
  

 

Abstract— We have been developing a urine glucose level mon-

itoring technique using near infrared spectroscopy in conjunc-

tion with the chemometric method aiming for the use of home 

health care. In this study, validity of the calibration models were 

assessed using urine samples from nine healthy male subjects. 

For the individual measurement, reasonable accuracy was ob-

tained in predicting urine glucose level for each subject (mean 

value of standard error of prediction; 25.8 mg/dl, S.D.; 10.8 

mg/dl), however, the accuracy decreased (around 60 mg/dl) 

when the calibration models were generated using data from 

multiple subjects. One of the causative factors seemed to be urine 

urea concentration level which may vary within very wide range 

(0-2000 mg/dl) under physiological condition, and therefore, it 

was suggested that any idea, e.g., classification of data by urea 

level, would be required for improving the accuracy. 

I. INTRODUCTION 

LTHOUGH there are several drawbacks of urine glucose 

test compared to blood testing [1], daily monitoring of 

urine glucose level has still been widely used as a rough in-

dicator of high blood glucose levels [2]. For this purpose, 

there are several kinds of commercially available items such 

as test strips [3], a pen-shaped enzyme sensor [4] and a sensor 

system installed in a toilet [5]. Among these, the third one 

would be an ideal type for long-term home health care, 

however, there are several drawbacks [5] such as a limited 

sensor life (4 months or 700 measurements), cumbersome 

maintenances and a high cost. To overcome these practical 

drawbacks, we have developed a new technique for measuring 

urine glucose concentration using near infrared spectroscopy. 

In the previous paper, we reported some results of preliminary 

experiments for assessing feasibility of this method [6]. In this 

study, we increased the number of urine sample and evaluated 

the effect interfering substance, i.e. urine urea, on the accuracy 

in measuring urine glucose level. We also carried out a pre-

liminary study for predicting urine protein concentration 

together with glucose using mixed solution of glucose, albu-

min and urea.  
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II. MATERIALS AND METHODS 

For measuring urine glucose level, FTIR spectroscopy in 

conjunction with the chemometric method of partial least 

squares (PLS) was adopted and the accuracy in measuring 

urine glucose level was assessed by the experiments described 

below. 

 

A. Calibration and Validation using Urine sample 

Calibration and validation studies were conducted using urine 

samples obtained from nine young healthy adults. Total 

volume of about 400 ml of first morning urine specimens were 

collected from each subject. In order to obtain urine samples 

with various glucose concentration level (0-600 mg/dl), ap-

propriate amount of glucose was added. Altogether 126 sam-

ples were prepared for each subject and the glucose concen-

tration of the samples (measured Glu conc.) was determined 

using an automatic analyzer (DRI-CHEM 7000; Fujifilm 

Medical Co. Ltd., Japan). Near infrared spectra of each sam-

ple were collected over the spectral range of 1100-1830 nm 

using a FTIR spectrophotometer (Spectrum One NTS; Perkin 

Elmer Co. Ltd., USA). Using these data, PLS calibration 

models were generated by the PLS Toolbox 3.5 of MATLAB 

(Eigenvector Inc., USA). The leave-one-out cross validation 

method was applied to obtain the Standard Error of Calibra-

tion (SEC) for assessing the validity of the model. The glucose 

concentration was predicted using this model, and the accu-

racy of the model was assessed by the values of the Standard 

Error of Prediction (SEP) and the correlation coefficient 

(r).116 samples were used for obtaining PLS calibration 

model and 10 samples were used for the accuracy assessment.  

 

B. Experiments using mixed solution of glucose, albumin and 

urea. 

 To investigate applicability of the above mentioned method 

for predicting urine protein level together with glucose, pre-

liminary experiments described below were carried out.  

As shown in Table 1, all together one thousand kinds of 

mixed solution of glucose, albumin (bovine serum albumin: 

BSA) and urea were prepared. Urea was chosen as a most 

dominant interference substance. The concentration ranges of 

glucose and albumin were chosen from those of a commer-

cially available test strip, and that of urea was chosen to cover 

physiological range. Near infrared spectra of each sample 

were collected in the same way, and albumin concentration 

were predicted using the same method mentioned above. 
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III. RESULTS AND DISCUSSION 

A. Calibration and Validation using Urine sample 

In Table 2, the results of calibration and validation studies 

using urine sample were summarized together with the urine 

urea concentration measured in a clinical laboratory. As 

shown here, quite good linear relationship  (mean rc; 0.993, 

mean rv; 0.942) and the low value of SEC (mean; 8.4 mg/dl) 

and SEP (mean; 25.8 mg/dl) were obtained, indicating validity 

of the PLS model obtained in each subject. Fig. 1 shows the 

result of the validity study of the calibration model generated 

using three subjects with different urine urea level (sub. C, G 

and I). As shown in this figure, the accuracy, in term of line-

arity and SEP, is comparable to the results of individual 

calibration models. However, it should be noted that in the 

two subjects with high urea concentration level (sub.F and H), 

the values of rv and SEP were worse (see Table 2), and if we 
use these data for generating a calibration model, we could not 

obtain a good result (see Fig. 2). The reason for the lower 

accuracy in these two subjects may be related to the urea 

concentration level. To clarify this problem, we need to in-

crease the number of subjects with various concentration level 

of urine urea. 

 

B. Experiments using mixed solution of glucose, albumin and 

urea. 

Fig. 3 is the result of the accuracy assessment of glucose 

concentration prediction using mixed solution. As the con-

centration range was expanded to 2000 mg/dl, the SEP be-

tween predicted and measured glucose concentration became  

worse than the results using urine sample (see Fig. 1 and Fig.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2). However, this value (60.4 mg/dl) is comparable to the 

value reported by Pezzaniti et al [7] (4.3 mmol/l = 77.4 

mg/dl).  

Fig. 4 shows the result of albumin concentration prediction. 

Improvement of accuracy would be required especially in the 

low concentration range (<100 mg/dl), however, the value of 

SEP (18.4 mg/dl) is also comparable to the reported value 

(0.18 g/L) of ref [7] suggesting the availability of our method 

for predicting protein concentration in urine sample. 

Improvement in accuracy of the present method will be 

achieved by increasing the number of urine samples for the 

PLS calibration.  

The problems to be solved for the home healthcare use will 

be (i) reduction of the number of the wavelength for spectral 

collection, (ii) shift of the present complicated optical system 

to the convenient LED-photo diode multi-array sensor system, 

and (iii) development of a urine sampling system which could 

be installed in a toilet.    

 

IV. CONCLUSION 

A technique for measuring urine glucose concentration  
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Fig. 2 NIRS predicted vs. measured values for glucose model 

validation using urine samples from sub. A, F and H. 

Sub. A, F & H 
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Fig. 1 NIRS predicted vs. measured values for glucose model 

validation using urine samples from sub. C, G and I. 

Sub.C, G & I 

Table 2 Summary of calibration and model validation results 

using PLS regression for glucose 

SEC

 (mg/dl)
rc

SEP

(mg/dl)
rv

A 7.6 0.996 22.2 0.967 370

B 6.5 0.992 23.4 0.960 463
C 7.2 0.996 20.9 0.978 622
D 9.0 0.994 24.3 0.966 951
E 3.1 0.999 23.7 0.964 970
F 15.9 0.981 48.4 0.787 1085
G 8.5 0.993 13.9 0.985 1110
H 10.8 0.990 38.1 0.889 1330

I 7.4 0.995 17.0 0.985 1340

mean 8.4 0.993 25.8 0.942 916

s.d. 3.5 0.005 10.8 0.065 356

Calibration Validation Urea

Conc.

(mg/dl)

subject

Table 1 Concentration levels of glucose, albumin and urea in the 

mixed solutions 

glucose 5 10 20 30 50 100 120 500 1000 2000

albumin 5 10 15 20 30 40 50 80 100 300

urea 500 650 800 950 1100 1250 1400 1600 2000 2800

concentration (mg/dl)



  

using NIRS in conjunction with PLS was evaluated through 

the experiments using urine samples and mixed solution of 

glucose, albumin and urea. From the results obtained, it was 

suggested that the urine urea concentration level may affect 

the accuracy in predicting urine glucose level. Also suggested 

was the possibility of simultaneous prediction of urine protein 

level by the same technique using NIRS and PLS.  
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Fig. 3 NIRS predicted vs. measured values for glucose model 

validation using mixed solution. 

SEP; 18.4 mg/dl, rv; 0.933
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Fig. 4 NIRS predicted vs. measured values for albumin model 

validation using mixed solution. 


