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Hypertension : silent killer



Age-specific relevance of usual BP to vascular mort ality: a 
meta-analysis of individual data for one million ad ults in 61 

prospective studies.
Prospective Studies Collaboration* Lancet 2002; 360 : 1903–13

Pour chaque augmentation de 10 mmHg de PAS ou de 5 mmHg de PAD, l e risque moyen
de mortalité cérébro-vx augmente de 40% et cardiaque ischém ique de 30%.



Lewington et al. Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 
prospective studies. Lancet 2002 ; 360 : 1903–13.

* Individus âgés de 40–69 ans

Le risque de mortalité cardiovasculaire double pour  
chaque augmentation de PAS/PAD de 20/10 mmHg



Risk of CHD Death According 
to Systolic BP and Diastolic BP in MRFIT

Stamler et al. Arch Intern Med . 1993;153:598-615.
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Dans les années 50, il n’était pas 
évident qu’il faille baisser la 

pression artérielle des hypertendus.

• Crainte d’effets délétères à type
d’hypoperfusion des organes vitaux.

• (Perera GA. Hypertensive vascular disease:
description and natural history. J Chronic Dis
1955;1:33-42).



Trois pionniers pensaient tout autrement, ils 
tentaient de réduire les chiffres de PA…

… de façons bien différentes :

– Walter KEMPLER pensait que le secret résidait
dans l’alimentation. Il mettait ses patients à la
diète et observait une réduction pondérale et une
réduction tensionnelle.

– Le régime était exclusivement composé de riz et
de fruits, faible en calories, faible en lipides, faible
en protéines et faible en sodium (2 g de sel).

– (Kempner W. Treatment of hypertensive vascular
disease with rice diet. Am J Med 1948;4:545-577).



– Reginald SMITHWICK, chirurgien, pensait que la
solution était … chirurgicale.

– Voie d’abord xyphopubienne :
• sympathectomie bilatérale dorso-lombaire +
• résection des ganglions sympathiques +
• exérèse de la quasi-intégralité de l’innervation splanchn ique.

– La pression artérielle baissait et certains patients
survivaient .

– (Smithwick RH . Surgical treatment of hypertension.
Am J Med 1948:4:744-59).

Trois pionniers pensaient tout autrement, ils 
tentaient de réduire les chiffres de PA…

… de façons bien différentes :



– Robert WILKINS croyait en l’approche pharmacologique,
tout d’abord avec des drogues anti-hypertensives que
l’histoire n’a pas retenu:

• Pentaquine (anti-paludéen),
• Rauwolfia Serpentina,
• Alcaloïdes du Veratrum,
• Ganglioplégiques,
• Hydralazine…

– Freis ED, Wilkins RW. The effects of pentaquine in patients w ith hypertension. Proc Soc Exp Biol
Med 1947;64:455-458.

– Wilkins RW. New drug therapies in arterial hypertension. An n Intern Med 1952;37:1144-1155.
– Wilkins RW, Judson WE. The use of Rauwolfia serpentina in hyp ertensive patients. N Engl J Med

1953;248:48-5

– Jusqu’à l’avènement de l’Hydrochlorothiazide

– Hollander W, Wilkins RW. Chlorothiazide: a new type of drug f or the treatment of arterial
hypertension. BMQ 1957;8:69-75 .

Trois pionniers pensaient tout autrement, ils 
tentaient de réduire les chiffres de PA…

… de façons bien différentes :
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Démonstration de l’efficacité du 
traitement anti-hypertenseur

Groupes Nombre PA diastolique Evénements CV
Placebo 70 121 27 (39 %)
Traité 73 121 2 (2,7 %)

Patients ayant une PAD comprise entre 115 et 129 mm Hg

Veterans Administration Cooperative Study, JAMA 196 7



MRC Trial: Design

• N: 17,354; 52% men 
• Age: 35-64 years
• BP: diastolic BP 90 to 109 mm Hg
• Design: 3 treatment groups
• Treatment: bendrofluazide vs 

propranolol 
vs placebo

• Diastolic BP difference: 6 mm Hg
• Duration: 5.5 years

MRC Working Party. BMJ. 1985;291:97-104.
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SHEP Trial: Design
• N: 4736; 43% male
• Age: >60 years
• BP: systolic BP 160-219 mm Hg and 

diastolic BP <90 mm Hg
• Design: placebo-controlled, double-blind
• Active treatment: chlorthalidone 

(atenolol as step 2)
• Systolic BP difference: 12 mm Hg
• Duration: 4.5 years

SHEP Cooperative Research Group. JAMA. 1991;265:3255-3264.



SHEP Trial: Endpoints

SHEP Cooperative Research Group. JAMA. 1991;265:3255; Kostis et al. JAMA. 
1997;278:212-216.
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ALLHAT: Design

• Practice-based randomized clinical trial in high-ri sk 
patients with hypertension

• Patients 55 years and older; intention to recruit b road-
based population including women, blacks, patients 
with diabetes

• Double-blinded assignment to initial antihypertensi ve 
therapy with amlodipine, chlorthalidone, lisinopril , 
or doxazosin

• Substudy: open-label pravastatin vs usual care in 
planned 20,000 moderately hypercholesterolemic 
patients

• Planned follow -up: 6 years

Davis et al. Am J Hypertens . 1996;9:342-360; Grimm et al. Hypertension . 
2001;37:19-27.



ALLHAT: Hypothesis

• The combined incidence of fatal CHD 
and 
nonfatal MI will be lower in 
hypertensive patients randomized to 

– an ACEI, or
– a CCB, or
– an alpha-adrenergic blocker 

as first-line therapy than in those 
randomized to a thiazide -like diuretic 

Davis et al. Am J Hypertens . 1996;9:342-360.



ALLHAT: Primary Endpoint

• Combined CHD deaths 1 and 
nonfatal MI 2

1Excluded stroke deaths.
2By discharge summary, face sheet, including suspect  MI with thrombolysis, or biennial 
ECG.
ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997. 



ALLHAT: Prespecified Secondary 
Endpoints

� All-cause mortality

� Combined CHD (CHD 
or revascularization 
procedures or 
hospitalized angina)

� Stroke

� Combined CVD 
(combined CHD, stroke, 
CHF, or PAD) 

� Renal disease (ESRD/
slope and reciprocal of 
serum creatinine)

Davis et al. Am J Hypertens. 1996;9:342-360.

� Hospitalized 
gastrointestinal 
bleeding

� Cancer

� LVH

� Health-related quality 
of life

� Major costs of medical 
care



Must have 1 from each category:

ALLHAT: Criteria for HF Evaluation

Category “A”
• Paroxysmal 

nocturnal dyspnea
• Dyspnea at rest
• NYHA Classification 

III
• Orthopnea

Category “B”
• Rales
• Ankle edema
• Tachycardia
• Cardiomegaly by CXR
• CXR characteristic of 

CHF
• S3 gallop
• Jugular venous 

distention
ALLHAT Manual of Operations, 5.3.4.



ALLHAT: Entry Criteria
• Untreated systolic and/or diastolic hypertension 

(>140/90 mm Hg but <180/110 mm Hg at 2 visits), OR
• Treated hypertension (>160/100 mm Hg on 1-2 

antihypertensive drugs at visit 1; >180/110 mm Hg a t 
visit 2, when medication may have been partially 
withdrawn)

• Age >55 years old
• At least 1 additional risk factor for CV morbidity,  

including:
– Type 2 diabetes 

mellitus

– Cigarette smoking 

– Low HDL cholesterol

– LVH

– Old MI or stroke

– History of revascularization

– Other documented ASCVD

Davis et al. Am J Hypertens. 1996;9:342-360.



ALLHAT: Exclusion Criteria
• Recent MI or stroke (<6 months)
• Symptomatic CHF
• Known LVEF <35%
• Known renal insufficiency 

(creatinine >2.0 mg/dL)
• Requirement for more than 2 drugs 

to achieve BP control

Davis et al. Am J Hypertens. 1996;9:342-360.



ALLHAT: Study Design

*On January 24, 2000, the National Heart, Lung, and Blood Institute decided to discontinue 
the doxazosin arm of the antihypertensive trial and report results.
ALLHAT Collaborative Research Group. JAMA. 2000;283:1967-1975; Davis et al. Am J 
Hypertens. 1996;9:342-360.

High-Risk
Hypertensive

Patients
Randomize

Amlodipine
Chlorthalidone

Doxazosin*
Lisinopril

Eligible for
Lipid Lowering

Not Eligible for
Lipid Lowering

Randomize

Pravastatin Usual Care

Follow for Occurrence of CHD Until Death or End of Study



ALLHAT: Statistics

• Intention-to-treat analysis
• 83% power to detect a 16% reduction 

in the risk of the primary outcome 
between chlorthalidone and each other 
arm 
at a 2-sided alpha = .0178 
(to account for the original 3 
comparisons)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Primary and Secondary Endpoints 
(Doxazosin vs Chlorthalidone)

1° Fatal CHD and Nonfatal MI 2° Combined CV Disease
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Decision to Drop the Doxazosin Arm 
of ALLHAT

� January 24, 2000—NHLBI Director accepts 
recommendation of independent review to terminate 
doxazosin arm for the following reasons:

– Unlikely to find a significant difference in the pr imary 
outcome between doxazosin and chlorthalidone arms

– Statistically significant 25% higher rate of major 
secondary endpoint—combined CVD outcomes, 
principally CHF

� Doxazosin arm was not discontinued for safety 
reasons

Data on file. Pfizer Inc, New York, NY.



ALLHAT: BP Treatment
• BP goal <140/90 mm Hg
• Visit BP was the average of 2 seated 

measurements
• Unless original drug regimen required tapering 

for safety reasons, subjects continued prior meds 
until randomization and receipt of study drug

• Nonpharmacologic treatments in accordance with 
national guidelines

• Dose titration of randomized drug approximately 
monthly until at goal (chlorthalidone 12.5, 12.5, 
25 mg/day; amlodipine 2.5, 5, 10 mg/day; 
lisinopril 10, 20, 40 mg/day)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Study Medications

Screening 
and Randomization

Step 3 
Medication
if not at goal
Hydralazine 

25-100 mg bid

Step 2 Medication
if not at goal
Reserpine 

(0.05-0.2 mg/d)
Clonidine 

(0.1-0.3 mg bid)
Atenolol (25-100 

mg/d)

Step 1 Monthly dose
titration to achieve
BP <140/90 mm Hg

Amlodipine 
(2.5, 5, 10 mg/d)

Lisinopril (10, 20, 40 
mg/d)

Chlorthalidone 
(12.5, 12.5, 25 mg/d)

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT: Baseline Characteristics

16.316.916.2LVH by ECG, %

4.54.64.6LVH by echocardiogram, %

35.536.736.2Type 2 diabetes, %

21.921.921.9Cig. smoker, %

51.751.051.8ASCVD, %

146/84146/84146/84Baseline BP (mm Hg) (overall)

4.94.75.1Other, %

46.247.347.0Women, %

3.23.33.3Black Hispanic, %

12.512.212.5White Hispanic, %

32.332.231.9Black, non-Hispanic, %

47.147.647.2White, non-Hispanic, %

66.966.966.9Age, y

No. Randomized
Lisinopril

9054
Amlodipine

9048
Chlorthalidone 

15,255

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT Follow -up Status
• Mean length of follow -up: 4.9 years 
• At closeout, unknown vital status in 2.7% 

chlorthalidone, 2.8% amlodipine, 3.0% 
lisinopril patients
– Distributions of most baseline factors similar 

among 3 groups
– Unknown vital status participants assigned to 

lisinopril less likely to be black, more likely to 
be women, have untreated hypertension, 
evidence 
of CHD or ASCVD, and lower mean serum 
glucose

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT: Average Systolic BP

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

150

145

140

135

130

0 1 2 3 4 5 6

Follow-up, Years

B
lo

od
 P

re
ss

ur
e,

 m
m

 H
g

Lisinopril 
Amlodipine 
Chlorthalidone

BP > vs Chlorthalidone at 5 Years

+2 mm Hg, P<.001
+0.8 mm Hg, P=.03



ALLHAT: Average Diastolic BP

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.
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BP Control in ALLHAT Participants: % 
Meeting Goal by Year of Follow -up
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Medication Use and BP Control in ALLHAT

Cushman et al. J Clin Hypertens . 2002;4:393-404.
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ALLHAT BP Control Implications

• Systolic BP was more difficult to control than 
was diastolic BP

– Diastolic BP <90 mm Hg in 92% of participants 
– Systolic BP <140 mm Hg in 67% of participants

• Average of 2 drugs required for BP control in 
2/3 of participants, primarily to control systolic BP

• Clinical practice data suggest that the majority of  
patients will require at least 2 antihypertensive 
medications to achieve the goal of <140/90 mm Hg

• Achieving lower goals, as is recommended for 
patients with diabetes, will likely require even mo re 
drugs

Cushman et al. J Clin Hypertens . 2002;4:393-404.



ALLHAT Primary Endpoint: 
CHD Death and Nonfatal MI

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

Relative Risk (95% 
CI)

Favors
Chlorthalidone

Amlodipine 0.98 (0.90-
1.07)

0.7 1.3

Lisinopril 0.99 (0.91-
1.08)

Favors Amlodipine
Favors Lisinopril

1



ALLHAT: Amlodipine vs Chlorthalidone
Primary Endpoint (Nonfatal MI + CHD Death) Subgroup s

0,5 1 1,5

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

Relative Risk (95% CI)

Favors 
Amlodipine

Favors 
Chlorthalidone

0.98 (0.90-1.07)

0.99 (0.85-1.16)

0.97 (0.88-1.08)

0.98 (0.87-1.09)

0.99 (0.85-1.15)

1.01 (0.86-1.18)

0.97 (0.87-1.08)

0.99 (0.87-1.13)

0.97 (0.86-1.09)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Lisinopril vs Chlorthalidone
Primary Endpoint (Nonfatal MI + CHD Death) Subgroup s

Relative Risk (95% CI)

0,5 1 1,5

Total 

Age <65

Age ?65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

Favors 
Lisinopril

Favors 
Chlorthalidone

0.99 (0.91-1.08)

0.95 (0.81-1.12)

1.01 (0.91-1.12)

0.94 (0.85-1.05)

1.06 (0.92-1.23)

1.10 (0.94-1.28)

0.94 (0.85-1.05)

1.00 (0.87-1.14)

0.99 (0.88-1.11)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Secondary Endpoints: 
Total Mortality

0.96 (0.89-
1.02)

Relative Risk (95% CI)

Favors 
Amlodipine

Favors 
Lisinopril

1.00 (0.94-1.08)

Favors
Chlorthalidone

Amlodipine

Lisinopril

0,5 1 1,5

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Total Mortality (Amlodipine vs 
Chlorthalidone) Subgroups

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

0,8 1 1,2

Total 

Age <65

Age ?65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

0.96 (0.89-1.02)

0.96 (0.83-1.10)

0.96 (0.88-1.03)

0.95 (0.87-1.04)

0.96 (0.86-1.07)

0.97 (0.87-1.09)

0.94 (0.87-1.03)

0.96 (0.87-1.07)

0.95 (0.87-1.04)

Amlodipine Better Chlorthalidone Better

Relative Risk (95% CI)



ALLHAT: Total Mortality 
(Lisinopril vs Chlorthalidone) Subgroups

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.00 (0.94-1.08)

0.93 (0.81-1.08)

1.03 (0.95-1.12)

0.99 (0.91-1.08)

1.02 (0.91-1.13)

1.06 (0.95-1.18)

0.97 (0.89-1.06)

1.02 (0.91-1.13)

1.00 (0.91-1.09)

Lisinopril Better Chlorthalidone Better
0.8 1 1.2

Relative Risk (95% CI)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Secondary Endpoints: Stroke

Relative Risk (95% CI)

Favors 
Amlodipine

Favors Lisinopril

0.93 (0.82-1.06)

1.15 (1.02-
1.30)

Favors
Chlorthalidone

Amlodipine

Lisinopril

0,5 1 1,5

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Stroke (Amlodipine vs 
Chlorthalidone) Subgroups

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

Amlodipine Better Chlorthalidone Better

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

0.93 (0.82-1.06)

0.93 (0.73-1.19)

0.93 (0.81-1.08)

1.00 (0.85-1.18)

0.84 (0.69-1.03)

0.93 (0.76-1.14)

0.93 (0.79-1.10)

0.90 (0.75-1.08)

0.96 (0.81-1.14)

0.5 1 1.5

Relative Risk (95% CI)



ALLHAT: Stroke (Lisinopril vs Chlorthalidone) 
Subgroups

Lisinopril Better Chlorthalidone Better
0.5 1 2

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.15 (1.02-1.30)

1.21 (0.97-1.52)

1.13 (0.98-1.30)

1.10 (0.94-1.29)

1.22 (1.01-1.46)

1.40 (1.17-1.68)

1.00 (0.85-1.17)

1.07 (0.90-1.28)

1.23 (1.05-1.44)

Relative Risk (95% CI)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Secondary Endpoints: 
Combined CHD

1.00 (0.94-1.07)

Relative Risk (95% CI)

1.05 (0.98-1.11)

Amlodipine

Lisinopril

0,5 1 1,5
Favors Amlodipine
Favors Lisinopril

Favors 
Chlorthalidone 

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Combined CHD (Amlodipine vs 
Chlorthalidone) Subgroups

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.00 (0.94-1.07)

0.94 (0.84-1.05)

1.04 (0.96-1.12)

0.99 (0.92-1.08)

1.02 (0.91-1.13)

1.03 (0.91-1.17)

0.99 (0.92-1.07)

1.04 (0.94-1.14)

0.97 (0.89-1.06)

0.5 1 1.5
Amlodipine Better Chlorthalidone Better

Relative Risk (95% CI)

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT: Combined CHD (Lisinopril vs 
Chlorthalidone) Subgroups

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.05 (0.98-1.11)

0.94 (0.84-1.05)

1.11 (1.03-1.20)

1.03 (0.95-1.12)

1.05 (0.95-1.17)

1.15 (1.02-1.30)

1.01 (0.93-1.09)

1.03 (0.93-1.14)

1.06 (0.97-1.15)

0.5 1 1.5
Lisinopril Better Chlorthalidone Better

Relative Risk (95% CI)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



ALLHAT: Secondary Endpoints: 
Combined CVD

Relative Risk (95% CI)

1.04 (0.99-1.09)

1.10 (1.05-1.16)

Amlodipine

Lisinopril

0,5 1 1,5
Favors Amlodipine
Favors Lisinopril

Favors 
Chlorthalidone 

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT: Combined CVD (Lisinopril vs 
Chlorthalidone) Subgroups

1.5

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.10 (1.05-1.16)

1.05 (0.97-1.15)

1.13 (1.06-1.20)

1.08 (1.02-1.15)

1.12 (1.03-1.21)

1.19 (1.09-1.30)

1.06 (1.00-1.13)

1.08 (1.00-1.17)

1.12 (1.05-1.19)

0.5 1
Lisinopril Better Chlorthalidone Better

Relative Risk (95% CI)

ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.



0,5 1 1,5

1.12 (0.89-1.40)

Relative Risk (95% CI)

Favors Amlodipine
Favors Lisinopril

1.11 (0.88-1.38)

Favors 
Chlorthalidone 

Amlodipine

Lisinopril

ALLHAT: Secondary Endpoints: ESRD

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-
2997.



ALLHAT: Components of Secondary 
Endpoints*: Heart Failure (Not Prespecified)

*Heart failure is a component of combined CVD.
ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

1.38 (1.25-1.52)

Relative Risk (95% CI)

Favors Amlodipine
Favors Lisinopril

Heart failure 
(fatal, nonfatal, hospitalized or treated)

1.19 (1.07-1.31)

Amlodipine

Lisinopril

Hospitalized/Fatal HF

1.35 (1.21-1.50)

1.10 (0.98-1.23)

Amlodipine

Lisinopril

Favors 
Chlorthalidone 

0.5 2.01



ALLHAT: Heart Failure*

*Heart failure was not a prespecified endpoint.
ALLHAT Collaborative Research Group. JAMA. 2002;288:2981-2997.

No. at Risk
Chlorthalidone 15,255 14,528 13,898 13,224 11,511 6369 3015 384
Amlodipine 9048 8535 8185 7801 6785 3775 1780 210
Lisinopril 9054 8496 8096 7689 6698 3789 1837 313
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ALLHAT: Heart Failure* (Amlodipine vs Chlorthalidon e) 
Subgroups

20.5 1
Amlodipine Better Chlorthalidone Better

Total 

Age <65

Age >65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.38 (1.25-1.52)

1.51 (1.25-1.82)

1.33 (1.18-1.49)

1.41 (1.24-1.61)

1.33 (1.14-1.55)

1.47 (1.24-1.74)

1.33 (1.18-1.51)

1.42 (1.23-1.64)

1.33 (1.16-1.52)

Relative Risk (95% CI)

*Heart failure was not a prespecified endpoint.
ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



ALLHAT: Heart Failure* (Lisinopril vs Chlorthalidon e) 
Subgroups

Total 

Age <65

Age ?65

Men

Women

Black

Nonblack 

Diabetic 

Nondiabetic

1.20 (1.09-1.34)

1.23 (1.01-1.50)

1.20 (1.06-1.35)

1.19 (1.03-1.36)

1.23 (1.05-1.43)

1.32 (1.11-1.58)

1.15 (1.01-1.30)

1.22 (1.05-1.42)

1.20 (1.04-1.38)

0.5 1 2
Lisinopril Better Chlorthalidone Better

Relative Risk (95% CI)

*Heart failure was not a prespecified endpoint.
ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



Summary and Conclusions 1

• ALLHAT is the largest hypertension trial 
with great clinical relevance

• ALLHAT emphasizes the importance of 
controlling systolic BP

• ALLHAT demonstrates that aggressive 
treatment is necessary to achieve systolic 
BP goals

• ALLHAT shows that multiple medications 
often are required to get to BP goal

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



Summary and Conclusions 2

• In ALLHAT, patients taking amlodipine had 
results comparable to the diuretic for the 
primary endpoint of CHD death and nonfatal 
MI, and the secondary endpoints of total 
mortality, stroke, combined CHD, combined 
CVD, and renal disease

• In ALLHAT, amlodipine was efficacious and 
safe for lowering BP in a broad range of 
hypertensive patients (older and younger 
patients, African Americans, patients with 
diabetes)

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



Summary and Conclusions 3

• ALLHAT demonstrated that the lisinopril-
based treatment was not as effective as 
the diuretic for reducing systolic BP

• Contrary to expectations, ALLHAT showed 
that results for the group taking lisinopril 
were not superior to the diuretic group 
with regard to CHD and CVD morbidity and 
mortality in the overall hypertensive 
population and in diabetics

ALLHAT Collaborative Research Group. JAMA . 2002;288:2981-2997.



Plan

• Observation / intervention
• Veterans / MRC / SHEP
• ALLHAT
• LIFE et ARA II - Problème de posologies - IEC
• ASCOT
• ACCOMPLISH
• HYVET
• Méta-analyses
• Recommandations



Renin -angiotensin -aldosterone 
system
Angiotensinogen

Angiotensin I

Angiotensin II

ACE

Bradykinin

Inactive kinins

• Vasoconstriction
• Aldosterone secretion
• Catecholamine release
• Proliferation
• Hypertrophy

• Vasodilation
• Inhibition of cell 

growth
• Cell differentiation
• Injury response
• Apoptosis

↑ BP

(-)

Non-renin Non-ACE

Renin

AT1 AT2

Ellis et al. Pharmacotherapy 1996;16:849–60
Carey et al. Hypertension 2000;35:155–63



Adapted from Anderson, Goodfriend, and Phillips In: Hypertension Primer, 2003.

Chronic Activation of the Renin System 
Contributes to End -organ Damage

Stroke

Heart failure
MI

Renal failure

Death

↓Glomerular filtration rate
↑Proteinuria
↑Aldosterone release
Glomerular sclerosis

Atherosclerosis
Vasoconstriction
Vascular hypertrophy
Endothelial dysfunction

Hypertrophy
Fibrosis
Remodelling
Cell death

Hypertension

↑Ang II



LIFE

- Population : 9193 patients avec HTA 

et HVG-ECG

- Losartan 50-100 mg + HCTZ (n=4605)

versus Atenonol 50-100 mg + HCTZ (n=4588)

- Suivi moyen : 4,8 ans

- Critère principal : morbidité/mortalité 

(IDM, AVC, DC CV)

_

_

Losartan Intervention For Endpoint reduction hypertension study



LIFE

Critère principal (mortalité CV, AVC, IDM)

0
4605
4588

6
4524
4494

12
4460
4414

18
4392
4349

24
4312
4289

30
4247
4205

36
4189
4135

42
4112
4066

48
4047
3992

54
3897
3821

60
1889
1854

66
901
876

16

14

12

10

8

6

4

2

0

Losartan

Atenolol

RRR ajustée  13,0%  p=0,021

Temps (mois)

Losartan (n)
Atenolol (n)



LIFE 
(sous groupe de diabétiques)

Critère principal (mortalité, CV, AVC, IDM)

0
586
609

6
569
588

12
558
562

18
548
552

24
532
540

30
520
527

36
513
507

42
501
486

48
484
472

54
459
434

60
237
204

66
127
99
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14

12

10
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6

4

2

0

Losartan

Atenolol

RRR ajustée  24,5%  p=0,031

Temps (mois)

Losartan (n)
Atenolol (n)



LIFE 
(sous groupe de diabétiques)

Critère principal (mortalité CV, AVC, IDM)

(n = 1195)

En faveur du Losartan En faveur de l'Atenolol

Critères

Principal combiné

DC CV
AVC
IDM

Total DC

N

242

99
116
91

167

Hazard ratio (IC 95%)

0,5 1 1,5



Etude RENAALEtude RENAAL
Composants du critère
d’évaluation combiné

Composants du critère
d’évaluation combiné

Brenner BM et col. New Engl J Med 2001; 345(12):861 -869

Doublement de la créatininémieDoublement de la créatininémie
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RRR -20 %
p = 0,02

RRR -23 %
p = 0,006

Courbes actuarielles de Kaplan-Meier

Irbésartan
Amlodipine
Contrôle

IDNT: Objectif principal
Doublement de la créatininémie, IRT ou décès

Lewis EJ et al. N Engl J Med 2001;345:851-60
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Irbésartan 150 mg/j
Irbésartan 300 mg/j

RRR -70 %
p < 0,001

RRR -39 %
p = 0,08

IRMA 2: Objectif principal
Apparition d’une protéinurie avérée

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



Taux de patients traités par classe 
thérapeutique prescrite en 2000 et 2006

Samson S et coll. Points de repère n°10, oct. 2007.

% de patients trait és au moins 1 fois dans 
l’année par cette classe th érapeutique

2000 2006

Sartans 19,8 36,7

IEC 33,3 28,7

Diur étiques 53,4 54,7

Diur étiques thiazidiques 37,4 41

Bêtabloquants 39,1 38,9

Inhibiteurs calciques 29 29

Autres antihypertenseurs 12,5 9

Antidiab étiques oraux 13,9 17,2

Hypolip émiants 36,2 44,8

Statines 22 33,7

Antiagr égants 24,7 28,5



ONTARGET 
Primary 

Outcome









Au-delà du blocage du SRAA ? 



Malgré un traitement par ARA2, le 
taux de déclin de la fonction rénale 

est plus élevé que celui attendu

Blocage du SRAA avec un ARA2

Placebo (pas de blocage du SRAA)

−6
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−2
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−8

Etude RENAAL Etude IDNT

Taux de déclin du 
à l’âge

Weber MA & Giles TD. Rev Cardiovasc Med 2006
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Bloquer SRAA + Diurétique + RSS

Vogt. JASN 2008,19,999-1007

Protéinurie (g/g) PAM (mm Hg)



Plan

• Observation / intervention
• Veterans / MRC / SHEP
• ALLHAT
• LIFE et ARA II - Problème de posologies - IEC
• ASCOT
• ACCOMPLISH
• HYVET
• Méta-analyses
• Recommandations



UKPDS=United Kingdom Prospective Diabetes Study; MDRD=Modification of Diet in Renal 
Disease; 
HOT=Hypertension Optimal Treatment; AASK=African American Study of Kidney Disease; 
RENAAL=Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan; 
IDNT=Irbesartan Diabetic Nephropathy Trial; MAP=mean arterial pressure.

Bakris et al. Am J Kidney Dis. 2000;36:646-661; Brenner et al. N Engl J Med. 
2001;345:861-869; Lewis et al. N Engl J Med. 2001;345:851-860.

Hypertension in High -Risk Patients: 
Number of Agents Used to Treat BP

Number of BP Medications

UKPDS (<85 mm Hg, 
diastolic)

4321

MDRD (92 mm Hg, MAP)

HOT (<80 mm Hg, diastolic)

AASK (<92 mm Hg, MAP)

RENAAL (<140/90 mm Hg)

IDNT (<135/85 mm Hg)



B. Dahlof (Co-chair), P. Sever (Co-chair), N. Poult er (Secretary) 
H. Wedel (Statistician), G. Beevers, M. Caulfield, R. Collins

S. Kjeldsen, A. Kristinsson, J. Mehlsen, G. McInnes , M. Nieminen 
E. O’Brien, J. Östergren, on behalf of the ASCOT In vestigators

A randomised controlled trial of the prevention 
of CHD and other vascular events by BP and 

cholesterol lowering in a factorial study design



ASCOT-BPLA

www.ascotstudy.org

atenolol ±
bendroflumethiazide

amlodipine ±
perindopril

19,342 
hypertensive 

patients

PROBE 
design

ASCOT-BPLA

placeboatorvastatin 10 mg Double-blind

ASCOT-LLA
10,305 patients

TC ≤ 6.5 mmol/L (250 mg/dL)

Investigator-led, multinational 
randomised controlled trial



ASCOT-BPLA: summary of all end points

Dahlöf B, et al. Lancet . 2005;366:895-906.

amlodipine ± perindopril better atenolol ± thiazide better
0.50 0.70 1.00 1.45

Primary
Non-fatal MI (incl silent) + fatal CHD

Secondary
Non-fatal MI (exc. Silent) +fatal CHD
Total coronary end point
Total CV event and procedures
All-cause mortality
Cardiovascular mortality
Fatal and non-fatal stroke
Fatal and non-fatal heart failure

Tertiary 
Silent MI
Unstable angina
Chronic stable angina
Peripheral arterial disease
Life-threatening arrhythmias
New-onset diabetes mellitus
New-onset renal impairment

Post hoc 
Primary end point + coronary revasc procs
CV death + MI + stroke

2.00

Unadjusted HR (95% CI)
0.90 (0.79-1.02)

0.87 (0.76-1.00)
0.87 (0.79-0.96)
0.84 (0.78-0.90)
0.89 (0.81-0.99)
0.76 (0.65-0.90)
0.77 (0.66-0.89)
0.84 (0.66-1.05)

1.27 (0.80-2.00)
0.68 (0.51-0.92)
0.98 (0.81-1.19)
0.65 (0.52-0.81)
1.07 (0.62-1.85)
0.70 (0.63-.078)
0.85 (0.75-0.97)

0.86 (0.77-0.96)
0.84 (0.76-0.92)



Total CV events and procedures among subgroups

0.60 0.70 0.80 0.90 1.00 1.50
amlodipine ± perindopril better atenolol ± thiazide better

Diabetes
No diabetes

Current smoker
Non-current smoker

Obese
Non-obese

Older (>60 years)
Younger (≤60 years)

Female
Male

LVH according to ECG or ECHO
No LVH according to ECG or 
ECHO

Previous vascular disease
No previous vascular disease

Renal dysfunction
No renal dysfunction

With metabolic syndrome
Without metabolic syndrome

All patients

p value

0.0283
<0.0001

0.0001
0.0030

0.0162
<0.0001

<0.0001
0.0227

0.0015
0.0001

0.0056
<0.0001

0.0019
0.0001

<0.0001
0.0055

0.0015
0.0002

<0.0001

Heterogeneity p

0.5205

0.1138

0.6753

0.7816

0.2889

0.6364

0.4863

0.7130

0.9417

The area of the blue square is proportional to the amount of statistical information

Dahlöf B, et al. Lancet. 2005;366:895-906.



Total Cardiovascular Events and Procedures

* P-value for interaction between continuous baseline heart rate and allocated treatment group. 

amlodipine/perindopril better atenolol/thiazide bett er

Heart rate categories

Hazard ratio and 95%CI 
(log scale)

No of events/patients

amlodipine/
perindopril

atenolol/
thiazide

<60 bpm

60 to <70 bpm

70 to <80 bpm

80 to <90 bpm

90+ bpm

Overall

116/724

230/1748

2839/2050

183/1236

79/640

891/6398

125/688

308/1842

329/2003

210/12050

103/623

1075/6361

0.5 0.8 1 1.2
Interaction p-value (trend)* = 0.814
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Les bithérapies les plus « en vogue »

BLOCAGE SRAA

DIURETIQUE 
THIAZIDIQUE

ICA





ACCOMPLISH : caractéristiques à la randomisation







Le flacon compte autant que l’ivresse 
(en matière d’hypertension)
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This dilemma provided the rationale for the 

HYpertension in the Very Elderly Trial

To treat or not to treat?

That is the question 

Increase in
mortality

Reduction in 
strokes



0 0.2 0.40.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Treatment better Control better

Stroke events

Total mortality

Major cardiovascular 
events

Heart failure

Effect of antihypertensive therapy over 80 years
Meta-analysis of Randomised Controlled Trials

(n=1670, mean age = 83, SBP/DBP=180/84)

Gueyffier F et al. Lancet 1999:353:793-96

Double-
blind

All trials
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464 000 people

Use of blood pressure lowering drugs in the prevent ion of
cardiovascular disease: meta-analysis of 147 random ised

trials in the context of expectations from prospect ive
epidemiological studies.

Law MR, Morris K. BMJ 2009; 338: b1665

Each reduction of 10 mmHg SBP or 5 mmHg DBP is associated with a 41% (33-48) reduction in stroke
and a 22% (17-27) reduction in CHD.
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Siegel D, Lopez J. Trends in 
antihypertensive 

drug use in the United States. Do the JNC V 
recommendations affects prescribing.

JAMA 1997 ; 278 : 1745 -8.

• 1992 (part de 
marché)

• AC : 33 %
• IEC : 25 %
• Béta - : 18 %
• Diur. : 16 %



Siegel D, Lopez J. Trends in 
antihypertensive 

drug use in the United States. Do the JNC V 
recommendations affects prescribing.

JAMA 1997 ; 278 : 1745 -8.

• 1992 (part de 
marché)

• AC : 33 %
• IEC : 25 %
• Béta - : 18 %
• Diur. : 16 %

• 1995 (part de 
marché)

• AC : 38 %
• IEC : 33 %
• Béta - : 11 %
• Diur. : 8 %




