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KDIGO conference on high CV risk
associated with CKD

The role of BP in CKD stage 1-4

What evidence is available if and to what degree BP
contributes to high CV risk in CKD?

- Little epidemiological evidence to our knowledge

- 3 RCT’s in CKD with different BP goals and reports of CV
outcomes (but powered for renal outcomes)

- Several RCT’s in CKD with different BP-drugs and slightly
different BP and reports of CV outcomes (but powered for
renal outcomes)

- Few RCT's in hypertension and reports of CV outcomes
in CKD subgroups (HOPE, ONTARGET, TRANSCEND)
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AASK: African American Study of Kidney
disease and hypertension (N = 1,098)

GFR 20-65 ml/min (mean 46), UprotV < 3g/d, 3 —
6.4y F/U

Comparison of two goal BP‘s
102-107 vs <92 MAP (mmHg)
*Achieved BP 141/85 vs 128/78 mmHg :

No difference in events rates (death, dialysis,

doubling of serum creatinine) for BP groups

JAMA 2002;288:2421-31 and 2001;285:2719-28



AASK trial: Effects of BP on
CV outcomes and mortality

Table 5. Rates of Adverse Events or Symptoms During Follow-up®

Blood Pressure

Goal
Intervention, %

I |
Lower LUsual

Adverss event
All-cause mortality 1.6 1.9
Cardiovascular mortakty 0.6 O.7
Cardiovascular eventt 2.3 2.7
HR for CV event + 0.84, Cl0.61-1.16
HR for stroke (n=55) 0.92 0.55-1.54
HR for CHF (n=50) 1.20 0.70-2.07
HR for CAD (n=42) 0.85 0.47-1.54
HR for all above 1.06 0.76-1.4

+CV event = first CV hospitalization or CV death; events as % / patient-year
Wright et al, JAMA 2002, 288:2421-31



REIN 2 study (N = 338)

GFR 20-65 ml/min (mean 34), UprotV 1-10 g/d,
3 year F/U

Comparison of two goal BP‘s
<90 diastolic vs < 130/< 80 (mmHg).
*Achieved BP 134/82 vs 130/80 mmHg.

No difference in events rates (dialysis, doubling
of serum creatinine) for BP groups, independent of
UprotV

All patients on ramipril, lower goal on felodipine
Lancet 2005:;365:939



REIN-2 trial: Effects on BP
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MDRD trial: Effects on BP

30 death, 18/30 CV death, no difference reported
between BP groups  Kiahr s et al, NEJM 1994;330:877



Trials with different Meds but identical

BP goals, diabetes + hypertension,
CKD lI-IV

STUDY BP (mmHqg) outcome (n) stats

RENAAL  142/74 vs 140/74 death (313) -2% p=0.88
IDNT 144/80 vs 140/77 death (180) -6% p=0.69
CSG 140/86 vs 137/85 death (22) -45% p>0.5



Trials with different Meds but identical
BP goals, diabetes + hypertension,
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL  142/74 vs 140/74 CVdeath (113) -10% p=0.26
IDNT 144/80 vs 140/77 CVdeath (83) -21% p>0.2



Trials with different Meds but identical
BP goals, diabetes + hypertension,
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL 142/74 vs 140/74 CHF (216) -32% p=0.005
IDNT 144/80 vs 140/77 CHF (193) -28% p=0.048



Trials with different Meds but identical
BP goals, diabetes + hypertension,
CKD II-IV

STUDY BP (mmHg) outcome (n) stats

RENAAL  142/74 vs 140/74 MI (118) -28% p=0.08
IDNT 144/80 vs 140/77  MI (99) 10% p>0.2



Trials with different Meds but identical
BP goals, no diabetes but
hypertension, CKD IlI-IV

STUDY BP (mmHq) outcome (n) stats
AIPRI 142/87 vs 137/85 death (9) +49% p=0.04
HOU 126/75 vs 126/75 death (1)

REIN-1 144/88 vs 145/90 death (3)

For other CV outcomes too few events (<10)



Hopa Main outcomes 1n patients with CKD
Difference in BP plac/rami: 4/2 mmHg

CV Death

Events (per 1000 pt-yrs)
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0/)@ Main outcomes 1n patients with CKD
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ONTARGET and TRANSCEND trials

6 CKD subgroups, based on normo- micro- macroalb
AND on eGFR <>60 ml/min

BP difference:
OT -3.5/-2.0 mmHg (dual vs mono),
TR -4.0 / -2.5 mmHg (telmisartan vs placebo)

OT: No difference in CV outcomes between ramipril,
telmisartan or both in any renal subgroup

TR: Benefit on CV events of temisartan vs placebo in
all subgroups

Tobe et al, Circulation revision submitted



ONTARGET: Design

Randomized
Double-blind

Ontarget Investigators NEJM 2008;358: 1547; Mann et al., Lancet 2008;372:547



primary CV outcome (MI, stroke, CV

death, heart failure hospitalization)

— Telmisartan
—— Ramipril
---------- Telmisartan plus ramipril

-3.5/-2.0 mmHg (dual vs mono)
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Years of Follow-up

8177 7778 7420 7051 1687
8214 7832 7472 7093 1703
8133 7738 7375 7022 1718

Ontarget Investigators NEJM 2008;358: 1547



Primary cardiovascular outcome

ONTARGET
GFR > 60 mL/min/1.73m? GFR < 60 mL/min/1.73m?
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Tobe et al, Circulation, revision submitted



Transcend: design

History of vascular disease, intolerance to ACEj [Randomized

N =5926 [Double-blind
Telmisartan 80 mg Placebo

Z

Primary outcome: Composite MI, stroke, CV death or CHF hospitalization

Secondary outcomes:
Composite MI, stroke, or CV death
Dialysis or doubling serum creatinine

Follow-up: Every 6 months for 5 years

Yusuf et al, Lancet 2008 and Mann et al, Ann Int Med 2009



Transcend, composite of MI, stroke or CV
death

0-200 ~

- - —- Placebo Hazard ratio 0-87 {95% (1 076-1-00); p=0-048
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Length of follow-up (vears)
Mumber at risk
Talmisartan 2054 2839 2745 2634 2344 1127
Placebo 2072 2866 1745 2626 2306 1103

Figure 3: Kaplan-Meier curves for the secondary owtcome of cardiovascular death, myocardial infarction, or
stroke (HOPE Study outcome)



Is renal risk an important modifier of
cardiovascular risk when other risks are
known?



Categories of CV risk in the ONTARGET &
TRANSCEND studies based on classical RF

Claca at al Ann Int Mad 2011



From Model with EGFR and UACR

From Model
without EGFR and
UACR

Low risk (< 10% in
5 years)

Meoderate risk (10
-15% in 5 years)

High risk (>15% in
5 years)

Total

Percentage
Patients in
Category

Patients, n

Events, n

Mon-events, n
Percentage with events®

Patients, n

Events, n

Mon-events, n
Percentage with events?

Patients, n

Events, n

Mon-events, n
Percentage with events®

Patients, n

Events, n

Mon-events, n
Percentage with events?

Low risk Moderate risk (10  High risk Total Percentage
(<10% in5 -15% in 5 years) (»15% in5 i
years) years)
4226 636 78
270 il 14
3956 565 o4
6.8 12 19.8
1503 5841 1324 36638 31.4%
124 634 250 1008
1379 5207 1074
8.1 11.7 195
-* 23949 11613
- 303 2738
- 2096 8874
13.7 25.4
5729 8876 13015 27620
394 1008 3003 4405
5335 7868 10012 23215
7.4 12.3 24.8 i 7 |
20.7% 32.1% 47.1%

* there were no patients in this category.

Claca at al

Ann Int Mead 2011



Summary on high CV risk in CKD
The role of BP in CKD stage 1-4

Consistent data of innumerable observational
studies: BP is higher in CKD compared to
controls (data not reiterated here)

- No consistent data that lowering BP reduces
CV risk in CKD

- No consistent data that a change of BP
(ANW) affects CV risk differently in people
with/without CKD



Summary on high CV risk in CKD
The role of BP in CKD stage 1-4

What evidence would we like to analyze ?

- RCT’s in CKD with different BP goals and
powered for CV outcomes

- Metaanalysis of CKD subgroups from
published RCT’s in hypertension with data of
CV outcomes in CKD subgroups



END



KDIGO conference on high CV risk
associated with CKD

The role of BP in CKD stage 1-4

What evidence would we like to analyze ?

- RCT’s in CKD with different BP goals and powered for
CV outcomes

- Metaanalysis of CKD subgroups from published RCT’s in
hypertension with data of CV outcomes in CKD subgroups



To be provocative/tor the tuture:

e Should we individualize blood pressure
management by patient groups’?

e Should we treat blood pressure only in
people with hypertension but instead
according to cardiovascular risks?

e Should we measure blood pressure as a
method of assessing effectiveness?



Claca Tnhea (Gan MecOhiiean Tan VYiieiif Mann Ann Int Mad 2011



Cardiovascular death

Hazard Ratio by EGFR Category, mL/minf1.73 m? .{95'}5 Confidence Intervals)

= B0 45 - < 60 30 -=45 < 30 Tatal*

Normoalbuminuria Unadjusted 1.0 166(1.46,1.90) 3.12(2.56,3.81) 4.46(2.58,7.71)

Adjustedt 1.0 1.36(1.18,1.55) 2.11(1.72,259) 2.81(1.62, 4.90)
Microalbuminuria Unadjusted 1.90(1.65, 2.18) 3.00(2.49,3.61) 4.06(3.13,5.27) 8.66(5.28,14.20) 198(1.78, 2.20)

Adjustedt  1.64(1.42,1.89) 2.12(1.76,2.57) 2.49(1.91,3.25) 5.74(3.48,9.47) 1.65(1.49, 1.85)
Macroalbuminuria  Unadjusted 3.14(2.55, 3.88) 4.34(3.38,5.57) 6.62(5.08,8.63) 8.28(4.97, 13.81) 3.48(3.03, 4.00)

Adjustedt  2.47(1.99,3.07) 3.11(2.41,4.02) 4.50(3.43,591) 4.84(2.88,811) 2.71(2.34 3.14)
Total Unadjusted 1.74(1.57, 1.94) 3.26(2.83,3.76) 5.62(4.16, 7.60)

Adjustedt 142(1.27,1.58) 2.19(1.89,2.533) 3.56(2.62, 4.84)

Claca Tnhea (Gan MecOiieean Ten Viieinif Mann Ann Int Mad 2011



Is hypertension a risk for cardiovascular disease in
people with CKD?

Yes



What are the effects on CV events of treating lowering blood pressure in
general?

Remarkably consistent across:

Drug class (RCTys)

Primary and secondary prevention (RCTs)
Initial blood pressure (RCT's)

Age (Observational)



Drug class



Thiazides
[ Blockers

Angiotensin converting ensyme inhilbiiors 21

Angiotensin recepror blackers

Calcium channel blockers

Dinug cholce open

All classes of drug

difference (mm Hg)

Coronary heart disease evenls

Strokes

Sysbolic Diastolic Mool Noof

1.4
.4
Angiotensin coméerting 0.9

enzyme inhibitors v any other

Thiazides v any other

[} blackers v any other

Angiotensin receplor -(h &
blockers v amy other
Calcium channe| d

blackers v amy other

0.2
Q.6
0.

0.1

0.8

Nool Moo Relative risk Relative risk Mool Mool Relative risk Relative risk
trials events {95% 1) [95% €l trials events (95% CI) {95% CI)
11 1719 + 0,86 (0,75 1o 0.98) 10 1370 —.-' 062 (.53 to0.72)
6 851 . 089(078101.02) 7 690 I = 0.83 (0.70 10 0.99)
4083 " 0,83 (0.7 8 to 0.89) 12 11w —t— 0.78 (0,66 to0,92)
4 IFe :' 0,95 (0.52 10 1.40) 0 .
27 2009 E 3 0.85 (0700970 % 976 KN 0,66 (058 to 0.75)
5 g -'- 0.89 (078 10 1.01) & 763 . - 0.0 (0,75 to 1.23)
b4 2417 + 0.85 (081 to 0.69) I/ 4712 -d- 0.73 (.66 to 0.8
05 07 1 1.4 ? 05 07 1 1.4 b,
Specified Placebo Specified Placebo
dirui g be:tter Better drugg betber better
Coronary hearl disease evenls Strokes
Relative risk Relative risk Mool Noof Relative risk Relative risk
trials events (95% CI) (95% Cl) trials events (95% CI) (95% CI)
15 4229 0.59(0.911w01.08) 15 2255 R 0.24 (0.82 10 1.0%)
10 2182 1.04(0.92101.17) 13 2004 —— 1.18(1.03101.34)
M G026 0.87 (0901w 1.03) 17 2981 B 1.06 (0.94 1o 1.30)
10 2744 e 1.06(0.04101.16 7 1643 m 0,90 (0.71101.13)
M 6288 1.00(0.51 0 1.16) 25 4981 -.— 0.91 (0.84 to 0.98)
0.7 1 1.4 a7 1 1.4
Specified Specified Specified Spedified
drug better drug worse drug betler drug werse

Law BMJ 2009



Primary or secondary prevention



Corenary heart disease events Strokes

Noal Mool Relative risk Relative risk Haal Noalf Relative risk Relative risk
Blood pressure difference trials trials events (95% 1) (9 5% C1) trials events (95% 1) (95% 1)
Mo history of vascular disease 6 3419 * 079 (0720086 35 JRAY gt 0.54 [0.45 10 0.65)
Histony of coronary hean disease ¥ SB1S R B 0.7 6 (0.6 to 0.8E) 17 984 —rig— 0.65 (0,53 10 0.80)
Histary of stroke 13 567 —i— 079062101000 13 1593  -m— 0.66 (0,56 10 0.79)
All trials 71 9811 - 0.76 (07310 0.83) 45 5420 e 0.59 (0.52 10 0.67)
Cohort studies 61 10480 » O7E (0720 077) &1 2010 ‘. 0.64 [0.62 10 0.66)
[0 T B 1 1.4 | 0.5 0.7 1 1.4 4
Treatment Placebs Treatment Placebe
better betier better batter

Fig 2| Relative risk estimates of coronary heart disease events and stroke for a blood pressure reduction of 10 mm Hg systolic or 5 mm Hg diastalic in the
blood pressure difference trials and in epidemiodogical cohort studies, (Total number of trials is fewer than the sum of the three categories as five included
participants with and without vascular disease; see web extra figures 2a-f for individual trial results and summary estimates)

Law BMJ 2009



Initial blood pressure



pressure (mm Hg)

118-11%
120129
130-13%
140-149
150150
180169
1170

Mot reported
All rrials

10
15
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15
|

ErL
1178
3463
1346
1295
4a0
268
1483
2E11

0.78 [0.63 10 0.56)
0.77 (0.66 10 0.90)
0,82 [0.50 1o 0.229]
0.85 (0.74 10 0.94)
0.86 [0.77 10 0.96)
0.79 (0.66 10 0.95)
0.86 (0.68 10 1.00)
0.83 (0.75 10 0.53)
0.84 (0.81 10 0.88)
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i
1301
1709
1339
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L
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Treatment
better

1.4 z

Placeba
better

0.56 (0.26 10 1.17)
0.75 (0.63 10 0.89)
0.77 (0.62 100.95)
0.6 (0,60 10 0.50)
0.66 (0.50 10 0.87)
0.58 [0.46 10 0.74)
0.62 (0.49 100.77)
0.70 (0.64 10 0.76)

Law BMJ 2009
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What are we measuring when we measure blood pressure?



Table 4|Estimated number of true positive and false positive measurements of systolic blood pressure over threshold of
140 mm Hg from on treatment baseline “true” measurement of 120 mm Hg or 130 mm Hg

True baseline measurement and time ‘Observed” positive® test as % of all  Ratio of false positive
interval between on treatment baseline % of all measurements truly measurements (true positive+false tests to true positive
and follow-up measurements (months) 2140 mm Hg positive)

120 mm Hg

3 0.0000008 2.3 (0.000008+2.3) f 1 000 DDD\

6 0.02 3.4 (0.01+3.4) [ 00

g 1.2 6.0 (0.7+5.3) | 72 |\
15 1.6 6.6 (1.0+5.5) 53 ‘l
21 2.6 7.5 (1.7+5.8) 3.4 1
27 3.2 8.0 (2.1+6.0) 2.9

33 3.8 8.6 (2.5+6.1) 2.4

130 mm Hg

3 0.3 16.8 (0.2+16.6) 93

6 b 19.0 (2.7+16.3) [ 6.0 ]
g 13.8 22.7 (9.3+13.5) \ 1.5 f
15 15.3 23.4 (10.4+13.0) \ 1.3 }'
21 17.5 24.5 (12.2+12.2) v 10 |/
27 18.6 25.0(13.1+11.9) \ 0.9 f
33 19.7 25.6 (14.1+11.5) Y 08 /i
*Positive” test is increase in blood pressure above threshold, \\--...-/

Keenan BMJ 2009
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MDRD trial: Effects on BP

30 death, 18/30 CV death, no difference reported
between BP groups  Kiahr s et al, NEJM 1994;330:877



MDRD study
(1989 — 1993)

Long-term follow-up
until 2000:

Study A: CRD stage 3-4
Study B: CRD stage 4-5

GFR 25-55and
13 - 24 ml/min

Sarnak et al., Ann Intern Med. 2005; 142:342-351

Phase V = 1994



24-h blood pressure profile in two patients with
hypertension (dipper and non-dipper)

Blood pressure (mm Hg) ~— Sleep—.

175
Non-dipper

155

135

115 Dipper

95 Non-dipper

75
Dipper

7:00 11:00 15:00 19:00 23:00 3:00 7:00
Time of day

Redman et al, 1976; Mancia et al, 1983; Kobrin et al, 1984; Baumgart et al, 1989;
Imai et al, 1990; Portaluppi et al, 1991

95




Adjusted™ risk of renal function loss in the
SHEP study (n =2181)
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*adjusted for age, gender, race, diabetes, CV diseases, smoking

J Am Soc Nephrol 2002; 13: 2776-2782




