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Introduction Obesity in men is associated with infertility in numerous studies. The current trend  
for decline in semen parameters parallels the increasing prevalence of obesity worldwide. In addition  
to impaired semen quality, fertility among obese men may be affected by sexual dysfunction, endocrino- 
pathy, aromatization activity, psychological and thermal effects, sleep apnea, leptin and minor toxins,  
and possibly the inflammatory and obstructive elements of epididymitis pathology. The variable degrees  
of certainty associated with these causes parallel the levels of supporting evidence. This search aims  
to shed lights on different conditions that obese men suffer from; as that makes the treatment of infertility 
more categorized. 
Material and methods A PubMed search was conducted to identify clinical and pathological mechanisms 
linking obesity to male infertility. 
Results Among the myriad of publications reviewed in this paper, impaired spermatogenesis and sexual 
dysfunction have been shown to drive other variables towards poor fertility potentials. The paper 
presented a new, detailed flow chart showing more factors and further interactions among conditions 
leading to infertility. 
Conclusions The prime hormonal defect in obese men is hypotestosteronaemia, which results in impaired 
spermatogenesis leading to poor fecundability. Studies have shown that most mechanisms accounting  
for reduced fertility potentials in overweight men are reversible.
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INTRODUCTION

Infertility, defined as the absence of conception af-
ter one year of unprotected intercourse, affects 1  
in every 13 couples in the United States [1]. Infer-
tility in men constitutes 25 to 30% of all the cases 
and contributes, in combination with female factors,  
to another 30%. Reduced semen quality has been 
found to be a universal trend in the last few decades 
due to dramatic changes in the lifestyle of civilized 
communities around the world. Obesity is one of the 
alarming health problems in modernized societies 
that leads to infertility. 
According to the chemical calorie theory, endocrine 
disruptors are, at least in part, responsible for the 
pandemic of obesity in the last few decades [2]. Sub-
fertile men have a significantly higher body mass in-
dex (BMI) than the general population. Both low and 

high BMIs (less than 19 kg/m² or more than 30 kg/m²  
respectively) have been associated with reduced tes-
ticular volume (WHO 1987) and reduced semen qual-
ity suggesting impairment of spermatogenesis [3].  
A bulging belly once considered a sign of prosperity 
is now a sign of disease. Severe health conditions, 
including type 2 diabetes, high blood pressure, high 
cholesterol, bone problems, obstructive sleep ap-
nea, cancer and infertility have been linked to BMI.  
It has become a serious health issue due to the various 
associated medical complications. It may also have  
a negative impact on quality of life, physical fitness, 
self esteem, and emotional and social well-being.
Considerable research has gone into obesity in re-
cent years, and efforts have been made to control 
this growing health problem. Increased weight  
in men has been associated with a lower testoster-
one level, poorer sperm quality, and reduced fertility  
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as compared to men of normal weight. The odds  
of infertility increase by 10% for every 9 kg (20 pounds) 
a man is overweight [4].
Multiple explanations have been proposed for the de-
cline in male fertility. These include increased preva-
lence of obesity and exposure to environmental pol-
lution during fetal or adult life. Obesity leap reveals 
that in the period from 1991 to 1998, the prevalence 
of obesity increased from 12 to 17.9% in the general 
population and from 11.7 to 17.9% in men [5]. Hed-
ley et al., estimated the current prevalence of obe-
sity to be as high as 30.6% [6]. The effect of obesity  
on male fertility is thought to be multifactorial and 
may be modulated by genetic, endocrinal and environ-
mental influences. The surge in obesity has reached 
pandemic proportions with 1.6 billion adults classified 
as overweight and a further 400 million adults classi-
fied as obese [7]. It accounts for 7.5% of the total bur-
den of disease [8]. Alarmingly, there is now evidence 
in animal models that paternal obesity increases the 
susceptibility to obesity and diabetes in offspring, sug-
gesting a possible mechanism for the amplification  
of these chronic diseases. This article reviews the stud-
ies linking the pathology of obesity to male subfertility, 
and discusses the proposed pathophysiological mecha-
nisms underlying these intricate relationships.
 
The proposed mechanisms for infertility in obese 
men: male obesity and semen parameters

There are several studies that have investigated  
the impact of male obesity on the traditional sperm 
parameters mandated by the World Health Organi-
zation (WHO), namely sperm concentration, sperm 
motility and sperm morphology [9, 10]. The effects  

of obesity on male reproduction are less well docu-
mented than in the female. However, several studies 
indicate that sperm quality and fertility are reduced 
in overweight and obese men. Male obesity is sus-
pected to cause alterations in semen parameters, es-
pecially sperm concentration [11], total sperm count, 
total motile sperm count, [12] total progressively 
motile sperm count, [11] sperm morphology, and 
DNA fragmentation [12]. Other studies, however, 
show conflicting results. Therefore, it is possible that  
in each overweight individual, different mechanisms 
are involved leading to one or more of the alterations 
in semen parameters and not in others.
 
Endocrinopathy and impaired spermatogenesis

Several studies document that increased male BMI  
is associated with reduced plasma concentrations  
of sex hormone binding globulin (SHBG) and tes-
tosterone with a concomitant rise in plasma concen-
tration of estrogen [13]. Decreased testosterone and 
increased estrogen have long been associated with 
subfertility and reduced sperm counts by disrupt-
ing the negative feedback loop of the hypothalamic 
pituitary gonadal (HPG) axis. Other hormones in-
volved in the regulation of Sertoli cell function and 
spermatogenesis, such as FSH/LH ratios, inhibin B 
and SHBG levels have all been observed to be de-
creased in males with increased BMI [14]. Targeted 
disruption of FSH signals and receptors leads to 
aberrant gametogenesis and hormonal imbalance 
[15]. Therefore, it remains plausible that decreased 
sperm counts observed in male obesity are, at least 
in part, a result of changes to the HPG axis through 
testosterone and estrogen, and likely reduced Sertoli 
cell function. Male obesity is associated with lower 
total and free testosterone levels. This decrease  
in androgen levels is proportional to the degree  
of obesity. Various mechanisms account for reduced 
total testosterone levels and are defined within a re-
versible hypogonadotropic hypogonadism pathway 
[16]. Reduced pituitary function or hypogonadotropic 
hypogonadism in obese men is most likely multifac-
torial. It is known that in obese men both estrone 
and estradiol are increased due to increased periph-
eral aromatization of androgens. Estrogens have  
a negative effect on the hypothalamus by altering  
the gonadotropin releasing hormone (GnRH) puls-
es, resulting in suppression of gonadotropin FSH 
and LH secretions. Apart from hyperestrogenemia, 
different factors have been proposed to explain the 
hypogonadotropism seen in obesity. Endogenous opi-
oids have been suggested to have a role in the patho-
physiology of hypogonadotropic hypoandrogenism  
in extremely obese males. The effect of type 2 diabe-

Figure 1. The effect of male obesity on conception success  
in couples going for IVF.
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tes, frequently associated with obesity, on the HPG 
axis is increasingly being appreciated [17].
 
Insulin resistance

The Endocrine Society Clinical Practice Guidelines 
(2010), recommend that men with type 2 diabetes 
have to be screened for low testosterone levels [18]. 
Along with the mechanisms mentioned previously, 
obese men with type 2 diabetes can have secondary 
hypogonadism because of peripheral and central in-
sulin resistance and the effect of proinflammatory 
cytokines (TNFα and IL-6) on the HPG axis [19]. 
SHBG levels are reduced in obese men as a result  
of increased circulating insulin levels, associated 
with the insulin resistance of obesity. However, after 
adjusting for SHBG levels, low testosterone levels 
are shown to be correlated with insulin resistance 
and obesity, denoting an independent effect of insu-
lin resistance on testosterone production [20].
Sleep apnea

Sleep apnea (SA) is a type of sleep disorder charac-
terized by pauses in breathing or instances of shal-
low or infrequent breathing during sleep. Each pause 
in breathing causes hypoxemia. It is more common 
among obese individuals. Although its role in male 
infertility is not well elucidated, it is commonly as-
sociated with decreased pituitary gonadal function 
and a decline in morning testosterone concentra-
tions [21]. Sleep fragmentation has been proposed  
as the mechanism by which sleep apnea disrupts 
nocturnal testosterone rhythm. Moreover, the ad-
justed mean (corrected for age and BMI) total tes-
tosterone is reduced proportionally to the severity  
of the SA. It can affect both testosterone levels as well 
as, independently, erectile function. Furthermore,  
it can negatively affect testosterone levels independent  
of BMI. SA has also been associated with reduced 
sexual quality of life. The combination of the afore-
mentioned factors may result in a compounding ef-
fect on male fertility [22].
 
The thermal effect on spermatogenesis

One of the demerits of obesity that may potentially 
contribute to altered sperm production/parameters 
is raised gonadal heat resulting from increased 
scrotal adiposity. The process of spermatogenesis  
is highly heat sensitive, with optimal temperature 
in humans ranging between 34–35°C [23]. Elevated 
temperatures within the scrotum, due to fat tis-
sue, could harm sperm cells. The deleterious effect  
of heat is associated with reduced sperm motility, 
increased sperm DNA fragmentation and increased 

sperm oxidative stress. Changes in testicular tem-
perature can occur via a number of mechanisms 
such as varicoceles, using a laptop computer posi-
tioned on the lap [24], and immersion in a sauna 
bath [25]. Increased scrotal adiposity, along with the 
scrotum being surrounded completely by suprapu-
bic and thigh fat may contribute to reduced sperm 
function and subfertility. It is noteworthy that in-
creased sperm DNA damage and oxidative stress are 
identified in obese patients. The surgical removal  
of scrotal fat has been reported to improve sperm 
parameters [26].
 
Metabolic syndrome
 
Metabolic syndrome (MetS) is a disorder of energy 
utilization and storage, diagnosed by cooccurrence 
of three out of five of the following conditions: ab-
dominal (central) obesity, elevated blood pressure, 
elevated fasting plasma glucose, high serum tri-
glycerides, and low high density cholesterol (HDL) 
levels. Metabolic syndrome increases the risk of de-
veloping cardiovascular disease, particularly heart 
failure, and diabetes. MetS has been associated with 
hypogonadism and erectile dysfunction (ED) [27]. 
Some studies have shown an estimated prevalence  
of 34% in the US adult population [28]. The preva-
lence increases with age. The elements of this condi-
tion have been examined with regard to its associated 
detrimental effects on male fertility [29]. Hyperinsu-
linemia and hyperglycemia are common occurrences 
in obese individuals, and are constant confounding 
factors in many studies of male obesity. Hyperinsu-
linemia and hyperglycemia have been shown to have 
an inhibitory effect on sperm quantity and quality 
and therefore, could be attributing factors to the re-
duced fertility seen in obese men.
 
Hyperestrogenemia and aromatization

Elevated estrogens in obese men may, in part, re-
sult from the increased mass of white adipose tis-
sue. White adipose tissue is responsible for aroma-
tase activity and adipose-derived hormones and 
adipokines, which are elevated in obese men [30].  
The aromatase cytochrome P450 enzyme, is pro-
duced by many tissues, including adipose tissue  
and testicular Leydig cells. In men, aromatization 
activity converts testosterone to estrogens. It is 
suggested that elevated estrogen concentrations in 
obese men may result from an increased conversion 
of androgens to estrogens by white adipose tissue 
[31]. This contributes to the increased plasma estro-
gen levels. Along with aromatization, the expression 
of estrogen receptors’ genes have been speculated 
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was no associated decline in sperm DNA integrity 
or sperm motility with increasing reacting oxygen 
species (ROS) production. Increased BMI was also 
found to be significantly linked to a fall in sperm 
concentration, serum testosterone, and an increase 
in serum estradiol [37].
 
Psychological impact of obesity on sexuality

Erectile dysfunction (ED) has been correlated  
to fertility in men. In a survey of health profession-
als, obesity was associated with a 1.3 relative risk 
for ED [38]. In men reporting symptoms of ED,  
increased weight or obesity is found in 79% of sub-
jects [39]. Data from the Agricultural Health Study 
in the United States indicate that, after adjusting 
for potential confounders, a 3-unit increase in male 
BMI was significantly associated with infertility 
(odds ratio 1.12). There was a dose–response rela-
tionship, and the association between BMI and in-
fertility was similar in older and younger men, sug-
gesting that erectile dysfunction in older men does 
not explain the association [40]. It has also been 
found that, in severely obese men, BMI was associ-
ated with increased avoidance of sexual encounters 
and increased difficulty with sexual performance, 
leading to lower satisfaction with sexual life. Sexual 
dysfunction in obese men is related to hypogonadism 
and elevated levels of proinflammatory cytokines. 
Clinical signs of these changes include reduced li-
bido, reduced coital frequency, and ED. Obese indi-
viduals report higher incidences of sexual difficul-
ties due to their weight and commonly experience  
some sexual dissatisfaction or sexual difficulties 
related to their weight. A higher BMI is associ-
ated with a greater impairment in sexual quality  
of life [41]. In males, for example, it has been 
proven that obesity can lower sexual satisfaction, 
lack of sexual enjoyment, lack of sexual desire, dif-
ficulty with sexual performance, and avoidance  
of sexual encounters and cause erectile dysfunction.  
Overweight people may consider themselves as sex-
ual misfits, unattractive and undesirable, causing 
them to avoid potential or actual sexual relation-
ships. Generally, those people who consider their 
weight to be a real problem and who seek treat-
ment are those who have the highest rates of sexual 
problems. Obesity can also be related to sexuality 
in a reverse fashion. If an individual has had prob-
lems with sexuality or has been the victim of sex-
ual abuse, he may turn to overeating as a means  
of dealing with his unpleasant experience [42]. The 
relation between obesity and depression is recip-
rocal. Overweight people are also frequently stig-
matized and discriminated because of their body 

to play a role in obese individuals [32]. Another key 
hormone produced by white adipose tissue is leptin, 
which plays a pivotal role in the regulation of energy 
intake and expenditure.
 
Leptin and trace toxins

Leptin is a hormone that has demonstrated a rela-
tionship between body fat and the neuroendocrine 
axis, since it influences appetite and the reproduc-
tive axis. Leptin is produced primarily by fat cells 
and might damage sperm cells or the cells that pro-
duce them. Adipose tissue is no longer considered 
as a simple reservoir to store fat. Rather, it plays  
a dynamic role in whole-body energy homeostasis  
by acting as an endocrine organ. Collective evidence 
indicates a strong link between neural influences 
and adipocyte expression and secretion of leptin. 
Leptin augments secretion of gonadotropin hor-
mones, which are essential for initiation and main-
tenance of normal reproductive function, by acting 
centrally at the hypothalamus to regulate GnRH, 
neuronal activity and secretion. Thus, leptin serves 
as a surreptitious signal that links metabolic status 
to the reproductive axis [33]. An increase in leptin 
levels significantly decreases the production of tes-
tosterone from Leydig cells [34]. This explains why 
elevated leptin levels, commonly found in obese 
males [35], could alter the HPG axis and contrib-
ute to the decreased testosterone production. Infer-
tility in overweight/obese males may be explained  
by leptin insensitivity. Obesity was also shown  
to be associated with high homocysteine and low  
vitamin D levels. Both are suspected to affect semen 
parameters.
 
Sperm DNA damage and oxidative stress

Numerous human and animal studies have deter-
mined that a relationship between obesity and re-
duced sperm DNA integrity exists. Male obesity  
has been linked with a reduction in sperm concen-
tration and motility, an increase in sperm DNA 
damage and changes in reproductive hormones. 
One of the potential underlying pathological mech-
anisms behind diminished reproductive perfor-
mance in obese men is sperm oxidative stress. Stud-
ies have shown that oxidative stress increases with 
an increase in BMI, primarily due to an increase 
in seminal macrophage activation. This leads to de-
creased sperm motility, increased sperm DNA dam-
age, decreased acrosome reaction and lower embryo 
implantation rates following (Figure 1) IVF [9, 36] 
However, the magnitude of this increase was small 
and only of minor clinical significance, as there 
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pair male fertility. We concede that our envisage sur-
rounding the link between epididymitis pathology 
and infertility requires additional high quality etio-
logical research.
 
Reversibility

Turning the tide back is possible by treating obe-
sity. While it is becoming clearer that male obesity 
has negative impacts on fertility, sperm function 
and, in the long-term, on the health of the offspring,  
it is equally clear that simple interventions, such as 
changes in diet and exercise, can reverse the disease 
state as well as offspring outcomes. Amending BMI 
status, correcting endocrinopathy and metabolic 
disturbances may affect obese patients at the mo-
lecular level by reducing oxidative stresses and its 
consequent DNA damages. To date, there is little 
information about the impact of diet and exercise 
interventions in obese men with regard to semen pa-
rameters. The mechanisms accounting for reduced 
total testosterone levels in obese men are diverse 
and are defined within a reversible hypogonado-
tropic hypogonadism pathway [16]. A flow chart 

weight, which results in the development of a nega-
tive body image leading to low self-esteem, negative 
self-perception, lack of confidence, depression and 
anxiety disorders.
 
Epididymitis

There is no substantial evidence to relate obesity  
to epididymitis. Nevertheless, it is commonly ob-
served that obese men have redundant lumps of fat  
at the suprapubic and inner thigh regions. These 
chunks of fat can cause mechanical inflammation 
to the scrotal contents, including epididymitis,  
by rubbing and sheering forces during various physi-
cal activities. Regardless of the cause, whether mi-
crobial, mechanical, or thermal, epididymitis can 
cause infertility.
Inflammation of the epididymis can affect epididy-
mal function, by altering the environment within 
the epididymis, thus affecting sperm maturation, 
and fertilization ability. Inflammation can also cause 
blockage of epididymal ducts by scarring and cyst 
formation. Although epididymitis may occur on one 
or both sides, bilateral cases are more likely to im-

Figure 2. Mechanisms linking being overweight to reduced fertility potential in men. The dashed arrows mean (indicate)  
the relation is yet to be confirmed.
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