
14 A biannual peer-reviewed academic journal of Nepal Ophthalmic Society

Bhattarai S et al.                                                                                  

Retinal nerve fiber layer and macular thickness in type 2 diabetes mellitus

Nepal J Ophthalmol 2023; Vol 15(29):14-23

Original Article

Retinal Nerve Fiber Layer and Macular Thickness in Patients with Type 

2 Diabetes Mellitus without Retinopathy Using Optical Coherence 

Tomography: A Comparative Study

Samiksha Bhattarai1 , Poonam Lavaju1, Badri Prasad Badhu2, Sangeeta Shah1,  
Santosh Chaudhary1, Robin Maskey1, Ashesh Koirala1

1B.P. Koirala Institute of Health Sciences, Dharan, Sunsari, Nepal
2Birat Medical College, Budhiganga-2, Morang, Nepal

ABSTRACT
Introduction: Diabetes leads to an alteration in retinal nerve fiber layer (RNFL) thickness and macular 
thickness which can easily be detected with optical coherence tomography (OCT).

Objectives: This study was done to compare the RNFL and macular thickness between diabetic patients 
without retinopathy and non-diabetic patients so that it would be useful in the early detection of retinal 
changes if present. The correlation between the RNFL and macular thickness with metabolic blood 
parameters of diabetic subjects was also studied.

Materials and methods: This is an observational, cross-sectional, hospital-based study including 120 
subjects who were further divided into two groups. Group A consisted of 60 diabetic patients without 
retinopathy and group B consisted of 60 non-diabetic patients. The blood parameters were recorded and 
the RNFL thickness and macular thickness were compared between the two groups after evaluation by 
OCT.

Results: The average central macular thickness was found to be more in group A but was statistically 
insignificant (p=0.29). Macular thickness in the superior quadrant was significantly higher among group 
A when compared with group B (p=0.01). Whereas RNFL thickness difference between the two groups 
was statistically insignificant (p=0.53). Blood urea showed significant positive correlation (r=0.269) with 
central macular thickness (p=0.03).

Conclusion: Our study showed that diabetic patients without retinopathy could have increased macular 
thickness in the superior quadrant when compared with normal people whereas RNFL thickness may not 
alter. The blood urea levels of the diabetic patients can provide us clues regarding possible retinal changes.
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INTRODUCTION

Diabetes Mellitus is an enormous and increasing 
clinical and public health problem.   According 
to a global report on diabetes by World Health 
Organization (WHO), the prevalence of diabetes 
has nearly doubled since 1980, rising from 
4.7% to 8.5% in the adult population (WHO, 
2016). Diabetes  mellitus   is  one  of  the  most  
prevalent  health diseases  worldwide  with  an  
incidence  of  6.9%. The number  of  people 
with diabetes  is  estimated  to rise  from  171 
million in 2000 to 366 million in 2030 (Wild et 
al., 2004). 

Diabetic retinopathy is a devastating 
complication of diabetes and leading  cause  
of  blindness  among  adults  of  working  age  
around  the world (Neupane and Kalestrup, 
2013). It is the most frequent cause of new cases 
of blindness among adults aged 20 –74 years 
(Cheung et al, 2010). Twenty years after onset of 
diabetes, almost all patients with type 1 diabetes 
and over 60% of patients with type 2 diabetes 
will have some form of retinopathy (Watkins, 
2003). In the Wisconsin Epidemiologic Study 
of Diabetic Retinopathy (WESDR), 1.6% of 
patients with type 2 diabetes were legally blind 
among which one-third of the cases of legal 
blindness was due to diabetic retinopathy (Fong 
et al, 2003).

It  is important to detect the early signs of diabetic 
retinopathy to facilitate timely monitoring and 
prevent ocular morbidity. The introduction 
of optical coherence  tomography (OCT) has 
enabled  clinicians  to  reliably  detect  and  
measure  small  changes in retinal  layers (Chan 
et al., 2006). With  the  help  of  OCT  people  
with  diabetes  in  their preclinical stages  can 
be screened out. OCT has been documented to 

be more sensitive than a clinical examination 
in assessing diabetic macular edema and is 
a quantitative tool for documenting changes 
in macular thickening (Yang et al., 2001). 
Studies have suggested that macular thickness 
is increased and RNFL thickness decreased 
when compared between normal and diabetic 
without retinopathy eyes (Sugimoto et al., 
2005). On reviewing the literature there was 
litlle information regarding this comparative 
study among the Nepalese population. Thus, 
the purpose of this study was to detect RNFL 
and macular thickness in patients with type 2 
diabetes mellitus without retinopathy and to 
compare it with non-diabetic eyes.

MATERIALS AND METHODS

A hospital-based observational, cross-sectional 
study was conducted at the Ophthalmology 
Department of B. P. Koirala Institute of health 
sciences, Dharan, Nepal for a duration of one 
year. Ethical clearance was obtained from the 
Institutional Ethical Review Board of B.P. 
Koirala Institute of Health Sciences, Dharan, 
Nepal (IRC/1347/018). A written informed  
consent  was  obtained  from  all  the  patients  
involved in the study.

The study considered a 95% confidence 
interval and 80% power to estimate the sample 
size. Mean ± standard deviation (SD) of retinal 
thickness was taken as a parameter from the 
study conducted by Sugimoto et al. (2005) to 
calculate the sample size (n). It was calculated 
using 

n =
2(Zα/2+Z1-β)2δ2

d2

in which (Zα/2 =1.96, Z1–β = 0.84 , d is the 
difference between two means and σ is combined 
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population standard deviation of two groups). 
Calculated sample size was 54.4 then 10% for 
non-response was added and final sample size 
was 60 (in each group).

A total of 120 patients of age ≥ 40 years were 
taken and were divided into two groups using 
the non-probability purposive sampling method. 
The patients were categorized as Group A 
(patients with diabetes mellitus without diabetic 
retinopathy) and Group B (patients with normal 
fundus findings and no comorbidities) attending 
eye outpatient department or referred from 
the department of internal medicine. Patients 
with co-existing ocular morbidity (e.g., Age-
related macular disorder, high myopia, uveitis, 
glaucoma) and any ocular pathologies obscuring 
the fundus evaluation, having a history 
of intraocular surgery (other than cataract 
surgery) or laser therapy and ocular trauma 
were excluded. A detailed history regarding 
diabetes, hypertension, neurological and other 
systemic illnesses were taken. General physical, 
systemic, and detailed ocular examination were 
done as per the proforma. Visual acuity was 
taken with the help of standard Snellen’s chart 
and refraction to determine best corrected visual 
acuity (BCVA) in both the eyes. In both these 
groups, BCVA was 6/12 or better. Detailed 
anterior segment examination was done under 
slit lamp biomicroscope. Fundoscopy evaluation 
was done after full dilatation with tropicamide 
1% with help of +90 D lens (Volk). The findings 
of media clarity, optic disc margins, cup:disc 
ratio, arterioles:venules ratio, neuroretinal 
rim, foveolar reflex, and peripheral retina were 
noted down. Macular and retinal nerve fiber 
layer thickness in superior, inferior, nasal, and 
temporal quadrants of both the groups were 

measured with the help of RTVue XR-100 
Avanti, Optovue, Fremont, CA, USA; Software 
v2014.2; Spectral-Domain OCT. The mean data 
of both eyes were calculated and compared 
between two groups. Metabolic blood parameters 
(Fasting blood sugar, postprandial, blood urea, 
serum creatinine, HbA1c level, and serum lipid 
profile) of diabetic patients were also recorded. 
Blood sugar level was categorized on the basis of 
American Diabetes association (ADA) criteria 
(ADA, 2010). The normal range of blood urea 
nitrogen taken was 5 to 20 mg/dl and serum 
creatinine was 0.6- 1.2 mg/dl (Hoston, 1990). 
Similarly, Adult treatment panel III (ATP III) 
guidelines were followed for classification of 
lipid profile (Cleeman et al., 2001). Correlation 
between average central macular thickness 
and RNFL thickness with metabolic blood 
parameters and lipid profile were also studied. 
The two  groups were compared to  find out 
the  difference in the  variables. The data were 
entered into Microsoft Excel Sheet computer 
software. Statistical Analysis was performed 
using SPSS Statistics for Windows (version 
11.5). The Student’s t-test was used to compare 
mean differences among the two groups. Pearson 
correlation coefficient was used to analyze the 
correlation of macular and RNFL thickness 
with different metabolic blood parameters. A p 
value less than 0.05 was considered statistically 
significant.

RESULTS

The study included a total of 120 patients in 
which the maximum number of participants 
belonged to age group 51-60 years in both the 
groups i.e.25(42%) in group A and 33(55%) in 
group B, second highest group was 40-50 years 
of age as it comprised of 19(32%) and  20(33%) 
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Figure 1: Distribution of patients based on age
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in group A and B respectively. Whereas, 
11(18%) and 7(12%) in group A and B were 
in age group 61-70 and only 5(8%) of group 
A belonged to age above 70 years as shown 
in (figure 1). Among 120 patients, 36(60%) 
were male and 24(40%) were female in group 
A and 35 (58%) male and  25 (42%) female in  
group B.

Majority of the patients in both groups (156 
eyes) had visual acuity of 6/6 followed by 6/9 
(52 eyes) with least numbers having visual 
acuity of 6/12 (32 eyes).

Among 60 diabetic patients, the maximum 
duration of the disease was 17 years (204 months) 
and the minimum was 2 days (0.06 months) with 
a median of 12 months. Among them 49(82%) 
were under treatment whereas 11(18%) cases 
were under lifestyle modification only.

In this study, majority  36 ( 60%) of diabetic 
patients had good control of fasting blood sugar, 
15 (25%) were in prediabetic stage and 9 (15%) 
had higher fasting blood sugar. Whereas, 28 
(47%) patients had their post prandial blood 
sugar in pre-diabetes range, 20 (33%) in normal 
and  12 (20%) in diabetic range. Also, 24 patients 
(40%) had normal Hba1c level , 21(35%) were 

in pre-diabetes stage and 15 ( 25%)  had Hba1c 
in diabetic range. It was also found that 31 (52%) 
patients had blood urea level more than or equal 
to 20 mg/dl and  29 (48%) had less than 20 mg/
dl. Whereas, 52 (87%) patients had creatinine 
value less than 1.2 mg/dl and remaining 8(13%) 
had more than 1.2 mg/dl. 

In this study, 38 (63%) patients had high 
cholesterol level with the remaining 22(37%) 
within normal range. Out of 60 patients,47(78%) 
had their LDL level in optimal level, 9(15%) 
in borderline high and  remaining 4 (7%) in 
high scale. Likewise, 54 (90%) patients had 
triglyceride in normal range whereas 5(8%) 
had mild hypertriglyceridemia and 1 (2%) 
had moderate hypertriglyceridemia. However, 
52(87%) patients had high HDL and the 
remaining 8(13%) had normal level.

Mean RNFL thickness of superior, inferior, 
nasal, and temporal quadrants of Group A was 
123.72 ± 10.74, 124.32 ± 8.94, 88.68 ± 5.51 and 
93.28 ± 9.45 respectively and  123.53 ±7.54, 
121.29 ±8.49, 90.37 ± 7.31 and 92.30 ±7.81 
respectively in Group B . Difference between 
two groups was not statistically significant 
(Table 1).
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Group A had average RNFL thickness of 107.50 
± 5.77 μm, whereas Group B had thickness 
of 106.89 ±4.82 μm and the difference was 
statistically insignificant (p = 0.53).

 Mean macular thickness in superior quadrant 
was 318.33 ± 11.2 in Group A and 312.07 ± 
12.1 in Group B and the difference was found 
to be significant (p value = 0.01) whereas 
inferior, nasal, and temporal quadrants showed 
no significant change (Table 2).

Average central macular thickness of Group A 

was found to be higher (245.22 ± 20.51 μm) 
when compared with Group B (241.80 ± 14.69 
μm) but was statistically insignificant (p value 
= 0.29). 

Fasting and postprandial blood sugar showed 
negative correlation with average central  
macular thickness but was statistically 
insignificant. Serum creatinine level revealed 
insignificant correlation whereas blood urea 
level showed significant positive correlation (r 
= 0.269,  p = 0.03)  with average central macular 
thickness (Table 3, Figure 2). 

Table 1: Retinal nerve fiber layer thickness of all quadrants in group A and group B. 

Parameters (µm)
Group A 

Mean ± SD
Group B 

Mean ± SD
p value

Superior quadrant 123.72 ± 10.74 123.53 ± 7.54 0.94
Inferior quadrant 124.32 ± 8.94 121.29 ± 8.49 0.09
Nasal quadrant 88.68 ± 5.51 90.37 ± 7.31 0.20
Temporal quadrant 93.28 ± 9.45 92.30 ± 7.81 0.54

Table 2: Macular thickness (µm) of  all quadrants in Group A and Group B.

Parameters (μm)
Group A 

Mean ± SD
Group B 

Mean ± SD
p value

Macular thickness superior   318.33 ± 11.2 312.07 ± 12.1 0.01*
Macular thickness inferior 315.38 ± 8.54 314.68  ± 9.98 0.65
Macular thickness temporal 310.21 ± 7.87 308.3 ± 9.88 0.26
Macular thickness nasal 311.3 ± 13.25 311.35 ± 16.55 0.98

*statistically significant
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There was no significant correlation between 
average central macular thickness and lipid 
profile (Table 4). Likewise, average RNFL 

thickness did not show any significant 
correlation with metabolic blood profile and 
lipid profile (Table 5 and 6 respectively).

Table 3: Correlation of metabolic blood parameters with average central macular thickness.    

Metabolic blood parameters
Average central macular thickness

Correlation coefficient (r) p value

Fasting blood sugar -0.149 0.25
Postprandial -0.148 0.25
Urea 0.269 0.03*
Creatinine 0.238 0.06
HbA1c -0.075 0.56

Figure 2:  Scatter plot between average central macular thickness and urea.

Table 4: Correlation between average central macular thicknesses with lipid profile.

Lipid profile
Average central macular thickness

Correlation coefficient (r) P value

Cholesterol -0.120 0.36
Triglyceride -0.145 0.26
High density lipoprotein 0.067 0.6
Low density lipoprotein -0.058 0.66
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DISCUSSION

Early detection of diabetes-related changes in 
the macula and retinal nerve fiber layer before it 
is clinically evident can be beneficial to patients. 
In our study, it was seen that the mean thickness 
of central macula among diabetic patients 
without retinopathy was higher when compared 
with that of normal eyes of the same age group. 
However, the difference observed between the 
two groups was not statistically significant (p 
value of  0.25). This finding was supported by 
other studies that also have shown no significant 
change in macular thickness among diabetic and 
normal people (Demir et al, 2013; Srinivasan 
et al, 2016). The macular thickness in all four 
quadrants was compared in our study, and it 

showed a significant difference in the superior 
quadrant (318.33±11.2 μm in the diabetic group 
and 312.07 ± 12.1 μm in non-diabetic group 
with a p value of 0.01). Likewise, a study by 
Sugimoto et al (2005) also showed a significant 
increase in macular thickness in the superior 
quadrant in the diabetic eye (p value of 0.03). 
Ramappa and Thomas (2016) concluded that 
there was increased central macular thickness 
in diabetic cases (267.86 ± 17.39 μm) than in 
normal people (249.76 ± 28.94 μm).

This increase in thickness in the superior 
quadrant only has also been justified by a study 
performed by Kern and Engerman (1995) in an 
animal model which had shown to have twice 
the number of microaneurysms and cellular 

Table 5: Correlation between Average RNFL and metabolic blood parameters.

Metabolic blood parameters
Average RNFL thickness

Correlation coefficient (r) P value

Fasting blood sugar 0.011 0.93
Postprandial -0.041 0.75
Urea -0.255 0.06
Creatinine 0.214 0.1
HbA1c 0.198 0.12

Table 6: Correlation between average RNFL thickness and lipid profile.

Lipid Profile
Average RNFL thickness

Correlation coefficient (r) p value

Cholesterol -0.105 0.42
Triglyceride 0.102 0.43
High density lipoprotein -0.120 0.36
Low density lipoprotein -0.046 0.73
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capillaries in the superior compared to the 
inferior retina suggesting superior quadrant 
being more susceptible to early damage.

In our study, average RNFL thickness revealed no 
significant change between the two groups (p value 
of 0.53). However, RNFL was clinically thinner 
in the nasal quadrant among diabetic people 
when compared with healthy subjects, which was 
statistically insignificant (p value of 0.2). 

In a study by Oshitari et al (2009) the mean, 
superior, and inferior RNFL thicknesses were 
calculated in diabetic patients with no diabetic 
retinopathy (NDR) group and compared with the 
corresponding sectors of the normal participants 
(control) group and were found to be thinner in 
NDR group but were statistically insignificant.

Similarly, the study conducted by Ramappa and 
Thomas (2016) showed that RNFL thickness 
(average and of inferior, superior, and nasal 
quadrants) between the normal subjects and 
the NDR group was insignificant. However, the 
thickness in temporal RNFL was significantly 
increased in NDR, non-proliferative diabetic 
retinopathy (NPDR) and proliferative diabetic 
retinopathy (PDR) groups when compared with 
normal people (p value of <0.01). 

In a study conducted by Dhasmana et al (2016) 
RNFL thinning was observed in supero-temporal 
(p value of 0.001) and upper nasal sectors (p 
value of 0.031) around the optic disc in eyes 
with diabetic retinopathy (DR). Increased 
apoptosis, glial cell reactivity, microglial, 
and altered glutamate mechanism are some 
neurodegenerative changes that have been 
proposed to occur in DR and which may have 
led to this thinning of RNFL (Barber, 2003).

As stated by Saxena et al (2017), serum levels 
of urea and creatinine are surrogate markers 
for disruption of retinal photoreceptor external 
limiting membrane and inner segment ellipsoid 
zone  on spectral-domain optical coherence 
tomography in diabetic retinopathy.

In addition to this, Singh et al (2018) also 
concluded that higher levels of blood urea is 
significantly associated with diffuse retinal 
thickening (p value=0.006). Srivastav et al  
(2015) revealed a positive correlation between 
increased levels of serum urea and creatinine 
with retinal nerve fiber layer thinning. 

Our study also showed that blood urea has 
a significant positive correlation with mean 
central macular thickness suggesting that the 
measurement of urea level in diabetic patients 
should be done regularly.

It would have been better if the patients with 
increased macular thickness were followed 
up and evaluated to see the pattern of changes 
leading to retinopathy at a later stage.

CONCLUSION  

Diabetes mellitus can alter macular thickness 
before demonstrable clinical signs which can 
be detected by OCT as shown in our study. 
Therefore, OCT should be included as a standard 
investigation in all diabetic patients with no 
retinopathy for early detection of possible 
structural changes and further management. 
Along with this, various metabolic blood 
parameters should be tested regularly as they 
may warn us of potential changes in the retina 
of diabetic cases. 
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