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Share of adults that are obese, 1975

Obesity is defined as having a body-mass index (BMI) equal to, or greater than, 30. BMI is a person's weight (in
kilograms) divided by their height (in meters) squared.
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Source: WHO, Global Health Observatory (2022) OurWorldInData.org/obesity « CC BY



Share of adults that are obese, 2016

Obesity is defined as having a body-mass index (BMI) equal to, or greater than, 30. BMI is a person's weight (in
kilograms) divided by their height (in meters) squared.
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SPECIAL ARTICLE
Diabetes and metabolic disorders

@ E S C European Heart Journal (2024) 00, 1-36

European Society https://doi.org/10.1093/eurheartj/ehae508
of Cardiology

Obesity and cardiovascular disease: an ESC
clinical consensus statement

Konstantinos C. Koskinas'*T, Emeline M. Van Craenenbroeck ® 23*1,
Charalambos Antoniades @4, Matthias Bliihers, Thomas M. Gorter ® 6,
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® <20%
Uzbekistan 16.6%
Kyrgyzstan 16.6%
Bosnia and Herzegovinal7.9%
Moldova 18.9%
Switzerland 19.5%
Denmark 19.7%
Italy 19.9%
Azerbaijan 19.9%
Austria 20.1%
Slovenia 20.2%
Armenia 20.2%
Netherlands 20.4%
Slovakia 20.5%
Sweden 20.6%
Portugal 20.8%
Kazakhstan 21.0%
Estonia 21.2%
Serbia 21.5%
France 21.6%
Georgia 21.7%

20-24.9%

Albania
Cyprus
Iceland
Belgium
Finland
Germany
Morth Macedonia
Romania
Luxembourg
Russia
Poland
Norway
Montenegro
Latvia

Spain
Ukraine
Croatia
Belarus
Greece

© 25-29.9%

21.7%
21.8%
21.9%
22.1%
22.2%
22.3%
22.4%
22.5%
22.6%
23.1%
23.1%
23.1%
23.3%
23.6%
23.8%
24.1%
24.4%
24.5%
24.9%

Estimated prevalence of obesity in adult population

® =30%
Bulgaria 25.0%
Ireland 25.3%
Czech Republic 26.0%
Morocco 26.1%
Israel 26.1%
Lithuania 26.3%
Hungary 26.4%
Tunisia 26.9%
Algeria 27 4%
United Kingdom 27.8%
Syria 27.8%
Malta 28.9%
Lebanon 32.0%
Egypt 32.0%
Turkey 32.1%
Libya 32.5%

Prevalence of obesity (BMI =30 kg}mz) across ESC member countries in 2019. Adapted from Timmis et al®
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Health Effects of Overweight and Obesity in 195 Countries

over 25 Years

The GBD 2015 Obesity Collaborators®

ABSTRACT

BACKGROUND
Although the rising pandemic of obesity has received major attention in many
countries, the effects of this attention on trends and the disease burden of obe-
sity remain uncertain.

METHODS
We analyzed data from 6£.5 million persons to assess the trends in the prevalence
of overweight and obesity among children and adults between 1980 and 2015. Using
the Global Burden of Disease sudy data and methods, we also quantified the
burden of disease related to high body-mass index (EMI), according to age, sex,
cause, and BMI in 195 countries between 1990 and 2015.

RESULTS
In 2015, a wotal of 107.7 million children and 6027 million adu!ts were obese.
Since 1980, the prevalence of obesity has doubled in more than 70 countries and
has continuously increased in most other countries. Although the prevalence of
obesity among children has been lower than that among adults, the rate of in-
crease in childhood cbesity in many countries has been greater than the rate of
increase in ado't obesity. High EMI accounted for 4.0 million deaths globally,
nearly 40Fk of which ocourred in persons who were not obese. More than two
thirds of deaths related to high BMI were due to cardiovascular disease. The dis-
ease burden related to high EMI has increased since 1990; however, the rate of this
increase has been attenuated owing to decreases in underlying rates of death from
cardiovascu!ar disease.

CONCLUSIONS
The rapid increase in the prevalence and disease burden of elevated BMI high!ights
the need for continued focus on surveillance of BMI and identification, implemen-
tation, and evaluation of evidence-based interventions to address this problem.
(Funded by the Bill and Melinda Gates Foundation.)

*The names, academic degrees, and af-
filiations of the authors, who are mem-
bers of the Global Burden of Disease
{GED) 2015 Obesity Collaborators, are
listed in the Appendie. The authors as-
sume responsibility for the content and
integrity of this article. Address reprint
requests to Dr. Murray at the Institute
for Health Metrics and Evaluation, Uni-
wersity of Washington, 2301 5th Awe.,
Suite 600, Seattle, WA 98121, or at
cilmguw.edu.

This article was published on June 12,
2017, at ME|M.org.

This is the New Englond Journal of Med-
cime version of record, which includes all
Jownal editing and enhancements. The
Author Final Manuscript which is the au-
thors wersion after external peer review
and before publication in the Journal, is
available wnder a CC BY license at
PRMACSATIRIT.
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[l Musculoskeletal Disorders  [[Cardiovascular Diseases [JCancers [l Chronic Kidney Disease [l Diabetes Mellitus Ca rdiovascular disease WaS
A Disability-Adjusted Life-Years in 1990 B Disability-Adjusted Life-Years in 2015 the leadlng cause Of death
7 Disabilita 1990 | Disabilita 2015 and disability-adjusted life-
years related to high BMI and
accounted for 2.7 million
deaths (95% uncertainty
interval, 1.8 t0 3.7)

Disability-Adjusted Life-Years
(in millions)
Disability-Adjusted Life-Years
(in millions)

Diabetes was the second

U T T e 0" leading cause of BMI-related
— e — deaths in 2015 and
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Chronic kidney disease
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cause of BMI-related
disability-adjusted life-years
in 2015
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Obesita e CV Outcomes: dati Prospettici

Coronary heart disease

80+

4.0

20+

Hazard ratio

1.0

05

Studies

124

Participants Deaths HR per5 kg/m’
3565426 54872 1-42 (1-35-1-49)

CAD: HR 1.42 per 5 kg/m2

Stroke
Studies

_ 114

Participants Deaths HR per5 kg/m’
3580423 40084 1-42(1-35-1.50)

Stroke: HR 1.42 per 5 kg/m2

Body mass index and all-cause mortality: Individual-participant-data meta-analysis of 239 prospective studies in four

continents. Over 3,5 million of partecipants. Over than 100.000 CV events.
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Impatto dell'Obesita sulla malattia cardiovascolare

+» Diabetes mellitus
« Arterial hypertension

* Dyslipidaemia
¢ Obstructive sleep apnoea

_ ( Amer_us_cl_emsrs )\

« Coronary artery disease

+ Peripheral arterial and

cerebrovascular disease/

( Arrhythmia )
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+ Atrial fibrillation
Y « SCD

(Th-rm-nhuemhulism)

0=

* Deep vein thrombosis

* Pulmonary embolism

Heart failure

« HFpEF
« HFrEF

~ Valvular disease )

« Aortic valve stenosis
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Table 2 Morphological and functional differences between adipose tissue depots in the chest

Relation with sex
Relation with age

Adipocyte size

Adipocyte
differentiation

status

Vascular-stromal cell
content

Biological profile

Association with
metabolic status

Association with
cardiovascular risk

Subcutaneous adipose

tissue (SAT)
More in females
Less with age

Large

Well differentiated

Less rich vs. VAT

Less metabolically active,

thermogenic potential
(beiging)

Meutral/protective

MNeutral

Pericardial adipose
tissue (PAT)

Abdominal obesity in males

Increasing with age

Small

Poorly differentiated

Rich vasculature, high
immune-cell content

High metabolic activity,
inflammatory profile,
lipolytic potential

Strong, negatively
associated with (IR}—
biology driven by systemic
stimuli

Strong

Epicardial adipose
tissue (EAT)

Mo difference

Increasing with age

Comparable to PAT

Comparable to PAT

Comparable to PAT

High metabolic activity,
inflammatory profile,
lipolytic potential

Strong (less than PAT)—
biclogy largely driven by
myocardial signals

Strong

Perivascular adipose tissue
(PVAT)

Mo difference
Unclear

Gradient in adipocyte size (smaller
closer to the vascular wall)

Dependent on vascular biology

Dependent on vascular biology

High secretory profile with
non-adipocytes (pre-adipocytes and
inflammatory cells) driving its
secretome

Less than EAT—biology largely
driven by vascular signals

Strong




Perivascular Adipose Tissue and Pathogenesis of ASCVD

Sistemic Level Perivascular Level

Vascular tone s e
Neovascularisation

A
Endocrine effects Paracrine effects Vasocrine effects
Remote AT depots Redox stat
P @& AT SHects i / \ edox state -
Y A W doa vy Fibrosis
K Ed 1% o vessel wall
o :'-\l _&.
S es eNOS coupling
Cytokine release
Oedema

into systemic

circulation
VSMC migration

EAT effects
on the heart

) SN

Lipid accumulation
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Effects of PVAT on vascular wall

/ EC activation

Inflammation

Differentiation

European Heart Journal (2023) 44, 3827-3844



Prediabetes is associated with elevated risk of clinical outcomes even without

progression to diabetes

Baseline characteristic

No prediabetes

(HbA |, <39 mmol/l [<5.7%] (HbA, 3947 mmol/mol

and FG <5.6 mmol/1)

[5.7-6.4%] or FG 5.6-6.9
mmol/1)

N
FG, mmol/l
HbA . mmol/mol
HbA . %
Age, years*¥
Female sex®*
White race**
BMI, kg/m>#*
BMI category**
<25 kg:fm2
25-29.9 kg/m?
=30 kg/m?
Cigarette smoking status®*
Current
Former
Never
Alcohol consumption™®*
Current
Former
Never
Physical activity level**
Poor (<75 min/week)

Intermediate (75 to <130 min/week)

Recommended (> 150 min/week)

Total cholesterol, mmol/1¥#*
HDL-cholesterol, mmol/1%#

Lipid-lowering medication use*

Hypertension®*

4142
5.2(0.3)
33.8(3.0)
5.2(0.3)
56.0(5.6)
66.3

85.5
25.9(44)

46.9
315
15.6

20.2
35.6
44.2

61.9
16.3
218

313

27.7

41.0
5.36(0.97)
1.41 (0.45)
4.7

22.4

6168
59(0.4)
37.0(4.1)
55(04)
57.1(5.7)
49.4

773
28.1(5.1)

273
43.4
29.3

232
39.1
37.8

59.8
19.6
20.5

36.3

239

39.8
5.43(0.99)
1.25(0.42)
6.1

335

Data are shown as mean (SD) for continuous variables or as percentage for categorical variables

“p<0.01 and **p<0.001 (two-sample ¢ test for continuous variables and Pearson’s y* test for categorical

variables)

10,310 participants from the Atherosclerosis Risk in
Communities (ARIC) Study (aged 46—70 years, ~55%
women, ~20% Black adults) without diabetes at baseline
(1990-1992),

Cox regression to characterise age- and sex-adjusted
associations of prediabetes with ~30 year incidence of
complications before and after accounting for intervening
incidence of diabetes,

Outcomes included atherosclerotic CVD (ASCVD),
heart failure, chronic kidney disease (CKD) and all-cause
mortality

calculated the excess risk of complications in prediabetes
remaining after accounting for progression to diabetes

Mary M Rooney, Diabetologia (2024) 14 Nov Online



Prediabetes is associated with elevated risk of clinical outcomes even without progression to diabetes

() Risk in prediabetes
[O] Risk in prediabetes (accounting for incident diabetes)

a b
100 4 100 Excess risk in
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HR (95% CI)

HRs (95% Cls) and per cent
excess ~30 year risk of
complications (composite
and individual) in prediabetes
(HbA1c 39-47 mmol/mol
[56.7-6.4%] or FG 5.6-6.9
mmol/l) remaining after
allowing for progression to
diabetes in the ARIC study
(N=10,310; 1990-2020).

Mary M Rooney,
Diabetologia (2024)
14 Nov Online
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CONTROVERSY IN CLINICAL ENDOCRINOLOGY
Metabolic Syndrome: A Solution in Search of a Problem

Ele Ferrannini

Department of Internal Medicine and National Research Council Institute of Clinical Physiology, University of Pisa School
of Medicine, 56100 Pisa, Italy

The other day I saw Mrs. R. ., admitted for shortness of ever, it is crucial to emphasize that just as insulin resistand
breath and fatigue. “ A lady of 59,” recited the young intern, alone is insufficient to alter glucose tolerance—for whic
“has had type 2 diabetes for 15 yr, treated with metformin some degree of g-cell dysfuncton is required—insulin r
plus glibenclamide, and hypertension, well-controlled on an sistance/hyperinsulinemia is neither strictly necessary n
angiotensin-converting enzyme inhibitor-thiazide combina- sufficient to alter lipid metabolism, blood pressure, or va
tion. Her body mass index is 30.5 kg /m?, serum triglycerides cular function. Each of these homeostatic systems 15 und
are 2.2 mmol /liter and high-density lipoprotein cholesterol multifactorial control, and defects in one or more skeps DH
is 099 mmol/liter.” Then, with a triumphant glance at me, effector pathway (other factors in Fig. 1) are necessary
“metabolic syndrome,” she stated. A clear message, 1 drive the system out of control. Also, each of these 5v5t9r1

Domains of the Syndrome

Physical/Lifestyle Pathophysiological Clinicak

- =

Once a general risk engine capable of capturing cardio-
metabolic risk with high specificity and accuracy is compiled
and validated in multiple datasets from different popula-
tions, it could be reduced to a clinical algorithm by peeling
off complex or costly measures in a statistically controlled
fashion (26). Whereas not yet a disease, a risk syndrome
identified by this tool would definitely serve the purpose of
designing preventive measures. In addition, it would fertil-
:ize pharmaceutical research, as 'Héﬁ"ﬁfﬁg'é"iﬁéii"ic'é{fg;'éi' the:
: cluster rather than one or the other of its components. T}fp--
© Mieatly, insulin sensitlzers or welphtreducing agents may hit’
nodal points of the cluster (insulin resistance and ectopic fat,
respectively), thereby improving multiple abnormalities.
The clinical algorithm could prove useful to monitor efficacy
and time course of new treatments.

The point is, the task still waits to be completed. Should it

succeed, we will have a name for it: metabolic syndrome.

Eleuterio Ferranini JCEM. 2007
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GLP-1 drug sales hit $22 billion (2022)
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Dual agonists
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therapeutic effects
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Semaglutide was
approved by the FDA
(2021)

Triple agonists showed
superior weight loss in
mice (2014)
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an oral diabetes drug
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approved by the
FDA (2010)
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Incretin Based Therapy: Global Effects on Health

O Most incretin-based therapies
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Incretin Based Therapies: One Drug for Met Syndrome?

GLP1 Receptor Agonists GLP1/Glucagon Agonist GLP1/GIP Agonists

S

\ Lipolysis
" Lipogenesis
Inflammation

Endocrinology. 2020 Jan 1;161(1)
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Diabetes Obes Metab. 2021;23(Suppl. 3):5-29.



Incretin Based Therapy: Effects on Body Weight

100
a0
80

70 Proportion of

participants with at
least 5%, 10%, 15%,
20%, 25% body weight
loss across dedicated
randomized controlled
trials with incretin-
based anti-obesity
medication

60

50

40

PROPORTION OF PARTICIPANTS (%)

30

20

10

Liraglutide 3,0 myg Semaglutide 2,4 mg Semaglutide 50 mg Orforglipron 45 myg Tirzepatide 15 mg Retatrutide 12 mg
% WEIGHT LOSS VS BASELINE

m5%  m10%  m15% @ m20% @ m25% Irene Caruso: npj Metab Health Dis 2, 31 (2024).



Incretin Based Therapy: Effects on Glucose Metabolism

BASELINE EOS BASELINE EOS BASELINE EOS BASELINE EOS BASELINE EOS

S

w

= .

P Proportion of

E participants with

= normoglycemia,

G prediabetes and type

= . .

Q 2 diabetes at baseline

3 and end of study in

o . .

o dedicated randomized

= controlled trials with
incretin-based anti-
obesity medications

LIRA 3.0 MG SEMA 2.4 MG SEMA 50 MG TIRZEPATIDE RETATRUTIDE
B Normoglycemia | Prediabetes B 20

Irene Caruso: npj Metab Health Dis 2, 31 (2024).



Semaglutide in People without Diabetes: effects on CV risk Factors

Systolic blood pressure Diastolic blood pressure Waist circumference
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Semaglutide in People without Diabetes: effects on ASCVD Score
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Tirzepatide in People without Diabetes:

effects on CV risk Factors
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SURMOUNT-1, a phase 3 trial,
evaluated the efficacy and safety of
tirzepatide in adults with body mass
index >30 or >27kg/m2 and at least
one  weight-related  complication,
excluding diabetes.

Participants were randomly assigned to
tirzepatide (5/10/15 mg) or placebo.

Changes from baseline in
cardiometabolic variables were
assessed.

The predicted 10-year ASCVD risk
scores were calculate.

Diabetes Obes Metab. 2024;26(1):319-28
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Incretin Based Therapy: Effects on CV Risk Factors

Total C HDL-C LDL-C TG
BLIRA3mg ESEMAZ24mg ESEMAS50mg ETZP mMORFORGLIFRON mRETATRUTIDE

SBP DBP
ELIRA3mg MSEMA2.4mg mSEMAS50 mg mTZP mORFORGLIPRON =RETATRUTIDE

Depict the effect of incretin-
based anti-obesity medications
on lipid profile and blood
pressure, respectively.

C cholesterol, DBP diastolic
blood pressure, HDL-C high-
density lipoprotein cholesterol,
LDL-C low-density lipoprotein
cholesterol, Lira liraglutide, SBP
systolic blood pressure, Sema

semaglutide, TG triglycerides,
TZP tirzepatide.



Incretins effects on Vascular and Systemic Inflammation
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Semaglutide Side effects in People without Diabetes

Nausea
Vomiting
Diarrhea
Constipation
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Gl side effects
resulting in drug
discontinuation
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Consequences of Uncontrolled Weight Loss with IBT
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