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LDL-Cholesterol Lowering Effect

Beneficial Effects on Other Lipids —
Normalization of Endothelial Dysfunction

Increased Nitric Oxide Bioavailability Pleiotropic
Antioxidant Properties " Effects
Inhibition of Inflammatory Responses

Stabilization of Atherosclerotic Plagues —



Reported pleiotropic effects on

Vascular structure, vascular stiffness, vascular
distensibility, endothelial function, proteinuria,
albuminuria, chronic kidney disease, diabetes,
insulin resistance, lipid profile, cognitive function, etc.

Commonly reported drug classes
Angiotensin-Converting Enzyme Inhibitor (ACEI)
Angiotensin Receptor Blocker (ARB)
Calcium-Channel Blocker (CCB)



101
Tl
K
Jlo

v
K]

Ol

e

A
joll



« Structural and Functional Vascular Changes
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Comparative study of ACE-inhibition,
angiotensin |l antagonism, and calcium channel
blockade on flow-mediated vasodilation in
patients with coronary disease (BANFF study)

Absolute Change
% FMD from

Baseline 1 .

Quinapril Enalapril Losartan Amlodipine

(ACEI) (ACEI) (ARB) (CCB)

L1 _J

JACC Vol. 35, No. 1, 2000
January 2000:60-6



Differential Effects of Nifedipine and Co-Amilozide
on the Progression of Early Carotid Wall Changes

CHANGE IN CAROTID LUMEN DIAMETER
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INTENT TO TREAT
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All patients Follow-up Follow up Follow-up
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Circulation 2001:103:2949-2954



* Prevention or Improvement of Co-morbidities
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Reduction of Endpoints in NIDDM with the
Angiotensin Il Antagonist Losartan (RENAAL) study

50%
PR |
40% - Placebo f
{#]
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F
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Risk reduction, 36% ="

30%1 o0 P

Losartan

ESRD or Doubling Serum Creatinine
=
2

Oo,fo T T 1
0 12 24 36
No. At Risk Months of Study
Placebo 135 119 93 34
Losartan 117 107 89 39

ESRD or Doubling Serum Cr.
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Placabo Astan (re135)

\.

Losartan Asian {n=117)

12 24 36
Month

Change in Proteinuria

Diabetes Care 27:874-879, 2004




Nateglinide and Valsartan in Impaired Glucose Tolerance
Outcomes Research (NAVIGATOR) Study Group

Nateglinide
Valsartan (ARB) . nateg
_ _ (insulin secretagogue)
A Incidence of Diabetes 5
0 )
50 Hazard ratio, 0.86 (95% Cl, 0.80-0.92) _ ] Hazard ratio, 1.07 (95% Cl, 1.00-1.15)
< 7 P<0.001 S P=0.05
X = Placebo & 404
S— 40— m
3 i = 7 Nateglinid
kT 2 ateglinide Placebo
< 304 = 30+
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b . Valsartan % ,
o 204 E 0
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0 1 2 3 4 5 6 0 1 2 3 4 5 6
Years since Randomization Years since Randomization
No. at Risk No. at Risk

Valsartan 4631
Placebo 4675

3784 3335 2857 2511 2208 1533 Nateglinide 4645
3743 3248 2717 2366 2070 1403 Placebo 4661

NEJM. 2010 Mar 14.

3766 3302 2767 2396 2086 1408
3761 3281 2807 2481 2192 1528

NEJM. 2010 Mar 24



Incident diabetes in clinical trials of
antihypertensive drugs: a network meta-analysis

ARB o 0-57 (0-46-0-72) p<0-0001
ACE inhibitor ~—l— 0-67 (0-56-0-80) p<0-0001
CCB —— 0-75 (0-62-0-90) p=0-002
Placebo — 0-77 (0-63-0-94) p=0-009
B blocker —— 0-90(0-75-1-09) p=0-30
Diuretic I:Il Referent
O-:_SO O-I7O O-I90I 1-I26
Odds ratio of incident diabetes Incoherence=0-000017

Lancet 2007; 369: 201-07
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« (Going beyond the numbers

o MAEOHAIG LES AEXN AADASE ALDE = yltimate

outcomes?| O|lEt S IS T}

1. Observed CVD prevention
> Expected CVD prevention based on lowered BP

2. BP lowering: drug A<drug B
CVD prevention: drug A> drug B

3. BP lowering: drug A < drug B
CVD prevention: drug A= drug B
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Australian National Blood Pressure Trial 2 (ANBP-2)

European Trial on Reduction of Cardiac Events with
Perindopril in Stable Coronary Artery Disease (EUROPA)

Heart Outcomes Protection Evaluation (HOPE)
Losartan Intervention for End-Points (LIFE)

Mortality after Stroke: Eprosartan Compared with Nitrendipine
in Secondary Preventions (MOSES)

Nordic Diltiazem Study (NORDIL)

Prevention of Events with Angiotensin Converting Enzyme
Inhibition (PEACE)

Perindopril Protection Against Recurrent Stroke Study
(PROGRESS)
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Use of blood pressure lowering drugs in the prevention of
cardiovascular disease: meta-analysis of 147 randomised
trials in the context of expectations from prospective
epidemiological studies

M R Law, professor of epidemiology ] K Morris, professor of medical statistics N | Wald, professor of
environmental and preventive medicine

ABSTRACT points) in preventing CHD events and strokes, with the
Objectives To determine the quantitative efficacy of exception that calcium channel blockers had a greater
different classes of blood pressure lowering drugs in preventive effect on stroke (relative risk 0.92, 95%
preventing coronary heart disease (CHD) and stroke, and  confidence interval 0.85 to 0.98). The percentage

who should receive treatment. reductions in CHD events and stroke were similar in
Design Meta-analysis. people with and without cardiovascular disease and
Data source Medline (1966-2007). regardless of blood pressure before treatment (down to
Study selection Randomised trials of blood pressure 110 mm Hg systolic and 70 mm Hg diastolic). Combining

lowering drugs recording CHD events and strokes. 108 our results with those from two other studies (the meta-
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No of No of Relative risk Relative risk

trials events (95% CI) (95% CI)
Trials of B blockers
People with history of coronary heart disease 37 2524 —- 0.71 (0.66 10 0.78)
Entry after acute myocardial infarction 27 2155 —il— 0.69 (0.62 10 0.76)
Entry after long term coronary heart disease 11 369 —— 0.87 (0.7110 1.06)
People with no history of coronary heart disease 6 851 —— 0.89 (0.78101.02)
Trials of drugs other than p blockers
People with history of coronary heart disease 37 5834 - 0.85 (0.79 10 0.91)
People with no history of coronary heart disease 24 3217 - 0.84 (0.79 t0 0.90)
All trials except ones of B blockers in people 64 9417 B 0.85 (0.81 t0 0.89)
with history of coronary heart disease
0.5 0.7 1 1.4 2
Treatment better Placebo better

Extra protective effect of B blockers in people with CHD history

BMJ 2009;338:b1665



Blood pressure
difference (mm Hg)

Systolic Diastolic

Thiazides v any other  -1.4 0.2

B blockers v any other 1.4 0.6

Angiotensin converting 0.9 0.4
enzyme inhibitors v any other

Angiotensin receptor -0.4 0.1
blockers v any other

Calcium channel -0.4 -0.9

blockers v any other

Strokes
No of No of Relative risk Relative risk
trials events (95% CI) (95% CI)
15 2255 —B— 0.94 (0.82 t0 1.09)
13 2004 —— 1.18(1.03101.36)
17 2951 e = 1.06 (0.94 10 1.20)
7 1643 L 0.90(0.71101.13)
25 4981 - 0.91 (0.84 10 0.98)
0.7 1 1.4
Specified Specified
drug better drug worse

Minor additional effect of CCBs in preventing stroke

BMJ 2009;338:b1665



Coronary heart disease events

Noof No of Relative risk Relative risk

trials events (95% CI) (95% CI)
Thiazides 11 1710 . 0.86 (0.75 10 0.98)
B blockers 6 851 - 0.89 (0.78 10 1.02)
Angiotensin converting enzyme inhibitors 21 4083 . 0.83 (0.78 10 0.89)
Angiotensin receptor blockers 4 378 - 0.86 (0.53 to 1.40)
Calcium channel blockers 22 2009 ‘ 0.85 (0.78 10 0.92)
Drug choice open 5 871 — 0.89 (0.78 10 1.01)
All classes of drug 64 9417 + 0.85 (0.81 to 0.89)

0.5 0.7 1 1.4 2

Specified Placebo
drug better better

NEAK 2o dEEEE Y2t Y T2 H o H|g|stot.

BMJ 2009;338:b1665



Pretreatment
systolic blood
pressure (mm Hg)

110-119 2 320 + 0.78 (0.63 10 0.96)
120-129 10 1176 + 0.77 (0.66 10 0.90)
130-139 18 3463 —.— 0.89 (0.80 10 0.99)
140-149 7 1346 - 0.85 (0.76 10 0.94)
150-159 11 1295 =R 0.86 (0.77 10 0.96)
160-169 4 460 N 0.79 (0.66 10 0.95)
3170 5 268 om 0.86 (0.68 10 1.09)
Not reported 15 1483 —-I— 0.83 (0.75 10 0.93)
All trials 71 9811 1- 0.84 (0.81 10 0.88)

0.5 0.7 1 1.4 2

Treatment Placebo
better better

T 2N MEEE ozt X5 Ys-FEa FEsiCL.

BMJ 2009;338:b1665



Coronary heart disease events  (SBP/DBP 10/5 mmHg/|)

No of Noof Relative risk Relative risk
trials events (95% CI) (95% ClI)
26 3429 No history 0.79 (0.72 t0 0.86)
37 5815 CHD history 0.76 (0.68 to 0.86)
13 567 Stroke history 0.79 (0.62 to 1.00)
71 9811 - QAAAH 0.78 (0.73t00.83) 22% ZtA
61 10 450 IAZEAFT 075(0.731t00.77) 25% &
0.5 1 1.4 2
Treatment Placebo
better better

CHD reduction due to lowered BP in clinical trials
= CHD reduction related to lower BP in cohort studies

BMJ 2009;338:b1665
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* Highly-selective homogeneous population

* Follow pre-determined strict protocol
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» Meta-analysis of clinical trials
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Coronary heart disease events

Noof Noof
trials events

Thiazides 11
B blockers 6
Angiotensin converting enzyme inhibitors 21
Angiotensin receptor blockers 4
Calcium channel blockers 22
Drug choice open 5
All classes of drug 64

1710
851

4083
378

2009

871

9417

Relative risk Relative risk
(95% ClI) (95% Cl)

0.86 (0.75t0 0.98)
- 0.89 (0.781t0 1.02)
0.83 (0.78t0 0.89)
0.86 (0.53t0 1.40)
0.85 (0.781t0 0.92)

0.89 (0.78t0 1.01)

0.85 (0.81t0 0.89)

SRILTY

0.5 0.7 1 1.4 2

Specified Placebo
drug better better

BMJ 2009;338:b1665
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ARB o 0-57 (0-46-0-72) p<0-0001
ACE inhibitor ~—— 0-67(0-56-0-80) p<0-0001
CCB —il— 0-75 (0-62-0-90) p=0-002
Placebo O 0-77 (0-63-0-94) p=0-009
B blocker —— 0-90(0-75-1-09) p=0-30
Diuretic I:Il Referent

O-:_SO O-I7O O-I9OI 1-I26
Odds ratio of incident diabetes Incoherence=0-000017

Lancet 2007; 369: 201-07
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* Provide direct evidence on causal relationships
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* Do not provide information regarding underlying
biological mechanism
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www.ClinicalTrials.gov

The Antihypertensives and Vascular, Endothelial AR Vascular_functloq
” . . ACEI Endothelial function
and Cognitive Function Trial (AVEC) C " :
Diuretics Cognitive function

Valsartan (ARB)

Antiproteinuric Effect of Valsartan and Lisinopril Lisinopril (ACEI) Proteinuria
: L - Valsartan (ARB) Albuminuria
Antialbuminuric Effects of Valsartan and Lisinoprol Lisinopril (ACEI) Lt ventricular mass index

COREG MR versus TOPROL-XL on reduction of Metoprolol (B blocker)
Microalbuminuria in Patients with Hypertension and Carvedilol (a,8 blocker)  Microalbuminuria

Microalbuminuria Lisinopril (ACEI)

Efflca.my of Coreg CR.and Lisinopril on Marlfers for Coreg CR (B blocker) Vascular_functlon &
Cardiovascular Functional and Structural Disease Lisi | (ACE] structure: Rasmussen
(DETECT) isinopril ( ) Disease Score
Cognitive/Cerebrovascular Consequences of HTN  Atenolol (8 blocker) Brain blood flow
Treatment Lisinopril (ACEI) Cognitive function

The Effect of Amlodipine and Lisinopril on Retinal ~ Amlodipine (CCB) Retinal vessel diameter
Auto-regulation in Type | Diabetes Lisinopril (ACEI)

ALLOGRAFT, A study to Evaluate the

Renalprotective Effects on Losartan Losartan (ARB) Renal protective effects

Vascular function
Endothelin level
Inflammatory markers

Vascular function,Endothelin, and Inflammation in Lisinopril (ACEI) with
Pre-diabetic Obesity versus Lean Healthy Controls NSAIDS
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— Lower BP and CVD risk reduction in cohort studies
— Lowered BP and CVD risk reduction in clinical trials
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To Understand Pleiotropic Effects
of Antihypertensive Medications,

Clinical Trials are
Required but Not Sufficient.



