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Obesity why ?

Energy Conservation 
� Human evolution has been driven by “feast and famine” cycles 

such that humans genotype is a energy saver in times of 
plenty

� Multiple different systems are involved in this process we 
will focus on three of these systems  in our current discussion 
and what new information and concepts are arising

Energy homeostasis is linked to 
immune balance

Malnutrition

Immunosuppression
(susceptibility to 
infection)

Overnutrition

Immunoactivation
(susceptibility to 

inflammatory disease)

Adapted from Wellen KE, Hotamisligil GS. J Clin Invest. 2005;115:1111-9.

Optimal nutrition

Normal immune function
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Pathogenesis of obesity
� This genotype accounts for the propensity for human obesity
� The environment is the reason for the expression of the 

genome
� We cannot separate either process from one another as our 

entire neuroendocrine system is set up to defend our body 
weight 

Pathogenesis of obesity
� Human genetics have selected those individuals that store 

food most efficiently as survivors in each generation during 
the “feast-famine” eras

� In the last 100 years food is now plentiful and this genotype 
is no longer advantageous, but is now associated with 
hypertension, hyperlipidemia, MI, CHF and Diabetes

Intermittent Starvation + High-Protein Diet + ↑↑↑↑Physical Activity

Metabolic Efficiency = "Thrifty Genes"

Obesity, Insulin Resistance, And Type 2 Diabetes

Acute Modernization (↑↑↑↑calories, ↑↑↑↑dietary fat,

↓↓↓↓physical activity) 

�

�

�

Neel. Am J Hum Genet. 1962;826:353-362.

Tsunehara et al. Am J Clin Nutr. 1990;52:731-738.

�

Modernization Leads To Increased Prevalence For 
obesity
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“My hormones are the Problem”
� A common belief among the lay public is only a few things 

need to change to effect weight
� That are only a few hormones in the human body
� That changing 1 hormone system does not effect any other 

body system even though by definition a hormone has a 
distant effect

Peptides and hormones implicated in 
the control of food intake
� Stimulate food intake
� Aldosterone
� Beta-endorphin
� Dynamorphin
� Cortisol
� Galanin
� GHRH
� Insulin
� Neuropeptide Y
� Peptide YY
� Prolactin
� Beta-casomorphin
� Ghrelin

� Inhibits food intake
� Amylin Oxytocin
� Anorectin ADH
� Bombesin Insulin
� Calcitonin CRF
� Cytokines TRH
� Enterostatin Peptide YY
� GIP BNP
� GLIP-1
� Leptin
� Glucogon
� Somatostatin
� Adiponectin

The great feedback system
� The brain controls the eating behavior as well as how energy 

is used 
� The gut tells the brain how the food is being digested, the 

quality of the food consumed, and if the quantity of the food 
is sufficient to end the eating process

� The fat cells tell the brain  how current  the energy balanceas
well as a “predictive effect” of upcoming energy use 
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Implications of CB1 receptor activation

Central nervous system Peripheral tissue

↑↑↑↑Appetite ↑↑↑↑Motivation 
to eat/smoke

Gelfand EV, Cannon CP. J Am Coll Cardiol. 2006;47:1919-26.

Pagotto U et al. Ann Med. 2005;37:270-5.

↑↑↑↑Lipogenesis
Altered glucose metabolism

Adipose tissue

Liver GI tract

Skeletal muscle

Hypothalamus Limbic 
system

Endocannabinoid system (ECS): 
Overview

Gelfand EV, Cannon CP. J Am Coll Cardiol. 2006;47:1919-26.

Pagotto U et al. Ann Med. 2005;37:270-5.

Endocannabinoid ligands

• Produced on demand
• Act locally
• Inactivated rapidly
• Bind to transmembrane G-protein receptors,

principally inhibiting neurotransmitter release

Cannabinoid receptor type 1 (CB1)
Cannabinoid receptor type 2 

(CB2)
Cannabinoid receptor type 1 

(CB1)

Immune cellsMost widespread CB receptor 
(brain, spinal cord; peripheral nervous 

system, organs, tissues)

Neuropeptide Y’s effect on Weight 
Homeostasis
� Directly released in the CNS at the brainstem and the 

hypothalamus
� Stimulates appetite in all mammals studied
� Modified by multiple proteins at the hypothalamus 

including: CRF, insulin, leptin, estrogen, etc.
� Anorexia caused by acute illness seems to be modulated 

via cytokines ability to lower NPY directly
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Hypothalamic pituitary adrenal axis 
effect on weight homeostasis
� Glucocorticoids defend stores of carbohydrates via type 

2 receptors directly
� Glucocorticoids defend  fat stores via type 1 receptors 

directly
� Promote appetite by increasing Neuropeptide Y
� Inhibit antilipolytic action of insulin
� Directly promotes proteolysis and lipolysis causing 

increased free fatty acids in circulation

The great feedback system
� The brain controls the eating behavior as well as how energy 

is used 
� The gut tells the brain how the food is being digested, the 

quality of the food consumed, and if the quantity of the food 
is sufficient to end the eating process

� The fat cells tell the brain  how current  the energy balanceas
well as a “predictive effect” of upcoming energy use 

Role of adipose tissue in atherogenesis

Adapted from de Luca C, Olefsky JM. Nat Med. 2006;12:41-2.
Lau DCW et al. Am J Physiol Heart Circ Physiol. 2005;288:H2031-41.

Macrophages

Endocrine 
inflammatory signals

Paracrine and 
autocrine

inflammatory signals

Fat
insulin resistance

Muscle insulin 
resistance

Liver insulin 
resistance

Overnutrition and 
genetics

Hypertension, dyslipidemia, hyperglycemia, hyperinsulinemia

ATHEROSCLEROSIS

Systemic
insulin resistance
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Weight gain induces inflammatory 
changes in adipose tissue

Wellen KE, Hotamisligil GS. J Clin Invest. 2003;112:1785-8.

Adipocyte

Preadipocyte
Weight gain

TNF-α

MCP-1

Macrophage 
recruitment

Macrophage

Leptin
VEGF

Endothelial 
cell

Angiogenesis

Physical stress/oxidative 
damage to endothelium?

FFA

Weight gain

Insulin resistance

JNK
NF-κB

IL-6
IL-1β
TNF-α

MCP-1

Macrophage 
recruitment

Adipose tissue: An endocrine organ 

CRP
IL-6
PAI-1
Angiotensinogen
Leptin
Resistin
MCP-1
TNF-α

Adiponectin

Lau DCW et al. Am J Physiol Heart Circ Physiol. 2005;288:H2031-41.
Wellen KE, Hotamisligil GS. J Clin Invest. 2005;115:1111-9.

Atherogenic Antiatherogenic

Adipocytokines (adipokines) 

Beneficial associations of adiponectin 

↑Endothelial vasodilation
↑Nitric oxide
↑Angiogenesis
↓VCAM-1
↓TNF-α level +
proinflammatory effects
↑Insulin sensitivity

↓Oxidized LDL effects on endothelial 
cells
↓Endothelial cell proliferation/migration
↓Growth factor effects on SMC
↓Neointimal thickening
↓SMC proliferation

SMC = smooth muscle cells
VCAM = vascular cell adhesion molecule

Goldstein BJ, Scalia R. J Clin Endocrinol Metab. 2004;89:2563-8.
Hopkins TA et al. Cardiovasc Res. 2007.

Anti-atherogenic features
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Adverse consequences of chronic 
adiposity and ectopic fat

Altered FFA 
metabolism

Altered release 
of adipokines

Adapted from Després J-P, Lemieux I. Nature. 2006;444:881-7.
Molavi B et al. Curr Opin Cardiol. 2006;21:479-85.

↓↓↓↓Cardiac function
↓↓↓↓Insulin sensitivity
Dyslipidemia
↓↓↓↓β-cell function
Atherosclerosis
NASH

↑↑↑↑Muscle fat
(↑↑↑↑Intracellular lipid)

↑↑↑↑Epicardial fat

↑↑↑↑Liver fat and
altered function

Lipid overflow ectopic fat

FFA = free fatty acids
NASH = nonalcoholic steatohepatitis

Epicardial adipose tissue may be increased 
in visceral obesity

Patient with
visceral obesity

Patient with
peripheral obesity

• Hypertension
• Diabetes
• Dyslipidemia

No metabolic complications

Iacobellis G et al. Clin Cardiol. 2003;26:237.

Visceral vs subcutaneous adiposity 
CT scans matched for BMI and total body fat 

Després J-P. Eur Heart J Suppl. 2006;8(suppl B):B4-12.

Subcutaneous (sc) 
obesity

Fat mass: 19.8 kg
VFA: 96 cm2

Visceral obesity

Fat mass: 19.8 kg
VFA: 155 cm2

White = VFA 
Black = sc fat
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Neutral effect of liposuction on cardiometabolic
risk factors

No significant change at 10-12 weeks
� BP
� Plasma glucose
� Plasma insulin
� Total-C, LDL-C, HDL-C, TG
� Adiponectin

� TNF-α
� IL-6

� CRP

Klein S et al. N Engl J Med. 2004;350:2549-57.

Post-
liposuction

Pre-
liposuction

Magnetic resonance images

sc fat

Adiposity in the development of NASH

Adapted from Ahima RS. Gastroenterology. 2007;132:444-6.
Angulo P. N Engl J Med. 2002;346:1221-31.

Adipose

Insulin

Leptin

Adiponectin

Fatty acids

Liver

Normal Steatosis
(fatty liver)

Steatohepatitis
(steatosis and 
inflammation)

Fibrosis
(collagen 

deposition)

Leptin’s effect on weight homeostasis
� Effect occurs directly on the hypothalamus
� Appears to act as a set point determiner for a patient’s 

weight control (thermostat)
� Has been implicated in both human and animal models 

of obesity
� Most likely vast majority of cases of human obesity will 

represent a resistance to leptin’s action not a deficiency 
of the protein

� Has major effects on sympathetic nervous system as well 
as the reproductive system of mammals
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Insulin’s effect on weight homeostasis
� Reduces food intake via inhibition of Neuropeptide Y and 

enhances anorectic effects of cholecystokinin
� Inhibits neuronal re-uptake of norepinerine
� Blocks release of free fatty acids into the circulation
� Insulin promotes production of leptin

Insulin’s effect on weight homeostasis
� Insulin acts as a growth factor for central fat stores as well as 

a growth factor for endothelial cells
� Insulin inhibits production of leptin at high doses
� Also at high doses insulin allows glucocorticoids to be 

released

The great feedback system
� The brain controls the eating behavior as well as how energy 

is used 
� The gut tells the brain how the food is being digested, the 

quality of the food consumed, and if the quantity of the food 
is sufficient to end the eating process

� The fat cells tell the brain  how current  the energy balanceas
well as a “predictive effect” of upcoming energy use 
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GLP-1 Effects in Humans
Understanding the Natural Role of Incretins

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

Stomach:Stomach:
Helps regulate gastric Helps regulate gastric 
emptyingemptying

Promotes satiety and Promotes satiety and 
reduces appetitereduces appetite

Liver:Liver:
↓↓ Glucagon Glucagon reduces hepatic reduces hepatic 
glucose outputglucose outputBeta cells:Beta cells:

EnhancesEnhances glucoseglucose--dependent dependent insulin insulin 
secretionsecretion

Alpha cells:Alpha cells:
↓↓ PostprandialPostprandial
glucagon secretionglucagon secretion

GLP-1 secreted upon the 
ingestion of food

↓↓ Beta-cell
workload
↓↓ Beta-cell
workload

↑↑ Beta-cell
response
↑↑ Beta-cell
response

Weight Reductions Observed With BYETTA 
at 
Week 82 

Weight ∆ Quartile I II III IV

82-wk completers; N = 314; Mean ± SE
For each weight-change quartile, n = 78 or 79
Data from Blonde L, et al. Diabetes Obes Metab. 2006;8:436-447; Data on file, Amylin Pharmaceuticals, Inc. 
See accompanying Prescribing Information and safety information included in this presentation

Open-Label Extension – Combined
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PYY
� The pancreatic polypeptide –fold family of peptides control a 

number of energy “homeostatic” functions in humans and 
other mammals

� PYY is a gut “cousin” of NeuropeptideY
� It appears to be a significant action on the arcuate nucleus 

and decreases production of neuropeptideY thus decreases 
hunger



5/25/2010

11

Pathogenesis of Obesity
� Not only has food 

production grown, but the 
“human” energy required to 
get the food has greatly 
decreased.

� This has led to the so-called 
“Westernized obesity 
boom”

Pathogenesis of obesity
� In every country that has become urbanized and moved from 

a farm based economy the incidence of obesity has increased.
� Egypt in 1960 had more than 90% of its population working 

as farmers and less than 1% of the population labeled as 
obese.

� In 1998  70% were in non-farm labor and the incidence of 
obesity was 36%  

Food’s  effect on our eating behavior 
� Our genetics' help determine our eating behaviors
� Human’s will often chose high fat and high calorie foods 

when given the choice.  They will describe the food as more 
filling and more satisfying.

� Before they are able to understand language babies and small 
children will chose higher fat meals almost   100% of the 
time.
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Food’s effect on our behavior
� Certain foods such as chocolate will stimulate our 

hypothalamus to release Neuropeptide Y
� Fast food operations have learned that our human 

weakness and have used “meal designers” to addict us to 
high fat high carbohydrate meals

� Lower fat diets high in natural fiber have a positive effect 
on our gut and “fool” our brain by producing GIP/GLIP-
1  thus increasing satiety

What is the answer?

Activity and obesity
� The change from subsistence farming to service sector jobs is 

often associated with 50-85% decrease in physical exertion 
over a year

� Data from the NIH show that for the last 30 years of the 20th

century activity of adults has decreased by 35%
� Children in the highest 5%of daily activity have the least 

chance for adult obesity and vice versa is also true
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Even moderate weight loss may 
improve cardiometabolic risk

Moderate weight loss 
~10% Body weight, which includes ~30% Visceral adipose tissue

↓↓↓↓Cardiometabolic risk

↓↓↓↓Systolic/Diastolic BP
↓↓↓↓Inflammation
↑↑↑↑Endothelial function
↓↓↓↓Thrombosis

susceptibility

↓↓↓↓Glycemia
↓↓↓↓Insulin resistance
↓↓↓↓A1C
↓↓↓↓IFG
↓↓↓↓IGT

↓↓↓↓Total-C
↓↓↓↓LDL -C 
↑↑↑↑HDL-C
↓↓↓↓TG
↓↓↓↓non-HDL-C

Manson JE et al. Arch Intern Med. 2004;164:249-58.
Després J-P et al. BMJ. 2001;322:716-20.

Blood pressure GlucoseLipids

*vs placebo (unadjusted)
†Achieve/maintain ≥7% reduction of initial 
body weight via diet + moderate-intensity 
physical activity ≥150 minutes/week

DPP: Benefit of diet + exercise or 
metformin 
on diabetes prevention in at-risk patients

DPP Research Group. N Engl J Med. 2002;346:393-403.

Year

N = 3234 with IFG and IGT without diabetes

0
0

10

20

30

40

1 2 3 4

Placebo

Metformin

Lifestyle†
Cumulative
incidence 
of diabetes

(%)

↓↓↓↓31%

↓↓↓↓58%

P*

<0.001

<0.001


