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Introduction

Definitions and Classifications

Fluctuations in weight, both drastic weight gain and weight 
loss, have the potential to impact many biological mechanisms 
in the human body, including a male’s ability to reproduce. 
Over the past few decades, data has shown an increase in obe-
sity rates worldwide [1,2]. On the opposite end of the spectrum, 
individuals with body mass index (BMI) values that fall into 
the underweight category are also prone to having abnormal 
sperm concentrations [3,4]. Such extremes in males’ weight are 
screened for with the BMI calculation. Though this method is 
not as accurate in determining an individual’s overall health, it is 
used as a screening tool because it is an ef�cient and economic 
method that correlates well with the prediction of overall disease 
outcomes. BMI allows individuals to be characterized as under-
weight (under 18 kg/m2), normal (18.5–24.9 kg/m2), overweight 
(25.0–29.9  kg/m2), obese class I (30.0–34.9  kg/m2), and obese 
class II (≥35 kg/m2) [3,5,6].

Infertility is generally de�ned based on the failure of a cou-
ple to become pregnant after 12 months of unprotected inter-
course [7]. A meta-analysis on the challenges associated with 
diagnosis of male infertility noted a plethora of variables that 
still need to be taken into account to mitigate inconsistencies 
in epidemiological data on how weight in�uences male repro-
ductive function  [7]. Despite the lack of cohesive informa-
tion, an overall decline in sperm count has been reported on 
a global scale over the past few decades  [2,3,8]. Obesity, on 
the other hand, has been on the rise over the past few decades, 
its prevalence having tripled among men of reproductive 
age [9,10]. This increase has occurred simultaneously with the 
rise in reported male infertility [10]. According to a systematic 
review that encompassed 115,158 males, paternal obesity was 
correlated with a decrease in males’ ability to reproduce, and 
individuals who were obese had a greater percentage of sperm 
abnormalities regarding DNA  fragmentation, morphology, 
and mitochondrial membrane potential  [11]. For  individuals 
who fall below the normal BMI range, studies are sparse, but 
a decrease in sperm concentration has been seen in those with 
values that are signi�cantly lower than the normal BMI range; 
the odds ratio of individuals having a reduced sperm count is 
1.15 for those underweight, 1.11 for overweight, and reaching 
up to 2.04 in morbidly obese men, as compared to men with 
normal BMI values [8,10].

Homeostatic Conditions

To discern how BMI impacts the fertility status in males, it is essen-
tial to understand the endocrinology of the reproductive tract under 
homeostatic conditions. The mechanisms at work in the reproduc-
tive tract all depend upon signals from the hypothalamus. After the 
onset of puberty, the hypothalamus secretes gonadotropin-releasing 
hormone (GnRH) in a pulsatile fashion to stimulate spermiogen-
esis [12,13]. GnRH acts as a signal, prompting the anterior pituitary 
gland to produce and release follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH) into the bloodstream. FSH and LH 
progress to the cells within the gonads and act on Sertoli cells and 
Leydig cells, respectively. These cells facilitate spermatogenesis and 
steroidogenesis (Figure 6.1) [13,14]. This cascade is known as the 
hypothalamic-pituitary-gonad (HPG) axis and operates as a feed-
back loop. When homeostasis is not properly regulated, as in those 
who experience weight �uctuations, the feedback loop is disrupted. 
Speci�cally, underweight individuals exhibited signs of elevated 
but insigni�cant risk of abnormal sperm count, and overweight and 
obese men were evidenced to have signi�cantly higher risk of oli-
gozoospermia or azoospermia when compared to normal counter-
parts [8]. Thus, variations in BMI have an impact on male fertility.
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FIGURE 6.1 (a, b) This image highlights the effect on insulin and leptin 
that occurs in individuals who experience excessive weight gain. FSH, 
 follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, 
luteinizing hormone.
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Effect of Obesity

The crux of the reason for infertility in obese men lies in hor-
monal dysregulation. As a result, when there is an issue of 
excess weight gain in an individual, hypogonadotropic hypogo-
nadism is a possibility (Figure 6.2) [10,15–17]. Approximately 
40% of those who are morbidly obese (BMI greater than 
30 kg/m2) present with decreased serum testosterone concen-
trations that are re�ective of male obesity-associated second-
ary hypogonadism  [10,18]. Similarly, when there is too steep 
of a weight de�cit, males can begin to experience symptoms 
of hypoactive sexual desire, erectile dysfunction, and prema-
ture ejaculation [19]. The stress and dysregulation of the endo-
crine system in individuals with abnormal BMI values is well 
documented [20].

Endocrine Dysregulation

1. Inhibin B: Systemically, obesity-associated mecha-
nisms cause a negative feedback signal to be sent to 
the hypothalamus, resulting in a downstream effect 
at the testicular level [3,21,22]. Inhibin B is a gonadal 
hormone that is a sensitive marker of spermatogenesis, 
and lower serum levels of this hormone are indicative 
of abnormal sperm production [23,24]. Recent  studies 
have shown that overweight and obese individu-
als exhibit lower inhibin B levels, and this alteration 
results  in reduced negative feedback to the hypotha-
lamic axis [25,26]. Inhibin B functions to inhibit FSH 
production and release; such an effect may adversely 
affect Sertoli cell function and sperm production [4,26].

 2. Aromatase activity: In  individuals with BMI values 
characteristic of overweight or obese men, a decrease 
in testosterone and an increase in estrogen has been 
observed [21,27]. This is due to aromatase, a cytochrome 
p450 enzyme that is found in the  testes, brain, and 
adipose tissue; in obese individuals, aromatase levels are 
increased and catalyze the conversion of high amounts 
of testosterone to estradiol  [21,27]. This  prompts a 
negative feedback signal in which estradiol reduces the 
 hypothalamic-pituitary secretion of gonadotropins, 
ultimately affecting spermatogenesis [27].

 3. Adipose hormones: In addition to  estrogen-associated 
testosterone dysfunction, hormones from the adipose 
and gut, leptin, and ghrelin, respectively, are also 
prevented from functioning regularly. Leptin, though 
originating from the Ob gene that is found in white 
adipose tissue, is a key hormone in regulating neuro-
endocrine and reproductive function, and its impact 
on gonadal function occurs via two pathways: 
The  direct mechanism occurs through the blood- 
testis barrier and the indirect path occurs in continu-
ation with the central neuroendocrine system  [20]. 
Numerous studies have indicated leptin as the most 
effective hormonal predictor of androgen func-
tion and inhibit testosterone function in the Leydig 
cells  [28]. Leptin is an adipokine that principally 
in�uences satiety. At  optimal levels, leptin stimu-
lates GnRH release; however, the excessive levels of 
leptin often seen in obese men may have the oppo-
site effect on GnRH. Another theory that has been 
proposed was that obese men may develop leptin 
insensitivity  [3,16,20,29,30]. Its levels positively 
correlate with BMI, which explains why obese indi-
viduals are more insensitive to leptin’s effects  [28]. 
Results in a  study on 122 obese individuals, who 
were grouped into normozoospermic fertile men 
(n  =  42) and infertile men (n  =  80) were analyzed 
for serum hormone levels, and the results indicated 
that both the BMI and serum leptin values were sig-
ni�cantly higher in obese infertile individuals than 
in obese fertile men. Furthermore, serum leptin had 
a negative correlation with sperm concentration, 
motility, and serum testosterone  [20]. Numerous 
studies have indicated leptin as the most effec-
tive hormonal predictor of androgen function, and 
inhibit testosterone function in the Leydig cells [28]. 
Ghrelin’s effect, in contrast to that of leptin, is local-
ized to in�uencing the gonads. Ghrelin may regu-
late spermatogenesis by an upregulation of apoptotic 
and proliferative pathways in germ cells [31]. It can 
reduce GnRH pulse frequency  and directly act at 
the pituitary level,  thus  decreasing  FSH and LH 
release  [29].  Though produced in the stomach, it 
has  receptors in the  hypothalamus, pituitary, and 
testis. Because ghrelin plays a signi�cant role in ste-
roidogenesis, if  there is an interference  in ghrelin 
function, as seen in obesity, testosterone secretion 
will decrease [28].
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FIGURE 6.2 As indicated by the chart, obesity can arise via various mech-
anisms, increasing the risk for erectile dysfunction and altered parameters 
that are characteristic of male infertility. (From Cabler, S. et  al., Asian J 
Androl, 12, 480–489, 2010. With permission.)
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 4. Testosterone: There  has been strong evidence for a 
negative relationship between testosterone and BMI 
in individuals spanning different populations, ages, 
and BMI compositions. Weight gain in men affects sex 
hormone-binding globulin and decreases testosterone; 
testosterone, along with FSH, plays a key role in sper-
matogenesis, so an imbalance in the HPG axis, as seen 
in obesity, results in altered semen parameters  [32]. 
This  is supported by results deemed from research 
that was conducted on a large population of Danish 
men and showed that both high and low BMI values 
are correlated with reduced sperm quality, especially 
because hormones such as testosterone decreased in 
such circumstances [4].

Weight Distribution

The distribution of body weight is also an important factor to 
consider with regard to spermatogenesis. Speci�cally, abdom-
inal fat can be an effective indicator in assessing the risk of 
infertility, as evidenced by a study that showed that central 
adiposity, de�ned by a high waist circumference, negatively 
affects sperm concentration and total motile sperm count [33]. 
Adipose tissue functions by receiving hormonal signals from 
the central nervous system and secreting factors that in�uence 
glucocorticoid and sex steroid metabolism [34]. Because there 
is a stronger association between visceral adipose tissue (as 
opposed to subcutaneous adipose tissue) and metabolic disor-
ders, it is important to note that men are more prone to having 
fat distribution in the abdominal region [34]. In addition, vis-
ceral fat holds a large amount of insulin and androgen recep-
tors; thus, obese individuals with a heavier concentration of 
abdominal fat are more insulin resistant than those who have 
a more varied fat distribution  [28]. Low testosterone levels 
are shown to be correlated with insulin resistance and obesity, 
denoting an independent effect of insulin resistance on testos-
terone production; as a result, insulin resistance can result in 
secondary hypogonadism [35].

Aside from the impact of fat deposition in the abdomen, the 
accumulation of fat in the scrotum leads to a rise in the tem-
perature of the testis, and this, as well as a build-up of lipid-
soluble endocrine-disrupting molecules in the testis, contributes 
to defective spermatogenesis [28,36–38]. This is because a lower 
temperature than that seen in homeostatic individuals is nec-
essary for regular spermatogenesis to occur, and increased fat 
content is associated with a rise in scrotal temperature [39–43]. 
Scrotal adiposity also increases with weight gain, leading to ele-
vated testicular heat and oxidative stress; these are both noted to 
suppress spermatogenesis and have detrimental effects on sperm 
concentration and motility, DNA  integrity, and sperm-oocyte 
interaction [44,45].

Reactive Oxygen Species

The  deposition of excess visceral fat appears to be a better 
indicator (than body mass index) for the development of an 
abnormal metabolic pro�le  [46]. Lipophilic environmental 
toxins accumulate throughout the body, with the epididymis 

being one of the initial locations for lipid-related infertil-
ity  [28]. Adipokines that are released from the adipocytes 
of the adipose tissue contribute to the reduction of fertility 
potential  [28]. Also associated with visceral fat deposition 
is an increase in oxidative stress, which is highly correlated 
with the sperm damage that is seen in obese individuals [33, 
47–49]. Reactive oxygen species (ROS) have been shown 
to stimulate undesirable changes in sperm membrane and 
nucleus, resulting in DNA damage [48–50]. A study done on 
81 men re�ected changes in sperm oxidative stress with regard 
to BMI; results showed a positive correlation between the two 
variables; the caveat is that there was no association with a 
decline in sperm DNA integrity or motility. This  introduces 
the notion that ROS generation in obese individuals may be 
negligible [28].

Dysregulation in Underweight Individuals

Individuals can become categorized in the underweight cat-
egory as a result of different causes. Just as excessive weight 
negatively impacts men’s fertility, the other extreme also has 
detrimental effects. Extreme weight loss can occur as a result 
of various complications, ranging from disease association to 
energy de�cits.

Hyperthyroidism

1. Hormonal imbalance: Hyperthyroidism is a disorder 
in which too much thyroid hormone is produced; it 
has an association with oligospermia, abnormal sperm 
morphology, and infertility in men, and it provides an 
example of how the hypothalamic-pituitary-thyroid 
axis in�uences the HPG axis [19]. An increase in tes-
tosterone, seen in hyperthyroidism, prompts a negative 
feedback mechanism in which GnRH production and 
release is decreased, causing downstream effects on the 
HPG axis [14,51]. Research on the effect of hyperthy-
roidism on semen quality is rather sparse, but out of the 
studies that were conducted, most of the data signi�ed 
�ndings of abnormal seminal parameters, speci�cally 
sperm motility [52]. Furthermore, for reasons that are 
not  entirely clear, hyperthyroidism has been associ-
ated with erectile dysfunction and premature ejacula-
tion, in addition to an increased amount of estrogen 
release [52–54].

 2. Oxidative stress: Furthermore, there is speculation that 
hyperthyroidism affects fertility via oxidative stress; 
the enhanced mitochondrial respiration that is charac-
teristic of the hyperthyroid state results in an increased 
amount of ROS, which induces a sensitive environment 
for the testis [52]. The damage that the oxidative stress 
in�icts on the sperm in�uences its capacitation and 
acrosomal reaction functions, causing a loss of sperm 
motility [52,55]. In accordance with this, a recent study 
on three males suffering from hyperthyroidism found 
the individuals to be oligospermic and have decreased 
sperm motility [56].
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3. Exercise induced hypogonadism: Rigorous exercise 
training has also been considered to play a role in second-
ary hypogonadism, in�uencing otherwise normal semen 
pro�les  [57]. This  is supported by literature that high-
lights a prevalence of trials that connect extreme physi-
cal activity to worsening seminal characteristics  [58]. 
Speci�cally, hypogonadal states have been observed in 
training regimens that consist of running or cycling for 
more than 10 hours per week [59]. Such excessive endur-
ance training in men gives rise to a reduction in total 
testosterone results, which alters GnRH activity and, by 
extension, the release of gonadotropins from the pitu-
itary gland [57]. In a review done on the impact of physi-
cal activity on male reproductive potential, it was found 
that exercise can exert bene�cial or detrimental effects 
depending on certain parameters like intensity and 
volume [59]. Alterations in sperm density, motility, and 
morphology were seen in endurance runners as opposed 
to resistance athletes [59]. On the other hand, other stud-
ies reported either a negative or insigni�cant effect on 
sperm parameters as a result of overtraining [59–61].

In addition, a study that evaluated ROS in the seminal plasma of 
elite athletes and recreationally active men found that the latter 
group had signi�cantly higher levels of body fat, total antioxidant 
capacity, and seminal superoxide dismutase as well as lower levels 
of seminal ROS and sperm DNA fragmentation [62]. This indicates 
that spermatozoa from elite athletes may be more susceptible to oxi-
dative stress–induced DNA damage and as a result, infertility [62].

Treatment

Treatment for obesity-associated infertility issues in males 
consists of weight loss via physical activity and diet modi�ca-
tions, surgical procedures, or aromatase inhibiting medica-
tions (Figure 6.3) [17,27]. Though there is a lack of data on the 

long-term effect of treatment of obese infertile men, a marked 
improvement is seen in the short term with regard to spermato-
genesis and hormone levels [10].

Overweight/Obese Individuals

1. Diet and exercise: A male’s diet may have an impact 
on his fertility because certain nutrients correlate with 
improved semen quality; as such, a natural regimen for 
weight loss consisting of a healthy balance of nutri-
tious food coupled with an active lifestyle will result 
in rebalancing the hormonal dysregulation that stems 
from obesity [63–65].

 2. Bariatric surgery: When compared to other treatment 
plans, bariatric surgery is associated with the greatest 
amount of weight loss and has shown improvement in 
total testosterone as well as a reduction in estradiol lev-
els [28,66]. Certain cases show disputing data regarding 
the effect that the surgery procedures have on semen 
quality  [28]. For  example, one trial observed a small 
cohort of morbidly obese men who underwent gastric 
bypass; in addition to a reduction in BMI, these individu-
als showed more normalized levels of total testosterone 
and FSH [67]. In an analysis done on individuals who 
turned to gastric bypass after experiencing secondary 
hypogonadism, semen analysis indicated that the indi-
viduals became azoospermic after surgery with complete 
spermatogenic arrest though androgen levels were seem-
ingly standard. The authors suggested that azoospermia 
may be caused by the nutritional de�ciencies occurring 
after surgery  [68]. Other studies reported worsened 
semen parameters that occurred anywhere between 3 
and 18 months after bariatric surgery with spermatogen-
esis reverting to normal approximately 24 months later. 
Such outcomes were detrimental during assisted repro-
duction attempts and highlighted the nutritional and 
electrolyte abnormalities associated with gastric bypass 
procedures  [66,69,70]. However, in a prospective study 
done on the effect of bariatric surgery, patients’ semen 
parameters exhibited signs of positive results after sur-
gery; these results were not statistically signi�cant and 
re�ect a need to conduct more analyses on patients’ 
semen analysis before and after treatment. A  statisti-
cally signi�cant increase in the sperm concentration of 
obese individuals who were azoospermic or oligosper-
mic before surgery was seen 12 months after operation. 
The  reason such discrepancies exist is because previ-
ously reported studies were predominately case series, 
which are not representative of overall trends [66].

 3. Medication: Aside from surgical procedures, the reason 
aromatase inhibitors are thought to be effective treat-
ment options is because of their enzymatic activity with 
regard to testosterone and estrogen levels. Aromatase 
inhibitors are used to treat infertile men who have 
abnormal testosterone-to-estrogen ratios [27]. In obese 
individuals, treatment with certain inhibitors, testolac-
tone, letrozole, and anastrozole, yielded an increase in 
LH and overall testosterone with a decreased amount 
of estradiol. Though the study did not report on whether 
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FIGURE  6.3 Depending on the etiology, obesity-induced infertility can 
be treated by focusing on lifestyle changes, pharmacological interventions, 
or surgical options. ART, assisted reproductive technique. (From Cabler, S. 
et al., Asian J Androl, 12, 480–489, 2010. With permission.)
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or not there is a tie to infertility, the alterations in hor-
monal levels indicate that there may be a correlation [22]. 
In another study that chose to evaluate fertility after the 
usage of testolactone, oligospermic obese men exhib-
ited signs of improved sperm concentration, motility, 
and count; azoospermic men with low testosterone-to-
estradiol levels, however, did not  have such improve-
ment  [22]. Treatment of obese and infertile men with 
anastrozole yielded better improvement in serum estra-
diol concentration as well as testosterone-to- estradiol 
ratios than other aromatase inhibitors [22,71,72].

Underweight Individuals

1. Medication: Those who experience secondary hypo-
gonadism from weight loss require different treat-
ment methods. The  type of medication used depends 
upon the etiology of the weight loss. For example, in 
individuals who have an overactive thyroid, as seen 
in hyperthyroidism, antithyroid medication, thyroid-
ectomy, and radioactive iodine administration are all 
options for treatment  [52]. Furthermore, antioxidants 
like melatonin and vitamin E were given to men with 
infertility and hyperthyroidism; this showed promising 
results for the improvement of sperm quality [52,73,74]. 
Radioiodine therapy is the �rst-line treatment for such 
conditions in male adults because surgery is a last 
resort and antithyroid drugs only work in the short 
term [19,75].

 2. Diet and exercise: For  men who undergo rigorous 
exercise regimens, hypothalamic dysfunction may 
be reversed by counteracting the negative energy bal-
ance that has occurred due to the high energy demand 
to dietary energy intake ratio [63]. Reverting to a bet-
ter balanced diet and more moderate exercise routine 
would be an ideal way to increase sperm motility and 
morphology while mitigating sperm DNA damage and 
ROS generation [63].

Conclusion

Infertility has become an increasingly prevalent issue, and the 
male factor is thought to play a role in approximately 40%–
50% of couples experiencing such dif�culties  [76]. This  rise 
in infertility has occurred around the same time as the obesity 
epidemic, illustrating a possible correlation between the two fac-
tors  [2]. Though cases of extreme weight loss associated infer-
tility are less documented, more studies have delved into the 
relation between BMI and male infertility to understand how 
weight �uctuations impact the hormonal regulatory system that 
drives spermatogenesis. In patients with elevated BMI, there is 
a reduction in androgen levels. At the level of the hypothalamus, 
GnRH release is dysregulated, resulting in varied LH and FSH 
pulses and interference with the release of sex hormones that are 
essential for sperm maturation. An elevation of estradiol levels 
occurs in adjunct to a decrease in testosterone [20]. In addition 
to the hormonal dysregulation, it was found to be of importance 

to study the actual weight distribution of the body fat. This  is 
because a concentration of adipose tissue in the abdominal area 
is associated with increased scrotal temperature and an in�ux 
of ROS-generating adipokines  [5,46]. Endocrine abnormalities 
are seen in individuals who have BMI values below the nor-
mal range; as a result, male infertility can arise from extreme 
weight loss that is caused from conditions such as hyperthyroid-
ism or intense physical activity  [19,54,63]. Treatment options 
for individuals who are overweight and obese are centered on 
weight loss with the intention that lowering the BMI will nor-
malize the various hormones at play and reverse some of the 
effects on spermatogenesis. For those with BMI values that are 
too low,  treatment varies depending on the etiology; for hyper-
thyroidism, hormonal regulation occurs via administration of 
radioiodine, antithyroid medications, or thyroidectomies, and 
for secondary hypogonadism that arises from intense exercise, a 
proper diet and more moderate physical activity regimen is rec-
ommended [52,54,63,75]. Although strides have been made over 
the past few decades in terms of the dissemination of information 
on BMI-associated male infertility, there is still a vast amount of 
opportunity for more information.

Future Direction

One of the gaps in knowledge regarding this topic stems from 
using BMI as the primary criteria for measuring and character-
izing individuals into different categories. This is because BMI 
is inaccurate in distinguishing between body composition and 
body fat distribution [6]. A more suitable mode of categorization 
would be to use waist circumference in conjunction with BMI. 
Studies have already started doing this, but it needs to become 
the standard [6]. Sample sizes in research studies should be more 
indicative of the population, so that more conclusive evidence 
can be drawn from the data  [6]; this will allow individuals to 
pinpoint causes of infertility in relation to weight �uctuations 
and will illustrate the bene�ts of certain treatment plans more 
precisely.

In addition, there is a difference between the amount of recon-
cilable information on male fertility as related to excessive BMI 
versus extremely low BMI. Though hormonal dysregulation as 
pertaining to high-intensity exercise has been studied, there is 
signi�cantly less of an emphasis on the impact of high-intensity 
exercise on spermatogenesis; as a result, more investigations are 
necessary to determine how the hormonal and semen alterations 
impact male fertility. In addition, the studies that have been pub-
lished were conducted at the turn of the century, so more research 
needs to be done to ensure that the information remains current 
and consistent [57].

With regard to the imbalance of hormones as seen in endur-
ance and elite athletes, there may be certain confounding vari-
ables that were not taken into account at the time of research; for 
example, the use and abuse of anabolic steroids may be common 
in some athletes, which would certainly in�uence testosterone 
production and function [59]. Another caveat is that elite athletes 
generally commit to their respective sports prior to puberty, so 
it is dif�cult to pinpoint a speci�c threshold at which training 
becomes harmful because those individuals have been training 
for so many years [59].
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