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AIABHTIKH NE®POITAOGEIA (AN)
OPIZMOx

1. Emuévouoa lMNpwrte'r'voupia > 300mg/24h

2. [Napouaia diaNnTIKNC
APPIBANCTPOEIDOTTABEIOG

3. ATTouaia KAIVIKNC N EPYaCTNPIOKNC EVOEICNG
(evidence) vePpIkN¢ vOoOouU



AIABHTIKH NE®POIMAOGEIA (AN)
Mikpo-AsukwpuaTivoupia 30-300mg/24h

- Kupia aitia voonpotnTag Kal BvnoiuoTnTag
AOYW KOPOIAYYEIOKWY ETTITTAOKWV

- |d1aiTEpa auyxvn oTov dl1aBNNTN TUTTOU 2

* H pIKpOAeUKWUATIVOUPIO £XEI TTOIKIAN TTOPEIA
KOl N €CEANIC TNC OE€ PAKPOAEUKWUATIVOUPIX
gival akaBoplotTn kal Ogv odnyel TTAVTIOTE O€
AW\



Normoalbuminuric patients with type 2 diabetes:
tising albumin excretion increases renal and
cardiovascular risk events

Relative Risk of Progression to

Albuminuria (mg/24 ) Microalbuminuria ~ Cardiovascular Event
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Natural history of type 1 diabetic nephropathy

Glomerular filtration rate — Albuminuria
Incipient diabetic Overt diabetic End-stage
Pre nephropathy nephropathy renal disease
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EMIAHMIOAOIIA AIABHTIKHZ NE®POITAGEIAX

- AN: TTpwTn QITia CTTEIPAUATOOKANPUVONG Kal
TeAIKoOU oTadiou XNN

« 20-40% TWwV 0aoBevwv pe AlapATn TUTTOU 2
eppaviCouv AN kai eggcedicn mmpoc XNN o€
XPOVIKO OIA0TNMA JEYAAUTEPO TWV 15 ETWV

« 50% aoBevwyv pe AN TUutTOU 1 KaI UTTEPTAON Ba
ep@avioouv TEAIKO oTadlo XNN evtoc 10eTiac



Progression of Diabetic Nephropathy
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Normoalbuminuria to microzalbuminuria

2% per year

Microalbuminuria to macroalbuminuria

2.8% per year

. Macroalbuminuria to elevated serum creatinine®  2.3% per year

* Annual Death Rate
Normoalbuminuria 0.7%
Microalbuminuria 2.0%
Macroalbuminuria 3.5%
Elevated serum creatinine® 12.1%
. Macroalbuminuria: more likely to die of cardiovascular causes than to
* develop end-stage renal disease ,
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Stae*  Description GFR mlfmin/1.73 m* Prevalence, n (%)’ Actions’
—  Atincreased risk 260 (with chronic kidney - Screentng; chronic kidney disease risk reduction
disease risk factors|

1 Kidney damage with >0 5,000,000 (3.3)  Diagnosis and treatment; treatment of comorbid
normal or increased conditions; slowing progression; cardiovascula
GFR disease risk reduction

! Kidney damage with ~ 60-69 5,300,000 (3.0)  Estimating progression
mild decreased GFR

j Moderately decreased ~ 30-59 7,600,000 (43)  Evaluating and treating complications
GIR

: Severely decreased ~ 15-29 400,000 (0.2)  Preparation for kidney replacement therapy
GFR

b Kidney failure <15 or dialysis 300,000 (0.1 Kidney replacement therapy (if uremia present)
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Major microvascular and macrovascular
complications in patients with diabetic
nephropathy

Microvascular Complications

Retinopathy

Polyneuropathy including autonomic neuropathy (gastroparesis,
diarrhea/obstipation, detrusor paresis, painless myocardial ischemia,
erectile impotence, supine hypertension/orthostatic hypotension)

Macrovascular Complications

Coronary heart disease, left ventricular hypertrophy, congestive heart
failure

Cerebrovascular disease

Peripheral artery occlusive disease

Combined Microvascular and Macrovascular Complications

Diabetic foot (neuropathic, vascular)




Prevention of diabetic
foot complications

Identification of patients at risk
Education about foot care

Regular examination of the feet at clinic
Provision of appropriate footwear

Provision of podiatry services

©



Cardiovascular mortality and diabetes in ESRD patients
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Cardiovascular mortality in ESRD
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AIABHTIKH NE®POITAOGEIA (AN)

loTotTTaBoAoyikoi Tutrol (Negppikn Biowia)

1. AlGXUTN OTTEIPAUOATOOKANPUVON

2. OCwonc oTTEIpaUATOOKANPUVON
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Risk factors in chronic kidney disease
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AIABHTIKH NE®POIMAOGEIA (AN)
Kapdiayyeiaka rpoANHaT

- Kapdiayyeiaknn Ovnoipdétnta 59% atmd 10
oUVOAO TwV aITIwV BavaTtou o€ aoBeveic UE
AN, evw povo 14% o€ un d1apBNTIKOUG
(Kavaoikn peAETn, Diabetologia 1997)

- H 2ZKA c¢ival 5.35 @opEc peyaAutepn O€
aoBeveic ye AN (Levin et al. Am J Kidney
Dis. 2001)



Heart failure

Volume depletion | | Vasodilation

l

l l

18 —ar\ { Effective arterial volume =t

Counterregulation

-

Neurohumoral Sodium retention Neurohumoral
activation Activation of RAS activation
: Negative effects of
: counterregulation :
Y Y A
Tachycardia Volume retention I Cardiac
t O, Consumption Edema afterload

| Cardiac preload




AIABHTIKH NE®POITAOGEIA (AN)

Kapdiayyeiaka TTpoBARuaTO

- loyaipikn Kapdlakp vooog OnuavTikKa
upnAotepn o€ aoBeveic pye AN: 62.3% v
55.4% (1°¢ xpovoc HD) ka1 93.3% v 86.9%
(5°¢ xpovocg HD) pe TTwyxoTepn TTPOYVWOnN
(Herzog et al. N Engl. J Med, 1998)

- KapdIlakp avakoTl Kal  Sa@VIKOG
Bavarog: 1o ouxva oe aobeveic ye AN
(Karnik et al. Kidney Int, 2001)



AIABHTIKH NE®POIMAOGEIA (AN)
Kapdiayyeiaka TrpoARpaT

ABnpokAnpwon (Eocw XITwvag),
ApTnpliookAnpwon (MECOG XITWVOG) Kal
ETTACRECTWON TOU TOIXWUATOC TWV APTNPIWV
(oTEQAVIAIWY, KOPWTIOWYV, TTEPIPEPIKWYV) TTIO
ouxva (27% v 12%) oe aoBeveic ye AN
(Varghese et al. Ren Fail, 2001 kail Raggi et al.
J Am Coll Cardiol, 2002)



AIABHTIKH NE®POITAOEIA (AN)

Kapdiayysiaka TrpoARpaT

LVH, ‘lvwon puokapdiou kai BAARN
MIKPOKUKAO@OPIOG (apaiwon MIKPpWV
ayyeiwv) TTo ouxva o aoBeveic pye AN
(Giordano et al., Amann and Ritz,
Nephrol Dial Transplant,2001)
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Figure 71,15 Human myocardium. g, Normal morphology of the human myocardium. b, Representative morphology of the myocardium of a patient with chronic
kidney disease (CKD). In CKD, the typical morphology, that is, hypertrophy of cardiomyocytes, increases in interstitial tissue (blue), and reduction of capillary supply
can be seen.




Figure 71.9 Peripheral artery of a patient with chronic kidney disease. o, The normal anatomy of a peripheral artery. b, Marked, nearly circumferential ms
calcification (arrow). (Hematoxylin and eosin stain.)



-

Figure 71.10 Coronary plaque of a patient with chronic kidney disease
with heavy calcification. (black reaction product; van Kossa stain)



Figure 71.11 Multislice spiral computed tomography scan of the heart of
a 49-year-old male Caucasian hemodialysis patient with severe coronary
(arrow) and aortic (arrowhead) calcifications.
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MAOGOIENEIA AIABHTIKHZ NEOPOITAGEIAZ

- NeITOUPYIKEC METARBOAEC Ot  €TTITTEDO
OTTEIPAUATOG, NTOlI  UTTEPAPOEUON  Kal
uTTEPOINBNON.

« Mop@oOAOYIKEC METAPBOAEC, OTTEIPAUATIKNA
UTTEPTPO®IA KOl OIOYKWON TOU JECAYYEIOU



MAOGOIENEIA AIABHTIKHZ NE®POIIAGEIAZ

O puBuOGg EKTTTWONG TNG VEQPPIKNG
AgITOUPYIOAG ava £€TOC PYETA TNV ePgavion AN
TTOIKIAEI JETAEU TWV dIABNTIKWY aoBevWV Kal
ETTNPEACETAI ATTO ECWVEPPIKOUC TTAPAYOVTEC,
OTTWC €ival n pulyIon TNG aPTNPIOKNGS
UTTEPTAONG KOl O YAUKQIMIKOG EAEYXOG



Hypertension in diabetes mellitus

—are

Type 1 diabetes  Renoparenchymal hypertension

Type 2 diabetes  Primary hypertension (metabolic syndrome) +
superimposed renoparenchymal hypertension + high
blood pressure amplitude (systolic hypertension)

=




Control of blood pressure retards
progression of type 1 diabetic nephropathy

. AGFR = 0.29 ml/min/mo
fo— | e
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MHXANIZMOZ MAOOIENEIAZ AN

[ToAAOI  pnxaviopoi ouuBaAAouv  oTnv
eppavion kal ekBaon tng AN, OTTwWG N
aAANAOETTIOpAON WETAEU TWV METARBOAIKWYV
KOl QIJOOUVAUIKWY  OlaTapaxwyv AoOyw
uUtTEPYAUKOIUIaG. H yeveTik TTpodidbeon
(paivetal OTI KaBopidel Kal KAaTEUBUVEI TOUC
laBoyeveTIKOUC unxaviououg tnc AN




MHXANIZMOZ NMAOGOIENEIAZ AN
AINOOUVANIKE 000G

¢ 2TTEIPAPATIKN UTTEPAPOEUCN KAl
uTTEPOINONON AOYW PEIWUEVNC AYYEIOKNG
QVTIOTOONG.

« YTTEQTTAPAYWYN MECAYYEIOKNG OUaiac,
TTAXUVON TNC OTTEIPAPATIKNG BATIKNG
UEMPBPavNC Kal BAaBn ota TTodOKUTTAPA
(Ziyadeh and Wolf, Curr Diabetes, 2008)

- AttokAeiopocg Tou RAAS ue a-MEA n ARB
aQvVTaYWVIZETAl TNV TTPO-IVWTIKN 0pAacn TNG
Ang-ll eAatTwvovtag Tov TGF-f3,



MHXANIZMOI YNEPAIHOH2ZHXZ 2TH AN

METABOAIKEX

* YrepyAuKaipia

* Au¢nTiK) oppovn

* [AuKkayovn

YIMNOZ=IA

N

YMNEPAIHOHZH

|

ATTEIOAPAZTIKEZ

* RAAS
* PKC
* [lpooTaVOEION

« AUSNUEVN OTTEIPAUATIKA TTiEOT
* Maxuvon BacikRg pepPBpavng

* AUENON HECAYYEIOKNG OUTIiag

* [layideuon HOKPOMOPIWV

'

2MNEIPAMATOZKAHPYNZH




Nephron changes in diabetes and after administration of an
ACE inhibitor or angiotensin receptor blocker

ACE inhibitors/Angiotensin

Normal Diabetes
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MHXANIZMOZ MAGOIENEIAZ AN
YTITeyAUKalpia

- H utrepyAukaipia ocuvdEeTal ye aucnon Tou
UECAYYEIOU

« H aucnuevn ouykevipwon YAuKolnc oTa
UEOAYVEIOKA KUTTAPO  OIEUKOAUVETAl aATTO
Touc petagopeic yAukolnc GLUT 1 kair GLUT
4 (UTTEPEK(PPOCN QUTWY OTO JECAYYEIO).

- H uTtrepyAukaiyia aucavel TNV €KQPOCN Tou
VEGF orta Ttrodokuttapa, (Wolf et al.
Diabetes 2005)



MHXANIZMOZz NMAOOIENEIAZ AN

H utrepyAukaipia TrpokaAei 1I0TIKA BAABN e 3
UNXaviououg

« Mn-evlupaTtikil YAUKOCUAiwonN: BAGRBN OTIC TTPWTEIVEG

TWV 1I0TWV, TEAIKA TTPOIOVTA TTPOXWPENMEVNC
YAukolUuAiwoncg (AGE) (Brownlee M., Nature, 2001)

- Mpwrteivik kivaon C (PKC): Evepyotroinon Tou

ev(Upou PKC odnyei o augnon Twv ayyeiodIaoTAATIKWY
TTPOCTAVOEIOWY Kal TNG OTTEIPAMATIKIC UTTEPOINBNONC.
Tautoxpovn evepyotroinon Twv eviupwyv PKC kar MAPK
(mitogen-activated protein kinase) (Haneda et al. J
Diabetes Complications, 1995)

« 0006¢ avaywyaong tng AAd6CNG (0066 NMNoAuoAng)



Formation of advanced glycation products
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MHXANIZMOXZ MAGOI'ENEIAZ AN
[Mpopevivn

« O utTodOoYXEQC TNG TTPOPEVIVNG BPIOKETAI OTO
UECQAYYEIO KOI OTA TTOOOKUTTAPA.

- H TIpopevivn oOuvoeeTal MPE  EIOIKOUC
UTTOOOXEIC TWV I0TWV TIOU TTPOAYOUV TNV
gevepyoTroinon Tou yovidiou p44/p42 MAPK
(Nguyen G., Kidney Int., 2006)



MHXANIZMOZz NMAOOIENEIAX AN

« KuTTapokKiveg

- H umreyAukaipia, o TGF-B, kai n Ang Il dieyeipouv
Tnv ékppaon Tou VEGF Tou odnyei otnv
evooOnAiakr ouvBeon Tou NO.

- O VEGF mpoayel Tnv TTapaywyn tng a; aAuoou
TOU KOAAQYOVOU 4 Kal CUMMETEXElI OTNV TTAXUVON
TS GBM (Hohenstein B et al. Kidney Int, 20006)

- Augnon TG E&kppaong Tou TGF-B, oOTa
OTTEIPAUATA KAl OTO JECAYYEIO TWV ACOEVWY ME
AN (Benigni A et al. JASN 2003)

« O1 pAeyuovwodeic kuttapokivec IL-1, IL-6, IL-18
kal TNF-a cupfaAAouv otnv gg¢€Aicn Tng AN
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" Proinflammatory cytokines 5
- Anti-inflammatory cytokines
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MHXANIZMOZ MAOOIENEIAZ AN

MeocoAaBnteg Amidiwyv

- Mikpa AITTidIa, OTTWC TA TTPOCTAVOEION
TTPOEPXOVTAl aATTO TN OlAoTTacn Tou
apaxIOOVIKOU 0CEoC Tn EmMOPACEl TNG
KUKAO-OCuyevaong 2.

- AvaoToArl TNG  KUKAo-ocuyevaong 2
TTPOKOAEI KAl EAATTWON TNG OTTEIPAMATIKNG
uTTEPOINBNONC.

- TOo apaxIdoVvIKO 0&U OcCeIOWVETAI ETTIONG
aTTé TIC AITTOCUYEVAOEC TIOU [pebnkav
aucnuévec o€ dIaBNTIKG  TreipapaTolwa
(Hao cm and Breyer, Semin Nephrol,
2007)



MHXANIZMO2Z NMAGOIENEIAZ AN

O&eIdwTIKO Stress

« H utrepyAuKkaipia TTPOKAAEI OCEIDWTIKO Stress
oTa TTPWIMa oTadia Tou AiaBNTn.

- BioAoyikoi O¢€ikTeC TOU  eKppalouv TO
0ceIOWTIKO Stress (BAaBn tou DNA, AITIdIKN
utTEPOCEidwaon, Trapaywyn Twv AGE) eival
auENUEVOL.

« 2€ Bloyiec veppou atro aocbeveic ue AN
EXOUV [BpeBEi 0TO peocAyyeElo TTPOIOVTA
YAUKOCUAIWONC KAl OCEIdWONG TTPWTEIVWV
(Vasavada N and Agarwal R. Adv Chronic
Kidney Dis, 2005)



MHXANIZMOZ MAOOIENEIAZ AN

Neppivn

- H veppivn c€ivar pia  TTPWTEIVA  TWV
TTOOOKUTTAPWV.

- O¢patreia pe a-MEA n ARB peiwvelr tnv
EKPPOAON TNC VEPPIVNG, EVW N TTOO0CIVN KAl N
CD2AP (mpwreivn Twyv slit diaphragms) dev
emrnpealovtal (Wolf G. et al. Diabetes, 2005)



MHXANIZMOZ NMAGOIENEIAZ AN
[CeveTiKN TTPOOIA0EDON

e 2€ 000Beveic pe d1aBATN n mmOBavoTnTa va
epypavioouv AN €ival onuavTikG augnuevn
OTAV £X0UV £va yovea N auyyevh pe AN.

« 2€ olkoyevelee Twv Pima Indians ttou Ouo
OIAOOXIKEC YEVEEC £XOUV OIaPBNTN TUTTOU 2 TA
TaIdld TOUuG eu@avi(ouv TTPWTE T'VoUpIa OTO
14%, OTOV KOVEIC ATTO TOUGC YOVEIC OV
EXELOTO 23% OTAV €VOC €K TWV OUO YOVEWV
EXel Kal 0To 46% OTav KAl ol OUO YOVEIC £XOUV
TTPWTE I'VOUpIQ.



[CeveTiKN TTPOOIAOEDN

* [ovidla ye TTPOOIABECN VIO PIKPOAYYEIOKEC
EMTIAOKEC TOU OdlapnTn [Pima Indians]
Bpebnkav ota Xpwuoowpara 3, 7, 9 kai 20
Kal yvia AN oT1a Ypwpoowpara 7q21.3,
10p15.3, 14923.1 ka1 18922.3 (Lyengar et
al. Diabetes, 2007).

« O vyovidlaKOG TroAupop@iopoc Ttou MEA
£deIce OTI o€ aoBeveic ye Aiafntn TuTTou 2 o
ouvouaouoc DD, ouvdeEetal pe aucnuevo
KivOuvo AN.



AIABHTIKH NEOPPOITAOGEIA (AN)
OepatreuTIKn TTOPEURACN Kal NMpoAnwn

« FAUKQIMIKOG £AEYXOG HE IVOOUAIVN MIKTOU
TUTTOU, I0I1aiTEpa o€ aoOeveic pe AN kai
KapolayyeIoka TTpoBARuaTA

- EAATTWON METAQ@OPTIOU (EAEyXoc AY) Kal
TTPOPOPTIOU AOYW UTTEPUOATWONG
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Intensive glucose control reduces
development of microalbuminuria

'p<0.05

—=- Conventional insulin therapy
—+ Intensive insulin therapy
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Years of study



AIABHTIKH NEPPOITAOGEIA (AN)
OepatreuTIKn TTOPENPaon Kal NMpoAnyn

- A-MEA ka1 ARB: €xouv €vdeicn akoun Kai
Ot MdN UTTEPTOOIKOUC aoBeveic pe AN
(neAeTec HOPE, RENAAL)

- b-blockers «kai 10iaitepa n Carvedilol
(EAeyxopevn HEAETN) €0€1Cav  KOAUTEPN
emBiwon Twv aocBevwyv pe AN (Goodkin et
al. Semin Dial 2001 - peAétn DOPPS)



ACE inhibitor therapy in type 1 diabetics
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Angiotensin-converting enzyme inhibition reduces
progression to microalbuminuria in type 2 diabetic patients

Transition to microalbuminuria (%)
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Studies evaluating angiotensin receptor blockers in incipient and overt diabetic nephropathy

Blood Pressure

Study Population Design Follow-up  (mean [mm Hg])  Primary Endpoint Secondary Endpoints
RENAAL Type 2 diabetes Losartan (L) 50-100 mg 34y L 140/74 Risk reduction L vs. P: Risk reduction L vs. P:
(n = 1513) Hypertension (97%) Placebo (P) P 142/74 * Composite of doubling of sCr, * Cardiovascular:
Macroproteinuria ESRD and death: 16% { similar
* Doubling of sCr: 25% * Hospitalization for
* ESRD: 28% . heart failure (HF):
* Death: similar 32% |
IDNT Type 2 diabetes Irbesartan (1) 300 mg 26y | 140/77 Risk reduction of composite of Risk reduction | vs. P:
(n = 1715) Hypertension Amlodipine (A) 10 mg A 141/77 doubling of sCr, ESRD, and * Cardiovascular:
Macroproteinuria Placebo (P) P 144/80 death: similar
*©20% | I1vs.P23%  lvs. A * Hospitalization for
Doubling of sCr: HF: 23%
*33% L 1vs.P37% L 1vs. A
ESRD:
* 23% | | vs. both groups
IRMA-2 Type 2 diabetes Placebo (P) 2y P: 144/83 Hazard ratios for time to onset Changes in level of
(n=1590) Hypertension | 150 mg | 150: 143/83 of overt nephropathy: albuminuria
Microalbuminuria [ 300 mg [300: 141/83 *1150vs. P: 0.61, P =0.08 * +2%P
* 1300 vs. P: 0.30, P < 0.001 * -24%1150
* —38% | 300

Regression to
normoalbuminuria

*2|%P
* 24%1 150
* 34% 1300

Figure 30.6 Studies evaluating angiotensin receptor blockers in incipient and overt diabetic nephropathy. ESRD, end-stage renal disease; IDNT,
Irbesartan in Diabetic Nephropathy Trial; IRMA-2, Irbesartan MicroAlbuminuria Type 2 Diabetes Trial; RENAAL, Reduction of Endpoints in Non-insulin Dependent
Diabetes Mellitus with the Angiotensin Il Antagonist Losartan Trial; sCr, serum creatinine.



AIABHTIKH NEPPOITAGEIA (AN)
OepatreuTIKn TTOPENPaon Kal NMpoAnyn

- O¢eparreia pe oTativeg: 4-Dimensional
Study with Atorvastatin: 0ev eAATTWOE TO
KaPOIOYYEIOKA TTPOPBANMATO OE QOOEVEIC

ue AN tuttou 2 (Wanner et al. N Engl J
Med, 2005)



XPONIA NE®PIKH NO20Ox

[TpOANWN Kal BepaTtreia Kapdlayyeiakns vooou
1 Avaiuia: Bgpartreia ye epuBpotrointivn (Hct=36%)
a) BeATiwvel Tnv LVH

o

) BEATIWVEI TN OTEPAVIAIQ VOOO
Y) OEV UTTAPXOUV TUXQIOTTOINMEVEG  MEAETEC
)

0) CREATE (Cardiovascular risk Reduction by
Early Anemia Treatment with Epoetin beta):
LVH ()

¢) Canadian Study (OITTAN-TUPAR)):
vopuaAoTToinon Tou Het xwpic KaAuTtepn
KOapOIlayyEeIOKN TTPOANWN



Cumulative death rate (%)
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