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BODY-MASS INDEX AND MORTALITY IN A PROSPECTIVE COHORT
OF U.S5. ADULTS

Women
Men
3.2-
3.0 -««+ Cardiovascular disease
2.8 — — Cancer
2.6 — All other causes

Relative Risk of Death

Body-Mass Index Body-Mass Index

N Engld Med 1999;341:109705 457,785 men and 588,369 women, 14 years follow



O besity as an Independent Risk Factor
for Cardiovascular Disease: A 26-year Follow-up

of Par ticipants in the Framingham Heart Study

Herem B. HuserTt, M. P . H., Pua.ID., MarmMmIina FEiINLEITRE, M D, DR . P.H. .,
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5209 men and women of the original Framingham cohort.
Circulation 67, No. 5, 1983, 26 years follow up



Obese years-and/CVD:risk

Table 4 Risk of cardiovascular disease according to categories of obese-years

HR (95% ClI)
Total population*® Males Females
Model 3

O obese-years 1 1 1
1-25 obese-years 1.31 (1.15 to 1.48) 1.22 (1.02 to 1.45) 1.37 (1.14 to 1.65)
25-50 obese-years 1.37 (1.14 to 1.65) 1.39 (1.05 to 1.83) 1.36 (1.05 to 1.76)
50-75 obese-years 1.62 (1.32 to 1.99) 1.89 (1.42 to 2.51) 1.44 (1.08 to 1.94)
>75 obese-years 1.80 (1.54 t0 2.10) 1.81 (1.39 to 2.36) 1.74 (1.44 10 2.10)
Dose-response p value 0.001 0.001 0.001

aged 2862 years at the time of enrolment attended biennial examinationsafgroximately50 years
beginning from 1948. For the purpose of this study, only participants who fregdrom CVIany type),
cancer and type2 diabetes at baselingvere included in the analysis (n=5036)

EaxampleBMI 32 for3 years= 3X3 obese years

cohort in Framingham Abdullah Agt al. BMJ Oper20144:e005629



The impact of confounding on thhe associations
of different adiposity mieasures with the
incidence of cardiovascular disease: a cohort

study of 296 535

descent
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European Heart Journal (201@&), 1¢8
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followed up for an average of 5 years
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Brown
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Circ Res 2016:;118:17861807
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Changes in Subcutaneous Adipose Tissue Volume

Perivascular fat
5 p=0.06 p=0.07 p=013 p=0.35 p=0.06 p <0.0001
> Epi/pericardial fat $ 20
> Myocardial steatosis @ 154
( \1 > Liver fat §
>Pancreas fat 3 10
- - :
Prodiabetogenic, —> Renal fat = 5 .
atherogenic . 2 . 0 T e T T T T
9 ’ € Visceral adipose tissue Hypertension Diabetes Hypercholesterolemia Low HDL Hypertriglyceridemia ' Metabolic Syndrome
inflammatory, Cardiovascular Disease Risk Factors
metabolic profile 1st SAT Volume Tertile  [li2nd SAT Volume Tertile i3rd SAT Volume Tertile
K j Intracellular lipids Changes in Visceral Adipose Tissue Volume
359 p<0.0001 p=0.006 p <0.0001 p=0.0001 p <0.0001 p <0.0001
_ 307
X 254
@ 20
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g 10+
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Hypertension Diabetes Hypercholesterolemia Low HDL Hypertriglyceridemia ' Metabolic Syndrome
Cardiovascular Disease Risk Factors
Ectopic fat depots with systemic effects: Ectopic fat depots with local effects: Ist VAT Volume Tertile  [lll2nd VAT Volume Tertile  [lli3rd VAT Volume Tertile

= Liver fat = Perivascular fat
= Visceral adipose tissue = Epi/pericardial fat
= |ntracellular lipids = Renal fat

= Pancreas fat = Etc.

Lee, J.J. et al. J Am Coll Cardiol. 2016;68(14):1509-21.




Adisopathy orabeioh © 8 ° h

Dysfunctional AT

® Adipocyte hypertrophy

e | vascularization

® Hypoxia

® |schemic necrosis

® Macrophage activation

e Adipokine dysregulation
(pro-inflammartory >>> anti-inflammartory)

® Impaired adipogenesis and expandability

» M2 macrophage \_} Apoptotic adipocyte

~ Blood vesse| @ Xq%i%gﬂ;gpoom E] Er;cl:lio’rhehol ‘ Platelet ) Mitochondria "ff?g; Monocyte

__________________________________________________________________________________________________________________________________________

https://doi.org/10.1016/j.metabol.2018.10.011

\. ) Adipocyte p Other immune cells

M] macrophage



Adipokines and CVD

Leanness/Healthy fat

4 Adiponectin

- Increased circulating levels are associated
with decreased risk of CAD and MI

- Preserves endothelial cell function

» Attenuates cardiac injury post ischemia

« Anti-inflammatory actions

Obesity/Dysfunctional fat

4 Resistin

» Increased circulating levels are associated
with CAD and Ml

* Promotes vascular inflammation

- May contribute to hypertriglyceridemia

1‘ Omentin-1

- Increased circulating levels are
associated with reduced occurrence and
severity of CAD

- Attenuates cardiac injury post ischemia

4 Sfrp5

- Reduced circulating levels are associated
with CAD

« Anti-inflammatory actions

- Protects against cardiac I/R injury

1‘ Leptin

» Increased circulating levels are associated
with sub-clinical markers of atherosclerosis

» Promotes vascular inflammation

4IL-6

* Increased circulating levels are associated
with CAD and Ml

 Promotes vascular inflammation

» Increases circulating CRP levels

Circ Res 2016:118:17861L807




Dysfunctional PVAT

Perivascular Fat

5 _'._

>
R ﬁ Vasocrine effects
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adipokir CF R
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Endocrine effects
“Remote” AT
depots

e Vascular remodelling
e Vascular inflammation {
e Oxidative stress ouar
e Vascularinsulin resistance
e Endothelial dysfunction

(vasoconstrictors >>> vasorelaxants)
e Pro-thrombotic state

(\’) Adipocyte P Other immune cells % M1 macrophage %’ﬁé M2 macrophage OAPOP*OTIC adipocyte

y & Vascular smooth Endothelial
Blood vessel muscle cell cell




Epicardium

p Sub-epicardium Fadipo e 3 Fibrosia
| } < »*
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«n Activin'A
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Excitation-contraction
coupling process

Endocrine effects

e Cardiomyocyte hypertrophy

e Steatosis

® Fibrosis

® Lipotoxicity

EpAT  Myocordium ® LV remodelling + diastolic dysfunction




Fibrosis:and Epicardial Adipose Tissue
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European Heart Journal (20155, 795805



Obesity, inflammation-and thrombesis

T Oxidative
stress

Adipose issue expansion

MCP1 Blood monocyte

Adipose tissue

1

European Heart Journal (201398, 1951958

FFA release

! :E‘;M —*  recruitment
Stimulate ——————% TNFQ

macrophages

 J

v
1 Adiponectin

Endothelial dysfunction Hypercoagulability Platelet hyperactivity
rAdnesion PAL1 Perurbed anticoagulant T Coagulation rPiatelet
molecules r mechanisms factors activation




Obesity-and cardiometabolic dysfunction

NORMAL BMI OBESITY
FFAGLUCOSE  FFA GLUCOSE ]

-

Cardiac muscle ©
, 'EXAIEE | CONTRACTILITY ||

IMPAIRED ,METABOLIC" REGULATION
OF MICROCIRCULATION

European Heart Journal (20138, 1951958
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Obesity-and sympathetic: nervous:system

Catecholamine

High-fat dietT resistance in Pancreas?

Social stressT

Early phase _ > Obese phase
Plasma glucoseT Insulin ?? Insulin TT
C l
Pancreas Insulin resistance

SNS—WAT!

Leptin resistance %
Resistin and Visfatin
resistance?

LeptinT : ; :
p. . A Adipose tissuesTT o A )
ResistinT . o . ¥y /7 Y ] ,
lipolysis. lipogenesisT ’ { -
! -

aw Visfatin® ) {
N v Y I )/
A AT B AA P

-
Catecholamine
resistance

Adrenal gland
EpinephrineTT

J Pediatr Endocrinol Metab 2015 D0):1515/jpem20150182



Obesity InsulinResistance-and<Type:2Diabetes
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Macrophage
Paracrine and autocrine

. | inflammatory signals
Endocrine ;
inflammatory
signals insulin
TS

resistance

Liver \ l / Muscle N
insulin insulin

resistance - Systemic resistance
insulin resistance

Nature Medicinerolumel2, pages4B42(2006)



Obesity-and/ dyslipidemia

Adipose tissue

Lipolysis

Bustinet al Circulation 1990



Obesitylnduced-Hypertension

Visceral
obesity
4 )
Leptm/ RAAS and Renal
POMC MR activation compression
[ SNS ]/ Renal Na*
activation | ! reabsorption

/[

Macula
Densa

Feedback

resistance

Afferent
l arteriolar

!

[ Glomerular ]

hyperfiltration J

J

Impaired renal-pressure
natriuresis

K

Blood
pressure

] @

{

Chronic Kidney

Disease

[ Metabolic disorders )
* Insulin resistance

* Glucose intolerance

* Dyslipidemia

* Inflammation

( Lipotoxicity

Circ Res 2015:116:9911006



BMI and Hypertension
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Fig. 7. Percentage of subjects hypertensive by each body
mass index category (kg/m2): I, males; @, females.

Journal of Hypertension 1994, 12:1433-1437



Weight loss:and Hypertension
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Hemodynamic and:-cardiac-adaptations

Changes in the heart
Normal heart associated with obesity

Aorta

Dilated (enlarged)
:/ Left atrium \/atrium and ventricle
x‘ -

<

,‘

Left ventricle ~\

A3 ] V 1 N 1 1 ] q ~ ‘ —_ h < > v
As VvV 1 N\ 1 q h 4 { t h q n N
A v' ' ¢ h 4yt her
A 3 , \ ' s h ’ _ ' o h ¢ " . Myocardium Ventricular hypertrophy

N . o . ) (heart muscle) (thickening of the
A3 VvV ! ' 'l < ¢ n | myocardium of the ventricle) !
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Obesity-and Coronary Artery:Disease

[odds ratio (OR)1 1225 persHo: kg/m 25 95%nconfide nee inté(zal (C1pel. 30, P, )00 ]

Any CAD Obstructive CAD
BMI (per +5 kg/m?) X o
Hypertension - e
Hyperlipidemia - ~--
Diabetes —-— —-—
Smoking —-— —-—
Age (per +10 years) - -
Male Gender —a— —a—
6. 1.2/ 3 a0 A @ @ 4
Odds Ratio Odds Ratio

prospective 13 874 patients without known CA
European Heart JournglCardiovascular Imaging (20113), 456;463 follow-up was 2.4+1.2 years



Obesity-and/Myocardialfinfarction

B Adjusted for age, sex, smoking, and region B Adjusted for age, sex, smoking, and region
Adjusted for age, sex, smoking, region, and WHR ® Adjusted for age, sex, smoking, region, and BMI
A Adjusted for all other INTERHEART risk factors A Adjusted for all other INTERHEART risk factors
3.0 4
25 - + +
2-0

OR (95% Cl)

+

ot e e

——
——
——
—
B —

0-75
Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5
Controls 2860 2936 2906 2890 2906 2866 2870 2865 2862 2869
Cases 2122 2235 2568 2480 2651 1629 1816 2105 2750 3507
BMI quintiles Waist-to-hip ratio quintile

Figure 3: Association of BMI and waist-to-hip ratio with myocardial infar](ion risk

Lancet2005; 366: 164649 >28 BMI >98cm 28 waist



Table 2 Association of BMI category with CHD events

Obesity-and Fatal'CAD

18.5—22.4 22.5—-24.9 25.0—-27.4 27.5—29.9 30.0—39.9
N=721 N=1804 N=1938 N=1038 N =581
BMI (kg/m?) HR (95% CI) HR (95% CI) referent HR (95% Cl) HR (95% Cl)
CHD events
Events, n (%) 136 (18.9) 351 (19.5) 381 (19.7) 232 (22.4) 141 (24.3)
Model 1 0.97 (0.79 to 1.18) 1.00 (0.87 to 1.15) 1.0 1.18 (1.00 to 1.39) 1.29 (1.07 to 1.57)
Model 2 1.06 (0.87 to 1.30) 1.04 (0.89 to 1.20) 1.0 1.08 (0.92 to 1.27) 1.14 (0.94 to 1.39)
Non-fatal CHD
Events, n (%) 110 (15.3) 293 (16.2) 324 (16.7) 188 (18.1) 112 (19.3)
Model 1 0.93 (0.75 to 1.15) 0.98 (0.84 to 1.15) 1.0 1.13 (0.94 to 1.35) 1.21 (0.97 to 1.50)
Model 2 1.04 (0.84 to 1.30) 1.03 (0.88 to 1.21) 1.0 1.03 (0.86 to 1.23) 1.06 (0.86 to 1.32)
Fatal CHD
Events, n (%) 26 (3.6) 58 (3.2) 57 (2.9) 44 (4.2) 29 (5.0)
Model 1 1.20 (0.76 to 1.91) 1.10 (0.77 to 1.59) 1.0 1.47 (0.99 to 2.18) 1.75 (1.12 to 2.74)
Model 2 1.18 (0.74 to 1.90) 1.08 (0.74 to 1.56) 1.0 1.37 (0.92 to 2.04) 1.60 (1.02 to 2.53)

Model 1: adjusted for randomised treatment and age.

Model 2: adjusted for smoking, BP, hypertension, cholesterol (HDL and LDL), triglycerides, nitrates use, history of angina, social deprivation score (DEPCAT), various drugs (aspirin, ACE

inhibitors, [ blockers, calcium channel blockers, diuretics, other).
BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; DEPCAT, deprivation category; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Heart201197:564e568. doi:10.1136/hrt.2010.211201

WOSCOPS: 6082 men (mean age 55 years) with
hypercholesterolaemiabut no history of diabetes or
CVD, 14.7 years of followp.



Obesity-and Sudden: Cardiac:Death

_

European Journal of Preventive Cardiology 2018 _
3684 consecutive cases, <35y



