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Obesity- the public health problem 
in Western Countries

ObesityObesity -- thethe public health problem public health problem 
inin Western Western CountriesCountries



Lancet, 2002, 360, 2, 1347-1360Lancet, 2002, 360, 2, 1347-1360

Mortality due to leading
global risk factors

High BMI



BMI trends among U.S. adults 1988-2008 

National Health and Nutrition Examination Survey (USA)

BMI BMI trendstrends amongamong U.S. U.S. adultsadults 19198888--2008 2008 

National Health and National Health and NutritionNutrition ExaminationExamination SurveySurvey (USA(USA))

Hill J.O. et al., Science, 2003, 299, 853-855Hill J.O. et al., Science, 2003, 299, 853-855

BMI > 30 kg/m2

� NHANES III 1988-1994 – 23%

� NHANES 1999-2000 – 31%

� Projected 2008 – 39%
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Obesity Trends Among U.S. Adults
Behavioral Risk Factors Surveillance System - 1985

Obesity Trends Among U.S. Adults
Behavioral Risk Factors Surveillance System - 1985

BMI ≥30

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)



Obesity Trends Among U.S. Adults
BRFSS, 1986

Obesity Trends Among U.S. Adults
BRFSS, 1986

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1987

Obesity Trends Among U.S. Adults
BRFSS, 1987

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1988

Obesity Trends Among U.S. Adults
BRFSS, 1988

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1989

Obesity Trends Among U.S. Adults
BRFSS, 1989

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1990

Obesity Trends Among U.S. Adults
BRFSS, 1990

No Data           <10%          10%–14%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1991

Obesity Trends Among U.S. Adults
BRFSS, 1991

No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1992

Obesity Trends Among U.S. Adults
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No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1993

Obesity Trends Among U.S. Adults
BRFSS, 1993

No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1994

Obesity Trends Among U.S. Adults
BRFSS, 1994

No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1995

Obesity Trends Among U.S. Adults
BRFSS, 1995

No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1996

Obesity Trends Among U.S. Adults
BRFSS, 1996

No Data           <10%          10%–14% 15%–19% 

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1997

Obesity Trends Among U.S. Adults
BRFSS, 1997

No Data          <10%           10%–14% 15%–19%          ≥20%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1998

Obesity Trends Among U.S. Adults
BRFSS, 1998

No Data          <10%           10%–14% 15%–19%          ≥20%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 1999

Obesity Trends Among U.S. Adults
BRFSS, 1999

No Data          <10%           10%–14% 15%–19%          ≥20%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 2000

Obesity Trends Among U.S. Adults
BRFSS, 2000

No Data          <10%           10%–14% 15%–19%          ≥20%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 2001

Obesity Trends Among U.S. Adults
BRFSS, 2001

No Data          <10%           10%–14% 15%–19%           20%–24%        ≥25%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 2002

No Data          <10%           10%–14% 15%–19%           20%–24%        ≥25%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 2003

Obesity Trends Among U.S. Adults
BRFSS, 2003

No Data          <10%           10%–14% 15%–19%           20%–24%        ≥25%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30
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Obesity Trends Among U.S. Adults
BRFSS, 2004

No Data          <10%           10%–14% 15%–19%           20%–24%        ≥25%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Obesity Trends Among U.S. Adults
BRFSS, 2005

Obesity Trends Among U.S. Adults
BRFSS, 2005

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30
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BRFSS, 2006

Obesity Trends Among U.S. Adults
BRFSS, 2006

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



1998

Obesity Trends Among U.S. Adults
Behavioral Risk Factors Surveillance System (BRFSS), 

1990, 1998, 2006

2006

1990

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%

U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)U.S Obesity Trends 1985-2006, CDC (www.cdc.gov)

BMI ≥30



Prevalance of obesity (BMI >30 kg/m 2) among incident
dialysis patients by year of dialysis inittiation in USA

PrevalancePrevalance of of obesityobesity (BMI >30 kg/m(BMI >30 kg/m 22) ) amongamong incidentincident
dialysisdialysis patientspatients by by yearyear of of dialysisdialysis inittiationinittiation inin USAUSA

Kramer H. Contrib Nephrol, 2006:151



Prevelence of CKD by BMI categories
National Health and Nutrition Examination Survey 1999- 2000 (n=5897)
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



Prevelence of CKD (estimated GFR<60 ml/min/1,73) and 
microalbumionuria by number of metabolic syndrome triats in t he non-

diabetic U.S population

PrevelencePrevelence of CKD (of CKD ( estimatedestimated GFR<60 ml/min/1,73) and GFR<60 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



Kidney Int. 2008; 73 18-23



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

Association between overweight and kidney disease based  on cohort studies
in the general populations - overweight (25>BMI<30) vs normal weight .

AAssociationssociation between between overweightoverweight and and kidneykidney diseasedisease based on cohort studiesbased on cohort studies
in the general populationsin the general populations -- ooverweightverweight (25(25>>BMIBMI<<30) 30) vsvs normal weightnormal weight ..



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

AAssociationssociation betweenbetween obesity obesity and and kidneykidney diseasedisease based on cohort based on cohort 
studiesstudies in the general populationsin the general populations ––
oobesitybesity (BMI(BMI>>30) 30) vsvs normal weightnormal weight ..



Adjusted relative risk for end-stage renal 
disease (ESRD) by body mass index (BMI)
Adjusted relative risk for endAdjusted relative risk for end --stage renal stage renal 

disease (ESRD) by body mass index (BMIdisease (ESRD) by body mass index (BMI ))

Model adjusted for multiphasic health checkup period, age, sex, race, education level, 

smoking status, history of myocardial infarction, serum cholesterol level, proteinuria, 
haematuria and serum creatinine evel.

Hsu et al. Ann Intern Med. 2006; 144: 21–28



Association between the development of
CKD (estimated GFR 64 ml/min per 1.73 m2) and weight  change 
per year - HR  increase even among patients with normal BM I !

Association between the development ofAssociation between the development of
CKD CKD (estimated GFR 64 ml/min per 1.73 m2)(estimated GFR 64 ml/min per 1.73 m2) and weight change and weight change 
per year per year -- HR  HR  increaseincrease eveneven amongamong patientspatients withwith normalnormal BMI !BMI !

baseline BMI between 18.5 and 23.0 
kg/m2

baseline BMI >23.0 
kg/m2

Adjustment for age, baseline GFR, BMI, HDL , cholesterol,

FBG, uric acid, and regular exercise.

Ryu S., J Am Soc Nephrol. 2008 May 21



Bonnet F et al., Am. J. Kidney Dis., 2001, 37: 720-727Bonnet F et al., Am. J. Kidney Dis., 2001, 37: 720-727

Overweight  significantly increase  risk of IgA nephropathy 

progression 

Overweight  significantly increase  risk of IgA nephropathy 

progression 

BMI < 25 kg/m 2

BMI ≥ 25 kg/m 2

CRF-free survival rate according to the presence of an elevated BMI 
at the initial renal biopsy.
CRF-free survival rate according to the presence of an elevated BMI 
at the initial renal biopsy.



Graft survival analysis. GraftGraft survivalsurvival analysisanalysis . . 

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



Relative risk for graft loss by BMIRelativeRelative riskrisk for for graftgraft lossloss by BMIby BMI

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



The relationship between obesity and stage 3 CKD ma y 
be mediated through cardiovascular disease risk fac tors
The relationship between obesity and stage 3 CKD ma y The relationship between obesity and stage 3 CKD ma y 

be mediated through cardiovascular disease risk fac torsbe mediated through cardiovascular disease risk fac tors

Foster M C et al., Am J Kidney Dis. 2008, 52, 39-48.

Obese individuals had a 68% increased odds of developing stage 3 CKD 
(OR, 1.68; 95% CI, 1.10 to 2.57; p=0.02), which became nonsignificant in 

multivariable models (OR, 1.09; 95% CI, 0.69 to 1.73; p=0.7)



Kalantar - Zadeh K., Kidney Int., 2003, 63, 793-808

.

ComparisonComparison betweenbetween thethe impactimpact of body mass of body mass indexindex (BMI) on (BMI) on 
allall --causecause mortalitymortality inin thethe general general populationpopulation versusversus thethe

maintenancemaintenance hemodialysishemodialysis populationpopulation –– OBESITY PARADOXOBESITY PARADOX



Elsayed E et al.  Am J Kidney Dis. 2008, 52 :49-57.

WHR, but not BMI, is associated with cardiac 
events in patients with CKD

WHR, but not BMI, is associated with cardiac WHR, but not BMI, is associated with cardiac 
events in pevents in p atientsatients with CKDwith CKD



Population attributable risk (PAR) of KD due to over weight and obesity in the
United States and industrialized countries – eliminat ion of  overweight and 

obesity can decrease incidence of kidney disease about 30%

Population attributable risk Population attributable risk ((PARPAR)) of KD due to overweight and obesity in theof KD due to overweight and obesity in the
United States and industrialized countriesUnited States and industrialized countries –– eliminationelimination of  of  overweightoverweight and and 

obesityobesity cancan decreasedecrease incidenceincidence of of kidneykidney diseasedisease aboutabout 30%30%

Wang Y, et al., 
Kidney Int., 

2008; 73 18-23



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 injury in patients with
obesity and obesity initiated metabolic syndrome

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



Bosma et al.  
Contrib
Nephrol,
2006:151

Hemodynamic factors: Obesity and renal hemodynamic

Studies
showing the
impact of 

overweight
and obesity on 
GFR,ERPF, FF

GFR

ERPF

FF



Hall J.E. et al., Curr. Opin. Nephrol. Hypertens. 2 003, 12: 195 -201Hall J.E. et al., Curr. Opin. Nephrol. Hypertens. 2 003, 12: 195 -201

Obesity and ranal hemodynamic, renal
reabsorbtion and neurohormonal activity



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

Hemodynamic consequences of obesity leading to
hyperfiltration and hypertension

Hemodynamic consequences of obesity leading toHemodynamic consequences of obesity leading to
hyperfiltrationhyperfiltration and hypertensionand hypertension

AA, afferent arteriole;
EA, efferent arteriole



.

Fujita T. Nephrol. Dial.Transplant., 2007; 22: 3102-3107

Mechanism for insulin resistance in 
metabolic syndrome 

Mechanism for insulin resistance in Mechanism for insulin resistance in 
metabolicmetabolic syndrome syndrome 



Adipose tissue as an endocrine organAdipose tissue as an endocrine organ

Axelsson J., Blood Purif., 2008; 26: 23-29Axelsson J., Blood Purif., 2008; 26: 23-29



Biologically active substances with local and /or s ystemic 
action produced by adipose tissue (1) 

(The mature adipocytes: a highly specialized endocr ine cells)

Biologically active substances with local and /or s ystemic 
action produced by adipose tissue (1) 

(The mature adipocytes: a highly specialized endocr ine cells)

• Apelin
• Obestatin
• PA I-1
• TGF-β
• Tissue factor (TF)
• Complement factors (e.g. adipsin)
• TNF-α
• Acylation stymulation protein (ASP)
• Agouti Protein
• Angiotensinogen, Renin, ACE
• Chymase, cathepsin D,G
• Angiotensin II
• Prostaglandins (PGI2, PGF2α)
• Insulin growth factor-1 (IGF1)

• Apelin
• Obestatin
• PA I-1
• TGF-β
• Tissue factor (TF)
• Complement factors (e.g. adipsin)
• TNF-α
• Acylation stymulation protein (ASP)
• Agouti Protein
• Angiotensinogen, Renin, ACE
• Chymase, cathepsin D,G
• Angiotensin II
• Prostaglandins (PGI2, PGF2α)
• Insulin growth factor-1 (IGF1)



Biologically active substances with local and /or s ystemic 
action produced by adipose tissue (2)

(The mature adipocytes: a highly specialized endocr ine cells)

Biologically active substances with local and /or s ystemic 
action produced by adipose tissue (2)

(The mature adipocytes: a highly specialized endocr ine cells)

• Vascular endothelial growth factor (VEGF)
• Macrophage inhibitor factor (MIF)
• Sex hormones (in women: testosterone, estradiol and 

estrone)
• Glucocorticoids
• Leptin
• Adiponectin
• Resistin
• Visfatin
• IL-6
• NO
• PPAR-γ
• Atrial natriuretic peptide (ANP)

• Vascular endothelial growth factor (VEGF)
• Macrophage inhibitor factor (MIF)
• Sex hormones (in women: testosterone, estradiol and 

estrone)
• Glucocorticoids
• Leptin
• Adiponectin
• Resistin
• Visfatin
• IL-6
• NO
• PPAR-γ
• Atrial natriuretic peptide (ANP)



• Cardiovascular and reologic effects, sleep apnea
• Renal effects
• Activation of the sympathetic nervous system
• Metabolic effects (dyslipidemia, carbohydrate intol erance)
• Endocrine effects (hyperinsulinism, insulin resista nce, 

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

↑NFκκκκB

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

Adipocytes

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



Obesity and kidney
Pathogenic factors

ObesityObesity and and kidneykidney
PathogenicPathogenic factorsfactors

� Hypertension
� RAA and SNS activation
� Insulin resistance / diabetes mellitus
� Hyperlipidemia (mesangium

proliferation)
� Hyperleptinemia
� Hypoadiponectinemia
� Increased abdominal pressure

�� HHypertensionypertension
�� RAA RAA andand SNS SNS activationactivation
�� InsulinInsulin resistanceresistance / / diabetesdiabetes mellitusmellitus
�� HHyperlipidemiayperlipidemia ((mesangiummesangium

proliferationproliferation ))
�� HHyperleptinemiayperleptinemia
�� HHypoadiponectinemiaypoadiponectinemia
�� IIncreasencrease dd abdominalabdominal pressurepressure



� Glomerular hyperfiltration
� Endothelial proliferation in glomeruli
� Increase TGF- β1 production by 

endothelial cells in glomeruli
� Overexpression TGF β receptors on

mesangial cells
� Increase collagen type IV deposition in

glomerular matrix
� Increase angiogenesis

�� GGlomerularlomerular hhyyperfiltrationperfiltration
�� EEndothelialndothelial proliferationproliferation inin glomeruliglomeruli
�� IIncreasencrease TGFTGF--ββ1 1 productionproduction by by 

endothelialendothelial cellscells inin glomeruliglomeruli
�� OOverexpressionverexpression TGF TGF ββ receptorsreceptors onon

mesangialmesangial cellscells
�� IIncreasencrease collagencollagen typetype IV IV depositiondeposition inin

glomerularglomerular matrixmatrix
�� IIncreasencrease angiogenesisangiogenesis

Obesity and kidney
Pathogenic factors

ObesityObesity and and kidneykidney
PathogenicPathogenic factorsfactors



Mechanism of kidney injury caused by obesityMechanismMechanism 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 related t o
inflammatory cytokines and lipotoxicity in obesity a nd 

obesity initiated metabolic syndrome

Potential mechanisms of renal dysfunction related t oPotential mechanisms of renal dysfunction related t o
inflammatory cytokines and inflammatory cytokines and lipotoxicitylipotoxicity in obesity and in obesity and 

obesityobesity initiatedinitiated metabolic syndromemetabolic syndrome



Cardiovascular and reanal effects of leptinCardiovascularCardiovascular and and reanalreanal effectseffects of of leptinleptin

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



BeBełł towskitowski J. et al., J. et al., Med Med SciSci MonitMonit , 2002; 8(6): BR221, 2002; 8(6): BR221 --229229

Na+, K+-ATPase activity increase in dose-depentet manner
accoriding to leptin concentration in non-obese rat kidn ey



BeBełł towskitowski J. et al., J. et al., Med Med SciSci MonitMonit , 2002; 8(6): BR221, 2002; 8(6): BR221 --229229

Leptin effect on kidney function in obese and lean rats



Effect of obesity to shift renal pressure
natriuresis curve to higher arterial pressure

EffectEffect of of obesityobesity to to shiftshift renalrenal pressurepressure
natriuresisnatriuresis curvecurve to to higherhigher arterialarterial pressurepressure

Hall J.E. et al. Curr Opin Nephrol Hypertens 2003, 12:  195-201Hall J.E. et al. Curr Opin Nephrol Hypertens 2003, 12:  195-201



Fujita T. Nephrol. Dial. Transplant., 2007; 22: 3102-3107

Possible mechanism underlying the development of salt-
sensitive hypertension and CKD in metabolic syndrome

TG -tubulo-glomerular
feedback



Visceral adiposity Sleep apnoea
syndrome

↑↑↑↑ PAI-1 ↑↑↑↑ IL-6 ↓↓↓↓ Adiponectin↑↑↑↑ TNFαααα ↑↑↑↑ Leptin

Liver
Skeletal muscles 

and liver

Microinflammation Dislipidaemia Insulin
resistance

Activation of
immune system Activation of

sympathetic
nervous system

Atherosclerosis Diabetes

Obesity Related
Glomerulopathy

Arterial 
hypertension

Chronic kidney disease
Cardiovascular 

disease

Diabetic
nephropathy

Ischemic
nephropathy

Hypertensive
nephropathy

CRP

fibrinogen
Th1

Chudek J.,Adamczak,M., Nieszporek 
T., Więcek A.                                          

Contrib. Nephrol., 2006; 151, 70



Obesity and impaired renal function
increase adipokines concentration

Obesity and impaired renal function
increase adipokines concentration

Axelsson J, Stenvinkel P. Curr Opin Nephrol Hyperten 2008; 17: 25-31Axelsson J, Stenvinkel P. Curr Opin Nephrol Hyperten 2008; 17: 25-31



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



Staining for collagen type IV in rats infused for three
weeks with solvent (C,E) or leptin (D,F). 

StainingStaining for for collagencollagen typetype IV IV inin ratsrats infusedinfused for for threethree
weeksweeks withwith solventsolvent ((C,EC,E) ) oror leptinleptin ((D,FD,F). ). 

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



Leptin-induced proliferation
(   ) Glomerular Endothelial Cells; (   )  mesangial c ells;

*P< 0.05; **P< 0.01 vs. unstimulated controls 

LeptinLeptin --inducedinduced proliferationproliferation
(   ) (   ) GlomerularGlomerular EndothelialEndothelial CellsCells ; (   )  ; (   )  mesangialmesangial cellscells ;;

**PP< 0.05; **< 0.05; **PP< 0.01 < 0.01 vsvs . . unstimulatedunstimulated controls controls 

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



Wolf G. et. al. Kidney Int. 1999, 56, 860-872Wolf G. et. al. Kidney Int. 1999, 56, 860Wolf G. et. al. Kidney Int. 1999, 56, 860 --872872

Leptine increase TGF- β1 expression
in endothelial glomerular cells



Leptin and renal fibrosisLeptinLeptin and and renalrenal fibrosisfibrosis

Wolf and Ziyadeh.  Contribution to Nephrology 2006:151



Kidney section of rats infused with solvent for 72 hours
revealed no glomerular PCNA staining, suggesting very l ow

basal proliferation in normal glomeruli (A). In contrast , in
leptin-infused animals PCNA-expressing cells are found in

glomeruli (arrow; B) 

KidneyKidney sectionsection of of ratsrats infusedinfused withwith solventsolvent for 72 for 72 hourshours
revealedrevealed no no glomerularglomerular PCNA PCNA stainingstaining , , suggestingsuggesting veryvery lowlow

basalbasal proliferationproliferation inin normalnormal glomeruliglomeruli (A). In (A). In contrastcontrast , , inin
leptinleptin --infusedinfused animalsanimals PCNAPCNA--expressingexpressing cellscells areare foundfound inin

glomeruliglomeruli ((arrowarrow ; B) ; B) 

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



Morales E. et al., Am. J. Kidney Dis., 2003, 41: 319 -327Morales E. et al., Am. J. Kidney Dis., 2003, 41: 319 -327

Relationship of proteinuria and weight
changes in diet-group patients

Relationship of Relationship of proteinuriaproteinuria and weightand weight
changes in dietchanges in diet --group patientsgroup patients



Wolf G. et. al., Kidney Int., 1999, 56, 860-872Wolf G. et. al.Wolf G. et. al. ,, Kidney Int.Kidney Int. ,, 1999, 56, 8601999, 56, 860--872872

Leptin induced proteinuria –effect of 3 weeks leptin inf usion

Leptin

Control



• Adponectin serum concentration and mRNA
expression are decreased in: 

• Obese

• Diabetes mellitus

• Hypertension

• Coronary artery disease

• PPRγ activators, ACEi, ARBs, rilmenidine, 
ribonabant – increase adponectin serum 
concentration and mRNA expression

•• AdponectinAdponectin serum serum concentrationconcentration and and mRNAmRNA
expressionexpression areare decreasedecrease dd inin : : 

•• ObeseObese

•• DiabetesDiabetes mellitusmellitus

•• HypertensionHypertension

•• CoronaryCoronary arteryartery diseasedisease

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

Maeda N. et al., Diabetes, 2001, 50, 2094-2099



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 Trans plant, 2007



Negative correlation between albuminuria and plasma 
adiponectin levels in obese adults African Americans.
Negative correlation between Negative correlation between albuminuriaalbuminuria and plasma and plasma 
adiponectinadiponectin levelslevels in obesein obese adultsadults AfricanAfrican AmericansAmericans ..

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



Ad–/– mice exhibit increased albuminuria, 
oxidant stress, and podocyte dysfunction
AdAd ––//–– mice exhibit increased mice exhibit increased albuminuriaalbuminuria , , 
oxidant stress, and oxidant stress, and podocytepodocyte dysfunctiondysfunction

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



Adiponectin inhibits permeability across a 
podocyte monolayer

AdiponectinAdiponectin inhibits permeability across a inhibits permeability across a 
podocytepodocyte monolayermonolayer

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

Direct action of adiponectin on podocytes independent of the
systemic and/or metabolic effects of adiponectin



AMPK activity is increased by adiponectin and 
regulates podocyte permeability

AMPK activity is increased by AMPK activity is increased by adiponectinadiponectin and and 
regulates regulates podocytepodocyte permeabilitypermeability

•NG – normal glucose
•HG – High glucose

•ACAR - AMPK activator
•ARA - AMPK inhibitor

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



ZO-1 (tight junction protein) localization is regulated  
by adiponectin and AMPK in podocytes

ZOZO--11 ((tighttight junctionjunction protein)protein) localization is regulated localization is regulated 
by by adiponectinadiponectin and AMPK in and AMPK in podocytespodocytes

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

•NG – normal glucose
•HG – High glucose

•ACAR - AMPK activator
•ARA - AMPK inhibitor



Adiponectin restores normoalbuminuria and 
increases AMPK activity

AdiponectinAdiponectin restores restores normoalbuminurianormoalbuminuria and and 
increases AMPK activityincreases AMPK activity

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



The increased incidence of obesity-related glomerulop athy
(ORG) is plotted as a percentage of total native renal  biopsies 

received over a 15-year period.

The increased incidence of obesityThe increased incidence of obesity --related related glomerulopathyglomerulopathy
(ORG) is plotted as a percentage of total native renal  biopsies (ORG) is plotted as a percentage of total native renal  biopsies 

received over a 15received over a 15 --year period.year period.

Kambham N. et al., Kidney Int., 2001, 59, 1498-1509Kambham N. et al., Kidney Int., 2001, 59, 1498-1509



Obesity-Related GlomerulopathyObesityObesity --Related Related GlomerulopathyGlomerulopathy

Chen HM et al. Am J Kidney Dis 52:58-65.  2008



Obesity-Related GlomerulopathyObesityObesity --Related Related GlomerulopathyGlomerulopathy

Serra A et al. Kidney Int; (2008) 73, 947–955

Focal and 
segmental 

glomerulosclerosis

Global mesangial
matrix increase in 
both glomeruli

Hypertrophic podocytes that 
contain intracytoplasmic
droplets of fat resorption
(arrow) and prominent 

nucleoli (arrow)

Glomerulus with 
glomerulomegaly from an 

extremely obese patient and 
glomerulus without 

glomerulomegaly from a 
control of the same age

Electron microscopy. Large-
sized podocyte with 

intracytoplasmic lipids and 
focal foot process fusion 
(uranyl acetate and lead 
citrate stain, original 

magnification)

Mild fusion of podocytes and 
condensations of cytoskeletal

filaments with a parallel 
orientation to the glomerular

basement membrane



Obesity-associated focal segmental
glomerulosclerosis (OB-FSGS)

ObesityObesity --associatedassociated focalfocal segmentalsegmental
glomerulosclerosisglomerulosclerosis ((OBOB--FSGSFSGS))

• Proteinuria (frequently in nephrotic range)
• Lack of oedema, hypoalbuminemia, 

hypoproteinemia and lipds disorders
• Decrease GFR in 50%  patients

• Histopathology
– Glomerulomegaly
– FSGS

• Treatment:
• loss on weight,   ACEI / ARBs

•• Proteinuria (Proteinuria ( frequentlyfrequently inin nephroticnephrotic rangerange ))
•• Lack of Lack of oedemaoedema , , hypoalbuminemiahypoalbuminemia , , 

hypoproteinemiahypoproteinemia and and lipdslipds disordersdisorders
•• DecreaseDecrease GFR GFR inin 50%  50%  patientspatients

•• HistopathologyHistopathology
–– GlomerulomegalyGlomerulomegaly
–– FSGSFSGS

•• TreatmentTreatment ::
•• lossloss on on weightweight ,   ACEI / ,   ACEI / ARBsARBs

Praga M. et al., Nephrol. Dial. Transplant., 2001, 16, 1790-1798

Praga M. et al., Nephrol. Dial. Transplant., 2002, 17, 1157-1159

Praga M. et al., Nephrol. Dial. Transplant., 2001, 16, 1790-1798

Praga M. et al., Nephrol. Dial. Transplant., 2002, 17, 1157-1159



Per cent of 
normal 
glomeruli

Per cent of 
glomeruli with 
FSG lesions

Per cent of 
glomeruli with 
GGS

Glomerular
diameter (µm)

OB-FSG (n=15) 61±24 19±23 18±18 256±24

I-FSG (n=15) 57±20 24±12 18±20 199±26

P<0.001

Praga M. et al.: Nephrol Dial Transplant. 2001, 16, 1790-1798Praga M. et al.: Nephrol Dial Transplant. 2001, 16, 1790-1798

Renal biopsy findings in OB-FSFS and I-FSGSRenalRenal biopsybiopsy findingsfindings inin OBOB--FSFSFSFS and and II--FSGSFSGS



Renal survival (endpoints defined as doubling of serum crea tinine
or ESRD) over time in ORG, O-FSGS, and control I-FSGS

RenalRenal survivalsurvival ((endpointsendpoints defineddefined as as doublingdoubling of serum of serum creatininecreatinine
oror ESRD) ESRD) overover time time inin ORG, ORG, OO--FSGSFSGS, and , and controlcontrol II--FSGSFSGS

Kambham N. et al.: Kidney Int. 2001, 59: 1498-1509Kambham N. et al.: Kidney Int. 2001, 59: 1498-1509



Renal survival in patients with obesity-associated FSGS 
(OB.-FSGS) and idiopathic FSGS (I-FSGS)

RenalRenal survivalsurvival inin patientspatients withwith obesityobesity --associatedassociated FSGS FSGS 
((OB.OB.--FSGSFSGS) and ) and idiopathicidiopathic FSGS (FSGS (II--FSGSFSGS))

Praga M. et al.: Nephrol. Dial. Transplant., 2001, 16, 1790-1798Praga M. et al.: Nephrol. Dial. Transplant., 2001, 16, 1790-1798



Risk factors associated with 
glomerular lesions

in extremely obese patients and normal-weight control s

Risk factors associated with Risk factors associated with 
glomerularglomerular lesionslesions

in in extremelyextremely obeseobese patients and normalpatients and normal --weight controlsweight controls

Serra A et al. Kidney Int; (2008) 73, 947–955



Glomerular areas in extremely obese (EO) 
patients with orwithout sleep apnea syndrome 

(SAS) and in controls

GGlomerularlomerular areas in extremely obese (EO) areas in extremely obese (EO) 
patients with patients with orwithoutorwithout sleep apnea syndrome sleep apnea syndrome 

(SAS) and in controls(SAS) and in controls

Serra A et al. Kidney Internat (2008) 73, 947–955



Evolution of serum creatinine in obese vs normal weight
patients after unilateral nephrectomy

EvolutionEvolution of serum of serum creatininecreatinine inin obeseobese vsvs normalnormal weightweight
patientspatients afterafter unilateralunilateral nephrectomynephrectomy

Praga M. et al. Kidney Int., 2000, 58: 2111-2118Praga M. et al. Kidney Int., 2000, 58: 2111-2118

ObeseObese

NormalNormal weightweight



Probability of normal renal function in obese (dash ed line) 
andnonobese (solid line) patients (log-rank test, P , 0.001)

after unilateral nephrectomy.

Probability of normal renal function in obese (dash ed line) Probability of normal renal function in obese (dash ed line) 
andnonobeseandnonobese (solid line) patients (log(solid line) patients (log --rank test, rank test, P , 0.001)P , 0.001)

afterafter unilateralunilateral nephrectomynephrectomy ..

Praga M. et al., Kidney Int., 2000, 58: 2111-2118Praga M. et al., Kidney Int., 2000, 58: 2111-2118

ObeseObese

NormalNormal weighweigh



Evolution of proteinuria after ACE-I treatment in
obesity associated FSGS

EvolutionEvolution of proteinuria of proteinuria afterafter ACEACE--II treatmenttreatment inin
obesityobesity associated FSGSassociated FSGS

Praga M. et al., Nephrol. Dial. Transplant., 2001, 16: 1790-1798Praga M. et al., Nephrol. Dial. Transplant., 2001, 16: 1790-1798



Body weight and food intake in rats
treated with telmisartan, valsartan, or in untreated  controls

BBody ody weightweight and food intake in ratsand food intake in rats
treated with treated with telmisartantelmisartan , , valsartanvalsartan , or in, or in untreated controlsuntreated controls

Sugimoto K., et al., Hypertension, 2006, 47, 1003-10 09



Fat mass and serum leptin levels
in rats treated with telmisartan, valsartan or 

in untreated controls

Fat mass and serum Fat mass and serum leptinleptin levelslevels
in rats treated with in rats treated with telmisartantelmisartan , , valsartanvalsartan or or 

in untreatedin untreated controlscontrols

Sugimoto K. et al., Hypertension, 2006, 47, 1003-100 9



Changes in BMI ( ) and 
proteinuria (line) in

the (top) diet group and 
(bottom) control group.

Changes in BMI (Changes in BMI ( ) and ) and 
proteinuriaproteinuria (line) in(line) in

the (top) diet group and the (top) diet group and 
(bottom) control group.(bottom) control group.

Morales E. et al., Am. J. Kidney Dis., 2003, 41: 319 -327Morales E. et al., Am. J. Kidney Dis., 2003, 41: 319 -327



Telmisartan decrease albuminuria in
obese patients with hypertension

Telmisartan decrease albuminuria in
obese patients with hypertension

Redón i wsp. Pharmacogenomics J. 2005;5:14–20
** P<0,01 vs baseline

****



SummarizeSummarizeSummarize

• Obesity is important factor associated with:
– obesity-associated focal segmental

glomerulosclerosis (FSGS)

– progression of others already existing
(np. IgA nephropathy, ADPKD)

– progression of  kidney graft nephropathy

– Increase probability of preeclampsia

•• ObesityObesity isis importantimportant factorfactor associated associated withwith ::

–– obesityobesity --associatedassociated focalfocal segmentalsegmental
glomerulosclerosisglomerulosclerosis (FSGS)(FSGS)

–– progressionprogression of of othersothers alreadyalready existingexisting
(np. (np. IgAIgA nephropathynephropathy , ADPKD), ADPKD)

–– progressionprogression of  of  kidneykidney graftgraft nephropathynephropathy

–– IncreaseIncrease probabilityprobability of of preeclampsiapreeclampsia



Thank you for your attention!

Katowice



Conclusion:Conclusion:

Obesity has been shown to       
increase the risk of both the
development and the progression
of renal failure, even after
correction for other comorbid
conditions

Obesity has been shown to       
increase the risk of both the
development and the progression
of renal failure, even after
correction for other comorbid
conditions





• Szczury z nadci śnieniem samoistnym
i otyłe szczury Zucker wykazuj ą oporno ść
na efekt natriuretyczny leptyny
Villarved D. et al., Am. J. Physiol., 1998, 275, R20 56-R2060

•• Szczury z nadciSzczury z nadci śśnieniem samoistnymnieniem samoistnym
i otyi oty łłe szczury e szczury ZuckerZucker wykazujwykazuj ąą opornooporno śćść
na efektna efekt natriuretnatriuret yyccznyzny leptlept ynyyny
VillarvedVillarved D. et al., Am. J. Physiol., 1998, 275, R2056D. et al., Am. J. Physiol., 1998, 275, R2056 --R2060R2060

•• To osTo os łłabienie dziaabienie dzia łłania ania natnat riri ureturet yyccznegoznego ii
diuretdiuret yyccznegoznego leptynyleptyny momo ŜŜe bye byćć
spowodowanespowodowane przez wzrost podstawowej przez wzrost podstawowej 
aktywnoaktywno śści ukci uk łładuadu wspwsp óółłczulnego u tych czulnego u tych 
szczurszczur óóww lub stymulacjlub stymulacj ąą ukuk łładuadu
wspwsp óółłczulnego przez czulnego przez leptynleptyn ęę, , co prowadzi co prowadzi 
do nasilenia do nasilenia reabsorpreabsorp cjicji sodusodu
TrayhumTrayhum P. et al., Int. J. P. et al., Int. J. ObstrtObstrt . . RelatRelat . . MetabMetab . . DisordDisord . 1999, 23, 225. 1999, 23, 225--285285



1. U osób otyłych oporność na uszkadzające 

kłębuszki działanie leptyny

2. Glomerulopatia towarzysząca otyłości 

wykazuje znamienną zaleŜność od 

hiperfiltracji indukowanej zwiększonym 

poborem pokarmów oraz hipertriglicerydemii

Maddox D.A. i wsp., Kidney Int, 2002, 62, 208-219

1.1. U osU osóób otyb otyłłych opornoych opornośćść na uszkadzajna uszkadzająące ce 

kkłęłębuszki dziabuszki działłanie anie leptynyleptyny

2.2. GlomerulopatiaGlomerulopatia towarzysztowarzysząąca otyca otyłłoośści ci 

wykazuje znamiennwykazuje znamiennąą zalezaleŜŜnonośćść od od 

hiperfiltracji indukowanej zwihiperfiltracji indukowanej zwięększonym kszonym 

poborem pokarmpoborem pokarmóów oraz w oraz hipertriglicerydemiihipertriglicerydemii

Maddox D.A. i wsp., Kidney Int, 2002, 62, 208-219



StęŜenie adiponektyny
u hemodializowanych chorych (HD)

StStęŜęŜenie enie adiponektynyadiponektyny
u u hemodializowanychhemodializowanych chorychchorych (HD)(HD)

0

5

10

15

20

25

30

35

P < 0,001

27,9 ± 1,9

13,7 ± 0,9

HDHD HealthyHealthy subjectssubjects

nn 7171 3333

AgeAge ((yearsyears)) 47 47 ±± 22 50 50 ±± 22

Adiponectin
(µg/ml)

A. Więcek et al., Am J Soc Nephrol, 2002, 13, 498A



• Hamowanie układu RAS mo Ŝe zwiększać
liczb ę młodych, świeŜo zró Ŝnicowanych 
adipocytów które s ą bardziej 
insulinowra Ŝliwe ni Ŝ starsze, wi ększe
adipocyty

• Fakt ten mo Ŝe wyjaśniać obserwacje, Ŝe 
hamowanie układu RAS mo Ŝe zmniejsza ć
ryzyko rozwoju cukrzycy typu 2

•• Hamowanie ukHamowanie uk łładu adu RAS RAS momo ŜŜe zwie zwięększakszaćć
liczbliczb ęę mmłłodych, odych, śświewie ŜŜo zro zr óóŜŜnicowanych nicowanych 
adipoadipo ccytyt óóww ktkt óóre sre sąą bardziej bardziej 
insulinowrainsulinowra ŜŜliweliwe nini ŜŜ starsze, wistarsze, wi ęększeksze
adipocytadipocyt yy

•• Fakt ten moFakt ten mo ŜŜe wyjae wyja śśnianiaćć obserwacje, obserwacje, ŜŜe e 
hamowanie ukhamowanie uk łładu RAadu RA S S momo ŜŜe zmniejszae zmniejsza ćć
ryzyko rozwoju cukrzycy typu 2ryzyko rozwoju cukrzycy typu 2



Probability of negative proteinuria in obese (dashed
line) and nonobese (solid line) patients

ProbabilityProbability of of negativenegative proteinuria proteinuria inin obeseobese ((dasheddashed
lineline ) and ) and nonobesenonobese (solid (solid lineline ) ) patientspatients

Praga M. et al. Kidney Int 2000, 58: 2111-2118Praga M. et al. Kidney Int 2000, 58: 2111-2118



Rate of progression of renal insuciency (slope of GFR expressed

as the change in ml/min per year) in relation to high and low levels

of LDL cholesterol, in mmol/l, and the amount of urinary total

protein excretion, above and below a cut-o level of 3.0 g per 24 h.

RateRate of of progressionprogression of of renalrenal insuciencyinsuciency ((slopeslope of GFR of GFR expressedexpressed

as as thethe changechange inin ml/min per ml/min per yearyear) ) inin relationrelation to high and to high and lowlow levelslevels

of LDL cholesterol, of LDL cholesterol, inin mmolmmol/l, and /l, and thethe amountamount of of urinaryurinary totaltotal

protein protein excretionexcretion, , aboveabove and and belowbelow a a cutcut--oo levellevel of 3.0 g per 24 h.of 3.0 g per 24 h.

Samuelsson O i wsp., Nephrol Dial Transplant, 1997; 12 ; 1908-1915Samuelsson O i wsp., Nephrol Dial Transplant, 1997; 12 ; 1908-1915



Endothelin-1 expression in HUVECs is induced by leptin. HUVECs were incubated with various 
concentrations of leptin for 24 hours (A) and with 500ng/mL leptin for several time periods (B) 
to demonstrate dose- and time-dependent ET-1 induction. ET-1 content in cell culture 
supernatants was measured with ELISA. The results represent the mean±SEM of at least 3 
experiments. *P<0.05 compared with unstimulated HUVECs.

Endothelin-1 expression in HUVECs is induced by leptin. HUVECs were incubated with various 
concentrations of leptin for 24 hours (A) and with 500ng/mL leptin for several time periods (B) 
to demonstrate dose- and time-dependent ET-1 induction. ET-1 content in cell culture 
supernatants was measured with ELISA. The results represent the mean±SEM of at least 3 
experiments. *P<0.05 compared with unstimulated HUVECs.

Quehenberger P et al.: Circ Res. 2002, 90: 711-718Quehenberger P et al.: Circ Res. 2002, 90: 711-718



↑Molekuły adhezyjne ↑↑↑↑ MCP-1

↑↑↑↑ M-CSF

↓↓↓↓ NO

Endotelium

↑↑↑↑ IL-6

↑↑↑↑ CRP

↓↓↓↓ Adiponektyna ↑↑↑↑ Angiotensyna II ↑↑↑↑ TNFαααα

?

↑↑↑↑ Leptyna ↑↑↑↑ FFA

Tkanka tłuszczowa

↑↑↑↑

Chudek J., Wi ęcek A.,  Pharmacol. Rev., 2006

Wpływ czynników wytwarzanych przez tkank ę

tłuszczow ą na śródbłonek naczy ń

Wpływ czynników wytwarzanych przez tkank ę

tłuszczow ą na śródbłonek naczy ń



Wpływ leczenia telmisartanem lub 
walsartanem vs grupa kontrolna na obj ętość i 

liczb ę adipocytów u szczurów

WpWpłływ leczenia yw leczenia telmisartanemtelmisartanem lub lub 
walsartanemwalsartanem vsvs grupa kontrolna na objgrupa kontrolna na obj ęętotośćść i i 

liczbliczb ęę adipocytadipocyt óóww u szczuru szczur óóww

Sugimoto K et al. Hypertension 2006, 47, 1003-1009



Regulacja czynno ści układu sercowo-naczyniowego
przez AGT i Ang II uwalniane z tkanki tłuszczowej

Regulacja czynnoRegulacja czynno śści ukci uk łładu sercowoadu sercowo --naczyniowegonaczyniowego
przezprzez AGT AGT ii AngAng IIII uwalniane z tkanki tuwalniane z tkanki t łłuszczowejuszczowej

Adipose tissue

Large adipose depots Perivascular adipocytes

pAGT↑

Ang II

NE ↑

Blood pressure ↑

Ang II ↑ NE ↑

Vascular resistance ↑

Engeli S. et al., Horm. Metab. Res., 2000, 32, 490



Tkanka tłuszczowa uczestniczy w:Tkanka tTkanka t łłuszczowa uczestniczy w:uszczowa uczestniczy w:

• Regulacji łaknienia
• Regulacji ci śnienia t ętniczego
• Insulinooporno ści
• Angiogenezie
• Powikłaniach mia ŜdŜycowych
• Zaburzeniach hemostazy i hematologicznych
• Regulacji układu odporno ściowego
• Regulacji funkcji neuroendokrynnych
• Glomerulopatii zale Ŝnej od otyło ści 

Dlatego teŜ przemiany zachodzące w tkance tłuszczowej 

powinny interesować równie Ŝ nefrologa !

•• Regulacji Regulacji łłaknieniaaknienia

•• Regulacji ciRegulacji ci śśnienia tnienia t ęętniczegotniczego

•• InsulinoopornoInsulinooporno śścici

•• AngiogenezieAngiogenezie

•• PowikPowik łłaniach miaaniach mia ŜŜddŜŜycowychycowych

•• Zaburzeniach hemostazy i hematologicznychZaburzeniach hemostazy i hematologicznych

•• Regulacji ukRegulacji uk łładu odpornoadu odporno śściowegociowego

•• Regulacji funkcji neuroendokrynnychRegulacji funkcji neuroendokrynnych

•• GlomerulopatiiGlomerulopatii zalezaleŜŜnej od otynej od oty łłoośści ci 

Dlatego teDlatego teŜŜ przemiany zachodzprzemiany zachodząące w tkance tce w tkance tłłuszczowej uszczowej 

powinny interesowapowinny interesowaćć rróówniewnie ŜŜ nefrologanefrologa !!



Rola leptyny w patogenezie przewlekłej 
choroby nerek (CKD)

RRolol aa leptlept ynyyny w patogenezie przewlekw patogenezie przewlek łłej ej 
choroby nerek (CKD)choroby nerek (CKD)

• Leptyna stymuluje proliferacj ę komórek 
śródbłonka kł ębuszków nerekowych
zarówno in vitro jak i in vivo oraz 
transkrypcj ę i sekrecj ę TGRβ1 – cytokiny 
uczestnicz ącej w procesie włóknienia

• Podawanie leptyny u szczurów powoduje 
białkomocz oraz rozplem komórek 
macierzy kł ębuszków nerkowych
Wolf G. et al., Kindey Int., 1999, 56, 860-872

•• LeptLept ynayna stymuluje proliferacjstymuluje proliferacj ęę komkom óórek rek 
śśrróódbdb łłonka konka k łęłębuszkbuszk óów w nerekowychnerekowych
zarzaróówno wno inin vitro jak i vitro jak i inin vivo oraz vivo oraz 
transtrans kkrryyppcjcjęę i sekrecji sekrecj ęę TGRTGRββ11 –– cytokincytokin y y 
uczestniczuczestnicz ąącej w procesie wcej w procesie w łłóóknieniaknienia

•• Podawanie Podawanie leptynyleptyny u szczuru szczur óów powoduje w powoduje 
biabia łłkomocz oraz rozplem komkomocz oraz rozplem kom óórek rek 
macierzy kmacierzy k łęłębuszkbuszk óów nerkowychw nerkowych
Wolf G. et al., Wolf G. et al., KindeyKindey Int.Int. ,, 1999, 56, 8601999, 56, 860--872872



Liczba chorych u których wyst ępuje białkomocz w kolejnych 
latach po jednostronnej nefrektomii u osób otyłych

Liczba chorych u ktLiczba chorych u kt óórych wystrych wyst ęępuje biapuje bia łłkomocz w kolejnych komocz w kolejnych 
latach po jednostronnej nefrektomii u oslatach po jednostronnej nefrektomii u os óób otyb oty łłychych

Praga M. et al. Kidney Int., 2000, 58: 2111-2118Praga M. et al. Kidney Int., 2000, 58: 2111-2118



PodsumowaniePodsumowaniePodsumowanie

• W leczeniu uszkodzenia nerek w przebiegu 
otyło ści korzystny wpływ wywiera:

– Zmniejszenie (normalizacja) masy ciała
– Inhibitory konwertazy (prylaty, ACEi)
– Blokery receptora AT 1 dla AII (sartany, ARBs); 

szczególnie korzystne działanie telmisartanu
– Blokery receptora mineralokortykoidowego

(badania do świadczalne z eplerenonem)
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–– Zmniejszenie (normalizacja) masy ciaZmniejszenie (normalizacja) masy cia łłaa
–– Inhibitory Inhibitory konwertazykonwertazy ((prylatyprylaty , , ACEiACEi ))
–– BlokeryBlokery receptora ATreceptora AT 11 dla AII (dla AII ( sartanysartany , , ARBsARBs ); ); 

szczegszczeg óólnie korzystne dzialnie korzystne dzia łłanie anie telmisartanutelmisartanu
–– BlokeryBlokery receptora receptora mineralokortykoidowegomineralokortykoidowego
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Obesity- the public health problem in
Western Countries

ObesityObesity -- thethe public health problem public health problem inin
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however:
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Adjusted survival-curve obtained from a Cox proportional

hazard analysis for two levels of baseline triglycerides (Tg) 

in patients with PCKD and GN 

AdjustedAdjusted survivalsurvival--curvecurve obtainedobtained fromfrom a Cox a Cox proportionalproportional

hazard hazard analysisanalysis for for twotwo levelslevels of of baselinebaseline triglyceridestriglycerides (Tg) (Tg) 

inin patientspatients withwith PCKD and GN PCKD and GN 

Massy ZA i wsp., Nephrol Dial Transplant, 1999; 14; 2 392-2397Massy ZA i wsp., Nephrol Dial Transplant, 1999; 14; 2 392-2397



The most important adipokines, chemokines release by 
adipocytes and matrix of adipose tissue responsible for CV 

and renal disease (1)

TheThe most most importantimportant adipokinesadipokines , , chemokineschemokines releaserelease by by 
adipocytesadipocytes and and matrixmatrix of of adiposeadipose tissuetissue responsibleresponsible for CV for CV 

and and renalrenal diseasedisease (1)(1)
• PA I-1
• TGF-β
• Tissue factor (TF)
• Complement factors (e.g. adipsin)
• Adipocyte complement- related protein (Adipo-a)
• TNF-α
• Acylation stymulation protein (ASP)
• Agouti Protein
• Angiotensinogen, Renin, ACE
• Chymase, cathepsin D,G
• Angiotensin II
• Prostaglandins (PGI2, PGF2α)
• Insulin growth factor-1 (IGF1)



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

Pooled RR and 95% CI of KD in 18 general population cohort studies according to 
BMI categories



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

•In this retrospective cohort study of 320 252 adults who were
followed for 15 to 35 years, the rate of ESRD increased in
stepwise manner as body mass index (BMI) increased.

•Age-, sex-, and race-adjusted rates of ESRD increased from 
10 per 100 000 person-years among those with normal 
weight (BMI, 18.5 to 24.9 kg/m2) to 108 per 100 000 among 
those with extreme obesity (BMI  40 kg/m2). 

•This relationship was not affected by blood pressure
levels or diabetes

Implications

High BMI is a potentially modifiable risk factor for ESRD.



• Vascular endothelial growth factor (VEGF)
• Macrophage inhibitor factor (MIF)
• Sex hormones (in women: testosterone, estradiol

and estrone)
• Glucocorticoids
• Leptin
• Adiponectin
• Resistin
• Visfatin
• IL-6
• NO
• PPAR-γ
• Atrial natriuretic peptide (ANP)

•• Vascular endothelial growth factor (VEGF)Vascular endothelial growth factor (VEGF)
•• Macrophage inhibitor factor (MIF)Macrophage inhibitor factor (MIF)
•• Sex hormones (in women: testosterone, Sex hormones (in women: testosterone, estradiolestradiol

and and estroneestrone ))
•• GlucocorticoidsGlucocorticoids
•• LeptinLeptin
•• AdiponectinAdiponectin
•• ResistiResisti nn
•• VisfatinVisfatin
•• ILIL--66
•• NONO
•• PPPARPAR--γγ
•• AtrialAtrial natriureticnatriuretic peptide (ANP)peptide (ANP)

The most important adipokines, chemokines release by 
adipocytes and matrix of adipose tissue responsible for CV and 

renal disease (2)

TheThe most most importantimportant adipokinesadipokines , , chemokineschemokines releaserelease by by 
adipocytesadipocytes and and matrixmatrix of of adiposeadipose tissuetissue responsibleresponsible for CV and for CV and 

renalrenal diseasedisease (2)(2)


