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The luteinizing hormone (LH) induces the production of androgens in theca cells.
The follicle-stimulating hormone (FSH) stimulates granulosa cells via aromatization
of androgens to estrogens and by using cholesterol to produce pregnenolone



ESTROGEN SIGNAL ON THE TARGET CELL



STEROID RECEPTOR SUPERFAMILY



GENOMIC / NONGENOMIC ESTROGENS PATHWAYS







Menopause : change in steroid synthesis and signalling pathways



Perimenopause staging

Stage Notes

Early menopausal transition Persistent irregularities of the menstrual 
cycle

Late menopausal transition Intermenstrual cycle ≥60 days in the 
prior 12 months

Early post menopause 12 months following the final menstrual 
period



Central nervous system-related symptoms



CNS-related symptoms are those arising as a 
consequence of the neurobiochemical changes that

occur after ovarian failure



Brain neuroendocrine changes in menopause



Weight and metabolic changes



Principal human adipose-tissue depots from the frontal (left) and 
sagittal (center) planes



The three principal types of adipocytes and their known physiological 
roles. Molecular mechanisms for thermogenesis in the adipose tissue. 



WAT Adipokines



BAT Adipokines



WHO. Factsheet 311. 2014. http://www.who.int/

Definition of obesity

• Obesity is defined as 
abnormal 
or excessive fat 
accumulation that may 
impair health

• Body mass index (BMI) 
provides the most 
convenient population-
level measure of 
overweight and obesity 
currently available

Classification BMI (kg/m2)

Underweight <18.5

Normal range ≥18.5 and <25

Overweight ≥25 and <30

Obesity ≥30

Obesity class I ≥30 and <35

Obesity class II ≥35 and <40

Obesity class III ≥40

Children/Adolescents 

• Sex/age-specific BMI

• BMI ≥ 95th percentile is obese

• 85th to less than 95th percentile is 
overweight 

BMI =
weight (kg)

height (m2)

http://www.who.int/




Fat/Lean weight by DXA 

A/G Fat

Volume 250.3±194.5 cm3

Mass 235.9±183.1 gr

Cutoff mass 350 gr

Endocrine 2014 (47)

ROI Visceral fat

Increased visceral fat
predicts the 

development of 
metabolic syndrome, 

T2DM, cardiovascular risk



OBESITY SUBTYPES

BMI
(Kg/m2)

≥4018,5

30

25
35

NW

MHO
MONW

SO

MAO

NW : normal weight metabolically healthy and normal visceral adipose tissue (VAT)
MHO : metabolically healthy obese : high BMI and healthy metabolic profile+low VAT
MAO : metabolically abnormal obese : high BMI, abnormal metabolic profile, high VAT
SO : sarcopenically obese, loss of muscle mass, high VAT, high risk of metabolic alteration
MONW : metabolically obese normal weight : high VAT and normal BMI

Mayoral etal. Ind J Med Res 2020



Obesity is a complex disease
Drivers of obesity

1. Sharma AM et al. Obes Rev 2010;11:362–370; 
2. Chesi A et al. Trends Endocrinol Metab 2015;26:711–721

• Central nervous system 
pathways
–Hunger and reward

• Neuroendocrine signals
– Long-term

– Short-term

• High heritability 
of body weight, especially at 
BMI extremes

• Genes in hypothalamus 
leptin-melanocortin pathway

• Single genetic mutations 
leading to obesity are rare, but 
variations in many genes may 
predispose to obesity

• Socio-cultural factors
– Traditions, belief systems, 

peer pressure

• Socio-economic factors
– Education level

–Affordability of healthy food

• Food environment
–Availability of inexpensive, 

highly palatable food with high 
fat, sugar and salt content





Metabolic dysfunction: the metaflammation



Bray et al. Endocrine Review 2018



Approximately 80% of all body fat is in the subcutaneous depot and lies just under the skin primarily 
around the waist, in the subscapular area, and in the gluteal and femoral (thigh) areas. Visceral fat, 

accounting for 10–20% of total fat, is in the abdomen primarily in the omentum and mesentery but also 
in perirenal, gonadal, epicardial, and retroperitoneal depots



E2/ERα regulates HIF-1 activity in adipose tissues by promoting transcription of a specific prolyl 
hydroxylase domain enzyme (PHD3)



Obesity is a chronic condition/disease with 
serious implications for life expectancy1

*Based on a meta-analysis of 57 international prospective studies predominantly based in Europe, the United States, Israel and 
Australia, including BMI information for 
894,576 adults. BMI, body mass index
1. Prospective Studies Collaboration. Lancet 2009;373:1083–1096

BMI 30–35 kg/m2 BMI 40–50 kg/m2

Life expectancy 
reduced 
~3 years

Life expectancy 
reduced 

8–10 years

Each 5 kg/m2

higher BMI

~40% higher mortality rate 
for ischaemic heart disease, stroke 
and other vascular diseases*

BMI

Healthy weight Overweight Obesity

18.5 25 40+

Severe obesity

30



Homeostatic regulation of appetite

α-MSH, α-melanocyte stimulating hormone; AgRP, Agouti-related peptide; CART, cocaine- and amphetamine-
regulated transcript; GLP-1, glucagon-like peptide-1; MC3/4R, melanocortin 3/4 receptor; NPY, neuropeptide Y; OXM,
oxyntomodulin; POMC, pro-opiomelanocortin; PP, pancreatic polypeptide; PYY, peptide YY; Y1/Y5R, Y1/Y5 receptor
Adapted from: Badman et al. Science 2005;307:1909–14; Seo et al. Endocr J 2008;55:867–74; Secher et al. J Clin
Invest 2014;124:4473–88
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Physiological responses to weight loss 
favour weight regain

CCK, cholecystokinin; GLP-1, glucagon-like peptide-1; PYY, peptide YY 
Schwartz A et al. Obes Rev 2010;11:531–547; Sumithran P et al. N Engl J Med 2011;365:1597–1604

 Hunger
 Desire to eat

Resting energy expenditureEnergy intake

 GLP-1,  CCK, 
 PYY, Ghrelin

Gut

Adipose tissue

 Leptin



A new actor on stage : the gut microbiota



MICROBIOTA



Microbiota and obesity : the mouse model



Treatment options



Treatment options for people with obesity: weigh loss target 

Lifestyle modification 
(diet, ph. exercise)1 Gastric 

band2

Gastric 
bypass2

Pharmacotherapy 
plus lifestyle 
modification1

0 3 8 3216

Weight loss (%)

Gastric 
sleeve2

25

1. Jensen MD et al. Circulation 2014;129(25 Suppl. 2):S102–38; 2. Courcoulas AP et al. JAMA 2013;310:2416–2425

5-20



Van den Berg SM et al. Endocrine Review 38:46-68,2017

DEPOSIT LOCATIONS OF BROWN FAT TISSUE IN 
HUMAN AND MOUSE



IRISIN
The health promoting hormone

PHYSICAL EXERCISE INDUCES THE RELEASE OF PPARγ coactivator-1α (PGC1α) FROM THE SKELETAL 
MUSCLE TISSUE THAT INCREASES THE EXPRESSION OF FIBRONECTIN TYPE III DOMAIN 5 (FNDC5) WHOSE 

CLIVAGE BY UNKNOWN PROTEASE INDUCES IRISIN RELEASE

Panati K et al. ERMPS 2016

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwikpcDQwYvSAhXBuBoKHVDTAE4QjRwIBw&url=http://fittipdaily.com/irisin-and-fat-loss-14584/&psig=AFQjCNGBO_WSYgsM85WjdGoh2F3hL2r6MA&ust=1487021583769055


EXERCISE MODULATES THE ENDOCRINE CROSSTALK BETWEEN 
MUSCLE AND ADIPOSE TISSUE





Wadden TA et al. N Engl J Med 2005;353:2111–2120

Data are mean ± standard error
Pharmacotherapy: Sibutramine; Pharmacotherapy alone: Patients received a daily dose of 15 mg/day; Lifestyle modification alone: Patients attended 30 
lifestyle
counselling sessions; Pharmacotherapy + brief therapy: Patients were given sibutramine and received brief lifestyle counselling; Combined therapy: Patients
received sibutramine and attended 30 lifestyle counselling sessions

Pharmacotherapy in addition to diet and exercise can help patients 
achieve clinically relevant weight loss

Lifestyle modification alone

Pharmacotherapy alone 

Combined therapy

Pharmacotherapy + 
brief lifestyle modification 

0

–2

–4

–6

–8

–10

–12

–16

–14

0 3 6 10 18 40 52

W
e
ig

h
t 

c
h
a
n
g
e
 (

k
g
)

Weeks

Sibutramine is not approved for weight management in the EU



Randomized controlled trial data and weight loss 

Bray GA et al. Endoc Review 2017



Differences in energy intake 
relative to placebo (kJ)

Meta-analysis

Beglinger et al. (unpublished a) (n=15)

Beglinger et al. (unpublished b) (n=12)

Flint et al. 2001 (n=17)

Gutzwiller et al. 1999b (n=12)

Gutzwiller et al. 1999a (n=16); 1.50 pmol/L

Gutzwiller et al. 1999a (n=16); 0.75 pmol/L

Gutzwiller et al. 1999a (n=16); 0.38 pmol/L

Long et al. 1999 (n=10)

Näslund et al. 1999 (n=8)

Näslund et al. 1998 (n=6)

Flint et al. 1998 (n=19)

–4000 –2000 0

GLP-1 reduces energy intake in humans

Data are mean and 95% CI

CI, confidence interval; GLP-1, glucagon-like peptide-1

Adapted from: Verdich C et al. J Clin Endocrinol Metab 2001;86:4382–4389

On average, 
energy intake was 
reduced by 727 kJ 

(95% CI: 548–908 kJ) 
during GLP-1 infusion, 

corresponding to a 
reduction of ~12%



Arcuate
nucleus

POMC/ 
CART

NPY/ 
AgRP

HungerSatiety

Appetite

Liraglutide

Liraglutide reduces hunger and increases satiety via 
neurons in the arcuate nucleus

AgRP, agouti-related peptide; CART, cocaine- and amphetamine-regulated transcript; NPY, neuropeptide Y; POMC, pro-
opiomelanocortin
Secher A et al. J Clin Invest 2014;124:4473–4488; van Can J et al. Int J Obes (Lond) 2014;38:784–793



Cardiovascular changes



Atherosclerosis and risk of adverse cardiovascular events increase in postmenopausal women 
due to VAT production of proinflammatory cytokines and adipokins



Urogenital Symptoms and sexual dysfunction





Excitatory Systems of the Brain

Opioids Serotonin (5-HT)

Cell bodies in the raphe nuclei
Ascending projections to hypothlmic limbic and 
cortical regions
Descending projections to spinal cord

Cell bodies in the periarcuate regions of 
hypothalamus and brainstem
Diffused projections to hypothalmic limbic, 
cortical, midbrain and brainstem regions





Hypoactive Sexual Desire Disorder HSDD
Increased activation of prefrontal cortex increased inhibition

of sexual desire



Proposed flow chart for the management of 
sexual dysfunction in menopause

Scavello et al. Medicina 2019



Muscoloskeletal symptoms



Postmenopausal osteoporosis



Proinflammatory Cytokines & CCR2 Promote 
Estrogen-deficient Bone Loss





Central nervous
system related

symptoms

Weight and 
metabolic
changes

Cardiovascular
Changes

Urogenital
symptoms

Sexual
dysfunction

Musculoskeletal
symptoms

Skin, mucosal
and hair
changes

Estrogens and aging



KEY POINTSKEY POINTS
1. Lack of estrogens in aging has a substantial effect on the quality of life on 
women and on performance at the workplace; increased awareness of symptoms
and acquisition of coping strategies might help

2. Certain symptoms might serve as markers for future health; severe vasomotors
symptoms and sleep disorders may increase cardiovascular risk, whereas severe 
vasomotor symtoms and depression might affect cognitive function

3. Individual factors such us ethnicity, personal history, current helth status (body 
composition) and socioeconomic condition considerably worsen a woman’s
experience of estrogen depletion in aging

4. Health-care providers should offer education to women on improving
modifiable lifestyle factors to reduce the risk of future illness

5. Loss of estrogens is linked to the ageing process


