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Is a chronic Inflammatory response
behind the epidemic of obesity and diabetes?



Main causes of 
death, 
worldwide, 
all ages, 2005

61% Chronic Diseases

WHO Global Report, 2005



Causes for CVD/DM

Infection

Inflammation

Stress

Thrifty genotype

Thrifty phenotype

ETC

Diet Life style Social inequalities

Environmental pollutants
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• Diabetes 

• Cardiovascular diseases
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Pickup JC, et al. NIDDM as a disease of the innate immune
system:association of acute phase reactants and IL-6 with metabolic
syndrome X. Diabetologia 1997;40:1286-1292

Non-
diabetic

NIDDM
- Synd X

NIDDM
+ Synd X
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Schmidt MI et al. Lancet 1999;353:1649-52
Duncan BB et al. Diabetes Care 1999;22:767-72

* Adjusted for multiple risk factors including fasting glucose, BMI and WHR

Inflammatory Marker OR* 95% CI
Leukocytes 1.5 (1.3   –   1.8)
Sialic Acid 2.8 (1.0   –   8.1)
Orosomucoid 7.1 (2.1   – 23.7)

Factor VIII (Women) 1.6 (1.2   –   2.1)
von Willebrand Factor (Women) 1.3 (1.0   –   1.6)
aPTT (Women) 0.65 (0.50 –   0.86)



Inflammation and Type 2 Diabetes  
Epidemiologic Evidence

• Longitudinal studies (>20)
• Different populations
• Various markers
• Demonstrate that a mild chronic state of 

inflammation precedes and predicts type 2 
diabetes

Duncan B, Schmidt MI.  Diabetes Technology and Theraputics, 2006
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Shriharan M et al. Diabetes Care 2002



Immunity

Acquired

• Antibodies
• Lymphocytes 
• Lymphocytes T 

• Adaptive
• Advanced
• Specific

Innate

• Cytokines
• APR
• Complement
• Monocytes/macrophages

• “Hard-wired”
• Primitive
• General

•Metabolic effects



TRAUMAMICROBES
DIET 

Monocytes,
Macrophages
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Duncan BB and Schmidt MI, São Paulo Med J, 2001

Adrenals

Corticosteroids
Catecholamines

Acute Phase
ProteinsAcute Phase

Lipids

Adipocytes

Free
Fatty
Acids

Insulin
Resistance

Endothelium
Activation of the Endothelium

Insulin

_



Fat tissues and weight gain

Wellen K and Hotamisligil G. J Clin Invest 2003;112:1785



Inflammation Obesity



1

2

Q2 Q3 Q4

Fibrinogen
White Cells

  OR

Quartile of Inflammatory Marker

Duncan BB. Obesity Res 2000

Odds of a Major Weight Gain

P<0.001     P<0.01

Inflammation and Weight gain



Unhealthy Diet …

…is pro-
inflammatory



Nurses’ Health Study, N=730

Comparing extreme quintiles 

PCR  73%

IL-6 17%

ICAM        10%

VCAM       10%

e-Selectin 20%

trans Fatty Acids

Lopez Garcia E.  J Nutr 2005;135:562-6.



Poliunsaturated Fatty Acids 
n-3

Nurses’ Health Study, N=727

Comparing extreme quintiles

PCR  29%

IL-6 23%

ICAM          7%

VCAM         8%

e-Selectin 10%

Lopez Garcia E.  J Nutr 2004;134:1806-11.



Ceriello A et al. Diabetes Care 2003;26:1589
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75g 
glucose 

+
75g fat 



Ceriello A et al. Diabetes Care 2003;26:1589
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Ceriello A et al. Diabetes Care 2003;26:1589

�����		��������
���
�

75g 
glucose 

+
75g fat 

��������������	
�
���
��



Bacteria-Induced Metabolic
Disorders

Cani PD et al Diabetes 57 1470-1481 2008  



NATURE Vol 444 21/28 December 2006



Gut microbiota

• The human gut contains a large variety of 
microorganisms. 

• 1014 bacterial cells and up to 500-1000 different
species. 

• Overall, more than 100 times the human
genome, frequentely called, the  metagenome

• The intestinal flora is an “exteriorized organ” with
multiple functions largely diversified. 



Microbiota

Together with our microbes we are a human-
bacterial superorganism with immense
metabolic diversity and capacity.

Human and microbe: united we stand
Inna Sekirov & B Brett Finlay



Am J Clin Nutr 2008;87:534–8 



Kalliomaki et al Am J Clin Nutr
2008;87:534–8 



“We suggest that bifidobacteria constitute an
internal link between breastfeeding and 
weight development.

Kalliomaki et al Am J Clin Nutr
2008;87:534–8 
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Schmidt MI e Duncan BB. Clin Chem Lab Med 
2003

#����
�
��
�
����
�

	���
�

�� ����
���
��(���
���

_

_



���� ����
����

���������
���������

) 	
���������
�������
�
��

) *
���������

����+
���

) ���
�
��������

)  
����

��

) #��������
���������

���� ����
���
��(���
����



Gut

In
na

te
Im

un
ity

Genes

Life course
environment

Endothelial
Activation

Hypertension

Hemostasis

Dyslipidemia

bbbb-Cell Dysfunction

CHD

CHD
Macrovascular

Disease

Diabetes

Microvascular
Disease 

)���������
��

����!""#

Obesity

Insulin Resistance
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Metabolic shift towards energy storage and 
metabolic homeostasis

Cani PD and Delzenne NM 
Current Opinion in Clinical Nutrition and Metabolic Care 2007, 10:729–734



“ A fly, buzzing about in a sunny meadow one afternoon, 
veers off towards some trees and suddenly becomes
ensnared in a spider’s sticky web. The spider bites, 
paralyzes, and then eats the fly.”

N Krieger, 1999



• What caused the fly’s demise?

• Its change of course?
• The sticky web?
• The venom?
• The spider?

N Krieger, 1999





AGE proteins

Goldberg T et al. AGEs in 
commonly consumed 
foods. J Am Diet Assoc 
2004;104:1287-91.

• Created during the 
preparation of foods

• Depend on:

� Type of food

� Processing 

� + heat  � + AGE

� + drying  � + AGE



AGE Proteins 

RCT
N=13
• Baseline
• After 6 weeks:

H-AGE: 

L-AGE: 

Vlassara H et al. 
Proc Natl Acad Sci USA 
2002;99:15596



Gut microbiota and insulin
sensitivity: multiple pathways

GUT MICROBIOTA AND DIABETES
MEMBREZ ET AL The FASEB Journal Vol. 22 July 2008.



The concept of a core human
microbiome

Peter J. Turnbaugh et al 
NATURE 449 18 October 2007



Physiological and Microbiological
Features of the Gut

Gut Microbiota and Its Possible Relationship With Obesity K. Dibaise et al 
Mayo Clin Proc. April 2008 ;83{4).•460-469



Correlation between body-weight loss
and gut microbial ecology

Ruth E. Ley, Peter J. Turnbaugh, Samuel Klein, Jeffrey I. Gordon
NATURE|Vol 444|21/28 December2006



Correlation between body-weight loss
and gut microbial ecology

Ruth E. Ley, Peter J. Turnbaugh, Samuel Klein, Jeffrey I. Gordon
NATURE|Vol 444|21/28 December2006



Correlation between body-weight loss
and gut microbial ecology

Ruth E. Ley, Peter J. Turnbaugh, Samuel Klein, Jeffrey I. Gordon
NATURE Vol 444 21 28 December 2006



Plasma markers of inflammation correlate positively with
endotoxaemia and negatively with Bifidobacterium spp.

Cani et al  Diabetologia (2007) 50:2374–2383



Cani et al Diabetes vol 57, 2008



Mechanisms by which the intestina) microbiota
may contribute to obesity



Interactions between Genes and the Environment
and Their Effects on Health

Holmes E and Nicholson JK Cell 134, September 5, 2008





Capeau, Medicine/Sciences 2003 ; 19 : 834-9



r = 0.66

P < 0.001

Hotta K, Funahashi T, Bodkin NL, Ortmeyer HK, Arita Y, Hansen BC, Matsuzawa Y. 
Diabetes 2001;50(5):1126-33.
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Monocytes,
Macrophages
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Duncan BB and Schmidt MI, São Paulo Med J, 2001
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Campos SP et al
Mol Cell Biol 1992



Causes of Death, Brazil 2004

Source: Secretary for Health Surveillance  - MS

100,00Total of Defined Causes of Death 

2,51Diseases of the liver (K70-K76) 10

3,07Heart failure and Complications and ill-defined  
descriptions of heart disease (I50-I51) 9

3,37Chronic lower respiratory diseases (J40-J47)8

3,44Hypertensive diseases (I10-I15) 7

3,98Transport accidents (V00-V89) 6

4,19Influenza and pneumonia (J10-J18) 5

4,38Diabetes mellitus (E10-E14) 4

5,39Violent deaths (X85-Y09) 3

9,67Ischemic heart diseases (I20-I25) 2

10,14Cerebrovascular diseases (I60-I69) 1

%Cause of Death
Rank
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“ A fly, buzzing about in a sunny meadow one afternoon, 
veers off towards some trees and suddenly becomes
ensnared in a spider’s sticky web. The spider bites, 
paralyzes, and then eats the fly.”

N Krieger, 1999



• What caused the fly’s demise?

• Its change of course?
• The sticky web?
• The venom?
• The spider?

N Krieger, 1999
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Schmidt MI e Duncan BB. Clin Chem Lab Med 
2003
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Causes for Chronic Diseases

Infection
Inflammation

Stress

Thrifty genotype

Thrifty phenotype

ETC

Diet Life style
SEP

Peptic ulcer
Atherosclerosis
Obesity
Diabetes 
CVD
Cancer
Injury



Quantity – Rate of Absorption:
Glucose load

Liu S.Am J Clin Nutr 2002;75:492-8.



Causes of Chronic Diseases

WHO Global Report, 2005
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Inflammation?


