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Incidence of diabetes 
as a cause of ESKD in 
2021 (USRDS 2023 
Annual Data Report)

Diabetic Kidney Disease in Singapore

Singapore #5 in the world in 
adjusted global prevalence of ESKD 
(Am J Nephrol 2021;52:98–107)

≈66% of new cases of ESKD in 
Singapore are due to diabetes
(Singapore Renal Registry 
Annual Report 2021)

Liu JJ et al Diabet Med 33:332-339 (2016)

Ethnic differences 
in ESKD Risk



• Address major unmet needs by identifying new 
mechanistic pathways in Diabetic Nephropathy

• Discovering and validating potential new targets for 
treatment

• Defining novel biomarkers and strategies allowing early 
stratification of risk for DN within the larger population of 
people with type 2 diabetes

DYNAMO: Objectives
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Theme 1: Role of Altered Lactate 
Metabolism in DN
(Coffman, Kovalik, Widajaja, Chin)

Theme 2: Sub-phenotyping 
of Asians with T2DM to 
stratify risk in DN
(Lim, Liu, Gurung)

Theme 3: Retinal microvasculature 
as a “window” to study 
mechanisms and pathways in DN 
(Tan, Wang, Sabanayagam)

Theme 4: Human genetics of kidney 
and metabolic dysfunction in DN
(Tai, Sim, Wenk, Sobota, Teo)

Theme 5: Systems genetics 
approaches to DN pathogenesis
(Petretto, Tolwinski, Behmoaras, Xia)



SIRD-RII: Severe insulin resistant 
diabetes, relative insulin 
insufficient; 
MARD-II: Mild age-related 
diabetes – insulin insufficient; 
MOD: Mild obese diabetesClinical variable-based cluster 

analysis identifies novel 
subgroups with a distinct 
genetic signature, lipidomic
pattern and cardio-renal risks 
in Asian patients with recent-
onset type 2 diabetesJiexun Wang, Jian-Jun Liu, Resham L. Gurung, Sylvia Liu, Janus Lee,
Yiamunaa M, Keven Ang, Yi Ming Shao, Justin I-Shing Tang, Peter I.
Benke, Federico Torta, Markus R. Wenk, Subramaniam Tavintharan,
Wern Ee Tang, Chee Fang Sum, Su Chi Lim

Diabetologia (2022) 65:2146–2156

(35 SNPs)

(20 SNPs)

Theme 2



Predicting CKD with AI and Retinal Optical Coherence Tomography 

Theme 3



Genetic Mechanisms in DN 
Pathogenesis 

Themes 4 & 5



Systems genetics approaches to DN 
pathogenesis 

Theme 5



Theme 1: Role of Altered Lactate Metabolism in 
Diabetic Nephropathy 



Gurley et al. 
Diabetes 2018; (10):2096-2106



Experimental 
Groups

Total 
Score

Mesangial 
Expansion

Nodular 
Sclerosis

Global 
Sclerosis

129 AR (Veh) 3.7±2.4 2.9±0.8 33% 50%

C57BL/6 AR 1.6±0.3
*

1.6±0.3* 0 0

Kidney Pathology
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Albuminuria

ARB Treatment Abolishes Albuminuria and Improves 
Kidney Pathology

in a Mouse Model of Diabetic Nephropathy

Azushima et al Kidney International (2023) doi.org/10.1016



Kidney Metabolism in Diabetic Kidney Disease



Metabolic Alterations in Kidneys of 129AR Mice

Azushima et al Kidney Int 2023;104(6):1135-1149



J Clin Endocrinol Metab 103: 4357–4364, 2018

Mouse Kidney

Lactate and TCA Cycle Metabolites in DKD



Metabolic Alterations in Kidneys of 129AR Mice

Azushima et al Kidney Int 2023;104(6):1135-1149



ARB Treatment Corrects Metabolic Abnormalities in Kidneys of 129A  

Lactate

Acetyl-carnitine

Azushima et al Kidney Int 2023;104(6):1135-1149
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ARB Treatment Corrects Metabolic Abnormalities in Kidneys of 129A  

Azushima et al Kidney Int 2023;104(6):1135-1149
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R = 0.62, p = 
0.00087
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Metabolite Correlations
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Azushima et al Kidney Int 2023;104(6):1135-1149

Mapping Expression of Lactate Dehydrogenase Isoforms in Diabetic Kidney D

Percent
expressed

Average
expression



Association Between Urinary Lactate Levels with Albuminuria

Azushima et al Kidney Int 2023;104(6):1135-1149

R = 0.34, p < 0.0001
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Normalized Log (UACR)

R=0.31; [0.16–0.45]; P < 0.001 with RAS blockers; 
R=0.49; [0.29–0.67]; P < 0.001 without RAS blockers



Increased Urinary Lactate Levels are Associated with Risk for 
ESKD in T2DM 

Azushima et al Kidney Int 2023;104(6):1135-1149
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Normalized Log (Urine lactate)

R = 0.26, p < 0.001
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Normalized Log (Urine lactate)

R = 0.39, p < 0.001

KIM-1 DKK-3

Urinary Lactate Levels Correlate with Markers of Tubular Stress and 

Azushima et al Kidney Int 2023;104(6):1135-1149





Summary
• Distinct kidney metabolic defects associated with elevated 

lactate levels are associated with susceptibility to diabetic 
kidney disease

• In a human cohort with T2DM, elevated urinary lactate is 
associated with progression to ESKD

• Increased urinary lactate levels may be a useful biomarker for 
risk of progressive kidney injury

• The association between abnormal lactate metabolism and 
albuminuria suggests that lactate may be an indicator of 
epithelial distress caused by high-grade proteinuria in DN



Expression of GPR81 in Glomerular Mesangial Cells
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