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Develops in approximately 40% of patients who 
are diabetic and is the leading cause of CKD 
worldwide. ESRD lead to kidney replacement 
therapy or kidney transplantation.

2019-2030-2045 (around 700 million)

CKD in Type 2 Diabetes
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REAL WORLD EVIDENCE

OUTPATIENT SERVICE
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THE CHALLENGE

Gesualdo, Kreztler and Pontrelli, Kidney Int. 2026 Feb 27

What type of kidney damage do these clinical trajectories have?



Main unmet medical needs: Cardiovascular death and CKD progression 

CKD in diabetes

DKD NDKD DKD+NDKD

THE CHALLENGE

CLINICAL DIAGNOSIS

Phenotype

Subtype

HERD OF ZEBRAS

the coat looks the same among them, 
but each of them has its own coat

Renal Center for Precision Medicine
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THE CHALLENGE



Renal Center for Precision Medicine

Flow of the study selection process 

We performed a systematic
search for studies on
diabetics with data on the
frequency of DKD, NDKD
and mixed forms
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Positive predictive values of clinical judgment for the
diagnosis of DKD (2a), NDKD (2b) and mixed forms (2c)
from pooled meta-analysis 

Positive predictive values (PPVs) (pooled data) of clinical judgment for identifying
DKD, NDKD and mixed forms (as assessed by renal biopsy) were 50.1% (95% CI: 44.9 -
55.3), 36.9% (95% CI: 32.3-41.8) and 19.7% (95% CI: 16.3-23.6), respectively

50.1% 36.9% 19.7%

THE CHALLENGE
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Holistic T2D-CKD Board 
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REAL WORLD EVIDENCE

DIABETOLOGY/NEPHROLOGY OUTPATIENT SERVICE



96 kidney biopsies cores were 
collected in RNAlater for snRNA Seq

DIABETIC PTS WITH CKD

Figure 1: Cohort Characteristics and K-DIGO staging
260 Patients 
screened0

147 Pts G1-2/A1 
refused kidney biopsy



CKD in Type 2 Diabetes: BEAT-DKD study (100 Renal Biopsies)
DIABETIC PTS WITH CKD

DKD NDKD DKD+NDKD

PURE 
METABOLIC 

VASCULAR 
METABOLIC

VASCULAR 
(HYPERTENSIVE)

VASCULAR 
GNs, TIN

PURE 
GNs,TIN

MIXED 
FORM

29% 35% 17%

6% (6)

8%

37% (37)

4%

56% (56)

6%

Normal

1% (1)

Phenotype

Subtype

Endotype



DKD
(37%)

CKD in T2D 100 Pts

NDKD1
(35%)

NDKD2
(21%)

DKD+NDKD

HERD OF ZEBRAS

the coat looks the 
same among them, 
but each of them 
has its own coat
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GBM Thickness 



HbA1C and BMI



uACR, 24 hours Proteinuria, eGFR



Type of Proteinuria



Rapid Slow Stable Total Cases
Metabolic 9 10 7 26
Vascular 6 2 21 29

Immunologic 5 2 9 16
Mixed Forms 2 1 3 6

Rapid Slow Stable Total Cases
Metabolic 35% 38% 27% 34%
Vascular 21% 7% 72% 38%

Immunologic 31% 13% 56% 21%
Mixed Forms 33% 17% 50% 8%

absolute delta eGFR(ml/min)
(median 3.2 years [range 1–5 years]) 

KIDNEY Outcome 



HEART SUBTYPES

The variable “left ventricular geometry” 
defines the type of left ventricular remodeling:
-‘concentric remodeling’ identifies diabetic 
cardiomyopathy
- ‘concentric hypertrophy’ is expression of 
hypertension damage.

Azienda ospedaliero-universitaria Policlinico di Bari
Scuola di Specializzazione in Nefrologia, Dialisi e Trapianto

Istituto Maugeri IRCCS Bari



Kidney to Heart  trajectory
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Metabolic
Kidney(DKD)

Vascular
Kidney (NDKD1)

Immunologic/Inflamm
Kidney (NDKD2)

Mixed Forms
Kidney (DKD+NDKD)

DC (%)        54                                                  55                                                63       66               p= 0.89               
HC (%)        29                                                  33                                                26       33



Optical Phase Coherence Tomography

Data included in 
the clinical 
classification: 

Diabetic 
Retinopathy V1 
(Yes=1; no=0) 

Hypertensive 
Retinopathy V1 
(Yes=1; no=0)

Other 
Retinopathy V1 

(yes=1; no=0)

Other Ocular 
lesions (0=no; 1= 

si)

RETINA SUBTYPES
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Kidney to Retina Trajectory
DR (%)         59                                                  22                                                13      33               p= 0.03               
HR (%)         59                                                  56                                                56      33



Immunological/Inflammatory

Xgboost Variable importance plot for each subtype (4 models)
Metabolic Kidney(DKD)

Vascular Kidney (NDKD1)Immunologic/Inflamm Kidney (NDKD2)

Mixed Forms Kidney (DKD+NDKD)



Shap Analysis

Immunological/Inflammatory

Metabolic Kidney(DKD) Vascular Kidney (NDKD1)

Immunologic/Inflamm Kidney (NDKD2) Mixed Forms Kidney (DKD+NDKD)



56

Brad Godfrey         Edgar Otto        Phil McCown
U Michigan

2-4 mm segments of 56 Protocol Research Biopsies
(DKD) undergoing split-pool single nuclear RNA seq
analysis. 61362 nuclei passing QC across all major cell
types



PCA using all genes a)

c) d)

b)

e)

Gene Classifier for each group in Tubuli



Figure 6

PCA using all genes a)

c) d)

b)

e)

Gene Classifier for each group in Glomeruli



Ongoing analysis

gene pearson pval fdr
GNAI2 -0.656 7.5E-07 4.05E-05
IFITM3 -0.586 1.88E-05 0.000338
LPAR1 -0.588 1.7E-05 0.000338
TIMP1 -0.574 3.05E-05 0.000376
WDR82 -0.569 3.72E-05 0.000376
PRRX1 -0.566 4.18E-05 0.000376
GNL3 -0.555 6.2E-05 0.000478
PDCL -0.541 0.000105 0.000711
IFITM2 -0.528 0.000164 0.000957
HAUS2 -0.525 0.000177 0.000957
RAB5A -0.485 0.000638 0.003091

PSMB2 -0.482 0.000687 0.003091
PLTP -0.466 0.001086 0.004511

HNRNPUL2 -0.451 0.001649 0.005935
RAB8B -0.454 0.001542 0.005935
H2BC11 -0.437 0.002373 0.008008
TAGLN -0.426 0.003175 0.010087
PSIP1 -0.419 0.003759 0.011277

CENPE -0.411 0.004582 0.013024
CEP85L -0.39 0.007394 0.019964
MFSD6L -0.38 0.009153 0.023537
CFAP47 -0.376 0.010029 0.024008
EXT2 -0.375 0.010226 0.024008
ZNF625 -0.371 0.011192 0.025181
INSYN2A -0.369 0.011669 0.025205
IRF2 -0.36 0.013878 0.028824
CCR4 -0.343 0.019486 0.038563
UBQLN3 -0.342 0.019996 0.038563

3) Correlate the classifier with the 
clinical phenotype

2) Projecting the Classifier to enrich of cell types



Figure 1: TNNT2 expressed in Podocyte and 
PEC cells across all samples 

Figure 2: TNNT2 POD and PEC cells across the Bari histology label higher
expression in the “metabolic/vascular endotype-DKD”



Frequency of Major Cardiovascular Events



Preliminary omics results

Podocytes
TNNT2 (Cardiac Muscle 

Troponin T) expression in 
podocytes was associated 
with metabolic/vascular 

damage

Chen S, et al. Dis Markers. 2022

RNA expression profiles from DN datasets

Kang E, et al. J Am Heart Assoc. 2019

KNOW-CKD, 2017 patients with CKD1-5 (pre-dialysis)



Gesualdo et al. Kidney Int 2026 Feb 27



Cathryn M. Delude, Nature 2015

DIVIDING DIABETES

Diabetes exemplifies the problem of 
imprecise phenotypes. “There are a 
hundred ways to be diabetic, involving 
different processes in the pancreas, liver, 
muscle, brain and fat” says Gary Churchill, 
a mouse geneticist at the Jackson 
Laboratory in Bar Harbor, Maine. 

Different genes are responsible for 
particular subtypes of diabetes, so mixing 
them together obscures the reasons why 
people with the same genetic mutation 
respond differently to the same treatment.



BREAKTROUGH CHALLENGES

We are trying to refine each individual subtype through endotyping 
to more accurately stratify renal and cardiovascular risk and 

deliver a precision medicine approach.

Gesualdo et al. Kidney Int 2026 Feb 27
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• The BEAT-DKD Cohort represents an opportunity to better define the true 
prevalence of NDKD in diabetes and refine patient’s stratification to guide 
treatment, given the possibility that a diagnosis of NDKD may offer additional 
treatment options. Other protocol biopsy studies are needed!

• The search for new biomarkers in DKD is still an open challenge and is
constantly evolving also thanks to the continuous evolution of technologies
and should take into account the different patient’s endotype.

• The use of biopsy should be considered, at this time, in the enrollment of 
more homogeneous patient populations in clinical trials and might help to 
address the unmet medical needs of these patients and improve the overall 
effectiveness of these studies. 

CONCLUSIONS
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To all patients participating in the study!



Thank you for your attention!
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