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Renin Angiotensin Aldosterone System

Non-ACE pathways « Vasoconstriction
(eg, chymase) « Cell growth
« Sympathetic activation
¢ Inflammation
Angiotensinogen T
Angiotensin |
Angiotensin Il <
Aldosterone AT,
v
Cough, * Vasodilation
N - Inactive « Antiproliferation
angioedema T Bradykinin fragments (kinins)

Angiotensin Il plays a central role in organ damage

...................... » Stroke ,
Atherosclerosis* A,
Vasoconstriction H s,

N

Vascular hypertrophy >
Endothelial dysfunction Hypene.nslon K
.
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Al AT. H 0
-r:cep1to LV hypertrophy H : %,
Fibrosis Heart failure
Remodeling —> partfallure ... DEATH
Apoptosis : ..1
: o
H o
VGFR N

4 Proteinuria Y
4 Aldosterone release™—> Renal failure **
Glomerular sclerosis

*Preclinical data.
LV = left ventricular; MI = myocardial infarction; GFR = glomerular filtration rate.
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AdtE 28 e
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study) 80 Men
Diastolic BP Women
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Kannel et al 1978
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» Z2 £5D| 0| cardiovascular & all-cause mortality2l 2 m COIISHT XIZ2 0 A8 8S LA E A2 UEH.
25t S HISXR HEHE. o Systolic Hypertension in the Elderly Program (SHEP): Ol = Xl

=R 20| 01D EYEL 2HYSURE, HES, AI2A
Ol CHOH O 2 &t A QL2 26 E.

» 2H: Framingham Study, Multiple Risk Factor Intervention
Trial (MRFIT), Copenhagen City heart Study, Honolulu Heart
Study.
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o Systolic Hypertension in Europe Trial (Syst-Eur): CCB
m 2003 ESH-ECS2t WHO-ISH: = 2! ISHTOl Ol'= &It CCB & &
n 2 HEZA: ISR 5 €29 240 Rt 21} &0l
m 2003 ESH-ECS, WHO-ISH, JNC7: 50Al Ol% & Xt0IA 57|
0| 0120 YL O 26 A2 ABQ0L.

T57] 28

o %) g NSRS LHE AE R0
n 1000 A2 S 442 FTREMUA F)| 822 12-13
mmHg ZAAID|S ASE2AEED AILS 2AAZ.
= Cardiovascular events:

o Coronary events 21(10-31) % 24

o Stroke 37(28-45) % 24
m Deaths:

o Coronary 27(13-38) %

o Stroke 36(18-50) %

o All cardiovascular 25(15-34) %

o All-cause 13(4-21) %

+%7) 2Yst
o ZELX @ +FJ| 1EY: S 22X
= NHANESOl 2/5ted, ZH S X ghs DAL R E0] 0127] L0l
90mmHg 0I5te! +=5J| D& A0IACH
s 32 A0 25t AASOl DESR =0 HSHOIX L
m AXOIF0A 150-155mmHg +==I| B2 20 £3F0ICH

IXOZ A 6HE XIZE SEX SLS0| 012 222 85%0 &
e greiol 50| 22 50%0 SIHE.

[ ]
ne

ob

= XFEE Y= S50 DHABK 31%0IH SSRY, 43%01H 204
sgerg 2850 US.

oS
OHS TR APOA T 5D HAS ZEE2 50%F = LIEHE.

5117



+%7] n¥%

NEBISO SB AHQ0 Y SHAX EXR
SOtoll mek ol27| 2ol Hioh =521 g2l St 21
Ol 4ete B 2 PES6| SOtoH=0l, 5041 01F Ol
Il 8o 2AZ WA SO S JH58E.
m Z 2 HA0NA U0l SE2ATEO BHE S- WFAKXO0ICH
m LOIDNE HNADSOHAM WAO0l =FI| EAECH A2Z M0
Oioh O 228t oFeIXZ ¢H6lE.
m I AMNSUIE HIEAS HEAZEO HSAXY.

(=]
s 12
e 09

Hn og

2

)I

]

[] oF:

=2
e =5

20l 65m

2 2

m WOL2 oy

E EDN%XI

A HYAHIZ

HEAIE =B AE

|4 (LVH, ZS U, DML )t
mHg 0| 4012 &g 2 -0l St

OlA £F5t= 2 20 24A12 £F0| O Z&std
m WA2 LV ejectiont SWA A0 A& =0, HBO| BoHE*

0l =& R9l0| &Ch.

ot 3otEl 1, A

Moto] BIHAHIIL g2 B MFHO stressE B
dol X

LA EC

57 2¥Y

o SWHHA: ZTNEI| &4 surrogate marker
n EY0| SUFA FE Z2FRQ0ICH
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Normal Aorta (Young Adults)

Stiff Aorta (Older Adults)

1. Aortic BP 130 Systolic 140
(mm Hg) 80 Diastolic 70
2.PWV (m/s) 50 10.0
. Refl .
3 Wiveemd Early Diastole Late Systole

4. Pulse Wave
Shape

5. Aortic BP
(mm Hg)

Systolic
Diastolic
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s $F)| HY0| SEX SLotedS 28X 50%01 40 A 27X

Ol42 o420 ZR8&.
u INC70IA 20 S22 X2 AT AE IIE:
o 283 D& eH(160/100)
SHEX 20 20/10mmHg Z Al

n HEH2ZY =8& &S RAdH fixed combination drug &&

= ARB + low dose thiazide, ARB + CCB

m 30 A2 HE: 30%0 M, ARB + low dose thiazide + CCB

57 ¥ Y
o ARB2 low dose thiazide EH & XAl

n HEA EAAS S SUS

o SS9 10.4-11.8/8.2-8.9mmHg 2t &

o ey 16.1-20.6/9.9-13.6mmHg 24

o S TEE 65-75%
n F)| LA H HAN WS 2AE.
= 0|z X2l dose related biochemical abnormality= JH& Al
= O|AEIS B, HAH 22
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“#81%  81%
80% [ 76% oy

90%

70% 64%
59%

60% 54% 54%

50%
A’ 41%
40% |

29%
30%

20%
10%
0%

% Patients with Successful Response

ARBAA|: &4k kA A3} vjofA

49 1

o CC: NEAoZ AZ X 2SIl 834 Xt otXIo 3
o PI: 10 & 2H norvasc 10mg 2 S8§&.

o P/E: pitting edema(++). BP 136/88

Aprovel 150mg2 2 CHAI&t.

o 4% ¥ pitting edema(-). BP 138/86

o NorvascE SHdt1

ks

o CC: 564 IRt X dZ =
s

=

X
o PI: 2@&2H norvasc 5mg £ SE&.
o P/E: XI2tR S LIt X0 6t 1/30HK SAE
BP 126/74.

o NorvascE EHdt1) ARBHINIZ CHAE.
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“p<0.007 vs ACE-l, Bloom B. Clin Ther 1998;20:671-81

g 70 -
4 -
S 60 58
[
= 504 50
S0i K& | 820 (61.3) 101(40.7)| 92(66.2) | 63(55.8)| 29(63.0) |23(53.5) s 43 “
£ 4.
so =2 | 62(11.9) 52(21.0) 8( 5.8)|12(10.6)| 9(19.6) | 3( 7.0) £ 30
[
osse | 41(7.9) sa15.7] 3 22| 6 53) 7152)| 1( 2.3) g2
10
2
JlEt 21( 4.0) 13( 53) 5( 3.6)| 6( 53)| 2( 4.3)| 2( 4.7) g o
& ARB ACE-l CCB BB Diuretic
owe 140 (26.8) 95(38.3)| 39(28.1) |38(33.6)| 8(17.4) [17(39.5) n=  se7 5842 5004 494 5226

YS Kim, et al. Pharmacoepidemiol Drug Saf. 2002;9:603-9.

Irbesartanlt 2t& = O] AlBHS

7‘“ OE:] H‘;i 7] E.X] 41“% Men (n=505)  Women (n=529) Total (n=1,034)

N (%) N (%) N (%)
Dizziness 5 (1.0 7 (13) 12 (1.2)
g 100 ©—® Diovan (n=29,669)"* Headache 4 (0.8) 5 (0.9) 9 (0.9)
) B Amlodipine (n=73,148) Edema 2 (0.4) 6 (1.1) 8 (0.8)
2 A—A Lisinopril (n=40,128) Erectile dysfunction 4 (0.8) 0 (0.0 4 (0.4)
g % Indigestion 2 (04) 2 (0.4) 4 (0.4)
2 Flushing 3 (0.6) 0 (0.0 3 (0.3)
5 60 63.0™ Nausea 1 (0.2 2 (0.4) 3 (0.3)
E 52.9 Heartburn 1 (0.2) 2 (04 3  (0.3)
2 0 50.3 Feel oppressed in the breast 1 (0.2) 2 (0.4) 3 (0.3)
£ 40 n=142,945 Dyspnoea 1 (0.2) 2 (0.4) 3 (0.3)
® 30 v T - 11— Pruritus 1 (0.2) 2 (04) 3 (0.3)
1.2 3 4 5 6 7 8 9 10 1 12 Weakness 2 (04) 0 (0.0 2 (02
P, Abdominal pain 2 (0.4) 0 (0.0 2 (0.2
“p<0.001 for mean duration of therapy vs amlodipine and vs lisinopril Cough 2 (0.4) 0 (0.0) 2 (0.2)
**p<0.0001 vs amlodipine and vs lisinopril Fatigue 1 (0.2) 1 (0.2) 2 (0.2

Wogen J et al. J Managed Care Pharm 2003;9:424-9

Total 38 (7.5) 4  (7.8) 79 (7.6)

g=oll 4 ESRD9] 34 €94l (2003)

| A gl 1y o AABD T8 [mHv aom ocey|

percent{%]
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Proteinuria and Mortality in Type 2 DM (n=840)
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&\\\\H\\ N~
06 \,\_\
A\\\_\_x‘\ Microalbuminuria

Proportion Surviving

04
j““::t
0.2 Gross Proteinuria

Log-Rank Test P<.001

0 2 4 6 8 10 12
Years of Follow-up

Valmadrid C, et al. Arch Int Med, 2000, 160:1093

MARVAL

Diovan significantly lowers UAER in NIDDM with Microalbuminuria

201

8 10 Amlodlspme-based T
[~ )
25 [E ke ~Glhaiabaialaiadaela N
E k- - - 89
H g ,\;_10 8%
-
g,g Diovan-based Tx
5 E -301 (n=146)

® -401

— 44%**
-50 T T T T T ?
o 4 8 12 18 24
Time (week)

**p<0.001 vs amlodipine
Viberti G et al. Circulation 2002;106:672-8

24T DAL R BASEE HES

29.9%*

14.5

Patients (%)

Diovan 80 mg
(n=49)

+Defined as urinary albumin excretion rate <20 ug/min; “'p<0.001 vs amlodipine
Viberti G et al. Girculation 2002;106:672-8

Effect of Losartan on Microalbuminuria

250

== Type 2 diabetes

= Type 1 diabetes n
E == Renal transplant
< 200 - == Hypertension 188
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RENAAL: Study Design

Losartan 100 mg qd (+CTx)

Losartan 100 mg qd
(+CTx) I
Losartan 50 mg qd
(+CTx) |
Maintain conventional
antihypertensive therapy (CTx)* . Goal trough BP:
= <140/<90 mmHg
eRCTuding ACE TRRIBIGTS,
All antagonists)
Placebo |
(+CTx)
Placebo
(+CTx)
Placebo (+CTx)
| Swk 4wk | Bwk |
I T 1
Mean follow-up 3.4 years
qd=once daily
*CT therapy: Open-iabel calcium-channe blocker, diuretc, beta blocker, alpha blocker, or centrally acting agents.

Adapted from Brenner BM et alJ Renin-Angiotens- Aldoster Syst 2000;1(4):328-334.

= T
rimary Components g
®
£
H
R
Doubling of sCr
30
E 0 12 24 6 48
> Months
® 20 — Placebo (+CTx) 762 715 610 347 42
g = Losartan (+CTx) 751 714 625 375 69
=10
@ RR: 25% 50—
=0.006 ESRD or Death
0 L 40
0 12 24 36 48 §
Months 3 307
— Placebo (+CTx) 762689 554 295 5
= Losartan (+CTx) 751692 583 329 s2 3 9
=
10 RR: 20%
p=0.010
sCr=serum creatinine; RR=risk reduction 0 T T T 1
Adapted from Brenner BM et al N Engl J Med 2001;345(12):861-869. 0 12 24 36 48
Months
= Placebo (+CTx) 762 715 610 347 42
= Losartan (+CTx) 761 714 625 375 69

Slide 34
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RENAAL.: Effect of BP Control, ARB on GFR Decline
~ 15
z 56% | with
£ BP control
3 3 o) B
g A A3 A G 2R o
g P=.01
L: 6% more
® with
£ losartan
g 51 5.2
~ 44
(<]
3
& T T
Natural History Placebo Losartan
Incidence of New Cases of DM in Different Studies VALUE: Incidence of New-onset Diabetes
Comparison of CCB, ACEI & ARB versus BB & Diuretics)
18 239% Risk Reduction _I
12 16 P < 0.0001
10 8 14
g £2 1
: ® 2o
5 . ag2> 10 16.4%
8 §25 s
S 4 %% 6
2 2 E €L 4
° 2
FP LS PO O FP O HS HO PO 0
A :\’o&oo b :é"o ¥ ¢ Valsartan-based Regi lodipine-based
= 4 (n = 7649) (n = 7596)
CAPPP NORDIL INSIGHT HOPE LIFE SCOPE INVEST ALLHAT
Mancia G et al. J Hypertension 2005, submitted Julius S et al. Lancet. June 2004;363.
LIFE: New-Onset Diabetes in ISH
0.10
0.09 [
Atenolol = = =
wnf  — fmoray T a8l A FE T A
0.07 .
ﬁ 0.06 o "‘“
% 0.05 ”.'" Losartan
g e
T om K
w Lgeenn?
00sp Risk Reduction 25 %, p<0.001
0.02 o
0.01
0.00 T - - - - - L
Study Month 0 6 12 18 24 30 36 42 48 54 60 66
B. Dahlof at the American College of Cardiology, Atianta, GA, March 17-20, 2002.
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n S0l SlE R0l HIGH 1.5 ~ 38 =Ch.
P9 30% 1Y IHE
:20 ~60%

m G JC SAILL 2 J0l 0101 DE 20l A&,

o @=gEX0A
n AEY S SENR LS

o 82 2ot 3ot 25T

= UKPDS Xt&

. o kU S = <
UKPDS: E¢t=43 24 33 &
0 80 9
3 704 P=.005 B Tight mean achieved
E BP 144/82 mm Hg
5 609 |24% ) ]
P [ Less-tight mean achieved
S 50 BP 154/87 mm Hg
8 40
-1
-
i 30 4 P=.02 P=.009
'E 20 4 132% P=.01 137%
2 404 144% i—‘
w i
04 - T =
Any Diabetes- Diabetes- Stroke "Microvascular
Related End Point Related Complications
Death

UK Prospective Diabetes Study Group. BMJ. 1998;317:703-713.

LIFE: DM Patients
Losartan vs Atenolol

Stroke (fatal and nonfatal)

Atenolol

fustod RR = 21.2%; p=0.204

Unadjustod R = 213%; p=0.190

0 6 12 18 24 30 3 42 48 54 60 65 StudyMonth
Number at risk

Losartan 586570 560 554 540 530 524 519 500 477 248 131
Atonolol 609 590 572 561 549 537 521 515 434 456 211 101

Lindholm LH et al Lancet 2002; 359:1004-1010.

Cardiovascular Mortality

Atenolol

Losartan

Proportion of patients, %

Adjusted R = 36.6%; p=0028
Unadjusted RR = 38.4%: p=0.019

061218 24 30 36 42 48 54 60 66 StudyMonth
Number at risk

Losartansg6 579 573 572 566 558 552 543 533 513 265 136
Atenolol 609 604 592 582 576 566 552 537 529 495 232 113

Myocardial Infarction (fatal and nonfatal)

Atenolol

g 10 Losartan

K

58 ¢

82 4

L S
. Unadjusted RR = 19%; p=0 313

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

Nombera ek
in 586 570 563 559 550 540 532 519 504 484 248 1
Rtonclol 405 593 578 57 556 544 526 504 404 488 21 167

LIFE: DM Patients — Total Mortality

24
Atenolol

e 2 Losartan
g
c
2 16
®
o
o
° 12
< »
2 :
T st
g 8 =+ Adjusted RR = 38.7%; p=0.002
E Unadjusted RR = 40.1%; p=0.001

4 o

6 12 18 24 30 36 42 48 54 60 66 StudyMonth

Number at risk
Losartan
Atenolol

586 579 673 572 566 558
609 604 592 582 576 566

Lindholm LH et al Lancet 2002; 359:1004-1010.

552 543 533 513 265 136
552 537 529 495 232 113
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[ Blood pressure >130/80 mmHg

|
|

v
L Start ARB or ACE inhibitor titrate upwards

v
‘ If BP still not at goal (130/80 mmHg) ‘

LAdd either thiazide diuretic or long-acting CCB* J

1f BP achieved, convert o fixed-dose combinations
(ACE inhibitor/CCB or an ACE i

BP still not at goal (130/80 mmHg) |
¥

| Baseline heart rate >84 beats/min ‘ ‘ Baseline heart rate <84 beats/min |
¥
Add low-dose p-blocker ‘fdd ‘l’::el' S:‘lklzswu‘l_" of CCB"
. amlodipine-like agent if verapam
or a/p-blocker or diltiazem already being used, and the converse)
2 £ 2
[ BP still not at goal (130/80 mmHg) 1
v

| Refer to a clinical hypertension specialist ]

Am ] Kidney Dis 36:646-661, 2000
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The Val-HeFT Study

HF (NYHA class II, Il or IV) and cllmcally shble on existing drug
therapy (clinical findi ; EF <40%)

q‘-\—

Ma(ch g placebo

Valsartan 160 mg b.
51

Primary All:

mortality and morbidity
Secondary endpomts EF, NYHA class, QoL signs and symptoms of HF
Other Safety and

Cohn et al. for Val-HeFT Investigators. N Engl J Med 2001;345:1667-75

Val-HeFT: ValsartanO| 2H=E22 & A2

2 100

95

5 [ 13%
3 g5 Relative
- Risk
© > 80 Valsartan ved:c‘;iot;n
2 p=0.
Ze s

2970 Placebo

e 65

o 60

Months since randomisation

Mortality and morbidity rates: placebo 32%; valsartan 29%

Cohn et al. for Val-HeFT Investigators. N Engl J Med 2001;345:1667-75

S X0l M Valsartan2l & 1t

0|>|

Val-HeFT: ACEI 0| =
o

Valsartan

44%

Relative
Risk

survival (%)
-]
S

Probability of event-free

70. Placebo K
65 <0.001
60
1
ot T T T T 1
Months since randomisation
0 6 12 18 24 27

Maggioni et al. for Val-HeFT Investigators. J Am Coll Cardiol 2002;40:1414-21
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Val-HeFT: Change in BNP levels

B valsartan
404 Placebo
p<0.0001 p<0.0001

-E' 204 p<0.0001 p<0.0001
=
&
o
Z 01
[} I
b r

201 I

-40-
4 12 24 Endpoint
Time (months)

BNP = brain natriuretic peptide
Adapted from Latini et al. for Val-HeFT i Ci 2002;106: 8

BP-lowering treatment trialists: ARB vs other

Favors | Favors
Outcome ARB Other RR (95% CI)
Stroke - 0.79 (0.69, 0.90)
CHD . 0.96 (0.85, 1.09)
Heart failure —~—— 0.84 (0.72, 0.97)
Major CV events - 0.90 (0.83, 0.96)
CV death - 0.96 (0.85, 1.08)
Total mortality g 0.94 (0.86, 1.02)
0.5 1.0 2.0
Relative Risk
Blood Lowering Ti Trialists’ C Lancet. 2003;362:1527-1535.

2.9k ARB AIA2) 54

o NERFEO FE I XFI| N, WY, SUIF

ARB2| S1tJ} 226t0, Ol .= XMl H&Al 21 SU
O Placebo®t SS& ot &I LA
o Microalbuminurialil Al A2 23S St
0 S ey oY LYo S oY

O LVHOIA AZES &1t

8.¢F: ARB A|A1¢] 54

o Sy edoY £ g

o LVHOIA AZES St
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