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Age-adjusted Percentage of U.S. Adults Who Were Obese or Who
Had Diagnosed Diabetes
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lap: IDF Regions and global projections of the number of people with diabetes (20-79 years), 2011 and 2030

2011 2030 INCREASE
REGION MILLIONS MILLIONS %o
® Africa 7w 280  90%
@ Middle East and Morth Africa 32.8 59.7 83%
@ South-East Asia 71.4 120.9 69%
South and Central America 25.1 39.9 59%
Western Pacific 131.9 187.9 42%
Morth America and Caribbean 37.7 51.2 36%
Europe 52.6 64.0 22%
World 366.2 551.8 51%




Impact of Diabetes Mellitus

| Diabetes

|
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Prevalent counts &
adjusted rates of ESRD, by
primary diagnosis



2Y2XTHMA PENINHX
AITEIOTENXZINHX AAAOXTEPONHX

1898: Renin (Tigerstedt R, Bergman PG. Niere und Kreislauf. Skand
Arch Physiol. 1898;8: 223-271)

1940 : Angiotensin

1941: Angiotensinogen

1956: ACE

1971: Saralasin

1975: Captopril (First ACEI). FDA approved 1981

1986: Losartan. FDA approved 1995
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Angiotensin-Receptors
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LOCAL OR TISSUE RAS SYSTEMS

(Presence of RAS components at tissue level)

eHeart

*Blood els .
OOBVESS Autocrine

*Kidney

«Adrenal gland Paracrine

OP .
ancreas Endocrine

«Central Nervous System

*Reproductive system

*Adipose tissue
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Natural History of Diabetic Nephropathy

Clinical Diabetes

Functional Changes*

Structural Changest

Rising Blood
Microalbuminuria

RISING Serum

Onset of Diabetes 2 5 10 20 30
Years

* Kidney size T, shortterm GFR T, longterm GFR 4 t GBM thickening T,
mesangial expansion T, microvascular changes +/-



Kidney Disease and Increased Mortality Risk in Type 2 Diabetes
Afkarian M, JASN 2013; 24: 302-308

NHANES Ill, n=15672,
9.5% had Diabetes n=1430
42.3% kidney disease n=658

Table 3. Ten-year standardized all-cause and cardiovascular mortality by diabetes and kidney disease status

Adjusted Difference in Cumulative
Number of Standardized Cumulative Incidence, % (95% Cl)

Events Incidence, % (95% Cl)

Model 1 Model 2

All-cause mortality p—
MNane 1027 7.707.0-8.3) 0 (Reference) 0
Diabetes 168 11.547.9-15.2) 3.9(0.1-7.7) 3.4(-0.3t07.0)
Kidney disease 750 17.2014.6-19.7) 9.5(7.0-12.0) 9.0(6.6-11.4)
Diabetes and kidney disease 332 31.1§24.7-37.5) 23.4(17.0-29.9) 23.4(17.2-29.4)
Cardiovascular mortality o
None 347 3.4(3.1-3.7) 0 0
Diabetes 68 6.7 (4.2-9.1) 3.3(0.7-5.8) 3.0(0.3-5.4)
Kidney disease 343 9.9(7.9-11.9) 6.5 (4.5-8.5) 6.1(4.0-8.1)
Diabetes and kidney disease 155 19.6(14.7-24.4) 16.1(11.2-21.0) 16.0(11.1-20.9)
Noncardiovascular mortality
None 663 5.7 (5.2-6.3) 0 0
Diabetes 97 7.2(3.9-10.5) 1.5(-2.0t04.9) 1.1(-2.1t04.2)
Kidney disease 404 11.7 (9.5-13.9) 6.0 (3.9-8.1) 6.0(4.0-7.9)
Diabetes and kidney disease 174 23.2(16.5-29.9) 17.5(10.6-24.3) 18.1(11.4-24.8)

Absolute differencesinmortality risk were estimated using linear regression and were adjusted for age, sex, and race (model 1) oradditionally adjusted for smoking,
BP, and cholesteral (model 2). Standardized 10-year all-cause cumulative incidences were estimated from model 1 far the mean levels of the covariates in the study
population. In the two columns to the right, adjusted cumulative incidence of mortality in each of the three other subgroups is compared with that of the no-
diabetes, no-kidney disease subgroup. Cause of death was unknown for 1.1% of study participants.



Category
Mormoalbuminuria
Microal buminunia
Macroalbuminuria

Avénuevn amofoin aAPovuivng ot ovpa
(Increased urinary albumin excretion)

Table 3. Definitions of Abnormalities in Albumin Excretion

Spot Collection 24-Hour Collection Timed Collection
(mg/g creatinine) (mg/24 h) (pg/min)
<30 <30 <20
30-300 30-300 20-200
=300 =300 =200

Because of variabiity in urinary albumin excrefion, at least 2 specimens, preferably first moming void, collecizd within a 3- 1o 6-month period should be
abnommal before considenng a padent to have crossed 1 of hese diagnostic fresholds. Exergse within 24 hours, infecion, fever, congesfve heart fallure,
marked hyperghcemia, pregnancy, marked hypertension, winary ract infecion, and hematuia may increase urinary albumin over baseline values.

American Joumal of Kidney Diseases, Vol 49, No 2, Suppl 2 (February), 2007: pp 542-561




AEYKOQOMATOYPIA KAI ONHTOTHTA

UKPDS
5097 DM TYPE Il Annual transition rates
_ 1.4%
1 2.0%
X 3.0%
v 28% Death
4.6%
v 2.3%
_ 19.2%

Adler Al, KI 2003; 63: 225-232



Proteinuria predicts stroke and CHD events In type Il diabetes
(7-year follow-up, 1056 patients)

A: U-Prot < 150 mg/L B: U-Prot 150-300 mg/L C: U-Prot > 300mg/L
1 40 —
0.9 p <0.001
: 30
Survival g _| A
curves B Incidence 2
for CV ] (%) N
mortality o6 _
C 10_|
0.5 { Overall: p<0.001
0 | I I 0
| | | | I |
0 10 20 30 40 50 60 70 80 90 Stroke CHD events

U-Prot = Urinary protein concentration.

Months

1. Miettinen H et al, 1996.
2. Wang et al, 1996.

3. Dinneen SF et al, 1997.



Survival (all causes)

Proteinuria and Mortality in NIDDM

c o o 9
o N o0 ©

o
Ul

Normoalbuminuria n =191

Microalbuminuria | - gg

Macroalbuminuria n =51

Normo- vs. micro- and macroalbuminuria = p < 0.05

2 3 4 S| 6

Gall MA, Diabetes 1995: 44: 1303-1309



ALBUMINURIA

as a target for treatment efficacy



Initial AR blockade-induced decrease in albuminuria is associated with

long-term renal outcome in type 2 diabetic pts with microalbuminuria
Hellemons ME, Diabetes Care 2011, 34, 2078-83

A post-hoc analysis of IRMA -2
590 hypertensive patients with

>

o
T
i
=
E
o
L | iL
=
™ F
@
=
O
D
=
o
L
)
@




Albuminuria, a Therapeutic Target for Cardiovascular

Protection in Type 2 Diabetic Patients With Nephropathy
De Zeeuw D, Circulation 2004; 110: 921-927

= \\VAVAN S
Losartan 100

Albuminuria reduction the first 6 months
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XTOXOI OEPAIIEYTIKHX ITAPEMBAXHY XTHN
EINIBPAAYNXH THX EEEAI=ZHY THX AN
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Prevention of Diabetic Glomerulopathy by Pharmacological Amelioration of

Glomerular Capillary Hypertension
Zats RJ, Clin Invest 1986; 77: 1925-1930

Table II. Glomerular Hemodynamics after 4-6 Wk of Diabetes

Grﬂup SNGFR Qﬁ SNFF R;., RE RT R,.JRT PT PE AP C‘ CE Ta TE Kf
nl/min nl/min X 10" dyne+s-cm™ mmHg [{\mmHg mmHg mmHg g/dl g/dl  mmHg mmHg nl/(s-mmHg)

C 459 154 0.31 2.13 1.41 3.54 0.59 13 15 39 5.6 8.2 18.5 333 0.070
(n=Trats) +3.8 +18 +0.02 =040 021 061 =002 +0.2 +0.6 xI +0.2 *03 =08 +1.8 +0018

DM 81.6 269 0.31 0.89 1.00 1.90 0.47 11 15 52 5.9 8.6 19.7 36.0 0.057
(n=8) +5,7* +26* 0,02 0.13* +0.12  +£0.21* x0.03* +H0.4*  +1 +2*  +0.1 +03 +04 +1.8 +0.005

DM + E 71.9 227 0.31 0.92 0.76 1.68 0.55 12 17 37 5.3 7.8 17.1 30.7 0.101
(n=8) +7.2* +14* +0.01 *007* =+0.04* ==0.10* +0.02} +03f 06 x1§ 0.1 02 +03F =12 0017

Abbreviations used in this table: Py, proximal tubule hydraulic pressure; Pg, efferent arteriolar hydraulic pressure; C,, afferent (systemic) arteriolar total plasma protein
concentration; Cg, efferent arteriolar total plasma protein concentration; =g, efferent arteriolar plasma colloid osmotic pressure. Values given as meant] SEM. * P

<005vs. C. £ P <0.05 vs. DM.

CONTROL DIABETES DIABETES +

ENALAPRIL
150 1501 150
Uaip'V % 0 sor
{mg/24h)
a0 30r 30t
e S W )
04 8 12 0 4 8 12 O 4 8 12

MONTHS




Role of ACEI to treat DN

Type | DM (207 captopril and 202 placebo)
Proteinuria>500 mg/24 h

Creat <2.5 mg/dl
FU: 3y
Significant effect of captopril on blood pressure

- ]
@
o _ 451 DEATH, DIALYSIS TRANSPLANT
o, 451 DOUBLING OF CREATININE &S 40
5 £ 40 g
= = :
3 5 35 g %_ 35
st @ 30 1
£0 301 B 2
Z5 0 E o5 | Piacebo fp—
£ 25 2~ &
® 5 < _ F
Eg 20 - P = 0.007 ; B 20 - P = 0.006 . EGp____.
c & _ L v 45 2
gm S T PO 33, ﬁ"uﬂpf &-&QCaptopril
$%5 10 5= 10 of ol
Iﬁ O Q dpg.-&
s 0 0
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.................................... 00 05 10 15 20 25 30 35 40

Years of Follow-up Years of Follow-up

The Collaborative Study Group, NEJM, 329:1456, 1993



EFFECTS OF LOSARTAN ON RENAL AND CV OUTCOMES

INPTSWITH TYPE 2 DIABETES AND NEPHROPATHY
Brenner BM, NEJM 2001; 345: 861-869

LOSARTAN 100 mg PROTEINURIA
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EFFECTS OF LOSARTAN ON RENALAND CV OUTCOMES INPTSWITH TYPE 2
DIABETES AND NEPHROPATHY
Brenner BM, NEJM 2001; 345: 861-869

LOSARTAN 100 mg
Placebo

COMPOSITE 1

Risk reduction, 16%
P=0.02

IDOUBLING OF CREAT...

Risk reduction, 25% K

-
‘I

Losartan

Primary Composite End Point »>
o,
Doubling of Serum Creatinine @

Months of Study Months of Study

NoO. AT RISk

Primary Composite : e momox
(Renal Outcome)

doubling of the base creatinine,
end-stage renal disease,

death

o

ESRD Placebo # ] ESRD OR DEATH

L]
. . Placebo ,«'
Risk reduction, 28% n
-
'l

P=0.002

Risk reduction, 20%
P=0.01

End-Stage Renal Disease
o,
End-Stage Renal Disease
or Death (%)

Months of Study Months of Study

NoO. AT RISk

Placebo 762 610 610
Losartan 751 625 625




THE EFFECT OF IRBESARTAN ON THE DEVELOPMENT OF

DIABETIC NEPHROPATHY INPTSWITH TYPE 2 DIABETES
Parving, NEJM 2001, 345: 870-878

590 hypertensive patients with type 2 diabetes and persistent microalouminuria

RENAL OUTCOME
PROTEINURIA
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ARBs in DIABETIC NEPHROPATHY TYPE Il
RENOPROTECTIVE EFFECT OF THE ANGIOTENSIN-RECEPTOR ANTAGONIST
IRBESARTAN IN PATIENTS WITH NEPHROPATHY DUE TO TYPE 2 DIABETES
LEWIS EJ, NEJM 2001; 345: 851-860

RENAL OUTCOME

e|rbesartan 300

Amlodipine 10

Primary End Point

L
3
c

2
=
<]
=3
3]
=

o

*Placebo 0% lower risk for

IRBE vs placebo

18 24 30 36 42
Months of Follow-up
MNO. AT RISK

Irbesartan 579 55b 528 495 400 304 216 146
Amlodipine 565 542 508 474 385 287 187 128
Placebo 568 551 512 47 401 280 190 122

The primary end point was the composite of a doubling of the base creatinine , the
onset of ESRD (as indicated by the initiation of dialysis, renal transplantation, or
a serum creatinine of at least 6.0 mg/d), or death from any cause



Renoprotective effects of ARBs:
GFR decline in DETAIL, IRMA 2, IDNT and RENAAL

RENAAL* IRMA2T IDNTT DETAILT
3.4 years 2 years 2.6 years S years
Losartan100 mg Irbesartan 300 mg Irbesartan 300 mg Telmisartan 80 mg
—~ 0
5
S 1
L
= E 2
O M
D M~
O 4 -3
X =
LL '= 4 -
0D g Y 3,7
= = -4,
E 5
6 -5,5
* Median :
t Mean Parving et al. N Engl J Med 2001; Brenner et al. N Engl J Med 2001

Lewis et al. N Engl J Med 2001; Barnett et al. N Engl J Med 2004;351:1952-1961



MICRO-HOPE*: Primary Outcome
Reductions 1n Stroke, MI, and CV Death

0.20 250/, :
o Reduction in R
% E 0.15 Events P = =
=5 0.0004* .
T
Sw o010
s o -
T = 16%
2 Reduction in
O o 0.05 RS
axr Events at 1
Year
0
0 500 1,000 1,500

Days of Follow-Up

Trial halted early because of the highly significant risk reductions seen with ramipril
HOPE Study Investigators. Lancet 2000; 355: 253-259.



LIFE: Hypertensive diabetic with LVVH; Cardiovascular
mortality comparing RAAS-I and beta-blockade

Adjusted Risk Reduction = 37%; p=0-028

12 Unadjusted Risk Reduction = 38%; p=0-019 T Atenolol
170 ¢ ==== | osartan
4
10 160 R
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150 IIIl.I...-unn.........l...l.-.I...l
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Study Month Study Month

Lindholm LH, Lancet 2002; 359:1004-1010



ARBs in DIABETIC NEPHROPATHY TYPE II
CV OUTCOMES

RENAAL.: Losartan 100 vs placebo
IDNT: Irbesartan 300 vs amlodipine 10 vs placebo
IRMA: Irbesartan 300 vs irbesartan 150 vs placebo

NO DIFFERENCE ON CV OUTCOMES



ARBs in DIABETIC NEPHROPATHY TYPE Il

MORTALITY OUTCOME

RENOPROTECTIVE EFFECT OF THE ANGIOTENSIN-RECEPTOR ANTAGONIST
IRBESARTAN IN PATIENTS WITH NEPHROPATHY DUE TO TYPE 2 DIABETES
LEWIS EJ, NEJM 2001; 345: 851-860

e|rbesartan 300

Amlodipine 10

from Any Cause

*Placebo

=
=]
[1=1
k]
-
=
=
=
| =
=2
=
Q
o
(=]
|
o

B 12 18 24 30 s
Months of Follow-up

Mo aTRisk

Irbesartan 579 563 550 530 452 365 264
Amlodipine 567 552 536 524 457 358 266 201 Lt
Placobo gD 553 539 522 465 354 255 185 a4 7

no significant difference among the three groups in the unadjusted risk of
death from any cause



ARBs PREVENT THE PROGRESSION FROM MICRO
ALBUMINURIA TO PROTEINURIA

THE EFFECT OF IRBESARTAN ON THE DEVELOPMENT OF DIABETIC
NEPHROPATHY IN PATIENTS WITH TYPE 2 DIABETES
Parving, NEJM 2001; 345: 870-878

590 hypertensive patients with type 2 diabetes and persistent microalbuminuria
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150 mg of !
irbesartan —

Nephropathy (%)
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300 mg of
irbesartan

12
Months of Follow-up

Mo. AT Risk

Placebo 201 154
150 mg of irbesartan 185 181
300 mg of irbesartan 194 172




ACE KAI EMOANIXH MIKPOAEYKQMATINOYPIAX YE XA II KAI AY

type 2 DM not exceeding 25 years, >40 y and HTN
urinary albumin excretion rate < 20 pug/min,

Subjects with Microalbuminuria (%)

Mo. at Risk
Trandolapril
Placebo

254
229

serum creatinine <1.5 mg/dL.

The NEW ENGLAND
JOURNAL of MEDICINE

Preventing Microalbuminuria in Type 2 Diabet

Trandalapril

Subjects with Microalbuminuria (34)

12 13 24 0 16
Follow-up [months)

237 224 207 138 188 Mo. at Risk
214 203 187 176 164 59 Wera parnil
Placebo

Mo ACE inhibitor

ACE inhibitor

E"
)
5
E
E
3
.
3
b
=
=
x
Y
=
3
v

18 24 30
Follow-up [months)

Mo. at Risk
ACE inhibitor 601 503 459 441 417 399 111 220
Mo ACE inhibitor 603 463 474 405 3Ta 357 338 270 188

Verapamil

0=, a_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l
a -1 12 18 24 o i6 42 48

Follow-up (months)

303 214 210 202 189 181 174 134 98
300 229 214 203 187 176 164 136 B9




Olmesartan for the Delay or Prevention of Microalbuminuria in

Type 2 Diabetes
Haller H, NEJM 2011;364:907-17

N=4300 - ROADMAP

FU: 4y

Hazard ratio, 0.7 7 (95% CI, 0.63—0.94)
P=0.01 in confirmatory analysis
Risk reduction in favor of olmesartan, 23%

Cumulative Propartion of Patients with Microalbuminuria

Mo. at Risk
Odmesartan 2160 2097 2025 1923 1833
Placeba 2139 2076 2004 1887 1787




Olmesartan for the Delay or Prevention of Microalbuminuria in Type 2 Diabetes
Haller H, NEJM 2011;364:907-17

Table 2. Secondary Efficacy End Points during the Double-Blind Treatment Period.*

Olmesartan Placebo Hazard Ratio
End Point (N=2232) (N=2215) (95% C1) P Value

Composite of cardiovascular complications or death from 96 (4.3) 94 (4.2)  1.00 (0.75-1.33) 0.99
cardiovascular causes

Composite of death from any cause 26 (1.2) 15 (0.7)  1.70 (0.90-3.22) 0.10
Death from cardiovascular causes 15 (0.7) 3 (0.1)
Death not related to cardiovascular causes 8 (0.4 10 (0.5)
Death from unknown cause 3 (0.1 2 (0.1

Composite of death from cardiovascular causes 15 (0.7) 3(0.1) 4.94(1.43-17.06) 0.1
Sudden cardiac death 7 (0.3) (<0.1)

Death due to tatal myocardial infarction

Death due to congestive heart failure

1
0
Evidence of recent myocardial infarction on autopsy 0
0
4]

Death during or after percutaneous transluminal coronary 1(<0.1)
angioplasty or CABG

Death due to fatal stroke 2{0.1) 2(0.1)

Composite of cardiovascular complications, excluding new- 63 (2.8) 71(3.2) 0.87 (0.62-1.22) 0.42
onset atrial fibrillation and transient ischemic attack

Composite of new-onset atrial fibrillation or transient isch- 19 (0.9) 28 (1.3) 067 (0.37-1.19) 0.17
emic attack

Composite of all cardiovascular complications 81 (3.6) 91 (4.1) 0.87 (0.65-1.18) 0.37

* All results were based on adjudicated end points. The composite secondary efficacy end points were analyzed with the
use of a Cox proportional-hazards regression model with study treatment as the fixed effect. For composite end points,
the time to the onset of an event was defined as the time from randomization (date of visit 1) to the first occurrence o
any component of the composite end point. CABG denotes coronary-artery bypass grafting.




RESTORATION OF NORMOALBUMINURIA IN ARBs
TREATED TYPE Il DIABETICS WITH MICRO

ALBUMINURIA
THE EFFECT OF IRBESARTAN ON THE DEVELOPMENT OF

DIABETIC NEPHROPATHY IN PATIENTS WITH TYPE 2 DIABETES
Parving, NEJM 2001; 345: 870-878

590 hypertensive patients with type 2 diabetes and persistent microalbuminuria
40 34

50 24

21
20

10

RESTORATION %

0
IRBESARTAN 300 IRBESARTAN 150 PLACEBO



ANAZTOAH TOY RAS KAl EM®ANIZH
MIKPOAEYKQMATINOYPIAZ 2E 2A | XQPIZ YTEPTAZH

Renal and Retinal Effects of Enalapril and Losartan in Type 1 Diabetes
Mauer M, NEJM 2009, 361: 40-51

N=285

FU: 5y )

Losartan 100 g3 Losartan

Enalapril 20 2

Placebo ‘—Eg Placebo
3%

Enalapril

24 36
Months

Figure 2. Kaplan—Meier Estimates of Time to Microalbuminuria.
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1 2 3
Time from randomisation (years)
Number at risk

Placebo 2818 2410 2247 2092 1754
Candesartan 2613 2428 2278 2150 1783




RAS BLOCKADE REDUCE THE INCIDENCE OF
NEW-ONSET DIABETES



RAS BLOCKADE REDUCE THE INCIDENCE OF NEW-ONSET

DIABETES

Table 3 Effects of inhibition of the renin-angiotensin system on risk of new-onset diabetes in select key randomised controlled trials

Relative risk
Patient population (95% CI) p-Value  end-point?

Duration

Study (years)*

ACE inhibitors

Comparators

CAPPP (41) Captopril vs. f-blockers 6.1 10,985 hypertensive patients 0.79 {0.67-0.94) 0.007  Yes
diuretic
HOPE {42) Ramipril v. placebo g 9297 patients with history of CAD, stroke, 0.66 (0.51-0.85) = 0.001 Yes
PVD, for diabetes and = 1 ather CVD risk factor
All HAT {43) Lisinopril vs. diuretic 449 33,357 hypertensive patients with = 1 0.70 (0.56—0.86) < 0.001 Mo
other CVD risk factor
PEACE {44) Trandolapril vs. placebo 48 (median) 8290 with stable CAD 0.83 {0.72-0.9) 0.001 Mo
ASCOT-BPLA (39) Amlodipine (+perindopril) 55 (median) 19,257 hypertensive patients with = 3 0.70 {0.63-0.78) < 0.0001 Yes
ysatenolnl Lediyreticl ather Oy D rick factars
DREAM (51) Ramipril vs. placebo 30 (median) 5269 patients with IFG and or |GT but without 0.9 (0.80-1.08) ns Yes
| CVD or renal disease |

ARBs

I LIFE (45) Losartan ws. atenolol 48 9193 hypertensive patients with LVH 0.75 {0.63-0.86) 0.001 Yes
(I Landesartan vs. 37 perensive patients age Years [ H1-1. ! 0
placebo/other drugs
CHARM {47) Candesartan vs. placebo 3.1 7599 patients with HF 0.78 (0.64-0.96) 0.02 Yies
VALUE (48) Valsartan vs. amlodipine 4.2 15,245 hypertensive patients with 0.77 (0.69-0.86) < 0.0001 Yes
high risk of CVD events
TRANSCEND (57) Telmisartan ws. placebo 4.7 (median) 5926 patients intolerant to ACE inhibitors 0.85 {0.71-1.02) 0.081  Yes

with CAD, PVD, CBVD or diabetes
with end-organ damage
ACE inhibitor/ARB combination
ONTARGET (56)  Telmisartan ws. ramiprl, 4.7 (median) 25,620 patients with CAD, PVD, CBVD 1.12 (0.97-1.29) ns Yes
telmisartan + ramipril or diabetes with end-organ damage 0.91 (0.78-1.06) ns
vs. ramipril



Proportion of patients

with first event (%)

LIFE Study New-Onset Diabetes

10 Intention-to-treat
2 Adjusted risk reduction 25%, P=0-001
8 Unadjusted risk reduction 25%, P=0-001
[ Atenolol pC .
6
5
4
3
2
1

0 6 12 18 24 30 36 42 48 54 60 66
Study Month

Dahlof B, et al. Lancet. 2002:;359:995-1003.



DREAM STUDY

Effect of Ramipril on the Incidence of Diabetes
NEJM 2006; 355: 1551-1562

Pts with CV disease with Regression to normoglycemia
Impaired FGL (110-126) or
Impalred glucose tolerance N 'E Hazard ratio, 1.16; 95% Cl, 1.07-1.27; P=0.001 |
(140-200) E ;Hﬁ Ramipril gmu?_f
N=5269 I E

og ;’F

0.00

5 ) O E N
0 1 2 3 4

Year of Follow-up

No. at Risk
Placebo 2646 2494 2090
Ramipril 2623 2487 2060




RAS BLOCKADE REDUCE THE INCIDENCE OF NEW-ONSET
DIABETES

BeATiwvel Tov JETABOAIOHO TNG YAUKOLNG
QAUCAVEI TNV eualcOnaia Tou UTTOdOXEQ TNG IVOOUAIVNG OTA JUIKA Kal AITTwdn KUTTapA
aucavel Tn uetagopd Twv GLUT4 oTtnv KUTTApIK MEUBPAvn

1 poN AiNaTOC OTOUG MUEG

1 PONG AipaTOG OTA VNOidIA TOU TTAYKPEATOC TTOU 0dNYEI O€ AUENMEVN TTAPAYWYI) IVOOUAIvVNG

Melwvel TNV aTTOTITWON TWV B-KUTTApWV

Meliwvouv TNV atrwAeia K+
QAUCAVEI N EKKPION IVOOUAIVNG aTTo Ta B-kKUTTapA

Aucavel Ta TTiTTEdA TNG ADITTOVEKTIVNG
N adITTOVEKTIVN AUEAvel TNV euaiodnaia oTtnv IVOOUAivn



ACEI or ARB on diabetic nephropathy ?



ACEI or ARB on Diabetic Nephropathy?
DETAIL STUDY

RENAL OUTCOME
Barnett AH, NEJM 2004; 351:1952-1961

Table 3. Secondary Renal End Points after Five Years of Treatment,
According to Analysis of the Last Observation Carried Forward.*

Difference between
Change from Baseline Groups [95% C)

Telmisartan  Enalapril

Group Group
Serum creatinine (mg/dl) 0.10 0.10 0 (-0.66 to 0.65)

Urinary albumin excretion 1.03 0.99 1.04 (0.71t0 1.51)3
{ratio)f

* One hundred sixteen subjects (35 with thelast observation carried forward) in
thetelmisartan group and 123 (44 with the last cbservation carried forward) in
theenalapril group were included in the analysis of serum creatinine, and 115
{35 with the last observation carried forward) and 125 {42 with the |ast obser-
vation carried forward), respectively, were included in the analysis of urinary
albumin excretion.

7 Urinary albumin excretion rates were determined as the ratio of thefinal value
to the baseline value.

% The ratio of the difference between treatment groups is shown. Because
of the skewed distribution of the albumin excretion rate, the log analysis
{when logvalues are converted back to nonlog values, or “anti-logged”) yields
treatment ratios, both for treatment means (ratio of year 5 value to baseline
value) and treatment differences (ratio of telmisartan to enalapril).

*Prospective, multicentered, double-blind study

250 patients with type 2 DM and DN (micro or
macroalbuminuria)

*Telmisartan 80 mg vs enalapril 20 mg
*Follow-up: 5y
*Primary end-point: change in iohexol GFR

«Secondary end-points: creat, UAE, BP no
difference!



ACE inhibitors

Renin inhibitors

Mineralocorticoid Antagonism
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. Aldosterone escape
. Evamopeivovooa Aevkopatovpio (RENAAL)



Meta-analysis: Effect of Monotherapy and Combination Therapy with Inhibitors
of the Renin—Angiotensin System on Proteinuria in Renal Disease
Kunz R, Ann Intern Med 2008; 148(1): 30-48

orebinabion ARE and ACE ishibiter therapy
Comparabor: ARB
Morita et al., 004 {$3) 11
Lufa et af., 20032 (55) 16
Maogensen et al , 2000 (58) &7
Renke et al., 2004 (5%) 16
Segura et al . 2003 (63} 12
Sengul ot 4., 2006 (64} 49
Tirhbnob et al . 3001 [B&) 1a
Total 181

Comparabor: &CE inhibitor
Haorila e al., 00 {53
Lufs et al,, 2007 (55)
Magensen ¢t al, 2000 (58)
Eenke et al., 2004 (553
Segura et al, 2003 (B3}
Sengal et ol . 2006 (G )
Tetkned #t al, 3007 [65)

Taatal




Aliskiren Combined with Losartan in Type 2 Diabetes & Nephropathy
Parving H-H, NEJM 2008; 358: 2433-2446

AVOID TRIAL
Hypertensive Type 2 Diabetics with Albuminuria

Aliskiren 300 mg (N = 301) or placebo (N = 298) added on Losartan 100mg
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Aliskiren reduced albuminuria by 20%



Addition of ARB or Mineralocorticoid Antagonism to Maximal ACE

Inhibition in Diabetic Nephropathy
Mehdi UF, JASN 2009; 20: 2641-2650

Lisinapril 80 mg daily and SBP goal <130 mmHg
e Dol i

Placebo daily

Two 24-hr UACR = 300 mglg

end of run-i
L Losartan 100 mg daily

Spironolactone 25 mg daily

Randomization

—e— Placebo
—#— Placabo -
abo - Losartan
—s— Losartan —a— Spironolactone
—i— Epironalacione . B '

>

.
B

—&— [Flacoiha
== Lasaman
== Enpponokactons

UACR (% change)

by
o

001
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Telmisartan, Ramipril, or Both in Patients at High Risk
for Vascular Events

Ramipril

Nesre) ool el 69% had hypertension, and 38% had diabetes

— Telmisartan
—— Ramipril
-—-Telmisartan plus ramipril

Composite primary outcome :
death from cardiovascular
myocardial infarction
stroke
hospitalization for heart failure

Cumulative Hazard Ratio

Years of Follow-up

No. at Risk

Telmisartan 8542 B177 TITE 7420

Ramipril 8576 8214 7832 7472

Telmisartan 2502 2133 TF3E Ti75
plus ramipril

Kaplan—Meier Curves for the Primary Outcome in
the Three Study Groups




ONTARGET: RENAL OUTCOMES

Ramipril Telmisartan Ramiprile  Telmisartanvs p Ramipril+
ni%) i [%) telmisartan  ramipril HR tel misartan vs
(%) {953 Cl)

Mldialysis, 1150 1147 3 1.00
doubling, 134  (134) 14. (0-92-1.00)

Ml dialysis 213 1.09
and daubling (2-49) (0-B%-1-34)

A GIFPE 1 0,
(0:56) (074 (0-72-1.58)
Al death 1014 484 6% 098
{11-8) (11:B) 12 (0-G0-1-07]
Doubling 140 , 111 (- 378 : o110

Acute 20 2 1-55
dialysis (0-23] 1-33) (0-77-311)

0.020

dialysis (0-39) {0-36) (0-40)  (0-58-1-54)

[alysis=at least one dizlysis. Chrondc dialysis=maore than 2 months. Acute diz lysls=2 months or less. Doubling=doubling
of serum creatinine from baseline values, HR-hazard ratio. Reasons for acute dialysis were reported as severe Infection
{n=22), volume depletion (n=9), post-surgery (n=7), drugs [n=5), spedfic renal diseases (n=5), and other reasons
{n=23). In three of 165 originally reported cases of dialysis, * detailed analysis rewvealed that no dialysis took place. In three
of the 167 cses of dialysis, we got no infarmation on duration of dialysis. Investigators could report several reasons for
acute dialysis.

Table 2: Incidence of primary and secondary renal outcomes and of its components

Mann JFE, Schmieder RE, McQueen M. Lancet. 372: 547-53, 2008



Cardiorenal End Points in a Trial of Aliskiren for Type 2 Diabetes
~ ALTITUDE STUDY

PLACEBO
Type 2 diabetes at high risk for
CV who were already taking a
renin—angiotensin system blocker
ALISKIREN

Table 2. Prespecified Primary and Secondary Composite Outcomes and Deaths.*

Aliskiren Placebo Hazard Ratio
Outcome (N=4274) (N=4287) (95% CI) P Valuey

Cardiac arrest with resuscitation 19 (0 4) 2.40 (l 05-5. 43)
Myocardial infarction (fatal or nonfatal) 147 (3.4) 142 (3.3) 1.04 (0.83-1.31)
Stroke (fatal or nonfatal) 147 (3.4) 122 (2.8) 1.22 (0.96-1.55)
Unplanned hospitalization for heart failure 205 (4.8) 219 (5.1) 0.95 (0.78-1.14)

ESRD, death attributable to kidney failure, 121 (2.8) 113 (2.6) 1.08 (0.84-1.40)
or loss of kidney functioni:

e—l20bling qfhaselineSerumCrratione — el (fadle — el il D 7 LOB0- L) el
(Cardiovascular composite outcome___ __ __59038) ___ _539(126) __L11(099125) __009
Renal composite outcome 257 (6.0) 251 (5.9) 1.03 (0.87-1.23) 0.74
Death from any cause 376 (8.8) 358 (8.4) 1.06 (0.92-1.23) 0.42

* A patient may have had multiple cardiovascular and renal events of different types. All composite outcomes reflect only
the first occurrence of any of the components.

T P values have not been adjusted for multiple comparisons.

1 Loss of kidney function was defined by the need for renal-replacement therapy with no dialysis or transplantation available
or initiated. ESRD denotes end-stage renal disease.

Parving H-H, NEJM 2012;367:2204-2213
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Prevention of Accelerated Atherosclerosis by ACE Inhibition in Diabetic
Apolipoprotein E -Deficient Mice
Candido R, Circulation 2002;106:246-253

ApoE-Deficient Mice

Control
Aortic arch and thoracic and
abdominal aorta showing
atherosclerotic lesions
Diabetic

- AN
thoracic  abdominal

e o

Diabetic + perindopril i}’ e N L

'u"' —— -

)
/*-.\\

o ahiomana



The association of dietary sodium intake with atherogenesis in experimental
diabetes
Ticellis C, Clin Sci (Lond) 2013 May 1;124(10):617-26

LS: Low Sodium 0.05%
NS: Normal Sodium 0.3%
HS: High Sodium 3.1%

P: Perindopril
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DUAL RAS BLOCKADE: THE IMPORTANCE OF SALT

: Low salt (0.05%) . High salt (2%)

B cenin
B Acgen

Spontaneously
Hypertensive Rats

contied ACE) ACEmARRB conral  ACEI ACEARB

g centid  ACEN ACE:sARB g oot ACE ACE+ARB

Richer-Giudicelli C, J Hypertens 2004; 22:619-627



DUAL RAS BLOCKADE: THE IMPORTANCE OF SALT

Low sal (0.05%) o High salt (2%)

Spontaneously
Hypertensive Rats

comtiol  ACEN ACEI+AHB contred  ACEY ACEARR

0
ACEY ACEI+ARB conired ACE ACEnARB

Richer-Giudicelli C, J Hypertens 2004, 22:619-627




Urinary Sodium and Potassium Excretion and Risk of CV Events

O’ Donnell MJ, JAMA 2011; 306(20): 2229-2238
ONTARGET and TRANSCEND trials N=28880

Main Outcome: CV death, MI, stroke, and hospitalization for CHF

Table 1. Baseline Patient Characteristics by 24-Hour Sodium Excretion Range#
Sodium Excretion, g/dP

Overall <2 2-3.99 4-5.99 6-8 ~8
Variable (N = 28 880) (n=818) (n = 8353) (n = 14156) (n = 4706) (n = 847)

Sodium excretion, mean (SD), g/d 4,77 (1.61) 1.66 (0.35) 3.24 (0.53) 4.93 (0.56) 6.71 (0.53) 9.40(1.81)
Creatinine, pmol/L 93.92 (24.41) 95.55 (27.47) 9415 (25.18) 93.82 (23.80) 93.54 (24.05) 93.75 (25.72)
Medications

p-Blocker 16529 (57.2) 476 (58.2 4857 (68.1) 8074 (57.0) 2647 (56.2) 475 (56.1)
Diuretic 8299 (28.7) 335 (41.0 2568 (30.7) 3663 (25.9) 136‘5 (29.0) 367 (43.3)
Calcium antagonist 9986 (34.6) 363 (44.4] 2700 (32.3) 4572 (32.3) 21 (40.8) 430 (50.8)
Ramipril 7851 (27.2) 5.7 2278 (27.3) 3859 (27.3) 1291 (27.4) 213 (251)
Telmisartan 10518 (36.4) ) (36.2] 3082 (36.9) 5090 (36.0) 1750 (37.2) 300 (35.4)
Ramipril plus telmisartan 7792 (27.0) ) (25.2] 2215 (26.5) 38849 (27.5) 1247 (26.5) 235 (27.7)

Diabetes melitus 10717 (37.1) 320 (39.1) 2601 (32.2) 5128 (36.2) 2141 (45.5)

=]
Value

=001

3
a2

3y
s

=001
<.001

57
A5
31

24-hour urinary sodium and potassium excretion were estimated from a morning

fasting urine sample



Urinary Sodium and Potassium Excretion and Risk of CV Events
O’ Donnell MJ, JAMA 2011; 306(20): 2229-2238

ONTARGET and TRANSCEND trials N=28880
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Sodium Excretion, g/d
Events 165 1400 2145 B12 152
Mo.atnsk 818 8353 14156 4706 673

Estimated 24-Hour Urinary Excretion of Sodium and Composite of
CV Death, Stroke, MI, and Hospitalization for CHF




The Association Between Dietary Sodium Intake, ESRD, and All-

Cause Mortality in Patients With Type 1 Diabetes
Diabetes Care 34:861-866, 2011

The association between 24-h UNa and all-cause mortality
modeled within the conventional Cox model as a cubic regression

Dietary salt in type 1 diabetes

ALL CAUSE MORTALITY

Part of the ongoing Finn Diane Study
2807 pts

Age: 39y

HTN:47%

FU:10y

One single urinary measurement
Mean 24-h Una: 150 mmol T T T T R
217 deaths Urinary sodium excretion: mmoliday )

24-h UNa was nonlinear significantly associated with all-cause mortality.
Individuals with the highest daily UNa, as well as the lowest excretion, had
reduced cumulative survival.
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The Association Between Dietary Sodium Intake, ESRD, and All-

Cause Mortality in Patients With Type 1 Diabetes
Diabetes Care 34:861-866, 2011

Individuals with the lowest 24-h UNa had the highest cumulative incidence of
ESRD.

Part of the ongoing Finn Diane
2807 pts

Age: 39y

HTN:47%

FU:10y

One single urinary measurement
424 pts macroalbuminuria

122 ESRD (120 macroalbuminuria)
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percentiles of 24-h UNa, adjusted for other covariate predictors and accounting for
pre-ESRD mortality as the competing risk.



Dietary Salt Intake and Mortality in Patients With Type 2 Diabetes
Diabetes Care 2011; 34:703-709

All-cause mortality was inversely associated with 24-h UNa

All-cause mortality

638 pts

HTN 85%

175 deaths
24hUNa yearly
Mean 24hUNa
184 mmol Na
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Cumulative hazard of all-cause mortality, stratified by percentiles (5th, 25th, 75th,
and 95th) of 24-h UNa



Dietary Salt Intake and Mortality in Patients With Type 2 Diabetes

638 pts

HTN 85%

175 deaths
24hUNa yearly
Mean 24hUNa
184 mmol Na

Diabetes Care 2011; 34:703-709

Baseline parameter

24-h urinary sodium excretion
(per 100 mmol/day)

Age (per decade)

Male sex (yes/mo)

Pre-existing CVD (yes/no)

eGFR (per 10 mL/min/1.73 m®)

Arrial fibrillation (yes/no)

Log,o AER

Systolic blood pressure (mmHg)

Diabetes duration (decades)

Baseline parameter

Pre-existing CVD (yes/no)
eGFR (per 10 mL/min/1.73 m?%)
Arrial fibrillation (yes/no)

LL""L‘h] AER

"ﬂ, stolic blood prt__urt meH}_,J

All-cause mortality

Hazard ratio

Cardiovascular mortality

Sub-hazard ratio

0.985
2.78
1.76
0.97
1.05

=<0.001

0.013
0.001
0.002

=<0.001
=<(0.001

0.015
0.010

0.001

=<(0.001
=<(0.001

=<0.001
= (.001

0.55-0.94
1.03-1.07
1.09-2.09
1.30-2.64
0.980-0.996
1.39-2.81
1.38-2.12
0.974-0.997
1.01-1.04

1.17- ﬁ'?lJ
1.14-3.11
0.98-0.99
1.71-4.53
1.28-242
096009
1.02-1.08

For every 100 mmol rise in 24hUNa all-cause mortality was 28% lower
(95% CI 6-45%, P = 0.02)



Standards of Medical Care in Diabetes 2013
Clinical Practice Recommendations

AMERICAN DIABETES ASSOCIATION
DIABETES CARE, 2013: 36 (Suppl 1)

PREVENTION AND MANAGEMENT OF DIABETES COMPLICATIONS

Pharmacological therapy for patients with diabetes and hypertension should
be with a regimen that includes either an ACE inhibitor or an angiotensin
receptor blocker (ARB). If one class Is not tolerated, the other should be
substituted. (C)

In the treatment of the non pregnant patient with modestly elevated (30-299
mg/day) (C) or higher levels (>300 mg/day) of urinary aloumin excretion
(A), either ACE inhibitors or ARBSs are recommended.



Standards of Medical Care in Diabetes 2013
Clinical Practice Recommendations

AMERICAN DIABETES ASSOCIATION
DIABETES CARE, 2013: 36 (Suppl 1)

Lifestyle therapy for elevated blood pressure consists of weight loss, if
overweight; Dietary Approaches to Stop Hypertension (DASH)-style
dietary pattern including reducing sodium and increasing potassium
Intake; moderation of alcohol intake; and increased physical activity. (B)

Lifestyle therapy consists of reducing sodium intake (to below 1,500
mg/day) and excess body weight;



KDOQI Clinical Practice Guideline for Diabetes and CKD: 2012

update.
Am J Kidney Dis. 2012;60(5):850-886

G 6. Management of Alouminuria in Normotensive Patients with Diabetes

6.1: We recommend an angiotensin-converting enzyme inhibitor
(ACE-1) or an angiotensin receptor blocker (ARB) for the primary prevention of
DKD in normotensive normoalbuminuric patients with diabetes. (1A)

6.2: We suggest an ACE-I or an ARB In normotensive patients with
diabetes and albuminuria levels >30 mg/g who are at high risk of DKD or its
progression. (2C)

Dietary sodium reduction to 2.3 g/d (100 mmol/d) is recommended based
on the DASH and DASH-Sodium diets



CURRENT GUIDELINES FOR USING ACEI AND ARBS IN CKD

IS THE EVIDENCE BASE RELEVANT TO OLDER ADULTS?
ANN M O' HARE ANN INTERN MEDICINE 2009; 150(10): 717-724

‘current guidelines for the use of angiotensin converting
enzyme Inhibitor and angiotensin receptor blocker in chronic
kidney disease are based on evidence with limited relevance
to most persons older than 70 years with this condition’.
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1. H avaGToAN} TOL GUGTNHUATOC PEVIVIG OLYYELOTEVGIVIIG GLUVICTATOL GE
OLNTIKOVG HE AVENUEVES TILEC AELKMOUOTIVIIG 6T OV P

2. H ovaoTtoA T0V GUGTNUATOC PEVIVIIG QLY YELOTEVGIVIG OVOGTEAAEL
uakponpdBeoua v anmAcia tov GFR.

3. H avaoTtoAn] Tov cuGTAUOTOC OEV EXEL AMOOEIEEL TN UEIMOT TNG
GLVOAMKTC BvnToTnToC

4. H évtoomn ¢ avaoToAng ToV GLoTUaToC Ba Tpémel LAAALOV va ivart
N

5. O pdrog tov AAaTOC ALY KO TOV KOAIOL LEVEL VO O1EVKPIVIGOEL.
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