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ABSTRACT

Background: Disorders of the retina's vasculature, such as diabetes-related damage to the retina and
blockages of the retinal veins, are leading causes of reduced eyesight globally. In low-resource
communities, where access to screening and healthcare services is often limited, this association may
contribute to unrecognized disease progression and visual impairment.

Methodology: A cross-sectional observational study was conducted from January 2024 to January
2025 at DHQ Teaching Hospital, Dera Ismail Khan. Seventy-six patients diagnosed with retinal
vascular diseases were enrolled. Detailed ophthalmic examinations and retinal imaging were
performed to classify disease severity. Fasting blood samples were collected to assess serum lipid
profiles including total cholesterol, LDL-C, HDL-C, triglycerides, and atherogenic index. Data were
statistically analyzed to evaluate correlations between lipid profiles and disease severity, while also
considering access to regular eye care as a community-level variable.

Results: Patients with moderate to severe retinal vascular disease demonstrated significantly higher
mean levels of total cholesterol (204.2 + 39.3 mg/dL), LDL-C (130.3 £+ 29.9 mg/dL), triglycerides
(174.8 = 58.3 mg/dL), and atherogenic index (4.41 = 1.58) compared to those with mild disease (p <
0.05). Conversely, HDL-C was significantly reduced in advanced disease stages (38.6 £ 6.9 mg/dL).
Only 38.2% of participants reported regular access to eye care services, suggesting that delayed
detection and untreated dyslipidemia may contribute to worsening retinal disease in the community.

Conclusion: The findings suggest that dyslipidemia is associated with the progression of retinal
vascular diseases. Elevated LDL-C and triglycerides, alongside reduced HDL-C, may contribute to
worsening retinal microvascular damage. In settings where access to eye care is limited, unrecognized
lipid abnormalities may lead to late-stage retinal complications. These results underscore the
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importance of integrating lipid screening and management into community-based eye health programs
to mitigate the burden of retinopathy and prevent avoidable vision loss.

Keywords: Retinal diseases, lipid profile, LDL cholesterol, diabetic retinopathy, atherogenic index,
retinal vascular occlusion.

INTRODUCTION

Retinal vascular diseases pose a significant challenge to eye health, particularly in regions with high
rates of diabetes and cardiovascular disease. Conditions such as diabetic retinopathy and retinal vein
occlusion are among the leading causes of visual impairment and blindness worldwide. While
hyperglycemia and hypertension are well-established contributors to these disorders, the specific role
of lipid abnormalities has gained increasing attention in recent years [1-3].

Lipids play a central role in vascular inflammation and endothelial dysfunction, mechanisms that
closely mirror those observed in retinal pathology. Previous studies have suggested that elevated
serum lipids, especially low-density lipoprotein (LDL) and triglycerides, may contribute to the
formation of hard exudates and retinal vascular leakage. Conversely, high-density lipoprotein (HDL)
has been shown to possess antioxidant and anti-inflammatory properties that may protect against
microvascular damage [4-6].

Despite these observations, the relationship between serum lipid levels and the severity of retinal
vascular disease remains underexplored in many clinical populations, particularly in low-resource
settings. Understanding this association could provide valuable insights into prevention and
management strategies, including systemic lipid control as a potential approach to slow retinal disease
progression.

In many low- and middle-income communities, limited access to ophthalmic care and lack of
awareness contribute to unchecked progression of retinal vascular disease. Dyslipidemia is often
unmanaged due to socioeconomic barriers, poor health literacy, and limited screening programs.
Given the high prevalence of dyslipidemia in such communities, understanding its role in retinal
disease progression has significant public health implications. Targeted awareness, early intervention,
and integration of lipid management into primary eye care may help reduce vision impairment.

This study aims not only to assess the association between lipid profiles and retinal vascular disease
severity but also to highlight the importance of community-based lipid screening and management as
part of ocular health strategies.

METHODOLOGY

This observational, cross-sectional study was carried out from January 2024 to January 2025 at the
Department of Ophthalmology, DHQ Teaching Hospital, Dera Ismail Khan. A total of 76 patients
were enrolled based on predefined inclusion and exclusion criteria. Participants were recruited from
the outpatient and retina clinics, where they were referred for evaluation of diabetic retinopathy,
retinal vein occlusions, or other retinal vascular disorders.

Patients aged 40 to 75 years, of either gender, with a confirmed diagnosis of retinal vascular disease
based on clinical examination and fluorescein angiography, were included. Exclusion criteria involved
individuals with active infections, recent lipid-lowering therapy (within three months), known liver
disease, or incomplete biochemical data. All participants gave informed consent prior to enrollment,
and the study was approved by the local ethical review board in accordance with the Declaration of
Helsinki.

Detailed patient histories, including duration of diabetes or hypertension and smoking habits, were
recorded through structured interviews. Clinical evaluation included best-corrected visual acuity
using the Snellen chart, slit-lamp examination, fundus photography, and optical coherence
tomography (OCT) where required. The severity of retinal vascular disease was placed into
classification tiers according to established grading scales like the ETDRS grading system for diabetic
retinopathy and the CVOS grading system for vein occlusions.
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Blood samples were taken after a period of overnight fasting for the purpose of evaluating the lipid
profiles. Serum levels of total cholesterol, low-density lipoprotein (LDL-C), high-density lipoprotein
(HDL-C), triglycerides, and non-HDL cholesterol were measured using automated enzymatic
methods in the hospital's central laboratory. The atherogenic index was calculated by dividing
triglyceride level by HDL-C.

Furthermore, an emphasis was placed on identifying lipid abnormalities not only as clinical
parameters but also as potential indicators of broader public health challenges within the local
community.

Data were analyzed using SPSS version 26.0. Continuous variables were presented as mean + standard
deviation, and categorical data as frequencies and percentages. Comparisons between disease severity
groups were made using the independent t-test or Mann—Whitney U test, depending on normality.
Correlations between lipid parameters and retinal disease severity were explored using Pearson or
Spearman correlation coefficients. A p-value < 0.05 was considered statistically significant.

RESULTS

The study evaluated 76 patients with varying stages of retinal vascular disease to investigate whether
serum lipid abnormalities may correlate with disease progression. Patients ranged in age from 45 to
75 years, with a balanced representation of both sexes. The mean age was approximately 58 years,
and half of the participants were women. The average duration of diabetes among the participants was
just over eight years, highlighting the chronic nature of disease in this cohort. Most participants had
comorbid hypertension, and a smaller but notable proportion had a history of smoking.

Notably, only 38.2% of participants reported regular access to eye care services, highlighting a gap in
consistent ophthalmic follow-up that may contribute to delayed detection of lipid-related retinal
complications.

These demographic and clinical characteristics help provide context for interpreting lipid deviations
and their potential link to retinal damage.

Table 1: Baseline Demographic and Clinical Characteristics (n =76

Variable Mean = SD / n (%)

Age (years) 58.4+8.9

Sex (Male/Female) 38 (50%) / 38 (50%)

BMI (kg/m?) 273+4.1

Duration of Diabetes (years) 82+3.6

Smoking Status (Never/Former/Current) | 46 (60.5%) / 18 (23.7%) / 12 (15.8%)
Hypertension (Yes/No) 48 (63.2%) /28 (36.8%)

Access to Eye Care (Regular/Irregular) | 29 (38.2%) /47 (61.8%)

The following stage centered on evaluating serum lipid concentrations throughout the obtained
sample. Total cholesterol averaged close to 196 mg/dL, while LDL levels averaged above 120 mg/dL.
Many participants had HDL, the cardioprotective lipid, at levels that were suboptimal. Triglycerides
were also increased on average, falling into the borderline normal to mildly elevated category. The
atherogenic index (triglycerides/HDL ratio) was also quite elevated, indicating a likely harmful lipid
profile that may lead to microvascular alterations in the retina.

Table 2: Serum Lipid Profile in Study Subjects

Parameter Mean + SD (mg/dL)
Total Cholesterol 195.6 = 36.9

LDL-C 124.3 +£29.7

HDL-C 415+83
Triglycerides 158.4+55.2
Non-HDL Cholesterol 154.1 £35.6
Atherogenic Index (TG/HDL) 3.87+1.64
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To assess if lipid abnormalities are associated with the retinal vascular disease severity, the sample
was split based on the clinical classification into mild, and moderate-to-severe classes. An apparent
pattern was noticed: patients with more advanced retinal pathology had higher total cholesterol, LDL,
and triglycerides. Simultaneously, those with moderate or severe disease had decreased HDL levels.
These trends were statistically significant, suggesting a substantial association between the disease
progression and dyslipidemia.

Table 3: Correlation of Lipid Profile with Severity of Retinal Vascular Disease

Lipid Parameter | Mild Disease (n=34) | Moderate/Severe (n=42) | P-value
Total Cholesterol | 183.8 &+ 30.5 204.2 +£39.3 0.042%*
LDL-C 117.2 £26.1 130.3 £29.9 0.038*
HDL-C 448 +9.1 38.6+6.9 0.004**
Triglycerides 138.6 +48.1 174.8 + 58.3 0.028*
Atherogenic Index | 3.18 + 1.34 441+ 1.58 0.011*

* Significant at p < 0.05
** Significant at p < 0.01

After controlling for confounding variables, regression analyses investigated the impact lipid
variables had on the severity of the disease. Of the lipid variables investigated, both LDL cholesterol
and triglycerides had a positive association with the presence of more severe and advanced retinal
changes. Conversely, HDL cholesterol had a negative association, highlighting its protective effect.
The atherogenic index also demonstrated a positive association which was significant and consistent
with what was seen in the comparative analyses.

Table 4: Regression Analysis between Lipid Levels and Retinal Disease Progression

Variable Beta Coefficient p-value
LDL-C 0.42 0.021*
HDL-C -0.39 0.008**
Triglycerides 0.31 0.043*
Atherogenic Index 0.35 0.025%*

This particular pattern indicates that there might be an unusual pattern of lipid metabolism that is an
under-acknowledged factor in the development of damage to the retina and the systemic damage of
peripheral vascular circulation. Notably, the present study makes no claims of causation; the nature
of the associations, being consistent, indicates the necessity of implementing control of these lipids,
in the population of patients with the highest chances of experiencing the negative consequences in

the form of progressing retinal disease.
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Figure 1: Lipid Profile Comparison by Disease Severity
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The bar graph presents average serum lipid values across two cohorts: individuals diagnosed with
mild retinal vascular disease versus those suffering with moderate to severe disease. Differences in
means for total cholesterol, LDL-C, triglycerides, and atherogenic index are greater in the
moderate/severe group than in the mild group. Moreover, the means for HDL-C are lower in the
moderate/severe group than in the mild group, confirming a statistically significant relationship
between dyslipidemia and the retinal vascular disease severity.

DISCUSSION

This research exhibited a definitive trend among heightened serum lipid concentrations and the
augmented severity of retinal vascular disease. Patients whom displayed moderate to severe retinal
involvement displayed greater quantities of total cholesterol, LDL-C, triglycerides, and atherogenic
index, as well as markedly decreased quantities of HDL-C. The data corroborate the plausibility of
dyslipidemia as a contributing factor to retinal microvessel damage [7-9].

The relationship between retinal pathology and lipid metabolism continues to be documented in
expanding literature. For instance, one of the cross-sectional studies documented the association of
high levels of LDL and triglycerides to increased risk of diabetic retinopathy progression, and to
having greater changes in retinal vascular caliber [10-12]. Equally, research similarly recognized
oxidative stress and lipid peroxidation as constituents of dysfunctional retinal endothelial cells which
supports the hypothesized lipid involvement in the pathogenesis of retinal diseases. The
aforementioned research findings reflect and expand on the considerations for clinical practice [13,
14].

The study's findings demonstrating an inverse relationship between the HDL-C and the severity of
the disease conforms to the findings that studied the protective role of HDL in vascular health. HDL
particles provide anti-inflammation and oxidation to the microenvironment of the retina. Therefore,
decreased HDL may weaken the vascular resilience of the retina, deterioration of the eye to ischemic
and inflammatory damage a phenomenon also observed from the study by Cheung et al., who
indicated the role of HDL in predicting retinopathy [15-17].

The findings from this study’s lipid profile provide evidence for the importance of complete lipid
management for patients with retinal vascular disease. Medications like statin, which can lower LDL,
and triglycerides, and increase HDL, may have cadioprotective secondary benefits. Managing lipids
along with the retinal disease may improve clinical outcomes for patients, especially for those with
obesity or diabetes [18, 19]. This becomes particularly critical in underserved communities where
screening for dyslipidemia and retinal disease is limited, often resulting in late presentations and
accelerated disease progression.

The existing findings correspond with previous studies such as those who reported that lipid-lowering
strategies may decelerate the progression of retinal vascular lesions. However, there have been some
studies with discrepancies in findings which may be caused by differences in the design of the studies,
characteristics of the populations, as well as the methods utilized for measuring lipids [20]. The
modest sample size here, although indicative of real-world settings, may limit the generalizability of
the findings. Larger, longitudinal studies are warranted for deeper insights, especially in diverse
populations.

The community-level implications of these results suggest the need for integrating retinal screening
with lipid profiling into primary healthcare services, especially in rural and underserved regions.
Accessible and affordable preventive strategies could reduce the burden of retinal vascular diseases
at the population level.

This observation highlights how even small changes in lipid values triggered changes in the retina at
a striking magnitude, suggesting an importance balance in retial homeostasis. Since the eyes are a part
of the system, the observation speaks to the complexity of disease in the system.
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CONCLUSION

This study suggests a strong association between dyslipidemia and the progression of retinal vascular
disease. Elevated total cholesterol, LDL, triglycerides, and atherogenic index, paired with reduced
HDL, appear to align with more advanced retinal pathology. These findings are consistent with
evidence from prior literature and emphasize the importance of systemic lipid control. Integrating
lipid management strategies in at-risk patients may offer a dual benefit of cardiovascular and ocular
protection.

Given the high prevalence of dyslipidemia in underserved populations, implementing community-
based screening and lipid management programs could play a crucial role in preventing vision loss.
Integrating such strategies into primary care frameworks may offer dual benefits of cardiovascular
and ocular protection, particularly in low-resource settings.
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