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Background: The retinal nerve fiber layer (RNFL) thickness in patients with diabetes mel-
litus type 2 was compared to normal subjects of similar age and sex, having first excluded any
risk factors for glaucoma. The correlation between the RNFL thickness and the severity of
diabetic retinopathy was investigated at its primary stages and with other ocular and diabetic
parameters.

Methods: A prospective, case series study was carried out. Twenty-seven diabetic patients
without diabetic retinopathy, 24 diabetic patients with mild retinopathy, and 25 normal, age-
matched subjects underwent a complete ophthalmological examination and imaging with scan-
ning laser polarimetry for the evaluation of the RNFL. Multivariate analysis was applied in order
to investigate the correlation between RNFL and diabetic parameters, such as age, duration of
diabetes, insulin therapy, levels of glycosylated hemoglobin; and ocular parameters, such as
cup to disc ratio, levels of normal intraocular pressure, and central corneal thickness.
Results: The mean inferior average of RNFL and the temporal-superior-nasal-inferior-temporal
standard deviation were statistically significantly lower in both diabetic groups, and the nerve
fiber index was higher (P=0.04) compared to the normal group. There was no statistically
significant difference between the diabetic groups. The factor analysis showed no significant
correlation between the RNFL and the previously mentioned diabetic and ocular parameters.
Conclusion: The existence of diabetes should be seriously considered in evaluating the results
of scanning laser polarimetry. Multivariate analysis for RNFL was used for the first time.
Keywords: diabetes, glaucoma, RNFL, SLP

Introduction
Diabetic retinopathy is a major cause of visual impairment worldwide. It is expected
that the global prevalence of diabetes mellitus in adults will rise from 171 million in
2000 to 366 million in 2030.! Diabetic retinopathy is the consequence of microvascular
and neural changes. There is strong evidence from good quality randomized controlled
trials showing that primary prevention, early detection, and treatment reduce the risk
of blindness.>

Evaluation of the retinal nerve fiber layer (RNFL), as a means of assessing optic
nerve health, has been a well-established clinical and investigational tool.*> Studies
have supported the finding that diabetes mellitus was associated with thinning of the
RNFL. Attempts have been made to find correlations between thinning of RNFL and
age, sex, duration of diabetes, disease stage, and glycemic control.

The aim of our study was to determine whether type 2 diabetes mellitus,
without retinopathy or with mild retinopathy, was associated with thinning of the

submit your manuscript
Dove

http:

Clinical Ophthalmology 2014:8 455-463 455
© 2014 Takis et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S47762
mailto:dalonis@yahoo.gr

Takis et al

Dove

RNFL. Patients with the disease were compared to normal
subjects of the same age and sex, having excluded any
predisposing or risk factors for glaucoma. RNFL thick-
ness was measured by scanning laser polarimetry (SLP)
using software to make our results comparable to those
of previous studies.

Moreover, we analyzed the data to demonstrate whether
such impairment of the RNFL correlated with the stage of
diabetic retinopathy and other diabetic parameters (insulin
therapy, duration of diabetes, age, and glycosylated hemoglo-
bin [HbA ]) as well as ocular parameters (normal intraocular
pressure [IOP], cup to disc [C/D] ratio, and central corneal
thickness [CCT]). To our knowledge, this is the first time
that multivariate analysis was used for this purpose. Lastly,
in the presence of RNFL thinning, we examined whether
this finding was more prominent on the upper or lower half
of the retina.

Materials and methods

This was a prospective, noninvasive, case series study com-

prising 51 diabetic patient participants. These patients were

selected among diabetics who were attending the Diabetic

Retinopathy Clinic (2nd Ophthalmology Department of

Attikon University Hospital in Athens, Greece) within a

period of 6 months (March 2011 to September 2011).
Selection criteria included the presence of type 2 diabetes

mellitus for more than 5 years, either without retinopathy or

associated with mild retinopathy. The definition of mild dia-

betic retinopathy was based on the Early Treatment Diabetic

Retinopathy Study (ETDRS) criteria.* The exclusion criteria

included the following:

e Reduced visual acuity <20/40

e Opacity of the refractive media

e JOP >21 mmHg

e Personal or family history of glaucoma or ocular
hypertension

e C/Dratio =0.3

e AC/D ratio difference between the two eyes >0.2

e Existence of glaucomatous lesions or peripapillary hem-
orrhage in the optic disc

e Presence of a narrow anterior chamber angle

e Anterior chamber angle with pathological elements, such
as anterior synechiae or hyperpigmentation

e Neovascularization of the iris

e Presence of secondary causes of glaucoma, such as pseu-
doexfoliation syndrome (PEX) or syndrome of pigment
dispersion (SPD)

e Presence of macular edema

e Any kind of previous fundus photocoagulation

e Eye fundus diseases, such as branch or central vein
occlusion, central retinal artery occlusion, age-
related macular disease, macular hole or epiretinal
membrane

e History of optic neuropathy

e High myopia

e Previous refractive surgeries.

The control group consisted of 25 nondiabetic (normal)
subjects of the same age range and sex as the diabetic patients.
The same exclusion criteria were applied to the control group.
All normal subjects had no history of diabetes and had under-
gone at least one blood exam showing normal serum glucose
levels (<110 mg/dL) and an HbA | measurement <6% in the
last 6 months.

Ethical approval was obtained from Attikon University
Hospital ethics committee. The aims and objectives of our
study were explained to all participants in accordance to the
Declaration of Helsinki. A written consent was obtained from
all patients by the researchers.

Patients’ medical history was recorded, visual acuity was
measured with the best possible correction, and IOP was
measured with the use of a Goldman applanation tonometer
prior to pupil dilatation. All participants underwent ultrasonic
corneal pachymetry and gonioscopy using the Zeiss gonio-
scope (Carl Zeiss Meditec AG, Jenna, Germany). Patients
then underwent mydriasis in order to determine the presence
and stage of diabetic retinopathy and to detect any exclusion
criteria for the study. High quality 45-degree fundus color
photography for the evaluation of cup and disc size was
performed in all subjects.

Of the 80 diabetic patients who were initially examined,
28 were excluded from our study. Five were excluded due
to IOP >21 mmHg or antiglaucomatous therapy (18%),
five due to a C/D ratio >0.3 or a difference >0.2 between
the two eyes (18%), another five due to PEX or SPD (18%),
three due to family history of glaucoma (11%), three due to
macular edema (11%), two due to high myopia (7%), two
due to previous refractive surgery (7%), two due to branch
retinal vein occlusion (7%), and finally, one due to a patho-
logical angle (4%).

Of the 40 normal subjects who were initially examined,
15 were excluded: three due to IOP >21 mmHg or antiglau-
comatous treatment (20%), three due to a C/D ratio >0.3 or
a difference >0.2 between the two eyes (20%), four due to
PEX or SPD (27%), two due to family history of glaucoma
(13%), two due to high myopia (13%), and one due to age-
related macular disease (7%).

submit your manuscript

456

Dove

Clinical Ophthalmology 2014:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Nerve fiber layer in type 2 diabetes patients versus normal subjects

Of'the remaining 52 diabetic subjects, 27 showed bilateral
normal fundus on the eye fundus examination and, for the
purpose of this study, formed the group “diabetics without
retinopathy.” The other 25 patients had mild diabetic lesions
bilaterally and formed the group “diabetics with mild dia-
betic retinopathy” according to the ETDRS criteria.* All
52 participants had HbA _ results obtained within the last
3 months. Twenty-five of the 52 diabetics were under both
oral and insulin therapy (13 without retinopathy and 12 with
mild retinopathy). The remaining 27 diabetic patients were
on oral treatment only.

All participants had their RNFL measured by SLP using
GDx VCC software, version 5.5.0 (Carl Zeiss Meditec, Dublin,
CA, USA). SLP uses polarized laser light (near-infrared laser
of 780 nm), also known as GDx. The laser scans the fundus,
building a monochromatic image. The state of polarization
of the light is changed (retardation) as it passes through
birefringent tissue, ie, the cornea and RNFL. The highly
ordered (paralleled) structure of the axons’ microtubules is
the source of RNFL birefringence. Corneal birefringence is
partly eliminated by a proprietary “corneal compensator”.
The amount of retardation of light reflected from the fundus
is used as an indirect marker for RNFL thickness.>

Three images were taken from each participant, and the
one with the highest quality index was chosen for analysis.
All of the resulting images had a satisfactory quality index
(=8), with the exception of one diabetic patient with mild
bilateral diabetic retinopathy who was on both oral and
insulin therapy and had a quality index of 6. He was thus
excluded from the study. The following GDx parameters
were studied:

e Temporal-superior-nasal-inferior-temporal (TSNIT)
average: the average TSNIT RNFL thickness in the cal-
culation circle. The calculation circle is a fixed circle (or
more precisely, a fixed size band) centered on the optic
nerve head. The band is 0.4 mm wide and has an outer
diameter of 3.2 mm and an inner diameter of 2.4 mm.

e Superior average: the average RNFL thickness in the
superior 120° region of the circulation circle.

e Inferior average: the average RNFL thickness in the
inferior 120° region of the circulation circle.

e TSNIT standard deviation (SD): this number represents
the SD of the values contained in the circulation circle.
The higher the number, the greater the modulation of the
double-hump pattern. In a normal eye, there is a high
modulation.

e Inter-eye symmetry: this is the correlation of correspond-
ing points in the TSNIT data for right and left eyes.

The closer the ratio is to 1.0, the more symmetric the
RNFL.

e Nerve fiber indicator (NFI): the NFI is a measure based on
the entire RNFL thickness map and is calculated using an
advanced form of neural network, called a support vector
machine. It is trained on a large sample of representative
healthy and glaucomatous eyes and utilizes information
from the entire RNFL thickness map to optimize the
discrimination between healthy and glaucomatous eyes.
The output of the NFI is a single value that ranges from
1-100, with classification based on the ranges 1-30,
normal; 31-50, borderline; and =51, abnormal. The NFI

indicates the overall integrity of the RNFL.

Statistical analysis

Both eyes of all participants underwent SLP GDx examination.
Because statistical analysis required one eye per person,
the right eye of each individual was randomly chosen for
this purpose. Statistical analyses were performed with the
Statistical Package for Social Sciences software (SPSS
version 14; IBM Corporation, Armonk, NY, USA).
Probability (P)-values of 0.05 were considered statistically
significant. Initially, estimation of descriptive statistics (mean
value, SD, range) was performed for each of the parameters
of each group of subjects. Analysis of variance (ANOVA) was
used to assess the differences in the demographic parameters
among the three groups. The Tukey’s honestly significant dif-
ference test was used to evaluate pairwise differences between
groups. The results of the GDx VCC software numerical
parameters for the two diabetic groups were compared apply-
ing the Mann—Whitney U test.

Furthermore, the relationships between RNFL mea-
surements with age, IOP, CCT, vertical C/D ratio, insulin
therapy, and years of diabetes were examined by perform-
ing a multivariate factor analysis. Factor analysis is a
generic term, which describes a number of mathematical
methods designed to analyze interrelationships within a
set of variables (R-mode).” The factors are constructed by
a linear transformation of the original variables in a way
that reduces the overall complexity of the original numer-
ous medical data. Factor analysis (R-mode) was performed
for each group separately. For R-mode factor analysis
of this study, a database was constructed with columns
containing the demographic features, ocular features, and
GDx parameters, and rows containing the patients (eyes).
A number of criteria were used to determine the appropri-
ate number of factors to retain, including the scree test®
and the Kaiser—Guttman criterion.’ The Varimax procedure
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was used for the rotation of the retaining factor loadings by
producing as many loadings of near-zero and high in order
to achieve maximum dimensionality of the factors.!” For
the purposes of interpretation of data, a “high” loading was
defined as >0.75 and a “moderate” loading as 0.40-0.75.
Thus, variables that presented a rotated loading >0.40 were
considered a significant loaded on a factor. Factor analysis
is a correlation-oriented method and requires that variables
follow normal distributions.” The Kolmogorov—Smirnov test
for normality showed that the data distribution of the exam-
ined variables followed the normal distribution (P>0.05)
and were suitable for factor analysis application.

To our knowledge, this is the first time that multivariate
statistical analysis has been applied to correlate medical and
ocular parameters with GDx measurements.

Results

The demographic parameters from 51 patients with diabetes
mellitus and 25 normal control subjects are presented in
Table 1. There were no significant differences with respect
to CCT and C/D ratio among the three groups of subjects
or with respect to HbA  between the two diabetic groups
according to ANOVA (P>0.05) Also, age and IOP, that may
affect the RNFL thickness, presented no statistical difference
among the groups.'""?

Table 2 shows the comparison of the GDx variables for
each group. There was no statistically significant difference
between groups with respect to the TSNIT average value
(P=0.27, ANOVA) and superior average (P=0.18, ANOVA).
Inferior average values were statistically significantly differ-
ent between the three groups (P=0.017, ANOVA). Subjects in
the control group had thicker RNFL in the inferior quadrants
compared to the patient group with no retinopathy according

Table | Demographic features of enrolled subjects

to post hoc Tukey’s test for the inferior average (P=0.02).
The difference in the inferior average RNFL thickness was
smaller between the control group and the group with retin-
opathy, with low statistical significance following Tukey’s
test (P=0.06). TSNIT SD values were higher in the control
group than for those of both diabetic groups.

Higher NFI values were present in the no retinopathy
group compared to the normal subjects group according to
pairwise differences (P=0.047). Tukey’s test did not detect
the higher NFI values in the retinopathy group compared to
the normal group with an estimated P-value of 0.109. Tukey’s
test was used supplementary to the ANOVA test for the three
groups and to the Mann—Whitney U test for the two diabetic
groups. Inter-eye symmetry values presented a small but
statistically significant (P=0.01, ANOVA) difference between
the normal and the two diabetes groups.

There was no statistically significant difference between
the GDx VCC parameters of the two diabetic groups (with
and without retinopathy) according to the Mann—Whitney U
test (P>0.05) (Table 2).

Multivariate analysis

Factor analysis was applied to the dataset of each group
separately. For the normal group dataset (ten variables X
25 patients/eyes), R-mode factor analysis was performed,
and the most significant four factors were selected. The four
factors account for a total of 78.3% of the total variance
(Table 3). Communalities are moderate to high (>0.4) for
all variables.

The first factor (F1) was the most significant factor and
explains 28.3% of the total variance (Table 3). F1 shows high
positive loading values for TSNIT average, superior and infe-
rior average, and high negative values for NFI (Figure 1).

Feature Normal subjects Diabetics with no Diabetics with
retinopathy mild retinopathy
Patients/eyes (n) 25 27 24
Male/female (n) 10/15 10/17 9/15
Mean t+ SD Range Mean 1+ SD Range Mean 1 SD Range P-value

(ANOVA)

Age (years) 62.80 £ 9.9 44-82 65469 50-80 629198 38-77 0.48

Duration of diabetes 0 0 12.8+5.9 5-30 1575+79 5-35 0

(years)

IOP (mmHg) 173+ 1.7 13-21 16.8+2 14-21 16.38 £ 1.9 12-19 0.19

CCT (um) 5322 +128 500-600 5323 +279 495-580 538 +29.3 490-595 0.71

C/D ratio 0.2 £ 0.05 0.1-0.3 0.17 £0.07 0.1-0.3 0.2 £0.07 0.1-0.3 0.06

HbA, (%) - - 72+ 1.6 52-11.5 76+1.7 5.1-10.7 0.4

Abbreviations: ANOVA, analysis of variance; CCT, central corneal thickness; C/D, cup to disc; HbAw glycosylated hemoglobin; IOP, intraocular pressure; SD, standard

deviation.
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Table 2 GDx VCC parameters of enrolled subjects

Parameter/group Normal Diabetics without Diabetics with ANOVA test Mann-Whitney U test
subjects retinopathy mild retinopathy for three groups for diabetic groups
Mean + SD Mean + SD Mean + SD P-value P-value

TSNIT average (um) 588+ 45 56.7+68 55.9+7.0 0.27 0.89

Superior average (LLm) 68.5+ 6.5 648 +9.7 64.5+88 0.18 0.69

Inferior average (LLm) 68374 61.6%10.1 62.6 84 0.02 0.79

TSNIT SD (um) 223+49 189+54 188+ 4.5 0.02 0.58

NFI 153+54 217119 20.8+£9.6 0.04 0.57

Inter-eye symmetry 0.9+0.1 0.7+0.2 0.7+0.2 0.01 0.16

Abbreviations: ANOVA, analysis of variance; NFI, nerve fiber indicator; SD, standard deviation; TSNIT, temporal-superior-nasal-inferior-temporal.

F1 is considered to represent the GDx parameters of
TSNIT average, superior average, inferior average, and NFI,
which seem to interrelate. NFI has a negative correlation
with TSNIT, superior and inferior average, as is expected,
and shows no relation with other ocular parameters, such as
CCT and normal IOP.

The second factor (F2) explains the significant propor-
tion of 19.1% of the total variance and has high positive
loadings on CCT and inter-eye symmetry and moderately
positive loadings on inferior average and TSNIT SD. For
normal patients, according to this factor, CCT is related
with inter-eye symmetry and some parameters of nerve fiber
thickness.

The third factor (F3) explains 16.9% of the total variance
and shows high positive loadings on age, moderately posi-
tive loadings on C/D ratio and NFI, and moderately negative
loadings on TSNIT SD (Figure 1). F3 indicates that higher
age and C/D ratio correlates with higher NFI measurements
(higher risk for glaucoma) and lower TSNIT SD.

The fourth factor has smaller significance in the multivari-
ate statistical analysis and was not taken into consideration
for further conclusions.

R-mode factor analysis carried out on the second group
(no retinopathy) dataset (12 variables x 27 patients/eyes)
showed a four factor model accounts for the 72.7% of the total
variance and explains the variability of almost all variables
which have high communalities (>0.6), except for the years
of diabetes (0.39).

The F1 explains the largest proportion (22.4%) of the
total variance (Table 3). F1 shows high positive loadings on
superior average and TSNIT SD, moderately positive load-
ings on TSNIT, and average and high negative loadings on
NFI and age (Figure 2A). This factor expresses that higher
age correlates with higher NFI and higher TSNIT SD. Also,
F1 groups the GDx parameters which seem to interrelate in
this factor.

F2 explains a high proportion (20.9%) of the total vari-
ance and has high positive values on IOP and inter-eye
symmetry as well as high negative values on insulin therapy
and age. This factor demonstrates that the age parameter
may also interrelate with IOP values. However, the asso-
ciation of the previous two mentioned parameters, insulin
therapy and inter-eye symmetry, does not have a meaningful
explanation.

F3 explains a significant proportion of 17.3% of the
total variance, and presents high positive loading values
for TSNIT, superior and inferior average, and verifies the
strong correlation.

The fourth factor has small significance in the multivari-
ate statistical analysis, and was not taken into consideration
for further conclusions.

R-mode factor analysis was carried out on the dataset
(12 variables x 24 patients/eyes) of the third group (diabetics
with mild retinopathy). Four factors were selected and
explained 74.7% of the total variance. Communalities are
above 0.5 for all variables.

Table 3 Percentage and cumulative percentage explained by each factor (R-mode) for normal, no retinopathy, and with retinopathy

groups
Factor Percent of variance Cumulative percent of variance
Normal No retinopathy With retinopathy Normal No retinopathy With retinopathy
| 28.34 2235 30.52 28.34 22.35 30.52
2 19.11 2091 17.89 47.45 43.26 48.41
3 16.92 17.30 13.59 64.37 60.56 62.00
4 13.93 12.23 12.68 78.30 72.79 74.68
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Figure | Varimax rotated factor loadings for the normal group of the four factors. NFI shows negative correlation with TSNIT, superior and inferior average, as it is
expected, and shows no relation with other ocular parameters, such as CCT and normal 10.

Abbreviations: CCT, central corneal thickness; C/D, cup to disc; Fl, first factor; F2, second factor; F3, third factor; F4, fourth factor; IOP, intraocular pressure; NFI, nerve
fiber indicator; SD, standard deviation; TSNIT, temporal-superior-nasal-inferior-temporal.

F1 explains the highest percentage of 30.5% of the total
variance (Figure 2B) (Table 3). High positive loadings pres-
ent on TSNIT average, superior average and inferior average,
moderately positive loadings on TSNIT SD, and high nega-
tive loadings on NFI (Figure 2B). This factor accounts for
the GDx parameters of the dataset. The results for F1 of the
mild retinopathy group are similar to F1 of the normal group
analysis and resample of F1 of the no retinopathy group.

F2 explains a significant proportion (17%) of the total
variance and shows high positive loadings on TSNIT SD
and inter-eye symmetry and high negative loadings on age
and IOP.

The F3 and the fourth factor have small significance in
the multivariate statistical analysis and were not taken into
consideration for further conclusions.

Factor analysis that was performed on the datasets of
the two diabetic groups, including HbA  measurements,
showed no significant correlation between HbA  and the
other parameters.

Discussion

Diabetic retinopathy is manifested as vascular lesions.
Lesions include capillary degeneration, leading to altered
blood flow, retinal ischemia, retinal hypoxia, and subse-
quent neovascularization as well as capillary leakage and
retinal edema.? Nevertheless, diabetes mellitus may also
alter the function of nonvascular cells. There is increasing
evidence that diabetic retinopathy can induce changes to the

neural retina, including loss of ganglion cells, horizontal
cells, amacrine cells, and photoreceptors.'

Experimental studies in diabetic rats showed evidence
of retinal ganglion cell loss or damage.'* In humans, both
histological and immunohistochemical studies provided
evidence of loss of retinal ganglion cells.!>2°

Qualitative photographic evaluation of the RNFL in dia-
betic patients showed evidence of thinning. The defect was
associated with higher levels of retinopathy and advanced
age.?! Nonetheless these qualitative methods are difficult to
apply in clinical practice and to reproduce for research pur-
poses. Therefore, the objective determination of the RNFL
thickness is essential. Determination of RNFL defects using
SLP, or GDx, confirmed that thinning is associated with the
presence of diabetes mellitus.”>>* The above findings were
confirmed with the use of optical coherence tomography.? %’
In our study, we observed thinning of RNFL using SLP.
Thus, our results reinforce the outcomes of previous work
in the area.

Furthermore, we demonstrated that there was a statisti-
cally significant reduction of RNFL in both diabetics without
retinopathy and diabetics with mild retinopathy. In other
words, we observed that RNFL thinning may possibly pre-
cede the detection of clinically visible lesions at the fundus.
Besides, diabetes mellitus is characterized by obstruction and
disruption of the basic membrane of small blood vessels. It
has been hypothesized that the superficial capillary vessels
responsible for the perfusion of the nerve fibers and optic
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Figure 2 Varimax rotated factor loadings for the “no retinopathy” group of the four factors (A). Varimax rotated factor loadings for the “with mild retinopathy” group of
the four factors (B). The results for F| of the mild retinopathy group are similar to F| of the normal group analysis and resample those of the “no retinopathy” group.
Abbreviations: CCT, central corneal thickness; C/D, cup to disc; Fl, first factor; F2, second factor; F3, third factor; F4, fourth factor; IOP, intraocular pressure; NFl, nerve
fiber indicator; SD, standard deviation; TSNIT, temporal-superior-nasal-inferior-temporal; Yod, years of diabetes.

nerve head become ischemic. This may explain why there
are early disruptions in vision, such as reduction in contrast
sensitivity, impaired evoked visual dynamics, and deteriora-
tion of visual fields in diabetic patients before vascular lesions
are detected at their fundus.3

In previous studies, thinning of the RNFL was found
to be more prominent in the superior retina;?*?’ however,
in our study the RNFL defects were more pronounced
in the lower half of the retina. This finding is of great
importance, as until now, it was supported that lesions of
diabetic retinopathy, including microaneurysms and areas

of hemorrhage, are more commonly found on the supe-
rior half of the retina.’? It is acknowledged that the blood
flow per nerve fiber tissue volume is lower in the inferior
retina.** This observation may explain why the RNFL of
the inferior retina is more vulnerable to the metabolic
stress of diabetes.

In our research, the reduction of RNFL thickness did not
differ significantly between the population of diabetics with
no diabetic retinopathy and the population of diabetics with
evidence of mild retinopathy. Aggravations of RNFL loss are
not associated with the exacerbation of diabetic retinopathy, at
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least throughout its initial stages. This observation contradicts
the results of other authors. Ozdek et al?? and Takahashi et al*
demonstrated that RNFL defects were related to the severity
of retinopathy. This discrepancy may be the result of the pos-
sibility that pericyte deprivation,® leading to microaneurysm
formation and microhemorrhages, should not result in further
ischemic damage and subsequent RNFL loss. Further research
is therefore needed to clarify this issue.

Factor analysis application on ophthalmological data is a
novel approach. To our knowledge, this is the first time that
multivariate statistical analysis has been used to correlate
medical and ocular parameters with GDx measurements. As
shown by the multivariate analysis in this study, the RNFL
thickness is independent of CCT, duration of diabetes, use
of insulin, and the HbA _levels. As far as the duration of
disease is concerned, our follow-up of these patients may
reveal whether this observation (ie, that RNFL loss is not
strongly dependent on the duration of diabetes) is verified.
One interesting aspect confirmed with multivariate analysis
was the fact that the levels of normal IOP in our patients
had a positive correlation with the (higher) age of the
participants.

The results of NFI measurements were of particular inter-
est. As anticipated, NFI was increased in both diabetic groups,
even in the absence of any risk factors for glaucoma. Thus,
NFI was found to be raised even when the optic nerve head
was normal, without any evidence of glaucomatous changes.
It is still debatable whether the presence of diabetes mellitus
is an independent risk factor for glaucoma. There have been
studies that support the idea that it is not a risk factor for
primary open-angle glaucoma,* and at the same time there
is strong evidence that it is.’” More research is necessary to
clarify this issue. However, the presence of diabetes should
be seriously considered as a parameter in evaluating the
results of the SLP.

RNFL thickness in diabetic patients may prove a valuable
tool in the assessment and routine monitoring of retinopa-
thy and its associated visual deficits. Nonetheless, it is still
premature to advocate the routine measurement of RNFL
thickness as a means of detecting early changes in diabetics.
Well designed, good quality prospective longitudinal clinical
trials on larger populations are therefore needed.
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