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Introduction. In recent decades, numerous studies 
have been conducted to examine the growth factors ca-
pable of exerting simultaneous effects on the vascular and 
metabolic components of the pathogenesis of diabetic reti-
nopathy (DR). [1, 2]. These factors include brain-derived 
neurotrophic factor (BDNF) and vascular endothelial 
growth factor (VEGF). BDNF and VEGF have been found 
to be increased in early diabetic polyneuropathy, which is 
believed to be a manifestation of compensatory mecha-
nisms. In addition, they have been found to be significant-
ly decreased in decompensated diabetic polyneuropathy. 
Moreover, in these processes, neurotrophic factor deficien-
cy becomes a stand-alone pathogenetic component.

Filimonova reported on the role of BDNF in the de-
velopment of diabetic foot syndrome (DFS) and obtained 
a patent for the method of diagnostic assessment of sub-
clinical diabetic neuropathy through determining BDNF 
levels in patients with DFS in 2018. [4]. To the best of our 
knowledge, however, the literature of the countries of the 
former Soviet Union is scant on the topic. [3-7].

The available methods of DR treatment are commonly 
used in late disease, which underlines the need for infor-
mative biomarkers for early identification and adequate 
treatment of the disease. Further research should be aimed 
at the investigation of novel DR biomarkers, and the latter 
should be easily available, non-invasive, economic and ac-
curate, and capable of assessing the presence and progres-
sion of DR. [8-12].

The purpose of the study was to examine tear and 
serum BDNF levels in type 2 diabetes patients with and 
without DR.

Material and Methods
One hundred and seventy patients with type 2 diabe-

tes mellitus (DM2) and 84 practically healthy individuals 
without any eye disease (totally, 254 individuals and 504 
eyes) were included in the study. Group 1 was composed 
of 89 patients (174 eyes) with DR and was divided into the 
following subgroups: mild non-proliferative DR (NPDR) 
(24 patients; 47 eyes); moderate NPDR (22 patients; 43 
eyes); severe NPDR (23 patients; 45 eyes); and prolifera-
tive DR or PDR (20 patients; 39 eyes). Group 2 (DR0) was 
composed of 81 patients (162 eyes) without ocular signs 
of DR, and group 3 (controls), of 84 practically healthy 
individuals without any eye disease. Of the total individu-
als included in the study, 49.2% were males and 50.8% 
were females. The mean age plus or minus standard devia-
tion (SD) was 67±4.2 years for men and 64±5.6 years for 
women.

Subjects underwent biomicroscopy using the Gold-
mann lens, B scan ocular ultrasound using the VuMAX 
HD A/B/UBM Ophthalmic Ultrasound System (Sonomed 
Escalon, New Hyde Park, NY), and macular optical coher-
ence tomography using Spectralis HRA-OCT (Heidelberg 
Engineering, Heidelberg, Germany). The BDNF-IFA-
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BEST enzyme-linked immunosorbent assay (ELISA) kit 
(Vektor-Best, Novosibirsk, Russia) was used to measure 
serum and tear BDNF levels according to the manufac-
turer’s instructions.

After an overnight fast, 7-ml blood samples were col-
lected from the antecubital vein into blood collection tubes 
under sterile conditions. Blood sera were separated by cen-
trifugation at 3000 rpm for 15 mins, aliquoted and stored 
at -20°C for 1 to 3 months. For running ELISAs, serum 
samples were thawed at room temperature. Serum BDNF 
concentration was calculated from the standard curve.

A 100-ml tear sample was collected with a sterile pi-
pette from the lower conjunctival fornix in the subject in 
the sitting position and placed in an Eppendorf tube (Ep-
pendorf International, Hamburg, Germany). Tear samples 
were frozen at -20°C and stored for 1 to 3 months. They 
were thawed at room temperature immediately before 
analysis and centrifuged at 4000 rpm for 10 mins to mea-
sure tear BDNF levels in pg/ml.

DM2 was diagnosed according to American Diabetes 
Association (ADA) criteria: fasting plasma glucose (FPG) 
≥ 7.0 mmol/L or 2 hour plasma glucose ≥ 11.1 mmol/L. 
Demographic data recorded included patient age, sex and 
disease duration.

Exclusion criteria included ocular disorders capable of 
impacting retinal vascular pathology; history of intravit-
real injections, surgery or laser treatment; systemic vas-
cular disorders impacting BDNF levels; cardiac ischemic 
disease; current or planned dialysis; or malignant tumors.

Informed consent was obtained from all study subjects. 
The study was approved by the Ethics Committee of the 
Ministry of Health of Republic Uzbekistan (Committee 
Meeting Minutes No.3 of April 11, 2023) and followed the 
ethical standards stated in the Declaration of Helsinki.

Microsoft Excel 2010 software was used for statisti-
cal analysis. Data are presented as mean±standard error 
of mean. The level of significance p ≤ 0.05 was assumed.

Results
Serum BDNF levels were significantly lower in pa-

tients in group 1 and group 2 compared with controls 
(25.6±2.64 ng/ml; p < 0.05) (Fig. 1).

Particularly, serum BDNF levels were 23.8±1.33 ng/ml 
in patients without ocular signs of DR; 21.5±0.6 ng/ml in 
patients with mild NPDR; 19.7±1.04 ng/ml in patients with 
moderate NPDR; 13.5±1.22 ng/ml in patients with severe 
NPDR; and 11.2±1.21 ng/ml in patients with PDR. There 
was a 2.2-times reduction in serum BDNF levels with an 
increase in DR severity (Fig. 1).

Tear BDNF levels were significantly lower in pa-
tients without ocular signs of DR compared with con-
trols (97.5±5.57 pg/ml; p < 0.05). Tear BDNF levels were 
82.7±7.69 pg/ml in patients with mild NPDR; 73.4±4.39 
pg/ml in patients with moderate NPDR; 65.6±4.66 pg/
ml in patients with severe NPDR; and 46.2±3.43 pg/ml 
in patients with PDR. There was a 2.4-times reduction in 
tear BDNF levels with an increase in DR severity (Fig. 
2). There was a significant difference among all groups 
(p<0.05).

Discussion
It was found that tear BDNF levels lower than 97.5 pg/

ml and serum BDNF levels lower than 23.8 ng/ml indi-
cate the transition to DR, whereas tear BDNF levels lower 
than 62.0 pg/ml and serum BDNF levels lower than 12.0 
ng/ml indicate the development of PDR. We suppose that 
early retinal neurodegeneration in patients with DR is as-
sociated with reduced BDNF expression.  Our findings 

Fig. 1. Serum levels of the neurotrophic factor BDNF (ng/ml) in type 2 diabetes patients with DR, type 2 diabetes patients 
without DR, and controls 



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2023 - Number 6 (515)

18   

are in agreement with those of others [4, 6], who demon-
strated that significantly decreased serum BDNF levels in 
patients with NPDR as well as those with PDR. It should 
be noted that a reduction in BDNF levels is also observed 
with an increase in the severity of diabetic neuropathy [9]. 
The results of our study demonstrated that tear BDNF lev-
els as well as serum BDNF levels decreased with DR pro-
gression. Tear BDNF levels and serum BDNF levels may 
be used as biomarkers of disease severity in patients with 
DR and as prognostic biomarkers of DR onset. We have 
previously studied correlations of ocular hemodynamics 
parameters and tear antioxidant protection with the stage 
of DR [13, 14]. Our further research will study correla-
tions of serum and tear levels of BDNF with the severity 
of DR.

Conclusion
First, mean serum BDNF levels as low as below 

23.8±1.33 ng/ml and mean tear BDNF levels as low 
97.5±5.57 pg/ml as below are an early sign of DR.

Second, in patients with DR, retinal neurodegeneration 
is supposed to be associated with a progressive decrease in 
BDNF expression, which characterizes the clinical course 
of DR.

Finally, tear BDNF levels and serum BDNF levels may 
be used as biomarkers of disease severity in patients with 
DR and as prognostic biomarkers of DR onset.

Literature

1. Urmanova FM. [Prognostic value of neurotrophic and vas-
cular growth factors in early diagnosis of diabetic retinopa-
thy]. Stomatologiya. 2022; 4 (89):93-7. Russian.

2. Budzinskaya MV, Lipatov DV, Pavlov GV, Petrachkov 
DV. [Biomarkers of diabetic retinopathy]. Diabetes Mellitus. 
2020;23 (1):88-94. Russian. 

3. Van V. [Diabetic retinopathy: Pathophysiology and manage-
ment]. Int J Mol Sci. 2018;19:1816. Russian. 

4. Karakulova YuV, Filimonova TA. [Biomarkers of the de-
velopment and progression of diabetic polyneuropathy]. 
Zhurnal nevrologii i psikhiatrii. 2020;120(8):70-5. Russian. 

5. Afarid M, Namvar E, Sanie-Jahromi F. Diabetic Retinopa-
thy and BDNF: A Review on Its Molecular Basis and Clinical 
Applications. J. Ophthalmol. 2020 May 18:2020:1602739. 

6. Popova NK, Ilchibaeva TV, Naumenko VS. [Neurotrophic 
factors (BDNF,GDNF) and the serotonergic system of the 
brain]. Biochemistry (Mosc). 2017 Mar;82(3):308-317. 

7. Pusparajah P, Lee LH, Kadir KA. Molecular markers of 
diabetic retinopathy: potential screening tool of the future? 
Front Physiol.  2016 Jun 1;7:200.  

8. Ang WJ, Zunaina E, Norfadzillah AJ, Raja-Norliza RO, 
Julieana M, Ab-Hamid SA, et al. Evaluation of vascular 
endothelial growth factor levels in tears and serum among 
diabetic patients.  PLoS One. 2019;14(8):e0221481. 

9. Bakhritdinova FA, Urmanova FM, Kangilbayeva GE, 
Urmanova UM.  Prognostic Criteria for the Diagnosis and 
Progression of Diabetic Retinopathy. Acta Scientific Oph-
thalmology. 2023 March; 6(3):3-6. 

10. Bakhritdinova FA, Urmanova FM, Kangilbaeva GE. Cor-
relation of biomarkers of diagnosis of diabetic retinopathy. 
In: Proceedings of the 24th European Congress of Endocri-
nology. 21-24 May 2022, Milan, Italy. p. 56.

11. Vujosevic S, Simó R.  Local and Systemic Inflammatory Bio-
markers of Diabetic Retinopathy: An Integrative Approach.  
Invest Ophthalmol Vis Sci. 2017 May 1;58(6):BIO68-BIO75. 

12. Zhou Z, Ju H, Sun M, Chen H.  Serum Vascular Endothelial 
Growth Factor Levels Correlate with Severity of Retinopathy 
in Diabetic Patients: A Systematic Review and Meta-Analy-
sis. Dis Markers. 2019 Mar 24:2019:9401628. 

Fig. 2. Tear levels of the neurotrophic factor BDNF (pg/ml) in type 2 diabetes patients with DR, type 2 diabetes patients without 
DR, and controls



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2023 - Number 6 (515)

  19

13. Bakhritdinova FA, Kangilbaeva GE, Nabieva IF, Jura-
bekova AZ. Prediction of the progression of diabetic retinop-
athy based on hemodynamic data. J Ophthalmol (Ukraine). 
2021;4:26-31. 

14. Kangilbaeva G, Bakhritdinova F, Urmanova F. Assess-
ing the Dynamics of Antioxidant Protection of Tear Fluid and 
Retrobulbar Blood Circulation in Diabetic Retinopathy. New 
Horizons in Medicine and Medical Research. 2022;(4):83–90. 

Disclosures 

Received 09.06.2023
Accepted 20.10.2023

Authors’ contributions. All authors contributed equal-
ly to this work

Conflict of interest. The authors declare that they have 
no conflict of interest with this article. 

Ethical statement. The written informed consent was 
obtained from the patient.


