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Causes of Weight 
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Mass Destruction: 
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Direct 
Medical 

Costs 

Incidence of 
diseases assoc 

w/ obesity 

Medical costs 
assoc w 

incidence of 
obesity diseases 

Indirect 
Costs 

Productivity 
costs 

Absenteeism 

Presenteeism 

Disability 

Premature 
mortality 

Health 
Insurance 

Other Costs 

Transportation costs 

School 
attendance  

Self-esteem-  

Psych issues 

CHD 
risk 

Inflammatory 
Milieu  

Endothelial 
Dysfunctions 

T2 Diabetes/ 
Insulin 

Resistance 

Stress/ SNS 
Drive 

Stroke 

High Blood 
Pressure 

(hypertension) 

Dyslipidemia 

 (HDL/ LDL/ TG) 

 Gut Hormones 

 Adipokines/ Cytokines 

 Visceral Adipose Tissue vs Sub-cutaneous 

 Epigenetics/ Genomics/ Obesogens 

 Insulin Resistance/Metabolic Syndrome 

 Role of Exercise in modulating cellular and genetic factors 

 

• "Systems biology...is about putting together rather than taking apart, 
integration rather than reduction. It requires that we develop ways of thinking 
about integration that are as rigorous as our reductionist programs, but 
different....It means changing our philosophy, in the full sense of the term" 
Noble, Dennis (2006). The music of life music of life: Biology beyond the 
genome. Oxford: Oxford University Press. pp. 176  

 

Bodily 
Functions 

Genetics 

Environmental 
Agents 

Foods 
Ingested 

Stress 

•

•

Carcinogen 
Oncogene 
turned on 

Cancer 
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Environment 

Genes 

Epigenetics 

Nutrition 

Genes 

Nutrigenomics 

Person A 

Genetic Code- 1 

Bad health lifestyle 

Diseases develop 

Person B 

Genetic Code-1 

Bad health- lifestyle 

No diseases develop 

Person C 

Genetic Code-1 

Good health-lifestyle 

No diseases develop 

Person D 

Genetic Code-1 

Good Health- lifestyle 

Diseases develop 

Person A 

Drug- 1 

Bodily reaction 

Symptoms Relieved 

Person B 

Drug-1 

No Bodily reaction 

No symptoms 
relieved 

Person C 

Drug-1 

Side Effect Reaction 

Side Effect 
Expression 

Person D 

Drug-1 + Lifestyle 

Interactive 
Reactions 

Symptoms relieved 
or not 

• Electrical Impulses 

• Neurotransmitters 

• Hormones 

• Endocrine 

• Exocrine 

Neuro-
Endocrine 

System 

• Hormones (Gut, other organs) 

• Cytokines- non specificied cell 

• Adipokines- Adipocyte cytokine 

• Myokines- Skeletal muscle cell 

Peripheral 
Intercellular 

•

•

•

•

•
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• 25.8 million Americans have diabetes- 8.3% of population (2011) 

– 18.8 million diagnosed 

– 7 million undiagnosed 

– 215,000 people under 20 have diabetes- 1 in 400 children-adolescents 

• 79 million Americans have pre-diabetes (2011) 

• 1 in 3 people have metabolic syndrome (criteria as listed in 2003-06 

NHANES sample) 

• 1 in 10 have an underactive thyroid gland 

• 1 in 10 have polycystic ovarian syndrome 

• 1 in 13 have severe PMS 

Metabolism 
Insulin & 
Glucagon 

Thyroid 

Estrogen & 
Progesterone 

Testosterone 
& HGH 

Epinephrine and 
Norepinephrine 

Leptin & 
Ghrelin 

CCK & 
Neuropeptide Y 

Adiponectin 
& Resistin 

DHEA & 
Cortisol 

Hormone Source Factors 

Increasing  

Factors 

Decreasing 

Actions 

Gherlin Stomach Fundus Protein, Fiber, 
Smoking 

Glucose, Fat, 
Insulin, PYY 

↑Appetite, GH release, ↑ 
Gastic Emptying 

GLP-1 
 

Distal ileal (sm 
intestine) cells 

Glucose, FFA, Epi, 
Atropine,  

Insulin, 
Somatostatin 

↓Appetite, ↓ glucagon, delay 
gastric empty, Insulinotropic 

Oxyntomodulin L (oxyntic)cells- 
fundic mucosa 

It binds to GLP-1 
and glucagon Rs 

↓Appetite, Inhib acid secrtn, 
no change gastic empty, (-) 

plasma gherlin  

Peptide YY Colo-Rectal- L cells Fiber, short chain FA, 
Bile salts, Glucose, 

AAs, CCK, CGRP 

GLP-1 
 

↓Appetite, Inhib gastric acid 
secrtn, ↓gastic empty, stim 

intenst H20 absorption 

Cholecystokinin 
(CCK) 

Intestinal 1 cells Fats, Proteins, 
Bulimia 

↓Appetite, Stim gall bladder 
contrxn, relax sphincter Oddi, 

delays gastric emptying, (-) 
gastric acid secretion 

Amylin Pancreatic Beta 
Cells (P cells)  

Blood glucose rise, 
TNF and fatty acids 

↓Appetite, Reduces glucagon, 
delays gastic emptying, ↑renin 

& aldosterone 

Enterostatin From proenzyme 
pancreatic 
procolipase 

Fat in diet ↓Appetite- esp. fat intake, 
body fat/weight, increase 

sympath drive to BAT. 

Excess 
consumption/ 
Lack of activity 

Accumulation 
of ICML (lipids), 
Leptin receptor 
desensitization 

Insulin 
Resistance, 

Dyslipidemia, 
VAT 

accumulation 

T2 Diabetes, 
Hypertension, 

CAD/CVD 

Inability to 
perform 
activity, 

dependence on 
medications, 

low BG 

Consume Whole 
Food- Supplmts 

Phytochemicals 

Effect on 
Biochemistry/ 

Enzymes/ 
Hormones 

Long Term 
Effect on 

Physiology 

Improved 
Function or 
Decreased 
Dysfunction 

Exercise 
initiated  by 
Individual 

Hormonal 
balance restored, 
Inflam factors ↓ 

Adipokine profile 
shifts 

Insulin 
Sensitivity  
Restored, 

↓LDL, ↑HDL  , 
↓VAT 

Blood Gluc/ HbA1C ↓, 
Hypertension ↓, 

Coronary perfusion ↑, 
%BF ↓, WHR↓ 

Ability to perform 
activity ↑, mood ↑, 

dependence on 
medications ↓  
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• Activators/Markers 

– C-Reactive Protein 

– Homocysteine 

– Tumor Necrosis Factor 

(TNF-) 

– InterleukinIL-1, 2,6, 18 

– E-selectin 

– Serum amyloid A 

– Cell adhesion molecule-1 

(CAM-1, VCAM-1) 

 

• Inhibitors 

– Adiponectin 

– Omega 3 FA (to  6:3 ratio) 

– Dietary Fiber 

– Carotenoid rich foods 

– Nuts (esp. ones rich in 

arginine & monosat. fats 

 

Taken from- Giugliano, D, Criello A, Esposito K (2006). The Effects 

of Diet on Inflammation: Emphasis on the Metabolic Syndrome. J 

or Am College of Cardiology 48(4): 677-685 

Taken from- Giugliano, D, Criello A, Esposito K 

(2006). The Effects of Diet on Inflammation: 

Emphasis on the Metabolic Syndrome. J or 

Am College of Cardiology 48(4): 677-685 

•

•

•

•

•

•

•

1) Increase consumption of 3 fatty acids 

2) Substitute non-hydrogenated unsaturated fats for 

saturated and trans fats 

3)  Consume a diet high in: 

a) Fruits and vegetables- especially colorful ones 

b) Nuts- especially those with linolenic acid 

c) Whole grains and low in refined grains 
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Metabolic 
Syndrome 

Large 
Waistline 

High 
Triglycerides 

Low HDL 
cholesterol 

High Blood 
Pressure 

High Fasting 
Blood 

Glucose 

Visceral 
Adipose 
Tissue 

Insulin 
Resistance 

Abnormal Insulin 
Secretion 

Insulin 
Receptor 
Signaling 

Impaired 
Glucose 
Disposal 

Toxic FFAs 
in portal 

circulation 

Cholesterol 
(Dyslipidemia)  

Infiltration of 
Macrophages 

Produces 
inflammatory 

cytokines 
Reactivity with 

Cortisol  

• Abdominal obesity  

• Atherogenic dyslipidemia (elevated triglyceride, 

small LDL particles, low HDL cholesterol)  

• Raised blood pressure  

• Insulin resistance (with or without glucose 

intolerance)  

• Proinflammatory state  

• Prothrombotic state  

 

• Being in the 40-59 yr- ↑ 3x more likely than 20-39 yrs to meet 

criteria 

• 40% of people over 60 meet criteria 

• Males 60+ yrs- ↑ 4x, Females- ↑ 6x- as youngest group 

• Overweight males 6x & Obese males 32x more likely than 

normal weight males to meet the criteria 

• Overweight females 5x and obese females 17x more likely 

than normal weight females to meet the criteria 

• 1 million (4.2%) 12-19 yrs met the criteria. 

Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic 

syndrome among U.S. adults. Diabetes Care. Oct 2004;27(10):2444-9.  

•

•

•

•

•

•

•
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Male Female Health Risk- WHR 

based 

= or < 0.90 = or <0.8 Low 

0.9 to 1.0 0.81 to .85 Moderate 

>1.0 >0.85 High 

 

Insulin Resistance 

FFA Metabolism 

Glucose/ CHO metab 

Type 2 Diabetes 

Muscle metabolism  

 

 

Diet, Exercise, 
VAT , 

Sedentary 
lifestyle  

Visceral Adipose Tissue Sub-Cutaneous Adipose Tissue 

Major predictor of Metab Syndr- IR Preadipocytes have greater differentiation 

capac. 

Less responsive to insulin’s adipogenic 

effects 

May replenish VAT 

Produces more IL-6, PAI-1 Produces Leptin 

More glucocorticoid receptors Estrogen promotes 

High density of androgen receptors May be protective 

May enhance truncal SCAT lipolysis   








LeptinADIPO
CYTE 

Free Fatty Acids 

Adipsin 

Phospholipid Transfer Protein 
Lactate 

Prostaglandins 

Resistin 

Adiponectin 

TNF-α 
Lipoprotein Lipase IL-6 

Fat Cell- 

Adipocyte 

Leptin 

Acyl Stimulation 
Protein (ASP) 

Visfatin 

•

•

•

•

•

•

•

•

•

•

•

• α

•

•

•

•

•

•

•
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Adipocyte 

Adipokine 

Liver Inflamation, 
Dysfunction 

Insulin 
resistance  

• α

Resistin  TNF α  

Insulin Sensitivity 

Leptin  Adiponectin 

Black line 

denotes Promote 

or Increase 

↑FFA oxidation,  

↓Muscle lipid content 

Diet & 

Exercise 

Obesity 

IL-6 

Blue line 

denotes 

inhibition 

White dashed 

line denotes 

inhibition 

Attallah H, Friedlander AL, Hoffman AR Growth Hormone, IGF 

Research 2006. Jul: 16 Suppl A:S62-7. Epub 2006, Apr 18 

 

•↑VAT 

•↑Insulin Resistance 

•↓Growth Hormone 

Abdominal 
Obesity 

•↑Lipolytic Horm 

•↓VAT 

•↓Insulin Resist  

Growth 
Hormone • ↑Glucose tolerance 

• Improve T2 diabetes  

• ↓Metab Syndrome 

Can chronic 
GH admin? 

•

–

–

–

• α

–

•

• α

•

•

•

•

•

• α

•

•

•

•
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•

•

•

• α

•

•

 

•

•

•

•

•

•

Freedland Nutrition & Metabolism 2004 1:12 doi:10.1186/1743-7075-1-12.  
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•

–

–

•

Chronic 
Sympathetic 
Overactivity 

Adipokine 
Expression 

Central 
Obesity (VAT) 

Insulin 
Sensitivity 

Metabolic 
Syndrome/ 

Hypertension 

•

•  β

• ↑ ↑

•
β

• Insulin Resistance is the eventual failure of the GLUT-4 to 
translocate to the cell membrane to uptake glucose into 
peripheral tissue. 

• Evidence shows normal GLUT-4 levels in insulin resistant people- 
thus problem is a signaling issue. 

• Thus glucose rises triggers more insulin stim. and eventually a 
“hyperinsulinemic state”.  

• High SNS ↓GLUT-4 activity via activating a phospholipase C- β, 
impairing dephosphorylation and the intrinsic activity of GLUT-4. 

Physical Exercise- 
Increased Fitness 

Increased Testosterone- 
GH, and Adiponectin 

Enhanced Capacity of Skeletal 
muscle to Oxidize FFA 

Decreased VAT- decreasing Gc 
receptors, 11-β-HSD1 Decreased Active Cortisol 

Decreased ICML 

Decreased VAT  
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: •Body wt. 

•BMI 

•% BF 

•LBM 

•hsCRP 

•Leptin 

•TNFα 

•L-scale 

•Adiponectin 
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•Body Wt 

•BMI 

•% BF 

•LBM 

•hsCRP 

•Leptin 

•TNFα 

•L-scale 

•Adiponectin 

•VO2max 

•HDL-Chol 
Felsing NE, Brasel JA, and Cooper DM. Journ of Clin. 

Endocrin. & Metab, 75(1): 157-162 

• ↑ ↑

•

•

•
• ↓
↑

•

•

•

•

• ↓ ↑

• ↓

Trapp EG, Chisholm DJ, Freund J., Boutcher SH. 
(2008). Intl J of Obesity, 32, 684-691.  

•

• ↑ ↑

•

•
–

–

–

–

–

–

Conclusion: Uric Acid seemed 

to be the most reliable variable 

to identify obese subjects with 

metabolic syndrome 

Net Caloric 
Consumption 

Eat or Absorb 
Less 

Appetite 
Suppressant 

Absorption 
Blocker 

Burn more 
Calories 

Stimulate 
sympathetics 

Increase 
metabolic 
nutrients  

Raise RMR 

Decrease 
Fuel Storage 

Minimize 
insulin 

Lower 
cortisol 
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Lower fat 
& 

improve 
health 

Focus on 
blood 
sugar 

Focus on 
lipolysis 

Focus on 
hormonal 

milieu 

Focus on 
adipokine 
reactions 

Focus on 
long-term 

RMR 

Focus on 
stress 

reactivity 

Reduce CVD risk factors to non-
lethal levels 

Reduce negative health factors to 
safe (maybe high) levels 

Both reduce risks and gain factors 
leading to improved function 

Lose fat, gain muscle, and look hot! 

• By understanding all the factors involved with obesity, you can 

better address a holistic treatment plan for your client.  

• Both hormones and intercellular messengers are affected by 

diet and exercise as well as stress, sleep, and the quality of 

food or drink we consume 

• Inflammatory factors have a significant role in obesity and the 

various negative complications associated with it.  

• Metabolic syndrome is an example of the interactive nature of 

physiological variables and disease states.  

• Visceral adipose tissue seems to be uniquely associated with 

several CVD and Metabolic Syndrome disease factors 

• The Critical Visceral Adipose Tissue theory proposes that even 

small changes in VAT can restore insulin sensitivity and lipids. 

• Exercise and diet can have profound affects on VAT, insulin 

resistance, hormones, inflammation, and adipokines, even if 

the cosmetic changes may be unnoticed.  

– HI exercise seems to be more effective to elicit these changes.  

• Newer strategies in obesity management are concerned with 

the deadly factors and many forms they come in. Losing fat for 

cosmetic reasons should be a lower priority, but it is still 

important for health, mental outlook, and quality of life.  


