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ObesityObesity‐‐ thethe public health public health 
problem problem inin Western Western CountriesCountries
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Obesity and hypertension 
are two complex disorders 
that are closely interrelated

Larimore J.W. A study of blood pressure in 
relation to type of bodily habitus. 
Arch Intern 1923; 31: 567-572. 

Faber A. Readings of blood pressure of 1000 
healthy individuals age 20-25 years: An 
antropometric study.
Scand Arch Physiol 1924; 45: 189-203. 
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Effect of obesity to shift renal pressure 
natriuresis curve to

higher arterial pressure

Hall J. Curr Opin Nephrol Hypertens, 2003, 12:195–200



Hemodynamic, neurohumoral, and renal 
changes in experimental obesity caused by a 

high fat diet and in human obesity

Hall J. Curr Opin Nephrol Hypertens, 2003 12:195–200



Summary of the mechanisms of obesity‐
induced

hypertension and renal disease

Hall J. Curr Opin Nephrol Hypertens 2003,12:195–200



Więcek A. et al. Nephrol. Dial.Transplant. 2007, 22:981-988 

* Obestatin (2008)



White adipose tissue in the lean (left) vs. obese 
(right) state

Adipocytes are shown with yellow triglyceride droplets and blue cytoplasm. In the 
lean state

the light blue cytoplasm represent a state of normoxia, whereas the dark blue in the 
obese state

represents a hypoxic state. Pre adipocytes are shown in brown, macrophages in 
green, blood

vessels/endothelial cells in red, and the extracellular matrix as black.

Halberg N et al. Endocrinol Metab Clin North Am. 2008; 37: 753



Więcek A. et al., Nephrol. Dial. Transplant. 2002; 17; 194-195

• Cardiovascular and reologic effects, sleep apnea
• Renal effects
• Activation of the sympathetic nervous system
• Metabolic effects (dyslipidemia, carbohydrate intolerance)
• Endocrine effects (hyperinsulinism, insulin resistance, 

hypercortisolism, increased erythropoietin secretion)
• Increased coagulation/decreased fibrinolysis (↑PAI)
• Haematologic effects

↑NFκB

↑PAI ↑Leptin ↓Adiponectin ↑TNF ↑Angiotensin ↑Resistin

Adipocytes

Obesity



Cardiovascular-renal actions of leptin

Heart rate↑

Adipose
Tissue

leptin

UNaV↓
(chronic effect)

UNaV ↑
(acute effect)

IS ↑ NO ↑

blood pressure ↑ blood pressure ↓
Engeli S. et al. Horm Metab Res, 2000; 32; 490



Sympathetic nervous system (SNS) and oxidative 
stress‐induced nitric

oxide (NO) deficiency in the pathogenesis of leptin‐
induced hypertension

Bełtowski J., J Hypertension 2006, 24:789–801
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In patients with essential hypertension (EHP) plasma 
adiponectin concentration was significantly lower than in 

normotensive healthy subjects (NHS) 

Adamczak M., Więcek A., Funahashi T., Chudek J., Kokot F., Matsuzawa Y. Am J Hypertens 2003; 16: 72-75.



Adamczak M., Więcek A., Funahashi T., Chudek J., Kokot F., Matsuzawa Y. Am J Hypertens 2003; 16: 72-75. 

In patients with essential hypertension blood pressure was 
inversely related to plasma adiponectin concentration



Iwashima Y. et al. Hypertension 2004; 43: 1318-1323.

In healthy subjects blood pressure was inversely related to 
plasma adiponectin concentration



In obese adolescents 24 hours ambulatory systolic and 
diastolic blood pressure indices were inversely related to 

plasma adiponectin concentration

adiponectin adiponectin

Shatat I.F et al. Ped Res 2009; 65: 691-695.



Adiponectin
↓scavenger

receptors

↑NO↑TIMP

↓VCAM-1

↓ ICAM-1 

↓ E-selectin

↓TNF-α↓ lipids accumulation

in monocyte derived 
macrophages

↓transformation of  

macrophages into 
foam cells 

↓superoxide 

↓PDGF-BB

↓FGF  

↓HB EGF

↑ glucose 

utilization

↑fatty acid 

oxidation

↑insulin 

signalling

↑glucose 

uptake

↓gluconeogenesis

anti-atherogenic actions insulin-sensitizing actions
A. Wiecek, M. Adamczak, J. Chudek: Nephrol Dial Transplant, 2007



Potential mechanism of 
vascular protection by 

adiponectin

Ohashi K., Am J Hypertens, 2010, in press



Ohashi, K. et al. Hypertension 2006;47:1108-1116

Salt-induced hypertension in adiponectin KO mice



Ohashi, K. et al. Hypertension 2006;47:1108-1116

Adiponectin supplementation ameliorates 
hypertension of genetically obese KKAy mice



Clinical studies showed that:
• in patients with essential hypertension plasma 

adiponectin concentration is decreased,
• high blood pressure values were related to low 

plasma adiponectin concentration,
• organ complications of essential hypertension 

(left ventricular hypertrophy, diastolic left ventricular 
dysfunction, increased arterial stiffness, increased carotid 
artery intima-media thicknesses (cIMT), occurrence of 
higher grades of hypertensive retinopathy and albuminuria)
were related to low plasma adiponectin 
concentration.



Can hypoadiponectinemia predispose to 
hypertension? 

Decreased plasma adiponectin concentration in individuals with 
increased risk of hypertension:

in young normotensive men with a family history of essential 
hypertension,
in young men with high-normal blood pressure (SBP 130–139 or DBP 

85–89 mmHg),
in individuals with prehypertension (SBP 120–139 or DBP 80–89 

mmHg). 

Furuhashi M. et al. Hypertens Res 2005; 28: 141-146. 
Papadopoulos D.P. et al. Blood Press 2008; 17: 50-54.
Patel D.A. Met Clin Exp 2006; 55: 1551– 1557.
Kazumi T. et al. Diabetes Care 2002; 25: 971-976.
Papadopoulos D.P. et al. J Clin Hypertens (Greenwich) 2005; 7: 729-733.
Bo S. et al. J Hypertens 2009; 27: 102–108.



Decreased plasma adiponectin concentration in young 
normotensive men with a family history of essential 
hypertension. 

Furuhashi M. et al. Hypertens Res 2005: 28: 141-146.



Yilmaz M.I. et al. Eur J Endocrinol 2005; 152: 233-240.

Plasma adiponectin concentrations decreased 
progressively with higher grades of hypertensive 

retinopathy



Obesity and hypertension – pathogenetic factors

Endothelial dysfunction 
Renin-angiotensin-aldosterone system activation 
Sympathetic nervous system activation
Incraesed tubular sodium reabsorption leading to 
hypervolemia
Insulin resistance/diabetes
Glomerular hyperfiltration (↑ afferent arterioles blood 
flow) 
Kidney compression due to increased intrabdomen
pressure 
Adipokines metabolism disturbances (among others 
hyperleptinemia and hipoadiponectinemia) 



•• PlasmaPlasma AdAdiiponectin ponectin concentrationconcentration and and mRNAmRNA
expressionexpression areare decreaseddecreased inin: : 

–– ObeseObese

–– DiabetesDiabetes mellitusmellitus

–– HypertensionHypertension

–– CoronaryCoronary arteryartery diseasedisease

–– TherapyTherapy ((statinsstatins, , indapamideindapamide))

•• PPRPPRγγ activatorsactivators, , ACEiACEi, , ARBsARBs, , rilmenidinerilmenidine, , ribonabantribonabant ––
increaseincrease adponectinadponectin serum serum concentrationconcentration and and mRNAmRNA
expressionexpression



Plasma adiponectin concentration before
and after indapamide therapy in

hypertensive patients

Piecha G. et al., Kidney Blood Press. Res. 2007; 30: 187–194



Ehrhart-Bornstein M et al.: Proc Natl Acad Sci U S A. 2003; 100: 14211-6

FCCM =
Fet Cell Conditioned Medium



Ehrhart-Bornstein M et al.: Proc Natl Acad Sci U S A. 2003; 100: 14211-6



Ehrhart-Bornstein M et al.: Proc Natl Acad Sci U S A. 2003; 100: 14211-6



Factors involved in the pathogenesis 
of

obesity hypertension

Krug A. Hypertension. 2008; 51:1252-1258



Hsu Ch.,  Ann. Internal Med., 2006; 144: 21-28



PrevelencePrevelence of CKD by BMI of CKD by BMI categoriescategories
National Health and National Health and NutritionNutrition ExaminationExamination SurveySurvey 19991999--2000 (n=5897)2000 (n=5897)

Kramer H., Contrib. Nephrol., 2006, 151, 1-18Kramer H., Contrib. Nephrol., 2006, 151, 1-18



PrevelencePrevelence of CKD (of CKD (estimatedestimated GFR<60 GFR<60 
ml/min/1,73) and ml/min/1,73) and microalbumionuriamicroalbumionuria by by numbernumber
of of metabolicmetabolic syndromesyndrome triatstriats inin thethe nonnon--diabeticdiabetic

U.S U.S populationpopulation

Kramer H., Contrib. Nephrol., 2006, 151, 1-18Kramer H., Contrib. Nephrol., 2006, 151, 1-18



RelativeRelative riskrisk for for graftgraft lossloss by BMIby BMI

Srinivals and Meier-Kriesche. Contrib Nephrol, 2006:151



Kidney Int. 2008; 73 18-23



Wang Y. et al., Kidney Int., 2008; 73 18-23

Relative risk and 95% CI for the assotiaton between obesity
and CKD based on cohort studiesin the general populations



WahbaWahba I.M. et al. I.M. et al. ClinClin. J .Am. . J .Am. SocSoc. . NephrolNephrol., 2007; 2: 550., 2007; 2: 550--562562

PotentialPotential mechanismsmechanisms of of renalrenal injuryinjury inin
patientspatients withwith obesityobesity and and obesityobesity initiatedinitiated

metabolicmetabolic syndromesyndrome



A role for leptin in 
glomerulosclerosis ?• Leptin stimulates glomerular endothelial 

cell proliferation in vitro and in vivo and 
transcription and secretion of 
transforming growth factor b1 (TGFb1), 
a fibrosis – indicating cytokine

• Leptin administration in rats causes 
proteinuria and glomerular mesangial
matrix expansion

Wolf G. et al., Kindey Int. 1999, 56, 860-872



Wolf G. et. al. Kidney Int. 1999, 56, 860-872

Development of proteinuria during three weeks of leptin infusion

Leptin

Control



Porreca E. et al.: Am. J. Hypertens., 2002, 15: 759-765Porreca E. et al.: Am. J. Hypertens., 2002, 15: 759-765



Leptin and Leptin and renalrenal fibrosisfibrosis

Wolf and Ziyadeh.  Contribution to Nephrology 2006:151



MechanismMechanism of of kidneykidney injuryinjury causedcaused by by 
obesityobesity

Thakur V et al.  Contrib Nephrol, 2006:151



WahbaWahba I.M. et al. I.M. et al. ClinClin. J. Am. . J. Am. SocSoc. . NephrolNephrol., 2007; 2: 550., 2007; 2: 550--562562

Potential mechanisms of renal dysfunction Potential mechanisms of renal dysfunction 
in obesity and obesityin obesity and obesity initiatedinitiated metabolic metabolic 

syndromesyndrome



Albuminuria is related to the decreased
plasma adiponectin concentration in patients 
with essential hypertension and in type 2 DM

Tsioufis C. et al. Am J Cardiol. 2005; 96: 946-951.
Barlovic D.P. et al. Cytokine. 2009; 46: 142-145. 
Wakabayashi S. et al. Diabetes Care 2004; 27: 2392-2397.



Negative correlation between albuminuria Negative correlation between albuminuria 
and plasma adiponectin levelsand plasma adiponectin levels in obesein obese

adultsadults AfricanAfrican AmericansAmericans..

Sharama K J. Clin. Invest. 118:1645–1656 (2008)



Effects of adiponectin on podocytes

AhimaAhima R. R. J. J. ClinClin. Invest. 118:1619. Invest. 118:1619––16221622 (2008)(2008)



AdAd––//–– mice exhibit increased albuminuria, mice exhibit increased albuminuria, 
oxidant stress, and oxidant stress, and podocytepodocyte dysfunctiondysfunction

Sharama K J. Clin. Invest. 118:1645–1656 (2008)



Adiponectin inhibits permeability across a 
podocyte monolayer

SharamaSharama K K J. J. ClinClin. Invest. . Invest. 2008, 2008, 118:1645118:1645––16561656

DDirectirect action of adiponectin on action of adiponectin on podocytespodocytes independent of theindependent of the
systemic and/or metabolic effects of adiponectinsystemic and/or metabolic effects of adiponectin



Clinical significance of adipokines in chronic 
kidney disease

Iglesias P et al.: Nephrol Dial Transplant (2010) 25: 2066–2077
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