertilization, embryonic development, implantation, and the 
maintenance of pregnancy.

The Mediterranean diet and prudent dietary habits, 
distinguished by elevated consumption of fruits, vegetables, 
whole grains, legumes, nuts, fish, and healthy fats, have 
proven especially advantageous for reproductive health. 
These dietary patterns frequently exhibit correlations with 
superior semen quality, greater ovulatory function, improved 
embryo development, and more favorable outcomes in ART. 
In contrast, Western dietary habits abundant in processed 
foods, refined sugars, trans fats, and saturated fats lead to 
oxidative stress, chronic inflammation, insulin resistance, 
and endocrine dysfunction, thereby diminishing reproductive 
metrics in both genders.

Micronutrients such as folate, Vitamin D, zinc, selenium, 
Vitamin B12, and antioxidant compounds are essential for 
reproductive physiology. Deficiencies in these nutrients 
have been linked to compromised gamete quality, hormonal 
dysregulation, interrupted implantation, and diminished 
reproductive potential. Clinical evidence from observational 
studies and RCTs substantiates the advantageous effects 
of targeted nutritional interventions, including folic 
acid, myo-inositol, omega-3 fatty acids, and antioxidant 
supplementation, especially in individuals with metabolic 
and reproductive disorders such as PCOS and male factor 
infertility.

Notwithstanding significant advancements in comprehending 
the correlation between nutrition and fertility, some critical 
limits and study deficiencies persist. Current research exhibits 
significant variability in design, sample size, demographic 
features, intervention methods, and outcome measures, 
hence complicating direct comparisons and clear findings. 
Moreover, a significant portion of the existing information 
derives from observational research, constraining the 
capacity to establish causal correlations. The long-term 
impacts of dietary modifications on live birth rates, offspring 
health, and transgenerational reproductive outcomes are still 
inadequately investigated.

A significant constraint is the inadequate representation of 
varied ethnic, socioeconomic, and geographic populations in 
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fertility nutrition research. Dietary practices, micronutrient 
accessibility, environmental exposures, and healthcare 
availability vary significantly among populations, potentially 
affecting reproductive outcomes and the efficacy of dietary 
treatments. Moreover, novel processes such as gut microbiome 
regulation, nutrigenomics, and epigenetic programming 
necessitate further exploration to comprehensively clarify 
the intricate relationships between nutrition and reproductive 
health.

Nonetheless, the aggregate data robustly endorse the 
incorporation of dietary therapies into holistic infertility care 
approaches. Nutrition should not be regarded as a substitute 
for pharmaceutical therapies or ART; instead, it should be 
considered an evidence-based complementary strategy that 
can effectively address modifiable lifestyle and metabolic 
factors significantly impacting fertility outcomes. Integrating 
nutrition counseling into reproductive healthcare could be 
especially beneficial in resource-constrained environments 
when sophisticated fertility therapies are either unavailable 
or prohibitively expensive.

This review yields some practical recommendations from 
a clinical standpoint. Healthcare practitioners engaged in 
infertility therapy want to integrate nutritional assessment and 
dietary advice into standard fertility evaluations. Individuals 
with infertility should be advised to embrace balanced 
dietary patterns that prioritize minimally processed foods, 
whole grains, fruits, vegetables, legumes, nuts, seafood, 
and healthy fats, while restricting processed foods, refined 
sugars, and bad fats. Targeted micronutrient supplementation, 
including folate and Vitamin B12 during the preconception 
phase, may confer supplementary reproductive advantages 
in populations susceptible to insufficiency. Multidisciplinary 
strategies incorporating reproductive endocrinologists, 
gynecologists, and registered dietitian nutritionists may 
enhance personalized nutritional interventions for infertility 
management.

Future research must emphasize large-scale, meticulously 
constructed RCTs with standardized nutrition regimes 
and uniform fertility outcome measurements. There is an 
urgent need for longitudinal studies investigating live birth 
outcomes, offspring health, and long-term reproductive 
impacts. Research must prioritize individualized nutrition 
strategies, gut microbiota interactions, epigenetic pathways, 
and the cost-effectiveness of dietary therapies relative to 
traditional reproductive treatments.

CONCLUSION

Dietary interventions are a potential, evidence-based, cost-
effective, and accessible supplementary therapy approach for 
managing infertility. Modifying nutrition and lifestyle factors 
can enhance reproductive health, increase fertility results, 
and alleviate the challenges related to infertility. As scientific 

knowledge of nutrition and reproductive physiology 
progresses, nutritional interventions ought to be incorporated 
as a fundamental aspect of comprehensive, patient-centered, 
and preventative reproductive healthcare initiatives.
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