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Background: Our purpose was to demonstrate if measuring lens autofluorescence (AF) with
a scanning confocal biomicroscope may be used to identify subjects with undiagnosed type
IT diabetes mellitus (DM), and hence, for it to be used as a marker for the severity of diabetic
retinopathy in diabetic patients.

Patients and methods: In this cross-sectional, comparative study, lens AF was measured with
scanning confocal lens fluorescence biomicroscope in diabetic and healthy groups. Full ophthal-
mological examination was performed. Blood tests of fasting plasma glucose, and glycosylated
hemoglobin were also analyzed. The correlation between lens AF results and blood tests was evalu-
ated in both groups. The cutoff value for the diagnosis of DM using lens AF was investigated.
Results: The study included 191 subjects with a mean age of 52.0916.75 years. One hundred
and seven (56.0%) subjects were female, and 84 (44.0%) were male. Eighty-two (42.9%) patients
had type II DM, and 109 (57.1%) subjects self-reported as normal. The fluorescence ratio (FR)
values ranged from 0.09 to 0.46 (0.2320.06) in the total group. Mean FR measurements of diabetic
subjects were significantly higher (0.27£0.06) than those without DM (0.20£0.05), (»=0.001).
A statistically significant correlation was found between glycosylated hemoglobin, fasting plasma
glucose, and FR. The cutoff point for the FR according to the presence of DM was found to be
0.24 and above (p=0.001), with a sensitivity of 71.95% and a specificity of 80.73%.
Conclusion: Measuring AF of human lens as an indirect evidence of increased advanced
glycaton end products may helpful in detecting impaired glucose metabolism. Our results show
highly significant correlation between possibility of DM and FR.

Keywords: lens autofluorescence, diabetes, diabetic retinopathy, HgAlc, fasting plasma
glucose, screening

Introduction
Diabetes mellitus (DM) is a chronic disease that leads to blindness, kidney failure,
stroke, lower limb amputation, and also increased risk of heart attacks, causing a
significant deterioration in the quality of life. The World Health Organization pre-
dicts that 350 million people will be suffering from type II DM by 2030."2 Thus,
improved quality of life and increase in life span may be possible by early detection
of DM. Today’s most current screening test for DM is fasting plasma glucose (FPG)
and glycosylated hemoglobin (HbA1c) measurement. When necessary, the 75 g oral
glucose tolerance test is used.>*

Recently, there is a new instrument for measuring the autofluorescence (AF) of the
lens which may have a potential to be a noninvasive screening method of DM. AF is
the natural emission of light by biological structures when they have absorbed light.
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There are a large number of ocular endogenous fluorophores
in the cornea, the crystalline lens, and the retinal pigment
epithelium. The fluorescence of the lens is increased with
accumulation of advanced glycation end products (AGEs).’
AGEs occur as a result of nonenzymatic irreversible reac-
tion of reducing sugars with free amino groups of proteins,
and this formation is accelerated when there is increased
concentration of circulating glucose, AGE precursors, and
oxidative stress.®* AGE accumulation shows the severity and
duration of dysglycemia in tissue. Measurement of lens AF
by scanning confocal biomicroscope is a new fast and non-
invasive technique. The instrument can report either green
fluorescence intensity or the ratio of green fluorescence to
scattered light via using lens AF. Increased lens AF may be
one of the early indicators of diabetic involvement before
any visible retinopathy occurs.

Our purpose in this study was to demonstrate if measuring
lens AF with this new scanning confocal biomicroscope may
be used to identify subjects with undiagnosed type 11 DM,
and to assess if this could be used as a marker for the severity
of diabetic retinopathy (DRP) in diabetic patients.

Patients and methods

Participants

This cross-sectional study included adult volunteers who were
recruited between March and June 2017 from the Department
of Ophthalmology, Yeni Yiizyil University, Istanbul, Turkey.
A detailed history including data on demographics, systemic,
and ocular history was noted for all patients. Patients with
type I DM and other systemic diseases such as chronic kidney
disease, hepatic disorders, and polycystic ovary syndrome
which affected lens AF except type II DM were excluded.
Type II DM and self-reported healthy subjects were included.
All subjects’ lens AF was measured by scanning confocal
biomicroscope, followed by a complete ophthalmological
examination, including visual acuity testing, slit-lamp bio-
microscopy, intraocular pressure measurement (Airpuff
tonometer), and detailed fundus examination after pupil
dilation with 1% topical tropicamide (Tropamid Fort 1%;
Bilim Pharmaceuticals, Istanbul, Turkey). Patients who were
pseudophakic and who had a fluorescence angiogram within
6 months were excluded. Patients who had dense cataractous
changes and any nuclear opacities in the lens according to
“Lens Opacities Classification System III” were also excluded
since these findings may affect results of AF testing.” Blood
tests were performed for the measurement of FPG and HbA 1¢
in every subject. Family history of DM was asked and noted
in every subject in this study. Written informed consent was

obtained from all subjects. The study was approved by the
ethics committee of the Yeni Yiizyil University and followed
the tenets of the Declaration of Helsinki.

Scanning confocal biomicroscope

The lens fluorescence biomicroscope optical system (Clear-
PathDS-120; Freedom Meditech, Inc, San Diego, CA, USA)
consists of a blue (465 nm) LED excitation light with a
430-470 nm band-pass filter, source and collection focusing
optics, motor-driven filter wheel with 25% neutral density
(scatter), and long-pass (fluorescent emission 500—1,650 nm)
filters and a silicone photomultiplier light detector. In addi-
tion, the system automatically aligns its optical axis before
a measurement is taken. The system has 3 infrared LED
lights to illuminate the eye, and a video camera. A fluo-
rescence reference target is positioned in the optical path
during the self-test procedure at start-up. The instrument
can report either green fluorescence intensity or the ratio of
green fluorescence to scattered light. The measurement of
fluorescence ratio (FR) is given as a numerical value. A FR
of 0.07-0.33 approximates the range of values that should
be encountered in the population of 127 patients with an age
range of 21-70 years, as seen in a previous study in which
over 95% of test subjects generated a FR of 0.27 or below.®
Also, this measurement result was plotted as a fluorescence
profile against the age of the patients ranging between 10 and
80 years, listed for every decade. The fluorescence profile is
shown in three groups, as 50%, 80%, and 95% of predictive
intervals. Each measurement of FR is marked in the profile,
which can be in between the lines of these 3 predictive
intervals (Figure 1).

According to the fluorescence profile of all subjects in the
study, results were divided into 3 levels as determined below
for comparisons between diabetic and healthy groups:

1. Level I: results plotted under the 50% line.
2. Level II: results plotted between the 50% and 80%

(including 50% and 80%) lines.

3. Level II: results plotted above 80% line.

Statistical analysis

Statistical Investigations NCSS 2007 (Kaysville, UT, USA)
program was used for statistical analysis. Student’s #-test was
used for 2 groups of descriptive statistical methods (mean,
SD, median, frequency, rate, minimum, and maximum) as
well as normal distribution of quantitative data. The Kruskal—
Wallis test was used in the comparison of the groups with
no normal distribution, and the Mann—Whitney U-test was
used to determine the group which caused the difference.
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Figure | The lens AF biomicroscope result notification form.
Abbreviations: AF, autofluorescence; FL, fluorescence.

Pearson y* test was used for comparison of qualitative data.
Pearson correlation and Spearman’s correlation analyses
were used to evaluate intervariable relationships. Also,
analysis of variance was used to determine impact of family
history. Diagnostic screening tests (sensitivity, specificity,
positive predictive value, negative predictive value) and
receiver operating characteristic curve analyses were used to
determine the cutoff for the FR. Significance was evaluated
at p<0.01 and p<<0.05 levels.

Sensitivity: probability that the test result will be positive
when the disease is present (true positive rate, expressed as a
percentage). Specificity: probability that the test result will be
negative when the disease is not present (true negative rate,

expressed as a percentage). Positive predictive value: prob-
ability that the disease is present when the test is positive
(expressed as a percentage). Negative predictive value:
probability that the disease is not present, when the test is
negative (expressed as a percentage).

Results

The study included 191 subjects consisting of 107 (56.0%)
females, and 84 (44.0%) males. Gender distribution of
females and males in the diabetic and healthy groups was
51(62.2%), 31 (37.8%) and 56 (51.4%), 53 (48.6%), respec-
tively. The mean age in diabetic and healthy groups was
52.3915.86 (41-70 years) and 52.40+7.78 (41-69 years),
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respectively. There was no significant difference in gender
distribution and age (p=0.136, p=0.99 respectively).
Eighty-two (42.9%) patients were physician-diagnosed
diabetics. One hundred nine (57.1%) subjects self-reported
as normal. In 82 diabetic patients, the mean duration of
DM was 7.58%5.52 years. Thirty-four (41.4%) of the dia-
betic patients were using insulin, whereas the rest of the
patients were using oral antidiabetic drugs. Fifty-seven
(69.51%) diabetic patients had normal fundus findings, while
14 (17.07%) diabetic patients had background DRP (BDR)
and 11 (13.41%) had proliferative DRP (PDR). Fundoscopic
findings were normal in healthy group. All demographic
data and mean HbAlc, FPG, and body mass index (BMI)
of patients in both groups are listed in Table 1. The mean
HbA 1c, FPG, and BMI were found to be significantly higher
in diabetic patients. Mean BMI of both groups together was
29.85+5.46 (19.1-49.9) kg/m>.

The FR levels ranged from 0.09 to 0.46 (0.23+0.06) in
the total group. FR level was I in 45.5% (n=87), I in 25.7%
(n=49), and III in 28.8% (n=55) of subjects. Thus, more
than half of the study participants showed higher prediction
intervals with higher FR. Mean FR measurements of dia-
betic subjects were higher (0.27£0.06) than those without
diabetes (0.20+0.05), which was statistically significant
(p=0.001). Mean FR was found to be positively related with
increasing age of subjects in both groups (=0.205; p=0.004).

Table | BMI, HbAlc, FPG, age, gender, and family history of
diabetes in the study group

DM (n=82) Healthy p-value
controls (n=109)

BMI (kg/m?) 0.001%*
Min—-max (median) 20.6—46.3 (31.2) 19.1-49.9 (27.7)
Mean + SD 31.93+5.63 28.28+4.79

HbAlc (%) 0.001°*
Min—-max (median) 5.3—-12.7 (6.9) 4.7-6.1 (5.4)
Mean + SD 7.42+1.82 5.43+0.40

FPG (mg/dL) 0.001°*
Min—max (median) 84-370 (133) 72-120 (92)
Mean + SD 150.10+54.28  93.15£12.52

Age (years) 0.99
Mean + SD 52.39+5.86 52.40+7.78

Gender 0.136
Male n (%) 31 (37.8) 53 (48.6)
Female n (%) 51 (62.2) 56 (51.4)

Family history of diabetes NA
Positive n (%) 29 (35.4) 24 (22.0)
Negative n (%) 27 (32.9) 58 (53.2)
No data n (%) 26 (31.7) 27 (24.8)

Table 2 Correlation between BMI, HbAlc, FPG, and the FR in
the whole study group

FR

r p-value
BMI (kg/m?) 0.116 0.110
HbAlc (%) 0.577° 0.001*
FPG (mg/dL) 0.511° 0.001*

Notes: *Pearson correlation coefficient, *Spearman’s correlation coefficient. Bold
values are statistically significant, ¥p<<0.01.

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; FR, fluorescence
ratio; HbA I ¢, glycosylated hemoglobin.

Also, there was a positive correlation between the duration
of diabetes and FR (r=0.469; p=0.001).

The correlation between BMI, HbA ¢, FPG and FR was
evaluated. No statistically significant correlation between
BMI values of the subjects and FR measurements was found
(p=0.110). Statistically significant correlations were found
between HbAlc, FPG values, and FR (Table 2).

In this study group, family history of DM was recorded
in 138 patients (70.7% of whole group). Fifty-three (38.4%)
subjects had positive family history of DM, and 29 (54.7%)
of them were in DM group, while 24 (45.3%) were in the
healthy group. The correlation between FR and positive
family history in diabetic and healthy groups was analyzed
with one-way analysis of variance (Table 3). Mean FR values
were 0.2720.06 in the diabetic group with positive family
history and 0.24%0.06 in diabetic group without positive
family history (p=0.676). In the healthy group, mean FR
values were, 0.224+0.04 and 0.20%0.05 in subjects with and
without positive family history, respectively (p=0.578).
Although mean FR values tended to be higher in cases with
positive family history compared to cases without positive
family history both in diabetic and healthy groups, the dif-
ferences were not statistically significant. Mean FR values

Table 3 Evaluation of FR in diabetic and healthy groups with and
without positive family history of DM

Diabetes and family FR p-value®* p-value®

history (n=138) n (%) Mean + SD

Diabetes with positive 29 (21.0) 0.27+0.06 ~ 0.001* p, :0.676
family history p,,: 0018
Diabetes without 30 (21.7) 0.24+0.06 P, 0.001%
positive family history p, 4 0.780
Healthy with positive 24 (17.4) 0.22+0.04 P, . 0.002%
family history p,  0.578

Healthy without
positive family history

55 (39.9) 0.20+0.05

Notes: *Student t-test, "Mann Whitney U-test. Bold values are statistically significant,
*$<0.01.

Abbreviations: BMI, body mass index; DM, diabetes mellitus; FPG, fasting plasma
glucose; HbA ¢, glycosylated hemoglobin; NA, not available.

Notes: *One-way ANOVA, Ppost hoc: Bonferroni test. Bold value is statistically
significant, ¥p<<0.01.

Abbreviations: ANOVA, analysis of variance; DM, diabetes mellitus; FR, fluo-
rescence ratio.
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Table 4 Correlation between fundus findings and FR measure-
ments in diabetic group

n (%) Diabetic group (n=82) p-value
fluorescence ratio
Min-max Mean + SD
(median)
Fundus findings 0.003*

None 57 (69.51) 0.14-0.46 (0.25)  0.25+0.06

BDR 14 (17.07) 0.19-0.37 (0.30)  0.29+0.06

PDR 11 (13.41) 0.24-0.42 (0.32)  0.32+0.07

Notes: Kruskal-Wallis test. Bold value is statistically significant, *p<<0.01.
Abbreviations: BDR, background diabetic retinopathy; FR, fluorescence ratio;
PDR, proliferative diabetic retinopathy.

with and without positive family history were significantly
higher in diabetic groups compared with healthy groups
(p=0.018, p=0.002, respectively) as expected. However,
mean FR values in healthy cases with positive family history
and in diabetic cases without positive family history were
not statistically different (p=0.780).

Additionally, FR measurements were compared in
the diabetic group according to the presence and severity
of DRP. As a result of the binary comparisons, mean FR
measurements of diabetic cases with BDR and PDR were
significantly higher than those diabetic cases without any
DRP (p<<0.01 for both, Table 4). There was no statistically
significant difference in mean FR measurements in cases
with BDR and PDR (p=0.365, Table 4). The mean HbAlc
value was 8.96%*1.87% in the cases with BDR, whereas it
was 8.97%+1.61% in PDR. There was also no statistically
significant difference in mean HbA 1¢ measurements in cases
with BDR and PDR (p=0.934).

Determination of cutoff for FR according
to the presence of diabetes

Mean FR measurements of diabetic subjects were higher
(0.2740.06) than in those without diabetes (0.20%0.05),
which was statistically significant (p=0.001). From this
point of view, the cutoff point for the FR to diagnose the
presence of DM was evaluated, and a receiver operating
characteristic curve analysis with diagnostic screening tests

Table 5 Diagnostic screening tests for FR and ROC curve analysis

(FPG and HbA 1c) was used to detect this value. The cutoff
point for the FR according to the presence of DM was found
to be 0.24 and above (p=0.001). Table 5 shows the sensitivity,
the specificity, and the positive and the negative predictive
values. In the obtained receiver operating characteristic
curve, the standard error was 3.2% (Figure 2).

A statistically significant correlation was found between
the presence of diabetes and the cutoff value of FR being
=0.24 (p=0.001) (odds ratio: 10.74 [95% CI: 5.46-21.16]).
In cases with an FR measurement of 0.24 or more, we can
say that the risk of having DM is increased 10.74 fold
(p=0.001).

Discussion

In hyperglycemia, excess glucose causes increased AGEs.
These products lead to progressive damage to heart, eye,
kidney, and nerves. The accumulation of AGEs leads to
increased AF in the natural lens of the eye that can be mea-
sured, and so may serve as a method of early detection and
help in the monitoring of diabetic patients.>!°

Measuring of the lens AF has been assessed in a couple
of studies.!'!* The limitations of the measurement of lens
AF were mainly technical difficulties. However, recently,
a new confocal biomicroscope is available to measure lens
AF in a fast, noninvasive, and reproducible manner.*!* The
range of FRs which are used in this instrument was reported
to change between 0.07 and 0.33 in 127 healthy subjects
aged between 21 and 70.” Lens AF was found to increase
with age.>'" In our study, we also observed a significant
positive correlation between lens AF and the age of subjects
with and without DM, showing that lens AF is increased with
aging. However, in our study group, subjects with or without
DM were age-matched to avoid its possible effect on lens
AF measurement results.

Lens AF is mainly related to AGE formation, and these
glycation end product levels increase in hyperglycemia
conditions. Thus, accelerated accumulation of AGEs
enhances lens AF.%!2141¢ Currently, FPG and HbAlc are
principal tests for both diagnosis and screening of DM."

Diagnostic scan ROC curve p-value
Cutoff Sensitivity Specificity Positive Negative Area 95% CI
predictive predictive
value value
Fluorescence =0.24 71.95 80.73 73.75 79.28 0.805 0.742-0.868 0.001*
ratio
Note: Bold values are statistically significant, ¥p<<0.01.
Abbreviations: FR, fluorescence ratio; ROC, receiver operating characteristic.
Clinical Ophthalmology 2018:12 submit your manuscript 1167
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Figure 2 ROC curve for FR level related to presence of diabetes.
Abbreviations: FR, fluorescence ratio; ROC, receiver operating characteristic.

In our study, both of these values were higher in diabetic
patients compared to the healthy group. Kjer et al'” dem-
onstrated the relation between lens AF and HbAlc mea-
surements. We found that diagnostic tests of diabetes were
correlated with lens AF levels significantly. Cahn et al'
have also reported this correlation, and suggested that lens
AF was sufficient for discriminating subjects with DM and
healthy group, comparing their AF results with sensitivity
and specificity of HbAlc, FPG tests in literature. They did
not perform any blood tests in their own group. The main
difference of our study is that we performed FPG and
HbA 1c blood tests in all subjects with and without diabetes
to compare the results with our FR measurements. Mean
BMI values were found to be high in our study group;
however, there was no statistically significant correlation
between BMI and FR measurements. Normally, BMI is
not an essential diagnostic parameter in DM and can be an
indirect indicator of patients who are susceptible to DM
due to obesity. Our finding of BMI not being correlated
with FR levels in patients with and without DM, unlike
DM screening blood tests, may suggest that lens AF ratio
assays may show specificity for DM screening.

In our study, DM or healthy subjects with positive family
history of DM tended to have higher mean FR values com-
pared to those without positive family history. However, the
differences were not statistically significant. On the other
hand, mean FR values in healthy cases with positive family
history were similar to mean FR values in diabetic cases

without positive family history with no statistical difference.
This finding may suggest that positive family history may be
important as a risk factor in the development of DM. Also, the
presence of a high FR value in a healthy case with a positive
family history may point to the necessity to consult with an
internal medicine specialist for screening of DM. Similarly,
Theil et al'® reported that being a first-degree relative of a
patient with type 2 DM was associated with higher lens
fluorescence than having no relative with DM.

When all these results were evaluated, we investigated
whether we were able to determine the probability of
diagnosing type Il DM in a subject using lens AF test. Our
results showed highly significant correlation between DM
and lens FRs. Particularly in subjects with FR of 0.24 or
more, the risk of having DM was found to be 10.749 fold
(odds ratio: 10.749 [95% CI: 5.461-21.161]). The sensi-
tivity and the specificity were found to be 72% and 80%,
respectively, for the detection of DM by measuring lens AF
when the cutoff point was 0.24, or higher. Cutoff values of
lens AF measurements were reported to be 0.27 by Burd
et al.® However, in their study, lens AF results were not
compared with DM screening blood tests in subjects. Theil
et al'® stated that prediction of DM with measuring lens AF
had sensitivity of 79% and specificity of 100%. Also, Cahn
et al' reported their sensitivity and specificity ratios to be
67% and 94%, respectively. Our specificity ratio is lower
than the previous reports. However, when we consider the
sensitivity and the specificity of accepted diagnostic tests,
which are FPG and HbA 1c, being 58%, 77.4% and 77.4%,
63.8%, respectively,'” our FR results can be accepted to be
comparable to them.

HbAlc is the best accepted measure of dysglycemia
for the past 3 months.? On the other hand, measurement of
AGE accumulation by lens AF biomicroscope may reflect
long-term dysglycemia, because AGEs are indicators of
burden of dysglycemia for a long time, even after glycemic
control has been achieved.’ Thus, even though the person
has a period of dysglycemia throughout life (eg, pregnancy)
without having DM, lens AF measurement may be high,
and this should be kept in mind. However, considering the
specificity and sensitivity of the lens AF test, DM screening
can be recommended, particularly if the person has a relative
with DM. Alternatively, lens AF levels may be a significant
marker of long-term DM control, predicting future complica-
tion risks by using AGEs. Kessel et al,” described that lens
AF was correlated with the severity of DRP. Similarly, in
our study FR measurements were significantly higher in
diabetic patients who suffered from DRP than those without
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any DRP. On the other hand, there was no significant cor-
relation between the severity of DRP and FR. This result
can be related to the small number of diabetic patients in
every subcategory. Increased lens AF may be one of the
early indicators of diabetic involvement before any visible
retinopathy occurs. Therefore, lens AF measurements may
be used in the follow-up of disease progress, besides being
used for screening purposes. Likewise, lens AF is reported
to increase in the presence of diabetic nephropathy, and it
is used noninvasively to follow the status of diabetic neph-
ropathy, besides DRP."

Previous studies emphasized the association between
increased nuclear density and AF of lens.”!> We did not
observe this effect, as we already excluded any patient with
cataractous changes in the lens in our study.

Conclusion

Lens AF measurement is a noninvasive and a rapid method
that may be used easily in office conditions showing indi-
rectly AGE accumulated in the natural lens of the eye, most
commonly due to DM. Mean lens AF is increased with age.
Mean FR is also increased in diabetic patients, which is
found to be correlated with diagnostic blood tests of DM,
namely FPG and HbAlc. Albeit statistically insignificant,
lens AF levels tended to be higher in subjects with a family
history of DM, both in diabetic patients and in healthy sub-
jects. We found the cutoff value of FR for diagnosing DM
to be 0.24 in our study. The sensitivity and the specificity of
measuring FR for diagnosing DM in a patient were found
to be 72% and 80%, respectively, which are comparable to
the accepted diagnostic blood tests of DM. If supported by
further comparative prospective large studies that lens AF
measurements can be sufficiently used as a screening method,
ie, it helps to identify DM in a preclinical stage, the measure-
ment of FR may be an option for mass screening of people to
help in the early diagnosis of DM in the general population
in first-line clinics by a general practitioner. It may also be
done in ophthalmology clinics as a routine practice, as well
as by endocrinologists in the follow-up of diabetic patients
to identify the risk of DRP. The effectiveness of lens AF
measurement to detect diabetes in a preclinical state is yet
to be determined. Further comparative studies with larger
patients are warranted.
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