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as an Indicator of Diabetic Macular Edema Development
DOI: 10.17691/stm2015.7.3.10 
Received April 10, 2015

M.M. bikbov, MD, DSc, Professor, Director;
R.M. Zainullin, Researcher, Department of Vitreoretinal and Laser Surgery;
R.R. Faizrakhmanov, MD, PhD, Senior Researcher, Head of the Department of Vitreoretinal and Laser Surgery

ufa Scientific Research Institute of Eye Diseases, Academy of Sciences of the Republic of Bashkortostan,  
90 Pushkin St., ufa, the Republic of Bashkortostan, 450008, Russian Federation

The aim of the investigation was to reveal the peculiarities of macular pigment optical density (MPOD) alteration in diabetic macular 
edema.

Materials and Methods. A total of 52 patients aged 55 to 71 years (mean, 63.0±5.2 years) were studied. The patients suffering from diabetes 
mellitus type 2 with diabetic macular edema (28 subjects, 30 eyes) were included in group 1 (main group). group 2 (control group) included 24 
patients (35 eyes) who did not suffer from any ophthalmic diseases and diabetes. All subjects underwent standard ophthalmic examination and 
fundus photographing followed with MPOD measurement using reflectometry method with non-mydreatic fundus camera VISuCAM 500® (Carl 
Zeiss Meditec Ag, germany).

Results. 78% of 28 patients from group 1 showed decline in all MPOD measurements as compared to control group. In particular, their 
mean MPOD was estimated as 0.10±0.01 standard units of optical density (р<0.05), while in the control group the same index was 0.25±0.01 
standard units of optical density (р<0.05). The most significant MPOD reduction was observed in the projection of the retina edema area. 

Conclusion. In diabetic macular edema, sharp decline in MPOD indices occurs. The correlation between quantitative MPOD indices and the 
size of the edema area has been revealed.
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macular pigments play the role of antioxidants fighting 
oxidative photodamage of pigment epithelium cells and 
photoreceptors, as well as being effective short-wavelength 
light filters. In humans, macular pigments are concentrated 
in the outer plexiform layer of the fovea, in the stratum 
neurofibrarum (Henle’s fiber layer), and in the outer segment 
membranes of photoreceptors as well [1]. macular pigment 
optical density (mPOD) measurement shows the extent of 
protective substances preservation in relation to pathogenic 
factors causing macular area damage development and 
characterizes the condition of outer retinal layers [2, 3]. 
macular pigment concentration affects directly the retinal 
light sensitivity, therefore regular and objective mPOD 
measuring proves to be rational in case of pathology of 
the central part of the retina [4, 5]. Diabetic macular edema 
(DmE) being one of the most significant signs of diabetes 
mellitus leads to irreversible vision loss and disability of the 
working-age patients [6]. However, the macular pigment 
condition in diabetic macular edema and their correlation 
have not been fully explored.

The aim of the investigation was to reveal the 
peculiarities of macular pigment optical density alteration in 
diabetic macular edema.

Materials and Methods. A total of 52 patients aged 
55–71 years (mean, 63.0±5.2 years) were studied; there 
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were 48% of men (25 subjects); and 52% of women (27 
subjects). The patients under study were divided in two 
groups. The patients suffering from diabetes mellitus type 2 
with DmE and diabetic retinopathy were included in group 1 
(main group), 28 subjects (30 eyes), their average diabetes 
duration was 10.3±3.7 years. Group 2 (control group) 
included 24 patients (35 eyes) who suffered from neither 
ophthalmic diseases, except for presbyopia, nor diabetes.

Exclusion criterion for the study was the presence 
of concomitant diseases of the retina, in particular, 
proliferative diabetic retinopathy and vitreomacular traction 
syndrome. The subjects did not take medicine containing 
oxy-carotenoids, did not keep to a high-lutein diet.

The study was performed adhering to the tenets of the 
Declaration of Helsinki (adopted in June 1964 (Helsinki, 
Finland) and revised in October 2000 (Edinburgh, scotland)) 
and approved by the local ethics committee. All subjects 
gave informed consent to participate in the study.

All subjects underwent standard ophthalmic examination 
involving visometry and ophthalmic biomicroscopy with the 
aid of 78D aspheric lens (Russia). Fundus photography 
with mPOD measurement was performed by reflectometry 
method with non-mydreatic fundus camera VIsUCAm 
500® (Carl Zeiss meditec AG, Germany). macular pigment 
volume, distribution area, maximum and mean values of 



7�     СТМ ∫ 2015 — vol. 7, No.3 

 сlinicAl medicine 

macular pigment concentration were used to estimate 
mPOD.

statistical processing of the results was performed 
by using the methods of descriptive statistics, univariate 
ANOVA test and a posteriori Duncan’s test for multiple 
comparisons. The variations were considered significant, 

when p<0.05. The descriptive statistics results are given as 
m±m, where m is mean value, m is standard deviation. The 
critical level of statistical significance when testing a zero 
hypothesis was set to be 0.05.

Results and Discussion. According to ophthalmoscopy 
findings, the patients from group 1 showed the changes 

Mean macular pigment optical density values in patients of compared groups

Groups

Maximum macular pigment 
optical density value 

(standard units  
of optical density)

Mean macular pigment  
optical density value (standard 

units of optical density)

Macular pigment  
distribution area (pixels)

Macular pigment volume 
(standard units of optical 

density × pixels)

With diabetic retinopathy 0.32±0.01* 0.10±0.01* 54484.92±14769.36 4106.83±1080.58*

Without diabetes mellitus 0.69±0.02 0.25±0.01 63651.0±15234.23 15702.0±3043.23

* statistically significant differences in values as compared to control group (р<0.05).
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The fundus images and graphic cartogram analysis of macular pigment optical density in a patient with 
diabetic retinopathy (a), (b) and in a patient without diabetes mellitus (c), (d)

M.M. Bikbov, R.M. Zainullin, R.R. Faizrakhmanov



СТМ ∫ 2015 — vol. 7, No.3   75

 сlinicAl medicine 

characteristic of diabetic retinopathy, such as micro-
aneurysms, preretinal hemorrhage, hard and/or soft 
exudates; retinal edema; intraretinal microvascular 
abnormalities (marked venous dilation, their size 
irregularity, convolution, vascular slings). According to 
Kohner and Porta classification (1991), this group of 
patients suffered from non-proliferative or pre-proliferative 
stage of retinopathy.

mPOD measurement results were analyzed using graphic 
cartograms in the form of spatial distribution profiles and 
comparing the measured values: the mean and maximum 
optical density, macular pigment volume and distribution 
area (see the Figure).

When analyzing the obtained results significant decrease 
in all mPOD indices was found in 78% of patients from 
group 1 as compared to control group (see the Table).

The obtained results have shown major retinal structure 
impairments and mPOD distribution derating in DmE 
patients. The most significant mPOD reduction has been 
observed in the projection of the macular edema area. 
Considering the correlation between mPOD and the layer of 
photoreceptors, as well as the decline in macular pigment 
density indices in the edema area, according to the findings 
of this study, the layer of photoreceptors can presumably be 
involved in a pathological process. Whether photoreceptors 
damage is a secondary event in diabetic macular edema 
requires further detailed investigation using additional 
research methods.

Thus, the study of mPOD indices in patients with 
diabetes mellitus should be performed as soon as possible 
for earlier detection of diabetic retinal alterations. Hereafter, 
the alterations found in the course of observation can be 
used as an indicator of the process progressing and for the 
disease prognosis. mPOD study can be a form of screening 
DmE patients, which, in terms of results, is comparable to 
identifying visual fields or measuring the thickness of the 
nerve fiber layer in glaucoma.

Conclusion. In diabetic macular edema, sharp decline 
in macular pigment optical density indices occurs. The 

correlation between quantitative macular pigment optical 
density indices and the size of the edema area has been 
revealed. macular pigment optical density measurement 
can serve as an additional informative procedure for 
individual monitoring of patients with diabetic macular 
edema.
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