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BODY-MASS INDEX AND MORTALITY IN A PROSPECTIVE COHORT
OF U.S5. ADULTS
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N Engl J Med 1999;341:1097-105 457,785 men and 588,369 women, 14 years follow-up



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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Obese years and CVD risk

aged 28-62 years at the time of enrolment attended biennial examinations for approximately 50 years
beginning from 1948. For the purpose of this study, only participants who were free from CVD (any type),
cancer and type-2 diabetes at baseline were included in the analysis (n=5036)

Eaxample: BMI 32 for 3 years= 3X3 obese years

cohort in Framingham Abdullah A, et al. BMJ Open 2014;4: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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Changes in Subcutaneous Adipose Tissue Volume

8 Perivascular fat
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Adisopathy-AutonaBetLa

Dysfunctional AT

® Adipocyte hypertrophy

e | vascularization

® Hypoxia

® |schemic necrosis

® Macrophage activation

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

® Impaired adipogenesis and expandability

\.; Adipocyte p Other immune cells VQZ M1 macrophage
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https://doi.org/10.1016/j.metabol.2018.10.011



Adipokines and CVD

Leanness/Healthy fat

%22

53

1‘ 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

\

(\ N

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

‘f 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. 2016:118:1786-1807




Dysfunctional PVAT

Perivascular Fat

Vasocrine effects

Endocrine effects

“Remote” AT
depots

e Vascular remodelling
e Vascular inflammation {
o Oxidative stress ouaT
e Vascularinsulin resistance
e Endothelial dysfunction

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

Inflammatory cells
Epicardium
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® Fibrosis

® Lipotoxicity
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Fibrosis and Epicardial Adipose Tissue
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European Heart Journal (2015) 36, 795-805



Obesity, inflammation and thrombosis
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European Heart Journal (2017) 38, 1951-1958



Obesity and cardiometabolic dysfunction

NORMAL BMI OBESITY
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European Heart Journal (2017) 38, 1951-1958




Obesity and vascular tone

Fiironean Heart lotirna 1 (7017) R 1051_-_1Q9L5Q



Obesity and sympathetic nervous system

Catecholamine
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Obesity Insulin Resistance and Type 2 Diabetes
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Nature Medicinevolumel2, pages41-42 (2006)



Obesity and dyslipidemia

Adipose tissue

Lipolysis

Austin et al Circulation 1990



Obesity-Induced Hypertension
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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

’ !
/‘_\\/' Left atrium

& / \
’Left ventricle
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f
/ FX atrium and ventricle
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Obesity and Coronary Artery Disease

[odds ratio (OR) 1.25 per +5 kg/m2, 95% confidence interval (Cl): 1.20-1.30, P, 0.001]

Any CAD Obstructive CAD
BMI (per +5 kg/m?) “ -
Hypertension - P cme
Hyperlipidemia - ~--
Diabetes . . =
Smoking —-— —a—
Age (per +10 years) - -
Male Gender —a— —a—
T T T DL o D OO, e T
Odds Ratio Odds Ratio

prospective 13 874 patients without known CAD
European Heart Journal — Cardiovascular Imaging (2013) 14, 456-463 follow-up was 2.4+1.2 years



Obesity and Myocardial Infarction

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

Lancet 2005; 366: 1640-49 >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.

WOSCOPS: 6082 men (mean age 55 years) with
hypercholesterolaemia, but no history of diabetes or

Heart 2011;97:564e568. doi:10.1136/hrt.2010.211201 CVD, 14.7 years of follow-up.



Obesity and Sudden Cardiac Death

Table 2. Demographic and clinical data of obese and non-obese
SCD patients.

Obese Non-obese

(n=212) (n=282l) P value
Age (years) 23+8 27+6 <0.001
Men, n (%) 137 (65) 575 (70) 0.19
Caucasian, n (%) 194 (91) 749 (91) 0.89
BSA (m?) 23+£03 1.8+04 <0.001
Family history 21 (9) 70 (8) 0.74

of SD,* n (%)

Heart weight (g) 450 + 141 361 +£129 <0.001
LV fibrosis, n (%) 42 (20) 131 (16) 0.19

BSA: body surface area; LV: left ventricular; SD: sudden death.
*Sudden death in a family member of less than 50 years of age.

European Journal of Preventive Cardiology 2018
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Obesity and Stroke
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Figure 1. Age-adjusted relative risk for ischemic stroke according to body
mass index (BMI) categories (calculated as self-reported weight in kilograms
divided by the square of the height in meters), and hypertension status.
Reference (relative risk=1.0): normotensive with a BMI less than 23 (P for
trend: hypertension, P=.02; normotension, P=.001).

Arch Intern Med. 2002;162(22):2557-2562.
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Figure 2. Age-adjusted relative risk for hemorrhagic stroke according to
body mass index (BMI) (for calculation of BMI, see legend to Figure 1)
categories and hypertension status. Reference (relative risk=1.0):

normotensive with a BMI less than 23 (P for trend: hypertension, P=.34;

normotension, P=.20).




Obesity and Atrial Fibrillation

4% increase in AF risk per 1-unit increase in BMI in men (95% Cl, 1%-7%; P=.02) and in women (95% Cl, 1%-7%; P=.009).
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JAMA. 2004,;292:2471-2477 cohort in Framingham



Obesity and Atrial Fibrillation
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Obesity and Atrial Fibrillation

48% P<0.001 P<0.001
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Europace (2018) 20, 1929-1935



Obesity and Heart Failure

-
Gt
AN

Curr Atheroscler Rep (2016) 18:21



Obesity and Heart Failure

women, the hazard ratio was 2.12 (95 percent confidence interval, 1.51 to 2.97);
men, the hazard ratio was 1.90 (95 percent confidence interval, 1.30 to 2.79).
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HFpEF Obesity Phenotype

Patients With
Control Patients With Obese HFpEF
Subjects (n=71) | Nonobese HFpEF (n=96) (n=99) P Value
LV structure and function
LV diastolic dimension, mm 4745 47+5 49+5%t 0.0005
LV end-diastolic volume, mL 104+24 103+26 116+26*t 0.0006
LV end-diastolic volume index, mL/m? 57x12 56x13 5311 0.1
LV mass, g 151+£38 166+49 205+54*t <0.0001
LV mass index, g/m?”7 37+9 41412 51+13*t <0.0001
LV mass/LVEDV, g/mL 1.5+0.3 1.6+0.4* 1.8£0.3* T <0.0001
LVEF, % 63+4 63+6 6316 1.0
Mitral E wave, cm/s 74+24 91+34* 89+30* 0.001
Mitral annular e', cm/s 8+2 T+2* 72 0.004
E/e’ ratio 9 (7-11) 13 (10-17)* 12 (9-15)* <0.0001
Longitudinal strain, % —17+3 —15+4* —15+4% 0.006
RV structure and function

RV basal dimension, mm 30+6 31+6 34+7%t 0.0005
RV mid cavity dimension, mm 23+5 24+5 27+6*t 0.0003
RV longitudinal dimension, mm 617 61+7 66+7*t <0.0001
RV fractional area change, % 52+7 49+9 48+9* 0.02

= P<0.0001 = %19 P<0.0001
£ =
* [ - i
£ 3] £ 0.08 —_1
= 5—; 0.06 *
[+t 2_ O
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£ 2 0.04-
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Circulation. 2017:136:6—19



NYHA Functional Class in Heart Failure with Preserved Ejection Fraction

Severity of Symptoms in HFpEF is Determined by:

The Elephant in the Room

B }E/ARatio

Combined Endpoint 1 Combined Endpoint 2
*HF Hospitalization *HF Hospitalization
«Cardiac Mortality *All-cause Mortality

Dalos, D. et al. J Am Coll Cardiol. 2016;68(2):189-99.



BNP “Paradox”

Cut-point  Sensitivity  Specificity PPV NPV (%) Accuracy

(%) (%) (%) (%)/Reference

BNP 100 pg/mL 90 76 79 89 76 [4]
All patients
BNP [6]
BMI < 25 170 pg/mL 90 70
> 25 BMI <35 110 pg/mL 90 70
BMI =35 54 pg/mL 90 70
Nt-proBNP
Confirmatory (rule in) cut-points

450 pg/mL 97 93 76 99 94 [64]
< 50 years 900 pg/mL 90 82 83 88 85
50-75 years 1800 85 73 92 55 83
> 75 years pg/mL

90 84 88 66 85

Rule in, overall
Exclusionary (rule out) cut-point 300 pg/mL 99 60 77 98 83 [64]

All patients

Int J Cardiol. 2014 October 20; 176(3): 611617



Metabolic Healthy Obesity (MHO)

D.

Study, Year (Reference) Decrease All-Cause Mortality |ncrease  Relative Risk Metabolically Metabolically
<— and/or CV Events —> (95% Cl) Weight, % Healthy Obese Healthy Normal Weight

Events/Participants, /N Events/Participants, n/N

Meigs et al, 2006 (8) | — 1.68(1.17-219) 113 19/236 47/981
Song et al, 2007 (48) '%—0—' 1.22(0.98-1.47)  32.23 7712925 278/12 943
Arnlov et al, 2010 (9) ; —— 1.37(1.06-1.66)  25.49 18/30 391/891
Ogorodnikova et al, 2012 (53) | + = 1.00(0.74-1.26)  30.98 70/1167 242/4036
Overall §|—0—| 1.24 (1.02-1.55)  100.00 184/4358 958/18 851
Y ”; v 5 P Heterogeneity: 12 = 33.6%; P = 0.08

Relative Risk (95% Cl)

Metabolically healthy obese individuals ( [RR], 1.24;

95% Cl, 1.02 to 1.55) compared with

metabolically healthy normal-weight individuals when only
Ann Intern Med. 2013;159:758-769 studies with 10 or more years of follow-up were considered.



Metabolic Healthy Obesity (MHO)
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"The Impact of Obesity on the Short-"IT'erm and
L.ong-Term Outcomes After Percutaneous

Coronary Intervention: 'IT'he Obesity Paradox?
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Obesity Paradox
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Obesity Paradox

THE ‘ THE
LuE BUTTO™ RED BUTTON
s TRUE IS FALSE

e Avaotpodn atttohoyikn oxeon. (Reverse causality)

* H oxéon tn¢ mayvoapkiag pe tov kivbuvo spudaviong thg vooou pmopet va aAlagel
epooov UTIAPXEL amwAELa Bapouc TtpLyV TNV Elcodo otn HEAETN yla va artodeuxOeL o
Kivouvoc

e YpaAua enidbpaong cuyxutikov ntapayovta. (Collider stratification bias)
e Kanviopa, Kayeéia

* JuoTNUATLIKO odpaApa emidoync. (Selection bias)

* Evw oL maxUoapKkoL £XOUV W altia epdaviong Tnv maxvoapkia, ol pn noxvoapkot
£XOUV AAAQL ot TTOU KAWVOUV TNV MPOoyvwon SUCUEVEDSTEPN

e JuoTnMaTKO odpaApa petpnonc. (Measurement bias)
* BMI w¢ HETPO TNC TTAXUOOPKLOLC



Obesity Paradox

* KaAutepn petafoAikn edbedpeia, LKpOTEPN KaXEELOL

* MikpoTtepPN NAKLAL

* MeyaAutepn puikn podla

 MeyaoAUtepn amavinon otn Bepameia kataaotoAng touv aéova RAAS
* Avoxn HeyaAUTEPWV SOCEWV OVTIUTEPTACIKWY GOPUAKWY

* Adpavormoinon evéotoéivwv Aoyw Twv KUKAODOpOoUVIWV
AUTOTIPWTELVWV



Cardiorespiratory Fitness -Obesity Paradox-Heart Failure
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Adpobitn tou Willendorf Adpobditn tnc MnAou



KaBnuepwva epyaAeia
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