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Abstract

Background: 
The ability to measure glucose concentration through noninvasive approaches would impact the treatment of 
diabetes signiþcantly. Polarization-based optical approaches have received considerable interest because of their 
potential medical applications. Glucose, a chiral molecule, has the ability to rotate the plane of linearly polarized 
light, commonly referred to as optical activity, as well as changing the refractive index of the media, which 
therefore affects the overall scattering coefþcient in a given media. The magnitude of each effect is related to 
the concentration of glucose. Although most previous studies have reported on the use of polarimetry in the 
aqueous humor of the eye because of its nonscattering nature, one would also expect that glucose concentration 
could be measured in more turbid media such as tissue through a similar approach. This study  investigated 
how each of these effects is correlated to glucose concentration in a physiological range for highly scattering 
biological media.

Methods:
A custom-designed imaging polarimeter was used to image highly scattering Intralipid-based media containing 
different concentrations of glucose. Model formation and glucose prediction were performed through the use 
of partial least squares (PLS) regression. Further insight into the differences between polarization-based image 
measurements and encoding of glucose information was provided through the use of principal component 
analysis (PCA).

Results:
When coupled with PLS regression, in vitro polarization measurements yielded highly correlated glucose 
predictions in both calibration and independent validation, 0.999 and 0.998, respectively. Through the use of 
PCA, it appears that the majority of the image-based signal yielding the most signiþcant glucose information is 
attributable to changes in the overall scattering coefþcient due to glucose concentration and, to a lesser degree, 
effects of optical activity.
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Introduction

Diabetes is a common and serious chronic disease, 
which affects over 171 million people worldwide and 
was listed as the sixth leading cause of death based on 
U.S. death certiþcates in 2002.1–3 Currently, only invasive 
methods for monitoring glucose levels are approved 
by the Food and Drug Administration, which usually 
require the lancing of a þnger to obtain a blood sample 
for testing. Because this approach is often cumbersome 
and has associated pain, patient compliance is often below 
what is deemed acceptable, leading to poor glycemic 
control. Recently, however, great strides have been made 
in the noninvasive measurement of physiological glucose.  
Optical methods are on the forefront of approaches being 
applied for the detection and monitoring of physiological 
glucose concentrations. This article proposes and 
demonstrates a polarimetric image-based approach.

The effects of glucose concentration on the optical 
properties of tissue are well described in the literature.  
One of the more dominant effects is how glucose 
affects tissue scattering, whereby an increase of glucose 
concentration results in a decrease in the scattering 
coefficient.4,5 The reasoning behind this is that the 
scattering coefficient is dependent on the mismatch 
between refractive indices of the extracellular ÿuids and 
the cellular membranes. Increasing glucose concentration 
in the extracellular ÿuids will increase its refractive index, 
which in turn decreases the overall tissue scattering 
coefficient. Esenaliev et al.6 used optical coherence 
tomography to exploit this effect for the noninvasive 
measurement of glucose.

Another optical effect as a consequence of glucose, often 
considered in polarimetry, is that of optical activity.  
Glucose, a chiral molecule, has the ability to rotate the 

plane of linearly polarized light (i.e., the electric þeld), 
which is the basis for all the current highly sensitive 
polarimetric techniques, such as those reported by 
Cameron et al.7–9 and Chou et al.10 In these investigations, 
the proposed sensing site is the aqueous humor of the 
eye,7–9,11 which is chosen because of its low scattering 
effects and glucose concentrations that are correlated with 
those of blood, which is very suitable for polarimetric 
type measurements. Mehr¿beoķlu and colleagues12 
investigated the possibility of utilizing the diffusely 
reÿected cross-polarization patterns from highly scattered 
media containing glucose and noted slight changes in 
the images; however, no quantiþcation was performed.
Wang and co-workers13 reported on how optical activity 
contributions due to glucose were encoded in Mueller 
matrix patterns of turbid media through the use of a 
Monte Carlo simulation approach.

In this study, we extend these investigations and 
demonstrate how diffuse reÿectance polarization imaging 
coupled with advanced chemometric techniques can be 
used for the noninvasive quantiþcation of glucose over a 
physiological range in highly scattered media. In addition, 
multivariate image analysis techniques are explored 
to further investigate how both scattering and optical 
activity effects are correlated to the glucose polarization 
signature used in quantiþcation.

Scientiþc Methods
Experimental Apparatus
The experimental setup constructed for this investigation 
is illustrated in Figure 1. The light source is provided 
by a 10-mW 514 nm (i.e., green) argon ion laser (Melles 
Griot, Irvine, CA). This wavelength is well suited for 
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Conclusions:
This study showed how polarimetric-based imaging coupled with PLS regression can be used to quantify 
glucose concentration in highly scattering media. Such methods may potentially be able to extend the use of 
noninvasive in vivo polarimetric measurements, normally acquired in the anterior chamber of the eye, to other 
preferred sensing sites such as the skin.
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