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Diabetic Nephropathy

Shin-Wook Kang, M.D.

Department of Internal Medicine, College of Medicine, Institute of Kidney Disease,
Yonsei University, Seoul, Korea

Diabetic Nephropathy (2005)

@ Diabetic nephropathy: 942
» Diabetic nephropathy (English): 793
# Diabetic nephropathy (English, Human): 605

& Diabetic nephropathy (English, Human,
Randomized controlled trial): 42

Diabetic Nephropathy (2005)

& RAS inhibitor: 15
# Transplantation: 8
® Hemodialysis: 3

& Spironolactone, PPAR-y agonist, Statins,
Pentoxifylline: 2

# Ruboxistaurin, Fenofibrate, Vitamin/Mineral
supplementation, Diltiazem: 1

» Others: 4

Kudney uternariona 4 Vil 08 (20051, pp. 2820- 2876

Beneficial impact of spironolactone in diabetic nephropathy

KATRINE JORDAN SCHIOEDT, KASPER ROSSING, TINA RAGNHOLM JUHL, FRANS BoOMSMA,
PETER ROSSING, Lisk TARNOW, and HaNS-HENRIK PARVING

Stenos Diabreres Cirntafie. Devmmurk: Erasmus MC, Rotterdam, The Nesherlands; and Fecals of Health Scivnce,
vesiv of Aurhus. Aarkas. Deniark

# Steno Diabetes Center
& 22 Caucasian type | diabetic patients

& Persistent macroalbuminuria despite antihypertensive
treatment including RAS blockade

¢ Randomized, double-masked, placebo-controlled,
and crossover trial

# Spironolactone 25 mg vs. Placebo 1 T/D for 2 months
s 1° endpoint: Albuminuria
s 2° endpoints: 24-hour BP and GFR
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Pothophysislogy/Complications
o

Effect of Pitavastatin on Urinary I.lvar—'l'ype
| Fatty Acid=-Binding Protein Levels in
Patients With Early Diabetic Nephropathy

» Japan multicenter study
* 58 Japanese type |l diabetic patients

A: No nephropathy

B: Microalbuminuria (Trial)

C: Microalbuminuria, normal renal function

D: Renal failure
@ 20 healthy age-matched subjects (E)
» Randomized, double-blind, placebo-controlled trial
e Pitavastatin 1 mg/day vs. Placebo for 12 months
* 1° endpoints: Urinary L-FABP and UAE

Table 3—Urinary L-FABP levels

Gruup L-FABP (ng/g creatinine)
A 6.2 46

B 19.6 £ 13.5

[ 268 + 204

D 52.4 * 46.8

C 58 * 4.0

Dataare means = SD. Avs. B,P << 0.05;Avs.C,P<
0.01; Avs. D.P<0.001: Avs, E notsignificant. Bvs
C,P<0.05Bvs. D,P<001:Bvs.E,P<0.05:C
vi. D,P<O00L:Cvs EP<001:Dvs E.P<
0.001

Table 5—UAE. wrinary (-FABP levels, and total chalesterol before and after treatment in
diabetic patients with microalbuminuria (group B)

Belore
Lrcarme i (1 months 1 months

UAE (pg/mn?

Pitavastatin L0 =74 B8 E 007 38 1278

Nofpiiavasiatin 104 = o8 Ho =72 18 = 74
C-FABP (/i creanmnine?

Priavastatn IR6 =125 1222800 EEEX R

Nompiavastann FILENEE] 220 = jh 230w N
Taal cholesterol tmprdi)

Piasastatin 180 = 28 172 24 170 £ 2o

Nonphavastatin 185 = 34 150 = 26 184 = 3
Data are mesns = 5D Versus beloce reatment. *F < 005 and 712 01 Veraus nonpiiavastan treatment

TP 005 and 5P < 001

5 59 =
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| Emerging Troatments and Technologies
o ——

| The Effect of Ruboxistaurin on
' Nephropathy in Type 2 Diabetes

* American multicenter study

® 123 type || diabetic patients with albuminuria and
stage 2 renal failure

e On treatment with an ACEi, ARB, or both for at least
6 months

# Randomized, double-blind, placebo-controlled trial

* Ruboxistaurin (PKC-8 inhibitor) 32 mg/D
vs. Placebo for 12 months

® 1° endpoint: Reduction in ACR

Table 3—Changs from bascline in wrimary ACK and CGFR, bood pressure, and AIC
follom-wp visits
Treaumers n 1 monah 3 ot s 6 months 12 mosehs
Urinaey ACR change (w1"
Placcba 62 ez 3 Ll 910 -9=1
REX W -MEIT MEe IR oMz
Urtury ACR changs (mg/gh
Plareba 6l 17 (24 37 (s13n 21 ibalY 16 (896
REX 600G 130 (4170 ~13% (981 - 121 481
G changy (mimin per
1.73m™
Placeho 0 17218 4821w
REX ” - 022l -25219
Systelsc blowe pressure
(g
L} 133zis 133 =1s ezie 1M=19
» "= i =is 4=de IM=is
Dot bccnd prrss
Focens W mEu wis dezio ez
Lo ® mMzie MEe Ml M=
AIC %
Piscebo a1 - = 77211 77=32
REX » - - ses13 7a-13
Dons e enctes = S0 sandess cabarwise ndomed AR (Nange Irom bascbend (91 win Gok abmed from
ANCOV e e ascome)
7Chumge rom basclns, = 083 £ACK chang: o himeho (g/a’ wsehses bog (amdormnatn srpuried
1 b s e b e mabdle e quamies) DAY bewers proupe F < 005 KB 11
g retbaur
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Pothephysislogy/Camplications
o =l

Comparison of the Effects of Vitamins
and/or Mineral Supplementation on
Glomervular and Tubular Dysfunction in
Type 2 Diabetes

e Iran study
© 76 Iranian type |l diabetic patients
e Diabetes for at least 1 year without macroalbuminuria
(ACR > 300 mg/g) and HiBP(> 160/100 mmHg)
* Randomized, double-blind, placebo-controlled trial
e Treatment for 3 months
M: 200 mg Mg + 30 mg Zn
V: 200 mg vitamin C + 100 IU vitamin E
MV: M +V
P: Placebo
¢ 1° endpoint: UAE and N-acetyl-3-p-glucosaminidase
activity
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Table 6—=Levels of systalic, diastolic, and mean blood pressure before and after 3 months of
vitamin and mineral supplementation in type 2 diabetic patients

GroupP  GroupM  GrowpV  Group MY
n it 16 18 17
systolic blood pressure (mmHg)
Before 127 = 16 122 = 15 1252 15 130 = 19*
Aer 128=18 19 =12 1 & 122 > 1o
Duastolic blood pressure (mmHg)
Before 82=9 812 8lx9 83 = 117
Alter 84 = 11 8= 1o 7O 12 7=9
Mean arerial pressure (mmHg)
Belore 97T =9 M =13 95 =10 w1
Alter 98 = 12 92 = 10 93 + 12 92 =9

Daut are means = 5D Statistically significant differences between belore and afier using general linear
models. *P = 0.008, *P = 0017, 5P = 0. 0090

Diabeles Care 28:2458, 2005

Clinicel Care/Educarion/Nutrition
CRE -

| Beneficial Effects of Adding

| Spironolactone to Recommended

| Antihypertensive Treaiment in Diabetic
Nephropathy

A randomized, double-masked, cross-over study

e Steno Diabetes Center
® 21 Caucasian type Il diabetic patients

* Persistent macroalbuminuria despite maximal
recommended dose of ACEi and/or ARB

e Randomized, double-masked, placebo-controlled,
and crossover trial

« Spironolactone 25 mg vs. Placebo 1 T/D for 8 weeks
* 1° endpoint: Albuminuria

@ 2° endpoints: 24-hour BP, fractional clearance of
albumin and GFR

Tobe 3t

Clinical Science Articles J Am Soc Nephrol 163027, 2005

Independent and Additive Impact of Blood P Control
and Angiotensin II Receptor Blockade on Renal Outcomes in
the Irbesartan Diabetic Nephropathy Trial: Clinical

Implicati and Limitati
Marc A. Pohl* Samued Blumenthal,' Dansd |. Cardonnicr! Femando De Atvaro®
Cancoma DeeFerran,! Gilbert Exsner.Y Ennc ) E. Gilloert, ™ Lawrence G Hunsachaes,'*

Esmages,” Richard
Jme B. Lopes de Fana, Ruggero Mangli ™ Jack Moore, Jr.* Efrain Reisin¥! Fperhard Ritz.™
Guntram Schemnthaner,** Samuel Spitalewitz.”" Hilary Tindall™ Roger A Redby. ™ and
Edmund J. Lewis ™ for the Collaborative Study Group™*
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¢ Irbesartan in Diabetic Nephropathy Trial (IDNT)

¢ 1,590 type |l diabetic patients

* Accompanied with hypertension, macroalbuminuria,
and mild to moderate renal failure (< 3.0 mg/dL)

¢ Randomized, double-blind, placebo-controlled trial

e Irbesartan 300 mg vs. Amlodipine 10 mg vs. Placebo

¢ 1° outcome: Time to a composite end point of
doubling of the baseline serum creatinine,
ESRD, or all-cause mortality

the Primary Outcome

ot otoE 6 s

Pl 2 1) Notot ko4 0 el i b b el
e o b vl o achersnl i s . The i 8
ot e e 41 1k i (eabng 4 rol e P £
oo o voch el o e e - S (W) Napucad
o o he rekanvy fih ko M casme mandey by loel o
et ol o WA T ot 14 i = F s 6
b fon e by Lo .ttt e s bt
it otk op N

Tabde 2. Renal risk reduction (doubling of SCr or ESRD) by kevel of achievesd scated SBP and assigread treatment

r o
(SN
D Dew i v i
ot o = w o @ =
o e ann amn novn Pty oo
=
s o s AT s VI8 T/ IR s IR AT e TR LN e LI 11575 e A/
i o e bty L B - F— Sp— Horm®
s
o ——pe AR 086 GGE-AN @ e ODC AN ot - oo

Kby craan, Vsl 68 3881 180 1

Enhanced renoprotective effects of ultrahigh doses of irbesartan
in patients with type 2 diabetes and microalbuminuria

Kasrem Rossane, Kareese J. Sauoror, Bern R Jesaex, Frass Boosssa,
and Hass-HEsmik Parvine.

Sarme Disheses Censer, Cienatre, Denumark Erasmus MU Koowrdam. The Nesheviands and Fauby of Heahh Science, Unisersies of
Aavhac, Awhics. Demmark
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¢ Steno Diabetes Center

« 52 Caucasian type 1l diabetic patients

« Accompanied with HiBP and microalbuminuria

# Randomized, double-masked, crossover trial

» 8-week washout period of all previous medications
* 2-week dose titration period + Tx period

® |[rbesartan 300 mg vs. 600 mg vs. 900 mg

» 1° endpoint: UAE

» 2° endpoints: 4-hour UAE, fractional clearance of
albumin, 24-hour BP, and GFR
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Rosiglitazone Improves Glomerular Hyperfiltration,
Renal Endothelial Dysfunction, and Microalbuminuria
of Incipient Diabetic Nephropathy in Patients

Frank Pistrosch.' Kay Herbrig,' Beate Kindet* Jenn Passauer,’ Sabine Fischer.” and Peter Gross'

» University Hospital “Carl Gustav Carus”, Germany

¢ 19 type Il diabetic patients
9 without microalbuminuria (Group 1)
10 with microalbuminuria (Group 2)

& Randomized, double-blind, placebo-controlled, and
crossover trial

® Group 1: Rosiglitazone vs. Nateglinide for 12 weeks
# Group 2: Rosiglitazone vs. Placebo for 12 weeks

o Measurements: RPF, GFR, insulin sensitivity index,
UAE, and plasma renin activity
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Nateglinide Rosiglitazone antidiabetic drug
A G203 a5 02
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insatin wenaitivity intlex (4,)
’ 240 04

Systolic bhuod preswore (mntlg)
Disstolic biged pressure (nmig)
HAP (i)

Ty altwuntt excreion (g2 h)

Tfrary urea pxcretion (mROL2A )
Plasina conies { pgimi

Coreactive protein (iogh

Creapirin oy

D are means < SE P < 001 S rasestionte or plaeti

TABLE 3
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Impact of diabetic nephropathy and angiotensin I receptor
blockade on urinary polypeptide patterns

Prr K. Cumi

Kaspen ROSSING, HARALD MISCHAK, HANS-HENRIK PARVING,
MICHAEL WALDEN, MEIXE HILLMANN, 8nd THORSTEN Kas

Stener Diabetes Center, Centofee, Denmirk: Mosaiques Diagnossics and therupeutivs AG, Hunatpver, Germany; Honmover Sdicut
Scional, Hansover, Germeny: and Fuculty of Health Science, Aurhis Universies. Aarios, Denmark

# Steno Diabetes Center

# 78 type 2 diabetic patients
20 with normoalbuminuria and no retinopathy
20 with normoalbuminuria and retinopathy
20 with microalbuminuria and retinopathy
18 with macroalbuminuria and retinopathy

# Randomized, double-blind, crossover trial

» Placebo vs. Candesartan cilexetil 8, 16, and 32 mg
# Four treatment periods each lasting 2 months

+ Measurement: Urinary polypeptide patterns
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DiaPat match, %

Dose D Dose 8 Dose 16 Dose 32

tern itien for g of
A 113 diabetic rensd damage marker polypeptides was
amiples undergoing candesarian WrCalmene. A pattern
" gorithm (DiaP: nalogy between
the sample pattern and the st (first bar ). Since the marker list iy
vomposed of positive (presenivincreased in digbetic renal damage ssm-
plos) and negative (a i mage samplesi
markers, both 1ypes are displ ond burs and the
third bars. As w result of ihe reatment. the detection of “diabetic renal
damage positive markers ™ deereases it ihe samiples of this patieat from
% e 13%., while the detection of “diabetic renal i g negative
Tingreases from 6% to 18%. The overall caleulated or for
enal damage deereases from 860, withou treatment. w 74"
Al dose bevel 3,69% ardose level 16, and dosen 1o 345 at dose feved 32

Horm Metab Res 37(Suppi. 1):4, 2005

. . ). Schjoedt®
Dual Blockade of the Renin-angiotensin- P jacobsen’
aldosterone System in Diabetic Nephropathy: 'F‘ m’;ﬁa,
The Role of Aldosterone . H, Parving’ $

= Steno Diabetes Center

+ 51 type | diabetic patients with macroalbuminuria

= Randomized, double-masked, crossover trial

+ Dual RAAS blockade vs. Monotherapy with an ACEi

« ARB (Irbesartan 300 mg or Valsartan 80 mg)

« ACEi (Captopril 100 mg or Enalapril 20 mg or
Benazeprii 20 mg or Enalapril 40 mg)

= Each treatment period lasting 8 weeks

= Measurements: 24-hour BP, UAE, GFR, aldosterone,
ACE/ID genotyping

Table 1 Effects of dual blockade of the renin-angiotensin system
compared to ACEl monotherapy in 51 type 1 diabetic pa-
tients with diabetic nephropathy

Monotherapy Dual RAAS  Mean differ- Value of p
withan ACEl  blockede  ence (95% CI)

Alburmipuria 348
(mg{24-hour)* {233,524}
GFR (mljmin/ 64 (4)
1.73m?)

24-hour systolic B9 w92
(mmHg) PR
24-hour diastolic BP 76 (1) 71 (1)
(mmHg)

Plasma potassium - ALOT) 4401
(mmolfl)

Plasma aldosterone 59 {45,78) 43(32.56)
(pgiml)’ (-42,-11)

GFR, glomerular filtration rate; BP. blood pressure. Data are expressed as
means (SEM), o * geometric mean (95 % CIJ,

.
.
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A 24-nour astolic biood presews (ACEI-Duat blockade] mm g

Fig. 1 Linear regression analysis between changes in diastolic blaod
pressuse and changes in alburinuria in type | diabetic patients with
diabutic nephropathy treated with dual blackade of the renm-angio
tensin system.

Table 3 Multivariate linear regression analysis for changes in albu-
minuria on dual blockade. Changes in plasma aldosterone
and variables related to changes in albuminuria in univari-
ate analysis (changes in diastolic blood pressure, changes
in GFR, and the ACE/ID genotype} are included in the
model

Dependent variable: Changes in albuminuria (%)

Independent variables Reduction in p-value
albuminuria (%)

Plasma aldosterone (S0% reduction) 10 <0.05

24-hour diastolic blood pressure 5 <0.001

{1 mm Hg reduction)

Reduction in GFR (per mi/min/1.73 m?) 1 <0.05

ACEM1D genotype {patients carrying the D-aliele) -39 <0.05

R* (adjusted): .57, p<0.001, n = 42 (due to missing gerotypes in 9 patients)
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« Spain study
J Am Soc Nephrol 16:2119, 2005 + 61 type || diabetic patients

Additive Antiproteinuric Effect of Pentoxifylline in Patients » Accompanied with macroalbuminuria despite ARB

with Type 2 Diabetes under Angiotensin II Receptor f . : . .
Blockade: A Short-Term, Randomized, Controlled Trial and diabetic retmOpathy but without hypertenSIon
# Randomized trial

fuan armen Mora
ot ot
i Nt

e Pentoxifylline (Methylxanthine derivative) 1,200 mg/D
vs. No additional treatment for 4 months

» Measurements: UAE, serum and urinary TNF-«

Urinary albumin excretion {mg/day)
950 - - -
Tabie 2. Evalution of study parameters tn the active and control groups
900 Baseline Fourtih Manth P
PTF group (1 = W)
svstolic BI' (mmbg) 13476 NS
850 dustatic BP tmmHg) NS
FPTF SCr iy 98 + 020 NS
i S
| Control 1A Jcoo N
800 lbi\!ﬁt;(ﬁvxt‘] l;()l
B Py Ot E
{ *p<0.001 vs Basal SINE-a (pg/ml) 64 21 1097) 001
Conteol group (n - 3}
750 systalic BP (mmlig) W26
diastofic B (mml Ig) Bl =7
SCr img Al 105017
DA, () B AU K1)
700 BMI (kg/m') 293218 293217
UTNFa (pg/my) 15.0 (7.0 to 41 130 (5.0 t0 320
Basal Final SINF-a (pg/ml) S.0{14 to 10.0) 55 (2510 9.9)
Figure 2. Evolution of urinary albumin excretion in control
subjects and patients who received pentoxifytiine.

2 Melbourne Diabetic Nephropathy Study Group
+ 33 type | diabetic patients
s Accompanied with microalbuminuria but without

N tntcrnaaonol, Vol 6205605 pp. 2498 2493

5 hypertension
Increased tubular organic ion clearance following chronic ACE yp
inhibition in patients with type 1 diabetes » Randomized, placebo-controlled trial
JErtMSs, CoN TSALAMANDRIS, RICARD MACINAAC, a Perindopril VS, N|fed|p|ne vs. Placebo
MARK E. CooPFR, An tHE MDNSG STU0Y GRoup!
m(/’::.’,(.;’ s Endocrodogs Enit and Depasinens of Mediciae [ ersin o & Measurements: UAE’ Cr c|earancey isotopic GFR’

N-methylnicotinamide (NMN, endogenous cation)
and hippurate (endogenous anion) clearance
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Diabet Med 22:410, 2005

Teaching and motivating patients to control their risk
factors retards progression of cardiovascular as well as
microvascular sequelae of Type 2 diabetes mellitus—

a randomized prospective 8 years follow-up study

R Rachmary, |. Stavachevsiu, M Berla, R Frommer-Shapita and M Rawd

» Israel study
® 141 type || diabetic patients

* Accompanied with hypertension and dyslipidemia
but without macroalbuminuria

« Standard consultation vs. Patient-participation
SC: Attendance at standard consultation visits
PP: Additional two 2-hour individual education

+ 1° endpoint: Combined cardiovascular event index
« 2° endpoints: eGFR and urinary ACR
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Comparison of the Effect of Pentoxifylline and
Captopril on Proteinuria in Patients with Type 2
Diabetes mellitus

Ashraf Ami ya Mohsen i Hassan
Taghi Aminian Manouchehr Gharavi Massoud Amini
isfohan af

Health Services, lsfahan, iran

L

e Iran study

# 39 Iranian type Il diabetic patients

& Accompanied with macroalbuminuria
# Randomized, open, crossover trial

» Pentoxifylline 1,200 mg vs. Captopril 75 mg/D
for 2 months

& Washout period: 2 weeks

# Measurements: Serum Cr, 24-hour urinary protein
excretion, Cer

Table 2. Comparton uf blood pressure. fasting Phisma ghacose. s eneatinine, €réa and prorcinuria 1 39 t5pe 2 diadetic
t with cuptapol
Purgmetor cmi(m-m

m' groToveny

Sracticbiood preswine, mm Hg  TWE(ISSE DBEICI0S)  Lol-4bioTR)  1XPD0SH) 13830104

Diasolic blood pressure, o g $90.41 W00 809104300 WEHS 8669}
Mean anetist pressure. mm Hg 104401071 101948) 24103108 o 10540100) 102.268.

Fsting plasma ase. rugsdl I4AUED 1SRN MBS 036 VsIEM 1912059

Serum creatinine. mygidl JRD LS 00 (Hm en e

Crmnmoe dearance, mbmin BIUET I (1660 £59(1611 TREQLL 1290 1
Proscinura 224 h TS e eI 1007 04008 b0 T

<O e D012 < 01

L

oursal of Horsan Hyperesio 2005) 19, 139 -4
< 2005 Natre g Giup_ 4% gt rsenes 09S0A25005 $50.0G
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ORIGINAL ARTICLE

Rationale and design of a study comparing
two fixed-dose combination regimens to
reduce albuminuria in patients with type li
diabetes and hypertension

GL Bakris*, RD Toto® and PA McCullough' on behalf of the GUARD {Gauging Albuminuria
Reduction With Lotrel in Diabetic Patients With Hypertension) Study Investigal
*Department of Pesventive and Internal Medir ush University Medical Contar, C
“Degartment of Intertal Medicine, The tn wxas Southwester Modical Center, Dalla SA:
‘Division of Nutrition and Preventive Medicin artarent of Medician, Willinm Beoumont Hospital. Royal
Ok, M. USA

feago. Il

« American multicenter study

¢ 334 type |l diabetic patients

@ Accompanied with albuminuria and hypertension
s Randomized, double-blind, parallel-group trial

# Amlodipine besylate + Benazepril HCI vs.
Benazepril HCI + Hydrochlorothiazide for 1 year

» 1° objective: Urinary ACR
# 2° objective: Urinary ACR/eGFR, insulin resistance,
plasma B-type natriuretic peptide, hs-CRP

Amicdipine

Plus rascue
Amlodipine besylate/ meacation
benazeprit HCI
Amlodiping  posyiate! 10/40
o benazapsl HCI ™
besyiate/ potbyind
banazeprll HCI
5720 Mg (nx187)
(N=334) :
Benazepsil HC‘I\
201125 -
(=167} m Banazepril
402.5mg Benazeprit
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