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The Scope of ‘Optimal’ BP 

BP 
Reduction

CV outcomes & 
mortality

CKD progression
- Albuminuria
- eGFR decline 
- ESRD



When to Treat? 



When to Treat? 



When to Treat? 

There is a general consensus on the treatment threshold 

of BP  Initiate to treat HTN when BP > 140/90 mmHg.



under 140<90 ?
130<80 ? 



Target BP – The Current Guidelines  

Townsend and Taler, Nat Rev Nephrol 2015







KDIGO 2012

albuminuria <30 mg/g 30-300 mg/g >300 mg/g

Diabetes (-) ≤140/90 mmHg (1B) ≤130/80 mmHg (2D) ≤130/80 mmHg (2C) 

ARB or ACE-I (2D) ARB or ACE-I (1B)

Diabetes (+) ≤140/90 mmHg (1B) ≤130/80 mmHg (2D)

ARB or ACE-I (2D) ARB or ACE-I (1B)

2012 KDIGO BP guideline



• Most large RCTs (Intensified vs. Conventional BP) : 
Composite outcomes of death, CV deaths or CV outcomes
 Renal outcomes?

• Most studies in CKD patients: RAS blockers vs. placebo or 
CCBs with equally controlled BP 
 Is RAS inhibition more important than BP control?

• Patients with well-controlled BP were excluded from the 
RCTs and included in the observational studies. 

 Then what is the target BP ? 

Shortcomings



For patients with urinary 
protein excretion > 1 g/d, 
target BP should be a mean 
arterial pressure of < or = 
92 mm Hg, equivalent to 
125/75 mm Hg

Blood Pressure Control, Proteinuria, 
and the Progression of Renal Disease (MDRD Study) 

NEJM 1994



HR=1.00, P=0.99

Lancet 2005

REIN II (2005)



ABCD (2002)
(The Appropriate Blood Control in Diabetes Study)



Caveats on the Current Guidelines

1) Many RCTs failed to find the beneficial effects of lowering 

BP <130/80 mmHg as compared to <140/90 mmHg in 

reducing cardiovascular events, renal outcomes, or 

mortality.

2) The KDIGO panel acknowledged that this decision was 

based solely on expert opinion. 



Achieved BP Levels in RCTs



The ACCORD Investigators - NEJM 2010

133.5 mmHg

119.3 mmHg

Effects of Intensive BP Control in 
Type 2 DM – The ACCORD Study



The ACCORD Investigators - NEJM 2010



The ACCORD Investigators - NEJM 2010



The SPRINT Research Group, NEJM 2015

136.2 mmHg

121.4 mmHg

An RCT of Intensive vs. Standard BP 
– The SPRINT Research Group









Achieved BP and CV Outcomes

ONTARGET/TRASCENT investigators, Lancet 2017

CLARIFY investigators, Lancet 2016



ABCD (2002)
(The Appropriate Blood Control in Diabetes Study)

*P<0.05

*P<0.05



The ADVANCE Investigators - Lancet 2007; JASN 2009

The ADVANCE Study



The ACCORD Investigators - NEJM 2010

The ACCORD Study



BP and Outcomes in CKD
- RCTs (Meta-Analysis)

Xie et al, Lancet 2016



Tsai et al, 2017



BP and CKD Progression 
- Observational Studies

The CRIC Study Investigators, Ann Intern Med 2015



BP and CKD Progression 
- Post-hoc Analysis of the RENAAL Study

Bakris et al, Arch Intern Med 2003



BP and CKD Progression 
- Post-hoc Analysis of the IDNT Study

Pohl et al, JASN 2005



BP and Mortality
- Post-hoc Analysis of the IDNT Study

Pohl et al, JASN 2005



BP and Mortality
- CRIC Cohort Study

Bansal et al, Hypertension 2015





BP and CKD Outcomes in Korean Population
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BP and CKD Outcomes in the KNOW-CKD

2,238 enrolled patients

22 patients missing baseline SBP

2,216 eligible patients

<110 (n=212)

110-119 (n=407)

120-129 (n=582)

150-159 (n=150)

140-149 (n=262)

130-139 (n=514)

≥160 (n=89)

 Study outcome: composite renal outcome

- 50% decline in estimated glomerular filtration rate (eGFR)

- Dialysis initiation

- Kidney transplantation



BP and CKD Outcomes in the KNOW-CKD

HR (and 95% CI) of primary outcome for baseline SBP categories 
Model 1: unadjusted 
Model 2: age, sex, comorbidities, smoking history, cause of CKD, and use of RASB
Model 3: model 2 + body mass index, overt proteinuria, and eGFR.

Baseline systolic blood pressure (mmHg)

<110 110-119 120-129 130-139 140-149 150-159 >=160
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P for trend <0.001 in all models



BP and CKD Outcomes in the KNOW-CKD

(A) Unadjusted (B) Fully adjusted

Association of baseline SBP with composite outcomes in unadjusted (A) and 
fully-adjusted (B) HRs of composite renal outcomes in Cox model using 
restricted cubic spines. Fully-adjusted model was adjusted for age, sex, 
comorbidities, smoking history, cause of CKD, antihypertensive medications (ACEi
or ARB), body mass index, overt proteinuria, and eGFR.



BP and the Incident CKD

440,804 participants

(Jan 2009~Dec 2013) 

440,668 participants

136 individuals missing baseline eGFR

215,064 individuals who had less than 3 
measurements of eGFR during follow-up period

182,529 participants

460 individuals with extreme baseline eGFR
(>124 ml/min/1.73m2: 99.95 percentile)

182,069 participants

40 individuals missing baseline SBP

182,029 participants

43,075 individuals who had eGFR of < 60 
ml/min/1.73m2 at baseline

397,593 participants



BP and the Incident CKD

 Exposure: Baseline and time-varying SBP level categorized into 7 groups 
(<110, 110-<120, 120-<130 [reference: Median=124], 130-<140, 140-<150, 
150-<160, and ≥160 mmHg)
 Primary outcome: Development of CKD (≥ 30% decline from baseline eGFR or 

<60 ml/min/1.73m2 of eGFR)

 Statistical analyses: Baseline and time-varying Cox proportional hazard 
regression models with 3 incremental levels of adjustments based on a priori 
considerations: 

Models Covariates

Model 1 Unadjusted

Model 2 Age, sex, comorbidities as defined by ICD-10 (DM, IHD, CHF, PAOD, CVD, COPD, CTD, 

liver disease, and malignancy) 

Model 3 SBP and laboratory parameters (total cholesterol, Hb, presence of proteinuria, and eGFR)



BP and the Incident CKD

(B: Model 3-fully adjusted)(A: Model 1-unadjusted)



BP and the Incident CKD

(B: Model 3-fully adjusted)(A: Model 1-unadjusted)



Patient, N CKD, N (%)

All patients  182,029 4,786 
(2.63%)

Male 105,205 2,720 
(2.59%)

Female 76,824 2,066 
(2,69%)

Age <60 years 94,006 1,410 
(1.52%)

Age ≥60 years 89,023 3,376 
(3.79%)

Diabetes (‐) 131,246 2,854 
(2.17%)

Diabetes (+) 50,783 1,932 
(3.80%)

Proteinuria (‐) 173,466 4,349 
(2.51%)

Proteinuria (+) 8,135 413 
(5.08%)

Hazard ratio of CKD development

(A)
All patients 

Male

Female

Age <60 years

Age ≥60 years

Diabetes (‐)

Diabetes (+)

Proteinuria (‐)

Proteinuria (+)

Hazard ratio of CKD development

(B)

Multivariate adjusted hazard ratios of chronic kidney disease (CKD) development associated with baseline (A) 
and time-varying (B) systolic blood pressure, stratified by gender, age, diabetes, and proteinuria

0.8 1 1.2 1.6 2 3 5

<110 mmHg (Ref)
110-129 mmHg
130-149 mmHg
>=150 mmHg

0.8 1 1.2 1.6 2 3 5

<110 mmHg (Ref)
110-129 mmHg
130-149 mmHg
>=150 mmHg

Subgroup analyses





Observational Studies vs. RCTs

Observational studies RCTs
1) Do not see the effect of BP 

reduction on clinical 
outcomes

2) Do not reflect dynamic 
changes of BP during the 
whole period.

3) Effect of chronically 
elevated BP before the 
study is not well captured 
in time varying model or 
MSM. 

1) Ideal, but relatively short-
follow up duration, mostly 
3-4 years

2) Initial decline in BP can 
impair kidney function, but 
its long-term effect is 
unknown. 



AASK trial 
- Randomized trials in 1094 black patients with hypertensive CKD

- Target BP : ≤ 130/80 mmHg vs. ≤ 140/80 mmHg

N Engl J Med. 363(10):918-929, 2010.





Summary and Conclusion
1) The optimal target of BP reduction to improve renal and CV 

outcomes, and mortality has not yet been determined.

2) Although some guidelines suggest a BP target of < 130/80 mmHg, 

clinical evidence supporting this is lacking. 

3) The lower target of SBP is beneficial for the reduction of 

albuminuria, but not harder outcomes. 

4) The beneficial effects of lower BP levels in observational studies 

should be cautiously interpreted due to many confounding factors.

5) More well-designed RCTs regarding this issue are warranted in 

diverse groups; presence of diabetes, CV risk, or proteinuria, 

early vs. late stages of CKD etc. 
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