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Abstract

The development of cost-effective, simple, and reproducible tests for diabetes screening represents a priority
of modern medicine in light of the increasing prevalence of diabetes mellitus. Besides fasting plasma glucose,
the oral glucose tolerance test, and glycated hemoglobin Alc, several tests have been proposed, among them
the assessment of skin fluorescence spectroscopy (SFS). This article comments on the article by Olson and
coauthors published in this issue of Journal of Diabetes Science and Technology and comprehensively reviews
related available information. Overall, SFS seems to represent an easy-to-use, noninvasive tool that adds value
to existing tests for diabetes screening.
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In November 2012, the World Health Organization released some alarming data stating that there are 366 million
people with diabetes worldwide, a number estimated to increase to 550 million by 2030. Around 50% of people with
diabetes are undiagnosed, a problem that is higher in low- and middle-income countries, where 80% of people with
diabetes live. Undiagnosed and untreated diabetes is a major cause of morbidity and mortality, and it is estimated
that diabetes is responsible for 4.6 million deaths each year." Therefore, besides efforts in treating and preventing
diabetes, screening for diabetes is paramount. But why are we performing so poorly in diagnosing diabetes? Some of
the reasons are related to the fact that tests are time-consuming [oral glucose tolerance test (OGTT)], need a complex
laboratory setting and validation [glycated hemoglobin Alc (HbAlc)], or require prolonged fasting [fasting plasma
glucose (FPG)].

Therefore, efforts have been made to develop noninvasive, fast, reproducible, and reliable tests for diabetes screening.
Some of these methods rely on the assessment of skin fluorescence. A short theoretical background of this assessment
is provided.

Advanced glycation end products (AGEs) result from the nonenzymatic reaction of reducing sugars with proteins,
lipids, and nucleic acids.*> The enhanced generation and accumulation of AGEs in diabetes have been linked to
increased cardiovascular risk and the risk for development of diabetes complications.>® Elevated levels of circulating
AGEs are believed to play a major role in the pathogenesis of cardiovascular disease in diabetes*® as well as in that
of diabetes complications.>” The Diabetes Control and Complications Trial showed that intensified glycemic control
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results in a decrease in microvascular complication,® an effect that lasts for years.’ This latter aspect was attributed
to the so-called “metabolic memory.”® Advanced glycation end products accumulate within organs that are affected
by diabetes complications and have a long persistence within the body,!° thus representing an excellent candidate for
mediating the metabolic memory. Because AGEs increase early in the course of diabetes,!’ they might be also used for
diabetes diagnosis.

A simple, noninvasive method was made available allowing for the measurement of skin fluorescence [skin fluorescence
spectroscopy (SFS)], a parameter that mirrors skin AGE accumulation.!? Skin fluorescence spectroscopy was validated
against biochemical analyses of AGEs in dermal tissue in arm biopsies.!*!® Even though SFS measures not only
fluorescent AGEs, but also redox-regulated fluorophores such as NADH, flavin adenine dinucleotide, porphyrines,
and nonglycated substances,*!® AGEs-linked fluorescence seems to play a major role. Thus, 76% of SFS variability
can be explained by pentosidine variability, a major fluorescence-exerting AGE."® Therefore, assessment of SFS can be
regarded as a surrogate parameter for skin AGEs accumulation.

Several methods for noninvasive assessment of tissue fluorescence spectroscopy are available for measurements of the
skin (AGE Reader, DiagnOptics, Groningen, the Netherlands, or SCOUT DS, VeraLight, Albuquerque, NM), the cornea,
or the eye lens (Fluorotron, OcuMetrics, San Jose, CA). These methods allow for a fast, reproducible, and cost-effective
measurement of AGEs accumulation.!>1617

In this issue of Journal of Diabetes Science and Technology, Olson and coauthors'® present data from an elegant multicenter
study performed at nine U.S. centers. The main scope of the article was to evaluate the diagnostic value of SFS, FPG,
and HbAlc versus a 75 g OGTT for the diagnosis of abnormal glucose tolerance (defined as a venous plasma glucose
>140 mg/dl 2 h following an OGTT) in a population of 479 previously undiagnosed subjects at risk for developing
type 2 diabetes mellitus (T2DM). Secondary objectives were SFS reproducibility, as well as the influence of fasting
status on SFS measurements. Skin fluorescence spectra were collected and analyzed with SCOUT DS devices.

The first and main message of Olson and coauthors'® is that, for abnormal glucose tolerance screening, the SFS has
similar performance to FPG and HbAlc. The sensitivity for SFS was 68.2% (at a threshold of 50 on the SCOUT diabetes
score scale), 64.5% for HbAlc (threshold 5.7%), and 51.8% for FPG (threshold 100 mg/dl); the corresponding false
positive rate of the tests were 37.7%, 30.7%, and 19.3%, respectively.

These data are in line with previous data by Maynard and coauthors® showing in subjects with T2DM that SFS
(SCOUT DS) has a superior sensitivity to FPG and HbAlc for detection of impaired glucose tolerance (IGT). At a
comparable specificity, the sensitivity for detecting IGT was 58.0% for FPG, 63.8% for HbAlc, and 74.7% for SFS.

Further data by Tentolouris and coauthors® in a group of 398 persons at risk for developing T2DM add to this evidence.
Dysglycemia [25.7% (39 mmol/mol)] or diabetes [26.5% (47.5 mmol/mol)] were diagnosed using HbAlc measurements.
Random capillary glucose measurements, the American Diabetes Association Diabetes Risk Test, as well as the SFS
(SCOUT DS) were comparators. Skin fluorescence spectroscopy was superior to random capillary glucose testing or
the Diabetes Risk Test for recognizing dysglycemia or diabetes.

In a further study, measurements of the eye lens SFS (Fluorotron) contributed to the diagnosis of T2DM with a
sensitivity of 79% and a specificity of 100%.%!

In a study performed in 218 persons with intermediate diabetes risk, Smit and coauthors* compared SFS and an SFS-
based decision tree with FPG, HbAlc, and additionally with the FINDRISC questionnaire + FPG for detection of IGT
and diabetes. The authors concluded that the SFS-based decision tree is superior to FPG and noninferior to HbAlc in
detecting diabetes/IGT in this population.

The second important message of the article by Olson and coauthors'® is the good reproducibility of SFS measurements
for within-day testing, between-day testing, and testing with different devices. Reproducibility was expressed as
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the coefficient of variation (CV) calculated in accordance with the Hoorn study.?® For measurements performed with
the same device within one day, the intrasubject CV was 5.5%; the intraday, interdevice CV was 6.9%. The CV for
measurements performed with the same device on different days was 7.6% and was 7.7% using different devices on
different days.

In line with this, we found (using the AGE Reader) that the intraindividual variability of fasting SFS within 6 weeks
was 6.9% and within 12 weeks 10.9%.%

In one of the first validation studies for SFS (AGE Reader), an intraindividual variation of 5.03% was reported for
measurements performed within one day, as well as an intraseasonal variation of 5.87%.> Another study group
reported an intraindividual variation for SFS (AGE Reader) of 4.9% when four consecutive measurements were done
within one day.?®

The third important message of Olson and coauthors'® is that measurements are not majorly influenced by the fasting
status. When comparing measurements performed in fasting state with measurements performed on another day in
non-fasting state, the CV was 7.6%. The CV for fasting subjects pre-glucose challenge versus post-glucose challenge
SFS measurements (1 h following the OGTT) was 5.7%, comparable to the CV for two nonfasting SFS measurements
made on a common device on the same day that accounted for 5.5%.

A small postprandial increase in SFS has been described in some pilot studies®®*? but not in all.® Studies showing a
postprandial increase in SFS (AGE Reader) reported postprandial changes of 11.6% in subjects with T2DM and of 8.7%
in healthy subjects at 2 h following a high-fat meal®® and of 9% at 3 h but no increase at 1 and 2 h following an OGTT
in healthy volunteers.” We have recently shown in people with T2DM, that a cooked, mixed test meal accounted for a
nonsignificant postprandial increase of 3.6% in SFS.*

Even though there might be a contribution of meal composition on postprandial SFS variation, this seems to be of
small magnitude, and therefore, for screening purposes, the measurement of SFS does not necessarily require fasting,.

Overall, the reproducibility of SFS measurements seems to be robust (for both devices, SCOUT DS and AGE Reader),
and in addition to the study by Olson and coauthors,'® several studies have shown the utility of SFS measurements for
diabetes screening.’®*> Moreover, SFS measurements provide additional information to the UK Prospective Diabetes
Study risk score in people with T2DM,® correlate with the severity of peripheral and autonomic diabetic neuropathy,?
and can be used for the identification of subjects with T2DM and an increased risk for developing microvascular®
and macrovascular complications.?!

Therefore, the measurement of SFS seems to be of interest for the diagnosis of diabetes, the assessment of cardiovascular
risk, as well as the risk for developing diabetes complications.
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