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2 mmHg 
decrease in 
mean SBP 

10% reduction in 

risk of stroke 
mortality 

7% reduction in 

risk of IHD and 
other vascular 
disease mortality 

• Meta-analysis of 61 prospective, observational studies 

• 1 million adults aged 40–69 y with BP > 115/75 mmHg 

• 12.7 million person-years 

Each 2 mmHg decrease in SBP reduces  
CV risk by 7-10% 

Lewington S, et al. Lancet. 2010;360:1903-13. 



Blood pressure lowering for prevention of cardiovascular disease and 
death: a systematic review and meta-analysis 

• 123 studies till 2015.7 

• N = 613,815 

Strong support for lowering 

blood pressure to systolic blood 

pressures less than 130 mm Hg 

Every 10mmHg of SBP reduction; 

 

 MACE (RR 0·80, 95% CI 0·77–0·83),  

 CAD (RR 0·83, 0·78–0·88),  

 Stroke (RR 0·73, 0·68–0·77),  

 Heart failure (RR 0·72, 0·67–0·78),  

 All-cause mortality (RR 0·87, 0·84–0·91) 

Ettehad D, et al. Lancet. 2016;387:957-67. 



’J-curved’ Theory 

Vs. 

‘The Lower The Better’ Theory 



This article was published on April 2, 2016, at NEJM.org. 

HOPE-3 Study  
(Heart Outcomes Prevention Evaluation) 



Rosuvastatin +  

Candesartan/HCT 

HOPE-3: 2 x 2 Factorial Design  

N = 14,000 people at intermediate risk for CVD 

Rosuvastatin (10mg)  

Candesartan/HCT 

(Atacand plus 16/12.5mg) 
Placebo 

Rosuvastatin +  

Placebo 

Placebo 
Candesartan/HCT+  

Placebo 

Placebo + 

Placebo 

Follow-up for an average of 6 years 
 



HOPE-3: BP, cholesterol, BP+cholesterol 



HOPE-3 Study_1st & Recurrent CV Events   



• Intermediate-risk patients without 

CVD (annual risk of MACE = 1%) 

• n = 12,705 

• Primary outcome : MI, stroke, CVD 

death 

• Mean f/up = 5.6 years 

 

• Candesartan 16mg + HCZ 12.5mg 

• Placebo 

Lonn EM, et al. NEJM. 2016 Apr. 2. 



• Multicenter, long-term, international, double-blind, randomized, 
   placebo-controlled trial at 228 centers in 21 countries 
• 2-by-2 factorial trial, randomly assigned 12,705 participants 
  
• Inclusion criteria:  
     -Age: ≥ 55 years old (Men) / ≥ 65 years old (Women)   
     -Cardiovascular disease group excluded 
     -Median 5.6 years f/up  
     -Intermediate risk group (BP: 120~155mmHg) 
     -Mean (±SD) systolic : 138.2±14.7 mm Hg 
     -Candesartan 16 mg/day & hydrochlorothiazide 12.5mg/day  
      vs Placebo 

 

HOPE-3 Study Design (1)  



• First coprimary outcome:  

composite of death from cardiovascular causes, nonfatal 

myocardial infarction, or nonfatal stroke; 

 

• Second coprimary outcome: 

 additionally included resuscitated cardiac arrest, heart failure, 

and revascularization 

HOPE-3 Study Design (2) 



HCZ. n = 6356            5446       3862  
 350 
Placebo. n = 6347           5442       3822   334 

Lonn EM, et al. NEJM. 2016 Apr. 2. 

6.0±13.0mmHg 

138 mmHg 

HOPE-3 Study_Result  
Mean systolic BP 



Lonn EM, et al. NEJM. 2016 Apr. 2. 

< Death from CVD, MI, stroke, cardiac 

arrest, revascularization, HF> 
< MI > 

P=0.51 P=0.34 

HOPE-3 Study_Result   



< Coronary revascularization> < Stroke > 

P=0.32 P=0.14 

Lonn EM, et al. NEJM. 2016 Apr. 2. 

HOPE-3 Study_Result  



Lonn EM, et al. NEJM. 2016 Apr. 2. 

• In one of the three subgroups of participants with uncomplicated 

mild hypertension, treatment significantly reduced the risk of CV 

events. 

27%  

HOPE-3 Study_Result : by Thirds of SBP 
CV Death, MI, Stroke (Cardiac Arrest, Revascularization, Heart Failure) 



• Therapy with candesartan at a dose of 16 mg per day plus hydrochlorothiazide 
at a dose of 12.5 mg per day was not associated with a lower rate of major 
cardiovascular events than placebo 

HOPE-3 Study Conclusion  

• Subgroup for the upper third of systolic blood pressure (>143.5 mm Hg) had 
significantly lower rates (27%) of the first and second coprimary outcomes 
than those in the placebo group; 
 

• Results were neutral in the middle third, and trended towards harm in the 
lowest third of SBP 
 

• Treatment increased lightheadedness, but not syncope or renal dysfunction  

• HOPE-3 Study supports ’J-curved’ theory 
 
• Contradicting to SPRINT study of ‘The Lower the Better’ theory   



Results by Baseline Levels 

Meta analysis of BP Lowering Trials in DM 
(49 trial, 73,738 participants with DM) 

Brunstrom M, et al. BMJ. 2016;352:i717 



SPRINT Study 



SPRINT study 
(Systolic Blood Pressure Intervention Trial) 

• Age ≥50, SBP 130-180mmHg 

• Increased CV risk (except diabetes 

and CVA) 

• n = 9,361 

• Primary outcome : MI, stroke, CVD 

death, ACS s MI, acute dHF 

• Mean f/up = 3.26 years 

 

• Intensive therapy: SBP < 120mmHg 

• Standard therapy: SBP < 140mmHg 

Wright JT Jr, et al. NEJM. 2015;373:2103-16. 

Increased CV risk 
1) Clinical or subclinical** CVD 
2) CKD (eGFR 20~60ml) 
3) 10-yr risk ≥ 15% 
4) Age ≥ 75 years 

 
** Subclinical CVD 

Agaston score ≥ 400 
ABI ≤ 0.90 
LVH by ECG 



• A randomized, controlled, open label trial sponsored by the NIH and 
conducted at 102 US sites. 

• Inclusion criteria. Age ≥ 50 years old, systolic BP: 130~180 mm Hg + 

– Clinical or subclinical CVD (other than stroke) 

– CKD, defined as eGFR (MDRD): 20 ~ 60 mL/min/1.73 m2 

– Framingham risk score  ≥ 15%  

– Age ≥ 75 or older. 

• Major exclusion criteria 

– Diabetes 

– Stroke 

– Polycystic kidney disease,  

– CKD: eGFR < 20 mL/min/1.73 m2 

– Proteinuria (excretion > 1 g/day) 

• SBP target < 120 vs. < 140 mmHg 



• Primary composite outcome 

– MI, other acute coronary syndrome, stroke, HF or death from CV 
causes 

 

• Mean age 67.9, 28% ≥75  y-o 

• Mean Framingham risk score: 20%, 20% already had CV disease 

• Mean baseline BP 139.7/78.2 mmHg 

• Mean eGFR: 71 mL/min/1.73 m2 

• Mean total cholesterol 190 mg/dL, FBS 99 mg/dL, BMI 30 kg/m2 



121.4 mmHg 

136.2 mmHg 

14.8 mmHg 

Wright JT Jr, et al. NEJM. 2015;373:2103-16. 



< Primary outcome > < Death from any cause > 

Wright JT Jr, et al. NEJM. 2015;373:2103-16. 

HR=0.75 HR=0.73 



*Treatment by subgroup interaction 



Wright JT Jr, et al. NEJM. 2015;373:2103-16. 





구분 Mean BP 0 yr 1 yr 2 yr 3 yr 4 yr 5 yr 

Standard 136.2mmHg 1.7 1.8 1.8 1.8 1.8 1.9 

Intensive 121.4mmHg 2.3 2.7 2.8 2.8 2.8 3.0 



Adverse events (ER+SAE) 

% of patients 

Intensive 
therapy 

Standard 
therapy 

Hazard 
Ratio  

Hypotension 3.4 2.0 1.70 

Syncope 3.5 2.4 1.44 

Hyponatremia 3.8 2.1 1.76 

Hypokalemia 2.4 1.6 1.5 

Injurious fall 7.1 7.1 1.00 

Orthostatic hypotension without 
dizziness 

16.6 18.3 0.88 

Orthostatic hypotension with 
dizziness 

1.3 1.5 0.85 

Acute kidney injury 4.4 2.6 1.71 



 SPRINT examined effects of more intensive antihypertensive therapy than 

currently recommended 

 Participants were US adults ≥50 years with hypertension and additional risk 

for CVD 

 Trial stopped early, due to benefit, after median follow-up of 3.26 years 

 Incidence of primary outcome (composite of CVD events) 25% lower in 

Intensive compared to  Standard Group and all-cause mortality reduced by 

27%. 

 Treatment effect similar in all six pre-specified groups of interest. 

Sprint Study – Summary  



• Among patients at high risk for CV events, intensive 

therapy resulted in lower rate of major CV events and 

death from any cause. 

Age > 50 
Increased CV risk 

No DM/CVA 
NonDM CKD without overt proteinuria 

  

Wright JT Jr, et al. NEJM. 2015;373:2103-16. 



• Age ≥50, SBP 130-180mmHg 

• Increased CV risk (except diabetes and 

CVA) 

• n = 9,361 

• Primary outcome : MI, stroke, CVD 

death, ACS s MI, acute dHF 

• Mean f/up = 3.26 years 

• Intensive therapy: SBP < 120mmHg 

• Standard therapy: SBP < 140mmHg 

• Automated BP measurement 

< SPRINT > < HOPE-3 > 

• Intermediate-risk patients without CVD 

(annual risk of MACE = 1%) 

• n = 12,705 

• Primary outcome : MI, stroke, CVD death 

• Mean f/up = 5.6 years 

 

• Candesartan 16mg + HCZ 12.5mg 

• Placebo 

HOPE-3 vs. Sprint Study  



 According to HOPE-3 study, basal SBP is the key indicator, and Subgroup for the 

upper third of systolic blood pressure (>143.5 mm Hg) had significantly lower rates 

(27%) of the first and second coprimary outcomes 

 Less aggressive BP control for intermediate-risk patients is reasonable according 

to HOPE-3 trial. 

 Intensive BP control may be used in selected, high-risk patients treated in 

specialized settings using automated BP measurements. 

 

 ’J-curve’  theory vs. ‘The lower the better’ theory has been conflict.   

 



Standard Treatment 

Vs. 

Intensive Treatment 



Thank you! 


