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The burden and progress of 

DKD in T2DM: focus on aging 

kidneys

2



Outcomes during 2-year follow-up( risk of death) ➔

CKD+DM is more likely to die than enter dialysis
Kidney International, 2003, S24–S31



4Adapted from Gregg EW et al. N Engl J Med 2014;370:1514

Increased life expectancy and aging kidneys!!

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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Increased Age Is Associated With a Lower eGFR 

Among Patients With T2DM 

Adapted with permission from Premaratne E et al.1

aNational Kidney Foundation severity scale of renal impairment.

GFR = glomerular filtration rate; T2DM = type 2 diabetes mellitus; eGFR = estimated GFR. 

1. Premaratne E et al. Diabetologia. 2005;48:2486–2493. 2. Altemtam N et al. Nephrol Dial Transplant. 2012;27:1847–1854. 3. Ali O et al. BMJ Open. 2013;3:e001855. 4. Rossing K et al.  

Kidney Int. 2004;66:1596–1605. 

Age-Related Decline in Renal Function Among Patients With T2DM1
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Additional observational studies have demonstrated an age-related decline 

in eGFR in the range of 1.5–5.2 mL/min/1.73 m2 in patients with T2DM2–4
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Cardiovascular Comorbidities, 
5% Medicare sample, by Diabetes and CKD status, 1999-2000

Kidney International, Vol. 64, 

Supplement 87 (2003), pp. S24–S31



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!!



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

13
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Development of Macroalbuminuria Heralds Rapid 

Decline in Glomerular Filtration in Type II Diabetes

-50

-40

-30

-20

-10

0

1 1.5 2 2.5 3 3.5 4

Time    years

C
h

a
n

g
e

 i
n

 G
F

R
 m

l/
m

in

Microalbuminuria

Macroalbuminuria

Nelson RG. et al NEJM, 1996

10ml/min/yr

SLOW PROGRESSION ?





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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Large glomerulus
➔large filtration surface 
➔rapid sclerosis



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



Diabetic treatment with GLP-1RA: 
focus on both quantity and quality



Diabetic treatment should focus on 

both quantity and quality

Quantity

• HbA1c

• FPG

• PPG

Quality

• Hypoglycemia

• Body weight

• Glycemic variability

• CV safety

• Beneficial effects beyond 

sugar lowering
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mortality

Weight gain and hypoglycemia ➔ Bad metabolic memory!!
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Traditional antidiabetic agents:

Bad durability=unsatisfied effects and

unmet needs!!



25Diabetes 2009 Apr; 58(4): 773-795.



Unmet medical need: progressively declining 

b-cell function in type 2 diabetes patients

BMJ (Clinical Research Ed),2006. 333(7580), 1200–1204. 
391.103,022_ONG_27/03/2015

Glycemic variability and mean A1c = Bad durability= Bad memory!!



Updated mean A1c and the complications of 
T2DM ( Glucose exposure: metabolic memory !! )

Quantity

27
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Short term fluctuations in blood glucose concentrations
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Medicine 94(16):e771
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BMI-related mortality: CVD>DM>CKD

BMI-related disability-adjusted life-years: CVD>CKD>DM

1990 2015

N Engl J Med 2017; 377:13-27



Prandial hyperglycemia
(glucose fluctuation)

glucosuria
(Natriuresis   ➔TGF ➔ afferent a. 

vasodilation) 

Kidney: Intraglomerular pressure



Medicina 2019, 55(6), 268



Micro-outcomes in  the ACCORD
More renal injury!!

Lancet 2010; 376: 419–30

A1c 1.4% in 4 mon. 



Intensive glucose lowering and ESRD

- The ADVANCE trial 

Zoungas et al. Kidney International 2012
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A1c 0.6% in 4 mon. 



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. 

New era in the treatment of T2DM
”First, do no harm“

“Better metabolic memory”

“Offer a second chance to improve outcome”

Game changer: shows CV safety/benefits in old DM

Savor : 10.3 yrs; Examine: 7.3 yrs; Tecos: 11.6 yrs; EMPA-REG: 50%>10 yrs; LEADER: 13 yrs





39
J Am Coll Cardiol 2018;72:1856–69



Blood sugar control is more 
complex in elderly and/or DKD

40
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Diseases of the Kidney & Urinary Tract 2007 

42
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hyperglucagonemia and postprandial hyperglycemia, 

play a more significant role in elderly with T2DM

Diabetes 2003 Jul; 52(7): 1738-1748.

Am J Physiol 284:E7–E12, 2003



Glucose 

fluctuation 

44

Prandial 

hyperglycemia

Fasting or 

spontaneous

hypoglycemia

Clinical Characteristic 

in Pts with Elderly/DKD
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Rx with 

Quality

Quantity

Rx with 

Quality
Quantity?

GLP-1RA
?



The beneficial roles of GLP-1 RA in 

CKD patients 

46
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Less GV

The effect on GV?



Renal protection



HbA1c reduction by baseline HbA1c quartiles

*Glargine dose increased from Q1 to Q4
HbA1c, glycosylated haemoglobin; OW, once weekly; Q, baseline quartile
Buse JB et al. Diabetes Obes Metab 2015;17(2):145–151
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Sitagliptin +Metformin can provide longer treatment 

duration than SU + Metoformin for 5 years

❖ Observational 5 yrs italian study.

❖ T2DM patients not well controlled by metformin (n=216)

❖ Add Sitagliptin 100mg to metformin for combination therapy

❖ No additional AHA drug allowed; only with dosage adjustment with current drug

❖ Compared with patients using metformin + SU (matched for age, sex, diabetes duration.)

Giuseppe Derosa, et al. Pharmacological Research 100 (2015) 127–134



LIRA-DPP-4

51

Minor hypoglycaemia was recorded in about 5% in each  group.
Lancet. 2010 Apr 24;375(9724):1447-56.

A1c

A1c

BW

AC

QoL



GLP-1a: liraglutide for 39 cases 

exenatide twice daily for 1 case

Diabetes Care 2016 Dec; dc161582

stable A1C value <7.5%
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UKPDS (Hemmingsen et al., 2011) 



© 2015 Eli Lilly and Company

只控制空腹血糖可能造成的影響-

減少飯後血糖波動的重要性

1.餐間與夜間有較高的
低血糖風險

2.可調整劑量的空間較小

1. 較低的低血糖風險
2. 下降至同樣的HbA1c後

仍有調整劑量的空間

*HbA1c = mean plasma glucose levelImportance of Beta Cell Function for the Treatment of Type 2 Diabetes. J. Clin. Med. 2014, 3(3), 923-943

兩者HbA1c皆下降至一樣後，接下來？

A B

Treated with basal insulin
(Control Fasting glucose)

Treated with mealtime insulin
(Control prandial glucose)

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirlrT5pdLQAhWJWCYKHVpiD54QjRwIBw&url=http://www.clipartkid.com/warning-cliparts/&psig=AFQjCNHL7o3Hf5jmS4pSKeRyiLTdqFHkrQ&ust=1480657704306153
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirlrT5pdLQAhWJWCYKHVpiD54QjRwIBw&url=http://www.clipartkid.com/warning-cliparts/&psig=AFQjCNHL7o3Hf5jmS4pSKeRyiLTdqFHkrQ&ust=1480657704306153
http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirlrT5pdLQAhWJWCYKHVpiD54QjRwIBw&url=http://www.clipartkid.com/warning-cliparts/&psig=AFQjCNHL7o3Hf5jmS4pSKeRyiLTdqFHkrQ&ust=1480657704306153


Effect of GLP-1 is glucose-dependent

Mean (SE); n=10
*p<0.05
GLP-1, glucagon-like peptide-1; SE, standard error
Nauck M et al. Diabetologia 1993;36:741–744

Placebo Native human GLP-1
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• Effects of 4-hour GLP-1 infusion (1.2 pmol/kg/min) in 10 patients with type 2 diabetes

NNPTW-VIC-PPT01-MYM-2016 55
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Davies, M.J. et al. Diabetologia (2018) 61: 2461. 

ADA&EASD 2018



GLP-1 has protective effects on kidney

57



Circulation. 2017;136:1548–1559.



59Nature Reviews Nephrology (2017) 

doi:10.1038/nrneph.2017.123

Metabolic 

Hemodynamic



N Engl J Med 2017; 377:1765-1776



Amino acid-induced hyperfiltration:

Amino acids

Branched-chain

amino/keto acids

cAMP

Glucagon

2
1

1 + 2

• Increased renal 

plasma flow

• Hyperfiltration
Lang et al. (1995): Sem Nephrol, 15, 415-418

Progression of CKD Hyperfiltration
Among the proteinogenic amino acids, there are 

three BCAAs: leucine, isoleucine and valine

tubuloglomerular feedback





shift in the sensitivity

of the TGF

Am J Physiol Renal Physiol 309: F2–F23, 2015.



• Hyperglycaemia causes endothelial dysfunction through several 
pathways, including reduction of GLP-1R signaling and enhanced Ang 
II signaling

• GLP-1 has protective effects on glomerular endothelial cells through 
inhibition of angiotensin II signaling and inhibition of pro-inflammatory 
action

• GLP-1 partly mediates its protective action via the GLP-1 receptor

• Expressed in the renal endothelium

GLP-1, glucagon-like peptide 1
Mima A et al. Diabetes 2012;61:2967–2979.



GLP1-R agonist: effects on the kidney

10

Fujita et al., Kidney Int 2014;85:579

Liraglutid reduces 

renal damage in 

diabetic mice

SQ: Inhibitor of cAMP

H-89: Inhibitor of proteinkinase

GBM width

Number of
podocytes

Fibronectin

Mesangial
Expansion

Placebo
Liraglutid
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Fujita et al., Kidney Int 2014;85:579

Knock-out of the 

GLP-1 Receptor 

enhances renal 

damage in diabetic 

mice

GBM width

Number of
podocytes

Fibronectin

Mesangiale
Expansion

Mice without diabetes
GLP1-Receptor +  or  -

Mice with diabetes
GLP1-Receptor +  or  -

GLP1-R agonist: effects on the kidney



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. 

Dosing in DKD pts

• FDA: No dose adjustment is recommended in pts with renal impairment 

including (ESRD). 

• Monitor renal function in pts with severe adverse gastrointestinal 

reactions. 

67



N Engl J Med 2017; 377:839-848

24%

10%
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N Engl J Med 2017; 377:839-848

黃金交叉

Leader trial



AWARD-7
Study Design

BMI=body mass index; CKD=chronic kidney disease; eGFR=estimated glomerular filtration rate; HbA1c=glycated hemoglobin; OAM=oral antihyperglycemic medication; T=telephone visit; T2D=type

2 diabetes. aGroup A: patients taking OAM(s) ± pramlintide + insulin at Screening had a 13-week Screening/Lead-in Period; Group B: patients taking only insulin at Screening had a 3-week

Screening/Lead-In Period; bOnce randomized, no distinction between Groups A and B. Insulin glargine dose adjusted to target fasting PG values between 100-150 mg/dL; insulin lispro doses

adjusted to target pre-prandial PG values between 120-180 mg/dL.. Tuttle et al. Poster presented at: American Diabetes Association 74th Scientific Sessions; June 13-17, 2014, San Francisco,

California. Poster 138-LB.



AWARD-7
Baseline Characteristics

BL=baseline; BMI=body mass index; CKD=chronic kidney disease; eGFR=estimated glomerular filtration rate; FBG=fasting blood glucose; HbA1c=glycated

hemoglobin; mITT=modified intention to treat; UACR=urine albumin:creatinine ratio. Data presented as mean ± SD or n (%) unless otherwise noted. aStage 3 or

higher at BL. 1. Levey et al. Ann Intern Med. 2009;150(9):604-612.

~95%

~45%



CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration; eGFR=estimated glomerular filtration rate; UACR=urine albumin:creatinine ratio

Data presented as change from baseline [LSM (95%CI)]; Safety population, MMRM analysis; *p<0.05 and **p<0.001 vs. baseline; #p<0.05 vs. insulin glargine.

eGFR Decline by Baseline Macroalbuminuria



Albuminuria Reduction by Macroalbuminuria

Status at Baseline

UACR=urine albumin:creatinine ratio. Data presented as % change from baseline [LSM (95%CI)]; Safety population, MMRM analysis. *p<0.05 and **p<0.001 

vs. baseline, #p<0.05 vs. insulin glargine



All Participants  

N=9901

Dulaglutide

N=4949

Placebo    

N=4952
HbA1c (%) 7.3 7.3 7.4

DM Duration (y) 10.5 10.5 10.6

Retinopathy (%) 9.0 9.1 8.9

eGFR <60 ml/min/1.73m2

(%)
22.2 21.8 22.6

Albuminuria (%)* 35.0 34.5 35.5

Metformin (%) 81.2 81.3 81.1

Sulfonylurea (%) 46.0 45.9 46.1

Insulin (%) 23.9 24.0 23.7

DPP4i (%) 5.7 5.4 6.0

Thiazolidinedione (%) 1.7 2.0 1.4

Other incl. SGLT2i (%) 0.3 0.3 0.4

* ACR > 3.39 mg/mmol or 30 mg/g

Diabetes-related Characteristics



Summary: Dulaglutide & Renal Outcomes

Dulaglutide
(N/100 py)

Placebo
(N/100 py)

HR (95%CI) P

Renal Composite Outcome 3.47 4.07 0.85 (0.77, 0.93) 0.0004

Components of Composite

First Macroalbuminuriaa 1.76 2.29 0.77 (0.68, 0.87) <0.0001

Sustained Decline in eGFR of ≥ 30% 1.79 2.00 0.89 (0.78, 1.01) 0.066

Chronic Renal Replacement 0.06 0.08 0.75 (0.39, 1.44) 0.39

Serious Renal Adverse Eventb 0.32 0.36 0.90 (0.67, 1.20) 0.46

Sensitivity Analyses

a)  Sustained eGFR Decline ≥ 40% 0.66 0.93 0.70 (0.57, 0.85) 0.0004

Renal composite with this decline 2.36 3.10 0.76 (0.68, 0.84) <0.0001

b)  Sustained eGFR Decline ≥ 50% 0.24 0.42 0.56 (0.41, 0.76) 0.0002

Renal composite with this decline 1.99 2.66 0.74 (0.66, 0.84) <0.0001
aACR > 33.9 mg/mmol (300 mg/g); bany reported AE linked to acute renal failure 
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Meta-analysis of GLP1-RA and SGLT2i trials on renal end points
Circulation. 2019;139:2022–2031

Exclude Macroalbuminuria



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



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



HemodynamicMetabolic SGLT2i

GLP1a



Lancet Diabetes Endocrinol. 2019 Apr 12. pii: S2213-8587(19)30116-0.

Although much has been speculated about the potential advantages of 

combining an SGLT2 inhibitor with an incretin mimetic, 

DELIGHT is the first study to do so in patients with type 2 diabetes and

moderate-to-severe chronic kidney disease.

Lancet Diabetes Endocrinol. 2019 Apr 12. pii: S2213-8587(19)30086-5.

TW-8927_FOR_16/05/2019



Dapagliflozin 10 mg (n=145) 

*Dapagliflozin is not recommended for use in patients with eGFR <60 mL/minute/1.73 m2. The efficacy of dapagliflozin is dependent on renal function.2

†Dapagliflozin is not indicated for the management of weight loss, blood pressure reduction or to reduce albuminuria. Weight loss was a secondary endpoint in clinical trials.2 Dapagliflozin is not indicated for prevention of CV events. Please consult your 

local prescribing information for the approved use of dapagliflozin. Saxagliptin is not indicated for the management of weight loss, blood pressure or albuminuria. Please consult your local prescribing information for the approved use of saxagliptin. 

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose;  HbA
1c

, glycated haemoglobin; SBP, systolic blood pressure; UACR, urine 

albumin:creatinine ratio.

1. https://clinicaltrials.gov/ct2/show/NCT02547935 Last accessed July 2018; 2. Dapagliflozin. Summary of Product Characteristics.

Primary Endpoints

•Change in HbA
1c

•Percent change in UACR†

R a n d o m i z a t i o n

1 :1 : 1

Population

• ≥18 years old

• History of Type 2 diabetes for 

>12 months

• HbA
1c 

≥7.0% and ≤11.0%

• Stable antidiabetic treatment 

• eGFR 25–75 mL/minute/1.73 

m2*

• Micro or macroalbuminuria

(UACR 30–3500 mg/g)

• Treatment with ACEi or 

ARB for ≥3 months

• BMI 20–45 kg/m2

Placebo (n=148)

Dapagliflozin 10 mg + Saxagliptin 2.5 mg (n=155) 

TW-8927_FOR_16/05/2019

https://clinicaltrials.gov/ct2/show/NCT02547935


Primary Endpoint: Adjusted Mean Change in UACR

ap value: <0.001; bp value: <0.05. BL = baseline; DAPA = dapagliflozin; PBO = placebo; SAXA = saxagliptin; UACR = urinary albumin-to-creatinine ratio.

Pollock C et al. Online ahead of print. Lancet Diabetes Endocrinol. 2019.
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Difference vs. placebo at Week 24

DAPA -21.0% (95% CI, -34.1 to -5.2) p=0.011

DAPA+SAXA -38.0% (95% CI, -48.2 to -25.8) p<0.0001
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DAPA (n=144)

DAPA + SAXA (n=152)

PBO (n=148)

Proportion of patients that achieved ≥30% reduction in 

UACR

at Week 24 

PBO 31.3%

DAPA 45.0% Odds ratio vs. PBO, 1.9 ( 95% CI, 1.1-3.0; p=0.013)

DAPA+SAX

A

57.0% Odds ratio vs. PBO, 3.0 (1.8-4.8; nominal p<0.0001)

Change from baseline in UACR

Treatment period 



Canagliflozin Reduce 
Reabsorbtion

SGLT2
Inhibition

Bloos Sugar 

Canagliflozin
Glucose

SGLT1
Inhibition Glucose Retention GLP-1

L-cellIntestine

Canagliflozin increase aGLP-1 through SGLT1 inhibition 
83



Canagliflozin Lowers Postprandial Glucose and Insulin by DelayingIntestinal
Glucose Absorption in Addition to Increasing UrinaryGlucose Excretion

Endocrine Journal 2017, 64 (9), 923-931

84



The Greater Changes in eGFR; the Better Protection from ARB

85

Kidney Int. 2011 Aug;80(3):282-7

RENAAL trial



RENAAL: Relationship between initial eGFR change and

subsequent long-term renal function decline

Holtkamp et al. Kid Int 2011
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RENAAL -3.6

60% decline rate



TAKE HOME MESSAGES



ACEi- or ARB-Based Regimens for Diabetic 

Nephropathy Do Not Go Far Enough!



GLP-1a/DPP4i: seal glue

+
SGLT2i+ARB/ACEi: wrench 

to decrease the flow and 

pressure

In macroalbuminuria

Complementary effect!!

Broken pipe needs wrench and seal glue!
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Hemodynamic

SGLT2i

ACEi/ARB

GLP-1a

metabolic

For kidney protection➔ the earlier, the better

GLP-1a

Add GLP-1a??



Thanks!!
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