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Numbers of patients in the US
(in millions)
Data from NHANES-III and IV
Hypertension 2001 and 2004

Systolic BP (mmHg) Diastolic BP (mmHg)
Normal < 120                        and                    < 80
Pre-hypertension               120-139                      or                      80-89
Isolated systolic hypertension > 140 and                     < 90                          

**Based on the average of two or more readings at each of two or more visits after an initial screening.  

Blood Pressure (BP) Classification for Adults > 18 year

Hypertension** Stage 1                              140-159                       or                     90-99
Stage 2 > 160 or > 100

Complicated Diabetes/                              > 130                         or                    > 80
Hypertension Nephropathy 

2006

Hypertension – Definition/Epidemiology



Prevalence in Hypertension is still growing 

In 2000, 26.4% of the adult worldwide population had 
hypertension.
In 2025, the number of adults with hypertension will be 
1.56 billion (+60%).
Although effective anti-hypertensive treatment options
exist there is unmet medical need.

Lancet 2005, 365:217.

Hypertension - Prevalence



Patients with dyslipidemia
- 48% have hypertension
- 33% have obesity
- 14% T2D

Patients with Type 2 Diabetes
- 71%have obesity
- 60%have dyslipidemia
- 76%have cardiovascular

family history
- 60% have hypertension

Patients with Obesity
- 50% have hypertension
- 28% have dyslipidemia
- 19% T2D

Hypertension as part of the Metabolic Syndrome

Source: ADA Meeting with Pharmaceutical Industry, June 2001, Philadelphia

Patients with hypertension
- 65% have dyslipidemia
- 16% have T2D
- 35% are obese



Aims in management of ‘hypertension’ 

Improving diagnosis of hypertension
Decreasing prevalence of hypertension
Increasing effectivity of hypertension therapy

Non-drug (life style)
Drug 

Increasing patient compliance
Reduction of total cardiovascular risk
Lower target blood pressure goal (<130/80 mmHg) 
in sub populations with high CV risk



Requirements on an effective anti-hypertensive drug

Efficient reduction of blood pressure 
Once a day treatment
Safe and well tolerated
End-organ protection demonstrated
Reduction in hypertension-induced moratality demonstrated 

Anti-hypertensive drugs recommended today based on 
large outcome studies:

Diuretics
Calcium channel blocker
β-blocker
ACE-inhibitors
Angiotensin-II receptor blocker



What is the value of an 
‚old‘ diuretic in the 
management of 
hypertension today?



JAMA, 2002;288:2981-2997

Mean Systolic and Diastolic Blood Pressure by Year During Follow-up

Outcomes in High-Risk Hypertensive Patients Randomized to Angiotensin-
Converting Enzyme Inhibitor or Calcium Channel Blocker vs Diuretic (ALLHAT)

5-year systolic blood pressure was significantly lower in the chlorthalidone 
vs. amlodipine and lisinopril groups. Diastolic blood pressure was lowest in 

the amlodipine group.



Outcomes in High-Risk Hypertensive Patients Randomized to Angiotensin-
Converting Enzyme Inhibitor or Calcium Channel Blocker vs Diuretic (ALLHAT)

JAMA, 2002;288:2981-2997

Achieved blood pressure goal (<140/90 mmHg) was best in chlorthalidone 
group. ACE-inhibitors have only moderate blood pressure lowering effects



Cumulative Event Rates for All-Cause Mortality, Stroke, Combined 
Coronary Heart Disease, and Heart Failure by Treatment Group

Primary outcome (fatal coronary heart disease or non-fatal MI) 
were not different between groups.

Primary outcome Stroke

JAMA, 2002;288:2981-2997

Combined Coronary Artery Disease Heart Failure



Are diuretics assoiated 
with a higher risk for 
type II diabetes?



Hypertension and antihypertensive therapy as 
risk factors for type 2 diabetes mellitus (ARIC)

N Engl J Med, 2000;342:905-912

Beta-blocker, but not diuretics are associated with a higher risk of 
developing type II diabetes

Atherosclerosis risk in 
community study (ARIC):
- Prospective study 

in 12.550 patients (US)
- 8.500 no hypertension
- 4.000 hypertension
- Extensive health evaluation

(medication use, blood
pressure measurment)

- Incidence of type II diabetes
after 6 years



Are ACE-inhibitors 
particular effective in 
type II diabetic patients?



JAMA 2001;286:1882-1885.

Heart Outcome Prevention Evaluation (HOPE) trial - Development of
Diabetes in individuals with high CV risk : Ramipril vs Placebo

Blood pressure at baseline:
Placebo : 137/79 mmHg
Ramipril : 136/78 mmHg

Ramipril is associated with lower rates of new diagnosis of 
diabetesin high risk individuals



Effects of ramipril on cardiovascular and microvascular outcomes in people 

with diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy

Lancet 2000;355:253-259.

Ramipril reduced CV events and overt nephropathy in people with diabetes. 
The CV benefit was greater than attributable to decrease in blood pressure.

Kaplan-Meier survival curves for participants with diabetes



For the same blood 
pressure control, is an 
ARB better renoprotective  
in type II diabetic patients with 
nephropathy?



RENOPROTECTIVE EFFECT OF THE ANGIOTENSIN-RECEPTOR ANTAGONIST
IRBESARTAN IN PATIENTS WITH NEPHROPATHY DUE TO TYPE 2 DIABETES

(IDNT trial)

N Engl J Med 2001;345:851-860.

Blood pressure effect Outcomes

The AT-II–receptor blocker irbesartan protected against the progression of 
nephropathy in type 2 diabetes independent of ist blood pressure lowering effect



For the same blood 
pressure control, does an 
ARB reduce better cardiac 
morbidity and mortality 
than amlodipine in 
hypertensive patients at 
high risk?



The Valsartan Anti-hypertensive Long-term
Use Evaluation (VALUE) trial

Lancet. 2004;363:2022-2031

Study Design

Patients with treated or untreated hypertension and high risk for cardiac events



The Valsartan Anti-hypertensive Long-term
Use Evaluation (VALUE) trial

Lancet. 2004;363:2022-2031

Blood pressure effect

Valsartan was inferior in lowering blood pressure compared to amlodipine. 
Cardiac disease did not differ between the treatment groups. 

Outcomes



Is the combination of an  
ACE inhibitor and an 
ARB more effective than 
the single drugs in high 
CV risk patients?



Telmisartan, Ramipril, or Both in Patients at 
High Risk for Vascular Events (ONTARGET)

N Engl J Med 2008;358:1547-59.



Telmisartan, Ramipril, or Both in Patients at 
High Risk for Vascular Events (ONTARGET)

N Engl J Med 2008;358:1547-59.

Telmisartan and Ramipril or their combination are equally effective in 
reducing cardiovascular events in high risk patients. However, the 

combination of both is associated with more adverse events.

Composite endpoint*

* death from cardiovascular causes, myocardial infarction, 
stroke, or hospitalization for heart failure.

Discontinuation of study medication



Is the lower the better?



Effect of Lower Targets for Blood Pressure and LDL 
Cholesterol on Atherosclerosis in Diabetes (SANDS trial)

JAMA. 2008;299:1678-1689

Differences in mean changes from baseline to 36 months



Effect of Lower Targets for Blood Pressure and LDL 
Cholesterol on Atherosclerosis in Diabetes (SANDS trial)

JAMA. 2008;299:1678-1689

Changes in Left Ventricular Mass Index and Intimal Medial Thickness

Reducing LDL-C and SBP to lower targets resulted in regression of carotid IMT 
and greater decrease in left ventricular mass in individuals with type 2 diabetes.



Is their any upcoming
innovation in the 
treatment of hypertension?



Das Renin-Angiotensin-Aldosterone-System

Straessen, JA et al. Lancet, 2006;368:1449-1456

Gewebe RAS
Angiotensinogen

Angiotensin I

Aldosterone

Angiotensin (3-8) Inaktive Peptide

Substance P

Bradykinin

AT1-R AT2-R AT1-7-R AT14-R

Angiotensin (1-7)

Renin
Cathepsin D
Tonins

ACE ACE

EP
ACE2

Chymase

mas
Rezeptor Modulation der

EC Funktion

Vasokonstriktion, Natrium Retention
Zellwachstum, Oxidativer Stress

Renin
Inhibitoren

ARB

ACE Inhibitoren
β-Blocker

Angiotensin II
Negativer Feedback über AT1-R



Blood pressure lowering activity of the renin 
inhibitor Aliskiren in hypertensive patients

WeekWeek

Lancet, 2007;370:221-229

Aliskiren is as effective as the Valsartan in reducing blood pressure. 
The combination is even more effective. However, outcome data will determine 

whether Aliskiren will add additional benefit over current standard treatment



Anti-hypertensives recommended in sub-populations

Elderly (age >65) 
Diuretics, Calcium channel blockers  

Patients with Cardiac Diseases
Left ventriculat hypertrophy

ACE-inhibitors, Calcium channel blockers 
Coronary Heart Disease

β-blocker
Post-myocardial infarction

β-blocker, ACE-inhibitors 
Heart Failure

ACE-inhibitors, diuretics, carvedilol, bisoprolol

Renal insufficiency
ACE-inhibitors, Angiotensin-II receptor blockers

Diabetes mellitus (diabetic nephropathy)
ACE-inhibitors, Angiotensin-II receptor blockers

Prompt blood-pressure control in hypertensive patients 
at high CV risk is of major importance !



Backup



Strategies in drug treatment of hypertension

Intention-to-treat with anti-hypertensives 

Combination therapy 
in low dose

(2 drugs)

Monotherapy
(evtl. with higher dose)

Other Monotherapy
(evtl. with higher dose)

Combination therapy 
in low dose

(2 drugs)

Combination therapy 
(3 drugs)

AC

B

‚Stepped care‘

Primary combination therapy with low dose

Sequential monotherpy

A

C

B



ALLHAT

JAMA, 2002;288:2981-2997



Chronic Kidney Disease – Multiple Pathologies

Confidential
Sanofi-aventis R&D/E. Topol meeting –New York– 12 September 2008 34
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CHRONIC RENAL FAILURE

Hyperlipidemia

Hypertension

Diabetes

Oxidative stress
Inflammation

Renin-angiotensin
activation Elevated blood glucose

AGE* formation

• Abnormal glomerular permeability
• Glomerular hypertrophy
• Fibrosis
• Tubular necrosis

KIDNEY
5

CHRONIC KIDNEY DISEASE

HyperlipidemiaHyperlipidemia

Hypertension

DiabetesDiabetes

Oxidative stress
Inflammation

Renin-angiotensin
activation Elevated blood glucose

AGE* formation

• Abnormal glomerular permeability
• Glomerular hypertrophy
• Fibrosis
• Tubular necrosis

KIDNEY



UKPDS

UK Prospective Diabetes Study Group,   BMJ 1998;317:713-720



UKPDS

UK Prospective Diabetes Study Group,   BMJ 1998;317:713-720



UKPDS

UK Prospective Diabetes Study Group,   BMJ 1998;317:713-720
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Irbesartan 150 mg (RRR 44%, p=0.05)
Irbesartan 300 mg (RRR 68%, p<0.001)

IRMA 2 : Primary Endpoint

Parving H-H, et al.  N Engl J Med 2001;345:870-878.

Time to Overt Proteinuria

Vorführender
Präsentationsnotizen
IRMA 2 is a positive study, demonstrating a 70% risk reduction for the primary endpoint (prevention or slowing of progression to overt diabetic nephropathy), independent of the effects of irbesartan on systemic blood pressure.A clear dose response is observed in IRMA 2 for the primary endpoint.1  The irbesartan 150 mg group demonstrates a 39% relative risk reduction (RRR) vs. the control group (placebo in addition to other nonexcluded antihypertensive therapies) in the development of overt proteinuria (urinary albumin excretion rate [AER] > 200 g/min, or 300 mg/day, and an increase of urinary AER from baseline by at least 30%), p=0.08.  The irbesartan 300 mg group demonstrates a highly significant 70% RRR vs. the control group, p<0.001.  The Kaplan-Meier curves separate at the first visit (at 3 months) and continue to diverge.After adjustment for the baseline level of microalbuminuria and the achieved blood pressure during the study, the benefits of irbesartan in slowing progression to overt proteinuria are still present:  RRR of 44% for irbesartan 150 mg vs. the control group (p=0.05); RRR of 68% for irbesartan 300 mg vs. the control group (p<0.001).1 Parving et al, 2001a.
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