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1 3rd Department of Internal Medicine and Cardiology, Medical University of Warsaw, 02-091 Warsaw, Poland
2 Polish Society of Lifestyle Medicine, 00-388 Warsaw, Poland
3 Medical Center of Postgraduate Education, Public Health School, 01-813 Warsaw, Poland
* Correspondence: klaudia.lakoma@gmail.com

Abstract: Infertility is a disease globally affecting 20–30% of the reproductive age female population.
However, in up to 50% on recorded cases, problems with infertility are ascribed to men; therefore,
it is important to popularize healthy eating also in this group. During the last decade, it has been
observed that society’s lifestyle changed drastically: reduced energy expenditure in physical activity
per day, increased consumption of hypercaloric and high-glycemic-index foods with high content of
trans fats, and reduced consumption of dietary fiber, which negatively affects fertility. Increasing
evidence points to a link between diet and fertility. It is becoming clear that well-planned nutrition
can also contribute to the effectiveness of ART. The low-GI plant-based diet appears to have a positive
effect, especially when it is based on Mediterranean dietary patterns: rich in antioxidants, vegetable
protein, fiber, MUFA fatty acids, omega-3, vitamins, and minerals. Importantly, this diet has been
shown to protect against chronic diseases associated with oxidative stress, which also translates into
pregnancy success. As lifestyle and nutrition seem to be important factors affecting fertility, it is
worth expanding knowledge in this regard among couples trying to conceive a child.

Keywords: fertility; fertility diet; nutrition; plant-based; pro-fertile diet; nutritional patterns;
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1. Introduction

Infertility is a disease concerning both, male and female reproductive system. It can
be defined as the failure in achieving clinical pregnancy in the period of 12 or more months
with the assumption of regular unprotected sexual intercourse [1–4].

It is estimated that 15% of reproductive-age couples in the world experience difficulty
getting pregnant—at least 48.5 million couples [5–7]. This global health problem affects
20–30% of the female population of reproductive age in modern society [8]. In contrast,
only about 7% of all men worldwide suffer from male infertility [9]. Among 20% of couples
unsuccessfully trying to get pregnant, the problem of infertility affects both women and
men [10]. Estimated that female infertility accounts for only 35% of all infertility cases,
whereas about 20–30% of infertility cases are solely due to males, but generally male factors
are identified as the main cause in 50% of infertility problems overall [1,11]. The remaining
15% of couples unable to conceive have “unexplained infertility” [12].

Infertility can be overwhelming for couples diagnosed with this medical problem, they
are more likely to experience stress and have a higher risk of developing serious mental
disorders, such as anxiety and depression, compared to healthy couples [13,14]. Taking
these data into account, all possible solutions should be sought. In recent years, researchers
have been looking for lifestyle factors that favor fertility. One of them is a properly balanced
diet. Nutrition can have a negative or positive effect on the fertility of both women and
men and the impact depends on both quantitative and qualitative properties of the diet,
such as the caloric content of each macronutrient (carbohydrates, fat, and protein), as well
as the specific acid profiles fatty acids, proteins, and carbohydrates. All components of
nutrition constitute a dietary pattern [11,13,15–17].
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Based on current knowledge, it can be confirmed that the Mediterranean dietary (MD)
pattern is remarkably positive for fertility. A growing interest, noticed in the scientific
evidence, suggests that increased consumption of plant-based protein, rich in antioxidants,
fiber, and low-glucose-index (GI) carbohydrates have an equally important effect on fertility.
This aspect indicates that the plant-based nutritional model can lead to a positive effect on
couples’ fertility [15,16,18–20].

The number of people around the world following plant-based diets has grown
enormously in the last few years. In the general population likewise in the scientific
community of Western countries, the interest for this particular nutritional model has
increased remarkably and became the one of the major eating patterns [21]. A survey
published in 2019 it turned out that 40% of consumers are trying to reduce their animal-
protein intake, whereas 10% avoid red meat altogether [22].

Many studies have shown the positive effects of a well-planned plant-based diet on
health. This dietary pattern has been linked to many favorable health effects: reduced risk
of diabetes and cardiovascular disease, potential beneficial effect on body weight and BMI
in overweight people [21,23,24], and lower risk of depression [25].

Continuing the topic of a plant-based diet, it is worth adding that public-health
agencies recommend this model of nutrition, especially high-quality plant foods (such as
fruits, vegetables, whole grains, and nuts) to help prevent chronic illness [26].

According to our knowledge, in the current literature it is hard to find the connection
between particular factors like insulin resistance, oxidative stress, healthy aging, weight
reduction, low-glycemic-index plant-based diet, and infertility. Therefore, it is reasonable
to determine the efficacy of plant-based diets in promoting reproductive health in order to
supply adequate nutritional advice to clinical practice.

2. Body Weight and Infertility

Many studies have looked at the effect of low body mass index (BMI) on reproductive
ability. It has been shown that inadequate diets, whether low-calorie or unhealthy, excessive
caloric intake, can disrupt the physiological reproductive function and greatly increase
the risk of infertility [11,12,27]. NICE clinical guidelines also indicate body weight as
an important factor in the context of reproduction [28]. According to the World Health
Organization (WHO), underweight is classified as a BMI < 18.5. If a BMI is equal to or
greater than 25 kg/m2, it is considered overweight, whereas a BMI higher than 30 kg/m2

defines obesity [29]. Underweight, overweight, and obesity have detrimental effects on
several functions of the human body, including reproductive health [11,12,27].

Low BMI can be a negative factor of male and female infertility. As a result of fat loss
and the resulting hormonal imbalance, there is an increased risk of fertility problems. In
men, being underweight is often associated with malnutrition and an unhealthy lifestyle,
which can lead to hormonal imbalance and reduced semen quality [30,31].

In the case of women with a BMI < 18.5, unfavorable pregnancy outcomes and prob-
lems with infertility have been reported. Women who are underweight (BMI < 19 kg/m2)
have been shown to have four times longer time to get pregnant than women with correct
weight [32]. Furthermore, in underweight women chronic energy deficiency can inhibit
the hypothalamic–pituitary–gonadal (HPG) axis by affecting the gonadotropin-releasing
hormone (GnRH) pulse generator. Inhibition of GnRH secretion leads to a cascade of
inhibitory effects, including a reduction in gonadotropin secretion, a delay in follicular
development, and an inhibition of gonadal steroid synthesis. Malnutrition caused by low
food availability is not common in developed countries, but it can occur in eating disorders
(ED) that affect women of childbearing age. Similar relationships are observed with relative
energy deficiency in sport (RED-S); it includes menstrual disorders caused by low energy
availability, which also results in anovulation [31,32].

However, the most common cause of female infertility is ovulatory dysfunction. It ac-
counts for approximately 25% of infertility diagnosis, and 70% of women with anovulation
have PCOS (polycystic ovary syndrome) [12]. Research has shown that abdominal obesity
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is a common symptom of PCOS. The effect of excess adipose tissue on the endocrine system
is assessed as unfavorable. Moreover, dysfunction of this tissue can negatively affect follicle
development. There is a strong link between insulin resistance, hyperinsulinemia, and infer-
tility in PCOS patients. It is believed that insulin resistance leads to ovulation disorders and
abnormal endometrial structure [33–35]. Importantly, women with PCOS are at a higher
risk of developing type 2 diabetes, regardless of age and BMI. As obesity increases, the
incidence of type 2 diabetes is increasing significantly; however, PCOS increases the relative
risk in thin women [36]. Furthermore, given the current background of rising obesity rates
among women of reproductive age, being overweight and obese prior to conception may
be a barrier to pregnancy. Obesity clearly increases women’s risk of miscarriage, poor
pregnancy outcomes, and impairment of fetal well-being [32,34]. Additionally, it is worth
mentioning that women with excess body weight often suffer from irregular menstruation,
ovulation disorders, endometrial pathology, and infertility [27]. Obese women were shown
to have more than twice the risk of ovulatory-disorder infertility [37]. Analogously to obese
women, some researchers showed that hormonal imbalance may be involved in reduced
semen quality in men with high BMI [30].

Obesity interferes with reproductive potential, especially through changes in the
HPG axis, impaired testicular steroidogenesis, and metabolic disorders including insulin,
cytokines, and adipokines. Importantly, excess body fat has a negative impact on sperm
parameters, including concentration, mobility, viability, and normal sperm morphology [38].
Metabolic disorders, such as obesity, type 2 diabetes, and insulin resistance are associated
with the deterioration of fertility mainly as a result of the generation of oxidative stress,
which is considered to be one of the main factors leading to reduced sperm quality and an
increased risk of infertility, as well as hormonal disorders. Moreover, hyperglycemia has a
negative impact on sperm motility and the fertilization process [39–41].

It is now known that up to 90% of male infertility causes are down to low sperm count,
low sperm quality, or both [10]. Over the past 50 years, there has been an overall decrease
in sperm concentration in men in Europe by 32.5% [42]. Supplementarily, the latest research
data show that nutrition is one of the main factors directly related to sperm quality and
that lifestyle is crucial in maintaining normal reproductive capacity [7,11,43,44].

Many researchers, recognizing that obesity is a potentially harmful factor for male
reproduction, have focused their attention on examining the effects of weight loss on
sperm quality through nutritional interventions. Some researchers emphasize that weight
reduction should be used as a treatment for infertility in obese people [30,39]. In overweight
women prior to conception, weight loss is an important factor in the success of conception
by regulating the hormonal balance and finally inducing spontaneous ovulation [18].

It should be emphasized, however, that these results suggest that different types of
infertility exist, require different approaches, and are not always aimed at weight loss.
Low and high BMI and related metabolic implications are a risk factor for fertility. Under-
standing the most beneficial type and composition of diet is critical to the sustainable and
effective management strategies that underpin healthy pregnancy and lifelong well-being
in this clinical population [7,11,16,27,30,35,37,39,44].

3. Dietary Patterns and Infertility

As current studies indicate, dietary patterns may have a great influence on fertility-
disorder development when perceived rather as a whole system instead of individual food
constituents. This is according to the fact that people generally consume the composite
meals and not separated nutrients [2,32,45–47]. Dietary patterns can be defined as the
amount, proportion, variety and/or combination of different foods and drinks in the diets,
as well as the daily/weekly frequency of consumption. Moreover, analysis of the effects of
eating patterns may be more of a predictor of the relationship between diet and disease
than a consideration focused on individual foods or nutrients [48,49]. It was shown that the
lifestyle of fertile and infertile women differed especially in terms of nutrition and physical
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activity. Likewise, infertile and fertile men had significant differences in inappropriate
health behavior and physical activity [50].

Many publications have compared the impact of particular nutritional models on fertil-
ity. The Western pattern has been shown to negatively affect fertility, and an inverse correla-
tion has been observed in the context of the Mediterranean nutritional pattern [51–53]. The
MD is characterized by high consumption of plant-derived food (vegetables, legumes, fruit,
nuts, cereals, and seeds), fatty saltwater fish, low-fat dairy and poultry, and whole-grain
cereal products with a low consumption of simple sugars (sweets) and red meat. Olive oil
is the main source of fat and alcohol consumption should be moderate [32,46]. However,
alcohol consumption is a leading risk factor for the global burden of disease and causes
a significant health loss. The level of consumption that minimizes health loss has been
shown to be zero. These results suggest that even a moderate amount has negative health
effects [54].

Furthermore, the traditional Mediterranean diet is one of the healthiest dietary patterns
and has been linked to many beneficial health effects: decreased risk of all-cause mortality,
cardiovascular disease, cancer, and other chronic diseases [46,52]. In women of childbearing
age, the MD seems to reduce the risk of weight gain and insulin resistance, which may
increase the likelihood of pregnancy. This is due to the fact that insulin directly affects
the function of the ovaries; therefore, insulin sensitivity and glucose metabolism may
have a significant impact on ovulation and fertility in women. It is worth mentioning
that hyperinsulinemia is strongly related with hyperandrogenism, which also exacerbates
endocrine disorders in women and contributes to difficulties with conception. The risk
of anovulatory infertility is correlated with oxidative stress. For this reason, antioxidants
also seem to be important for proper ovulation [9,55–60]. Moreover, some antioxidants are
positively related to sperm quality and thus may help to improve the quality and fertility
of male sperm [61]. In fact, the MD pattern is rich in several nutrients that have been
proven to have benefits in terms of sperm motility [52]. In a cross-sectional study of 225
men from couples attending a fertility clinic in Athens, men in the highest tertile of the
MedDietScore were less likely to have normal sperm concentration, total sperm count, and
sperm motility compared to men in the lowest tertile of the score [62]. It is suggested that
the MD should be recommended for couples undergoing in vitro fertilization [32]. On the
other hand, there is limited evidence of an association between nutritional patterns and
in vitro fertilization outcomes [47]. However, what is interesting is that it has been shown
that the Mediterranean model increased successful pregnancies by 40% among couples
undergoing IVF (in vitro fertilization) [63]. Vegetables and fruits form the basis of healthy
nutrition models that improve the quality and fertility of semen [7,43,52,64].

A completely different effect on ovulation and semen quality was noted in rela-
tion to Western-model nutrition, which negatively affects endocrine metabolisms [16,17].
Components in this dietary pattern that have a negative influence mostly include high-
glycemic-index carbohydrates, sweets, sweetened beverages, large amounts of animal
protein (especially red and processed meat), saturated fatty acids, and trans-fatty acids. It
could also be described by a low consumption of fresh fruits and vegetables, dietary fiber,
vitamins, unrefined grains, low-fat poultry, and sea fish [17,52,65].

In 2007, the data of the prospective Nurses Health Cohort Study II (NHS II) were
published and the results were used to create a pattern of “fertility diet,” consisting of
a lower intake of animal protein with a higher supply of vegetable protein, a high iron
content, an increased supply of monounsaturated fatty acids with a simultaneous lower
consumption of trans-fatty acids, consumption of high-fat dairy products, and the presence
of carbohydrate products with a low glycemic index. The study was conducted in women
and showed that participating in this nutritional pattern was associated with a lower risk
of fertility impairment due to other factors [37].

Protein obtained from red meat and poultry has been shown to significantly increase
the risk of infertility due to anovulation. Interestingly, no negative effects from fish and egg
proteins were observed. Moreover, it has been shown that consuming 5% of energy from
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plant protein instead of animal protein reduces the risk of anovulatory infertility by over
50%. The difference may be due to the different influence of plant and animal proteins on
insulin and insulin-like growth-factor I (IGF-I) secretion. The potentially beneficial effect of
plant protein on fertility may arise from the fact that the insulin response is weaker with
the consumption of plant protein than with animal protein. Furthermore, the exchange
of carbohydrates with vegetable protein also has a positive effect. Substituting 5% of
the energy requirements of carbohydrates with vegetable protein can reduce the risk of
ovulation disorders by up to 43% [20]. Taking the above-mentioned facts into consideration,
it can be confirmed that the consumption of plant protein has a positive influence on
fertility.

It is worth underlining that plant-based diets have significant potential in preventing or
treating several serious chronic diseases, including obesity, type 2 diabetes, cardiovascular
disease, and cancer, which has been described in many studies. Predominantly plant-based
dietary patterns emphasizing a higher consumption of fruits, vegetables, legumes, whole
grains, nuts, seeds, and vegetable oils, and including lower consumption of or exclusion of
animal products have gained significant attention in recent years [24,66–70]. In addition,
consumers are increasingly changing their diet and limiting their meat consumption.
Moreover, the plant-based food retail market has grown faster than the general food retail
market, and for health reasons, plant-based alternatives are expected to continue to grow
in popularity [48].

Data from three prospective cohorts were prospectively followed [24], with 76,530 women
in the Nurses’ Health Study (NHS) (1986–2012), 81,569 women in NHS II (1991–2017), and
34,468 men in the Health Professionals Follow-up Study (1986–2016), and it was found
that healthy groups of plant foods such as whole grains, fruits, vegetables, tea, and coffee
were factors significantly contributing to the lower risk of type 2 diabetes. In addition,
plant-based diets have been shown to promote weight control, improve the intestinal
microbiome, and be anti-inflammatory [23,24,71].

The anti-inflammatory effects of plant-based diets have been well proven [72–74]. Into
the bargain, it has been shown that many natural plant-derived nutrients can positively
affect mitochondria by modulating their metabolism, biogenesis, and redox status. Protect-
ing mitochondrial function with these compounds may be important in explaining their
beneficial effects on male reproductive performance [15]. Consumption of animal foods
has been shown to negatively affect sperm motility, and an inverse correlation is seen in
vegan groups that consume only plant-based foods [75].

Considering these facts, a diet based on plants with a low glycemic index has great
potential for reproductive health for both men and women. However, its components and
sources of individual micro- and macroelements are important because they determine
the influence of the diet on fertility [16,17,75]. Fast food can also be vegan, but as is well
known, its effect on reproduction is negative. The quality of plant-based diets is also
important [16]. On the one hand, in the case of fertility disorders in people with excess
body weight, a plant-based diet may promote weight loss [23,76]. On the other hand, in the
case of low body weight, a poorly planned iron-poor diet may negatively affect ovulation
in women [77].

Therefore, it is important to determine exactly which components of plant-based diets
have a positive effect on fertility.

4. The Role of Oxidative Stress and Insulin Resistance in Fertility
4.1. The Impact of Oxidative Stress

Many scientific studies have shown that oxidative stress has a negative impact on the
fertility of both women and men [78–82].

It has been shown that the system’s defense against reactive oxygen species (ROS)
can be overloaded if the production of ROS is maintained at a high level, which may
cause disease conditions. Oxidative stress (OS) has been found to play a key role in the
pathogenesis of infertility in both men and women. It is characterized by an imbalance



Nutrients 2023, 15, 1180 6 of 25

between pro-oxidative molecules, including reactive oxygen and nitrogen species, and the
antioxidant defense [81,83,84].

The occurrence of OS is caused by the overproduction of ROS. ROS play an important
role not only as secondary messengers in many cascades of intracellular signaling, but in-
terestingly, they also influence pathological processes concerning the female genital organs,
and in men they affect sperm production. Imbalances between pro-oxidants and antioxi-
dants could lead to a number of female and male reproductive diseases [78,81,82,85,86]. OS
is predominantly caused by many lifestyle-related factors, most of them modifiable. The
modern lifestyle associated with processed food and lack of exercise plays an important
role in oxidative-stress induction [87].

It has been shown that an unhealthy hypercaloric diet, excessive consumption of
saturated and trans-fatty acids, a high glycemic index, and a low nutrient density can
increase the oxidative stress that causes carbohydrate disturbance. Insulin resistance and
diabetes mellitus are related to the deterioration of fertility in women and men, mainly due
to the generation of high oxidative stress, which is the main cause leading to an increased
risk of infertility and hormonal disorders [19,86,88].

The solution to the problems with excess free radicals Is antioxidants—substances
that neutralize them. In fact, the term “antioxidant” refers to the chemical property of
donating electrons. In some situations, some substances act as antioxidants, and in others
they become pro-oxidants, which depend on the chemical composition of the environment
in which they are currently located [87,89]. There are many types of antioxidants, and
their roles in the body and how they work are different. It is a misconception that one
antioxidant can be replaced by another to produce the same effect. In fact, everyone has
their own unique biological properties. Scientific research on antioxidants shows that
more is not necessarily better. It should be underlined that unhealthy eating habits and
unbalanced lifestyle cannot be compensed by eating superfoods. The free radicals as well
as antioxidants can have a beneficial effect on the body. Hence, the most important is the
balance—aimed not at the negative role attributed to free radicals but concerned at the
positive role of antioxidants. That is why a well-balanced diet is very important, as well as
moderate physical activity [87].

It is worth noting that antioxidants are ingredients present in fruits and vegetables
(FAVs). With increased consumption of FAVs, a lower risk of chronic disease is seen
when the diet is predominantly plant-based. Fruits and vegetables are rich in bioactive
substances and they are the reason why it is worth choosing a balanced diet based on
various sources of vegetable consumption. Moreover, the health benefits of antioxidants
often also result from other substances present in food—not necessarily a specific type of
antioxidant, but the synergistic action of several substances. For this reason, a well-balanced
diet is better than supplementation. Antioxidants from berries and green vegetables are
of particular importance. In addition, since a typical plant-based diet includes a wide
variety of antioxidant-rich foods, it is likely that consuming these foods will strengthen
your antioxidant system [16,78,87,90–93]. Importantly, a plant-based diet has been shown
to protect against chronic diseases associated with oxidative stress [92,94–96].

Oligozoospermia, which is characterized by low number and quality of sperm, is
responsible for 90% of male infertility. Nevertheless, the results of the studies showed
that not all men who show normal parameters in a routine semen analysis are fertile. It is
worth noting that the hidden factor was OS, which is now recognized as an important and
probable cause of idiopathic male infertility [78,97].

Superoxide dismutase (SOD) is one of the most significant antioxidant enzymes and is
involved in the conversion of anionic superoxide (O2

−) into hydrogen peroxide (H2O2).
The reaction is an important and necessary step in the antioxidant pathway during both
normal cellular metabolism and various pathological processes [98]. It was suggested that
changes in SOD status are related to the risk of developing disorders as well as their course
and exacerbation. It has been shown that changes in the expression level, concentration,
and activity of SOD are related with the occurrence of cancer, cardiovascular, metabolic,
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and neurodegenerative diseases [99,100]. Moreover, sperm oxidative stress is associated
with decreased implantation rates in in vitro fertilization [78].

SOD is believed to be involved in the development of oocytes and the ovulation
process, since the activity of this enzyme has been found in developing follicles, graaf
membranes, postovulatory follicles, and follicular fluid and ovaries [101].

Considering the substantial role of chronic low-grade inflammation in the pathogenesis
of numerous chronic diseases, including infertility, there is a need to implement the strategic
nutritional approach by expert dietitians so as to design appropriate anti-inflammatory
dietary interventions [102].

It is worth noting that insulin resistance has been suggested to be a causative factor in
increased oxidative stress in women with PCOS. Insulin resistance causes hyperglycemia,
which triggers the release of reactive oxygen species from mononuclear cells and causes
further oxidative stress [79]. Moreover, circulating markers of oxidative stress in women
with PCOS have been shown to be abnormal regardless of the weight [80]. It has been
shown that postprandial hyperglycemia caused by the supply of large amounts of high-
glycemic-index carbohydrates is associated with the intensification of inflammation and
oxidative stress through the production of reactive oxygen species, which is why a well-
planned diet is so important [102].

4.2. The Role of Insulin Resistance

Insulin resistance is identified as an impaired biological response to insulin stimulation
of target tissues, mainly liver, muscle, and adipose tissue. Insulin resistance interferes with
glucose removal, causing a compensatory increase in beta-cell insulin production and
hyperinsulinemia. The consequence may be further metabolic complications, including
hyperglycemia, hypertension, dyslipidemia, visceral obesity, and increased markers of
inflammation [103].

It is indicated that glucose metabolism and insulin sensitivity can have a significant
effect on ovulation and fertility in women. Insulin has a direct influence on the function
of the ovaries [16]. It is suggested that insulin resistance may lead to ovulation disorders
and abnormal endometrial structures. It has been shown that there is a strong association
between insulin resistance, hyperinsulinemia, and infertility in PCOS patients [35]. The
clinical pregnancy rate and the miscarriage rate has been shown to be higher when the
male partner is diabetic [104]. Current research results suggest that obesity and diabetes
negatively affect sperm parameters in men and are associated with low testosterone levels,
which translates into fertility problems [105]. As in the case of obesity, studies have shown
a correlation between an increase in diabetes incidence and a decrease in fertility rates [106].
Hyperglycemia has a negative impact on sperm motility and the fertilization process [11,39].

Moreover, studies have shown that 59% of men with diabetes have erectile dysfunction.
Hyperglycemia leads to an increase in the level of ROS, an increase in advanced glyca-
tion end products (AGEs), an inhibition of endothelial nitric-oxide synthase metabolism,
and a decrease in endothelial synthesis and the release of nitric oxide, leading to erectile
dysfunction [107]. What is interesting is that it has been shown that as the number of
metabolic-syndrome factors increases, the risk of erectile dysfunction increases. A relation-
ship between metabolic syndrome and erectile dysfunction in men from infertile couples
has also been demonstrated [108,109]. The major changes in semen quality induced by
diabetes mellitus include a reduction in sperm density and motility, and an increase in
sperm DNA fragmentation, and apoptosis [110]. In addition to the negative effects on
sperm count, motility, and DNA integrity, lower ejaculate volumes were also observed in
diabetic men [111].

It has been shown that the high susceptibility of sperm to oxidative damage is corre-
lated with poor conception, pregnancy loss, congenital defects, poor embryo development
and childhood cancer [78].
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4.3. Antioxidants from Supplements and Diet

Men with impaired fertility have been shown to have lower levels of antioxidants in
their semen compared to fertile men [82]. In such a situation, dietary supplementation
with antioxidants may improve the concentration and motility of sperm, including the
influence on DNA fragmentation and even the pregnancy rate [112]. Several studies in
the literature have shown that increased consumption of fruit and vegetables, which are
rich in antioxidants, is associated with a higher percentage of motile sperm in fertile and
infertile men. Vegetables and fruits form the basis of healthy nutrition models that improve
the quality and fertility of semen [75,113,114]. At the moment, there are no well-planned
studies on a group of men assessing the effect of antioxidant supplementation on positive
pregnancy outcomes. However, based on seven randomized studies, it is suggested that
such supplementation in infertile men may positively affect fertility [64,115,116].

In the context of male fertility, zinc is a very important diet component because an ade-
quate level of it in semen is essential for proper steroidogenesis and testicular development,
as well as sperm production, maintenance of normal function, morphology, and cell count.
Ultimately, it is necessary for the proper course of fertilization [117–120]. Which results
from its strong antioxidant effect; an adequate amount of zinc in the semen plasma shows
a protective effect [117,121]. On the other hand, it was shown that supplementation with
folic acid and zinc by men seeking treatment with their partner in an infertility clinic did
not contribute to a significant improvement in semen quality compared to placebo. These
data do not confirm the validity of supplementation of these ingredients by male partners
in the treatment of infertility [122].

Selenium also seems to be important. Several studies have found lower levels
of selenium in the semen of infertile men compared to the healthy population. It is
worth mentioning that both selenium deficiency and excess may result in abnormal
sperm parameters and fertility disorders. Selenium increases sperm motility and vitality,
which increases the chances of pregnancy, but also protects sperm DNA against oxidative
stress [43,119,123–125]. In addition, vitamin C and tocopherol have a strong antioxidant
effect, so it is very important that the diet be rich in FAVs [126]. Lycopene, a powerful
antioxidant that reduces DNA damage due to oxidative stress but also increases sperm
count and survival, seems to have a promising positive effect [127].

In the context of a vegan diet, reduced consumption of animal proteins can result
in a deficiency of vitamin B12, zinc, calcium, and selenium, which can negatively affect
reproductive health [119,125,128]. It has also been shown that plant-based diets lack
vitamin D, iodine, and iron. For this reason, supplementation may be mandatory in some
cases [129,130].

The aforementioned points provide solid evidence of the negative effects of insulin
resistance and oxidative stress on a couple’s fertility. It is worth noting here that better
adherence to a general and healthy plant-based diet was associated with a lower risk
of type 2 diabetes, the opposite effect is observed with lower adherence. Interestingly,
in both men and women, better adherence to a general and healthy plant-based diet
for four years was correlated with a lower risk of type 2 diabetes in the following four
years. Higher consumption of healthy plant food groups (especially whole grains, fruits,
vegetables, tea and coffee) is correlated with lower risk of type 2 diabetes through various
biological pathways such as weight management, anti-inflammatory effects, antioxidants
and improvement of the gut microbiome through higher intake fiber and polyphenols, and
lower saturated fat intake [24]. Additionally, plant-based diets that are high in fiber and
polyphenols are also associated with a variety of gut microbiota that produce metabolites
that have anti-inflammatory functions that can help manage disease processes, which can
prove very beneficial in the context of infertility in couples [131].
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5. Carbohydrates and a Diet with a Low Glycemic Index and Load

When describing the fertility-promoting nutrition pattern, attention should be paid to
both insulin sensitivity and glucose metabolism, as both can significantly affect the fertility
of men and women [32,132,133].

When discussing the topic of carbohydrates, the glycemic index and load are of
particular importance [16]. It has been shown that eating foods with a high glycemic index
and meals with a high glycemic load may lead to metabolic complications and increase
the risk of insulin resistance, diabetes, dyslipidemia, and oxidative stress, which adversely
affect fertility and reproductive function [32,109,133].

The mechanism by which they exert their negative effects is due to their effect on the
sensitivity of tissues to insulin [11,16,39,55,88]. In the case of fertility problems in women,
insulin affects ovarian function and ovulation by participating in the follicular response to
gonadotropin. High glycemic index and load are correlated with higher fasting-glucose
levels, hyperinsulinemia, and insulin resistance, which are also associated with higher con-
centrations of IGF-I and androgens. This naturally may lead to exacerbation of endocrine
disorders in women and thus may be related to impaired oocyte development [16,55,133].

On the other hand, in the case of men, a diet with a high glycemic index may indi-
rectly lead to fertility disorders, mainly due to the generation of oxidative stress, which is
considered one of the main factors leading to reduced sperm quality and an increased risk
of infertility. Hyperglycemia adversely affects sperm motility and may increase the risk of
hormonal and immune disorders. In addition, obese men with insulin resistance and type 2
diabetes have been shown to be much more likely to experience hypogonadism [11,88,134].

A study was concerned on examination of 18,555 women which had no history of
infertility. All of them were planning or became pregnant during the study and the results
have shown that the women in the highest quintile of total carbohydrate consumption
were at a 78% higher risk of anovulatory infertility. The authors of the study claim that
the amount and quality of carbohydrates in the diet may be the crucial determinants of
ovulation and fertility for women [19].

Continuing this topic, it was shown that a diet with a high glycemic index and low
dietary-fiber content is strongly correlated with inflammation, which negatively affects
the fertility of both sexes. Moreover, fructose is believed to have a strong proinflammatory
effect [102]. It has also been observed that the consumption of sweetened, carbonated
beverages negatively affects fertility, which may also reduce the chances of reproductive
success with ART (Assisted Reproductive Technology) [135–137]. Moreover, consumption
of sugar-sweetened drinks correlated with lower sperm motility in healthy young men.
It has also been shown that higher consumption of fruit and vegetables is associated
with improved sperm parameters [15,138]. In a prospective cohort study of 3628 women
planning to become pregnant, women who reported consuming three or more daily
soda drinks had a 52% lower pregnancy rate compared to women who reported no soda
consumption. Interestingly, no association was found between coffee consumption and
fertility [139]. In this context, these results suggest that sugar consumption has an adverse
effect on female fertility. Moreover, there is evidence that high sugar consumption is
associated with lower sperm quality and increased male infertility [44].

In the context of men, it is clearly visible that with the spread of the Western model
of a diet rich in processed carbohydrates with a high glycemic index, the parameters
assessing semen quality have deteriorated. This diet is associated with decreased male
fertility [11,15].

In the review, which included seven studies, all included studies used a diet con-
taining less than 45% of total energy derived from carbohydrates, but the approaches to
nutritional interventions differed significantly. Nevertheless, it was shown that five of them
had beneficial changes in female reproductive hormones. Four of the seven illustrated
significant improvement in menstrual cycles and/or ovulation rates on a low-carbohydrate
diet. Four out of seven saw significant improvements in fasting insulin and testosterone.
Three out of seven showing improvement in pregnancy rates in the intervention group.



Nutrients 2023, 15, 1180 10 of 25

The authors of the review suggested that in overweight women prior to conception, weight
loss is an important factor in successful conception by regulating the hormone balance and
finally inducing spontaneous ovulation [18].

Moreover, a meta-analysis and systematic review of 10 randomized trials showed
that the use of low-glycemic-index diets was associated with decreased testosterone levels
in women with PCOS, further demonstrating the positive effect of this diet on hormonal
regulation [140].

However, the use of a very-low-calorie ketogenic diet is primarily associated with
weight reduction, improved carbohydrate metabolism, and a significant decrease in insulin
resistance and circulating markers of inflammation. Taking this into account, it may apply in
the case of infertility. However, there is a lack of reliable research on long-term effects [141].
For women, the more they stick to a low-carbohydrate diet, the greater the chance of
pregnancy and having regular periods. Additionally, this caloric restriction appeared
to be more critical in alleviating hyperandrogenism. Low-carbohydrate diets have been
shown to improve pregnancy rates, reduce the risk of miscarriage, and optimize ovulation
function [35]. Interestingly, replacing carbohydrates with vegetable protein can have a
positive effect. Replacing 5% of the energy requirement of carbohydrates with vegetable
protein was associated with a reduction in the risk of ovulation disorders by as much as
43% [20].

Dietary fiber intake in excess of the recommended dose has been shown to be associ-
ated with an increased risk of anovulation. It has been suggested that this is due to lowered
hormone concentrations as a result of high fiber intake, especially the water-soluble fraction.
Each 5 g/d increase in total fiber intake was associated with a 1.78-fold increased risk of
an anovulatory cycle [142]. It has also been found that infertile women consume too few
high-fiber foods like FAVs [143]. Based on the conducted research, it is also necessary to
emphasize the role of fiber in the context of male fertility; a proper supply along with diet
is necessary to maintain proper reproductive function. The positive mechanism of action is
probably also based on the binding of unconjugated estrogens, which is directly related
to a lower level of estrogens in the plasma [7]. On another note, the positive effect on
reproduction of a diet rich in fiber may be due to its effect on lowering blood glucose levels,
which is associated with a low dietary glycemic load and index [133].

A popular factor associated with carbohydrate products is the topic of gluten’s effect on
fertility. As recommended, excluding gluten from the diet in people without celiac disease
is not beneficial. Moreover, gluten-free diets have been shown to have lower nutritional
value compared to traditional diets [144,145]. This is a risky nutritional intervention for
fertility, given that it involves eating less fiber and more saturated fatty acids and foods
with a higher glycemic index [146].

Taking into account the above facts, in order for a plant-based diet to be pro-fertile, it
should be balanced so that meals have a low glycemic load, are based on products with
a low glycemic load, the amount of fiber is neither too low nor too high, and should be
anti-inflammatory. It seems that limiting carbohydrate supply is also of key importance in
the prevention of infertility.

6. Plant and Animal Protein

Another important component of a fertility diet for couples is protein [15,16,20]. A
low-protein diet has been identified as a potential risk factor for male infertility as it can lead
to a significant reduction in the weight of the testicles, epididymis, and seminal vesicles,
as well as a decrease in serum testosterone [15]. Conversely, reports on the influence of a
high-protein diet in the literature are contradictory [147]. In addition, an increase in protein
consumption may lead to a correct carbohydrate–insulin balance, which may be important
in the treatment of anovulatory infertility in women [148].

Chavarro et al. [20] showed that the consumption of animal protein is associated
with a higher risk of infertility due to anovulation. On the other hand, the consumption
of plant-based protein increases the fertility of women > 32 years of age. The authors
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suggest that this may be due to the different effects of plant and animal proteins on insulin
and IGF-I secretion. After consuming plant-based protein, the insulin response is weaker
than after consuming protein. The insulin response is weaker with the consumption of
vegetable protein than with animal protein. Interestingly, women who consumed more
animal protein also consumed more saturated fatty acids than women who consumed little
animal protein. Less activity was also observed in the group of women who consumed large
amounts of protein. This factor may increase the correlation between ovulation disorders
and animal-protein consumption. It is worth underlining that consuming 5% of energy
from vegetable protein instead of animal protein reduced the risk of anovulatory infertility
by over 50%. Interestingly, among the women of the NHS-II cohort, one additional serving
of meat (chicken, turkey, red meat, fish, and processed meats) per day, while maintaining
constant calories, was associated with a 32% increase in the risk of ovulatory infertility. The
findings suggest that replacing animal-protein sources, particularly chicken and red meat,
with vegetable-protein sources may reduce the risk of infertility due to anovulation [20].

It was shown that the consumption of protein, especially animal protein, negatively
correlated with testosterone concentration in healthy women, which indicates that andro-
gens play a very important role in the regulation of ovarian function and thus female fertility.
Moreover, excessive androgen signaling appears to be a major factor in androgen-related
reproductive disorders, as it negatively affects the pathways regulating ovarian-follicle
dynamics. Interestingly, protein intake was not related to estradiol, progesterone, LH
(luteinizing hormone), and FSH (follicle-stimulating hormone) levels. This study also
showed that there is no correlation between the consumption of total, vegetable, and
animal protein (without dairy protein) and the number of antral follicles in women experi-
encing infertility. On the other hand, high protein intake from dairy products resulted in a
reduced number of antral follicles, which is a biomarker predicting the number of primary
ovarian follicles [16,149–151].

In a study of 2217 women with anovulatory PCOS and with normal ovulation, women
with normal ovulation had a significantly lower proportion of meat in their diet compared to
women with ovulation disorders. Processed red meat has been shown to have a particularly
negative effect on fertility [152]. It is worth noting that red-meat products have a particularly
negative impact on health; its consumption is associated with numerous adverse health
effects, which also affects fertility. Moreover, the consumption of plant protein at the level
of 5% of energy requirement instead of carbohydrates was associated with the reduction
of the risk of ovulation disorders by as much as 43% [20]. The potentially positive effect
of plant protein on fertility may be related to the improvement of insulin sensitivity and
lower postprandial secretion of this hormone compared to animal protein [16].

Moreover, Karayiannis et al. [62] found that low intake of meat and high consumption
of fruits, vegetables, and whole grains are linked with increased total sperm count. In
a case-control study of 30 men with reduced semen quality and 31 normozoospermic
controls, it was reported that the control group that consumed more tomatoes, lettuce,
and fruits had a significantly higher percentage of motile sperm compared to infertile
cases that consumed more meat and yogurt [153]. One study analyzed cases of infertility
with poor semen quality and found that increased consumption of meat and processed
foods correlates with poor semen quality [154]. As far as we know, the first available
study comparing sperm parameters between vegans and non-vegans showed that the
plant-based diet had a positive and beneficial effect on male fertility. Vegan groups had a
significantly higher percentage of rapid progressive sperm as well as a higher percentage
of motile sperm [75]. Interestingly, it was observed that among infertile couples, total meat
consumption by men was also positively related to their partner’s total meat consumption
and the Western eating pattern [155]. The same study showed that poultry consumption
was positively associated with the fertilization index, whereas consumption of processed
meat was negatively associated with the fertilization index among couples who underwent
conventional in vitro fertilization. Furthermore, this had no effect on clinical pregnancies
or live birth rates [155].
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On the other hand, fish-consumption studies suggest that the fertility benefits of eating
fish may outweigh the harm caused by some of the environmental contaminants of these
foods. The relationship between protein-rich food intake and ART outcomes was also
assessed in a prospective cohort study. Researchers estimated the effect of substituting
one source of dietary protein for another on the probability of live birth. Consuming fish
instead of any other protein-rich food (i.e., all other meats, eggs, legumes, soy, and nuts)
was consistently related to greater odds of live birth. The contrast was greatest when
fish was consumed instead of processed meats [156]. One source of protein in the plant-
based diet is soy, whose possible negative effects on the endocrine system, in particular
through isoflavones (IS), has raised concerns among some researchers, especially given
previous animal studies [2]. However, evidence from human studies (although it has its
limitations) has shown that soy consumption does not help or harm couples trying to get
pregnant naturally, and interestingly, in the ART context it has been shown that isoflavone
consumption can increase the chance of a successful pregnancy [2,157–159]. Moreover,
logically, soybeans can contain many other phytochemicals, e.g., phytosterols, phytic acid,
flavonoids, etc., so the activity of soy cannot be related to the activity of its isoflavones
alone. Supplementarily, even at high concentrations, they did not show any pronounced
effect on fertility. However, this may be due to the little research done on the subject [160].
In the case of men, there was also no evidence of a negative effect of soy consumption
on fertility and no effect on testosterone and sex-hormone-binding globulins [161,162].
Concerns remain that the phytoestrogens (isoflavones) in soy may cause male feminization.
An extended meta-analysis indicated that irrespective of the dose and duration of the
study, exposure to neither soy protein nor isoflavones was negatively affected by soy [163].
Moreover, the consumption of soy food and soy isoflavones was not related to sperm
motility, sperm morphology, or ejaculate volume [164]. On the other hand, a cross-sectional
study in women found that women who consumed higher amounts of soy isoflavones
were 13% less likely to become pregnant compared to women who consumed standard
doses [165].

Summing up, based on the research carried out, it can be speculated that a higher
proportion of plant protein than animal protein is more favorable in terms of fertility.

7. Fats

Fatty acids are another dietary component that is being investigated for possible
interference with reproductive mechanisms. The effect of individual fatty-acid fractions
on fertility is different. The right amount and quality of fatty acids consumed is of great
importance in the context of the prevention of fertility problems. Both excessive and
insufficient dietary fat contribute to fertility disorders. Both appear to have negative effects
on fertility [166]. However, in the case of ovulation disorders, the most important thing is
the quality, not the quantity of fat [167].

Trans-fatty acids (TFAs) appear to have the most negative impact on fertility. TFAs
have been found to negatively affect ovulation function in women, promoting insulin
resistance, and their increased consumption leads to an increase in inflammatory mark-
ers [168–170]. TFAs have pro-inflammatory properties and, in addition to increasing insulin
resistance, they also increase the risk of developing type 2 diabetes or other metabolic disor-
ders, including PCOS, which may also adversely affect fertility [166,168,171]. Overall, most
of the evidence supports the negative effects of diets high in trans-fatty acids and low in
PUFAs (polyunsaturated fats) on reproductive performance in healthy women [172]. TFAs
can also negatively affect semen quality and spermatogenesis. According to some sources,
an excess of saturated fat, often associated with the Western pattern, also has a negative
effect on fertility [7,154]. It has been reported that trans-fatty acids from fried/conventional
baked or industrially processed food are inversely associated with the total sperm count. In
addition, the content of trans-fatty acids in semen is associated with lower quality, as well
as a lower concentration of sperm in the ejaculate [11]. The main sources of harmful fatty
acids in the diet include fast food, ready-made confectionery, salty and sweet snacks, and
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processed and red meat [173]. A negative correlation was observed between the consump-
tion of TFAs contained in sweets, hard margarines, and fast food and normal ovulation.
Among women, the conversion of 2% of energy obtained from polyunsaturated fatty acids
or monounsaturated fatty acids to TFAs was associated with a doubled risk of anovulatory
infertility. The more TFAs in a woman’s diet, the greater the risk of ovulation disorders.
Moreover, any increase in TFA energy by 2% instead of carbohydrate energy was also
associated with anovulatory infertility [166].

Saturated fatty acids (SFAs) and TFAs have been found to have a particularly negative
effect on ovulation [174]. It was also shown that women with PCOS consumed more animal
fat and more saturated fat, which had a negative effect [143,175,176].

Saturated fat content, which may be particularly high in red meat, has been indepen-
dently linked to lower sperm concentration in males [177]. PUFAs, conversely, have been
shown to yield reproductive benefits in both men and women. A cross-sectional study of
men showed that higher intake of omega-3 fatty acids was associated with significantly
more favorable sperm morphology [177]. It was also shown that eating red meat before
IVF had a negative effect on the development of the embryo and the likelihood of clinical
pregnancy. An inverse correlation was observed with higher fish consumption [178]. It
is worth adding that the consumption of oily marine fish by women has been shown
to have a positive effect on fertility, regardless of the degree of exposure of the fish to
contamination [179].

Avocados are an important part of the fertility diet, as they contain far greater amounts
of the important nutrients folate and potassium, which are normally under-consumed in a
mother’s diet. Although not part of a “traditional” Mediterranean-style diet, avocados meet
the requirements for the antioxidant- and fiber-rich fruit category and have a fatty-acid
profile that is naturally high in monounsaturated fats (MUFAs), which are linked to better
pregnancy outcomes [180]. MUFAs are also important in the context of fertility, as they
can bind to the PPAR-γ receptor, thus reducing inflammation and positively affecting
fertility [181].

A meta-analysis of 16 randomized controlled trials showed a positive association
between semen quality parameters and omega-3 supplementation in infertile men. Impor-
tantly, health-promoting dietary models that included fish and seafood were also associated
with better semen quality in observational studies [182]. Women who had higher amounts
of omega-6, linoleic acid and omega-3 in their diets were more likely to become pregnant
than those who consumed less of these nutrients [183]. In addition, the consumption of
omega-3 fatty acids and omega-3-rich foods by women can increase the likelihood of con-
ception by reducing the risk of pregnancy loss [184]. PUFA supplementation has a positive
effect on female fertility by influencing the concentration of LH and FSH, dominant-follicle
maturation, oocyte quality, and the induction of ovulation [167]. It is worth mentioning that
omega-3 fatty acids derived from oily marine fish were associated with increased levels
of progesterone, whereas docosapentaenoic acid was correlated with decreased anovula-
tion [185]. PUFA intake appears to have profitable effects on female reproduction, namely
on oocyte quality and embryo implantation [186–188]. It has also been shown that high in-
take of TFAs and low intake ofω-3 fatty acids were associated with decreased fertility [172].
In addition, PUFAs are precursors for prostaglandins, which are important in aspects of
reproductive physiology such as successful implantation, and have anti-inflammatory
properties [188]. It is also possible that PUFAs contained in fish mediate intracellular
signaling pathways in embryo implantation [189]. Nonetheless, omega-3 fatty-acid intake
should still be recommended to these groups as a part of a healthy fertility diet [13].

The consumption of walnuts also has a positive effect on fertility due to the omega-3
content. Consuming 75 g of walnuts daily for 12 weeks was associated with longer sperm
viability, motility, and morphology. Interestingly, according to another study, adding 60 g
of a nut mix to the Western diet, in addition to improving the above-mentioned parameters,
also resulted in an increase in the number of sperm [190,191].
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A popular procedure among couples trying to conceive is elimination of various
products such as dairy. A total of 232 women who underwent 353 in vitro fertilization (IVF)
procedures were examined. Total dairy consumption was found to be positively associated
with live birth in women ≥ 35 years of age under ART [192]. A cohort BioCycle study
showed that a higher frequency of anovulation was noted in women consuming higher
amounts of cream and yogurt, which suggests the potential importance of specific dairy-
food intake on ovulatory function among healthy, regularly menstruating women [193].
On the other hand, high consumption of low-fat dairy products may increase the risk of
anovulatory infertility, whereas consumption of high-fat dairy products may reduce this
risk. In addition, lactose (the main carbohydrate in milk and dairy products) may not affect
fertility within the normal range of human consumption. Adding one serving of whole
milk without increasing energy expenditure reduces the risk of ovulatory infertility by
more than 50%. This response was likely due to the fact that higher-fat dairy products
had a higher estrogen content and produced a lower IGF-1 increase compared to lean
dairy products [194]. On the other hand, dairy products have been shown to support
female fertility because women who drank more than three glasses of milk a day had a 70%
reduction in the risk of infertility compared to participants who drank no milk [195]. This
was demonstrated in the context of men that low-fat milk and skim milk were positively
associated with several parameters of semen quality [7]. Since they are low in saturated fat,
choosing low-fat dairy products seems to be beneficial [43].

However, there is solid evidence to suggest that eating yogurt may protect against the
development of type 2 diabetes, and for this reason it is worth including it in a pro-fertility
diet [196]. In addition, consumption of fermented dairy products was associated with a
lower risk of developing diabetes by affecting the gut microbiota, and thus tissue-insulin
sensitivity and glucose tolerance [197,198].

Interestingly, the consumption of low-fat dairy products, particularly low-fat milk,
was associated with a higher sperm concentration, whereas the consumption of cheese was
associated with a lower sperm concentration, but only among former or current smokers.
Moreover, fish consumption was correlated with total sperm count and morphology [199].

Overall, diets high in monounsaturated and polyunsaturated fatty acids appear to
have a positive effect on fertility, unlike trans-fatty acids and an excess of saturated fatty
acids in the diet. A plant-based diet should be low in processed foods, sweets, and fast
food (Table 1).

Table 1. Overview of the literature on the relation between diet and fertility.

Diet Component/Dietary
Pattern

Active Components/Set of
Components Impact on Fertility

Vegetables and fruits

Plant protein

Plant protein is a super-fertile ingredient. Consuming 5% of energy
from plant protein instead of animal protein reduces the risk of
anovulatory infertility by over 50% [20]. Consuming only plant
products in a vegan diet has a positive effect on semen quality [75].

Antioxidants, vitamins,
minerals, folic acid

Antioxidants are important for proper ovulation [9,55–60] and
quality of semen [7,43,52,61,64]. A high amount of antioxidants in
the diet greatly increases fertility, especially the antioxidants from
berries and green vegetables [16,78,87,90–93].

Fiber

A diet rich in vegetables and fruits promotes
fertility [15,16,78,87,90–93,138]. Adequate supply of fiber along
with the diet is crucial; too low and too high a dose negatively
affects fertility [7,133,142,143].
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Table 1. Cont.

Diet Component/Dietary
Pattern

Active Components/Set of
Components Impact on Fertility

Refined grains, sweets,
sweetened beverages, meals
with a high glycemic load

Excess simple sugars, low
content of fiber

Eating foods with a high glycemic index and meals with a high
glycemic load may lead to metabolic complications and increase the
risk of insulin resistance, diabetes, dyslipidemia, and oxidative
stress, which adversely affect fertility and reproductive
function [32,109,133]. The consumption of sweetened beverages
negatively affects fertility and may also reduce the chances of
reproductive success with ART [135–137].

Red meat SFAs

Processed red meat has been shown to have a particularly negative
effect on fertility [152]. Saturated fat content has been linked to
lower semen concentration in males [177] and has a particularly
negative effect on ovulation [174]. Eating red meat before IVF had a
negative effect on the development of the embryo and the
likelihood of clinical pregnancy [178].

Processed foods and
fast-food TFAs

Trans-fatty acids (TFAs) appear to have the most negative impact
on fertility. The more TFAs in a woman’s diet, the greater the risk of
ovulation disorders [166,168–170]. TFAs can also negatively affect
semen quality and spermatogenesis [7,154].

Low-fat dairy products Calcium, vitamins,
probiotics

They can support the pro-fertility effect of the diet. It is
recommended to choose low-fat dairy products, especially
fermented. They have a positive effect on the gut microflora and
reduce the risk of type 2 diabetes [7,195,197,198].

Oily sea fish PUFA, omega-3, fat-soluble
vitamins A, D, E, K

Fish are the most pro-fertile sources of fat and protein. They have a
positive effect on semen parameters, the course of ovulation, and
the success of fertilization [167,177,182–189]. Omega-3 fatty-acid
intake should still be recommended to these groups as part of a
healthy fertility diet [13].

Nuts, seeds MUFA, fiber, tocopherols,
phytosterols, polyphenols

The consumption of walnuts also has a positive effect on fertility
due to the omega-3 content. The use of nuts in the diet may have a
beneficial effect on the quality of sperm (longer viability, motility,
and morphology) [172,177,185,190,191].

Avocado MUFA, antioxidants, fiber,
folate, potassium

Avocados are an important part of a woman’s fertility diet as they
contain much higher amounts of a key nutrient. Associated with
better pregnancy outcomes [180].

Plant-based pattern

High in plant protein,
antioxidants, fiber,
polyphenols, vitamins,
minerals. Low-processed
food, well-balanced meals.
Based on the assumptions
of MD.

The plant-based diet, especially high-quality plant foods, can help
prevent chronic disease [26]. The plant-based nutritional model can
lead to a positive effect on a couple’s fertility [15,16,18–20].
Plant-based diets that are high in fiber and polyphenols are also
associated with a variety of gut microbiota that produce
metabolites that have anti-inflammatory functions that can help
manage disease processes, which can prove very beneficial in the
context of infertility in couples [131].

Mediterranean pattern

High consumption of
plant-derived food, oily
sea fish, low-fat dairy and
poultry, olive oil, and
whole-grain products.
Low consumption of
simple sugars, red meat,
and alcohol.

The MD decreased risk of all-cause mortality, cardiovascular
disease, cancer, and other chronic diseases [46,52]. The MD
supports proper ovulation in women [9,55–60] and has benefits in
terms of sperm motility [52]. The MD model increases successful
pregnancies by 40% among couples undergoing in vitro
fertilization [63]. The MD should be recommended for couples
undergoing in vitro fertilization [32].
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Table 1. Cont.

Diet Component/Dietary
Pattern

Active Components/Set of
Components Impact on Fertility

Western pattern

High-glycemic-index
carbohydrates, sweets,
beverages, animal protein,
SFAs and TFAs, processed
foods. Low consumption of
FAVs, fiber, vitamins, and
sea fish.

It has an antifertility effect and can increase the oxidative stress that
causes carbohydrate disturbance. Insulin resistance or diabetes
mellitus are related to the deterioration of fertility in women and
men, mainly due to the generation of high oxidative stress, which is
the main cause leading to an increased risk of infertility and
hormonal disorders [16,17,19,86,88].

Low-carb pattern Low content of carbs, high
in fat

There is a lack of reliable research on long-term effects on
fertility [141].

Gluten-free pattern No gluten

Gluten-free diets have been shown to have lower nutritional value
compared to traditional diets [144,145]. This is a risky nutritional
intervention for fertility, given that it involves eating less fiber and
more saturated fatty acids and foods with a higher glycemic
index [146].

8. Conclusions

The literature on the relationship between diet and fertility is expanding rapidly.
The evidence presented above suggests that various components of diet and lifestyle
may contribute to reducing the risk of fertility problems in the general population of
reproductive age, and may also be an effective treatment for women and men already
experiencing infertility. Nutritional advice can be crucial in treating infertility as there is
strong evidence that healthy eating habits adopted before conception in both men and
women of childbearing age have a beneficial effect on fertility. What is more, well-planned
nutrition can also translate into the effectiveness of ART. A well-balanced plant-based diet
with a low glycemic index, with the lowest possible proportion of processed foods, seems
to have a positive effect on fertility, especially if planned by a dietitian and not deficient in
minerals or vitamins. However, due to the risk of deficiency, in some cases supplementation
should be considered: vitamin B12, vitamin D, zinc, selenium, calcium, iodine, and iron.

It has been shown that eating a plant-based diet with a high intake of vegetable
protein, antioxidants, fruits, vegetables, nuts, legumes, olive oil, and adequate fiber intake
is associated with improved fertility.

In contrast, unhealthy plant-based diets characterized by high consumption of sweet-
ened beverages, sugar, junk food, refined grains, baked goods, and processed foods ad-
versely affect fertility through potential mechanisms such as exacerbation of inflammation.
For a plant-based diet to have a positive effect on fertility, it should follow a Mediterranean
pattern and be anti-inflammatory. Moreover, it should not be deficient in protein, and both
excess and deficiency of fiber may have a negative effect.
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Abbreviations

MD Mediterranean diet
GI Glucose index
BMI Body mass index
NICE National Institute for Health and Care Excellence
WHO World Health Organization
HPG Hypothalamic–pituitary–gonadal
GnRH Gonadotropin-releasing hormone
ED Eating disorders
RED-S Relative energy deficiency in sport
PCOS Polycystic ovary syndrome
IVF In vitro fertilization
NHS II Nurses Health Cohort Study II
IGF-1 Insulin-like growth factor I
NHS Nurses’ Health Study
ROS Reactive oxygen species
OS Oxidative stress
FAVs Fruits and vegetables
SOD Superoxide dismutase
AGEs Advanced glycation end products
ART Assisted Reproductive Technology
IS Isoflavones
TFAs Trans-fatty acids
PUFA Polyunsaturated fats
SFAs Saturated fatty acids
MUFA Monounsaturated fats
LH Luteinizing hormone
FSH Follicle-stimulating hormone
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