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Abstract  This study investigates early signs of diabetic vitreopathy in young patients with type 1 diabetes mellitus and 

examines its relationship with systemic and local factors. A total of 86 healthy individuals and 129 patients with type 1 

diabetes aged 10–24 years were included in the study. Multislice spiral computed tomography (MSCT) was used to assess 

changes in vitreous body density. The results demonstrated significantly increased vitreous density in the central and 

preretinal zones in diabetic patients compared with healthy individuals. Among systemic factors, carbohydrate metabolism 

indicators showed the strongest association with vitreous changes. The findings confirm that MSCT is a sensitive method for 

early detection of diabetic vitreous alterations and suggest that collagen fiber compaction plays a key role in these processes. 
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1. Introduction 

Diabetic Vitreopathy is a change in the structure of the 

vitreous body that occurs in patients with diabetes mellitus 

(DM) due to biochemical disturbances caused by the 

underlying disease [1], [2]. Normally, the vitreous body is a 

transparent substance that is difficult to visualize even with 

the use of modern diagnostic methods. According to studies, 

vitreopathy develops much earlier than retinal damage [3], 

[4]. However, even at late stages, recording changes in the 

vitreous body is a difficult task. In patients with DM, the 

vitreous body becomes visible only with the development of 

pathologies, such as hemorrhage, fibrosis or detachment. 

Intravital diagnostic methods mainly provide a qualitative 

assessment of the vitreous body, while quantitative 

approaches remain imperfect [5], [6]. Historically, changes 

in the retina were considered the main cause of diabetic 

retinopathy, and the vitreous body was a secondary structure, 

changes in which are associated with metabolic products [7], 

[8]. However, it has been proven that the vitreous plays an 

important role in the development of complications such as 

retinal detachment, maculopathy, and retinal vein occlusion 

[9]. It was previously found that the structure of the vitreous 

in diabetes mellitus differs from changes associated with age 

or other diseases [11]. However, methods for early detection 

of such changes have not yet been developed, which limits 

the possibilities for their timely correction [10]. This 

emphasizes the importance of early diagnosis, which will  
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help determine the role of the vitreous in the development of 

diabetic retinopathy. With modern advances in the diagnosis 

and treatment of diabetic retinopathy (DR), the focus must 

shift from treating late-stage disease to early detection and 

prevention. A key element in this approach is identifying 

functional defects of the retina (FDR), which result from 

diabetic retinopathy-associated neuropathy (DRN) before 

vascular abnormalities become apparent. Despite the promise 

of multifunctional perimetry in detecting FDR, it is not yet 

integrated into the standard diagnostic protocols for DR and 

diabetic macular edema (DME). Since FDR could serve as 

an objective marker of treatment efficacy, new therapeutic 

approaches aimed at addressing DRN pathophysiology must 

be assessed in clinical trials using sensitive FDR-based 

outcome measures. Beyond diabetic eye disease, FDR has 

the potential to be a valuable biomarker for diagnosing a 

range of diabetes-related complications, including peripheral 

neuropathy, kidney disease, diabetic foot disease, vascular 

disorders, and cardiac failure. Thus, incorporating multifocal 

perimetry into routine diabetic patient assessments could 

offer substantial diagnostic and therapeutic advantages, 

paving the way for earlier intervention and improved patient 

outcomes [17]. 

Diabetic retinopathy (DR) is a major chronic complication 

of hyperglycemia in patients with diabetes and the leading 

cause of blindness among the working-age population [18]. 

DR leads to irreversible vision loss and blindness, thereby 

considerably reducing the quality of life, and can be life- 

threatening. The number of patients with DR is predicted to 

increase from 103 million in 2020 to 160.5 million by 2045 

[19]. DR occurs in approximately one-third of patients with 
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diabetes, with the incidence increasing with the duration of 

diabetes [20,21]. Disease progression can lead to fundus 

hemorrhage and retinal detachment, resulting in blindness, 

and non-vascular retinal cells degenerate during diabetes 

[22]. The pathogenesis of DR involves several pathways, 

protein kinase C activation, and advanced glycation end- 

product (AGE) accumulation6 [23,24]. DR-associated 

chronic hyperglycemia causes microvascular damage to the 

retina [25] contributing factor to DR. Inflammatory responses 

triggered by oxidative stress activate these pathways, leading 

to increased oxidative stress. Additionally, inflammation and 

neurodegeneration are potential new pathways contributing 

to the pathogenesis of DR [26,27]. Treatment for DR currently 

focuses on treating diabetes symptoms by controlling blood 

glucose, lipids, and blood pressure, along with dietary and 

exercise interventions [28]. Treatments aimed at controlling 

the progression of retinopathy include invasive surgical 

options such as laser therapy and vitrectomy, as well as 

pharmacological therapies using vascular endothelial growth 

factor (VEGF) inhibitors and steroids. However, these 

treatments have limited indications and only have temporary 

effects [29]. Therefore, although various new drugs are  

being developed globally, none have yet reached clinical 

application [30], and developing new therapeutic agents that 

can inhibit DR progression is essential. 

Despite the pioneering efforts of these early investigators, 

who were constrained by the limitations of then available 

methodologies, recent advances in imaging techniques [7,8] 

and high-throughput transcriptional and protein analyses 

have provided a more comprehensive understanding of the 

unique characteristics of hyalocytes. The origin, turnover, 

localization, structure, and expression profile of hyalocytes 

have undergone examination using various techniques, 

including dark-field slit-, light-, phase contrast-, and  

electron microscopy; as well as immunohistochemistry, 

immunofluorescent labeling, transgenic reporter lines 

application combined with fluorescent microscopy, and 

confocal microscopy [9]. Furthermore, the utilization of 

proteomic studies including imaging mass cytometry has 

propelled our understanding forward [10–12]. While these 

techniques have produced invaluable insights into hyalocyte 

physiology, the advent of optical coherence tomography 

(OCT), scanning light ophthalmoscopy (SLO), and adaptive 

optics (AOSLO) has paved the way for imaging single 

hyalocytes in vivo over time, particularly in human subjects 

[13]. 

Purpose of the study: The main objective of the study is 

the early diagnosis of signs of diabetic vitreopathy in young 

patients with type 1 diabetes. The possible relationship of 

these changes with systemic and local factors is also studied. 

2. Materials and Methods 

To achieve the set goals, 215 people were examined, 

including 86 conditionally healthy patients (172 eyes) and 

129 patients with type 1 diabetes (258 eyes) aged 10 to 24 

years. This age range was chosen based on the physiological 

characteristics of the vitreous body, which remains 

underdeveloped until the age of 10, and after 35 years begins 

to undergo age-related changes. 

The study groups were divided as follows: 

• Group I: conditionally healthy patients (86 people). 

• Group II: patients with type 1 diabetes (129 people). 

The anamnesis included collection of information on cases 

of high blood pressure, hereditary and rheumatoid diseases, 

and the most frequent complaints. For patients with diabetes, 

data on the course of the disease, episodes of hyperglycemia, 

hypoglycemic conditions, and existing complications were 

recorded. 

During MSCT, tissue density is assessed in Hounsfield 

units (HU). The Hounsfield scale, or densitometric scale, is a 

scale of linear attenuation of radiation, with the X-ray density 

of distilled water at standard pressure and temperature being 

set at 0 HU. Numerous studies on the density of tissues in 

humans and animals have identified average densitometric 

values for the tissues of the human and animal body, which 

are presented below (Table 1). 

Table 1.  Average norms densitometric indicators of tissues of the human 
and animal body 

SUBSTANCE HU 

Air -1000 

Fat -120 

Water 0 

Soft tissue +40 

Bones +400 and higher 

Systemic parameters included fasting blood glucose, 

postprandial blood glucose, glycated hemoglobin, and lipid 

metabolism parameters (total cholesterol, triglycerides, low- 

density and high-density lipoproteins). To assess local factors, 

patients with eye trauma, previous surgeries, suspected 

glaucoma, or inflammatory processes were excluded. 

Ophthalmological research methods: 

Standard ophthalmologic procedures were used in both 

groups, including: 

•   Visometry to assess maximum corrected visual acuity. 

•  Refractometry (subjective and objective). 

•   Measurement of intraocular pressure (tonometry). 

•  Biomicroscopy and ophthalmoscopy with high-diopter 

lenses. 

Particular attention was paid to multislice spiral computed 

tomography (MSCT) of the vitreous body, which was used 

for quantitative assessment of early signs of diabetic 

vitreopathy. The method allows simultaneous visualization 

of bone and soft tissue structures with minimal radiation 

exposure (2.1 mGy for the orbits). The studies were 

conducted using Somatotom Emotion-16 and SIEMENS-16 

devices. Previously, we published the results of a study of the 

vitreous body using MSCT data in conditionally healthy 

individuals [13]. 
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The thickness of the tomographic slice was 0.75 mm, 

which ensured high visualization accuracy. Tissue density 

was assessed in Hounsfield units (HU), based on the X-ray 

density of water. 

Statistical research methods. Data collection, processing 

and storage were carried out using Microsoft programs. 

Excel (Windows 2010) and Statistic for Windows. For 

quantitative indicators with a normal distribution, arithmetic 

means (M), standard errors (m) and 95% confidence interval 

(95% CI) limits were calculated. 

When comparing the mean values in normally distributed 

sets of quantitative data, the Student's t-test was calculated 

using the following formula: 

  
     

√  
    

 
 

where: М1 and М2 are the compared mean values, m1 and 

m2 are the standard errors of the mean values, respectively. 

Comparison of mean values was performed using Student's 

t-test calculated using the standard formula. The obtained 

values were compared with critical, and differences were 

considered statistically significant at a significance level of  

p < 0.05. 

To assess the reliability of percentage differences, the 

Fisher angular transformation criterion (φ*) was used. 

Values of p > 0.05 indicated the absence of statistically 

significant differences, and p < 0.05 indicated their presence. 

3. Results and Discussion 

The examined patients of both groups were ranked by age 

and gender. The average age of the participants of the first 

group (conditionally healthy) was 19.3 ± 3.1 years, and that 

of the patients of the second group (with type 1 diabetes) was 

18.1 ± 4.2 years. The differences in age between the groups 

were statistically insignificant (p = 0.82). 

Patients with ocular trauma, surgery, or systemic diseases 

affecting the vitreous were excluded from the study. 

Complaints and heredity: 

Among the conditionally healthy participants of Group I, 

complaints characteristic of diabetes were not recorded. 

However, 8.33% (8 people) of them had diabetes mellitus 

type 1 or 2 among their closest relatives. In addition, 2.38% 

(3 people) had relatives with cases of diabetic retinopathy. In 

the second group (type 1 diabetes), family history showed 

that 9.45% of patients had close relatives with diabetes, and 

3.94% had diabetic retinopathy. 

Onset and course of diabetes: 

In patients with type 1 diabetes, the age at disease onset 

ranged from 1.5 to 29 years, with a median of 11.8 years. The 

average duration of the disease at the time of the study was 

9.1 ± 3.2 years. 

Visual acuity: Among the conditionally healthy patients, 

decreased distance visual acuity was observed in 16.7% of 

participants, however, no complaints of glare, distortion,   

or problems with color perception were recorded. In patients 

with type 1 diabetes, decreased distance vision was noted in 

35.4% of cases, decreased near vision in 4.72%. Complaints 

of color distortion, object distortion, and glare were recorded 

in 2.36%, 9.45%, and 26.8% of cases, respectively, which  

is significantly more common than in healthy participants  

(φ = 3.783). 

Refractive errors: The frequency of myopia and mild 

hyperopia was comparable in both groups: 16.7% of the 

apparently healthy participants and 18.5% of the patients 

with diabetes had myopia, while hyperopia was recorded in 

13.1% and 14.97% of cases, respectively. However, no 

statistically significant differences were found between the 

groups in these indicators. 

The best-corrected visual acuity (BCVA) was 0.93 ± 0.03 

in group I and 0.91 ± 0.06 in group II; the differences did not 

reach statistical significance (p = 0.766). 

Intraocular pressure and peripheral vision. To exclude 

the influence of ophthalmic hypertension and glaucoma, all 

patients with elevated intraocular pressure were excluded 

from the study. The average intraocular pressure values in 

the group of conditionally healthy subjects were 20.1 ± 0.62 

mm Hg, ranging from 18 to 23 mm Hg. In patients with type 

1 diabetes (group II), the pressure ranged from 16 to 22 mm 

Hg, with an average value of 19.6 ± 0.81 mm Hg. The differences 

between the groups did not reach statistical significance (p = 

0.62). Peripheral vision parameters were assessed based on 

the total visual field (average normal value: 265°). The total 

visual field in the group of conditionally healthy patients  

was 256.1 ± 3.03°, while in the group of patients with type 1 

diabetes it was 252.9 ± 4.13°. No statistically significant 

differences were found between the groups (p = 0.532). 

Metabolic indices 

Lipid metabolism: 

The average level of total cholesterol in conditionally 

healthy patients was 4.32 ± 1.2 mmol /l, and in patients with 

diabetes - 4.84 ± 1.4 mmol /l (p = 0.78). Triglyceride levels 

also did not differ between the groups: 1.47 ± 0.46 mmol /l in 

group I and 1.59 ± 0.83 mmol /l in group II (p = 0.89). 

Low-density lipoproteins (LDL) were 3.3 ± 1.45 mmol / l in 

the group of conditionally healthy and 2.65 ± 0.78 mmol / l in 

the group with diabetes (p = 0.69). High-density lipoproteins 

(HDL) reached 1.73 ± 0.31 mmol / l in conditionally healthy 

and 1.04 ± 0.43 mmol / l in patients with diabetes (p = 0.19). 

These results indicate the absence of significant differences 

in lipid metabolism between the groups. 

Glycemic level: 

Glycemia was the main factor distinguishing between the 

groups. In healthy patients, the average fasting blood glucose 

level was 4.9 ± 0.63 mmol / l, while in patients with diabetes 

this indicator was on average 3.7 times higher (18.37 ± 5.89 

mmol / l, p = 0.02). Postprandial glycemia in patients with 

diabetes exceeded the same indicator in healthy subjects by 

4.5 times (23.7 ± 4.97 mmol /l versus 5.23 ± 0.24 mmol /l,  

p = 0.00029). Glycated hemoglobin also showed significant 
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differences: 6.37 ± 0.43% in healthy subjects versus 13.3 ± 

3.01% in diabetic patients (p = 0.024). 

These data confirm that carbohydrate metabolism disorders 

are a key systemic factor influencing the development of 

diabetic changes. As mentioned earlier, the main goal of this 

study was to explore the potential of MSCT as an in vivo 

method for detecting early signs of diabetic vitreopathy and 

to assess the influence of various local and systemic factors 

on the development of changes in the vitreous body. In none 

of the observations, both in patients with type 1 diabetes 

(group II) and in conditionally healthy patients (group I), 

were we able to register vitreous body opacities during 

biomicroscopy with high diopter lenses. However, MSCT 

data revealed different indicators (Table 2). 

 

Table 2.  Vitreous density indices in the observation groups according to multispiral computed tomography (HU - Hounsfield units) 

  Group I 

n=172 

Group II 

n=258 

 

  min Max Min max 

Central 

vitreous 

ranged from +1 to +7 from +3 to +16 from +3 to +9 from +7 to +23 

M+m 4.14+0.9 8.57+1.87 3.86+1.07 15.57+2.31 

Preretinal 

vitreous 

ranged from +1 to +5 from +1 to +13 from +1 to +11 from +9 to +27 

M+m 2.5+0.74 8.29+1.54 6.12+1.73 16.71+2.61 

 

where M is the mean, m is the mean error of the arithmetic 

mean, n is the number of observations in the group.  

The criteria for the reliability of measurements are 

presented below in the text: 

* - reliability criteria when comparing indicators within a 

group,  

** - reliability criteria when comparing indicators between 

groups 

Evaluation of vitreous density using MSCT. The   

main objective of the study was to evaluate the capabilities  

of multislice spiral computed tomography (MSCT) in 

identifying early signs of diabetic vitreopathy and to analyze 

the influence of systemic and local factors on changes in the 

vitreous body. 

Vitreous body visualization results: 

In both groups, both in patients with type 1 diabetes and in 

apparently healthy participants, biomicroscopy did not 

reveal opacities of the vitreous body. However, using MSCT, 

significant differences in the density of the vitreous body 

(measured in HU - Hounsfield units) were found. 

•  In conditionally healthy patients, the minimum density 

in the preretinal zone ranged from +1 to +5 HU, with an 

average value of 2.5 ± 0.74 HU. The maximum density 

in this zone ranged from +1 to +13 HU, with an average 

of 8.29 ± 1.54 HU (p = 0.0007). • In the central zone of 

the vitreous body, the minimum density ranged from +1 

to +7 HU (on average 4.14 ± 0.9 HU), and the 

maximum ranged from +3 to +16 HU (on average 8.57 

± 1.87 HU, p = 0.033). 

In patients with type 1 diabetes, changes in vitreous 

density were more pronounced: 

•  In the preretinal zone, the minimum density ranged 

from +1 to +11 HU (mean 6.12 ± 1.73 HU), and the 

maximum reached +27 HU (mean 16.71 ± 2.61 HU,   

p = 0.0008). 

•  In the central zone, the minimum density ranged from 

+1 to +9 HU (average 3.86 ± 1.07 HU), and the 

maximum ranged from +7 to +23 HU (average 15.57 ± 

2.31 HU, p < 0.00001). 

Comparison of groups: 

•  Maximum values of vitreous density in in the central 

and preretinal zones in patients with type 1 diabetes 

were significantly higher than in conditionally healthy 

participants. 

•  Minimum density values in patients with diabetes also 

tended to increase, but the differences between the 

groups did not reach a statistically significant level. 

A comparison of the minimum vitreous density indices in 

the central regions between conditionally healthy patients 

(group I) and patients with type 1 diabetes (group II) showed 

that the results obtained did not differ statistically 

significantly (t = 0.2, p = 0.84). However, when comparing 

the minimum values in the preretinal sections of the vitreous 

in patients with type 1 diabetes versus the same indicator in 

conditionally healthy patients, a tendency toward an increase 

in the minimum vitreous density index in patients with type 1 

diabetes was observed, but it was not statistically significant 

(t = 1.92, p = 0.055**). 

When comparing the maximum density indices in the 

central sections of the vitreous between group I and group II 

patients, a statistically significant increase in vitreous density 

was revealed in patients with type 1 diabetes (t = 2.36, p = 

0.018**). Similar results were obtained when comparing the 

maximum vitreous density in the preretinal sections of the 

vitreous between the observation groups. In group II patients 

with type 1 diabetes, the vitreous density in this zone was 

statistically significantly higher than in conditionally healthy 

patients in group I (t = 2.78, p = 0.0057). We observed 

similar changes in the vitreous when assessing lens density 

based on MSCT data (Table 3). 
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Table 3.  Indices of the density of the native lens in the observation groups according to multispiral computed tomography (HU - Hounsfield units) 

  
Group I 

n=172 
 

Group II 

n=258 
 

Native 

 Min max Min max 

ranged from +54 to +60 from +88 to +94 from +63 to +84 from +121 to +146 

M+m 57.14+0.98 91.43+0.94 69.86+2.85 137.57+3.85 

 

where M is the mean, m is the mean error of the arithmetic 

mean, n is the number of observations in the group. The 

criteria for the reliability of measurements are presented 

below in the text:  

* - reliability criteria when comparing indicators within a 

group,  

** - reliability criteria when comparing indicators between 

groups. 

These results confirm that type 1 diabetes causes a thickening 

of vitreous collagen fibers, especially in the preretinal areas. 

Changes in lens density according to MSCT data 

As with the vitreous, CT studies of the lens revealed 

significant differences between groups. 

Lens density indicators: 

•  In conditionally healthy patients, the minimum lens 

density ranged from +54 to +60 HU, with a mean value 

of 57.14 ± 0.98 HU. The maximum density ranged from 

+88 to +94 HU, with a mean value of 91.43 ± 0.94 HU. 

The differences between the minimum and maximum 

values were statistically significant (p = 0.00001). 

•  In patients with type 1 diabetes, the minimum lens 

density ranged from +63 to +84 HU, with an average 

value of 69.86 ± 2.85 HU. The maximum density ranged 

from +121 to +146 HU, with an average of 137.57 ± 

3.85 HU. These values were significantly higher than in 

conditionally healthy patients (p < 0.0001). 

Comparison of density within a group: 

•  In patients with diabetes, the difference between 

minimum and maximum lens density was also 

statistically significant (p = 0.000001). 

These data suggest that changes in the lens in patients with 

type 1 diabetes are associated with glycation processes that 

increase the compaction of its structure. Visualization of the 

vitreous body is one of the most important tasks of modern 

ophthalmology. Despite the fact that such attempts have 

been made for a long time, significant results have not yet 

been obtained [6]. Methods of visualization of the vitreous 

body are often limited to its qualitative description; there is 

still no quantitative assessment. 

The results of histological examination of the vitreous 

body in experimental animals and pathological studies of 

patients indicate changes in the vitreous body in patients 

with diabetes mellitus even before the development of 

diabetic retinopathies [4]. Histological studies demonstrate 

compaction of the vitreous body in its preretinal areas [11]. 

However, are these changes the result of the effects of 

diabetes mellitus or can their development be a consequence 

of postmortem changes [16]. 

4. Conclusions 

Research in recent decades has confirmed the significant 

role of the vitreous body in the development of diabetes- 

related complications such as hemophthalmos, retinal 

detachment, macular edema, and retinal vascular occlusion. 

However, such changes are usually recorded in the late 

stages of diabetic retinopathy. Meanwhile, signs of diabetic 

vitreopathy can be detected long before its development. 

Possible mechanisms of influence of the vitreous body: 

There are several hypotheses regarding the role of the 

vitreous body in the development of diabetic retinopathy: 

•  Some researchers consider the vitreous body to be     

a kind of “reservoir” for metabolic products, which 

accumulate over time and stimulate pathological 

changes in the retina. 

•  Another hypothesis points to a disruption in the 

diffusion of oxygen through the vitreous body, which 

leads to deterioration of the retina. 

•  Proponents of the third theory argue that contact of the 

vitreous body with the retina or the traction effect of 

vitreous fibers stimulates proliferative changes. 

Despite disagreements regarding the mechanisms, all 

hypotheses agree on one thing: changes in the vitreous body 

in diabetes have a significant impact on the development of 

retinopathy. 

The role of glycemia and other factors: 

The main factor causing structural changes in the vitreous 

body is a high level of glycemia. This is confirmed by 

significant differences between the groups in fasting 

glycemia, postprandial glycemia and glycated hemoglobin 

levels. At the same time, lipid metabolism indices and local 

ophthalmologic factors did not demonstrate statistically 

significant differences. 

Applications of MSCT: 

MSCT has proven its effectiveness as a method for early 

diagnostics of vitreous changes in diabetes. It allows 

quantitative assessment of density changes by recording 

differences between the hyaluronic and collagen components 

of the vitreous. The data obtained confirm that collagen fiber 

compaction is a key process in type 1 diabetes. 
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