
stress,	obesity	and	gonadal	Axis	 291

and hypercoagulation.28

obeSIty, chronIc StreSS and gonadal 
functIon

Body weight is an independent regulator of the 
hypothalamic-pituitary-gonadal (HPG) axis activity. 
This fact has been a common observation, documented 
in various cultures throughout history, especially in 
respect to the weight of women and their competence 
to bear children. Our understanding of the underly-
ing physiologic mechanisms has only recently begun 
to evolve following the discovery of adipose tissue 
derived hormones (e.g. leptin, adiponectin) which 
have been shown to directly influence reproduction 
and fertility.29-31 Leptin, which primarily acts to sup-
press appetite and enhance energy expenditure at 
the hypothalamic level, appears to play a vital role 
in the relationship between adipose tissue and the 
HPG axis (Figure 3), regulating the onset of puberty, 
modulating reproductive capacity and facilitating 
implantation and pregnancy.32-36 Furthermore, the 
ability of adipose tissue to accumulate sex-steroids 
inside adipocytes and also to metabolize and inter-
convert them, through the actions of local enzymes, 
can significantly affect the functional status of the 
reproductive axis.37-40 Accordingly, the expanding 
adipose tissue mass in obesity can alter the circulating 
sex-steroids and the balance between bio-available 
estrogens and androgens. Altered plasma levels of sex-
steroids and sex hormone binding globulin (SHBG) 
could lead to clinical manifestations of impaired HPG 

activity. Obesity in females has been associated with 
early initiation of puberty, menstrual disturbances, 
infertility and higher risk for certain types of breast 
and endometrial cancer. Increased body mass index 
(BMI) in obese males is correlated with higher inci-
dence of infertility and decreased libido.41-47 Table 1 
summarizes potential hormonal changes and clinical 
manifestations of impaired HPG axis activity in obese 
females and males.

Obesity also constitutes an unconventional, un-
remitting and low-grade inflammatory state.48,49 The 
increase of adipose tissue causes enhanced secretion 
of pro-inflammatory hormones and cytokines into the 
circulation (adipokines), originating from adipocytes 
and from macrophages that are recruited and infiltrate 
the expanding adipose tissue. These pro-inflamma-
tory adipokines activate the acute phase reaction and 
progressively impose a generalized chronic inflam-
matory stress on the body.50,51 Importantly, two of the 
main pro-inflammatory cytokines, TNF-α and IL-6, 
are secreted in significant quantities by the enlarg-
ing adipose tissue, especially in visceral obesity. In 
addition to their immuno-modulating effects, TNF-α 
interferes with intracellular insulin signalling and is 
implicated in the pathogenesis of insulin resistance,52 
while IL-6 has atherogenic effects and directly acts 
on other major endocrine axes (e.g. central stimula-
tion of cortisol secretion, suppression of TSH and 
testosterone secretion) and on glucose and lipid 
metabolism.7,53 Furthermore, increased secretion of 
leptin (pro-inflammatory properties) and decreased 

Table 1. Hormonal changes and clinical manifestations of hypothalamic pituitary gonadal (HPG) axis activity in obese males and females.

HPG axis in obese females HPG axis in obese males

Hormonal changes Clinical manifestations Hormonal changes Clinical manifestations

↔ / ↑ Estrogen Precocious puberty - Premature menopause ↑ Estrogen Reduced libido

↑ Testosterone Menstrual disorders ↓ Testosterone Erectile dysfunction

↓ SHBG Chronic oligo-anovulation ↓ SHBG Impaired fertility

↔ basal LH
Impaired fertility - Poor response to fertility 

treatment ↔ / ↓ basal LH

↔ basal FSH Increased risk of miscarriage ↔ / ↓ basal FSH

↔ LH after stimulation
Increased risk of complications during 

pregnancy ↔ LH after stimulation

↔ FSH after stimulation Increased risk of gynecologic cancer ↔ FSH after stimulation

↔: normal levels, ↓: decreased levels, ↑: increased levels




