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Glomerular filtration rate (GFR) decline in healthy patients 
compared with patients with type 2 diabetes 

and normo-, micro-, macroalbuminuria, or severe proteinuria
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Lancet Diabetes Endocrinol 2015



Biomarker definition

• A BIOMARKER is a measurable indicator of the 
severity or presence of some disease state.

• Biomarkers may help in early diagnosis, disease 
prevention, drug target identification and drug 
response.



Stratificazione precoce del rischio renale

Albuminuria e eGFR



Declining eGFR and increasing albuminuria are associated with mortality in 
individuals with diabetes. ACR, albumin-to-creatinine ratio

Lancet 2012;380:1662–1673



The RIACE Study
Cumulative survival by
Kaplan–Meier analysis 
according to DKD phenotype

Green, Alb−/eGFR− (no DKD)
Blue, Alb+/eGFR− (albuminuric DKD with 
preserved eGFR) 
Red, Alb−/eGFR+ (non-albuminuric DKD)
Purple, Alb+/eGFR+ (albuminuric
DKD with reduced eGFR)

Diabetologia (2018) 61:2277–2289



Declining eGFR and Increasing UACR are associated with  ESRD in 
diabetes

ESRD and eGFR
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KDIGO Guidelines



CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate
Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. Kidney Int Suppl 2013;3:1

CURRENT CHRONIC KIDNEY DISEASE (CKD) NOMENCLATURE USED BY KDIGO
CKD is defined as abnormalities of kidney structure or function, present for a minimum of 3 months

Kidney International (2024) 105 (Suppl 4S), S117–S314



EVALUATION –
DIAGNOSIS OF CKD IN
OLDER ADULTS

Epidemiological population data 
support retaining the threshold 
GFR of 60 ml/min/1.73 m2 for 
diagnosis of CKD in older adults, 
even in the absence of significant 
albuminuria, with consistently 
elevated and increasing relative 
risk of adverse outcomes below 
this threshold.

JAMA. 2023;330(13):1266–1277.
Kidney International (2024) 105 (Suppl 4S), S117–S314
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eGFR slope and early ACR change



The ADA and FDA have acknowledged GFR slope and early ACR change 
as a valid treatment target to slow CKD progression 

The clinical end point is defined as ESRD, doubling of creatinine level, or GFR of 15 mL/min/1.73 m2

Meta-analysis of 41 clinical trials including 29,979 participants

1. American Diabetes Association. Diabetes Care 2022;45;S175–S184; 2. Levey AS, et al. Am J Kidney Dis 2020;75:84–104

1 ml Difference in 
eGFR slope

30% risk reduction 
of composite kidney 

outcome*

↓30% ACR

30% risk reduction 
of composite kidney 

outcome*
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Ruolo dei fattori di rischio



Putative promoters of CKD progression in diabetes

Diabetes 2021;70:39–50.



Perché i diabetici perdono funzione renale 
anche in assenza di nefropatia proteinurica?

• Nefroangiosclerosi
• Nefropatia ischemica
• Danno da farmaci
• Insufficienza cardiaca
• Proteinuria «prevenuta» dal trattamento 

precoce con ACE/ARBs
• Altre malattie renali

Fattori di rischio di danno renale:
 Glicemia
 Pressione arteriosa
 Iperlipidemia
 Fumo
 Introito di sale nella dieta
 Obesità
 Insulino-resistenza



Pooled RRs and their corresponding 95% CIs for risk factors of DKD development that were 
statistically significant in the systematic review and meta-analysis of 20 Cohorts

Diabetes Care 2020;43:925–933



Risk Prediction Model for Early Diabetic Kidney Disease Based
on a Systematic Review and Meta-Analysis of 20 Cohorts

Diabetes Care 2020;43:925–933
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Insulino-resistenza
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Type 2 diabetic patients with increased AER
have a greater insulin resistance



Novel subgroups of adult-onset diabetes and their association with 
outcomes: a data-driven cluster analysis of six variables

Time to chronic kidney disease 
(eGFR > 45/ml/1-73 m2)) Time to coronary events

Lancet Diabetes Endocrinol 2018

estimates 
of insulin resistance

estimates 
of β-cell function

Cluster 1: severe autoimmune diabetes
Cluster 2: severe insulin-deficient diabetes 

Cluster 3: severe insulin-resistant diabetes 
Cluster 4: mild obesity-related diabetes 
Cluster 5: mild age-related diabetes 



MASLD e rischio
di malattia renale



METHODS

Original 
cohort

(n=140)

GDR 
Equation

1999-2010
NHANES 

cohort
(n=3553)

Mortality 
(Dec 2015)

logIS = 5.3505-0.3697*log(GGT, IU/L)-0.2591*log(triglycerides, 
mg/dl)-0.1169*log(UACR, mg/g)-(0.0279*BMI, kg/m2)



RESULTS

Subgroup analysisRestricted cubic splines

The Journal of Clinical Endocrinology & Metabolism, 2024, 109, 1308–1317
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Biomarcatori precoci



Diabetes Obes Metab. 2022;24:365–376.

Three interconnected processes 
contribute to the
development and progression of 
chronic kidney disease in patients
with type 2 diabetes

Putative promoters of CKD progression in 
diabetes



Applying urinary proteomic 
analysis with capillary 
electrophoresis coupled to MS, 
Good et al. * described a high 
dimensional urinary biomarker 
pattern composed of 273 
peptides associated with overt 
kidney disease: CKD273.
The components of CKD273
include collagen fragments and 
are assumed to relate to
early fibrosis in the kidney.

Urinary peptidomic classifier CKD273

Mol Cell Proteomics 2010; 9:2424–2437



Progression to renal endpoints according to CKD273 risk score status 
in the observational cohort

1775 participants (people with type 2 diabetes, normal urinary albumin excretion, and preserved renal function)

HR 2.48 HR 3.93

Lancet Diabetes Endocrinol 2020; 8: 301–312

Microalbuminuria in the observational 
cohort

Decrease in renal function and progression 
to CKD stage 3 (eGFR <60 mL/min per 1·73 
m²)



Cardiorenal Biomarkers, Canagliflozin, and Outcomes in Diabetic 
Kidney Disease: The CREDENCE Trial

Among 2627 study participants in the CREDENCE trial concentrations of the 
following biomarkers were measured: 
• NT-proBNP (N-terminal pro-B-type natriuretic peptide), 
• high-sensitivity cardiac troponin T, 
• growth differentiation factor-15, and 
• IGFBP7 (insulin-like growth factor binding protein 7)

Circulation. 2023;148:651–660. 



Forest plot of outcomes 
of study participants as 
a function of 
multibiomarker score 
at baseline

Circulation. 2023;148:651–660. 
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• ↑ ACR
• ↑ eGFR
• ↑ Età e durata diabete
• ↑ BP
• ↑ A1c
• ↑ BMI 

• ↑ TG and ↓ HDL
• ↑ FIB 4
• Retinopatia
• Rischio CVD (Score 2-Diabetes) 
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renale

Sviluppi futuri



Multiomica Imaging 
(RM)



Conclusion

• In future treatment and prevention of DKD, a shift towards a more personalised approach is desirable. 
The overall aim would be a panel of different non-invasive markers, both including omics- and other 
biomarkers, revealing the aetiology of DKD and guiding the clinician in selection of the intervention that 
the individual would benefit the most from.

• More studies including several cohorts of patients and human kidney biopsies are warranted to validate 
these markers and determine their reflection of underlying aetiology.

• Moreover, quantification, automation, reliability and reproducibility among individual laboratories and 
across countries are continuously being developed and needed before clinical application of these 
potential biomarkers.

• Hopefully, this will lead to a better stratification and prevention of renal and cardiovascular outcome in 
the future.



Grazie per la vostra attenzione
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