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Outlines

• The burden and progress 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 progress of DKD

in T2DM
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Adapted from Gregg EW et al. N Engl J Med 2014;370:1514

Increased life expectancy and aging kidneys!!

Era of 

SGLT2i

GLP1a

?



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)



Nephrol Dial Transplant (2008) 23: 3977–3982

Nephrology 22, Suppl. 4 (2017) 3–8

~78,000 hemodialysis patients in Taiwan in 2017

49.3% are diabetic patients

2017 Annual Report on Kidney Disease in Taiwan.

ESRD
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Value trial: pts>50 y/o with CVD or CV risk factor

MI HF

•The lancet. Diabetes & endocrinology 2014(14)70031-2
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Diabetes Care 2015;38:696–705



Eur Heart J. 2012 Sep;33(17):2135-42
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European Heart Journal (2017) 38, 1872–1882 

Aff.

Eff.

Broken heart and failing kidneys in diabetes



11



◼ 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). 

American Diabetes Association Standards of Medical Care in Diabetes. 

Cardiovascular disease and risk management. Diabetes Care 2017; 40 (Suppl. 1): S75-S87



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
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1st Golden Cross

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

AKI
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JAMA Intern Med. doi:10.1001/jamainternmed.2018.4749



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



Acclerated Progression of CKD 



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!!



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. 

Patients with CKD should be considered to be in the 

highest risk category, ie, a CHD risk equivalent, for 

risk factor management.
• KDOQI Clinical Practice Guidelines for Managing Dyslipidemias in 

Chronic Kidney Disease



Cardiovascular Comorbidities, 
5% Medicare sample, by Diabetes and CKD status, 1999-2000

Kidney International, Vol. 64, 

Supplement 87 (2003), pp. S24–S31



Drüeke TB. Hyperparathyroidism in Chronic Kidney Disease.



CJASN. 2008;3:1289–95.



n

Kidney Int ,2002;61:638–647

(粥狀動脈硬化) (動脈硬化/鈣化)



Kidney Int 56:1084-1093, 1999



血管硬梆梆 骨頭軟趴趴



- 30 -

CVD in patients with or without CKD

https://abdominalkey.com/cardiovascular-disease-in-chronic-kidney-disease/#bib15
Chapeter 82, Cardiovascular Disease in Chronic Kidney Disease

https://abdominalkey.com/cardiovascular-disease-in-chronic-kidney-disease/#bib15


Causes of CV Mortality in CKD

Adapted from Baigent C, et al: Kidney Int Suppl 2003; (84):S207-10.

~75%: Other causes (cardiac

arrest, arrhythmia, heart

failure) 

Not as dependent on 

cholesterol reduction

~25%: Directly attributable to MI

(potentially avoidable

with cholesterol reduction)



Progression of DKD: glomerular 

blood pressure matters!!
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RENAAL; Contribution of Baseline Systolic BP 

or Proteinuria to ESRD in diabetic nephropathy

Proteinuria Quartile at 

Baseline (g/g)
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Blood pressure is not equal to intraglomerular pressure!!



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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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



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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Baseline Characteristics

Data are n (%) unless otherwise stated.
aStandardized difference >10% is considered a non-negligible difference; bestimated change per year. 
eGFR = estimated glomerular filtration rate; HbA1c = glycated hemoglobin; oGLD = other glucose-lowering drug; SD = standard deviation; 
SGLT2 = sodium-glucose cotransporter-2.
Heerspink HJL et al. Poster presented at: ISN WCN; April 12–15, 2019; Melbourne, Australia. Poster MON 299. 
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Early DKD is more in routine clinical practice 
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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. 

JASN April 2017, 28 (4) 1023-1039

Silent loss

Save diabetic kidneys: The earlier, the better!!
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Intensive glucose control with older glucose-lowering agents 

significantly decrease albuminuria, not renal hard endpoint

a Glucose lowering agents included sulfonylureas, metformin, thiazolidinediones, acarbose, glinides, and insulin.  

eGFR = estimated glomerular filtration rate
Zoungas S, Arima H et al. Lancet Diabetes Endocrinol. 2017 Jun;5(6):431-437.



HemodynamicMetabolic
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Pathophysiology of diabetic kidney disease and targets of promising 

renoprotective drugs (1)

Lancet Diabetes Endocrinol. 2018 Dec 19. pii: S2213-8587(18)30263-8.

SGLT2=sodium-glucose co-

transporter-2. RAAS=renin–

angiotensin–aldosterone 

system. ET-1=endothelin-1. 

MRAs=mineralocorticoid 

receptor antagonists. 

AGEs=advanced glycation end 

products.
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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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Unlike ACEIs and ARBs, aliskiren reduces

Ang I, Ang II and PRA

↓↑↓↓Aliskiren

↑↑↑↑ARB

↑↑↓↑ACEI

PRAReninAng IIAng I

Feedback Loop

AT1 Receptor

Renin
Ang I

Angiotensinogen

Ang II

Direct renin inhibitor

ARBs

ACE

Non ACE pathways

ACEIs

Azizi M et al. 2006; Adapted from: Müller DN & Luft FC. 20062255-SL-09-10
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The novel renin inhibitor aliskiren significantly 

increased the length of the renin-positive afferent 

arteriole

Adv Drug Deliv Rev. 2006 Sep 15;58(7):824-33. 
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Dapagliflozin Reduces Albuminuria in Patients with Diabetes 

and Hypertension on ACEi/ARB Therapy

• Dapagliflozin reduces albuminuria in T2DM patients with hypertension receiving ACE inhibitors or an ARB 

– without increasing the frequency of renal adverse events

Data taken from NCT01137474 and NCT01195662

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; DAPA, dapagliflozin; PBO, placebo; UACR, urine albumin:creatinine ratio

Lambers Heerspink HJ, et al. Diabetes Obes Metab 2016;18:590–597

Change in UACR in an analysis of data pooled from two placebo-controlled trials
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Dapagliflozin is not indicated for the management of albuminuria.
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eGFR over 192 weeks

48

Mixed model repeated measures analysis using all data from patients treated with ≥1 dose of study drug 
(modified intent-to-treat approach). eGFR by Chronic Kidney Disease Epidemiology Collaboration formula.
eGFR, estimated glomerular filtration rate.

11%

80% pts with ACEI/ARB; eGFR >30 ml/min; 100% CVD

N Engl J Med 2016; 375:323-334
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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
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or BP control
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40

30

20

10

ACEi +  ARB

DGFR = - ? ml/min/yr

Time to ESRD ?

RAAS blockade + ? 

© 2005.  American College of Physicians.  
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SGLT2i



Empagliflozin Placebo Hazard ratio

(95% CI)

Hazard ratio

(95% CI)

Interaction

p-valuen with event/N analyzed (%)

All patients 525/4124 (12.7) 388/2061 (18.8) 0.61 (0.53, 0.70)

Use of ACEi/ARBs p=0.0578

No 95/792 (12.0) 58/413 (14.0) 0.81 (0.59, 1.12)

Yes 430/3332 (12.9) 330/1648 (20.0) 0.57 (0.50, 0.66)

Use of any diuretic p=0.9457

No 256/2350 (10.9) 197/1197 (16.5) 0.60 (0.50, 0.73)

Yes 269/1774 (15.2) 191/ 864 (22.1) 0.61 (0.51, 0.73)

Use of CCBs p=0.0519

No 296/2818 (10.5) 241/1387 (17.4) 0.55 (0.46, 0.65)

Yes 229/1306 (17.5) 147/ 674 (21.8) 0.72 (0.58, 0.88)

Use of NSAIDs p=0.3786

No 482/3796 (12.7) 360/1890 (19.0) 0.60 (0.52, 0.69)

Yes 43/328 (13.1) 28/171 (16.4) 0.75 (0.46, 1.21)

Incident or worsening nephropathy by background medications

Cox regression analysis in patients treated with ≥1 dose of study drug.

ACEi; angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blocker; NSAID, non-steroidal anti-inflammatory drug.

Favors placebo

0.25 0.5 1 2

Favors empagliflozin



Keep flood out is better than pour water out!!

SGLT2i ACEI/ARB



How do I optimize my patient’s 

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

9 Studies on Nephropathy Progression
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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
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GoodGoodNo additional

Good



BP target in T2D?(for    CV event)
• 2013 JNC8 <140/90 mmHg

• 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
57

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

Declare      CANVAS    EMPA-outcome

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



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!!



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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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.



RENAAL; Proteinuria Reduction (<0% versus >30%) 

determines the cardiovascular outcome 
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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 of 

olmesartan



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

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



Ann Thorac Cardiovasc Surg 2016; 22: 161–167

aldosterone breakthrough in Azi but not Olm!!



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





Olmesartan

losartan

valsartan
candesartan

Current Therapeutic Research 74 (2013) 62–67
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Telmisartan

PPAR Ligand

Pioglitazone



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



The efficacy of 
olmesartan/sevikar/sevikar HCT
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Journal of Human Hypertension 17, 425–432 (2003)



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
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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



Thanks!!
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