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Abstracts 
Background: Vascular abnormalities in patients with diabetes mellitus (DM) can also 
occur in choroidal blood vessels. Abnormalities can be assessed based on the thickness of 
the choroidal layers using Optical Coherence Tomography (OCT) with Enhanced Depth 
Imaging (EDI) software. However, the differences of the choroidal thickness in diabetic 
patients and when accompanied by diabetic retinopathy (DR) are still controversial. 
Objective: To determine choroidal thickness differences in patients with type 2 diabetes 
mellitus without and with diabetic retinopathy.  
Method: This research is a cross-sectional study conducted in January-April 2020 at 
Cicendo Eye Hospital. This study including 48 people (75 eyes), who had been matched 
for age and sex, consisting of the control group, the DM group without DR, and the DM 
group with DR, each for 25 eyes. Choroidal thickness examination is done manually 
using Spectral Domain (SD) - OCT with EDI. Statistical analysis using the Kruskal 
Wallis test, followed by Post Hoc analysis with the Mann Whitney test. The test results 
are significant if the P value ≤ 0.05. 
Results The average age of the subjects was 51.63 ± 4.26 year. The average choroidal 
thickness in the control group was 274.84 ± 75.81 µm, in the DM group without DR was 
276.48 ± 46.58 µm, and in the DM group with DR was 251.56 ± 59.66 µm. There were 
no significant differences between the 3 groups (P = 0.073), the control group and DM 
without DR group (P = 0.698), and the control group and DM with DR (P = 0.148). There 
was a significant difference between the DM without RD group and DM with RD group 
(P = 0.017). There was a very weak and not significant negative correlation of duration of 
DM and choroid thickness (r=-0.170, P = 0.145). 
Conclusion: There was a difference of choroidal thickness in patients with type 2 
diabetes mellitus without and with diabetic retinopathy.  
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Introduction 
 Diabetic retinopathy (DR) is one 
of the chronic microvascular 
complications in diabetes mellitus 
(DM), which is a major cause of 
visual impairment in the productive 
age population. One third DM 
patients is estimated to have diabetic 
retinopathy and one tenth of them 
threatens vision. Blindness and 
visual impairment due to diabetic 
retinopathy in the world have 
doubled in 1990-2015.1,2 

Choroid is a functional part that is 
integrated in the ocular system and is 
known to have a role in various eye 
diseases. Vascularity by choroid, 
especially choriocapillaries, provide 
oxygen and nutrients to the outer 
layer of the retina and has a role to 
regulate the active metabolization of 
photoreceptor cells. Good 
functioning and structure of the 
choroid becomes important for the 
retina because volume abnormalities 
and / or disruption of choroidal blood 
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vessel flow can cause dysfunction 
and even death of photoreceptor 
cells. Diabetic choroidopathy was the 
initial term used by Hidayat and Fine 
in 1985. The study reported 
histological examination of ocular 
tissue that had been elucleated due to 
complications of DM and found that 
some choriocapillaries loss, 
tortuosity, microaneurism, drusen 
deposits in the Bruch membrane, and 
choroidal neovascularization.3,4 
 Spectral domain – optical 
coherence tomography (SD-OCT) is 
an option that is currently used to get 
a better visualization and image of 
choroidal layers. The addition of the 
Enhanced Depth Imaging (EDI) 
software to OCT provides clearer 
picture and can measure the entire 
thickness of the choroidal layer. A 
pilot study conducted by Margolis et 
al in 2009 assess choroid based on its 
thickness using EDI-OCT on normal 
subjects. Along with the increasingly 
widespread use of OCT, various 
studies use choroidal thickness as 
one of the factors affecting an ocular 
disease.5,6 
 Previous studies have measured 
choroidal thickness in DM patients 
with various diabetic retinopathy 
degrees. A Japanese study reported 
thicker choroidal layers in 
proliferative RD patients compared 
to controls. Kim et al. from Korea 
also reported that the thickness of the 
choroid increased with increasing 
degrees of RD. In contrast, the 
results of other studies from Spain 
found significant decreased of the 
choroidal layer in DM patients 
compared with controls. These 
studies and several other studies have 
varied and contradictory results.7–9  

This study will assess the 
comparison of choroidal thickness in 
type 2 diabetes mellitus patients 
without and with diabetic 
retinopathy. 
 
Subjects and Methods 
 This research is a cross-sectional 
analytic study conducted in February 
- April 2020 at the Cicendo Eye 
Hospital National Center, Bandung. 
 The inclusion criteria of this study 
were type 2 DM patients aged 40-60 
years with or without diabetic 
retinopathy who had never received 
therapy, either panretinal 
photocoagulation laser or macular 
laser, anti-VEGF injection, or pars 
plana vitrectomy surgery, and had 
intraocular pressure ≤ 21 mmHg. 
Exclusion criteria in this study were 
hazy refractive media either corneal, 
lens, or vitreous haze so OCT images 
were not readable, patients who have 
macular abnormalities and / or 
macular edema, history high myopia 
≥ 6 diopters, history of trauma in the 
past 6 months, history of intraocular 
surgery within the past 6 months, 
history of systemic corticosteroid use 
in the past month, and had optic 
neuropathy or retinopathy other than 
diabetic retinopathy.  
 The sampling technique used is 
consecutive, conducted based on the 
order of arrival and meet the 
inclusion and inclusion criteria. 
Samples are then matched based on 
age categories (40-45 years, 46-50 
years, 50-55 years, 56-60 years) and 
gender until the minimum sample is 
fulfilled. The group in this study was 
divided into 3 groups: group A as a 
control group B as DM patients 
without diabetic retinopathy, and 
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group C asDM patients with diabetic 
retinopathy. 
 Patient data taken in this study 
were name, age, sex, and HbA1C 
levels in the last 3 months, 
presenting visual acuity, anterior 
segment examination, intraocular 
pressure, 7 field fundus photograph 
(Zeiss Visucam Pro NM, Carl Zeiss , 
Germany), and choroidal thickness 
(Zeiss Cirrus HD OCT, Carl Zeiss 
Meditec, Dublin, CA). The degree of 
diabetic retinopathy is determined by 
one vitreoretinal specialist. The 
choroidal thickness was examined 
using SD-OCT with EDI software, 
manually using a caliper tool on a 
horizontal line perpendicular to the 
middle of the fovea, with the upper 
border of the hyper-reflective line 
from the Bruch membrane to the 
outer hyper-reflective line from the 
sclera, carried out by one person 
senior resident. The signal strength 
in the OCT examination included in 
this study was ≥ 6. 
 The data obtained is recorded in a 
special form and then processed 
through the SPSS version 24.0 for 
Windows. Prior to the statistical test, 
numerical data were assessed using 
the normality test using Shapiro-
Wilk. Analytic tests were then 
performed to compare the two 
groups using the unpaired t-test, if 
the data were normally distributed, 
and the Mann Whitney test, if the 
data were not normally distributed. 
For three groups analysis, we were 
using the ANOVA test, if the data 
were normally distributed, and the 
Krusskall Wallis test, if the data were 
not normally distributed. Post Hoc 
analysis then performed with the 
Mann Whitney test. Whereas 
statistical analysis for categorical 

data was tested with the Chi-Square 
test, if the Chi-Square requirements 
were not met then the Exact Fisher 
test was used for 2 x 2 tables and 
Kolmogorov Smirnov for tables 
other than 2 x 2. The correlation test 
was performed using the Spearman 
or Pearson test, then Guilford criteria 
are used to determine the closeness 
of the relationship. The significance 
criteria used are the P value if P≤0.05 
means that it is significant or 
statistically significant, and P> 0.05 
is not significant or statistically 
significant. 

 
Results 
 This study obtained 122 eyes from 
69 people, consisting of 40 male eyes 
or 32.8% and 82 female eyes or 
67.2%. After matching, there were 
75 eyes out of 48 people. Subject 
characteristics are presented in table 
4.1.   
 
Table 4.1 Characteristics of 
individual subjects 

Variable N=48 
  
Gender  
Male 10(20.8%) 
Female 38(79.2%) 
Age  
Average±SD 51.63±4,256 
Median 52.00 
Range 41.00-60.00 
HbA1C  
Average±SD 8.19±2.415 
Median 8,15 
Range 5.10-12.70 
Presenting visual acuity  
Average±SD 0.80±0.271 
Median 1.00 
Range 0.20-1.00 
Duration of DM (years) 
(N=48) 

 

Average±SD 6.89±5.912 
Median 5.00 
Range 0.00-20.00 
  
 Note: SD: Standard deviation, DM: diabetes 
mellitus 
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 Table 4.2 explains the comparison 
between gender, age, duration of 
DM, and HbA1C levels in the 
control group, DM without diabetic 
retinopathy group, and DM with 
diabetic retinopathy group. There 
were no differences in mean age (P = 
0.930), gender (P = 0.993), and 
intraocular pressure (P = 0.741) in 

each group. The highest HbA1C 
level was found in the DM without 
diabetic retinopathy group (9.52 ± 
1.999 %) with the highest threshold 
of 12.7%. The average duration of 
DM was found to be the longest in 
the DM with diabetic retinopathy 
group (9.25 ± 6,282 years).

 
Table 4.2 Comparison of individual characteristics in control group, DM 
without diabetic retinopathy group, and DM with diabetic retinopathy group 

Variabel 

Groups 

P-value Control  DM without 
DR 

DM with  DR 

N=14 N=14 N=20 
     
Gender    0.993 
Male 3(21.4%) 3(21.4%) 4(20.0%)  
Female 11(78.6%) 11(78.6%) 16(80.0%)  
     
Age    0.930 
Average±SD 51.36±4.909 51.50±4.256 51.90±3.972  
Median 52.50 51.50 52.00  
Range 41.00-59.00 43.00-57.00 44.00-60.00  
     
HbA1C    0.0001*** 
Average±SD 5.39±0.238 9.52±1.999 9.22±1.857  
Median 5.35 9.25 9.25  
Range 5.10-5.90 6.20-12.70 5.50-12.60  
     
Presenting visual 
acuity 

   0.0001*** 

Average±SD 0.96±0.109 0.99±0.053 0.55±0.245  
Median 1.00 1.00 0.50  
Range 0.63-1.00 0.80-1.00 0.20-1.00  
     
Duration of DM 
(years) (N=48) 

   0.002* 

Average±SD  3.52±3.204 9.25±6.282  
Median  3.00 9.00  
Range  0.00-10.00 0.00-20.00  
     
Note: SD: Standard deviation, DM: diabetes melitus, DR: diabetic retinopathy. P values were tested using 
One way ANOVA for normally distributed data and Kruskal Wallis for abnormally distributed data. For two 
groups of data, the P values were tested using the unpaired T test because it was normally distributed. 
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Table 4.3 Comparison of choroid thickness in the control group, DM without 
diabetic retinopathy group, and DM with diabetic retinopathy group 

Variabel 

Groups 

P-value Control  DM without 
DR 

DM with  DR 

N=25 N=25 N=25 
     

Choroidal 
thickness 

   0.073 

Average±SD 274.84±75.814 276.48±46.585 251.56±59.657  
Median 273.00 292.00 242.00  
Range 148.00-409.00 164.00-351.00 122.00-429.00  

     
Note: SD: Standard deviation, DM: diabetes melitus, DR: diabetic retinopathy. Significant value of 

P<0,05 
 
 The thinnest choroidal thickness 
was 251.56 ± 59.657 µm in the DM 
with diabetic retinopathy group, seen 
in Table 4.3. Comparison of the 3 
groups in the table above shows no 
significant (P = 0.073). Post Hoc 
analysis with Mann Whitney, shown 
in table 4. Significant differences 
were found between the DM without 
diabetic retinopathy group and with 

diabetic retinopathy group (P = 
0.017). There was no statistically 
significant mean difference between 
choroid thickness in the control 
group and DM without diabetic 
retinopathy group (P = 0.698) and 
the control group with DM with 
diabetic retinopathy group (P = 
0.148).

 
 Table 4.4 Comparison of two groups between choroid thickness in the 
control group, DM without diabetic retinopathy, and DM with diabetic 
retinopathy 

Variable 
Choroidal thickness 

P-Value Average±SD Median  Range 
   

     
Control 274.84±75.814 273.00 148.00-409.00 0.698 
DM without DR 276.48±46.585 292.00 164.00-351.00  
     
     
Control 274.84±75.814 273.00 148.00-409.00 0.148 
DM with RD 251.56±59.657 242.00 122.00-429.00  
     
     
DM without DR 276.48±46.585 292.00 164.00-351.00 0.017* 
DM with RD 251.56±59.657 242.00 122.00-429.00  
     

Note: SD: Standard deviation, DM: diabetes melitus, DR: diabetic retinopathy. Significant value of 
P<0,05 



 The results of statistical analysis 
of the correlation test between each 
choroidal thickness and age, duration 
of DM, and HbA1C were very weak 
negative correlation and it is not 
statistically significant (r= - 0.090, P 
= 0.442; r = -0.170; P = 0.45 ; r = -

0.056; P = 0.631), seen in table 4.5. 
Meanwhile, the results of statistical 
analysis the correlation test between 
choroid thickness and visual acuity 
showed a weak and significant 
correlation (r = 0.239; P = 0.039). 

 

Table 4.5 Correlation between choroid thickness and age, duration of DM, 
HbA1C and visual acuity 

 Age Duration of DM HbA1C Visual acuity 
Choroidal 
thickness 

    

Correlation Pearson Spearman Spearman Spearman 
r -0.090 -0.170 -0.056 0.239 
P-value 0.442 0.145 0.631 0.0039* 
     

Note: DM: diabetes melitus, DR: diabetic retinopathy. Significant value of P<0,05 
 

 
Discussion 
 Diabetic retinopathy is a major 
cause of visual impairment in the 
productive age group. Various 
studies have been conducted to study 
the process of diabetic retinopathy, 
one of which is the role of choroidal 
layer. The choroidal layer, which has 
a role in external retinal metabolism, 
is thought to also have a role in the 
diabetic eye. This is supported by 
various studies, both histologically 
and, as in this study, topographically. 
Our study found choroidal thickness 
tended to be similar between the 
control group (274.84 ± 75.81 µm) 
and the DM without diabetic 
retinopathy group (276.48 ± 46.58 
µm), and no significant differences 
were found in the two groups. (P = 
0.698). Research by Xu et al., from 
the Beijing Eye Study 2011, found 
similar results to this study, which 
was an insignificant difference 
between the control group and the 
DM without diabetic retinopathy 

group, and between the DM without 
diabetic retinopathy group and DM 
with diabetic retinopathy group. 
However, after matching the age and 
axial length in the study, a significant 
difference was found in the normal 
and DM groups (P = 0.02). The 
average thickness of the choroid 
obtained in the study, namely in the 
DM group (266 ± 108 µm) was 
slightly thicker than normal (250 ± 
103 µm). Nevertheless, these results 
must consider several things. First, 
although the study was population 
based, the DM group was only 246 
subjects out of 2041 total subjects. 
Second, the average difference in 
choroidal thickness in the two groups 
differed only by 16 µm. Third, 
relationships choroid thickness and 
DM are weak (β = 0.007). The theory 
of thickening of the choroidal layer 
in DM occurs in the advanced degree 
of diabetic retinopathy. Kase et al. 
found that the thickness of the 
choroid decreased in the initial 
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degree of diabetic retinopathy (212 ± 
48 µm) and then increased with 
increasing degrees of retinopathy 
(314 ± 61 µm). The research 
proposes the possibility of DM 
disease that occurs at the beginning 
of retinopathy occlusion and / or 
choriocapillary loss then there is an 
increase in VEGF concentration that 
can dilate the choroidal blood 
vessels. Our study found little 
choroidal thickening in the DM 
group without diabetic retinopathy, 
but the difference was less than 2 µm 
and was not significant. The size is 
too small to be considered 
thickening. This can occur because 
of selection bias, namely the 
selection of control subjects that do 
not represent the actual situation. 
First, control subjects are not known 
to be likely to have other risk factors 
for hormonal disorders or smoking 
history. Second, our study did not 
adjust the axial length, even though 
we have excluded refractive error of 
- 6.00 D.7,10,11 
 The DM with diabetic retinopathy 
group in this study had the thinnest 
choroidal thickness (251.56 ± 
59.657), which had a significant 
difference with the DM without 
diabetic retinopathy group (P 
<0.017). These results are similar to 
several other studies that have been 
done before. Unsal et al. conducted 
studies in the normal group, non-
proliferative diabetic retinopathy, 
proliferative, and with macular 
edema. The study concluded the 
thickness of the choroid decreased 
with increasing severity of diabetic 
retinopathy. However there are 
confounding factors in the study 
because research subjects who have 
received PRP laser therapy are still 

included, so the reduction in choroid 
thickness may be influenced by the 
effects of the laser. Similar research 
results were obtained by Regatieri et 
al. who found depletion of choroid 
thickness in the proliferative diabetic 
retinopathy group compared to the 
control group (P <0.001). But similar 
to the Unsal et al. Study, the PDR 
group in the study was conducted on 
subjects who had received laser 
therapy. Zhang et al. previous studies 
have suggested a reduction in 
choroid thickness 12 weeks after 
PRP laser therapy (P <0.006). Our 
study, in contrast, was only included 
by naive research subjects, thus 
indicating the possibility of thinning 
of the choroidal layer caused by the 
progression of DM disease. 
12–14 
 Our study also analyzed the 
duration of DM because the duration 
of DM has a consistent relationship 
with the worsening of the severity of 
diabetic retinopathy and macular 
edema. The Wisconsin 
Epidemiologic Study of Diabetic 
Retinopathy (WESDR) states that the 
incidence of diabetic retinopathy 
increases with increasing duration of 
DM. Our study found a negative 
correlation between choroid 
thickness and duration of DM, but 
the correlation was very weak and 
not statistically significant (r = 0.170, 
P = 0.145). Another study by 
Ambiya et al., in contrast, found a 
moderate and significant correlation 
(r = 0.140, P <0.001). However, the 
duration of DM in the study was 
longer than ours, both in the non-
proliferative diabetic retinopathy 
group (12.80 ± 5.36 years) and 
proliferative (16.14 ± 6.42 years). 
This can make a difference in our 
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study group may not be able to show 
a strong relationship.15,16 
 Since the introduction of OCT in 
the clinical field of ophthalmology, 
the development of knowledge about 
the layers of the eye, especially the 
retinal complex, has been getting 
better. OCT devices have the ability 
of non-invasive "biopsy", which can 
assess up to the choroidal layer. Our 
study compared choroidal thickness 
using SD-OCT with EDI software 
which was calculated manually using 
the caliper tool on OCT. However, 
our study did not conduct additional 
analysis regarding the reliability of 
these measurement methods. Several 
other studies state the examination of 
choroid thickness with SD-OCT has 
good reproducibility. Shao et al. 
from the 2011 Beijing Eye Study 
used two operators to calculate the 
thickness of the sub-fovea choroid 
independently in a span of two 
months to assess inter-observer 
variability and two weeks for 
reproducibility with high intra- and 
inter-observer reproducibility results. 
Similar results were also reported by 
Chhablani et al who used Spectralis 
SD-OCT. Their study found a very 
high correlation coefficient (CCC) 
(0.9956, CI: 95%). Other studies 
conducted by Rahman et al. which 
reported variations in measurements 
in the study, which amounted to> 32 
µm. The study also found a 
difference of 23 µm still represented 
the truth. Nevertheless, the 
measurement method with automatic 
segmentation will be more likely to 
uniform the measurements so it will 
minimize the measurement bias.17–19 
 The limitation of our study is that 
the choroidal thickness is done 
manually. This method allows errors, 

although to date it is the best method 
available on OCT and is said to have 
high reproducibility. An integrated 
software in OCT, which calculates 
choroidal thickness automatically 
can minimize this limitation. Our 
study also did not adjust the axial 
length, and still included two eyes 
from one subject. The more 
conformity that can be done, the 
better the results of the study. The 
control group in our study also did 
not take into account other possible 
factors, such as hormonal disorders 
or smoking history, so it cannot be 
ascertained to represent the true 
normal population. The strengths of 
this study are that the subjects were 
adjusted for age and sex, and did not 
include patients who had gone 
through laser therapy or surgery. 
Choroidal thickness examination is 
also done in the same window of 
time and environment because it 
takes into account diurnal variations. 
 As a summary, our study found a 
decreased choroidal thickness in 
diabetic retinopathy group compared 
to the no diabetic retinopathy group. 
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