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Review

Introduction

Diet in particular can affect oocyte and sperm quality in three 

ways. First, maternal nutrition is one of the most important 

causes affecting the gametes in utero (1). Second, an increase 

in body mass index (BMI) resulting from excessive dietary 

intake affects associated systemic and inflammatory processes 

(2). Finally, abrupt changes in the metabolic environment in 

the sperm/follicular fluid due to a variety of nutritional factors 

has also been shown to affect the quality of the gametes (3). 

Eating patterns, BMI, and nutritional consumption are among 

the modifiable factors known to affect infertility (4). Dietary 

patterns have also a substantial influence on metabolism 

through various regulatory mechanisms that lead to local and 
systemic hormonal changes.

Global diets have been classified into four types based 
on different compositions, which include omnivorous, 
mediterranean, pescatarian (prudent), and vegetarian diets 
(5). A vegetarian diet excludes all meat, poultry, and seafood 
and includes a higher intake of fiber and usually a lower 
consumption of total and saturated fat, protein, vitamin B12, 
vitamin D, and calcium (6). However, the vegetarian diet may 
be sub-categorized into the Lacto-vegetarian diet, consisting 
of vegetarian diets and dairy products (milk, cheese, yogurt, 
and butter), Ovo-vegetarian diets allowing eggs but excluding 
dairy products, and Lacto-Ovo vegetarian diets that allow dairy 
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Abstract

The effects of diet and nutritional habits on reproductive cells can be categorized in a variety of ways. In this review, the literature is divided, 
based on the dietary consumption effects on oocytes and sperm. Topics on dietary patterns and the intrauterine effect of maternal nutrition are 
covered. In general fruits, vegetables, whole greens, fish, legumes, and also dietary sources containing unsaturated fats can improve reproductive 
germ cell quality. In epidemiological studies, the food intake frequency questionnaire is one of the most common methods to assess diet. Due 
to methodological heterogeneity in dietary assessment and inadequacy in the measurement of dietary intake in the questionnaires used, several 
unreliable results may be reported. Thus, the quality of evidence needs to be improved, since nutritional diets may not be so simply objective 
and they are inadequate to explain obvious underlining mechanisms. In addition, various compounds that may be ingested can affect molecular 
mechanisms, influenced by other external factors (drugs, pesticides, smoking, alcohol) and changes in human nutritional parameters. Artificial 
Intelligence has recently gained widespread interest and may have a role in accurate analysis of dietary patterns for optimal nutritional benefit. 
Therefore, future prospective randomized studies and objective measurements, consisting of molecular level analysis of the impact on cells and 
clear-cut methods are needed for accurate assessment of the effect of dietary habits on reproductive treatment.
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products and eggs. Furthermore, vegan diets exclude all animal 
products, thus excludes meat, poultry, fish, eggs, and dairy 
products — and foods that contain these products. A pescatarian 
diet is largely vegetarian but includes seafood. A pescatarian diet 
may also completely or partially avoid meat and poultry, dairy 
and eggs in which case it is also known as a prudent diet. The 
Mediterranean diet is notable for increased consumption of fruits 
and vegetables, whole grains, sugars, oils, eggs, milk products, 
seafood, nuts, and moderate amounts of meat foods (poultry, 
pork, beef, lamb). Finally, the omnivorous diet includes all types 
of foods (7). The results of diet on oocyte and sperm quality, 
considering the amounts of macronutrients and vitamins and the 
role of essential fatty acids, proteins, vitamins, and minerals have 
been investigated. Studies have mostly compared Mediterranean 
and Western diets, whether healthy diet typified by the prudent 
or Mediterranean diet pattern is beneficial compared with the 
Western diet pattern that consists of richer saturated fats, red 
meat, junk foods, sweets, and excessive amounts of refined and 
processed foods (Table 1).

Nutrients, including carbohydrates, fats, and proteins, provide 
energy for growth and repair of tissues and the production of 

enzymes, hormones, and fat-soluble vitamins (7). A usual diet 
consists of 55-65% carbohydrates, 30% fat, and 10-20% protein. 
All macronutrients obtained from energy and nutrients source 
rates show diversity (7).

Proteins 

According to the European Food Safety Authority, for nitrogen 
balance, the recommended average daily protein intake is 0.66 
g/kg body weight (8). Animal protein sources, such as red meat, 
poultry (usually chicken and turkey), various types of eggs, and 
dairy products (cheese, milk, whey) contain significant amounts 
of protein, micronutrients, and vitamins. Meat products are one 
of the most widely consumed and heavily investigated sources 
of protein. Several potential mechanisms could be mentioned 
to explain the reason behind meat consumption. In addition, a 
high intake of red meat may raise dietary iron intake. Studies 
of esophageal, stomach, and colon cancers have reported 
that excessive iron intake can increase oxidative stress that 
can promote chronic inflammatory processes and affect the 
immune system and may also damage tumor suppressor 
genes (9). Processed meat, such as salami and sausage, are 

Table 1. Characteristics of different diet types

                                
Omnivorous diet 
(7)

Mediterranean 
diet (5)

Pescatarian 
(prudent) 
diet (5)     

Vegetarian diet 
(6)

Western diet 
(5)

Red meat - -

Poultry meat - -

Sea food -

Dairy products - - Lactovegeterian  
 High fat 

dairy products

Eggs - - Ovo vegetarian Fried

Nuts

Vegetables

Fruits

Trans-unsaturated fat (French fries, 
muffins, cookies, biscuits, chocolates, 
margarine, fried chicken, and crackers)

-

Mono-unsaturated fat (olive oil)

Simple carbonhydrates (sugar) 

Complex carbohydrates (whole grains 
milk and dairy products bread, cereals, 
legumes, vegetables, and fruits)

Junk foods - - -

Refined and processed foods - - -

*Representing  very low,   low,    moderate,      high,      very high intake
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modified by several methods, some of which involve the use 
of preservatives and flavourings that are used to extend shelf 
life and alter the flavor, respectively. Large epidemiological 
studies have shown that processed red meat consumption is 
associated with negative effects on sperm and oocyte quality 
by increased oxidative stress and production of reactive oxygen 
species (ROS) radicals (10).

Fatty acids 

Fatty acids have a significant role in nutrition as they are high 
energy sources, contain fat-soluble vitamins and essential 
fatty acids, and are important for oxidative stability (11). 
Saturated fats account for approximately 10% of the energy in 
the American diet. The main sources of saturated fatty acids 
(SFA) in foods of animal origin are butter, cow's milk, meat, 
salmon, egg yolk, etc. Examples of plant product sources 
include chocolate and cocoa butter, coconut, and palm kernel 
oils. Transunsatured oil, contributing about 1-2% of the energy 
in the American diet, is produced commercially using a metal 
catalyst to partially hydrogenate vegetable oils in the presence 
of vacuum and high heat or may occur naturally in meat and 
dairy products where ruminants hydrogenize unsaturated fatty 
acids via bacterial enzymes (11).

Olive oil is a major source of monounsaturated fats and 
contains a wide range of valuable antioxidants and including 
superoxide and other reactive species (12). A major benefit 
of dietary fat intake is to increase the amount of long-chain 
omega-3 fatty acid (OM-3FAs) because they cannot be 
synthesized directly by the human body and must be obtained 
through diet. OM-3FAs are also potential precursors of lipid 
mediators that impact the inflammatory process, such as 
prostaglandin E3 (PGE3) and leukotriene B5 (LTB5) (12). Major 
dietary sources of OM-3FAs cold-water fishes, mussels, oysters, 
shrimps, oilseeds (almonds, walnuts, and hazelnuts), sesame, 
flaxseed, and canola (13). Studies have shown that increasing 
the ratio of long-chain omega-6 fatty acid (OM-6FA) to OM-3FA 
in the diet promotes chronic inflammatory diseases, including 
inflammatory bowel disease, asthma, rheumatoid arthritis and 
atherosclerosis. It has been suggested that the optimal ratio 
of omega-6 polyunsaturated fatty acid (6-PUFA) to omega-3 
polyunsaturated fatty acid (3-PUFA) was 1:1, while in Western 
diets this ratio may be 16:1 (13). It has been demonstrated 
that consuming the Western diet for long periods promotes 
the production of ROS that may lead to insulin resistance and 
inflammation in various tissues, as well as overproduction of 
eicosanoids and proinflammatory cytokines (14).

Carbohydrates 

Carbohydrates are the primary source of energy for the 
body, which include dietary fiber (soluble and insoluble), 

polysaccharides (starch found in plant food, such as bread 
and rice), monosaccharides (fructose, galactose, and 
glucose), and disaccharides (lactose, maltose, and sucrose) 
(15). Carbohydrate quality indicators are glycemic index (an 
index that shows the effect of carbohydrates on blood sugar), 
glycemic load (glycemic index times carbohydrate amount), 
and the extent of refined carbohydrate (whole grains versus 
refined grains), and the amount of dietary fiber (16).

Food products containing white flour increase the risk of 
obesity; therefore, it is important to not eat too many refined 
carbohydrates or too much food with a high glycemic index 
(17). It has been reported that very high sugar intake is related 
to elevated levels of estrogen in both animal and human 
models in males (18). Dietary carbohydrate intake can also 
have an important effect on inflammatory markers (19). 
Chronic exposure to postprandial hyperglycemia may induce 
oxidative damage by reducing plasma antioxidant defenses 
and increasing inflammation through free radical production 
(19).

Monoglutamate is the sole absorbable form of polyglutamate 
is converted from dietary folate with g-glutamyl hydrolase 
in the jejunum, and the activity of this enzyme is zinc-
dependent (20). Moreover, zinc is a cofactor for homocysteine 
synthetase, which converts homocysteine to methionine and 
reduces homocysteine levels. The beneficial effects of zinc 
in interventional diet research are supported by randomized, 
placebo-controlled studies, where the administration of zinc 
and/or folic acid to sub-fertile patients has been shown to lead 
to a significant increase in semen concentration, from 18% 
to 74% (20). In addition, zinc, manganese, and selenium, all 
sourced from the diet, are cofactors for enzymes, including 
glutathione peroxidase or superoxide dismutase which are 
important protective enzymes against oxidative stress in 
reproductive cells (21).

The etiology of infertility factors remains unclear. Infertility can 
be associated with many physiological, environmental, and 
genetic factors, including chronic inflammation and oxidative 
stress. As far as nutrition is concerned, various components 
and nutrients have been proposed as possible determinants 
of normal functioning reproductive system over the last two 
decades (22). Similarly, several cross-sectional, case-control, 
retrospective, and prospective observational studies with 
large samples have investigated the relationship between diet 
and ovarian/semen quality and/or reproductive system with 
controversial results. Although there is a systematic review with 
meta-analysis of cohort studies that has carefully evaluated the 
contribution of the Mediterranean diet in improving sperm 
and oocyte quality, to the best of our knowledge there is no 
study that compares the results of both diets with a detailed 
information on the diet content (23).
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The aim of this article was to discuss the effects of diet types, 
especially the Mediterranean and Western diets, on sperm 
and oocyte characteristics in the reproductive system and 
their impact on reproductive success in Assisted Reproductive 
Technologies (ART) treatments. 

1. In utero impact of dietary patterns

Nutrient patterns affect intracellular and extracellular 
messengers, which in turn affect epigenetic mechanisms that 
may alter gene expression in the future (24). Severe obstetric 
illnesses, such as preeclampsia and preterm birth, have a lower 
incidence in patients whose diets are rich in fruits, vegetables, 
and whole grains (25). In addition, increased intake of saturated 
fat and sugar-sweetened beverages increased the risk of fetal 
malformations (neural tube defects, congenital heart disease, 
cleft lip and/or palate) and adverse pregnancy outcomes (20). 
Furthermore, dietary patterns play an important role in the 
maturation of the fetal immune system and in the composition 
of the fetal gut microbiota, which is a metabolically and 
immunologically active system (24).

In a study by Swan et al. (26), weekly maternal beef 
consumption was inversely related to sperm concentration 
in the male offspring. High beef consumers (who consumed 
more than 7 grams of beef per week) were at greater risk of 
problems with sperm quality in their sons and that their sons 
had 24.3% lower sperm concentration in adulthood than those 
who consumed less beef (26). However, there are possible 
confounders for this so-called nutritional effect. It has been 
experimentally demonstrated that various environmental drugs 
and chemicals ingested with certain nutrients in foods during 
pregnancy and lactation may affect subsequent metabolic and 
reproductive function in the offspring (27-29). Swan et al. (26) 
also suggested that maternal beef consumption, possibly due 
to the effects of xenobiotics in red and processed meat, could 
transform fetal testicular development (26). They showed the 
effects of anabolic steroids (a xenobiotic agent) in red and 
processed meat, could transform fetal testicular development 
and negatively influence reproductive capacity. They also noted 
that regional variations in nutrition may alter the results, because 
most mothers in their study were living in North America and 
findings may not apply to other regions of the world where 
other agricultural methods may be used (26). Furthermore, 
environmental estrogens from polycarbonate plastic and metal 
cans containing antiandrogenic chemicals [bisphenol A (BPA) 
and PVC plastics in the resin coatings], and phytates used 
in many other products can cause abnormalities, including 
cryptorchidism and hypospadias, that affect sperm quality and 
reproductive ability in males (28). Another confounding factor 
for in utero impact of dietary patterns is recall error of maternal 
food consumption (Table 2).

2. The effect of dietary patterns on sperm quality

Human sperm quantitative and qualitative parameters decreased 
worldwide even though this situation caused a change in the 
normal values of WHO sperm parameters. A meta-analysis 
shows a global 32.5% deterioration in sperm concentration over 
a period of 50 years (30).  Various and diverse environmental and 
dietary factors that have become a part of modern life may be 
responsible for this deterioration of sperm quality.

2.1. Dietary effects on hormonal parameters 

Dietary patterns affect the hormonal axis in male reproductive 
function. Consumption of excess high-calorie foods, leading to 
increased adiposity and possibly obesity, results in increased 
aromatase enzyme activity and higher levels of systemic 
17-oestradiol (E2) in the body. Increased E2 levels affect the 
hypothalamic-pituitary axis through negative feedback, 
which inhibits gonadotropin releasing hormone secretion 
and thus and pituitary gonadotropins secretions (31). Studies 
considering diet type show that high-energy foods (Western 
diet) not only reduce sperm quality but also lead to chronic 
illnesses, such as obesity and diabetes mellitus (32). Also, 
damage to sperm DNA mitochondrial activity and sperm quality, 
testosterone deficiency is associated with erectile dysfunction. 
Sex hormone-binding globulin also decreases due to obesity, 
increasing serum oestradiol levels, reducing the frequency of 
pulsatile luteinizing hormone levels. Increased adiposity also 
has some physical consequences, including increased scrotal 
temperatures which are known to decrease sperm quality 
(33). Furthermore, the disruption of antioxidant mechanisms 
seen in obesity because of high-calorie intake, impair sperm 
quality through impaired testosterone secretion and altered 
sperm DNA (4). Similarly, excessive trans fatty acids (TFA), 
saturated fat, cholesterol, or simply a high-calorie diet lead 
to gonadotoxicity and impair testicular physiology, disrupting 
spermatogenesis (31,32).

2.2. Dietary effects on sperm parameters 

Various human diets can influence many biological pathways 
in a number of ways. Semen quality is affected by various 
antioxidants (coenzyme Q10, carnitine), homocysteine, 
vitamins B6 and B12, folic acid, zinc, and OM-3FA levels, the 
levels of all of which are at least partly dependent on diet. 
Assessment of food consumption as well as dietary patterns 
(the Mediterranean, prudent or Western diet) include 
modifiable factors (34,35) (Figure 1). 

2.2.1. The effect of the Western diet on sperm parameters

Higher consumption of unhealthy dietary components, such as 
rich full-fat dairy food, sweets, and processed meat, that are 
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characteristic of the Western diet has been associated with 
decreased semen quality, evaluated by various parameters 
including volume of the ejaculate, sperm concentration, total 
sperm count, progressive motility, total non-motile and total 
motile sperm count, DNA fragmentation index, and poor 
fertilization rate or pregnancy rate (36). In addition, the Western 
diet can lead to mitochondrial dysfunction and can induce 
oxidant/antioxidant imbalance in testicular tissue, amongst 
others. This may lead to cellular destruction because of directly 
damaged lipid membranes, and damage to amino acids, and 
nucleic acids through sperm peroxidation. ROS occur as a 
consequence of natural spermatogenesis, which is qualified as 
a response to the acrosome formation field (4). Also, ROS can 
lead to insulin resistance, oxidative stress, and inflammation in 
viscous tissues as well as the overproduction of eicosanoids and 
proinflammatory cytokines (37). In addition, ROS reduces the 
presence of adenosine triphosphate in sperm while increasing 
the risk of agglutination and decreasing mobility. This also 
prevents sperm from fertilizing oocytes, leading to increased 
apoptosis, reduced sperm acrosomal function, and lower 
chances of fertilization by direct damage to the sperm DNA (4). In 
general, data from animal models suggest that the Western diet 
generally correlates with decreased sperm quality, especially 
in terms of diminished motility and impaired sperm capacity, 
along with reduced sperm binding capacity to oocytes (38,39). 
Western diet increases testicular fatty acid and cholesterol 
content while altering sperm plasma membrane composition 
and sperm membrane-related events (40). Remarkably, sperm 
quality depends on high percentage of SFA and TFA which 
are common in the Western diet (34,41). In particular, studies 
have shown that consumption of high-energy diets disrupts 
mitochondrial function in the testicular bioenergetic state (39).  
Since these fatty acids are not endogenously produced in the 
body, excessive consumption contributes to the accumulation 
of fat in various organs such as testicular tissue, and the amount 
is inversely related to sperm counts (41,42). In conclusion, 
research has shown that the Western diet is directly related to 
diminished sperm concentration, altered sperm morphology, 
and asthenozoospermia (43-46) (Figure 2).

2.2.2. The effect of a Mediterranean diet on sperm 
parameters

In a review of 23 studies from 502 articles, the results confirmed 
the relationship between improved semen parameters and 
maintaining a healthy diet, while diets rich in lipophilic foods, 
soy isoflavones, and sweets resulted in impaired semen quality. 
The same authors report that despite the lack of underlying 
mechanisms and randomized controlled trials, dietary quality, 
and assessment of nutrient intake are important in the diagnosis 

and treatment of male factor infertility (47). Attaman et al. (48) 
showed a moderately significant association between dietary 
fatty acids and semen quality. They found that the total number 
and concentration of sperm depended on daily consumption 
of saturated fat and TFA (48). Although sperm membranes 
consist of cholesterol, rising ratios in sperm membranes 
disrupt membrane structure and fluidity. Moreover, minimal 
changes in dietary cholesterol levels can result in differences 
in membrane cholesterol concentrations that are reflected in 
acrosome reaction and a decrease in capacitance in an animal 
study (49). Several studies have shown that higher intake of 
components such as legumes, vegetables, especially dark 
green vegetables, cereals, fruits, and PUFAs from olive oil in a 
balanced diet are associated with high sperm concentration and 
progressive mobility (20,50-53). Additionally, folate-rich fruits 
and vegetables, along with antioxidants such as b-carotene, 
lutein, and lycopene, can improve sperm quality (21,45,54). A 
case study comparing dietary habits in normozoospermic and 
oligoasthenoteratospermic patients showed that the former 
group were more likely to regularly consume certain fruits and 
vegetables, such as lettuce, tomatoes, peaches, and apricots 
(45). Consumption of fruits and vegetables is important for 
males when considering the successful fertilization with 
in vitro fertilization (IVF) (52). In an observational study of 
250 patients undergoing Intracytoplasmic Sperm Injection 
(ICSI), sperm motility was positively influenced by fruit and 
cereal consumption (50). In addition, it has been shown that 
pesticides, which may be present in fruits and vegetables, can 
lead to less morphologically normal spermatozoa and lower 
sperm concentration and motility (45,50).  

Consumption of fresh fruits, vegetables, chicken, light dairy 
products, and seafood decreases the risk of asthenozoospermia, 
while red meat consumption and high blood glucose levels 
increase this risk (45,51,55). Jurewicz et al. (56) reported 
on 336 patients attending the infertility clinic with slight 
oligoastenospermia (20 to 300 mln/mL sperm concentration) 
after sub-dividing the men into three groups based on the diet: 
Western; prudent; or mixed. In the prudent diet group, the 
relationship between serum testosterone levels and sperm 
concentration was significant. Additionally, they showed that a 
prudent diet prevents sperm DNA from fragmentation (34,56).

However, such an association of better sperm parameters 
with dietary pattern was not found in various other studies 
(34,57,58). Some studies have reported that nutritional 
factors do not affect live birth rate, while others show data 
on improving sperm parameters. The evidence is not entirely 
consistent, and different findings from different studies may be 
due to a number of reasons including that various populations 
were studied, study designs were different, and variable quality 
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of the studies (33). The studies suggest that the relationship 

between diet and semen quality does not affect ART outcomes, 

such as fertilization rate, implantation, clinical pregnancy, and 

live birth rate (57,58). Li et al. (59) showed that vitamin C and 

β-carotene intake and ART treatment were positively related 

with fertilization rates in men attending infertility clinics, 

although no association was found with pregnancy or live birth 

rate (59). The relationship between lifestyle factors and semen 

quality remains unclear due to methodological differences (60).

3. The effect of dietary patterns on oocyte quality 

Oocyte growth and maturation are affected by endocrine, 

nutritional, and chemical factors. There is a variety of dietary 

effects on oocyte function and ovulation, such as glycemic load, 

antioxidant and anti-inflammatory processes, pro-estrogenic 

and anti-estrogenic hormonal effects, and the impact of fatty 

acids (16). Reduced intracytoplasmic transport proteins, raised 

glucose/lipid ratio, and elevated ROS levels in oocytes can 

result in meiotic defects, organelle dysfunction, and epigenetic 

changes (3). Oxidative damage to gametes can lead to the 

rearrangement of DNA through various enzymatic changes. 

3.1. Hormonal effects on oocyte quality and embryo 

production 

At the cellular level, high BMI-related hyperinsulinemia, 

lipotoxicity, oxidative stress on the endoplasmic reticulum 

(ER) and mitochondria, leptin, and adiponectin reduce 

insulin sensitivity and activate related inflammatory systems 

in obese women (61). In addition, animal studies suggest 

that hyperinsulinemia (as a result of a high-fat diet) and 

high follicular ATP content affect oocyte quality, embryonic 

development, and the implantation process (22,62,63). In 

animal studies, maternal hyperglycemia, high-fat diet, and 

obesity have been shown to adversely affect the progression 

of the blastocyst (62,64). Furthermore, a high BMI is unlikely 

to affect endometrial receptivity and cause an implantation 

failure, compared to its effect on oocyte quality, which is 

diminished in people who have obesity (61,65). These findings 

suggest that exposure to abnormal metabolic conditions during 

oogenesis and fertilization causes morphological changes 

in the programming of fetal tissues (66). Also, some studies 

have shown that high-fat diets (Western diet) are related to 

elevated serum estradiol, estrone sulfate, and estrone levels 

in premenopausal women (67). For example, mice studies 

demonstrated that a Western diet reduces primordial follicle 

numbers and increased follicular atresia that may shorten 

the reproductive life span of women (68), and this has been 

associated with the development of inflammation (69).

3.2. Dietary effects on oocyte quality and ART parameters 

3.2.1. The effect of a Mediterranean diet on oocyte quality 
and ART outcomes

The Nurses’ Health Study 2 evaluated the effectiveness 
of an investigator-defined “fertility diet”, which showed 
that consumption of monounsaturated fats, low-glycemic 
carbohydrates, high-fat dairy products, multivitamins, and plant-
derived iron and “fertility diet” supplements was associated 
with a lower risk of infertility due to ovulatory dysfunction 
(relative risk: 0.34; 95% confidence interval: 0.23-0.48) (70). The 
effect of a Mediterranean diet on oocyte function was found to 
increase ROS production and COX2 expression by increasing 
prostaglandins in oocyte maturation (71). In a review of 62 
articles regarding lifestyle and ART, it was concluded that the 
success of ART is dependent on the implementation of healthy 
lifestyle counseling programs, especially by implementing 
fruits, vegetables, and unsaturated fat in a healthy balanced 
diet (72). A recent prospective cohort study by Jahangirifar et 
al. (73) analyzed the connection between maternal nutritional 
patterns and reproductive status in infertile women. They 
analyzed 140 primary infertility patients who underwent 
gonadotropin antagonist protocol treatment. In the study, 
total oocyte and metaphase II oocyte count, fertilization rate, 
embryo quality, and biochemical and clinical pregnancy rates 
were compared between a healthy diet and a Western diet. The 
authors showed that healthy nutrition may increase the quality 
and quantity of oocytes through high levels of antioxidant in 
fresh vegetables, fruits, and nuts in a healthy diet. An unhealthy 
diet can adversely affect the chances of getting pregnant. 
However, the fertilization rate and quality of embryo were not 
affected by diet. Toledo et al. (74) report a prospective cohort 
study with 161 infertile couples who received IVF/ICSI therapy 
and showed that patients who followed the Mediterranean diet 
had a 40% higher pregnancy rate. The authors suggested that 
the reason for this was due to the fact that the Mediterranean 
diet is high in vegetable oils which are rich in linoleic acid 
(74). In a review of 351 couples undergoing IVF treatment, 
consumption of fruits and vegetables was examined. It was 
shown that healthy eating patterns that include whole grains, 
fish, fruits, vegetables, and olive oil, not only improve overall 
health but also fertility outcomes (75). Also, in their prospective 
cohort study, Ricci et al. (76) concluded that the Mediterranean 
diet affected oocyte numbers and clinical pregnancy rates in 
women over 35 years of age, but not live birth rates. On the other 
hand, a meta-analysis by Sanderman et al. (77) suggested not 
recommending a single dietary pattern to improve pregnancy 
or live birth rates in female infertility undergoing IVF treatment. 
Such dietary pattern associations and conclusions were not 
revealed in other studies (76,78,79).
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3.2.2. The effect of Western diet on oocyte quality and ART 
outcomes

Graier et al. (80) showed that triglyceride droplets and free fatty 
acids accumulate when the oocyte was exposed to a high lipid 
environment, and this caused significant damage to the ER 
and mitochondria, leading to lipotoxicity. Furthermore, Nehra 
et al. (81) demonstrated that increased OM-3FA consumption 
improved maternal reproductive function in rats compared to 
OM-6FA, which was associated with very poor reproductive 
success in older ages. These data suggest that the Western diet 
may disrupt oocyte metabolism, in terms of energy production 
in oocytes through ROS. Furthermore, a high glycemic index diet 
induced an inflammatory process and increased the formation 
and persistence of bacterial vaginosis (82). Mtango et al. (83) 
showed that during the fertilization and implantation process, 
female mice following a normal diet for 4-5 days, with low-protein 
diets, had fewer embryos, lower birth weight, and compensatory 
post-natal weight gain, hypertension, and changes in organ/body 
weight ratios in the adulthood. This increased free glucose levels 
in mouse oocytes, hence the hyperglycaemic environment 
further increased glycogen content in immature oocytes and 
mitochondrial dysfunction occured (Figure 2).

The limitations of nutritional studies

Epidemiologic and observational studies are considered the sole 
evidence for nutrition studies but are associated with various 
limitations, including methodological differences and design 
faults, tiny groups, short-term follow-ups, poorly conceived 
endpoints, confounding circumstances, understandably limited 
numbers of interventional studies, the absence of placebo, 
poor matching of subjects and non-standardized dosing (4). 
Recording of dietary habits of individuals include foods regularly 
consumed over a certain period of time (months or years) and 
usually do not include specific irregularities that are consumed 
only for a few days/weeks. In addition, dietary adherence (low, 
moderate, high) is modified when considering the dietary effect 
calculated in frequency questionnaire (FFQ). Sun et al. (84) found 
in a study of 590 patients that significant increase in embryo 
numbers with ART were achieved in patients who adhered more 
to the Mediterranean diet model (84). However, it cannot be 
generalized for all reproductive population or for those attending 
infertility clinics (84,85). A FFQ with a verified semi-quantitative 
165-item was utilized to collect dietary data. The use of FFQs to 
measure nutritional habits in studies is a major confounder for 
study comparability, as FFQs do not record the consumption of 

Figure 1. Impact of Mediterranean dietary patterns on female and male reproductive health
ART: Assisted Reproductive Technologies, IVF: In vitro fertilization, ICSI: Intracytoplasmic Sperm Injection, ROS: Reactive oxygen species

Significant differences in sperm parameters Significant difference in oocyte parameters

Increase in antioxidants (coenzyme Q10, carnitine), homocysteine, 
vitamins B6 and B12, folic acid, zinc (20,34) 

Increase in oocyte quality and quantity with IVF/ICSI (73,84,85)

Increase in sperm quality (33,53,84) Higher pregnancy rate with IVF/ICSI (84,85)

Increase in fertilisation success Improved fertility outcomes (71,72,74)

Sperm motility positively influenced (53,84) Reduction in ovulation dysfunction (70)

Morphologically normal sperm, concentration increased (53,84)
Increase in ROS production and COX2 expression by increasing 
prostaglandins during oocyte maturation (71)

Increase in serum testosterone level (56)

No significant change in sperm parameters, ART outcomes 
(34,56,57,83)

No significant change in oocyte parameters ART outcomes (76-79)

Mediterranean diet
Red meat, sweets, eggs, 

potatoes, olives, nuts, dairy products, poultry meat, fish, olive oil,
 fruit/vegetables (especially wild greens), non-refined cereals and products 

(whole grain bread/pasta, Brown rice etc.)
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some specific but possibly key food items, variability in cooking 
skills, meal patterns, and differences in attitudes to food. Artificial 
intelligence (AI) may be adapted for dietary pattern analysis 
and detection of nutritional problems, image diagnosis, and 
personalized nutrition for solving this problem (86).

Confounding factors

In this industrial millennial age, uncontaminated food stuffs 
are an increasing rarity. One should always keep in mind that 
food, especially processed food, is under direct contamination 
by various intentional and unintentional factors, such as 
environmental supplemental chemicals, classified into different 
functional categories including pesticides, food packaging, food 
additives, hormones, polycarbonate plastic and metals (29). At 
present, one of the most common intentional but unnatural 
processes in meat production is the administration of estrogen-
containing anabolic supplements to farm animals and animal 
feeds in order to increase animal weight (87). Hence, when we 
talk about the downside of meat consumption and its fertility 
effects, we can actually never talk about pure meat. 

Some of the factors affecting human reproduction include air 
pollution, smoking, lack of exercise, obesity, drug use, additives 

in beverages, phthalates, a group of chemicals used to make 
plastics more durable, organochlorine pollutants, and stress 
(33) but evidence linking chronic low-dose environmental 
exposures and fertility is weak. However, with the growing 
industry and lifestyle changes, new chemicals and compounds 
are emerging as threats to reproductive cells. Among these, 
compounds include pharmaceutical contamination of tap 
water, organochlorine pollutants in fruit and vegetables, BPA in 
plastic bottles, phthalates in skin care products, heavy metals 
and xenobiotics, such as antibiotics, herbicides, pesticides 
in various foods and food additives like flavor enhancers 
(monosodium glutamate) are all the focus of research 
into reproductive cells (88). Indeed, in the EARTH study 
conducted in 799 women and 487 men (89), some phthalate 
metabolites were associated with lower oocyte yield, lower 
clinical pregnancy likelihood, increased risk of pregnancy 
loss, and lower likelihood of live birth after infertility treatment 
in women. Certain urinary concentrations of phthalate 
metabolites have also been associated with lower implantation 
and live birth rates in men. Maternal soy and folic acid intake 
significantly altered the association between BPA and IVF 
outcomes in women (89). There are other harmful organic and 

Table 2. Nutritional factors affecting in utero reproductive cells
References Nutrients effect

(24) - Effect intra and extracellular messengers capable of influencing the gene expression of epigenetic mechanisms and growth

(33)

- Contaminated foods of persistent organic pollutants
- Raised mutagenicity, DNA damage, increase oxidative stress, impaired male fertility
- Organochlorine pesticide contaminated foods (eggs, dairy products, meat and meat products, rice, fruit, vegetables, honey, 
oil, fish, mussel) impact on infertility and fetal malformation
- Polybrominated diphenyl ethers (PBDEs) contaminated foods (fish, mussel) occur reproductive problems
- Hexabromocyclododecanes (HBCDs) contaminated foods (eggs, oil, fish) impact on endocrine disruption, reproductive 
problems

(88)

- Biological, chemical, physical hazards can be introduced into the food supply at any time
- Food contaminants/environmental contaminants which are metal fragments from equipment such as splinters, blades, 
needles, utensils, staples, glass food containers, stones incorporated in field peas and beans crops, plastic material used for 
packaging or used for cleaning equipment,  splinters from wood structures and wooden pallets used to store or transport and  
heavy metal contamination include agricultural activities, such as pesticide and herbicide, irrigation water, mineral fertilizer are 
hazardous to individuals causing illness

(24) - Nutrients affect gut microbiota and immune system 

(87)
- Enviromental endocrine distrupters (EED) such as pesticides, food packaging, food additives exposure during pregnancy on 
sperm quality in their offspring in adulthood

(20)
- High saturated fat, sugar beverages, reduced intake of fruits and vegetables raised the risk of fetal malformations (neural tube 
defects, congenital heart disease, cleft lip and palate) and ocur adverse pregnancy outcomes

(25) - High consumption of fruits, vegetables, whole grains have lower incidence of pre-eclampsia and premature birth

(89)

- Nanoparticles (NPs) in food may overcome certain biological barrier tissues (blood-testis barrier, placental barrier and 
epithelial barrier) and accumulate reproductive organs. 
- Dysfunction of the reproductive organs, negatively affect sperm quality, quantity, morphology and motility and follicular 
maturation. 
- Hormonally changes effect sexual behaviour

(26)
- Maternal beef consumption, and possibly xenobiotics in beef, may alter testicular development in utero and adversely affect 
reproductive capacity
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inorganic pollutants, such as metal parts in ground meat, bone 

fragments, product packaging pieces, stones, insects, or other 

personal items, and heavy metals (lead, arsenic, cadmium, 

mercury) can have detrimental effects on reproductive cells 

(88). Considering the fertility impact, various issues should 

be regarded as confounding factors, not only health related 

maternal problems but also the detoxification capacity of the 

mother and the offspring. Additionally, lifestyle factors, such as 

smoking and lack of exercise can alter the balance between 

ROS and antioxidant protection. Gene expression of epigenetic 

mechanisms and growth may also be altered.

In addition, the recent development of nanometre-sized 

materials in medicine is another point that needs to be 

addressed. Nanoparticles are used in all fields of life, including 

pharmacology, medicine, chemistry, physics, materials 

science, engineering and industry, cosmetics and clothing, and 

food. Nanoscopic drug carriers and nanoimaging technologies 

can overcome certain biological barriers, such as the blood-

testis barrier, placental barrier and epithelial barrier, and 

accumulate in reproductive organs. This accumulation affects 

Sertoli and Leydig cell function, the epididymis, ovaries and 

uterus, and may lead to dysfunction of the reproductive organs, 

adversely affecting sperm quality, quantity, morphology and 

motility, and reducing the number of mature eggs and follicular 

development. Hormonally induced changes in sexual behavior 

may also be altered (90).

While some researchers have examined the effects of diet on 
sperm parameters in the general population (32,34,91), others 
evaluated the effects of diet only on infertile patients who are 
admitted to the fertility outpatient clinics (20,21,43,45,48,50,51,
54,56,92). The results showed that some discrepancies occur 
in the differential effects of diet in fertile and infertile men, but 
in short, diets containing fruits and vegetables, fish, or low-
fat dairy products are associated with better semen quality. 
Another problem is that some studies compare the diet effects 
on IVF success rates that include biochemical pregnancies, 
that is pregnancy diagnosed only by detection of human 
β-choriongonadotropin in serum or urine (20,78,84,85), while 
others compare clinical pregnancies, defined as pregnancy 
diagnosed by ultrasound examination of one or more 
gestational sacs or by clear clinical signs of pregnancy or live 
births (after 22 completed weeks of gestation) (76,78,85). Many 
beneficial effects of a healthy diet, and recommendations can 
be provided with confidence, but more studies are currently 
needed to clarify the findings of underlying mechanisms (33) 
(Table 3). 

Conclusion

Research in this field has shown that foods rich in fibers, folate, 
fruits and vegetables, seafood, poultry, nuts, whole grains, 
and PUFAs can increase sperm quality. Furthermore, animal 
proteins, unsaturated fats, and vegetable proteins can improve 
fertility and induce ovulation. Current studies are based mostly 

Table 3. Confounding factors in nutrition studies
Heterogenous study population [demographic factors (e.g., race, ethnicity, age, and country of origin) methods, and findings, and remaining 
dietary patterns]

Confounding control and cohort selection

Lack of comprehensive control for confounding factors

Individual dietary items may have complex interactions

Individual recall error of food consumption

Heterogeneity ensuring adherence calculation can be difficult in adherence to the dietary pattern

Participants may need to remain in a trial for long periods of time to observe the effect

Exposure misclassification

Time period of exposure assessment 

Study end points and followup variable (oocte retrival, oocyte number, biochemical pregnancy vs clinical pregnancy, live birth rate)

Methodological heterogeneities in dietary assessment 

Inadequacies in the measurement of dietary intake in the questionnaires used

External  and environmental factors such as pharmaceutical components in tap water, drugs, pesticides, harmful organic and inorganic 
pollutants (heavy metals such as lead, arsenic, cadmium, mercury), smoking, alcohol, xenobiotics, nanoscopic drug carriers and nanoimaging 
technologies

Enviromental estrogens - polycarbonate plastic and metal cans containing chemicals, bisphenol A and PVC plastics, phytoestrogens

Individual detoxification capacity will differ between subjects because of external and environmental factors

FFQ problems with consumption of some foods’ cooking skills, meal patterns, and attitudes difference

FFQ: Food frequency questionnaire
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on animal models and the exact effects on humans are still 
yet to be discovered. Therefore, the dietary effects on human 
infertility are not conclusive. The evidence of the role of the 
diet on male and female fertility is weak or of very low quality. 
In addition, well-constructed, randomized controlled trials into 
diet models are needed to define the effect of a healthy diet 
on the quality of reproductive cells. As dietary habits vary from 
society to society and even from person to person obtaining 
clear evidence into this topic is challenging. Improved 
nutrition may be possible through more effective public health 
intervention programs that are tailored by specific nutrition 
characteristics and the health concerns closely associated with 
family planning. 
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Figure 2. Impact of Western dietary patterns on female and male reproductive health
GnRH: Gonadotropin releasing hormone, SHBG: Sex hormone-binding globülin, ROS: Reactive oxygen species, TMSC: Total motile sperm 
count, TFA: Trans fatty acids

 
Increased systemic oestradiol 17 (E2) (31) Reduced intracytoplasmic transport proteins (3)

Inhibits secretion of GnRH and pituitary gonadotropins (31) Increased glucose/lipid content in the microenvironment (3)

SHBG decreases due to obesity (33) High ROS values (3)

Increased scrotal temperatures due to obesity;  insulin resistance, 
oxidative stress, and inflammation (33)

Meiotic defects occur (3)

Reduction in exogenous antioxidant mechanisms increase ROS (4,37) Dysfunction of organelles (3)

Impairment of sperm quality (38,39) Epigenetic changes (3)

Reduction in ejaculate volume, sperm concentration, total sperm 
count, progressive motility, total non-motile sperm and TMSC, DNA 
fragmentation index and poor fecundability (43-46)

High ATP content in the follicle impairs oocyte quality, 
embryonic development and the implantation process (22,62,63)

Excess TFAs, saturated fat and cholesterol lead to gonadotoxicity 
(31,32)

Impairment of blastocyst development (62,64)

Sperm mitochondrial dysfunction (4)
Disruption of oocyte metabolism, with regard to energy 
production in the oocytes by ROS (67)

ROS impair the field of acrosome formation (4)
Decreases the number of primordial follicles and increases 
follicular atresia (68,81)

Reduced motility and impaired sperm capacitation (38,39)
Hyperglycaemic environment further increases glycogen content 
in immature oocytes and mitochondrial dysfunction (83)

Western diet 
Alcohol,

fish, shellfish, white meat, eggs,
fruits/vegetables,

high fat dairy, red meat, processed meat,
refined vegetable oils (cooking oils, margarine, condiments)

cereal grains (mostly refined), sugars
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