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Abstract
Purpose of Review Increasing attention to primary and secondary prevention of male infertility through modifiable lifestyle
factors has gained traction amongst both patients and infertility specialists. In this review, the available evidence of modifiable
lifestyle choices, specifically diet, physical activity, and body habitus, are evaluated.
Recent Findings Studies examining diet, exercise/physical activity, and body habitus are characterized by conflicting conclu-
sions, difficult confounders, and imperfect end points to judge male reproductive potential. However, convincing trends have
emerged implicating consumption of saturated fats, pesticide exposure, high intensity exercise, and extremes of body mass index
as detrimental to male fertility.
Summary Data assessing modifiable risk factors and subfertility in male partners has emphasized the notion of moderation.
Balancing dietary fat, moderation of physical activity, and the management of a healthy body habitus favor both improvement of
semen quality and birth outcomes. These observations provide actionable data for the reproductive urologist to better counsel
men presenting with infertility.
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Abbreviations
ART Assisted reproductive technology
BMI Body mass index
CI 95% Confidence interval
EARTH Environment and Reproductive Health Cohort
ICSI Intracytoplasmic sperm injection
LIFE Fertility and the Environment Study Cohort
OAT Oligoasthenoteratospermia

Introduction

Infertility remains a global health problem affecting 10 to 15%
of couples, half of which are in part due to a male factor [1].
The etiologies of male infertility and impaired spermatogene-
sis can often not be readily identified. However, abnormalities

are likely due to the presence of both intrinsic and extrinsic
factors, some of which may be modifiable and offer a thera-
peutic opportunity. In the era of increasing awareness of life-
style decisions impacting health and disease, both healthcare
providers and patients alike are appropriately seeking recom-
mendations for lifestyle optimization and avoidance of
impairing extrinsic environmental factors. In this review, we
will explore the current data supporting a link between diet,
physical activity, and body habitus as they relate to male re-
productive health.

Diet

Multiple investigators have examined the link between diet
and male fertility potential. The majority of these studies uti-
lize validated food frequency questionnaires to ascertain the
exposures of interest. Many of these studies relied upon
healthy volunteers with unknown fertility status. Relatively
few investigations have been based upon cohorts character-
ized by subfertility, and even fewer delve into couple-based
fertility outcomes (i.e., live birth rates as opposed to sperm
quality assessments). Nevertheless, the literature offers a
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broad framework to allow physicians to provide informed
recommendations regarding a given patient’s dietary habits.

Meat and Fat Intake

Natural fatty acids can be distributed amongst three broad
categories dependent upon the number of double bonds along
the hydrocarbon backbone: saturated, monounsaturated, and
polyunsaturated [2]. Additionally, double bonds allow for cis
versus trans configuration, the latter of which occurs rarely in
nature [2, 3]. Several groups have examined semen parame-
ters in relation to fat intake, serving as the one dietary factor
with the broadest and most robust set of primary literature.

A significant proportion of saturated fats in the western diet
are derived from meat intake. Attaman and colleagues exam-
ined 99 men who had presented to a single infertility clinic for
treatment [4]. Similar to other studies, the investigators used a
detailed food frequency questionnaire. However, they also
correlated questionnaire responses to fatty acid levels in sper-
matozoa and seminal plasma. They found a dose-dependent
relationship amongst total fat intake and sperm concentration.
Subjects in the highest third of fat intake, compared to the
lowest third, had a 38% decrease in sperm concentration (CI
10–58%). The majority of this effect was driven by consump-
tion of saturated fatty acids. In their subanalysis of sperm fatty
acid content, no association could be drawn between reported
fat intake and levels within the semen. In contrast, they did
demonstrate a reliable trend of sperm saturated fatty acid con-
tent and sperm concentration (r = − 0.53).

In a subsequent study, Jensen et al. specifically examined
saturated fat intake amongst healthy young men presenting for
a military service physical [5]. Their cohort consisted of 701
men with unknown fertility status. Again, they demonstrated a
dose-response relationship with the consumption of saturated
fats. Comparing the highest quartile against the lowest, they
demonstrated a 41% decrease in total sperm count (CI 4–
64%). No correlation was found when comparing other types
of fat intake against semen quality. A more contemporary
study by Xia et al. further stratified types of meat intake and
compared these dietary habits to assisted reproductive tech-
nology (ART) outcomes [6]. They prospectively followed 141
couples that underwent a total of 246 ART cycles using
in vitro fertilization (IVF) or intracytoplasmic sperm injection
(ICSI) as clinically indicated. They demonstrated that poultry
intake correlated to higher fertilization rates (78 versus 65%,
highest to lowest quartile, respectively). Pertinent to saturated
fat consumption, they examined the rates of processed meat
intake. Fertilization rates dropped progressively as processed
meat intake increased, with lowest to highest quartiles
obtaining a fertilization rate of 82, 67, 70, and 54%, respec-
tively. The decrement in fertilization rate was ameliorated by
the use of ICSI, possibly indicating deficient capacitation or
an ineffective acrosomal reaction. Ultimately, live birth rates

did not correlate with total meat intake, which may reflect
ICSI serving as an effective rescue treatment.

Investigators have further examined the impact of polyun-
saturated fats upon seminal quality. Unlike saturated fats,
these fatty acids can be further subdivided based upon double
bond locations within the hydrocarbon chain. Important bio-
logic variants include omega-3 and omega-6 fatty acids. In an
early study utilizing the Environment and Reproductive
Health (EARTH) cohort, a population derived primarily from
one infertility center, researchers correlated self-reported meat
intake against semen parameters [4]. Omega-3 intake was es-
timated based upon a nutrient database maintained by the US
Department of Agriculture. In this preliminary study, they
found a benefit of omega-3 intake, with men in the highest
tertile having 1.9% (CI 0.4–3.5) additional morphologically
normal sperm compared to men with the least omega-3 con-
sumption. A follow-up study by the same group strengthened
this association [7]. In this investigation, now containing 155
subjects, researchers found a reliable negative correlation with
processed meat intake and sperm morphology. However, they
also examined the association of fish intake, a major source of
dietary omega-3 fatty acids [8]. Fish consumption improved
sperm count, motility, and morphology. Impressively, total
sperm count increased when comparing the lowest to highest
quartile of fish intake from 102 to 168 million (p < 0.01).

The connection between fish intake and improvement of
semen quality may be linked to an imbalance of polyunsatu-
rated fats characterized by the western diet. The ratio of
omega-6 to omega-3 consumption should ideally be 1:1, with
aberrations resulting in a multitude of metabolic derangements
that may lead to higher inflammatory states [9]. In the USA,
the ratio has increased substantially over the last century, with
estimates ranging from 25:1 to as high as 40:1 [2, 9].
Safarinejad et al. conducted an early case-control study that
measured blood and sperm polyunsaturated fat content, as well
as seminal oxidative stress since omega-3 fatty acids serve as
antioxidants [10]. They compared 78 men with proven fertility
against 82 with idiopathic oligoasthenoteratospermia (OAT).
The dietary intake of omega-6/omega-3 ratio was significantly
lower in fertile controls, 6.3 as opposed to 14.8 in men with
OAT (p < 0.01). A strong correlation was found between the
ratio of arachidonic to docosahexaenoic acid (common endog-
enous omega-6 and omega-3 fats) for total sperm count (r = −
0.62, p < 0.01), motility (r = − 0.63, p < 0.01), andmorphology
(r = − 0.61, p < 0.01). These results encouraged the same group
of investigators to conduct a randomized double-blind control
trial of eicosapentaenoic acid (supplemental omega-3) against
placebo [11]. A total of 238 men with idiopathic OAT were
recruited, randomized, and treated for 32 weeks. Total sperm
count increased from 38.7 to 61.7 (p < 0.01). Additionally, they
found that seminal levels of omega-3 fatty acids correlated
with antioxidant activity, suggesting the benefits of
eicosapentaenoic acid against the effects of oxidative stress.
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The benefits of omega-3 consumption have been supported
bymore contemporary studies. An interesting investigation by
Minguez-Alarcon and colleagues attempted to study the
harms of fish intake, specifically in regard to mercury expo-
sure as evidenced by changes in semen parameters [12]. They
also used the EARTH cohort that was supplemented by mea-
surements of methylmercury concentration in subjects’ hair.
Within their group of 129 men, they found a positive correla-
tion to mercury ingestion and sperm concentration and pro-
gressive motility. The association was strongest amongst sub-
jects who consumed large amounts of fish. The implications
of this finding are unclear, although one could hypothesize
that the benefits of fish intake far surpass the detriments of
modest mercury consumption.

Another distinction amongst dietary fatty acids is the dif-
ference between cis- and trans-polyunsaturated fats. Trans
fats, for the most part, are derivatives of food processing and
rarely occur naturally. The prevalence of trans fats increased
markedly after the 1950s, as these products are stable, palat-
able, and inexpensive [13]. However, the health risks of these
compounds have only recently been appreciated, especially in
terms of cardiovascular disease [14]. In regard tomale fertility,
early rodent models demonstrated a detriment of trans fatty
acids on the male reproductive system. Hanis et al. fed Wistar
rats four different diets based upon trans fat content [15].
Animals with the greatest exposure to trans fats developed
poor sperm morphology, diminished androgen levels, and
conceived litters of smaller size. In 2014, Liu et al. examined
the consumption of trans fat in humans [3]. In this cross-
sectional design, 209 healthy volunteers from a university
student population provided a semen sample in conjunction
with a food frequency questionnaire. A significant downward
trend was appreciated of total sperm counts as trans fat con-
sumption increased, with median total counts for each quartile
of 144, 113, 100, and 89 million sperms, respectively. This
dose-response is a convincing warning of the harm of trans fat
on semen parameters and presumably on subsequent repro-
ductive outcomes.

Non-alcoholic Beverages

The primary literature contains considerably fewer studies ex-
amining the reproductive effects of non-alcoholic beverages,
most of which investigated the role of caffeinated products.
However, over the last century, our fluid intake has shifted
markedly from traditional norms. The high consumption of
milk, as well as sweetened beverages, now characterizes the
western diet [16, 17].

A substantial focus on diary consumption and perceived
harm to reproductive potential has been fueled by the concept
of endocrine disruptors and endocrine active substances [16,
18–20]. These substances are theorized to affect development,
reproductive health, and some cancer risks through ingestions

of small amounts via either food, drinking water, or other
environmental exposure. In terms of dairy products, a relevant
point is that commonly consumed milk is derived from cows
of differing stages of pregnancy. It has been estimated that 60
to 80% of estrogens consumed in our diets are derived from
such milk [21]. These dietary estrogens have been suggested
as a possible cause of impaired spermatogenesis [16]. Clinical
studies, however, have had mixed results in regard to the
harmful effects of milk consumption. An early study by
Vujkovic et al. utilized a cohort of 161 men recruited from a
fertility clinic [22]. They examined a multitude of dietary fac-
tors and serum biomarkers, including dairy intake. Their re-
sults showed no statistical difference in semen analysis or
DNA fragmentation based upon dairy consumption.

A subsequent study concentrated specifically on a broader
array of dairy products, including non-milk products such as
cheese [23]. Afeiche et al. utilized the Rochester YoungMen’s
Study cohort, which consists of a study population of 189
healthy men with ages ranging from 18 to 22 years. Their
findings demonstrated an inverse relationship to full fat dairy
products and sperm morphology and progressive motility.
However, the results did not reach statistical significance
when examining low-fat dairy products. It is unclear how
much saturated fat intake confounded these results. In a
follow-up study by the same group, 155 men recruited from
a fertility clinic were stratified based upon low- or high-fat
diary consumption [24]. In this case, low-fat dairy intake cor-
related with high sperm concentration and progressive motil-
ity. Men in the highest quartile of low-fat dairy consumption,
compared to the lowest quartile, had 33% (CI 1–55) higher
sperm concentration. This result was primarily driven by the
ingestion of low-fat milk, whereas cheese intake trended to-
ward worse semen parameters. Given the conflicting and
small effect sizes of these studies, it is doubtful that the estro-
gens consumed via this route contribute appreciably to male
subfertility.

Another exposure worth discussing is the significant in-
crease in the consumption of sweetened drinks, driven largely
by the mass production of inexpensive high fructose corn
syrup and other sweeteners [25]. An early study by Jensen
and colleagues analyzed the entry physicals for military re-
cruits in the Netherlands [26]. They divided their cohort of
2554 men based upon “cola” intake. Those individuals con-
suming the most soda (> 7 L per week) had an average sperm
concentration of 40 million/mL as compared to 56million/mL
found in non-cola drinkers. A more contemporary study uti-
lizing the Rochester Young Men’s Study cohort demonstrated
reduced sperm motility with excessive sweetened beverage
intake (defined as > 1.3 servings per day) [27]. Finally, a
cross-sectional study from Taiwan, which recruited 7282
men and classified them based upon food frequency question-
naires, also documented a drop in sperm concentration as a
result of sweetened beverage intake. It should be noted that the
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effect size illustrated by these studies is relatively small, and
so it is difficult to assign clinical significance. However, these
studies were conducted in healthy men with unknown fertility
status; the importance of this trend as it relates to subfertile
males remains understudied.

Coffee and Caffeine Intake

Similar to the inconsistent results of trials associating dairy to
reduced semen parameters, the effects of caffeine upon sper-
matogenesis remain unclear. Caffeine is an adenosine receptor
antagonist, which results in a multitude of short-term physio-
logic effects [28]. Dias and colleagues attempted to character-
ize these physiologic effects within the male reproductive tract
by culturing human Sertoli cells in a variety of caffeine con-
centrations [29]. Their results demonstrated different metabol-
ic responses based upon caffeine dosage. At low to moderate
concentrations, Sertoli cells were stimulated to produce lac-
tate, which can improve germ cell survival. However, at high
concentrations of caffeine, the antioxidant capacity of Sertoli
cells dropped dramatically, which may result in excessive ox-
idative stress.

The non-linear response to caffeine exposure in vitro may
explain some of the variability observed in clinical studies of
both male and female partners [30, 31]. Jensen et al. examined
their cohort of Dutch military recruits for risks of caffeine
consumption, the same group of 2554 men analyzed for
sweetened beverage intake [26]. They found that high intake
of daily caffeine (> 800 mg/day) trended toward impaired se-
men concentrations, although the effect did not reach statisti-
cal significance. A follow-up meta-analysis, which spanned
28 studies and 19,967 subjects, concluded that caffeine intake
did not affect semen parameters overall [28]. The authors were
cautious to mention that increased caffeine consumption may
increase the rates of sperm aneuploidy, a finding primarily
supported by a study by Jurewicz et al. [32]. However, effects
of caffeine on the genetic material have also been conflicting,
as caffeine exposure did not appreciably change the results of
the sperm chromatin structure assay in men presenting to an
infertility clinic [33].

Two recent studies have documented reduced fecundity in
couples where men consume significant amounts of caffeine.
Wesselink and colleagues prospectively followed 662 couples
trying to conceive over a 12-month duration [34]. They found
that caffeine intake was significant only in the male partner,
where men consuming more than 300 mg/day had a fecundity
ratio of 0.72 (CI 0.54–0.96) compared against men drinking
less than 100 mg/day. The investigators caution that this result
was not monotonic, as moderate drinkers tended to conceive
more often, although statistical significance was not reached.
In a similar study, the EARTH cohort was utilized to relate
caffeine intake to ARToutcomes [35]. A total of 171 couples,
subjected to 205 ART cycles, were analyzed. Their results

demonstrated no significant correlation between caffeine in-
take and semen parameters. However, when comparing the
lowest and highest quartiles of male caffeine intake, higher
caffeine exposure in the male partner resulted in fewer live
births (19 as opposed to 55, p < 0.01). These latter studies
illustrate the poor surrogacy of semen parameters upon repro-
ductive potential, suggesting that pregnancy and live birth rate
may be adversely affected by heavy caffeine intake.

Fruits and Vegetables

It is intuitive to assume that the micronutrients and vitamins
offered by a diet rich in fruits and vegetables would be bene-
ficial toward spermatogenesis. Early studies, however, report-
ed conflicting results when comparing food frequency ques-
tionnaires against semen parameters. A case-control study by
Mendiola et al. represented one of the first correlations be-
tween seminal quality and diet [20]. Amongst their 30 cases
and 31 normospermic controls, they found that men with
subfertility consumed less lettuce, tomatoes, and fruits. A sub-
sequent study in 2012 used healthy volunteers from the
Rochester Young Men’s Study cohort, finding no relation to
semen parameters for consumption of fruits and vegetables
(barring cantaloupe, which just met statistical significance)
[36]. Similarly, a contemporary study by Chiu and colleagues
found that total intake of fruits and vegetables did not correlate
with changes in semen parameters [37]. This latter study, how-
ever, further stratified fruit and vegetable consumption into
high and low pesticide content based upon data from the US
Department of Agriculture. Men consuming fruits and vege-
tables with high pesticide content had a 49% (CI 31–63) drop
in total sperm counts when compared to men ingesting the
least amount of pesticide residue.

The 2015 study by Chiu et al. clarified that fruit and veg-
etable intake should not be analyzed in total but must be dif-
ferentiated based upon pesticide content. It is well known that
a multitude of pesticide exposures contribute to impaired sper-
matogenesis, mainly manifested as diminished sperm counts,
and to a lesser degree, reduced motility [38]. An insightful
Italian study examined urinary metabolites of common insec-
ticides and correlated these results with dietary habits [39].
Individuals consuming raw or uncooked vegetables at least
five times weekly had significantly greater levels of urinary
pesticide metabolites. Stemming from this finding, another
study demonstrated similar results with the use of food fre-
quency questionnaires [40]. Subjects endorsing greater intake
of fruits and vegetables were more likely to have metabolites
of organophosphates and pyrethroid insecticides.

In a follow-up to their original publication, the Chiu
group analyzed a different cohort of 189 healthy men aged
18 to 22 years [41]. Again, when all fruits and vegetables
were taken in total, no perceivable association could be
made with semen parameters. However, consumption of
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fruits and vegetables with low pesticide residue demon-
strated marked benefit in semen parameters. Men consum-
ing more than 2.8 servings per day, as compared to fewer
than 1.1 servings per day, produced total sperm counts that
were 169% higher (CI 45–400). With this latter robust
study, it appears that men should be counseled that fruits
and vegetables may improve their fertility but that produce
known to contain high amounts of pesticide should be con-
sidered detrimental.

Physical Activity

Several investigators have attempted to quantify the effects of
physical activity and exercise upon semen parameters. Similar
to the studies examining diet, the literature involving male
subfertility and physical activity rely heavily on self-reported
exposures. However, a handful of groups have attempted to
control for physical activity by either randomized trial or
through small cohorts designed to invasively assess the phys-
iology of exercise response.

Exercise

Early studies characterizing a link between exercise habits and
male reproductive potential provided discordant results. In
one of the earliest investigations, Vaamonde et al. categorized
45 healthy volunteers as either “physically active”, “compet-
itive athlete,” or “triathlete” based upon self-reported exercise
routines [42]. Their results demonstrated a negative impact of
increasing exercise intensity upon semen parameters, with
morphology carrying the strongest trend. A concomitant ob-
servational study that followed, assessing endurance athletes,
provided similar results, although statistical significance was
never achieved [43].

In an alternative strategy, several groups examined the
putative impact of exercise on the hypothalamic-pituitary-
gonadal axis. Steinacker and colleagues followed ten com-
petitive rowers preparing for a world championship [44].
Serial blood draws demonstrated a progressive and dose-
dependent drop in FSH, LH, and total testosterone. In con-
trast, differing results were obtained when men were sub-
jected to moderate exertion. Grandys et al. followed 15
healthy volunteers during a pre-set 5-week cycling pro-
gram [45]. In this cohort, total testosterone actually in-
creased from a mean of 543 to 635 ng/dL (p < 0.01),
whereas sex hormone-binding globulin decreased. It would
be reasonable to infer that intratesticular testosterone in-
creased in this population, perhaps promoting spermato-
genesis. Excessive cycling, although, appears to be coun-
terproductive for sperm production as evidenced by a study
by Wise et al. [46]. In this prospective study, 2261 men
provided semen samples and completed a physical activity

questionnaire. Cycling greater than 5 h per week was as-
sociated with lower sperm concentration (OR 1.92, CI
1.03–3.56) and lower total motile sperm counts (OR
2.05, CI 1.19–3.56).

The above work appeared to demonstrate that excessive
exercise is detrimental to male fertility. To better study the
“overtraining syndrome,” Safarinejad et al. randomized 286
healthy volunteers to either moderate intensity or heavy inten-
sity exercise programs [47•]. This well-designed trial tracked
several parameters, including gonadotropins and semen anal-
yses. Men in the heavy-intensity arm dropped their sperm
concentrations from a mean baseline of 66.2 to 35.4 million/
mL (p = 0.01). Similarly, statistically significant and meaning-
ful decrements were noted in sperm motility, strict morpholo-
gy, LH, FSH, and total testosterone. Downward trends were
realized in the moderate intensity program as well, although
only sperm concentration obtained marginal statistical signif-
icance (p = 0.042). These results were bolstered by a recent
analysis of semen quality in men undergoing an extreme train-
ing program, where a relationship was observed with worsen-
ing DNA fragmentation [48]. Based upon the presented data,
exercise excess should be avoided amongst men that are pur-
suing fertility.

Sedentary Lifestyle

The primary literature presented in the preceding section sup-
ports a strong association that moderate to heavy exercise is
detrimental to male fertility potential. The precise mechanism
likely involves a variety of factors, with downregulation of
gonadotropins and sex hormones providing one possible as-
pect. For the average patient, however, a more relevant ques-
tion is whether moderate physical activity is beneficial com-
pared to sedentary behavior.

Several groups have found limited benefit to physically
active lifestyles. Vaamonde et al. characterized a small cohort
of men, labeled as either physically active (n = 16) or seden-
tary (n = 15) [49]. Although their categorization was based
upon patient report, their data was strengthened by quantify-
ing differences in maximum oxygen uptake (VO2 max), there-
by affirming a difference in physical fitness: sedentary sub-
jects demonstrated a mean oxygen uptake of 36.9 as opposed
to 51.1 mL/min/kg in the active arm (p < 0.05). Of note, men
who cycled were excluded from participating. Although their
findings did not show a difference in sperm concentrations,
physically active men had superior strict morphology.
Likewise, physically active men were characterized by higher
FSH and total testosterone levels. These preliminary data were
not consistently supported by larger cohorts. A cross-sectional
study of 215 healthy men, when stratified based upon physical
activity questionnaires, demonstrated no difference in semen
parameters when comparing the lowest quartile (< 3 h of
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moderate activity per week) against the highest quartile (>
9.5 h per week) [50].

A subsequent study by Gaskins et al. utilizing the EARTH
cohort illustrated subtle differences amongst menwith varying
levels of physical activity [51]. A total of 231 men were re-
cruited from a fertility clinic and asked to provide a semen
sample along with an account of exercise habits. When com-
paring the lowest to the highest quartile, a statistically signif-
icant improvement of sperm concentration was realized for
men endorsing routine weight lifting and/or outdoor activities.
Similar to Wise et al., they also documented a negative corre-
lation with cycling [46, 51]. In the same study, Gaskins also
reported on the results of 421 ART cycles. No difference in
ART outcomes was appreciated based on physical activity, an
endpoint more meaningful than semen parameters.
Interestingly, there is data supporting improved embryo devel-
opment and fetal growth in animal models, perhaps
warranting further study in men [52]. To expand upon these
preliminary findings, the Gaskins group published a follow-up
study that compared TVwatching, likely a better surrogate for
sedentary lifestyle, and semen quality in healthy young vol-
unteers [53]. Amongst their group of 189 individuals, those
reporting the most time spent watching TV (> 20 h/week) had
44% lower sperm concentrations (CI 15–63%) as compared to
those viewing 0 h/week.

In one of the largest studies to date, Eisenberg and col-
leagues attempted to study reproductive outcomes as they
relate to occupational based exertion [54]. Their study pop-
ulation was based upon the Longitudinal Investigation of
Fertility and the Environment (LIFE) Study, in which they
accrued 456 men who were attempting to conceive with
their partners. They found that sperm concentration was
negatively impacted by the degree of work exertion.
Those men who classified their occupation as requiring
“heavy exertion” were more likely to have oligospermia
as compared to the remainder of the cohort (13 versus
6%, respectively, p < 0.05). Importantly, these data were
corrected for smoking status, as men in jobs such as con-
struction and industry have previously been characterized
as having higher smoking rates [55]. It is unclear whether
psychological stress confounded these results, as men in
low exertion occupations can often endorse stressful symp-
toms as well. Psychological stress itself has been linked to
male subfertility, which may cloud the results documented
by Eisenberg et al. [54, 56, 57]

It is apparent from the multitude of conflicting studies that
a complex relationship exists in terms of reproductive health
and the physical aspects of lifestyle. Nevertheless, it appears
that mild to moderate activity is preferable, based upon the
largest cohorts derived from the EARTH and LIFE studies
[51, 54], whereas excessive over training or occupational ex-
ertion is detrimental. Excessive cycling was consistently asso-
ciated with worse semen parameters. [46, 51]

Body Habitus

Body weight is a function of genetics, environmental factors,
and the concept of energy balance defined as the relation of
caloric intake and expenditure. It is clear that population
trends of body habitus are skewing toward the overweight
(BMI > 25) and obese (BMI > 30) categories. It is now esti-
mated that 2 billion of the world’s population is overweight
and that one third of these individuals are obese [58]. These
population-based changes are driven in part by diet, through
the consumption of industrialized foods, and by a progressive-
ly sedentary lifestyle [58, 59]. The consequences of this epi-
demic are highly relevant to reproductive medicine. In this
section, we will review the data analyzing the link between
subfertility and elevated BMI.

The hormonal consequences of being underweight (i.e.,
BMI < 20) have been clearly delineated in terms of reproduc-
tive health [60–62]. In contrast, studies addressing elevated
BMI and fertility potential have produced conflicting results.
Additionally, a multitude of confounders exist that may bias
data, including risk factors for weight gain, mainly poor die-
tary habits and low physical activity, as addressed in the prior
sections of this review. There is also high concordance of BMI
between partners and spouses, thereby further complicating
couple-based fertility outcomes since obese men are more
likely to be paired with obese women [63].

Much of the initial concern regarding elevated BMI and
male subfertility was based upon known hormonal dysregula-
tion that accompanies increased adiposity. Hausman et al.
comment “that adipose tissue is the largest endocrine and
paracrine organ in the body producing, in addition to
adipokines, a wider variety of factors than ever expected.”
[64] The most relevant and treatable example involves periph-
eral aromatization within the adipocyte of androgens into es-
trogen [58]. An aberrant T/E ratio negatively effects spermato-
genesis, which is amenable to aromatase inhibitors [65, 66].
More contemporary investigations have concentrated on lep-
tin, a hormone produced by fat cells and responsible for var-
ious processes that include satiety, energy balance, and mod-
ulation of the hypothalamic-pituitary-gonadal axis [67].
Obesity induces leptin resistance in target tissues, including
the hypothalamus, resulting in dysregulation of sex hormones
(obesity related hypogonadotropic hypogonadism) and pro-
viding one link between obesity and male infertility [64, 68].
However, the role of leptin is continually reinterpreted as new
evidence emerges. Martins et al. recently reported the pres-
ence of leptin receptors in cultured human Sertoli cells, pro-
viding an independent molecular mechanism beyond dimin-
ished intratesticular testosterone [69]. A subsequent animal
study by Borges et al. found that leptin receptors were down-
regulated in testes of obese mice, implying leptin resistance
[70]. They also demonstrated downregulation of LH recep-
tors, which further muted any response from pituitary
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signaling. The putative mechanisms for obesity induced
subfertility have spawned a multitude of studies aiming to
correlate BMI with reproductive predictors.

Several investigators have attempted to associate obesity
with poor semen quality. Thomsen et al. prospectively follow-
ed 612 couples presenting to an infertility clinic [71]. Men
within the study population were either overweight or obese
and paired with a non-obese partner. No association was found
between BMI, semen parameters, or unfavorable DNA frag-
mentation index. Countering studies demonstrated worse
sperm concentration and morphology as adiposity increased,
including a large study by Tsao and colleagues that followed
7941 Taiwanese men [72]. Other investigators have corrobo-
rated these findings, especially in regard tomorphology, sperm
concentration, oxidative stress, and DNA fragmentation
[73–75]. A large meta-analysis attempted to solidify these data
by aggregating 30 studies encompassing 115,158 subjects
[76•]. They found no effect relating obesity to sperm concen-
tration or morphology. A statistically significant difference
was observed for motility, although a decrease of 3.72% will
generally not prove clinically significant. The analysis did
demonstrate a convincing decrease of live birth per ARTcycle,
with an odds ratio of 0.65 (CI 0.44–0.97) for heavier males.

As previously mentioned, semen parameters, when mod-
estly impaired, serve as a poor surrogate for male fertility. The
meta-analysis described above suggests that overweight and
obese men, with otherwise normal semen analyses, ultimately
have more difficulty conceiving with their partners [76•]. A
recent animal model, in which obesity was induced in rats via
a high fat diet, demonstrated reduction in fertilization rates and
impairment of the acrosomal reaction [70]. Two large retro-
spective series in men corroborated these results, finding im-
paired blastocyst development, live birth rates, and poor IVF
cycle results [77]. ICSI appeared to overcome the negative
effects of male partner obesity [78]. Observational studies
assessing time to pregnancy in couples attempting to conceive
also found an association between male BMI and lower fe-
cundity [79, 80]. Again, conflicting results have been reported
based upon concordant obesity in female partners, favoring
caution when interpreting such reports [81].

Though diet and physical activity can be readily modified,
the ability to meaningfully change one’s body habitus is dif-
ficult [82–84]. Weight loss surgery is an option that is increas-
ingly being utilized, though accounts regarding improvement
in reproductive health have been conflicting. It appears that in
the early post-operative period, large physiologic changes,
stress, and malnutrition appear to worsen infertility pheno-
types. In an early case series by di Frega et al., azoospermia
developed shortly after bariatric surgery in a significant pro-
portion of patients [85]. However, as time progresses and mi-
cronutrient deficiencies corrected, at least one observational
study demonstrated improvements in sperm concentrations
when subjects were compared against their pre-surgical

baseline [86]. A small randomized control trial, in which 20
men were either assigned to observation or subjected to staged
diet/exercise followed by bariatric surgery, did not realize any
significant change in semen quality [87]. Further studies are
needed to determine if weight loss surgery ultimately affects
live birth rates.

Conclusion

Diet, exercise, and energy expenditure (physical activity) de-
fine the “energy balance” which modulates body habitus.
These modifiable lifestyle factors provide an opportunity for
therapeutic intervention in the subfertile male. The evidence
evaluating dietary and physical activity habits are largely ob-
servationally based, with multiple groups providing conflict-
ing results. However, the preponderance of evidence appears
to support an approach of moderation, with avoidance of high
saturated fat diets, low pesticide residue fruits/vegetables, and
maintenance of a low to moderate intensity exercise routine.
Body habitus, especially in regard to morbidly obese patients,
is more difficult to adjust to a meaningful degree. Obesity
itself appears to be a risk factor for male infertility, although
traditional semen parameters do not tend to reflect the repro-
ductive impairment. Aggressive low-calorie diets, and the im-
mediate post-operative period for bariatric surgery, tend to
decrease fertility potential. Ultimately, better studies are need-
ed to further our understanding of these lifestyle factors and to
inform reproductive urologists to better serve and counsel the
subfertile male.
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