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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
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ESTROGEN SIGNAL ON THE TARGET CELL
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STEROID RECEPTOR SUPERFAMILY

Hinge
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GENOMIC / NONGENOMIC ESTROGENS PATHWAYS
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The Estrogen Receptor-Alpha

DNA-binding
Regulatory domain domain Hinge Hormone-binding domain

180 263 302 595
Transcription activation DNA-binding  Nuclear Heat shock protein binding Conformational
function-1 (TAF-1) dimerization  localization Hormone binding influence

Transcription activation function-2 (TAF-2)

The Estrogen Receptor-Beta

Regulatory DNA-binding
domain domain Hinge Hormone-binding domain

1 104 485
DNAbinding  Nuclear Heat shock protein binding Conformational
dimerization  localization Hormone binding influence

Transcription activation function-2 (TAF-2)
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Menopause : change in steroid synthesis and signalling pathways

Before Menopause After Menopause

(menstrual cycle) (no menstrual cycle)

High

Hormone Level

Progesterone

Central nervous system Skin, mucosal and hair changes
* Vasomotor symptoms * Reduced skin thickness

= Sleep disruption * Reduced elasticity

* Depression and anxiety = Reduced hydration

* Cognitive changes * Increased wrinkling

* Migraine * Hair loss

Weight and metabolic changes
* Weight gain

® Increased visceral adiposity

* Increased waist circumference

Sexual function
* Decreased sexual desire
* Dyspareunia

Urogenital system

= Vaginal dryness

= Vulvar itching and burning

* Dysuria

= Urinary frequency

= Urgency

* Recurrent lower urinary
tract infections

Musculoskeletal system
* Joint pain
* Sarcopenia




Perimenopause staging

___ stage | Notes

Early menopausal transition Persistent irregularities of the menstrual
cycle
Late menopausal transition Intermenstrual cycle 260 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



Vasomotor symptoms and

Brain neuroendocrine changes in menopause

Sleep disruption

1FSH
tLH
lE,

1 Noradrenaline
| Dopamine

| Serotonin

| B-endorphin

Anterior hypothalamus Posterior hypothalamus

LH
FSH

During aging:
Menopause: E; §
Andropause: T §
Adrenopause: DHEA §

Somatopause: GH/IGF-1 §

Mood and Cognitive functions
Libido and sexual arousal
Neuroendocrine activity

T LH | Dopamine
= ACTH | Serotonin

| Androstenedione
| Testosterone

(5

G FSH 1 Noradrenaline | GABA-ergic functich

| B-endorphin
| Allopregnanolone

| DHEA

| DHEAS
1= Cortisol

tCortisol/DHEA
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Weight and metabolic changes



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

sagittal (center) planes

A Human Adipose-Tissue Depots

Frontal View

Brown or beige
adipocytes
Cervical
Supraclavicular
Paravertebral
Axillary [
Retroperitoneal \
and perirenal

<

Adipose depots

(other)
Retro-orbital
Marrow
Dermal

White adipocytes
(subcutaneous)
— Cranial

—— Facial

—— Upper limb

—— Thorax

—— Abdominal ——
—— Gluteofemoral

Sagittal View

\ White adipocytes
(visceral)
Epicardial
Omental
‘\\Mesenteric

1 Perirenal

Gonadal

Axial View

Age 37yr
Waist circumference 91 cm
Visceral fat 98 cm?
Subcutaneous fat 274 cm?

Age 82yr
Waist circumference 91 cm
Visceral fat 190 cm?

Subcutaneous fat 162 cm?




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

B Types of Adipocytes

C Thermogenesis in Adipose Tissue

White adipocytes

» Energy storage

« Thermal insulation

« Mechanical protection
- Endocrine organ

Beige/brite adipocytes

Cold and adrenergic
stimulation lead to
transition from
white-like to
brown-like functions

Brown adipocytes
« Thermogenesis
- Endocrine organ
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WAT Adipokines

Factors released by WAT

Components of WAT Organ systems affected by WAT adipokines

T cell

M2 macrophage M1 macrophage

Adipokines or hormones

Appetite, satiety, EE,

Preadipocyte - Leptin temperature, activity,
- Adiponectin glucose metabolism
« Resistin
+ Hepcidin Immune cell attraction,
- RPB4 differentiation, systemic
- Estrogen inflammation, wound

healing

Cytokines
« TNF-a
« MCP-1 Blood pressure, heart
. CCL2, CXCL8 muscle contractility,

4 Eosinophil Dendritic cell
L AN '

\.

« Interleukin-1, interleukin-6

Enzymes or inhibitors
« LPL

smooth muscle tone

Insulin sensitivity, lipid
accumulation, hepatokine

« DPP-4 release, lipid metabolism,
. PAI-1 growth factors
Lipid transport
« ApoE Insulin secretion,
. CETP glucagon secretion
« Cholesterol
- Bile acids Absorption, incretin
secretion
Others
~ | - HIFla T itivity
) - nsulin sensitivity,
Endothelial cell Precursor ECM A‘naimdarr'nde : myokine secretion,
! . T « Lipid-derived species

lipid storage




BAT Adipokines
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Organ systems affected by BAT adipokines

12,13-diHOME
12-HEPE

Ee———

e N

N

. Interleukin-6

droplets

Central
nucleus

e

Nrg4
miR99b
Interleukin-6
IGF1

FGF21
Interleukin-6

FGF21

SLIT2-C
EPDR1

IGFBP2



Definition of obesity
* Obesity is defined as

Underweight <18.5
abnorma! Normal range >18.5 and <25
Or EXCESSIVE fat Overweight >25 and <30
accumulation that may Obesity 430
- weight (kg) |m pa | r hea |th Obesity class | >30 and <35
height (m?) . Obesity class I >35 and <40
* BOdy Mass Index (BM I) Obesity class Il 240

provides the most

i . Children/Adolescents
convenient population-

* Sex/age-specific BMI

level measure of * BMI > 95t percentile is obese
ove rweight and obesity » 85 to less than 95 percentile is
overweight

currently available

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



http://www.who.int/
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Fat/Lean weight by DXA

ROI Visceral fat

Volume 250.3+194.5 cm?3
Mass 235.9%183.1 gr
Cutoff mass 350 gr

Bone Density and Body Composition
Center
T Birch Strvet, Suite

Endocrine 2014 (47)

Increased visceral fat
predicts the
development of
metabolic syndrome,
e T2DM, cardiovascular risk

\ /
1] Visceral Adiposa Tissue
Subcutonsous Adipose Tissue




OBESITY SUBTYPES

18,5

30
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

Physiologicall

* Central nervous system
pathways
—Hunger and reward

* Neuroendocrine signals
—Long-term
—Short-term

Drivers of obesity

* High heritability * Socio-cultural factors
of body weight, especially at —Traditions, belief systems,
BMI extremes peer pressure

« Genes in hypothalamus * Socio-economic factors
leptin-melanocortin pathway —Education level

— Affordability of healthy food

* Single genetic mutations _
leading to obesity are rare, but ° Food environment

variations in many genes may —Availability of inexpensive,
redispose to obesit highly palatable food with high
P P Y fat, sugar and salt content

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



Obesity Is Associated With Multiple
Comorbidities

CVD
Atherosclerosis risk factors (eg,

. hypertension, dyslipidemia
Cerebrovascular disease Hw_ ' ‘v‘__ : )
Coronary artery disease

Pulmonary disease Gastroesophageal reflux
Obstructive sleep apnea disease

The majority of

Hepatic disease obese individuals
NAFLD
may develop

Cancer

comorbidities [ _ _
Gallbladder disease Br?ast Liver
Colon

Renal
Esophageal Prostate

Reproductive abnormalities
Infertility

Erectile dysfunction Osteoarthritis/chronic pain

a. Catenacci VA et al. Clin Chest Med. 2009;30:415-444,
b. Calle EE et al. N EnglJ Med. 2003;348:1625-1638.
c. Bluher M. Exp Clin Endocrinol Diabetes. 2009;117:241-250.



Metabolic dysfunction: the metaflammation

Lean with normal
metabolic function

« Inflammation
« Metabolic control
«» Vascular function

4

M2 macrophage

Adipocyte

Blood vessel

CD4* Tcell

Obese with mild
metabolic dysfunction

T Inflammation
4 Metabolic control
«» Vascular function

CDs*
Tcell =)

M1 macrOphage|

Adiponectin
SFRP5

Anti-inflammatory adipokines

Necrotic

Obese with full

metabolic dysfunction

™ Inflammation
44 Metabolic control
4 Vascular function

structure

Crown-like1 1

Pro-inflammatory adipokines
Leptin
Resistin
RBP4
Lipocalin 2

ANGPTL2  CCL2

TNF CXCL5S
IL-6 NAMPT
IL-18

Nature Reviews | Immunology



Healthy body composition

1 Positive fat balance
Contractile
dysfunction
Subcutaneous A
fat expansion
Constitutional limit to or Additienal positive ; l‘lﬂlﬂ ‘
subcutaneous fat expansion fat balance : A
Increased cytokine release
: A Dysfunctional Increased FFA release
-—— S ———
Decreased adiponectin release subcutaneous fat Decreased TG storage
Increased angiotensinogen
Hypertension
Ectopic lipids —~
\ Furtl‘l:tres:bc:sh;::'eous Increase portal FFA
Increased 4— e ¥: and IL6
vascular volume : ;
Expansion of ectopic -
/ ! (visceral) adipose stores > | Liver Muscle
Increased Increased i Islets
estradiol body mass i
'Dyshpldemla Peripheral insulin
/ Increased increased CRP resistance
Y pharyngeal fat Increased glucose Reduced insulin
Breast/Endometrial Osteoarthritis l production SECIBUON
cancer \ /
Sleep apnea Diabetes mellitus

© 0B Eacer Aowses EMDOCRAE S00ETY

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

b Visceral b Subcutaneous fat

& c
B



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

Increased Energy Intake

Increased @ @
Estrogen > Activity of PHD3 l
OH
Proteolyt.ic : ‘ '
degradation

ACCTGC | Target gene
Hypoxia

reonse. |
%}‘éé /{‘1' Oz)\

Healthy adipose tissue Unhealthy inflamed, fibrotic adipose tissue




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

Life expectancy Life expectancy
reduced reduced
~3 years 8-10 years

BMI 30-35 kg/m? BMI 40-50 kg/m?

Healthy weight Overweight Obesity Severe obesity

ovi - CEE I D

A0, L .
Each 5 kg/m? 40-4 hlghet.‘ mortallty rate
. for ischaemic heart disease, stroke
higher BMI . *
and other vascular diseases

*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



Homeostatic regulation of appetite

Anorexygenic Orexygenic
CCK Ghrelin |
PYY OX-A/B
OXM Cannabinoids nphetamine-

stide Y; OXM,
> receptor
r et al. J Clin




Physiological responses to weight loss
favour weight regain

Energy intakeI 5‘ I lResting energy expenditure
® o - & Sy

7~

1t Hunger
1} Desire to eat

s Leptin

Adipose tissue

WV GLP-1, W CCK,
WV PYY, A\ Ghrelin

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



A new actor on stage : the gut microbiota



MICROBIOTA

Medicine

genetics



Microbiota and obesity : the mouse model

{

A
/ | “ —
\\ | - high-fib
A 4 Increased adiposity

o Microbiota  Recipient mice
Obese twin ¢ ansplant ?




Treatment options



Treatment options for people with obesity: weigh loss target

Lifestyle modification
(diet, ph. exercise)! Pharmacotherapy Gastric Gastric Gastric

plus lifestyle band? sleeve? bypass?

modification?

0 3 8 5-20 16 25 32
Weight loss (%)

1. Jensen MD et al. Circulation 2014;129(25 Suppl. 2):5102-38; 2. Courcoulas AP et al. JAMA 2013;310:2416-2425



DEPOSIT LOCATIONS OF BROWN FAT TISSUE IN
HUMAN AND MOUSE

Interscapular

Neck

Supraclavicular
Periaortic
Paravertebral
Perirenal

j Cervical

Axillary
Interscapular

Periaortic
Perirenal

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



IRISIN

The health promoting hormone

PHYSICAL EXERCISE INDUCES THE RELEASE OF PPARYy coactivator-1a (PGCla) FROM THE SKELETAL
MUSCLE TISSUE THAT INCREASES THE EXPRESSION OF FIBRONECTIN TYPE 11l DOMAIN 5 (FNDC5) WHOSE
CLIVAGE BY UNKNOWN PROTEASE INDUCES IRISIN RELEASE

o 'o~
L 2

2

&5 \ WAT

Exercise

PGCla

protégse

A \\@

1
5
. . ) Thermogenesis ' '
Insulin resistance <

Panati K et al. ERMPS 2016
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EXERCISE MODULATES THE ENDOCRINE CROSSTALK BETWEEN
MUSCLE AND ADIPOSE TISSUE

BROWN ad pose tl ssue

._: ,m%

Norepinephrine

(
/

e
® nucleus

) Lipid droplets

= Mitochondria

BRITE adipose thsue . WHITE adipose tissue




How much activity do | need?

Moderate-intensity aerobic activity Muscle-strengthening activity
Anything that gets your heart beating Do activities that make your muscles
faster counts. work harder than usual.

at least

] 150 |

minutes

Tight on time this week? Start with just 5 minutes. It all adds up!

Or get the same benefits in half the time. If you step it up to vigorous-intensity aerobic

activity, aim for at least 75 minutes a week.




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

Pharmacotherapy alone
Lifestyle modification alone

Pharmacotherapy +
brief lifestyle modification

Combined therapy

,

b otet

Weight change (kg)

4 —

-16 T T T T T 1
0 3 6 10 18 Weeks 40 52

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

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

Sibutramine is not approved for weight management in the EU



Percent change in body weight (£SE)

Randomized controlled trial data and weight loss

Orlistat

—&- Placeho tid
—o- Orlistat 120 mg tid

Weight loss (kg)

L | ; | |
[ [='s] (=] L= (]
L L I 1 L

[

Lorcaserin Liraglutide
O_-'1
A \
T+ 3o
N L1 2 5 N
= Sy
[&] .
5 T
l““H = -104
+ 11 —&- Placebo =
—o- Cross-over —#- Placebo lifestyle
—& Continuous -o— Liraglutide lifestyle
-15

10 20 30 40 50 60 70 80 90 100110
Week

Mildly hypocaloric  Weight maintenance

0 8 1624 32 40 48 56 64 72 80 88 96104

Weeks of treatment

0 4 8 12162024 2832 36 40 44 48 52 56
Weeks

Naltrexone/Bupropion

& Placeho

diet (eucaloric) diet
Phentermine/Topiramate
0 0%
-2
-2
4 -8 Placeho =
= - —%- Phen 7.5 + Top 46 mg 2 4
v —&- Phen 15.0 + Top 82.0 mg =
g 8 z
£ 10 2 -6
g {24
-84
144
'10 1 T T 1 T T T '15
0 3 18 24 32 40 48 68 0

Weeks of treatment

Weeks of treatment

Bray GA et al. Endoc Review 2017



GLP-1 reduces energy intake in humans

Flint et al. 1998 (n=19)

Naslund et al. 1998 (n=6)

Naslund et al. 1999 (n=8)

Long et al. 1999 (n=10)

Gutzwiller et al. 1999a (n=16); 0.38 pmol/L
Gutzwiller et al. 1999a (n=16); 0.75 pmol/L
Gutzwiller et al. 1999a (n=16); 1.50 pmol/L
Gutzwiller et al. 1999b (n=12)

Flint et al. 2001 (n=17)

Beglinger et al. (unpublished b) (n=12)
Beglinger et al. (unpublished a) (n=15)
Meta-analysis

I
-4000

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

1
-2000

Differences in energy intake
relative to placebo (kJ)

On average,
energy intake was
reduced by 727 kJ

(95% Cl: 548908 kJ)
during GLP-1 infusion,
corresponding to a
reduction of ~12%



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

Appetite ‘v
O
©

*

t &
CART AgRP 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
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Urogenital Symptoms and sexual dysfunction



Healthy vagina Vaginal atrophy
and uterus

/

H

[Estradiol]

) Estrogen

structure
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Thin vaginal wall

Pale, dry, smooth
vaginal lining

Shorter vaginal canal




Excitatory Systems of the Brain

)

Opioids

Hypothalamus
P
PPOMC/CART neurons NPY/AGRP neurons
inhibit food intake stimulate food intake
Arcuate
Nucleus

Cell bodies in the periarcuate regions of
hypothalamus and brainstem

Diffused projections to hypothalmic limbic,
cortical, midbrain and brainstem regions

Frontal cortex

Functions

+Reward (motivation) +Mood

+Pleasure, euphoria <Memory pr¢ g
«Motor function (fine tuning) Sleep

+Compulsion «Cognition
+Perseveration

Cell bodies in the raphe nuclei

Ascending projections to hypothlmic limbic and
cortical regions

Descending projections to spinal cord



Striatum

Frontal cortex o
Substantia nigra

Nucleus

accumbens Hippocampus

Dopamine pathways Raphe Serotonin pathways
e nucleus i
Functions Functions

-Reward (motivation) -Mood

+Pleasure, euphoria -Memory processing
«Motor function (fine tuning) Sleep

«Compulsion «Cognition

+Perseveration



Hypoactive Sexual Desire Disorder HSDD

Increased activation of prefrontal cortex ==» increased inhibition
of sexual desire

." |
\"\“\ 2 ”




Proposed flow chart for the management of

sexual dysfunction in menopause

First-line approach

- Addressing
modifiable factors

* Sexual education

-Non-pharmacologic ¢ Partner involvement

intervention

Mild symptoms or
contraindications to
hormonal therapy

- Non-hormonal local
therapies for GSM

- Psychological

Moderate to severe
symptoms not responsive
to non-hormonal therapy

¢ Vaginal lubricants and moisturizers
 Laser therapy (off-label)
¢ Pelvic floor physiotherapy

. : * Dilators
interventions for . h tive-behavioral
HSDD/other SDs Sex therapy, cognitive-behaviora
therapy
* Local estrogens
- Local hormonal * Intravaginal prasterone
Therapy for GSM/VVA (DHEA)
- Pharmacologic * Transdermal testosterone
intervention for (off label)
HSDD/other SDs e Central nervous system
agents (off label)
Moderate to severe - Oral Ospemifene
dyspareunia; not eligible - Oral CEE/BZA
for local estrogens

Scavello et al. Medicina 2019



Muscoloskeletal symptoms



Postmenopausal osteoporosis




Proinflammatory Cytokines & CCR2 Promote
Estrogen-deficient Bone Loss

Bone
Estrogen &‘
T Cells \ ,

Estrogen  INCREASED RANK EXPRESSION

L TNE-o, IL-1, 116

- (CR2 RANKg * .
INCREASED RANK L EXPRESSION g

TRANCE/
RANK L

Osteoclast Precursor Cells

: . \ Activated Osteoclasts
Osteoclast Precursor Cells

Boe © R&D Systems, Inc.
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Cardiovascular
Central nervous Changes Sexual

system related dysfunction
symptoms

Estrogens and aging

Musculoskeletal

Weight and
symptoms

metabolic
changes

Skin, mucosal
and hair
changes

Urogenital
symptoms




KEY 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



