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Obesity - the public health problem
In Western Countries
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BMI trends among U.S. adults 1988-2008

National Health and Nutrition Examination Survey (USA)

| BMI > 30 kg/m?2
NHANES Il |

1988-1994 = NHANES III 1988-1994 — 23%

= NHANES 1999-2000 -31%

| NHANES
1999-2000

* Projected 2008 - 39%

Projected 2008

Y

Hill J.0. et al., Science, 2003, 299, 853-855
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Prevalance of obesity (BMI >30 kg/m 2) among incident
dialysis patients by year of dialysis inittiation in USA

—X— Total
—— Men
—A— Women

ESRD population (%)

1995 1996 1997 1998 1999 2000 2001 2002

Year of dialysis initiation

Kramer H. Contrib Nephrol, 2006:151




Prevelence of CKD by BMI categories

National Health and Nutrition Examination Survey 1999-2000 (n=5897)

B Stage 1 CKD

[0 Stage 2 CKD
B GFR<60 I
H T I_I I I_I |

<18.5 18.5-24.9 25-29.9 =30
BMI categories (kg/m?)

Population (%)

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




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

diabetic U.S population

Prevalence (%)

O CKD
M Microalbuminuria

1 2 3 4

Number of metabolic syndrome traits

Kramer H., Contrib. Nephrol., 2006, 151, 1-18
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Association between obesity and kidney disease:
A systematic review and meta-analysis

Kidney Int. 2008; 73 18-23

Y Wang', X Chen', ¥ Song®, B Caballero' and LU Cheskin'

"Center for Human Nutrition, Department of International Health, Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, Maryland, USA and “Division of Preventive Medicine, Department of Medicine, Brigham and Women's Hospital and Harvard

Medical 5chool, Boston, Massachusetts, USA

This study aimed to com prehensively assess epidemiologic
evidence on the relation between obesity and kidney disease
(KD). From 247 retrieved articles via PubMed (1980-2006), 25
cohorts, 3 cross-sectional, and 19 case-control studies met
inclusion criteria. Related data were extracted using a
standardized protocol. We estimated the pooled relative risk
(RR) and 95% confidence interval (95% Cl) of KD for each
body mass index (BMI) category compared with normal
weight using meta-analysis models. Population attributable
risk was also calculated. Compared with normal-weight
individuals {18.5 < BMI < 25}, overweight individuals
(25 = BMI = 30) had elevated risk for KD (RR = 1.40;: 95% ClI
1.30-1.50); obese individuals were at much higher risk
(RR = 1.83 (1.57-2.13]). Obesity in women was associated

ith a higl isk tl . (RR — 1,92 (1.78-2.07 1,49
(1.36-1.63); P<<0.001). Results from cohort studies in patient
populations and cross-sectional and case—control studies all
indicated a positive association between BMI and risks for KDJ
outcomes. We estimated that 24.2% and 33.9% of KD cases
among US men and women, respectively, and in
industrialized countries, 13.8% in men and 24.9% in women,
could be related to overweight and obesity. Obesity increases
the risk for KD in the general population, and the association|
appears to be stronger in women than in men. Obesity
adversely affects the progress of KD among patients with

kidney-related diseases.
Kidney International (2008) 73, 19-33; doi10.1038/5) ki 5002586;

Obesity is known to increase the risk of a number of chronic
diseases.'™ The growing worldwide obesity epidemic has
become a public health crisis, affecting many countries. In the
United States, obesity is now the second leading cause of
preventable disease and death, surpassed only by smoking.
There has been increasing interest on the role of the obesity
epidemic on risk of kidney disease (KD )*™® in part because of
the concurrent dramatic rise in the prevalence of end-stage
renal disease {ESRD),” which has more than doubled in the
past decade.® The number of patients living with ESRD is
projected to reach 650000 by 2010 in the United States,
accounting for $28 billion in medical care expenditures.”
Interventions to prevent KD and its progression to
ESRD have the potential to save many lives as well as
decrease health-care costs.'” Identifving modifiable risk
factors for KD is critical in order to develop effective,
population-based strategies.''™ As obesity is closely asso-
ciated with the two most common causes of ESRD,
namely type IT diabetes and hypertension, it may increase
the risk of ESRD."™" Available data suggest that the
incidence of some KD outcomes vary greatly across different
regions of the world that have different prevalence of obesity,
suggesting that obesity may be an important risk factor for
KD.'"2* For example, the incidence of renal cell cancer
{RCC) varies more than 10-fold in different regions of the
world. It is the highest in North America, and lowest in
Asia®® Two major obstacles to prospectively studying risk



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

Stengel (2003)
Gelber (2005)
Iseki (2004)
Hsu (2006)
Taylor (2005)
Taylor (2005)
Taylor (2005)
Calle (2003)
Rapp (2005)
Pischon (2006)
Oh (2005)
Bjorge (2004)
Chow (2000)
Health (1997)
Nicodemus (2004)
Flaherty (2005)
Flaherty (2005)
Tozawa (2002)

Pooled RR

Overweight (255BMI<30) vs normal weight

Abbreviation

CKD: chronic kidney disease
ESRD: end-stage renal disease
KS: kidney stone

KC: kidney cancer

RCC: renal cell carcinoma

8888888800060 0

I
2 RR (95% cl) 5

Test for heterogeneity: @=37.11, P=0.003; Pooled BR (85% ClI): 1.40 (1.30-1.50).

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



Association between obesity and kidney disease based on cohort
studies in the general populations —
obesity (BMI>30) vs normal weight .

b

Stengel (2003) -
Hsu (2006) —

Taylor (2005) =
Taylor (2005) =
Taylor (2005) -
Calle (2003) -
Rapp (2005) -
Pischon (2006) -
Oh (2005) —

Bjorge (2004) =
Chow (2000} -
Health (1997) -
Nicodemus (2004) -
Flaherty (2005) —

FPooled RR =

Obesity (BMI=30) vs normal weight

CKD

ESRD
KS
KS
KS

KC
KC

RCC

RCC

RCC

RCC
RCC

RCC

RCC

T
0.5

T
HR (95% cl) 2

Test for heterogeneity: Q=40.96, P=0.001; Pooled RR {95% CI): 1.83 (1.57-2.13).

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



Adjusted relative risk for end -stage renal
disease (ESRD) by body mass index (BMI )
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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
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Adjusted HR ( 95% Cl)*

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 BMI !

® 445
2.30
it 11.59
)

<-0.75 0. 75~-0.251 0.25~0.249 0.25~0.749

Weight change category (kg/year)

"
SR

<=0.75 0. 75~=0.251 -0.25~0.249 0.25~0.749

Weight change category (kgfyear)

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 exercisen

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




Overweight significantly increase risk of IgA nephropathy
progression

i'l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

BMI 2 25 kg/m?

2.3 3 7.5 10 12,5 15 17.5 20

Time since onset of the renal disease (years

CRF-free survival rate according to the presence of an elevated BMI
at the initial renal biopsy.
Bonnet F et al., Am. J. Kidney Dis., 2001, 37: 720-727




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




Relative risk for graft loss by BMI

n=51,927
Events = 15,676

*p<0.005
Overall p<0.001

Relative risk

D O A D © o
Q° o) ov o of o
qg:’ q,%’ ,bQ{ Q;L’ (bb:’ 7

BMI (kg/m?)

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




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

tors

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)

Sample Size'Mo. of
Patierts With CKD

BMI Category

OR (95% CI)

Pfor Trand

Cnverall
Age- and sex-adjusted”

Multivariable-adjusted+

Hypertension free
Age- and sex-adjusted”

Multivariable-adjustedt

Diabetes free
Age- and sex-adjusted”

Multivariable-adjustedt

Free of prevalent CVD
Age- and sex-adjusted”

Multivariable-adjustedt

2 B78/212

2147126

2632196

2,626M197

Overweight
Chese
Cwerweight
Chasa

Cwerweight
Obease
Overweight
Obese

Overweight
Ohese
Overweaight
Ohese

Overweight
Obese
Overweight
Obese

1.29 (0.931.81)
1.68 (1.10-2.57)
1.06 (0.75-1.50)
1.09 (0.69-1.73)

1.09 (0.721.87)
1.70(0.95-3.03)
0.91(0.59-1.41)
1.10(0.59-2.08)

1.31(0.93-1.84)
1.25 (0.78-2.01)
1.10(0.77-1.56)
0.87 (0.53-1.44)

1.32 (0.93-1.86)
1.77(1.15-2.73)
1.05 (0.73-1.52)
1.10(0.691.77)

0.0

0.7

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




Comparison between the impact of body mass index (BMI) on
all-cause mortality In the general population versus the
maintenance hemodialysis population — OBESITY PARADOX
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_ === General population
—— Hemodialysis™*

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




WHR, but not BMI, IS associated with cardiac

events in p atients with CKD
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Elsayed E et al. Am J Kidney Dis. 2008, 52 :49-57.




Population attributable risk ~ (PAR) of KD due to overweight and obesity in the
United States and industrialized countries — elimination of overweight and
obesity can decrease Iincidence of kidney disease about 30%

UsA®

All Men Women All Men Women

Industrialized countries®

Prevalence (%)
Dverweight 341 39.7 28.6 336 38.1 293
Obesity 32.2 311 33.2 16.6 12.9 20.1

PAR (%) of overall KD
Overweight 120 11.0 10.5
Obesity 21.1 13.2 23.4
Total 331 24.2 339

FPAR (%) of non-kidney cancer/RCC
Overweight 125 19.0 121
Obesity 23.4 93 24.7
Total 360 283 36.8

PAR (%) of kidney cancer/RCC
Overweight 0.6 77 0.8 0.4 7.4 10.0
Obesity 186 14.2 22.4 10.5 G.4 149
Total 282 218 32.2 20.0 13.8 249

IOTF, International Obesity Task Force; KD, kidney disease; NHANES, National Health

and Mutrition Examination Surveys; PAR, population attributable risk; RCC, renal cell

carcinoma. Wang Y, et al.,

*RRs were based on our meta-analysis [see Table 3). H

A ; y . Kidney Int.,
Prevalence estimates were based on NHANES 2003-2004 data.

“Prevalence estimates were based on IOTF's estimates. 2008; 73 18-23




Potential mechanisms of renal injury in patients with
obesity and obesity Initiated metabolic syndrome

Diabetes Hypertension

mellitus

Hemodynamic
factors

N
/<1>\.

Lipotoxicity

Inflammation <« » Insulin resistance —»

Wahba |.M. et al. Clin. J .Am. Soc. Nephrol ., 2007; 2: 550-562




Hemodynamic factors: Obesity and renal hemodynamic

’- Overweight O Learﬂ

Non-hypertensives Hypertensives Studies
. g showing the
’ impact of
overweight
and obesity on
GFR,ERPF, FF

[41] [486] 2] [40] [45] [41] [46]
Reference

Non-hypertensives Hypertensives
sk

dahl

[41] [46] [40] [45] [41] [46]

Reference Bosma et al.
Non-hypertensives . Hypertensives Contrib

[ - Nephrol,

2006:151
[41] [46] [2] [40] [45] ' [41] [46]

Reference




Obesity and ranal hemodynamic, renal
reabsorbtion and neurohormonal activity

Renal
Arterial Cardiac sympathetic Plasma Na* Renal tubular
Model pressure Heart rate output activity renin activity balance reabsormption GFR®

Obese rabbits 1 1
(high fat diet)

Obese dogs 1
(high fat diet)

Obese humans 1 1

GFR, glomerular filtration rate. *The GFR changes refer to the early phases of obesity before major loss of nephron functien has occurred.

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




Hemodynamic consequences of obesity leading to
hyperfiltration and hypertension

Obesity
¥ ; ¥ ¥
t FFA Renal Nephron number/

Insulin parenchymal body size mismatch
resistance compression

' }
v
Sympathetic Slow tubular flow
stimulation l
v ¥
- RAS » t Proximal >distal
HTN - ! Na reabsorption

v v

EA constriction AA dilation

:

Hyperfiltration

Glorne*ulome-galy

. & : AA, afferent arteriole;
ix z'““m EA, efferent arteriole

Glomerulosclerosis

Wahba |.M. et al. Clin. J. Am. Soc. Nephrol ., 2007; 2: 550-562




Mechanism for insulin resistance In
metabolic syndrome

High Caloral Low Physical
High Fat Activity

Visceral obesity

Insulin Resistance

e Stirnulation
A== |nhibition

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




Adipose tissue as an endocrine organ

Adipose tlssue
Aberrant signaling in obesity
reinforced by renal dysfunction

\ .

Cytokines
& IL-6&, TNF-o
A Resistin Liver
Adipokines A Visfatin A CRP
A Free fatty acids \
A | eptin, adiponectin

Blood lipids and glucose
A AH5GT

A Insulin resistance
& Triglycerides
¥ HDL cholesteral

Muscle tissue
A Insulin resistance
A Catabolic state
Cardlovascular system
A Blood pressure
& Pro-atherogenic phenotype
A& Adhesion melecules
& Endothelial dysfunction?

Axelsson 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)

Apelin

Obestatin

PA I-1

TGF-f3

Tissue factor (TF)

Complement factors (e.g. adipsin)
TNF-a

Acylation stymulation protein (ASP)
Agouti Protein

Angiotensinogen, Renin, ACE
Chymase, cathepsin D,G
Angiotensin |l

Prostaglandins (PGIl2, PGF2a)
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)

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-y

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 ( TPAI)

® Haematologic effects

TNFkB

Adipocytes

Obesity

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




Obesity and kidney

Pathogenic factors

Hypertension

RAA and SNS activation

nsulin resistance / diabetes mellitus
Hyperlipidemia (mesangium
proliferation )

Hyperleptinemia
Hypoadiponectinemia

ncrease d abdominal - pressure




Obesity and kidney

Pathogenic factors

Glomerular hyperfiltration
Endothelial proliferation in glomeruli

Increase TGF-B1 production by
endothelial cells in glomeruli

Overexpression TGF 8 receptors on
mesangial cells

Increase collagen type IV deposition In
glomerular matrix

Increase angiogenesis




Mechanism of kidney injury caused by obesity

Abdominal obesity/insulin resistance

— N

Tinsulin ~ TFFAs and TG TSNS and RAAS activity TInflammation
TGlucose HDL LANP activity TThrombosis

v v

Tintrarenal LRVR, TRBF
hydrostatic ~ TGFR
pressure TFiltration fraction

l l
T NaCl reabsorption —» HTN

)

T Tubuloglomerular feedback

J{ RVR
Impaired pressure natriuresis

!
Hyperfiltration

v v v

TGlomerular permeability Endothelial injury
Lipotoxicity TMesangial matrix

Atherosclerosis Tubulointerstitial fibrosis

Proteinuria
CKD/ESRD

Thakur V et al. Contrib Nephrol, 2006:151




Potential mechanisms of renal dysfunction related t 0
Inflammatory cytokines and  lipotoxicity in obesity and
obesity Initiated metabolic syndrome

| Adiponectin t IL-6, 1 TNF-a, . _
t Resistin, 1t MCP-1, 1 PAI-1, Insulin resistance
t RAS

Leptin
resistance

$ 1 PPARs t SREPBs

ol DL R ¢ ’
L 2 ¥

1 TG efflux t TG t FFA uptake
1 Cholesterol | FFA cxidation

‘ Hyperfiltration

Hemodynamic
factors

Mesangial cells t Intracellular TG
& cholesterol

t Intracellular FFA l

Albuminuria

f TGF-f, t PAI-1, Ceramide (FFA-rich albumin) |
t TNF-a, t IL-5 DAG l

* .._‘_\‘ Fatty acyl CoA

Mesangial Endothelial v Tubular cell injury
cell injury dysfunction Renal cqll Podocyte injury
t Mesangial Atherosclerasis apoptosis

e matrix \ Podocyte injury /

"
Glomerulosclerosis
Tubulointerstitial fibrosis

Wahba |.M. et al. Clin. J. Am. Soc. Nephrol ., 2007; 2: 550-562



Cardiovascular and reanal effects of leptin

Adipose
Tissue

UnaV 1
Heart rate 7 (chronic effect) (acute effect)
blood pressure T blood pressure |
Engeli S. et al. Horm Metab Res, 2000; 32; 490




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

0125 0,25
Leptin dose (mo'kg)
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Bettowski J. et al., Med Sci Monit, 2002; 8(6): BR221 -229




Leptin effect on kidney function in obese and lean rats

: control
I et

e
=
1

ol
=
1

Diuresis (pmd Kg/min)
Matriuresis (umol ko‘min)

L
=
1

[a
=
1

[}

Nat Kt -ATPase activity (umd Pijfmo proteinhour)

Bettowski J. et al., Med Sci Monit, 2002; 8(6): BR221 -229




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

Mean arterial pressure {mmHg)

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



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

Visceral Adipocytes TG -tubulo-glomerular

5 \\

Compress

the kidney TI"IF -0 Aldi;—;?:&shg
HEFA Annintensinngen ctors

/

Increased interstitial hsulin resistance  de— *"'l“E i}
hydrostatic pressure }

Hyperinsulinaemia \
4 -
Increased tubular
Sodium Hﬂahsnrpﬂﬂn

!

Sodium retention
m Fﬂﬂdbﬂﬂk Glomerular, __ (s |buminuria
-I- pertensio CKD
Salt-sensitive

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




Chudek J.,Adamczak,M., Nieszporek

T., Wiecek A. - - - .| Sleep apnoea
Contrib. Nephrol., 2006; 151, 70 Visceral adiposity syndrome
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Obesity and impaired renal function
Increase adipokines concentration

Acdiposity Renal failure

g

Leptin T Adiponectin T

Interlaukin-6 T Visfatinr ResistinT Tumaor-necrosis factor T

d g 4

Vasculature Central nervous systam Musele issue

- Endethelial activation - Anorexia = Insulin resistance
- Dxicdative stress - Depression - Muscle breakdown
+ Inflammation * Increased REE = Lipid accumulation

» Waseular caleification » Sympathatic
overactivity

Axelsson J, Stenvinkel P. Curr Opin Nephrol Hyperten 2008; 17: 25-31
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FIG. 1. Scatterplot of TGF-g, plasma levels in nonobese (n = 29),
overweight (n = 29), and obese (n = 46) hypertensive patients.
TGF-B, = transforming growth factor-p;.

Porreca 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).

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




Leptin -induced proliferation
(M) Glomerular Endothelial Cells; ((]) mesangial cells;

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

L

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



Leptine increase TGF- 1 expression
In endothelial glomerular cells
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Wolf G. et. al. Kidney Int. 1999, 56, 860 -872




Leptin and renal fibrosis

Leptin

+ -
TTGF-B type |l

Glomerular
endothelium

receptors

Mesangial cell

Collagen synthesis /
Glomerulosclerosis

Proteinuria
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 low
basal proliferation in normal glomeruli (A). In contrast , Iin
leptin -infused animals PCNA-expressing cells are found In
glomeruli (arrow ; B)

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




Relationship of proteinuria and weight
changes in diet -group patients

R=0.62, p<0.01
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Morales E. et al., Am. J. Kidney Dis., 2003, 41: 319 -




Leptin induced proteinuria —effect of 3 weeks leptin inf
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Wolf G. et. al. , Kidney Int. ,/1999, 56, 860-872




® Adponectin serum concentration and mRNA
expression are decreased in:

®* Obese

* Diabetes mellitus

* Hypertension

* Coronary artery disease

® PPRYy activators , ACEI, ARBs, rilmenidine
rlbonabant — increase adponectin -serum
concentration -and mRNA expression

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




l PDGF-BB

l lipids accumulation

l FGF
in monocyte derived T glucose

macrophages utilization

l transformation of T fatty acid

macrophages into o
foam cells oxidation

l scavenger T insulin

receptors signalling

l superoxide T glucose

uptake

l VCAM-1

l ICAM-1 l gluconeogenesis

l E-selectin

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 .

r==0.6392
p = 0.0024
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Sharama K J. Clin. Invest. 118:1645-1656 (2008)




Ad—/— mice exhibit increased albuminuria
oxidant stress, and podocyte dysfunction

Urine ACR
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Sharama K J. Clin. Invest. 118:1645-1656 (2008)




Adiponectin Inhibits permeability across a
podocyte monolayer

Direct action of adiponectin on podocytes independent of the
systemic and/or metabolic effects of adiponectin
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Sharama K J. Clin. Invest. 118:1645-1656 (2008)




AMPK activity Is increased by adiponectin and
regulates podocyte permeability

NG HG NG HG

NG — normal glucose
*HG — High glucose
*ACAR - AMPK activator
*ARA - AMPK inhibitor

P-AMPK/IAMPK 0O
o o o
[%) w

o
Albumin Permeability (v)
0,

0.
NG HG NG HG Control gAd AICAR ARA/ gAD ARA
+gAd +gAd

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




Z0-1 (tight junction protein) localization is regulated
by adiponectin and AMPK in podocytes

NG — normal glucose
*HG — High glucose
*ACAR - AMPK activator
*ARA - AMPK inhibitor
ok

NG + gAd NG + ARA

w
(=]
L

NG NG NG HG HG HG
+gAd +ARA +gAd +AICAR

HG + AICAR

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




Adiponectin restores normoalbuminuria
Increases AMPK activity

=11
o
]

8

Urine ACR
(ng/mg)

Foot process effacement (%) ©

WT Ad- Ad-- Ad-- Ad-- Ad-- Ad-- : s A A
gAd fAd AICAR DM DM/fAd 9

Number P-AMPK cells
Iglomerulus

Ad-/- gAd
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The increased incidence of obesity -related glomerulopathy
(ORG) Is plotted as a percentage of total native renal biopsies
received over a 15 -year period.

&=
o
@
@
o
k=,
!
[
c
e
O
=
T
c
[
=
|—.

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




Obesity -Related Glomerulopathy

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




Obesity -Related Glomerulopathy

Focal and
segmental
glomerulosclerosis

Hypertrophic podocytes that
contain intracytoplasmic
droplets of fat resorption

(arrow) and prominent
nucleoli (arrow)

Electron microscopy. Large-
sized podocyte with
intracytoplasmic lipids and
focal foot process fusion
(uranyl acetate and lead
citrate stain, original
magnification)

Global mesangial
matrix increase in
both glomeruli

Glomerulus with
glomerulomegaly from an
extremely obese patient and
glomerulus without
glomerulomegaly from a
control of the same age

Mild fusion of podocytes and
condensations of cytoskeletal
filaments with a parallel
orientation to the glomerular
basement membrane

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




Obesity -assocliated focal segmental
glomerulosclerosis (OB-FSGS)

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

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




Renal biopsy findings in OB-FSFS and |-FSGS

Per cent of Per cent of Per cent of Glomerular
normal glomeruli with glomeruli with diameter (um)
glomeruli FSG lesions GGS

OB-FSG (n=15) 256424

I-FSG (n=15) 199+26
P<0.001

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




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

ORG (all) vs. O-FSGS:
(8) ORG (7) P=0.34
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ORG (all) vs. I-FSGS: P=0.023
O-FSGS vs. I-FSGS: P=0.049

36 48 60
Time, months
Kambham N. et al.: Kidney Int. 2001, 59: 1498-1509




Renal survival In patients with obesity -associated FSGS
(OB.-FSGS) and idiopathic FSGS (I-FSGS)
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Risk factors associated with
glomerular lesions

In extremely obese patients and normal -weight controls

Univariate Multivariate®

OR 95% Cl OR 95% Cl

Gender (male) 1.79 (0.90-3.57) —

Age (years)® 1.00 (0.73-1.37) —

BMI (kgm 4 1.99 (1.59-2.50) 1.99 (1.59-2.50)
dystolic blood pressure (mmHg)" 15T (1.15-1.95)

Diastolic blood pressure (mm Hg)* 143 (1.05-1.96)

Serum fasting glucose (mmol| ") 1.29 (0.96-1.74)

Serum total cholesterol (mmol| ) 1.21(0.84-1.74)

Smoker 0.77 (0.35-1.68)

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



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

Obese {1 E} (13)

(45) (280 U7} (7

(53)

Normal weight

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



Probability of normal renal function in obese (dash ed line)
andnonobese (solid line) patients (log -rank test, P, 0.001)
after unilateral nephrectomy .
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Praga M. et al., Kidney Int., 2000, 58: 2111-2118



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

Proteinuria
(g/24h)

20

18 -
16 -
14 -
12 =
10

months
Praga 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

Body Weight Food Intake

Control
Valsartan

*
Telmisartan

(g/100g body weight/day)

0o 2 4 6 8 10 12
Weeks of Study

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




Fat mass and serum leptin levels
In rats treated with telmisartan , valsartan or
INn untreated controls

A Subcutaneous Fat Visceral Fat Serum Leptin
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2 2

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.

BMI (Kg/m2)
PROTEINURIA (g/24h)

=
— g
“é‘ )
S <
T
X >
E ] E
TT]
= =
O
1
0oL

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




Telmisartan decrease albuminuria in
obese patients with hypertension
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Summarize

e 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




Thank you for your attention!
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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







® Szczury z nadci snieniem samoistnym
| oty te szczury Zucker wykazuj g oporno sc¢
na efekt natriuret yczny leptyny
Villarved D. et al., Am. J. Physiol., 1998, 275, R2056 -R2060

To ostabienie dzia tania natriuretycznego |

diuret ycznego leptyny moze byc
Spowodowane przez wzrost podstawowe]
aktywno sci uk tadu wsp otczulnego u tych
szczur ow lub stymulac] g uktadu

wWsp otczulnego przez leptyn e, co prowadzi
do nasilenia reabsorp cji sodu

Trayhum P. et al., Int. J. Obstrt . Relat. Metab. Disord . 1999, 23, 225-285




1.

U osob otylych opornosc na uszkadzajace
ktebuszki dziatanie leptyny

Glomerulopatia towarzyszaca otyfosci

wykazuje znamienna zaleznosc od
hiperfiltracji indukowanej zwiekszonym
poborem pokarmow oraz hipertriglicerydemii

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



Stezenie adiponektyny
u hemodializowanych chorych (HD)

li P<0,001 —
Adiponectin

(ugm) -] 27.9+1,9

30 A

25+

20 A

13,7 +£0,9

15+

10+

5_

Q)

HD

Healthy subjects

n 71

33

Age (years) 47 + 2

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

50 + 2




® Hamowanie uk tadu RAS moze zwiekszac
liczb @ mtodych, swiezo zroznicowanych
adipo cytow ktore sq bardziej
iInsulinowra zliwe niz starsze, wi eksze
adipocyt y

® Fakt ten mo ze wyjasniac obserwacje, ze
hamowanie uk tadu RA'S moze zmniejsza €
r'yzyko rozwoju cukrzycy typu 2




Probability of negative proteinuria In obese (dashed
line ) and nonobese (solid line) patients
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Praga 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.
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Samuelsson O i wsp., Nephrol Dial Transplant, 1997; 12 ; 1908-1915



-fold induction
-fold induction

unstimulated 5 50 100 500 ng/mi leptin nsimiated 6 14 24 48 hours

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: 711-718




Wptyw czynnikow wytwarzanych przez tkank e
tluszczow q na srodbtonek naczy n

Tkanka ttuszczowa

\ 4 \ 4

\ Adiponektyna t Angiotensyna Il

\ 4

TMolekuty adhezyjne

Endotelium

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



Wptyw leczenia telmisartanem [ub
walsartanem vs grupa kontrolna na ob] etosc |
liczb e adipocyt 0w u szczur Ow

Cell Volume Cell Number
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—
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=
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(x10%/g tissue)
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Sugimoto K et al. Hypertension 2006, 47, 1003-1009



Regulacja czynno sci uk tadu sercowo -naczyniowego
przez AGT 1 Ang Il uwalniane z tkanki t tuszczowej

- NG

Large adipose depots Perivascular adipocytes
o111 B8 N T

\ \4
Blood pressure 1 Vascular resistance 1

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




Tkanka t tuszczowa uczestniczy w:

Regulacji taknienia

Regulacji ci snienia t etniczego
Insulinooporno Sci

Angiogenezie

Powik taniach mia zdzycowych
Zaburzeniach hemostazy i hematologicznych
Regulacji uk tadu odporno sciowego
Regulacji funkcji neuroendokrynnych
Glomerulopatii zaleznej od oty tosci

Dlatego tez przemiany zachodzace w tkance ttuszczowe;
powinny interesowac rownie z nefrologa !




Rola leptyny w patogenezie przewlek te
choroby nerek (CKD)

® | eptyna stymuluje proliferacj] e kom orek
srodbtonka k tebuszk ow nerekowych
zarowno In vitro jak I In vivo oraz
trans krypcje 1 sekrecj @ TGRB1 — cytokin y
uczestnicz gcej w procesie w toknienia

® Podawanie leptyny u szczur ow powoduje
biatkomocz oraz rozplem kom  orek
macierzy k tebuszk ow nerkowych

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




Liczba chorych u kt orych wyst epuje bia tkomocz w kolejnych
latach po jednostronnej nefrektomii u os  Ob oty tych
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Podsumowanie

e \W leczeniu uszkodzenia nerek w przebiegu
oty tosci korzystny wp tyw wywiera :

— Zmniejszenie (normalizacja) masy cia = ta
— Inhibitory konwertazy (prylaty , ACEl)

— Blokery receptora AT ; dla All (sartany , ARBS);
szczeg olnie korzystne dzia tanie telmisartanu

— Blokery receptora mineralokortykoidowego
(badania do swiadczalne z eplerenonem )
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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

A —o—y i Tg < 1.45mM
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Massy 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)

PA I-1

TGF-[3

Tissue factor (TF)

Complement factors (e.g. adipsin)

Adipocyte complement- related protein (Adipo-a)

TNF-a

Acylation stymulation protein (ASP)

Agouti Protein

Angiotensinogen, Renin, ACE

Chymase, cathepsin D,G

Angiotensin Il

Prostaglandins (PGl,, PGF,)

Insulin growth factor-1 (IGF1)




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

BMI categories

BMI categories

Underweight Normal Overweight Obesity
Number of cohorts (BMI<18.5) (18.5=BMI < 25) (25 <=BMI < 30) (BMI =30)
All studies 18 0,92 (0.74-1.15) 1 (ref) 1.40 (1.30-150) 1.83 (1.57-2.13)
Gender difference
All studies
Men 11 0.63 (0.48-0.85) 1 (ref) 1.31 (1.18-145) 1.49 (1.36-163)°**
Women 1 1.11 (0.98-1.25) 1 (ref) 1.41 (1.321.50) 1.92 (1.78-207)
KD excluding kidney
cancer/RCC
Men 3 0.73 (0.52-1.03) 1 (ref) 1.59 (1.12-2.26) 1.33 H.EIE—E.E'&]ID"
Women 4 1.14 (1.00-1.30) 1 (ref) 1.48 (1.32-1 66) 1.99 (1.77-224)
Kidney cancer/RCC
Men 8 0.45 (0.27-077) 1 (ref) 1.21 (1.15-127)°** 1.53 (1.38-169)"**
Women 7 0.86 (0.59-1.26) 1 (ref) 1.38 (1.28-149) 1.87 (1.69-207)
BMI assessment
Directly measured 9 0.76 (0.56-1.04) 1 (ref) 1.38 (1.22-1.56) 1.78 (1.33-240)
Self-reported 9 1.07 (0.94-1.20) 1 (ref) 1.39 (1.27-153) 1.84 (1.56-2.17)
Specific KD outcomes
KD excluding kidney 1 (ref)

Cancer/RCC 8 1.08 (0.96-1.22) 1.42 (1.27-160) 1.95 (1.45-2.64)
CKD 3 1.30 (0.52-3.24) 1 (ref) 1.26 (1.10-1 45) 1.34 (D.86-2.09)
ESRD 2 NR® 1 (ref) 1.68 (1.49-1.90) 4.07 (2.87-576]
Kidney stone 3 1.08 (0.95-1.22) 1 (ref) 1.47 (1.18-1.69) 1.75 (1.36-225)

Kidney cancer/RCC 10 0.70 (0.51-0.95) 1 (ref) 1.31 (1.23-1.40) 1.71 (1.53-1.93)

BMI, body mass index; Cl, confidence interval CKD, chronic kidney disease; ESRD, end-stage renal disease; KD, kidney disease; RR, relative risk; RCC, renal cell carcinoma,
*Data from one study® shown in Table 1 are excluded in this table.
®Gender difference, **P < 0.01; ***P = 0,001.

“NR, No results were reported for underweight.

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



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.

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




The most important adipokines , chemokines release by
adipocytes and matrix of adipose tissue responsible for CV and
renal disease (2)

Vascular endothelial growth factor (VEGF)
Macrophage inhibitor factor (MIF)

Sex hormones (in women: testosterone,  estradiol
and estrone )

Glucocorticoids

Leptin

Adiponectin

Resisti n

Visfatin

IL-6

NO

PPAR-y

Atrial natriuretic - peptide (ANP)




