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Abstract

Female infertility is a multifactorial condition influenced by various genetic, environmental, and lifestyle factors.
Recent research has investigated the significant impact of gut microbiome dysbiosis on systemic inflammation,
metabolic dysfunction, and hormonal imbalances, which can potentially impair fertility. The gut-brain axis, a
bidirectional communication system between the gut and the brain, also plays a significant role in regulating
reproductive functions. Emerging evidence suggests that the gut microbiome can influence brain functions and
behavior, further emphasizing the importance of the microbiota-gut-brain axis in reproduction. Given their role
as a major modulator of the gut microbiome, diet and dietary factors, including dietary patterns and nutrient
intake, have been implicated in the development and management of female infertility. Hence, this review aims
to highlight the impact of dietary patterns, such as the Western diet (WD) and Mediterranean diet (MD), and

to decipher their modulatory action on the microbiota-gut-brain axis in infertile women. By contrasting the
detrimental effects of WD with the therapeutic potential of MD, we emphasize the pivotal role of a balanced diet
rich in nutrients in promoting a healthy gut microbiome. These insights underscore the potential of targeted
dietary interventions and lifestyle modifications as promising strategies to enhance reproductive outcomes in
subfertile women.
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Narrative Review.

Background

According to the World Health Organization (WHO)
and the American Society of Reproductive Medicine
(ASRM), infertility is defined as the inability to conceive a
child after one or more years of regular, unprotected sex-
ual intercourse [1, 2]. Infertility is a major health burden
to patients and healthcare systems, affecting 15% of cou-
ples of reproductive age worldwide [3] and approximately
50% of all women in developing countries [4].

The hypothalamic-pituitary-ovarian (HPO) axis is a
tightly regulated system that controls female reproduc-
tion, including ovulation and pregnancy. In a normally
functioning HPO axis, the hypothalamus releases gonad-
otropin-releasing hormone (GnRH), which signals the
pituitary gland to release follicle-stimulating hormone
(FSH) and luteinizing hormone (LH). FSH and LH stim-
ulate the ovaries to produce estrogen and progesterone,
which are essential for ovulation and pregnancy [5].

Over the past decade, it has become evident that sig-
naling communication between the gut microbiota and
the brain occurs through neural pathways, which also
contribute to the regulation of the HPO axis [6]. This
communication is part of what is known as the micro-
biota-gut-brain (MGB) axis, a bidirectional pathway
between gut bacteria and the central nervous system
(CNS). This axis profoundly influences and regulates
a range of body functions including the reproductive
function [7, 8]. Recently, significant attention has been
directed towards understanding the bidirectional cross-
talk between the gut and the brain [9].

Diet has recently been shown to play a significant role
in shaping the composition of the gut microbiota. Certain
dietary patterns may promote a diverse and beneficial gut
microbiome, which could positively impact reproduc-
tive health. Conversely, an imbalanced or unhealthy diet
might lead to dysbiosis, an unfavorable alteration in the
gut microbiota, potentially affecting hormonal regula-
tion, inflammation, and other factors relevant to fertility
[10]. Given the substantial evidence related to the role of
diet in determining the composition and profile of the gut
microbiome, researchers have suggested that diet could
be a potential target to maintain a healthy MGB axis and,
hence a functional HPO axis [8, 11, 12]. Adjustments in
diet, such as selenium supplementation [13], could help
restore balance in the gut microbiota, potentially improv-
ing hormonal regulation and reducing inflammation,
thereby enhancing reproductive outcomes. This could be
particularly relevant for infertile women, as their repro-
ductive systems might already be under specific chal-
lenges [14].

Considering the intertwined communication between
the HPO and MGB axes and the importance of balanced
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hormonal levels regulated by the HPO axis in maintain-
ing women’s fertility, along with the emerging role of diet
in promoting a healthy microbiota, this literature review
aims to explore the female fertility-related alterations in
the gut microbiome and the effect on HPO axis induced
by contrasting dietary patterns, such as the Western Diet
(WD) and the Mediterranean diet (MD). Additionally,
the review will highlight the role of microbial metabolites
and gut-brain peptides or hormones in the bidirectional
communication between the gut and the brain, focusing
on their impact on modulating complex behaviors and
fertility.

Search methods

Studies related to the topic were identified and selected
by using the following searching engines: MEDLINE,
PubMed, and Google Scholar databases, and references
from peer-reviewed original research articles, meta-anal-
yses, systematic reviews, and narrative reviews using the
following search terms: “Western diet”; “Mediterranean
diet”; “female infertility”; “gut-brain axis”; “gut micro-
biome”; “microbiota-gut-brain axis”; “mental health”;
“obesity”; “hypothalamic-pituitary-ovarian axis”; “vita-
mins”; “probiotics”; and “gut-brain mediators” Searches
were conducted between August 2023 and June 2024. All
articles published in English language and between 1973
and 2024 were included. Studies not directly relevant to
the interaction between diet, gut microbiota, and female
infertility as well as animal studies that did not provide
translational relevance to human health were excluded.

Etiology of female infertility and related therapeutic
approaches

Female infertility can be attributed to a variety of fac-
tors, including ovulatory dysfunction, PCOS, fallopian
tube blockage, age-related fertility decline, endometrio-
sis, and other pelvic inflammatory conditions [15-17].
Hormonal imbalance stemming from endocrine system
disorders may include hypothyroidism (insufficient pro-
duction of thyroid hormone by the thyroid gland disrupt-
ing ovulation) [18], premature ovarian insufficiency (the
cessation of ovarian function prior to the age of 40) [19],
hyperprolactinemia (excess production of prolactin by
the pituitary gland interfering with ovulation) [20], hypo-
pituitarism (the deficiency in LH and/or FSH secreted
by pituitary gland interfering with follicle development)
[21], and congenital adrenal hyperplasia (CAH) (a genetic
disorder in which the adrenal glands produce too much
androgens disrupting normal menstruation) [22].

It is estimated that 50% of women suffering from infer-
tility are likely to respond successfully to treatment [15].
After identifying the underlying cause of female infertility
and considering factors such as the woman’s age, history
of previous pregnancies, and the duration of infertility,
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physicians select the most appropriate treatment options
[16]. In many cases, infertility resulting from ovulation
disorders is highly treatable and can be effectively man-
aged with medications, such as oral ovulation-inducing
agents, within a primary clinical setting [16]. The oral
administration of Clomiphene Citrate or Letrozole may
be required to stimulate the release of FSH and LH [23]
and drive ovulation. Human Chorionic Gonadotropin
(hCG), the placental homolog of LH, which is known as
“the hormone of pregnancy,” may also be prescribed to
trigger the release of the egg following follicular develop-
ment [24]. For pelvic conditions such as endometriosis or
tubal disease, surgical intervention or assisted reproduc-
tive technology (ART) may be recommended [25].

Although ART interventions, such as in vitro fertiliza-
tion (IVF), have proven to be highly effective, resulting
in the birth of over 5 million children in the past three
decades, their availability remains limited, unevenly
accessible, and often unaffordable for many in low- and
middle-income countries [26—28]. Furthermore, research
has increasingly emphasized the importance of a healthy
and balanced diet in enhancing the success rates of ART
procedures and improving female fertility overall. Nota-
bly, numerous studies suggest that a healthy gut micro-
biota, fostered by a nutritious diet, plays a vital role in
various aspects of reproductive health, including fertility.
The composition and diversity of gut bacteria can influ-
ence hormone regulation, immune function, and inflam-
mation, all of which are critical factors affecting fertility
[29, 30]. In general, the dominance of certain gut micro-
bial species, mainly Lactobacillus, Acinetobacter, Pseu-
domonas, Fusobacterium, Bacteroidetes, and Preovotella
species has been linked to proper reproductive health
and functions. However, the presence of pathogenic bac-
teria such as Ureaplasma, Escherichia coli, Enterococci,
Enterobacteriaceae, Streptococci, and Staphylococci is
thought to be associated with reproductive dysfunc-
tions [31]. It has been shown that alterations in the gut
microbiome composition and abundance, leading to gut
microbiome dysbiosis, are associated with various types
of female infertility, including polycystic ovary syndrome
(PCOS) [32]. Specifically, a significant abundance of
Parabacteroides and Clostridium has been reported in
PCOS patients, in contrast to the enrichment of Faecali-
bacterium, Bifidobacterium, and Blautia in their control
counterparts [32].

Nature vs. nurture-based risk factors involved in the
pathophysiological mechanisms of infertility

Female infertility is associated with various risk fac-
tors, which can be broadly classified into two categories:
nature (genetic and physiological) and nurture (lifestyle
and environmental) factors.
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Lately, there has been a growing interest in investigat-
ing the impact of lifestyle factors on infertility. Lifestyle
factors refer to modifiable habits that can significantly
affect a person’s overall health and fertility. Several life-
style factors have been identified and studied, including
(i) the cluster of smoking, drug abuse, and alcohol con-
sumption, adversely affecting egg quality and fertilization
[33-35], (ii) lack of physical activity, promoting obesity
and hormonal disruption [36], (iii) stress and anxiety,
suppressing hormone production (FSH and LH) [37-39],
(iv) sleep problems, disrupting the circadian rhythm lead-
ing to infertility [40] and (v) poor nutrition, interfering
with the HPO axis and hindering oocyte function [41].

These mechanisms play a critical role in inflammatory
processes, with oxidative stress, mitochondrial dysfunc-
tion, hypoxia, inflammation, and hormonal imbalances—
particularly those caused by dysregulation of the HPA
axis—being the most prominent pathophysiological fac-
tors linked to female infertility. For example, studies in
mice have demonstrated that a deficiency in SIRT1, a
protein that enhances antioxidant defences, can lead to
reduced ovarian reserve and subsequent infertility. This
occurs through the mediation of increased Reactive
Oxygen Species (ROS), mitochondrial dysfunction, and
DNA damage in oocytes [42—44]. Another study inves-
tigated the effects of chronic hypoxia exposure during
fetal development in female rats and found that it led to a
decreased ovarian reserve and accelerated ovarian aging.
These changes negatively impacted the fertility of the off-
spring in the next generation, suggesting that prenatal
environmental factors can have lasting consequences on
reproductive health [45]. In humans, inflammation can
have detrimental effects on fertility, including disrup-
tion of menstrual cycles, implantation failure, and recur-
rent miscarriages, however, it is possible to mitigate the
inflammatory environment in the female reproductive
system through appropriate nutritional strategies and
other non-pharmacological approaches [46].

Infertility is widely recognized as a multidimensional
stressor linked to mental health disorders. Both infertility
and its treatments can lead to increased stress, depres-
sion, and anxiety, with the severity of anxiety positively
correlated with the duration of infertility [47]. More-
over, depression was shown to be more prevalent and
positively correlated with treatment failure [48]. Mental
health is a component of the gut-brain axis. A group of
1146 patients experiencing infertility underwent assess-
ments using the Generalized Anxiety Disorder 7 (GAD-
7) [49], or “excessive and persistent worrying that is hard
to control, causes significant distress or impairment, and
occurs on more days than not for at least six months”
[50] alongside a simple and multiple logistic method of
classification. The results indicated that generalized anxi-
ety is prevalent among women experiencing infertility,
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with a positive correlation observed between higher lev-
els of anxiety, lower educational attainment, and longer
duration of infertility. Moreover, based on the analysis of
Patient Health Questionnaire-9 (PHQ-9) scores, depres-
sion was shown to be prevalent in infertile women (30.5%
of 1506 infertile patients) and was positively correlated
with treatment failure [51]. Ovarian hormones have been
linked to depression and anxiety risk in females through
their influence on brain morphology, neurochemistry,
and function [52]. Specifically, estrogen and progester-
one have a significant neuromodulatory role, as shown
by both preclinical and clinical studies, thus affecting
female emotionality [53, 54]. Estrogen receptor  (Erp)
has been linked to depression in various studies, suggest-
ing a role for estrogen as an anxiolytic and antidepressant
in women [55]. Moreover, numerous studies have inves-
tigated the anxiolytic properties of progesterone through
positive allosteric modulation of the y-aminobutyric acid
(GABA) receptor complex [56—58].

The impact of the Western Diet on MGB axis in infertile
women

WD is characterized by a high intake of processed foods,
red and processed meats, sugary and fatty foods, and low
consumption of fruits, vegetables, and whole grains [59].
WD has been shown to negatively affect the composition
and diversity of the gut microbiota [60]. However, the
clear mechanism is not yet understood. There are many
potential pathways through which WD can exacerbate
the pathophysiology of infertility by disrupting the MGB
and, specifically, the HPO axis (Table 1).

These effects are likely dose-dependent, as the greater
consumption of processed foods, saturated fats, and
refined sugars exacerbate the detrimental outcomes of
WD, since it can lead to obesity, which has been asso-
ciated with disruptions in the HPO axis, resulting in
decreased ovarian reserve [61, 62], anovulation, abnor-
mal uterine bleeding, endometrial hyperplasia [63, 64]
mitochondrial dysfunction [62] and irregular menstrual
cycle [65]. Studies indicate that obese women tend to
have lower LH levels, potentially leading to dysfunc-
tional ovarian folliculogenesis, manifested in longer fol-
licular phases [66]. Moreover, excess body fat can disrupt
the delicate balance of hormones involved in ovulation,
including decreased LH levels, decreased ovarian ste-
roid hormones progesterone (P4) levels, and increased
estradiol (E2) levels, ultimately leading to reduced fer-
tility [67]. The accumulation of adipose tissue in case
of severe hyperandrogenism and hyperleptinemia has
been associated with ovarian dysfunction, encompass-
ing altered follicular fluid composition and granulosa cell
signaling. Additionally, a high adipokine profile following
HFD consumption interferes with GnRH secretion and
consequently alters the levels of pituitary hormones LH
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and FSH and ovarian hormones E2 and P4. An expected
increase in insulin levels due to WD consumption influ-
ences fertility by elevating GnRH and LH levels [68]
(Fig. 1). Several confounding factors, such as physical
activity, may influence these observed effects since they
can mitigate some of WD’s pro-inflammatory effects
and improve metabolic health, potentially attenuating its
impact on fertility [69].

Due to its pro-inflammatory nature, WD has been
associated with chronic low-grade inflammation and
increased gut permeability (leaky gut), which can also
contribute to conditions such as endometriosis and pel-
vic inflammatory disease [70]. A study conducted by
Patel et al. (2018) found that women with a history of
infertility had a different gut microbiota composition
compared to fertile women [71]. It was characterized
by the enrichment of Hungatella, which is associated
with the production of the proatherogenic compound
trimethylamine N-oxide (TMAO), a fundamental fac-
tor that drives inflammation. In several studies, WD
was linked to lower levels of beneficial bacteria such as
Eubacterium species and Bifidobacterium [72, 73]. These
bacteria are classified as short-chain fatty acids (SCFAs)
producers with anti-inflammatory properties. Addition-
ally, the abundance of Bifidobacterium was suggested to
be an indicative biomarker of a successful pregnancy fol-
lowing ART [74] (Fig. 1).

The low dietary fiber content is another factor contrib-
uting to the detrimental effects of this unhealthy diet.
The fermentation of fibers by specific microbes in the
gut is responsible for the production of SCFA, such as
butyric acid, acetate, and propionate [75]. Reduced SCFA
production may contribute to gut microbiome dysbiosis,
oxidative stress, and inflammation, which can potentially
induce infertility or exacerbate its pathophysiology and
outcomes [29, 76, 77]. Furthermore, fiber intake, which
influences microbiota-derived metabolites, especially
SCFAs, may lead to alterations in estrogen and proges-
terone levels in the female body [78]. An animal study
by Lu, Naisheng et al. [79] showed the effect of SCFAs
on E2 and P4 production. The treatment of porcine
granulosa cells (PGCs) with butyric acid (BA) can regu-
late the synthesis of P4 and E2 via the cyclic adenosine
monophosphate (cAMP) signaling pathway in a dose-
dependent manner. Lower concentrations of BA (0.05
mM) were found to greatly stimulate P4 secretion and
slightly stimulate E2 secretion in PGCs, while higher
concentrations of BA (5 mM) significantly inhibited P4
secretion and increased E2 levels [79]. Basically, the gut
microbiota primarily controls estrogen levels through the
secretion of the gut microbial B-glucuronidase (gmGUS)
enzyme by Lactobacillus, Clostridium, Bacteroides fra-
gilis and other Bacteroides species, Ruminococcus gna-
vus [80]. This enzyme can convert conjugated estrogen
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Fig. 1 Error! Reference source not found. Suggested mechanisms by which Western diet (WD) and Mediterranean diet (MD) can alter the risk of female
infertility. HPO: Hypothalamic-pituitary-ovarian; GnRH: gonadotropin-releasing hormone; LH: gonadotropin-releasing hormone; FSH: follicle-stimulating
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into deconjugated estrogen in the gastrointestinal (GI)
tract, which can then bind to estrogen receptors, trig-
gering subsequent signaling [80]. High fat and low fiber
diets, which are the main characteristics of the WD, are
associated with higher gmGUS activity compared to veg-
etarian or high soluble fiber diets [81, 82]. An increase in
gmGUS activity is associated with gut microbial dysbiosis
and elevated estrogen levels, which have been linked to
endometriosis [78]. Additionally, endometriosis patients
showed higher levels of two bacteria that belong to class
Bacteroidia (Bacteroides and Parabacteroides) and two
others that belong to class Clostridia (Oscillospira and
Coprococcus) [83].

Unlike the lower levels of SCFA, TMAO is shown to be
present in high levels in case of female infertility [71] or
unsuccessful IVF attempts, where it can induce inflam-
mation and oxidative stress pathways [84]. TMAO is
a secondary metabolite formed by hepatocytes via the
oxidation of trimethylamine (TMA). TMA is absorbed
from the intestine following the catabolism of nutri-
ents derived from red meat, such as dietary choline and
L-carnitine, which are highly abundant in WD [85].

Dysregulation of the microbiota—gut—brain axis has even
been actively investigated in the context of various psy-
chiatric disorders. Interestingly, a study by Ohland et al.
demonstrated that a very high-fat WD supplemented
for a period of 21 days can disrupt the gut-brain axis in
mice, leading to anxiety-like behavior [86]. This disrup-
tion was associated with changes in the gut microbiota,
particularly an increase in Firmicutes/Bacteroidetes ratio
and the abundance of Proteobacteria and Spirochaetes.
The possible mechanisms underlying this alteration in
the microbiome composition are attributed to a decrease
in the total levels of SCFAs in cecal contents, including
a reduction in the levels of acetic, propionic and butyric
acids and an increase in the levels of caproic acid [86].
Moreover, mice supplemented with the western-like diet
for 13 weeks showed an increase in Firmicutes (mainly
Ruminococcaceae and Lachnospiraceae) and a decrease
in Bacteroidetes in their gut microbiome, accompanied
by a decrease in burrowing behavior and deterioration
in memory evaluated by Morris water maze test [87].
Obesity is known to be associated with an increase in the
ratio of Firmicutes to Bacteroidetes, the upregulation of
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Lactobacillus spp., Bacteroides spp., and Enterococcus
spp., and the downregulation of Enterobacter spp. and
Clostridium leptum [88, 89]. Several animal and human
studies have shown that obesity induced by a high-fat
diet (HFD), such as WD, can lead to perturbations in the
HPO axis, which are associated with anxiety and depres-
sion. This disruption also results in ovulation distur-
bances and decreased fertility [90, 91].

Additionally, a WD can enhance the production of
lipopolysaccharide (LPS), a pro-inflammatory bacterial
byproduct produced by all Gram-negative bacteria [92].
An increase in LPS induces inflammation and decreases
Cholecystokinin (CCK) activity [93]. The CCK system
consists of two receptors: the CCK1 receptor (CCK1R),
which is predominantly expressed in the gastrointesti-
nal tract, peripheral nervous system, and certain brain
regions, such as the hypothalamus [94], and the CCK2
receptor (CCK2R), which is primarily expressed in the
brain, and specific areas of the gastrointestinal tract, such
as gastric epithelial parietal cells [94]. Due to their co-
localizations in the gastrointestinal tract and the brain,
CCKRs play a crucial role in regulating various physi-
ological and cognitive functions, including digestion,
emotion regulation, nociception, and memory [95]. A
study in rats showed that an activated CCK system had
an anti-inflammatory activity [96]. A reduction in CCK
activity is shown to disrupt the Gut-Brain axis through

inflammation induction, whereas CCK pretreatment pre-
vents gut permeability induced by LPS [96] (Fig. 2).

Of interest, ART success rate is lower in Western-like
diet-consuming group compared to controls, as indi-
cated by the weak response to ovulation initiation and
a greater requirement of higher doses of gonadotropins
and extended rounds of treatments for proper follicu-
lar development [97-99]. Overall, these studies suggest
that WD can have a negative impact on the gut micro-
biota and gut-brain axis, which may exacerbate infertility
in women. Adopting a healthier diet that is high in fiber
and low in saturated fat and sugar, such as MD, may help
restore the balance of the gut microbiota and improve
fertility outcomes in women (Fig. 1).

The impact of the Mediterranean Diet and single nutrients
on MGB axis in infertile women

In contrast to WD, MD is characterized by high con-
sumption of fruits, vegetables, whole grains, olive oil,
fish, and nuts while minimizing red meat, processed
foods, and sugary beverages [100]. Researchers have
extensively studied the positive impacts of the MD on
various diseases, including female infertility. Two key
pathophysiological mechanisms related to inflammation
and oxidative stress were identified as major contribu-
tors to female infertility and ART failure (Table 1). MD
is rich in anti-inflammatory food such as oleuropein, a
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natural extract and polyphenol enriched in olive oil and
olive leaves. Park, Yuri et al. [101] surgically induced
endometriosis in C57BL/6 female mice. This condition is
usually treated by oral contraceptives or GnRH agonists.
In their study, they suggested oleuropein as a non-hor-
monal treatment and a nutraceutical therapy that can sig-
nificantly reduce the levels of cytokines (Csf3, Csfl, Ccl2,
Sicam1, Il1rn, etc.) in endometriotic lesions by inhibiting
Erp as shown by the effective suppression of ERB nuclear
translocation induced by E2 in human endometrial cells
[101]. Moreover, oleuropein enhanced the pregnancy rate
(100%) as shown by the fertility assay [101]. Interestingly,
Lactobacillus, Bifidobacteria and Enterococcus genera
hydrolyze oleuropein into hydroxytyrosol, a polyphenol
with antioxidant, anti-inflammatory and immuno-mod-
ulatory roles.

Antioxidants improve oocyte quality by mitigating oxi-
dative stress from ROS generated by mitochondrial res-
piration [102]. For instance, mitochondrial dysfunction
has been identified in the pathogenesis of PCOS, charac-
terized by reduced mitochondrial O2 consumption and
glutathione (GSH) levels, a potent antioxidant accom-
panied by increased ROS levels [103]. A low antioxidant
status in the peritoneal fluid was also observed in cases
of idiopathic infertility. The latter is possibly explained by
higher levels of ROS, which are thought to be associated
with decreased levels of antioxidants such as GSH and
vitamin E [103]. MD, on the other hand, is abundant in
antioxidants (e.g., myricitrin), vitamins, and minerals, so
it could reverse these effects.

It is known that aging implies greater oxidative stress.
In this perspective, a study conducted by Omidi, Mina et
al. [104] investigated the effects of myricitrin, a glycoside
found in the fruits, branches, bark, and leaves of plants,
in addition to vitamin E on the fertility of female mice in
D-galactose (D-gal) aging model. Their results indicated
a significant decrease in the hormonal levels of LH and
FSH and an increase in estrogen and progesterone levels
in D-gal-treated mice supplemented with myricitrin and
vitamin E compared to D-gal-treated mice [104].

MD is also characterized by a high intake of plant-
based foods, particularly those rich in fibers, which
promote the growth of beneficial bacteria such as Akker-
mansia muciniphila [105]. This bacterium is associated
with a healthy gut lining, improved metabolic health, and
reduced inflammation [106]. As a next-generation pro-
biotic microorganism, Akkermansia muciniphila plays
a crucial part in supporting brain functions through the
MGB axis. Moreover, it holds promise as a potential
treatment target for various neuropsychological disor-
ders [107].

MD has been associated with improved ovarian func-
tion, higher success rates of ART procedures, and a
reduced risk of developing PCOS. These effects can be
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attributed to the high intake of fibers and the produc-
tion of microbial metabolites [108]. A study conducted
by De Filippis, et al. [109] detected an increase in the
levels of fecal SCFAs, Prevotella bacterium, and other
fiber-degrading Firmicutes when following MD, whereas
low adherence to MD was associated with higher TMAO
levels. In another study [110], Rodriguez Paris et al. used
a dihydrotestosterone (DHT)-induced PCOS-like mice
model to show the effects of macronutrient energy bal-
ance (15-20% protein, 35—40% carbohydrate and 35-45%
fat), resembling that of an MD, on increasing microbial
diversity [110] and rescuing the ovulatory dysfunction
phenotype in the PCOS mouse model [111].

In light of the high levels of SCFAs in the MD, gut
microbiota-derived SCFA have been shown to have
neuroprotective effects [112] through the activation of
the transcriptional machinery that controls the expres-
sion of brain-gut peptides through G protein-coupled
receptors [113]. Recently, the emerging role of brain-gut
peptides in understanding the crosstalk between the gas-
trointestinal system and the central nervous system has
garnered increased attention due to its potential impli-
cations for both physical and mental health. Brain-gut
peptides or mediators are hormones, neurotransmitters,
or other signaling molecules secreted by enteroendocrine
cells (EEC) that interact with immune system cell recep-
tors and afferent fibers of the vagus nerve within the gut
[114]. Subsequently, they can enter the systemic circula-
tion and have the potential to modulate appetite, mood,
or anxiety [114]. These gut-brain mediators include
glucagon-like peptide 1 (GLP-1), CCK, corticotropin-
releasing factor (CRF), GABA, growth hormone releasing
peptide (ghrelin) and peptide YY (PYY) [115]. A study
by Thombare, Ketan et al. provided evidence on how the
secretion of GLP-1, a hormone and a neurotransmitter
released by enteroendocrine L-cells of the gastrointesti-
nal (GI) tract and CNS, is stimulated by dietary factors.
The researchers showed that unsaturated fatty acid (18:1)
oleate increases GLP-1 secretion by GLUTag cells, on the
other hand, they found an opposing effect on GLP-1 lev-
els in the presence of saturated fatty acid (16:0) palmitate,
which was shown to induce apoptosis of GLP-1-secreting
GLUTag cells [116].

Various studies have investigated the anti-inflammatory
role of GLP-1 in the case of obesity-related reproductive
disorders and PCOS, demonstrating its protective effects
against metabolic stress in the ovaries and endometrium
[117-119]. GLP-1 receptor agonists (GLP-1 RAs) have
proven to be effective as monotherapy or in combina-
tion with metformin for obese females with PCOS, lead-
ing to weight reduction, menstrual period regulation, and
decreased testosterone levels, thereby improving fertil-
ity and pregnancy rates [120]. Studies have also shown
that GLP-1 RAs can alter gut microbiota composition,
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increasing levels of beneficial genera like Lactobacillus
and Akkermansia, while reducing pathogenic species
like Enterobacteriaceae [121]. At the same time, GLP-1
could also potentially provide beneficial effects on certain
symptoms commonly observed in psychiatric disorders,
including depression and anxiety [114, 122]. In a group
of patients with mood disorders and cognitive deficits,
a 4-week treatment with a GLP-1 agonist was observed
to reverse the cognitive deficits without impacting meta-
bolic parameters [123]. The results indicate that target-
ing GLP-1 could potentially provide beneficial effects on
certain symptoms that may be more commonly observed
in psychiatric disorders, including depression and anxiety
[114, 122]. Moreover, a reduction in the risk of depres-
sion, anxiety and stress was observed in relation to higher
adherence to MD, compared to a lower adherence, fol-
lowing a dose-response pattern [124].

In addition, MD has been associated with favorable
changes in insulin resistance, metabolic disturbances,
and obesity risk, which are risk factors for infertility
[125, 126]. These improved effects have been shown to
positively impact the success rate of IVF [127]. A large
study involving 2,527 infertile women participating in
the Nurses’ Health Study II showcased the effect of nutri-
tion on female reproductive health and fertility. This
study pointed out a 92% increase in the risk of ovula-
tory infertility in women consuming high glycemic index
diet compared to those consuming a low glycemic index
diet. Conversely, adherence to daily multivitamin intake
showed a 41% decrease in ovulatory infertility [128, 129].
Moreover, the study showed that the intake of protein
from vegetable sources was associated with improved
fertility, while the consumption of protein from ani-
mal sources was associated with infertility attributed to
anovulation [129].

Vitamins are a class of micro-organic substances only
from food that maintain some vital physiological activi-
ties and functions in the human body. Although they do
not provide energy, they regulate metabolic processes.
Many vitamins play a key role in supporting female
health, such as vitamins B, C, D, E, and some coen-
zymes [130]. Due to the expression of vitamin D recep-
tors (VDRs) in the female central and peripheral organs
of reproduction, the role of Vitamin D in infertility is
highly investigated [131-134]. VDRs are also localized in
brain structures such as the hypothalamus and the pitu-
itary gland, suggesting an effect of vitamin D levels on
the HPO axis [132, 135]. Vitamin D intake can improve
fertility by regulating the menstrual cycle and follicular
development [136], whereas its deficiency is reported
to be highly associated with PCOS-related infertility,
altered HPO axis, and ovulation disorders [135, 137]. A
possible mechanism by which Vitamin D deficiency can
disturb the HPO axis is through the reduction of silent
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information regulator 1 (SIRT1) and other antioxidants,
which can consequently induce inflammation, increase
ROS levels, lead to mitochondrial dysfunction, and pro-
mote female infertility [138]. Vitamin E, which is an anti-
oxidant, has shown a promising role in improving fertility
by reducing inflammation in the female reproductive sys-
tem [139] and protecting against the deleterious effects of
ethanol on the altered hormonal levels of the HP-gonadal
axis [140].

Polyunsaturated fatty acids (PUFA) are also essential
nutrients for the female reproductive system that have
anti-inflammatory properties that may help to reduce
oxidative stress and increase progesterone levels, lead-
ing to a lower risk of anovulation and improved fertility
[141]. Carisha S et al. investigated the pro-inflammatory
effects of low omega-3 (n-3) PUFA levels such as, includ-
ing docosahexaenoic acid (DHA), on 1789 women from
the Netherlands Study [142]. Their results have indicated
an association between dysregulated HPA stress sys-
tem markers and elevated inflammatory markers, such
as C-reactive protein (CRP) and tumor necrosis factor-
alpha (TNF-a), with lower n-3 PUFA plasma levels [142].
Others have suggested that omega-3 supplementation
may improve fertility in women undergoing ART [46].
Folate, a B-group vitamin, is an essential nutrient for a
healthy female reproductive system due to its crucial role
during fetal development, preventing neural tube defects
[143]. It also plays a role in ovulation and can improve
fertility by enhancing cognitive function and mood. Iron
is important for producing red blood cells and can help
to prevent anemia and reduce symptoms of depression
and anxiety, which in turn can affect ovulation [144].
Foods high in iron include red meat, poultry, seafood,
beans, and leafy green vegetables.

In conclusion, several nutrients have been identified as
having an impact on the MGB axis and fertility in both
infertile women and women undergoing ART. A bal-
anced and varied diet rich in nutrients may help improve
reproductive health and increase the chances of success-
ful conception.

Discussion

Diet composition impacts the human body at different
molecular, cellular, biological, and physiological levels.
Interestingly, WD and MD are two dietary patterns sug-
gested to play a detrimental or therapeutic role, respec-
tively, in different diseases. Similarly, in the case of female
infertility, many studies were interested in exploring how
these dietary patterns could improve or aggravate the
symptoms associated with infertility. The contrasting
effects of WD and MD on fertility are evident, with WD
exacerbating inflammation, hormonal imbalance, and gut
dysbiosis, while MD mitigates these issues through its
anti-inflammatory and nutrient-dense profile.
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Our review has outlined and illustrated the cellular and
molecular mechanisms by which the WD and MD affect
female fertility. A research study by David et al. [145] has
demonstrated that WD decreases the microbial diversity
in the gut, increasing the growth and activity of Bilophila
wadsworthia, which in turn is associated with inflamma-
tory bowel disease (IBD) due to its role in inducing the
inflammation of intestinal tissue through the production
of hydrogen sulfide (H,S) [146]. Gut dysbiosis triggered
by WD promotes a pro-inflammatory environment,
marked by increased levels of LPS secreted by Gram-
negative bacteria [147] (Fig. 2). LPS triggers systemic
inflammation and is implicated in endometriosis, which
can compromise fertility [148, 149]. Additionally, obesity,
a consequence of the WD, disrupts hormonal balance
through multiple pathways [150]. For example, increased
adipose tissue secretes adipokines, including leptin, and
cytokines that inhibit GnRH secretion and interfere with
the HPO axis, leading to menstrual irregularities and
reduced fertility [151, 152].

In contrast, MD has been demonstrated to improve
obesity, lipid profile, and inflammation. These changes
may be mediated by the diet-derived increase in Lactoba-
cillus, Bifidobacterium, and Prevotella, and the decrease
in Clostridium [153-156]. Moreover, the production of
SCFA, mainly due to the adherence to MD, promotes the
synthesis and secretion of PYY and GLP-1 by enteroen-
docrine L-cells [157], and the activation of the CCK sys-
tem due to the consumption of dietary fiber [93]. PYY
signaling has modulatory properties that involve neuro-
protection against neurological diseases and psychiatric
disorders [114]. On the other side, the low adherence
to the MD was associated with elevated urinary TMAO
[109]. Furthermore, the adherence to a plant-based MD,
or “green” MD, by daily consuming green tea and a leafy
vegetable called Mankai was shown to induce a two-
fold increase in fasting ghrelin levels compared to fol-
lowing a traditional MD [158]. The secretion of ghrelin
can regulate the HPO axis activity by decreasing excess
pituitary-secreted LH levels in PCOS patients [159,
160]. Moreover, Clostridium and Ruminococcus were
reported to be positively associated with ghrelin, whereas
increased Bacteroidetes/Firmicutes, Faecalibacterium,
and Prevotellaceae were negatively associated with ghre-
lin [161]. Conversely, chronic exposure to HFD exerts
negative feedback on ghrelin production and secretion in
both animal and human studies [162].

The potential mechanism is depicted in Fig. 2. Recent
studies showed that a diet based on MD recommenda-
tions positively affects mental and physical health [163,
164]. Additionally, probiotic supplementation is a prom-
ising approach. A study conducted by Zhang, J. et al. [32]
revealed the potential benefits of consuming the probi-
otic Bifidobacterium lactis V9 once daily for 10 weeks
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on gut microbiome composition and gut-brain medita-
tors’ levels in PCOS patients. The authors reported that
the probiotic supplementation in PCOS patients signifi-
cantly induced the growth of SCFA-producing microbes,
including Faecalibacterium, Butyricimonas, and Akker-
mansia, in the gut microbiome of patients. These patients
noticed an increase in the levels of gut-brain mediators
(ghrelin and PYY) as well as a dramatic reduction in FSH
and LH levels [32].

Despite these insights, the previous studies have nota-
ble limitations including reliance on self-reported dietary
intake, which is prone to recall bias and inaccuracies.
Sample sizes in some studies are small, reducing the gen-
eralizability of the findings. Furthermore, limited longi-
tudinal data restricts the ability to assess the long-term
effects of WD on reproductive outcomes. Moreover, cul-
tural preferences, socioeconomic constraints, and limited
access to healthy food options can pose significant bar-
riers to adopting the MD and avoiding reliance on WD,
highlighting the need for tailored dietary interventions
that consider these factors. The link between gut micro-
biota, brain chemistry, and infertility is an intriguing
area of research. However, this field is still in its infancy.
More longitudinal studies and clinical trials are needed
to explore how the food we consume and other dietary
patterns, including the ketogenic diet, can impact the
communication between the gut and the brain, which in
turn may have implications for infertility. These studies
will help elucidate the underlying mechanisms and aid in
planning specific and personalized dietary approaches.

Conclusions

In this review, we discussed the principles of gut micro-
biota brain axis alterations with a focus on the distinct
effects of the Western and Mediterranean diets, as well as
various nutrients, on the management of female infertil-
ity. We highlighted the need to further explore the poten-
tial detrimental or therapeutic effects of Western and
Mediterranean diets, respectively, and the importance of
standardizing dietary formulations in order to ensure the
reproducibility of clinical trials. While research in this
area is ongoing and more studies are needed to establish
definitive connections, maintaining a healthy diet and gut
microbiome could potentially benefit subfertile women.
A balanced diet rich in fiber, prebiotics, and probiotics,
along with appropriate lifestyle changes, may positively
influence the gut-brain axis and contribute to improved
reproductive outcomes. In the era of personalized medi-
cine and due to the complex nature of infertility, advances
in our understanding of these emerging areas are fasci-
nating and open new horizons in the management of
infertile couples.

Abbreviations



Ahmad et al. Journal of Translational Medicine (2025) 23:92

ASRM American Society of Reproductive Medicine
ART Assisted reproductive technology
BA Butyric acid

CRP C-reactive protein

CNS Central nervous system

CCK Cholecystokinin

CAH Congenital adrenal hyperplasia
CRF Corticotropin-releasing factor
DHA Docosahexaenoic acid

EEC Enteroendocrine cells

E2 Estradiol

FSH Follicle-stimulating hormone
GLP-1 Glucagon-like peptide 1

GSH Glutathione

GnRH Gonadotropin-releasing hormone
HFD High-fat diet

hCG Human Chorionic Gonadotropin
HPO Hypothalamic-pituitary-ovarian
IVF In vitro fertilization

LPS Lipopolysaccharide

LH Luteinizing hormone

MD Mediterranean diet

MGB Microbiota-gut-brain axis

PHQ-9 Patient Health Questionnaire-9
PYY Peptide YY

PCOS Polycystic ovary syndrome
PUFA Polyunsaturated fatty acids

PGCs Porcine granulosa cells

P4 Progesterone

ROS Reactive Oxygen Species
SCFAs Short-chain fatty acids

SIRT1 Silent information regulator 1
TMA Trimethylamine

TMAO Trimethylamine N-oxide
TNF-a Tumor necrosis factor-alpha
VDRs Vitamin D receptors

WD Western Diet

WHO World Health Organization
gmGUS  B-glucuronidase
GABA y-aminobutyric acid

Author contributions
FA. contributed to the literature review, writing, designing the figures, and

revising the manuscript draft. SH.A, FC, S.C, and J.A. reviewed the manuscript

draft. AT. designed the manuscript content and outline, and reviewed, and
edited all versions. All authors reviewed and agreed with the final version of
the manuscript.

Funding
Not applicable.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author(s) declare no conflict of interest.

Received: 28 November 2024 / Accepted: 8 January 2025
Published online: 21 January 2025

Page 11 of 14

References

1.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Jacobson MH, Chin HB, Mertens AC, Spencer JB, Fothergill A, Howards PP.
Research on infertility: definition makes a difference revisited. Am J Epide-
miol. 2018;187(2):337-46.

Quaas AM, Manoj M. Infertility: still a largely uncovered and undertreated
disease. J Assist Reprod Genet. 2021;38(5):1069-70.

Gerrits T, Van Rooij F, Esho T, Ndegwa W, Goossens J, Bilajoegovic A, et al.
Infertility in the Global South: raising awareness and generating insights for
policy and practice. Facts Views Vis Obgyn. 2017;9(1):39-44.

Emokpae MA, Brown SI. Effects of lifestyle factors on fertility: practical recom-
mendations for modification. Reprod Fertil. 2021;2(1):R13-26.
Smart-Ridgway L. Current therapy in avian medicine and surgery. Can Vet J.
2017;58(5):481.

Basiji K, Sendani AA, Ghavami SB, Farmani M, Kazemifard N, Sadeghi A, et

al. The critical role of gut-brain axis microbiome in mental disorders. Metab
Brain Dis. 2023;38(8):2547-61.

Lima-Ojeda JM, Rupprecht R, Baghai TC. [Gut microbiota and depression:
pathophysiology of depression: hypothalamic-pituitary-adrenal axis and
microbiota-gut-brain axis]. Nervenarzt. 2020;91(12):1108-14.

Berding K, Vickova K, Marx W, Schellekens H, Stanton C, Clarke G, et al. Diet
and the Microbiota-Gut-Brain Axis: sowing the seeds of good Mental Health.
Adv Nutr. 2021;12(4):1239-85.

Margolis KG, Cryan JF, Mayer EA. The Microbiota-Gut-Brain Axis: from motility
to Mood. Gastroenterology. 2021;160(5):1486-501.

Rinninella E, Tohumcu E, Raoul P, Fiorani M, Cintoni M, Mele MC, et al. The role
of diet in shaping human gut microbiota. Best Pract Res Clin Gastroenterol.
2023;62-63:101828.

Bibbo S, laniro G, Giorgio V, Scaldaferri F, Masucci L, Gasbarrini A, et al. The
role of diet on gut microbiota composition. Eur Rev Med Pharmacol Sci.
2016;20(22):4742-9.

Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, et al. Microbiota in health
and diseases. Signal Transduct Target Ther. 2022;7(1):135.

Khazdouz M, Daryani NE, Cheraghpour M, Alborzi F, Hasani M, Ghavami SB, et
al. The effect of selenium supplementation on disease activity and immune-
inflammatory biomarkers in patients with mild-to-moderate ulcerative colitis:
a randomized, double-blind, placebo-controlled clinical trial. Eur J Nutr.
2023;62(8):3125-34.

Venneri MA, Franceschini E, Sciarra F, Rosato E, D'Ettorre G, Lenzi A. Human
genital tracts microbiota: dysbiosis crucial for infertility. J Endocrinol Invest.
2022;45(6):1151-60.

Jose-Miller AB, Boyden JW, Frey KA. Infertility Am Fam Physician.
2007,75(6):849-56.

Carson SA, Kallen AN. Diagnosis and management of infertility: a review.
JAMA. 2021,326(1):65-76.

Bhattacharya S, Johnson N, Tijani HA, Hart R, Pandey S, Gibreel AF. Female
infertility. BMJ Clin Evid. 2010;2010.

Chaker L, Bianco AC, Jonklaas J, Peeters RP. Hypothyroidism Lancet.
2017;390(10101):1550-62.

Rudnicka E, Kruszewska J, Klicka K, Kowalczyk J, Grymowicz M, Skérska J,

et al. Premature ovarian insufficiency - aetiopathology, epidemiology, and
diagnostic evaluation. Prz Menopauzalny. 2018;17(3):105-8.

Majumdar A, Mangal NS, Hyperprolactinemia. J Hum Reprod Sci.
2013;6(3):168-75.

Kim SY. Diagnosis and treatment of Hypopituitarism. Endocrinol Metab
(Seoul). 2015;30(4):443-55.

Witchel SF. Congenital adrenal Hyperplasia. J Pediatr Adolesc Gynecol.
2017;30(5):520-34.

Sun G, Rong X, CaiY, Qiu S, Farzaneh M. Mini review: the FDA-approved
prescription drugs that induce ovulation in women with ovulatory problems.
Drug Dev Res. 2020;81(7):815-22.

Lunenfeld B, Bilger W, Longobardi S, Alam V, D'Hooghe T, Sunkara SK. The
development of gonadotropins for clinical use in the treatment of infertility.
Front Endocrinol (Lausanne). 2019;10:429.

Bonavina G, Taylor HS. Endometriosis-associated infertility: from pathophysi-
ology to tailored treatment. Front Endocrinol (Lausanne). 2022;13:1020827.
Mani S, Ghosh J, Coutifaris C, Sapienza C, Mainigi M. Epigenetic changes and
assisted reproductive technologies. Epigenetics. 2020;15(1-2):12-25.
Mackay A, Taylor S, Glass B. Inequity of Access: scoping the barriers to assisted
Reproductive technologies. Pharmacy. 2023;11(1):17.

Ombelet W, Onofre J. IVF in Africa: what is it all about? Facts Views Vis Obgyn.
2019;11(1):65-76.



Ahmad et al. Journal of Translational Medicine

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

(2025) 23:92

Qi X, Yun C, Pang Y, Qiao J. The impact of the gut microbiota on the reproduc-
tive and metabolic endocrine system. Gut Microbes. 2021;13(1):1-21.
Fabozzi G, Rebuzzini P, Cimadomo D, Allori M, Franzago M, Stuppia L, et al.
Endocrine-disrupting chemicals, gut microbiota, and Human (in)Fertility-It is
time to consider the Triad. Cells. 2022;11:21.

Hashem NM, Gonzalez-Bulnes A. The Use of Probiotics for Management and
Improvement of Reproductive eubiosis and function. Nutrients. 2022;14(4).
Zhang J, Sun Z, Jiang S, Bai X, Ma C, Peng Q et al. Probiotic Bifidobacterium
lactis V9 regulates the secretion of sex hormones in polycystic ovary syn-
drome patients through the gut-brain Axis. mSystems. 2019;4(2).

de Angelis C, Nardone A, Garifalos F, Pivonello C, Sansone A, Conforti A, et al.
Smoke, alcohol and drug addiction and female fertility. Reprod Biol Endocri-
nol. 2020;18(1):21.

Whitcomb BW, Bodach SD, Mumford SL, Perkins NJ, Trevisan M, Wactawski-
Wende J, et al. Ovarian function and cigarette smoking. Paediatr Perinat
Epidemiol. 2010;24(5):433-40.

Gude D. Alcohol and fertility. J Hum Reprod Sci. 2012;5(2):226-8.

Xie F,You'Y, Guan C, Gu'Y, Yao F, Xu J. Association between physical activity
and infertility: a comprehensive systematic review and meta-analysis. J
Translational Med. 2022;20(1):237.

Palomba S, Daolio J, Romeo S, Battaglia FA, Marci R, La Sala GB. Lifestyle and
fertility: the influence of stress and quality of life on female fertility. Reproduc-
tive Biology Endocrinol. 2018;16(1):113.

Szkodziak F, Krzyzanowski J, Szkodziak P. Psychological aspects of infertility. A
systematic review. J Int Med Res. 2020;48(6):300060520932403.

Schliep KC, Mumford SL, Vladutiu CJ, Ahrens KA, Perkins NJ, Sjaarda LA, et al.
Perceived stress, reproductive hormones, and ovulatory function: a prospec-
tive cohort study. Epidemiology. 2015;26(2):177-84.

Kloss JD, Perlis ML, Zamzow JA, Culnan EJ, Gracia CR. Sleep, sleep disturbance,
and fertility in women. Sleep Med Rev. 2015;22:78-87.

Silvestris E, Lovero D, Palmirotta R. Nutrition and female fertility: an interde-
pendent correlation. Front Endocrinol (Lausanne). 2019;10:346.

Tatone C, Di Emidio G, Vitti M, Di Carlo M, Santini S, D'Alessandro AM et al.
Sirtuin Functions in Female Fertility: Possible Role in Oxidative Stress and
Aging. Oxidative Medicine and Cellular Longevity. 2015,2015.

Alam F, Syed H, Amjad S, Baig M, Khan TA, Rehman R. Interplay between oxi-
dative stress, SIRT1, reproductive and metabolic functions. Curr Res Physiol.
2021;4:119-24.

Tatone C, di Emidio G, Barbonetti A, Carta G, Luciano AM, Falone S, et al.
Sirtuins in gamete biology and reproductive physiology: emerging roles and
therapeutic potential in female and male infertility. Hum Reprod Update.
2018,24(3):267-89.

Aiken CE, Tarry-Adkins JL, Spiroski A-M, Nuzzo AM, Ashmore TJ, Rolfo A, et al.
Chronic gestational hypoxia accelerates ovarian aging and lowers ovarian
reserve in next-generation adult rats. FASEB J. 2019;33(6):7758-66.

Alesi S, Villani A, Mantzioris E, Takele WW, Cowan S, Moran LJ, et al. Anti-
inflammatory diets in fertility: an evidence review. Nutrients. 2022;14:19.
Kiani Z, Simbar M, Hajian S, Zayeri F, Shahidi M, Saei Ghare Naz M, et al. The
prevalence of anxiety symptoms in infertile women: a systematic review and
meta-analysis. Fertil Res Pract. 2020,6:7.

Simionescu G, Doroftei B, Maftei R, Obreja BE, Anton E, Grab D, et al. The
complex relationship between infertility and psychological distress (review).
Exp Ther Med. 2021;21(4):306.

Omani-Samani R, Ghaheri A, Navid B, Sepidarkish M, Maroufizadeh S.
Prevalence of generalized anxiety disorder and its related factors among
infertile patients in Iran: a cross-sectional study. Health Qual Life Outcomes.
2018;16(1):129.

Vahia VN. Diagnostic and statistical manual of mental disorders 5: a quick
glance. Indian J Psychiatry. 2013;55(3):220-3.

Omani-Samani R, Maroufizadeh S, Almasi-Hashiani A, Amini P. Prevalence of
depression and its determinant factors among infertile patients in Iran based
on the PHQ-9. Middle East Fertility Soc J. 2018;23(4):460-3.

Kundakovic M, Rocks D. Sex hormone fluctuation and increased female risk
for depression and anxiety disorders: from clinical evidence to molecular
mechanisms. Front Neuroendocrinol. 2022;66:101010.

Albert K, Pruessner J, Newhouse P. Estradiol levels modulate brain activity
and negative responses to psychosocial stress across the menstrual cycle.
Psychoneuroendocrinology. 2015;59:14-24.

Young EA, Becker JB. Perspective: sex matters: gonadal steroids and the brain.
Neuropsychopharmacology. 2009;34(3):537-8.

Howard DM, Adams MJ, Clarke TK, Hafferty JD, Gibson J, Shirali M, et al.
Genome-wide meta-analysis of depression identifies 102 independent

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 12 of 14

variants and highlights the importance of the prefrontal brain regions. Nat
Neurosci. 2019:22(3):343-52.

Gomez C, Saldivar-Gonzalez A, Delgado G, Rodriguez R. Rapid anxiolytic
activity of progesterone and pregnanolone in male rats. Pharmacol Biochem
Behav. 2002;72(3):543-50.

Rodriguez-Sierra JF, Howard JL, Pollard GT, Hendricks SE. Effect of ovarian hor-
mones on conflict behavior. Psychoneuroendocrinology. 1984;9(3):293-300.
Picazo O, Fernandez-Guasti A. Anti-anxiety effects of progesterone and some
of its reduced metabolites: an evaluation using the burying behavior test.
Brain Res. 1995;680(1-2):135-41.

Clemente-Suérez VJ, Beltran-Velasco Al, Redondo-Flérez L, Martin-Rodriguez
A, Tornero-Aguilera JF. Global impacts of western Diet and its effects on
Metabolism and Health: a narrative review. Nutrients. 2023;15(12).

So SY,Wu Q, Savidge T. Chapter 54 - role of gut microbiota in food safety. In:
Knowles ME, Anelich LE, Boobis AR, Popping B, editors. Present Knowledge in
Food Safety. Academic; 2023. pp. 812-28.

Dhungana S, Carlson JE, Pathmasiri W, McRitchie S, Davis M, Sumner S, et al.
Impact of a western diet on the ovarian and serum metabolome. Maturitas.
2016;92:134-42.

Aiken CE, Tarry-Adkins JL, Penfold NC, Dearden L, Ozanne SE. Decreased ovar-
ian reserve, dysregulation of mitochondrial biogenesis, and increased lipid
peroxidation in female mouse offspring exposed to an obesogenic maternal
diet. Faseb j. 2016;30(4):1548-56.

Pasquali R, Patton L, Gambineri A. Obesity and infertility. Curr Opin Endocrinol
Diabetes Obes. 2007;14(6):482-7.

Epplein M, Reed SD, Voigt LF, Newton KM, Holt VL, Weiss NS. Risk of complex
and atypical endometrial hyperplasia in relation to anthropometric measures
and reproductive history. Am J Epidemiol. 2008;168(6):563-70. discussion
71-6.

Andrews MA, Schliep KC, Wactawski-Wende J, Stanford JB, Zarek SM, Radin
RG, et al. Dietary factors and luteal phase deficiency in healthy eumenorrheic
women. Hum Reprod. 2015;30(8):1942-51.

Lainez NM, Coss D, Obesity. Neuroinflammation, and Reproductive function.
Endocrinology. 2019;160(11):2719-36.

Volk KM, Pogrebna WV, Roberts JA, Zachry JE, Blythe SN, Toporikova N. High-
Fat, High-Sugar Diet disrupts the preovulatory hormone surge and induces
cystic ovaries in Cycling Female rats. J Endocr Soc. 2017;1(12):1488-505.

Di Berardino C, Peserico A, Capacchietti G, Zappacosta A, Bernabo N, Russo V
et al. High-Fat Diet and female fertility across Lifespan: a comparative lesson
from Mammal models. Nutrients. 2022;14(20).

Cordeiro MM, Ribeiro RA, Bubna PB, de Almeida AC, Laginski TRF, Franco GCN,
et al. Physical exercise attenuates obesity development in western-diet fed
obese rats independently of vitamin D supplementation. Clin Exp Pharmacol
Physiol. 2022;49(6):633-42.

Fabozzi G, Verdone G, Allori M, Cimadomo D, Tatone C, Stuppia L, et al.
Personalized Nutrition in the management of female infertility: New insights
on Chronic Low-Grade inflammation. Nutrients. 2022;14(9):1918.

Patel N, Patel N, Pal S, Nathani N, Pandit R, Patel M, et al. Distinct gut and
vaginal microbiota profile in women with recurrent implantation failure and
unexplained infertility. BMC Womens Health. 2022;22(1):113.

Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al. Link-
ing long-term dietary patterns with gut microbial enterotypes. Science.
2011;334(6052):105-8.

Drasar BS, Crowther JS, Goddard P, Hawksworth G, Hill MJ, Peach S, et al.

The relation between diet and the gut microflora in man. Proc Nutr Soc.
1973,32(2):49-52.

Komiya S, Naito Y, Okada H, Matsuo Y, Hirota K, Takagi T, et al. Character-

izing the gut microbiota in females with infertility and preliminary results
of a water-soluble dietary fiber intervention study. J Clin Biochem Nutr.
2020,67(1):105-11.

Mazhar M, Zhu 'Y, Qin L. The interplay of Dietary fibers and intestinal micro-
biota affects type 2 diabetes by Generating short-chain fatty acids. Foods.
2023;12(5):1023.

Nogal A, Valdes AM, Menni C. The role of short-chain fatty acids in the
interplay between gut microbiota and diet in cardio-metabolic health. Gut
Microbes. 2021:13(1):1-24.

Li L, Peng P, Ding N, Jia W, Huang C, Tang Y. Oxidative stress, inflammation,
gut dysbiosis: what can polyphenols do in inflammatory bowel disease?
Antioxidants. 2023;12(4):967.

Chadchan SB, Singh V, Kommagani R. Female reproductive dysfunctions and
the gut microbiota. J Mol Endocrinol. 2022,69(3):R81-94.



Ahmad et al. Journal of Translational Medicine

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

(2025) 23:92

LuN, Li M, Lei H, Jiang X, Tu W, Lu Y, et al. Butyric acid regulates progesterone
and estradiol secretion via CAMP signaling pathway in porcine granulosa
cells. J Steroid Biochem Mol Biol. 2017;172:89-97.

Sui'Y, Wu J, Chen J. The role of Gut Microbial B-Glucuronidase in estrogen
reactivation and breast Cancer. Front Cell Dev Biol. 2021,9:631552.

Manoj G, Thampi H, Leelamma S, Menon VP. Dietary fiber and activity of
intestinal tissue B-glucuronidase in rats. Nutr Res. 1993;13(5):575-82.
Katzinger J. 28 - biomarkers for Stool Analysis. In: Pizzorno JE, Murray MT,
editors. Textbook of Natural Medicine (Fifth Edition). St. Louis (MO): Churchill
Livingstone; 2020. 227 -35.€5.

Svensson A, Brunkwall L, Roth B, Orho-Melander M, Ohlsson B. Associations
between endometriosis and Gut Microbiota. Reprod Sci. 2021;28(8):2367-77.
Nagy RA, Homminga |, Jia C, Liu F, Anderson JLC, Hoek A, et al. Trimethyl-
amine-N-oxide is present in human follicular fluid and is a negative predictor
of embryo quality. Hum Reprod. 2020;35(1):81-8.

Chen K, Zheng X, Feng M, Li D, Zhang H. Gut microbiota-dependent metabo-
lite trimethylamine N-Oxide contributes to Cardiac Dysfunction in Western
Diet-Induced obese mice. Front Physiol. 2017;8:139.

Ohland CL, Kish L, Bell H, Thiesen A, Hotte N, Pankiv E, et al. Effects of Lacto-
bacillus helveticus on murine behavior are dependent on diet and genotype
and correlate with alterations in the gut microbiome. Psychoneuroendocri-
nology. 2013;38(9):1738-47.

Pyndt Jgrgensen B, Hansen JT, Krych L, Larsen C, Klein AB, Nielsen DS, et al.

A possible link between Food and Mood: Dietary Impact on Gut Microbiota
and Behavior in BALB/c mice. PLoS ONE. 2014;9(8):e103398.

Geng J,Ni Q SunW, Li L, Feng X. The links between gut microbiota and obe-
sity and obesity related diseases. Biomed Pharmacother. 2022;147:112678.
de La Serre CB, Ellis CL, Lee J, Hartman AL, Rutledge JC, Raybould HE. Propen-
sity to high-fat diet-induced obesity in rats is associated with changes in the
gut microbiota and gut inflammation. Am J Physiol Gastrointest Liver Physiol.
2010;299(2):G440-8.

Zhou Q, Chen H, Yang S, Li Y, Wang B, Chen Y, et al. High-fat diet decreases
the expression of KissT mRNA and kisspeptin in the ovary, and increases
ovulatory dysfunction in postpubertal female rats. Reprod Biol Endocrinol.
2014,12:127.

Zhou Z,Lin Q Xu X, llahi GS, Dong C, Wu X. Maternal high-fat diet impairs
follicular development of offspring through intraovarian kisspeptin/GPR54
system. Reprod Biol Endocrinol. 2019;17(1):13.

Mamat U, Seydel U, Grimmecke D, Holst O, Rietschel ET. 3.09 - Lipopolysac-
charides. In: Barton SD, Nakanishi K, Meth-Cohn O, editors. Comprehensive
Natural products Chemistry. Oxford: Pergamon; 1999. pp. 179-239.

Cawthon CR, de La Serre CB. The critical role of CCK in the regulation of food
intake and diet-induced obesity. Peptides. 2021;138:170492.

DingY, Zhang H, Liao Y-Y, Chen L-N, Ji S-Y, Qin J, et al. Structural insights

into human brain-gut peptide cholecystokinin receptors. Cell Discovery.
2022;8(1):55.

Moran TH, Robinson PH, Goldrich MS, McHugh PR. Two brain cholecystokinin
receptors: implications for behavioral actions. Brain Res. 1986;362(1):175-9.
Saia RS, Ribeiro AB, Giusti H. Cholecystokinin modulates the mucosal inflam-
matory response and prevents the Lipopolysaccharide-Induced Intestinal
Epithelial Barrier Dysfunction. Shock. 2020;53(2).

Kermack AJ, Wellstead SJ, Fisk HL, Cheong Y, Houghton FD, Macklon NS,

et al. The fatty acid composition of human follicular fluid is altered by a
6-Week dietary intervention that includes Marine Omega-3 fatty acids. Lipids.
2021,56(2):201-9.

Ravisankar S, Ting AY, Murphy MJ, Redmayne N, Wang D, McArthur CA et al.
Short-term western-style diet negatively impacts reproductive outcomes in
primates. JCl Insight. 2021;6(4).

Adamowski M, Wotodko K, Oliveira J, Castillo-Fernandez J, Murta D, Kelsey

G, et al. Leptin Signaling in the Ovary of Diet-Induced obese mice regulates
activation of NOD-Like receptor protein 3 Inflammasome. Front Cell Dev Biol.
2021;9:738731.

Davis C, Bryan J, Hodgson J, Murphy K. Definition of the Mediterranean Diet;
a literature review. Nutrients. 2015;7(11):9139-53.

Park Y, Cho YJ, Sung N, Park MJ, Guan X, Gibbons WE, et al. Oleuropein sup-
presses endometriosis progression and improves the fertility of mice with
endometriosis. J Biomed Sci. 2022;29(1):100.

Luddi A, Capaldo A, Focarelli R, Gori M, Morgante G, Piomboni P, et al. Antioxi-
dants reduce oxidative stress in follicular fluid of aged women undergoing
IVF. Reproductive Biology Endocrinol. 2016;14(1):57.

104.

105.

106.

107.

109.

111

113.

116.

117.

119.

121

Page 13 of 14

. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The effects

of oxidative stress on female reproduction: a review. Reproductive Biology
Endocrinol. 2012;10(1):49.

Omidi M, Ahangarpour A, Ali Mard S, Khorsandi L. The effects of myricitrin
and vitamin E against reproductive changes induced by D-galactose as an
aging model in female mice: an experimental study. Int J Reprod Biomed.
2019;17(11):789-98.

Tagliamonte S, Laiola M, Ferracane R, Vitale M, Ercolini D, Vitaglione P.
Mediterranean diet consumption affects the endocannabinoid system and
Akkermansia muciniphila gut levels in overweight and obese subjects. Nutr
Metabolism Cardiovasc Dis. 2021;31:3255.

Jian H, Liu Y, Wang X, Dong X, Zou X. Akkermansia muciniphila as a Next-
Generation Probiotic in Modulating Human Metabolic Homeostasis and
Disease Progression: A Role Mediated by Gut-Liver-Brain Axes? International
Journal of Molecular Sciences.2023;24(4):3900.

XuR, ZhangY, Chen'S, Zeng Y, Fu X, Chen T, et al. The role of the probiotic
Akkermansia muciniphila in brain functions: insights underpinning therapeu-
tic potential. Crit Rev Microbiol. 2023;49(2):151-76.

. Szmidt MK, Granda D, Madej D, Sicinska E, Kaluza J. Adherence to the Medi-

terranean Diet in Women and Reproductive Health across the Lifespan: a
narrative review. Nutrients. 2023;15(9).

Filippis FD, Pellegrini N, Vannini L, Jeffery B, Storia AL, Laghi L, et al. High-level
adherence to a Mediterranean diet beneficially impacts the gut microbiota
and associated metabolome. Gut. 2016;65(11):1812-21.

. Rodriguez Paris V, Wong XYD, Solon-Biet SM, Edwards MC, Aflatounian A,

Gilchrist RB, et al. The interplay between PCOS pathology and diet on gut
microbiota in a mouse model. Gut Microbes. 2022;14(1):2085961.

Rodriguez Paris V, Solon-Biet SM, Senior AM, Edwards MC, Desai R, Tedla N, et
al. Defining the impact of dietary macronutrient balance on PCOS traits. Nat
Commun. 2020;11(1):5262.

. LiuJ, JinY,YeY, Tang Y, Dai S, Li M, et al. The neuroprotective effect of short

chain fatty acids against Sepsis-Associated Encephalopathy in mice. Front
Immunol. 2021;12:626394.

Tolhurst G, Heffron H, Lam YS, Parker HE, Habib AM, Diakogiannaki E, et al.

Short-chain fatty acids stimulate glucagon-like peptide-1 secretion via the
G-protein-coupled receptor FFAR2. Diabetes. 2012,61(2):364-71.

. Lach G, Schellekens H, Dinan TG, Cryan JF. Anxiety, Depression, and the

Microbiome: a role for gut peptides. Neurotherapeutics. 2018;15(1):36-59.

. Latorre R, Sternini C, De Giorgio R, Greenwood-Van Meerveld B. Enteroendo-

crine cells: a review of their role in brain-gut communication. Neurogastroen-
terol Motil. 2016;28(5):620-30.

Thombare K, Ntika S, Wang X, Krizhanovskii C. Long chain saturated and
unsaturated fatty acids exert opposing effects on viability and func-

tion of GLP-1-producing cells: mechanisms of lipotoxicity. PLoS ONE.
2017;12(5)e0177605.

Jensterle M, Janez A, Fliers E, DeVries JH, Vrtacnik-Bokal E, Siegelaar SE. The
role of glucagon-like peptide-1 in reproduction: from physiology to thera-
peutic perspective. Hum Reprod Update. 2019;25(4):504-17.

. Papaetis GS, Kyriacou A. GLP-1 receptor agonists, polycystic ovary syndrome

and reproductive dysfunction: current research and future horizons. Adv Clin
Exp Med. 2022;31(11):1265-74.

Bader S, Bhatti R, Mussa B, Abusanana S. A systematic review of GLP-1 on
anthropometrics, metabolic and endocrine parameters in patients with
PCOS. Womens Health (Lond). 2024;20:17455057241234530.

. Bednarz K, Kowalczyk K, Cwynar M, Czapla D, Czarkowski W, Kmita D et al. The

role of Glp-1 receptor agonists in insulin resistance with concomitant obesity
treatment in polycystic ovary syndrome. Int J Mol Sci. 2022;23(8).

Sayehmiri F, Samadian M, Mohamadkhani A, Tafakhori A, Haghighat S, Rah-
matian A, et al. Gut microbiota modification via glucagon-like Peptide-1 with
Beneficial Neuroprotective effects. Middle East J Dig Dis. 2022;14(2):235-43.

. Mansur RB, Ahmed J, Cha DS, Woldeyohannes HO, Subramaniapillai M,

Lovshin J, et al. Liraglutide promotes improvements in objective measures of
cognitive dysfunction in individuals with mood disorders: a pilot, open-label
study. J Affect Disord. 2017,207:114-20.

. Mansur RB, Zugman A, Ahmed J, Cha DS, Subramaniapillai M, Lee Y, et al.

Treatment with a GLP-1R agonist over four weeks promotes weight loss-
moderated changes in frontal-striatal brain structures in individuals with
mood disorders. Eur Neuropsychopharmacol. 2017;27(11):1153-62.

. Yin W, Lof M, Chen R, Hultman CM, Fang F, Sandin S. Mediterranean diet and

depression: a population-based cohort study. Int J Behav Nutr Phys Activity.
2021;18(1):153.



Ahmad et al. Journal of Translational Medicine

125.

126.

127.

128.

129.

130.

131.

132

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

(2025) 23:92

Carlos S, De La Fuente-Arrillaga C, Bes-Rastrollo M, Razquin C, Rico-Campa A,
Martinez-Gonzélez MA et al. Mediterranean Diet and Health outcomes in the
SUN Cohort. Nutrients. 2018;10(4).

Guasch-Ferré M, Salas-Salvadd J, Ros E, Estruch R, Corella D, Fitd M, et al. The
PREDIMED trial, Mediterranean diet and health outcomes: how strong is the
evidence? Nutr Metab Cardiovasc Dis. 2017;27(7):624-32.

Vujkovic M, de Vries JH, Lindemans J, Macklon NS, van der Spek PJ, Steegers
EA, et al. The preconception Mediterranean dietary pattern in couples
undergoing in vitro fertilization/intracytoplasmic sperm injection treatment
increases the chance of pregnancy. Fertil Steril. 2010,94(6):2096-101.
Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. A prospective study

of dietary carbohydrate quantity and quality in relation to risk of ovulatory
infertility. Eur J Clin Nutr. 2009;63(1):78-86.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Protein intake and
ovulatory infertility. Am J Obstet Gynecol. 2008;198(2):e2101-7.

Chavarro JE, Schlaff WD, Introduction. Impact of nutrition on reproduction:
an overview. Fertil Steril. 2018;110(4):557-9.

Luk J, Torrealday S, Neal Perry G, Pal L. Relevance of vitamin D in reproduction.
Hum Reprod. 2012,27(10):3015-27.

Nicholas C, Davis J, Fisher T, Segal T, Petti M, Sun'Y, et al. Maternal Vitamin D
Deficiency Programs Reproductive Dysfunction in female mice offspring
through adverse effects on the Neuroendocrine Axis. Endocrinology.
2016;157(4):1535-45.

Meng X, Zhang J, Wan Q, Huang J, Han T, Qu T, et al. Influence of vitamin D
supplementation on reproductive outcomes of infertile patients: a systematic
review and meta-analysis. Reprod Biol Endocrinol. 2023;21(1):17.

Nandi A, Sinha N, Ong E, Sonmez H, Poretsky L. Is there a role for vitamin D in
human reproduction? Horm Mol Biol Clin Investig. 2016;25(1):15-28.

Dicken CL, Israel DD, Davis JB, Sun Y, Shu J, Hardin J et al. Peripubertal Vitamin
D3 Deficiency Delays Puberty and disrupts the Estrous cycle in adult female
MiceT. Biol Reprod. 2012,87(2).

Grundmann M, von Versen-Hoynck F. Vitamin D - roles in women's reproduc-
tive health? Reprod Biol Endocrinol. 2011;9:146.

Berry S, Seidler K, Neil J. Vitamin D deficiency and female infertility: a mecha-
nism review examining the role of vitamin D in ovulatory dysfunction as a
symptom of polycystic ovary syndrome. J Reprod Immunol. 2022;151:103633.
Alam F, Shahid M, Riffat S, Zulkipli IN, Syed F, Ashraf M, et al. SIRTT and anti-
oxidants in infertile females: exploration of the role of vitamin D. PLoS ONE.
2023;18(7):€0287727.

Md Amin NA, Sheikh Abdul Kadir SH, Arshad AH, Abdul Aziz N, Abdul Nasir
NA. Ab Latip N. Are Vitamin E Supplementation Beneficial for Female Gynae-
cology Health and diseases? Molecules. 2022;27(6):1896.

Zhu Q, Emanuele MA, LaPaglia N, Kovacs EJ, Emanuele NV. Vitamin E prevents
ethanol-induced inflammatory, hormonal, and cytotoxic changes in repro-
ductive tissues. Endocrine. 2007,32(1):59-68.

Mumford SL, Chavarro JE, Zhang C, Perkins NJ, Sjaarda LA, Pollack AZ, et al.
Dietary fat intake and reproductive hormone concentrations and ovulation in
regularly menstruating women. Am J Clin Nutr. 2016;103(3):868-77.

Thesing CS, Bot M, Milaneschi Y, Giltay EJ, Penninx BWJH. Omega-3 polyun-
saturated fatty acid levels and dysregulations in biological stress systems.
Psychoneuroendocrinology. 2018;97:206-15.

Ami N, Bernstein M, Boucher F, Rieder M, Parker L. Folate and neural tube
defects: the role of supplements and food fortification. Paediatr Child Health.
2016,21(3):145-54.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Iron intake and risk of
ovulatory infertility. Obstet Gynecol. 2006;108(5):1145-52.

David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE, et
al. Diet rapidly and reproducibly alters the human gut microbiome. Nature.
2014,505(7484):559-63.

Devkota S, Wang Y, Musch MW, Leone V, Fehlner-Peach H, Nadimpalli A, et al.
Dietary-fat-induced taurocholic acid promotes pathobiont expansion and
colitis in [110-/- mice. Nature. 2012;487(7405):104-8.

148.

151.

152.

153.

154.

155.

157.

158.

159.

161.

162.

163.

164.

Page 14 of 14

. Liu M, Peng R, Tian C, Shi J, Ma J, Shi R, et al. Effects of the gut microbiota

and its metabolite short-chain fatty acids on endometriosis. Front Cell Infect
Microbiol. 2024;14:1373004.

Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D, et al. Meta-

bolic endotoxemia initiates obesity and insulin resistance. Diabetes.
2007;56(7):1761-72.

. Jiang |, Yong PJ, Allaire C, Bedaiwy MA. Intricate connections between the

Microbiota and Endometriosis. Int J Mol Sci. 2021;22(11).

. Alvarez-Castro P, Sangiao-Alvarellos S, Brandén-Sandé |, Cordido F. Endo-

crine function in obesity. Endocrinologia Y Nutricion. (English Edition).
2011;58(8):422-32.

Nieuwenhuis D, Pujol-Gualdo N, Arnoldussen IAC, Kiliaan AJ. Adipokines: a
gear shift in puberty. Obes Rev. 2020;21(6):e13005.

Silvestris E, de Pergola G, Rosania R, Loverro G. Obesity as disruptor of the
female fertility. Reproductive Biology Endocrinol. 2018;16(1):22.
Queipo-Ortuiio MI, Boto-Ordéfez M, Murri M, Gomez-Zumaquero JM,
Clemente-Postigo M, Estruch R, et al. Influence of red wine polyphenols and
ethanol on the gut microbiota ecology and biochemical biomarkers. Am J
Clin Nutr. 2012;95(6):1323-34.

Fava F, Gitau R, Griffin BA, Gibson GR, Tuohy KM, Lovegrove JA. The type and
quantity of dietary fat and carbohydrate alter faecal microbiome and short-
chain fatty acid excretion in a metabolic syndrome ‘at-risk’ population. Int J
Obes (Lond). 2013;37(2):216-23.

Koloverou E, Panagiotakos DB, Pitsavos C, Chrysohoou C, Georgousopoulou
EN, Grekas A, et al. Adherence to Mediterranean diet and 10-year incidence
(2002-2012) of diabetes: correlations with inflammatory and oxidative
stress biomarkers in the ATTICA cohort study. Diabetes Metab Res Rev.
2016;32(1):73-81.

. Bialonska D, Ramnani P, Kasimsetty SG, Muntha KR, Gibson GR, Ferreira D. The

influence of pomegranate by-product and punicalagins on selected groups
of human intestinal microbiota. Int J Food Microbiol. 2010;140(2-3):175-82.
Gantenbein KV, Kanaka-Gantenbein C. Mediterranean Diet as an antioxidant:
the impact on Metabolic Health and overall wellbeing. Nutrients. 2021;13(6).
Tsaban G, Yaskolka Meir A, Zelicha H, Rinott E, Kaplan A, Shalev A, et al.
Diet-induced Fasting Ghrelin Elevation reflects the recovery of insulin
sensitivity and visceral adiposity regression. J Clin Endocrinol Metabolism.
2021;107(2):336-45.

SunY, Gao S, Ye C, Zhao W. Gut microbiota dysbiosis in polycystic ovary syn-
drome: mechanisms of progression and clinical applications. Front Cell Infect
Microbiol. 2023;13.

. Hoover SE, Gower BA, Cedillo YE, Chandler-Laney PC, Deemer SE, Goss AM.

Changes in Ghrelin and Glucagon following a low glycemic load Diet in
Women with PCOS. J Clin Endocrinol Metab. 2021;106(5):2151-61.
Leeuwendaal NK, Cryan JF, Schellekens H. Gut peptides and the microbiome:
focus on ghrelin. Curr Opin Endocrinol Diabetes Obes. 2021,28(2):243-52.
Ibrahim Abdalla MM. Ghrelin - physiological functions and regulation. Eur
Endocrinol. 2015;11(2):90-5.

Parletta N, Zarnowiecki D, Cho J, Wilson A, Bogomolova S, Villani A, et al.
A Mediterranean-style dietary intervention supplemented with fish oil
improves diet quality and mental health in people with depression: a ran-
domized controlled trial (HELFIMED). Nutr Neurosci. 2019,22(7):474-87.
Jacka FN, O'Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, et al. A
randomised controlled trial of dietary improvement for adults with major
depression (the 'SMILES trial). BMC Med. 2017;15(1):23.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿A disturbed communication between hypothalamic-pituitary-ovary axis and gut microbiota in female infertility: is diet to blame?
	﻿Abstract
	﻿Background
	﻿Search methods
	﻿Etiology of female infertility and related therapeutic approaches
	﻿Nature vs. nurture-based risk factors involved in the pathophysiological mechanisms of infertility
	﻿The impact of the Western Diet on MGB axis in infertile women
	﻿The impact of the Mediterranean Diet and single nutrients on MGB axis in infertile women

	﻿Discussion
	﻿Conclusions
	﻿References


