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Abstract:

Background: Diabetic retinopathy is the primary ocular outcome of diabetes mellitus, a serious disease
known to have a significant impact on global health. Micro-vascular complications arise from damage to
small blood vessels as retinopathy, nephropathy, cardiomyopathy, and neuropathy. Inconsistent findings
exist in epidemiological research that specifically examines lipid levels and diabetic retinopathy. The
small dense Low-Density Lipoprotein particles are a specific subset of Low-Density Lipoprotein that
possessed several pro-atherogenic characteristics.

Objectives: to evaluate the usefulness of serum small dense low-density lipoprotein level as a biomarker
for prediction of patients with type II diabetes mellitus who suffer from proliferative and non-proliferative
diabetic retinopathy.

Methods: The study involved (160) individuals divided into four groups: (40) patients with non-
proliferative diabetic retinopathy, (40) patients with proliferative diabetic retinopathy, (40) controlled
diabetic patients without diabetic retinopathy, and (40) healthy controls.

Description of the statistical methods, such as t-tests or ANOVA, employed to compare the means or
proportions between groups, depending on the nature of the data.

Results: The study revealed that small dense low-density lipoprotein levels in the proliferative diabetic
retinopathy group were significantly higher than those in the non-proliferative diabetic retinopathy,
diabetic without retinopathy, and healthy control groups. The mean and standard deviation in patients
with proliferative diabetic retinopathy was 4.70+ 1.96 pmol/L, in non-proliferative diabetic retinopathy
was 3.00+ 0.90 umol/L, in diabetic patients without retinopathy was 2.51+ 0.53 umol/L and in healthy
controls was 2.45+ 0.48 umol/L.

Conclusion: Smalldense, low-density lipoprotein and triglyceride play roles in the progression of diabetic
retinopathy in patients with type II diabetes mellitus. The small dense low-density lipoprotein levels and
triglycerides levels were highest in the proliferative diabetic retinopathy and lowest in the healthy control.
Keywords: Diabetes mellitus; Non-proliferative diabetic retinopathy; Proliferative diabetic retinopathy;
Small dense low-density lipoprotein; Triglyceride.
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Introduction:

Retinal neovascularization brought on by ischemia

One of the most common complications of diabetes is
diabetic retinopathy (DR), which continues to be the
world's most prevalent cause of vision loss and
blindness (1). Diabetic retinopathy (DR) is
characterised by a detrimental cycle of small vessel
pathology and neuroretinal changes that result in
significant mitochondrial and retinal cell apoptosis,
chronic inflammation, neovascularisation, and
impaired visual field, finally culminating in blindness
(2). Nonproliferative diabetic retinopathy (NPDR)
and proliferative diabetic retinopathy (PDR) are the
two stages of the disease. An early phase of DR is
called NPDR. Early morphological hallmarks of
nonproliferative diabetic retinopathy (NPDR) include

and hypoxia is a hallmark of the proliferative stage of
diabetic retinal disease. Due to their relative fragility,
newly created blood vessels might rupture and cause
retinal and vitreous hemorrhage, which can result in
tractional retinal detachment and vision loss (3).
Diabetes mellitus (DM) is a complex metabolic
disorder characterised by elevated blood glucose
levels due to diminished insulin secretion, action, or
both, resulting in impaired metabolism of fats,
proteins, and carbs (4). 80% to 90% of patients with
diabetes are type II diabetes (5). Over 100 genetic
variants have been associated with T2DM. Insulin
resistance is a condition characterized by a change in
the cellular response to insulin, leading to a reduced

basal membrane thickening, tight junction ability to reduce glucose levels in blood. This disorder
deterioration, blood retina  barrier (BRB) inhibits utilization of glucose for energy and
disintegration, microaneurysm formation, small metabolism in somatic cells of tissues such as muscle,

hemorrhages, cotton wool patches, and capillary

adipose tissues and liver (6). Alterations in some trace
elements may disrupt insulin function and glucose

* Corresponding ~ author: metabolism or increase oxidative stress, potentially

nawar.mazen2209p@comed.uobaghdad.edu.iq. resulting in insulin resistance and the development of
type II diabetes mellitus (7). Osteoporosis and bone
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fractures are results of insulin resistance and diabetes
(8). Alongside abnormal blood-glucose metabolism,
obesity, dyslipidaemia, inflammation, and insulin
resistance are posited to facilitate the onset and
progression of problems related to diabetes mellitus
(9). Substantial data indicate a correlation between
diabetic retinopathy (DR) and the risk of
cardiovascular disease (CV). There exists a link
between an increased risk of cardiovascular disease
and the severity and progression of diabetic
retinopathy. Secondly, diabetic retinopathy (DR) may
exhibit a substantial correlation with peripheral
arterial disease, vascular disease, calcification in the
coronary arteries, and arterial stiffness, as indicated
by several independent clinical trials. Third, in
persons with type 1 and type 2 diabetes, the burden of
atherosclerotic carotid plaques has been associated
with advanced manifestations of diabetic retinopathy
(DR) (10). Low density lipoprotein (LDL) is
composed of small dense (sd) LDL and large-buoyant
(Io) LDL particles. Small-dense low density
lipoprotein (sdLDL) particles are more aggressive in
promoting atherosclerosis compared to large particles
(11). One of the main features of diabetic
dyslipidemia is high serum level of sdLDL (12). The
atherogenic damage of small dense low-density
lipoprotein (sdLDL) particles is mostly due to their
greater vulnerability to oxidation, glycation of
apolipoprotein B, and enhanced absorption by the
artery wall. Nevertheless, elucidation of other
elements contributing to the elevated atherogenicity
of sdLDL is still pending (13). The atherogenicity of
sdLDL molecules is contingent upon several factors.
Their diminutive size facilitates entry into the arterial
wall, and their robust affinity for the proteoglycans
within the arterial wall extends their residence in the
subendothelial zone. However, the clearance of
sdLDL from blood plasma is delayed because to its
reduced affinity for LDL receptors compared to larger
LDL-C particles (14).

The study aims to evaluate the usefulness of serum
small dense low density lipoprotein level as a
biomarker for predicting patients with type II diabetes
mellitus who suffer from proliferative and non-
proliferative diabetic retinopathy.

Subjects and Methods:

Subjects: The present study is a case-control study.
The patients were diagnosed by an ophthalmologist at
AL-Emamein AL-Kadhumein Medical City and the
Endocrinology Center in AL-Kindy Hospital in
Baghdad, Iraq, between January 2024 and June 2024.
They were individuals aged between 30 and 70 years
old with a body mass index categorized as either
normal or overweight.

In this study, 160 persons were divided into four

groups:

e 40 type II diabetic patients with

nonproliferative diabetic retinopathy
(NPDR).

e 40 type II diabetic patients with proliferative
diabetic retinopathy (PDR).

e 40 controlled type II diabetic patients without
diabetic retinopathy (NODR).
e 40 healthy control persons.

Exclusive criteria
e Cardiovascular diseases and hypertension.
e Drugs: Fibrate, statin 40 mg, and insulin.
Eye diseases other than diabetic retinopathy
and recent ocular interventions.
Primary hyperlipidemia.
Unstable medical conditions.
Pregnant or breast feeding.
Allergies or sensitivities.

Blood sample: Ten milliliters of venous blood were
applied to a gel tube and left to clot for 10 minutes. It
was then centrifuged with a force of 2000 times for
10 to 15 minutes. The resulting serum was separated
and stored at -20 °C in Eppendorf tubes.
Measurement of biochemical parameters: Serum
concentrations of small dense low-density lipoprotein
in humans were quantified using an Enzyme-linked
Immunosorbent assay (ELISA), although serum low-
density lipoprotein, serum cholesterol, and serum
triglyceride levels were manually assessed using a
spectrophotometer.

Statistical analysis: Data analysis was performed
with SPSS software version 16.0. Data were
presented as Mean =+ standard deviation to compare
serum levels based on descriptive statistics, ANOVA
results, and post hoc comparisons for various
biomarkers. Pearson correlation analysis was
performed to see if there was a significant association
between the parameters. The alpha level for statistical
significance was established at a threshold of p <
0.05. Description of the statistical methods, such as t-
tests or ANOVA, employed to compare the means or
proportions between groups, depending on the nature
of the data.

Results:

The study was focused on analyzing biochemical
markers measured in both patient and control groups.
Each marker was evaluated individually.
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Table 1. Mean and standard deviation of biomarkers
Descriptive statistic

Variable Group Mean+SD
NPDR 3.00+0.90
PDR 4.70+ 1.96
sdLDL mol/L NODR  251%0.53
Control 2.45+0.48
NPDR 208.83+ 57.77
PDR 197.93+ 47.54
Chol. mg/dl
NODR 182.18+ 34.96
Control 191.65+ 34.55
NPDR 236.58+ 104.99
TG PDR 274.08+ 102.50
mg/d NODR 221.10+ 121.03
Control 176.08+ 42.40
NPDR 124.20+ 58.10
LDL PDR 111.76+ 40.68
mg/d NODR 98.10+ 34.98
Control 114.06+ 32.93

ANOVA results comparing biomarker and lipid
profile levels across the four groups, along with
significance levels (Pr > F) and post hoc comparisons
indicating significant differences (denoted by
different letters).

The sdLDL levels were highest in the PDR group and
lowest in the Control group. The ANOVA test

ANOVA and post hoc comparisons

NPDR PDR NODR Control P value Sig.
A B A A <0.001 Yes
0 0 0 0 0.06 No
B B AB A <0.001 Yes
0 0 0 0 0.06 No

indicated a highly significant difference in sdLDL
levels across the groups (P < 0.001). Post hoc
comparisons revealed that sdLDL levels in the PDR
group were significantly higher than those in the
NPDR, NODR, and Control groups as shown in
Figure 1.

sdLDL pmol/L

NODR

Control

9 -
8 - p<0.001*
' p<0.001* '
7 p<0.001* '
: p=0.59 p=0.00* p<0.001*
6

NPDR
*. significant at level alpha = 0.05

PDR

Figure 1. Mean and confidence intervals of sdLDL by groups

The cholesterol levels varied among the groups, with
NPDR exhibiting the highest mean and NODR the
lowest. The ANOVA test yielded a p-value of 0.06,

indicating that the differences in cholesterol levels
across the groups were not statistically significant as
shown in Figure 2.
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Figure 2. Mean and confidence intervals of serum total cholesterol by groups

Triglyceride levels showed significant differences comparisons revealed significant differences between
across the groups, as indicated by the ANOVA P- the groups, with the Control group differing
value of <0.001. The PDR group had the highest significantly from the NPDR, PDR, and NODR
mean TG level, followed by NPDR and NODR. The groups as shown in Figure 3.

Control group had the lowest mean TG level. Post hoc

500
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300
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200
150
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TG mg/d

p<0.001*

: p=0.04* '
p=0!00* '

: p=0.03* N p=0.54 :. p=0.11

Control NODR NPDR PDR

*: significant at level alpha=0.05

Figure 3. Mean and confidence intervals of serum TG by groups

The LDL levels across the groups were not ANOVA test produced a P-value of 0.06 as shown in
statistically significant among the groups. The Figure 4.
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Figure 4. Mean and confidence intervals of serum LDL cholesterol by groups

Our analysis revealed important findings about a
sdLDL ability to distinguish between two stages of
diabetic retinopathy - proliferative (PDR) and
nonproliferative (NPDR). Using ROC curve analysis,
sdLDL demonstrated nearly 80% accuracy in
differentiating between PDR and NPDR cases, The
area under the curve (AUC) was 0.797, which
indicates a good discriminatory ability of the
parameter in distinguishing between the two
conditions. When we set the diagnostic threshold at
3.0969, the sensitivity was 72.50%, and the
specificity was 77.50%, suggesting that the test
correctly identified 77.5% of NPDR cases. This level
of specificity indicates a relatively strong ability to
rule out PDR in patients with NPDR, though some
false positives may be present.

Discussion:

It was found that the serum level of small dense low-
density lipoprotein in patients with proliferative
diabetic retinopathy was significantly higher than
those in non-proliferative diabetic retinopathy,
diabetic patients without retinopathy, and the control
group; these results similar to (15). This study
revealed that sdLDL can be used as a very responsive
indicator for the incidence of cardiovascular events
and the necessity of laser therapy in individuals with
hypercholesterolemia and diabetic retinopathy. In
individuals who are at risk for cardiovascular events
and diabetic retinopathy, it is important to assess the
levels of sdLDL. These levels can serve as a reliable
indicator of the worsening of diabetic retinopathy.
The reported differences in cholesterol levels among
the groups did not reach statistical significance. It is
similar to (16). Who did not find an effect of
cholesterol on the risk of diabetic eye disease. Also,
it is similar to (17). Although blood cholesterol levels
were not shown to be linked to diabetic retinopathy
(DR), their correlation with clinically severe macular
edema was determined to be substantial. The erratic
correlation between serum cholesterol parameters

and diabetic retinopathy (DR) is attributed to the fact
that HDL and LDL levels solely reflect the lipid
composition of the lipoproteins. The cholesterol
content of HDL and LDL particles may vary, but they
both consist of a fixed quantity of apolipoprotein
molecules. Therefore, the evaluation of conventional
cholesterol properties is affected by the modification
and distribution of lipid particles that constitute the
cholesterol. Nevertheless, the quantification of
apolipoprotein offers a more precise assessment of
the true quantities of lipoprotein cholesterol.
Furthermore, the quantification of serum cholesterol
is affected by dietary intake, pre-analytic fasting
guidelines, lipid-reducing drugs, and metabolic
changes inherent in diabetes. It is not similar to (18).
Who found that both statins and fenofibrate have been
shown to have beneficial effects on inhibiting diabetic
retinopathy. Statins can lower total cholesterol and
LDL-C, while fenofibrate is likely to reduce
triglyceride.

Triglyceride levels showed significant differences
across the groups, as indicated by the ANOVA P-
value of <0.001. The PDR group had the highest
mean TG level, followed by NPDR and NODR. The
Control group had the lowest mean TG level. Post hoc
comparisons revealed significant differences between
the groups, with the Control group differing
significantly from the NPDR, PDR, and NODR
groups. It is not similar with (19). The study revealed
that elevated levels of HDL, triglyceride, and remnant
cholesterol variability were linked to a greater
susceptibility to nephropathy and neuropathy.
However, after accounting for possible confounding
variables, no significant correlation was found
between any lipid wvariability indicator and
retinopathy. It is similar to (18). Who have
demonstrated that both statins and fenofibrate have
advantageous effects in suppressing diabetic
retinopathy. Statins can decrease levels of total
cholesterol and LDL-C, whereas fenofibrate is
expected to lessen triglyceride levels.
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The mean LDL levels across the groups were 124.20
mg/dl (NPDR), 111.76 mg/dl (PDR), 98.10 mg/dl
(NODR), and 114.06 mg/dl (control). The ANOVA
test produced a P-value of 0.06, suggesting that the
differences in LDL levels were not statistically
significant among the groups. It is not similar to (20).
In which the overall pooled results showed
significantly higher lipid levels, including total
cholesterol, triglyceride, and LDL-C, in patients with
later onset of DR than in patients without DR.

It is not similar with (21). The investigation confirms
that the impact of lipids on the progression of diabetic
retinopathy (DR) is still uncertain because of the
limited statistical significance of the established
results in standard clinical trial. Only the positive
impact of LDL-cholesterol in the development of
diabetic retinopathy (DR) was demonstrated. It
agreed with (22). The prognostic value of circulating
levels of various apolipoproteins for the advancement
of diabetic retinopathy was shown to be higher than
that of serum levels of total cholesterol or LDL-C
isolated. Furthermore, the current research elucidates
that despite the absence of a precise link between
traditional lipid indicators and diabetic retinopathy,
lipid-lowering therapies might be recognized as very
promising therapeutic agents for diabetic retinopathy.
Lipid-lowering drugs, such as statin and fenofibrate,
exert their effects through different pathways that
may be associated with the advancement of
atherosclerosis and its associated coronary heart
diseases. Furthermore, it suggests the presence of
novel mechanisms via which these drugs inhibit
diabetic retinopathy, such as activating systemic
inflammatory reactions.

Limitation of Study

Further studies on a larger number of diabetic
retinopathies with type II diabetes mellitus.

Studies on proliferative and non-proliferative diabetic
retinopathy in patients with type I diabetes mellitus.

Conclusion:

The PDR group had the highest small dense low
density lipoprotein and triglycerides levels, followed
by NPDR, then NODR, while the healthy control
group had the lowest levels so sdLDL and
triglycerides are regarded as predictor for
deterioration of retina in patients with type II diabetes
mellitus.
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