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Energy balance
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Obesity

WHO:

0Obesity is a chronic complex disease defined by excessive fat deposits
that can impair health.

Obesity can lead to increased risk of typadiabetes and heart disease,
It can affect bone health and reproduction, it increases the risk of certain cance

Obesity influences the quality of living, such as sleeping or mosing.

Obesity: World Health Organization (WHO) Available fidips://www.who.int/news-room/fact-sheets/detail/obesityand-overweight

Updated7 May 2025


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

Prevalence of Obesity

In 2022
1/8 people A obesity
adult (agedxl8years) obesity 2 times sincel990
adolescent obesityn times sincel990
Adults
2.5Dbillion adults @3%)A overweight
890million (16%)A obesity
children (aged § years) and adolescents (agédl19 years)
>390million A overweight
160million A obesity
In 2024
35million childrenA overweight

Obesity: World Health Organization (WHO) Available ftgtps://www.who.int/news-room/fact-sheets/detail/obesityand-overweight

Updated7 May 2025
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Change from 1990 to 2022 Prevalence in 2022
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Avallable Metabolic Fuels in a Norma&YVeight 70 kg Man and
In an Obesel40kg Man at the Beginning of a Fast

Caloric equivalent Estimated survival
Type of fuel Weight (kg) (thousands of kcal (kJ)) (months)*
Normal-weight, 70 kg man
Triacylglycerols (adipose tissue) @ 141 (589)
Proteins (mainly muscle) 24 (100)
Glycogen (muscle, liver) 0.225 0.90 (3.8)
Circulating fuels (glucose, fatty acids, 0.023 0.10 (0.42)
triacylglycerols, etc.)
Total 166 (694) 3
Obese, 140 kg man
Triacylglycerols (adipose tissue) 752 (3,140)
Proteins (mainly muscle) 8 32(134)
Glycogen (muscle, liver) 0.23 0.92 (3.8)
Circulating fuels 0.025 0.11 (0.46)
Total 785 (3,280) 14
*Survival time is calculated on the assumption of a basal energy expenditure of 1,800 kcal/day.
Table 23-5
Lehninger Principles of Biochemistry, Fifth Edition . L . .
©:2008 W.H; Freeman and Companiy LehnignerPrinciples of biochemistry

TAGsstored in the adipose tissue of a normateight adult could provide enough fuel
to maintain a basal rate of metabolism fd& months.
A very obese adult has enough stored fuel to endure a fast of more than a year.

15
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Obesity: Chronic inflammatory state

\
\

Healthy Adipose Tissue Obese Adipose Tissue Fibrotic Adipose Tissue

Macrophage and mast cells Adipocytes enlarge during If hypoxia is not relieved,

are present in low numbers obesity creating acute macrophage and mast cells are

and blood vessels are near hypoxia. Enlarged adipocytes attracted to the area, adipocytes

all cells. begin producing undergo cell death, and excess

proinflammatory chemokines. ECM proteins are produced.
® > < ——
Adipocyte Dead Adipocyte Mast Cell Macrophage Blood Vessel Collagen Fiber

Proinflammatory chemokinestumor necrosis factoralpha (TNF Gn8ucible nitric oxide synthaseOS,
interleukin 6 (IL-6), interleukin8 (IL-8), Greactive protein, transforming growth factor betd (TGF 1),
soluble intercellular adhesion molecule (ICAM), and monocyte chemoattractant profiejfMCR1)

DeBarj M.K.; Abbott, R.D. Adipose Tissue Fibrosis: Mechanisms, Models, and Impdriankeéviol. ScR020Q, 21, 6030. https://doi.org/10.3390/ijms21176030
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EXERCISE
PHYSIOLOGY

Seventh Edition

NUTRITION, ENERGY, AND HUMAN PERFORMANCE
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Weight Classification

M Underweight _ | Healthy weight [l Overweight ] Obese | Moderately to
morbidly obese

Figure 28.2 « Body mass index (BMI), weight classifications, and associated health
risks.



How to classify
Obesity?
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Classification of Obesity

Category CaucasiaBMI Asian BMI
(Kg/m?) (Kg/m?)
Underweight <18.5 <18.5
Normal weight 18.524.9 18.522.9
Overweight 25-29.9 23-24.9
Obese Xonon X H P
Obese class | 30.00- 34.9 25.0-29.9
Obese class Il 35.00-39.9 Xonaon
Obese class Il Xnnonn "Ep'dpjwb“dw"'lo:gfo&; el

WHQO2016 The Asigacific perspective: Redefining obesity and its treatme00
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Classification of Obesity

4 )

Asian compared to western people

% % Body fat for the same age and sex and BMI

HRisk factors for type 2 DM and cardiovascular diseases in the same}Ml

\*

WHO2016 The Asigacific perspective: Redefining obesity and its treatm&000



Anthropometric data

Waist circumferenceand waist to hip ratio
Highly associated with
Abdominal or central obesity
HRisk of metabolic syndrome, cardiovascular diseases, chronic
diseases

Better indicator of obesity related diseasesBMI

23



24

Waist circumference

Waist circumference measurement sites for men and women based on World
Health Organization (WHO) and National Institutes of Health (NIH) protocols

WHO

WHO
NIH

NIH

|

Note: Following the WHO protocol, the measure is taken midway between the highest point of the iliac crest and the bottom of the
ribcage. Following the NIH protocol, the measure is taken at the highest point of the iliac crest.

Patry-Parisien], Shields M, Bryan S. Comparison of waist circumference using the World Health
Organization and National Institutes of Health protocols. Health reports. 2012;23):53
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Adiposity measurements

% Skinfold thickness
% Relativedfatness or
% To assess the size of specific subcutaneous fat depots

Bicepsskinfold  Tricepsskinfold Subscapulaskinfold  Suprailiacskinfold
(front side middle (back sidemiddle  (under the lowest (above the upper
upperarm) upperarm) point of the bone of the hip)

shoulder blade)
zo™
:'4u,.? ""t‘t"f
i
-3

http://www.copdplatform.com/i https://nutritionalassessment.mu http://www.copdplatform.com/in https://encrypted
ndex.php?pg=homeffmi-and- mc.nl/en/skinfoldmeasurements dex.php?pg=homeffmi-and- tbn0.gstatic.com/images?g=tbn: ANGcSmMINARS
mamecskinfoldmeasurement mamecskinfoldmeasurement MGBWpbEyYOIMTESVHZosHf&x60sY paes4bfvV




Adiposity measurements

% Bioelectrical Impedance Analys{BIA

% Commonly used method for estimating body composition, in
particular body fat and muscle mass

% A weak electric current flows through the body and the voltage is
measured in order to calculate impedance (resistance) of the body.

% In recent years, BIA is more reliable and more acceptable way of
measuring body composition.

% Dual energy Xay absorptiometry(DXA
% Measures bone mineral mass, FM, and FFM

% Magnetic resonance imaginfMRI)
% Estimates the volume rather than the mass of adipose tissue

% DXA and MR(not BIA) - reference method in body composition analysis

27
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Criteria for diagnosis of metabolic syndrome

3out of 5

1. Waist circumference
#102cm in male oni88 cm in female
Orx90cm in male ori80cm in femalein Asians

2. Triglyceridex150mg/dl
3dHDIL-cholesterol

<40 mg/dl in male or<50 mg/dl in female

4. BPXL30/85mmHg
5. FBSKLOOmg/dl or diabetes

SulistiowatiE,SihombingVl. NCEFATP Il and IDF criteria for metabolic syndrome predict /gabetes mellitusUniversaMedicina 2016
May 18;35(1):46-55.



Treatment for overweight and obesity in adult populations:

a systematic review and metanalysis,2014

3 principal findings:
1. Everyl kg of weight loss (people with impaired glucose tolerance)
@ 16%Incidence of type2 DM

2. Weight outcomes
No significant difference betweeehavioraland pharmacologic

Pharmacologic treatments >> potential adverse outcomes

3. Modest weight reduction
Loss ofib% andxL0%of baseline body weight
Clinically important effects
@ 38%lncidence of type2 DM in prediabetic populations

(Peirson L et al., 2014)

29
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Energy balance

http://higheredbcs.wiley.com/legacy/college/smoli@47
052474X/practice_quiz/sml@_ch07_pg_files/q35-1.png
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Energy balance

ObeSIty Weight maintenance

Weight gain Weight loss
Food intake Energy expenditure
i

http://www.precisionnutrition.com/wordpress/wpcontent/uploads2009 04/energy-balancecontinuum.jpg



QUIZ

Dietvs. Exercise

Which one hasnore impact
on weight los$

1. Diet
2. EXxercise



Males | Females
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Figure 1—Percentage changes in body weight in males and females
according to treatment effects of diet and exercise (DE), diet (D),
exercise (E), and conirol (C)- Hagan RD et al. Sci Spdercl98618:87c94
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QUIZ

What is themayjor factor
determiningenergy expenditur@

1. BMR
2. Exercise

3. Thermic effects of food
4. Non-exercise activity thermogenesis (NEAT)

37



Energy output

Energy output

= Basal metabolic rate (BMRD-70%

+ Spontaneous physical activities (PA)-30%

+ Thermogenesis (Harrison's Principles of Internal Medicin&" e)

= BMR70% + Active PA-10%
+ The energy cost of metabolizing and storing food
+ Adaptive thermogenesis

= External work (PA) + internal heat production (BMR + Diet induced

thermogenesis DIT)g stored energy (Human physiology® e, 2010

38
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Energy output

" Bemmde NKI IE ESMNK n E)

100—

Exercise delilo # Continuous activity at an intensity which
il Energy HoxXygen consumption or heart rate to an
7 NEAT expenditure

\ appropria‘te training |eve| C Tasperseret al. , Public Health RefL,

985, PetrellaRJ et al. Diabetes Car2005 )

Thermic effect of meals

50—

/* Non-exercise activity thermogenesiNEAT )
E N & E Kksbss NE E NJ
#Energy expenditure due tphysical activitiesother
5

o o than active sportslike exercise and resistance training
ttp://4.bp.blogspot.comtobEju6EG; . ] i . ) i -
zomeFmPhBcgoliaasaasaExaeus @ The main determinant of variability in total daily

H3NKQBss/s1600/NEAT_graph.png

25—

Percent of daily energy expenditure

\ energy expenditure /
% Thermic effect of meals- 10-15% % Resting metabolic rate ~ 60%
# The consumption, digestion, # Energy expenditure at rest

metabolism, and storage of food

James A. Levine, Nutrition Revie®804



Basal metabolic rate (BMR)

% Amount of energy expended while at rest

% Vital activities (respiration, pumping of blood around the body,

maintenance of body temperature, brain function, etc.)
% In a neutrally temperate environment
% Postabsorptive state(inactive digestive system ~ 12 hours fasting)
% BMR/body surface aregCal/nv/ hr)

% Closely related taesting metabolic ratls(lRMR)

40
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Factors determining BMR

Genetics

Gender Male (rhmuscle mass fat) > Female

Age @~ 2 %/decadeafter 20years

Weight the heavier weightthe higher BMR

Height the taller, the higher BMR

Body Surface Aredhe greater BSAthe higher BMR
%Body Fatthe lower % body fatthe higher BMR

Fasting starvation, serious abrupt calorigeduction, restrictive low-

calorie weight loss diet#&, dramatically@ BMR by up ta30 %

41



Fasting in humans

The first36-60 hours
HBMR
HNE and GH production
Afterwards (72 or more)
@BMR
@ NE and GH production

42
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Factors determining BMR

9. Body Temperaturer,0.5°C body A m,BMR~7 %

10. External temperature
% Cold TA H,BMR
% Short exposure to hot ‘A Little effect on BMRcompensated byrheat loss)

% Prolonged exposure to heay ,BMR
11. Hormones ThyroxinA mHBMR
12. ExerciserhBMR(rymuscle mass)
13. Diets



the highest thermic effect of food

1.
2
3.
4
5

. Lipid

Protein

. Vitamins

. Minerals

QUIZ

Which nutrient generates

EF)?

44
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Basal metabolic rate

Thermic effects of nutrient aré-3% for faf,
5-10% for carbohydratesnd 20-30% for proteins

TappyL. Thermic effect of food and sympathetic nervous system activity in humans. Reproduction Nutrition Develd@9&86(4):391¢397.

% of Basal Metabolic Rate
30

Proteins

20

Carbohydrate

Lipm

 —

I | 1 1 N
1 2 13 g
hours following the meal

http://upload.wikimedia.org/wikipedia/commonsg3/ 81/Postprandial_thermogenesis.png
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Non-exercise activity thermogenesis (NEAT)

300 p

200

% Increase above rest

on =] | £ L r |
= E ;E = L= =] = n
- | = il - £ . =) =
= - = E & EE £ a _1—==|:. _1_=.=':"
i = '[:l: _E; ey T %E ;E ;E
o ~ i - - = =

1 mph (miles per hour) ©.44704m/s

James A. Levine, Nutrition Revie®804
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Energy balance

Weight maintenance

Weight gain Weight loss

D

Obesity!!!

Food intake Energy expenditure
757 NEAT exizfll\ggiire
e Thermic effect of meals

50—

25—

Percent of daily energy expenditure

o~

http:// 4.bp.blogspot.cony/
ObEjWEGjzo/BFmMPI8cgol/
AAAAAAAAEXA/eu8NKQB
ss/sL60OUNEAT _graph.png

http://www.precisionnutrition.com/wordpress/wpcontent/uploads2009 04/energy-balancecontinuum.jpg



Calories In Versus Calories Out:
The Amount of Exercise Required for a 150-Pound Person
to Burn Off the Calories in Some Popular Foods
Caffe Mocha
(20 0z., with
whipped cream)

Oil
(1 Tablespomn)

Playing Tennis
43 minutes

Cheese Pan Pizza
(1 Slice)

Ballroom Dandng
22 minutes

Cookie
2" la Chip Cookie
Swimming
60 minutes @
Raking
100 minutes

Brisk Walking
103 minutes

Bicycling
(9.4 mph)

16 minutes
Calories in varsus calores out: the amournt of exaerdse required for a 150-pound person to bumn off $e calories In sorme popudar foods.

EXERCISE <
PHYSIOLOGY

Seventh Edition

NUTRITION, ENERGY, AND HUMAN PERFORMANCE

% Exercise alone cannot effectively
reduce body weight
% A relatively slow elimination of
energy due to its relatively low
rate of energy expenditure
% Take a long time to exercise or
engage in physical activity to
produce the same amount of
energy as the food ingested
% Many people do not assess or are
unable to assess the energy of the
food eaten and/or the energy used i

exercise correctly.
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600 kcal
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Appetite
regulation

http://lwww.picgifs.com/clipart/activities/eating/clip-art-eating577214jpg

http://www.bestfoodfacts.org/images/tho
ught/4313895320e68c831828jpg
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Appetite, Food intake, and Feeding Behavior

Appetite

Sensations of hunger and fullness or the desire to eat food or the
state of willingness to accept food primarily for its pleasurable or

rewarding properties
Food intake
The amount of food consumed

Appetite, Food intake

[Kissileffet al., 1982]

52
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Appetite, Food intake, and Feeding Behavior

Appetite
Also regulated by shorterm and longterm control systems
Shortterm control
The initiation and termination of meals
Longterm control
Signals that reflect the status of energy stores, such as thediatived
hormone, leptin, provide information to the central nervous system
(CNS) for further regulation of feeding behaviour to promote energy

homeostasis

[Spiegelman et al2001].  [Ahimaet al.,20000]
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Appetite regulation

Cerebral Cortex

Neuron, Vol22, 221¢232, February,1999

e 1)

LHA lesion produces
aphagia and weight loss
v gy

VMH-ARC lesion produces’
hyperphagia and obesity | |
\

\
@‘
71
i
-
-
/.E’ N
N 7
e Syl

the ventromedial (VMH), arcuate (ARC) nuclei, lateral hypotha
lamic (LHA), DMH, dorsomedial hypothalamic nucleus; ME,
median eminence; OC, optic chiasm; PVH, paraventricular
hypothalamic nucleus; SCn suprachiasmatic nucleus; and SPV,
subparaventricular zone.

(%

Ventromedial hypothalamic
nucleus (VMNRcted as

a Batiety centre

\ (Hetherington andRanson1940

~

experiments in thehypothalamus,
A G 0Stft ASOSR

/* Based on early lesioning

gl a
the lateral hypothalamic area
(LHAWwasli K S W Eedt&A S N

/
.

(Hetherington andRanson1940; Anand anBrobeck1951;
Stevenson, 1970.)

-

% Later, these models were

attacked by many experiments.

(Gold,1973 Saper et al.1976 Swanson an&uypers198Q
Saper 1995 Neuron, Vol22, 221¢232, February;1999

- )
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Hypothalamus

copyrigtn T T § NOL NT T NE KOG

ME - median eminence, ARGarcuate nucleus of the hypothalamus, VMINentromedial hypothalamic nucleus,
DMN - dorsomedial hypothalamic nucleus, P\ihypothalamic paraventricular nucleus, DHAlorsal hypothalamic
area, LHA lateral hypothalamic area, PFAperifornical area 3V - third ventricle
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Appetite regulation

BERNE & LEVY

GANONGS REVIEW OF 5§21 By

WMEDICAL PHYSIOLOGY_

lNTERNATIONAL EDITION

MEDICAL
YysSiOoLOG Y

e e
L cm

y

Human PhysiolOg8Y resweril
o From Cells to Systems @

However,it has now been demonstratethat many more hypothalamic nuclei
and neuronal circuits are intricately involved in appetite regulation,
interacting with the brainstem, higher cortical centers, and peripheral factors

Suzuki KEndocrd.201057(5):359-72.
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Appetite regulation

Higher centers

! !

= = | Reward centers

Harper's lllustrated Biochemistr29e

Central controllers ot

of appetite
Psychological Ppet! Cultural

factors Increase Decrease factors

appetite /
\ NPY a-MSH

Hypothalamus

Brainstem

MCH CART ME AP @
- 1S &
AgRP GLP-1 Hormones \ \
Orexin - Serotonin ¥ Leptin v
Endocannabinoid Insulin v vallis
Cortisol '
MNPY/AgRP POMCICART \
neurons naurnsns i
MNeural afferents Gut peptides Metabolites 1 l
(vagal) CCK Glucose NPY MSH
Ghrelin Ketones Circulating
PYY l AGRP ) —(O)— l factors
Source: Murray RK, Bender DA, Botham KM, Kennelly P, Rodwell VW, Weil PA: Hart} Food intake } Food intake
Iustrated Blochamistry, 29th Edition: www . accessmedicine.com
Copyright & The McGraw-Hill Companies, Inc. Al rights reserved, Chaudhri OB, et al. 2008.
Annu. Rev. Physiol. 70:239-55

ARCarcuate nucleusNTS:Nucleustractus solitarius, ME: median eminenceAP:area postrema

Circumventricular organs (CVO©incomplete blood;brain barrier
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Homeostaticsystem & Hedonic system

CEREBRAL

CORTEX A . - . < = < —
copyrigttn I I g NOLNI T Ne KOG
@ _ REWARD
Orexigenic " SYSTEM
.' signaling I HYPOTHALAMUS
Anaorexigenic 1
signaling PVN
: (D) :
Homeostatic system Hedonic system
2 c 2nd-order DMN H
% The physiological system s sy 2?@3" % The brain's reward
. . C3/4R & .
that maintains energy tHA =5 system that influences
balance by regulating i #BDNF appetite and food intake
. L MCAR
hunger and satiety \ based on the

pleasurable sensations

based on signals from )
&
the body, such as carr 7/

associated with eating,

r—
. y Ghrelin .
hormones and nutrients. ME g;:l responding to sensory
CCKI, Vagus n, .
leptin Gastric cues and promoting the
Insulin - Leptin GLP-1, PYY, distension . .
F S55 e desire for certain foods..
e Ghrelin GI TRACT

PANCREAS ADIPOSE
TISSUE

Appetite Control



Discovery of Leptin & Leptin Era

Decreased f* Obgene encoding for a putative

food intake

peptide was identified from adipose

O \_ tissues IN1994 )
%O (Zhang et al.1994
oV &e
Leptin ( \
& % The protein was later name@:ptin
o . . .
2 @4 because it made an animal thinner
bl)ndcyr%s;iegdht Adipose tissue _ ("leptos" is the Greek word for thin))

(Halaaset al.,1995
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Fasting serum leptin (ng/ml)
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Fasting serum leptin (ng/ml)
= S

[ ]
=
1

- -
= &h = &n
1 1 1 1

-
&
1 1
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Leptin

Valle M et al.2003

(r=0.7525
P<0.001)
14 ‘I:Q Elal 21El
BMI(kg/m2) _
P %% A, " (120.6638
© Nyt P<0.001)
.':'l..f.
. ~;I-l . II- l l
0 5 10 15 20
Fasting serum mnsulin (pU /ml)

In both white adipose tissue
(WAT) (major) andrown

\_adipose tissu¢BAT)

(% Synthesized irmdipose tissue\

J

~
% Rises in proportion tdat

mass BMI, and insulin levels )

\

( )
% Peripheral signal
% @ Food intake

\_ J

4 . )
% Letpinreceptor

_ % ODbRor LepR )
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Orexigenic
neurons

Barsh and Schwanz, 2002

C]

% NPY = Neuropeptide Y

% AGRP = Agoutirelated
peptide

% POMC = Proopio
melanocortin

% CART = Cocaineand
amphetamine
regulated

transcript
% ARC = Arcuate nucleus
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Neuropeptide Y (NPY)

% A 36-amino acid peptide

% A potent central appetite stimulant

% Distributed throughout the CNS including
cerebral cortexlimbic system and

hypothalamus espARC

AnukulkitchC.,2008
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Neuropeptide Y (NPY)

Lateral Hypothalamic Area

. o SNAP7941
Second-order X \/
& downstream \ ] g :
neurons A A Food intake

? mood and anxlety

First-order
POMC neurons

" Arcuate
Nucleus

Insulln
Leptin

Stomach

Adipose
Tissue \A\O—)

http://www.nature.com/nm/journal/v8/n 8/images/nnD802779-FL.gif

% Quppresses thermogenic mechanisms
% mAdiposity
% rHWeight gain

# (@ Energy expenditure

# @ Sympathetic activity

# mmParasympathetic activity

Ruffin MP et al.1997 KotzCM et al1998 Hwa JJ et all999
Levin BE et al1,999 Stanley BG et all986



Agout-Related Peptide (AGRP) 64

? I 500 ym 4

4w _::‘.-';,»3,.6;_ i Ao T
Y e .
>

AnukulkitchC., 2008

Neuropeptide

Produced in the brain by th&dgRPNPY neuron only
in the NPY containing cell bodies located in the ARC
Coexpressed with NPY

HAppetite (one of the most potent and londasting
of appetite stimulators)

@ Metabolism and energy expenditure



Proopiomelanocortin (POMC)

IASOOEm i

s Precusomgene

. . ¥ - N NS
- 3 . | D
[ PE PR il
LT g Ry AT G
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E vof Yy
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‘T ¢ 4 Be .46
“ \ 3 Lo
. = e 22
sl g
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4 ;
\

Precusorprotein
| SURERY

AnukulkitchC.,2009
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POMC=proopio-melanocortin

MSH= Melanocytestimulating hormone

end=endorphins

POMC
\ A | \d 4 4 \d Y
NH, — J———— fo— [ — '— COOH
v v . (U 2 VAR v,
C J—— p—— . i
E E I" A,CTH \‘\ “\ B-LPH ‘:\\‘ \‘
! * ! " l, \ \‘ ‘\ * ‘\ ; \ \\\
|rm—— — 1 1 e I —
{5-MSH a-MSH] CLIP ¥LPHI
| |ommm—
¥,-MSH B-MSH
\
y>a B AgRP B>a>>>y
o >> ACTH, B, y\ ACTH \ / a>>ACTH, B, v
Melanogenesis ] Steroidogenesis Energy Energy Sebum
, homeostasis, homeostasis production
energy
partitioning 3

ACTH=adrenocorticotropic hormone
AgRP=agouti-related peptide
LPH=lipotropic hormone

http://caloriesproper.com/wp
content/uploads201503/POMCACTHa-MSH.png
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Leptin signaling pathway

2nd order
neuron

@ Orexigenic
signaling

t Anorexigenic
signaling

‘..

Leptin
wt 1st Ol'd e Changes in Energy Intake
T and Expencliture 2nd Order
neuron

Adipose neuron
http://lwww.sigmaaldrich.com/etc/medialib/Iif NPY= neuropeptide Y Ob-Rb= Leptin receptor b
e-science/migrationlif@/leptin-actions AGRP= agoutirelated peptide MCH= melanin concentrating hormone
downstream.Paf0011mage500.gif POMC= proopiomelanocortin TRH= thyrotropin releasing hormone

CARTE cocaineand amphetamineaegulated transcript CRH= corticotropin releasing hormone



Hypothalamus

Modulation
of feeding

behaviour
Glucose

Insulin

Gut-derived
———_  hormones

CCK/ Ghrelin

GLP-1
PYY; a6
OXM

Adipocyte

signals

Leptin 0 50
Adiponectin AT
Interleukins v 8Y

Gut peptide
and food
Intake

Yeo GSH, Heisler LK. Unraveling the brain regulation
of appetite: lessons from genetics. Ndéurosci
15(10):13429, 2012.
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Peripheral signals regulating food intake

Hormone

feeding

Receptor

Major secretion site

Other actions

PYY (36) @ Y2 L cells in gut Delays gastric empting
PP @ Y4, Y5 PP cells in pancreas
GLP1 @ GLP1 L cells in gut Incretin, @ blood glucose, delays gastric
emptying, neurotrophicefeect
GLP2 TT GLP2 L cells in gut Intestinal trophic effect
OXM (1] GLP1 L cells in gut
Glucagon @ GCGR pancreatica cells ryBlood glucose and insulin secretion
CCK @ CCK1. 2 | cell of small Gall bladder contraction, relaxation of
’ . . sphincter ofOddi, pancreatic enzyme
Intestine secretion
Amylin Q@ AMY13 | pancreaticb cells CEesy gses Evelk
Leptin @ LepR Adipocyte,chief cells of Regulation of energy metabolism
human stomach mucosa
Orexin By 0Xx1,2
Ghrelin M GHS stomach GH secretion
Insulin 0] insulin pancreaticb cells wlglessl glusess (EHEHn S

glycogen synthesis

PYY, peptide YY: PP, pancreatic polypeptide; GLP-1, glucagon-like peptide-1; GLP-2, glucagon-like peptide-2; OXM, oxyntomodulin;
(Suzuki et al. Endocrine JourgéllQ 57(5), 359-372)

CCK, cholecystokinin: GCGR. glucagon receptor.




Ghrelin

Lateral Hypothalamic Area

P SNAP7941
Second-order £ . TRy \/
& downstream \ . > :
neurons ! / *\ Food intake
? mood and anxlety
—

First-order
POMC neurons

" Arcuate
Nucleus

Ghrelin

=

Stomach

Insulln
Leptin

Adipose
Tissue \A\(}—)

http://www.nature.com/nm/journal/v8/n8/images/nm0802779F1.gif

ﬁe A 28amino acid peptide hormon&
produced mainly by P/D1 cells
lining the fundus of the human
stomachand epsilon cells of the
pancreas and also found in

\__hypothalamic ARC -/

ligand for the GH secretagogue
\receptorA stimulates GH secretiorny

( N

% myBefore meals(0 after meals

J

\

(% First recognized as the endogeno@‘

A\~ 4

[* Counterpart of leptin

J
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PYY

4 )
% Member of pancreatic polypeptide family

(same as NPY, pancreatic polypeptide)

:* Secreted by the L cells in thestal ileumand colon

/ (Woods et al., 2008) \
% @ In the fasted statestimulated byfood intakeandthe presence of

nutrients (mainly lipidg in the Gl lumenin proportion to caloric intake
% rhFollowing a meal peaking at-2 hr elevated for severahr

J
N

/* Released into the circulation in two forms:
% PYY136 and PYY-36 (major active form)

_* PYY136 A PYY336 by dipeptidyl peptidase IV y

(Adrian et al., 198%=berleinet al., 1989 Grandtet al., 1994Neumiller, J. J et al., 2010)
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PYY

[* Inhibits NPY release in the hypothalamic ARCQ appetite

|

(Batterhamet al., 2003)

-
% PYY336 administration

A Sustainedt appetite for more than 24 hours

A Q@ Body weight

~

J

(Batterhamet al.,2003

p
% (@ Basal levels in obese peopleitiv partially blunted postprandial

. PYY response.

\

J

(le Roux et al., 2006)

7

% Sensitivity to exogenous PYY is not affected.

.

N\

J/

(Batterhamet al., 2003)
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Glucagonlike peptide-1 (GLP1)

[* Cosecreted withPYYfrom L cells in thentestine ]

"% Potent incretin effect by stimulating insulin secretionin R
aglucosedependentmanner

\* Trophic effectson pancreatic OSft t & P

[* Half life of 22 minutes ]

% Metabolized by DPPIV
% Excreted by the kidney

(Suzuki et a2010



Glucagonlike peptide-1 (GLP1)

[* GLPR1R expression in the brain, Gl tract, and pancreas

/* @ food intake
% @glucagon secretion
\* delays gastric emptying

% @in the fasted state
% ryfollowing a meal

|

(Suzuki et al.,2010)
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Glucagonlike peptide-1 (GLP1)

® = GLP-1 receptor

= = Afferent neuronal signal
(GLP-1-stimulated)
Cortical brain == = Afferent neuronal signal
centres (nutrient-stimulated)
= = Afferent neuronal signal
(gastric distension)

=P = Circulation

= Efferent neuronal signal

Brown adipose Pancreas Stomach
. ; o -\
tissue 7 Insulin 1 Gastric emptying Lo ,
T Thermogenesis | Glucagon Food intake ~
u Systemic
ver : ' .
w circulation, Intestinal vagal
T Insulin action | afferents/ENS
[ Hepatic vagal 2
branch P 4
Portal @
circulation : o
® ¥

http://joe.endocrinologyjournals.org/content221/ 1/T1.figuresonly

vanBloemendaal, TerKulveJS, la Fleur SEzermanRG, Diamant M. Effects of glucagie peptide 1 on appetite and body weight: focus on
the CNS. J Endocrinol. 2014 Apr;221(1)81



Agatha A. et al. High protein intake stimulates

postprandial GLP1 and PYY release, Obesity, 201

A High+fat

@ High-protein
High-carbohydrate

Fig. 2. Plasma concentrations {means * SE) for
cholecystokinin (CCK), peptide YY (PYY), and
ghrelin in lean and obese subjects following inges-
tion of test meals varying in their macronutrient
composition (i.e., high-fat, high-protein, high-
carbohydrate). Repeated-measures ANOV As, with
treatment and time as factors, were used to deter-
mine statistical differences. Treatment-by-time in-
teraction: P << (1.05 (A); treatment-by-time interac-
tion: P =< 0.05 (B); treatment-by-time interaction:
P = 0.01 (C); treatment-by-time interaction: P <<
0.05 (D); treatment-by-time interaction: P <2 0.01
(E); treatment-by-time interaction: P < 0.05 (F).
Data are absolute values, n = 16 lean and n = 16
obese subjects.
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tepro ]
Energy
Arcuate expenditure Reward GHSR m@
LU A W .~ S, G R
ean
5-HT,.R [['"L[]
oMSH receptor (MC4R)
(blocked by AgRP) 5-HT,gR [mll]
(]IW Ghrelin receptor NPY1R U—mﬂ
NPY/PYY.,.
receptor \?233 NPYSR
) xmsH receptor (MC3R)| Homaostasis MC3R W]ﬂ
[I’_@ NPY receptor YIR MC4R m[l“
) Leptin receptor INSR ”ﬂﬂ”
5 + or insulin receptor
Ghrelin
Insulin
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p . . R
ik Circulating ¢ . Adipose tissue —
‘ Pancreas Leptin, PRt
Fat tissue peripheral sl arivtin adboneci Ghrelin, GLP-1,

PYY, o5 OXM, CCK

inputs : ictedeuiing

Unraveling the brain regulation of appetite: lessons from genetics Giles S H Ye«
al. Nature Neuroscience 15, 134349 (2012)
http://www.nature.com/neuro/journal/v15/n10/full/nn.3211.html

http://biochem4.okstate.edu/~firefly/Bioch205/Bioch205c¢Iim
folder/b205cIm24/Integration%?20folder/integration.htm
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[Cerebralcortex} Limbic Long term
@ @ System Regulation

Hypothalamus LHA Short term
‘ Orexin MCH Regmatlon ME = Median eminence

CR AP=Areaprostema

ARC=Arculatenucleus
15t order NPY/ <:">
neurons £~ 44
-

rinstem [l
Blood Brain Barrier
S

2" order
heurons

TRH

r-

Leptin .
Insulin

) GLP-1, CCK,
_ PYY, Ghrelin
- leptin

Adipose Tissue CLESAZCR Gl tract
Adapted fromEndocr] 57(5): 35872

[ Appetite Control ]




We have appetite
regulation to maintain

neutral energy balance.
Why are we still obes@



Why Obesity?

% Appetite regulation disturbance

% An abundance of convenient, highly palatable, enerdgnse,
iInexpensive food

% Popularity of buffet

% Sweet, dessert

% Medias

% Social values

% Strong stimuli e.g. visual, olfactory
% High set point

http://omicsonline.org/blog/wp-
content/uploads/2012/03/obesityrisk-factors.jpg

% Leptin resistance
% Low leptin per fat volumerelative leptin deficiency
% Low NEATNon-exercise activity thermogenesis)
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Why Obesity?

% High energy extraction from foodefiergy> heat)

% LeanA HUCRL (heatinstead offat)

% Development of an excessive number of fat cells as a result of overfeeding
A ready torefill

% Emotional disturbances in which overeating replaces other gratifications

% Stress, chronic stresd rHperipheralNPYA rHdeposition of visceral fat

% Too little sleep @ leptin, rbghrelinin sleep deprived people)

% Sedentary lifestyle

http://www.sikhnet.com/files/news/2
012/04-April/couchpotato.jpg
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Adiposetissue

-
© I / .
) Y
| .
~fat droplet~ N
| :
adipocyte nucleus/‘
adipocyte cytoplasm
[
-
e
g v e

http://www.medicalhistology.us/twiki/pub/Main/ChapterT
woSlides/a73b_adipose_tissue_neck_40x_labeled.jpg



What arecomponents
of adipose tissue?
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Adipose tissue

ﬁ Stores the excess consu@

energy

% Active endocrine gland
composed of the mature
adipocytes, vascular
endothelium cells, fibroblasts,
and immune cells including
M1 and M2 macrophages, T
helper 2 cells, and T

\regulatory cells /

Kahn CR, et al., The Journal of Clinical Investigation. 2019;129(16333990
Ahmad B, et al., Frontiers in Molecular Biosciences. 2020;7(76).
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Adipokines

Adiponectin rra

OmentirVisfatin, Resistin Lepsn Adipsin/ASP

PAI-1
Several soluble receptors Complement factors
Sex hormones IL-6
Glucocorticoids TNF-«
Retinol-blinding protein Adipose IL-1p
PGI,/PGF, /PGE, Tissue A
Haptoglobulin IGF-1
Serum amyloid A TGF-f
Agouti MCP-1
Agiotensin 2/RAS MIF
NGF VEGF

TF

Apolipoprotein E FIAF

GuerreMillo M et al.,2003

http://www.myhealthywaist.org/cmrejournal/articles/vol1l/vlilad.php



Adipokines

Pro-hyperglycaemic Anti-hyperglycaemic

Resistin
\

TNF-o, IL-6,
other cytokines

RBP4 Ve

Leptin

/y Adiponectin
N > vishitin

\

Adipocytes Omentin

1
TNPF : TumourNecrotic Factorn Even - Reai ¢l by 2008

IL 6: Interleukin 6
RBP4: Retinol Binding Protein 4
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Adipose tissue

Subcutaneous Visceral
adipose tissue adipose tissue

% The hypodermis omentam l ' % Fat tissue of
fat depot alll '

3 # Mesenteric
over the body e il | # Omental
. AR 8 # Retroperitoneal
# Perirenal
# Pericardial
# Perigonadal

http://quizlet.com
http://www.cadiresearch.org/topic/ p-iquiziet.com
obesity/abdominal

obesity/abdominalobesity-causes



Adipose tissue

Visceral
adipose tissue

Subcutaneous
adlpose tissue

\w//\_./

{ Lipld storage capacity

{ Lipid storage
capacity
Portal
circulation
{ Lipotoxicity

{ Gluconeogenesls

Excess FFA Systemic
circulation

VLDL-TG

\

Insulin
Resistance

Galgani. E. et al, 2008

tLipotoxicity

| Fat oxidation
{Insulin action

¥ Glucose uptake

Skeletal Muscle
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