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Nutritional modifications in male infertility: a systematic review
covering 2 decades

Ladan Giahi, Shayan Mohammadmoradi, Aida Javidan, and Mohammad Reza Sadeghi

Context: Studies suggest that appropriate nutritional modifications can improve the
natural conception rate of infertile couples. Objectives: The purpose of this study was
to review the human trials that investigated the relation between nutrition and male
infertility. Data Sources: A comprehensive systematic review of published human
studies was carried out by searching scientific databases. Article selection was carried
out in accordance with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses. The American Dietetic Association Research Design and Implementation
Checklist was also used for quality assessment. Data Extraction: A total of 502 arti-
cles were identified, of which 23 studies met the inclusion criteria. Data Synthesis:
Results indicated that a healthy diet improves at least one measure of semen quality,
while diets high in lipophilic foods, soy isoflavones, and sweets lower semen quality.
Conclusion: The role of daily nutrient exposure and dietary quality needs to be high-
lighted in male infertility. Mechanistic studies addressing the responsible underlying
mechanisms of action of dietary modifications are highly warranted. Systematic
Review Registration: PROSPERO 2013: CRD42013005953. Available at: http.//www.
crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42013005953.

INTRODUCTION
In the 1970s, several purported causes of male factor

Infertility is a global medical concern affecting 60-80
million couples worldwide," and studies report that
male factor infertility contributes to more than 40% of
infertility cases globally."” Several different disorders
can cause male infertility, including idiopathic oligo-
spermia (low sperm counts, for which a specific treat-
ment remains unknown),”° complete
asthenozoospermia (absence of sperm motility; impli-
cated in 19% of infertile cases),” and isolated astheno-
zoospermia (low sperm motility, caused by sperm
dysfunction, varicocele, infection, or genetic factors;
implicated in 24% of infertile cases).®* "’

infertility received considerable attention. As a conse-
quence, the World Health Organization published both
new standardized diagnostic approaches toward male
factor infertility'' and standardized techniques of semen
analysis.'””"'* Furthermore, the introduction of assisted
reproductive techniques, such as in vitro fertilization and
intracytoplasmic sperm injection,15 revolutionized repro-
ductive medicine, revealing the role of the male factor in
couple infertility.'® However, in the last decade, increas-
ing concerns about the ethics, economics, and side ef-
fects of assisted reproductive techniques have been raised
worldwide.'”'® Different studies reported that in vitro
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fertilization and intracytoplasmic sperm injection may
be associated with major congenital malformations, risk
of retinoblastoma, and impaired development of oft-
spring.'”"** Although assisted reproductive techniques
are able to mechanically rectify some types of male infer-
tility disorders, the fundamental reasons behind male in-
fertility remain untouched.”>**

Recent studies illustrate that nutrition and lifestyle
factors play a critical role in the normal function of the
reproductive system.”>*® Apart from demographic and
certain known lifestyle factors (such as age, smoking,
and alcohol intake), there is increasing evidence indi-
cating the crucial role of nutrition in decreased sperm
quality.””*° Recent evidence from both animal and hu-
man studies indicates that male obesity and high-fat
diets result in impaired reproductivity, affecting the
molecular and physical structure of sperm as well as the
health of the developing fetus and subsequent oft-
spring.””>'"* In a recent animal study, Rato et al.*” re-
ported that the testicular physiology is sensitive to
alterations of whole-body metabolism and that the tes-
ticular metabolism can be disturbed by high-energy
diets. Disruption of testicular metabolism is associated
with decreased sperm quality.”” Some components of
high-energy diets, such as trans fatty acids and saturated
fats, have the potential to adversely affect the testicular
lipid metabolism and impair sperm production. In an-
other animal study, Bakos et al.*’ reported that pater-
nal-diet-induced obesity decreased both the motility
and the fertilizing ability of sperm in male mice.
Morgan et al.>* also reported that elevated levels of
plasma cholesterol induced by a cholesterol-rich diet
negatively affected spermatogenesis in rabbits. To date,
many human studies have investigated semen quality
and male infertility, but most of these focus on isolated
micronutrients (such as different antioxidants, zinc, or
folate), while studies of a specific diet or food com-
pound are scarce.

Males of reproductive age have been affected by the
spread of unhealthy eating behaviors>*' and the rapid
negative changes in dietary patterns, such as high in-
takes of saturated fatty acids, trans fats, and sodium and
low intakes of fruits and vegetables (rich in antioxidants
and flavonoids). Excessive amounts of reactive oxygen
species have a serious deleterious effect on sperm DNA,
leading to formation of 8-oxodeoxyguanosine, the ma-
jor oxidative product of sperm DNA (which causes
fragmentation and mutagens). It has therefore been
tempting to reduce the effect of reactive oxygen
species on sperm by administering antioxidant supple-
ments.*>”*>  Additionally, overconsumption of high-
energy diets rich in saturated fatty acids and trans fats
may result in the accumulation of fatty acids and fat-
soluble toxicants within the testicular environment,
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leading to impaired spermatogenesis and low testoster-
one synthesis by Leydig cells.27

Since available findings introduce nutrition as one
of the major environmental factors influencing the
health of the reproductive system,”*** it seems crucial
to include diet and nutrition counseling in the treat-
ment protocols for infertile men. It is also important to
pinpoint the number of studies investigating the rela-
tionship between diet and male infertility, as the num-
ber of publications on this topic has increased in recent
years. Although the importance of diet is clear for obese
or underweight infertile patients, there are many infer-
tile patients with normal body weight who have degrees
of dietary imbalances. Furthermore, at the hypotha-
lamic level, the effects of dietary composition override
the effects of body weight that directly and indirectly
impact fertility and optimum responsiveness to infertil-
ity treatments. In addition, many recent studies report
that inappropriate dietary habits (such as meal skipping
or false dieting), low intake of antioxidants, and nutri-
ent deficiencies have been observed in male factor infer-
tility, 25284750

The aim of this study was to systematically review
published studies that investigated the relationship be-
tween nutrition, diet, or food compounds and male fac-
tor infertility. As far as can be determined, this is the first
systematic review of studies that examined the relation
between nutrition or dietary compounds and male infer-
tility. Although reviews that investigated the association
between diet or nutrition and male factor infertility are
available, they were either nonsystematic or focused on
one specific food compound or micronutrient.

METHODS
Literature search

A comprehensive review of human studies published
in English over the last 2 decades was carried out by
searching PubMed, Google Scholar, Cochrane Central
Register of Controlled Trials, Cochrane Database of
Systematic Reviews, and Embase in accordance with
the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).”!
Two reviewers, in collaboration with senior nutrition
and infertility specialists, developed the search strat-
egy. Two primary investigators independently com-
pleted the literature search, identification of studies,
data abstraction, and tabulation; discordance was re-
solved by discussions with the lead researcher. The
search used a combination of terms as both Medical
Subject Headings (MeSH) and keywords or free-text
words. Male infertility-related keywords (“male
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infertility” OR “sperm dysfunction” OR “sperm
DNA damage” OR “varicocele” OR “idiopathic
oligozoospermia” OR  “asthenozoospermia” OR
“oligoasthenoteratozoospermia”) were used in combi-
nation with words relating to food, diet or nutrients
(“diet” OR “nutrition” OR “nutriceutical” OR “nutri-
ent” OR “food” OR “vitamin E” OR “vitamin C” OR
“vitamin A” OR “zinc” OR “L-carnitine” OR “N-acetyl
cysteine” OR “antioxidant” OR “glutathione” OR “co-
enzyme Q10” OR “selenium”). In addition, a manual
search of bibliographies of original research and previ-
ous reviews was performed to identify additional rele-
vant articles.

Study selection and eligibility

Analytical studies that investigated the effect of food in-
take, dietary pattern, or micronutrient supplementation
on male infertility were included in the study. A PICOS
(Patient, Intervention, Comparator, Outcome, Study)
design structure®”” was used to develop the study ques-
tions and the inclusion/exclusion criteria (Table 1).

Potentially appropriate studies were independently
assessed by evaluating the title and abstract or, if no ab-
stract was available, the full text of the article. The full
text of all potentially eligible references was obtained
for further application of inclusion criteria and quality
assessments.

No limit was applied with respect to the duration
and dosage of food or micronutrient consumption, and
the references were imported into bibliographic data-
base software to automatically exclude duplicates
(Endnote, version 4). Furthermore, the latest publica-
tion was used when multiple articles for a single study
were present. Review articles and commentaries were
excluded after hand searching reference lists. Gray liter-
ature (conference abstracts and unpublished studies)
was not included.

Table 1 PICOS criteria for inclusion and exclusion of studies

Quality assessment

The American Dietetic Association Research Design
and Implementation Checklist for primary research was
used for quality assessments.” This checklist, which in-
cludes 10 questions, covers the following domains: re-
search question, subject selection, comparable groups,
description of withdrawal handling, blinding, protocol
description, outcomes definition, statistical analysis,
conclusions, and sponsorship/funding bias. Four key
questions about subject selection, comparable groups,
protocol description, and outcome definitions received
the most consideration: (1) Was the selection of study
subjects/patients free from bias? (2) Were study groups
comparable? (3) Were intervention/therapeutic regi-
mens/exposure factor or procedure and any compari-
son(s) described in detail? Were intervening factors
described? and (4) Were outcomes clearly defined and
the measurements valid and reliable? Each study was
considered eligible for inclusion if the answers to all 4
key questions plus 1 additional question were “yes.” A
negative response to any of the 4 key questions resulted
in the exclusion of study under assessment. In addition,
reviewers were blinded to the authors, institutions/affil-
iations, and journal names during quality assessment.
A third party carried out the blinding process.

Data extraction

Data were extracted by using a predefined data extrac-
tion sheet. Data on lead author, year of publication,
study design, population, study inclusion criteria, type
of disorder, intervention/assessment, duration of fol-
low-up, major outcome(s), and study conclusion were
extracted. After extraction, the lead researcher checked
the extracted data to minimize the possibility of errors.
Studies were then categorized into 2 groups: studies
that investigated the effect of micronutrients on male

Parameter Inclusion/exclusion criteria

Data extraction

Patient

pathic oligozoospermia)
Intervention

Infertile men (men with the following disorders: sperm
dysfunction, sperm DNA damage, varicocele, or idio-

Oral administration of micronutrients (reports in which this
was given in addition to other compounds were also

Location, age, patient groups (trials only), type of
infertility

Type of micronutrient or assessment, dosage, duration
of follow-up, any additional compound given

eligible), assessment of food intake or dietary pattern

Comparators  Placebo, no micronutrient intake, different diets or food Numbers in the intervention and comparator groups,
intakes when relevant (trials only)

Outcome Pregnancy rate, semen parameters, and semen quality Details of sperm parameters, method of identification,
(sperm concentration, motility, and morphology) treatment, and outcome. Effect of the intervention

on clinical endpoints

Study design  Experimental studies (randomized trials), longitudinal Type of study design, and numbers in the intervention
studies (prospective and retrospective cohorts), and comparator groups (trials only)
case—control studies, and cross-sectional studies
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Figure 1 PRISMA flow diagram of the literature search and selection process

infertility, and studies that investigated the effect of
food intake or dietary pattern on male infertility.

RESULTS
Overview of identified studies

A total of 502 potentially relevant citations were identi-
fied through the search of electronic databases and
other reference sources or information provided by rel-
evant experts (Figure 1). A total of 135 articles were col-
lected as full texts for quality assessment and potential
inclusion. Of these, 23 articles (n=2794 included
patients) received the minimum required quality assess-
ment score and met the inclusion criteria. Of the 23 in-
cluded studies, 7 (n = 1084 patients) evaluated the effect
of dietary habits and food intake on semen parameters
and quality,”*>*®*® 4 (n=232 patients) evaluated the
effect of carnitine consumption on sperm parameters
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and quality,”*™’ 3 (n = 148 patients) investigated the ef-

fect of selenium on sperm parameters,”® ® 2 (n =481
patients) evaluated the effect of coenzyme Q10 on
sperm quality and parameters,®®* and each of the
remaining articles investigated the effect of saffron, soy-
based foods, vitamin C, clomiphene citrate, n-3 polyun-
saturated fatty acids, beta carotene, and ubiquinol on
sperm parameters.”” ®” The 23 articles included patients
from 9 different countries: Iran (6 articles),>! 67
the United States (7 articles),>®>*°86470-72 Italy (3 arti-
cles),>~>7 Egypt (2 articles),’®®® the United Kingdom (1
article),® Germany (1 article),®® Poland (1 article),”
Spain (1 article),*® and Brazil (1 article).”

Study hypotheses
Sixteen (70%) of the 23 studies hypothesized that the

designated supplementation would result in improved
sperm quality and parameters. The remaining 7 studies
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that investigated dietary habits hypothesized that diets
rich in fruits or vegetables may maintain or improve se-
men quality.

Study designs

The included studies comprised 12 randomized
controlled trials,>*>>>7760:62:63.65-69 3 open-label stud-
ies, ®0168 4 observational studies,”>*®7%7! 3 cross-
sectional surveys,”***”* and 1 case-control study.” The
largest part of the data pool came from randomized
control trials, with sample sizes ranging from small
(n=21) to large (n =230).

Interventions or assessments

The majority of the included studies (n=14, 60%) in-
vestigated the effect of a specific supplementation on
sperm parameters, whereas 7 studies (30%) assessed the
effect of dietary intakes and 2 studies (10%) examined
the effect of specific food compounds (saffron and soy
foods).>** Furthermore, the included articles varied
considerably in the nature, dosage, and duration of in-
terventions. Apart from the 7 studies that assessed the
effect of dietary intake, 6 studies”®”>*'~*** investigated
the effect of a single agent, while the remaining articles
considered a combination of different agents. The single
agents were saffron,”> coenzyme Q10,°"°**” and sele-
nium.”®”” The average duration of the studies was 24
weeks.

Outcomes of interest

All of the included studies in this review reported the
outcome in terms of semen variables, pregnancy inci-
dent, or both. Taken together, more than half of the in-
cluded studies reported improvement in at least one of
these outcome measures in the treatment group. Seven
studies that investigated the effect of food intake and di-
etary habits reported a positive association between
higher intake of processed meat and sweets and the risk
of low sperm quality (Table 2).>>>?%48636470-72 The re.
maining studies, which investigated the role of specific
micronutrient(s) on indicators of semen quality, re-
ported conflicting results (Table 3),'7>*76265-67.69

Dietary habits and food intake. All 7 included studies
that investigated the role of diet and food intake on
sperm variables reported that diet plays a key role in the
improvement of sperm parameters. Although Gaskins
et al.”® reported no effect of a Western dietary pattern
on semen quality, they found that a prudent dietary pat-
tern (high intake of fruits and vegetables, low intake of
meat/fat/processed food) was associated with increased
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sperm motility. Furthermore, Braga et al.”” Eslamian
et al.,” and Mendiola et al.*® reported that fat-rich foods
(e.g., processed meat), soy isoflavones, and sweets de-
crease semen quality. In a recent study, Afeiche et al.””
demonstrated that consumption of processed red meat
has an inverse effect on sperm concentration and total
progressive motile count. Two separate 2014 studies
also reported the positive effects of fish”' and low-fat
dairy intake (particularly low-fat milk)”® on indicators
of semen quality.

Saffron. In a 2011 study by Safarinejad et al.,*” the effect
of saffron consumption as an herbal remedy to improve
semen parameters was evaluated. Oral intake of 2 saf-
fron capsules (60 mg/d) for 26 weeks did not signifi-
cantly improve semen parameters in infertile men with
idiopathic oligoasthenoteratozoospermia. Furthermore,
saffron administration did not improve total seminal
plasma antioxidant capacity.

Carnitine. L-carnitine and L-acetylcarnitine were used in
combination in 4 of the studies in this review.”*™’
Although Balercia et al.,”” Vicari et al.,”® and Vicari and
Calogero”” reported that carnitine administration had a
positive effect on sperm variables and total oxyradical
scavenging capacity of the seminal fluid, Sigman et al.>*
found no significant effect on sperm motility or total
motile sperm counts in their 2006 trial.

Coenzyme QI0. In 2 different large trials,
Safarinejad®"®” investigated the effect of coenzyme Q10
over periods of 26 and 48 weeks. In the first trial, from
2009, 300 mg of daily consumption of coenzyme Q10
for 26 weeks resulted in significant improvement in se-
men parameters. In the second trial, from 2011, in
which the effect of coenzyme Q10 on semen quality pa-
rameters and pregnancy rate was investigated, con-
sumption of the same supplement (300 mg twice daily
for 48 weeks) was found to have a positive effect on
both the sperm parameters and the pregnancy rate.

Selenium. Two of the randomized control trials, by
Iwanier and Zachara®® and Hawkes et al.,>® investigated
the effect of selenium consumption on sperm parame-
ters, but neither reported a positive result. Selenium in-
take, neither 200 mg/d for 12 weeks’” nor 300 mg/d for
48 weeks,”® resulted in no significant improvement in
sperm parameters.

In a 1998 study by Scott et al.,*” however, the com-
bined use of selenium (100 pg) and vitamin A (1 mg)
showed that selenium supplementation in subfertile
men with low selenium status can improve sperm mo-
tility and the chance of successful conception.
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DISCUSSION

This systematic review, which investigated the effect of
nutrition and diet on male infertility, highlights the
paucity of studies on this topic. There were only 23 ar-
ticles that met the inclusion criteria, and within these
articles, a notable disparity was observed in study
design, trial quality, and final results. The inherent var-
iability prevented any quantitative meta-analysis of the
reported results, but this review has shown that evi-
dence of the association between diet or nutrition
and male infertility is currently scarce. This study,
which systematically assessed all identified human
studies on this topic, supports the results of earlier sys-
tematic and nonsystematic reviews by demonstrating
that future research requires stronger study de-
signs.”*””? The key methodological component of
study design was the implementation of the American
Dietetic Association checklist for identification of arti-
cles for inclusion. Not surprisingly, the variation in the
results of included articles makes it difficult to draw a
robust conclusion.

The most commonly reported assessments or inter-
ventions in the included studies were dietary patterns
and intake of food compounds. However, most of the
articles that investigated dietary patterns had an obser-
vational design, which limits the ability to determine
causality between dietary effects and parameters of se-
men quality. These studies reported that higher con-
sumption of fruits, green vegetables, fish, chicken,
whole grains, and low-fat dairy products and decreased
intake of meat, processed foods, sweets, and high-fat
products have the potential to positively affect the qual-
ity of semen (Figure 2).

Data suggests that low-fat milk intake may be asso-
ciated with increased levels of circulating insulin growth
factor 1 (IGF-1) and insulin.”® Results from animal
studies indicate that insulin has the potential to rescue
spermatogenesis in type 1 diabetic mice’* as well as in-
crease sperm motility and sperm concentration in rats.”
Furthermore, it has been demonstrated that IGF-1 pro-
tects equine Leydig cells from undergoing apoptosis
in vitro.”> Spermatogenesis is an active cell division pro-
cess that requires insulin and IGF-1. IGF-1 could bind
to Leydig cell insulin receptors and activate them.”
Therefore, it is possible that the suggested positive ef-
fects of low-fat dairy consumption on parameters of se-
men quality represent a biological effect in humans.
Nevertheless, further research is required to shed light
on the true biological effect and proposed mechanisms.

Studies investigating meat intake and parameters of
semen quality are scarce but report a consistent nega-
tive effect of meat consumption, especially consumption
of processed meat, on indicators of semen quality. High
levels of saturated fatty acids or the presence of preser-
vative agents or hormonal residues in processed meat
could be among the major causes of such negative ef-
fects.”>”” It has been reported that processed red meats
have higher concentrations of hormone residues than
other meats.”® In addition, red meat includes small
amounts of trans fatty acids that can negatively affect
sperm quality. However, an increased intake of antioxi-
dants (antioxidant support) with a higher intake of
trans fatty acids may ameliorate the negative effects on
sperm quality.””” More clinical trials with sufficient
sample sizes are needed to further elucidate the cause-
and-effect relationship between red or processed meat
consumption and male reproductive potential.

; Low
H:gh energy antioxidant
intake

intake

Low intake of
PUFAS

High red and
processed

meat infertility
consu ITl]JIl()I‘l

Male

High saturated

fat intake

Low fruits and
vegetables
consumption

Figure 2 Common nutrition-related factors that may result in male factor infertility. Abbreviation: PUFA, polyunsaturated fatty acids.
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Deleted Text: 

A positive association of fish intake with sperm
concentration and morphology could be mediated
through increased intake of long-chain n-3 fatty acids.
Sperm and testes have a higher concentration of long-
chain polyunsaturated fatty acids (PUFAs), especially
docosahexaenoic acid (DHA), compared with other
cells or tissues in the human body.** The structural in-
tegrity of the spermatozoa cell membrane plays a pivotal
role in successful fertilization. This is because both the
acrosome reaction and sperm-oocyte fusion are associ-
ated with the membrane’s fatty acid profile.*" The in-
crease in the DHA level in the sperm membrane during
sperm maturation suggests that testes have a very active
fatty acid metabolism that results in the preferential ac-
cumulation of long-chain PUFAs and the more efficient
metabolization of PUFAs into long-chain metabolites.”!
Moreover, marine products are characterized by a high
proportion of fat-soluble vitamins that play a crucial
role in fertilization.®! Therefore, it is plausible that in-
creased fish intake or fish oil supplementation may re-
sult in improved parameters of semen quality.

A dietary pattern that includes fruits and vegetables is
rich in antioxidants such as vitamin E, vitamin C, and
beta carotene. Numerous health benefits have been as-
cribed to antioxidants, mainly because they protect against
generation of reactive oxygen species.*>** The production
of reactive oxygen species has the potential to negatively
affect sperm motility and the capacity for sperm-oocyte
fusion.*” Moreover, antioxidants are thought to have the
ability to protect human spermatozoa against endogenous
oxidative damage by neutralizing hydroxyl, superoxide,
and hydrogen peroxide radicals and preventing sperm
agglutination, 121371798384

Deleterious effects of dietary factors can impair
spermatogenesis, reduce sperm concentration and mo-
tility, and increase sperm DNA damage, especially in in-
fertile obese men with diabetes, dyslipidemia, or
metabolic syndrome, who are at increased risk of oxida-
tive stress in the testicular microenvironment or the ex-
current ductal system.*” Obesity, a consequence of high
caloric load induced by a high-energy diet, is associated
with increased number and size of adipocytes, and thus
many proposed mechanisms for the role of obesity in
male infertility focus on the abnormal level of adipose-
derived hormones and adipokines.*® It has been re-
ported that obese men seeking infertility treatments
show a decreased ratio of testosterone to estrogen.*®
This dysregulation is explained by the increased activity
of aromatase cytochrome P450 enzyme, which is highly
expressed in white adipose tissue.*>® This enzyme
plays a key role in the biosynthesis of estrogen, and
obese males have a high rate of conversion of androgens
into estrogen due to a high bioavailability of aromatase
enzymes.”” Animal models have shown that high

Nutrition Reviews® Vol. 74(2):118-130

estrogen levels have a direct deleterious impact on
spermatogenesis.™®

Moreover, estrogen negatively regulates the secre-
tion of gonadotropin-releasing hormone, luteinizing
hormone, and follicle-stimulating hormone by the ante-
rior pituitary gland. Luteinizing hormone and follicle-
stimulating hormone are the functional links between
brain and testicles, targeting, respectively, Sertoli cells
(follicle-stimulating hormone) and Leydig cells (lutei-
nizing hormone).”” The process of male reproduction is
controlled by hypothalamic-pituitary—testicular (HPT)
axis, and the signals derived from this neurohormonal
network are closely related to the metabolism of testicu-
lar cells.*” According to current understanding, this
complex system is highly sensitive to disturbances in
energy homeostasis, and its dysregulation contributes to
abnormalities in semen quality.”””° Leptin, a hormone
whose production is proportional to body fat mass, has
the potential to act on multiple levels of the HPT axis.
Studies showed that leptin can directly interact with its
receptors on Leydig cells and regulates the synthesis of
steroids within the testicles.””* Leptin can modulate
the firing rate of gonadotropins as well.”” High amounts
of leptin have been associated with impaired spermato-
genesis and infertility, probably as a result of insuffi-
cient gonadotropin support, which leads to lower sperm
quality.””** Moreover, increased intake of a high-energy
diet can lead to leptin resistance, which can contribute
to impairment of Leydig cells and dysfunction of the
HPT axis, resulting in androgen deficiency.”

Additionally, paternal obesity resulting from con-
sumption of a high-energy diet may affect the reproduc-
tive health of the offspring and play a significant role in
the amplification of subfertility.”> Obesity is also nega-
tively associated with the level of sex hormone-binding
globulin.”*** In other words, fat mass is a negative deter-
minant of sex hormone-binding globulin levels because
of reduced hepatic globulin synthesis caused by excessive
levels of insulin.”® Cholesterol-rich diets have the poten-
tial to contribute to male infertility and to decrease se-
men quality via disruption of the blood—testes barrier.**
The blood-testes barrier, a structure consisting of tight
junctions between Sertoli cells, limits the entry of toxins
into the seminiferous tubules.”” During spermatogenesis,
the blood-testes barrier undergoes rapid assembly and
disassembly of tight junctions due to regulation of pro-
tein trafficking.”®*” Since uptake of extracellular choles-
terol in Sertoli cells occurs via endocytosis, elevated
plasma cholesterol is thought to promote endocytic accu-
mulation of tight-junction proteins in Sertoli cells and
disrupt the integrity of the blood-testes barrier, thereby
contributing to impaired spermatogenesis’* (Figure 3).

This review benefits from several strengths, includ-
ing its systematic and exhaustive approach, its use of
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Figure 3 Overall effect of diet and nutrition on spermatogenesis. Increased intake of unhealthy diet may lead to impaired spermatogene-
sis due to elevated cholesterol, leptin, reactive oxygen species, and fat-soluble toxicants. Abbreviations: FSH, follicle-stimulating hormone;
GnRH, gonadotropin-releasing hormone; LC, Leydig cells; LH, luteinizing hormone; ROS, reactive oxygen species; SC, Sertoli cells.

the American Dietetic Association’s quality checKklist,
and its methodological rigor. Nevertheless, several po-
tential limitations should be noted. Although broad
search terms were used, multiple relevant scientific
databases were searched, and reference lists were hand
searched, it is possible that not all relevant publications
were identified. In addition, the exclusion of non-
English literature may have introduced unwanted bias
in the findings.

Taken together, the 23 included studies provide
contradictory evidence of the role of different dietary
compounds in male infertility. A major finding of this
review is the limited nature of studies on this topic, in
terms of both number and quality. It is important to
note, however, that the number of studies is increasing,
as 35% of the articles included in this review were pub-
lished since 2010.

CONCLUSION

The results of this review reinforce previous indications
that the role of diet in male factor infertility still needs
further research. Furthermore, they support the sugges-
tion that a healthy diet is a safe way to improve at least
one measure of semen quality. Hence, it is suggested
that couples seeking assisted reproduction treatments
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be advised of the effect of diet quality on treatment suc-
cess. Future research should aim to add to current
knowledge of the effects of diet and dietary compounds
in both testicular metabolism and sperm production.
Animal studies may be helpful in developing further in-
vestigations on the role of diet and/or dietary com-
pounds in sperm production and testicular cell
metabolism. Such studies would be helpful for forming
an in-depth knowledge of the molecular mechanisms
and pathways related to male factor infertility and diet,
since a majority of these pathways remain unknown.
Moreover, additional clinical studies are imperative to
clarify the optimum dosage and duration of treatment
and to elucidate whether and how dietary compounds
affect male infertility. Although clinical studies can be
problematic, mostly due to financial burdens and regu-
latory requirements, they need to be carefully designed,
preferably as multicenter, crossover, double-blind, ran-
domized studies, and to have strict inclusion criteria as
well as a sufficient sample size.
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