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Definicio: BMI (testtomeg-index)

WHO: 1997-ben megallapitott, 2000-ben publikalt legelterjedtebb definicio:

»A TULSULY ES AZ ELHIZAS EGY OLYAN ABNORMALIS ZSIRFELSZAPORODAS AZ EMBERI TESTBEN, AMELY NAGY
EGESZSEGUGYI RIZIKOT JELENT”

BMI (testtomeg index) = testtémeg (kg)/magassag&k
WHO ajanlas:

Alultaplalt: < 18,5 kg/m?
Normal: 18,5-25 kg/m?
Elhizas: 30-35 kg/m?
Sulyos elhizas: 35-40 kg/m?

Extrém/morbid elhizas: > 40 kg/m?
Szuper elhizas: > 50 kg/m?

http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi




Kanadai iranyelv

* Az elhizas egy nagyon gyakori, progressziv és visszatéro kronikus betegség, amelyet kdros
vagy tulzott testzsir (adipozitas) jellemez, és amely karositja az egészséget.

* Az elhizassal él6 emberek jelent6s elGitéletekkel és megbélyegzéssel (stigmatizacio)
szembesullnek, amelyek a testsulytol vagy a testtomegindextdl fuggetlenul hozzajarulnak a
megnovekedett morbiditashoz és mortalitashoz.

e Az iranymutatas tukrozi az elhizas kezelésének kozéppontjaba helyezi a betegkozpontu, az
egészségiigyi kimenetel javitasat célzo komplex terapiat, nem csupan a testsulycsokkentést.

* Az elhizas kezelésének a kronikus betegségek kezelésének bizonyitékokon alapuld elvein kell
alapulnia, tul kell Iépnie a ,,egyél kevesebbet, mozogj tobbet” leegyszerisitett
megkozelitésén, és foglalkoznia kell az elhizas kivalto okaival

* Az elhizassal él6 embereknek hozzaférést kell biztositani a bizonyitékokon alapuld
beavatkozasokhoz, beleértve az orvosi taplalas-terapiat, a fizikai aktivitast, a pszichologiai
beavatkozasokat, a farmakoterapiat és a miitéteket

CMAJ August 04, 2020 192 (31) E875-E891; DOI: https://doi.org/10.1503/cmaj.191707
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Ujabb definicidok
* AHA: ,Obesity is a multifactorial disease with a complex pathogenesis related to biological, psychosocial, socioeconomic, and

environmental factors, with heterogeneity in the pathways and mechanisms by which obesity is associated with adverse outcomes.”

* Obesity Medicine Association: “Obesity is defined as a chronic, progressive, relapsing, and treatable multi-factorial, neurobehavioral

disease, wherein an increase in body fat promotes adipose tissue dysfunction and abnormal fat mass physical forces, resulting in adverse
metabolic, biomechanical, and psychosocial health consequences”

AHA: Az elhizas egy olyan komplex betegség, melynek patogenezise 0Osszetett, szerepet
jatszanak benne bioldgiai, pszichoszocialis, tarsadalmi-gazdasagi és kornyezeti tényezok is.

Az elhizas kedvezoétlen kimenetelének hatterében heterogén mechanizmusok allnak.

OMA: , Az elhizas krénikus, progressziv, visszatéro, de kezelheto betegség,
melynek kialakulasa multifaktorialis, tulajdonképpen egy komplex
neurokognitiv betegség, ahol a testzsir koros felszaporodasa a zsirszovet
diszfunkciojat eredmeényezi, ami metabolikus, biomechanikai és
pszichoszocialis kovetkezményekkel jar.”

https://doi.org/10.1016/j.0bpill.2023.100056



WHO 2024 fobb tények

e 2022: a Vilagon 8-bdl 1 ember obezitassal él

e ez elhizas el6fordulasa vilagszerte feln6tteknél 1990 6ta megduplazédott,
adoleszcenseknél megnégyszerezodott

e 2.5 milliard felnétt (18 évesnél id6sebb) tulsulyos,
ezek kozul 890 millié obez (a populacio 43% ill. 16%-a)

e 37 millié 5 év alatti gyerek tulsulyos
390 millié 5-19 éves tulsulyos, 160 millidé obez
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Mean body mass index (BMI) in men, 2016 The
Body mass index (BMI) is measured as a person's weight in kilograms (kg) divided by his height (in

meters), squared. The WHQ define a BMI <=18.5 as 'underweight"; 18.5 to <25 as 'normal/healthy';
25.0 to <30 as 'overweight’; and >30.0 as 'obese’,

Economist

,Jaxes to trim waistlines are
B8 Table @ Map |~ Chart World v spreading across Europe
oy : _ Hungary, the fattest EU member,
is leading the charge..”

Obesity rates

As % of total adult population (aged 15 years and over), 2015 or nearest year
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2035-re a Vilag fele elhizott lehet..
World Obesity Federation 2023 report

Egy ,mai” feln6ttnek 3x akkora esélye van
az elhizasra, mint 1975-ben volt



Tulsuly és elhizas koltsége

Health spending
Health spending related to obesity and being overweight
Since being overw elgr it and obesity are major risk UsD PPP
factors that can lead to several non-communicable
diseasess t s diabet nd ¢ r, people who 800
\,||aggaz||asag ool i
care services more ¢ ‘te1 aﬂd fo r more 600
complicated issues.
CIMLAP VALLALATOK KK\ GAZDASAG PENZUGY KOZELET As a result, annual healthcare cost across OECD 400
ountries are USD 209 (PPP) per capita higher due
VG konferanciak Friss hirek Addazas Egészséglgy Energia Manager Magaz Hirlewvél Probaolv to people being overweight or obese
200
In total, OECD countries will spend 8.4% of their
E re ro Sszabb az elhiZé.Si hel Zet entire health budget on treating the consequences . I I I I I I I I I I I I I I I I
g-y y of unhealthy weight on average. g Innn
Id
Magyarorszagon 5 o8 B S LS SL S IO
Q._,’LJ.'\P-'VQ 'b‘\}\x\vﬁ' 0\‘:«\09\.
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Source: OECD analyses based on the OECD SPHeP-NCDs model, 2019,

EU: egészségugyi kiadasok + munkabdl valo kiesés: évente 70 milliard eurd
Magyarorszag:
Az elhizott vagy tulsulyos betegek ellatasanak koltsége meghaladja a 200 milliard forintot
= egészségbiztositasi alap kiadasainak kozel 12%-a
brutto hazai termék 0,7%-a
A betegek ezen felul legalabb 22 milliard forinttal jarultak hozza a kezelésiikhoz

A valodi koltségek raadasul ennél Iényegesen nagyobbak lehettek: akar az 6sszes egészségligyi
kbzkiadas 15—18 szazalékat, illetve a brutto hazai termék legalabb 1%-t elvihették
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Versenyfutas az idovel!?
Az elhfzas szbvédményel
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Primer
prevencio

Tulsuly,

elhizas
megelbzése

Szekunder
prevencio

Tulsuly,
elhizas okozta
betegsegek
megelbzése

Tercier
prevencio

Tulsuly, elhizas
okozta betegségek
szovodmeényeinek
megelbzése
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. Ami
. Ami
. Ami

Mikor kezdodik a tulsuly és az elhizas?

. Ha a BMI (testtomeg-index) magasabb lesz, mint 25 kg/m? ?

<or nem megfeleld a testosszetetellnk - tul nagy a zsirtomeg ?
cor nem illink bele ,,az atlagosba” ?

Kor az energiabevitelink meghaladja a sziikségletinket ?

. Az intrauterin kérnyezetben ,elszenvedett” programozassal ?
. A kornyezeti hatasokkal ?

. A genetikai adottsagainkkal ?

. Az evolucios alkalmazkodas (el)késésével?

. A mikrobiom megvaltozasaval (AB hasznalat)?



Valtozok.. BML...,,Valodi és bioldgiai” korok
Talsuly BMI225 kg/m2
Elhizas BMI 230 kg/m?2

Nem csak a BMI szamit ' e

Example:

Actual age: W years old
Height: 1.58m

Minerals

Weight (kql

Percentage body composition
=

Bady Mazs Index [BMI]

Bady Fat Percentage |%) |

- - T T
Skeletal muscle ratio (%] T Progressive change with age
; | |
Resting Metabolism [keal) | . Adult e
- Premature infant Full-term infant 70 ko) (65 kg)
k) (3.5 ka) 9
The skin surface-to-body weight ratio is
; Infants have a much H ; L
_ _ _ Premature babies : approximately three times grealer in infants than
Body Age: 30 Body Age: 25 Body Age: 33 have the highest ';T;T;:ypfggfiﬁ in adults, Neonates also have a decreased level of
percentage of body adiilts and itie elderh protein binding when compared to adults, which
water. V- influences drug availability.

[Adapted from: Puig M. Body composition and growth. In: Walker WA, Watkins JB, editors. Nutrition in pediatrics. 2nd ed. Hamilton, Ontario: BC Decker, 1996.]



(A)

A lean mass, kg / A weight, kg

Nem csak a BMI szamit

normal
testzsir-arany:
0.25 -
férfiak: 10-18 %
nok: 22-25 %
0.2 1
A lean mass (kg)/A body weight (kg)
0.15 -
=10.4/(10.4 + fat mass (kg))
0.1 4
0.05 -
0 ' . ; . :
0 20 40 60 80 100

fat mass, kg

120
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REVIEW OBESITY WILEY

Diagnosis of obesity based on body composition-associated
health risks—Time for a change in paradigm

Anja Bosy-Westphal | Manfred J. Miiller

(B)
FMI

sarcopenic

’obesity

high

low \
cachexia )

\ /
- N //

) *FFMI
low high



Az atlagos?
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Diagnosztika

Derékkdrfogat ~ 9em  102em T

Increased risk Greatly increased risk

WOMEN
i L‘ :

[ LY LR T RN T AT |||l|ll|'l[]

80cm 88¢

I PRURY TR PV IVORA COTV L
Increased risk Greatly mcreased risk

Egészséges:
Nok < 80cm
férfiok < 94cm

Derék-csip6 hanyados:
Nék >0,85
férfiak > 0,9

Ajanlas : WC+BMI mérés minden vizitnél!

DK (WC) jelzi a mortalitast

e WC/ testmagassag arany: CV riziko jelzésére.

e Derék- csipo hanyados (Waist-to-hip ratio (WHR) is
jo el6rejelz6je a CV mortalitasnak.

Inner layer = VAT —

Outer layer = SCAT Fat unfit




TestOosszetétel méreés

Method
Dual X-ray
Absorptiometry (DXA)

Bioelectrical
Impedance (BIA)

Air Displacement
Plethysmography (Bod
Pod)

Hydrostatic Weighing

Skinfold Thickness
Measurements

Bioimpedance
Spectroscopy (BIS)

Accuracy
Very
accurate for
fat and lean
mass

Reasonably
accurate

Reasonably
accurate

Reasonably
accurate

Less
accurate

Variable
accuracy

Cost
Moderate to high

Mechanism of Action

Uses low-dose X-rays to
differentiate between bone, fat,
and lean tissue.

Measures electrical impedance  Low to moderate
through body tissues.
Fat conducts less electricity than

lean tissue.

Measures body volume by air
displacement. Calculates body
density and estimates fat and lean
mass.

Moderate to high

Measures body density by
underwater weighing. Estimates
fat and lean mass based on
buoyancy.

Moderate to high

Measures skinfold thickness at
specific sites (e.g., triceps,
abdomen). Estimates total body
fat.

Similar to BIA but uses multiple
frequencies. Provides segmental
analysis (arms, legs, trunk).

Moderate to high

Low (requires calipers)

Features

Provides regional
analysis (e.g., trunk,
arms, legs). Commonly
used in research and
clinics.

Portable
devices
available, Quick

and non-invasive. May
vary based on
hydration levels.
Non-invasive. Suitable
for most populations.
Requires specialized
equipment.

Requires access to a
water tank. Used
mainly in research
settings.

Simple and
inexpensive. Operator-
dependent. Used in
field assessments and
fitness settings.

Used in clinical and
research settings. May
require specialized
equipment.


https://amzn.to/3SJttzj

Evolucio:Menekiilés az éhezés/éhség el6l1?

More complex

- / feeding strategy | N\

Evolution of human diet Higher | _ __ _ N

o e quality diet A

= e £ & I o e
P roestupes Woedland & pes First hominins Homo habilis Homo erectus Homo sapiens ,-,3..~ , j Z Reduced bulkand Mlilﬂ(ﬁ[f,r_‘frgy

l

Nature Communicatio 2I me 3, Article number 1149(2012)



Az elhizas az evolucio utolso allapota?

A sovany egyének éhezése kb. 60
nap utan halalhoz és 35%-o0s
sulyvesztéshez vezethet.

¢ VAR Y S Y Y N IS ) I N

0 300 600 200 1200 1500 1800
OBESITY RATES HAVE TRIPLED IN =

A széls6ségesen elhizott beteg
akar tobb mint egy évig tarto
hosszan tarto koplalast is tulélhet,
ha kaldriadus folyadékot,
vitaminokat és asvanyi anyagokat
fogyaszt, és a testsulya 60%-kal
csokken.

N
(=

OBESITY RATE (%)

-
Qo

1960 1970 1980 1990 2000 2010
TIME (YEARS)

Valahol 184 és 1840 generacio kell ahhoz a természetes szelekciohoz (5300 -53000 év), aminél jelent6ségteljes

genetikai valtozas kovetkezik be a human populaciéban
Tekintve hogy az elhizas rata csak néhany generacid 6ta n6tt meg nagyon, ez el6sorban életmad és kornyezeti
valtozasoknak készonhet6 és nem a genetikanak

https://learn.genetics.utah.edu/content/metabolism/obesity/ https://doi.org/10.1016/j.0bpill.2023.100056



Genetika

@ O O W O

Muscle Adipose Liver Obesity Fat distribution
dysfunction dysfunction dysfunction FTO TBX15

Kongenitalis leptin - e T
dEfiCienCia » Impaired =

insulin action

:

Type 2 diabetes

f

»> Impaired =
| | insulin secretion |

Defect inislet Islet Failure of the
development —— > dysfunction incretin system
PAX4 KCNJ11 GIPR

& & &

doi.org/10.1007/s00018-020-03458-2
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Evészavarok és genetika

IRE ;,

S cre
@6 W PISK-mTORe1-S6K1 pathway
.‘TNF-aIpha W IAK2-STATS pathway
Saturated fatty acid " Tyrl077-Tyr985-5TATS-RSK/S6(P) pathway
-]aump;be“ Ob-Rb-Tyr{985)-5HP-2-ERK pathway
Ob-Rb-Tyr(1138)-5TAT3-SOCS3- halamic
[F»Phospho- mﬂ.nu{:j"n pful-nww by pot POMC-NT
' Insulin W PIZK-PDE3B-cAMP pathway

In a study involving 250 people with eating disorders, published in Plos One in 2017, researchers suggested that
aspects of FTO might also play a role in conditions, such as binge eating and emotional eating.

Obesity and Lipotoxicity 2017, pp 381-397
Attila Engin:Diet-Induced Obesity and the Mechanism of Leptin Resistance



Evészavarok- testkéepzavar

» Up to 5% of people in industrialized countries
* 28.8 million people in the U.S. (9% of the population)

« Commonly affect adolescents and young adults

TYPES OF

EATING DISORDERS

* Anorexia Nervosa

* Bulimia Nervosa

* Binge-eating Disorder

» Avoidant Restrictive Food Intake
Disorder (ARFID)

* Pica




Kornyezeti hatasok..

800z
590 cal
$500%
7.01
s c:Iz 1400 kcal
400 kcal
240z
210 cal
] ’ | ]
™ 47

https://sites.psu.edu/kgotwalt/2016/03/27/choosing-the-right-portion-sizes/



Az energiahomeosztazis és szabalyozas elromlasa

Unhealthy —
diet Inactivity
\ —_ Broken energy homeostasis + Inefficient regulation

Obesity establishment

Neuro-endocrine signals . . .
» Blunted mechanisms controlling energy

balance

» Modified (reduced) perception of energy
control signals (food-related)

» New (increased) body weight “reference”

- » Modified levels of gastrointestinal

hormones

» Insulin and leptin resistance (reduced
hormonal sensitivity)

» Pathways resist to weight loss leading to

N

Balanced energy homeostasis

Unhealthy lifestyle
-induced stress exceeds the
regulatory system ability

b
d

I

Molecular messages

) | therapeutic challenges
REY - » Development of other pathologies/
= R conditions (diabetes, Metabolic
syndrome, cardiovascular diseases, etc)
Sleep g Psycht:)l:;;ical/
shortage 7 * e
disorders

Gut ( with microbiota)

‘Ghaneni et al: Broken Energy Homeostasis and Obesity Pathogenesis: The Surrounding Concepts, 2018



Environmental exposures

Sleep debt

Endocrine
disruptors

Chronic
inflammation

Delivery mode Total calorie intake Basal metabolism Maternal disease
Antibiotic usage Macronutrients Exercise Placental function
Diet: processed Micronutrients Sedentary behavior Maternal nutrition

foods Vitamins Ambient temperature  Postnatal growth
Microbiomie Qe exgg{?gifgtire irsf?ﬂgr:gees

l L J

l

Other

Type 2 diabetes and obesity

https://sites.psu.edu/kgotwalt/2016/03/27/choosing-the-right-portion-sizes/




Kornyezeti hatasok a gyerekekre

e A 2 EVESEK 20%A LEGALABB 2 ORAT TV/ VIDEO

NEZESSEL TOLT
______ | R —————
. . | Factors that | Consequences of |
e 10 EVES KOR ALATTI GYEREKEKBEN A ROVIDEBB ' contrbuteto | | Chidhood |
ALVAS KB. 60%-AL EMELTE AZ ELHIZAS ESELYET , Childhood Obesity | | Obesity
(POOLED OR 1°58' 95%Cl 1'26' 1'98) * Family Eating Habits 7 * Childhood Obesity= Adult Obesity
, " .. .. * Food Advertising Increased risk of:
e PLUSZ NAPI 1 ORA ULES SZAMITOGEP/ TV * Unhealthy Taste Preferences * Early onset Diabetes
,r o . , , (Juice, Soft Drink, Noodles, Chips, Fried Food) * Early onset Heart Disease
ELOTT: 13 %-S BMI NOVEKEDES TINEDZSEREKBEN * Exposure to unhealthy food * Increased risk of lifestyle related
L. o * Availability of Food cancers such as breast and colorectal
e MINDEN 1 ORANYI PLUSZ TV NEZES RONTIA A * Physical inactivity cancers
. . . . * Increased Sitting time (watching TV, Computer) * Bullying
KESOBBI ISKOLAI TELJESITMENYT, 10 EVES KORBAN o' fack ot ad vageinbles s “Bepmmidon
ALACSONYABB TELJESITMENY MATEMATIKABOL, * Depression * Poor self esteem
. * Skipping Breakfast * Increased risk of Asthma attacks
KEVESEBB RENDSZERES FIZIKAI AKTIVITAS, MAGASABB * Eating adult portion sizes * Early Puberty
. * Increased risk of death in early

Obese Parents (due to both lifestyle and
genetics) adulthood

BMI, TOBB UDITOITAL FOGYASZTAS, ES TARSAK ALTALI
BANTALMAZAS

https://www.congress.gov/bill/116th-congress/house-bill/8918/text

Chen, X, Beydoun, MA & Wang, Y (2008) Is sleep duration associated with childhood obesity? A systematic review and meta-analysis. Obesity 16, 265-274
https://www.health.gov.fj/childhood-obesity/ Y 9. Y ( ) b Y Y A y

Chen, X, Beydoun, MA & Wang, Y (2008) Is sleep duration associated with childhood obesity? A systematic review and meta-analysis. Obesity 16, 265-274



Intrauterin tultaplalas

USA: ujszulottek 9%-a
4000 g-nal nagyobb
wpomnaga (macrosomia)

a sug; a
obesity {

hyperlipidemia
Lipotoxicity

R Legf6bb okai:
T Anyai diabetes
‘ ' Anyai obezitas
Genetika

Offspring

?» @ AL A
A magas anyai glukoz, FFA, AA permanens | '«‘°"‘°“J i Magzat betegsege
valtozast okoz a magzat étvagyaban, A
neuroendokrin szabalyozasaban, energia-
érzékelésében és metabolizmusaban, ami a

késbbbi élet soran tulsulyhoz és elhizashoz vezet

World Health Organization. Global database on body mass index: BMI classification 2006. http://www.assessmentpsychology.com/icbmi.htm

YuZ, Han'S, Zhu J, Sun X, Ji C, Guo X. Pre-pregnancy body mass index in relation to infant birth weight and offspring overweight/obesity: a systematic review and meta-analysis. PLoS ONE. 2013;8:€61627.

Starling AP, Brinton JT, Glueck DH, Shapiro AL, Harrod CS, Lynch AM, et al. Associations of maternal BMI and gestational weight gain with neonatal adiposity in the Healthy Start study. Am J Clin Nutr. 2015;101:302-9
Castillo-Laura H, Santos IS, Quadros LC, Matijasevich A. Maternal obesity and offspring body composition by indirect methods: a systematic review and meta-analysis. Cad De Saude Publica. 2015;31:2073-92.



,0besity and pregnancy, the perfect metabolic storm”

A terhesség egy természetesen inzulinrezisztens allapot- tarolni kell!

Az elhizott n6k mar a terheség el6tt
elérhették a zsirszovet maximalis
tarolokapacitasat és igy a tovabbi

Early pregnancy

felesleges energia atipusos helyen tud D
lerakodni @
— diszfunkcio
N gyu”adars . Maternal obese [ excessive WG .
A %+ o $4em
—> IR romlasa . I Fat accumulation ] l Fat accumulation
— metabolikus kdvetkezmények i s
Before pregnancy GO
Preeclampsia
_ Hl,pr-l"[E'n:uﬂ
1 Infertility stillbirth
Anovulatory dysfunction
At Adverse effacts on implantation Risk postpartum
T Maintain obesity
1 Spontaneous miscarriage T2D

CVD complication

European Journal of Clinical Nutrition (2021) 75:1723-1734 https://doi.org/10.1038/s41430-021-00914-5

Late pregnancy

&4 s

1'1 Fat accumulation

Risk problems
Preterm birth

Macrosomia
Impaired fetal growth
Hypoglycemia

Offspring

Dbesity
Metabolic dysfunction



“Harmful” (i.e., westernized) diet
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“Obese” phenotype

"Disease” phenotype,

increased risk of metabolic diso
type Il diabetes, cancer,

growth abnormalities etc.

https://doi.org/10.1016/j.cmet.2018.09.022
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Individualis hatasok individuumokra

“Safe” (i.e., Mediterranean) diet
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_ Fatty liver disease
' Accelerated aging
Immune disorders
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NN

Eplgenetic
alteratlons,
e. g )nstone atétylation,
SDNA meéthylation

Delayed aging

Low disease risk “Lean” phenotype

TRANSGENERATIONAL effects:
- Epigenetic reprogramming
- Gamete-carrief determinants

"Normal" phenotype,
reduced risk of disease
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Microbiom és obezitas

Microbial taxa in obese subjects with metabolic abnormalities

risk-increasing bacteria risk-lowering or protective bacteria
Metabolicsyndrome Coriobacteriaceae Faecalibacterium prausnitzii,
Parobacterodes, Bacteroides caccae,
Parabacterodes distasonis and
Oscillospira

impaired glucose Coprococcus, Haemophilus

tolerance orinsulin Bocteiokdes avatusand parainfuenzae, Parabacteroides
Enterobacterniaceae %
resistance and Bacteroides coccae
Prevotellaceae and Veillonella

Oscillibacter sp, Agathobaculum
butyriciproducens, Haemophilus

) ) Bacteroidetes: parainfiuenzae, Veilloneila parvula,
Firmicutes: Firmicutes: gg“;z‘}‘i‘zgg  orim Fusobacteriota: Bacteroides o
2 Fusobacterium : 0 i ;
Lactobacillus Lactobacillus et Faecichinchilae High diastolicblood Clostridium and Clostridiaceae
Clostridium i Thetaiotaomicron pressure
Bacillota: Proteobacteria:
Lachnospiracese  Enterobacteriacese '23 rm%‘cqfle's : low high-density Lachnospiraceae, Gemellaceae
. ostrigium lipoprotein and Turicibacter
Firmicutes: Flavonifractor i
Hollicutes plautii CHOIESIEN0
Lactobacillus
Bacillota: Cardiovascularrisk Prevotellaczae and Veillonello Coriobactenaceae

Blautis wexlarae

Gestational obesity modifies the intestinal microbiota, with elevated levels of Bacteroides in the third

trimester; this condition doubles the risk of neonatal obesity due to changes in the microbial composition of
the infant's intestine.

This is demonstrated by the population in a cohort study of 935 mother-baby couples where 7.5% of newborns
of obese mothers presented obesity at 1 year (OR 3.80; 95% CI 1.88-7.66) and 3 years of age (OR 3.79;
95% CI 2.10-6.84); these children had a greater wealth of Firmicutes P < 0.05

Front. Nutr., 14 October 2022
Sec. Clinical Nutrition Volume 9 — 2022 https://doi.org/10.3389/fnut.2022.1018212
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1 Firmicutes
* Bacteroidetes

f LPL
| s

GM extracts energy from
foods and produces
T increased amount of

SCFAs that leads to
obesity.

8 Impaired or modification of GM

} )
@

Factors that affect GM
T (antibiotics, stress, diet (high

protein, high carbohydrates,
fiber), f (dairy, coffee,
alcohol, etc).

Normal enterocyte and
A Oom a3

| T

Individual metabolically healthy
with GM (Gut microbiota) normal.

\ 7

Front. Nutr., 14 October 2022
Sec. Clinical Nutrition Volume 9 — 2022 https://doi.org/10.3389/fnut.2022.101821.
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v
A way of treat disruption of GM is FMT
(Fecal Microbiota Transplantation) for

the improvement of metabolism.

5

Capsules that contains GM from
lean donor

Gut microbiome: a and B
diversity is increased in obese
patients, but not significant
changes in metabolic parameters.

Different of composition of GM
and metabolic parameters are
observed between 6 and 12
week after FMT.

J O

2 l Firiloates Improves bacterial

balance and GM-
host interaction

(% f Bacteroidetes
| ® Normal enterocyte
| ‘ LPL and GM PR

| T - UL
t
T

The way to treat SIBO is through

probiotics, prebiotics and synbiotics
o

&

Risk of development of SIBO and
interference of loss of weight.

RYGB & SG is the only sustainable
effective treatment for obesity.

Bariatric surgery directly change
GM composition.

, Verlical Sleeve
Roux-en-Y Gastric
Bypass (RYGB) ooy oy

Changes of GM and improvement
of metabolic parameters.

Created in BioRender.com bivo
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Risk of diabetes / cardiovascular disease

— Metabolically Unhealthy Obesity

N Features:
) 1 Adiposity
1 Inflammatory status
| Adipose tissue function
1 Insulin resistance

Adipose distribution:
|Subcutaneous fat
1 Visceral fat

MUNO, MONW MUO |
Metabolically Unhealthy Non-Obesity, ALt et U eailr Obest i l'. / | Lipid St"rage capacity
Wetabolically Obese Normal Weight caly Unhealihy Qoealty W T Hepatic fat
AR + Skeletal muscle fat
1;- \] Metabolically Healthy Obesity
MHNO MHO AL \ Feat.uresl:
1 Adiposity
Metabolically Healthy Non-Obesity Metabolically Healthy Obesity " l‘: «» Inflammatory status

« Adipose tissue function
1 Insulin sensitivity

v

BMI (kg/m?) Adipose distribution:
1 Subcutaneous fat

| Visceral fat

« Lipid storage capacity



Ehségnél enni, j6llakottsag elején abbahagyni...

| need
to eat

160

v
gl

~ | Hunger tells you
to start eating.

Satiation tells you '
to stop eating.

I'm getting | gatiet ’
y is I'm full
hungry | the satisfaction .‘ 14

between meals.

i | Justright! |

Eat too little c Elﬂl'lEE Ler D'H ‘Eat too much
Ideal *-:alnn& intake

22

Between e

https://www.precisionnutrition.com/all-about-energy-balance



Az energiaegyensuly f6 , jatékosai”

Learning, Stress,

Regulation of Social Situation,
Adiposity k Time of Day,
and Plasma Food Intake "2 Hedonics
Glucose ' gc
Energy Expenditure 484~
Nuftrients
[ Leptin
Adiposity @ Insulinf CCK, GLP-1, Gastric
Signals |Fat . QiiSiP Distension, etc.
\ \

‘K"P.z.mcreas
W m el
q i “y

; /

Satiation {
Signals

Liver Gy ¢rac

Woods et al: Cell, 2009., doi.org/10.1016/j.cmet.2009.04.007



Az étvagy agyi szabalyozasa

Jollakottsag esetén:
wemzesn inzulin és a leptin direktben tud diffundalni a
nucleus arcuatusba
— mind az Npy/AgRP/GABA, mind POMC/CART
neuronokon levd sajat receptorukhoz kotnek
— a-MSH expresszid (anorexigen) no, NPY, AgRP
(orexigen) expresszio csokken
Ehség:

5 m';&gf) a gyomorban termel8d6 ghrelin a n. vaguson at
| tract ( . 7qe °
AT = C v X 7 0\1 - bejut az hypothalamusba, ahol lokalis ghrelin
&), qucleus 0.5 &) +~_ ) vaga
oo o e V™™ releaset okoz

—> hozzakotédik a sajat receptorahoz az
b bt e NPY/AgRP/GABA neuronokon

— NPY, AgRP neuronok (orexigen) tiizelni kezdenek
— gatolja a POMC/CART neuronok tiizelését (GABA)

e Horvath TL. The hardship of obesity: a soft-wired hypothalamus. Nature Neuroscience 2005;8(5): 561-565.
e Cone RD. Anatomy and regulation of the central melanocortin system. Nature Neuroscience 2005;8(5): 571-578.

e Cowley MA et al. The distribution and mechanism of action of ghrelin in the CNS demonstrates a novel hypothalamic circuit regulating energy homeostasis. Neuron 2003:37:649-661.
e Dockray GJ. The versatility of the vagus. Physiology and Behaviour 2009,97:531-536.



Review

Interactions between metabolic, reward
and cognitive processes in appetite control:
Implications for novel weight management
therapies

Suzanne Higgs!, Maartje S Spetter?’, Jason M Thomas?, Pia Rotshtein?,
Michelle Lee?, Manfred Hallschmid“-® and Colin T Dourish?

gefore a Mey;
Lons and the sigh

A oF
oCt a\s, memOr Fr
@@ \90 X atte, g 90,

\N whin aMe,,
niness ang e
and Cogntrw@ 6

o

Between Meals
Episodic memory
of a meal

Appetite Control

oo n Cognition
C mmnm
Leaming

e e

Ghrelin  Leptin
GLP-1

Serotonin

Journal of Psychopharmacology 2017, Vol. 31(11) 1460-1474

dIPFC: dorsolateral prefrontal cortex; OFC: orbitofrontal cortex; vmPFC: ventromedial-prefrontal cortex.



Ehség # étvagy
Ehség-jollakottsag Etvagy-2?2?

fiziologias szukseglet az evésre étkezésre valo vagyakozas




Glukoz-crash

Blood sugar response 1:

8 # Sugary foods

Eating non-fibrous (digestible) carbohydrates s -
traps you in a remorseless cycle of Il I T s -

glucose dependence and hunger

/ » White pasta : .‘"

R R e P e i TR

Glucose Spike W I ol B R s s g

Eating a high amount of ! : s '

digestible carbohydrate ' ' ' '
D leads to a large glucose ! ' ' -
> spike, followed by a : : : -
@ large insulin spike - ' ! '
== Blocks fat breakdown E E E '
8 / You eat 30-60 min 1-2 hours 34hours 1 M2
5 INSULIN === Blocks fat burning )
o) The impact of
° . ;
8 Stimulates fat storage sl macronutrients on
= | " ' " 90-100% burms to glucase blood glucose levels
a8} ‘ \ s Spikes start in 15 min - 2 hrs

Normal blood sugar level P
‘ Glucose Crash 5
This triggers HUNGER % . Moderate impact
for more carbohydrates 2 Protein so%bums to glucose
> @ Spikes startin 2 - 4hrs
Tlme after eat'ng very low Impact
only 10% burns to glucose
Pt ciowi séinase over 810 i
Fasting
Blood Sugar

Time

Source: Virta health

Daly ME, Vale C, Walker M, Littlefield A, Alberti KG, Mathers JC (June 1998). "Acute effects on insulin sensitivity and diurnal metabolic profiles of a high-sucrose
compared with a high-starch diet" (PDF). The American Journal of Clinical Nutrition. 67 (6): 1186—96.



A jutalmazo palya....
m FOOD ADDICTION

Dopamine

Egyéb egészséqiigyi
movement

problémak

v o
k

Magas szénhidrattartalmi

— 1. Ventralis tegmentalis area:dopamine termelés

nikotin, alkohol, opioidok (heroin)

f!hezt'i se]tek 77 . 7 e s Vd rqgrg s o
R 2. Nucleus accumbens :8si evolucios eredet-segit a tulélési
Magas inzulinszint | . késztetések regulacidjaban (pl. eves-ivas)

cocaine, amphetamine, cannabinoids, opioidok (heroin)

~
o ]
—
.  /
’3

‘ —Gliiks . " ene . . p
‘ \ > v o 3. Prefrontalis cortex: tébb kognitiv funkcidban involvalt:
4 receptomk L. 4 4 - 4
- dp . w5 e memoria, beszéd, tervezés, dontéshozatal

Ehség és sévargds

A ,finom” ételek a mezolimbikus jutalmazasi kozpontokat aktivaljak az agyban
— dopaminerg utvonalra terelddik az evés
— fliggoség alakul ki

Belinda Lennerz, Jochen K. Lennerz:Food Addiction, High-Glycemic-Index Carbohydrates, and Obesity, Clinical Chemistry, DOI: 10.1373/clinchem.2017.273532 Published January 2018
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Az energiaérzékelés ,,jatékosa

Brain

Cortex and limbic areas ‘ Hypothalamus
Cognitive and reward : Homeostatic control of feeding,
control of feeding bl 4 energy expenditure, and
W Z : hormones

Ghrelin

Adjlpﬁgectin Nutrients Ghrelin

-a '

IL-6 — Lo
Adipsin ] ("

PAI-1 .S /i\ \ NME

Angiotensinogen |, 7 ¥ 7\ |

RBP4 \}. e I\

L)
Adipose
tissue

Pancreas Incretins

—
' S i Insulin

Glucagon
Amylin
PP
Enterostatin

Muscle

Revisiting leptin’s role in obesity and weight loss
Rexford S. AhiaCitation Information: J Clin Invest. 2008;118(7)2380-2383. https://doi.org/10.1172/JC136284
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Zsirdepok és feladatuk

Anatomical location/Sublocation  Functions

Major metabolic sites

Subcutaneous AT (SAT) Metabolic activity
Superficial SAT
Deep SAT
Visceral AT (VAT) More active metabalically Mare strongly associated with metabolic
Omental diseases
Retroperitoneal
Mesenteric
Adipose tissue associated with primary and secondary immune sites
Bone marrow AT (MAT) Contributing to hematopoiesis Deleterious in excess
AT embedding LN Delivering nutrients to immune cells Favoring immune responses
Thymic AT Assaciated to age-associated thymic involution and the loss of
thymic function

Additional specialized adipose tissue

Dermal AT (dAT) — Wound healing, hair follicle cycling, thermoregulation
- Immune responses
Perivascular AT (pAT) - Vascular homeostasis

Visceral Adipose Tissue

Intrathoracic/Mediastinic
Pericardial
Epicardial
Intraabdominopelvic
Intraperitoneal (omental, mesenteric)
Extraperitoneal
Intraabdominal (retroperitoneal)
Intrapelvic
Perivascular

| ‘Subcutaneous Adipose Tissue
* deep & superficial

£ 7 Abdominal
‘ Gluteo-femoral

doi.org/10.3389/fmicb.2019.02837 https://www.semanticscholar.org/paper/Characterisation-of-epicardial-adipose-tissue-and-Bambace



White Pink Beige Brown

Milk production

Energy storage during pregnancy Thermogenesis Thermogenesis
Endocrine organ Energy storage Endocrine organ

Metabolic activity

%Mitochondria Q Nucleus Q Lipid storage Milk vesicle e Golgi




High Thermogenic (BA-H)

Zsirsejtek: barna, fehér, beige

Low Thermogenic (BA-L)

UCP1 Expression High
Lipid Droplet Morphology Small, Multilocular
Mitochondrial Density High
Maximal Respiration High
Basal OCR High
Adrenergic Sensitivity High
UCP1: thermogenin

Low
Large, Paucilocular
Medium
High
Low
Medium

)

Whitened

Low
Large, Unilocular
Low
Low
Low
Low

Respond to irisin
produced by the
skeletal muscle

Deconstructing Adipose Tissue Heterogeneity One Cell at a Time Front. Endocrinol., 25 March 2022 Sec. Cellular Endocrinology

https://doi.org/10.3389/fendo.2022.84729

Adipocyte Cell Type Fat Depot  Prevalence Physiologic Function

: : Y}
Lipogenic \ y
Adipocytes (LGAs) ' / White
Lipid-Scavenging

Adipocytes White
(LSA/SLSA)

High Thermogenic /.=

Adipocytes (BA-H) |, Browm

AR
Low Thermogenic o
3 Brown

Adipocytes (BA-L) (

A 0

= Ao
Anti-Thermogenic .
Adipocytes : BRGR
& o
UCP1* Beige { L4 :
Adipocytes v hite

UCP1 Beige g
Adipocytes White
UCP1* Glycolytic |

Beige ‘ White
Adipocytes

Insulin signaling, de novo

Moderate : .
lipogenesis, storage
High Lipid uptake and
transport
Moderate Thermogenesis,

lipolysis

Low basal thermogenesis,
Moderate adopts high thermogenic
capacity upon cold exposure

Inhibits thermogenesis in
Low paracrine manner through
acetate signaling

Inducible Thermogenesis

Thermogenesis,

Inducible
glucose uptake
Inducible :
; Thermogenesis,
(B-adrenergic lucose uptake
independent) & P

Deconstructing Adipose Tissue Heterogeneity One Cell at a Time Front. Endocrinol., 25 March 2022 Sec. Cellular Endocrinology

https://doi.org/10.3389/fendo0.2022.84729



@ energiatarolo és szekretoros funkcid

® kap és ad jeleket

@® modulilja az energialeadast, étvagyat, az
inzulinérzékenységet

@ aktiv endokrin szerv

@ befolyasolja az endokrin-, a reproduktiv
szervek-, azimmunrendszer mikodését, a
csontanyagcserét

Zsirsejtek

Storage Depot

FFA
Glycerol

Endocrine Organ

Vasculature homeostasis and angiogenesis:
VEGF, PIGF, AGT,Angiotensinogen, Apelin,..

Metabolism/energy homeostasis/insulin
sensitivity:

\ Adiponectin, Leptin, Resistin, Visfatin, ASP, RBP-4,...

Procogoagulant molecules:
PAI-1, Factor VII, TF,...

Proinflammatory cytokines:
TNFa, IL-6, IL-1,...

Antiinflammatory cytokines:
Adiponectin, IL-10,...

Chemokines:
MCP1, MIP1a, IL-8,..

Adipcyte differentaition:
TGFB, bEGF,..,

Immunomodulation:
Adipsin, MIF,...

Stimulation of adipocyte proliferation and diffe-

rentation:
IGF-1, HGF, ...

Hormone-like proteins and hormones:
Adiponectin, Leptin, Estrogens,..

https://www.semanticscholar.org/paper/Characterisation-of-epicardial-adipose-tissue-and-Bambace



MF, Leu, fibroblastok,
adipocyta progenitor sejtek,
endothelialis sejtek

Hely szerint eltéré funkcio
Abdominalis, mellkasi WAT
Citokinek

— lokalis és szisztémas gyulladas
Izom WAT:

FFA, IL-6, TNFa - IR

Pericardialis WAT:

citokinek = lokalis gyulladas

— ateroszklerodzis, hipertenzio
Vese WAT:

Na-reabszopridban jatszik szerepet

— intravaszkuldris volumen/ nyomas

- hipertenzié

https://themedicalbiochemistrypage.org/adipose-tissue-not-just-fat/

Junqueira’s Basic Histology, 12th ed. by Anthony L. Mescher, McGraw-Hill Professional Di\

doi.org/10.3389/fmicb.2019.02837

Fraction (SVF,

1/3 Stroma-vascular

Macrophages, Endothelial cells,
Lymphoid and polynuclear cells

% A
®e

Preadipocytes, precursors
(Adipose-derived mesenchymal
stem cells - ASCs)

2/3 Adipocyte
Fraction

Adipocytes

el

(>80% volume)

»

UCP1*

Leptin~

Er6sen vaszkularizalt

Nagyon sok mitokondrium
Nagyon sok noradrenerg ideg



Obezitasban magas adipokinek

Adipokine Distribution Function M1 Secreted mainly by adipocytes Role in macrophages chemotaxis and Increased in obese mice. Increased in
Secreted predominantly by WAT, and macrophages thermogenesis human obesity and predictive of T2D
1 pd e Regulates e phag g Y P
. to a lesser degree, 1n x = T T E . = =
Leptin g 50 and feeding i s Affects insulin sensitivity, hepatic Increased circulating levels in obese
hYPgt?“‘lamui‘» gastric i o storage of fi RBP4 if;;i;ei:Ye‘:d;i(:ffliﬁ;toc tes glucose output, and muscle insulin subjects and correlated with BMI and
S, acenta, Sns gonwts Phages, P signaling insulin resistance
h ,mdents’ gecreted by Implicated Affects insulin sensitivity and increases ; 2 ;
adipocytes. In humans, secreted ch latil  McPp-1 S TR P h ; i Increased in mouse models of obesity.
Resistin predominantly by circulating i r;gu i ’ cegieciiyanpese Haye oauep gge ﬁecrultn‘}ent s Increased in T2D subjects
macrophages and monocytes, to ;r;ililnlrr;ar{:SL tissue and inflammation
alesser degree, by WAT PAI-1 Expressed by WAT Potent inhibitor of fibrinolytic pathway {n;fei:?d o Ry WD
Expressed by macrophages and Affects insy BUDIECE
TNF-a adipocytes (visceral WAT > metabolism Circulating levels are higher in obese
subcutaneous WAT) resistance a o s T o insulin-resistant individuals than in
il of pe—— CXCL5 Secreted by macrophages within Interferes with insulin signaling in s el s sy
?nel_t rd ot fota (‘;ch aung the stromal vascular fraction muscle R a0 | O it
evels are expressed . N # p
IL-6 predominantly %Jy adipocytes. of insulin & iet
Also expressed in macrophages, Yioli g 75 g Expressed in liver, muscle, WAT, Role in insulin sensitivity, insulin Increased in obesity and correlates
Jkeletal sdle: éndothelial oalls metabolism  Visfatin : : : :
S R N R o bone marrow, and lymphocytes secretion and inflammatory properties with visceral adiposity in humans
and fibroblasts pepeey Y Prop POSTy
H i In rodents and humans Regulates adipocyte development and Increased circulating levels in obese
omeostaty  Chemerin . e R P and T2D patients and correlated with
Secreted by stromal and vascular regulates b( expressed in placenta and WAT metabolic function % :
IL-7 _ 3 body fat, glucose, and lipid metabolism
endothelial cells mass and fu
signaling Vaspin zz;iit:ii?{i;gii}gipsiﬁalamub‘ Improves insulin sensitivity Increased in obesity and T2D patients
Secreted by adipocytes (visceral 2
IL-8 WAT > subcutaneous WAT) and Neutrophil chemotaxis - < oo R

macrophages

to fat mass and TNF-« levels

Leptin: Th17 és proinflammatorikus citokin-termelést elGsegiti, Treg differenciaciot gatolja,
MO, MF aktivacio- IL-6, TNF-a termelés

Resistin: fokozza a proinflammatorikus citokinek termelését: CRP, IL-1, IL-6, IL-12,TNF-a
Chemerin: receptora van a MF-kon, DC, NK sejteken- gyulladas-indukcio

dx.doi.org/10.1155/2013/139239




Egészséges és koros energiaraktarozas

GYereI’(korban ?z adipocita szam Obesity Obesity
szigoruan szabalyozott Complications
- a méret valtozhat !!

A N
, \
, .

Healthy expansion
1 Adipogenesis

J, Cell volume

1 Insulin sensitivity
J Inflammation

E-tulsuly esetén:
adipocita remodeling
@ az adipocita mérete eléri a kritikust

)
\ f
\. L /

(hipertroéfia) =
A1 A H A Unhealthy expansion Lipotoxicity
- rekrutalédnak preat-ilpoatak | imsaiine S Eetoaieliind
(hiperplazia) a vascularis stromasejtek 1 Cell hypertrophy deposition
« 7 s s \l/ |nSU|in Sen5|t|V|ty * NAFLD
Iranya bol T Low-grade - * Insulin resistance
@® A hipertrofizalt adipocitak Q Adipocyte i i Ve
, . . Necrotic adipocyte i I.\/Iefcrop'hages cvb
hormonokat és citokineket termelnek- Mcionbite infiltration |
— elbGsegitik a preadipocitak K> Preadipocyte X N 7

llllll

Hyperlasia: recruiting and differentiating adipose precursor cells

Spalding, K.L.; Arner, E.; Westermark, P.O.; Bernard, S.; Buchholz, B.A.; Bergmann, O.; Blomquvist, L.; Hoffstedt, J.; Naslund, E.; Britton, T.; et al. Dynamics of fat cell turnover in humans. Nature 2008, 453, 783-787




Adipocita hipertroéfia

@ a lipiddel tultelitett sejtekben a
GLUT4 transzporter membranra
helyezésének karosodik- 6nmagaban is
IR-hez vezet

® a hipertrofias adipocitakban fokozott
a lipolizis (kisebbekben magasabb
lipogenezis-lipolizis arany)

® obezekben az adipocitak lipolizisét
az inzulin nem képes szupprimalni

@® azok, akiknek jobb a SAT adipogén
kapacitasa, kisebb zsirsejtjei maradnak-
egészségesebb metabolikus satus

@® a nagyobb adipocita méretliek
kevésbé javulnak bariatriai sebészet
utan is

DOI:10.1016/j.molmet.2019.12.014

Karin G. Stenkula: Adipose cell size: importance in health and disease doi.org/10.1152/ajpregu.00257.2017

Insulin signaling

Glucose transporters

Glucose utilization

? Glucose
PIP, PIPy GLUT4
D (3 § o
= %?Ej L
o . Glucose
(4] l HKII
/ GI}coseip

Fatty acid  Triglyceride
A

L

| 1]

Adipocyte output

Sensory nerve
impluses

Free fatty acids
Glycero

Circulating
adipokines

Modulation of immune
and vascular cells




Expanzios limit-hipoxia

Weight gain

____—_

Immune cells

Expansion imit

Necrotic .~ '
adipocyte -5

Hyptertrophy

Adipose tissue

N

|20 P
. ."l'. 1

Angiogenesis

Fibrosis

Elhuzddo energiafelesleg:

Adipocitak el6szor nonek (hipertréfia), majd szaporodnak (hiperplazia)

— elérik az expanzids limitet, amikor mar az anabolikus nyomasnak nem tudnak eleget tenni
— stressz az adipocitaknak (mechanoszenzoros transzdukcio)

— megvaltozik a szekretoros funkcidjuk + hipoxia + nekrozis = inflammacioé - fibrozis

Int. J. Mol. Sci. 2019, 20, 2358; doi:10.3390/ijms20092358



Sovany:

M2 makrofagok
®IL-4,IL-13

— MF M2 aktivacio
+ CD4+ Th2 aktivacio,

® Treg, eosinophil
nem valtozik

® TGFp, IL-10, IL-4,;, ,
IL-13, IL-1 receptor 1L-13
antagonista (IL-1Ra),

apelin

dx.doi.org/10.1155/2013/139239

A zsirszovet ,gyulladasa”

[reg cells

Eosinophils

Lean adipose tissue
&= Insulin sensitivity

e [nflammation

—> Negative regulation
—> Enhanced secretion
—> Positive regulation

Adiponectin

Thl cells

M1 macrophages

@ antiinflammatorikus " ® B §
A2 macrophages . ‘ CD8 T cells
MDSC B cells

Dendritic cells

Neutrophils
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Obese adipose tissue
l Insulin sensitivity

' Inflammation

MDSC :myeloid-derived suppressor cells:
myeloid eredet
immunszupressziés hatas

Obez:

@ proinflammatorikus

M1 makrofagok

rekrutdlédnak és koronaszerii
strukturat alkotnak a gyulladt,
nekrotikus zsirszoveti teriileteken
<>TNF-a, IL-6 termelés

-> parakrin hatas: inzulin hatas
blokkolasa

- endokrin valtozas = szisztémas IR
® proinflamm. CD8+ T sejtf

- Treg ,elfogy”

@® tébb Neu permanesen (HFD
indukalta elhizasban is)

-> neutrophil secreted elastase
- kemokinek = tovabbi MF
infiltracio

® IL-81 - Neu kemotaxis

@ leptin, visfatin, resistin,
angiotensin Il, PAI-1
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Adipose tissue inflammation.

Proinflammatorikus milio

Apipocitak, immunsejtek és az
endotél sejtekbd6l szarmazo anyagok

Proinflammatorikus citokinek:
TNF-, IL-6, resistin, MCP-1, PAI-1

Intracellularis és vaszkularis adhézids
molekulak aktivalodasa:
— vaszkularis permeabilitas né
- keringé MF/MO infiltracié

H&E-stained sections are shown from the epididymal adipose tissue of 14-week-old (A) wt

C57BI/6 mice and (B) obese ob/ob mice.

The increase in fat cell size seen in ob/ob mice is accompanied by the increased infiltration

of immune cells including macrophages (arrows).

STEVEN E. SHOELSON: Obesity, Inflammation, and Insulin Resistance GASTROENTEROLOGY 2007;132:2169-2180

LEAN

Nutrient excess

Expansion of fat mass

Adipocyte production of

cytokines and chemokines Insulin resistance

t

Endothelial cell expression Proinflammatory and

of adhesion molecules

proatherogenic mediators
Manocyte recruitment
and gfﬁe,enﬁauon Atherosclerosis
W
Macrophage infiltration {
and cytokine production |

OBESE



CRP és BMI: ok / okozat?

* The Copenhagen General Population Study (reci}())rocal mendelian randomization):
cross-sectional study, dan altalanos populacid, 2003-t6l, 20-80+ éves koruak

* Genotyping: 37027 {6

 FTOrs9939609:magasabb BMI

* CRPrs3091244 triallelic promoter variant : 67%-kal magasabb CRP
 Komplett adatok: BMI, CRP, covariates, genotypes):21838 {6

* Tm, Ts, kor, nem, dohanyzas, alkoholfogyasztas,edukaciés allapot és anyagi helyzet
Eredmények

* Erés pozitiv asszociaciéo a CRP és BMI kozt

(change in BMI for a doubling in logCRP of 1.03kg/m? (95%Cl 1.00, 1.07), p<0.0001)

* CRPrs3091244-t hasznalva arra, hogy a CRP okozza-e a magas BMI-t: null effekt
(change in BMI for a doubling in logCRP of —0.24kg/m? (95%Cl -0.58, 0.11), p=0.2)

* FTOrs9939609 génvarians egyértelmdiien bizonyitotta, hogy a magas BMI okozza a
magasabb CRP-t

(ratio of geometric means of CRP per standard deviation increase in BMI 1.41(95%Cl 1.10, 1.80), p=0.006)
Konkluzié:

* A magas CRP Gsszefliggésben van a magas BMlI-vel

* Az adipozitas , hajtja” a gyulladast

Timson et al: Int J Obes (Lond). 2011 Feb; 35(2): 300-308.Published online 2010 Aug 17. doi: 10.1038/ij0.2010.137

Age adjusted means for CRP

and BMI levels by decile of BMI

BMI/CRP
by BMI N 1 2 3 4 5 6 7 8 9 10
decile
2020 2220 23.39 2440 2535 2634 2743 2872 3055 3526
BMI 23073 (2012, (2212, (2331, (2431, (2527, (2626, (2735 (2864, (3047, (3518
2028) 2228) 2347) 2448) 2544) 2643) 27.52) 2881) 3064) 3534)
047 052 0.54 0.61 0.63 0.75 0.80 091 1.09 1.63
CRP 22208 (044, (049, (051, (057, (059, (070, (075, (085, (1.02, (152,
051)  0.56) 0.58) 065) 067) 080) 086) 098 117) 1.75)
20.15 22.20 2339 2440 2536 26.35 2744 2875 3061 3565
BMIf 12153 (20.04, (22.09, (2327, (2429, (2524, (2622, (27.31, (2862, (3048, (35.53
20.26) 2232) 2351) 2452) 2549) 2648) 27.58) 28.88) 30.74) 3578)
0.58 0.65 0.67 0.79 086 1.02 1.09 127 162 232
CRPf 11636 (053, (060, (061, (072, (078, (092, (098 (115 (147, (211,
063) 0.71) 0.73) 0.87) 094) 112) 120) 140) 178) 255)
20.4- 2222 2341 2440 2535 26.34 2743 2871 3052 3479
BMIm 10920 (2028, (2211, (2330, (2429, (2524, (2624, (27.33, (2860, (3041, (34.68
2052) 2233) 2352) 2451) 2546) 2645) 27.53) 2881) 3062) 34.90)
0.36 039 045 045 0.55 0.59 0.66 0.74 1.08
0.43
CRPm 10572 (032, (035, (041, (0401, (050, (054, (0.60, (067, (098,
(0.390.47)
041)  043) 049) 151) 060) 065) 073) 082) 1.20)
Relationships batwean ganotypic vaviation and BMI and circulating CRP.

Frofrs9939609})

T

EMIL 26.07 [2598, 26.17)

AT

AA

26.37 (26.29, 26.45) 2673

Per allele effect p

26,59, 26,57) 0.32 (0.24, 0.40) <0.0001

CRF 151 [1.48, 1.55) 155 (152, 1.58] 161 [1.56,1.67) 103({L01,105) 000
CRP(rs3091244)
Per allel
oc cT TFE cA AT AA _
effect
32 2636 1624 26.25 26,29 15 -0.0.
EMI 623, (2627, (2807, (26 [25.98, A -0
1) 26,44] 26,42] 264 26,61] 23.28] 04)
1.37 (134, 161[L57. 4182(L74, L71{le2 2.11[195 256({L95 L11([L10. i
CRP <000
1.40) 1.64] 1.0} 1.81) 2.20) 337 1.13)




Es mindent korbevesz a zsir...




A zsirszovet betegségei

L'ipodystrophy Pathologic obesity Metabolically healthy obesity

Subcutaneous
|

! \ A Visceral 1

/

Impaired adipogenesis Visceral WAT > subcutaneous WAT  Subcutaneous WAT > visceral WAT

Adipocyte dysfunction Unhealthy WAT remodeling Healthy WAT remodeling
Absolute adipocyte deficiency Impaired adipogenesis Adequate adipogenesis
Adipocyte dysfunction Maintenance of adipocyte function

Relative adipocyte deficiency

Ectopic lipid deposition J
and insulin resistance

J Clin Invest. 2019;129(10):4022-4031. https: //doi.org/10.1172/JC1129191.



Elhizas kovetkezményei

Depresszi6 Légz6rendszeri rendellenességek
Kognitiv zavarok . Ejszakai apnoé
Stroke + Asztma
Reflux
Szivérremdszeri betegségek
Majbetegségek: * Magasvérnyomas
MASHD, HCC & * Diszlipidémia

Infarktus, sztrok
Thromboembolia

of
(] L]

Epe és hasnyalmirigy betegségei

(cholelithiasis, pancreatitis) |
Diabetes melitus, anyagcsere-betegségek...
Daganatok
.« Emlé * Maj
« Vastaghél * Vese Szexualis problémak
* Nyelgcsg  ° Prosztata * Csokkent termékenység (n&i, férfi)

* Hyperandrogeneamia nékben (PCOS)
* Gesztacios diabétesz
Muscosceletalis betegségek
* Arthrosis
* Sarcopenia, immobilitas

Semenkovich CF. Diabetes mellitus, lipids and atherosclerosis. In: LeRoith E, Taylor SI, Borbetegségek

Olefsky JM, eds. Diabetes Mellitus: A Fundamental and Clinical Text. 3rd ed.

Philadelphia, PA: Lippincott Williams & Wilkins; 2004:1365-1375.

Zivin JA. Ischemic cerebrovascular disease. In: Goldman L, Schafer Al, eds. Goldman's

Cecil Medicine. 24th ed. Philadelphia, PA: Saunders Elsevier; 2012:2310-2320.; Calle EE, Rodriguez C, Walker-Thurmond K, et al. Overweight, obesity, and mortality from
cancer in a prospectively studied cohort of U.S. adults. N Engl J Med. 2003;348(17):1625-1638.



A CKM/CRM szindroma

Nonmetabolic
etiologies of

/ hypertension

Stage 0: Stage 1: Stage 2:
No Risk Factors Excess/Dysfunctional , Metabolic Risk
Adipose Tissue / Factors and CKD

~\

?ﬁ
%0

A focus on
primordial prevention /
and preserving Nonmetabolic
cardiovascular health etiologies of CKD

Overweight/obesity
Abdominal obesity
Impaired glucose
tolerance

https://doi.org/10.1161/CIR.0000000000001184



https://www.ahajournals.org/toc/circ/148/20
https://doi.org/10.1161/CIR.0000000000001184

A CKM/CRM szindroma

Excess/dysfunctional
adipose tissue

Hypertension
Dyslipidemia

Metabolic syndrome
Diabetes

CVvD

CKD

Cardiovascular-Kidney-Metabolic Syndrome
CVO: Cardiovascular disease
CKD: Chronic kidney disease
DM: Diabetes mellitus

Ndumele CE et al; Circulation. 2023 Nov 14;148(20):1606-1635. doi: 10.1161/CIR.0000000000001184. Epub 2023 Oct 9.
Circ Cardiovasc Qual Outcomes. 2020;13:e007264. DOI: 10.1161/CIRCOUTCOMES.120.007264

/ Interdisciplinary

education

Harmonized practice
guidelines

|
Improved DKD
management

Self management
programs

Risk mitigation
| strategies

Multidisciplinary
Care models

Figure. Components of a successful cardio-renal-metabolic care model
at an institutional level.

A successful multidisciplinary model would include physician or advanced
practice provider, dietician, clinical pharmacist, care navigator, and administrative
representative from all 3 specialties sharing the care of patients at high risk Awith
established cardio-renal-metabolic disease. Such a program would be based on
mutually common decision-making algorithms across all 3 specialties, shared
documentation platforms, frequent interface of the care team members (virtually
or in-person), and periodic review of clinical outcomes, adverse events, patient
experience, and program financial viability. Such a model would also incorporate
patient and caregiver representation to align interventions with patient-centered
values and therapeutic goals. DKD indicates diabetic kidney disease.

Sebastian SA, Padda I, Johal G. Cardiovascular-Kidney-Metabolic (CKM) syndrome: A state-of-the-art review. Curr Probl Cardiol. 2024 Feb;49(2):102344.
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BMI és T2 diabetes kockazat osszefliggése

100+

Age-Adjusted Relative Risk

<22 <23 23 24 25 27 29 3 33 35+

23.9 24.9 259 289 30.9 32.9 34.9

Body Mass Index (ka/m?)

Colditz et al. Ann Intern Med 1995;122:481-6



Anyai obezitas és gyerek 2-es tipusu diabétesz

Infant feeding
Stem cell differentiation =
i ]
and function - A —— Birthweight
O 'b.

---------------- » :~

*
o*
4 & o L4
it |

fMalttsernall fetal tran-sfer of o Neorita

= uels (e.g. glucose, insulin, .-.----- di it »
NEFA, amino acids) e adiposity

--------- ememnmnm? ”
---------------- » ’Q

Excess :
adiposity Obesity
Metabolic risk ;

L J
Pancreatic beta cell

@
* m Metabolic risk
‘ -
- C ol B development and function :- ------ biomarkers
Diet = m

SEARCH for Diabetes in Youth Case—Control Study:

OR T2DM: 7.3 (95% Cl 3.2, 16.8) magasabb a GDM anyakban a non GDM-hez képest
(n=79vs n=190)

Az anyai tulsuly és a diabétesz esetén tinédzserkoruak 47%-a lett cukorbeteg
Etnikai kiilonbségek!

Transzgeneracios hatas !!

Diabetologia volume 62, pages1779-1788 (2019)



UKPDS: A T2DM diagnoézis felallitasa idején
a béta sejtek 50%-a mar nem termel elég inzulint

= H B H Escalation of therapy A
Beta-cell function progressively declines R— Insulin
UKPDS: at 6 years, more than 50% of Di : treatmenﬁt
: EEEAE iagnosis of T2D
patients need insulin to reach target L early (<6 years) 1 advanced

g 100~ (FPG <108 mg/dL [<6.0 mmol/L]) | Time r
o TN : 10-15% 20-25%
T o Q:abetes ioht weight

. 807 - diagnosis WEg g
R loss loss
e 601 . " i ?

o .
9o |
7 ~ W

Y 401 ‘Q&‘
- ‘\‘\ } liver & pancreas fat
§ 201 E 1 Insulin sensitivity

@ T B-cell function
2 0  p— e | e | — e == Extrapolatio
@ -12 -10 -8 6 -4 -2 0 2 4 6 8 be.ta-ie“dfur Predictors of T2D Remission:

Time from diagnosis (years) priortodiag & e
(2) Baseline HbA,,
FPG, fasting plasma glucose; HOMA, homeostasis model assessment @ Number of diabetes mediations
bovitz, Diabetes Rev 1999;7:139-53 (¢ re from the UK sopulation: UKPDS 16. Diabetes 1995:44:1249-58); Wright &t al. Diab (4) Insulin use oo
;?—:-;;5533-5 Rév 1999;7:139-53 (data are ) the UKPDS population: UKPDS 16, Diabetes 1995,44:1245-58); Wrig al. Diabd il T2D Remission

* Weight loss of 10-15% with very-low-calorie intervention in
early stages of T2D can remit T2D.

* For those with more advanced T2D, including those on
insulin, T2D remission was only seen with 20-25% weight

Davies MJ, Buse JB et al. Diabetes Care. 2022 Sep 23:dci220034. doi:10.2337/dci22-0034. Epub ahead of print.
Davies MJ, Buse JB et al. Diabetologia. 2022 Sep 24. doi: 10.1007/s00125-022-05787-2. Epub ahead of print.
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USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIOURS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH) e

-4 TR

D

Goal: Cardiorenal Rizk Reduction in High-Risk Patients with Type 2 Diabetes (In addition o comprehensive CV risk management)*

+Indicators of high risk +HF i +CKD

- : Glycaemic Management: Choose Achievement and Mainlenance of
Whille definitians vary, mest Current of prior oGFR < &0 ml/min per 1.73 m* OR

approaches that provide the Weight Management Goals:

camyprize = 55 years of age symptoms albuminuria {ACR = 3.0 mg/mmal efficacy to achieve goals: I el iTasil S
2 e T L individualised weighl management goals
with two or more additional of HF with lﬂﬁﬂllmm Metfcrmin OR Agentis) incliding
el fet Pay Nary Over taw, ity & hepe, COMBINATION therapy that provide =
HFrEF or HFEF measure is required to document CKD. . General lifestyle advice: Intensive evidence-
F L adequate EFFICACY to achieve iriti truct
and maintain treatment goals il " aat i
therapyfeating patterns! weight management
T T Consider avoidance of hypoglycaemia a physical activity programme
+CKD {on maximally tolerated dose. priarity in high-risk individuals
: il  ——— . | Consider madi:aﬁ_m Consider metabolic
SELTZit PREFERABLY In general, higher efficacy approaches far weight loss surgery
E SELTZiS with ori d " have greater likeliheod of achieving ;
“:I';hhpm::: d "'Ilt z:;:awm e glycaemic goals When choosing glucose-lowering therapies:
enefi reducin ssion .
+ASCVD/Indicators of High Risk in this RGO gph':':rﬁm o Efficacy lor glucose lowering Consider regimen with high-to-very-high dual
] peq| = = E N
papulation mim per 1.73 m"; once initialed should be "“’ H|_ﬂl: glucose and weight efficacy
GLP-1 RA® with proven BLEW  SELTZiF with proven | S A continued until dialysis or transplantation Dulaglutide {high dose], X
VD benefit oR CVD benefit x| ———- Semaglutide, Tirzepatide
GLP-1 RA& with proven CVD benefit if Insulin Efficacy far weight loss
SGLTZi not tolerated or confraindicated Combinatian Bral, Combination Very High:
IF HbA,_above target Injectable [L::p;: RAllnsulin) kmigiuﬂ:;‘ﬁmpaﬂds
- g :
1FUDA Shotre Liryl, Jov yadloty GLP-1 RA ot listed abave), Metformin, Dulaglutide, Liraglutide
i on SGLTZi, consider incorporating a SELT2i, Sulfonylurea, TZD R e
+ For patients on a GLP-1 RA consider adding SGLT2i with GLP-1 RA ar vice versa it et GLP-1RA [not listed above), SELTZi
praven CYD benefit or vice versa DPP-&i Neatral:
il l DPP-4i, Metformin
[ If additional cardiorenal risk reduction or glycaemic lowering needed lr!uhﬂwn target
= In people with HF, CKD, pstablisked CVD or mutliple risk faclors for CVD, the decision to wse a GLP-1 A or SGLTH with prowen benelit should ke independent of teckground wse of melormin:f A strerg Identity barriers to s:
recommendation is warracted for pecple wilh CVD 20 2 weaker secommendalion fof those with indicators of high O risk. Morsoves. a higher 25solute risk reduction and thies lower numbers nzeded Lo Leal o 4 airer gaals: _ ~ )
am seen al bigher lovels of bassiine risk and should be faclored info the shared decision-making process. See bext for éetails: * Low-dase TID may be belter tolerated and similarly effeclive: § For SBUZ, 0V * Consider OSMES referral to support self-efficacy in achievement of goals
ranal trials their efficacy in teducing the risk of composite MACE, £V dealh, all-cause mortaiity. ML HHE and renal suttomes in individuals with T8 with esteblishediigh risk of CVE; » Consider technalogy {e.q. diagnostic CGM} o identify therapeutic gaps and tailor therapy
# For GLP-1 A CVTs demonsirate their elfizacy in reducieg composite MACE, OV deal. all-cauze mortalily, ML siroke and renst endooiets in individuals with T20 wilk establizhedibigh risk of C¥0 = ldenlify and address SDOH thal impacl on achievemen! of goals

Davies MJ, Buse JB et al. Diabetes Care. 2022 Sep 23:dci220034. doi:10.2337/dci22-0034. Epub ahead of print.
Davies MJ, Buse JB et al. Diabetologia. 2022 Sep 24. doi: 10.1007/s00125-022-05787-2. Epub ahead of print.



A tulsuly és a 2-es tipusu
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I Review o :
F: Adiposopathy
Obesity
@"y ® Obesity management as a primary treatment goal for type 2 =
~ diabetes: time to reframe the conversation Prevention of Metabolic syndrome 5
e comorbidities &
Viika Lingvay, Priya Sumithran, RicordoV Cohen, Carel Wie Rou E
Resolution of Prediabetes Diabetes > z
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metabolic t
syndrome ] =
¢ Improvement in Improvement in | | Microvascluar .%
The treatment of obesity § Presention of metabolic metabolic and I
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diabetes complications
Healio’“‘ I B Resolution,
improvement, or
Lingvay is a professor of medicine at the University of Texas Southwestern Medical stabilisation
Center in Dallas. of complications

Lingvay | et al. Lancet 2022; 399: 394-405



OB/DM - renalis betegség

Affresy  SRIOSSS tronAport Vissadilution of affesont arferiolo

J.Anders et al: CKD in diabetes: e o
diabetic kidney disease versus nondiabetic kidney disease Gl | . 2
Nature reviews 2018 §

3 tipusu veseérintettség:

1.Valodi DKD: diabéteszes nefropatia
2.NDKD: nem diabéteszes vesebetegség
3.NDKD + DKD
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Metabolic Dysfunction-Associated Liver Disease (MASLD)

MASLD MAFLD Fibroscan

DIAGNOSIS DIAGNOSIS |

EXCLUSION

CRITERIA INCLUSION

No excessive CRITERIA
HEPATIC \ alcohol INCLUSION CRITERIA

NO EXCLUSION CRITERIA

STEATOSIS consumption @l At least one of five

cardiometabolic B
No other criteria more than two metabolic risk

chronic liver factors in lean/normal weight
diseases subjects

Any one of diabetes, obesity, and

B

NAFLD
DIAGNOSIS

DOI:10.20517/2394-5079.2023.134
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OB - kardiovaszkularis betegség

Obesity and Cardiovascular Disease:
A Scientific Statement From the American Heart Association

rih""""“’ﬂ Autonomic dysfunction ) )
: 4 Myocardial fat deposition Altered heart rate variability L Peripheral vascular resistance
Insulin resistance 4 Catecholamines Insulin resistance
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https://www.sciencedirect.com/topics/medicine-and-dentistry/atherosclerosis
https://doi.org/10.1161/CIR.0000000000000973 Circulation. 2021;143:e984-e1010




CV diagnosztika elhizasban

The diagnostic tests least affected by obesity:
Stress cardiac magnetic resonance imaging
Positron emission tomography

Moninvasive dagnostic took

ECG

Widsly availabla, cheap

Low sensitivity and specificty

Treadmill stress test

Widely available
Functional testing

Patients may stop because of symptoms unrelated
1o CVD

SPECT Availzble, good precision Irradiation, tachnical imitation because of body aze
Residual uncoriected attenuation
PET (rubicium) Muclear imaging technique of chaice for patients | Less radiation exposure than SPECT but technical

with abesry

limrtations because of body size

Stress echocardiography

Widely available, valid technique in patients with
obesity

Radiation free

Has no weight limits

Functional testing

Highly operator dependent

Can be limited because of poor acoustic windows
related to pulmonary disease, breast size, obesity,
and respiratory mation

Stress cardiac MRI

Accurate assessment of the complex cardiac ef-
fect of chronic pressure overioad and high cardiac
output in patients with obesity

Table weight limit

WC may limit access depending on bore diameter
Length of examination

Claustrophobia

CT caldum scan

Inexpensive and reproducible technigue Lo deter-
mine the presenca and extent of CAC

Obesity may limit the diagnostic accuracy and
value of cardiac CT calcium scan

Gantry/bore diameter limitations

Invasive diagnostic tools

Cardiac CT coronary angingraphy

Sensitivity and negative predictive values are high
in patients with obasity

Image quality degrades as BMI increasas
Degradation is related to an increase in back-
ground noisa, subsequent reduced signal-to-noise
ratio, and low vessel opacification

Intravascular ultrasound

Allows in vivo assessment of plague burden,
plagua morphology {ie, stages of plaque develop-
ment, high-risk plague features)

Invasive techrigue

EMI indicates bady mass index; CAC, coronary artery calaum; CT, computed tomography,; CVD, cardiovascular disease; MR, magnatic reso-

nance imaging, PET, positron emssion tomography; SPECT, single photon emission computed tomography; and WC, waist circumference.
ging; p grapny, g P graphy.

Circulation. 2021;143:e984—e1010. DOI: 10.1161/CIR.0000000000000973

More than one-fourth of the
U.S. population is now
considered obese....

U.S. OBESITY RATE
28%
22

17%

1997 2002 2011
.So companies like Siemens are
developing more powerful
imaging machines that have

larger openings (right) and carry
more weight (below).

MAXIMUM LOAD

2011: 660 |bs
2002: 440
1997: 300

Sources: (DG; Siemens (photo & spcs)
The Wall Street Journal

Bigger Picture | ps :

SIEMENS

DIAMETER
(select models)

1997: 23,6 inches

2002 276 inches
2011:31.5 inches
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Obstructive sleep apnea
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~ Blocked airway
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OSAS: obstructive sleep apnoe
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Nehéz ébredés, fejfajas, faradtsag és
kimeraltség

Aluszékonysag

Koncentracios
nehézségek,
figyelemzavarossag

Ob DM:

30.5% moderate OSA

22.6% severe form

Waist circumference was significantly
related to the presence of OSA

severe OSA was most likely in individuals

with a higher BMI

Obstructive sleep apnea among obese patients with type 2 diabetes.Foster GD, Sanders MH, Millman R, Zammit G, Borradaile KE, Newman AB, Wadden TA, Kelley D, Wing RR, Sunyer FX, Darcey V, Kuna ST, Sleep AHEAD Research Group.

Diabetes Care. 2009 Jun; 32(6):1017-9.
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Obezitas és a kognitiv funkcid

AMERICAN JOURNAL OF PHYSIOLOGY
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Vascular Biology and Microcirculation

Obesity-induced cognitive impairment in older adults: a microvascular
perspective
Priya Balasubramanian,' Tamas Kiss,'? Stefano Tarantini,"** Adam Nyul-Toth,'* Chetan Ahire,'

Andriy Yabluchanskly,' © Tamas Csipo,"** Agnes Lipecz,'? Adam Tabak,*’® Adam Institoris,®
Anna Csiszar,"? and Zoltan Ungvari'?*#

. SYNERGISTIC EFFECTS OF AGING AND OBESITY ON COGNITIVE DECLINE
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Figure 1. Obesity in aging promotes cognitive impairment and dementia. A' prevalence of dementia by BMI status, across age categories. M
sity in aging is associated with a significant increase in the prevalence of dementia. Figure is reprinted with permission from reference (6)
associated with impaired cognitive performance [lower Rapid Visual Information Processing (RVIP) accuracy score] in older participants of t
Longitudinal Study on Aging (>60yr okd). The RVIP task [Cambridge Neuropsychological Test Automated Battery (CANTAB) battery of te
tive serial discrimination task where task performance reflects visual sustained attention (vigilance) and working memory capabilities. fMRI
that frontal, parietal, and cerebellar regions are activated during the task. Older individuals exhibit a decreased performance on the RVIP
is further exacerbated by obesity. Data are replotted from reference (44). *Significant difference between the two groups. BMI, body mas
functional magnetic resonance imaging.

*Volume 25, pages 451-456, (2023)
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Figure 3. Obesity and the metabolic syndrome impair CBF. A: CBF is
decreased proportional to the number of metabolic syndrome factors
(including abdominal obesity, triglycerides, HDL-cholesterol, blood pres-
sure, and fasting glucose) present in an individual. Lower CBF was
reported to most robustly associate with abdominal obesity, and only to a
lesser extent with triglycerides and fasting glucose (59). B: participants
with metabolic syndrome and obesity show significantly lower CBF in
large portions of the cortical surface of the frontal and parietal lobes, and
the lateral and superior portions of the temporal and occipital lobes (yel-
low: voxel-wise results at P < 0.05, FEW corrected, controlling for age,
sex, and reference cluster. Resting CBF assessments were made using
background-suppressed pseudocontinuous arterial spin labeled (pcASL)
MRI. The figures are reprinted with permission from reference (59). CBF,
cerebral blood flow.
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Association between intelligence quotient
and obesity in England

Individuals with obesity were more likely to be:
older,

married/cohabiting,

have lower levels of education and wealth,

have common mental disorders,

6798 individuals aged =216 years
Women constituted 50.3% of the sample
mean age was 46.6 (SD= 18.6) years.

Prevalence of obesity (%)

30 - ) ) .
have more chronic physical conditions,
25 I have stressful life events, and were
- T T less likely to be drug users
T T category OR (95% CI)
15 4 T
10 4 110-119 i — 1.16 (0.90, 1.51)
5 4 100-109 _— 1.35 (1.03, 1.77)
" 21.3 21.0 171 18.8 16.6 14.6 90-99 o I 1.26 (0.95, 1.65)
70-79 80-89 90-99 100-109 110-119 - 120-129 80-89 — e 1.68 (1.22, 2.29)
1Q group
70-79 —_— 1.72(1.21, 2.41)

Lifestyle Medicine, Volume: 1, Issue: 2, First published: 20 October 2020, DOI: (10.1002/lim2.11)



OB kovetkezményei
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Chronic kidney disease

Obesity Reviews. 2021;22:e13112. https://doi.org/10.1111/0br.13112



Obezitas és rak

BEING OVERWEIGHT CAN CAUSE /g ‘ga OBESITY CAN INCREASE THE RISK
AT LEAST 7 TYPES OF R | § | OF 7 TYPES OF CANCER IN

Oesophagus . -; %%&IH_Y
‘ Bl of
Breast 2 i
Gallbladder - : |
RariEmias ® ——f i OVERWEIGHT
Kidney - . - == BMI of
" 25:0 B
Bowel
OBESE
Womb
BMI of B
30or

... Larger circles indicate cancers with more UK
cancer cases linked to being overweight or obese

WE WILL BEAT CANCER SOONER

74
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Obezitas és rakriziko
Case Western Reserve University School of Medicine in Cleveland
cross-sectional study of 2 665 574 incident obesity-associated cancer cases (70.3 percent women)
and 3 448 126 incident non—obesity-associated cancer (32.0 percent women)
cases from 2000 to 2016
Aim:
trends in time for age distribution of OACs and non-OACs
Results:
50- to 64-year-old age group: the percentage of incident cases increased in for both arms

»,a legnagyobb novekedés a maj- és a pajzsmirigy rakoknal volt
(minden etnikumban),

epehdlyag-, mas biliaris cc. ,endometrium cc. (hispan 50-64 év)”
2.5% increase in non-Hispanic
102.0% in Hispanic women
There was a greater annual increase in the odds for OACs for individuals in the 50- to 64-year-old age group but a decrease
for individuals in the group aged 65 years or older compared with non-OACs.
Compared with non-OACs, the annual increase in OACs was 0.5 percent higher in non-Hispanic black men and 1.3 percent
higher in non-Hispanic white men.

Siran M. Koroukian, PhD; Weichuan Dong, MA; Nathan A. Berger, MD: Changes in Age Distribution of Obesity-Associated Cancers, JAMA Netw Open. 2019;2(8):e199261,
doi:10.1001/jamanetworkopen.2019.9261



Az érett emlo:

e leptin fontos a ductalis
epithelium kialakitasaban

® Magas adiponektin ezt gatolja
e WAT fontos az eml6bimbadk

Emlo-"0regedés”:
Al 1C] T
-, o, 1. Posztlaktacios
B] ’”"’f»,,,,‘ 2. KorfU ggl

PAT ‘ ‘o . ST .
e . e WAT “ 3. SFRP1 epithelialis sejt
kialakitasahoz pubertasban. (o Lepin : ag * . ) p e J
Az eml6 éréséhez és a ductusok e 08 s & ;:h many (O My apoptozis — zsirsejtek
kifejldéséhez WAT kell o, NS %, lesznek a helyiikdn
I'ﬂ‘hnee/\nl\nn- | \-\0'\‘\ y Adipose tissy )

* Ha 18 éves kor utan egy no
(RR 1.45, P < 0.001)

kockazata

Kothariet al: The Importance of Breast Adipose Tissue in Breast Cancerdoi: 10.3390/ijms21165760

tobb mint 25 kg-t hizott, az eml6rak rizikd nott

* Menopausa utan, ha tobb, mint 10 kg-t nétt a testsuly, nott az emlorak

* Azok a nok, akik menopausa utan fogytak és megtartottak a
testsulycsokkenést és nem szedtek néi hormonpotlast, a legkisebb
emldrakrizikoval rendelkeztek (RR: 0.43)




Az elhizas csokkenti a varhato élettartamot

A varhato élettartam rovidiilése:

~3 év 8-10 év

~

Mérsékelt elhizas Morbid elhizas
(BMI 30-35 kg/m?) (BMI 40-50 kg/m?)

$ ¢ L
BMI
(ke/m?) 18,5-24,9 25-29,9 30+
Normal testtomeg Tulsulyossag Elhizas

A BMI minden 5 kg/m? novekedése esetén:

~40%-kal magasabb az érrendszeri halalozas
ischaemias szivbetegség, stroke, és mas érbetegségek miatt?

a Tulnyomoéreészt Eurépaban, az USA-ban, Izraelben, Ausztraliaban, 894.576 felnétton elvégzett 57 nemzetkézi, prospektiv tanulmany meta-analizise alapjan.
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,Ev-veszteség” tulsulyosokban obezekben

A Men B Women
Age: 20-39 Years =
sab CC=— 453357 [ Life-years lost [ F—26(17-35)
Overweight l—  7.7(6.0-9-4) [ Healthy life-years lost —t—65(47-83)
Obese —1— 8-2(6-8-9-6) 5-0(3-6-6-4)
13-6 (11-5-15-7) [ t 1146 (11-6-17-6)
—1— 11.9 (10-3-13.5) —t— 63(4:7-79)
Very obese : ! 121.9 (19-6-24-2) 1 121-3(18-3-24-3)
Age: 40-59 Years
. 11(0.3-1.9) [ —4— 1.8 (0-8-2-8)
Cverweight [ 25(1-4-3-6) [ 314430598
Obese [ =—3829-47) N 4-1(2.9-53)
[ —1—72(58-86) ——12:4(10:4-14-4)
[ —52(3:9-65) = 61(51-71)
; 1 1 1 | I I 1 I 1 1 1 1 1 ] I I
Age: 60-79 Years
. 01 (-0-6 to 0-4) - 0-8(0-1-1-5)
g F%« 0-5(-03t013) [ —137(26-48)
o E—- 07 (0-1-1:3) [ 1-8(1-0-2-6)
[C—25016-34) = 6-9(57-81)
Giesriase [ 1.5(06-2.4) = 13(05-2-1)
[ —1—41(3-0-52) —3— 8.1(6.8-9-4)
i ] 1 I I I ] 1 I 1 1 I 1 I I 1 I
0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28

Years lost compared with ideal weight (years)

Years lost compared with ideal weight (years})

DOI:https://doi.org/10.1016/52213-8587(14)70229-3
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Number of deaths by risk factor, World, 2017 Our World

in Data

Total annual number of deaths by risk factor, measured across all age groups and both sexes.

= Change country Share of deaths attributed Lo obesily, 2021

Obesity is defined as having a body-mass index (BMI) equal to or greater than 30. BMl is a person's weight in
kilograms divided by their height in meters squared. Shown is the share of total deaths, from any cause, with

D D0 B e — b2 20 atrbute s actor
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Air pollution (outdoor & mdogrﬁ
Obesity

Outdoor air pollution |
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- A2 mi

B3 Table & Map |~ Chart World

. Diet low in fruits 42 L
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V 4 o0 V 4
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T Vitamin-A deficiency = 232.777
. Childstunting 220,678
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Iron deficiency 59,882 ‘ L '
. Zincdeficiency 28,595
Diet high inred meat 24,833 » 1990
Discontinued breastfeeding 10,012
0 2 million 4 million 6 million 8 million 10 million

Source: IHME, Global Burden of Disease (GBD) ﬂ




The Global Mortality Collaboration, 2016

The Global Burden of Disease project
BMI és az osszhalalozas
In 239 prospectiv study

>10 milliA fA + *

Minden 5 BMI emelkedés
a total mortalitast 30%-kal,
a kronikus vesebetegség miatti mortalitast 60%-kal,

a 2-es tipusu diabetes miatti mortalitast 120%-kal noveli

BMI 30.0 - <35.0 kg/m?: 45%-0s emelkedés (HR: 1.45)
BMI: 35.0 - <40.0 kg/m?): 94%-0s emelkedés (HR: 1.94) —a Woner
BMI: 40.0 - <60.0 kg/m?): 176% -os emelkedés (HR: .76) =

0.5

T T T T T T
15 20 25 30 3% 40 45




Mortalitas a BMI- és a haskorfogat kategoriak (A5 cm)

n=650.000
2.0 4 !
5
31.5~
z
=4 s
1.0 —r i 02 L S S B S e B e
Reference
0.5 -
15-<20 206 <22.5 2215925 25<27.5 2715-4930 30:<32.5 2.5-<35. 35,0-<50
1|2|3|4|5|6|1|2|3|4|5|6|1|2|3|4|5]|6|1|2|3|4|5|6|1|2]|3|4|5]|6|1]|2|3]|4|S5]|6|1]|2|3|4|5|6|1|2|3|4|5]|6

BAM! caterorv and Walst Circumference ca tegorv (Sem prouns )

*Waist circumference cutoff points (cm) for men: <90.0, 90.0 to 94.9, 95.0 to 99.9, 100.0 to 104.9,
105.0to 109.9, 110.0+ and women: <70.0, 70.0 to 74.9, 75.0 to 79.9, 80.0 to 84.9, 85.0 to 89.9, 90.0+

Piché ME et al. Circulation Research. 2020;126(11):1477-1500.



Mozgasszervi eltérések

Possible mechanisms of musculoskeletal

conditions associated with obesity:

e Biomechanical stress: Excess body fat increases the mechanical
=4 load on bones, joints and muscles, leading to conditions like
\ [ = osteoarthritis, particularly in weight-bearing joints.

Inflammation: Adipose tissue produces inflammatory
« » cytokines that contribute to chronic inflammation, exacerbating
Q musculoskeletal conditions and pain.

208 Altered gait and posture: Carrying excess weight can change the
P way a person walks and stands, leading to abnormal gait and
posture. These changes can cause or worsen musculoskeletal
problems, including lower back pain and joint disorders.

b Reduced mobility and functional abilities: The physical limitations
i \ imposed by excess weight can lead to reduced physical activity,
) ; ‘ weakening muscles and joints and ultimately impairing mobility
and functional abilities, as well as a lower quality of life.

Increased risk for injury: Obesity can increase the risk for
musculoskeletal injuries due to the additional strain on the body
GR during physical activities.

Information derived from Raghuveer Vedala, MD, FAAFP, DABOM



Tibial Average Contact Pressure

scientific reports

Osteoarthritis (OA)

on the knee joint biomechanics
based on subject-specific finite
element-musculoskeletal approach

Malek Adoun o Harun Aydelik’, Tanvir R. Faisal® & Reout Halji*

e According to radiographic findings, the prevalence of OA has increased by 25% in Western
cultures over the last decade
e The knee is the most frequently affected joint, with a considerably higher occurrence compared to
the hip and ankle joints

- +Knee OA is poised to be ranked as the fourth leading cause of

disability in women and the eighth in men
- @B 9p QF _}_, ¢ Precise causes of knee OA:
- @8 @F @ B e interplay of mechanical and metabolic changes in articular cartilage, bone, and
- g @F @b neuromuscular control.
. - e mechanical factors, particularly joint loading during daily activities,
- g @Y G _ * biomechanical behaviors that differ markedly from those without the conditions: narrower
o oE ¢ ¢ | range of knee flexion

lower maximum knee flexion angles
decreased peak external knee flexion moments

Figure 10. Maximum contact compressive stress at articular surfaces of tibial compartments at different
instances for the healthy weight, overweight, and obese participants.

Lateral (MPa)

Medial (MPa)

B - i increased peak knee adduction angles and moments during the walking stance phase.
- ;ﬂ gii : ,;i ,g g'ﬂ ,’9 4 e Compared to individuals with normal weight, obese people exhibit higher peak knee adduction
R L G 4 angles while walking and show less knee flexion in the early stance phase
N i ",;i ; e This observation underscores obesity as a primary, modifiable risk factor for OA and
l i ¥§! ;Q‘ ii;* 4§ = !';’{ it i expands the traditional link between obesity and knee OA that is limited to the increased
" B T compressive forces experienced by the knee joint during weight-bearing activities

https://doi.org/10.1038/s41598-024-63745-x WWW.N at u re ] CO m/SC|e nt Ifl C re po I’tS/



The Association Between Hyperuricemia and Obesity Metabolic Phenotypes in Chinese General
Population: A Retrospective Analysis 2022

6,912 participants The ORs for having MHOO, MANW, and MAOO increased 6%
After adjusting for the confounding factors: [OR: 1.06 (1.05-1.07), P < 0.0001], 5% [OR: 1.05 (1.03-1.07), P <
OR for individuals with hypel‘uricaemia to be: 00001], and 11% [OR 1.11 (110—113), P< 00001] for each 10
MHOO: 1.86 (1.42—2.45) unit (umol/L) of increase in serum UA level.

MANW: 2.30 (1.44-3.66)

MHOO: metabolically healthy overweight/obese
MAQQO: 3.15 (2.34-4.24)

MHNW: metabolically healthy and normal weighted
MAOO: metabolically abnormal and overweight/obese
MANW:and metabolically abnormal but normal weighted

A Al p<0.001 B Male p<0.001 C Female p<0.001
|
100 100 100+ = MAOO
— 80+ ~ 80+ 80  7.04% - MANW)
= © 6.12% ) MHOO
> 60 > 60— 60— 0
£ 34.81% - A MHNW
& A = 407 39.52% 40 32.25%
L oo 34.24% L, 20- 44.50%
32.75% " 20.56%
11.20% 19.52% 7.58% o
! 0 T T 0 I 1 0 1 I
Normal levels Hyperuricemia Normal levels Hyperuricemia Normal levels Hyperuricemia

serum UA levels serum UA levels serum UA levels

Sec. Nutrition and Metabolism Volume 9 — 2022 https://doi.org/10.3389/fnut.2022.773220
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RP3V KP-neuronok:
E2 medialt pozitiv
feedback okozta LH
csucs

DOI 10.3389/fendo.2022.951938

GnRH pulzusgenerator és a bejovo jelek

ARCUATE (ARC) NUCLEUS

ROSTRAL PERIVENTRICULAR AREA OF THE THIRD VENTRICLE (RP3V)

HYPOTHALAMUS

Positive feedback
ERE dependent
Classical pathway

ANTERIOR
PITUITARY

OVARIES

LH surge

Kisspeptin @

High level

Oestradiol

Peripheral factors
¢ Glutamate
» Leptin
o CRH

Negative feedback
ERE independent
Non-classical
pathway

3
Pulsatile GnRH and LH

Time

Lo level
_ Oestradiol

GnRH / LH
0o

‘GnRH pulzus generator’

ARC KP-neuronok:

Epizodikus aktivitas

E2 medialt negativ feedback
indukalta GnRH és LH szekrécid

Kisspeptinerg
neuronokat:
leptin: stimulalja
CRH: gatolja



Fius lanyok és lanyos fiuk

PCOS: Abnormalis neuronalis-
reproduktiv-metabolikus kor

® GABA aktivdlja a
KNDy és GnRH
neuronokat, a GnRH
pulzusfrekvencia és
az LH megvaltozik

® az androgenek és
az AMH stimulalja
direktben a GnRH
neuronokat

® aromataz gatolt a
granuolsa sejtekben,
ami koros E2 szinthez
vezet

e inzulin csokkenti az
SHBG-t és direktben

KDNy: kisspeptin
dynorphin neurons

Adiponectint
Y {Whlle Fat Browning ¢
Leptint

\ Insulin Resistance
S

stimulalja az LH-t / SHBG+
e via SNS magasabb o
adrenalis ’ ‘“,/'l
androgenek L |

Metabolic Disorders

Central Regulation

Androgent AMHT / '

Follicular Arrest  Anovulation

Polycystic Ovaries  Gut Microbiota Dysbiosis

Peripheral Factors

Férfi hipogonadizmus, ED

2021 | https://doi.org/10.3389/fendo.2021.667422

TLeptin
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( ulsspepun1 Kisspeptin neurons

Hypotalamusmurtarygland i RH

Central
mediators

Leptin é :

1116 ; v

T8 5wl
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S o4 0 o,
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ADIPOSE TISSUE EXPANSION

, "« LUipolysis
Adipokines " m:ggenesis
tLeptin

{ Adiponectin s

Oxidative stress

N

L proliferation

e »4STAR

lTestqsterone

1973 2011

Int. J. Mol. Sci. 2022, 23(15), 8194; https://doi.org/10.3390/ijms23158194

® Tesztoszteron (T) zsiroldékony-
sok zsirban sok raktarozodik-
kevés lesz a kering6 T

® T-t a zsir aromataz enzime
Osztrogénné konvertalja

— GnRH/ LH-pulzus szekrécid
valtozik

- spermatogenezis csokken
® Az LH —pulzusamplitudé
valtozasa direktben is
upregulalja az adipogenezist a
sc. ektdpias és viszceralis
zsirban

® Obezitasban a zsirsejteken
alacsonyabb
androgenreszponziv
génexpresszio, amik szerepet
jatszanak a lipolitikus és
adipogenezis Utvonalakban

® Leptin: Egészségesben
stimulalja a GnRH neuronokat
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NGi (in)fertilitas

Anovulation Pelvic

adhesions
> o |
N V\D () Ux - i / 15 A
N2 \ ' (A5
Ovarian Tubal Uterine Cervical
factor factor factor factor

 Oka 30%-ban anovulacio- ennek 80-90%-a PCOS

* A reproduktiv korban levé n6k 20-59%-anak PCOM (80%-uknak androgen
excesszusa van, de a hiperandrogen lanyok 20-50% eumenorrheas)

1952: OB+menseszavar: amenorrhoeasok kozuil 48% OB vs eumenorrhoeas
13%-a 1 anovulacids primer infertilis (n=597) n6 vs primipara (n=1695):

BMI >27 kg/m2 anovulacids infertilias RR:

(Dunaif et al: 1998,Norman 2002) (
Rogers J:The relation of obesity to menstrual disturbances.N EnglJ Med 1952;247:53-5)
Broughton DE, Moley KH. Obesity and female infertility: potential mediators of obesity's impact. Fertil Steril 2017;107:840-7)



INZULINREZISZTENCIA (IR) ES PCOS

* Definicid: egy adott mennyiségl inzulinra adott csokkent glikozvalasz

e Oka: az inzulin-receptor vagy az inzulin-receptor szignaltranszdukcio hibaja

* Inzulin a majban csdkkenti az SHBG termelést - szabad androgén szint n6

IR gyakoribb tulsulyosoknal, de nem minden tulsulyos IR (befolyasolja: kor, etnikum, stb.)

* PCOS betegek koziil tobb IR, mint az azonos testsulyd nem PCOS
* IR: sovany PCOS-ben: 10-15% , OB: 20-40%

* A novekvo testsullyal korrelal az IR kialakulasa és sulyossaga

* IR PCOS T2DM kialakulasanak rataja: 10.4%/év

* Nagyon nehéz szamszeriien pontosan definidlni - nincs a diagnosztikus kritériumok kozt

e Szlirés: BMI, derékkorfogat, éhomi vércukor

* Ha az éhomi vc £5.2 mmol/I - CH anyagcsere-zavar riziko kicsi
* 75 g OGTT: populaciéfiuggs: kaukazusi: BMI > 30 kg/m? (azsiai: > 25 kg/m?)
e IGT és IFG esetén évente OGTT ismétlés javasolt (nem helyettesiti a HbAlc)

https://doi.org/10.1111/1471-0528.14764



Infertilitas a BMI fliggvényében

Nurses’ Health Study, 1994

n=116678, 14 allam, USA
2527 nullipara, anovulacids infertilitas vs. 46.718 nem infertilis
18, 20 és 21.9 éves korban

Eredmények:

Infertilitlas relativ riziko (RR):
BMIl<16:1.3
BMI: 16-17.9: 1.1

e m—oD

Logisztikus regresszio: Menstrudcios irregularitas: kérdgiv: 0.5
életkor, »altaldban renszertelen”
kor az infertilitaskor ,mindig rendszertelen” 0 L L 1 0.5
! 15 20 25 30 35 15 20 25 30 35

BMI: 18-19.9: 1.0

menarche ideje, »nincs menszesz”

BMI:
BMI:
BMI:
BMI:
BMI:
BMI:

BMI

20-21.9:1.0
22-23.9: 1.1
24-25.9: 1.3
26-27.9: 1.7
28-29.9: 2.3
30-31.9: 2.6
:>32:2.6

fizikalis aktivitas 18-22 éves kor kozt,
dohdanyzas 15-19 éves korban,
alkohol 18-22 évesen,

OAC haszndlat 22 éves kor alatt,
diabetesz jelenléte

Body Mass Index at Age 18

== Without PCOD =& with PCOD

Relative risks for ovulatory infertility among
women with and without polycystic ovary
syndrome (PCDD).

Body Mass Index at Age 18

T ss%cl

Relative risks for menstrual cycle
irregularity at ages 18 to 22
BMI at age 18.

18 éves korban magasabb BMI hajlamosit
anovulacios infertilitasra PCOS nélkil is

Rich-Edwards Adolescent body mass index and infertility caused by ovulatory disorder, Am J Obstet Gynecol, 1994



Pubertas ideje:
50- 80% genetika

tobbi: kornyezeti hatasok

Male
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Female

Hypothalamus

11
kisspeptin
GnRH

7

Pituitary

11

LH

v

( Ovary

&=

\_Theca cells|Granulosa cell

Lo~

Androgens
Progesterone

Estrogens
Progesterone

FsH| S
<
A
s/
Inhibins

Minden akkor jo, ha egyensuly van
=

Hypothalamus

| dprios i g e A e hY
1

Energy »mTOR  pAMPK
sufficiency/excess 1 1
. ’

nuclei

Neurons of the dorsal medial,
ventral medial and infundibular

____________________________

[ Neuroendocrine neurons ]

of the supraoptic and
paraventricular nuclei

GnRH secreting
cells

Optic chiasm ——————

Superior

hypophyseal
artery

Median i
eminence —\ [
] If
N 2L I
i |

Stalk

Inferior
hypophyseal artery

Anterior pituitary Posterior pituitary

Short portal vessel

Hormone
secretion

LH &
FSH +

! Teslosterone Estogen N\
"""""" and inhibin y and il }

1

Ovary -

!

Testes

Menszeszzavarok:
barmikor, ha
metabolikus vagy
mentalis stressz van



A megoldas?

cognitive
performance .
a and oth
_,r 2. - ,/7 phenotype:
DNA hypo-methylation o, - . =y ‘_/——metubolﬁes,
In muscle: § y plcielequnction,
y i i ifi H myokines, ..
PGC1-alpha, PPAR-delta, TFAM, S Epigeneric Modicationsy, —
MEF-2, NDUFC2 - Target genns
) < EXERCISE
? Histone modifications Genes Performance K o
In muscle: enhancement ST 3 3 T »—D— epigenetic I//,/
H3510ph, H3K36ac, H3K9/14ac - 4 ) ) W repcoemr
. on Glutd, H3ac on Nrf-1 & Mef2a ‘ ‘ - b9 Erihancers
EXGI’CIS@ In brain: Epigenetic 1\/1odmcat|ons> -
H3S10ph, H3K914ac, (S
H3ac on Bdnf B * GWAS SNP

Exercise Molecular effects

@® a legeffektivebb és legkoltséghatékonyabb maddja a tulsuly kezelésének és az egészség és
életmindség javitasanak

@® a rovid és hosszutavu nagyon intenziv mozgas elénytelen lehet, de a regularis, fokozatos és
nem megterheld mozgas nagyon gyorsan emeli a tesztoszteron szintet a hipotalamo-
hipofizealis iranyitason keresztil, ami javitja a Leydig sejtek funkcidjat sansoneetar, 2015

@ kozepes endurance tréning: javitja a DNS fragmentaciot és a fertilitasi mutatdkat, de az
eros fizikai aktivitas kerlilend6 o riessi et 2010

@ a fitness javitasa noveli a szexualis vagyat és a kielégulést, ED-ben az elsé valasztando
kezelési mad (Shamloul &Ghanem, 2013)

Physiological Reports, Volume: 7, Issue: 22, First published: 23 November 2019, DOI: (10.14814/phy2.14287)
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Prevenc

Primer prevencio:
életmodvalias,
kockazat-csOkkentés

Szekunder prevencio:
korai diagnosztikai
vizsgalatok, szirések

\
\

Betegségy
stlyossaga

§

Betegség klinikai, IDO
gyogyitasi szakasza

Egészséges 1 Betegség tinetmentes
allapot : szakasza
I

* Betegség bioldgial kezdete * Eszlelhetd tiinetek jelentkezése

Korai diagnosztikai vizsgalat A betegséqg tiineteken alapuld
és javulas a kezelés utan diagnosztizalasa és javulas a
kezelés utan



Obesity Fad-s Obes Facts 2019;12:40-66

R Dol 1001159/ 000496183 B 2019 The Authoris)
T i:g:_:rte‘zzmt;::can?bzi11sz. 2018 mﬁ&?ﬁ&mr A5, fasel
Guidelines /"——"\
_ Nutrition
European Practical and Patient- Balanced meals
Centred Guidelines for Adult Obesity Visible fat, hidden fat
Management in Primary Care Visible sugar, hidden sugar
go::l irlx_iq\::e Du rre:rL Scf‘:l;rcz:d L]:cahBtIJ;ettf : DHror Dicke]r_‘ i G Sugar.sweetened beverages
Daniel Widrr?erg Valkan Yurmuk? Y\.-eys Schutz! s Cabehydmtes.' Vegetab’es andfmits
Carbohydrates: starch products
Energy density
Food labels
Salt
Alcohol
At the restaurant, on holidays, on
business travel
Eating behaviour and
Physical activity psychological aspects
Sedentarity (sitting time) Hunger
Daily physical activity satiety
Organised sports and leisure-time Speed of eating
Rliysical act:wty- Stress monagement
Muscle strengthening Snacking
To be active on holidays or ion business i
travels Eating disorders
Self-esteem

Durrer Schutz et al.: Management of Obesity by GPs
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Vaginal delivery Breastfeeding

Promoting healty diet
Wellnes of women for both mother and

before and during child and limiting
pregnancy consumption of junk

= = 2 food, sweetened
Childhood obesity prevention Bovicages s
excessive proteins,
fats and
carbohydrates intake

v v

X

(e HO S

. Limit screen time to be
Promoting adquate not more than 2 hrs/day Training of healthcare

Regular physical activity : raining
(at least 60 mins per day) durations of sleep p

Children 2022, 9(12), 1975; https://doi.org/10.3390/children9121975



https://doi.org/10.3390/children9121975

Miért és hogyan kellene lefogyni?

Ts| | hatasa

Mortalitas 10 kg | * Mortalitas<20% |
* DM mortalitas <30% |
 cc mortalitas|

Diabetes 10 kg | * Ehomi glitk6z :50% |

Hypertensio 1kg | sytRR |:2,5 Hgmm,
diast RR}: 1,7 HGmm

RNYOMAS- | Lipid 10kg | - Chol: 10% |
e » Triglicerid 30% |

el

D e e e e v\,
{INZULD AW‘,Mx,,@,“g « LDL 15% |

-

[ 24 (2',1 3
s

BETEGSEG 4 - HDL 8%1

Alvadas  aggregabilitas|
* Fibrinolyticus kapacitas n6

GEK Fizikai allapot | 5— | - Hat és izileti fajdalom kevesebb
A 10 kg | « Vitalkapacitas né

[Jnosatry 2 PBORBETEGSEGEK « kevsebb OSAS

Ovarialis >5% | - javul
functio




Az elhizas kezelésének 5 A(lap)ja

Kérj/kérdezz
Ertékelj
Tanacsolj
Egyeztess

Segits

https://obesitycanada.ca/resources/5as/

sk

| ssess
A dvise

gree

fussist

Permission to discuss weight
Explore readiness to change/address

Obesity stage and/or BMI, for co-morbidities
Drivers, complications, and barriers

Discuss benefits of modest weight loss in context
Discuss treatment options

Agree on realistic weight loss expectations
Agree on SMART behaviour change goals
Agree on a treatment plan

Assist in addressing drivers and barriers
Assist in accessing resources
Refer prn / arrange follow up
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R b Hipotalamusz tumor =
Obezitas-T2DM - [g® ElGtte es ,,kozben Obezitas
= Roux- en-Y-bypass el6tt és utan

Prader-Willi szindroma

Oki kezeles

Lepitin deficiencia
Rekombinans leptin kezelés
elott és utan

Famlllarls parualls Ilpodlsztrofla
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. IMCIVREE "

The First FOA-Approved Therapy for
Specific Rare Genetic Diseases of Obesily

i)

\I

N
»

\\.\

MC4R Pathway Regulates Hunger, Caloric Intake, and Energy
Expenditure, and, Consequently, Body Weight

When'signaling cascade is impaired, setmelanotide restores function by replacing MSH stimulating hormone

r 1

FOMC MELSON

=

(&g Leptn) |

i D «m [
. -
Satje nals\@ m ',_‘

¥ UPSTREAM

Setmelanoctide

=

Site infended for US residentz only,  Patient Information  Prescribing Information  Impartant Safety Information

IMCIVREE
A|A|A

(setmelanotide) injection

The first and only FDA-approved treatment to target an impaired MC4R pathway, a root cause of hunger and
obesity in people living with Bardet-Bied| syndrome (BBS), or POMC, PCSK1, or LEPR deficiency

For Patients For Healthcare Professionals

Choose your condition: Choose your condition:

Bardet-Bied| POMC, PCSK1, or

EXPAND ~

Bardet-Bied|

Important Safety Information

POMC, PCSK1, or

What is IMCIVREE?
IMCIVREE is a prescription medicine used in adults and children 6 years of age and older with obesity due to:
* The genetic conditions pro-opiomelanacertin (POMC), proprotein convertase subfilisin/kexin type 1 (PCSK1), or lepfin receptor (LEPR) deficiency, to

help them lose weight and keep the weight off

177 Bardet—Bied| syndrome (Laurence-Moon-Biedl syndrome)

v' Obesity

230 5
mmsm ‘/f /:74

PP o e i

+* Clinical features

v' Postaxial polydactyly
v Hypogonadism

v Retinitis pigmentosa
v’ Rod-cone dystrophy
v' Mental retardation

v" Polyuria and polydipsia
v Renal anomalies

+* Mode of
inheritance?
v" Autosomal

recessive

+* Most common gastrointestinal association? .
v'Hirschsprung disease

Padiatric Gn Bouores

“ What is the cause of polyuria and polydipsia?
v Nephrogenic diabetes insipidus

,(uz‘ﬂnSquare-s




)
e Visceral > subcutaneous
8 fat storage
@ (apple)
(%]
o Primarily
< | gluteofemoral
S | fatstorage
2 (pear)
s D
z ¢
S General Qs
3 population
@ ¢
¢
¢
Q1 ¢ Y
¢

Lipodisztréfia-

Loss of
gluteofemoral
fat storage

t

”’ l PLD2-6
v °

Primarily visceral
fat storage
(extreme apple)

L]
¢ ¢ PPARG
¢ ¢ s ¢ p.Pro467Leu
PPARG
¢ p.Pro12Ala

| inndvstranhv severitv

Individuals in the highest quintile (Q5) for a polygenic risk score for insulin resistance (see Lotta et

J Clin Invest. 2019;129(10):4009-4021. https://doi.org/10.1172/JCI1129190

Unable to store fat
in adlpose tissue

@CGU -4

PPARG
pGIu138Valfs 168
p.Arg164Trp

Patient 8
fat distribution and are less insulin resistant. FPLD type 1 (FPLD1) represents an intermediate state between other monogenic forms of FPLD and the highest-risk |nd|V|duaIs from the general population. The degree of genetic disruption of adipose tissue also

correlates with these phenotypes, as exemplified by the impact of a range of PPARG mutations: complete loss of PPARYy function can cause CGL; dominant-negative PPARG mutations cause FPLD3; and common PPARG variants affect insulin resistance at a
population level. Exemplars of PPARG mutations in each of these categories have been included. Each black dot represents a distinct monogenic disease (see Table 1 for classifications), and red diamonds schematically represent common genetic variants that
influence adipogenesis and insulin resistance.

Before treatment

After one year of metreleptin

Myalepta

=

s :‘ ’
j r
4
mvaleota m Gy
Pulver zur Herstellung
einer injektionslosung |
Metreleptin

7

Subkutane Anwendung
Nur 2ur o—nnnl,qu n

ASowe e jung j}’
1Durchstechnasche /

10

Indication:

As an adjunct to diet as a
replacement therapy to treat the
complications of leptin deficiency in
lipodystrophy (LD) patients:

with confirmed congenital
generalised LD (Berardinelli-Seip
syndrome) or acquired generalised
LD (Lawrence syndrome) in adults
and children 2 years of age and
above with confirmed familial partial
LD (PL) or acquired PL (Barraquer-
Simons syndrome), in adults and
children 12 years of age and above
with persistent significant metabolic
disease for whom standard
treatments have failed to achieve
adeguate metabolic control

whereas those in the lowest quintile (Q1) manifest a protective “pear-shaped”



OBESITY =t
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A clinical practice guideline Pacpls with chesty increased complications

expensnce waight bias and martality indepamndant
& ™y, BMIIS NOT AN ACCURATE of

TOOL FOR IDENTIFYING
OBESITY-RELATED
COMPLICATIONS

ADVISECHN == === ==
MANMAGEMENT

Mesdical nutritson therapy

Asking penmissaon

ASSIST WITH DRIVERS
AND BARRIERS

Stage 0

Stage 1

Stage 2

Canadian Adult Obesity Clinical Practice

GUIDELINES

CLICK TO LEARN MORE

No risk fectors

No physical or psychological symptoms
No limitations

Existing risk factors

OR

Light physical complaints

oR

Light psychological complaints / constricted well-being

Pronounced risk factors requiring madical care
OR

Modarata psychalogical complaints

OR

Modarata functional limitations In dally routine

Lifestyle interventions,
Prevention, Counseling
& Repular medical
control

Lifestyle interventions
& Consider metabolic

surgery

Lifestyle interventions
& Metabalic surgery




Testsulymenedzsment pillérei

( Elhizas diagnézisanak )

C1res e
.f(?la'llltasa’ Fizikai aktivitas fokozasa
N Rizikobecslées Egyénre szabott

Strukturalt

Dietetikai
oktatds/ tamogatas

Multimodalis

Pszicholdgiai . . .
testsuly - Praxisn6vér bevonasa

tamogatas

menedzsment

——

Gyogyszeres terapia az
alapellatasban

oz X R
Tamogato csaladi és
tagabb szocalis

U -~ )
Sziikség esetén specialis

obezitologia
szakrendelés bevonasa

kornyezet

- J

* Sajat megjegyzés

N. Forgione:Managing Obesity in Primary Care: Breaking Down the Barriers Advances in Therapy February 2018, Volume 35, Issue 2, pp 191-198




egészséqgiigyi

kockazatok 4 N
5eké Sebészet
BMI > 40 SRS , 20-40%-0s
BMI > 35 + testsulycsokkenés
komorbiditéas

Endoszképos beavatkozasok

o | ] 10-20 %-os
testsulycsokke
nés
BMI > 30 Gybgyszeres terapia

BMI > 27 +
komorbidit4

5-20 %-o0s
testsulycsokke
nés

Kezelés

Eletmédterédpia

- 5-10 %-o0s
testsulycsokke
nés

gészseges eletmodo

ﬁ ; ﬂ* o 2-5 %-o0s
2)" . AT 4\ ; testsulycsokke

i nés

DO0I:10.1007/5s13679-021-00444-y



https://link.springer.com/article/10.1007/s13679-021-00444-y

* Mérheto

* Elérheto

* Realis

* ld6ben behatarolt

Metabolizmus, 2022.XX. Evfolyam 5.szam

A kezelési terv: célok és menete

Kezelési terv menete:

e [smertetése

e KOlcsonos beleegyezés a valtoztatasokba
e |dOben torténd terapia modositas, a
klinikai inercia elkerulése

e A dontési ciklus revizidja évente legalabb
1-2 alkalommal

e |Integralt ellatorendszerben torténd
muikodeés



Heart Failure Care Team

https://doi.org/10.1016/j.jacc.2021.01.030 JACC 2021

Ki és mit csinaljon? ,NODGING”

~
(AL (ﬁ' risk fact
doa | . iac ctor
S megand modification,
aaaaaa
Transitions of Care Counseling " i
‘ ?_ llllll
' oo @
4
, Psyc |

Ki kell(ene)?
Az elszant beteg
Kezel6 csapat:
Kardiologus
Obezitologus
Diabetologus
Reumatologus
Dietetikus
Mozgasterapeuta
Edz6k
Pszichologus
Csalad

K6zosség
Tarsadalom

és a megfelels felételek

Fontos:

Megfeleld
kommunikacio

Feliigyelet/ellenGrzés

Tamogatas

Edukacio

Motivacio

. Osztokélés”



Mennyi legyen elég?

PIET IS 'PIE’

Nyugalmi metabolikus rata (BMR): WITH A "T'

* Nok: (7x tskg)+700 kcal

* Férfiak: (10xtskg)+1000 kcal
Napi energiaigény:

Nyugalmi metabolikus rata x fizikai aktivitasi szorzé

s
Wi
y *'.'r"‘!:.»f?:.

Fizikai aktivitasi szorzo: - 4 H 2 ﬁ A
* Ul6 életmdd: x1,2 ' ' ‘, <

e Konnyd fizikai aktivitas: x 1,4 - '-"' ‘
e ErQs fizikai aktivitas: x 1,8 11

Cél: heti 0,5 kg ill. 10 % fogyds / ¥ év
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PHYSICAL

1g tiszta 3 FOOD INTAKE ACTIVITY TEF

G @ S

~4 kcal

1 g tiszta 4 _‘ g o) \ 4 Sweeping carpet
ZSiR é ( G/‘ £e £

~9 keal / dl ENERGY : ENERGY

INTAKE g EXPENDITURE Gardening

AT HOME ACTIVITIES

Better for lighter workouts
99-124 cal / 30 min and beginners

120-150 cal

Tgtista )‘ w Playing with dog
SZENHIDRAT 6 ' (moderate) 120-150 cal
)
~4 kcal | ‘

Wash & wax car

1 g tiszta =
/ i h Ki
et ’ 'Y e D ot i
e ca

135-168 cal

T 150-188 cal
o KaldriaBazis ; 5 ¥
‘ — Fooldal ~Eszkozok Informécio  Forum Moving furniture 60
- 180-225 cal
/ —
O KO STA N Y E R whyiexercise.com

“ Folyadékok

Key:
A drink ==

' 1 A snack wep
)

Intake  Expenditure

gy minden nap irss . .
COIHARIE gyOmDlestt Rozakintan
tojds/tej és

tejtermékek

Time of day

Napi éte'ed fels s6idség ds
gyvrdles legyent

Via v
fuahve Jefor dsuk k0!

atczatesan a

( Mi legyen egy nap a tanyérodon? J

un
s
3

Tagye) 1 siiopyasrton soeleh, italok meonyisegfre 45 minosegsre!
‘gy2l elganda falyadaver, atkntynapoats 3 5 slalommsl valszstasar!

Foggasaz munden nap 0|asighoMt. BYOmacsol, telies drahi gabonat,
Anjot, rivszegeny Seitwrmdhehad, BowoRatt

TRENDS in Neurosciences



Testsulyvaltozas (kg)

Hosszu tavon tartos testtomegcsokkentés
étrendi kezeléssel valédi kihivas

A betegek gyakran képtelenek hosszu tavon fenntartani az eléert testtomegcsokkenést

14 megfigyeléses, hosszu tavu (4-7 év) kovetéses tanulmany attekintésével meérték fel
az etrendi kezelés hatasossagat az elhizott betegek testsulyanak tartdos csokkentésében

ANDERSON FOSTER GRAHAM HENSRUD JORDAN KRAMER LANTZ MURPHY PEKKARINEN STALONAS STUNKARD \WADDEN WADDEN WALSH
és mtsai és mtsai

5 - és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai és mtsai

-10 4

-15 4

-20 4

-25 41

30 4 m Atlagos valtozas a kiindulastdl a diétas kezelés végéig m Atlagos valtozas a kiindulastdl a kovetés végéig



Evidence-based lifestyle therapy for treatment of obesity should include three components

PHYSICAL ACTIVITY

BEHAVIOR

« Reduced-calorie healthy meal plan
« ~500-750 kcal daily deficit

« Individualize based on personal
and cultural preferences

» Meal plans can include:
Mediterranean, DASH, low-carb,
low-fat, volumetric, high protein,
vegetarian

« Meal replacements

- Very low-calorie diet is an option
in selected patients and requires
medical supervision

Team member or expertise:
dietitian, health educator

« Voluntary aerobic physical activity
progressing to >150 minutes/week
performed on 3-5 separate days
per week

- Resistance exercise: single-set
repetitions involving major muscle
groups, 2-3 times per week

« Reduce sedentary behavior
- Individualize program based on

preferences and take into account
physical limitations

Team member or expertise:
exercise trainer, physical activity coach,
physical/occupational therapist

An interventional package that
includes any number of the following:

Self-monitoring
(food intake, exercise, weight)

Goal setting

Education (face-to-face meetings,
group sessions, remote technologies)

Problem-solving strategies
Stimulus control
Behavioral contracting
Stress reduction

Psychological evaluation,
counseling, and treatment
when needed

Cognitive restructuring
Motivational interviewing

Mobilization of social support
structures

Team member or expertise:
health educator, behaviorist, clinical
psychologist, psychiatrist

http://obesity.aace.com/aace-obesity-guidelines



yAntiinflammatorikus” mozgas

Use of Physical Activity and Exercise to Reduce Inflammation in Children and Adolescents with Obesity,
2022 Jun: 98 cikk narrativ review

Z | Bl ey (>
=  Teaworary
- h lymphocytosis ,./" 4 IP:::'::-_:
| Abdominal fat 4 s ‘\ ' /‘ 5??:%?5’.:,’;322&
o 4 e : e
2016: 83 RCT review es e e e, - N ] -
t Il [ ::::so.;:::é:ﬁ: — e cRe
retaana els: P men o 4 i ‘ N S e ) e s
2 hétnél hosszabb regularis fizikai TrheTye ime .. A
= Size gs:lc'iéposa A > A
aktivitas csokkenti a CRP-t :
¥ Leptin ~ J L6, TNFalfa
4 Adiponectin = } TNFalfa

A vazizmok altal szekretalt

IL-6:

a proinflammatorikus citokinek (TNF-a,IL-1B) termelését gatolja

az er@s antiinflammattorikus IL-10 elvalasztasat elosegiti

— ez gatolja olyan proinflammatorikus IL-1a, IL-18, TNF-q, IL-8,
macrophage inflammatory protein-1a (MIP-1a) szintézisét

Irisin: mozgas utan nagy mennyiségben szekretalddoé myokine, ami
elGsegiti a fehér apidocitak ,barnulasat” ( “brite” / brown-white)
IL-15: az izomban kontrakcid hatasara termelédik, inverz asszociacio az
IL15 szint és a hasi elhizas mértéke kozt

2019: aerob tréning csokkenti a
CRP-t egészséges egyénekben

Annal jobban csokkent a CRP,
minél jobban csokkent a BMI és a
testzsirossag

Calcaterra et al:Use of Physical Activity and Exercise to Reduce Inflammation in Children and Adolescents with Obesity Int J Environ Res Public Health. 2022 Jun; 19(11): 6908 doi: 10.3390/ijerph19116908.



LOOK-AHEAD

T2DM 8 éves kovetés
intensive lifestyle intervention (ILI) vs diabetes support and education (DSE,usual-care group)

80%

d

e - 3 DSE

70%

-2.1% 60%

50%

-4.7%
40%

P < 0.001 for comparisons at all years
30%

Percent reduction in initial weight

20%

Percentage of participants at year 8

=10 T T T T
0 1 2 3 4 5 6 7 8

Years

-
.
4

10%

0% -

Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle intervention

© 2018 Endocring Roviews ENOOCRNE SOCIETY

® 2018 Endocrine Revisws ENDOCRINE SOCIETY

Differences between groups were significant (P < 0.001) at all years.

73.6%

>0%

B Intensive lifestyle intervention (ILI) d
m Diabetes support and education (DSE)

25% 210% 215%
Percent reduction in initial weight

The Look AHEAD Research Group:Long Term Effects of a Lifestyle Intervention on Weight and Cardiovascular Risk Factors in Individuals with Type 2 Diabetes: Four Year Results of the Look AHEAD TrialArch Intern Med. 2010 September 27; 170(17): 1566—1575.

doi:10.1001/archinternmed.2010.334



Kezelés

egészségiigy: Elhizas kezelési piramisa

pd

BMI > 40 Sebészet 20-40%-0s
BMI > 35 + testsulycsokkenés
komorbiditéas '

Endoszképos beavatkozasok
iy | iy e 10-20 %-os
testsulycsokke

BMI > 30 Gybgyszeres terapia o
: 5-20 %-o0s

BMI > 27 +

komorbiditA testsulycsokke
nés
Eletmédterédpia
: 5-10 %-os
testsulycsokke
nés

geszseges amogato szoclo—-ku
2-5 %-0s
testsulycsdokke
nés

DO0I:10.1007/5s13679-021-00444-y



https://link.springer.com/article/10.1007/s13679-021-00444-y

OB GYOGYSZERES KEZELES

Indikaciodja:
¢ 3 honapos nem gyogyszeres kezelést kdovetden a
testsulycsokkenés nem éri el az 5%-t
¢ BMI> 30 kg/m?, illetve

BMI>27 kg/m?2 + egyéb tarsbetegségek jelenléte



Milyen terapiat alkalmazzunk?

Eletmdd — az ALAP o an i geunde ke
Az ,energia-felszivas” mérséklése == .
Orlistat A
Az energiaégetés fokozasa (,,zsir barnitasa”) Brain ® Stomach
Az energiaérzékelés/”kozvetités” megjavitasa . WiNpY —
Az éhség /jollakottsag befolyasolasa — / 1 -’
Naltrexon/bupropion N ()
GLP1-RA-k A ® itesines |
GLP-1+GIP koagonista )
GLP1-RA+ amylin/glucagon analég*
A , kognitiv” evés/ onjutalmazasrdl ,leszoktatas”
Naltrexon/bupropion Medicaton Central iteof action  Periphera iteof action
GLP1-RA
GLP-1+GIP koagonista B Phentermine/Topiamate 238 None
A Orlistat None Gastrointestinal tract
@ OGIP/GLP-1 dualagonists 134,59 Adipose tissue, gastrointestinal tract

* Jelenleg Magyarorszagon nincs kereskedelmi forgalomban



Canadian Adult Obesity Clinical Practice Guidelines

Pharmacotherapy Decision Tool

Patient and HCP considering obesity pharmacotherapy

Information given to patient regarding all available medications*

b .5
Access to all medications

No access to medication
!

Advocate for access

Limited acess t mediaton

e e

Consider goals of therapy**, contraindications,
and patient values and preferences***

Assess efficacy after 3-6 months on therapeutic dose

Treatment goals not met Treatment goals met

Add or substitute another medication Continue medication
y

Reassess goals of therapy** and patient values and preferences*** periodically

Footnotes:

* Medications approved in Canada as of lune 2022: Uraglutide 3 mg daily, Maltrexone/Bupropion 16/180 mg bid, Orlistat 120 mg tid,
Semagiutide 2.4 mg weekly

** Treatment of comorbidities, percentage and durability of weight loss

**# Including cost, frequency, route of administration and tolerability



Magyarorszag gyogyszerei

Amik voltak, de mar hivatalosan nem elérheto6ek

* Rimonabant: Acomplia
e Sibutramin: Reductil

Amik elerhetoek

* Orlistat: Alli, Xenical

* Naltrexon+bupropion: Mysimba
e Liraglutide 3 mg (Saxenda)

* Tirzepatide (Mounjaro)



* Gl lipazgatlo

* trigliceridek hidrolizisét gatolja
e enteralis zsirfelszivodas 30%-kal

csokken

» Kedvezs hatas a vérnyomasra,
lipidprofilra és a vércukorszintre

e Mellékhatasok:

* steatorrhoea, flatulentia, széklet
incontinentia, malabsorptio,
epekovesség, hepatopathia,

pancreatitis

Sjostrom L. Endocr Pract 2006; 1251:31

Orlistat

'
- Cadizat
Lipass orisal '

Lipid
( ’mm
Triglycende
rydrolysis

Fat digestion

Duodenum

From the =
pancreas

e / Fat
Lipase\ e ’ (TG)
?

<« . ’ R

» - e .
»
Duodenal , PN Duodenal
mucosa _ , mucosa

. —>

Oxqlistat - Mechanism of action

Duodenum
y
From the Orlistat -
pancreas
e g Fat
TG
Lipase f’o ,( )
- - »
I 5
e -
Duodenal » , Duodenal
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Naltrexon/bupropion (MYSIMBA)

A Mysimba két bevalt, 15 éve hasznalt hatéanyag kombinacidjat tartalmazza
1 tbl:

7,2 mg naltrexon

Nucleus accumbens <+ 78 mg bupropion

(jutalom/fuggdség)
étvagy |

energiafelhasznalas 1
= testtomegcsokkenés

. _——— Prefrontalis kéreg
(dontéshozatal és viselkedés)

Hypothalamus
(az energiaegyensuly
élettani szabalyozasa)

Bupropion serkenti a

Ventdlis tegmentalis tertlet ; .
(dopaminerg neuronokat tartalmaz) f;]oh:\glct:oﬁﬂhc; P O M C n e U rO n O kat . 1
hurok
(B-endorfin)
Naltrexon

MOP-R antagonista

raltrexen blokkolja a POMC neuronok
MOP-R kozvetitésével

Energiaegyensily szabalyozasa POMC neuron , , T
| Enorgiacgyensuly szabélyozdsa megualosuld gatlasat

MCA4-R = melanokortin-4 receptor; MOP-R = p-opioid receptor;
ao-MSH = alfa-melanocyta-stimulaléd hormon; POMC = pro-opiomelanocortin.

POMC inger
(bupropion)

Az abra BILLES SK, és mtsai. kozleményébdI* szarmazik. © 2014 Elsevier, a kiadd engedélyével kozolve. 120
. Billes SK, és mtsai. Pharmacol Res. 2014; 84: 1-11.



A naltrexon/bupropion szignifikansan hatasosabb

a placebdnal a fazis Il tanulmanyokban'~

A kezelést befejezett alanyok® ITTd A kezelést befejezett alanyok ¢ ITTd
< 97 1,8 -1,3 1 -1,9
- o~ ’ ‘2,4 ’
- -2 4 -2
QL
S e ] Az elsédl
= z elsédleges végpont
\© O [ | AT ) Y
-6 - -6 .
-t-u- _: 5,4 eértékelése a 28. héten 5,7
-& o '8 T * '8 T *
o <
Eg 8,1 a0 7.8
== NB-3011.22b ’ ITT: NB-303t3aPb ITT:
g Ee] -12 A kezelést befejezett alanyok szama : N=586 N=1074 12 1 A kezelést befejezett alanyok szama: N=938 N=1417
ﬁ :g '14 T T T T T T T T T T T T T T T T 1 -14 T T T T T T T T T T T T T T T T 1
% ": 0 8 16 24 32 40 48 56 56 0 8 16 24 32 40 48 56 56
‘0
(1]
Eow 0 - -1,7
n 'S -2,2
N 2 |
32
>y —
5'C 4 1 =4
8w 6 -
2 S ’
= g -8 A -5I9
<=
‘G NB-302 -10 1 NB-304
BMOD?42b : 12 4 T2DMisb ITT:
A kezelést befejezett alanyok szama : N=407 761 A kezelést befejezett alanyok szama : N=275 N=487
T T T T T T T T T T T _14 T T T T T T T T T T T T T T T T 1
0 8 16 24 32 40 0 8 16 24 32 40 48 56 56
Hét Hét

Placebo [l NB

* P<0,001 vs. placebo.

a BMI 30-45 kg/m2;

b BMI 27-45 kg/m? + kisérébetegségek;

¢ Az 56 hetes kezelést befejezett alanyok elemzése;

d A randomizalt alanyok ITT elemzése, az eredmények az utoljara megfigyelt érték tovabbvitelén (LOCF) alapulnak.

BMOD = viselkedésmaddositas; ITT = intent-to-treat; NB = naltrexon + bupropion; LS = legkisebb négyzetek; T2DM = 2-es tipusu diabetes mellitus.
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Mysimba® adagolas / doézistitralas?

e A kezelés sziikségességét 16 hét utan mérlegelni kell, ill. évente Ujra kell értékelni!
e Szakorvosi/kérhazi diagnozist kovetéen folyamatos szakorvosi ellenérzés mellett alkalmazhatd
e Tarsadalombiztositasi tamogatas nélkili készitmény

@ -1 Mysimba retard tabletta (8 mg naltrexon-HCI, ami megfelel 7,2 mg naltrexonnak, és 90 mg bupropion-HCI, ami megfelel 78 mg of bupropionnak)

A Mysimba dézisat 4 héten keresztiil emelni kell:

Reggel Este
1. héten O
2. héten O o
3. héten ® O o
4. héten és azt kdvetben ® O ® O

A Mysimba ajanlott maximalis napi adagja naponta kétszer két tabletta=
32 mg naltrexon-hidroklorid és 360 mg bupropion-hidroklorid 6sszdézis!?

BMI = testtdmeg index

Mysimba alkalmazasi elGirat, https://ec.europa.eu/health/documents/community-register/2015/20150326130850/anx_130850_hu.pdf 122
Mysimba [Alkalmazasi elGiras: 2019.06.28Dublin, Ireland: Orexigen Therapeutics Ireland Limited .



Mysimba”®
terapias javallatok és alkalmazas?

A Mysimba® felnétt (=18 éves) betegek csokkentett kaldriatartalmu étrendjének és fokozott fizikai
aktivitasanak kiegészitesekent, a testtomeg csokkentésere javallott, amennyiben a kiindulasi testtomeg
iIndex (Body Mass Index — BMI) :

=30 kg/m? (elhizas), vagy
>27 kg/m? - <30 kg/m? (tulsulyossag és a testtomeggel 6sszefliggd tarsbetegségek
(pl. 2-es tipusu diabetes, dyslipidaemia vagy beallitott hypertonia) kozul egy vagy tobb fennall

A Mysimba-val végzett kezelest
16 hét elteltevel le kell allitani,
ha a beteg kezdeti testtomege nem
csokkent legalabb $%-kal

Mysimba alkalmazasi el6irat, https://ec.europa.eu/health/documents/community-register/2015/20150326130850/anx_130850_hu.pdf 123
Mysimba [Alkalmazasi elGirds: 2019.06.28Dublin, Ireland: Orexigen Therapeutics Ireland Limited .




Mysimba® - Ellenjavallatok?

B Akészitmény hatdéanyaga(ai)val, vagy barmely segédanyagaval szembeni tulérzékenység

B Kezeletlen hypertonias betegek

B Aktudlisan fennallé vagy a kértorténetben szereplé gércsronamban szenvedd betegek

B |smert kdzponti idegrendszeri tumorban szenvedé betegek

B Alkoholfogyasztast vagy benzodiazepinek alkalmazasat hirtelen abbahagyoé betegek

B Betegek, akik kortorténetében bipolaris zavar szerepel

B Bupropiont, vagy naltrexont tartalmazo6 barmiféle gyogyszert egyidejlileg szedd betegek

B Olyan betegek, akiknél aktualisan, vagy el6z6leg bulimiat, vagy anorexia nervosat diagnosztizaltak

B Aktualisan kronikus opioid, vagy opiat-agonista fugg®, ill. opiatok alkalmazasat hirtelen abbahagyé betegek

B Monoamino-oxoidaz gatlokat (MAOI) egyidejlleg szedd betegek:
[1 MAOI abbahagyasa és a natrexonnal/bupropionnal végzett kezelés megkezdése kozott legalabb
14 napnak kell eltelnie

B Sulyos majkarosodasban szenved6 betegek (emyhe/kp majkarosodas: nem javasolt, de nem ellenjavallt

Mysimba alkalmazasi el6irat, https://ec.europa.eu/health/documents/community-register/2015/20150326130850/anx_130850_hu.pdf
Mysimba [Alkalmazasi elGirds: 2019.06.28Dublin, Ireland: Orexigen Therapeutics Ireland Limited .



Kezelés tovabbi lehetoségei

Anorexigenic signaling Anorexigenic signaling Orexigenic signaling
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nucleus Shypothalamic area
- .. Nucleus accumbens neuron- 4
(it 1111 CRH ' TRH ORX = MCH —
D1 Q D2 :
,§ j - |Top|ramate
e 6. B Y1/¥5R MC3/4R S | MC3/4R  Y1/Y5R
. o Wy W
: £ A | ! .
 Phentermine | &Q}X IR ! : 2 T P
< GABAergic tifin
Dopamine & NPY :
Dopaminergic _DD,,V Q‘L AGRP dual il AGRP o MSH :
neuron Serotonergic
, neuron
Y1R lSerotonm
——3» CCKTR i
S | GLPIR_ b
= _ NPY/AGRP Arcuate = POMC/CART =s5HT2c
CCK Dor&;l Pramlintide GHSR ,ﬁ; nucieus : "
== \Vaga : LepR LepR ~
LepR  complex @ m Q ff Mp-OR
% § Y2R =-
: = CLP T oo T
A p L . TS
Y4R GLPI1R 4————[Exen&,ltde._ Liraglutide Leptin Leptin Lorcaserin HCI |
' Metre!eptin Naltrexone

Vagal afferents

Receptors: Aiﬂ"_ll Stimuiating ]lmﬂ inhibitory

C 2018 Sodawve Sadves ENDIGRAE S00ETY

Pharmacological management of obesity: an endocrine Society clinical practice guideline.Apovian CM, Aronne LJ, Bessesen DH, McDonnell ME, Murad MH, Pagotto U, Ryan DH, Still CD, Endocrine Society.J Clin Endocrinol Metab. 2015 Feb; 100(2):342-62



Az egyes szerek hatékonysaga

The Science of Obesity An Society
Statoment

Orlistat Lorcaserin Liraglutide d
- 0
o 0 - Placebo tid
b -e- Orlistat 120 mg tid
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Inkretinek-GLP1

= ® : Inkretin minden olyan Gl hormon, ami fiziolégias kortlmeények
[ .45 /7 . 7 V4 e J o /
70} o Onlgueose(509) a0 KOZt Szerepet jatszik a pankreasz hormonok szekrécidjanak
60+ # |v. glucose (variable) {350 /g . . .
5 ., Iy S€rkentéseben (inzulin, gliikagon, PP, SOM)
= [ o
c 4of 120 3 ,tobbiek”
k= 1150 — Adrenomedullin
20t :
1100 Stomach Apelin
10¢ 150 Calcitonin Gene-Related Peptide (CGRP)
Of 0 R Cholecystokinin
0 60 120 180 Duodenum Galanin
G SZS:tin Gastrin
3.0t 19 MG'F Gastrin-Releasing Peptide (GRP)
18 dejanum e | Ghrelin
—_— 25 B Neurotensin .
= 17 Leptin
g 20t 16 Joumm Glucagon Motilin
'% 15 La Neurotensin
j% 1.5¢ la h3: Colon Py Neuropeptide Y (NPY)
GQJ. 107 13 Obestatin
O {2 B _ Opioids
0.57 ¢ {1 S Pituitary Adenylate Cyclase Polypeptide (PACAP)
0.0+ 10 Peptide Y'Y (PYY)
6 ' 6'0 ' 12'0 ' 1é0 Vasoactive Intestinal Polypeptide (VIP)
Xenin

Rehfeld JF. The Origin and Understanding of the Incretin Concept. Front Endocrinol (Lausanne). 2018 Jul 16;9:387. doi: 10.3389/fendo.2018.00387.
Nauck MA, Meier JJ. Incretin hormones: Their role in health and disease. Diabetes Obes Metab. 2018 Feb;20 Suppl 1:5-21. doi: 10.1111/dom.13129.
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J Clin Invest. 1987 Feb; 79
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Svetlana Mojsov

JCI The Journal of Clinical Investigation

Published by The American Society for Clinical Investigation | Founded 1908

Joel Habener

doi: 10.1172/JC1112855

Insulinotropin: gl
potent stimulator

S Mojsov, G C Weir, and

Proc, Natl, Acad. Sci. USA
Vol. 84, pp. 3434-3438, May 1987
Medical Sciences

Glucagon-like peptid
increases cyclic AM
(Insulinotropin /cyclic AMP)

DanieL J. DRUCKERY, JACQUES
AND JoEiL F. HaBeNeR*!

Glucagon

Jens Juul Holst
1986,Copenhagen

smaller N-terminally truncated form
of GLP-1, GLP-1(7-36) amide purified

ecretion in the perfused
ras model

N

c L) 10 W " e 10 11 (~lcgM)

Densitom

ool ¥7

Con 1-37

7-37

Figure 4. GLP-1 directly sti signal d

and gl di insulin

1-38

in islet cells. CLP-1(7-37) directly stimulates cyclic AMP
accumulation (A), insulin gene expression (B). and glucose-dependent insulin secretion (C) in a rat insulinoma cell line, as adapted from ref. 23

,GLP-l is a regulator of insulin biosynthesis. The identification of multiple molecular forms of GLP-I inintestinal extracts, and ir
smaller amounts in pancreas, raises physiological questions of how GLP-I exerts its insulinotropic effects. Furthermore,
whether GLP-| acts via a receptor separate from that for glucagon or serves as a potent agonist for the glucagon receptor
remains to be determined. The contribution of GLP-I to the incretin effect, aswell as its possible role in the impaired insulin
secretion in patients with non-insulin-dependent diabetes mellitus, merits further investigation.”
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Liraglutide 3 mg (Saxenda)
indikacio: obezitas v —

Solution for injection in pre-filled pen

Liraglutide

Subcutaneous use

3 pens

o Cachpen contains 3 mi solution end b able 1o deliver dases of

O — . = E MOVONNGSE Odmg 12 mg 1 Bmg 24 mg and 10 mg
: :
" :
2 - |
B 3- s z N -
—— . . S
4 s :
= SR ' = T —— = @ Placebo
= ' = e S
%y - B!
g —5 = 'g : E : e -4
= E . ‘§ : . 4 Orlistat
—_ . 1
= _g- A &S - , 1=
' ' I il 2 .
: . ' - < - Liraglutide 1-2 mg
i . : : Liraglutide 1-8 mg
: : " & Liraglutide 2-4 mg
8- : s
: : Liraglutide 3-0 mg
-9 “ f T T T 1
-5 == O 5 10 15 20
Weeks

Saxenda® [package insert]. Plainsboro, NJ: Novo Nordisk Inc; 2017.
Wadden TA, Hollander P, Klein S, et al; for NN8022-1923 Investigators. Weight maintenance and additional weight loss with liraglutide after low-calorie-diet-induced weight loss: the SCALE Maintenance randomized study. Int J Obes (Lond). 2013;37(11):1443-14&13 1
and supplementary information. www.nature.com/ijo/journal/v37/n11/extref/ijo2013120x1.doc.



Semaglutide 2,4 mg (Wegovy) elhizasban
3

Mo-n még nincs o

E

2.4 mg
maintenance
dose

INITIATION
DOSE

B

1.7 mg

for 4 weeks

1mg
for 4 weeks

i

:

.

for 4 weeks

0.25 mg

for 4 weeks

>
| Weeks1-4 | Weeks5-8 | Weeks9-12 | Weeks13-16 | Week17 |
and onward

—START — STEP UP — STAY —




Semaglutid obezitasban

7 Patients in both arms continued a reduced-calorie diet
2 and increased physical activity after randomization’
4 _
g a
= -6
+6.9%
b ,S_
= INCREASE* FROM
a 10 WEEK 20 TO WEEK 68
a.
@
Z
= 2
: : -7.9%
= 5] ]
‘: '14_ =
E _§ REDUCTION*T FROM
16— £ WEEK 20 TO WEEK 68
All patients received e — +
.18 Wegowy" for 20weeks & Ho‘ﬁ"‘“-ho—o v
T T T T T T 1 | | I | I |
0 4 8 12 16 20 24 28 36 44 52 60 68 RD-MI
Wegawy® (n) 803 BO3 535 521 520 535
Placebo (n) 268 254 250 268
WEEKS
Mean baseline body weight (week 0): 236.3 |b Mean baseline BMI (week 0): 38.4 kg/m??

Mean body weight at randomization (week 20): 211.91b  Mean BMI at randomization (week 20): 34.4 kg/m?

. . _ . + reduced-calorie
—0— Wegowy® © Wegowy® observed value ¥ Wegowvy® estimated value | diet and increased

Placebo ¢ Placebo observed value 4. Placebo estimated value physical activity

https://www.novomedlink.com/obesity/products/treatments/wegovy/efficacy-safety/clinical-trial-4-results.html

From week O to 68, patients
taking Wegovy® achieved

SUPPORTIVE SECONDARY END POINT

vs 5% (~12 Ib) weight loss with a
reduced-calorie diet and increased

physical activity alone'




Farmakoladgiai dozis

GLP-1 hatasok a plazmaszint fliggvényében

Vomiting
Diarrhoea
MNausea
Abdominal pain

Appetite
Food intake
Weight loss

Increasnig plasma GLP-1 concentrations

¢ Gastric emptying

D

| | 1
GLP-1 effects GLP-1 during GLP-1during

treatment with treatment with
DPP-4 inhibitors GLP-1 analogues

"'T Insulin secretion ¢
b ¢ Glucagon secretion Plasma glucose

Madsbad S. Lancet. 2009; 373(9662):438-9.



GIP és GLP-1: az inzulin termelés triggerei

vegyes tapanyagstimulaciora adott valasz- maximalis inzulinszekrécié
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a sejteken: alig van GLP-1R, de GIPR sok

GIP kivalasztasat els6sorban a makrotapanyagok serkentik
(els6sorban CH, de AA is)

GIP fokozza az a sejtek aktivitasat- gliikagon termelés

B sejt: GLP-1R, de GIPR-n keresztil is inzulin termelés

GLP-1 a gliikagon termelést gatolja GABA, cink, amylin hatassal
d-sejtek: SOM szekrécio, van rajta GLP-1R

A glitkkagon a GLP-1R/GCGRn keresztiil biztositja a a és a B sejtek kozotti kommunikaciot

Nauck MA, Meier JJ. GIP and GLP-1: Stepsiblings Rather Than Monozygotic Twins Within the Incretin Family.

Diabetes. 2019 May;68(5):897-900. doi: 10.2337/dbi19-0005.
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GIP, GLP1-rec koagonista (twincretin)
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Tirzepatide:GLP1-GIP koagonista

The NEW ENGLAND JOURNAL of MEDICINE

“ RESEARCH SUMMARY ”
nature medicine 6

Tirzepatide Once Weekly for the Treatment of Obesity

Article htips:/fdol.org/100 038/s 11551 023-02507-w Jastreboff AM et al. DOI: 10.1056/NE|M0oa2206038

Tirzepatide after intensive lifestyle »
il'ltervention i“ ad U]ts With Ovel'weight or Several lC]il"Ii‘Cal gu.idelines recommend pharmacclJthcr.ap)' e V::deh:;::nge uIE Ve
Obesity: the SU RMOUNT_3 phase 3 trial for obesity. Tirzepatide — a dual glucose-dependent insulino- Sme g 15 mg

tropic polypeptide and glucagon-like peptide-1 receptor ag- 0

1 1 0 onist recently approved in the United States to treat type 2 m
diaberes — induced clinically relevant weight reduction in -
phase 2 studies of people with diabetes. However, its effi- 10+
. cacy for weight reduction in those without diaberes is un-
105 ....----1.105.1 kg (231.7 lbs known. 4

CLINICAL TRIAL

Percentage Change

(N

Design: An international, phase 3, double-blind, random-
ized, placebo-controlled trial examined the efficacy and
safety of tirzepatide in adults with obesity or overweight
who did not have diabetes. =5% Weight Reduction at 72 Weeks
Intervention: 2539 adults with a body-mass index of 30 or
higher, or 27 or higher with at least one weight-related
complication, were assigned to once-weekly subcutaneous
tirzepatide at one of three doses (5 mg, 10 mg, or 15 mg)
or placebo, in addition to lifestyle intervention. Treatment
included a dose-escalation phase and lasted for 72 weeks.
The coprimary end points were the percentage change in
weight from baseline to week 72 and weight reduction of
at least 5% by week 72.

100

100

su '
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40
pij n
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Smg

10 mg 15mg
Tirzepatide Placebo

95

90—

Percentage of Participants

Body weight (kg)

RESULTS

Efficacy: Both the percentage change in weight and the per-

centage of participants with at least 5% weight reduction

were significantly greater with all three doses of tirzepatide Ad
than with placebo.

80.1 kg (1 76.6 lbs Safety: Gastrointestinal events, including nausea, diar- Tirzepatide Ml Smg El10mg E15mg Placebo Ml

rhea, and constipation, were the most common adverse
events seen with tirzepatide; the majority of events were
transient and mild to moderate in severity.
168 171
P 11.7
lo‘ Of part'c‘pants weeks Since randomization Cardiometabolic variables (e.g., blood S and 8
. . .g., blood pressure an
r"zepatlde MTD 284 278 268 262 250 240 232 227 lipid levels) were relatively normal at baseline, so the Nausea Diarrhea Constipation
P|aceb° 291 285 265 251 232 21 8 205 202 ability to show a potential improvement within the

time frame of this study was limired.
-¥ Tirzepatide MTD 1~ Placebo

Events Occurring in 5% of Particip

80

75

I I | I 1 | I 1 LIMITATIONS AND REMAINING QUESTIONS

| I
0 4 8 12 16 20 24 36 48 60 72

Enrolled participants may have been more committed
to weight management than many people with obesity.

Percentage of Participants

The number of participants with overweight plus at least

one weight-related complication was small (140 of the CONCLUSIONS

2539 participants; 5.5%), which prevented definitive All three doses of once-weekly subcutaneous tirzepatide

conclusions in this subgroup. led to clinically meaningful and sustained weight reduc-
tion in obese adults who did not have diabetes.

Links: Full Article | NEJM Quick Take | Editorial

Copyright © 2022 Messachusetts Medical Socety



~@- W Tirzepatide, 5 mg —%— M Tirzepatide, 10 mg —¢— M Tirzepatide, 15 mg

- M Semaglutide, 1 mg

A Change in Glycated Hemoglobin Levels from Baseline

Change (percentage points)
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B Glycated Hemoglobin Level

Overall mean baseline
glycated hemoglobin,
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C Patients Who Met Glycated Hemoglobin Targets
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—
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—
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D Fasting Serum Glucose Levels

Overall mean baseline
fasting serum glucose,

Fasting Serum Glucose Level (mg/dl)
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Lilly's tirzepatide vs Novo's Wegovy: Efficacy

Cross-trial comparison

Tirzepatide Smg Tirzepatide 10mg

@ Weight lass (%)

Lilly's tirzepatide vs Novo's Wegovy: Safety

Cross-trial comparison

(zz9velyDLON] L-lunowing

Tirzepatide 5mg Tirzepatide 10mg
@® Nausea (%)

@ Vvomiting (%)

@ Discontinuations due to adverse events (%)

Tirzepatide 15mg

Tirzepatide 15mg

Placebo

Placebo

£010N. L da1g

(SE68P

' Diarrhoea (%)
@ Constipation (%)

Wegowy 24mg

Flacebo

Source: company releases, FDA.

(SE6BYSE0LON) L dois

Wegovy 2.4mg

Placebo

Source: company releases, FDA.



Pharmacotherapy of obesity: an update on the available

medications and drugs under investigation

() e I 4
Marlene Chakhtoura « Rachelle Haber « Malak Ghezzawi « Caline Rhayem « Raya Tcheroyan « sze l e e e t |v |ta S a

Christos S. Mantzoros & &

« Published: March 20, 2023 « DOI; https://doi.org/10.1016/j.eclinm.2023.101882 «
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® Placebo M Intervention

.Orlistat: XENDOS trial (years 1 and 4). Phentermine/topiramate: CONQUER and SEQUEL trials. Naltrexone/bupropion: COR-I and COR-II trials. Liraglutide: SCALE Obesity, SCALE Obesity and Prediabetes Extension,
and SCALE maintenance trials. Semaglutide: STEP 1 and STEP 4 trial.

All trials are listed in order as seen in the figure from left to right. The grey color represents placebo arms; the red color represents intervention arms. a The mean weight change in the orlistat group is in kg not in
percent (stripped bar charts). b Under expedited consideration for FDA approval.

eClinicalMedicine 2023 58DOI: (10.1016/j.eclinm.2023.101882)
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Duo:

cagrilintid: amylin analog
semaglutide+cagrilintide

1 21 3 37
h-amylin KCNTATCATQ RLANFLVHSS NNFGAILSST NVGSNTY-amide
rat-amylin ~ KCNTATCATQ RLANFLVRSS NNLGPVLPPT NVGSNTY-amide
pramlintide KCMNTATCATQ RLANFLVHSS NNFGPILFFT NVGSNTY-amide
s-calcitonin - CSNLSTCVLG KLSQELHKLQ TYPRTNTGSG TP-amide

cagrilintide KCNTATCATQ RLAEFLRHSS NNFGFILFFT NVGSNTF-amide

in secretion <>
Glucagon secretion |
1 Gastric emptying

&3

1 Food intake
(a d

as leptin,
pe
' 1 Osteoclast activity

1 Osteoblast activity
and proliferation

0

1 Body weight

Renin activity T

Vasodilation T

L}

Microglia

Food intake
Body weight gain

Trunds in Endecrinaiony & Metabelism

DOI:10.1016/j.mad.2018.03.010

(lipidated on Lys1)

Cagrilintid

Amylin:
,leptin sensitizer”

AMB833 cagrilintide:

Long acting, lipidated,
albumin binding, stable amylin
agonist for the amylin receptor

+— Fatty acid

Beneficial effect
expected on:

- . appetite

« glucose management
= gastric emptying

részben a hipotalamikus microglia IL6
termelésének novelése altal
- neurodegeneracio elleni védelem

Clinical Trial 2> Lancet. 2023 Aug 26;402(10403):720-730. doi: 10.1016/S0140-6736(23)01163-7.
Epub 2023 Jun 23,

Efficacy and safety of co-~administered once-weekly
cagrilintide 2-4 mg with once-weekly semaglutide
24 mg in type 2 diabetes: a multicentre, randomised,
double-blind, active—-controlled, phase 2 trial

, Lars Erichsen 2, Filip K Knop 3 lldiko Lingvay *,

Sue D Pedersen &, Melanie Davies 7

Juan P Frias ', Srikanth Deenadayalan #
Stanislava Macura 2, Chantal Mathieu %,
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Figure. CGM" data (mean % of readings for time below range, time in range, time above range, and
time above high range) and observed mean HbA,_at baseline and week 32 for the full analysis set

1 ‘5‘3 55%

10.3% BT
237% 28.1%

42 5%
54
Time above range (>180 mg/dL) 67.3%
0.1% 0.1% 06% 0.8% 0.1% 02%
CagriSema sema cagrl CagriSema sema cagri
i i week 32 week 32 week 32

Observed mean HbA, (%) 8.5% B8.6% B81% 8.3% 6.7% 7.3%

Data are for the on-treatment without rescue medication pefiod
*Subjects wore 8 CGM device (Dexcom G6°) for each 10-day CGM assessment period: CGM data were collected for 10 days preceding
ide al 3

baseline, week 20 (data not presented), and week 32. Cagrl, c nd cag
CGM. continuous glucosa monitoring: sema. semaglutide.
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Epub 2023 Jun 26.

rEtat rUti d e Retatrutide, a GIP, GLP-1 and glucagon receptor

agonist, for people with type 2 diabetes: a

G L P.. 1, G l P-, gl u C a go n R a go n i st a randomised, double-blind, placebo and active-

controlled, parallel-group, phase 2 trial conducted in
the USA

 NEW ENGLAND JUURNAL sf MEDICINE

@ Plxekogroup Retatrutide 05 mg group & 4= 4 ! A ide 4mggroup - Retatrutide 8 mg shw sscalation groupt
o e 3 mi fast =scal F —- de 17 mig =scal goups -0~ 1-5 mo dulagiotice group
|[ RESEARCH SUMMARY ] A B
. . 104 109 1004
Chemical Structure of Retatrutide Triple-Hormone-Receptor Agonist Retatrutide for Obesity — z
. 054 S5 z Z
A Phase 2 Trial . g 2
Jastreboff AM et al,  DOE: 10.1056/NEJMox2301972 ;" F z
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GLP-1RA(+)hatéanyagok torzskonyvezett
indikacioi, kiszerelései és dozisai

GLP-1RA+GIP
Semaglutide Liraglutide Dulaglutide Lixisenatide Exenatide Tirzepatide
s.C. injection s.C. injection
T2D 05,1.0,20mg - s ¢. injection ) 5,10 pg 2.5/5/7.5/10/
Once weekly $.C. Injection 0'7;3 1530 $.C. Injection Twice daily (IR) 12.5/15 mg
12,18mg 4'5 rr.mg‘ e 20 pg
@ Oraltablet Once daily Once weekly Once daily s.C. injection
~ B 7.14mg 2mg
Once daily Once weekly (ER)
Obesity s.C. injection $.C. injection
3.0 mg 2.5/5/7.5/10/
Once daily

24mg
@ Once weekly

https://www.ema.europa.eu/en/medicines

12.5/15 mg
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Mikor mit adjunk?

Pharmacotherapy of obesity: an update on the available BMI > 30 or > 27 ke/m® with > 1 co-morbidity
medications and drugs under investigation : »

Marlene Chakhtoura « Rachelle Haber » Malak Ghezzawi « Caline Rhayem « Raya Tcheroyan

Christos S. Mantzoros & B Lifestyle modification *
Cessation of weight inducing medications
« Published: March 20,2023 + DOI: https://doi.org/10.1016/j.eclinm.2023.101882 «

b Age >65 years: Liraglutide and Phentermine/Topiramate trials
included 7% of participants 265 years. For Semaglutide, SUSTAIN trials

in patients with diabetes mellitus showed that efficacy is preserved

regardless of age.155 The COR program included only 2% of
participants from the elderly population,156 and the XENDOS included
none. Age (years)” Comorbidities
¢ CVD includes patient with previous history of CVD and those at high

risk for CVD. The suggestion for the use of GLP-1 receptors agonist is

based on the availability of indirect evidence on cardiovascular risk
reduction in patients with diabetes mellitus, LEADER trial for

liraglutide157 and SUSTAIN trial for semaglutide
‘ >65 ’ <65 No Yes
d Depression: For Phentermine/topiramate, NB and
liraglutide, the FDA includes “Suicidal Behavior and )
Ideation” under “Warning and Precautions” and Liraglutide All nadicats
recommend to monitor patients for depression and Semaglutide MRERRe

suicidal thoughts, and to stop the drug in case of Phentermine/Topiramate
symptoms development.

e MTC: personal or family history of MTC, a contra-

indication for Liraglutide and Semaglutide. CVD ¢« - History of MTC NAFLD ' Obstructive 0['):.0!(] usefor tUnhcontr((i).lled
f Small trials on Orlistat, Liraglutide and Semaglutide DM Depression ¢ or pancreatitis sleep apnea ‘St_o")’ o ac ycaf 1a or
showed improvement in steatosis, but none of them seizure HTN &
showed improvement in liver fibrosis; only post-hoc data

are available on NB. ‘

g The FDA leaflet of Phentermine states the following

under contra-indications “History of cardiovascular disease . X i ) i . . ) ) ) )

(e.g., coronary artery disease, stroke, arrhythmias, "’m%'““dc Liraglutide . Naltrcxone./Buproplon Liraglutide Liraglutide Liraglutide Llrag~lut1de
congestive heart failure, uncontrolled hypertension). Orlistat Naltrexonc./Buproplon Orlistat Orlistat Orlistat Orlistat Orlistat

The FDA leaflet of NB states that uncontrolled Semaglutide Orlistat Phentermine/Topiramate Semaglutide Phentermine/Topiramate Phentermine/Topiramate Semaglutide

hypertension is a contra-indication Phentermine/Topiramate Semaglutide

eClinicalMedicine 2023 58DOI: (10.1016/j.eclinm.2023.101882)



EDMONOTON OBESITY SCORE SYTEM

Stadium
1

Stadium
p)

Stadium
3

Metabolikus: Nincs metabolikus eltérés
Funkcionadlis: Nincs funkcionalis limitacid
Mentalis: Eltérés nélkul

Kérnyezet: Nincs csaladi, szocialis probléma

Metabolikus: Enyhe anyagcsere eltérések (IGT, pre-hipertdnia, enyhe lipid eltérések, enyhe zsirmaj/transzaminaz
emelkedés)

Funkciondlis: Enyhe eltérések (OSAP — PAP nélkil, enyhe izomfajdalom mely az 6nellatast nem befolyasolja)
Mentadlis: Enyhe pszichopatolégia, ADHD, enyhe testképzavar, falaskényszer, meghélyegzés, enyhe fejlédési zavar
Kérnyezet: Enyhe kapcsolati, csalddi, munkahelyi, iskolai problémak/megbélyegzés

_J
N

Metabolikus: Gyogyszeres terapiat igényl6 metabolikus problémak (T2DM, Hiperténia, Diszlipidémia, PCOS,
Zsirmaj)

Funkciondlis: K6zepes eltérések (OSAP — PAP terapiaval, GERD, fizikai aktivitast/6nellatast limitald izom/izlleti
fajdalom)

Mentdlis: Kozepes foku pszichopatoldgiai eltérések (Sulyos depresszid, szorongas, gyakori falaskényszer, sulyos
testképzavar, kozepes foku fejl6dési zavarok)

Kérnyezet: JelentGs kapcsolati, csaladi, munkahelyi, iskolai problémak/megbélyegzés

J
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Metabolikus: Metabolikus komplikaciok (Nem megfelel6en kontrollalt T2DM (+ szovédmények), hipertdnia, FSGS,
jelentés majfunkcids eltérések, sulyos diszlipidémia)

Funkcionalis: OSAP — PAP terapiaval és oxigén sziikséglettel, korlatozott mobilitas

Mentadlis: Sulyos pszichopatoldgiai eltérések (napi gyakorisagu falaskényszer, sulyos testképzavar, gyakori
iskolai/munkahelyi hianyzasok)

Kérnyezet: Sulyos kapcsolati, csaladi, munkahelyi, iskolai problémak/megbélyegzés

J
\
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Enyhén Kbzepesen Jelent8sen
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[ Eletmdd terapia (mozgds & taplalkozas) + életvezetési tanacsok
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Bariatriai beavatkozasok
Indikacio:

L. BMI > 35 kg/m2+ komorbidit
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Endokszkdpos lehetoségek

Endoscopic sleeve gastroplasty

[T

endobarrier

Intragastric Balloon: 2 Types
Type 1; Singte Balloon Type Z: Dual-Balloon

Coopight: Saatreun e



Laparoscopic bariatric surgery _

Adjustable Gastric Band Procedure
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create a small stomach pouch

Bypassed
portion of
stomach

Duodenum Bypassed
portion of
smallintestine

Jejunum ‘ y food
~—=p digestivejuice




Swedish Obese Subjects study
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gastric bypass surgery
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Years of follow-up
Number examined
Control 2037 1490 1242 1267 556 176
Banding 376 333 284 284 150 50
VBG 1369 1086 967 1007 489 82

Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery.Sjéstrém L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjéstrém CD, Sullivan
M, Wedel H, Swedish Obese Subjects Study Scientific Group. N Engl J Med. 2004 Dec 23; 351(26):2683-93



T2DM remisszio mdtét utan

Procedure Excess Weight Loss (%) Resolution of T2DM (%0)

Gastric banding 46.2 56.7
Gastroplasty 355 79.7
RYGB 59.7 80.3

Biliopancreatic diversion 63.6 95.1

Buchwald H, Estok RFahrbach K, Banel D, Jensen MD, Pories WJ, Bantle JP, Sledge I: Weight and type 2 diabetes after bariatric surgery: systematic review and meta-analysis., Am J Med. 2009 Mar; 122(3):248-256.e5.
Bray GA. A Guide to Obesity and the Metabolic Syndrome: Origins and Treatment. New York, NY: CRC Press; 2011:265.



Diabetes
remission I

Peripheral
insulin sensitivity

Insulin secretionﬂ:

GLP-1 secretion ﬂ ﬂ
and incretin effect

Mi tortenik a mutéet utan?

—r— - —

(a1l

from the first day after RYGB or SG.:
GLP-1responses to a meal are exaggerated

— improved B-cell function

the first week after surgery: the hypocaloric diet
per se and the improvement in liver insulin
sensitivity —marked effect on fasting plasma
glucose concentration

After months and a major weight loss, peripheral
skeletal muscle insulin sensitivity also is
enhanced.

the different physiological mechanisms for remission
of type 2 diabetes may differ in relation to time from
surgery

the importance of noninsulin-mediated glucose
disposal (glucose effectiveness) for glucose

1 week

Months
Time from operation

1-2 y'ears

tolerance has not been described in detail after
RYGB and SG.

Sten Madsbadft and Jens J. Holst% GLP-1 as a Mediator in the Remission of Type 2 Diabetes After Gastric Bypass and Sleeve Gastrectomy Surgery, Diabetes 2014 Oct; 63(10): 3172-3174.



Mitol fugg, hogy a T2DM gyodgyul-e az op.utan?

GLP-1

* Op. utan rogtdn nagyon megnd a termelése (akar a korabbi 5-10x-ére az op. Utan, 2 op. kdzt nincs
lényegi kiilonbség)

Ha a GLP-1-t blokkoljak exendin 9-39el:

Salehi: inzulin szekréci6:30%

* Jgrgensen: 1-hét-3. ho kozt a B-sejt funkcido a miitét elotti szintre csokken
( glikodz increment: 60%)

Kik nem keriilnek az op. utan remisszidoba?

Azok a betegek, akiknek a mixed meal teszt kapcsan meért inzulin szekrécids kapacitas a legkisebb volt
az op. el6tt es utan ( annak ellenére, hogy a GLP-1 szekrécidjuk ugyanugy javul az op utan)

A mdtet utan javul az inzulin-szenzitivitas mindenképpen- elsGsorban a vesztett suly mertékevel
parhuzamosan

A remisszio prediktora:
¢ béta sejt kapacitas
¢ sulyvesztés mértéke

Sten Madsbadft and Jens J. Holst% GLP-1 as a Mediator in the Remission of Type 2 Diabetes After Gastric Bypass and Sleeve Gastrectomy Surgery, Diabetes 2014 Oct; 63(10): 3172-3174.



Gastric pacing/
vagal nerve stimulation

20% of vagus nerve
fibers send instructions
from the brain to the

stomach
: 80% of vagus nerve
These signals control: % g
+ Qastric acid secretion fibers send
« Di : :a sem ¥ instructions from the
i stomach to the brain

secretion
+ Qastric capacity

h ignal I
* Blood glucose These signals contro

+ Satiety (Hunger)
+ Satiation (Fullness)
* Energy Metabolism




AspireAssist:
a ,,gyomorporszivo”

aspiration therapy system

approved by FDA

remove about 30% of the ingested food from the stomach before the food enters the
small intestine

emptying the food after you eat and is ingested from the stomach into the toilet



Iranyelv haziorvosoknak az elhizas ellatasaval kapcsolatban
USA, 2018

A BMI szerepeljen a beteg kartonjan, de a BMI csak szdrémaodszer, nem diagnosztikus erej( !

Az obezitas magas zsirtartalom mellett jelnet0s eli. rizikoét jelent.

Ne csak a BMI-t kezeljuik (figyelembe venni a testosszetételt, etnikumot, derékkorfogatot)!

A kezelés intenzitasanak megvalasztasanal vegylk figyelmebe a tarsbetegsegeket és azok
sulyossagat

Mar enyhe testsulycsokkenésnek is van kedvezo hatasa

Komolyabb szovodményeknél tobb sulyvesztés sziikséges- akar sebészi megoldassal

Dietetikai megfontolasok: olyan diétat valasszunk, amihez a beteg ,,h(i” tud maradni

Az életmodvaltoztatas sikeres elsajatitasahoz legalabb 6 hénap alatt 14 konzultacio és egy éves
utankovetés szukséges

Gyogyszeres kezelés akkor is megfontolando, ha ezzel a beteg tovabb ,,h(i” tud maradni a
megszabott dietahoz -12-16 hetente felmérni a hatasat- ha sikeres- folytassa

Az elhizas egy, az egész életet végigkiséro allapot, melynek egy életen keresztiili
menedzsmentjére van szlikség !!

H. Ryan, MDa, *, Scott Kahan, MD, MPHb Guideline Recommendations for Obesity Management Donna HMed Clin N Am 102 (2018) 4963 http://dx.doi.org/10.1016/j.mcna.2017.08.006 medical.theclinics.com 0025-7125/18/2 2017






Koszonom a figyelmet!

AR X §

LEGY KEDVES AKOVER
EMBEREKHEZ

Eay nap talan megmentik az életedet.













Pancreatic islels

Insulin +
release

Faneth cell

Gut wall

ENS: entero-neuralis rendszer

A = Exteroceptor
Satiety P ¥ = Interoceptor
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g Parakrin, endokrin, neuralis hatasok
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W l@"_{ A legnagyobb endokrin szerv
| EEC: enteroendokrin sejtek
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FATP4) (T1R3, SGLTH) Effects of glucagon-like peptide 1 on appetite and body weight: focus on the CNS

http://joe.endocrinology-journals.org,DOI: 10.1530/JOE-13-0414



Drug (trade Approval

Mechanism of action

Adverse events”

Contraindications”

name) FDA/EMA

(year)
Orlistat (Xenical, FDA 1999 Gastric and pancreatic Oily rectal leakage, abdominal distress, abdominal pain,  Patients with chronic malabsorption syndrome or cholestasis,
Alli) EMA 1998 lipase inhibitor flatulence with discharge, fecal urgency, steatorrhea, fecal pregnancy

Phentermine/ FDA 2012

Topiramate

(Qsymia)

Naltrexone/ FDA 2014
Bupropion EMA 2015
(Contrave/

Mysimba)

Liraglutide FDA 2014
(Saxenda) EMA 2015
Semaglutide FDA 2021
(Wegovy) EMA 2021

Setmelanotide FDA 2020
(Imcivree) EMA 2021

Tirzepatide Under

NE agonist/GABA
agonist, glutamate
antagonist

Opioid receptor
antagonist/DA and NE
reuptake inhibitor

GLP-1 analogue

GLP-1 analogue

MC4R agonist

GIP/GLP-1 dual

consideration agonist

by FDA

incontinence, increased defecation

Elevation in heart rate, mood and sleep disorders, cognitive

impairment, metabolic acidosis, paresthesia, dry mouth

Nausea, constipation, headache, vomiting, dizziness,
insomnia, dry mouth, diarrhea, sleep disorder

Increased heart rate, hypoglycemia, constipation, diarrhea,
nausea, vomiting, headache

Nausea, vomiting, diarrhea, abdominal pain, constipation,
headache

Injection site reactions, hyperpigmentation, nausea,
headache, diarrhea, vomiting, abdominal pain

Nausea, diarrhea, decreased appetite, vomiting,
constipation, dyspepsia, and abdominal pain

Glaucoma, hyperthyroidism, during or within 14 days following the
administration of monoamine oxidase inhibitors, hypersensitivity to
sympathomimetic amines, pregnancy

Chronic opioid use, acute opioid withdrawal, uncontrolled
hypertension, seizure disorder, bulimia or anorexia nervosa, abrupt
discontinuation of alcohol, benzodiazepines, barbiturates, and
antiseizure drugs; concomitant use of MAOIs, patient receiving
linezolid or IV methylene blue, pregnancy

Personal or family history of medullary thyroid carcinoma or
multiple endocrine neoplasia syndrome type 2, pregnancy
Personal or family history of medullary thyroid carcinoma or in
patients with multiple endocrine neoplasia syndrome type 2,
pregnancy

None

Personal or family history of medullary thyroid carcinoma or
multiple endocrine neoplasia syndrome type 2, known serious
hypersensitivity to tirzepatide or any of the excipients

Abbreviations: DA, dopamine; EMA, European Medicines Agency; FDA, Food and Drug Administration; GABA, gamma-aminobutyric acid; Gl, gastrointestinal; GIP, gastric inhibitory polypeptide; GLP-1,
glucagon-like peptide 1; IV, intravenous; MAOIs, monoamine oxidase inhibitors; MC4R: melanocortin-4 receptor; NE, norepinephrine. *Adverse events presented here are those that are present in more
than 10% of the population, based on the FDA approval leaflet. "Contraindications are based on the FDA approval leaflet. “Under expedited consideration for FDA approval.

Table 1: Anti-obesity medications: approval, mechanism of action, adverse events, and contraindications.




Drug Main phase Arms (M) Age Proportion (%) of HbAlc Lipid SEP/DEP
(trade name)® 3 trial (duration) Co-intervention Mean (5D) participants losing % change % change from baseline Change
Drop-out rate (%) Gender =5% or =10% of from baseline Mean (SD) from
Women (%) baseline weight Mean (SD) baseline
(mmHg)
Orlistat XENDOS (1 y)" *" I 120 mg TID (1487) I: 43.0 (8.0) =5% loss NA HDL-C/LDL-C I -7.3/-3.6
(Xenical, Alli) C: placebo TID (1295) C: 437 (8.0) I 73 l: +3.4 (NA)-11.4 (NA) C: -5.2/-2.6
+ reduced calorie diet and |: 55.2 C: 45 C: +8.5 (NA)-1.6 (NA)
physical activity (1 km walk C: 553 >10% loss TC/ TG
per day) I 41 l: —8.8 (NA)Y-6.2 (NA)
Drop-out: NA c 21 C: —1.3 (NA)/-6.3 (NA)
XENDOS (4 v)" ° I 120 mg TID (851) I: 43.0 (8.0) >5% loss NA HDL-C/LDL-C I: —-4.9/-2.6
C: placebo TID (567) C: 437 (8.0) I 53 l: +6.5 (NA)-12.8 (NA) C: -3.4/-1.9
+ reduced calorie diet and I: 55.2 37 C: +9.1 (NA)Y-5.1 (NA)
physical activity (1 km walk C: 553 >10% loss TOTG
per day) k26 I: =7.9 (NA)Y+2.4 (NA)
Drop-out: C: 16 C: -2.3 (NAY+2.9 (NA)
I: 4834
C: 66%
Phentermine/ COMNQUER (56 i: 7.5 mg/46 mg (498) 11: 511 (10.4)  >5% loss 11: 0.0 (0.7) HDL-C/LDL-C 11: —4.7/—3.4
Topiramate weeks)” °7 12: 15 mg/92 mg (995) 12: 51.0 {(10.7) I1: 62 12: —0.1 {(0.9) 11: +5.2 (19.4)/-3.7 (25.6) 12: -5.6/-3.8
(Qsymia) C: placebo (994) C: 51.2 (10.3) 12: 70 C: +0.1 (0.9) 12: +6.8 (20.8)/-6.9 (27.4) C —2.4/-27
+ standard LSM 1: 70 21 C: +1.2 (20.8)/-4.1 (27.4)
Drop-out: 31% 12: 70 >10% loss TOTG
7o I1: 37 11: —4.9 (15.4)/-8.6 (49.5)
12: 48 12: -6.3 (17.0)/-10.6 (52.9)
&7 C: -3.3 (17.0)/+4.7 (52.9)
SEQUEL (56-week I11: 7.5 mg/f46 mg (153) : 52.2 {10.6) =>5% loss I1: +0.01 (0.6) HDL-C/LDL-C 11: —4.7/-3.7
extension of 12: 15 mg/92 mg (295) 12: 51.2 (10.4) 11: 75 12: 0.0 (0.6) I1: +7.3 (NAY-4.6 (NA) 12: —4.3/-35
COMQUER)" °° C: placebo (227) C: 52.7 (9.8) i2: 79 C: +0.2 (0.4) 12: +11.9 (NA)-5.6 (NA) C: -3.2/-3.9
+ standard LSM 11: 69.3 C: 20 C: +4.7 (NAY-10.7 (NA)
Drop-out: 12: 66.1 >10% loss TLTG
11: 8.4% C: 64.8 I1: 50 I1: NA/-12.5 (NA)
12: 10.5% 12: 54 12: NA/-13.7 (NA)
C: 4.9% C: 12 C: NAS+D.4 (NA)
EQUIP 11: 3.75 mg/23 mg (234) I1: 43.0 (11.0)  >5% loss NA HDL-C/LDL-C 11: -1.8/-0.1
(56 weeks)" =4 12: 15 mg/92 mg (498) 12: 41.9 (12.2) I1: 45 I1: +0.5 (17.1)/-7.7 (19.8) 12: -2.9/-1.5
C: placebo (498) C: 43.0 (11L.8) 12: 67 12: +3.5 (18.3)/-8.4 (20.9) C: +0.9/+0.4
+ standard LSM 11: 83.4 C: 17 C: 0.0 (18.3)/-5.5 (20.9)
Drop-out: |12: 82.8 >10% loss TOTG




Naltrexone/ COR-1 (56 weeks)" "* 11: 4 mg/90 mg, 2 tablets

Bupropion
(Contrave)

COR-lI

(56 weeks)" ™

COR-BMOD

(56 weeks) ”

BID (578)

12: 8 mg/90 mg, 2 tablets
BID (583)

C: placebo BID (581)

+ standard LSM
Drop-out:

1 24%

12 21%

C: 27%

I: 8 mg/90 mg, 2 tablets
BID (1001)

C: placebo BID (495)

+ standard LSM
Drop-out:

I 15%

C: 21%

I: 8 mg/90 mg, 2 tablets
BID (591)

C: placebo BID (202)

+ intensive group behavior
modification

Drop-out:

I: 11%

C: 20%

11: 44.4 (11.3)
12: 44.4 (11.1)
C: 43.7 (11.1)
I1: 85
|2: 85
C: 85

l: 44.3 (11.2)
C: 44.4 (11.4)
I 84.6
C: 84.8

- 45.9 (10.4)
C: 456 (11.4)
|- 89.3
C: 916

>5% loss
11: 39

12: 48
16
=>10% loss
11: 20

12: 25

7

>5% loss
I: 50

C 17
>10% loss
I: 28

C:6

2>5% loss
I: 66

C: 42
=10% loss
L 42

C 20

NA

NA

HDL-C/LDL-C

11: +7.6 (21.6)/-15 (25.7)
12: +8.0 (21.0)/-2.0 (21.3)
C: +0.8 (21.7)/-05 (25.8)
TCTG

11: NA/-8.0 (43.0)

12: NA/-12.7 (155.7)

C: NA/-31 (44.3)

Mean change (mag/dl)
HDL-C/LDL-C

I +3.6 (10.6)/-6.2 (23.8)
C -0.9 (10.7)/-2.1 (27.7)
% change

TCTG

I: NA/-S.8 (4.97)

C: NA/-05 (2.09)
HDL-C/LDL-C

: +9.4 (24.7)/+7.1 (34.0)
C: +2.8 (22.8)/+10.0 (312)
TCTG

- NA/-16.6 (38.4)

C: NA/-85 (38.8)

% change

11: +0.3/+01
12: -0.1/0.0
C -19/-08

I: +0.6/+0.4
C: -0.5/+0.3

NA

(Table 2 continues on next page)




Drug Main phase Arms (M) Age Proportion (%) of HbAilc Lipid SEP/DBP
(trade name)” 3 trial (duration) Co-intervention Mean (SD) participants losing % change % change from baseline Change
Drop-out rate (%) Gender >5% or =10% of from baseline Mean (SD) from
Women (%) baseline weight Mean (SD) baseline
(mmHg)
(Continued from previous page)
Liraglutide SCALE Obesity and 1: 3.0 mg QD (2487) I: 45.2 {(12.1) >5% loss I —0.3 (0.3) Mean change (mg/dl) I: —4.2/-2.6
(Saxenda) Prediabetes (56 C: placebo (1244) C: 45.0 (12.0) I: 63 C: —0.1 (0.3) HDL-Cf LD -C C: -1.5/-1.9
weeks)® 7® + standard LSM I: 78.7 = 37 [: +2.3 (NA)Y-3.0 (MA)
Drop-out: C: 781 =>10% loss C: +0.7 (MA)Y-1.0 (NA)
I: 12% I: 33 TCTG
C: 21% c: 11 I: —3.1 (NA)/-13.3 (NA)
C: -1.0 (NA)/-5.5 (NA)
SCALE Obesity and I 3.0 mg QD (1505) I- 47.5 (11.7) >5% loss I -0.3 (0.3) NA I -3.2/-2.3
Prediabetes C: placebo (749) C: 473 (11.8) I: 50 C: +0.1 (0.3) C: —0.5/-19
Extension (160 + standard LSM I: 76 C: 24
weeks)™ 77 Drop-out: 65% C: 77 >=10% loss
I: 23
10
SCALE Maintenance I: 3.0 mg QD (207) I- 459 (11.9) >5% loss I: —01 (D.3) HDL-Cf LD -C I+ +0.2/+1.4
(56 woecks)" 7 C: placcbo (206) C: 46.5 (11.0) I: 51 C: 0. (D.3) I 0 77 A7 77T (23.2) C: 1 2.8/i1.2
All participants had weight 1- 84 i 2D C: +3.9 (7.7)/+11.6 (23.2)
loss of >5% from a low-calorie C: 79 >10% loss TOTG
diet before randomization I: 26 l: 7.7 (27.1)/0.0 (44.3)
Drop-out: C: 6 C: +11.6 (27.1)/+0.1 (44.3)
I: 824
C11%
SCALE IBT (56 I: 3.0 mg QD (142) I: 45.4 (11.6) =5% loss I —0.2 (MNA) Mean change (mg/dl) I: —2.8/-10
weeks)”® C: placebo [140) C: 49.0 (11.2) I: 62 C: —0.1 (MNA) HDL-C/LDL-C C: —0.6/-08
+ intensive behavioral thera]:ly" I- 83.8 C: 39 l: +1.9 (MA)/-1.5 (NA)
Drop-out: C: 829 =10% loss C: +1.2 (MAY+15 (MNA)
I 0.7% I: 31 TCOTG
C: 7.1% C: 20 I: —1.5 (MA)/-15.0 (NA)
C +2.3 (NA)-4.4 (MA)
Semaglutide STEP 1 (68 weeks)™ I: 2.4 mg weekly (1306) I: 46 (13.0) =5% loss Lk —0.4 (NA) HDL-C/LDL-C L —-62/-11
(Wegowy) C: placebo (655) C: 47 (12.0) I: 86 C: —0.1 (NA) I: 1.0 (NA)/O.9 (NA) C: —0.4/-0.4
+ standard LSM I 732 C: 32 C: 1.0 (NA)1L.O (MNA)
Drop-out: MNA C: 76 >10% loss TOTG
I: 69 I: 0.9 (NA)/O.7 (NA)
L C: 1.0 (NAYWD9 (NA)




Semaglutide
(Wegavy)

Setmelanotide
(Imcivree)

>5% loss
I: 86

C 32
>10% loss
I: 69

) (7
>5% loss
I: 89

C: 48

l: -0.4 (NA)
C: -0.1 (NA)

I -01 (0.7)
C: +0.1 (0.0)

STEP 1 (68 weeks)™ I 2.4 mg weekly (1306) I: 46 (13.0)
C: placebo (655) C: 47 (12.0)
+ standard LSM 73
Drop-out: NA C. 76
STEP 4 - I: 2.4 mg weekly (535) I: 47 (12.0)
maintenance (68  C placebo (268) C: 46 (12.0)
weeks)” All participants received l: 80.2
Semaglutide 2.4 mg weekly C: 765
for 20 weeks and were randomized
to continued drug or placebo
afterwards
Drop-out:
It 1%
G 1%
STEP 3 - IBT (68  I: 2.4 mg weekly (407) I: 46 (13.0)
weeks)”* C: placebo (204) C: 46 (13.0)
+ lifestyle intervention’ I 77.4
Drop-out: C:. 882
I: 6%
C: 5%

Placebo for a short 2 single-arm trials:
period, then all took Trial 1: patients with POMC

Trial 1:18 (6.2)

>10% loss
I: 79
C: 20

Z5% loss L 05 (NA)
I 87 C: -0.3 (NA)
C: 48

>10% loss

I: 75

C: 27

>5% loss Trial 1: -0.3 (NA)

Trial 2: 23.7 (B.4) Trial 1: 90

Trial 2: -02 (NA)

treatments (52
weeks)?

deficiency receiving Setmelanotide Trial 1: 50%
Tral 2: patients with LEPR Trial 2: 73%
deficiency receiving Setmelanotide

Trial 2: 64
>10% loss
Trial 1: 80
Trial 2: 45

HDL-C/LDL-C"

: 1.0 (NA)/0.9 (NA)
€: 1.0 (NA)/1.0 (NA)
TC/TG

l: 0.9 (NA)/0.7 (NA)
C: 1.0 (NA)/0.9 (NA)

HDL-C/LDL-C

l: +18 (17.8)/+1 (23.6)
C: +18 (25.0)/+8 (20.9)
T4TG

I: +5 (11.7)/-6 (41.4)

C: +11 (12.6)/+15 (66.8)

HDL-C/LDL-C

l: +6.5 (NA)/-4.7 (NA)

C: +5.0 (NA)/+2.6 (NA)

T4TG

l: -3.8 (NA)/-22.5 (NA)

C +2.1 (MA)/-6.5 (NA)
HDL-C/LDL-C

Trial 1: 45.0 (43.8)/-7.6 (23.1)
Trial 2: 19.6 (24.0)/-10.0 (12.1)
TCTG

Trial 1: NA (NA)/-36.6 (30.4)
Trial 2: NA (NA)/-7.0 (26.6)

L -63f-11
C: -04/-04

I +05/+03
C: +4.4/+0.9

: -5.6/-3.0
C: -16/-08

Trial
1- -18/-16
Trial
2: -b.6f-12

(Table 2 continues on next page)




Drug Main phase Arms (N) Age Proportion (%) of  HbA1lc Lipid SBP/DBP
(trade name)® 3 trial (duration) Co-intervention Mean (SD) participants losing % change % change from baseline Change
Drop-out rate (%) Gender >5% or >10% of from baseline  Mean (5D) from
Women (%) baseline weight Mean (5D) baseline
(mmHg)
(Continued from previous page)
-f-ifZEpEltidEr' SURMOUNT-1 (72  11: 5 mg weekly (630) 11: 45.6 (12.7) >5% loss NA Pooled Tirzepatide Groups Pooled
weeks)"> 12: 10 mg weekly (636) 12: 447 (12.4)  11: 85 HDL-C/LDL-C Tirzepatide
13: 15 mg weekly (630) 13: 44.9 (12.3) 12: 89 I 8.0/-5.8 Groups
C: placebo (643) C: 444 (12.5) 13: 91 C: -07/-17 k-7.2/-4.8
All participants received tirzepatide 11: 67.6 C 35 TCTG C:-1.0/-0.8
or placebo, administered i2: 671 >10% loss I —4.8/-24.8
subcutaneously once weekly as an  13: 67.5 11: 69 C: -18/-56
adjunct to lifestyle intervention.  C 67.8 12: 78
Drop-out: 13: 84
Total: 14% C: 19
- 10%

Abbreviations: BID, twice daily; DEF; Diastolic Blood Pressure; HbAlc, glycmylated hemeglobin; HDL-C high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein chalesterol; LEPR, Leptin
receptor; LSM, lifestyle modification; NA, not available; POMC, Pro-opiomelanocortin; OD, once per day; RD, registered dietitian; SBF, systolic blood pressure; TC, total cholesterol; TGs, triglycerides; TID,
three times daily; y, year. “Participants weighing less than 91 kg at randomization were prescribed 1200 keal per day, while a caloric prescription was calculated for participants weighing between 91 and
136 kg by body weight in pounds multiplied by 6. Participants weighing mare than 136 kg, they were prescribed an 1800 kcal diet per day. All were prescribed 100 min of physical activity per week, and it
was increased by 25 min every four weeks, with an vitimate goal of 250 min per week. |’F‘ar‘ti:i;:ue!u'lI;r; who dropped out were excluded from the primary analysis. “Non-compliant participants were excluded
from the analysis. dhdapted from the Diabetes Prevention Program and delivered by registered dieticians. The program included recommendations for diet, physical activity, and behavior change. *Ratio of
measurement at 68 weeks over baseline. "All participants received a diet prescription and physical activity prescription. Participants had 30 individual intensive behavioral therapy visits with a registered
dietician. *Trial consisted of a dose titration phase, then an 8-week placebo-controlled withdrawal phase, then a 32 additional weeks of open-label treatment. "Under expedited consideration for FDA
approval.

Table 2: Summary of landmark randomized controlled trials of the FDA approved anti-obesity medications (excluding trials in diabetes mellitus).




Az elhizott beteg
anamnézisének
felvétele és a javasolt
vizsgalatok
Az elhizés kezelése és megelézése, taplalkozés,
testmozgasorvosi lehetéségek - Hazali

szakmakozi ajanlas - Orvosi Hetilap-2021.162.
évfolyam, 9. szam-323-335.

Tiplilkozasi anamnézis

— A riplalkozisi szokisok {gyakorisig, mennyiség, iddzités)
felmérése

— Az éthezési zavarok (példiul bulimia, éjszakai evés) kizardsa

— Hizott-c 20 éves koritol 10 kg-nal rébbet?

Megberegedésck

— Fennall-e diaberes, hyvpertonia, vagy utal-e erre gyanir?

— A ftentick eléfordulisa a csalidban

—Volt-¢ epekave, epehdlyag-betegsége?

— Diepresszio, mentilis betegségek jelenlére

— Nikwél: a menstrudcios ciklusra és a menopauzira vonatkozo
kerdések

Gyogyszereldés

— Akrualis és koribbi
— Dohanyzas (clhagyasa)
— Napkiizben gyakran clalszik-c?

Fizikai akrivitds

— Sportolas {jellege, mennyisége, gyakorisiga; koribban és
aktualisanm)

— Fizikai munka végzése, munkakor, otthoni tevékenysegek

— Mozgasszegény clermod?

Motivicid, vilvozracist szandék

— Koribbi testsiilyesokkentési probilkozas?

— Miért akar fogyni?

— Keész-c megvaltoziatni étkezésct, cletmodjar?

— Eteleinek clkészitéséhez van-e elég ideje, pénze?

— Hajlandé-¢ sportolni, milven sportor, van-e hozzd elég pénze?
— Kap-e csalddi, bardt, munkahelyi timogarise?

— Miért voltak sikertelenek /sikeresck a koribbi fogyékirai?

Fizikilis vizsgilatok

- Testtomeg, derckkdrfogar és magassigmeéres, a BMI szamitasa
- Vérnyomasméres { megfeleld mérerii mandzsertaval )
— EKG (sziitkség csetén)

Laboraroriumi vizsgilarok (minimalisan)

— Ehomi vércukor

— Lipidprofil (éssz-, HDL- ¢s LDL-kolesztern, trglicerid)
— Szérumhigysav

— Mijlunkciok

— TSH (eltérés esetén a pajzsmirigvhormonok)

— Gyani eserén: endokrinologial vizsgalatok

CV-nziko felmérése

Hasi ultrahang (NAFLD gyanija esetén)

Alvisdiapnosztikai laboratGriumi vizsgdlar (OSAS gyaniija esetén)

BMI = resttdmegindex; CV = cardiovasculans; EKG = clckirokardiog-
rifia; HDL » magas siiniségii lipoprotein; LDL = alacsony siirtiségi
lipoprotein; NAFLD = nem alkoholos zsirmijbetegség; OSAS = alvisi
ipnoe szindroma; TSH = pajzsmirigy-stimulilé hormon
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Providing a common language for obesity: the European
Association for the Study of Obesity obesity taxonomy
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BACKGROUND: The basis for a high-performing and resilient healthcare system Is having a common, precise, and scientifically

accurate language used across all holder groups. Sueh a ¢ language is lacking for obesity. Therafore, the

European Association for the Study of Obesity undertook a taxonomy initiative to provide dardised | ge for obesity as

commonly used from policy to practice for other major policy-prioritised non-communicable diseases lNCDsL

HTHODS. An onlne Delphi consensus study was conducted, involving a panel of experts reprasenting stakeholder groups of
h people with lived experience, and researchers, Based on the understanding of obesity as an

odiposkyhoscd chronic dlscm 54 derr d into definition, scope and | usage were developed across six
themes: Definition of obesity, CAusea onset and prog ), Obesity p ion, Screening and early diagnosis, Treatment and
Obesity cor

RESUL‘I‘S Of the 194 mvtled M 70 (36%), 63 (33%), and 58 (30%) experts participated in rounds one, two, and three,
respectively. Consensus was achieved on 70% of the proposed definitions, scope, and contextual usage after round one, 94% after
round two and 100% after round three. The Definition of Obesity theme included distinctions between population-level indicators
and individual-level signs of obesity, and how pre-obesity was defined. The Causes, Onsat and Progression theme characterised the
timing of obesity development. The Obesity Prevention theme explicitly diff db heaith p: ion and primary
prevention. Both the Screening and Early Diagnosis, and the Ti and Manag: themes defined concepts supporting a
continuum of care model. The Consequences of Obesity theme encompassed health and socio-economic outcomes,
CONCLUSION: The acor porary evidenca-based language about obesity that aligns with language used for
policy-prioritised NCDs. The unormy is useful for education, advocacy, and communication and can be used by policymakers,
healthcare professionals, people living with obesity, researchers, and health system users.

International Journal of Obesity; hitps//doi.org/10.1038/541366-024-01565-9

Definition of
obesity

Pre-obesity
Disease
staging
frameworks
Indicators
Signs

Causes, onset and
progression factors

Prevention
= Health
promotion
« Primary
prevention

Screening and
early diagnosis

s Screening
« Early
diagnosis

Treatment and
management

» Dutcomes

= Shared
decision
making

Obesity consequences:
health and socio-economic
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