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ABSTRACT

Chronic stress represents a prolonged state of dyshomeostasis caused by intense and fre-
quently imposed stressors. Obesity constitutes a chronic dysmetabolic state, leading progres-
sively to a spectrum of metabolic complications, such as diabetes, dyslipidemia, hypertension 
and cardiovascular disease. Α growing body of evidence supports the existence of significant 
interactions between stress and obesity, with chronic stress promoting weight gain, and con-
sequently excessive fat accumulation especially visceral, all these factors contributing to the 
development of a chronic stressful state. Maintaining body homeostasis is a prerequisite for 
normal reproductive function, which is vital for the survival of the species and an important 
process of natural selection. Under chronic stress, reproductive function is suspended and dis-
rupted due to central and peripheral actions of hormones, adipokines and pro-inflammatory 
cytokines that inhibit the activity of the hypothalamic-pituitary gonadal (HPG) axis at various 
levels. Clinical and experimental data link both obesity and chronic stress to dysregulation of 
the gonadal axis, via independent and synergistic mechanisms, which may chronically lead to 
reproductive dysfunction and reduced fertility.
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Introduction

During the course of evolution most of the human 
physiologic systems have adapted, through strenuous 
processes of natural selection, to optimally serve two 
primary objectives, namely, survival of the self and 
survival of the species. Thus, complex, interwoven 
pathways have developed in the central nervous 

system (CNS) and the periphery, aiming primarily 
at securing energy and metabolic homeostasis, and 
secondarily at facilitating reproduction.

The modern way of life in industrialized societies is 
characterized by increased intake of processed food, 
sedentary lifestyle and increased psychological stress, 
forming an environment that differs completely from 
that of our predecessors, which has driven human 
evolution until recently. Thus, it is not surprising that 
the rates of obesity and stress-related complications 
have been exponentially on the increase over the 
past decades. Recent data indicate a strong interplay 
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stress, which can be defined as a pathological state of 
prolonged threat to homeostasis by persistent or fre-
quently repeated stressors, may progressively lead to 
reproductive dysfunction and reduced fertility.4

Interplay between the hypothalamic-
pituitary - adrenal and hypothalamic-
pituitary gonadAL AXES

HPA axis activation exerts multiple inhibitory ac-
tions on the HPG axis (Figure 1). The gonadotropin-
releasing hormone (GnRH) neurons of the arcuate 
nucleus are suppressed by CRH, both directly and 
indirectly, via enhanced β-endorphin secretion from 
arcuate POMC neurons. In addition, glucocorticoids 
have inhibitory effects on the GnRH neurons, the 
pituitary gonadotroph cells (primarily on the secre-

between stress and obesity, which also directly affects 
the activity of the hypothalamic-pituitary gonadal 
(HPG) axis. This article briefly reviews potential 
pathophysiologic mechanisms which link chronic 
stress and visceral obesity and may lead to metabolic 
complications and reproductive dysfunction.

Stress system and the physiology  
of the stress response

Stress can be defined as a state of threatened homeo-
stasis and is counteracted by an intricate repertoire of 
physiologic and behavioral responses that collectively 
aim to re-establish the disturbed equilibrium (adap-
tive stress response).1,2 The adaptive stress response is 
facilitated by an elaborate neuro-endocrine, cellular 
and molecular infrastructure, the stress system, which 
extends both throughout the CNS and the periphery. 
The central components of the stress system include: 
1) the parvocellular corticotropin-releasing hormone 
(CRH) and arginine-vasopressin (AVP) neurons of 
the hypothalamic paraventricular nuclei (PVN) and 
the CRH neurons of the paragigantocellular and 
parabranchial nuclei of the medulla and 2) the locus 
ceruleus/norepinephrine system (LC/NE) and other 
catecholaminergic cell groups of the medulla and pons 
(central sympathetic system). The peripheral limbs of 
the hypothalamic-pituitary-adrenal (HPA) axis and the 
efferent sympathetic/adrenomedullary system constitute 
the primary peripheral components of this complex 
homeostatic system (Figure 1).

The adaptive stress response is determined by ge-
netic, environmental and developmental factors, which 
dictate the characteristics of the mobilized defenses 
against intrinsic and extrinsic stressors. Inappropriate 
responses to stressors, as for example inadequate, exces-
sive and/or prolonged reactions, may turn deleterious 
and contribute to disease. Furthermore, chronically 
imposed or severe stressors can impair various physi-
ologic functions, such as metabolism, reproduction, 
immunity, growth, as well as personality development 
and behavior.3 As part of the adaptive stress response, 
non-vital, energy-demanding functions (e.g. reproduc-
tive and digestive functions) are transiently inhibited in 
order to preserve energy and to promote a redirection 
of oxygen and nutrients to the CNS and stressed body 
site(s), where they are needed the most. Thus, chronic 

Figure 1. Interactions between the stress system and the hy-
pothalamic-pituitary-gonadal axis. LC/NE: locus ceruleus/nor-
epinephrine-sympathetic system, CRH: corticotropin-releasing 
hormone, POMC: proopiomelanocortin, α-MSH: α-melano-
cyte-stimulating hormone, GnRH: gonadotropin-releasing hor-
mone, ACTH: adrenocorticotropic hormone, LH: luteinizing 
hormone, FSH: follicle-stimulating hormone, NE: norepineph-
rine. Stimulatory effects are represented by solid lines and in-
hibitory effects by dashed lines.
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tion of LH) and the gonads (where they directly 
inhibit steroidogenesis). Furthermore, glucocorti-
coids render target tissues of sex-steroids resistant 
to these hormones.5,6 It is of note that cytokines (e.g. 
interleukin-6, tumor necrosis factor-α), which are 
secreted in states of inflammatory stress and have 
been shown to stimulate the HPA axis, also suppress 
the reproductive axis at several levels by inhibiting 
the pulsatile hypothalamic secretion of GnRH and 
the ovarian or testicular steroidogenesis.7

CRH and HPG axis interactions appear to be 
bidirectional. Estrogen response elements have been 
identified in the promoter area of the CRH gene and 
direct stimulatory estrogen effects on CRH gene 
expression have also been shown.8 Thus, the CRH 
gene, and consequently the HPA axis, is an important 
target of ovarian steroids and a potential mediator of 
gender-related differences in HPA axis activity and 
stress responses.9 The female reproductive system 
provides positive input to both components of the 
stress system through estradiol, which stimulates 
CRH secretion and inhibits re-uptake and catabolism 
of catecholamines (Figure 1).10

Chronic stress leads to prolonged suppression of 
gonadal function, primarily via chronic activation of 
the HPA axis. This effect has been well demonstrated 
in ballet dancers, highly trained runners and athletes 
of both sexes.11,12 These individuals can present di-
minished ACTH responses to exogenous CRH ad-
ministration, increased 24-hour urinary-free cortisol 
excretion and elevated circulating concentrations of 
cortisol and ACTH in the evening. Furthermore, in 
male subjects low LH and testosterone concentrations 
are detected, while females usually develop menstrual 
disorders and amenorrhea.

Chronic stress, visceral obesity and 
metabolic complications

Glucocorticoids, the final hormonal effectors of the 
HPA axis, exert a wide range of effects on metabolism, 
which are primarily catabolic in an effort to utilize 
every available energy resource against the challenge 
enforced by stressors. Chronic stress prolongs this 
adaptive shift of metabolism towards a generalized 
catabolic state and, thus, sustained HPA hyperactivity 
can progressively lead to decreased lean body (muscle 

and bone) mass, increased visceral adiposity and insu-
lin resistance through the actions of glucocorticoids on 
various metabolic pathways (Figure 2).13 This chronic 
stress-related state, characterized by the combination 
of decreased lean body mass, abdominal and trunk 
fat accumulation and manifestations of the metabolic 
syndrome, resembles that of Cushing’s syndrome. 
Such cushingoid phenotypes can be identified in a 
variety of pathophysiologic conditions, collectively 
described as pseudo-Cushing’s states and attributable 
to stress-induced mild hypercortisolism, probably in 
association with increased peripheral tissue sensitivity 

Figure 2. Reciprocal interactions between chronic stress and 
visceral obesity, which can lead to clinical manifestations of 
the metabolic syndrome. Chronic HPA axis activation favors 
visceral obesity and lean body (muscle and bone) mass reduc-
tion, with cortisol suppressing both the gonadal and the growth 
hormone axis and directly stimulating adipocyte proliferation. 
Reciprocally, IL-6 and TNF-α, overproduced by the expanding 
adipose tissue, further stimulate the HPA axis thus forming a 
vicious cycle. CRH: corticotropin-releasing hormone, ACTH: 
adrenocorticotropic hormone, LH: luteinizing hormone, FSH: 
follicle-stimulating hormone, GH: growth hormone, IGF-1: in-
sulin-like growth factor-1, TNF-α: tumor necrosis factor-α, IL-
6: interleukin-6, CRP: C-reactive protein. Stimulatory effects 
are represented by solid lines and inhibitory effects by dashed 
lines.
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ity (also referred to as central, abdominal, android, 
upper body or apple-shaped obesity) exhibits strong 
associations with metabolic derangements and cor-
relates to higher comorbidity risks.26,27 Visceral obesity 
is indeed considered to be the cornerstone of the 
metabolic syndrome pathophysiology, highlighting 
even more the role of adipose tissue in the pathogen-
esis of cardiometabolic complications, such as insulin 
resistance, dyslipidemia, atherosclerosis, hypertension 

to glucocorticoids.14,15 The association between chronic 
stressors and increased incidence of visceral obesity 
and metabolic syndrome is strongly supported by re-
cent epidemiologic data, which indicate that chronic 
stress, including socioeconomic stress, is an important 
novel risk factor for the metabolic syndrome in our 
modern societies.16,17

Central components of the stress system are closely 
linked to CNS centers that control appetite and energy 
expenditure (Figure 3).13,18 Acute stress is usually as-
sociated with anorexia and consequent restriction of 
food consumption. CRH has been shown to acutely 
stimulate POMC neurons of the arcuate nucleus 
which elicit anorexic signals, via α-MSH release, and 
to increase thermogenesis. Stress-induced suppression 
of neuropeptide Y (NPY) secretion, which has potent 
orexigenic and anxiolytic actions, is probably involved 
in causing anorexia under acute stress. However, the 
subsequent increase of circulating glucocorticoid 
concentration eventually promote the intake of car-
bohydrates and fat and decrease energy expenditure 
by suppressing CRH and stimulating NPY hypotha-
lamic secretion.19,20 Thus, it is plausible that acute 
stress activates the HPA axis, through CRH, aiming 
initially to inhibit temporarily the non vital, energy-
consuming activities related to food consumption, 
whereas sustained activation of the HPA axis, under 
conditions of chronic stress, promotes the relatively 
more prolonged central actions of glucocorticoids οn 
CNS appetite centers, which are collectively orexigenic 
and stress-relieving. Notably, glucocorticoid-induced 
orexigenic stimuli under chronic stress favor the 
intake of especially palatable food which is centrally 
perceived as a stress-relieving factor and contributes 
to visceral obesity.21-23

Furthermore, the adipose tissue, previously viewed 
as a passive energy storage depot, is now proven to 
function as a highly active endocrine organ, secret-
ing multiple hormones, cytokines and other active 
factors.24 Adipocytes directly signal their metabolic 
status to organs and tissues of the periphery and to 
the CNS, via endocrine, paracrine, autocrine, jux-
tacrine and intracrine functions, forming a homeo-
static circuit which is pivotal in the regulation of the 
energy intake and expenditure equilibrium.25 It has 
also become evident that centralization of body fat 
stores and subsequent development of visceral obes-

Figure 3. Interactions between adipose tissue, hypothalamic 
appetite-satiety centers and the hypothalamic-pituitary-gonad-
al axis. ARC: arcuate nucleus, PVN: paraventricular nucleus, 
LHA: lateral hypothalamic area, CRH: corticotropin-releasing 
hormone, ACTH: adrenocorticotropic hormone, POMC: proo-
piomelanocortin, NPY: neuropeptide Y, AgRP: agouti related 
peptide, α-MSH: α-melanocyte-stimulating hormone, Y1: neu-
ropeptide Y receptor type 1, MC4R: melanocortin receptor 
type 4, TRH: thyrotropin-releasing hormone, MCH: melanin 
concentrating hormone, OXY: oxytocin, T: Testosterone, E2: 
estradiol, LH: luteinizing hormone, FSH: follicle-stimulating 
hormone, GnRH: gonadotropin-releasing hormone, NE: nor-
epinephrine. Stimulatory effects are represented by solid lines 
and inhibitory by dashed lines.
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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
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