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Accuracy improvement in the interstitial glucose measurement
based on infrared spectroscopy

Hey-Jin Jeong, Mi-Sook Kim*, Insup Noh*, and Gilwon Yoon'

Abstract

Glucose concentrations in the interstitial fluid were measured based on optical spectroscopy. Prediction of glucose
concentrations was made using partial least squares regression and accuracy improvement was achieved by data
preprocessing as well as by selecting an optimal wavelength region. For this purpose, artificial interstitial fluid samples
were prepared where their glucose levels varied between 0 and 10 g/dl. Infrared spectral regions where glucose absorption
lies were investigated. A region of 1000- 1500 cm™ produced the best accuracy among the regions of 1000-1500 cm™,
4000-4545 cm™ and 5500-6500 cm™'. Further accuracy improvement in 1000-1500 cm™ was achieved by selecting
specific wavelength bands based on a loading vector analysis method. For the samples whose glucose concentrations
ranged between 0 and 0.5 g/dl, SEP=0.0266 g/dl and R=0.9863 were achieved with 1000-1500 cm™. However, the
loading vector optimized band of 1002-1095 cm™ reduced the prediction error up to 47 % (SEP=0.0125 g/dl and

R=0.9970).
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Fig. 1. Measured spectra between 1000 and 1500 cm™ for the artificial interstitial fluid samples where glucose

concentrations of a) 0-10 g/dl and b) 0-0.5 g/dl.
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Table 1. Glucose Concentrations in the Artificial Interstitial Fluid Were Predicted using PLSR Analysis. Unit is SEP [g/
dl] and the Results Were Obtained from Different Data Preprocessing Methods

1000-1500 cm!

4000-4545 cm™

5500-6500 ¢cm’!

AMEZ Derivatives . . . Derivatives _ . . Derivatives __ .
FMC Derivatives MC “MC Derivatives MC +MC Derivatives MC
0-10g/dl  0.0224 0.0786 1.3043 4.8112 4.6041 7.1487 5.6191 5.1505 7.9305
0-1g/dl 0.0274 0.0249 0.0127 0.0844 0.0681 0.0351 0.1207 0.0952 0.0479
Normal Variate (SNV)E 283519054 Holg] Axg] o8l AA = Derivative & MCE 3= Ao] vlH3]

o wje} A&t gEbslh MSCo} SNVE ¢l & 2.3p
7F AM A8t A d sk 0 MC# Deriva-
tives W0l 7Hde)e] FA0) EAHl AHe) o
BEHATHE 1), ol A oz 3 73
Z Aol A L8 7ho At 0:1];}[15 MSC SNV Y]
L2k AA BIAL o] HA] ekof H (o 2EA
714 kst
1% 2% ¥ (calibration) FFa] e 25E By
& okl ol o83l o &sh= Bl 8] (valida-
tion regression)®] ¢ ol & RojF rh o] o=
1000-1500 cm™ & Argslgon A9 EHS MC
22 dole X2 E 319.2H standard error of pre-
diction (SEP)=0.0127 g/dl&. & R=0.9990]% % ¢}
2 12%2) itk mak] a3k Bl Aol o
28] LA Vet
FFE2 5L LFE ATE BE MM
274 1000-1500 cm™* o] 588 & 4 2l H)

-
n

#® Calibration set

-~ Calibration regression line
O Validation set

—-— Validation regression line

-
<

|
|

<
o
s

bnd
©
.

Predicted value of cross validation{g/dl)

T T T

0.0 0.2 0.4 0.8 0.8 1.0 1.2
Reference value of glucose{g/di}

T3 2.1000-1500 em™ g o3 A B2l of
Al FRI2 TEE 0-] g/die B8 249
2 EH S Mean Centering® & A2jg] 3191&
Fig. 2. Example of calibration and validation using 1000 -
1500 cm™'. Glucose concentrations were between 0
and 1 g/dl and spectra were mean-centered.
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Fig. 3. Selection of wavelength bands based on loading
vector analysis : 1000-1500cm™ (the entire
region), 1002-1066 cm™ (Region A), 1067 - 1094
em™ (Region B), 1002 -1095 cm™ (Region A+B).
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Table 2. Selection of an Optimal Wavelength Band within 1000- 1500 cm™ Region in Predicting Glucose Concentrations

AET
Set 1 Set 2 Set 3 Whole set
LR
[em™] R SEP R SEP R SEP R SEP
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