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Purpose: This study aimed to explore the relationships between serum apolipoprotein A1 (ApoA1) and B (ApoB) levels and the 
ApoB/A1 ratio with structural and vascular changes in the retinas of patients with diabetic macular edema (DME), as assessed through 
optical coherence tomography (OCT) and OCT angiography (OCTA).
Methods: 62 eyes from 38 treatment-naive diabetic retinopathy patients were assessed. Baseline and 6-month evaluations included 
clinical exams, fundus photography, blood tests for cholesterol, ApoA1, and ApoB, as well as imaging with OCT and OCTA. 
Associations between apolipoproteins and changes in central retinal thickness (CRT), foveal avascular zone (FAZ), and vessel/ 
perfusion density were analyzed.
Results: In DME patients, elevated ApoB levels (>122.5 mg/dL) were significantly linked with increased CRT, FAZ expansion, and 
reduced perfusion density at the 6-month follow-up (p = 0.026, 0.046, and 0.025). Higher ApoB/A1 ratio (>0.85) was significantly 
associated with decreased perfusion density (p = 0.011).
Conclusion: Elevated ApoB levels and ApoB/A1 ratio were linked with reduced perfusion and vessel density, increased CRT, and 
FAZ expansion, highlighting their potential as negative biomarkers for OCT-detected retinomacular changes.
Keywords: diabetic macular edema, serum apolipoprotein, optical coherence tomography, optical coherence tomography angiography, 
central macular thickness, fovea avascular zone

Introduction
Diabetic retinopathy (DR) is the most prevalent microvascular complication of diabetes mellitus (DM) and a leading 
cause of blindness among adults.1,2 Diabetic macular edema (DME), a manifestation that can occur at any stage of DR 
but is more common in severe DR, is characterized by increased macular thickness due to vascular permeability 
dysfunction.3–5 Globally, the prevalence of DME is 6.8%, with incidence rates rising from 3% within the first 5 years 
of DM diagnosis to 28% after 20 years.2,3,6,7 Optimal management of DME emphasizes strict glycemic control, 
preservation of renal function, and serum lipid regulation.8

Elevated serum lipid levels in patients with DR may exacerbate retinal microvascular injury through inflammatory 
reactions and the release of cytokines and growth factors, leading to hard exudate deposition the development of DME.9–11 

Besides traditional serum lipids, the role of serum apolipoproteins (Apo) has received particular attention. Apolipoprotein 
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B (ApoB), a component of low-density lipoprotein (LDL), intermediate-density lipoprotein (IDL), and very-low-density 
lipoprotein (VLDL), is responsible for the transport of lipids from the liver and intestines to peripheral tissues. ApoB has 
atherogenic factors, whereas apolipoprotein A1 (ApoA1), the primary component of high-density lipoprotein (HDL), has 
atheroprotective factors.12 Serum ApoA1 and ApoB have been linked to DR and DME in earlier studies.4,13,14 However, 
their relationship with optical coherence tomography (OCT) parameters in DME remains unexplored.

Advancements in imaging technology, particularly OCT and OCT angiography (OCT-A), provide valuable insights 
into DME. OCT evaluates macular thickness, micro-anatomical abnormalities, and morphological changes in the retina, 
aiding in the diagnosis of center-involving and non–center-involving DME, vitreoretinal traction, and other conditions. 
OCT is also essential for monitoring therapeutic responses.15–19 Complementing OCT, OCT-A offers detailed visualiza
tion of retinal vasculature and has proven useful in assessing DR severity and vascular alterations.20,21 However, despite 
these advancements, the role of serum apolipoproteins as potential markers for retinomacular changes observed in OCT 
and OCT-A in DME remains unclear, warranting further investigation.

This study aimed to determine the association between serum levels of ApoA1 and ApoB with changes in OCT and 
OCT-A parameters of the retina in patients with DME after 6 months of follow-up.

Methods
This prospective cohort study included 53 treatment-naive patients with type 2 diabetes mellitus (DM) and diabetic 
retinopathy (DR), with or without diabetic macular edema (DME), aged over 30 years. Recruitment of participants was 
conducted from March to October 2021 at Jakarta Eye Center, a tertiary eye center in Jakarta, Indonesia. Exclusion 
criteria included history of infection within the past 6 weeks, history of myocardial infarction or stroke (last 3 months), 
history of liver disease, kidney failure, or malignancy, and proliferative DR (PDR) with vitreous hemorrhage and/or 
tractional retinal detachment.

Written informed consent was obtained from each participant. This study followed the tenets of the Declaration of 
Helsinki, and was approved by the Ethical Committees of the Faculty of Medicine at Universitas Gadjah Mada (protocol 
code KE/FK/0353/EC/2021).

Clinical Assessment and Blood Chemistry
At baseline, 1 month, 3 months, and 6 months, all participants underwent comprehensive clinical and ophthalmologic 
exams. A trained nurse conducted clinical assessments, which included extracting participants’ medical histories, use of 
lipid-lowering, anti-DM, and antihypertensive drugs, evaluations of non-ophthalmic DM complications, and measurement 
of blood pressure (BP) at presentation. An automated digital monitor and cuff was used to record BP, with hypertension 
defined as current use of antihypertensive medications, systolic BP > 140 mmHg, or diastolic BP > 90 mmHg.

Blood samples were evaluated at presentation and 6 months after. Within one week of the eye examinations, samples 
obtained after over 8 hours of fasting were sent to a local accredited pathology center for the assessment of HbA1C, 
serum lipids (total cholesterol, HDL, LDL, and triglycerides), and apolipoprotein (ApoA1 and ApoB) levels.

Eye Examination and Assessment of DR and DME
A trained ophthalmic nurse performed eye examinations, including visual acuity (VA), intraocular pressure (IOP), and 
anterior segment assessments, with verification by an ophthalmologist. DR and DME were assessed and graded by disc- 
and macula-centered fundus photography and spectral-domain OCT (CIRRUS 6000, Carl Zeiss Meditec, Dublin, CA, 
USA) of the retina of each participant with standard macular cube and angiography scan protocols. All scans were 
centered on the fovea and obtained under consistent settings following manufacturer recommendations.

Based on the OCT and OCT-A results, the following data were collected: central retinal thickness (CRT), foveal 
avascular zone (FAZ), vessel density (VD), and perfusion density (PD). DR was graded as mild, moderate, severe 
nonproliferative DR (NPDR) and PDR. DME was graded by a retinal specialist as absent and present using clinical 
examination, retinal photography, OCT, and OCT-A findings. Indicators of DME included hard exudates, increased 
macular thickness, foveal pit elevation, and macular fluid. Incident DME was defined as DME that was not present at 
baseline but developed during the 3- or 6-month follow-up. Persistent DME referred to DME that was present at baseline 
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and persisted through the 6-month follow-up despite anti-VEGF injections. Regression of DME was noted if participants 
who were diagnosed with DME at presentation demonstrated a complete resolution of the condition at the last study 
observation.

All participants received therapy as indicated. Patients with DME were administered anti-VEGF (bevacizumab) 
injections monthly for three months. If DME persisted after the initial therapy regimen, additional monthly treatments 
were administered up to the sixth month. Participants also underwent laser photocoagulation where indicated. DME 
progression and OCT and OCT-A parameters, as well as its response to therapy, were noted.

Statistical Analysis
All statistical analyses were performed using Stata BE version 17.0. The baseline characteristics of participants with and 
without DME were compared using the chi-squared test for proportions and the t-test for means. The Kolmogorov– 
Smirnov normality test was used to assess data normality. Eye-specific data were used to analyze DR and DME. The 
associations between Apo and OCT and OCT-A parameters were analyzed using multivariate linear regression models, 
with adjustments made to account for potential intra-subject correlation. Apo variables were stratified using the median 
values of the study participants. Two models were developed: an unadjusted model (Model 1) and a model adjusted for 
age, sex, duration of diabetes, systolic blood pressure (SBP), and HbA1c (Model 2). A p-value of less than 0.05 was 
considered statistically significant.

Results
Of the 53 study participants, 15 (28.3%) dropped out. The analysis of 62 eyes from 38 study participants revealed that 67.7% 
(42 eyes) had DR without DME and 32.3% (20 eyes) had DR with DME. Male participants were more prevalent within the 
DME cohort (73.3% vs 39.5%, p = 0.03). DME patients also showed longer duration of diabetes (8.2 vs 5.6 years), worse 
mean baseline VA (0.36 vs 0.95, p < 0.01), and higher total cholesterol levels at baseline than the non-DME group (Table 1). 
Overall, the DME group demonstrated a trend towards poorer metabolic control, as indicated by higher mean levels of 
HbA1C, LDL, triglycerides, and ApoB and Apo B/A1 ratio, although no significant association was observed. ApoB levels 
were more elevated in the DME subset, although the difference was not statistically significant (p = 0.07).

OCT findings revealed significantly higher CRT within the DME cohort than the non-DME cohort (426.7 vs 
257.0 µm, p < 0.01). These findings suggest that the DME group had higher central macular thickness (CMT), which 
aligns with the lower mean baseline VA described above. Data from OCT-A showed the DME group to possess higher 
FAZ and lower vessel and perfusion density than the non-DME group, although the differences were not significant.

Table 1 Participant’s Baseline Characteristics

Parameters Without DME  
(n = 42 eyes)

with DME  
(n = 20 eyes)

P Value

Clinical characteristics
Age, years 57.6 ± 8.7 56.5 ± 7.1 0.26

Male, n (%) 15 (39.5) 11 (73.3) 0.03
Duration of DM, years 5.6 ± 4.3 8.2 ± 5.8 0.02
Systolic blood pressure, mmHg 143.2 ± 22.1 141.7 ± 28.4 0.78

Visual acuity, decimal 0.95 ± 0.5 0.36 ± 0.3 <0.01
Blood chemistry characteristics
HbA1c, % 8.4 ± 2.1 8.9 ± 2.1 0.31

Lipid profile, mg/dL

Total cholesterol 223.7 ± 63.4 263.0 ± 104.9 0.046
HDL 46.7 ± 12.6 49.1 ± 13.3 0.44

LDL 159.6 ± 55.9 179.5 ± 71.7 0.19

Triglycerides 157.0 ± 75.2 158.2 ± 82.0 0.95

(Continued)
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Table 2 shows the blood chemistry characteristics of the study participants based on the stratification of DME 
progression status at the end of the study. A significant difference in ApoB levels and Apo B/A1 ratio was found between 
the participants classified in the DME regression/without DME group and those with incident/persistent DME. The 
incident/persistent DME group had significantly higher ApoB levels (p < 0.01) and Apo B/A1 ratio (p = 0.01). These 
results suggest that Apo levels may be associated with DME progression, potentially providing better stratification than 
other clinical and biochemical parameters such as HbA1C and traditional lipids.

The association between serum Apo levels and CRT, as the main sign of DME, and its interaction with covariables, 
namely age, sex, DM duration, SBP, and HbA1C levels, is shown in Table 3. Based on the univariate analysis (model 1), 
Apo B >122.5 mg/dL at baseline was significantly associated with greater CRT at 6-month follow-up (p = 0.013). This 
significant association can also be observed in the multivariate analysis (model 2, p = 0.026). A positive but non- 
significant association was also observed between Apo B/A1 >0.85 and increased CRT.

Stratification of changes in ApoA1 and ApoB levels and Apo B/A1 ratios to changes in CRT at the 6-month follow-up are 
shown in Figures 1–3. Data showed that the baseline ApoA1 stratification was not associated with changes in CRT (p = 0.72). 
On the contrary, the stratification of the baseline ApoB level and Apo B/A1 ratio correlated linearly with changes in CRT at the 
6-month follow-up. ApoB levels higher than 122.5 were significantly associated with increased CRT (p = 0.01), whereas the 
association between a high Apo B/A1 ratio and increased CRT was not statistically significant (p = 0.07).

Table 1 (Continued). 

Parameters Without DME  
(n = 42 eyes)

with DME  
(n = 20 eyes)

P Value

Apolipoprotein, mg/dL
Apo A1 148.4 ± 31.5 149.8 ± 34.0 0.84

Apo B 122.0 ± 35.4 136.7 ± 35.4 0.07

Apo B/A1 ratio 0.86 ± 0.3 0.95 ± 0.3 0.17
OCT and OCT-A parameters
CRT, µm 257.0 ± 47.6 426.7 ± 163.5 <0.01
Vessel density, mm/mm2 12.0 ± 5.1 11.0 ± 4.8 0.40
Perfusion density, % 29.1 ± 13.3 26.5 ± 12.6 0.37

FAZ area, mm2 0.50 ± 0.3 0.51 ± 0.2 0.48

Note: Bold p-value: statistically significant. 
Abbreviations: CRT, central retinal thickness; DME, diabetic macular edema; FAZ, foveal avascular 
zone; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OCT, optical coherence tomography.

Table 2 Blood Chemistry Characteristics According to DME Progression

Parameters Persistent/Progressive  
DME (n = 18 eyes)

Regressive  
DME (n = 4 eyes)

Without  
DME (n = 40 eyes)

p-value

HbA1C, % 9.2 ± 2.5 7.1 ± 0.3 8.2 ± 1.7 0.25

Lipid profile, mg/dL
Total cholesterol 250 ± 115.9 243 ± 62.9 208 ± 51.3 0.29

HDL 52 ± 18.5 38 ± 0.7 44 ± 10.0 0.17

LDL 170.0 ± 69.5 184.5 ± 41.7 136.8 ± 46.0 0.15
Triglycerides 118.0 ± 60.5 193.0 ± 99.0 152.4 ± 72.8 0.26

Apolipoprotein, mg/dL

Apo A1 120 ± 14.1 140 ± 26.2 157 ± 39.4 0.16
Apo B 165 ± 26.9 128 ± 23.6 110 ± 26.7 <0.01
Apo B/A1 ratio 1.38 ± 0.3 0.91 ± 0.1 0.70 ± 0.2 0.01

Note: Bold p-value: statistically significant. 
Abbreviations: DME, diabetic macular edema; HbA1C, hemoglobin A1C; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein.
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The association between serum Apo levels with changes in OCT-A parameters and their interactions with the 
covariables of age, sex, DM duration, SBO, and HbA1C levels are shown in Table 4. ApoB of >122.5 appeared to be 
significantly related to decreased VD, FAZ expansion, and decreased PD in the univariate analysis (p = 0.039, 0.02, and 
0.039, respectively). These results were maintained in the multivariate analysis (model 2; p = 0.076, 0.046, and 0.025, 
respectively), except for the association with VD, which was not statistically significant (p = 0.076). Conversely, an Apo 
B/A1 ratio >0.85 was significantly associated with decreased PD in both univariate and multivariate analyses (p = 0.049 
and 0.011, respectively). The high Apo B/A1 ratio was significantly associated with VD in the univariate analysis (p = 
0.05), but not in the multivariate analysis (p = 0.09), and showed no association with the FAZ at the 6-month follow-up.

Table 3 Association Between Apolipoprotein and Increased 
Central Retinal Thickness (CRT) at the 6-Month Follow-Up 
Based on Optical Coherence Tomography

Variables CRT

Coefficient (95% CI) p-valuea p-valueb

Apo A1, mg/dL

≤ 135 39.7 (−11.5 ─ 90.8) 0.97 0.62

> 135 39.8 (6.29 ─ 73.3)
Apo B, mg/dL

≤ 122.5 4.2 (−37.9 ─ 46.3) 0.013 0.026
> 122.5 75.5 (33.4 ─ 117)

Apo B/A1, mg/dL

≤ 0.85 34.4 (−9.2 ─ 78.9) 0.75 0.81

> 0.85 44.8 (0.8 ─ 88.9)

Notes: aModel 1: Univariate. bModel 2: Multivariate, adjusted for age, sex, duration 
of diabetes mellitus, systolic blood pressure, and hemoglobin A1c. Bold p-value: 
statistically significant. 
Abbreviations: Apo B, apolipoprotein B; Apo A1, apolipoprotein A1.

Figure 1 Stratification of ApoA1 on changes in central macular thickness at the 6-month follow-up.
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Figures 4–6 show the association between the stratification of ApoA1 and ApoB levels and the Apo B/A1 ratio with 
the FAZ at the 6-month follow-up. High ApoB levels appeared to be significantly related to FAZ expansion (p = 0.013). 
The association between a high Apo B/A1 ratio and FAZ expansion was not statistically significant (p = 0.06).

Changes in ApoA1 and ApoB levels and the Apo B/A1 ratio and their association with changes in PD at the 6-month 
follow-up are shown in Figures 7–9. A significant association was found between higher ApoB (p = 0.011) and higher 
Apo B/A1 ratio (p = 0.026) with decreased PD on OCT-A. These inverse associations were interpreted as a lower 
percentage of blood flow in the macula at the end of the study in participants with higher ApoB levels and higher Apo B/ 
A1 ratio.

Figure 3 Stratification of the Apo B/A1 ratio on changes in central macular thickness at the 6-month follow-up.

Figure 2 Stratification of ApoB on changes in central macular thickness at the 6-month follow-up.
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The stratification of ApoA1 and ApoB levels and the Apo B/A1 ratio, along with their association with the VD at the 
6-month follow-up is shown in Figures 10–12. A significant inverse association was found between the ApoB level and 
Apo B/A1 ratio and VD (each p = 0.02 for the ApoB level and Apo B/A1 ratio, respectively). These associations were 
interpreted as lower VD in the macula at the 6-month follow-up in participants with higher ApoB levels and Apo B/A1 
ratio.

Discussion
In this study, the proportion of DR without DME was higher than that of DR with DME (67.7% vs 32.3%), consistent 
with previous findings.22,23 Early diagnosis of DME is crucial for timely treatment planning, as its progression often 
involves complex metabolic alterations in retinal and vascular structures, detectable through OCT and OCT-A.

Table 4 Association Between Apolipoprotein with Changes in OCT Angiography Parameters at the 6-Month Follow-Up

Variables Vessel Density FAZ Area Perfusion Density

Coefficient p-valuea p-valueb Coefficient p-valuea p-valueb Coefficient p-valuea p-valueb

(95% CI) (95% CI) (95% CI)

Apo A1, mg/dL

≤ 135 −0.91 (−2.67 ─ 0.85) 0.81 0.67 0.09 (−0.04 ─ 0.22) 0.47 0.34 −2.96 (−7.43 ─ 1.50) 0.65 0.51

> 135 −0.59 (−2.47 ─ 1.29) 0.19 (0.05 ─ 0.44) −1.50 (−6.26 ─ 3.27)

Apo B, mg/dL

≤ 122.5 0.52 (−1.25 ─ 2.28) 0.039 0.076 −0.01 (−0.17 ─ 0.15) 0.020 0.046 1.05 (−3.41 ─ 5.51) 0.039 0.025

> 122.5 −2.04 (−3.80 to −0.28) 0.24 (0.09 ─ 0.40) −5.60 (−10.1 to −1.14)

Apo B/A1

≤ 0.85 0.46 (−1.29 ─ 2.23) 0.054 0.09 0.05 (−0.11 ─ 0.22) 0.32 0.27 0.90 (−3.50 ─ 5.37) 0.049 0.011

> 0.85 −1.99 (−3.76 ─ 0.22) 0.17 (0.01 ─ 0.34) −5.45 (−9.93 ─ 5.37)

Notes: aModel 1: Univariate. bModel 2: Multivariate, adjusted for age, sex, duration of diabetes mellitus, systolic blood pressure, and hemoglobin A1c. Bold p-value: 
statistically significant. 
Abbreviations: Apo B, apolipoprotein B; Apo A1, apolipoprotein A1; CI, confidence interval; OCT, optical coherence tomography.

Figure 4 Stratification of ApoA1 on changes in the fovea avascular zone area at the 6-month follow-up.
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Figure 5 Stratification of ApoB on changes in the fovea avascular zone area at the 6-month follow-up.

Figure 6 Stratification of Apo B/A1 ratio on changes in the fovea avascular zone area at the 6-month follow-up.
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Figure 8 Stratification of ApoB on changes in perfusion density at the 6-month follow-up.

Figure 7 Stratification of ApoA1 on changes in perfusion density at the 6-month follow-up.
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Figure 10 Stratification of ApoA1 on changes in vessel density at the 6-month follow-up.

Figure 9 Stratification of the Apo B/A1 ratio on changes in perfusion density at the 6-month follow-up.

Figure 11 Stratification of ApoB on changes in vessel density at the 6-month follow-up.
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Dyslipidemia, which significantly impacts retinal vascular health, is a recognized metabolic risk factor for both DR 
and DME. Although our study found no significant differences in ApoA1, ApoB levels, or the Apo B/A1 ratio between 
the DME and non-DME groups at baseline, further analysis revealed significant differences in ApoB levels and the Apo 
B/A1 ratio among participants with progressive, regressive, and non-DME at the 6-month follow-up. Similar results were 
seen in Crosby-Nwaobi et al, where ApoB levels and Apo B/A1 ratios in PDR with DME patients were significantly 
elevated compared to NPDR.4 In a broader context, the ApoB/A1 ratio has also been associated with the progression of 
other diabetic complications, namely diabetic kidney disease (DKD), where elevated ratios (≥ 1.15) have been linked to 
a higher risk of progression to renal replacement therapy.24 These broader implications of the ApoB/A1 ratio suggest that 
lipid monitoring could provide valuable insights into the progression of diabetic pathology across multiple organ 
systems.

Several biomarkers have been utilized to assess lipid homeostasis in DME pathology, one of which is Apo. Apo is 
a protein which binds with lipids to create lipoproteins. These proteins carry lipids in the blood, cerebrospinal fluid, and 
lymph by forming water-soluble lipoprotein particles.25–28 Previous study has suggested Apo values to be stronger 
biomarkers in DR detection and severity compared to traditional lipid values,14 making them more suitable for evaluation 
in DME.

ApoA1, the major anti-atherogenic protein in HDL, exerts anti-inflammatory and anti-angiogenic effects by down
regulating VEGF and inflammatory cytokines, potentially offering protection against DR and DME.12,14,29,30 In contrast, 
ApoB promotes atherogenesis and inflammation through cytokine release, contributing to retinal vascular damage. These 
opposing roles support the relevance of the ApoB/A1 ratio in DME progression.31,32

The ApoB/A1 ratio, which reflects the balance between atherogenic (ApoB) and anti-atherogenic (ApoA1) influences, 
offers a more comprehensive marker for DR progression than either protein alone.14,33,34 This ratio has been associated 
with increased DR risk across all stages and plays a greater role in PDR pathophysiology than ApoA1 alone. Its 
predictive value parallels that of the LDL/HDL ratio, where a high atherogenic burden may be masked by favorable 
levels of individual components. By integrating both protective and harmful lipid profiles, the ApoB/A1 ratio better 
represents the complex interplay of inflammation, oxidative stress, and vascular remodeling in DR.14,35,36

OCT was utilized in this study due to its critical role in detecting and monitoring abnormal macular thickening, often defined 
as foveal thickness exceeding 180 µm—a hallmark finding in DME.37 Beyond its diagnostic capability, OCT provided essential 
macular data, capturing structural changes such as serous retinal detachment, cystoid macular edema, and retinal thickening.38–40 

These detailed imaging features were pivotal for evaluating clinical symptoms, disease progression, and treatment outcomes, as 

Figure 12 Stratification of the Apo B/A1 ratio on changes in vessel density at the 6-month follow-up.
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early edema manifests as reduced tissue reflectivity, progressing to cystoid spaces in the outer plexiform layer and, in chronic 
cases, retinal detachment, which can severely impair visual function.40 This relationship is evident in our study, where the mean 
baseline CRT was higher in the DME cohort (426.7 µm) compared to the non-DME cohort (257.0 µm). Correspondingly, the 
baseline VA analysis revealed significantly lower values in the DME cohort compared to its counterpart, likely attributable to the 
higher CRT findings. A study in Maryland, United States, also showed that increased CRT was clinically correlated with 
decreased visual acuity.41

Our study found a significant association between elevated baseline ApoB levels (>122.5 mg/dL) and increased CRT 
at the 6-month follow-up. To our knowledge, no prior studies have established a cutoff for serum ApoB levels in 
predicting retinal thickness progression. The threshold of 122.5 mg/dL was determined through statistical analysis, 
identifying it as a predictor of increased retinal thickness. Comparatively, studies on diabetic complications like kidney 
disease have used ApoB thresholds above 110 mg/dL to predict progression to renal replacement therapy.42 These 
findings suggest that baseline ApoB >122.5 mg/dL could serve as an early indicator of increased retinal thickness in 
DME patients, potentially informing prognosis at 6 months.

OCT-A imaging detects retinal vascular abnormalities such as neovascularization, vessel dilation, and capillary 
dropout. While non-DME eyes typically exhibit VD of 30.97–48.35 mm/mm²,43 PD of 42.2%,44 and FAZ of 
0.28 mm² (0.08–0.46 mm²),45 no standardized normal ranges exist due to variations in equipment and operator 
techniques. In the context of our study, compared to non-DME eyes, participants with DME showed reduced VD 
(11.0 ± 4.8 mm/mm²), lower PD (26.5 ± 12.6%), and larger mean FAZ (0.51 ± 0.2 mm²).

Building on our OCT-A findings, baseline serum ApoB levels >122.5 mg/dL were significantly associated with FAZ 
enlargement, reduced PD, and possibly reduced VD at 6 months. An ApoB/A1 ratio >0.85 was also significantly linked 
to reduced PD (p = 0.011 in multivariate analyses). Participants with the lowest ApoB (60–91 mg/dL) and ApoB/A1 ratio 
(0.40–0.61) showed a trend toward higher PD and VD, but not FAZ. This suggests that vascular repair may occur earlier 
in VD and perfusion than in FAZ remodeling. These values were based on the median Apo data, as ROC analysis yielded 
non-significant AUCs, likely due to small sample size and high variability.

The above results revealed that ApoB was more significantly associated with changes in vascular parameters assessed by 
OCT-A, namely FAZ, VD, and PD, than ApoA1. The effect of expanding FAZ, decreasing VD, and decreasing PD associated 
with high ApoB levels may be due to the atherogenic effect of ApoB. As described above, ApoB is the main component of LDL, 
IDL, and VLDL, transporting cholesterol to peripheral tissues including blood vessels.46 In retinal blood vessels, reduced retinal 
blood flow due to plaque buildup contributes to decreased VD, PD, and FAZ expansion.47 These results emphasize the 
importance of early interventions to reduce ApoB levels or the ApoB/A1 ratio, which could help improve the macular vascularity 
index in DME and, ultimately, enhance visual outcomes.

The limitations of this study include its relatively small sample size and uneven distribution. Additionally, the high follow-up 
loss rate (28.3%) may have been influenced by the COVID-19 pandemic, with contributing factors such as patient mortality, 
COVID-19 infections, other illnesses, social restrictions, and patients’ reluctance to visit healthcare facilities. This substantial 
loss to follow-up may introduce bias and limit the generalizability of the findings; therefore, results from the multivariable 
analysis should be interpreted with caution. While our regression models accounted for intra-subject correlation, they did not 
model individual-level trajectories over time. Future studies with larger samples and more frequent follow-up points may benefit 
from using mixed-effects models to better capture within-subject variability.

In conclusion, baseline serum ApoB levels >122.5 mg/dL and an ApoB/A1 ratio >0.85 are predictive of worse CRT, 
FAZ, VD, and PD in patients with DME. As these biomarkers’ role in the progression of DME were evident in our study, 
these findings may support the use of serum Apo evaluation at presentation to help anticipate visual outcomes and retinal 
changes in patients with DME. Further larger-scale studies are necessary to confirm our findings and explore the potential 
for ApoB and ApoB/A1 ratio as predictive biomarkers for DME progression.
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