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CV-Renal protection of ARB in T2DM:

the BP-lowering and pleiotropic effects 

http://www.cgmh.org.tw/index.htm
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• The burden and progression of DKD in 

T2DM

• Nephrologist’s View: renal function and the 

impact on outcome

• Progression of DKD: intraglomerular blood 

pressure matters!!

• How do I optimize my patient’s 

intraglomerular/ blood pressure? 



The burden and progression of 

DKD in T2DM
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Development of Macroalbuminuria Heralds Rapid 

Decline in Glomerular Filtration in Type II Diabetes
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SLOW PROGRESSION ?



7Adapted from Gregg EW et al. N Engl J Med 2014;370:1514

Increased life expectancy and aging kidneys!!

Era of 

SGLT2i

GLP1a

?

Rennal & IDNT 2001: Macroalbuminuric DKD



Global Burden of Chronic Kidney Disease 1990–2013a

CKD=chronic kidney disease. aNumber of cases and adjusted prevalence rates. Note: Prevalence values are age-standardized.

Data are adapted from Global Burden of Disease Study 2013 Collaborators2

1. Glassock et al. Nat Rev Nephrol. 2017;13(2):104-114

2. Global Burden of Disease Study 2013 Collaborators. Lancet. 386, 743–800 (2015)

糖尿病的病人腎臟要保護好，洗腎才會少!!
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Kidney Disease Improving Global Outcomes 

(KDIGO) Clinical Practice Guidelines. 2012.



For training purposes only.

Dulaglutide has received positive opinion from the CHMP; however, there is no guarantee it will receive regulatory approval and become commercially available in your affiliate. 
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Levey AS, et al. Kidney Int. 2011;80:17-28

Accelerated progression of CVD in CKD

eGFR and albuminuria predict outcome!!
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Diabetes Care 2015;38:696–705
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European Heart Journal (2017) 38, 1872–1882 

Aff.

Eff.

Broken heart and failing kidneys in diabetes



TW1804814584

Scenario 

Diabetes CKD

AKI ESRD



For patients with T2DM:

Save kidneys=Save lives

Benefits mostly from preventing cardiac

arrest, arrhythmia, heart failure

Results of SGLT2i and ARB CVOTs
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Blood Pressure

Intraglomerular pressure

Albuminuria and GFR

CV-renal Outcome in 

Diabetes

ARB 

or 

ACEI

Efferent arteriole tone



The Greater Changes in eGFR; the Better Protection from ARB
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Kidney Int. 2011 Aug;80(3):282-7

RENAAL trial



◼ An ACE inhibitor or ARB, at the maximum tolerated dose indicated for BP
treatment, is the recommended first-line treatment for HTN in patients with DM
and UACR>300 mg/g creatinine (A) or 30–299 mg/g creatinine (B). 

Diabetes Care 2020;43(Suppl.1): S111–S134

Cardiovascular Disease and Risk Management: Standards of 
Medical Care in Diabetes—2020



©  FAU, Prof. Schmieder

Schmieder et al 2007

Which is the optimal dose for renal protection:
Are they similar for all parameters?

100

80

60

40

20

0

pharmalogic
effects (%)

dose of ARB

RBF
MAP proteinuria

glomerulosclerosis



20

1st Golden Cross

Cardiology. 2013;126(3):175-86.

AKI
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JAMA Intern Med. doi:10.1001/jamainternmed.2018.4749
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JAMA Intern Med. Published online March 9, 2020. doi:10.1001



Clark H, et al. Europ J Heart Fail 2014;16:41-48

+52%

+21%

Effect of Worsening renal failure (WRF) vs no WRF during RAAS inhibitor

therapy in patients with heart failure (HFrEF) on All Cause Mortality

Placebo

RAAS therapy

Clinicians should not be deterred from using RAAS inhibitors in the setting of WRF.

P=0.0003



Increase 

from baseline

Consequence 

Serum creatinine may increase after blockade

of the renin-angiotensin-system

>50 % Withdrawal of 

treatment

20 - 50 %
Renal 

stenosis ?  

screening

<20 % Go ahead

Adapted from van de Ven et al., Kidney Int 1998

Recommendaton: 

How deal with

increase in serum

creatinine after start

of RAS blockade



Nephrologist’s View: 

renal function and the impact 

on outcome
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Comprehensive Clinical Nephrology 



survival curves showing the relationship between the 

baseline nocturnal decline in BP and overall mortality.

AJH 1997;10:1201–1207
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Association Between Nighttime BP and

Hypertensive Target Organ Damage

(AASK cohort)

African Americans

(n=617) with HTN, with 

GFR between 20 and 65 

mL/min per 1.73 m2.

41%)

39%)

20%)

Hypertension. 2009;53:20-27



• ASCVD (clinical/imaging)
• SCORE ≥10%
• FH with ASCVD or with another 

major risk factor
• Severe CKD (eGFR <30 mL/min)
• DM & target organ damage: ≥3 

major risk factors; or early onset of 
T1DM of long duration (>20 years)

Low     Moderate High Very high           CV risk

Very-high55 mg/dL

High70 mg/dL

Moderate100 mg/dL

Low116 mg/dL

Treatment goal 
for LDL-C

& ≥50% 
reduction 

from 
baseline 

Treatment goal for LDL-C across 
categories of total CVD risk

29

LDL-C, low-density lipoprotein cholesterol; CVD, cardiovascular disease; SCORE, Systematic Coronary Risk Estimation; T1DM, type 1 diabetes mellitus; 
T2DM, type 2 diabetes mellitus; DM, diabetes mellitus; TC, total cholesterol; BP, blood pressure; FH, familial hypercholesterolaemia; CKD, chronic 
kidney disease; eGFR, estimated glomerular filtration rate; w/o, without; ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular. 

Mach F, et al. Eur Heart J. 2019.

SCORE <1%
• SCORE ≥1% and <5%
• Young patients (T1DM <35 years; 

T2DM <50 years) with DM duration 
<10 years without other risk factors

• SCORE ≥5% and <10%
• Markedly elevated single risk factors, in particular TC 

>310 mg/dL or LDL-C >190 mg/dL or BP ≥180/110 mmHg
• FH without other major risk factors
• Moderate CKD (eGFR 30–59 mL/min)
• DM w/o target organ damage, with DM duration ≥10 

years or other additional risk factor

PP-LIP-TWN-0267-201912



CREDENCE:  50% CVD
eGfr<60        60%
Macroalbu 100%
3P MACE   4.87
HHF 2.53

57% CVD
eGfr<60        62%
Macroalbu 38%

4.39

1.45

100% CVD



Progression of DKD: glomerular 

blood pressure matters!!
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Renal Events by eGFR and Albuminuria : ADVANCE Study

Renal events: death as a result of kidney disease, requirement for dialysis or transplantation, or 

doubling of serum creatinine to >2.26 mg/dL (200 μmol/L)

10,640 patients with T2DM; median follow-up of 4.3 years

eGFR, estimated glomerular filtration rate; HR, hazard ratio; T2DM, Type 2 diabetes mellitus; UAE, urinary albumin excretion

Ninomiya T, et al. J Am Soc Nephrol 2009;20:1813–1821
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腎絲球變大後，
雖過濾面積變大，
卻會硬化的更快!!



For training purposes only.

Dulaglutide has received positive opinion from the CHMP; however, there is no guarantee it will receive regulatory approval and become 

commercially available in your affiliate. 

Case 
• A 53 y/o man(173cm/80kg) has medical history of DM more than 10+ yrs and HTN

• DKD with macroalbuminuria(Bilateral nephromegaly, Cr 1.32, 57ml/min,  UAER 6488 

mg/g,  Albumin 2.60 )



Natural history of diabetic nephropathy

Functional Hyperfiltration Microalbuminuria, hypertension Albuminuira, declining GFR

Vora JP, et al. In: Johnson RJ, Feehally J, eds. Comprehensive Clinical Nephrology. New York: Mosby; 2000.
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For training purposes only.

Dulaglutide has received positive opinion from the CHMP; however, there is no guarantee it will receive regulatory approval and become commercially available in your affiliate. 

JASN April 2017, 28 (4) 1023-1039

Silent loss

Save diabetic kidneys: The earlier, the better!!



HemodynamicMetabolic



Intraglomerular blood pressure is derived from

Systemic blood pressure

Afferent arteriole tone

Efferent arteriole tone

The era of RAAS blockade

N Engl J Med 2017; 377:1765-1776



RENAAL: Relationship between initial eGFR change and

subsequent long-term renal function decline

Holtkamp et al. Kid Int 2011
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After weeks of ACEi or ARB therapy, plasma aldosterone returns 

to pretreatment levels in up to 30–40% of patients. 

Nature Reviews Nephrology 6, 61 (2010)
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RENAAL -4.3

60% decline rate
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Lancet Diabetes Endocrinol 2019 Published Online September 5, 2019 http://dx.doi.org/10.1016/S2213-8587(19)30256-6

Effect of SGLT2i on substantial loss of kidney function, ESKD, 

or death due to kidney disease, stratified by use of RAS blockade 

• Residual renal risk is still high under RAS blockade!!

• SGLT2i can help!! 



ACEi- or ARB-Based Regimens for Diabetic 

Nephropathy Do Not Go Far Enough!

ACEi or ARB

DGFR = - 6 ml/min/yr

Time to ESRD 6.6 yrs

Time (yrs)

ESRD

50

2 4 6 8 10

No ACEi/ARB

or BP control

DGFR = - 10 ml/min/yr

Time to ESRD 4 yrs

40

30

20

10

ACEi +  ARB

DGFR = - ? ml/min/yr

Time to ESRD ?

RAAS blockade + ? 

© 2005.  American College of Physicians.  

SGLT2i



Keep flood out is better than pour water out!!

SGLT2i ACEI/ARB



How do I optimize my patient’s 

intraglomerular BP? 

46
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GoodGoodNo additional

Good



BP target in T2D?(for    CV event)

• 2017 ADA <140/90 mmHg

• 2017 TSOC <130/80 mmHg

(more stroke in Asian)

• 2017 ACC/AHA <130/80 mmHg

• 2018 ADA <140/90 mmHg

• American Academy of Family Physicians (AAFP) <140/90 mmHg

• 2018 ESC <130/80 mmHg and SBP should be 130-140mmHg if aged 

≥65 years

• 2020 ADA <140/90 mmHg for low risk and <130/80 for high risk 48

BP target for 

renal protection?

I suggest 135/85.



J Am Soc Nephrol●●: –, 2009. doi: 10.1681/ASN.2008070667



ADVANCE study major results



Patients’ CV-renal profile and SGLT2i effects on end-points

Baseline SBP~ 135-140 mmHg, 80%-100% pts with ACEI/ARB

DECLARE      CANVUS EMPA-outcome 

CREDENCE

~40% reduction ~40% reduction



EMPA-REG, CANVAS and DECLARE 
trials

對於糖尿病病人的心腎保護作用

在適當的血壓控制之下(with ACEI/ARB):

SBP~ 135 mmhg)

用調節tubuloglomerular
feedback(with SGLT2i)的方法來安全降
低腎絲球壓力會得到比較大的保護效

果!!



Long-term Decline in GFR is Correlated 
With Poor Control of Blood Pressure: 

9 Studies on Nephropathy Progression
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Graph:  (Bakris GL. J Clin Hypertens. 1999)

Trials: (Parving HH, et al. Br Med J. 1989) (Viberti GC, et al. JAMA. 1993) (Klaur S, et al. N Engl J Med. 1993*) (Herbert L, et al. 

Kidney Int. 1994) (Lebovitz H, et al. Kidney Int. 1994) (Moschio G, et al. N Engl J Med. 1996*) (Bakris GL, et al. Kidney 

Int. 1996) (Bakris GL, et al. Hypertension. 1997) (GISEN Group, Lancet. 1997)

121

*Trials marked by * are non-diabetic renal disease patients.

125/75 mmHg 

if proteinuria 

>1g/day

+SGLT2i, ASAP!!



INADEQUATE HTN CONTROL IN DIABETES!!

% With BP < 130/80

NHANES, 2003-2004 35%

VA, 2001-2002 23%

Community 1 care, 2002-2004 31-35%

Academic medicine, 2002 33%

GEMINI RCT, 2004 68%

Arch Int Med 2007; 167:2394 JAMA 2004; 292:2227

Ann Fam Med 2006; 4:23 J Gen Intern Med 2006; 21:1050



+CCB 

IS BETTER THAN  

+HCTZ



Combination therapy

ACCOMPLISH: CKD Progression
Cre doubling, eGFR <15, dialysis

Bakris GL, et al. Lancet 2010; Feb 18 Online Publication

A+D

A+C

HR 0.52 (95%CI 0.41–0.65)

48%

relative risk 

reduction

A+C >> A+D



Summary of BP reduction strategies 

in high risk hypertensive DM patients

• The sooner: BP reduction as soon as 

possible.(ex. combo therapy➔ A+C preferred)

• The longer and stronger : Choose appropriate 

ARB with good efficacy and 24hrs BP control.

• The wiser: bedtime dosing

• The larger :Titration to the maximal dose of 

ARB/ACEI as possible especially for those 

with macroalbuminuria



Dolan et al. Hypertens 2005; 46: 156–61

Ambulatory BP monitoring, particularly night-time, 
predicts CV outcomes better than clinic 
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median follow-up 8.4 years. DBP, diastolic BP



59

1Mulcahy et al. Lancet. 1988;2:755–759; 2Taylor et al. Am Heart J. 1989;118:1098–1099;
3Marler et al. Stroke. 1989;20:473–476; 4Ogawa et al. Circulation. 1989;80:1617–1626; Oshchepkova et al. Ter Arkh 2000;72:47–51

► Sudden death1

► Acute myocardial infarction1

► Typical angina pectoris2

► Silent ischemia1

► Total ischemic burden1

► Ischemic stroke3

► Variant angina pectoris (02:00-04:00)4

► Platelet aggregability5

The early morning blood pressure surge

06:00-12:00

Coincides with peak time of cardiovascular complications



Summary of BP reduction strategies 

in high risk hypertensive DM patients

• The sooner: BP reduction as soon as 

possible.(ex. combo therapy➔ A+C preferred)

• The longer and stronger : Choose appropriate 

A and/or C with good efficacy and 24hrs BP 

control.

• The wiser: bedtime dosing

• The larger :Titration to the maximal dose of 

ARB/ACEI as possible especially for those 

with macroalbuminuria
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J Clin Hypertens. 2014; 16(2): 115–121.

6 mmHg 71%

⚫ 661 HTN pts with mild CKD (about ½  with Cr Cl >60 
ml/min but + microalbuminuria)

⚫ About 2/3 were “nondippers”
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Cochrane review found no significant difference in adverse 

events between morning dosing compared to dosing in the 

evening or at bedtime.

The Cochrane Library, JW; 2011. 

[accessed February 26, 2013].



Summary of BP reduction strategies 

in high risk hypertensive DM patients

• The sooner: BP reduction as soon as 

possible.(ex. combo therapy➔ A+C preferred)

• The longer and stronger : Choose appropriate 

ARB with good efficacy and 24hrs BP control.

• The wiser: bedtime dosing

• The larger :Titration to the maximal dose of 

ARB/ACEI as possible especially for those 

with macroalbuminuria



High dose ARB in organ protection



Six-month change in proteinuria predicts risk 

for ESRD.



Summary of BP reduction strategies 

in high risk hypertensive DM patients

• The sooner: BP reduction as soon as 

possible.(ex. combo therapy➔ A+C preferred)

• The longer and stronger : Choose appropriate 

ARB with good efficacy and 24hrs BP control.

• The wiser: bedtime dosing

• The larger :Titration to the maximal dose of 

ARB/ACEI as possible especially for those 

with macroalbuminuria



Summary of BP reduction strategies 

in high risk hypertensive DM patients

• The sooner: BP reduction as soon as 

possible.(ex. combo therapy➔ A+C preferred)

• The longer and stronger : Choose appropriate 

ARB with good efficacy and 24hrs BP control.

• The wiser: bedtime dosing

• The larger :Titration to the maximal dose of 

ARB/ACEI as possible especially for those 

with macroalbuminuria

• The worthier!! ➔ Pleiotropic effects



For BP control in T2D
Which ARB is the worthier one?

To attenuate the harmful effects of 
both metabolic and hemodynamic!!



Ann Thorac Cardiovasc Surg 2016; 22: 161–167

aldosterone breakthrough in Azi but not Olm!!



Central role of the angiotensin-converting enzyme 2 (ACE2)/Ang 1–7 

axis in cardiac remodeling and heart failure: 

Patel VB et al. Circulation Research. 2016;118:1313-1326

Angiotensin-

converting 

enzyme 2 (ACE2) 

is an enzyme 

that converts 

angiotensin II into 

angiotensin 1–7 

(Ang 1–7) and 

opposes the 

molecular and 

cellular effects of 

angiotensin II. 



Effects of a change-over from other angiotensin II receptor blockers 

to olmesartan on left ventricular hypertrophy in 

heart failure patients

• Olmesartan increases plasma angiotensin-(1–7) through an increase in 

ACE2 expression, 

• The hypothesis was that olmesartan reduce LVH, unlike other  

angiotensin II receptor blockers (ARBs), to a greater extent.

Shimoura H et al. Heart Vessels 2017;32:584–590

Study population:

N=64 outpatients (age 59yrs) 

with stable HF 
(38% with HFpEF and 62% with 

HFrEF) who had received 

ARBs other than olmesartan for 

more than 1 year
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Int Heart J. 2009 Jul;50(4):501-12.

Telmisartan seemed to 

be more effective at 

suppressing aldosterone 

with PPAR γ stimulating 

activity



Hypertension Research volume 31, pages 7–13 (2008)





Endocrine Journal 2013, 60 (5), 563-570



Olmesartan

losartan

valsartan
candesartan

Current Therapeutic Research 74 (2013) 62–67



The efficacy of 
olmesartan/sevikar/sevikar HCT







A+C
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OLM/AML

20/5 mg

OLM/AML

40/5 mg

OLM/AML

40/10 mg

OLM/AML/HCTZ

40/10/12.5 mg

OLM/AML/HCTZ

40/10/25 mg

Weir M et al. J Clin Hypertens 2011;13:404–412.

Get BP controlled with 1 pill!
BP control rate by Sevikar and Sevikar HCT

Total cohort N = 999

1/2 2/3 3/4 Almost All

Dual Combination Triple Combination

1 Pill 1 Pill



Anti-inflammatory

Anti-AtherosclerosisVascular Hypertrophy

Atheroma Regression

Vascular
Protection

Vascular Protection Effect by Olmesartan



Take home messages

84



水管千瘡百孔，一邊把水壓
關小一邊來做修補，會得到
比較好的效果。

Save Kidneys, 

Save Lives



SGLT2i

ACEI/ARB

傷害較小
長時間 傷害較大

短時間

Olmesartan Olmesartan



Hemodynamic

SGLT2i

ACEi/ARB

metabolic

For kidney protection➔ the earlier, the better

Olmesartan



Thanks!!
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