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Abstract
Aims: To establish a correlation between lipid profile and disruption of external limiting membrane (ELM) and inner segment
ellipsoid band (ISel) in type 2 diabetes mellitus (DM), for the first time. Method: Study subjects included 60 cases of type 2
DM [no diabetic retinopathy (No DR) (n=20); non proliferative DR (NPDR, n=20); proliferative DR (PDR, n=20)] and 20
healthy controls. Best corrected visual acuity was measured on logMAR scale. Spectral domain optical coherence tomography
(SD-OCT) was used to grade the disruption of ELM and ISel as: grade 0 - No disruption of ELM and ISel; grade 1 - ELM
disrupted, ISel intact; grade 2 - ELM and ISel disrupted. Serum was analyzed for levels of cholesterol, triglycerides and
lipoproteins. Data was analyzed statistically. Results: Macular edema was observed in 17 cases of NPDR and in all cases of
PDR. The ELM and ISel disruption correlated significantly with increased levels of cholesterol (r=0.35), triglycerides
(r=0.28) and low density lipoprotein (r=0.34). ELM and ISel disruption was associated with decrease in visual acuity.
Conclusion: Deranged lipid profile correlates with the progression of diabetic retinopathy, disruption of ELM and ISel on
SD-OCT and decrease in visual acuity.
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1. Introduction
Diabetic retinopathy (DR) is a microvascular complication
of diabetes mellitus and is a leading cause of morbidity and
disability in people with diabetes mellitus [1].The prevalence
of DR is 18% in urban population older than 40 years with
diabetes mellitus [2].
Although the pathogenesis of DR is not completely
understood, several risk factors have been established.
These include poor glycemic control, hypertension,
increasing age, dyslipidemia, serum urea, serum creatinine
and duration of diabetes mellitus [3, 4, 5, 6]. Positive

association between plasma lipid profile and severity of
retinopathy has also been observed [7, 8]. The Early
Treatment Diabetic Retinopathy Study (ETDRS) showed
that baseline risk factors for proliferative DR included high
triglycerides [9]. The study also showed that reduction of
elevated blood lipid levels slowed the progression of
retinopathy.
Lipoproteins play an indirect but important role in DR,
contingent on the integrity of the blood-retina-barrier (BRB).
In retinas with an intact BRB, plasma lipoproteins may be
largely irrelevant; however, important effects become
operative after the BRB is impaired in diabetes, leading to
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lipoprotein extravasation and subsequent modification, hence
toxicity to the neighbouring retinal cells [10]. Diabetic
retinopathy results in structural changes in the retina which
correlate with severity of retinopathy and severity of vision
loss. Recent reports show only a moderate correlation between
central retinal thickness and visual acuity, implying that visual
acuity may be more readily affected by disruption of
microstructural retinal architecture i.e. disruption of external
limiting membrane (ELM) and inner segment ellipsoid band
(ISel) [11,12,13].
Association between lipid profile and the disruption of
ELM and ISel has not yet been studied. This study was
undertaken to establish a correlation between the status of
lipid profile and ELM and ISel disruption, for the first time.

2. Methods
The study was conducted according to the tenets of the
Declaration of Helsinki after approval from the institutional
review board. An informed voluntary consent was obtained
from all the study subjects. The study was a tertiary care center
based cross sectional study. Sixty consecutive cases of type 2
DM and twenty healthy controls, between age group 40-65
years, were included. Cases with any other ocular or systemic
diseases affecting the retinal vascular pathology, end stage
renal disease, cases with history of any previous intravitreal
injection(s), ophthalmic surgical or laser interventions and
cases with media haze at any level giving signal strength of
less than 5 on OCT were excluded. Cases which were on lipid
lowering medications and with end stage renal disease were
also excluded. Best corrected visual acuity (BCVA) was
recorded on logMAR scale.
All the study subjects underwent detailed fundus evaluation
using stereoscopic slit lamp biomicroscopy and indirect
ophthalmoscopy. Digital fundus photography and flourescein
angiography was done using Zeiss fundus camera FF 450 Plus
with pixel width of 0.0054 and image size 2588x1958. Based
on the fundus photography and fluorescein angiography, cases
were divided into three groups: patients of diabetes without
retinopathy (n = 20), non proliferative diabetic retinopathy (n=
20), and proliferative diabetic retinopathy (n = 20) according
to the ETDRS classification.
Subsequently, ELM and ISel integrity was evaluated using
three dimensional spectral domain optical coherence
tomography (SD-OCT), Cirrus High Definition OCT (Carl
Zeiss Meditec Inc., CA, U.S.A) with scans passing through the
fovea. Every patient underwent macular thickness analysis
using macular cube 512x128 feature. Disruption of ELM and
ISel was evaluated by two experienced observers masked to
the status of diabetic retinopathy and graded into three
categories- grade 0: No disruption of ELM and ISel; grade 1 ELM disrupted, ISel intact; grade 2 - Both ELM and ISel
disrupted (Figure 1).
Blood samples were collected from all the study subjects by
aseptic venepuncture. Total cholesterol (CHO) and
triglycerides (TGs) were measured by enzymatic method.
High density lipoprotein (HDL) was analysed using phosphate

tungsten method. All tests were performed using standard
protocol. Very low density lipoprotein (VLDL) and low
density lipoprotein (LDL) were calculated using the above
values [VLDL= TG/5, LDL= (VLDL+HDL) - cholesterol].
The results are expressed as the mean ± standard deviation
(SD).

3. Results
Mean age in years was 52.6±8.04 in control, 52.00±6.07 in
No DR, 57.2±4.84 in NPDR and 53.3±7.14 in PDR groups.
Mean duration of diabetes mellitus in years was 7.16±6.12 in
No DR, 10.26±5.89 in NPDR and 11.08±4.61 in PDR groups.
Mean logMAR visual acuity was 0.05±0.08 in control,
0.3±0.26 in No DR, 0.6±0.39 in NPDR and 1.4±0.50 in PDR
groups. In the NPDR group 17 patients had diabetic macular
edema. All patients in the PDR group had diabetic macular
edema. Mean macular thickness in µm as measured on
SD-OCT was 246.31±13.39 in control, 263.52±17.10 in No
DR, 301.57±53.42 in NPDR, 319.31±74.65 in DR.
The distribution of ELM and ISel disruption in the different
study groups were grade 0/grade 1/ grade 2: 20/0/0 (control),
16/4/0 (No DR), 4/7/9 (NPDR), 0/2/18 (PDR).A statistically
significant correlation between the grade of disruption and
increase in the severity of retinopathy was obtained (r=0.726;
p<0.001). The mean logMAR visual acuity was 0.015 for
grade zero disruption, 0.49 for grade one disruption and 1.09
for grade two disruption. A significant positive correlation
was found between logMAR visual acuity and grade of
disruption of ELM and ISel (r=0.85, p<0.0001). Visual acuity
decreased with increase in the grade of disruption of ELM and
ISel.
Mean values of the various biochemical parameters studied,
has been shown in Table 1. While analyzing the lipid profile, it
was found that serum total CHO was significantly different
between controls and PDR group (p<0.001, 95% CI -97.70 to
-25.21). Triglycerides were significantly different between
control and No DR (p<0.05, 95% CI -69.26 to -0.45), control
and NPDR (p<0.05, 95% CI -69.85 to -1.04) and control and
PDR (p<0.05, 95% CI -100.6 to -32.68) groups. Low density
lipoproteins was found to be significantly different between
control and PDR groups (p<0.001, 95% CI -88.17 to -20.31).
However, HDL and VLDL showed no significant difference
between the study groups.
Table 2 shows the correlation between various biochemical
parameters and OCT grades of disruption of ELM and ISel.
The disruption seen on OCT was significantly correlated with
levels of serum CHO, TGs and LDL. HDL and VLDL were
not significantly correlated with the grade of disruption.

4. Discussion
Variable association between lipid profile and severity of
retinopathy has been reported in various studies. Lipid profile
has not yet been correlated with the grade of ELM and ISel
disruption. High TGs and low HDL has been found to be
associated with DR [14, 15, 16]. High serum cholesterol, LDL

Open Science Journal of Clinical Medicine 2015;
201 3(2): 37-41

and non HDL levels were also found to be associated with
clinically significant macular edema with improvement in
diabetic macular edema with normalized serum lipid levels
[17]. Serum lipid was associated with clinically significant
macular edema but not with DR in another study [18, 19, 20].
Cholesterol and HDL were found to be associated with
increased severity of retinal hard exudates but not with
increased severity of retinopathy in one of the study [21]. A
recent study showed that HDL was a risk factor for
microvascular disease of the kidney but not retina in type 2
diabetes mellitus [22]. The effect of cholesterol lowering
agents i.e statins on blood retinal barrier and inflammatory
status of retina in DR has been studied on cultured bovine
retinal cells and mice retina. Statins normalize the expression
of pro-inflammatory factors, e.g intercellular adhesion
molecule-1 and tumor necrosis factor-alpha
alpha (TNF-α), that are
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drastically up-regulated in diabetic retina. They also attenuate
the decrease of tight junction protein (occludin) and adherens
junction protein (VE-cadherin) expression-induced by TNF-α,
a major pro-inflammatory cytokine in diabetic retinopathy
[23]. This further supports the role of lipids in pathogenesis of
diabetic retinopathy.
In our study, serum CHO, TGs and LDL levels were found
to be significantly correlated with the grade of ELM and ISel
disruption. No correlation was found between HDL and ELM
and ISel disruption in our study. This study, for the first time,
establishes the association between ELM and ISel disruption
and deranged lipid parameters.
Furthermore, increased ELM and ISel disruption was found
to be associated with increased severity of diabetic retinopathy
as well as decrease in visual acuity.
cuity.

Figure 1. Spectral domain optical coherence tomography showing grades of disruption of external limiting membrane (ELM) and inner
inne segment ellipsoid band
(ISel). A) Grade 0: No disruption of ELM and ISel;; B) Grade 1 - ELM disrupted (yellow arrow) , ISel intact; C) Grade 2 - Both ELM and ISel disrupted (red
arrow).
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Table 1. Summary of various biochemical parameters (Mean ± SD).
Variable (Mean ± SD)
Blood sugar fasting (mg/dl)
Blood sugar post prandial (mg/dl)
Glycosylated hemoglobin (% )
S. cholesterol (mg/dl)
S. Triglyceride (mg/dl)
S. high density lipoprotein (mg/dl)
S. low density lipoprotein (mg/dl)
S. very low density lipoprotein (mg/dl)

Group
Control
94.35±8.22
139.20±17.17
6.18±1.04
142.36±23.84
91.79±11.37
45.04±7.90
73.82±16.59
24.67±7.47

No DR
115.95±31.39
184.89±61.89
6.46±0.55
171.28±41.69
126.6±46.87
44.94±15.93
94.07±42.90
28.46±16.90

NPDR
133.95±65.56
193.16±74.38
7.19±1.51
174.15±35.71
127.2±52.09
45.41±16.69
103.29±35.81
25.05±9.28

PDR
134.60±46.99
208.15±62.13
7.89±1.81
204.55±63.27
158.4±38.08
39.27±10.92
128.37±57.17
30.99±9.17

Table 2. Table showing correlation of various study parameters with the grade of external limiting membrane and inner segment ellipsoid band disruption.
Variable
Serum cholesterol
Triglyceride
High density lipoprotein
Low density lipoprotein
Very low density lipoprotein

Correlation
0.353
0.277
-0.111
0.335
0.095

p-Value
0.002
<0.05
0.335
0.003
0.413

[9]

5. Conclusion
Deranged lipid profile is significantly associated with
disruption of the ELM and ISel in diabetic retinopathy. These
findings emphasize on a holistic approach for control of the
disease.
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