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PURPOSE. The purpose of this study was to determine whether
diabetes type 2 causes thinning of retinal layers as a sign of
neurodegeneration and to investigate the possible relationship
between this thinning and duration of diabetes mellitus,
diabetic retinopathy (DR) status, age, sex, and glycemic control
(HbA1c).

CONCLUSIONS. This study demonstrated thinner inner retinal
layers in the macula of type 2 diabetic patients with minimal DR
than in controls. These results support the concept that early
DR includes a neurodegenerative component. (Invest Ophthalmol Vis Sci. 2012;53:2715–2719) DOI:10.1167/iovs.11-8997

METHODS. Mean layer thickness was calculated for retinal layers
following automated segmentation of spectral domain optical
coherence tomography images of diabetic patients with no or
minimal DR and compared with controls. To determine the
relationship between layer thickness and diabetes duration, DR
status, age, sex, and HbA1c, a multiple linear regression
analysis was used.

D

RESULTS. In the pericentral area of the macula, the retinal nerve
fiber layer (RNFL), ganglion cell layer (GCL), and inner
plexiform layer (IPL) were thinner in patients with minimal
DR compared to controls (respective difference 1.9 lm, 95%
confidence interval [CI] 0.3–3.5 lm; 5.2 lm, 95% CI 1.0–9.3
lm; 4.5 lm, 95% CI 2.2–6.7 lm). In the peripheral area of the
macula, the RNFL and IPL were thinner in patients with
minimal DR compared to controls (respective difference 3.2
lm, 95% CI 0.1–6.4 lm; 3.3 lm, 95% CI 1.2–5.4 lm). Multiple
linear regression analysis showed DR status to be the only
significant explanatory variable (R ¼ 0.31, P ¼ 0.03) for this
retinal thinning.
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Abràmoff, P
Corresponding author: Hille W. van Dijk, Department of
Ophthalmology, Academic Medical Center, PO Box 22660, 1100
DD, Amsterdam, The Netherlands; h.w.vandijk@amc.nl.
Investigative Ophthalmology & Visual Science, May 2012, Vol. 53, No. 6
Copyright 2012 The Association for Research in Vision and Ophthalmology, Inc.

Downloaded from iovs.arvojournals.org on 05/09/2021

iabetic retinopathy (DR) is commonly viewed as a
microvascular complication of diabetes mellitus. In
addition to vascular changes, structural neurodegenerative
changes such as neural apoptosis, loss of ganglion cell bodies,
glial reactivity, and reduction in thickness of the inner retinal
layers have been described in the earliest stages of DR. This
loss of neural tissue agrees with previous functional studies
showing neuroretinal deficits in patients with diabetes
including electroretinogram abnormalities, loss of dark adaptation and contrast sensitivity, color vision disturbances, and
abnormal microperimetry.1–7 The introduction of optical
coherence tomography (OCT) has allowed imaging and
measuring of retinal thickness (RT) with high accuracy, and
several groups have been able to show that total RT is
decreased in diabetic patients with no or minimal DR
compared to normal controls.8–14 The high resolution of
spectral domain OCT (SD-OCT) allows measurement of the
thickness of all individual retinal layers after automated threedimensional segmentation.15,16 The layers that can be identified have been interpreted as follows (from the inner to outer
surface): retinal nerve fiber layer (RNFL), ganglion cell layer
(GCL), inner plexiform layer (IPL), inner nuclear layer (INL),
outer plexiform layer (OPL), outer nuclear layer (ONL) þ inner
segment photoreceptors (IS), outer segment photoreceptors
(OS), and retinal pigment epithelium (RPE). A recent study by
this group has shown that the decreased total RT that manifests
in type 1 diabetic patients with minimal DR is caused by retinal
neuropathy characterized by thinning of the GCL in the
pericentral area and RNFL in the peripheral area of the
macula.17 The difference in disease mechanism and management of patients with type 1 and type 2 diabetes mellitus (DM)
may also result in differential development of neuropathy in
these patients.18 The purpose of the present study was to
determine whether type 2 diabetes, like type 1, causes
thinning of individual retinal layers while correcting for age,
sex, duration of DM, DR status, and glycosylated serum
hemoglobin (HbA1c).

MATERIALS

AND

METHODS

Participants
Patients were recruited from the outpatient clinic of the Department of
Ophthalmology at the Academic Medical Center (University Hospital,
Amsterdam, The Netherlands). Inclusion criteria were type 2 diabetes
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TABLE 1. Demographics of Patients with Type 2 Diabetes and No or
Minimal Diabetic Retinopathy (DR) and Controls
Parameters

No DR
(N ¼ 39)

Minimal DR
(N ¼ 25)

Controls
(N ¼ 57)

Age (years)
Sex (M:F)
Duration DM (years)
HbA1c (%)

56 6 9
18:21
867
7.6 6 1.0

59 6 6
10:15
16 6 8
7.9 6 0.8

58 6 12
23:34
NA
-

Values are the mean 6 standard deviation for all subjects in each
group. NA, not applicable; -, not performed.
and no or minimal DR as evaluated by a retinal specialist through
indirect fundoscopy and slit-lamp stereo biomicroscopy. Minimal DR
was defined as microaneurysms only, conforming to stage 2 of the
International Clinical Diabetic Retinopathy Disease Severity Scale.19
Exclusion criteria were refractive error of more than SE þ5 or SE -8
diopters in at least one eye; visual acuity below 20/25; significant
media opacity; or a history of glaucoma, uveitis, or retinal disease. Ageand sex-matched subjects free of ocular disease, diabetes, hypertension, or other systemic diseases were recruited as controls from among
those who accompanied patients visiting the outpatient clinic. All
subjects underwent pupillary dilation and an ophthalmologic examination, including slit-lamp biomicroscopy with a handheld lens
(SuperField; Volk Optical, Inc., Mentor, OH) and OCT imaging (3D
OCT-1000; Topcon Corporation, Tokyo, Japan). Age, sex, duration of
diabetes, and HbA1c were obtained from the patient charts. The mean
HbA1c was calculated from all available HbA1c measurements in the
year preceding the study visit. The study adhered to the tenets of the
Declaration of Helsinki. Investigative Review Board approval was
obtained at both the Academic Medical Center and the University of
Iowa, and all participants gave written informed consent.

Optical Coherence Tomography Imaging and
Layer Segmentation
OCT images of the subjects were obtained with SD-OCT using the 3-D
volume scan protocol (6 · 6 · 2.2 mm3). Nine intraretinal surfaces
were segmented automatically for all subjects using the authors’
algorithm, which entails a fully three-dimensional graph search
approach.15,16 The algorithm had previously shown excellent reproducibility of intraretinal layer thickness.20 The identified layers
between the intraretinal surfaces were interpreted as follows: A,
retinal nerve fiber layer (RNFL); B, ganglion cell layer (GCL); C, inner
plexiform layer (IPL); D, inner nuclear layer (INL); E, outer plexiform
layer (OPL), F, outer nuclear layer (ONL) þ inner segments
(photoreceptors) (IS); G, outer segments (photoreceptors) (OS); H,
retinal pigment epithelium (RPE). One of the authors (HvD), masked to
the demographic characteristics and retinopathy status of each subject,

marked two retinal areas centered on the fovea: the pericentral area,
with an inner diameter of 1 mm and an outer diameter of 3 mm; and
the peripheral area, with an inner diameter of 3 mm and outer diameter
of 6 mm. The mean thickness of each of the layers in the pericentral
and peripheral areas was calculated automatically using ImageJ 1.41.21

Statistical Analysis
Statistical analyses were performed with SPSS 16.0.2 for Windows
(SPSS, Chicago, IL). Analysis of variance (ANOVA) was used to assess
differences in mean age between diabetic patients with no and
minimal DR and controls. Mean HbA1c and duration of diabetes were
compared using the unpaired t-test between patients with no and
minimal DR.
Mean layer thicknesses of diabetic patients with minimal DR,
diabetic patients without DR, and controls were compared using
ANOVA, followed by a Bonferroni post hoc analysis to correct for
multiple comparisons. Correlation analysis between individual retinal
layers was performed by calculating the Pearson correlation
coefficient. A multiple linear regression model was used to determine
the relationship between inner retinal layer thickness and the
duration of DM, DR status, age, sex, and HbA1c in the diabetic
patients.

RESULTS
Sixty-four subjects with type 2 DM were included. Thirty-nine
patients had no DR, and 25 patients showed minimal DR.
Diabetes duration was longer and HbA1c higher in the patients
with minimal DR as compared to the patients without DR.
Fifty-seven controls were included. There was no significant
difference in age and sex among patient groups and controls
(see Table 1).
The absolute values and differences in retinal layer
thickness (lm) between patients with type 2 DM and no or
minimal DR as compared to normal controls in the pericentral
and peripheral area of the macula are given in Tables 2 and 3.
In the pericentral area of the macula, the RNFL, GCL, and IPL
were thinner in patients with minimal DR compared to
controls (respective difference RNFL: 1.9 lm, 95% CI 0.3–3.5
lm; GCL: 5.2 lm, 95% CI 1.0–9.3 lm; IPL: 4.5 lm, 95% CI 2.2–
6.7 lm). In the peripheral area of the macula, the RNFL and IPL
were thinner in patients with minimal DR compared to
controls (respective difference RNFL: 3.2 lm, 95% CI 0.1–6.4
lm; IPL: 3.3 lm, 95% CI 1.2–5.4 lm). The other retinal layers
did not show a significant difference in layer thickness. Patients
with diabetes but no DR showed no significant difference in
any layer thickness in both areas compared to normal controls.
A multivariable regression analysis including diabetes
duration, DR status, age, sex, and HbA1c showed that DR

TABLE 2. Mean Layer Thickness Measurements (lm) of the Individual Intraretinal Layers in the Pericentral Area of the Macula in Patients with Type
2 Diabetes with No or Minimal DR Compared to Controls

Parameters

No DR
(N ¼ 39)

Mean
Difference

95% CI of the
Difference

Minimal DR
(N ¼ 25)

Mean
Difference

95% CI of the
Difference

Controls
(N ¼ 57)

RNFL
GCL
IPL
INL
OPL
ONL þ IS
OS
RPE

22.3
46.9
38.3
38.2
28.3
90.6
26.3
39.3

6
6
6
6
6
6
6
6

0.9
2.1
1.5
1.4
0.7
3.1
0.8
-0.1

-0.5–2.3
-1.6–5.7
-0.5–3.5
-3.4–3.2
-1.0–2.3
-1.3–7.5
-0.3–1.9
-1.2–1.1

21.3 6 3.0
43.8 6 7.8
35.3 6 3.3
38.6 6 3.6
28.1 6 3.0
89.3 6 9.0
26.9 6 2.4
39.3 6 2.3

1.9
5.2
4.5
1.0
0.9
4.4
0.2
-0.1

0.3–3.5
1.0–9.3
2.2–6.7
-1.0–3.1
-1.0–2.7
-0.7–9.4
-1.0–1.5
-1.4–1.3

23.2 6 3.0
49.0 6 7.5
39.8 6 4.2
39.6 6 3.8
29.0 6 3.5
93.7 6 8.2
27.1 6 2.1
39.2 6 2.4

2.3
6.4
3.9
3.3
2.9
9.3
2.2
2.2

Values are the mean 6 standard deviation for all subjects in each group. The bold values indicate a statistically significant difference between
patients and controls.
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TABLE 3. Mean Layer Thickness Measurements (lm) of the Individual Intraretinal Layers in the Peripheral Area of the Macula in Patients with Type 2
Diabetes with No or Minimal DR Compared to Controls

Parameters

No DR
(N ¼ 39)

Mean
Difference

95% CI of the
Difference

Minimal DR
(N ¼ 25)

Mean
Difference

95% CI of the
Difference

Controls
(N ¼ 57)

RNFL
GCL
IPL
INL
OPL
ONL þ IS
OS
RPE

34.4
28.9
34.4
29.7
25.0
74.6
23.5
39.3

6
6
6
6
6
6
6
6

2.2
-0.3
0.2
0.4
0.4
1.3
0.3
0.0

-0.6–5.0
-2.3–1.7
-1.7–2.0
-1.0–1.8
-0.6–1.4
-2.2–4.8
-0.7–1.1
-1.0–1.0

33.4 6 5.8
27.0 6 4.8
31.3 6 3.2
28.7 6 2.5
24.4 6 2.0
73.2 6 5.8
23.7 6 2.2
39.5 6 2.0

3.2
1.6
3.3
1.4
1.0
2.7
0.1
-0.2

0.1–6.4
-0.5–3.9
1.2–5.4
-0.1–3.0
-0.1–2.2
-1.1–6.6
-1.1–1.3
-1.4–0.9

36.6 6 5.6
28.6 6 3.7
34.6 6 3.6
30.1 6 2.9
25.4 6 2.1
75.9 6 6.2
23.8 6 2.0
39.3 6 1.9

4.2
2.7
3.5
1.9
1.5
7.1
1.9
1.7

Values are the mean 6 standard deviation for all subjects in each group. The bold values indicate a statistically significant difference between
patients and controls.

status was the only significant explanatory variable (R ¼ 0.31,
P ¼ 0.03) for the thinning of the inner retinal layers (RNFL,
GCL, IPL) in both the pericentral and the peripheral area of the
macula.

DISCUSSION
The results of this study demonstrated that the inner retinal
layers—RNFL, GCL, and IPL—in the macula were thinner in
patients with minimal DR compared to controls in an
unselected population of patients with type 2 diabetes. In
multiple linear regression analysis, DR status—that is, the
presence of minimal DR—was the only significant explanatory
variable for this retinal thinning, with age, sex, duration of DM,
and HbA1c corrected for.
A previous study using identical methods, showed selective
loss of thickness of the GCL in the pericentral area and
corresponding loss of RNFL thickness in the peripheral area of
the macula in type 1 diabetic patients with minimal DR
compared to normal controls.17 The changes in retinal
thickness were comparable in type 1 and 2 diabetes (Figs. 1,
2). This finding is not self-evident, as there are obvious
pathophysiological differences between these two types of
diabetes. Type 1 diabetic patients have lower plasma insulin

concentrations compared to hyperinsulinemic type 2 patients.
In the retina, insulin action stimulates neuronal development,
differentiation, growth, and survival. Retinal apoptosis can be
reversed by systemic insulin therapy, and insulin provides
trophic support for retinal neurons.22–24
In the previous study with type 1 diabetic patients, there was
a significant linear correlation (R ¼ 0.53, P value < 0.01)
between GCL thickness and the duration of diabetes.17 In
patients with type 2 DM, glucose metabolism can be disturbed
years before the diagnosis is made. The duration of the disease
process is therefore uncertain in patients with type 2 diabetes,
and the assessment of a possible correlation between thinning of
the inner retinal layers and duration of disease is therefore less
precise.
The present study had some limitations. The grading of the
severity of DR was done by a single reader through
ophthalmologic examination, including indirect fundoscopy
and slit-lamp stereo biomicroscopy, instead of the gold
standard, namely, seven-field stereoscopic fundus photography
assessment by independent trained graders.25 However, the
patients certainly did not have advanced retinopathy, indicating that the results do apply to the earliest stage of DR.
Type 2 diabetes is often subclinical. It cannot be excluded
that some of the controls also had diabetes type 2, because the
HbA1c of the controls was not known. The presence of

FIGURE 1. Mean layer thickness difference 6 95%CI (microns) in the pericentral area of the macula in patients with minimal DR. DR, diabetic
retinopathy; CI, confidence interval; RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer;
OPL, outer plexiform layer; ONL, outer nuclear layer; IS, inner segments; OS, outer segments; RPE, retinal pigment epithelium.
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FIGURE 2. Mean layer thickness difference 6 95%CI (microns) in the peripheral area of the macula in patients with minimal DR. DR, diabetic
retinopathy; CI, confidence interval; RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer;
OPL, outer plexiform layer; ONL, outer nuclear layer; IS, inner segments; OS, outer segments; RPE, retinal pigment epithelium.

undiagnosed diabetes would most likely lead to underestimation of the difference in retinal layer thickness between
patients and controls instead of overestimation.
In a previous study, the present authors’ algorithm showed
an excellent reproducibility of intraretinal layer thickness.
After segmentation of intraretinal layers from repeated OCT
scans, the overall mean regional thickness difference was 1.16
6 0.84 lm.18 This indicates that the resulting mean retinal
layer thickness differences in the RNFL, GCL, and IPL between
patients and controls in this study exceeded expected
differences in intrasubject repeat automated layer thickness
measurements. In individual patients, however, repeated
retinal layer thickness measurements may not be suitable for
detecting small differences in the inner retinal layers. Future
studies need to address whether prolonged follow-up measurements of individual patients can show statistically significant thinning over time due to neurodegeneration.
The findings in this study provide further evidence for a
neurodegenerative component in early DR. Previous studies
have demonstrated neurodegenerative changes including
neural apoptosis, loss of ganglion cell bodies, glial reactivity,
and reduction in thickness of the inner retinal layers in
DR.1,3–14,17 These findings of structural neuropathy may
explain the neuroretinal functional deficits that are known in
patients with diabetes.1–7,11 The relationship of this retinal loss
to other neural damage in diabetes, such as white matter loss,
cognitive decline, peripheral neuropathy, and diabetic autonomic neuropathy, remains to be determined and is the subject
of future studies.
In summary, this study provided proof of concept that the
inner retinal layers in the pericentral and peripheral area of
the macula in type 2 diabetic patients with minimal DR are
thinner compared to normal controls. These results support
the concept that early DR includes a neurodegenerative
component.
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