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ABSTRACT 

 

Background: To examine the association of diabetes and diabetic retinopathy (DR) 

with retinal ganglion cell (RGC) loss.  

Design: Observational case-control study. 

Participants: Type 2 diabetes cases and age-gender matched controls without 

diabetes. 

Methods: Spectral-domain optical coherence tomography (OCT) parameters of RGCs 

were calculated after automated segmentation of macular scans. DR severity was 

graded on fundus photographs using the modified Airlie House Classification system. 

Generalized estimating equation was used to compare OCT parameters between cases 

and controls, adjusted for covariates. 

Main Outcome Measures: Average ganglion cell-inner plexiform layer (GC-IPL) and 

average retinal nerve fibre layer (RNFL) thicknesses. 

Results: We analyzed 227 cases and 227 controls. The mean age (years) of cases was 

58.3 and controls was 58.1 (P=0.13). Among cases, 101 had none, 25 had mild and 

101 had moderate or severe DR. Compared with controls, GC-IPL and RNFL were 

thinner in all cases [mean difference (95% confidence interval [CI]): GC-IPL -4.49µm (-

2.92; -6.06), RNFL -0.93µm (-0.09; -1.85)], including cases with no DR [mean 

difference (95% CI), GC-IPL -4.37µm (-2.72; -6.02), RNFL -1.06µm (-0.10; -2.02)]. 

Cases with any DR had thinner GC-IPL than controls [mean difference (95% CI): GC-

IPL -4.81 µm (-2.12; -7.50)]. Among cases, subjects with moderate or severe DR had 
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thinner GC-IPL than subjects with no DR [mean difference (95% CI): GC-IPL -2.07 µm 

(-0.08; -4.07)].  

Conclusions: RGC loss is present in subjects with diabetes and no DR, and is 

progressive in moderate or severe DR. RGC neuronal damage in diabetes and DR can 

be clinically detected using OCT. 

 

Keywords: retinal ganglion cell, neuronal damage, diabetes, diabetic retinopathy, 

optical coherence tomography 

INTRODUCTION  

 

Diabetic retinopathy (DR) remains the leading cause of preventable blindness in 

working-aged people.(1, 2) DR is clinically characterized by the observation of apparent 

microvascular lesions (e.g. microaneurysms and hard exudates). However, apparent 

microvascular lesions do not timely reflect retinal microvascular damage because 

insidious vascular changes as reflected by vessel calibre alterations would have 

developed prior to the incidence and progression of DR.(3-5) Furthermore, 

experimental studies have extensively shown that retinal ganglion cells (RGCs) are 

damaged in diabetes suggesting that DR also has a significant neuronal component 

underlying its pathogenesis.(6, 7) However, the clinical evaluation of neuronal damage 

in diabetes and DR is still not well-understood. 

 

Advances in the analysis of optical coherence tomography (OCT) derived images with 

newly developed algorithms, have enabled objective quantification of structural RGC 

loss at specific inner layers of the retina.(8) In comparison to routine fundus 

examination techniques, OCT gives direct visualization of the transparent neurosensory 

retina that is otherwise largely not visible in slit-lamp indirect biomicroscopy.(9)  
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Recent studies examining macular RGCs in persons with diabetes (with and without DR) 

using OCT to quantify changes in the inner neuronal layers of the retina have produced 

inconsistent findings. Data from these OCT studies could not agree with the evidence of 

RGC damage preceding the onset of apparent microvascular DR lesions, as reported by 

studies using other in vivo techniques, and histological materials from postmortem 

human retinae and animal models with diabetes.(7, 10-12) This conflicting evidence is 

observed in a number of OCT studies by van Dijk et al.,(13-15) which demonstrated 

that RGC loss is only significantly associated with the onset of apparent microvascular 

DR lesions. While the study by Vujosevic et al.,(16) found RGC loss prior to the onset of 

apparent microvascular DR lesions, this finding was not supported by Araszkiewicz et 

al.,(17) who found thicker inner layers of the retina in subjects with diabetes. 

Furthermore, studies by Demir et al.,(18) and Park et al.,(19) examining RGC loss with 

increased severity of DR have found no significant association.(18, 19) It is also 

important to note that previous OCT studies had inadequate attempt to control for the 

confounding effect of glycemic control, blood pressure, diabetes duration and ocular 

axial length. In view of these factors, we further evaluate the association of diabetes 

and DR with RGC loss.  

 

METHODS 

 

We used an observational matched case-control study design. The study was approved 

by the ethics committee of SingHealth Centralised Institutional Review Board, and 

conducted in accordance to the tenets of the Declaration of Helsinki. Written informed 

consent was obtained from each participant after explanation of the nature and possible 

consequences of the study. 
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Study population 

Cases were Chinese patients with type 2 diabetes with and without DR, ages 40–80 

years, and recruited into the Diabetes Management Project in Singapore. The Diabetes 

Management Project is a cross-sectional study investigating the factors influencing an 

effective diabetes self-management in diabetic patients with and without DR.(20) 

Patients with diabetes attending the Diabetic Retinopathy Service outpatient clinic at the 

Singapore National Eye Centre for ophthalmological examination of DR state between 

December 2010 and March 2013 were recruited. These recruited patients were free of 

cognitive impairment as assessed by the 6-item cognitive impairment test.(21) Medical 

records were used to verify the diagnosis of diabetes based on glycosylated 

haemoglobin (HbA1c) ≥6.5%. Exclusion criteria were history of glaucoma or uveitis; 

presence of significant media opacity, including dense cataract or vitreous hemorrhage; 

retinopathy that was non-diabetic in nature, epiretinal membrane or diabetic macular 

edema as determined by grading of fundus photographs and/or OCT images; and 

previous retinal laser photocoagulation or retinal surgery.  

 

Eligible cases were matched to controls selected from the Singapore Chinese Eye Study. 

Controls were volunteers without diabetes and/or any ocular disease in both eyes, and 

matched with cases on the basis of age (±5 years) and gender in a 1 control:1 case 

ratio. The Singapore Chinese Eye Study is a population-based cross-sectional study of 

eye diseases in Chinese adults residing in Singapore and its methodology has been 

reported in detail elsewhere.(22)  
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One study eye per participant was selected for inclusion. The study eye of each case 

was selected as the worse of the 2 eyes based on the assigned retinopathy severity 

level (as defined below), while the study eye of each control was randomly selected.  

 

Spectral-domain optical coherence tomography retinal scanning   

After pupil dilation using tropicamide 1% and phenylephrine hydrochloride 2.5%, retinal 

scanning was performed using Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA.) to 

obtain measurements of the ganglion cell-inner plexiform layer (GC-IPL), the retinal 

nerve fibre layer (RNFL) and the outer retina. Cirrus HD-OCT is a commercially available 

spectral-domain OCT device with a scan speed of 27,000 axial scans per second and 

axial resolution of 5 µm.(23) One macular scan was acquired using the Macular Cube 

512X128 scan protocol where a 6X6 mm area centered on the fovea was scanned with 

128 horizontal B-scans, each consisting of 512 A-scans per B-scan (total of 65,536 

sampled points) within a scan time of 2.4 seconds in each eye.(24) The automated 

Ganglion Cell Analysis algorithm, incorporated in Cirrus HD-OCT software version 6.0 

was used to demarcate and measure thicknesses of three separate intraretinal layers: 

GC-IPL, RNFL and outer retina. These measurements were obtained within an elliptical 

annulus centered on the fovea based on the three-dimensional data generated from the 

Macular Cube 512X128 scan protocol. Of the elliptical annulus, the size of the inner ring 

was chosen to exclude the area where the ganglion cell layer is thin and difficult to 

detect, whereas the size and shape of the outer ring were chosen to conform closely to 

the real macular anatomy, where the ganglion cell layer is thickest in normal eyes (Fig. 

1A).(8) The Ganglion Cell Analysis algorithm measured thicknesses of the GC-IPL, the 

RNFL and the outer retina by average and six equally sized sectors (three sectors on 

either side of the horizontal midline). Thicknesses were calculated as the distance 

between two segmented hypereflective intraretinal layers: RNFL thickness, which is the 
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distance between the inner limiting membrane and outer boundary of the RNFL; GC-IPL 

thickness, which is the distance between outer boundaries of the RNFL and the inner 

plexiform layer; and outer retinal thickness, which is the distance between outer 

plexiform layer and the retinal pigment epithelium (Fig. 1B).  Rescanning was 

performed if a motion artifact (indicated by blood vessel discontinuity) was detected. 

Images with motion artifact, centration error, algorithm segmentation error or signal 

strength of less than six were excluded from the analysis.  

 

Assessment of diabetic retinopathy severity 

Retinal photography was performed using a standardized protocol.(25) Digital colour 

fundus photographs were taken using a 45-degree digital retinal camera (Canon CR-DGi 

with 10D SLR body; Canon, Tokyo, Japan) after pupil dilation. Two retinal photographs 

of each eye were obtained, one centered at the optic disc and another centered at the 

fovea, identical with the Early Treatment Diabetic Retinopathy Study standard fields 1 

and 2, respectively.(26)  

 

Retinopathy was considered to be present if any characteristic lesion as defined by the 

Early Treatment Diabetic Retinopathy Study severity scale was present:(27) 

microaneurysms (MAs), haemorrhages, cotton wool spots (CWSs), intraretinal 

microvascular abnormalities (IRMAs), hard exudates (HEs), venous beading, and new 

vessels. For each eye, a retinopathy severity level was assigned according to a scale 

modified from the Airlie House Classification system, which ranges from level 10 

(absence of retinopathy) to level 80 (total vitreous hemorrhage).(25, 28) The worse of 

the 2 eyes of each subject with diabetes as identified by a higher retinopathy severity 

level was used as the study eye. Any DR was defined as level 14 and above. We 

categorized the severity level into one of the four groups as defined in the Multi-Ethnic 
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Study of Atherosclerosis:(25) no DR (level 10), mild DR (levels 14 to 20), moderate DR 

(levels 31 to 41) and severe DR (levels 51 to 60 and 65 to 70).  

 

Baseline characteristics and potential confounders 

All participants underwent monocular measurements of distance visual acuity in 

logarithmic minimal angle resolution, static refraction and axial length. The static 

refraction was measured using an autorefractor (Canon RK 5 Auto Ref-Keratometer, 

Canon Inc., Ltd., Tochigiken, Japan). Spherical equivalent refraction was calculated as 

the sum of the spherical value and half of the cylindrical value. Axial length was 

measured with a noncontact partial coherence laser interferometry (IOLMaster Version 

3.01; Carl Zeiss Meditect AG, Jena, Germany). 

 

Systolic and diastolic blood pressures were measured using a digital automatic blood 

pressure monitor (Dinamap Model Pro Series DP110X-RW, 100V2; GE Medical Systems 

Information Technologies, Inc., Milwaukee, WI). Mean arterial blood pressure was 

calculated as one-third of systolic plus two-thirds of diastolic blood pressure. 

Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood 

pressure ≥90 mmHg, or self-reported physician diagnosis of hypertension. Non-fasting 

venous blood samples were obtained and analyzed at the Singapore General Hospital 

for biochemical testing of serum total, high-density lipoprotein (HDL) and low-density 

lipoprotein (LDL) cholesterol, HbA1c, and random serum glucose. Other potential 

confounders that could influence the association, including age, gender, and diabetes 

duration were identified and recorded.(23, 29)  

 

Statistical analysis 
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Continuous variables were reported as mean (standard deviation) and median 

(interquartile range) if not normally distributed, and matched pairs were compared with 

paired t-test for normally distributed data or Wilcoxon signed rank test if highly 

skewed.(30) Categorical variables were reported as frequency (percentage) and 

matched pairs were compared with McNemar’s test. We used generalized estimating 

equation method to account for the correlated data arising from the relatedness of case 

and control.(31) We adjusted for residual confounding effect of age, gender, axial 

length, OCT signal strength, HbA1c, and mean arterial blood pressure. For the 

comparison of intraretinal layer thickness between DR severity levels, we additionally 

adjusted for diabetes duration. All statistical tests were two-sided. A value of P <0.05 

was considered statistically significant and 95% confidence interval (CI) was calculated. 

Statistical analysis was performed using SPSS (version 19.0, SPSS Inc., Chicago, IL). 

 

RESULTS 

 

Matching on the basis of age and gender yielded 227 cases and 227 controls for 

analysis. In general, subjects with diabetes had significantly higher random serum 

glucose level and HbA1c; lower diastolic blood pressure, and total, HDL and LDL 

cholesterol level; poorer distance visual acuity and greater myopic spherical equivalent 

refraction than controls (Table 1). Subjects with diabetes were more likely to have 

hypertension than controls. Among subjects with diabetes, 101 had no, 25 mild, 92 

moderate and 9 severe DR. Due to the small number of cases in the severe category, 

these were combined with the moderate group (n=101).  

 

Association of diabetes with retinal ganglion cell loss 
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Table 2 shows the mean difference in intraretinal layer thickness between subjects 

with diabetes and controls after adjustment for age, gender, axial length, OCT signal 

strength, HbA1c, and mean arterial blood pressure. All subjects with diabetes (with and 

without DR) had significantly thinner average GC-IPL and average RNFL, but not 

average outer retinal layer than controls. The average GC-IPL was 4.49 µm thinner 

(95% CI: 2.92 to 6.06) and the average RNFL was 0.93 µm thinner (95% CI: 0.09 to 

1.85) in all subjects with diabetes than controls. When stratified by DR status among 

cases (Table 2), subjects with diabetes and no DR had a thinning of the average GC-

IPL by 4.37 µm (95% CI: 2.72 to 6.02) and thinning of the average RNFL by 1.06 µm 

(95% CI: 0.10 to 2.02) when compared with controls. In subjects with any DR, the 

average GC-IPL was 4.81 µm thinner (95% CI 2.12 to 7.50) than controls. When 

evaluated with a reduced age-gender adjusted model, effect sizes of these associations 

remained similar, except for average RNFL thinning in cases with no DR that did not 

reach significance (results not shown). There was no reduction in average outer retinal 

thickness in diabetic subjects with no DR or any DR when compared with controls. 

 

Association of diabetic retinopathy with retinal ganglion cell loss 

As shown in Table 3, after additional adjustment for diabetes duration, together with 

age, gender, axial length, OCT signal strength, HbA1c, and mean arterial blood 

pressure, the average GC-IPL in subjects with moderate or severe DR was 2.07 µm 

thinner (95% CI: 0.08 to 4.07) than subjects with diabetes and no DR. The association 

and its effect size remained similar even when diabetes duration was removed from the 

model (results not shown). The average GC-IPL was not significantly thinner between 

subjects with mild DR and subjects with diabetes and no DR. There was no significant 

reduction in average RNFL thickness between DR severity levels. 
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DISCUSSION 

 

The present study demonstrates that, in subjects with diabetes, RGC neurons are 

vulnerable to damage prior to the onset of apparent microvascular DR lesions when 

compared with healthy controls, and such RGC damage is progressive with subsequent 

severe forms of DR development. OCT measures indicative of GC-IPL and RNFL 

thinning, but not outer retinal thinning was associated with diabetic subjects with no 

clinically apparent DR. Furthermore, subjects with moderate or severe DR had thinner 

GC-IPL than subjects with diabetes and no DR. 

 

The measurement of the GC-IPL and the RNFL using OCT gives a gross cumulative 

quantitative assessment of RGCs. An underlying assumption here is that RGC damage 

at the cellular level is cumulative enough to be detected clinically with OCT. van Dijk et 

al.,(13-15) studied macular neuronal damage in persons with type 1 and type 2 

diabetes using time-domain and spectral-domain OCT, and found a thinning of the 

ganglion cell layer or the RNFL in subjects with existing apparent signs of microvascular 

damage, but not in subjects who had no apparent microvascular DR lesions. While 

Vujosevic et al.,(16) found RGC loss in diabetic subjects who had no apparent 

microvascular DR lesions, RGC loss was reflected by a thinning only of the RNFL but not 

the GC-IPL. For the purpose of quantifying macular RGC loss, the GC-IPL offers a 

theoretical advantage over the RNFL. Reason being, the size of cell bodies that reside in 

the ganglion cell layer is 10 to 20 times the diameter of their axons in the RNFL,(32) 

and thus measurement of the relatively thicker GC-IPL may be more sensitive for 

detecting pathological change than measurement of RNFL thickness. As opposed to 

previous studies, the present study had a considerably larger sample size, and found a 

thinning of both the GC-IPL and the RNFL in diabetic subjects who have not yet 
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developed apparent microvascular DR lesions. These changes mirror findings of 

electroretinography studies in diabetic subjects that reported neuronal dysfunction 

before the onset of clinically apparent DR.(33, 34) Together, these data suggest that 

neuronal apoptosis, the likely mechanism of RGC loss, may precede retinal 

microvascular pathology in diabetes.(7, 35) Nonetheless, one cannot exclude the 

possibility that subtle as yet clinically undetected microvascular pathology could have 

existed before (concurrent with) GC-IPL and RNFL thinning. Therefore, the present 

study’s OCT findings in diabetic subjects with no apparent microvascular lesions may 

reflect the discrepancy of scale between the relatively macroscopic clinical DR grading 

and anatomic inquiry of the inner retinal microenvironment with OCT. Changes in OCT 

parameters of the inner neuronal layers of the retina that appear to precede clinically 

apparent DR could provide clinicians with a potentially valuable biomarker of the earliest 

stages of DR. 

 

Among subjects with diabetes, the present study demonstrated that subjects with 

moderate or severe DR had thinner GC-IPL than subjects with no DR. This suggests 

that RGC loss, as reflected by GC-IPL thinning which begins before microvascular 

lesions become apparent is progressive in subsequent severe forms of DR development. 

Previous studies by Demir et al.(18) and Park et al.,(19) using different OCT algorithms 

to measure different RGC parameters, such as ganglion cell complex thickness, did not 

demonstrate a significant association of RGC loss with increased DR severity. Although 

the GC-IPL and the RNFL were measured as a combined thickness, it is still reasonable 

to expect changes in the OCT parameter, should there be presence of neuronal 

damage, as loss of ganglion cell bodies will lead to corresponding axonal loss.(36) 

Nonetheless, the present study implemented an OCT algorithm that automatically 

demarcated the GC-IPL and the RNFL separately, as ganglion cell bodies and its axons 

This article is protected by copyright. All rights reserved.



may exhibit different temporal response to injurious stimuli due to their asymmetric 

metabolic requirements.(37, 38) The present study’s OCT finding is supported by 

electroretinography study that recorded abnormal electrical responses, suggesting a 

decreased RGC function, which not only preceded the onset of apparent microvascular 

DR lesions but also paralleled the severity of subsequent DR.(39) Furthermore, the 

retinal site of neuronal dysfunction corresponded to the locality of apparent 

microvascular DR lesions, and in a longitudinal study, even predicted retinal sites of 

subsequent DR.(39, 40) Taken together, these findings provide support for the 

hypothesis that RGC dysfunction may contribute to the breakdown of the retinal 

microvasculature, however further experimental work will be required to establish any 

casual association that is beyond the methodology of the present study. The association 

of GC-IPL thinning with increased DR severity observed by the present study may 

therefore offer an objective clinical measure of cellular response to therapeutic 

interventions.  

 

Different mechanisms that may underlie the development of neuronal damage in 

diabetes and DR have been proposed. Glial cells, with their processes surrounding all 

retinal vessels release local factors to modulate retinal blood flow, and are essential for 

the integration of vascular and neuronal activity in the retina.(41, 42) It has been 

shown that shortly after the onset of diabetes, the ability of Müller cells (the principal 

glia of the retina) in the uptake of glutamate released by neurons, and to convert 

glutamate to glutamine was reduced.(43, 44) Hence, glutamate accumulates to 

excessive levels,(35, 45) which leads to uncontrolled influx of intracellular calcium ions 

causing neurotoxicity.(46) In diabetic retinae of animal models, glial cells (prominently 

at the RNFL) and RGCs have shown an increased expression of vascular endothelial 

growth factor (VEGF).(47) As a result, the excessive level of VEGF promotes breakdown 
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of the blood-retinal barrier, and thus allows entry of circulatory harmful agents into the 

neuronal retina.(48) Furthermore, the toxic effects of hyperglycemia, which arise from 

several metabolic pathways (e.g. protein kinase C and formation of advanced glycation 

end products) not only cause circulatory disturbance to the retinal microvasculature but 

also enhance the production of reactive oxygen species leading to oxidative damage of 

retinal neurons.(49) Taken together, metabolic functions of both retinal glia and 

neurons are altered early in DR progression. It is plausible that altered glial function 

affects the integrity of both the neuronal and vascular elements of the retina.(9) 

Consequently, this disturbs the close interaction between neuronal activity and retinal 

blood flow, and hinders the homeostasis required for normal retinal function.(50) 

Therefore, maintaining retinal glia and neuronal functions may normalize retinal 

circulation to prevent or delay DR progression.(41)  

 

Several limitations of the current study need to be discussed. Firstly, we were not able 

to examine the link with severe DR specifically, as we only had small number of cases 

with severe DR. Secondly, the cross-sectional design did not give us an opportunity to 

examine the temporal link between neuronal damage and the appearance of 

microvascular lesions. Lastly, the RNFL thickness was measured at the macular region, 

where the layer is anatomically thinner than the region around the optic nerve head, 

where it is usually measured. This thinner RNFL region may have introduced more 

measurement error. Strengths of the current study include the measurement of retinal 

parameters at the macular region using a reliable and reproducible spectral-domain 

OCT algorithm.(8) Furthermore, with the current algorithm we were able to measure 

specific layers of the retina (e.g. GC-IPL). Standardized protocols were strictly followed 

during retinal photography and in the grading of DR severity to ensure reliable 
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characterization of DR states. Lastly, as opposed to previous studies, the effect of 

several potential confounders was controlled to manifest independent associations.  

 

In summary, the present study demonstrates that RGC loss quantified by OCT is 

present in diabetic subjects who had no apparent microvascular DR lesions, and such 

neuronal damage is progressive in subsequent moderate or severe DR development. 

These clinical data which showed evidence of RGC loss in diabetes and DR are in 

agreement with that of experimental studies. Further prospective studies are required 

to confirm this association.  
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FIGURE LEGENDS 

 

Figure 1: Cirrus HD-OCT Ganglion Cell Analysis protocol. (A) Vertical and horizontal 

dimensions of the foveal centered elliptical annulus in right eye. The annulus is divided 

into six equally sized sectors. (B) A horizontal B-scan of Macular Cube 512X128 scan 

protocol with segmented retinal nerve fibre layer (the thickness was calculated as the 

distance between red and blue lines), ganglion cell-inner plexiform layer (the thickness 

was calculated as the distance between blue and yellow lines), and outer retina (the 

thickness was calculated as the distance between dotted lines). 
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TABLES 

 

Table 1: Comparison of baseline characteristics between cases and controls 
 

 All (n=454) 
 Controls with 

no diabetes 
(n=227) 

Cases with 
diabetes 
(n=227) 

P value 

Demographics and systemic factors    
 Age (years), mean (SD) 58.1 (6.7) 58.3 (6.9) 0.13 
 Women, n (%) 74 (32.6) 74 (32.6) 1.0 
 Diabetes duration (years), median 

(IQR) 
0 10.0 (5.0-20.0) <0.001 

 Random serum glucose (mmol/l), 
median (IQR) 

5.5 (5.0-6.3) 9.0 (6.6-12.3) <0.001 

 HbA1c (%), median (IQR) 5.8 (5.6-6.0) 7.4 (6.7-8.5) <0.001 
 Systolic blood pressure (mmHg), 

mean (SD) 
134.1 (17.7) 136.1 (18.0) 0.26 

 Diastolic blood pressure (mmHg), 
mean (SD) 

79.3 (10.3) 77.0 (9.3) 0.01 

 Total cholesterol (mmol/l), mean 
(SD) 

5.6 (1.0) 4.5 (1.0) <0.001 

 HDL cholesterol (mmol/l), mean 
(SD) 

1.2 (0.4) 1.1 (0.3) <0.001 

 LDL cholesterol (mmol/l), mean (SD) 3.5 (0.9) 2.6 (0.8) <0.001 
 Hypertension, n (%) 128 (56.4) 157 (69.2) 0.008 
Ocular factors    
 Distance visual acuity (logMAR), 

median (IQR) 
0.00 (0.00-

0.10) 
0.12 (0.04-

0.24) 
<0.001 

 Spherical equivalent refraction (D), 
median (IQR) 

-0.03 (-1.31-
1.00) 

-0.25 (-2.25-
0.53) 

0.01 

 Axial length (mm), mean (SD) 24.0 (1.1) 23.9 (1.3) 0.31 
 OCT signal strength, median (IQR) 9.0 (9.0-10.0) 9.0 (8.0-10.0) <0.001 
HbA1c = glycosylated haemoglobin; HDL = high-density lipoprotein; IQR = 
interquartile range; LDL = low-density lipoprotein; log MAR = logarithmic minimal 
angle resolution; OCT = optical coherence tomography; SD = standard deviation. 
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Table 2: Multi-variable adjusted mean difference in µm (95% confidence interval) 
in intraretinal layer thickness of retinal ganglion cells and outer retina in subjects 
with diabetes compared with controls 
 
 Average GC-IPL 

thickness 
Average RNFL 

thickness 
Average outer 

retinal thickness 
Controls with no 
diabetes 

(Reference) (Reference) (Reference) 

Cases with diabetes 
(n=227) 

-4.49 (-6.06, -
2.92) 

-0.93 (-1.85, -
0.09) 

2.03 (-0.08, 
4.13) 

Cases stratified by DR 
status 

   

 No DR (n=101) -4.37 (-6.02, -
2.72) 

-1.06 (-2.02, -
0.10) 

1.68 (-0.64, 
4.00) 

 Any DR (n=126) -4.81 (-7.50, -
2.12) 

-0.82 (-2.50, 
0.86) 

2.55 (0.08, 
5.02) 

DR = diabetic retinopathy; GC-IPL = ganglion cell-inner plexiform layer; RNFL = 
retinal nerve fibre layer.  

Multivariate model includes age, gender, axial length, OCT signal strength, HbA1c 
and mean arterial blood pressure. 
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Table 3: Multi-variable adjusted mean difference in µm (95% confidence interval) 
in intraretinal layer thickness of retinal ganglion cells between DR severity levels 
among subjects with diabetes 
 
Subjects with diabetes  Average GC-IPL 

thickness 
Average RNFL thickness 

No DR (n=101) (Reference) (Reference) 
Any DR (n=126) -1.47 (-3.28, 0.34) -0.03 (-1.18, 1.13) 
Stratified by DR severity   
 Mild DR (n=25) -0.78 (-3.52, 1.95) 0.35 (-1.46, 2.16) 
 Moderate or severe  DR 

(n=101) 
-2.07 (-4.07, -0.08) -0.35 (-1.62, 0.92) 

DR = diabetic retinopathy; GC-IPL = ganglion cell-inner plexiform layer; RNFL = 
retinal nerve fibre layer.  

Multivariate model includes age, gender, axial length, OCT signal strength, HbA1c, 
mean arterial blood pressure and diabetes duration. 
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