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Background: Diabetic retinopathy is a micro vascular complication of diabetes 
mellitus (DM). Micro vascular disorders, especially in the lining of the retinal 
ganglion cells, can result in impaired visual function including reduced contrast 
sensitivity. Assessment of changes in micro vascular structure and visual function 
before the appearance of clinical manifestations of diabetic retinopathy will be useful 
for detecting early signs that need attention in DM patients. 
Objective: To determine the macular vascular density of DM patients that affects the 
decrease in contrast sensitivity. 
Method: This study was a cross-sectional analytic observational study of 45 people 
(70 eyes) of DM patients without diabetic retinopathy aged 40-65 years and had the 
best visual acuity of 1.0 Snellen card by vascular density examination using OCTA 
and contrast sensitivity testing using CSV -1000E. 
Results: In this study the mean vascular density in the normal contrast sensitivity 
group was 14.52 ± 2.940 mm/mm2 and in the contrast sensitivity group decreased by 
15.21 ± 2.135 mm/mm2 (p=0.354). In the normal contrast sensitivity group at 6 cpd 
spatial frequency, the mean vascular density was 14.71 ± 2.425 mm/mm2, and in the 
contrast sensitivity group decreased at 15.36 ± 2.149 mm/mm2 in the spatial 
frequency (p=0.243) . While in the normal contrast sensitivity group at 18 cpd spatial 
frequency, the mean vascular density was 14.62 ± 2.341 mm/mm2, and in the 
contrast sensitivity group it decreased at 15.47 ± 2.172 mm/mm2 (p=0.123). 
Conclusion: There was no effect of macular vascular density on the decrease in 
contrast sensitivity in patients with type 2 diabetes mellitus. 
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Introduction 
     Diabetes mellitus (DM) is a chronic 
metabolic disease that is still a global 
problem in developed and developing 
countries. Based on the WHO report, 
Indonesia is the fourth-ranked in the 
world with an estimated number of 
DM sufferers of 8.4 million residents 
in 2000 and expected to continue to 
grow to 21.3 million by 2030.1–4 
 Diabetic retinopathy is one of the 
main causes of preventable blindness 
as the most common micro vascular 
complications of DM. Diabetic  

 
retinopathy is one of the main causes 
of preventable blindness as the most 
common micro vascular complications 
of DM. The Global Burden of Disease 
Study reports that there are 216.6 
million people in the world who 
experience moderate or severe visual 
impairment and as many as 2.6 million 
of them are due to diabetic 
retinopathy. 80% of Type 2 Diabetes 
Mellitus patients and 50% of Type 1 
Diabetes Mellitus patients are 
estimated to have retinopathy after 20 
years with Diabetes Mellitus. Diabetic 
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retinopathy can also occur in 65% of 
patients with a disease over 10 
years.1,5 
     Many studies reported that retinal 
micro vascular changes occurred 
before the clinical manifestations of 
diabetic retinopathy were seen. The 
highest metabolic process with the 
densest micro vascular structure in the 
retina found in the macular area.5,6 
Therefore, the macular area is 
considered the most appropriate to 
assess the presence of early micro 
vascular disorders in DM without 
diabetic retinopathy. Nowadays, 
technology is developing to see retinal 
micro vascular features, one of which 
is Optical Coherence Tomography 
Angiography (OCTA). This tool can 
provide an overview of human blood 
vessels without the use of contrast, so 
this tool is considered more 
noninvasive and more efficient for 
patients.6–11 Micro vascular changes in 
the form of impaired perfusion, 
especially in retinal ganglion cells will 
result in impaired visual function, one 
of which decreases contrast 
sensitivity. Visual impairments that 
assessed include sharp eyesight, 
contrast sensitivity, color vision, and 
visual field. Contrast sensitivity 
checking is one parameter that is easy 
and fast to do. The interference with 
contrast sensitivity can occur before a 
sharp decrease in vision.12–18 
     As it progresses, macular vascular 
density decreases as the anatomical 
form of vascular changes can occur 
before the loss of retinal neuron cells, 
but this still debated. For this reason, it 
is still unknown whether changes in 
visual function due to abnormalities at 
the level of retinal ganglion cells 
caused by primary micro vascular 

disorders or secondary processes due 
to neuronal metabolic disorders.7,19–21 
     Therefore, an assessment of the 
initial damage to vascular anatomical 
structures and early impairment of 
visual function that occurs before the 
discovery of clinical manifestations of 
diabetic retinopathy is important as an 
early warning that needs to considered 
in DM patients. The purpose of this 
study was to determine the macular 
vascular density of DM patients that 
affected the decrease in contrast 
sensitivity. 
 
Materials and methods 
     This study is a cross-sectional 
analytic observational study by 
examining OCTA and contrast 
sensitivity in DM patients without 
diabetic retinopathy aged 40-65 years 
and has the best visual sharpness of 
1.0 Snellen card from January-March 
2020. Research subjects were patients 
with a diagnosis of Diabetes Mellitus 
who entered the Chronic Disease 
Management Program (PROLANIS) in 
primary health services in the city of 
Bandung. Patients with a history of 
laser photocoagulation and/or previous 
intraocular surgery, ocular 
abnormalities that interfere with 
refractive media clarity, a history of 
retinal and macular disease, optic disc 
abnormalities (glaucomatous optic 
Neuropathy, ischemic optic 
neuropathy, and other optic 
neuropathy conditions) excluded in 
this study. The sample selection is 
done consecutively in the order of 
arrival at the PROLANIS visit at the 
Puskesmas. The definition of Diabetes 
Mellitus referred to in this study is a 
patient diagnosed with type 2 diabetes 
mellitus by a PROLANIS physician 
without any signs of diabetic 
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retinopathy (exudates, dot-blot 
bleeding, vitreous hemorrhage, 
neovascularization). Vascular density 
defined as the density of blood vessels 
in the area of the superficial capillary 
plexus layer that is in the 6x6mm 
macular area analyzed by Optical 
Microangiography Algorithm 
(OMAG) software. Contrast 
sensitivity in the study defined as the 
lowest contrast value at 6 and 18 cpd 
spatial frequencies with a sine-wave 
grating pattern plotted into the normal 
CSV-1000E curve based on age, 
categorized as decreasing if the plot 
results were below the normal curve 
line. 
    The selection of samples in the 
PROLANIS program carried out 
following the routine screening 
program for diabetic retinopathy by 
the Ophthalmology Unit of the 
Cicendo Eye Hospital Community. 
Patients who were willing to become 
participants of the study then asked to 
come to the Cicendo Eye Hospital 
PMN to record the patient's identity in 
the form of a name, age, gender, 
duration of Diabetes Mellitus, 
smoking history, and maximum 
HbA1C levels in the last three months. 
A sharp examination of the basic 
monocular vision of both eyes and 
sharp vision done with the best 
correction with a Snellen card within 
six meters. Checking the contrast 
sensitivity of each eye with the best 
correction using CSV-1000E at a 
distance of 2.5 meters. Intraocular 
pressure examination performed using 
non-contact tonometry. The anterior 
segment examination continued with a 
biomicroscopic slit lamp. Macular 
angiography OCT examination using 
OCT Cirrus HD 5000 Angioplex (Carl 
Zeiss Meditec, Dublin, CA) with 

Optical Microangiography Algorithm 
(OMAG) software.  
     Data presented as percentages (%) 
for categorical variables and averages 
± standard deviations (SD), medians 
and ranges for numerical variables. 
The statistical analysis begins with a 
normality test. The statistical analysis 
begins with a normality test. Statistical 
test to determine the differences 
between groups with numerical data is 
to use the unpaired t-test if the data are 
normally distributed, with Mann 
Whitney alternative test. The 
significance criteria for the results of 
the statistical tests used are p-value 
≤0.05 is significant or statistically 
significant. Data analyzed using SPSS 
version 24.0 for Windows. 
 
Results 
     The number of subjects who met 
the inclusion and exclusion criteria 
was 45 people or 70 eyes. The 
characteristics of all subjects presented 
in Table 1 which include age, sex, 
smoking history, duration of suffering 
from DM, systolic and diastolic blood 
pressure and HbA1C levels in the last 
three months. 45 subjects were 
consisting of 14 male patients and 31 
female patients with a median age of 
patients overall being 54 (range 42-65) 
years. 
     Table 2 shows the comparison of 
macular vascular density in the normal 
and decreased contrast sensitivity 
groups. In the contrast sensitivity 
group decreased, the mean macular 
vascular density was 15.21 ± 2.135 
mm/mm2. 
     Comparison of macular vascular 
density between the two groups at 6 
and 18 cpd spatial frequencies 
presented in Table 3. 
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Table 1. Characteristics of Subjects  
Variable Total 

(n=45) 
Age (years)  
Median 54 
Range (min-max) 42-65 
Gender  
Male 14(31.1%) 
Female 31(68.9%) 
Duration DM (years)  
Median 
Range (min-max) 

5 
5.6-12.6 

Systolic  (mmHg) 
< 140  
≥ 140  

 
34(75.6%) 
11(24.4%) 

Diastolic (mmHg) 
< 90  
≥ 90 

 
35(77.8%) 
10(22.2%) 

HbA1C (%)  
Mean±SD 8.67±1.821 
Smoking   
No 41(91.1%) 
Yes 4(8.9%) 
Note: For categorical data presented with the 
number/frequency and percentage while numerical 
data presented with the mean, median, standard 
deviation and range.  
 
     In the contrast sensitivity group 
decreases at 6 cpd spatial frequency, 
the mean vascular density is 15.36 ± 
2.149 mm/mm2. In the contrast 
sensitivity group decreased at a spatial 
frequency of 18 cpd, the mean 
macular vascular density was 15.47 ± 
2.172 mm/mm2.  
 
Table 2. Comparison of Macular 
Vascular Density between Sensitivity 
Groups in Normal and Decreased 
Contrast 

Vascular 
Density 
(mm/mm2) 

Contrast Sensitivity P value 
Normal 

n=11 
Decreased 

n=59 
 

Mean±Std 14.52±2.940 15.21±2.135  
Median 14.30 15.50 0.354 
Range  
(min-max) 

10.50-18.50 10.00-18.60  

Note: VD: vascular density. The p-value tested by 
an unpaired t-test. The significance value based on 
p-value <0.05  

     Additional analysis performed to 
see differences in the log unit value of 
contrast sensitivity in the 40-55 year 
age group of 38 eyes and the 56-65 
year age group of 32 eyes. In the age 
group of 40-55 years, the average 
sensitivity value obtained at 6 cpd 
spatial frequency was 1.54 ± 0.290 log 
units, and at 18 cpd spatial frequency 
0.76 ± 0.329 log units. In the age 
group 56-65 years, the average value 
of contrast sensitivity at 6 cpd spatial 
frequency was 1.56 ± 0.251 log units, 
and at 18 cpd spatial frequency was 
0.68 ± 0.353 log units. In both groups, 
p log unit value obtained at 6 cpd 
spatial frequencies (p=0.890), and 18 
cpd (p=0.337) tested with the Mann 
Whitney test.  
 
Table 3. Comparison of Macular 
Vascular Density between Sensitivity 
of Normal and Lower Contrast at 
Spatial  Frequencies of 6 and 18 cpd 
Vascular 
Density 
(mm/mm2) 

Contrast Sensitivity P value 
Normal 

n=30 
Decreased 

n=40 
 

6 cpd   0.243 
Mean±Std 14.71±2.425 15.36±2.149  
Median 14.80 15.60  
Range  
(min-max) 

10.00-18.50 10.80-18.60  

18 cpd   0.123 
Mean±Std 14.62±2.341 15.47±2.172  
Median 14.35 15.70  
Range  
(min-max) 

10.50-18.50 10.00-18.60  

Note: VD: vascular density. The p-value tested by 
an unpaired t-test. The significance value based on 
p-value <0.05  
 
     Macular vascular density also 
analyzed for differences in the two age 
groups. In the age group of 40-55 
years, the mean vascular density was 
15.72 ± 2,171 mm/mm2, and in the age 
group 56-65 years it was 14.38 ± 
2.198 mm/mm2. In both groups, the 
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vascular density p-value tested By the 
Mann Whitney test. Based on the 
results of statistical tests in the above 
study group information obtained p-
value in the macular vascular density 
is smaller than 0.05 (p-value=0.009) 
which means there is a statistically 
significant difference in mean vascular 
density in the age group 40-55 years 
and 56-65 year.  
 
Discussion 
     Subject characteristics in this study 
included age, sex, duration of 
suffering from Diabetes Mellitus, 
systolic blood pressure, diastolic, 
HbA1C levels in the last three months, 
and smoking history. The data is 
obtained through history taking and 
clinical examination. Based on table 1, 
the proportion of female patients is 
greater than that of male patients. This 
result is following the 2018 Riskesdas 
data which reports that there are more 
DM patients (1.8%) in Indonesia than 
men (1.2%).2  
     Based on table 1, the proportion of 
female patients is greater than that of 
male patients. This result is following 
the 2018 Riskesdas data which reports 
that there are more DM patients 
(1.8%) in Indonesia than men (1.2%). 
Also, these results caused by the time 
of sample selection are when the 
PROLANIS visit schedule held in the 
morning, so there is a possibility of 
DM  male patients with productive age 
working outside the home. The 
median age of patients as a whole was 
54 years (range 42-65). This is 
consistent with the data reported by 
2018 Riskesdas showing the largest 
proportion of DM is in the range of 
55-64 years (6.3%).2 
 

     The overall median duration of DM 
patients was 5 years (range 5.60-‐
12.60).	   Based	   on	   Goudot's study, et 
al. Found no significant changes in 
parafoveal vascular density in the DM 
group with controls . The study 
explained the ability of OCTA to be 
able to detect damage early, but it 
cannot be denied the possibility of not 
finding microvascular	   disorders	   in	  
the	  study,	  one of which is due to the 
relatively short duration of  DM 
ranging from 4.8 ± 4.1 years. El-
Magid et al. Also described the 
condition of subclinical diabetic 
retinopathy occurring in the range of 
4-8 years duration of  DM.22,23 
      Lee et al. Reported hypertension 
with a blood pressure criterion of more 
than 140/90 mmHg as one of the risk 
factors for developing micro vascular 
retinal disorders in the superficial 
capillary plexus layer as measured 
using OCTA.24 This is support by the 
results of an experimental study by 
Suzuma, et al who found an increase 
in mechanical stress in retinal 
endothelium triggered by 
hypertension. In this study, more than 
75% of samples had blood pressure 
less than 140/90 mmHg at the time of 
examination. The mean HbA1C level 
in all subjects of this study was 8.67 ± 
1.821 percent. Lee, et al. Also reported 
HbA1C in the study of a median of 
8% with a range of 6.7-10.2% as one 
of the dominant factors that played a 
role in the progression of diabetic 
retinopathy.24 These results also 
supported by the study of Marques, et 
al., Who explained that age, sex and 
metabolic control (HbA1C and 
duration of DM) showed a significant 
relationship to macular vascular 
density.  
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     Ting et al. Reported an association 
between smoking history and 
decreased retinal blood flow or 
decreased vascular density in DM 
patients. However, how big the effect 
of smoking on the progression of 
diabetic retinopathy is still 
controversial.26 In this study only 4 
people (8.9%) had a smoking history, 
this number has not been able to 
provide a further picture related to the 
effect on macular vascular density 
found. 
     A comparison of macular vascular 
density values between the two groups 
in this study showed a mean difference 
that was not statistically significant. In 
this study, the mean vascular density 
of contrast sensitivity groups 
decreased by 15.21 ± 2.135 mm / 
mm2. Marques et al compared micro 
vascular and neuronal changes in a 
group of patients with diabetic 
retinopathy, without diabetic 
retinopathy, and controls. Based on 
this study, the mean vascular density 
of the SRP layer in the group without 
diabetic retinopathy was 19.7 mm / 
mm2 using The 3x3 mm cut 
Angioplex OCTA device, with a 
decrease of about 22% compared to 
the control group. The study also 
reported very different degrees of 
ischemia, neurodegenerative changes, 
and edema in each patient's eyes even 
to the same degree of severity.25 These 
results are not much different from the 
results of the El-Magid study, et al. 
Who assessed the vascular density of 
superficial macular plexus in the DM 
group using 3x3 mm pieces of 
Angioplex, a mean vascular density of 
17.65 ± 2.87 mm / mm2 with p <0.001 
compared control group.23 
     Durbin et al. Also assessed the 
superficial macular vascular density in 

the DM group using 3x3 mm 
Angioplex, with an average vascular 
density of 21.2 ± 1.00 mm / mm2 with 
a p-value of 0.001 compared to the 
control group.27 According to 
Andrade et al., a subtle deviation may 
be found in a non-uniform distribution 
of vascular density.28 Variations in 
vascular density values found in these 
various studies are influenced not only 
by variations in each subject, but also 
among them depending on the OCTA 
device used, the software used to 
analyze the imaging results, the size of 
the pieces selected in the instrument 
settings, signal strength, and the 
presence of artifacts. Vujosevic et al 
compared macular perfusion 
parameters in patients without diabetic 
retinopathy with mild NPDR using 2 
different OCTA imaging devices. In 
that study, decreased perfusion in SCP 
was only detected in 6x6 mm PLEX 
Elite angiocube pieces that micro 
vascular disturbance in the SCP layer 
begins in the more peripheral macular 
area and then in deeper perifoveal 
areas.29 
     This study also compared macular 
vascular density between normal 
contrast sensitivity groups and 
decreased at 6 cpd low-moderate 
spatial frequencies (p-value = 0.243) 
and 18 cpd high spatial frequencies (p 
values = 0.123). Based on the results 
of statistical tests, no significant 
difference in vascular density was 
found between the two groups on both 
spatial frequencies. Data regarding the 
appearance of contrast sensitivity 
disorders in DM patients are still 
controversial. Midena, et al. Described 
that in DM patients with retinopathy 
and sharp eyesight, there was a 
decrease in contrast sensitivity, 
especially in intermediate and 
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medium-high spatial frequencies.19 
Ghafour et al. Found impaired contrast 
sensitivity at a spatial frequency of 3.2 
and 6.3 cpd in diabetic patients 
without retinopathy. Franco, et al. 
Compared 2 contrast sensitivity test 
kits, VCTS-6500 with CSV-1000E, 
found that both tests showed no 
different results at a spatial frequency 
of 6 cpd compared to 3 cpd.30 This 
contradictory finding presented by the 
study of Sokol, et al., Which found 
that there was impaired contrast 
sensitivity at high spatial frequencies 
in type 2 DM patients without 
retinopathy with good vision. Safi et 
al. Also reported a decrease in contrast 
sensitivity at all spatial frequencies in 
low light conditions, and a decrease in 
contrast sensitivity at spatial 
frequencies above 3 cpd in moderate 
light conditions in diabetic patients 
without diabetic retinopathy.14 
     Additional analysis was done to see 
the role of age in influencing the value 
of contrast sensitivity obtained. All 
samples then divided into two age 
groups, namely 40-55 years and 56-65 
years. In the two age groups, the mean 
results of the log unit of contrast 
sensitivity were not significantly 
different, showing the results of the 
decrease in contrast sensitivity found 
to be unrelated to the age factor in the 
sample group. Based on The Blue 
Mountain Eye Study found the type of 
cataracts and age over 60 years affect 
the disturbance of contrast sensitivity 
and sharp eyesight.31 
     Besides, macular vascular density 
was also further analyzed for the two 
age groups. The analysis test results 
showed a significant difference in the 
mean macular vascular density in the 
two age groups (p = 0.009). This result 
is supported by the study of 

Hashmani, et al. Who reported a 
decrease in superficial capillary plexus 
vascular density after the fifth decade 
of life.32 The study of Garrity, et al 
and Iafe, et al supports this finding by 
reporting a decrease in superficial 
capillary plexus vascular density by 
0.22% and 0.26% per year of life.33 
Another factor that can affect vascular 
density results in this study is the 
variation of signal strength in the 
results of OCTA imaging. Andrade, et 
al. Stated that based on the results of 
their study, the relationship of age to 
parafoveal capillary density influenced 
by the signal strength of the OCTA 
imaging. The parafoveal vascular 
density is judged to depend on signal 
strength and eccentricity.28 In this 
study, all imaging results with a signal 
strength below 6 excluded, but no 
further analysis performed to assess 
the relationship of signal strength to 
the results of OCTA imaging. Another 
factor that can affect the results of 
OCTA imaging is the turbidity of 
refraction media, one of which is 
cataracts. In these study patients with 
LOCS II degrees excluded minimizing 
any biases that might occur. This is 
consistent with the results of the study 
of Andrade et al., That cataract was 
considered meaningful disturbing the 
results of OCTA namely turbidity 
above LOCS III.28 
     Vujosevic et al concluded that the 
fact that no early micro vascular 
disorders found in OCTA examination 
did not indicate that the disorder did 
not exist, but that this could be an 
intrinsic limitation of the OCTA tool 
itself.29 The absence of differences in 
macular vascular density between the 
two groups in this study also does not 
indicate that the disorder has not yet 
occurred, there is the possibility of 
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micro vascular disorders occurring 
first in the inner capillary plexus layer. 
Dimitrova et al reported on a decrease 
in superficial and deep capillary 
plexus vascular density in the diabetic 
group without retinopathy compared 
with the control group. The results of 
the study found a lower vascular 
density value in the inner capillary 
plexus layer than the superficial 
capillary plexus.20 
     This result also supported by the 
study of Lee, et al., Who found a 
decrease in vascular density in both 
layers of the plexus with the 
assumption that the inner capillary 
plexus layer is more susceptible to 
ischemic processes than the superficial 
layer.  Retrieval of data conducted at 
one time in this study allows the 
results obtained cannot yet describe 
the effect of a variable. Based on the 
results of this study, in the contrast 
sensitivity group decreased at all 
spatial frequencies, the vascular 
density was greater than the normal 
contrast sensitivity group. The thing 
that can underlie it because it 
hypothesized that in the early phase of 
micro vascular damage, capillary 
dilatation occurs first due to 
endothelial dysfunction and capillary 
cell loss before capillary dropout 
occurs, it is also said there can be an 
increase in blood flow velocity due to 
changes in vascular structure so that 
both can give an impression on 
vascular density reading by the OCTA 
device as vascular density increases. 
But the findings of these two things 
are still inconsistent, due to variations 
in the severity of the study, differences 
in the technology used, and 
differences in the location under study. 
18,24 Nasralah, et al consider contrast 
sensitivity as a better parameter than a 

sharp vision in detecting early changes 
in retinal function. 
     The decrease in contrast sensitivity 
that occurred in this study thought to 
be due to disruption in the ganglion 
cells contained in the superficial 
retinal layer. If the first micro vascular 
damage occurs in the inner retina 
layer, it is possible that under this 
condition there is a decrease in 
contrast sensitivity but no changes 
seen in the vascular density of the 
superficial layer. Misra, et al suspect 
that changes in contrast sensitivity 
more influenced by neuronal changes 
than micro vascular changes.52,68 As in 
this study, other factors that can affect 
the decrease in contrast sensitivity are 
neurodegenerative changes that occur 
earlier than ischemic processes. To 
prove this, further research is needed 
that assesses the function of neuronal 
cells concerning the decrease in 
contrast sensitivity that occurs in DM 
patients without diabetic retinopathy. 
The limitation of this study is the 
standard software contained in OCTA 
can only analyze the vascular structure 
in the superficial capillary plexus 
layer, additional software needed to 
analyze the inner capillary plexus 
layer so that the possibility of early 
micro vascular disturbance occurs first 
in the inner capillary plexus layer 
cannot yet be removed. The 
assessment of neuronal structure that 
can be a factor that influences results 
is also not considered in this study, so 
a more conclusive conclusion cannot 
be drawn. 
 
Conclusion  
      Based on this study, it can be 
concluded that there is no influence of 
macular vascular density on 
decreasing contrast sensitivity in 
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patients with type 2 diabetes. As a 
suggestion, the results of the study can 
be used as a basis for further research 
by including an assessment of the 
vascular structure of the capillary 
plexus layer and neuronal structure so 
that changes vascular and neuronal 
events that occur can be assessed 
simultaneously and their effects on 
decreasing contrast sensitivity in type 
2 DM patients. Periodic examination 
of macular vascular density will be 
more useful in assessing structural and 
functional changes that occur in type 2 
DM patients 
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