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The Scope of ‘Optimal’ BP

BP
Reduction

CKD progression
- Albuminuria
- eGFR decline
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When to Treat?
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When to Treat?

There is a general consensus on the treatment threshold
of BP - Initiate to treat HTN when BP > 140/90 mmHg.



Blood Pressure Goals
(2014 Guidelines)

Any age- but you
either have diabetes
or chronic kidney

disease, or both

_ ifyouare
I
Age 18 to 60 Age over 60
under 140/90 under 150/90

under 140<90 ?

130<80 ?



Target BP — The Current Guidelines

Guideline Blood pressure Blood pressure Recommended first line
target in CKD target in CKD medication
without proteinuria*  with proteinuria

USA JNC8* <140/<90 mmHg <140/<90mmHg ACEIl or ARB

KDIGO™ <140/<90 mmHg <130/<80mmHg ACEIl or ARB

NICE®® <140/<90 mmHg <130/<80mmHg ACEI or ARB*

CHEP™® <140/<90 mmHg <140/<90mmHg ACEIl; ARB if ACEI intolerant

ESC/ESH™ <140 mmHg <130 mmHg ACEIl or ARB

ASH/ISH# <140/<90 mmHg <140/<90mmHg® ARB or ACEI

ISHIB1?4 <130/<80 mmHg <130/<80mmHg Diuretic or CCB

Townsend and Taler, Nat Rev Nephrol 2015
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Box. Recommendations for Management of Hypertension

Recommendation 1

In the general population aged =60 years, initiate pharmacologic treat-
ment to lower blood pressure (BP) at systolic blood pressure (SBP) =150
mm Hg or diastolic blood pressure (DBP) =90 mm Hg and treat to a goal
SBP <150 mm Hg and goal DBP <90 mm Hg. (Strong Recommendation -
Grade A)

Corollary Recommendation

&y

Recommendation 6

In the general nonblack population, including those with diabetes, initial
antihypertensive treatment should include a thiazide-type diuretic, cal-
cium channel blocker (CCB), angiotensin-converting enzyme inhibitor
(ACEI), or angiotensin receptor blocker (ARB). (Moderate Recommenda-
tion - Grade B)

Recommendation 7
In the general black population, including those with diabetes, initial anti-
hypertensive treatment should include a thiazide-type diuretic or CCB. (For
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Recommendation 4

In the population aged =18 years with chronic kidney disease (CKD), ini-
tiate pharmacologictreatment tolower BP at SBP =140 mmHg or DBP =90
mmHg and treat to goal SBP <140 mm Hg and goal DBP <90 mm Hg. (Expert

Opinion - Grade E)

— OpNoI - Grade oy

Recommendation 4

In the population aged =18 years with chronic kidney disease (CKD), ini-
tiate pharmacologic treatment tolower BP at SBP =140 mmHg or DBP =S0
mm Hg and treat to goal SBP <140 mm Hg and goal DBP <90 mm Hg. (Expert
Opinion - Grade E)

Recommendation 5

Inthe population aged =18 years with diabetes, initiate pharmacologic treat-
menttolower BP at SBP =140 mm Hg or DBP =90 mm Hgand treat to a goal
SBP <140 mm Hg and goal DBP <90 mm Hg. (Expert Opinion - Grade E)

continue to assess BP and adjust the treatment regimen until goal BP is
reached. If goal BP cannot be reached with 2 drugs, add and titrate a third
drug from the list provided. Do not use an ACEl and an ARB togetherinthe
same patient. If goal BP cannot be reached using only the drugs in recom-
mendation 6 because of a contraindication or the need to use more than 3
drugs to reach goal BP, antihypertensive drugs from other classes can be
used. Referral to a hypertension specialist may be indicated for patientsin
whom goal BP cannot be attained using the above strategy or for the man-
agement of complicated patients for whom additional clinical consulta-
tion is needed. (Expert Opinion - Grade E)




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



Shortcomings

* 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 ?



Blood Pressure Control, Proteinuria,
and the Progression of Renal Disease (MDRD Study)
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REIN II (2005)
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ABCD (2002)

(The Appropriate Blood Control in Diabetes Study)
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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
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Effects of Intensive BP Control in
Type 2 DM — The ACCORD Study
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Table 2. Serious Adverse Events and Clinical Measures after Randomization.*

Variable

Elevation in serum creatinine
>1.5 mg/dl in men
>1.3 mg/dl in women

Estimated GFR <30 ml/min/1.73 m*
End-stage renal disease or need for dialysis

Serum creatinine — mg/d|

Estimated GFR — ml/min/1.73 m?

Ratio of urinary albumin (mg) to creatinine (g)
Median
Interquartile range

Microalbuminuria — no.ftotal no. (%)

Macroalbuminuria — no. ftotal no. (%)

Intensive Therapy Standard Therapy

(N=2362) (N=2371) P Value
304 (12.9) 199 (8.4) <0.001
257 (10.9) 168 (7.1) <0.001
99 (4.2) 52 (2.2) <0.001
59 (2.5) 58 (2.4) 0.93
1.1+0.4 1.0+0.5 <0.001
74.8+25.0 80.6+24.3 <0.001
<0.001
12.6 149
6.4-41.7 7.0-56.8
656/2174 (30.2)  712/2205 (323)  0.13
143/2174 (6.6) 192/2205 (8.7) 0.009

The ACCORD Investigators - NEJM 2010



An RCT of Intensive vs. Standard BP
— The SPRINT Research Group
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A Primary Outcome
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Subgroup

Overall

Previous CKD
No
Yes

Age
</5yr
=75yr
Sex
Female
Male
Race
Black
Nonblack

Previous cardiovascular disease

No
Yes

Systolic blood pressure
<132 mm Hg
>132 to <145 mm Hg
=145 mm Hg

Intensive Treatment

243/4678 (5.2)

135/3348 (4.0)
108/1330 (3.1)

142/3361 (4.2)
101/1317 (7.7)

77/1684 (4.6)
166/2994 (5.5)

62/1454 (4.3)
181/3224 (5.6)

149/3738 (4.0)
94/940 (10.0)

71/1583 (4.5)
77/1489 (5.2)
95/1606 (5.9)

Standard Treatment

no. of patients with primary outcome/total no. (%)

319/4683 (6.8)

193/3367 (5.7)
126/1316 (9.6)

175/3364 (5.2)

144/1319 (10.9)

89/1648 (5.4)
230/3035 (7.6)

85/1493 (5.7)
234/3190 (7.3)

208/3746 (5.6)
111/937 (11.8)

98/1553 (6.3)
106/1549 (6.8)
115/1581 (7.3)

Hazard Ratio (95% Cl)

_._

0.75 (0.64-0.89)

0.70 (0.56-0.87)
0.82 (0.63-1.07)

0.50 0.75 1.00

-

0.80 (0.64-1.00)
0.67 (0.51-0.86)

0.84 (0.62-1.14)
0.72 (0.59-0.88)

0.77 (0.55-1.06)
0.74 (0.61-0.90)

0.71 (0.57-0.88)
0.83 (0.62-1.09)

0.70 (0.51-0.95)
0.77 (0.57-1.03)
0.83 (0.63-1.09)

1.20

<%

Intensive Treatment Better

P Value for
Interaction

0.36

0.32

0.45

0.83

0.39

0.77

Standard Treatment Better




Table 2. Primary and Secondary Outcomes and Renal Outcomes.*

Hazard Ratio

Outcome Intensive Treatment Standard Treatment (95% ClI) P Value
no. of patients (%) % peryear  no. of patients (%) 9% per year

All participants (N=4678) (N=4683)

Primary outcomeT 243 (5.2) 1.65 319 (6.8) 2.19 0.75 (0.64-0.89) <0.001

Secondary outcomes
Myocardial infarction 7 (2.1) 0.65 116 (2.5) 0.78 0.83 (0.64-1.09) 0.19
Acute coronary syndrome 40 (0.9) 0.27 40 (0.9) 0.27 1.00 (0.64-1.55) 0.99
Stroke 62 (1.3) 0.41 70 (1.5) 0.47 0.89 (0.63-1.25)  0.50
Heart failure 62 (1.3) 0.41 100 (2.1) 0.67 0.62 (0.45-0.84) 0.002
Death from cardiovascular causes 37 (0.8) 0.25 65 (1.4) 0.43 0.57 (0.38-0.85) 0.005
Death from any cause 155 (3.3) 1.03 210 (4.5) 1.40 0.73 (0.60-0.90) 0.003
Primary outcome or death 332 (7.1) 2.25 423 (9.0) 2.90 0.78 (0.67-0.90) <0.001

[ Participants with CKD at baseline (N=1330) (N=1316)

Composite renal outcomex: 14 (1.1) 0.33 15 (1.1) 0.36 (0.89 (0.42-1.87) 0.76

=50% reduction in estimated GFR 10 (0.8) 0.23 11 (0.8) 0.26 0.87 (0.36-2.07) 0.75

Long-term dialysis 6 (0.5) 0.14 10 (0.8) 0.24 0.57 (0.19-1.54)  0.27

Kidney transplantation 0 0

Incident albuminuria¥ 49/526 (9.3) 3.02 59/500 (11.8) 3.90 8'72 (0.48-1.07) 0.11

[ Participants without CKD at baseline|| (N=3332) (N=3345)
=30% reduction in estimated GFR to <60 ml/ 127 (3.8) 1.21 37 (L.1) 0.35 3.49 (2.44-5.10) <0.001
min/1.73 m?§
Incident albuminuria¥] 110/1769 (6.2) 2.00 135/1831 (7.4) 2.41 0.81 (0.63-1.04)  0.10




Achieved BP and CV Outcomes
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ABCD (2002)

(The Appropriate Blood Control in Diabetes Study)
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The ADVANCE Study
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The ADVANCE Investigators - Lancet 2007; JASN 2009



The ACCORD Study

Table 2. Serious Adverse Events and Clinical Measures after Randomization.*

Intensive Therapy Standard Therapy

Variable (N=2362) (N=2371) P Value
Elevation in serum creatinine

>1.5 mg/dl in men 304 (12.9) 199 (3.4) <0.001

>1.3 mg/dl in women 257 (10.9) 168 (7.1) <0.001
Estimated GFR <30 ml/min/1.73 m* 99 (4.2) 52 (2.2) <0.001
End-stage renal disease or need for dialysis 59 (2.5) 58 (2.4) 0.93
Serum creatinine — mg/dl 1.140.4 1.040.5 <0.001
Estimated GFR — ml/min/1.73 m? 74.8+25.0 80.6424.8 <0.001
Ratio of urinary albumin (mg) to creatinine (g) <0.001

Median 126 149

Interquartil - 6.4-41.7 20

icroalbuminuria — no.ftotal no. (%) 656/2174 (30.2)  712/2205 (32.3)
acroalbuminuria — no. ftotal no. (%) 143/2174 (6.6) 192/2205 (8.7)

0.1
0.009

Me ACCORD Investigators - NEJM 2010



BP and Outcomes in CKD

- RCTs (Meta-Analysis)

Trials Events (n)/patients (n) Mean blood pressure Relative risk

(n) difference (mm Hg) (95% CI)
Other major vascular events and renal outcomes
Heart failure 10 189/13698 vs 221/19608 -7-2/-4-0 — 0-85 (0-66-1-11)
End-stage kidney disease 8 2484533 vs 266/4157 -9-4/-51 — 0-90 (0-77-1-06)
Albuminuria 926/2661 vs 988/2563 -10-1/-6-4 = e 0-90 (0-84-0-97)
Retinopathy 4 342/1421vs 351/1244 -11-2/-6-3 — 0-81 (0-66-1-00)
Mortality
Cardiovascular death 13 354/18209 vs 446/24163 -6-9/-35 — e 0-91 (074-1.11)
Non-cardiovascular death 12 385/18027 vs 476/23966 -6-9/-3-6 - 0-98 (0-86-1-13
Overall mortality 19 794/19537 vs 968/25452  -6.8/-3.5 — 0-91(0-81-1.03)

0-|25 1.0 2!5

Favours more intensive blood pressure control

44—

Favours less intensive blood pressure control

Xie et al, Lancet 2016




JAMA Internal Medicine | Original Investigation

Association of Intensive Blood Pressure Control
and Kidney Disease Progression in Nondiabetic Patients

With Chronic Kidney Disease

A Systematic Review and Meta-analysis

|£| Composite renal outcome

Study
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3142
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1 42
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3174
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1484
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2.51(0.11t059.62)
0.83(0.05t012.77)
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9.8 7.7
100 NA
NA 100
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% %
12.5 15.5
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1.9 1.8
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5.2 4.2
4.3 1.4
100.0 NA
NA 100.0



BP and CKD Progression
- Observational Studies
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The CRIC Study Investigators, Ann Intern Med 2015



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

Table 6. Outcomes Based on Baseline and Last SBP Prior to End Points for Pooled Treatment Groups™

Event Rate Based on Baseline SBP Event Rate Based on Last SBP Prior to End Points
I No. of Event, b No. of Event, I

End Point Patients No. (%) HR (95% Cl)t P Value Patients Mo. (%) HR (95% CI)t P Value
Primary: SBP, mm Hg

=130 169 B0 (35.5) 1.00 (Reference) .. 278 84 (33.8) 1.00 {Reference) ..

130-139 209 G6 (31.6) 0.84 (0.59-1.20) 34 401 141 (35.2) 1.08 (0.83-1.40) 56

140-159 610 267 (43.8) 1.28 (0.97-1.69) .08 522 241 (46.2) 1.49 {1.18-1.90) 001

160-179 373 206 (55.2) 1.82 (1.36-2.42) =001 241 158 (65.6) 2.74 (2.12-354) < 001

=180 152 87 (57.2) 1.85 (1.33-2.57) =001 71 52 (73.2) 3.51 (2.50-4.93) =001
ESRD: SBP, mm Hg

=130 169 26 (15.4) 1.00 (Reference) .. 286 44 (15.4) 1.00 (Reference) ..

130-139 209 33 (15.9) 0.97 (0.58-1.63) 92 302 55 (14.0) 0.93 (0.62-1.38) g0

140-159 610 127 (20.8) 1.37 (0.90-2.10) 14 518 115 (22.2) 1.52 (1.07-2.15) 02

160-179 373 112 (30.0) 2.13(1.38-3.27) =001 243 89 (36.6) 2.01 (2.10-4.32) =001

=180 152 43 (28.3) 2.02 (1.24-3.29) 005 74 38 (51.4) 4,63 (3.00-7.15) =001
ESRD or death: SBP, mm Hg

=130 169 43 (25.4) 1.00 (Reference) . 286 82 (28.7) 1.00 (Reference) .

130-139 209 56 (26.8) 1.00 (0.67-1.49) 99 392 01 (25.8) 0.91 (0.68-1.22) 54

140-159 610 211 (34.6) 1.28 (0.99-1.91) L6 518 138 (36.3) 1.33 (1.02-1.72) 03

160-179 373 171 (45.8) 1.96 (1.40-2.74) =001 243 134 (55.1) 241 (1.83-3.17) =001

=180 152 74 (48.7) 2.10 (1.44-3.06) <.001 74 50 (67.6) 3.23 (2.27-4.59) <.001

Bakris et al, Arch Intern Med 2003



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

B 8

Follow-up SBP, mm Hg :
i« | o TN :
——=— 141 -149 |
-=-=- 134-140 !

60

— <134 ¢

% of Patients with Doubling of Scr or ESRD
20 40

o

0 6 12 18 24 30 36 42 48 54
BP Group Follow-up time (mo)
> 170 426 417 376 346 273 202 129 77 28 2
159-170 428 426 405 a73 307 234 168 119 46 3
145-158 357 355 346 321 278 198 124 78 37 3
< 145 379 376 356 336 273 203 149 106 48 4

Pohl et al, JASN 2005



BP and Mortality
- Post-hoc Analysis of the IDNT Study
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BP and Mortality
- CRIC Cohort Study
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BP and CKD Outcomes in Korean Population
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BP and CKD Outcomes in the KNOW-CKD

2,238 enrolled patients

v

22 patients missing baseline SBP

<110 (n=212)

110-119 (n=407)

v 120-129 (n=582)
2,216 eligible patients

v

130-139 (n=514)

140-149 (n=262)

150-159 (n=150)

>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

<A Model 1
—{O— Model 2
—@®— Model 3

Composite renal outcomes hazard ratio
N
1

P for trend <0.001 in all models

O T T T T T T T
<110 110-119 120-129 130-139 140-149 150-159 >=160

Baseline systolic blood pressure (mmHg)

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.



BP and CKD Outcomes in the KNOW-CKD

Composite renal outcomes hazard ratio

(A) Unadjusted (B) Fully adjusted
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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.
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BP and the Incident CKD

440,804 participants
(Jan 2009~Dec 2013)

v

136 individuals missing baseline eGFR

v

440,668 participants

| 43,075 individuals who had eGFR of < 60
v ml/min/1.73m? at baseline

v

397,593 participants

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

v

182,529 participants

| 460 individuals with extreme baseline eGFR
v (>124 ml/min/1.73m?2: 99.95 percentile)

v

182,069 participants

|
v

v

40 individuals missing baseline SBP

182,029 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 2160 mmHgQ)

® Primary outcome: Development of CKD (= 30% decline from baseline eGFR or
<60 ml/min/1.73m?2 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)




Hazard ratio for CKD development

BP and the Incident CKD

(A: Model 1-unadjusted)

50
Percentage (%)

10

100 120 140 160 180
Baseline systolic blood pressure (mmHg)

Hazard ratio for CKD development

(B: Model 3-fully adjusted)
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BP and the Incident CKD

(A: Model 1-unadjusted)
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Subgroup analyses

(A)

Patient, N

All patients 182,029
Male 105,205
Female 76,824

Age <60 years 94,006

Age 260 years 89,023
Diabetes (-)

131,246

50,783

Diabetes (+)

Proteinuria (-) 173,466

Proteinuria (+) 8,135

CKD, N (%)

4,786
(2.63%)

2,720
(2.59%)

2,066
(2,69%)

1,410
(1.52%)

3,376
(3.79%)

2,854
(2.17%)

1,932
(3.80%)

4,349
(2.51%)

413
(5.08%)

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

mOéD>

......................................................................................

......................................................................................

08 1 12 16 2 3 5

Hazard ratio of CKD development

(B)

All patients
Male

Female

Age <60 years

Age 260 years
Diabetes (-)

Diabetes (+)
Proteinuria (-)

Proteinuria (+)

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

| NoX 23

Hazard ratio of CKD development

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
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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

100+

Trial Phase Trial and Cohort Phases Cohort Phase
90—
-’-'---..--l
80 =" P ratio 5022
(ot
704 —-- Standard control .ﬁ"r'.-’-

— Intensive control

Cumulative Incidence (%)
g

404
--—J-

*H - P:C ratio <0.22

20+

10

0- ] I 1
0 1 2 3 - 5 6 7 8 9 10
Follow-up Year

P:C Ratio >0.22
Standard control 176 165 134 113 8l 66 45 32 26 22 13
Intensive control 181 172 151 128 109 87 67 56 47 40 25
P:C Ratio <0.22

Standard control 376 373 362 353 332 302 267 234 214 196 128
Intensive control 357 350 335 E¥3 ] 306 282 254 228 206 189 128

N Engl J Med. 363(10):918-929, 2010.
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Follow-up of Blood-Pressure Lowering
and Glucose Control in Type 2 Diabetes

S. Zoungas, J. Chalmers, B. Neal, L. Billot, Q. Li, Y. Hirakawa, H. Arima,

H. Monaghan, R. Joshi, S. Colagiuri, M.E. Cooper, P. Glasziou, D. Grobbee,
P. Hamet, S. Harrap, S. Heller, L. Lisheng, G. Mancia, M. Marre, D.R. Matthews,
C.E. Mogensen, V. Perkovic, N. Poulter, A. Rodgers, B. Williams, S. MacMahon,

A. Patel, and M. Woodward, for the ADVANCE-ON Collaborative Group*

Hazard ratio, 0.92 (95% Cl, 0.85-1.00)

~Placebo — Active
A Death from Any Cause B Major Macrovascular Events
suadl Hazard ratio, 0.91 (95% Cl, 0.84-0.99) oo
904 254 P=0.03 90+ P=0.06
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g 40 “-/? -g 40
g 30+ g 304
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a 204 a 20+
104 10+
0 0
0 0
Follow-up (yr)
No. at Risk No. at Risk
Active 5569 5425 5229 4109 3784 2826 Active 5569 5282
Placebo 5571 5401 5158 4066 3681 2693 Placebo 5571 5244

Follow-up (yr)

4978
4904

3850
3805

3448
3359

2472
2339




Summary and Conclusion

1)

2)

The optimal target of BP reduction to improve renal and CV
outcomes, and mortality has not yet been determined.

Although some guidelines suggest a BP target of < 130/80 mmHg,
clinical evidence supporting this is lacking.

The lower target of SBP is beneficial for the reduction of
albuminuria, but not harder outcomes.

The beneficial effects of lower BP levels in observational studies
should be cautiously interpreted due to many confounding factors.
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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