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  Abstract 
  Aim : To discuss the relationship between obesity and male infertility, specifi cally 
exploring the role of reactive oxygen species (ROS) production in obesity and the 
subsequent generation of oxidative stress, as well as abnormal hypothalamus- 
pituitary-gonadal regulation associated with obese males. 

  Methods : Review of PubMed database. 

  Results : Both enhanced ROS generation and abnormal hormonal regulation due to 
obesity are strongly correlated to suboptimal semen quality and, thus, reduced male 
reproductive potential. 

  Conclusion : The continuing rise and prevalence of both obesity and declining male 
sperm count all over the world call for additional research and a greater awareness 
to obesity as a potential etiology of male infertility.  

  Keywords   Male infertility  •  Obesity  •  Reactive oxygen species  •  Oxidative stress  
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    26.1   Introduction 

 With the onset of sedentary lifestyles, high-fat diets, and a general decline in phys-
ical activity, much evidence suggests that obesity is becoming a global pandemic 
 [  1,   2  ] . Obesity is reaching unprecedented levels in the Western world. One study 
revealed a prevalence of obesity in the USA of 19.8%  [  3  ] , while another indicated 
a staggering 30%  [  4  ] . Reports have already shown that the world’s overweight 
 population has grown greater than its underweight population  [  4  ] . The World 
Health Organization (WHO) predicts that by 2015 approximately 2.3  billion adults 
will be overweight and that an additional 700 million will suffer from  obesity  [  5  ] . 

 Simultaneous to this alarming trend, there has been an apparent progressive 
increase in infertility rates over the past few decades. It has been indicated that 15% 
of all couples of reproductive age are infertile  [  6,   7  ] , and up to 50% of all cases are 
believed to be due to the male factor alone  [  8  ] . Although still highly debated, the 
increased prevalence of overweight and obesity may account for the declining sperm 
counts over recent decades. According to a study conducted in 2000 by Swan et al., 
male sperm counts have been dropping by as much as 1.5% annually in the USA, as 
well as in other Western countries  [  9,   10  ] . Since these declines were not present in 
regions where obesity was less prevalent  [  9  ] , this may further suggest a potential 
link between altered lifestyles, obesity, adverse health outcomes and, now, semen 
quality and male infertility  [  11  ] . 

 As obesity trends continue to increase and expectation levels show no signs of 
decline, the interaction between obesity and fertility has received astonishing atten-
tion  [  3,   4  ] . Nevertheless, obesity and its effect on sperm count has just recently been 
documented  [  11,   12  ] . Studies have shown a negative correlation between obesity 
and various sperm parameters in the general population  [  11,   12  ] . Some have sug-
gested a relationship between body mass index (BMI) and male infertility  [  13,   14  ] . 
Evidently, there has been a higher probability of abnormal spermatozoa and infertil-
ity found in obese men  [  1  ] . 

 Furthermore, obesity has been shown to be associated with signifi cant distur-
bances in the hormonal milieu, which can adversely affect the reproductive system 
 [  15,   16  ] . These reports have illustrated that fat tissue accumulation in men causes 
subsequent lowered serum levels of total and free testosterone while simultane-
ously elevating estrogen serum levels  [  15,   16  ] . A study demonstrated that such fat 
accumulation resulted in oxidative stress (OS) from a dysregulation of adipocy-
tokine and reactive oxygen species (ROS) production  [  17  ] . Interestingly, data has 
been in agreement with recent studies suggesting that systemic OS correlates with 
BMI  [  18,   19  ] . The relationship of increasing levels of obesity and male-factor infer-
tility calls for greater clinical awareness, as much evidence suggests that obesity 
may play a signifi cant role with the rising subfertility rates. 

 The aim of this review is to discuss the relationships between obesity and male 
infertility. Moreover, it specifi cally explores the role of ROS production in obesity 
and its subsequent generation of OS, thereby directly and indirectly linking the 
effects of obesity on male reproductive potential.  
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    26.2   Obesity 

 Obesity is a medical condition related to an excess accumulation of white adipose 
tissue in the body, which has the potential to infl ict adverse health effects. The prin-
cipal cause for this state is an energy imbalance between the body’s energy intake 
and expenditure (Fig.  26.1 ). Excess energy is stored predominantly in the form of 
triglycerides and deposited in adipose tissue. Triglycerides play a vital role in 
metabolism serving as energy sources and for systemic transporters of dietary fat. 
Consequently, this fat accumulation and response to adipocyte hypertrophy has 
been suggested to compromise adipose tissue function and incite structural altera-
tions to other organs  [  20  ] . The excessive fat accumulation in adipose tissue, liver, 
and other organs predisposes the onset of metabolic abnormalities that are often 
accompanied with hypertension, impaired glucose tolerance, insulin resistance 
leading to hyperinsulinemia, and dyslipidemia. Thus, obesity has been considered a 
chronic disease linked to a widespread range of physical, genetic and hormonal 
disorders.  

 Traditionally, obesity has been defi ned as a body weight of at least 20% above 
the weight corresponding to the lowest death rate for individuals of a specifi c height, 
gender and age, as well as additional specifi c requirements  [  21  ] . However, its pres-
ent characterization has been more broadly classifi ed as abnormal or excessive fat 
accumulation  [  10  ] . 

 Several means of measuring obesity are currently utilized. The most accurate yet 
impractical measurements are to assess the weight of an individual underwater or to 
use an X-ray test called dual energy X-ray absorptiometry. Additional modes of 
evaluation include skinfold and waste to hip ratio (WHR) measurements, bioelectri-
cal impedance analysis, and the risk factors associated with comorbidities. Two of 
the more common and simpler methods include the measurement of BMI and waist 
circumference. 

 BMI is a simple weight to height ratio that is defi ned as an individual’s weight 
(kg) divided by the square of their height (m 2 ). There has been much controversy 
over the BMI ranges and cutoff points to deem an individual obese. The WHO has 
considered the normal range to lie between 18.5 and 24.9 kg/m 2 , the risk of comor-
bidity to increase between 25 and 29.9 kg/m 2 , and the onset of obesity to occur over 
30 kg/m 2   [  22  ] . In order to achieve optimum health, the median BMI for the adult 
population has been found to be in the range of 21–23 kg/m 2 , while individuals 
should maintain a BMI in the range of 18.5–24.9 kg/m 2   [  22  ] . These BMI values are 
age-independent and the same for both sexes  [  22  ] . Nevertheless, this may not repre-
sent the same degree of obesity in different populations due in part to different body 
proportions. A shortcoming of BMI as a measurement tool has been its overestimate 
in mesomorphic individuals. Hence, since calculations tend to diverge from accu-
rate values, BMI values allow only for an estimate, at best. 

 The quantifi cation of waist circumference has been believed to be more accu-
rate and convenient marker of obesity. This measurement that is unrelated to 
height makes an approximate index of intra-abdominal fat mass and total body fat. 
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It has actually shown much of a correlation to BMI and risk factors of chronic 
diseases. A waist circumference  ³ 102 cm in males and  ³ 88 cm in females have been 
indicative of metabolic complications  [  22  ] .  

    26.3   Obesity and Male Infertility 

 BMI has been found to be associated with altered sperm parameters in numerous 
reports. In a recent study investigating factors related to semen quality, the preva-
lence of infertility in obese men was found to be three times greater than in male 
partners of couples with idiopathic or female-factor infertility  [  12  ] . Moreover, 
sperm density and total count was shown to have a statistically signifi cant negative 
correlation to increasing BMI  [  12  ] . Another study looked at normozoospermic 
 partners in an infertile population and reported a reduction in sperm concentration 
among men with BMI greater than 30 kg/m 2  when compared to leaner members of 
the study group  [  23  ] . Kort et al. further examined the relationship between sperm 
parameters and BMI in a generally overweight selection of subjects  [  24  ] . After 520 
semen samples were subjected to analysis, semen quality and the number of normal 
sperm per ejaculate exhibited declines with increasing BMI  [  24  ] . On the other hand, 
when obesity was expressed as a measurement of WHR, the similar trend between 
obesity and impaired sperm parameters was not seen  [  25  ] . This further illustrates 

  Fig. 26.1    Energy balance exists when energy intake is equal to energy expended. The principal 
cause of obesity is an imbalance between the body’s energy intake and expenditure, where the 
energy consumed exceeds the energy expended       
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the inconsistency in obesity measurement techniques. Since an overwhelming 
 evidence indicates that altered spermatogenesis and abnormal sperm parameters—
reduced total sperm count and concentration—are correlated to the fi ndings in obese 
males and that subfertility and infertility of couples are certainly related to such 
conditions  [  26  ] , it may be postulated that obesity may induce semen abnormalities 
via the generation of ROS, dysregulation of the hypothalamic-pituitary-gonadal 
(HPG) axis, and/or physical manifestations (Fig.  26.2 ).  

    26.3.1   Reactive Oxygen Species 

 OS results from an impairment of a biological system’s ability to reduce the forma-
tion of highly reactive species, repair detrimental damage, or reach a balance 
between ROS and antioxidants. Much research has focused on the etiology of OS, 
its link to male infertility, and its pathophysiological effects on male reproduction. 
Disturbances in reductases and functional redox state conditions disrupt cellular 
homeostasis. Numerous studies demonstrate a multitude of adverse effects induced 
by its causative factor—ROS. Environmental toxicants have been verifi ed to impair 
a cell’s reductive environment by decreasing its reduction potential, leading to 
subsequent reverse catalysis by oxioreductases, and possibly damaging cell mem-
brane proteins, lipids and DNA  [  27  ] . Even moderate levels of OS may trigger 
molecules to initiate a cascade of reactions, thereby inducing programmed cell 
death (apoptosis)  [  28  ] . 

 There are two general forms of free radical species: ROS and reactive nitrogen 
species (RNS). ROS are the more common free radicals with oxygen centers, 

  Fig. 26.2    Obesity can lead to male infertility via various mechanisms. These mechanisms mani-
fest/act directly through or via interplay between reactive oxygen species (ROS) production, the 
hypothalamus-pituitary-gonadal (HPG) axis, as well as other physical factors ( HH  hypogonadotro-
pic hypogonadism;  ED  erectile dysfunction;  SA  sleep apnea)       
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whereas RNS are often considered to be a subclass thereof. Free radicals generated 
during oxygen reduction reactions of natural aerobic metabolic pathways typically 
form ROS. The three major forms of ROS are the superoxide anion (O  

2
  −•  ), hydrogen 

peroxide (H 
2
 O 

2
 ), and the extremely reactive hydroxyl radical (OH −• ). These highly 

reactive pro-oxidant species can interact with antioxidants in order to maintain 
homeostasis. In the case of any imbalance between pro-oxidants and antioxidants, 
OS commences. 

 Of the inspired oxygen, 98% is reduced during lipolysis and ATP production, 
while the other 2% is incompletely reduced  [  29  ] . However, since many ROS are 
byproducts of aerobic cellular metabolism during oxidative phosphorylation in the 
mitochondria, any impairment due to OS may result in ATP depletion and poten-
tially initiate cellular degradation  [  27  ] . Moreover, the mitochondria of spermatozoa 
have been found to be the primary source of ROS in infertile men  [  30  ] . The majority 
of ROS generated occurs at complexes I (NADH-Q dehydrogenase) and IV (conver-
sion of ubiquinol to ubisemiquinone to ubiquinone) of the electron transport chain 
 [  31  ] . Since molecular oxygen is the fi nal electron acceptor at complex IV in the 
formation of water, an extra electron may be captured during ATP generation 
becoming a major source of ROS - namely, superoxide anion  [  32  ] . This free radical 
can further propagate a series of reactions impairing cellular function and ultimately 
semen quality. 

 Many studies have pointed to ROS as independent biomarkers of semen quality 
due to their potential to cause suboptimal reproductive function  [  27,   33  ] . As highly 
reactive free radical oxygen molecules seek stability by attacking their neighboring 
stable species to obtain an electron, the targeted molecule itself becomes an unsta-
ble free radical, thereby generating a cascade of reactions. Consequently, structural 
and functional cellular damage may arise, both of which have been linked to irregu-
lar sperm function and motility via mitochondrial genome impairment  [  34,   35  ] . 
Extensive research supports the free radical-induced pathological effects on DNA 
damage, lipid peroxidation (LPO), and apoptosis in spermatozoa  [  28,   36  ] . 

 Nevertheless, low levels of ROS are necessary in maintaining cellular homeosta-
sis with their counteracting scavenging species, antioxidants, as well as in processes 
of the immune system, redox signaling and sperm maturation  [  33  ] . However, only a 
few studies have specifi cally discussed the physiological roles of free radicals in 
sperm function. The most well-documented ones have revealed their importance in 
controlling sperm maturation processes, capacitation, hyperactivation, acrosome 
reaction, and sperm–oocyte fusion; others have expressed ROS to be essential 
signal-transduction biomolecules and components of the complex cascade path-
ways in spermatozoa  [  36  ] . 

    26.3.1.1   Sources of ROS 

 There are several sources of ROS, both endogenous and exogenous, found in the 
seminal plasma that can exert their effects on spermatozoa. Numerous studies report 
leukocytes and spermatozoa as the two main sources of free radicals found in semen 
 [  27,   34  ] . 
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 Leukocytes are the predominant source of endogenous ROS during sperm 
 maturation, as well as one of the main mechanistic agents in combating pathogens 
 [  37,   38  ] . Moreover, leukocyte production is enhanced in obesity and participates in 
infl ammatory pathways that are activated in adipose tissue of obese individuals 
 [  39  ] . Plante et al. demonstrated a positive correlation between levels of ROS and the 
degree of leukocyte contamination  [  30  ] . In times of infection or disease, peroxi-
dase-positive leukocytes generate high levels of ROS through the nicotinamide 
adenine dinucleotide phosphate (NADPH) pathway  [  40,   41  ] . Subsequently, this 
elevated production of ROS during times of defense has been shown to have adverse 
effects on sperm function  [  42  ] . Furthermore, reports reveal signs of decreased motility 
and fertilization capacity from a lack of antioxidant-defense mechanisms in the tes-
tis and epididymis, rendering sperm extremely susceptible to infection  [  43–  45  ] . 

 Spermatozoa are an additional source of free radicals located in the semen. 
Normally, the cytoplasm is extruded during spermatogenesis. However, if spermato-
genesis is impaired by any means, proper cytoplasm extrusion may not occur, and 
sperm are left arrested in an immature and functionally defective state. This defect 
ultimately results in increased ROS production through activation of the NADPH 
system, providing electrons for free radicals to initiate a series of events, eventually 
activating NADPH oxidase. Hence, there are two primary mechanisms by which 
spermatozoa may generate ROS: either (1) at the plasma membrane level through 
NADPH oxidase or (2) at the mitochondrial level through a NADH-dependent oxi-
doreductase system. 

 Exogenous sources of ROS also have a major infl uence on sperm quality and 
function through the production of ROS in pathological amounts. A few of these 
sources include industrial compounds, smoking, alcohol, spinal cord injury, and 
varicocele  [  36  ] . A majority of ROS comes from fat-soluble environmental toxins, 
allowing for a large accrual in white adipose tissue of obese males. Much evidence 
indicates that environmental pollutants increase ROS in the testes  [  34  ] . 
Accumulations of these highly reactive, unstable molecules cause the propagation 
of free radical reactions that have been proven disruptive to male reproductive 
function. 

 Furthermore, as lipophilic-toxin contaminants intensify in the scrotum of obese 
males, they may in turn cause direct effects on spermatogenesis and may be poten-
tially linked to infertility. One such toxin, pthalate, a compound found in plastics 
and beauty products, was reported to induce sperm DNA damage and impair sper-
matogenesis  [  46,   47  ] . Studies also revealed elevated OS levels in male testes due to 
heavy metals (e.g. lead), pesticides, and sulfur dioxide (a common food preserva-
tive)  [  48–  50  ] . Free radical generation and decreased antioxidant capacity have 
shown links to nicotine, a component of cigarettes, as well as cigarette smoke  [ 51, 
   52  ] . Furthermore, evidence suggests that cigarette smoke, an environmental toxin, 
decreases sperm parameters—motility, morphology and concentration—all of 
which adversely affect male reproductive potential  [  52,   53  ] . A large amount of alco-
hol (ethanol) consumption plus a poor nutritional diet—often found in obese 
 individuals—contribute to symptoms of elevated ROS with a simultaneous decrease 
in antioxidants  [  54  ] . The production of such reactive species further implies an 
additional pathway to stimulate substantial cellular damage to proteins, lipids and 
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DNA. Interestingly, it has been reported that over 90% of men with spinal cord 
injury are infertile due to possible elevated ROS levels resulting in poor semen 
motility and morphology  [  55,   56  ] . Other attributing factors include impairments in 
erectile and ejaculatory function. However, the more immotile sperm does not seem 
to be caused by lifestyle factors, such as elevated scrotal temperature, ejaculation 
frequency, and method of bladder management, and thus, may rather be related to 
factors within the seminal plasma  [  57  ] . Additionally, it has been reported that vari-
cocele is a contributing factor of elevated levels of ROS  [  58  ] . Varicocele is a medi-
cal condition characterized by abnormal dilation and venous tortuosity in the 
pampiniform plexus around the male spermatic cord. Greater concentrations of 
nitric oxide (NO), a RNS, have been found in infertile men with varicocele  [  59  ] . 
Moreover, augmented xanthine oxidase activity, a source of superoxide, was 
observed  [  60  ] . This enhanced enzymatic activity and NO production appears to 
increase ROS, subsequently impairing sperm function  [  60  ] . Higher grades of 
 varicocele in men have shown elevated levels of ROS in their semen, serving as 
biomarkers of OS from ROS-induced LPO and DNA damage, both of which 
decrease semen function and contribute to male infertility  [  61,   62  ] . 

 However, the prevalence of varicocele does not appear to be proportional to BMI. 
In a clinical study, Handel et al. suggested this might be due to the increased adipose 
tissue in obese males preventing compression of the left renal vein or, simply, a 
decreased detection from the accumulation of adipose tissue in the spermatic cord 
 [  63  ] . Although studies have demonstrated that varicocele triggers ROS production, 
thereby affecting male reproductive potential, evidence remains limited to confi rm 
a clear-cut relationship between obesity and varicocele. 

 Leukocytospermia is a medical condition associated with an elevated white blood 
cell count in semen and is often observed in obese men. It is usually seen in the pro-
cess of warding off infection during the infl ammatory response. Studies have linked 
sperm quality, sperm dysfunction and leukocytospermia to obesity; albeit, the evi-
dence remains controversial  [  64–  66  ] . Some have reported leukocytospermia to have 
an overall adverse effect on sperm function and quality, correlating to a decrease in 
sperm count, motility, morphology, hyperactivation and defective fertilization, while 
others show no effects  [  64–  66  ] . Nevertheless, leukocytospermia can be regarded as 
a biological marker of systemic infl ammation and potential sperm dysfunction.  

    26.3.1.2   Obesity and Oxidative Stress 

 An increase of ROS is triggered via high metabolic rates in order to maintain homeo-
stasis in obese men. In localized areas near the testes, it can disturb spermatogenesis 
and result in a possible failure to discard the residual body into the Sertoli cell. 
Since testicular spermatozoa with proximal cytoplasmic retention lack adequate 
cytoplasmic reductive enzymes to control free radicals, a decline in antioxidant 
scavenging species would allow for a higher susceptibility to ROS impairment. The 
resulting imbalance of oxidant/antioxidant species (OS) is linked to suboptimal 
sperm function. 
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 From the aforementioned evidence, it seems undoubtedly obvious to suggest that 
ROS-induced OS has a tremendous impact on male fertility, as well as on the detri-
mental obesity-implicated consequences. Since the absolute resting metabolic rates 
of obese inviduals are higher than that of non-obese individuals (these differences 
disappear when resting metabolic rate is adjusted for differences in body composi-
tion), it is plausible to suggest that an increased level of stress in the testicular envi-
ronment may be due to an accumulation of white adipose tissue. This collection of 
lipocytes would lead to an augmented ROS production and increase the temperature 
in the testes environment. A study by Hjollund et al. deduced that a reduction in 
sperm concentration was associated with moderately elevated physiological tem-
peratures of the scrotal skin  [  67  ] . Both ROS generation and increase temperature in 
the testes may denature enzymes involved in spermatogenesis, providing further 
evidence for a link between obesity and male infertility.   

    26.3.2   Abnormal HPG Regulation 

 Although several mechanisms that parallel obesity to infertility have been proposed, 
many remain ambiguous and relatively undefi ned. Studies indicate that the central 
factor linking the mechanisms associated with obesity and infertility is an abnormal 
regulation of the HPG axis, as well as the previously discussed OS. The HPG axis 
responds to fl uctuations in hormones causing a range of widespread and local effects 
on the body and aspects of reproduction. Excess fat accumulation can impair the 
feedback regulation of the HPG axis and be a contributing factor to abnormal semen 
quality. Since sex steroids and glucocorticoids control the interaction between the 
hypothalamic-pituitary-adrenal (HPA) and the HPG axes, any imbalance may in turn 
affect spermatogenesis and male reproductive function. The abnormal endocrine 
changes observed in obese, infertile men are not similar to men with either obesity 
or infertility alone. Therefore, simultaneous irregular hormonal profi le and adipose-
derived hormone levels, such as with aromatase, leptin, resistin, inhibin B, cytok-
ines, as well as many genetic factors and physical manifestations may further explain 
the connection between the escalating frequency of global obesity and subfertility. 

    26.3.2.1   Aromatase 

 White adipose tissue exhibits elevated aromatase activity and secretion of adipose-
derived hormones in abdominal and visceral fat. Aromatase is an important cyto-
chrome P450 enzyme involved in sexual development and is vital in the biosynthesis 
of estrogens from its precursor androgens, such as testosterone and dehydropi-
androsterone. Ironically, obese men show signs of elevated estrogen levels as well 
as low levels of testosterone and follicle-stimulating hormone (FSH)  [  10  ] . Depleted 
levels of free and total testosterone are interrelated to aromatase overactivity in both 
intra-abdominal and subcutaneous fat. This condition of hypotestosteronemia—low 
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levels of testosterone—and deregulated levels of sex hormones are related to a 
reduction in spermatogenesis and subsequent lowered sperm concentrations  [  68  ] . 
Therefore, both may potentially hinder additional aspects of male reproductive 
function causing suboptimal fertility in obese males. 

 In an in vitro study involving male mice, it was demonstrated that estrogen is 
required for fertility and that a mutation in the estrogen receptor gene leads to 
reduced mating frequency, lowered sperm numbers, and defective sperm function 
 [  69  ] . Nevertheless, since estrogen is more biologically active than testosterone, 
overproduction of estrogen from elevated expression levels of aromatase activity in 
obese men may elicit signifi cant abnormal downstream effects in the testes. A report 
notes signs of both overexpressed levels and the absence of estrogen to elicit adverse 
effects on spermatogenesis, simultaneously affecting normal male reproductive 
potential  [  70  ] . 

 The endocrine system, which is responsible for the regulation of metabolic 
 activities, growth and development, as well as guiding reproduction, has estrogen 
receptors in the male hypothalamus involved in a negative feedback mechanism 
with gonadotropin-releasing hormone (GnRH), luteinizing hormone (LH), and FSH 
from the anterior pituitary gland. As estrogen agonist levels are elevated, an inhibi-
tory effect on androgen biosynthesis is observed, pointing to a regulatory role of the 
HPG axis to cause detrimental effects on spermatogenesis and, in turn, further 
increasing the likelihood of subfertility in obese men.  

    26.3.2.2   Leptin 

 Leptin is an adipose-derived peptide hormone secreted from white adipocytes vital 
in the regulation of energy intake and expenditure. Human leptin is a protein made 
up of 167 amino acids. The level of secreted and circulating leptin is directly pro-
portional to the total amount of body fat. It acts on hypothalamic neurons respon-
sible for the secretion of GnRH. This tropic hormone stimulates the synthesis and 
secretion of gonadotropins, FSH and LH from the anterior pituitary. 

 Normally, elevated leptin levels are associated with an increase in weight gain 
and respond through a feedback mechanism in the hypothalamus to reduce food 
intake and to increase both energy expenditure and sympathetic activity. On the 
other hand, leptin defi ciency from mutations in the  Ob(Lep)  gene located on 
chromosome 7 has also indicated relations to obesity  [  1  ] . A majority of obese 
males presented elevated serum concentrations of leptin with no mutation in their 
leptin receptors. This indicates that the development of an insensitivity and resis-
tance to the action of endogenous leptin is one of the fundamental mechanisms 
of obesity  [  71  ] . 

 In addition, the aromatase overactivity expressed in obese men that causes a 
higher conversion of testosterone to estrogen will induce a negative feedback signal 
on the hypothalamus and anterior pituitary to inhibit GnRH, FSH and LH secretion. 
The combination of effects from both the insensitivity to endogenous leptin and 
stimulation of the negative feedback pathway may have profound effects on male 
reproductive function via abnormal hormonal regulation. Furthermore, an excess 
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secretion of leptin from adipose tissue in obese males illustrated deleterious effects 
on both spermatogenesis and the production of androgens from inhibitory receptors 
mediated by Leydig cells  [  72  ] . It has been speculated that the presence of leptin 
plasma membrane receptors in testicular tissue and semen samples may be the link 
between leptin and male reproductive function  [  73  ] . The fi ndings reinforce a direct 
effect on sperm quality via abnormal HPG regulation and further suggest a plausible 
link between obesity and male infertility.  

    26.3.2.3   Resistin 

 Resistin is an endocrine secreted adipose-tissue specifi c factor. It is a cysteine-rich 
protein that serves in endocrine function and regulation. Resistin causes tissues, 
particularly the liver, to become insulin resistant. As a result, blood glucose levels 
rise from increased glycogenolysis and gluconeogenesis processes in the liver. 

 Glycogenolysis, glycolysis and the tricarboxylic acid cycle act to conserve 
energy as ATP from the catabolism of carbohydrates. If ATP supplies are suffi cient, 
these pathways and cycles are allosterically inhibited. Although under conditions of 
excess ATP production, the liver will attempt to convert the excess mixture of mol-
ecules into glucose and/or glycogen. In general, during glycogenolysis, glycogen 
stored in the liver and muscle cells is converted to glucose-6-phosphate—the fi rst 
byproduct of the glycolytic pathway. 

 In gluconeogenesis, glucose molecules are synthesized from non-carbohydrate 
sources, such as lactic acid, amino acids and glycerol. This process is constantly 
occurring in the liver in order to maintain glucose homeostasis. Gluconeogenesis 
proceeds in times of low acetyl CoA concentrations and high levels of ATP 
production. 

 Although both glycogenolysis and gluconeogenesis processes require ATP to 
take place, there is very little, if any, defi ciency in ATP production reported that will 
hamper the motility of sperm. Although sperm motility is critical at the time of fer-
tilization, as it allows the passage of sperm through the zona pellucida, a lack of 
ATP production from resistin and its subsequent impact on sperm motility cannot 
yet be confi rmed as credible rationale for the increased incidence rate of male 
infertility. 

 Since resistin causes an increase in blood glucose levels from insensitivity to 
insulin, it is a primary factor associated with Non-Insulin-Dependent Diabetes 
Mellitus (NIDDM), or Type II diabetes. Over 80% of people with Type II diabe-
tes suffer from obesity. Consequently, this resistance to insulin causes an increase 
in circulating insulin in the bloodstream—hyperinsulinemia—leading to an 
inhibitory effect on spermatogenesis and impacting male fertility potential. 
Interestingly, although diabetic men share normal semen parameters (concentra-
tion, morphology, and motility), the amount of impairment to nuclear and mito-
chondrial DNA was notably higher, again pointing to a reduction in reproductive 
capabilities and health. 

 Although resistin shows a strong association in humans with high levels of glu-
cose, obesity and Type II diabetes, it is actually a major product of macrophages. 
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Macrophages are a type of white blood cells that ingest foreign material by means 
of phagocytosis. When the number of macrophages that reside in adipose tissue 
increases, this may result in elevated levels of ROS. Many studies have associated 
insulin resistance with elevated OS levels, inferring naturally produced ROS in 
obese males to maintain normal biological processes as a potential reason  [  74  ] .  

    26.3.2.4   Inhibin B 

 Inhibin is a glycoprotein, growth-factor like hormone of gonadal origin. It is a dimer 
consisting of two covalently linked alpha and beta subunits. The beta subunit of 
inhibin exists in two forms, A and B. Although many studies have been conducted 
on inhibin, both in vivo and in vitro, they have failed to demonstrate and verify a 
systemic relationship between serum inhibin levels and spermatogenesis  [  75,   76  ] . 

 The site of inhibin B production has been under much scrutiny as some studies 
indicate that germ cells and possibly Leydig cells can produce inhibin  [  77,   78  ] . 
However, the predominantly believed source of inhibin B originates from Sertoli 
cells, which play a supportive role in germ cell survival, in the testis into the seminal 
plasma  [  79,   80  ] . This hormone is involved in the HPG axis and displays a propor-
tional decrease in obese males. The consequent decrease in germ cells demonstrates 
a decrease in sperm count and a reduced likelihood to fertilize. 

 The mechanistic pathway inhibin B follows to exert its biological effects remains 
unknown and is a subject of future study  [  81  ] . Normally, it acts to inhibit both FSH 
production and stimulation of testosterone release by Leydig cells. However, many 
studies have revealed that the expected compensatory increase in FSH levels in 
response to low levels of inhibin B were not observed in obese men. These low 
levels of inhibin B observed may have resulted from the suppressive effects of ele-
vated estrogen levels from overly expressed aromatase in obese men. 

 Since inhibin B levels are directly related to sperm formation, low levels observed 
in obese males will result in abnormal spermatogenesis. As previously mentioned, 
the increased estrogen levels contribute to a negative feedback effect on the hypo-
thalamus decreasing gonodoliberin and gonadotropin release, and subsequent low-
ered testosterone levels. As levels of testosterone fall, sperm function and quality 
become impaired, resulting in a reduction in male reproductive potential. 
Nevertheless, inhibin B seems to be an accurate biomarker of testicular damage and 
could become essential for future diagnosis of spermatogenic disorders in popula-
tions exposed to testicular toxicants. 

 Aside from both ROS and abnormal-induced HPG axis regulation, there contin-
ues to be a variety of other factors that have demonstrated evidence of recognized 
effects of obesity on male infertility. However, there still remain numerous cases of 
obese men with reproductive function and potential to fertilize. This present unex-
plainable link in some instances may be credited to unfavorable inherited geno-
types. Although it has been well documented that obese-infertile men show 
signifi cantly lower testosterone levels than obese-fertile men, genetic mutations 
may exist to clarify this discrepancy  [  10  ] .  
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    26.3.2.5   Cytokines 

 As excess fat storage accumulates in tissues other than adipose tissue, such as in the 
liver or striated tissue of the skeletal muscle, local insulin resistance may ensue and 
cause infl ammation. Infl ammation is the response to tissue injury and is often char-
acterized by an increase in blood fl ow to the tissue, consequently increasing tem-
perature in the localized area, as well as redness, swelling and pain. 

 Changes in morphology and composition of adipose tissue from obesity can 
cause alterations in protein production and secretion. Many of the secreted proteins 
may be proinfl ammatory mediators produced by macrophages residing in the adi-
pose tissue. Proinfl ammatory cytokines originating from adipose tissue display 
elevated signs of insulin resistance during infl ammatory response. Cytokines have 
demonstrated to directly interfere with insulin signaling pathways by tumor necrosis 
factor-alpha (TNF- a ), inhibiting tyrosine phosphorylation of insulin receptor sub-
strate-1  [  82  ] . Recent studies initiated and conducted by    Hotamisligil have illustrated 
a positive correlation between an increase in adipose tissue accumulation and proin-
fl mmatory gene TNF- a  expression  [  82  ] . It is indicated that the involvement of 
TNF- a  and interleukin-6 cytokines results in a reduction in sperm motility during 
systemic infl ammation response  [  83  ] . This decrease in motility may further result in 
the inability of the spermatozoa to progressively travel to the oocyte, thereby dimin-
ishing the likelihood of fertility. 

 Furthermore, an excess of white adipose tissue has shown to increase the secre-
tion of adipocytokines, causing enhanced infl ammation and a toxic effect on sperma-
tozoa through the release of ROS  [  84  ] . This subsequent ROS release during periods 
of infl ammation and its impact on sperm quality and function may be a causative 
aspect to male infertility. Therefore, it is reasonable to believe that excess fat buildup 
in obese men causing insulin resistance from elevated resistin levels, infl ammation 
response, higher metabolic rates, release of ROS, and elevated temperatures may all 
be contributing factors to the previously noted nuclear and mitochondrial DNA dam-
aged and, ultimately, decreased reproductive potential in Type II diabetic males.   

    26.3.3   Physical Manifestations 

 Obese males also encounter physical mechanisms that may enhance and, thus, fur-
ther attribute to decreased fecundity and fertility. These problems include    hypogo-
nadotropic hypogonadism (HH), erectile dysfunction (ED) and sleeping disorders, 
such as sleep apnea. 

    26.3.3.1   Hypogonadotropic Hypogonadism 

 HH is a form of secondary hypogonadism in which a problem with the pituitary or 
hypothalamus gland causes the absence or a decreased function of the male testes. 
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This condition is elicited from a lack of gonadal stimulating hormones, including 
FSH and LH, which are essential in proper sexual function. Any disruption in the 
chain of events, from the hypothalamus in the brain secreting GnRH that stimulates 
the pituitary gland to release FSH and LH will cause a defi ciency of sex hormones 
and prevent normal sexual maturation. 

 Many researchers have studied the relationship between obesity and HH, and 
their effects on male reproductive function. Strain et al. noted with signifi cance 
that obese men had less than two-thirds the normal mean plasma levels of free tes-
tosterone, total testosterone and FSH; yet, 24-h LH levels appeared normal  [  85  ] . 
These fi ndings represented a state of mild HH and appear to be characteristic of 
obese men  [  85  ] . It is speculated that the abnormality results from partial suppression 
of the pituitary by the elevated plasma estrogen levels  [  85,   86  ] . In addition, it has 
been noted that the subnormal levels of free and total testosterone and FSH are 
proportional to the degree of obesity  [  86  ] . 

 Treatment with aromatase inhibitors or suppression of adrenocortical secretion 
of aromatase to stabilize estrogen levels in obese men has shown potential 
to  normalize HH  [  86  ] . Additionally, the simple loss of weight has been shown to 
also normalize HH without any decrease in plasma estrogen levels  [  86  ] . It is 
 suggested that weight loss in obese men results in diminished sensitivity of the 
GnRH-gonadotropin secretory mechanism to suppression by a given concentration 
of estrogen  [  86  ] .  

    26.3.3.2   Erectile Dysfunction 

 ED is medical condition in which a male is incapable to get or keep an erection fi rm 
enough for sexual intercourse. Although obesity itself does not seem to be the 
underlying factor, it still does impose a risk to vasculogenic impotence through the 
development of chronic vascular disease  [  87  ] . A recent study by Corona et al. 
revealed that after adjustment for comorbidities, obese males with ED presented 
low androgen levels  [  88  ] . Moreover, lowered androgen levels have been associated 
with reduced plasma testosterone levels  [  89  ] . A decrease in testosterone levels in 
obese males with ED may further contribute to suboptimal semen quality, as testos-
terone is essential for the onset of sexual characteristics and the production and 
maturation of sperm in males. 

 Despite the well-documented studies that indicate the association of ED to low-
ered fertility rates and being more prevalent in obese men, evidence and informa-
tion of the pathophysiological link between obesity and ED remains limited. 
It has been hypothesized that visceral obesity increases proinfl ammatory factors 
and, in doing so, promotes an infl ammatory response and contributes to ED  [  90  ] . 
Since an erection depends on hemodynamics and vascular health, any factor that 
causes endothelial dysfunction or impairs endothelial NO release and the integrity 
of the vascular bed will contribute to ED. Nevertheless, a report illustrated that 
changes only in one’s lifestyle improved sexual function in nearly one-third of 
obese men with ED  [  91  ] .  
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    26.3.3.3   Sleep Apnea 

 Sleep apnea is a common disorder in which an individual has one or more pauses in 
breathing or shallow breaths while sleeping. The chronic condition affects 4% of 
middle-aged men, but usually goes undiagnosed. Interestingly, it has been reported 
that about two-thirds of middle-aged men with obstructive sleep apnea suffer from 
obesity, particularly central obesity  [  92  ] . 

 Patients suffering from sleep apnea often have a fragmented sleep course due to 
repetitive episodes of upper airway obstructions and hypoxia followed by arousal  [  93  ] . 
Furthermore, these patients demonstrate a blunted nocturnal rise of testosterone 
needed for normal spermatogenesis  [  94  ] . This obstructive condition has been linked 
to lowered mean testosterone and LH values compared to both young and middle-
aged controls  [  94  ] , as well as reduced morning testosterone levels  [  95  ] . Weight loss 
in patients with obstructive sleep apnea has shown to increase testosterone levels 
 [  96  ] . Therefore, sleep apnea is associated with decreased pituitary-gonadal function 
and, thus, may contribute to hypogonadism and further explain male-factor infertil-
ity and abnormal seminal parameters  [  95  ] .    

    26.4   Discussion 

 With the advances in technology that revolutionize everyday lifestyles and industri-
alization all around the world, obesity has become a modern-day global pandemic. 
Moreover, as obesity is predicted to reach record numbers in the near future and 
fertility rates continue to plummet, scientists have began to link the two together. 
They have revealed that as much as half of all fertility problems come from 
male-factor defects. 

 Many researchers have pointed to the increased adipocyte accumulation to gen-
erate ROS that propagate systemic and detrimental effects on male reproductive 
health, while others have attributed the abnormal hormonal profi le as the central 
factor. It appears to be a complex composition of both and, in fact, the increase in 
adipose-derived hormones and adipokine levels may better explain the association 
of BMI, altered sperm parameters, and infertility. Recent studies have began to 
examine genetic biomarkers, an excess of adipose-derived hormones, adipokine 
release as well as OS. It is suggested that the consistent decrease in hormonal levels 
and specifi c proteomic sperm mutations observed in obese males may adversely 
impact spermatogenesis. Hence, these markers would in turn hinder normal sperm 
production, maturation and quality, accounting for some of the male-factor defects 
related to obesity. 

 The inconsistency in the results from studies demonstrates the necessity for 
further investigation when examining the effects of obesity on semen parame-
ters. The numerous signs of decreased testosterone levels from excess fat accu-
mulation pose attention for additional focus and study in understanding the 
overall mechanistic pathway in order to make a definitive link to male  infertility. 
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Simple lifestyle changes have shown to benefit hormonal levels, yet effective 
treatments, proper lifestyle changes, and surgical options should be further 
explored. Since antioxidants have been shown to reduce ROS levels, thereby 
minimizing damage via OS, and have become a hot topic in possibly treatming 
infertility, this natural remedy should be further explored as a potential treat-
ment for obesity-related male infertility. Additionally, standard and accurate 
measurements to qualify an individual as obese should be established to con-
firm the links made to infertility and the health problems that accompany the 
condition. Nevertheless, the continuing rise and prevalence of both obesity and 
declining semen quality all over the world, both of which are associated to 
ROS, call for additional research and a greater awareness to obesity as a poten-
tial etiology of male infertility.      

  Acknowledgment   The authors are grateful for the research support from the Center for 
Reproductive Medicine at Cleveland Clinic.  

      References 

    1.    Du Plessis SS, et al. The effect of obesity on sperm disorders and male infertility. Nat Rev 
Urol. 2010;7(3):153–61.  

    2.      World Health Organization. WHO technical report: diet, nutrition and the prevention of chronic dis-
ease. World Health Organization, Geneva. 2003.   http://www.who/int/en    . Accessed 6 Feb  2011.  

    3.    Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP. The continuing epidem-
ics of obesity and diabetes in the United States. JAMA. 2001;286:1195–200.  

    4.    Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM. Prevalence of over-
weight and obesity among US children, adolescents, and adults, 1999–2002. JAMA. 
2004;291:2847–50.  

    5.   World Health Organization. Obesity and overweight. 2006.   http://www.who/int/en    . Accessed 
6 Feb  2011.  

    6.    Stephen EH, Chandra A. Updated projections of infertility in the United States: 1995–2025. 
Fertil Steril. 1998;70:30–4.  

    7.    Thonneau P, Marchand S, Tallec A, Ferial ML, Ducot B, Lansac J, Lopes P, Tabaste JM, Spira 
A. Incidence and main causes of infertility in a resident population (1,850,000) of three French 
regions (1988–1989). Hum Reprod. 1991;6:811–6.  

    8.    Sharlip ID, Jarow JP, Belker AM, Lipshultz LI, Sigman M, Thomas AJ, Schlegel PN, Howards 
SS, Nehra A, Damewood MD, Overstreet JW, Sadovsky R. Best practice policies for male 
infertility. Fertil Steril. 2002;77:873–82.  

    9.    Swan SH, Elkin EP, Fenster L. The question of declining sperm density revisited: an analysis 
of 101 studies published 1934–1996. Environ Health Perspect. 2000;108:961–6.  

    10.       Cabler S, Agarwal A, et al. Obesity: modern man’s fertility nemesis. Asian J Androl. 2010;12(4): 
480–9.  

    11.    Jensen TK, Andersson AM, Jorgensen N, Andersen AG, Carlsen E, Petersen JH, Skakkebaek 
NE. Body mass index in relation to semen quality and reproductive hormones among 1,558 
Danish men. Fertil Steril. 2004;82:863–70.  

    12.    Magnusdottir EV, Thorsteinsson T, Thorsteinsdottir S, Heimisdottir M, Olafsdottir K. Persistent 
organochlorines, sedentary occupation, obesity and human male subfertility. Hum Reprod. 
2005;20:208–15.  

    13.    Nguyen R, Wilcox A, Skjaerven R, Baird DD. Men’s body mass index and infertility. Hum 
Reprod. 2007;22:2488–93.  

http://www.who/int/en
http://www.who/int/en


58726 The Role of Obesity in ROS Generation and Male Infertility

    14.    Sallmen M, Sandler DP, Hoppin JA, Blair A, Baird DD. Reduced fertility among overweight 
and obese men. Epidemiology. 2006;17:520–3.  

    15.    Giagulli VA, Kaufman JM, Vermeulen A. Pathogenesis of the decreased androgen levels in 
obese men. J Clin Endocrinol Metab. 1994;79:997–1000.  

    16.    Schneider G, Kirschner MA, Berkowitz R, Ertel NH. Increased estrogen production in obese 
men. J Clin Endocrinol Metab. 1979;48:633–8.  

    17.    Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y, Nakayama O, 
Makishima M, Matsuda M, Shimomura I. Increased oxidative stress in obesity and its impact 
on metabolic syndrome. J Clin Invest. 2004;114(12):1752.  

    18.    Keaney Jr JF, Larson MG, Vasan RS, Wilson PWF, Lipinska I, Corey D, Massaro JM, 
Sutherland P, Vita JA, Benjamin EJ. Obesity and systemic oxidative stress. Arterioscler 
Thromb Vasc Biol. 2003;23(3):434–9.  

    19.    Olusi SO. Obesity is an independent risk factor for plasma lipid peroxidation and depletion of 
erythrocyte cytoprotectic enzymes in humans. Int J Obes Relat Metab Disord. 2002;
26(9):1159–64.  

    20.    Stienstra R, Duval C, Müller M, Kersten S. PPARs, obesity, and infl ammation. PPAR Res. 
2007;2007:95974.  

    21.    Carlsen E, Giwercman A, Keiding N, Shakkebaek NE. Evidence for decreasing quality of 
semen during past 50 years. BMJ. 1992;305:609–13.  

     22.      World Health Organization. Diet, nutrition and the prevention of chronic diseases. Report of a 
Joint WHO/FAO Expert Consultation. WHO Technical Report Series No. 916. World Health 
Organization, Geneva; 2003.  

    23.    Koloszár S, Fejes I, Závaczki Z, Daru J, Szöllosi J, Pál A. Effect of body weight on sperm 
concentration in normozoospermic males. Arch Androl. 2005;51(4):299–304.  

    24.    Kort HI, Massey JB, Elsner CW, Mitchell-Leef D, Shapiro DB, Witt MA, Roudebush WE. 
Impact of body mass index values on sperm quantity and quality. J Androl. 2006;27(3):450–2.  

    25.    Fejes I, Koloszár S, Szöllosi J, Závaczki Z, Pál A. Is semen quality affected by male body fat 
distribution? Andrologia. 2005;37(5):155–9.  

    26.    Slama R, Eustache F, Ducot B, Jensen TK, Jørgensen N, Horte A, Irvine S, Suominen J, 
Andersen AG, Auger J, Vierula M, Toppari J, Andersen AN, Keiding N, Skakkebæk NE, Spira 
A, Jouannet P. Time to pregnancy and semen parameters: a cross-sectional study among fertile 
couples from four European cities. Hum Reprod. 2002;17(2):503–15.  

    27.    Kefer JC, Ashok A, Sabanegh E. Role of antioxidants in treatment of male infertility. Int J 
Urol. 2009;16:449–57.  

    28.    Buttke TM, Sandstrom PA. Oxidative stress as a mediator of apoptosis. Immunol Today. 
1994;15(1):7–10.  

    29.    Agarwal A, Gupta S, Sekhon L, Shah R. Redox consideration in female reproductive function 
and assisted reproduction: from molecular mechanisms to health implications. Antioxid Redox 
Signal. 2008;10(8):1375–403.  

    30.    Plante M, de Lamirande E, Gagnon C. Reactive oxygen species released by activated neutro-
phils, but not by defi cient spermatozoa, are suffi cient to affect normal sperm motility. Fertil 
Steril. 1994;62:387.  

    31.    Inoue M, Sato EF, Nishikawa M, et al. Mitochondrial generation of reactive oxygen species 
and its role in aerobic life. Curr Med Chem. 2003;10(23):2495–505.  

    32.    Cadenas E, Davies KJ. Mitochondrial free radical generation, oxidative stress, and aging. Free 
Radic Biol Med. 2000;29(3–4):222–30.  

    33.    Agarwal A, Gupta S, Sikka S. The role of free radicals and antioxidants in reproduction. Curr 
Opin Obstet Gynecol. 2006;18(3):325–32.  

    34.    Mathur PP. Impact of environmental toxicants on testicular function. Immun Endoc Metab 
Agents Med Chem. 2008;8:79–90.  

    35.    Agarwal A, Cocuzza M, Abdelrazik H, Sharma RK. Oxidative stress management in patients with 
male or female factor infertility. In: Popov I, Lewin G, editors. Handbook of chemiluminescent 
methods in oxidative stress assessment. Kerala: Transworld Research Network; 2008. p. 
195–218.  



588 A.H. Kashou et al.

    36.    Kothari S, et al. Benefi cial and detrimental role of free radicals. Indian J Exp Biol. 
2010;48:425–35.  

    37.    Whittington K, Ford WC. Relative contribution of leukocytes and of spermatozoa to reactive 
oxygen species production in human sperm suspensions. Int J Androl. 1999;22:229.  

    38.    Tremellen K. Oxidative stress and male infertility—a clinical perspective. Hum Reprod 
Update. 2008;14:243.  

    39.    Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante Jr AW. Obesity is associ-
ated with macrophage accumulation in adipose tissue. J Clin Invest. 2003;112(12):1796–808.  

    40.    Blake DR, Allen RE, Lunec J. Free radicals in biological systems—a review orientated to 
infl ammatory processes. Br Med Bull. 1987;43:371.  

    41.    Aitken RJ, Baker MA. Oxidative stress and male reproductive biology. Reprod Fertil Dev. 
2004;16:581.  

    42.    Ochsendorf FR. Infection and reactive oxygen species. Andrologia. 1998;30 Suppl 1:81–6.  
    43.    Cocuzza M, Sikka SC, Athayde KS, Agarwal A. Clinical relevance of oxidative stress and 

sperm chromatin damage in male infertility: an evidence based analysis. Int Braz J Urol. 
2007;33:603.  

    44.    Wolff H, Politch JA, Martinez A, et al. Leukocytospermia is associated with poor semen 
 quality. Fertil Steril. 1990;53:528.  

    45.    Maruyama Jr DK, Hale RW, Rogers BJ. Effects of white blood cells on the in vitro penetration 
of zona-free hamster eggs by human spermatozoa. J Androl. 1985;6:127.  

    46.    Agarwal DK, Maronpot RR, Lamb JC, Kluwe WM. Adverse effects of butyl benzyl phthalate 
on the reproductive and hematopoietic systems of male rats. Toxicology. 1985;35:189.  

    47.    Kasahara E, Sato EF, Miyoshi M, et al. Role of oxidative stress in germ cell apoptosis induced 
by di(2-ethylhexyl)phthalate. Biochem J. 2002;365:849.  

    48.    Acharya UR, Acharya S, Mishra M. Lead acetate induced cytotoxicity in male germinal cells 
of Swiss mice. Ind Health. 2003;41:291.  

    49.    Chitra KC, Sujatha R, Latchoumycandane C, Mathur PP. Effect of lindane on antioxidant 
enzymes in epididymis and epididymal sperm of adult rats. Asian J Androl. 2001;3:205.  

    50.    Meng Z, Bai W. Oxidation damage of sulfur dioxide on testicles of mice. Environ Res. 2004;96:298.  
    51.    Traber MG, van der Vliet A, Reznick AZ, Cross CE. Tobacco-related diseases. Is there a role 

for antioxidant micronutrient supplementation? Clin Chest Med. 2000;21:173.  
    52.    Saleh RA, Agarwal A, Sharma RK, Nelson DR, Thomas Jr AJ. Effect of cigarette smoking on 

levels of seminal oxidative stress in infertile men: a prospective study. Fertil Steril. 2002; 
78:491.  

    53.    Vine MF. Smoking and male reproduction: a review. Int J Androl. 1996;19:323.  
    54.    Koch OR, Pani G, Borrello S, et al. Oxidative stress and antioxidant defenses in ethanol-

induced cell injury. Mol Aspects Med. 2004;25:191.  
    55.    Padron OF, Brackett NL, Sharma RK, et al. Seminal reactive oxygen species and sperm 

 motility and morphology in men with spinal cord injury. Fertil Steril. 1997;67:1115.  
    56.    de Lamirande E, Leduc BE, Iwasaki A, Hassouna M, Gagnon C. Increased reactive oxygen 

species formation in semen of patients with spinal cord injury. Fertil Steril. 1995;63:637.  
    57.    Brackett NL, Nash MS, Lynne CM. Male fertility following spinal cord injury: facts and fi c-

tion. Phys Ther. 1996;76(11):1221–31.  
    58.    Hendin BN, Kolettis PN, Sharma RK, Thomas Jr AJ, Agarwal A. Varicocele is associated with 

elevated spermatozoal reactive oxygen species production and diminished seminal plasma 
antioxidant capacity. J Urol. 1999;161:1831.  

    59.    Mehraban D, Ansari M, Keyhan H, et al. Comparison of nitric oxide concentration in seminal 
fl uid between infertile patients with and without varicocele and normal fertile men. Urol J. 
2005;2:106.  

    60.    Mitropoulos D, Deliconstantinos G, Zervas A, et al. Nitricoxide synthase and xanthine oxidase 
activities in the spermatic vein of patients with varicocele: a potential role for nitric oxide and 
peroxynitrite in sperm dysfunction. J Urol. 1996;156:1952.  

    61.    Agarwal A, Prabakaran S, Allamaneni SS. Relationship between oxidative stress, varicocele 
and infertility: a meta-analysis. Reprod Biomed Online. 2006;12:630.  



58926 The Role of Obesity in ROS Generation and Male Infertility

    62.    Saleh RA, Agarwal A, Sharma RK, et al. Evaluation of nuclear DNA damage in spermatozoa 
from infertile men with varicocele. Fertil Steril. 2003;80:1431.  

    63.    Handel L, Shettyl R, Sigman N. The relationship between varicoceles and obesity. J Urol. 
2006;176(5):1912–3.  

    64.    Aitken RJ, Baker HW. Seminal leukocytes: passengers, terrorists or good Samaritans? Hum 
Reprod. 1995;10:1736–9.  

    65.    Tomlinson JM, Barratt CL, Cooke ID. Prospective study of leukocytes and leukocyte subpopu-
lations in semen suggests they are not the cause of a male infertility. Fertil Steril. 1993;
60:1069–75.  

    66.    Moskovtsev SI, Willis J, White J, Mullen BM. Leukocytospermia: relationship to sperm 
deoxyribonucleic acid integrity in patients evaluated for male factor infertility. Fertil Steril. 
2009;88:737–40.  

    67.    Hjollund NH, Bonde JP, Jensen TK, Olsen J. Diurnal scrotal skin temperature and semen qual-
ity. The Danish First Pregnancy Planner Study Team. Int J Androl. 2000;23(5):309–18.  

    68.    Fejes I, Koloszár S, Závaczki Z, Daru J, Szöllösi J, Pál A. Effect of body weight on testoster-
one/estradiol ratio in oligozoospermic patients. Arch Androl. 2006;52(2):97–102.  

    69.    Eddy EM, Washburn TF, Bunch DO, Goulding EH, Gladen BC, Lubahn DB, Korach KS. 
Targeted disruption of the estrogen receptor gene in male mice causes alteration of spermato-
genesis and infertility. Endocrinology. 1996;137(11):4796–805.  

    70.    O’Donnell L, Robertson KM, Jones ME, Simpson ER. Estrogen and spermatogenesis. Endocr 
Rev. 2001;22(3):289–318.  

    71.    Rohner-Jeanrenaud F, Jeanrenaud B. Obesity, leptin, and the brain. N Engl J Med. 1996;
334:324–5.  

    73.    Caprio M, Isidori AM, Carta AR, Moretti C, Dufau ML, Fabbri A. Expression of functional 
leptin receptors in rodent Leydig cells. Endocrinology. 1999;140(11):4939–47.  

    73.    Jope T, Lammert A, Kratzsch J, Paasch U, Glander HJ. Leptin and leptin receptor in human 
seminal plasma and in human spermatozoa. Int J Androl. 2003;26(6):335–41.  

    74.    Fraczek M, Kurpisz M. Infl ammatory mediators exert toxic effects of oxidative stress on 
human spermatozoa. J Androl. 2007;28:325–33.  

    75.    de Kretser DM, McLachlan RI, Robertson DM, Burger HG. Serum inhibin levels in normal 
men and men with testicular disorders. J Endocrinol. 1989;120:517–23.  

    76.    de Kretser DM, McFarlane JR. Inhibin in the male. J Androl. 1996;17:179–82.  
    77.    Risbridger GP, Clements J, Robertson DM, Drummond AE, Muir J, Burger HG, et al. Immuno- 

and bioactive inhibin and inhibin alpha-subunit expression in rat Leydig cell cultures. Mol Cell 
Endocrinol. 1989;66:119–22.  

    78.    Andersson AM, Muller J, Skakkebaek NE. Different roles of prepubertal and postpubertal 
germ cells and Sertoli cells in the regulation of serum inhibin B levels. J Clin Endocrinol 
Metab. 1998;83:4451–8.  

    79.    Grootenhuis AJ, Timmerman MA, Hordijk PL, de Jong FH. Inhibin in immature rat Sertoli 
cell conditioned medium: a 32 kDa alpha beta-B dimer. Mol Cell Endocrinol. 
1990;70:109–16.  

    80.    Handelsman DJ, Spaliviero JA, Phippard AF. Highly vectorial secretion of inhibin by primate 
Sertoli cells in vitro. J Clin Endocrinol Metab. 1990;71:1235–8.  

    81.    Meachem SJ, Nieschlag E, Simoni M. Inhibin B in male reproduction: pathophysiology and 
clinical relevance. Eur J Endocrinol. 2001;145(5):561–71.  

    82.    Hotamisligil GS. Infl ammatory pathways and insulin action. Int J Obes Relat Metab Disord. 
2003;27:S53–5.  

    83.    Yoshida S, Harada T, Iwabe T, Taniguchi F, Mitsunari M, Yamauchi N, Deura I, Horie S, 
Terakawa N. A combination of interleukin-6 and its soluble receptor impairs sperm motility: 
implications in infertility associated with endometriosis. Hum Reprod. 2004;19(8):1821–5.  

    84.    Fraczek M, Kurpisz M. Infl ammatory mediators exert toxic effects of oxidative stress on 
human spermatozoa. J Androl. 2007;28:325–33.  

    85.    Strain GW, Zumoff B, Kream J, Strain JJ, Deucher R, Rosenfeld RS, Levin J, Fukushima DK. 
Mild hypogonadotropic hypogonadism in obese men. Metabolism. 1982;31(9):871–5.  



590 A.H. Kashou et al.

    86.    Zumoff B. Hormonal abnormalities in obesity. Acta Med Scand Suppl. 1988;723:153–60.  
    87.    Chung WS, Sohn JH, Park YY. Is obesity an underlying factor in erectile dysfunction? Eur 

Urol. 1999;39(1):68–70.  
    88.    Corona G, Mannucci E, Fischer AD, Lotti F, Petrone L, Balercia G, Baldini E, Forti G, Maggi 

M. Low levels of androgens in men with erectile dysfunction and obesity. J Sex Med. 
2008;5(10):2454–63.  

    89.    Feeley RJ, Traish AM. Obesity and erectile dysfunction: is androgen defi ciency the common 
link? Scientifi cWorldJournal. 2009;9:676–84.  

    90.    Traish AM, Feeley RJ, Guay A. Mechanisms of obesity and related pathologies: androgen 
defi ciency and endothelial dysfunction may be the link between obesity and erectile dysfunc-
tion. FEBS J. 2009;276:5755–67.  

    91.    Esposito K, Giugliano F, Di Palo C, Giugliano G, Marfella R, D’Andrea F, D’Armiento M, 
Giugliano D. Effect of lifestyle changes on erectile dysfunction in obese men: a randomized 
controlled trial. JAMA. 2004;291(24):2978–84.  

    92.    Vgontzas AN, Papanicolaou DA, Bixler EO, Hopper K, Lotsikas A, et al. Sleep apnea and 
daytime sleepiness and fatigue: relation to visceral obesity, insulin resistance, and hypercy-
tokinemia. J Clin Endocrinol Metab. 2000;85:1151–8.  

    93.    Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea in adults. JAMA. 
2004;291:2013–6.  

    94.    Luboshitzky R, Zabari Z, Shen-Orr Z, Herer P, Lavie P. Disruption of the nocturnal testoster-
one rhythm by sleep fragmentation in normal men. J Clin Endocrinol Metab. 2001;
86:1134–9.  

    95.    Luboshitzky R, Lavie L, Shen-Orr Z, Herer P. Altered luteinizing hormone and testosterone 
secretion in middle-aged obese men with obstructive sleep apnea. Obes Res. 2005;13:780–6.  

    96.    Semple PA, Graham A, Malcolm Y, Beastall GH, Watson WS. Hypoxia, depression of testos-
terone, and impotence in pickwickian syndrome reversed by weight reduction. Br Med J (Clin 
Res Ed). 1984;289(6448):801–2.    




