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Metabolicki sindrom

 Visestruki faktor rizika uslovljen rezistencijom na

insulin, a pracen patloskim naslagama i funkcijom
masnog tkiva.

* Obuhva faktore rizika odgovorne za koronarno
oboljenje srca, dijabetes i pojedine karcinome.



* U Evropi se i dalje, najcesée upotrebljava termin
metabolicki sindrom - MetS, dok se

e U Severnoj Americi, uglavnom koristi termin
sindrom X ili sindrom insulinske rezistencije.



Naziv za skup faktora rizika koji se javljaju zajedno i visok su rizik
za pojavu kardiovaskularnih oboljenja, mozdanog udarai
dijabetesa tip2.

Prevalenca u populaciji odraslih je 34%

2X visi rizik za smrtni ishod usled kardijalnih komplikacia,
3X veca verovatnocda za nastanak srcanog ili mozdanog udara.
5x visi rizik za razvoj dijabetesa.



= . Multiple Cardiometabolic Risk

S

AFAD nsulin Resistance Syrdrome X, Dysmetabolic Syndrome; Multiple Metab-olic
Syndrome; Cardiometabolic Syndrome; The Deadly Quaret

1923: Kylin describes clustering of hypertension, gout, and hyperglycemia

¥

1988: Reaven describes “Syndrome X" — hypertension, hyperglycemia,
glucose intolerance, elevated triglycerides, and low HDL cholesterol

19898: WHO defines "metabolic syndrome"” as clustering of hypertension, low
HDL, hypertriglycendemia, insulin resistance, glucose intolerance or
type Z diabetes, high waist-to-hip ratio, and microalbuminuria

b

2001: NCEP ATFP Il provides clinical definition of “metabolic syndrome”

lgcman 5, ¢t al. Diabenes Cone. I001 224 6653588,
Grundy 5M, et 8l National Choelestesrol Education Program Exper Fanes] on Detecticn, Evalusticn and Treaabment of
High Blocd Chalestersd in Adulis (ATF 0. Circwlarion. 200F, 106 F143-3821.



Kriterijumi Evropskog udruzenja za istrazivanje i smernice insulinske
rezistencije (European Group for the Study of Insulin Resistance
Guidelines) za MetS podrazumevaju hiperinsulinemiju naste |
dva ili viSe od ponudenih kriterijuma:

* Glukoza naste > 6,1 mmol/l ali ne osobe obolele od dijabetes melitusa

* Krvni pritisak > 140/90 mmHg ili koris¢enje antihipertenzivne terapije

e  Trigliceridi > 2 mmol/l ili HDL holesterol < 1 mmol/I ili koris¢enje
hipolipemika

*  Obim struk/kuk > 94 cm kod muskaraca ili > 80 cm kod Zena



Prema definiciji Medunarodnog udruzenja za dijabetes
(International Diabetes Federation), MetS predstavlja centralnu
gojaznost (obim struka) udruZenu sa jos dva od navedenih kriterijuma:

*  povisene vrednosti triglicerida u krvi (vrednosti ve¢e od 1,7 mmol/I)

*  snizen HDL holesterol (vrednosti manje od 1,03 mmol/| za populaciju muskaraca i vrednosti manje
od 1,29 mmol/I za populaciju Zena)

*  povisene vrednsoti krvnog pritiska (sistolni > 130 mmHg, dijastolni > 85 mmHg)

. poviSene vrednosti glikemije u krvi (vrednosti veée od 5,6 mmol/l) ili predhodno dijagnostifikovan
dijabetes melitus tip 2.

U sluéaju vrednosti glikemija iznad 5,6 mmol/I savetuje se test oralnog optereéenja glukozom (OGTT) ali nije neophodan za
definisanje prisustva MS. Prema ovoj definiciji ukoliko je vrednost indeksa telesne mase (BMI) preko 30 kg/m? nije
potrebno ni meriti obim struka.



.

Prisustvo = 1 od ponudenih kriterijuma:

dijagnoza kardiovaskularnih bolesti (KVB),
hipertenzija, sindrom policisticnih jajnika ili
acanthosis nigricans

porodi¢na anamneza za dijabetes melitus tip 2,
hipertenziju ili KVB

anamnesticki podaci o gestacionom dijabetesu ili
intoleranciji na glukozu

pripadnici drugih rasa

sedelacki nacin Zivota

BMI > 25 kg/m? i/ili obim struka > 40 in¢a kod
muskaraca, > 35 inc¢a kod Zena

starost > 40 godina

Prisustvo =2 2 od ponudenih kriterijuma:

trigliceridi > 150 mg/d|

HDL holesterol: muskarci < 40 mg/dl, Zene < 50
mg/dI

krvni pritisak > 130/85 mmHg

glukoza naste 110 — 125 mg/dl ili OGTT 140 — 200
mg/dI

(dijabetes je iskljucen iz ACE kriterijuma za sindrom insulinske
rezistencije (IRS)).



Nacionalni program za edukaciju o holesterolu Americkog udruzenja
kardiologa (National Cholesterol Education Program) (NCEP) MetS se
definiSe u okolnostima kada su prisutna najmanje tri od pet predlozenih
kriterijuma:

* centralna gojaznost (obim struka = 102 cm u populaciji muskaraca i 2 88cm u
populaciji zena)

» dislipidemija (trigliceridi =2 1,7 mmol/I

» dislipidemija (HDL < 1,03 mmol/l kod muskaraca i < 1,29 mmol/l kod Zena)

» vrednosti sistolnog krvnog pritiska veé¢e od 130 mm Hg i/ili dijastolnog krvnog
pritiska vece od 85 mmHg

* vrednosti glikemija naste viSe od 6,1 mmol/I,
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Definitions of the Metabolic Syndrome
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ED: BAROMETER OF MEN’S HEALTH:
The Deadly Quartet

= Diabetes .
i el s #




The Deadly Quartet

Type 2 Diabetes JENENg

Obesity

Insulin =

Resistance

e

Hypertension - Dyslipidemia

Early Cardiovascular Disease/Endothelial Dysfunction

Macrovascular Microvascular

Amputations Strokes Coronary Artery Blindness Renal Failure
Disease

Opara JU. South Mod J. 1997:;30:1162-1168.
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Abdominal Adiposity:
«,H: The Critical Adipose Depot

Is this where you measure?

Courtesy of M. Davidsan, MD



Abdominal Obesity Criteria for among Specific Populations

Population Men Women

Europid >94cm >80 cm
Caucasian =94 cm (increased risk) >80 (increased risk)
>102 (still higher risk) >88 (still higher risk)

Europe and North America >102 cm >88 cm

Middle east, Mediterranean, Sub- >94.cm >80 cm

Saharan Africa

South Asians and other Asians >90 cm >80 cm
Ethnic central and South Americans

Japanese > 85cm >90 cm

Chinese > 85 cm >80 cm



e Faktor rizika za:

— Diabetes melitus tip
— Kardiovaskularna oboljenja



» Korekcija aterogenih lipidemija

* Korekcija hipertenzije
* Primena aspirina za snizenje protrombogene aktivnosti

* Korekcija insulinske rezistencije
— Redukcija TM
— Povecana fizicka aktivnost

* Kontrola DM2 ako je prisutan



USA EU
e ACC - American College of * ESC - European Society of

Cardiology Cardiology
* AHA - American Heart * EAS - European
Association Atherosclerosis Society

* NLA - National Lipid
Association



@ Ewropesn Heart Joural (2016) 37, 2959- 3058 ESC/EAS GUIDELINES
doi-10.409 Meurhearty\shw 272

2016 ESC/EAS Guidelines for the Management
of Dyslipidaemias

The Task Force for the Management of Dyslipidaemias of the
European Society of Cardiology (ESC) and European Atherosclerosis
Society (EAS)

Developed with the special contribution of the European Assocciation
for Cardiovascular Prevention & Rehabilitation (EACPR)




Evolution of Lipid Guidelines (cont)

2013 ACC/AHA Guidelinesl?]

Recarmmmerdation

2016 ESC/EAS Guidelines[b]

Category
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Primary UDL-Cx 1590 mgfdL

Diabetes (bype 1 or 2]
withaout clinkcal ASOWD,
Bt LOL-C = 7000 1LED
gl

Mane ol the abowe, But
etimabed 10-y risk =7.5%

High-intendity statin

High-intonasty stalinm
Cormbingticen thevapy i S0
LML T Bdvwpde i@ s Died il

Loy ridk: muoderale-intemsiby
LLETT
High risk: high-ing erndity TLatim

Bdoderabe- Eo Bagh-intensiby
LR

Fairalad
dhyilipadermria
[Fea, FOH)

TIR o gy I weith
CANEET Srgadm
I:“'Hm

Mone of the abose
bt estienate 10-y
risk [SCORE]

Wy g OV ek LD -C2 70 g dil o
SOrw pedhuct oen
High O riskc: <100 mg/dL or SO
e 2
Liove oor mderate risk: <115 megidL

LD -Coc 100 el [0 el irs
presemce of OVD) or massmal LDL-C
reduction with dnsg comibinathcn ansd
LD asphepreais

RO -CTD el o S0P pedlugicen s
L=
LiDL-C< 100 g fdL in absence of
aeddinional risk facicrs

Waery Righ ridk (SC0RE>LCrs)
LDL=C= 70 gldL or SO redution;
Highs risk |[SCORE 5% to 10]
LIDL~Cw 00 mgfdL or SO0 redieciicen;
Moderate risk [HO0ORE 1% 1o %)
LGL-C< 155 mgddL

a. Stone N, et al. JAm Coll Cardiol. 2014;63:2839-2934; b. Catapanco A, et al. Eur Heart . 2016;37:2999-3058.



Evolution of Lipid Guidelines (cont)

2015 NLA Guidelines!?!

Recommendation

2016 & 2017 ACC/AHA Guidelines!P-<

Category Recommmernidaticn
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Evolution of Lipid Guidelines (cont)

2017 ESC/EAS Recommendations in Patients with Acute Ml

Risk category Recommendation

= Recommended in all patients with AMI*
High-intensity statin =« Start as early as possible after discharge, for adherence and
treatment early and sustained clinical benefits

* Use highest tolerated dose

Patients with increased risk of AEs from statins (eg, elderly,

Low-intensity statin : > : > - g

treatmeent ¥ hepatic or renal impairment, previous AE, or potential DDI with
essential concomitant therapy

Statin intolerance Consider treatment with ezetimibe

. Consider for selected high-risk patients who do not reach
Non-statin treatment : x
YR treatment targets after STEMI despite the maximum tolerated
{PCSK9 inhibitors) R
dose of statin

*Irrespective of cholesterol concentration at presentation.
ibanez B, et al. Eur MHeort J. 2017;00:1-66.



Evolution of Lipid Guidelines (cont)

2017 AACE/ACE Guidelines:
ASCVD Risk Categories and LDL-C Treatment Goals

Treatment Goals (mg/di)

Risk category Risk factors/10 y risk {(Framingham) LOL-C Non-HODL-C ApoB
= Progressive ASCVD incduding enstable angina in patients after
achieving an LOL-C<70 mg/dL
Extreme risk =  Established clinical CVD in patients with DM, CKXD 3/4, or <55 <20 <70
MoFM

= Hastory of premature ASCVD (<55 male, <65 female)

. £stablished or recent hospitalization for ACS, coronary,
carotid or peripheral vasculae disedse, 10 y risk >20%

Very high risk * Diaadetes or CXD 3/4 with 1 or more risk factor(s) = e
- HeFH
’ = 22 rak factors and 10 y risk 10% to 20% 90
High risk =  Duiabetes or CKD 3/4 with no other risk factors <100 <130
Moderate risk *  $2 rank 1actors and 10y risk <10% <100 <130 <50
Low risk *  Orink factors <130 <160 N

Risk factors: high LDL-C, polycystic ovary syndrome, cigarette smoking, hypertension (2140/90 mm Hg or on
hypertensive medication), low HDL-C (<40 mg/dL), family Hx CAD (in male, first-degree relative <55 years; in
female, first-degree relative <65 years), CKD stage 3/4, evidence of coronary artery calcification, age (men 245;
women 25S years). Subtract 1 risk factor if the person has high HOL-C.

Jellinger P, et al. Endocr Pract 2017;23:479-497. Garber A, et al. Endocr Proct 2017;23:207-238.
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T2DM Zerdan M, Bouferraa Y, Assi HI. Metabolic

Syndrome: Updates on Pathophysiology and
Management in 2021. International Journal of
Molecular Sciences. 2022; 23(2):786.
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Causes of Mietabolic Syndrome

ﬁ Genetic mutations

6 Inflammation

. Insulin resistance
= TN

Obesity and lack of physical activity

Hypertension




Hyperuricemia
Uric acid. 'Hypertension

Hyperinsulinemia BP, SBP, and DBP.

FIC and 2-h IC in response to
OGTT, IR, FBG, HbAlc, and
2-h BG..

Dlagnosis of Metabolic syndrome aas Y
(if there is three or more of biochemical
measures are present)

BW, BH, BF TG,
HDL, LDL, TC, WHR,
and BMI.

Kidney functions
Microalbuminuria.

— l \

Dyslipidemia
TG, HDL, LDL, and
TC.




Epidemiclagy/ Health Serviceas/ Peoaychosascial Reasearch

Diabetes Care. 2004 May 1; 27(5):1047-1053.

Global Prevalence of Diabetes

Estimates for the year 2000 and projections for 2030
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NEDOSTATAK INSULINA

NEDOSTATAK INSULINA

NEDOSTATAK INSULINA

TEORIJA DVA HORMONA

VISAK
GLUKAGONA

¥

TEORUA TRI HORMONA

VISAK
GLUKAGONA

“ZLOSUTNI OKTET”
The ominous octet

\

SNIZENI
INKRETINI
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a-Lip 2 dijabetesa
enost optrereéenja i odgovora beta éelija

= T Insulinska re2|stencua

= Gojaznost

= T Unos hrane

= T Praznjenje zeludca— T Stepen apsorpcije nitrijenata
= T Sekrecija glukagona

= T Glukoneogeneza u jetri

= | Insulinska sekrecija
— odgovor na
glikemiju

= | Prvafaza
insulinskog odgovora

Hlpergllkemlja



*  FUNKCIJA BETA CELIJA
— Sinteza insulina

— Sekrecija insulina
*  Funkcionalni kapacitet beta ¢elija
— Masa beta ¢elija(cell turnover, neogenesis)
— Prva faza/druga faza oslobadjanja insulina
— Formiranje insulina (proinsulin do insulina)
— Senzitivnost na glukozu
*  Funkcionalno optereéenje beta Celija
— Opterecenje glukozom (ishrana, gastri¢no praznjenje)
— Stvaranje glukoze u jetri (glikoliza, glukoneogeneza)
— Periferno preuzimanje glukoze (senzitivnost na insulin, fizicka aktivnost)



© N O W

Jetra —insulinska rezistencija, glukoneogeneza;

Pankreas — nedostatak insulina, oStecena | faza lu€enja insulina sa
progresivnim slabljenjem beta ¢elija;

Masno tkivo — insulinska rezistencija, oslobadjanje slobodnih masnih
kiselina i “lipotoksi¢nost;

Pankreas — povecano lucenje glukagona u alfa celijama;

Snizen nivo inkretina i/ili snizena senzitivnost na inkretine;

CNS — neadekvatan odgovor na “sitost” po unosu glukoze;

Bubrezi — povecana renalna reapsorpcija glukoze;



{ Anti-diabetic treatment options for T2DM J

Human Thiazolidinediones DPP-4 inhibitors

insulin Metformin

1950s | 1960s | 1970s = 1980s | 1990s | 2000s = 2010s

l

Sulphonylureas GLP-1 receptor| SGLT-2
agonists | inhibitors

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT2, sodium glucose co-transporter-2; T20M, type 2 diabetes
mellitus



Current Diabetes Treatment Paradigm:
Intensification of Treatment in Response to
Progression of Diabetes

Diet and Combination Insulin
: Mo the .
exercise e rapy oral agents (x OAD)

= Prediabetes

IFengT) Dlabetes

MG




e INCRETIN = INtestinal + seCRETion + of Insulin

*  “INCRETIN effect’ prvi put opisan 1960. (Bersan & Yalow)
 ENTERO-INSULARNA OSOVINA, 1969. (Unger)

* Efekat inkretina posredovan hormonima poreklom iz creva:

— GIP — (Gastric Inhibitory Peptide, Glucose-dependent Insulinotropic Peptide) izolovao Brown
1969;

— GLP-1 - (Glucagon-Like Peptide-1) izolovao Goke 1988.



U zdravih ispitanika, oralno unesena glukoza dovodi do
veceg insulinskog odgovora u odnosu na ekvivalentni
intravenski unos.



—- Oral Glucose
—o— Intravenous (IV) Glucose

200 - 2.0"
-
Q —~
o = -
) &
® E
5 100 - g 1.0-
o o
2 g
9 O 0.5-
o
0 0.0-

N = 6; Mean (SE); *P<0.05
Data from Nauck MA, et al. J Clin Endocrinol Metab 1986;63:492-498.

*Incretin Effect

*




Healthy Subjects

- |Intravenous (IV) Glucose

Type 2 Diabetes

*

80 80
_. 60 Incretin Effect _. 60 Incretin Effect
< < * x
) )
E E *
c 40 = 40
= S
(2] [%2]
[ [
- 20 - 20

0 0

0 60 120 180 0 60 120 180

Time (min)

N = 22; Mean (SE); *P<0.05
Data from Nauck M, et al. Diabetologia 1986;29:46-52.

Time (min)
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GLP-1 - (Glucagon-Like Peptide-1) GIP - (Gastric Inhibitory Peptide,

Glucose-dependent Insulinotropic
Peptide)

Peptid = 30 amino kiselina Peptid = 42 amino kiseline

SintetiSu i oslobadjaju L ¢elije ileuma i SintetiSu i oslobadjaju K celije jejunuma i

kolona; neuroni u hipotalamusu; duodenuma;

Mesto delovanja: Mesto delovanja:

* Gl trakt; * Pankreasne beta Celije

* CNS * Adipociti;

* Pluéa

* Srce



GLP-1 GIP
Proteoliticka inaktivacija
DPP-4 (dipeptidyl peptidase — 4) Da (1,5-2,1 min) Da (5 min)
Snizena sekrecija u T2DM Da Ne
Inhibicija sekrecije glukagona
postprandijalno Da Ne
Redukuje unos hrane i porast
telesne mase Da Ne
Usporava gastriéno praznjenje Da Ne
StimuliSe beta ¢elije, volumen/rast Da Ne
Podstice biosintezu insulina Da Ne
Knockout mice (result in IGT) Da Ne

Adapted from Mayo KE, et al. Pharmacol Rev 2003;55:167-194.
Adapted from Drucker DJ. Diabetes Care 2003;26:2929-2940.
Adapted from Nauck M, et al. Diabetologia 1986;29:46-52.



Rl
GLP-1: Secreted upon
the ingestion of food

Promotes satiety and
reduces appetite

Alpha cells:
{ Glucose-dependent

postprandial
glucagon secretion\

= = Liver: & =~

{ Glucagon reduces

Beta cells: hepatic glucose output

Enhances glucose-
dependent insulin secretion
Stomach:
Helps regulate
gastric emptying

Data from Flint A, et al. J Clin Invest 1998;101:515-520. Data from Larsson H, et al. Acta Physiol Scand 1997;160:413-422.
Data from Nauck MA, et al. Diabetologia 1996;39:1546-1553. Data from Drucker DJ. Diabetes 1998;47:159-169.















Visok BMI;
Insulinska rezistencija;

Hiperglikemija;
Usporeno gastricno praznjenje;
Dugo trajanje i loSa kontrola (DM);

Washout vs kontinuirana terapija (narocito za metformin,
povecava GLP-1 sekrecija);



armakojoski ensi bazirani na inkretinskom konceptu
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* DPP-4 inhibitori; * GLP-1 agonisti

_ “Gliptini” (Mimetici inkretina);
* Sitagliptin — Agonist GLP-1 receptora
* Vilagliptin * Egzenatid
* Saxagliptin — Analog GLP-1
* Linagliptin * Liraglutid
* Aloglipti - v
Ogliptin — Analozi sa produienom
* Duotogliptin ..
apsorpcijom

* Gemigliptin






Razlike izmedju GLP-1 RA i DPP-4 inhibitora

Osobine/delovanje

Delovanje na GLP-1
receptor

Aktivni GLP-1
koncetracije

HbA1lc sniZenje

Usporavanje gastricnog
praznjenja

Pospesuju sitost

GLP-1RA

Direktno
~ 60 pmol//L
farmakoloske
0,5% - 2,0%

Da

Da

DPP-4 Inhibitori

Indirektno
~ 10 pmol//L
fizioloske
0,5% - 0,9%

Ne

Ne
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Razlike izmedju GLP-1 RA i DPP-4 inhibitora

Osobine/delovanje GLP-1 RA DPP-4 Inhibitori
Telesna masa Snizena Neutralno
Hipoglikemija - Niska Niska
ucestalost

Nezeljeni efekti Mucnina, povracanje Dobro se podnose
Nacin primene Sc Oralno
Doziranje Eksenatid BID QD

Eksenatid QW
Liraglutid QD




Why not initiate incretin-based
therapy early in the management of
patients with T2DM?

Old Antidiabetes Incretin
drugs




Epidemija?

Estetski dozivljaj?

We're Eating
More Junk
And Getting -
[ess Exercise. *

Obesity Is
The Globe's
Newest
Epidemic.
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lesna masa i gojaznost

»problem epidemijskih razmera“?
* Definicija SZO
— Gojaznost je hronicna bolest koju karakterise
povecanje masnih depoa.

— U svakodnevnoj klinickoj praksi definiSe se pomocu
indeksa telesne mase (BMlI)

BMI 25-29,9 kg/m? — PREKOMERNA TELESNA MASA

- BMI > 30 kg/m? — GOJAZNOST

References. 1. World Health Organisation European Charter on Counteracting Obesity. Istanbul, Turkey: 16 November, 2006. 2. The challenge of obesity in the WHO European Region. Factsheet EURO/13/05. Bucharest: 12 September 2005. 3. ABC of Obesity. Eds. Sattar N
and Lean M. 2007, Blackwell Publishing, Massachusetts, USA. 4. World Health Organisation European Conference on Counteracting Obesity: 10 things you need to know about obesity. Istanbul, Turkey: 15-17 November, 2006.



Prekomerna telesna masa i gojaznost —
»problem epidemijskih razmera“?

Preko 50 % odraslih u EU je gojazno ili pati od prekomerne
telesne mase!
— Gojaznost sa mogucim znacajnim klinickim komplikacijama je
povecana za skoro 300% od osamdesetih godina proslog veka?

Prosecni indeks telesne mase (BMI) danas iznosi 26,5 kg/m?
— kategorija prekomerne telesne mase je 25 — 29,9 kg/m?

Oko polovine ljudi sa prekomernom telesnom masom ¢e postati
gojazno?

Predvida se da ¢e 20% odraslih u EU postati gojazno do 2010.
godine?®

References. 1. World Health Organisation European Charter on Counteracting Cbesity. Istanbul, Turkey: 16 November, 2008 2 The challenge of obesity in
the WHO BEuropean Region. Factsheet ELROVIZNE Bucharast 12 September 2005 3 ABC of Obesity Eds Sattar N and Lean M. 2007 Blackwell Publishing,
Massachusatts, USA 4 World Health Crganisation Buropean Conference on Countaracting Obesity: 10 things yvou neaed to know about obesity Istanbul
Turkey: 15417 hovember, 2006




Global Prevalence of Obesity

e Globally, proportions of adults with a BMI of = 25
increased from 28.8% in 1980 to 36.9% in 2013 for
men and from 29.8% to 38.0% for women

* Prevalence of obesity has increased substantially
among children and adolescents in both the
developed world (23.8% of boys; 22.6% of girls;
overweight/obese in 2013) and the developing world
(12.9% of boys; 13.4% of girls; overweight/obese in
2013)

Ng M, et al. Lancet. 2014,384:766-781.



Tracking the Global Obesity Epidemic

* Worldwide, the rate of obesity has nearly doubled since
1980: Just over 200 million adult men and just under 300
million adult women have obesity!?!

— 39% of adults aged 18 years and over had overweight in 2014, and
13% had obesity!a!

* Obesity rates have been steadily rising in children, too: in
2010, 43 million preschool children had overweight or
obesity, a 60 percent increase since 1990"]

* A 2014 study of overweight and obesity in children and adults
from 1980-2013 found that worldwide, the proportion of
adults with overweight or obesity increased, and prevalence
also increased substantially in children and adolescents in
both developed and developing countries!

a. Finucane MM, et al. Lancet. 2011;337:557-567.

b. de Onis M, et al. Am J Clin Nutr. 2010;92:1257-64.
c. Ng M, et al. Lancet. 2014; 384:766-781.



WHO's Projection on Global Obesity

E00—]

(Obese Population (in millions)

http://www.euro.who.int/obesity

TOo0

Gojaznost dovodi do znacajnog
povecanja morbiditeta i
mortaliteta uz smanjenje
kvaliteta Zivota

Direktni trosSkovi gojaznosti
procenjuju se u Evropi na 2-8%
ukupnih troskova zdravstvenih
fondova.


http://www.euro.who.int/obesity
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liciti su

 Zivotni stil
— Navike u ishrani
— Nedostatak fizicke aktivnosti
— Poslovi sa malo kretanja
* Genetika
* Oboljenja
— Hipotiroidizam
— Cushing’s syndrome
— Policisti¢ni ovarijalni sindrom
— Nedostatak hormona rasta

— Povrede hipotalamusa usled:
traume, tumora, operativno

G

Imbalance
(Overweight)

Lekovi

— Antidijabetici — sulphonilurea,
glitazoni

— Antidepresivi

— Antikonvulzivi

— Kortikosteroidi

— Hormonska supstituciona terapija

— Beta blokatori

— Pizotifen

— Litijum

— Antihistaminici

— Melatonin



Katarakta

Hipoventilacioni sindrom

Karcinom dojke

Karcinom kolona

Poremecaji reprodukcije

Osteoartritis

Izvor: Clinical Knowledge Summaries. Obesity 2008.

<O Depresija

Sleep apnea sindrom

Arterijska hipertenzija,
Ishemijska bolest srca
Dijabetes Tip 2

Lumbalni sindrom



Povecan rizik od:!

* Dijabetesa tipa dva

* Hipertenzije

 Koronarnog oboljenja srca (CHD)
e Kamena u zudi

Takode i:

 Odredenih vrsta karcinoma, osteoartritisa, smanjene plodnosti,
apnee u snu, depresije, problema sa kicmom...2

e Visceralne masti (masti koje obavijaju unutrasnje organe) su
opasnije od potkoznih masti i nose vedi rizik od nastanka
oboljenja kao sto su dijabetes i bolesti srca3*

References 1 \Wilett WC et al N Engl J Mead 1999 341: 427- 434 2 Clinical Knowledge Summary: Cbhesity, 3 Van Gaal L et al Int J Obesity 1997, 21{Suppl| 1 85-52
4 Haslam D FPractice NMorse 2008, 355)r 26-29




* \eliki insulin
rezistentni
adipociti

Apple and Pear

* Adrenergicki
receptoriT
* Insulin —

kontrolisana
antilipoliza

Katehelaminiag
kontrolisana

* Mali insulin senzitivni

_ . adipociti
Masne kiselineT :

liooliza’|




Visceralna gojaznost

Courtesy of Wilfred Y. Fujimoto, MD.



Retencija Na Endotelijalna | Dijabetes melitus
Ekspanzija volymena disfunkgija Dislipidemija

Minutni vqumenT 1 5 Ateroskleroza
Arterljalna rezistencija®
Hlpertenzua

Ekscentri¢na hipertrofija R ad Koncetri¢na hipertrofija

Kongestivna srcana slabost,

koronarno oboljenje arterija, iznenadna smrt



Aktiviranje simpatickog
nervnog sistema

Povisen tonus arterija

~”

Hipertenzija

Prekomerna
stimulacija (-Celija

pankreasa
Redukcija sekrecije

9

Tip 2 Dijabetes



Relativni rizik
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Zene

4 Koronarna bolest srca

Relativni rizik
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Muskarci



Kategorija uhranjenosti

Mrsavost
Normalna uhranjenost

Prekomerna masa
Predgojaznost

Gojaznost

* Gojaznost | stepena
* Gojaznost Il stepena
* Gojaznost Il stepena

BMI (kg/m?2)

< 18,5
18.5-24.9

25
25-29.9

30-34.9
35-39.9
40

telesna masa u kilogramima

visina u metrima i centimetrima



Ketegorija uhranjenosti

Mrsavost

Normalna uhranjenost
Prekomerna

Predgojaznost
Gojaznost

*Gojaznost | stepena
*Gojaznost Il stepena
*Gojaznost Il stepena

I

< 18,5

18.5-24.9

25

25-29.9
30

30-34.9
35-39.9
40

<8012
<94 m

80z

94 m
80-887
94 -102 m

887z
102 m

BMI =

telesna masa (kg)

visina (m?)




Look AHEAD Weight-Loss Maintenance

Intensive Lifestyle Intervention Patients Who, at
Year 1, Lost = 10% of Initial Weight

- mmn = 88 (9.9%) Lost the least amount of weight at Year 1

N =174 (19.6%)

N =251 (28.3%) Gained
N =374 (42.2%) Lost the greatest amount of weight at Year 1

ON &~O
1

Reduction in Initial Weight, %
2.5
AN OO

|

o

o))
|

-
00

0 1 2 3 4

Time, Years

Wadden TA, et al. Obesity (Silver Spring). 2011;19:1987-1998.



Rates of Comorbidity Reduction After
Bariatric Surgery

Improvement or Improvement or Improvement or
Disease or Symptom Remissionat<2Y Remissionat5to 7Y Remissionatl0yY
Diabetes mellitus 72% 54% 30%
Hypertension 24% 66% 41%
Hypertriglyceridemia 62% 82% 40%
Hypercholesterolemia 22% 53% 21%
Sleep apnea 94% 66% -
Fatty liver disease 84% - -
Stress urinary 64% resolved, 92% _ B
incontinence improved
Depression 50% - -

Table incorporates results fromm multiple trials.

Vest AR, et al. Circulation. 2013;127:945-959.



=5% 5%-109%
Shizenjexivi > Shizenjexlivi

HbAlc

Arterijska tenzija
Ukupni holesterol
HDL Holesterol
Trigliceridi

1. Wing RR et al. Arch Intern Med. 1987;147:1749-1753.
2. Mertens IL, Van Gaal LF. Obes Res. 2000,;8:270-278.
3. Blackburn G. Obes Res. 19953 (Suppl 2):2115-216S.




Smrt
Karcinomi

Dijabetes

PoviSen arterijski pritisak
Angina

Holesterol

Ostale koristi

Clinical Knowledge Summaries. Obesity 2008.

*20-25% snizenje ukupnih uzroka smrti

*40-50% sniZzenje gojaznoscéu uslovljenih karcinoma, koji su doveli do smrti

*30-40% snizenje dijabetesom uslovljenih komplikacija, koje su dovele do smrti
*Snizenje za vise od 50% za nastanak dijabetesa

*Snizenje arterijskog krvnog pritiska

*Snizenje ucestalosti simptoma za 90%

*SniZenje nivoa ukupnog holesterola za 10%
*Povisenje nivoa HDL holesterola za 8%

*Poboljsana funkcija pluca

*Smanjeni bolovi u ledima i zglobovima
*Smanjena zadihanost

*Snizeni poremecaji spavanja

Jung RT. Obesity as a disease. Br Med Bull 1997; 53(2): 307-321.



Weight and Energy Balance: Historical
Perspective

Food Energy

Body
weight



Weight and Energy Balance: Current
Perspective

Obesity = Imbalance of Energy Regulation

3000 —
Energy

intake

Energy
expenditure

kcal/24 h
o
8
|

(+) Energy balance (<) Energy balance

BMI, kg/m?

Weigle DS, et al. 1996;18:867-874.



Feedback Regulation of Energy
Metabolism

Environmental -
: ah Liver
Sensory organs —— e Muscle
Gl tract o J Bone
o

Irisin

Metabolic

activity and
Energy needs
stores

Food intake
Leptin Nutrient handling

Energy expenditure

Adipose /
tissue

Tchernof A, et al. Physiol Rev. 2013;93:359-404.



Weight Loss Improves
Obesity-Related Comorbidities

Benefits of 5%-10% weight loss

[ ook
$ ¥ ¥ ¥ ¥ @

Reduction in Reduction in Improvements in Improvements Improvements in Improvements in
H a . - . -
risk of T2DM! CV mortality!®] blood lipid in blood severity of health-related
profilel pressureld! obstructive sleep Qol el

apneals

a. Knowler, et al. N Engl J Med. 2002;346:393-403. e. Foster, et al. Arch Intern Med. 2009;169:1619-1626.
b. Li, et al. Lancet Diabetes Endocrinol. 2014;2:474-480. f. Kuna, et al. Sleep. 2013;36:641-649.
c. Datillo, et al. Am J Clin Nutr. 1992;56:320-328. g. Warkentin, et al. Obes Rev. 2014;15:169-182.

d. Wing, et al. Diabetes Care. 2011;34:1481-1486. h. Wright, et al. J Health Psychol. 2013;18:574-586.



The Impact of Obesity Upon Individuals

Decreased
Mobility

Quality of Life

Urinary
Incontinence

Impaired
Fertility

Depression

Slide courtesy of Jason Halford, PhD, C. Psychol. (Health) AFBPsS.



Obesity as a Risk Factor for a Range of
Comorbid Conditions!a-P]

1 3

~

Osteoarthritis

= - g
Sleep Apnea Cancer

Cognitive/Mood
Disorders
a. Pi-Sunyer X. Postgrad Med. 2009;121:21-33.

b. Calle EE, et al. N Engl/ J Med. 1999;341:1097-1105.



Totalna populacija u Srbiji: cca 7.400.000
— Muskareci: cca 3.600.000
— Zene: cca 3.800.000

1 od 2 osobe ima prekomernu telesnu masu (54.5%) = 3,997,540 osoba
— Gojaznih 18.3% = 1,342,293

Sa prekomernom telesnom masom 36.2% = 2,655,246
Vojvodina — najviSe osoba sa prekomernom telesnom masom

Figure 10. Adulr population by body mass index categories, Serbia, 2006

Eobese (BMI = 30)
E Pre-obese (BMI 2529 9)

[ Optimum (BMI 18.5-24.9)

[ uUnderweight (BMI <18 5)

[ Height and weight not measured

Sources:
National Health Survey. 2006,

www.statserb.rs.gov.yu
RTS natinnal T\, netuwnrk laniicarg 2010



http://www.statserb.rs.gov.yu/

6,17%

26,52% 1 Underweight (<18.5)

® Optimum weight (18.5 - 24.9)

35.02%

Zena sa prekomernom telesnom
masom i gojaznih

LI Pre-obese (25 - 29.9)

H Obese (> 30)

58,81%

Ypsos: 2009



e Srcana oboljenja uzrocnik su 57% smrtnih
slucajeva

* Kardiovaskularna oboljenja u Srbiji su
ujednacena medu muskarcima i Zzenama

* U skladu sa nedavnim istrazivanjem, 15% dece u
osnovnim skolama je gojazno, dok 10% imaju
poviseni krvni pritisak

*1zvor: BMI, Serbia Pharmaceutical & Healthcare Report, Q1 2008







Metabolicko oboljenje;
ICD - 10; E66
Epidemijskih razmera

Globalni hronicni zdravstveni problem
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»problem epidemijskih razmera“!

* Definicija SZO
— Gojaznost je hroni¢na bolest koju karakterise
poveéanje masnih depoa.

— U svakodnevnoj klinickoj praksi definise se pomocu
indeksa telesne mase (BMI)

BMI 25-29,9 kg/m? — PREKOMERNA TELESNA MASA

~ BMI > 30 kg/m? — GOJAZNOST

References. 1. World Health Organisation European Charter on Counteracting Obesity. Istanbul, Turkey: 16 November, 2006. 2. The challenge of obesity in the WHO European Region. Factsheet EURO/13/05. Bucharest: 12 September 2005. 3. ABC of Obesity. Eds. Sattar N
and Lean M. 2007, Blackwell Publishing, Massachusetts, USA. 4. World Health Organisation European Conference on Counteracting Obesity: 10 things you need to know about obesity. Istanbul, Turkey: 15-17 November, 2006.



Ketegorija uhranjenosti

Mrsavost

Normalna uhranjenost
Prekomerna

Predgojaznost
Gojaznost

*Gojaznost | stepena
*Gojaznost Il stepena
*Gojaznost Il stepena

I

< 18,5

18.5-24.9

25

25-29.9
30

30-34.9
35-39.9
40

<8012
<94 m

80z

94 m
80-887
94 -102 m

887z
102 m

BMI =

telesna masa (kg)

visina (m?)

o9




najcesci sinonimi

Visceralna (visceral)

Androidna (android)

Oblik jabuke (apple-shaped)

“Gojaznost gornjeg dela tela” (upper body obesity)



Bioloski:
— Genetski;

— Epigenetski;

Bihejvioralni;
* Socijalni;
* Enviromentalni (ukljuCujuéu hronicni stres);



RIS = oo i - SIS -
n 0jaznost
izZineha strukture masnog tKiVal s

b ey

* Hipertrofija
* Hiperplazija adipocita
* inflamacija



energije.

Ovaj kompleksni regulatorni sistem je potreban, jer i mali
poremecaj ravnoteze izmedju odnosa i potrosene energije
imace veliki efekat na masu.



ovim pertubacijama:

— Sa gubitkom tezine, apetit se pojacava a potrosnja energije smanjuje;
— Sa prekomernim unosom hrane, apetit opada, a potroSnja energije raste;
* Glavni regulator ovih adaptivnih odgovora organizma je hormon

leptin iz adipocitnog tkiva, koji ima aktivhost u mozgu
(predominantno u hipotalamusu) i utice na:

— Apetit

— PotrosSnju energije

— Neuroendokrinu funkciju



* Hipotalamus

e Mozdano stablo
* Srednji mozak



e Homeostazni sistem

— Posle-konzumiranja
— Posle apsorpcije
* Hedonizam/zadovoljstvo-nagrada sistem:
— konzumiranje
* Interakcije homeostaznih i hedonistickih mehanizama



Mechanisms of Food Intake Regulation

Autonomic
Nervous System
o Sympathetic

Cord

et S
Spinal — \“*d)shrelinj Stomach
. ‘Leptin
N\

l —_ Bile ACidS e = __.- ﬂ. y 7 i 3 <
A S 4 ’f: Small Intestine

- Portal
Circulation

Systemic
Circulation

Enteric Nervous

System
S
» Insulin, Glucagon,
e Amylin, PP Pancreas
White Adipose Peripheral A e
Tissue Nervous
System
' = L 2
IL- -

Acosta A, et al. Gut. 2014;63:687-695.



JChe komponente

* Hipotalamus Gastrointestinalni hormoni,
— Oreksogeni neuroni (na njih regulatori apetita
deluju neurpeptide Y — NPY; agouti- . Oreksogeni (apetit /]\)
related peptide — AgRP) . ,
— Anoreksogeni (apetit | )

— Anoreksogeni neuroni (na njih o _
deluju propiomelanocortin — POMC; Hranom US|OV|jenI 5|gnaI|
N. vagus

cocaine and amphetamine regulated
transcript — CART)

e Signali adipoznosti
— Leptin
— Insulun



Integration of brain neurotransmiters, perpheral neurochumoral afferents,
adipocyte-derived signals, Gl peplides

— receptors for
hormones and neuropetides that regulate

gastric distension

feeding
2 = X = e PVN —-_———_ .
integration of signals from ARC with e R e Brainstem
thyroid and HPA axes _‘“\»—-7 L
Adiposity
signals Satiety if\?ai?a
- - - e.q., in signais
— satiety signals to the brain i “o.a., CCK,

stem after ingestion of a meal
Adipose tissue G- wrace

< . S — Source: Morton et al. 2005
connectuon of bramstem with

hypothalamus (serotoninergic neurons)



Hipotalamus

* Regulise energetsku ravnotezu
— Kontrolise unos i trosenje energije
— Endogeni melanokortinski receptori
* Nucleus arcuatus
— Integracija neuronskih i signala iz krvi
* Mozdani sistem nagrade (pons + medula oblongata)
— Hedonicki unos hrane (dopamin)
— Mezolimbicki i mezokortikalni dopaminergicki putevi



— Corpus callosum

Paraventricular
Intermediate mass nucleus
of thalamus
Lateral preoptic
nucleus
Dorsomedial
nucleus Medial preoptic
nucleus
Posterior — 3
hypothalamic Anterior
nucleus hypothalamic
b e nucleus
Ventromedial A Suprachiasmatic
Key: nucleus / nucleus
I Vammillary region Mammullary / \* Infundibulum Supraoptic nucleus

B Tuberal region | \ o e
B Supraoptic region , .

Pituitary gland
[ Preoptic region >




PVIN paraventricular nucleus
LHA Iateral hypothalamic area

PFA perifornical area
[pVN] Arc arcuate nucleus

anorexigenic

orexigenic
neurons

Npy/AgRP
GABA
neurons

" nucleus of |
the solitary
tract (NTS)

== o
|

vagal

Sl nerve
regulation of

insulin leptin food intake *
ahrelin



Tegmentum mesencephali

e Sadrzi dopamiﬁrgiéke neurone koji imaju prokekcije ka
kortiko-limbickim strukturama

— Nucleus accumbens (zadovoljstvo)

— Medijalni prefrontalni korteks (kognitivne funkcije)
— Hippocampus (pamcenje)

— Nuclei amigdali (emocionalna reakcija)

* Direktne uticaje od hipotalamusa

upravlja sa nekoliko endokrinih procesa (leptin,
grelin)



Anatomical Structures Involved in Regulation of Food Intake

Ventromedial PFC
Orbitofrontal Cortex

Ventrolateral PFC
Dorsolateral PFC

Cross Section of the Brain

RIGHT Lt ERF

Prefrontal Cortex
Cingulate Cortex |

Striatum
Insular Cortex

Amygdala

Hippocampus

Hypothalamus
Parahippocampal

Region

Brainstem /, /
Lunpe—~

7
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Interactions of Reflective and Reflexive Eating Pathways

CENTRAL

Reward
Limbic Structures
Paralimbic Structures

< J

Food Intake |

Y Y

Neural Signals (Vagal, Other)
Hormonal Mediators
Gastrointestinal Peptides
Insulin
Adipose Tissue Peptides

RERIPHERY

Reflective Eating
. Cognition

Reflexive Eating
[ ] Reward

B Homeostasis




Gut-brain axis

The ability of the brain to
ifluence the intestinal
microbiota

The ability of the
microbiota to influence

brain and behavior

Microbiota-
gut interplay




The microbiota-gut-brain axis

Gl MICROBIOTA

GI1 BARRIER

Nutrient Immune Defense Signalling
and fluid tolerance against to the brain
uptake infections (Serotonin etc.)

/ |
4 @ =

LIVER ALLERGENS AGENTS

Prevention of Prevention of Prevention of Energy hometostasis
malnutrition allergy infections Mood regulation?



Healthy Gut iicrobiota Obese-Diabetic Microbiota

Composition
Bacteroidetes : Firmicutes

Composition
Bacteroidetes : Firmicutes

Epithelium

A0 L FERRJSR 1 DR R T IIgRI TERE)

IEC differentiation
Tight junction function
Intestinal barrier integrity

IEC differentiation
Tight junction function
Intestinal barrier integrity

Energy harvest Leaky gut
Vitamin K synthesis Pathogen colonisation
SCFA production Energy harvest

SCFA production
Circulatory System ‘
Metabolic endotoxemia (LPS)

Liver
Lipogenesis

Inflammation
Oxidative stress
Insulinresistance

g Immune System

Innate and adaptive immune
response stimulation

Liver
Acetate and propionate
{Gluconeogenesis / lipogenesis)

Adipose Tissue
Inflammation
Oxidative stress
Macrophage infiltration
Insulinresistance
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Health Diversity
‘_‘\—

. and
Facultative function
anaerobes: Inter-individual

enterobacteria -
enterococci variations
lactobacilli
° o«
sasnuwansnpens sud) .........’ Ageing
Anaerobes: N e -
Bifidobacterium Core genome?
Clostridium g )
Bacteroides
Enterotypes?
i) Bacteroides
ii) Prevotella
iii) Ruminococcus

Intestinal

Extra-intestinal

Disease

Dysbiosis

Crohn’s disease (CD) d F. prausnitzii

(IBD (inflammatory bowel disease) Change Firmicutes/Bacteroidetes
Ulcerative colitis (UC) }

T Enterobacteriaceae
< IBS (irritable bowel syndrome)

Coeliac disease
CRC (colorectal cancer)
\. CDI (C. difficile infection)

Changes in Firmicutes/Bacteroidetes ratio
d butyrate-producers

T Opportunistic pathogens

T Oxidative stress

/ Obesity
Type Il diabetes
Metabolic syndrome

< Lupus erythematosus change Firmicutes/Bacteroidetes
Allergy / Asthma

Gut-brain axis disorders (autism spectrum,
\ Parkinson’s, disorders of mood and chronic pain)




DavidAWiss@hNutntioninRecovery.com

“ADDICTION” — DSM-5??7?

* Non-Substance-Related

* Gambling

* Behavioral Addictions?
* Sex Addiction
* Exercise Addiction
* Shopping Addiction
* Gaming
> Currently insufficient
evidence for diagnostic criteria

What about food???

Is it substance-related?
BehaVioral? De You Need Your Fia?

Both? @

I CAN DO ANYTHING IN ORDER TO LOSE WEIGHT

- EXCEPT CHANGING MY EATING HABITS




Serotonin

Enkephalin
§
2HT2a
Receptor  Mu np;ﬂﬁ:‘ GABA,
Receptor & Receptor
GAEAf
Hypothalamus Receptor 'T“""Bﬁ
F:Inpamlne: D2 Dopamine
Substantia Nl .- Receptor
Nigra i |
Ventral Dopamine
Tegmental

Area :
Nucleus \l

Accumbens REWARD



- trosnja energije obuhvata sledece
v komponente

Bazalna metabolicka potroSnja u mirovaniju;
Energetska potrosnja za metabolisanje i skladistenje hrane;
Termicki efekat fizicke aktivnosti;

Adaptivna termogeneza koja varira zavisno od hroni¢nog
kalorijskog unosa (raste kada je unos veci)

Bazalna metabolicka stopa je odgovorna za oko 70% dnevne
potrosnje energije, kojoj fizicka aktivnost doprinosi sa 5-10%.



Complement factors Hormones

Factor D/adipsin Sy o Leptin |
Adipocyte Adlgoqectm
Resistin
Others / \
PAI-1 Cytokines
Angiotensinogen \ TNF-a
RBP4 IL-6
Enzymes Substrates
Aromatase Free fatty acids

11B-HSD-1 Glycerol




Circulation Sensorv Innervation

Leptine ?
Adiponectine Leptine
Nesfatine Glycerol
Vesfatine Prostaglandins
Cytokines Temperature
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* Adaptivna termogeneza se desava u smedjem masnom tkivu-
SMT, koje ima znacajnu ulogu u metabolizmu mnogih sisara.

» Zarazliku od belog masnog tkiva, koje koristi za skladistenje

energije u formi lipida, SMS trosi uskladistenu energiju kao
toplotu.



Classical brown  Brite/beige? White

Heat

. Lipids U CP f Glucose  Lipids UCPT " Gigose Lipids %’

7/C1 ZICT




Mitohondrijalni nespareni (uncoupling) protein — UCP-1 u
smedjem masnom tkivu (SMT) “rasipa” gradijent vodonikovih
jona u lancu oksidativne respiracije i oslobadja energiju u
obliku toplote.

Metabolicka aktivnost SMT povecava se centralnom
aktivnoscu leptina, putem simpatickog nervnog sistema, koji
masivno inervise ovo tkivo.



Nature Reviews | Neuroscience



sSrain
Hypothalamus

> Glucose and lipid metabolism

& Hunger/satiety

> Thermogenesis/autonomic system

Blood-brain barrier

& Neuroendocrine function

Beta cells

Peripheral targets Immune cells

\) Fed state/obesity
- S
R X /
—~— e

Others

_ Adipocyte

Fasted state : \—)
- -




Adipozno Kivo se oji od adipoznih Celija u kojima se skladiste lipidi i
stromalnog/vaskularnog dela, u kojem se nalaze preadipociti.

Masa adipocita se povecava uvecanjem adipoznih cCelija skladistenjem
kolicine lipida, kao i umnozavanjem broja adipocita.

Proces kojim nastaju adipociti od preadipocitnih mezenhimalnih celija je
kontrolisan serijom koraka diferencijacije, koja je opet regulisana
kaskadom specificnih transkripcionih faktora.

Jedan od klju¢nih transkripcionih faktora je peroksizom-proliferator-
aktivirajuci receptora Y (PPAR Y), jedarni receptor koji vezuje
tiazolidinedionsku klasu insulin-senzitivnih lekova koji se koriste u
tretmanu dijabetesa tip 2.



Importance Of Leptin

A

Bone and cartilage
« Regulation of bone mass
Rheumatcid arthritis

Osteoanhritis
Chondnocytos

Central actiono @ @ %@
Vascular function «————

= Immune system modulation

- Athonosc!onods « Cytokine induction
. « Chemotaxis
- Oxldatlvo stress « Macrophage activation
/ ‘ « Natural killer cytotoxicity
« T,1 stimulation
Reproduction Other targets « T2 inhibition
« Placental function « Kidney « Increase of maturation and
« Trophoblast invasion adiposo « Bowel survival of thymic T celis
« Foetal function tissue « Pancreas « Increase of IL-2
« Gonadotrophins and « Muscle « Naive T-call proliferation
gonadal hormones Q « Dendritic cells activation

Source: Nat Clin Pract Rheumatol ©2007 Nature Publishing Group



Luce beli adipociti i oslobadja se u cirkulaciju;

Koncetracije u krvi srazmerne koli¢ini masnog tkiva (biomarker masnog
tkiva);

Vezuje za receptore u ARC (arcuate nucleus)

— Redukuje unos hrane

— Povecava potrosnju energije.

— Snizava prag za osecaj slatkog na receptorima jezika
Oslobadja se i u gastricnom epitelu

— Lokalno pojacava crevne signale sitosti - holesistokinin



L

|l Leptin

/

Hypothalamus

PO: PVIN: ARC:
GnRH | TRH | AgRP/NPY 1

Mesolimbic

dopamine
system

VIMH: LHA: =9 VTA
BDNF | Orexin T

NTS

CRH 1 | POMC/CART | MCH 1
, 2
Y V
Neurcendocrine Energy
function homeostasis
1 Repro_ductive Hormones 1 Appetite
1l Thyroid Hormone l Energy Expenditure
1 IGF-1
T Cortisol 5
-~ e
"-u_H‘_._ .iaff
T v »~
Insulin
Resistance/
Metabolism
__________ » D
------------------------ &
o oo
. . — Oo
leptin @ @ leptin
Adipose Adipose
tissue tissue
ENERGY ENERGY
DEFICIENCY EXCESS

Brainstem

T Leptin
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Leptin 11/l

* Primena leptina u gojaznih sa endogenim nedostatkom leptina
uspesna za tretman hiperfagije;

* Gojazni pacijenti Cesto imaju povisen nivo leptina (dodatna
primena leptina nedelotvorna), sto ukazuje na rezistenciju na
leptin:

— Saturacija leptinskih transportera (hematoencefalna barijera);

— Povisen nivo proinflamatornih citokina i slobodnih masnih kiselina
blokira transport;

— Redukovan leptin sistem signala u neuronima hipotalamusa;



Leptin Resistant Obese State

Adiposey
Signals

Obesity &
| s ulin-
Resistance

Ventricular
Hypertrophy

Autonomic &
Fat Cells Inflammatory
Cwveractivity

Sacar S, Liv P Cireulation 2003, 108 6048-6
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AT TS U Efektna metabolizam ugljenih hidrata

Popravlja preuzimanje glukoze u ¢.

Povecava glikolizu

Povecava sintezu glikogena
Smanjuje razgradnju glikogena
Smanjuje glikoneogenezu

Efekti na metabolizam masti

Smanjuje razgradnju (lipolizu) masti

Povecava sintezu masnih kiselina

Povecava sintezu LDL lipoproteina niske gustine
Povecava sintezu holesterola

Efekti na metabolizam proteina

Povecava transport aminokiselina
Povecava sintezu proteina
Smanjuje razlaganje proteina

Dejstva insulina

Tkivo/organ

Adipozno i miSiéno
Adipozno i miSiéno
Misici i jetra
Misici i jetra
jetra

Adipozno
Adipozno
Jetra

Jetra

Razna tkiva
Misici i druga tkiva
Misici i druga tkiva



Chronic
overnutrition

Insulin
resistance

Leptin
resistance

Exercise

Insulin
sensitivity

Leptin
sensitivity
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Insulin

Brza sekrecija iz pankreasnih beta-Celija posle obroka i transport do CNS;

Naste nivo insulina u plazmi u dobroj pozitivnoj korelaciji sa masom
masnog tkiva u telu — “surogatni marker za adipoznost”;

U hipotalamusnim jedrima ekspresija insulinskih receptora u: arcuate
nucleus (ARC), dorsomedial nucleus (DMN), paraventricular nucleus (PVN);

Poput leptina vezuje se za insulinske receptore, sto rezultira u aktiviranju
POMC neurona i inhibiciji NPY/AgRP neurona preko insulin receptor
substrate (IRS)-2;



Integration in NST and modulation by
desaending hypothalamic projpctons

Insulin

e

CCK 3 r{/
— .+ JPancreas
GLP- 7, Faglell size indirecty 3
Receptors influences irsulin and s
< anvlin lelease’ el
-

GLP- M

'0......'... e e - - —

Nutrient flow
influences

fat cell sz




APPETITE & HUNGER
(hormones)

B rain
Adipose

Stomach




S obzirom da je vise od 40 peptida indentifikovano u gastrointestinalnom
traktu, on predstavlja najveci endokrini organ naseg organizma. Veliki napedak
u upoznavanju njihove uloge nacinjen je u poslednjoj deceniji.

Prema slicnosti u hemijskoj grai peptidni hormoni su podeljeni u vise grupa
(familija):
— gastrinska familija: gastrin, holecistokinin(CCK)

— sekretinska familija: sekretin, vazoaktivni intestinalni peptid (VIP),
glukagon, gastricni inhibitorni peptid (GIP), peptid histidil izoleucin (PHI)

— familija pankreasnih polipeptida: PP, PYY, NPY

— bombesinska familija: bombesin, GRP, neuromedin B

— ostali individualni peptidi



Cholecystokinin
Gzll bladder contraction
Gastrointestinal motility

Pancreatic exocrine
secretion
Secretin

Pancreatic exocrine
secretion

GIP
Incretin activity
Motilin
Gastrointestinal motility

— _—

— =

Pancreas

Colon

Small intestine

Ghrelin
Hunger
Growth hormone release
Gastrin
Acid secretion

Insulin and glucagon
Glucose homeostasis
Pancreatic polypeptide
Gastric motility
Satiation
Amylin

Glucose homeostasis
Gastric motility

GLP-1
Incretin activity
Satiation
GLP-2
Gastrointestinzal
motility and growth
Oxyntomodulin
Satiation
Acid secretion
PYY3 36
Satiation

<o =
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Holecistokinin (CCK)

AT O,

Luce ga tip-| enterociti u duodenumu i tankom crevu, deluje preko:
— CCK-A receptora u GIT traktu
— CCK-B receptora u CNS

Deluje na pankreasne acinusne celije i izaziva sekreciju neutralnog soka
bogatog pankreasnim enzimima.

Deluje na celije pankreasnih kanalica, potencira dejstvo sekretina i dovodi
do sekrecije alkalnog, bikarbonatima bogatog pankreasnog soka.

Deluje na zucnu kesu, snazno je kontrahuje, relaksira Odijev sfinkter pa
tako zuc dospeva u duodenum.

Posreduje u osecaju sitosti preko CCK-B receptora koji su Siroko
rasprostranjeni u centralnom nervnom sistemu. U suprimiranju osecaja
gladi igra ulogu i usporeno praznjenje zeluca koje CCK izaziva. CCK
stimulise vagusne nervne zavrsetke, prenosi signale sitosti u mozdano
stablo i parabrahijalna jedra.




Obrok uzrokuje lucenje sekreciju PP iz PP ¢elija ostrvaca vagalno
regulisanim mehanizmima;

Porast cirkuliSu¢eg PP u srazmeri je kalorijskim unosom obroka i traje do 6
sati;

Anoreksogeni efekti PP traju do 24 ¢asa (uloga u dugotrajnoj kontroli
apetita?);

Bazalni i postprandijalni nivo PP snizen kod gojaznih osoba (hiperfagija).



f° Peptid tirozin-tirozin (PYY)

Luci se postprandijalno iz L Celija ileuma, kolona i rektuma u formi PYY 4,
brzo metabolise u PYY ; ;. pomocu dipeptidil peptidaze (DPP)-4 u
cirkulaciji;

CirkulisuCi PYY 5 ;. vezuje se za Y2 receptor na presinaptickim zavrSecima
hipotalamusnih NPY/AgRP neurona, inaktivise ih uzrokujuci anoreksiju;

Povecdanje telesne mase moze biti uzrokovano:
— Redukovanom sekrecijom PYY u postprandijalnom periodu
— Ostecenim vezivanjem PYY za Y2 receptor



,  peptide 1 (GLP-1)

GLP-1 se luci kao preproglukagon u L ¢elijama ileuma i kolona i sekretuje u
sistemsku cirkulaciju gde se brzo inaktivira preko DPP-4;

Poluvreme eliminacije za GLP-1 je 1-2 minuta;

GLP-1 vrsi anoreksigene efekte preko GLP-1 receptora (GLP-1R), Siroko
rasprostranjenih u CNS, GIT, i pankreasu kako kod gojaznih tako i kod
mrsSavih pacijenata;

Anoreksigeno delovanje GLP-1 stimulise glukoza-zavisnu sekreciju insulina
delovanjem na beta Celije pankreasa;

DPP-4 inhibitori i GLP-1 analozi se koriste u terapiji gojaznih DM2
pacijenata;



Liver
T FGF-21 Brain
" Glucose production? \ + Food Intake
" Ketogenesis? ! Energy Expenditure
*  OXM nastaje od
preproglukagona i

zajedno sa GLP-1u
intestinalnim L

Celijamaiima | T T
umerena anoreksigena * Lipolysis? * Insulin secretion
delovanja. * Adiponectin
*FGF-217 /“} ,
/‘ Stomach-Gut
' »
( Kidney + Ghrelin Secretion
k ) + Gastric emptying

T Natrluresis? \



Ghrelin Regulation (short & long term)

Stomach Full

COX — Cholacystokamin
GLP 1 — Gucagon ke
peptide 1

PYY — Peptide YY

Primarily regulated
by feeding

(Crespo et al,
2014)




Grelin

ine celije fundusa Zeluca kada je osoba gladna i
elipsoidne celije pankreasa.

* Nivo grelina raste pre uzimanja hrane, a smanjuje se nakon uzetog
obroka(cikardijalni ritam).

* Deluje na hipotalamus i stimulise unos hrane.

* Njegovo dejstvo se suprotstavlja inhibitornom uticaju leptina i PYY na
centar za glad. (hormon gladi)

* Grelin se takodje stvara u hipotalamusu (nukleus arkuatus) i stimulise
sekreciju hormona rasta iz adenohipofize.

* Klinicke studije su pokazale da je nivo grelina u plazmi kod gojaznih osoba
snizen, a povisen kod osoba koje pate od anoreksije nervoze.



Endocannabinoids

Endogenous agonists of cannabinoid receptors:
1) Are produced as needed
2) Activate cannabinoid receptors locally
3) Are immediately metabolized

* Primena CB1 agonista
povecCava uzimanje hrane i
redukuje gastricni motilitet;

Phosphaliptd Remodd rg

. . . s < 4 Oy Q
Primena selektivnih CB1 Phospholipid-derived == /\/*rﬂ} mj_q“”
antagonista smanjuje PECLINORS . l
uzimanje hrane i porast !
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Consumer understanding / individual differences / health implications

Nutrients
and satiety

Sensory factors SATIETY

(59




When you're hungry
because you haven't
eaten in 12+ hours

HOMEOSTATIC HUNGER

Eating for calories and pleasure
\

. {_-\'g"'-' -
P ®
Pl

;s

SOURCE: LOWE ET AL, PHYSIOLOGY AND BEHAVIOR, 2007

IVECIENCE

SPECTRUM OF HUNGER

When you just had
a full meal but you
still want dessert

HEDONIC HUNGER

Eating just for pleasure

KARL TATE / © LiveScience.com



Recent Guidelines for Obesity

Management

Source Release Date

Emphases

AHA/ACC/TOS* November 2013

AACE/ACE® September 2014
TES*® February
2015

Health risks of cbesity

Benefits of weight loss

Diet and lifestyle changes

Selection of patients for bariatric surgery

Staged approach to diagnosis, evaluation, and
intervention

Weight loss as key to reversing or ameliorating
weight-associated comorbidities

Causes of obesity

Weight-centric approach to obesity
management

Medications that can promote weight loss
Medications that may contribute to weight gain

AHA = American Heart Association; ACC = American College of Cardiwology; TOS = The Obesity Society; AACE = American
Association of Chinical Endocrinologists; ACE = American College of Endocrinology; TES = The Endocrine Society

a. Jensen MD, et al. Circulation. 2014;129:5102-S1381%; b Garvey WT, et al. Endocrine Practice. 2014;20:977-
989%l; c. Apovian CM, et al. J Clin Endocrinol Metabolism. 2015;100:342-362.1¢
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Patient
Presentation

Evaluation

AACE/ACE ALGORITHM FOR THE MEDICAL CARE ’E

OF PATIENTS WITH OBESITY

Screen positive for overweight or obesity Presence of weight-related disease or complication
BMI 225 kg/mv (223 ka/m’ in some ethnicities) that could be improved by weight loss therapy

« Medical history  « Physical examination  « Clinical laboratory
« Review of systems, emphasizing weight related complications
« Obesity history: graph weight vs age, |ifestyle patterns/preferences, previous interventions

« Confirm that elevated BMI represents excess adiposity

.a Anthro- « Measure waist circumference to evaluate cardiometabolic disease risk
s pometric BMI ko/m
g Diagnosis
a 25-29.9 OVERWEIGHT | 230 OBESITY
Checklist of Obesity-Related Complications
Clinical {staging and risk stratification based on complication-specific criteria)
Diagnosis Waist circumference below S
regional/ethnic cutoffs None Mild to Moderate Severe

STAGE O STAGE 1 STAGE 2

N




- Anamneza

* Etnicka pripadnost e Ostale determinante (genetika,
e Porodi¢na anmneza lekovi, endokrini poremecaji,

psihosocijalni faktori, hronicni
stres, prestanak pusenja)

e Zdravstvene konsekvence

* Navike u ishrani
e Fizicka aktivnost (uCestalost i

struktu.rf:\) _ B gojaznosti (promena Zivotnog stila,
* Obrasci ishrane i moguci medikamentno le¢enje, hirurske
poremedaji (binge eating intervencije)

disorder, night eating
syndrome, bulimia)

* Prisustvo depresije i drugih
poremecaja raspolozenja

e Pacijentova ocCekivanja i motivacija
Za promene

* Prethodnitretman gojaznosti
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Fizikalni pregled

Merenje visine i tezine (ITM — izraCunati), obim struka, arterijska tenzija
(adekvatna manzetna);
Procena prisustva i znacaj gojaznos¢u-uslovljenih oboljenja (dijabetes,
hipertenzija, dislipidemija, kardiovaskularna, respiratorna i oboljenja
zglobova, nealkoholna masna jetra, poremedaji spavanja)
Prisustvo acanthosis nigricans kao znak insulinske rezistencije

— Dermatoza koja se javlja na pregibnim povrSinama

— U vidu hiperkeratoze i hiperpigmentacije

— Neravne, nabrane povrsine somotastog izgleda

— Moze se javiti kao paraneoplasti¢na dermatoza ili bez postojanja maligniteta



Laboratorijske analize
“minimum”

Glikemija naste
Profil serumskih lipida (ukupni, HDL i LDL holesterol, trigliceridi)
Mokracna kiselina

Funkcije tireodeje (thyroid-stimulating hormone (TSH) level)
Funkcije jetre
Kardiovaskularna procena, ukoliko je indikovano

Endokrina ispitivanja ako se sumnja na: Cushing’s syndrome i oboljenja
hipotalamusa

Dodatni pregledi jetre ukoliko su nalazi enzima jetre patoloski (ultrazvuk,
biopsija)
Somnoloska ispitivanja



BEBody Composition Analvysis Form

Name:

Email:

Vveight

Body Fat 2%

Total Body Water %%

Muscie Mass

Physique Rating

BMR

Metabolic Age

Bone Mass

Visceral Fat

Daily Protein Need

Recommended Ideal
Vveight
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Stepwise Model for Clinical
Management

Target population Intervention

Medical and/or
Obese or overweight with risk factors Surgical Rx

(BMI >30 or BMI >27 with risk factors)

Overweight/obese Behaviour modification
(with disordered eating patterns or cognitions)

Overweight/obese Individual education and skills training

General population Population education and awareness raising



Clinical care pathway for overweight and obese adults

Determine degree of overweight and obesity

- Measure height {(cm) and weight (kg) and
calculate BN (kg/m)
- Measure waist circumference (WC) cm

3L

IfFEBMI= 2SS kg/mm- ™
or WC = 94 o for men™
Oor WC = 80 cm for women™

4L

Assess
Presenting symptoms and underiying causes

Co-morbidities and health risks -
Weight loss history

Lifestyle (nutrition and physical activity)
Eating behaviour

Depression and mood disorders
Chronic psychological stress

Potential of weight loss to improve health
Motivation to change
Barriers to weight loss

Bariatric/.
- BMMIzZ4a0 l:g/nf or BMI between 35 .0—-—39.9 kg/m’ -

=3B

Set goals and propose realistic, individualised
and sustainable lifestyle changes at the long tTerm
Weight loss goal
5—-15960‘ body weight or O.5—1 0 kg/week

Managerment

Nutrition . > e
Reduce energy intake by SOO0O—1 . 000 kcal/day

Physical activity _.-

Initially at least 1SO min/week moderate aerobic
exercise combined with 1 -3 sessions/weelk
resistance exercise
Cognitive behavicour therapy
Pharrnmacotherapy
BMI = SO kg/m- or BEMI = 27 kg/m- with co-
morbidities
Adjunct to lifestyle modification

metabolic surgery

cofmbrbldltles or BMI between 30.0-34.9 kg/m—
with type 2 diabetes on individual basis. Consider
otf'ber wew loss attempts fail; requires lifelong

Considering referring to obesity specialist
serwvices or Collaborating Centres for Obesity
Management (COMSs)

- if the person has complex disease states or
Nneeds that can Nnot be managed in primary or
secondary care

- iIf the underlying causes of obesity need o be
assessed

- 1If conventional treatment has failed

- if specialist interventions such as VLCD is
needed

- If bariatric/metabolic surgery is needed

Weight loss goal is achieved

Assess effect on co-morbidities, weight
maintenance and weight regain

- Regular monitorng of weight, B8N and WC
- Reinforce lifestyle modification
- Address other risk factors




pacijentom

Obim struka, cm

BMI, Komorbiditet
Kg/m? M<94 M
Z2<80 Z

25,5-29,9 IZS IZS IZS £ L
30,0 - 34,9 IZS IZS L IZS +L+H
35,0-39,9 IZS L IZS L IZS +L+H
> 40,0 IZS +L+H IZS +L+H IZS +L+H
IZS — izmena Zivotnog L - lekovi H - hirurgija




* Promene ponasanja i zivotnih navika

— Dijeta

— Fizicko vezbanje
* Lekovi
* Hirurgija



Farmakoloski tretman

Razumna sirategijé upravljanja bole$¢u;
Da pacijent odrzi komplijansu, smaniji rizike uslovljene gojaznoscu i poboljsa
kvalitet zivota;

Prevencija razvoja komorbiditeta (DM?2);

Preporucuje se pacijentima sa BMI > 30 kg/m2 ili BMI > 27 kg/m2 gojaznoséu
uslovljenim oboljenjima ( hipertenzija, DM2, sleep apnoea);

Lekove koristiti prema registrovanim indikacijama uz postovanje kontraindikacija;
Delotvornost farmakoterapije procenjivati posle prva 3 meseca;

Ako je gubitak teZzine zadovoljavajuéi (< 5% za nedijabeti¢ne pacijente i > 3% za
dijabeti¢ne) tretman nastaviti;

Tretman obustaviti u slucaju da pacijenti ne reaguju na terapiju;



Orlistat
Lorkaserin

Fentermin/topiramat
Bupropion/naltrekson
Liraglutid



Orlistat

Potentan i selektivan inhibitor pankreasne lipaze;
Redukuje intestinalnu digestiju masti;
Na proskripciju od 120 mg, OTC od 60 mg;

Oba dozna oblika primenjena pre jela uz postovanje nutritivnih preporuka
uzrokuju gubitak telesne mase;

Delotvornost i bezbednost leka procenjivani u randominizovanim klinickim
istrazivanjima: XENDOS i X-PERT;

Fekalni gubitak masti i gastrointestinalni simptomi su Cesti;

Moze uzrokovati manji gubitak liposolubilnih vitamina, pa je pozeljna
dodatna multivitaminska proskripcija;



- —

Liraglutid

Dugodelujuéi glukagon-like peptide 1 (GLP-1) agonist za parenteralnu upotrebu, koji sporo
metaboliSu dipeptidyl peptidase-IV;

Glukozom indukovano oslobadanje insulina je stimulisano; glukagonski odgovor je
redukovan; uticaji na Zeludacno praznjenje;

U upotrebi je terapiju DM T2 (1,2-1,8 mg), jednom dnevno;

Lek je odobren za ovu indikaciju FDA — 2014, European Medicinal Agency —-EMA — 2015;
Primenjuje se parenteralno u dozi od 3 mg, jednom dnevno;

U okviru registracionih indikacija neophodno je da primenom leka pacijent izgubi 5% tezine
posle 12 nedelja terapije. Ukoliko pacijent ne ostvari predvidene ciljeve lek se ukida;

Delotvornost i bezbednost leka procenjivani u randominizovanim kliniCkim istrazivanjima
SCALE-Maintenance, SCALE-Obesity i LEADER;

Pacijenti liraglutid dobro podnese;

Muka i povrac¢anje su prolazna nezenjena delovanja koja daju doprinos gubitku telesne
mase.



TX

Table 8.2—Medications approved by the FDA for the treatment of obesity

1-¥ear (52- or 56-week] mean
weight loss (% loss from baseline)

Mational Average

Typical adult  Average wholesale Drug Acguisition Weight loss
mainbenance price (30-day Cost [30-day % loss from Common side effects Possible safety concems/considerations
Medication name dose supply) (108) supply) (109) Treatment arm baseline) {110-115) [110-115)
Short-term treatment (S12 weeks)
Phentermine |116) 8-37.5mgg.d* 5556 (375 mg 53 (375 mg dose) 15 Mg Q.d.t 6.1 Dry mouth, insomnia, dizziness, s Contraindicated for use in combination with
dose) 7.5mg g.d.t 5.5 irritability, increased BP manoamine gxidase inhibitors
FBO 11
Long-term treatment (>12 weeks)
Lipase inhibitor
Orlistat (3) 60mg tid (OTC) $41-582 543 120 mg t.id.# 9.6 Abdominal pain, flatulence, fecal  * Potential malabsorption of fat-soluble vitamins

120mgtid (Rx) 5823 8556 PBO 56 urgency, back pain, headache (A, O, E, K) and of certain medications {e.g.,
cyclosporine, thyroid hormaone, anticonvulsants, etc.)

» Rare cases of severe liver injury reported

# Cholelithiasis
» Nephrolithiasis
Salective serotonin (5-HT) 5-HT,C receptor agonist
Lorcaserin [14)** 10 mg b.id. 5360 5188 10 mg b.id. 4.5 Headache, nausea, dizziness, fatigue, » Serotonin syndrome-like and neuroleptic
Lorcaserin XR 20 mg q.d. 5360 5287 PBO 15 nasopharyngitis, increased BP malignant syndrome-like reactions theoretically

possible when coadministered with other
serotonergic or antidopaminergic agents
» Monitor for depression or suicidal thoughts
& Avold In liver and renal fallure

Obesity Management for the Treatment of Type 2 Diabetes:
Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1):S89-S97
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(continued)

Sympathomimetic amine anorectic/antiepileptic combination

Phentermine/topiramate 7.5 mg/d6 mg  $223 (7.5 mg/ $178 (75 mgy/ 15 mg/92 mg q.df 9.8 Constipation, paresthesia, insomnia, ® Birth defects
ER (117) q.d.4 46 mg dose) 46 mg dose) 7.5 mg/46 mg ad)| 7.8 nasopharyngitis, xerostomia, * Cognitive impairment
PBO 12 Increased BP ® Acute angle-closure glaucoma
Oplold antagonist/antidepressant combination
Naltrexone/bupropion 8 mg/%0 mg. 5334 $268 16 mg/180mg b.id. 50 Constipation, nausea, headache, o Contraindicated in patients with uncontrolled
ER (15) 2 tablets b.id. xerostomia, insomnia hypertension and/or selzure disorders
PBO 18 o Contraindicated for use with chronic opiold therapy

o Acute angle-closure glaucoma
Black box warning:
® Risk of suicidal behavior/ideation
Glucagon-like peptide 1 receptor agonist

Liraglutide (16)** 3 mg q.d. $1,497 $1,199 3.0 mg q.d. 6.0 Gastrointestinal side effects common @ ?Acute pancreatitls
1.8 mg q.d. 47 (nausea, vomiting, diarrhea), ¢ Caution when initiating or increasing dose due to
injection site reactions potential risk of acute kidney injury
PBO 20 Black box warning:

® Risk of thyrold C-cell tumors

All medications are contraindicated in women who are or may become pregnant. Women of reproductive potential must be counseled regarding the use of rellable methods of contraception. Select
safety and side effect information is provided; for a comprehensive discussion of safety considerations, please refer to the prescribing information for each agent. b.i.d,, twice daily; BP, blood pressure;
ER, extended release; MEN 2, multiple endocrine neoplasia syndrome type 2; MTC, medullary thyroid carcinoma; OTC, over the counter; PBO, placebo; q.d., dally; Rx, prescription; tid, three times

daily; XR, extended release. *Use lowest effective dose; maximum appropriate dose is 37.5 mg. tDuration of treatment was 28 weeks in a general obese adult population, **Agent has demonstrated cardiovascular
safety In a dedicated cardiovascular outcome trial (118,119). tEnrolled participants had normal (79%) or impaired (21%) glucose tolerance. §Maximum dose, depending on response, Is 15 mg/92 mg q.d.
| Approximately 68% of enrolled participants had type 2 diabetes or impaired glucose tolerance.

Obesity Management for the Treatment of Type 2 Diabetes:
Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1):S89-S97



Indications for medical
management

Treatment target

Step 3*

METABOLIC SYNDROME

Obesity Impaired glucose regulation Hypertension Dyslipidaemia

Dietary modification: content ({ simple carbohydrates, \ trans fats and saturated fatty acids, I omega-3 fatty acids, ¥ salt) and caloric value
(\ by 500-600 kcal); increased physical activity (150-300 min of moderate-intensity or 75-150 min of vigorous-intensity aerobic physical
activity per week); reducing alcohol intake; smoking cessation; sleep hygiene.

A 4

A 4

A 4

A 4

BMI = 27 kg/m?

® Diabetes
® Consider in patients with
pre-diabetes

® SBP =140 mm Hg and/or DBP

> 90 mm Hg (in-office measurement)
® SBP =135 mm Hg and/or DBP

> 85 mm Hg (@ambulatory measurement

LDL-C = 70/55 mg/dI***

Weight loss by 5-7%/
7-15%**

Glycated hemoglobin < 7.0%,
consider < 6.5%

BP in-office/ambulatory
< 130/80 mm Hg*****

LDL-C < 70/55 mg/dI*** & = 50%
non-HDL-C < 100/85 mg/dI***

0
.
-

GLP-1RA

Metformin

ACE-I/ARB + CCB or TD

Statin**** at maximal tolerated
dose

® Naltrexone/bupropion
® Orlistat

GLP-1RA

ACE-I/ARB + CCB +TD

+ Ezetimibe

Metabolic surgery

+ Sodium-glucose
cotransporter-2 inhibitor (SGLT2)
+ Other medications

+ Aldosterone antagonist
+ B-blocker

Triglycerides > 200 mg/d|
+ fenofibrate/omega-3
fatty acids

* Should treatment target fail to be achieved, take the next step. ** In all patients and patients with diabetes, respectively. *** In high risk and very high risk groups, respectively. ****
High-potency atorvastatin/rosuvastatin. ***** |n patients above 70 years of age < 140/90 mmHg (in-office measurement) and < 135/85 mmHg (ambulatory measurement)

ACE-I - angiotensin-converting-enzyme inhibitors; ARB — angiotensin receptor blocker; BMI — body mass index; BP — blood pressure; CCB — calcium channel blocker;
DBP - diastolic blood pressure; GLP-1RA - Glucagon like peptide-1 receptor agonist; LDL-C — LDL cholesterol; non-HDL-C — non-HDL cholesterol; SBP — systolic blood pressure;
TD - thiazide/thiazide like duretic

© PTNT, PTLO, PTL, PTH, PTMR, PTMSZ, sPiE i Klub 30 PTK, sChMiB TChP
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METABOLIC SYNDROME

High normal
blood pressure
or
hypertension

© PTNT, PTLO, PTL, PTH, PTMR, PTMSZ, sPiE i Klub 30 PTK, sChMiB TChP

Prediabetes
or

diabetes

OBEs\TN

Atherogenic
dyslipidaemia

Graphic design: ITEM Publishing Sp.z 0.0.
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