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Abstract—Here, we aim to better characterize diabetes mellitus
(DM) by analyzing 149 urine spectral samples, comprising of
diabetes versus healthy control groups employing ATR-FTIR
spectroscopy, combined with a 3D discriminant analysis machine
learning approach. Our results depict that the model is highly
precise with accuracy close to 100%.

Index Terms—FTIR, machine learning, diabetes mellitus

I. INTRODUCTION

Diabetes mellitus (DM) is, a chronic metabolic disorder,

characterized by hyperglycemia as a result of impairment to

the pancreatic β-cells’ ability to secrete insulin. This disease

affects the endocrine system and is expected to affect approx-

imately 693 million adults by 2045, making it a major public

health concern [1].

The chronic metabolic disorder because of DM is attributed

to microvascular and macrovascular complications, including

diabetic kidney disease, cardiovascular disease, and diabetic

retinopathy, which can pose the risks of mortality, kidney

failure, blindness, as well as a diminished quality of life for

individuals living with diabetes [2]. Therefore, early diagnosis

and control of diabetes are vital to prevent complications

and maintain good health. Recently, Fourier Transform In-

frared Spectroscopy (FTIR) is considered a highly successful

approach for urine examination, and Attenuated Total Re-

flectance (ATR)-FTIR is especially beneficial for measuring

several components of urine, including creatinine, urea, phos-

phate and sulfate, uric acid, pH, and cystinuria [3].

ATR-FTIR quantifies the infrared spectrum of the con-

stituents absorbed at certain wavelengths, and this method

has benefits such automated analysis, cost-effective, non-

invasive nature, and no sample preparation [4]. The use of

FTIR spectroscopy might result in a rapid and more accurate

identification of diseases, regardless the fact that the pro-

cedures for measuring samples using the technique can be

fatigue and computationally exhaustive. The precision of FTIR

spectroscopy in disease detection is expected to upgrade with

the continuous advancement of machine learning algorithms

[5].
This study employed ATR-FTIR spectroscopy to measure

urine samples and identify changes brought on by diabetes

and non-diabetes in rats. We used a 3D discriminant analysis

technique based on three-dimensional-Principal Component

Analysis-Linear Discriminant Analysis (3D-PCA-LDA) to ex-

tract chemical signatures from biological fingerprints.

II. METHODS AND MATERIALS

A. Sample Preparation

The study was managed on isogenic male Wistar rats

without any other disease to induce diabetes. The rats were

kept under standard conditions, and diabetes was induced by

injecting them with streptozotocin. The diabetic rats were

divided into placebo-treated, while non-diabetic rats received

a placebo treatment. The experiment was conducted according

to ethical guidelines and approved by an Ethics Committee.

B. ATR-FTIR analysis

The spectroscopic data was collected using an FTIR equip-

ment in ATR mode, with 100 scans per spectrum and a

spectral resolution of 4 cm−1, covering a range of 4000-400

cm−1. The spectra were pre-processed by smoothing, baseline

correction, and vector normalization before data processing.

C. 3D discriminant modeling analysis

To evaluate the 3D-discriminant analysis approaches,

namely 3D-PCA-LDA, we employed the linear discriminant

analysis (LDA), on the mean-scores of 3D-PCA. The calcula-

tion of scores for 3D-PCA-LDA (Lij) is as follows according

to [6]:

Lij = (xi − xj)
TC−1

pooled(xi − xj)− 2logeπj (1)
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Fig. 1. (a) Mean spectra of raw data with standard deviation (b) Pre-processed
data with standard deviation (c) Discriminant function (DF) plot (d) boundary
decision plot

Cpooled =
1

n
ΣJ

j=1
njCj (2)

Cj =
1

nj − 1
Σ

nj

i=1
(xi − xj)

T (3)

πj =
nj

n
(4)

In order to explore the performance of our computational

model, we use the accuracy parameter by determining the area

under the curve (AUC) of receiver operating characteristics

(ROC) curve, given as:

ACC(%) =

[

TP + TN

TP + FP + TN + FN

]

× 100 (5)

where TN stands for true negative, TP for true positive, FN

for false negative and FP for false positive.

III. RESULTS AND DISCUSSION

A quality check was performed on a raw spectral data

to identify outliers and anomalous spectra, furthermore we

smoothed raw spectra (Fig. 1a), with Savitzky-Golay (SG)

filter (window = 11, poly =2, deriv = 1), in the fingerprint

region ranging from 900 to 1800 cm−1. Baseline correction

and normalization were performed in order to achieve the

pre-processed data for ML simulations, as shown in Fig.1b.

The parameters employed to evaluate the performance were

selected optimal during this study. One can observe that

the pre-processing procedure reduced the outliers, eliminating

background noise before employing for computational simu-

lations. Moreover, we applied SMOTE-TOMEK technique to

transform imbalanced to balanced data to confirm the model

accurate precision. For 3D-PCA, we selected three optimal

parameters of PCs to achieve higher accuracy using AUC

applying ROC curve.

Furthermore, the performance of the proposed model was

evaluated in order to monitor diabetes and non-diabetes sam-

ples. Our study was used to analyse glucose, creatinine and

urea in urine [8]. The results are depicted in Fig.1c, which

displays the discriminant function (DF) based on the score

plot of 3D-PCA-LDA. Our analysis shows that the proposed

method was able to correctly identify diabetes and non-

diabetes samples up to 99% accuracy.
Moreover, Fig.1d shows the efficiency of the proposed

method through the use of a decision boundary plot. In

particular, the first two principal components (PCs), which

together account for more than 90% of the relevant information

in the variance of the data, were chosen. The plot highlights

the potential of 3D-PCA-LDA as an outstanding analytical

tool for diabetes diagnosis and shows how well the suggested

technique performs in properly categorizing data. One can see

the strong separation of diabetes and ND samples, evaluating

accuracy using 3D discriminant analysis. These results demon-

strate the potential of the suggested strategy to increase the

precision and effectiveness of diabetes diagnosis.

IV. CONCLUSION

In conclusion, we used a computational approach based

on 3D-discriminant analysis (3D-PCA-LDA) and ATR-FTIR

to monitor diabetes and healthy urine groups. Our results

demonstrated that the computational model achieved accuracy

of up to 99% and depicted interest to use in diagnosing

diabetes.
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