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Diastolic Blood Pressure and Mortality
- MRFIT -
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CHD Death Rates according to Initial DBP 
and SBP level in MRFIT Men with MI.

Diastolic BP Systolic BP

Flack JM. Circulation. 1995;92:2437-2445



Meta-analysis of Antihypertensive Medication 

Collins. Lancet. 1990;335



Meta-analysis of Antihypertensive Medication

Collins. Lancet. 1990;335



Meta-analysis of Antihypertensive Medication

Collins. Lancet. 1990;335



Goals of Therapy for Hypertension

• JNC VII
– Treating SBP and DBP to targets that are <140/90 

mmHg is associated with a decrease in CVD 
complications.

– In patients with hypertension and diabetes or renal 
disease, the BP goal is <130/80 mmHg.

• ESH & ESC 
– lowered at least below 140/90 mmHg and to definitely 

lower values, if tolerated, in all hypertensive patients
– below 130/80 mmHg in diabetics.



Three-Year Morbidity in Dalby, Sweden
(40-59 year Men)

Treated Patients Normotensives p value
(n=66) (n=75)

CVD 21% 1% <0.001
CHD 20% 1% <0.001
DM 8% 5% ns
BP (mmHg)
Untreated 183/114
Treated 149/91 133/80 <0.001

Lindholm. Acta Med Scand 1984;216:251



J- Curve in Management of Hypertension
Stewart IM. Relation of reduction in pressure to first myocardial infarction in patients 
receiving treatment for severe hypertension. Lancet. 1979 Apr 21;1(8121):861-5. 
The findings suggest that the blood-pressure in severe middle-aged hypertensives should 
seldom be reduced by more than 22% or to diastolic levels less than 104-110 mm Hg.

Cruickshank JM, Thorp JM, Zacharias FJ. Benefits and potential harm of lowering high 
blood pressure. Lancet. 1987 Mar 14;1(8533):581-4. 

There was a J-shaped relation, in those with evidence of ischaemic heart disease, 
the frequency of death from myocardial infarction was lowest at treated DBP of 85-90 mm 
Hg.

Berglund G. Goals of antihypertensive therapy. Is there a point beyond which pressure 
reduction is dangerous? Am J Hypertens. 1989 Jul;2(7):586-93. Review. (Gothenburg) 
Caution should be to avoid decreasing diastolic BP below 85 mm Hg.

Farnett L, Mulrow CD, Linn WD, Lucey CR, Tuley MR. The J-curve phenomenon and the 
treatment of hypertension. Is there a point beyond which pressure reduction is dangerous? 
JAMA. 1991 Jan 23-30;265(4):489-95. Meta-Analysis

Low treated diastolic blood pressure levels, ie, below 85 mm Hg, are associated 
with increased risk of cardiac events.



Blood Pressures and Age
First National Health and Nutrition Survey, 1998
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Incidence of CHD and SBP, DBP, and PP by Age Groups
Framingham Study

ß2 SE2 Wald HR (95% CI)

Age <50 y     
SBP 0.13 0.04 10.8 1.14 (1.06-1.24)** 
DBP 0.29 0.06 21.8 1.34 (1.18-1.51)*** 
PP 0.02 0.07 0.1 1.02 (0.89-1.17) 

Age 50-59 y     
SBP 0.08 0.03 6.3 1.08 (1.02-1.15)* 
DBP 0.10 0.06 2.9 1.11 (0.99-1.24) 
PP 0.11 0.05 5.4 1.11 (1.02-1.22)* 

Age ≥60 y     
SBP 0.16 0.03 30.0 1.17 (1.11-1.24)*** 
DBP 0.11 0.06 3.2 1.12 (0.99-1.27) 
PP 0.21 0.04 36.9 1.24 (1.16-1.33)*** 

Franklin SS. Circulation 2001;103:1245-9

Proportional-Hazard Regression Coefficients. *;p<0.05, **;p<0.01, ***;p<0.001
HR was associated with a 10 mm Hg increase in BP.



Relative Frequencies of Hypertension Status According to Age.
Framingham Study

WomenMen

Sagie et al.  NEJM  329:1912



Prospective RCT for the Effect of 
Intensified Anti-hypertensive Tx

• Diastolic Hypertension with/without Systolic 
Hypertension 

The BBB Study in Sweden
Hypertension Optimal Treatment (HOT)

• Isolated Hypertension
No Study
SHEP, STOP-Hypertension, MRC tiral



The BBB Study
• Study Design

– 2127 treated HT patients with DBP 90-100 mmHg 
(45-67 years)

– Further reduction of DBP to 80 mmHg vs unchanged 
– 4 year follow-up

• Results
– 6-7 mmHg difference of DBP 
– No increase of the number or severity of side effects 

of drugs
– No difference in the hard endpoints, stroke and MI



Hypertension Optimal Treatment (HOT)

• 18790 patients from 26 countries, aged 50-80 
years (mean 61.5 years) with DBP between 100 
mmHg and 115 mmHg

• 3 groups with target DBP ≤ 90 mmHg, 85 mmHg, 
and 80 mmHg

• Felodipine as baseline therapy with the addition 
of other agents, Aspirin

• Follow-up 3.8 years (3.3-4.9 years)

Lancet 1998;351:1755



Events in Relation to Target Diastolic BP
-HOT-

Target Number Events p for
BP* of events rate** trend

Major cardiovascular events 
90 mm Hg 232  9.9
85 mm Hg     234  10.0  
80 mm Hg 217  9.3 0.50
All myocardial infarction 
90 mm Hg      84  3.6
85 mm Hg      64  2.7 
80 mm Hg      61 2.6 0.05
All stroke 
90 mm Hg      94  4.0
85 mm Hg 111 4.7
80 mm Hg 89  3.8 0.74

Target Number Events p for
BP* of events rate** trend

Cardiovascular mortality 
90 mm Hg 87 3.7
85 mm Hg 90 3.8
80 mm Hg 96 4.1 0.49
Total mortality
90 mm Hg 188  7.9 
85 mm Hg 194  8.2
80 mm Hg 207  8.8 0.32

*: actual BP; 85.2, 83.2, 81.1 mmHg respectively
**; per 1000 patient-year

Lancet 1998;351:1755



CV Events in Relation to Achieved DBP
-HOT-

Lancet 1998;351:1755



Events in Patients with Diabetes Mellitus
HOT

Target Number Events p for
BP* of events rate** trend

Major cardiovascular events 
90 mm Hg 45  24.4
85 mm Hg  34  18.6  
80 mm Hg 22  11.9 0.005
All myocardial infarction 
90 mm Hg  14  7.5
85 mm Hg  8  4.3 
80 mm Hg  7  3.7 0.11
All stroke 
90 mm Hg  17  9.1
85 mm Hg 13 7.0
80 mm Hg 12  6.4 0.34

Target Number Events p for
BP* of events rate** trend

Cardiovascular mortality 
90 mm Hg 21  11.1
85 mm Hg 21 11.2
80 mm Hg 7 3.7 0.016
Total mortality
90 mm Hg 30  15.9 
85 mm Hg 29  15.5
80 mm Hg 17  9.0 0.068

*: actual BP; 84.9, 82.9, 81.0 mmHg respectively
**; per 1000 patient-year

Lancet 1998;351:1755



Events in 3080 Patients with IHD 
-HOT-

Target Number Events p for
BP* of events rate** trend

Major cardiovascular events 
90 mm Hg 77  20.5
85 mm Hg   68  17.9
80 mm Hg 62  16.4 ns
All myocardial infarction 
90 mm Hg 35 9.3
85 mm Hg      26 6.8 
80 mm Hg      31 8.3 ns
All stroke 
90 mm Hg 35 9.3
85 mm Hg 30 7.9
80 mm Hg 20  5.3 0.046

Target Number Events p for
BP* of events rate** trend

MI mortality 
90 mm Hg 4 1.0
85 mm Hg 3 0.8
80 mm Hg 2 0.5 ns
Stroke mortality
90 mm Hg 5 1.3 
85 mm Hg 6 1.5
80 mm Hg 5 1.3 ns

Lancet 1998;351:1755 , Cruickshank Cardiovasc Drugs Ther. 2000;1

*: actual BP; 85.2, 83.2, 81.1 mmHg respectively
**; per 1000 patient-year



Subgroup Analysis of HOT
CV Event CV Mortality

P=0.002
P=0.001

P=0.015

Zanchetti A. J Hypertens. 2003;2



Systolic Hypertension in the Elderly Program (SHEP)
Old age (≥ 60 y), systolic pressure ≥ 160 mmHg and diastolic pressure ≤ 90 mmHg
Placebo vs.chlorthalidone with atenolol
Average 4.5 years follow-up

Placebo Active Relative Risk 
(n=2371) (n=2365) (95% CI)

Death Total 242 213 0.87(0.73-1.05)
Cardiovascular 112 90 0.80(0.60-1.05)
Other 103 109 1.05(0.80-1.38)

Event Stroke 149 96 0.63(0.49-0.82)
MI 74 50 0.67(0.47-0.96)
LVH 102 48 0.46(0.33-0.65)

Combined Nonfatal MI+CHD death 141 104 0.73(0.57-0.94)
CHD 184 140 0.75(0.60-0.94)
CVD 414 289 0.68(0.58-0.79)

JAMA 1991;265:3255



Systolic and Diastolic Pressure 
during Follow-up in SHEP
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RR for CVD by DBP in Treatment Group
-SHEP-

Arch Intern Med 1999;159:2004



Rates of Events and Diastolic Blood Pressure in Active 
Treatment and Control Groups

- Meta-Analysis of 7 RCTs -

Boutitie F Ann Intern Med. 2002;13

Nadir 80 mmHg

Nadir 84 mmHg
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Summary

• 약물 치료후 혈압과 주요 endpoint 사이에는 일부 J-
curve 현상이 관찰되나 아주 낮은 혈압에 국한되고, 
원인-결과의관계가있다는증거가부족하다. 

• 따라서 확장기 혈압이 85 mmHg 아래로 떨어지면 위
험도가 증가한다는 J curve 현상은 존재하지 않을 것
으로생각되며, 단지일부소그룹에서는좀더연구가
필요할것으로생각된다.



Cruickshank J. The J-curve in hypertension. Curr Cardiol Rep. 
2003 Nov;5(6):441-52. Review

It is now reasonable to conclude that for nonischemic 
hypertensive subjects the therapeutic lowering of diastolic 
blood pressure (DBP) to the low 80s mm Hg is beneficial, but 
it is safe (though unproductive) to go lower. 

However, in the presence of coronary artery disease (limited 
coronary flow reserve) there is a J-curve relationship between 
treated DBP and myocardial infarction, but not for stroke. In 
such high-risk (for myocardial infarction) cases it would be 
prudent to avoid lowering DBP to below the low 80s mm Hg.



CV Events in Relation to Achieved SBP
-HOT-

Lancet 1998;351:1755



Systolic BP in Patient with/without CVD 
-SHEP-

Arch Intern Med 1999;159:2004



Diastolic BP in Patient with/without CVD
-SHEP-

Arch Intern Med 1999;159:2004



RR of Events for 5 mmHg Decrease of Pressure 
-SHEP-

Events

BP



Systolic and Diastolic Pressure 
during Follow-up in SHEP
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Comparison of Treatment Groups 
between Old Meta-analysis and HOT

Collins et al. 1990 HOT, 1998
(n=18487) (n=18790)

Age (years) 52.0 61.5
Initial DBP (mmHg) 99 105
Achieved DBP (mmHg) 93 83.2
DBP reduction (mmHg) 6 20-24
F/U duration (years) 5 3.8
Events (/1000 person-year) 
MI 7.8 3.0
CV Mortality 6.5 3.8



Systolic BP and Risk of Stroke according to 
Antihypertensive Treatment

-Rotterdam Study-

Hypertension 1999;34:1181



Diastolic BP and Risk of Stroke according to
Antihypertensive Treatment

-Rotterdam Study-

Hypertension 1999;34:1181



Events in Patients without Diabetes Mellitus 
-HOT-

Target Number Events p for
BP* of events rate** trend

Major cardiovascular events 
90 mm Hg 187  
85 mm Hg     200  
80 mm Hg 195  
All myocardial infarction 
90 mm Hg      70  
85 mm Hg      56  
80 mm Hg      54 
All stroke 
90 mm Hg      77  
85 mm Hg 97
80 mm Hg 77  

Target Number Events p for
BP* of events rate** trend

Cardiovascular mortality 
90 mm Hg 66 3.1
85 mm Hg 69 3.2
80 mm Hg 89 4.1 0.061
Total mortality
90 mm Hg 158  
85 mm Hg 165  
80 mm Hg 190  

*: actual BP; 85.2, 83.2, 81.1 mmHg respectively
**; per 1000 patient-year

Lancet 1998;351:1755



Report of the European Working Party on 
High Blood Pressure in the Elderly (EWPHE)

• Patients with low blood pressure had decreased 
values for body mass index and hemoglobin—two 
indicators of poor health

Staessen BMJ. 1989;298:1552



CVD vs Systolic and Diastolic BP
Framingham Study

Kannel. Am J Cardiol 2004;94:380



Age-Specific Relevance of Usual Blood Pressure 
to Vascular Mortality: a Meta-Analysis

Lancet 2002; 360: 1903–13



Randomized Trials of Drug Therapy in AMI
(Beat-blocker)

Agents No. of Duration RR of Death p
Patients of Study (95% CI)

During Infarction
ISIS-1 Atenolol 16,027 7 days 0.85 (0.73-0.99) 0.04
MIAMI Metoprolol 5,778 15 days 0.87 (0.67-1.08) 0.29
TIMI IIB Metoprolol 1,434 6 days 1.00‡ 0.98

After Infarction
Norwegian Timolol 1,884 33 mo 0.61 (0.46-0.80) 0.001
BHAT Propranolol 3,837 25 mo 0.72 (0.64-0.80) 0.005

Wood AJJ. NEJM 1996;355:1660



Incidence of myocardial infarction in elderly men 
being treated with antihypertensive drugs

• 484 men born in 1914 and living in Malmo, Sweden 
during 1982 and follow up for up to 10 years

• Among men with diastolic blood pressure >90 mm 
Hg, the risk was increased twofold but disappeared 
when adjustments were made for other 
cardiovascular risk factors

• Among those with diastolic blood pressure </=90 
mm Hg, the risk associated with taking
antihypertensive drugs was four times higher and 
remained after adjustment for other cardiovascular 
risk factors

BMJ 1996;313:457-461 
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