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Worldwide obesity has nearly 

tripled since 1975.

>1.9 billion adults overweight 

>650 million were obese

The Obesity Pandemic



Risk may be higher than indicated in the 
chart in: 

- Sedentary or obese subjects, especially 
those with central obesity

Risk stratification for primary prevention of CVD

We need better ways to identify obese 
individuals at high risk for CV events



• Anthropometric indices of obesity
• Cardiorespiratory fitness
• Metabolic status - plasma biomarkers 
• Fat biopsies
• Adipose tissue imaging 

How to assess cardiometabolic risk in obesity? 



Anthropometric indices of obesity and CVD risk 

“Obesity Paradox”
Antonopoulos AS et al. Cardiov Res 2017 

Do fat people live longer ??? 



Meta-analysis: Aune D et al; BMJ 2016
230 cohort studies 
30.3m participants
3.74m deaths

The epidemiologist’s view:
-Confounders
-Chronic diseases
-Between-studies heterogeneity 
-…… 

Waist to hip ratio >> BMI

High-risk obesity Low-risk obesity

The endocrinologist’s view:
-Location, location, location…

The clinical cardiologist’s view:

??
? ?

Is obesity “protective” in chronic diseases?



J Am Coll Cardiol. 2009;53(21):1925-1932

Patients with HF

Meta-analysis:  Wang ZJ, et al. Heart 2015;0:1–8
89 studies 
1,300,794 patients with CAD

Patients with CAD

The “obesity paradox”: A conundrum that needs solving 



Is the obesity paradox simply bad statistics? 

www.biasedtransmission.org



How can the notion of obesity paradox be explained?

THE INHERENT STATISTICAL LIMITATIONS OF CLINICAL STUDIES

Selection & 

Survival bias 
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THE USE OF BMI AS AN INDEX  OF OBESITY AND ITS LIMITATIONS

Antonopoulos AS et al. Obes Rev 2016



Establishing a causal relationship between obesity and CVD risk 

300,000 individuals genome wide screening  2.1 m SNPs assessed 

High GPS carrier had increased risk for 
- morbid obesity
- Bariatric surgery 
- CVD development 

Khera et al. Cell 2019; 177: 587–596



… but 

But obesity is a heterogeneous mixture of distinct metabolic phenotypes 

& anthropometric indices of obesity do not accurately describe 
the obesity-related burden to cardiovascular health



Obesity, cardiorespiratory fitness and CV risk

the ‘Fat but fit’ hypothesis 
N=2316 men with no known vascular disease
Fitness by treadmill test (METS)
Obesity by BMI

Church et al. Arch Intern Med. 2005;165:2114-2120

Poor fitness and not obesity is a risk factor 
for adverse outcomes! 



Metabolically healthy obesity and CVD risk

MHO: obesity individuals, BMI > 30kg/m2 but without metabolic abnormalities 
(only 0 or 1 of MetS criteria)

N=16,002

0.0 0.5 1.0 1.5 2.0 2.5

MUO

MHO

MHNW

HR for all-cause mortality

N=1,738

N=3,911

Ortega et al EHJ 2013  N=43,265 adults Mongraw-Chaffin et al JACC 2018 N=6,809 adults 

HR for all-cause mortality



• Anthropometric indices
• Cardiorespiratory fitness
• Metabolic status - plasma biomarkers 
• Fat biopsies
• Adipose tissue imaging 

How to assess cardiometabolic risk in obesity? 



How to define “benign” vs. “malignant” adiposity ? 

Fat but fit
(high VO2) MHO

(no MetS)

Obese
(BMI>30kg/m2) Abdominal 

obesity (WC)

Study of adipose tissue biology 
• Fat biopsies 
• Quantify adipose tissue products (proteome/secretome)
• Adipose tissue imaging 

(invasive, not suitable for screening)



Oikonomou EK et al. Nature Reviews Cardiology 2019;16: 83–99

Adipose tissue imaging



Skin

Subcutaneous Fat

Rectus Abdominis
Muscle

Skin

Subcutaneous Fat

Rectus Abdominis
Muscle

Intra-abdominal Fat

Aorta

Spine

Inferior Vena Cava

Subcutaneous and visceral abdominal fat Epicardial adipose tissue

by ultrasound

Thickness of human fat pads as a marker of increased metabolic risk

Adipose tissue imaging



• Waist Circumference: 91 cm

• Intra-abdominal Fat: 190 cm2

• Subcutaneous Fat: 162 cm2

• Waist Circumference: 93 cm

• Intra-abdominal Fat: 98 cm2

• Subcutaneous Fat: 274 cm2

Same WC  but different fat  distribution
Case 1 Case 2

Visceral fat

subcutaneous fat

CT imaging of 
abdominal fat

Fat: -190 to -30 HU

Visceral vs. abdominal fat



Visceral vs. abdominal fat and cardiovascular disease risk



Epicardial adiposity

Forouzandeh Circ Cardiovasc Imaging. 2013;6:58-66.

Liver

Spleen

Normal Liver
CTL/CTS = 1.33

"Fatty Liver"
CTL/CTS = 0.24

Mean Liver Attenuation Value

Mean Spleen Attenuation Value

CTL/CTS

("Fatty Liver" Index)

79.4 HU
59.6 HU 14.8 HU
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HU: Hounsfield unit

Fatty liver 

FRONT
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Intramuscular fat

Han et al. Cardiovasc Diabetol (2017) 16:54

Ectopic adiposity and cardiovascular disease risk



Human adipose tissue depots – perivascular fat



Kusminski et al Nature Reviews Drug Discovery 2016;15, 639–660

The role of adipose tissue dysfunction in T2DM

“Adipocentricity” in T2DM



Metabolically healthy obesity and CVD risk

Cirulli et al. Cell Metabolism 2019; 29: 488–500

Metabolic profiling may be 
a more accurate way to 
assess cardiovascular risk 
than BMI. 

Abnormal metabolome 
linked to ~5-fold increase in 
CV events compared to 
BMI-matched people but 
with an opposing 
metabolome.



Akoumianakis & Antoniades Cardiovasc Res 2017

How does adipose tissue communicate with the vascular wall



Recruit patients having cardiac surgery

Blood

Imaging (U/S):
• Cardiac (structure/function)
• Vascular (FMD, cIMT, distensinility)
• Adipose tissue expansion
• CCTA scans

DNA

Mononuclear cells
-NADPH oxidase activity
-Biobanking

Plasma bioresource
-Lipids
-MDA
-Adipokines
-Endothelin
-IGF1
-etc Human vessels 

(IMA, SV, Aortic tissue)

Ex vivo models
• Vascular redox state
• NO bioavailability
• RNA + cDNA library
• Tissue bioresource

Femoral

Subcutaneous

Thoracic

PerivascularEpicardial

Human fat

• ex-vivo culture 4h
• AT culture supernatant bioresource
• AT bioresource
• RNA + cDNA library

Vascular cell isolation

Adipocyte isolation/culture

• Cell biobanking
• Patient-specific cell culture

• Patient-specific  cell culture

Ex vivo models of human myocardium
• Myocardial redox signalling
• RNA + cDNA library
• Tissue bioresource
• Ex vivo models of human RAA

Cardiomyocyte cell culture

CCTA + CT fat imaging  (6 weeks, 5 years)
• Novel tools studying AT inflammation/adipocyte size
• Tools to study PVAT responsiveness to vessel inflam.
• Tools characterizing atherosclerotic plaques

Myocardial biopsies

Secretome -gene array studies

In-hospital clinical outcome

n=~1600 –actively recruiting10 year follow up for outcome

The Oxford Cohort for Heart Vessels and Fat (oxHVF) 

http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=xArXSvQ0pR9DaM&tbnid=68H7u0dCiEHeeM:&ved=0CAgQjRw&url=http://www.nets.nihr.ac.uk/resources/managing-my-project/nihr-logo&ei=qCgCU-f8OZSChQe5j4GYDQ&psig=AFQjCNE_a4f_dt_EGPEEqFH4CAnyT50nuQ&ust=1392736809077163
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Antonopoulos AS et al Science Transl Med 2017
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Discovering new endocrine signals from the AT to the 
vascular wall



Akoumianakis et al Science Transl Med 2020

Wnt5a/Sfrp5

Antonopoulos AS & Margaritis M et al. Circulation 2013

Adiponectin 

Antonopoulos AS et al. Circ Res 2016

The cross-talk between adipose tissue and cardiovascular system



Akoumianakis & Antoniades Cardiovasc Res 2017

Akawi et al; J Am Coll Cardiol 2021;77:2494–513

Discovering new endocrine signals from the AT to the vascular wall?



Ceramides are released from AT in EVs

Ceramide C16 levels correlate with vascular redox state

Exogenous C16 drives endothelial  oxidative stress via eNO uncoupling

Ceramide C16 is a strong predictor of cardiac mortality

Akawi et al; J Am Coll Cardiol 2021;77:2494–513

Could ceramides drive vascular disease? Which ceramide species?



Discovering new paracrine signals from PVAT to the 
vascular wall?



Akoumianakis & Antoniades Cardiovasc Res 2017

Akoumianakis I et al; Science Transl Med 2019; 11(510):5055 

Discovering new paracrine signals from PVAT to the vascular wall?



Akoumianakis I et al; Science Transl Med 2019; 11(510):5055 

What is wnt5a?



Akoumianakis I et al; Science Transl Med 2019; 11(510):5055 

Could wnt5a/sfrp5 mediate the obesity-related vascular oxidative stress?



Human arteriesIn vivo mouse model

Human arteries

Is this valid in vivo? → tetO-Wnt5a transgenic mouse

Akoumianakis I et al; Science Transl Med 2019; 11(510):5055 

Does wnt5a increase O2.- in human arteries?



Akoumianakis & Antoniades Cardiovasc Res 2017

Antonopoulos A et al; Circ Res 2016;118:842-55
Margaritis et al; Circulation 2013;127:2209-21
Antonopoulos A et al Diabetes 2015 64:2207-19 

Exploring new concepts:
Does PVAT always affect the vascular wall, or…..?

New concept: 

The Inside-to-Outside Signalling from the 

vascular wall to PVAT 

(local defence mechanism of human vessels)



Chasing the chicken and the egg in clinical association studies…..



The role of PVAT in atherogenesis



7 days + AngII

7 days
Gene expression studies

Oil red O staining for lipid 
accumulation/ adipocyte 

differentiation (Panels C-F)
differentiation 9d

Panel B
A

O
il 

re
d

-O
 in

 a
d

ip
o

cy
te

s 
(a

rb
it

ra
ry

 u
n

it
s)

 

C

: Human  PVAT

: PVAT pre-adipocytes

: Aortic tissue (Ao)

: Mature adipocytes

+AoB

Control 

D

20x

100μm 100μm
E

20x +AngII stim. Ao

F
100μm

+Ao 20x

40x 40x 40x

B

G
en

e 
ex

p
r.

 in
 A

o
(f

o
ld

 c
h

an
ge

s)

P=0.04

IL-6 TNF-α IFN-γ
AngII – + – + – +

0

1

2

3

4

5 P=0.04 P=0.03

Control +Ao +AngII/Ao

Ptrend<0.0001

2

4

6

8

**
*

7 days + AngII

7 days

7 days

differentiation 9d

differentiation 9d

Effects of inflammation on adipocytes 



The role of PVAT in atherogenesis



Healthy, non-inflamed artery “Healthy,” inflamed artery

✓ ↓ Adipogenesis
✓ ↑Lipolysis
✓ ↑Oedema
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Perivascular FAI: a “sensor” of vascular inflammation



Pericoronary fat imaging as a sensor of vascular inflammation 
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Antonopoulos AS et al. Science TM 2017

CRISP-CT
n=3,912

Oikonomou EK et al. Lancet 2018 

FAI is an independent predictor of cardiac mortality 
on top of CV risk factors, calcium score, 

extent of coronary atherosclerosis
& presence of high risk plaques on CCTA



What more can we do to identify dysfunctional adipose tissue?

AT imaging AT proteome/secretome

&

Coupling imaging with biology 



AT imaging and adipokine profile determine the levels of arterial inflammation 

Toutouzas K, Antonopoulos AS et al.  Journal of Nuclear Cardiology 10.1007/s12350-020-02472-y
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Big-data extraction from medical images and machine learning for 
dysfunctional adipose tissue

Radiomics transcriptomics 

First order 
features
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The FatHealth Project - subcutaneous fat radiomics to predict DM

ScAT radiomic features
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How to assess 
cardiometabolic risk in 

obesity? 

Antonopoulos AS & Tousoulis D. Cardiov Res 2017 
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