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Validation of calibration transfer in ATR-FTIR spectroscopy combined with machine 

learning for microalbuminuria detection in diabetic kidney disease screening

     

              

 

   

   

   

   

 

 
 
 
 
  
  
  
 

     

     

  

     

              

 

   

   

   

   

 

 
 
 
 
  
  
  
 

     

     

  

Infrared (IR) spectroscopy of urine extracts coupled with 
Machine Learning methods has been proposed as a 
promising technique for Diabetic Kidney Disease (DKD) 
screening. However, for clinical translation, predictive 
models based on machine learning techniques necessitate 
substantial sets of samples for calibration and testing 
under various experimental parameters and populations, 
posing a critical barrier to the development of globally 
deployable tools. Here, we aim to assess the 
methodology's ability to establish DKD diagnostic models 
applicable across diverse populations, instruments and 
experimental conditions worldwide based on urinary 
albumin.
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EXPERIMENTAL METHODOLOGY

500 µl 
of urine 

0.22 µm 
siringe 
filter

10 kDa
ultracentrifuge filter

preconcentration

3x

Dilution of
non-proteins

Drying onto 
the ATR
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Samples 
origin

DKD 

[N (%Males)]

Control 
[N (%Males)]

Collection
0.22 μM 

filter
10kDa filter System

Volume 
(μL)

Melbourne 
(AUS) 155 (100) 22 (100) 24 h

Cellulose 
acetate 

membrane

Amicon© 
Regenerated 

Cellulose

Bruker 
Alpha

0.8

Valencia (ESP)
20 (70) 26 (62)

Spot 

urine

Nylon 
membrane

Vivaspin® 
polyethersulfone 

(PES)

Perkin-
Elmer 

Spectrum 
Two

1.0
Madrid (ESP)

15 (80) 0 (0)
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CONCLUSIONS
The robustness of spectral markers in IR spectra, minimizes variability from sample type and instrumentation.
Due to the absence of a certified reference material (CRM) for albuminuria and urinary albumin-to-creatinine 
ratio (UACR), model validation was performed through comparative analysis with reference methods.

  
 

  
 

  
 

  
 

              

 

   

   

   

   

 

 
  
 
 
  
 
  
 
  
  
 
 
 
  
  
 

     

     

           

SAMPLES OVERVIEW
Characteristics of the samples of this study including the different devices used for processing and measurement

R2(Pred)
RMSEP 
(mg/L) 

(NormoAlb)

RMSEP (mg/L) 
Normalized 
(NormoAlb)

RMSEP 
(mg/L) 

(MicroAlb)

RMSEP (mg/L) 
Normalized 
(MicroAlb)

PLSR 0.89 18 1.26 28 0.29

SVR 0.93 7 0.52 28 0.30

RF 0.89 12 0.87 28 0.30

PLSDA SVMDA RF

CAL 

Samples

155 + (AUS)

22 – (AUS)

TEST 

Samples

35 + (SPA)

26 – (SPA)

CAL 

Samples

64 + (AUS)

113 – (AUS)

TEST 

Samples

34 + (SPA)

27 – (SPA)

D
K

D
 C

LA
SS

IF
IC

A
TI

O
N

CAL 

Samples

101 + (AUS)

25 + (ESP)

17 – (AUS)

16 – (ESP)

TEST 

Samples

54 + (AUS)

10 + (ESP)

5 – (AUS)

10 – (ESP)

A
LB

U
M

IN
U

R
IA

 C
LA

SS
IF

IC
A

TI
O

N

CAL 

Samples

43 + (AUS)

23 + (ESP)

75 – (AUS)

18 – (ESP)

TEST 

Samples

21 + (AUS)

11 + (ESP)

38 – (AUS)

9 – (ESP)

Normalized spectra (A) 
indicate differences 
between DKD and 
Control.
PCA (B) depicts that 
most data variability 
is associated with the 
disease rather than 
the sample origin or 
instrument.

CLASSIFICATION

A B

C D

     

              

 

   

   

   

   

 

 
 
 
 
 
 
 
 
 
 
 

     

     

  

There is a 
classification 
grey zone 
around 30 mg/L 
of albumin (the 
cut-off for 
albuminuria 
diagnostic)

Recalibrating the model with the new samples significantly improves the prediction results without the 
need of measuring a subset of samples in both instruments.

QUANTIFICATION

Models exhibited strong predictive performance for albuminuria 
concentrations across the entire microalbuminuria range. Urinary 
albumin concentrations from Australia and Spain were predicted 
similarly, and do not show major clustering or bias in their predictions.

Urinary albumin (mg/L)
Normoalbuminuria Microalbuminuria

0 30 300

Want the whole picture? Read our preprint 
here: 10.26434/chemrxiv-2025-pksq8 

Models developed using Australian spectra (A, C) successfully 
predicted Spanish samples, achieving AUROC values of 0.87 
and 0.98 for DKD and microalbuminuria identification, 
respectively. Both values improved to 0.99 when a global 
model (B, D) was calibrated and independently tested with a 
combined set integrating samples from both countries.

https://doi.org/10.1002/anse.202200094
https://doi.org/10.26434/chemrxiv-2025-pksq8
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