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Abstract: Objectives: Neovascular age-related macular degeneration (nAMD) is an advanced stage of AMD and is 
associated with an increased risk of visual impairment. Disturbances in lipid metabolism have been proposed as 
a major contributing factor to the pathogenesis of AMD. This study aims to investigate whether lipid profiles in the 
serum and components of dyslipidemia can be used as indicators for predicting progression to nAMD. Methods: 
A retrospective analysis was conducted involving 125 participants with nAMD. 125 non-AMD controls, matched 
by age, sex, and BMI, were incorporated into the study. The comparative analysis between the groups involved six 
lipid biomarkers in the serum: HDL-C, LDL-C TG, TC, ApoA1, and ApoB. Moreover, the existence of dyslipidemia and 
its constituents was assessed through t-tests, as well as univariate and multivariable logistic regression models. 
Results: Individuals with nAMD exhibited significantly higher serum HDL-C (P = 0.02) compared to the controls 
without AMD. Furthermore, the concentrations of ApoB were significantly less in the nAMD cohort (P < 0.01) when 
compared to the control group. During the investigation of the correlation between levels of serum HDL-C (P < 0.01) 
and serum ApoB (P < 0.01) with nAMD through logistic regression analysis, notable findings indicated a significant 
association between both variables and nAMD. However, by multivariate logistic regression analysis, neither serum 
HDL-C nor serum ApoB was an independent risk factor for nAMD. Conclusions: While individuals with nAMD demon-
strated elevated serum HDL-C and reduced serum ApoB levels, these lipid markers may not be suitable as biomark-
ers for monitoring or preventing nAMD.
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Introduction

Age-related macular degeneration (AMD), a 
prevalent condition among aging individuals 
globally, leads to permanent vision loss [1]. 
AMD can be categorized into three stages: 
early, intermediate, and late, with neovascular 
AMD (nAMD) being the advanced stage and the 
primary cause of severe vision loss [2, 3]. The 
two most widely utilized treatment modalities 
for nAMD are laser therapy and anti-vascular 
endothelial growth factor (anti-VEGF) therapy. 
Anti-VEGF therapy is the first-line treatment for 
nAMD, whereas laser therapy is effective only 
in specific subtypes of the condition. For 
instance, laser photocoagulation is applicable 
for treating macular neovascularization locat- 
ed outside the foveal center. In the case of  
the polypoidal choroidal vasculopathy subtype 
of nAMD, a combination of anti-VEGF therapy 
and photodynamic therapy can reduce the fre-

quency of anti-VEGF treatments [4-6]. Althou- 
gh these therapeutic approaches can improve 
visual outcomes in certain nAMD patients, they 
are not curative and primarily serve to delay  
the onset of central vision loss [7]. Hence, a 
deeper understanding of the pathogenesis of 
nAMD is needed to identify novel targets and 
approaches intended for the prevention or 
deceleration of AMD progression to severe 
visual impairment.

AMD exhibits significant connections with lipid 
metabolism [8], particularly through genetic 
regulators of cholesterol transport. Genome-
wide association studies (GWAS) have consis-
tently implicated several important factors in 
lipoprotein metabolism, including Apolipopro- 
tein E (APOE), Cholesterol Ester Transfer Pro- 
tein (CETP), Adenosine Triphosphate-binding 
Cassette Transporter A1 (ABCA1), and Hepatic 
Lipase (LIPC) [9, 10]. Alterations in circulating 
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levels of major lipoproteins - HDL-C, LDL-C, TG, 
and TC - have been documented in AMD 
patients, though these findings remain contro-
versial [11, 12]. Current evidence presents  
conflicting perspectives: epidemiologic studies 
have identified associations between elevated 
HDL-C, LDL-C, and TG levels with increased 
AMD risk, while other reports have failed to 
confirm these associations or demonstrated 
inverse relationships [13-15]. Notably, emerg-
ing data suggest differential associations be- 
tween serum lipid profiles and AMD subtypes. 
Furthermore, distinct pathogenic mechanisms 
may underlie the lipid-related risk patterns 
observed in nAMD versus geographic atrophy 
(GA) presentations [16, 17].

Dyslipidemia, defined as an abnormal lipid level 
in the blood, including elevated levels of TG, TC, 
LDL-C, or low HDL-C [18], is a widely recognized 
risk factor for cardiovascular disease (CVD) 
[19]. Numerous studies have suggested that 
dyslipidemia may also contribute to the devel-
opment of AMD due to its shared vascular 
pathology with chorioretinal diseases [20]. 
Systematic reviews demonstrate a notable 
reduction in the likelihood of early AMD among 
individuals diagnosed with dyslipidemia who 
underwent treatment with statins [21]. Further- 
more, patients with dry AMD have exhibited 
improved visual acuity when administered high-
dose statin therapy [22]. However, the specific 
role of dyslipidemia in nAMD pathogenesis 
remains controversial.

The investigation aims to explore the connec-
tions between serum lipids, dyslipidemia, and 
nAMD, a complex disease. Biomarkers are cru-
cial for identifying disease mechanisms, dis-
covering new therapy targets, and monitoring 
disease progression, treatment effectiveness, 
and risk assessment. To tackle potential con-
founding factors, like age, sex, comorbidities, 
and body mass index, a case-control study will 
be conducted. The primary purpose is to exam-
ine whether serum lipids or dyslipidemia com-
ponents serve as biomarkers for monitoring the 
occurrence of nAMD.

Materials and methods

Patients

Retrospective analysis of nAMD patients treat-
ed in our hospital from January 2021 to June 
2023. A group of 125 patients diagnosed with 
nAMD were enlisted as the case group. The 

determination of nAMD diagnosis involved 
employing slit-lamp biomicroscopy, fluorescein 
angiography, indocyanine green angiography  
if deemed essential, and optical coherence 
tomography spectral domain (SD-OCT) imaging 
[23]. Inclusion criteria (applicable only to the 
nAMD group): Patients diagnosed with nAMD 
who have not received anti-VEGF treatment in 
the year before the start of this study. Exclusion 
criteria (applicable to all study subjects): the 
existence of any additional retinal or choroi- 
dal vascular issues, elevated nearsightedness, 
hypertensive-related retinopathy or choroidop-
athy, significant ocular injury, kidney ailment, 
liver ailment, autoimmune disorders, rheuma-
toid conditions, various forms of cancer, pro-
longed administration of lipid-lowering medi- 
cations, and ongoing usage of thyroidal or glu-
cocorticoid hormones. A matched control group 
of 125 participants without AMD history was 
recruited for comparison. A standard question-
naire was used to record medical history, life-
style, and health-related behaviors at the 
beginning of the study. The collection of demo-
graphic and clinical data including age, gender, 
height, weight, BMI, and the presence of hyper-
tension, diabetes, and coronary heart disease 
provided a comprehensive overview of the par-
ticipants’ health profiles. The sample was com-
posed of 125 patients diagnosed with nAMD 
and an equal number of non-AMD controls. 
They did not significantly differ in age, gender, 
BMI, diabetes mellitus, coronary heart disease, 
or hypertension (P > 0.05) (Table 1).

Sample collection and testing

After fasting overnight for at least 8 hours, par-
ticipants’ blood samples were obtained. The 
freshly collected blood samples were analyzed 
biochemically within a maximum of four hours. 
Serum samples were utilized for the detec- 
tion of TG, TC, HDL-C, LDL-C, and ApoA1/B by 
an AU5800 Biochemical Analyzer (Beckman 
Coulter, American). All operation procedures 
were strictly implemented following the instru-
ment operation manual. The standard for dys-
lipidemia refers to the 2019 European Gui- 
delines for the Management of Dyslipidemia, 
mainly Tables 3, 7, and chapter 5: Lipids and 
lipoproteins [24]. For specific values, see the 
notes of the table.

We compared the baseline demographic char-
acteristics and blood lipid status of patients in 
the nAMD group and the control group, and 
incorporated any significant differences be- 
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Table 1. Baseline demographic characteristics in subjects with 
nAMD and control
Data nAMD (n = 125) Control (n = 125) P-value
Age (years) 71.96±8.97 72.13±9.19 0.13
Gender (n) 0.23
    Male 68 65
    Female 57 60
Height (cm) 161.01±7.32 162.82±8.18 0.06
Weight (kg) 60.75±11.14 62.74±10.63 0.14
BMI (kg/m2) 23.34±3.45 23.56±3.04 0.58
Diabetes Mellitus (n) 16 12 0.42
Coronary heart disease (n) 6 5 0.75
Hypertension (n) 58 70 0.13
nAMD, neovascular age-related macular degeneration; BMI, body mass index.

Table 2. Serum lipid profiles and prevalence of dyslipidemia in 
subjects with nAMD and control
Data nAMD (n = 125) Control (n = 125) P-value
TG (mmol/L) 2.26±0.08 1.69±1.22 0.56
TC (mmol/L) 4.73±0.84 5.21±0.41 0.30
LDL-C (mmol/L) 2.61±0.67 2.78±0.77 0.07
HDL-C (mmol/L) 1.36±0.31 1.23±0.29 0.02
ApoA1 (mmol/L) 1.39±0.26 1.33±0.27 0.06
ApoB (mmol/L) 0.91±0.23 1.00±0.27 0.00
Dyslipidemia (n) 35 70 0.00
High TC (n) 11 23 0.03
High TG (n) 16 45 0.00
High LDL-C (n) 14 26 0.03
Low HDL-C (n) 6 12 0.14
ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; TC, total cholesterol; TG, 
triglycerides; nAMD, neovascular age-related macular degeneration; Dyslipide-
mia was defined as the presence of any of the following: (1) high TC: TC ≥ 5.72 
mmol/L; (2) high TG: TG ≥ 1.70 mmol/L; (3) high LDL-C: LDL-C ≥ 3.4 mmol/L; (4) 
low HDL-C: HDL-C < 0.91 mmol/L.

tween the groups into the logistic regression 
model. Based on the results of univariate and 
multivariate regression analysis, we identified 
the features related to nAMD.

Data analysis and statistics

We conducted a comprehensive analysis by 
comparing demographic characteristics, se- 
rum lipid profiles, apolipoproteins, and the 
presence of dyslipidemia among the nAMD 
cases and control groups. To achieve this, we 
used various statistical techniques and adjust-
ed for potential confounders. To analyze con-
tinuous variables, we utilized the t-test, where-

as, for categorical variables, 
chi-square tests were imple-
mented. Additionally, we app- 
lied univariate and multivari-
able logistic regression models 
to explore the connections 
among demographic charac-
teristics, lipid profiles, apolipo-
proteins, and various aspects 
of dyslipidemia with nAMD. To 
account for potential influenc-
es, we controlled for age, gen-
der, BMI, diabetes mellitus, 
and hypertension in the mu- 
ltivariable logistic regression 
models. To evaluate the impor-
tance of group comparisons, 
we calculated odds ratios 
(ORs) by considering the nor-
mal control group as the base-
line. An OR above 1 signifies 
that the variable functions as 
an autonomous risk factor for 
the study group, whereas an 
OR below 1 implies that  
the variable operates as an 
autonomous protective factor 
against the disease [16]. All 
statistical analyses were con-
ducted utilizing SPSS stati- 
stical software (version 25, 
Chicago, IL, USA). Statistical 
significance was defined as P < 
0.05.

Results

Serum lipids and components 
of dyslipidemia

There were no disparities observed in the le- 
vels of LDL-C, TG, and TC between the nAMD 
and control groups. The nAMD patients de- 
monstrated a noticeably higher level of HDL-C 
(P = 0.02). In terms of dyslipidemia prevalence, 
there was a significantly lower occurrence of 
high TG (P < 0.01), high TC (P = 0.03), and high 
LDL-C levels (P = 0.03) in the nAMD cases  
compared to the non-AMD controls. The preva-
lence of low HDL-C (P = 0.14) did not display 
significant differences between the groups. 
Moreover, the nAMD cases exhibited a signifi-
cantly lower concentration of ApoB when com-
pared to the non-AMD controls (P < 0.01) (Table 
2).
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Table 4. Comparisons of the variables be-
tween nAMD and control groups by multivari-
able logistic regression analysis
Data OR 95% CI P-value
Age 0.94 0.90-0.97 0.00
Gender 2.08 1.04-4.14 0.03
HDL-C 2.78 0.84-9.24 0.09
ApoB 0.326 0.07-1.43 0.13
Dyslipidemia 0.52 0.15-1.78 0.29
High TC 0.41 0.13-1.29 0.13
High TG 0.50 0.25-1.00 0.05
ApoB, Apolipoprotein B; HDL-C, high-density lipoprotein-
cholesterol; TC, total cholesterol; TG, triglycerides; 
nAMD, neovascular age-related macular degeneration; 
Dyslipidemia was defined as the presence of any of the 
following: (1) high TC: TC ≥ 5.72 mmol/L; (2) high TG: TG 
≥ 1.70 mmol/L; (3) high LDL-C: LDL-C ≥ 3.4 mmol/L; (4) 
low HDL-C: HDL-C < 0.91 mmol/L.

Table 3. Comparisons of the variables be-
tween nAMD and control groups by univariate 
logistic regression analysis
Data OR 95% CI P-value
Age 0.96 0.94-0.99 0.03
Gender 1.73 1.05-2.87 0.03
BMI 0.97 0.90-1.05 0.58
Diabetes Mellitus 0.72 0.32-1.59 0.42
Coronary heart disease 0.82 0.24-2.78 0.75
Hypertension 1.47 0.89-2.42 0.13
TC 0.85 0.64-1.12 0.25
TG 1.01 0.97-1.05 0.58
HDL-C 3.81 1.61-9.00 0.00
LDL-C 0.72 0.51-1.01 0.07
ApoA1 2.48 0.95-6.44 0.06
ApoB 0.23 0.08-0.65 0.00
Dyslipidemia 3.35 1.96-5.72 0.00
High TC 2.33 1.08-5.03 0.03
High TG 3.83 2.02-7.26 0.00
High LDL-C 1.37 1.21-1.90 0.20
Low HDL-C 2.10 0.76-5.80 0.15
ApoA1, Apolipoprotein A1; ApoB, Apolipoprotein B; BMI, 
body mass index; HDL-C, high-density lipoprotein-cho-
lesterol; LDL-C, low-density lipoprotein-cholesterol; TC, 
total cholesterol; TG, triglycerides; nAMD, neovascular 
age-related macular degeneration; Dyslipidemia was 
defined as the presence of any of the following: (1) high 
TC: TC ≥ 5.72 mmol/L; (2) high TG: TG ≥ 1.70 mmol/L; 
(3) high LDL-C: LDL-C ≥ 3.4 mmol/L; (4) low HDL-C: HDL-C 
< 0.91 mmol/L.

Factors contributing to the occurrence of 
nAMD

Age (P = 0.03), sex (P = 0.03), levels of serum 
HDL-C (P < 0.01), presence of dyslipidemia (P < 
0.01), the occurrence of high TG levels (P < 
0.01) and high TC levels (P = 0.03), as well as 
serum ApoB levels (P < 0.01), demonstrated 
significant associations with nAMD. Findings of 
the univariate logistic regression analysis are 
presented in Table 3.

Upon accounting for various factors such as 
age, gender, BMI, diabetes mellitus, and hyper-
tension, the results indicated that the assess- 
ed serum lipids and dyslipidemia components 
did not function as independent risk factors for 
nAMD (P > 0.05). However, age (P < 0.01) and 
gender (P = 0.03) continued to display a signifi-
cant association with the risk of nAMD. Findings 
of the multivariate logistic regression analysis 
are in Table 4.

Discussion

The prevention and management of advanced 
AMD and nAMD require the identification of bio-
markers that can be easily monitored in indi-
viduals at risk. Evidence from genetic, biochem-
ical, experimental, and clinical studies has 
established a compelling association between 
lipid dysregulation and AMD pathogenesis [25-
27]. Dyslipidemia is associated with athero-
sclerosis and cardiovascular diseases. Moni- 
toring lipoprotein levels in the blood has been a 
common practice in clinical settings for risk 
prediction and treatment monitoring of cardio-
vascular diseases [28]. Given the pathologic 
similarities between AMD and atherosclerotic 
CVD [20], this study investigated the relation-
ship between serum lipid profiles and nAMD, 
with particular emphasis on evaluating dysli- 
pidemia components as biomarkers for nAMD.

Our findings demonstrated a significant associ-
ation between HDL-C levels and nAMD, with 
nAMD patients exhibiting elevated HDL-C con-
centrations compared to non-AMD controls. 
These observations are consistent with previ-
ous reports from observational studies and 
Mendelian randomization analyses [12, 14, 
29-31]. While HDL-C is recognized for its car- 
dioprotective properties [32, 33], paradoxically 
elevated levels may exert pro-oxidative and 
pro-inflammatory effects, contributing to im- 
paired cholesterol homeostasis and glomeru- 
lar accumulation, which could play a role in 
AMD development [34, 35]. However, our analy-
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sis suggests that HDL-C does not independ- 
ently predict nAMD risk, possibly due to the 
complex interplay of HDL-C-related genetic 
pathways. Notably, genetic polymorphisms in 
CETP and LIPC genes appear to mediate the 
relationship between HDL-C and nAMD [12]. 
Additional investigations into the function of 
HDL in nAMD may yield significant findings 
regarding the advancement of the disease, 
techniques to alter the risk of AMD, and new 
therapies.

Previous investigations propose that increased 
levels of blood lipids tend to protect against 
early-stage AMD, but not advanced-stage AMD 
[14, 30, 36]. A recent Mendelian randomization 
study has revealed an association between 
higher LDL-C and TG levels and a reduced risk 
of advanced AMD [12]. However, further analy-
sis based on AMD subtypes showed that the 
protective effect of elevated levels of LDL-C 
and TG is only evident in intermediate and GA 
subtypes, but not in nAMD [12]. Our findings 
align with these observations, showing no sub-
stantial correlation between blood lipid levels 
and nAMD. This discrepancy may reflect dis-
tinct pathogenic mechanisms between GA and 
nAMD subtypes, as LDL-C and TG primarily 
influence drusen formation throughout GA pro-
gression [37], with minimal effect on angiogen-
ic processes.

ApoB, especially ApoB-100, is an important 
apolipoprotein in LDL-C, and cell recognition 
and uptake of LDL are mainly achieved through 
the recognition of ApoB. Compared to LDL-C, 
ApoB level is more indicative of the incidence  
of cardiovascular disease [38]. Our study iden-
tified a significant correlation between ApoB 
levels and nAMD incidence, suggesting a link 
between nAMD pathogenesis and impaired 
lipid transport mechanisms. However, ApoB  
did not emerge as an independent predictor of 
nAMD, likely due to its complex hepatic biosyn-
thesis and regulation by multiple metabolic 
factors.

Although there is an established link between 
AMD and CVD, the association between dyslip-
idemia and AMD, as revealed in this investiga-
tion, differs from that of CVD. Dyslipidemia is a 
well-recognized independent predictor of CVD, 
thus emphasizing the importance of dyslipid-
emia prevention and control in reducing CVD 
risk [39, 40]. However, findings from the cu- 

rrent study indicate that the presence of dyslip-
idemia is lower in nAMD patients compared to 
non-AMD controls. Specifically, components of 
dyslipidemia such as elevated TG, TC, and 
LDL-C levels were less frequently observed in 
nAMD patients than in controls. These results 
suggest that the underlying pathogenesis of 
these two diseases may not be the same. 
Remarkably, a previous study also found no 
clear association between dyslipidemia and 
the presence of AMD [41]. Supporting the hy- 
pothesis that systemic inflammation induced 
by dyslipidemia may not significantly contribute 
to nAMD pathogenesis. This finding implies that 
the inflammatory cascade associated with dys-
lipidemia might not reach sufficient intensity to 
substantially influence nAMD development.

Several limitations should be acknowledged in 
this study. The results may be weakened due to 
the small sample size. This study’s observation-
al design hinders the establishment of a cause-
effect association between lipid metabolism 
and nAMD. Despite adjustment for various fac-
tors by both univariate and multivariable analy-
ses, the presence of residual or unmeasured 
confounders cannot be eliminated in any ob- 
servational investigation. Therefore, it is neces-
sary to conduct additional longitudinal follow-
up studies on substantial cohorts to obtain a 
deeper understanding of the causal connec- 
tion and the underlying pathologic mechanisms 
linking dyslipidemia and nAMD.

Conclusion

Our study identified significant associations 
between elevated serum HDL-C levels, de- 
creased ApoB concentrations, and nAMD. 
However, neither parameter emerged as an 
independent risk factor for nAMD, suggesting 
limited utility as biomarkers for nAMD monitor-
ing, prevention, or therapeutic intervention. 
These observations imply the existence of dis-
tinct regulatory mechanisms in lipid metabo-
lism that may be associated with specific AMD 
phenotypes. Further comprehensive investiga-
tions are warranted to elucidate the com- 
plex pathophysiologic mechanisms underlying 
nAMD development and progression.
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