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Abstract
Background. Diabetic retinopathy (DR) is the most common ocular complication of diabetes mellitus, as
well as the most prevalent cause for irreversible vision loss in working-age population.

The aim of the study was to analyze the association between DR in patients with type 1 diabetes mellitus
(T1DM), some lipid biomarkers changes, as well as to highlight the possible correlation.

Methods. A total of 72 T1DM patients were included in this study. The enrolled participants were
assigned into three groups, based on the results of fundus photographs as following: 1st group - no DR,
2nd group - non-proliferative diabetic retinopathy (NPDR), and 3rd group - proliferative diabetic retinopathy
(PDR). Serum lipids: triglycerides (TG), total cholesterol (TC) and lipoprotein (a) (Lp (a)) were measured at
the baseline.

Results. The data revealed no difference in TG serum levels in patients of the 1st and 2nd groups. The
increase of TG serum levels was identified with the progression of the DR in the 3rd group (+121%,
p=0.018). TC also rose in patients in the 3rd study group (+19%, p>0.05 compared to the 1st and 2nd
study groups). An increase of Lp (a) was highlighted with the evolution of DR: in the 2nd group (+73%,
p>0.05) and in the 3rd group (by about 320%, p=0.019) compared to 1st study group. The correlation
analysis revealed a weak positive correlation between the grade of DR and Lp (a) levels (rs=0.319,
p=0.006), and TG (rs=0.239, p=0.043).

Conclusion. Our study exposed statistically significant modifications of the TG and Lp (a) levels
correlated with the DR grade and a non-significant increase in TC level in T1DM persons. Our data
indicate a likely involvement of lipid metabolism disorders in the progression of DR.

Introduction
Recent epidemiological data show an enhancement in the prevalence of type 1 diabetes mellitus (T1DM),
which is characterized by autoimmune destruction by CD4+ and CD8+ T cells of insulin-producing β cells
in the pancreas, with further infiltration of the pancreatic islets by the macrophages. T1DM accounts for
about 10% of all cases of diabetes, affecting around 2 million of people in Europe and North America [1]. 

DR is the most common ocular complication of diabetes mellitus, as well as the most prevalent cause for
irreversible vision loss in working-age population [2].

Vision-threatening DR is rarely present at the moment of T1DM diagnosis, but after 20 years, 99% of
patients with T1DM develop DR having different complex symptoms. On the other hand, in diabetic
patients with type 2 diabetes mellitus (T2DM), DR can be found at the time of diagnosis and 20 years
afterwards, approx. 60% of patients having different manifestations of DR [3].
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            The pathophysiology of the DR is considered more or less known, being mostly described the role
of hyperglycemia and altered metabolic pathways in the development of oxidative stress and
neurodegeneration in the initial stage. As early hallmarks of non‐proliferative diabetic retinopathy (NPDR)
are remarked: vascular endothelial damage, the development of microaneurysms, and dot intraretinal
hemorrhage. Continuously, under fundoscopy is observed the disruption of the blood–retinal barrier, with
further leakage of multiple inflammatory cytokines and plasma proteins that explains the appearance of
the hard exudates. Tortured capillaries and retinal ischemia are explained by the vasoconstriction and
capillary occlusions. In the last stage of DR, marked hypoxia induce neovascularization, vitreous
hemorrhage, and retinal detachment [2, 4].

Many different classifications have been proposed in order to simplify the approach to the diagnostic and
treatment of DR. In order to ease the communication between doctors has been developed an
International Clinical Disease Severity Scale, which is based on the findings of the Wisconsin
Epidemiologic Study of Diabetic Retinopathy (WESDR) and the Early Treatment Diabetic Retinopathy
Study (ETDRS). There are five stages of DR that are recognized [5].

An increase in the frequency of the disease and its complications, underlines the need of a better
understanding of the pathophysiology of DR, in order to be able to identify it in the first stage, the high-
risk patients and at the same time to assure a personalized tailored therapy with a minimization of
further negative consequences [6].

Nowadays a series of biomarkers of DR related to the visualization of the retinal vasculature and
measuring of glycemia, lipids, blood pressure, body weight are used for diagnostic and treatment
purpose. Moreover, novel biomarkers and mediators of DR, as for example the one related to
inflammation and angiogenesis, have influenced the development of extra therapeutics, especially for
late-stage retinopathy, like intra-ocular corticosteroids and intravitreal vascular endothelial growth factor
inhibitors ('anti-VEGFs') agents. Unfortunately, in spite of a range of treatments, a lot of patients still are
underdiagnosed [7].

Many studies have demonstrated that intensive control of the risk factors for DR is essential in reducing
the onset and progression of DR. At present, the relationship between lipid profile and DR remains
unclear. But lipid metabolic abnormalities have emerged as potential risk factors for the onset and
progression of diabetic complications, including DR [8, 9]. 

Enhanced lipid levels were incriminated to induce endothelial dysfunction (ED) as a result of reduced
bioavailability of nitric oxide. Hence, it has been suggested that ED plays a role in retinal degeneration in
DR [10]. However, a disturbance in metabolism of lipids cannot be fully responsible for all pathological
changes that lead to the development of retinopathy, there is still a lot of evidence to be rechecked and
examined, due to interesting new data that are arriving continuously. Large epidemiologic studies imply
an inconsistent association between serum TG or major cholesterol species and the severity of DR, but
certain specific lipoprotein species are proved to have a stronger association with DR severity, suggesting
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a pathological role for lipoproteins, which are modified in the intraretinal environment, creating
substantial local damage [11].

Nevertheless, there is a huge gap in the research of lipid markers, especially in DR at the patients with
T1DM. Mostly all the recent data are based on T2DM population [12]. Also, only few studies have
specifically explained the role of lipids and lipoproteins in different retinal diseases [13].  Therefore, we
consider that it would be of much interest to search for how conventional biomarkers of lipid status as
well as lipoproteins can contribute to the development and progression of DR.

The aim of the study was to analyze the association between DR in patients with T1DM, and lipid
biomarkers changes, as well as to highlight possible existing correlations.

Material And Methods
Study design

This clinic-based observational study followed the tenets of the Declaration of Helsinki and was
approved by the Research Ethics Committee (certificate nr.6 from 20.05.2021) of the Nicolae Testemitanu
State University of Medicine and Pharmacy in Chisinau, the Republic of Moldova. A written informed
consent was obtained from each participant. Patients were assessed in 2 centers in Moldova:
 International Clinic for Diabetes, Nutrition and Metabolic Diseases, Ophthalmology Department in Orhei
and Promed Clinic, Ophthalmology Department in Chisinau.

Patient selection

For this study we recruited T1DM patients that came for a consult at one of the participating clinics. All
patients undergone standardized ophthalmological examination, as well as retinal photography and
optical coherence tomography of macula and optic nerve head. The enrolled participants were divided
into three groups, as following: no DR group, non-proliferative diabetic retinopathy (NPDR) group, and
proliferative diabetic retinopathy (PDR) group. Grading was performed by three experienced retina
specialists according to ETDRS grading standards and based on the results of fundus
photographs. Individual DR grade was based on the worse eye DR level.

From the study group were excluded patients on any medication that can interfere with the results of the
research, pregnant women, as well as persons with the presence of severe diabetes complications and
comorbidities.

Sample collection 

Fasting (> 12 hours) venous blood samples (5 ml) were collected by vena cubitalis puncture at the day of
eye examination at each participating center. The blood was centrifuged, with further serum storage in
Eppendorf microtubes at ‒40°C, prior being tested. 
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Biochemical analysis 

 The level of the following serum lipid markers was measured:  TG, TC and Lp (a). In order to determine
the markers of interest were used commercially available standard kits, produced by DiaSys Diagnostic
Systems GmbH (Germany). 

TG was determined by colorimetric enzymatic test using glycerol-3-phosphate-oxidase (GPO) after
enzymatic splitting with lipoprotein lipase. Quinonimine is the indicator, generated from 4-
aminoantipyrine and 4-chlorophenol by hydrogen peroxide under the catalytic action of peroxidase
(Triglycerides FS*). 

TC level was assessed according to the “CHOD-PAP” enzymatic photometric test. The method is based
on the determination of cholesterol after enzymatic hydrolysis and oxidation. The colorimetric indicator is
quinonimine which is generated from 4-aminoantipyrine and phenol by hydrogen peroxide under the
catalytic action of peroxidase (Trinder’s reaction) (Cholesterol FS*). 

For the assessment of Lp (a) was used particle enhanced immunoturbidimetric test based on the
photometric measurement of antigen-antibody-reaction between antibodies against Lp(a) bound to
particles and Lp(a) present in the sample (Lp(a) 21 FS*).

Statistical analysis 

The data were analysed using SPSS 23.0 software. Descriptive statistical methods (median, interquartile
range (IQR)) were used. Normality tests (Shapiro-Wilk and Kolmogorov-Smirnov) were performed. Box
plots were created to detect the outliers. The homogeneity of variance was assessed by Levene’s test. The
comparison between study groups was accomplished using nonparametric Kruskal-Wallis test with
Pairwise comparison of groups as a post-hoc test. Correlation analysis was done by Spearman
correlation test. The p<0.05 value was considered statistically significant.

Results
A total of 72 T1DM patients met the selection criteria: 42 females and 30 males, were assigned into
groups according to DR grade, after obtaining the eye fundus digital photos, and performance of the
entire consult: I – no DR, (n=28), II – NPDR (n=24), III – PDR (n=20). The median age in the 1st group was
33 (IQR 12.8), in the 2nd – 36 (IQR 18.8) and in the 3rd – 37,5 (IQR 13.8), p=0.032. All patients had the
BMI in the normal range.

Demographic characteristics of the patients included in this study is presented in Table 1.

Table 1 Demographic characteristics of patients included in the study
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Characteristics 1st group (N = 28) 2nd group (N = 24) 3rd group (N = 20)

Age (years) 33 (IQR 12.8) 36 (IQR 18.8) 37.5 (IQR 13.8)

Male/Female 9/19 10/14 11/9

BMI (kg/m2) 24 (IQR 4.8) 23.5 (IQR 4.0) 23.5 (IQR 6.5)

Diabetes duration (years) 13 (IQR 10.3) 18.5 (IQR 13.3) 23 (IQR 9.0)

HbA1c 6.85 (IQR 1.8) 8.2 (IQR 2.0) 9 (IQR 1.6)

Note. BMI – body mass index, HbA1c – glycated hemoglobin A1c

The results of serum lipid assessment: TG, TC and Lp (a) are presented in Table 2.

Table 2 Changes of serum triglycerides, total cholesterol and Lipoprotein (a) levels in diabetes mellitus
type 1 patients with different degree of diabetic retinopathy

Study group Triglycerides

(mmol/L)

Total cholesterol

(mmol/L)

Lipoprotein (a) 

(g/L)

1st group 0.85 (IQR 0.72) 4.785 (IQR 1.64) 0.060 (IQR 0.177) #

2nd group 0.785 (IQR 0.85) * 4.73 (IQR 1.58) 0.104 (IQR 0.286)

3rd group 1.735 (IQR 1.7) * 5.69 (IQR 2.09) 0.252 (IQR 0.311) #

p-value (Kruskal-Wallis test) 0.015 0.382 0.024

Note. Data are presented as median and IQR; p-value after Pairwise comparisons of groups: * –
statistically significant difference between 2nd and 3rd group, p<0.05; # – statistically significant
difference between 1st and 3rd group, p<0.05.

The data revealed no difference in TG serum levels in patients of 1st and 2nd group (p>0.05). The increase
of the TG serum levels was identified with the progression of DR to PDR level, i.e. in the 3rd group
(+121%, p=0.018, compared to 2nd group).

The research determined insignificant change of TC in patients in the 2nd group compared to those in the
1st group (p>0.05).  The amounts rose in patients in the 3rd group (+19%, p>0.05 compared to 1st and 2nd

group).

We have identified an increase of Lp (a) with the evolution of DR: statistically insignificant in the 2nd

group (+73%, p>0.05) compared to the 1st group, and a significant increase in the 3rd group by about
320%, p=0.019, compared to the 1st study group.
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The correlation analysis revealed a weak positive correlation between the grade of DR and Lp (a) level
(rs=0.319, p=0.006), as well as between the DR grade and TG (rs=0.239, p=0.043). There was no
correlation between the severity of DR and TC (rs=0.107, p=0.372) (Table 3).

Table 3 Correlation of serum triglycerides, total cholesterol and lipoprotein (a) levels with DR grade in
patients with DM 1

  Triglycerides Total cholesterol Lipoprotein (a)

Diabetic Retinopathy Correlation coefficient 0.239* 0,107 0,319**

Statistical significance,

2-tailed (p)

0.043 0.372 0.006

Note: differences between study groups and p-value: *<0.05; **<0.01

Discussion
DR is a multifactorial pathology, and many different researchers have proven that its pathogenesis is
certainly more complicated than just taking into account the level of blood glucose. The first studies in
90s of Miccoli R. et al.  (1987) established that the TC levels increased along with the severity of DR [14].
Later, a series of various studies elucidate the implication of disturbances in the metabolism of lipids and
the degenerative alterations in DR, high serum lipid levels being even proposed as a risk factor [10]. The
complexity of our study lies in the fact that only patients with T1DM were selected. Less studies are
available under this condition, with conflicting reports in the literature regarding the effect of lipid profile
on the advancement of DR.

The results of our study showed a number of lipid biomarker abnormalities in diabetic retinal disease,
some of which are consistent with the findings of other researchers. Similar to our results (statistically
significant increase in TG in the PDR and correlation with DR) in the Miljanovic et al (2003) and Lyons Tj
et al (2004) articles, was reported a statistically significant association of TG with progression of DR
[15,16]. Moreover, in an article presented by Tolonen N. et al. (2013), patients with PDR had higher TC
levels, as well as increased TG and apolipoprotein B concentrations than patients without DR or with
NPDR [17]. 

Resembled to our results were highlighted and regarding Lp (a). We attested an enhancement of Lp (a)
level through the groups, once the DR advanced. This result is supported by the findings of the research
conducted by Malaguarnera G. et al (2013), that proved that Lp (a) levels are increased in a significant
proportion of patients with retinopathy compared to diabetic patients without retinopathy [18] and
Gazzaruso C. et al. (1998) that proved that among patients with retinopathy, those with PDR had higher
Lp (a) levels than those with NPDR [19]. On the contrary, the conclusion of Lyons TJ et al. (2004) is
reversed, assuring no associations identified with Lp(a) [16].
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Conclusion
There is a lack of new research regarding the role of dyslipidemia in the development and progression of
DR, and the existing one offers contradictory data. Our study exposed statistically significant
modifications of the TG and Lp (a) levels correlated with the DR degree and a non-significant increase in
TC level in T1DM patients. Our data indicate the possible involvement of lipid metabolism disorders in
the pathogenesis of DR endorsing the results of other researchers. The results and the analyzed existing
data attest the necessity for a future more complexed research with the extension of the study groups
and of markers spectrum, in order to be able to establish with certainty the role of dyslipidemia in the
development and evolution of DR.
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