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Abstract

Purpose To investigate the association between oxidative stress (OS) and both the risk of neovascular age-related
macular degeneration (NnAMD) and the treatment response to intravitreal anti-vascular endothelial growth factor
injections (anti-VEGF IVIs).

Methods This retrospective study included 46 treatment-naive NAMD eyes of 46 patients (26 male and 20 female)
who received anti-VEGF IVIs with a “treat-and-extend” regimen following an initial loading phase for one year. The
patients were divided into two groups according to the total number of anti-VEGF IVIs administered during the year:
the "effective” group and the “resistant” group. OS was evaluated by diacron reactive oxygen metabolites (d-ROMs),
biological antioxidant potential (BAP), and skin autofluorescence (SAF) at baseline. For comparison, 54 control sub-
jects were recruited.

Results There were no significant differences in d-ROM or BAP levels between control subjects and nAMD

patients, regardless of sex, whereas SAF levels were higher in nAMD patients overall and in male nAMD patients

than in controls (P< 0.001 for both). The effective and resistant groups included 30 and 16 eyes, respectively. Among
the male nAMD patients, the effective and resistant groups had similar baseline characteristics, including age, smok-
ing history, visual acuity, and central macular thickness; however, the resistant group had higher SAF levels (effective
vs. resistant: 2.3 vs. 2.6 arbitrary units [AU]; P=0.02). This finding was further supported by a multiple logistic regression
analysis, which showed that the odds ratio for SAF was 1.57 per 0.1 AU increase (P=0.01).

Conclusion SAF levels were significantly higher in nAMD patients than in controls. The total number of anti-VEGF
IVIs required over one year in male nAMD patients depended on SAF levels, suggesting that the SAF levels may serve
as a potential biomarker for the response to anti-VEGF IVIs in nAMD.
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Introduction

Neovascular age-related macular degeneration (nAMD)
is the leading cause of blindness in developed countries
[1, 2]. In recent years, intravitreal anti-vascular endothe-
lial growth factor injections (anti-VEGF IVIs) has been
the gold-standard treatment for nAMD, but the efficacy
of this treatment and the required interval for the IVIs
varies between individuals [3—6]. Although nAMD is a
multifactorial disease and research has focused on oxi-
dative stress (OS) as the most potent pathogenetic factor
[7-9], the association between OS and clinical findings in
nAMD remains unclear.

OS occurs when there is an imbalance between the
production of reactive oxygen species (ROS) and the
body’s ability to detoxify or repair the damage caused
by these molecules. ROS are normal byproducts of cel-
lular metabolism, but excessive accumulation of ROS can
lead to oxidative damage in cells and tissues. In recent
years, systemic OS has become easy to measure on an
outpatient basis with techniques such as blood sampling,
and its relationship with ocular diseases is becoming
clearer [10-13]. OS parameters measurable in outpa-
tient settings include diacron reactive oxygen metabolites
(d-ROMs), biological antioxidant potential (BAP), and
skin autofluorescence (SAF). d-ROMs serves as a bio-
marker of OS, measuring hydroperoxides, which are
byproducts of ROS and lipid peroxidation. BAP assesses
plasma antioxidant capacity, reflecting the body’s ability
to neutralize ROS and mitigate OS. SAF, which reflects
the accumulation of advanced glycation end-products
(AGEs) in tissues, is commonly used as a non-invasive
indicator of AGE levels. AGEs, formed through non-
enzymatic reactions of sugars with proteins, lipids, or
DNA, promote OS and inflammation, which are associ-
ated with aging and chronic diseases such as diabetes and
cardiovascular disorders.

Here, we investigate such systemic OS parameters in
patients with nAMD and their associations with clinical
findings, including the number of anti-VEGF IVIs.

Methods

Study design and participants

This was a retrospective study that examined 46 eyes of
46 nAMD patients (mean age:77.0 £ 7.9 years, proportion
of female patients:43.5%) who visited Tohoku University
Hospital, in Sendai, Japan. We also recruited 54 age- and
gender-matched control subjects without nAMD (mean
age:74.9+7.5 years, female ratio:55.6%). This research
followed the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board of Tohoku
University Graduate School of Medicine (2021-1-430).
All subjects underwent a comprehensive eye screen-
ing that included a slit-lamp examination and a dilated
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biomicroscopic fundus examination. We obtained the
history of smoking, diabetes mellitus (DM), and hyper-
tension (HT) from medical records. nAMD was diag-
nosed by two experienced retina specialists (H.K. and
M.Y.). Diagnosis and classification of nAMD were per-
formed based on detailed ophthalmological examinations
that included dilated fundus photography, optical coher-
ence tomography (OCT; DRI swept-source OCT; Triton,
Topcon, Japan), fluorescein angiography (FA), and/or
indocyanine green angiography (ICG).

Classification of treatment response

nAMD was classified into three subtypes based on OCT,
FA and/or ICG findings: typical nAMD, polypoidal cho-
roidal vasculopathy (PCV), and retinal angiomatous pro-
liferation (RAP). We excluded patients with uveitis or
diabetic retinopathy. We also excluded nAMD patients
who had previously undergone anti-VEGF IVI treat-
ment and those who received anti-VEGF drugs other
than ranibizumab or aflibercept (ranibizumab 10 mg/mL
[Lucentis; Novartis Pharma AG, Basel, Switzerland] or
aflibercept 40 mg/mL [EYLEA; Bayer, Germany], respec-
tively). Only patients for whom observations were avail-
able for at least 12 months after the IVIs were enrolled.
The patients with nAMD received IVI treatment (ranibi-
zumab or aflibercept) with a “treat and extend” (T&E)
regimen after an initial phase during which they received
one to three monthly IVIs, depending on disease activity.
Disease activity was determined based on loss of VA and/
or one of the following criteria: new hemorrhages in a
fundus examination, and persistent or recurrent intraret-
inal fluid or serous retinal detachment (SRD) in OCT
imaging. When a dry macula and no worsening of pig-
ment epithelial detachment (PED) were documented, the
treatment and follow-up visits were generally extended
by periods of 4 weeks. The nAMD patients using the
T&E regimen were classified into two groups based
on the number of IVI treatments they received within
12 months, modified from a previous report using a “pro
re nata” regimen [14]. The “effective” group received six
or fewer IVIs, while the “resistant” group received seven
or more IVIs. This classification is based on the criterion
that if the treatment interval can be successfully extended
after three loading doses, IVI treatments would occur six
times over the course of one year.

Measurements of oxidative stress biomarkers

d-ROM, BAP, and SAF levels were compared between
the two nAMD groups, as well as between control sub-
jects and nAMD patients. In principle, at the time of the
first visit, d-ROM and BAP levels were measured with a
free radical analyzer (Wismerll, Tokyo, Japan), and SAF
levels were measured with an AGE Reader (DiagnOptics
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BV, Groningen, Netherlands). These methods are the
same as those used in our previously published report
[13]. Best-corrected visual acuity (VA) and central
macular thickness (CMT) were measured at baseline
and at each follow-up visit. All data are shown as the
mean * standard deviation.

Statistics

The Mann—Whitney U test was used to compare contin-
uous variables, and Fisher’s exact test was used to com-
pare categorical variables between the groups. Separate
multiple logistic regression analyses were performed
to detect contributing factors to nAMD and resistant
nAMD. We analyzed the male and female subgroups,
as well as the overall group, for the following variables:
smoking, typical nAMD, pre-treatment VA, pre-treat-
ment CMT, and SAF. Receiver operating characteristic
(ROC) curve analyses were also performed in the overall
group and the male nAMD patients to assess the ability
of the OS parameters (i.e., d-ROMs, BAP, and SAF lev-
els) to predict nAMD in the overall group and resistant
nAMD in the male nAMD patients, respectively. All sta-
tistical analyses were performed with Microsoft Excel
2019 (Microsoft, Redmond, WA, USA) or JMP software
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(Pro version 10.0.2, SAS Institute Japan Inc., Tokyo,
Japan). Differences were considered significant at P<0.05.

Results

The overall characteristics of the nAMD patients and
control subjects are shown in Table 1. The characteris-
tics of the male nAMD patients and male control subjects
are shown in Table 2, while those of the female nAMD
patients and female control subjects are shown in Table.
3

Overall

Forty-six nAMD patients were enrolled in this study:
30 in the effective group and 16 in the resistant group
(Table 1). We did not observe any significant differences
in baseline characteristics, such as age, HT, and DM,
between the control subjects and nAMD patients, but
found a significant difference in smoking history (con-
trol: 29.6% vs. nAMD: 52.2%; P=0.02). There were no
significant differences in d-ROM or BAP levels between
the control subjects and nAMD patients, but there was a
significant difference in SAF (control: 2.0 AU vs. nAMD:
2.4 AU; P<0.001). A multiple logistic regression analy-
sis, with smoking history and SAF (per 0.1 AU increase)

Table 1 Overall characteristics of NAMD patients and control subjects

Control nAMD Pvalue
All Effective Resistant Cvs.nAMD Evs.R

Number of cases 54 46 30 16 - -
Age (years) 749+75 770+79 76.9+8.6 77.1£6.6 0.169 0.934
nAMD type (typical:PCV:RAP) - 22:19:5 15:2:3 7:7:2 - 0914
Smoking (n, %) 16,29.6 24,52.2 16,53.3 8,50.0 0.023 0.829
HT (n, %) 30,55.6 22,478 18,60.0 4,250 0.446 0.009
DM (n, %) 4,74 7,152 6,20.0 1,62 0.230 0216
d-ROMs (U. Carr) 38761793 403.6£70.6 393.8+59.9 4219+86.5 0.290 0.259
BAP (uM/L) 211812126 2088.2+289.2 2084.1+229.5 2095.9+386.0 0.564 0912
SAF (AU) 20+03 24+05 23+04 25405 <0.001 0.159
Initial anti-VEGF drug (IVR:IVA) - 18:28 13:17 5:11 - 0424
Cases that switched drug (n, %) - 17,37.0 11,36.7 6,37.5 - 0.956
Number of IVIs (one year) - 56+1.7 48+16 7.1+03 - <0.001
VA (logMAR)

Pre-treatment - 040+042 037+041 047+047 - 0475

One month later - 0.38+043 0.33+040 0.49+0.50 - 0.287

One year later - 036047 0.34+0.51 040+044 - 0.695
CMT (um)

Pre-treatment - 3420+1234 3385+1349 3485+1069 - 0.784

One month later - 2464+749 238.7+63.5 260.4+94.8 - 0419

One year later - 2453+86.8 241.5+66.1 2523+£1198 - 0.743

nAMD neovascular age-related macular degeneration, PCV polypoidal choroidal vasculopathy, RAP retinal angiomatous proliferation, HT hypertension, DM diabetes
mellitus, d-ROMs derivatives of reactive oxygen metabolites, U. Carr Carrelli units, BAP biological antioxidant potential, SAF skin autofluorescence, AU arbitrary unit,
VEGF vascular endothelial growth factor, IVR intravitreal ranibizumab, IVA intravitreal aflibercept, IVIs intravitreal injections, CMT central macular thickness, VA visual
acuity, logMAR logarithmic minimum angle of resolution, C control, E effective, R resistant
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Table 2 Characteristics of male NnAMD patients and male control subjects
Control nAMD Pvalue
All Effective Resistant Cvs.nAMD Evs.R

Number of cases 24 26 17 9 - -
Age (years) 73.8+6.8 765+7.0 779+70 739+6.7 0.162 0.166
nAMD type (typical:PCV:RAP) - 10:15:1 8:8:1 2:7:0 - 0352
Smoking (n, %) 15,625 22,846 15,882 7,778 0.082 0482
HT (n, %) 15,62.5 14,53.8 11,64.7 3,333 0.545 0.141
DM (n, %) 0,0.00 5,19.2 4,235 1,111 0.022 0.445
d-ROMs (U. Carr) 3634+639 390.3+64.5 384.1£58.0 4019+ 777 0.146 0.557
BAP (LM/L) 21158+226.5 2132243174 21285+228.7 2139.1 +4583 0.833 0.949
SAF (AU) 20+02 24+04 23404 26+02 < 0.001 0.017
Initial anti-VEGF drug (IVRIIVA) - 719 413 36 - 0.592
Cases that switched drug (n, %) - 9,346 5,294 4,444 - 0.443
Number of IVIs (one year) - 55+£16 47£15 70+£00 - <0.001
VA (logMAR)

Pre-teatment - 0.32+0.38 0.28+0.28 039+ 054 - 0573

One month later - 0.34+045 0.26+0.31 049 +0.63 - 0.345

One year later - 0.28+0.40 0.26+0.39 031 +046 - 0.786
CMT (um)

Pre-treatment - 320.1+£66.6 3084 +64.5 34211727 - 0.261

One month later - 24334523 2472 + 486 2364 +£63.6 - 0.667

One year later - 2392+76.7 2416+ 721 2349+ 927 - 0.854

nAMD neovascular age-related macular degeneration, PCV polypoidal choroidal vasculopathy, RAP retinal angiomatous proliferation, HT hypertension, DM diabetes
mellitus, d-ROMs derivatives of reactive oxygen metabolites, U. Carr Carrelli units, BAP biological antioxidant potential, SAF skin autofluorescence, AU arbitrary unit,
VEGF vascular endothelial growth factor, IVR intravitreal ranibizumab, IVA intravitreal aflibercept, IVIs intravitreal injections, CMT central macular thickness, VA visual
acuity, logMAR logarithmic minimum angle of resolution, C control, E effective, R resistant

as explanatory variables, identified SAF as a significant
contributing factor to nAMD (P<0.001, odds ratio [OR]:
1.32, 95% confidence interval: 1.13—1.55), whereas smok-
ing history was not significantly associated (P=0.08).
We did not observe any significant differences in base-
line characteristics, such as age, nAMD subtype, smok-
ing history, and DM, between the effective and resistant
groups, but did observe a significant difference in HT
incidence between the effective and resistant groups
(effective: 60.0% vs. resistant: 25.0%; P=0.01). There were
no significant differences in d-ROM, BAP, or SAF levels
between the effective and resistant groups. The effective
and resistant groups showed no significant differences
in VA or CMT at three time points: pre-treatment, after
one month of treatment, and after one year of treatment.
Furthermore, there were no significant sex differences in
the three OS parameters, i.e., d-ROM, BAPD, and SAF lev-
els, in the overall group of patients and controls (P=0.16,
P=0.23, and P=0.44, respectively).

Male

There were 17 and 9 male patients in the effective and
resistant groups, respectively (Table 2). Among these
male patients, no significant differences were observed

between the control subjects and nAMD patients in base-
line characteristics including age, smoking history, or HT,
but there was a significant difference in DM (control: 0%
vs. nAMD: 19.2%; P=0.02). There were no significant dif-
ferences in d-ROM or BAP levels between the control
subjects and nAMD patients, but did show a significant
difference in SAF levels (control: 2.0 AU vs. nAMD: 2.4
AU; P<0.001). The effective and resistant groups showed
no significant differences in age, nAMD subtype, smok-
ing history, HT, or DM. There were no significant dif-
ferences in d-ROM or BAP levels between the effective
and resistant groups, but there was a significant differ-
ence in SAF levels (effective: 2.3 AU vs. resistant: 2.6 AU;
P=0.02). The effective and resistant groups also showed
no significant differences in VA or CMT at three time
points: pre-treatment, after one month of treatment, and
after one year of treatment.

Female

There were 13 and 7 female patients in the effective and
resistant groups, respectively (Table 3). Among these
female patients, no significant differences were observed
between the control subjects and nAMD patients in
baseline characteristics including age, nAMD subtype,
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Table 3 Characteristics of female nNAMD patients and female control subjects
Control nAMD Pvalue
All Effective Resistant Cvs.nAMD Evs.R

Number of cases 30 20 13 7 - -
Age (years) 75.7+80 776+£9.1 756+106 81.3+3.6 0.459 0.099
nAMD type (typical:PCV:RAP) - 12:4:4 7:4:2 5:0:2 - 0.501
Smoking (n, %) 1,333 2,0.10 1,77 1,143 0.391 0.639
HT (n, %) 15,50.0 8,200 7,53.8 1,143 0497 0013
DM (n, %) 4,133 2,100 2,154 0,0.0 0.723 0.274
d-ROMs (U. Carr) 407.0+85.9 420.9+76.1 406.5+62.3 447.6+96.3 0.552 0.336
BAP (LM/L) 2120.0+204.7 2031.2+2439 20262+2259 2040442934 0.187 0913
SAF (AU) 21+03 23406 23+05 24+0.7 0.076 0.742
Initial anti-VEGF drug (IVR:IVA) - 11:9 9:4 2:5 - 0.081
Cases that switched drug (n, %) - 8,40.0 6,46.2 2,286 - 0.444
Number of IVIs (one year) - 58+18 49+18 7305 - <0.001
VA (logMAR)

Pre-teatment - 052+045 0.49+0.52 0.57+0.37 - 0.683

One month later - 043+041 041+049 049+0.28 - 0.662

One year later - 0.45+0.54 043+0.62 0.50+042 - 0.771
CMT (um)

Pre-treatment - 3704+£166.8 377.8+1884 356.7+146.2 - 0.786

One month later - 2503+£959 2282+79.1 2913+£1229 - 0.251

One year later - 253.0+974 24131609 274.6+£153.0 - 0.598

nAMD neovascular age-related macular degeneration, PCV polypoidal choroidal vasculopathy, RAP retinal angiomatous proliferation, HT hypertension, DM diabetes
mellitus, d-ROMs derivatives of reactive oxygen metabolites, U. Carr Carrelli units, BAP biological antioxidant potential, SAF skin autofluorescence, AU arbitrary unit,
VEGF vascular endothelial growth factor, IVR intravitreal ranibizumab, IVA intravitreal aflibercept, IVIs intravitreal injections, CMT central macular thickness, VA visual
acuity, logMAR logarithmic minimum angle of resolution, C control, E effective, R resistant

smoking history, HT, and DM. There were no signifi-
cant differences in d-ROM, BAP, or SAF levels between
the control subjects and nAMD patients. No signifi-
cant differences were observed between the effective
and resistant groups in baseline characteristics includ-
ing age, nAMD subtype, smoking history, and DM, but
there was a significant difference in HT (effective: 53.8%
vs. resistant: 14.3%; P=0.01). The effective and resistant
groups showed no significant differences in d-ROM, BAP,
or SAF levels. The effective and resistant groups also
showed no significant differences in VA or CMT at three
time points: pre-treatment, after one month of treat-
ment, and after one year of treatment.

ROC

Table 4 shows the results of multiple logistic analyses to
detect contributing factors to having resistant nAMD.
We performed separate analyses of the overall group
and the male and female subgroups with the follow-
ing explanatory variables: smoking, typical nAMD, pre-
treatment VA, pre-treatment CMT, and SAF. In the male
subgroup, only SAF was confirmed as a contributing
factor to resistant nAMD (OR for SAF: 1.57 per 0.1 AU

increase; P=0.01). No contributing factors were detected
in the analyses of the overall group or female subgroup.

Figure 1 shows ROC curves based on the OS param-
eters for distinguishing nAMD patients from con-
trol subjects (Fig. 1A-C) and for distinguishing male
patients with resistant nAMD from male patients
with effective nAMD (Fig. 1D-F). d-ROM levels could
not distinguish nAMD patients from control sub-
jects (Fig. 1A: AUC=0.56; P=0.29). BAP levels could
not distinguish nAMD patients from control sub-
jects (Fig. 1B: AUC=0.55; P=0.55). SAF levels could
distinguish nAMD patients from control subjects
(Fig. 1C: AUC=0.77; P<0.01; cut-off score=2.4
AU). d-ROM levels could not distinguish male
patients with resistant nAMD from male patients
with effective nAMD (Fig. 1D: AUC=0.57; P=0.50).
BAP levels could not distinguish male patients with
resistant nAMD from male patients with effec-
tive nAMD (Fig. 1E: AUC=0.46; P=0.93). SAF lev-
els could distinguish male patients with resistant nAMD
from male patients with effective nAMD (Fig. 1F:
AUC=0.80; P=0.03; cut-off score=2.4 AU).

Figure 2 shows fundus photographs and OCT images of
representative cases with effective and resistant nAMD.
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Table 4 Separate multiple logistic analyses of overall group and male and female subgroups to detect contributing factors to resistant

nAMD
Effective (n=30) Resistant (n=16) P value OR (95% Cl)
Overall (n=46)
Smoking (n, %) 16,533 8,500 0.734 0.78 (0.19-3.23)
Typical NAMD (n, %) 15,50.0 7,43.8 0.549 0.65 (0.16-2.63)
Pre-treatment VA (logMAR) 0.37+041 047+047 0404 235(0.31-17.95)
Pre-treatment CMT (um) 338.5+134.9 3485+106.9 0.874 1.00 (0.99-1.01)
SAF (0.1 AU increase) 23104 25+05 0.490 1.06 (0.89-1.26)
(n=17) (n=9)
Male (n=26)
Smoking (n, %) 15,882 7,77.8 0.196 0.07 (0.00-4.67)
Typical NAMD (n, %) 8,47.1 2,222 0.293 0.30(0.03-3.14)
Pre-treatment VA (logMAR) 0.28+0.28 0.39+0.54 0.722 0.55(0.02-14.14)
Pre-treatment CMT (um) 3084+64.5 342.1+72.7 0.188 1.01 (0.99-1.03)
SAF (0.1 AU increase) 23404 26+0.2 0.013 1.57 (1.02-2.40)
(n=13) (n=7)
Female (n=20)
Smoking (n, %) 1,77 1,143 0.630 2.16 (0.09-49.46)
Typical NAMD (n, %) 7,538 5714 0.669 1.63 (0.17-15.58)
Pre-treatment VA (logMAR) 049+0.52 057+0.37 0450 4.50 (0.08-245.17)
Pre-treatment CMT (um) 3778+1884 356.7+146.2 0.405 1.00 (0.98-1.00)
SAF (0.1 AU increase) 23405 24+0.7 0.874 1.01 (0.85-1.21)

nAMD neovascular age-related macular degeneration, VA visual acuity, logMAR logarithmic minimum angle of resolution, CMT central macular thickness, SAF skin

autofluorescence, AU arbitrary unit, OR odds ratio, Cl confidence interval

Discussion

In this study, we found that SAF levels were higher in
patients with nAMD overall compared to controls. Addi-
tionally, SAF levels were higher in resistant male nAMD
patients compared to effective male nAMD patients,
which was further supported by a multiple logistic
regression analysis.

OS as a contributing factor to nAMD

The current study confirmed that higher SAF, an indi-
cator of accumulated AGEs, was closely associated
with presence of nAMD (AUC: 0.77; cut-off score: 2.4
AU). Systemic OS plays a role in the development and
progression of nAMD, similar to its role in glaucoma
[7]. Accumulation of ROS and oxidative damage over
time can result from lipid peroxidation, DNA and pro-
tein damage, inflammation, and impaired antioxidant
defenses, all of which contribute to the pathogenesis of
nAMD [8, 9]. While there have been few clinical stud-
ies measuring systemic OS in patients with nAMD, our
findings align with reports showing high SAF and low
BAP levels in related conditions such as central serous
chorioretinopathy, which shares some genetic factors

with nAMD [13, 15]. The observed increase in SAF lev-
els in nAMD patients aligns with the known pro-oxi-
dant and pro-inflammatory roles of AGEs in promoting
OS, inflammation, chemotaxis, and neovascularization
in the retinal pigment epithelium, which are associ-
ated with the development of nAMD [16]. While no
significant differences in d-ROM or BAP levels were
observed between nAMD patients and controls in
the current study, a previous report noted significantly
higher d-ROM levels in male nAMD patients compared
to male controls [17]. That study did not examine SAF
levels but did examine BAP levels; the findings showed
that there was no significant differences in BAP lev-
els between nAMD patients and controls among either
sex. These findings, combined with our results, suggest
that while gender-specific variations may exist, sys-
temic OS appears to be involved in nAMD. To reduce
OS-related cell damage and prevent the onset and pro-
gression of nAMD, antioxidant therapies, such as sup-
plements containing food-derived antioxidants, might
contribute to this goal as part of a broader therapeutic
approach [18, 19]. Further investigation is needed to
identify systemic OS parameters with the greatest clini-
cal relevance to nAMD.
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Fig. 1 ROC curves based on OS parameters contributing to nAMD and resistant male nAMD. A, B, and C compare overall NnAMD
patients with control subjects; D, E, and F compare resistant male nAMD patients with effective male nAMD patients. A and D show d-ROM levels, B
and E show BAP levels, and C and F show SAF levels

Fig. 2 Fundus photographs and OCT images of typical cases with effective and resistant nAMD before and one year after treatment. A-D show
a 68-year-old man with effective nAMD; E-H show a 58-year-old man with resistant NnAMD. A-D The 68-year-old man with PCV in the left eye
underwent six IVl treatments in one year. VA improved from 0.16 logMAR pre-treatment to 0 logMAR one year after treatment. Pre-treatment SAF
level was 2.1 AU. A Fundus photograph pre-treatment showing a small subretinal hemorrhage and orange-red lesions in the fovea, surrounded
by SRD. B Fundus photograph one year after treatment showing no SRD. C OCT image pre-treatment showing high, small PED surrounded by SRD.
D OCT image one year after treatment showing reduced PED with no SRD. E-H The 58-year-old man with PCV in the left eye underwent seven
IVl treatments in one year. VA changed from 0.22 logMAR to 0.16 logMAR one year after treatment, but no meaningful change was observed.
Pre-treatment SAF level was 2.9 AU. E Fundus photograph pre-treatment showing a moderate subretinal hemorrhage and orange-red lesions

in the fovea, surrounded by SRD. F Fundus photograph one year after treatment showing no hemorrhage; a white atrophic region was present
in the fovea. G OCT image pre-treatment showing a low, small PED surrounded by SRD. H OCT image one year after treatment showing

no remarkable change in foveal morphology; the PED reduced but the SRD remained
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Sex differences in OS and its association with clinical
outcomes in nAMD

Our results from the analysis of the male subgroup
showed that male patients with resistant nAMD had
higher SAF levels than male patients with effective
nAMD (AUC: 0.80; cut-off score: 2.4 AU); however, we
did not observe this association in the female patients.
Although OS has been implicated in the pathogenesis of
many ocular diseases, gender differences in associations
between OS parameters and clinical findings have only
recently been reported. In one report, lower BAP was
associated with reduced blood flow in the optic nerve
head only in male glaucoma patients [20]. Additionally,
BAP was reported to be an independent contributing fac-
tor to a weighted estimate of the number of surviving ret-
inal ganglion cells in young male glaucoma patients [21].
Furthermore, another study reported a significant cor-
relation between d-ROM levels and the area of the cho-
roidal neovascularization lesions in male nAMD patients
[17]. Thus, male patients may be more susceptible to the
harmful effects of exposure to OS, and this may contrib-
ute to the association with clinical findings in various
ocular diseases, including nAMD.

Although our study found that there were no sig-
nificant differences between male and female nAMD
patients in the three OS parameters we examined, i.e.,
d-ROM, BAP, and SAF levels, the proportion of resist-
ant nAMD patients was also similar between male
and female patients (34.6% and 35.0%, respectively).
However, male patients with resistant nAMD had sig-
nificantly higher SAF levels than male patients with effec-
tive nAMD. Sex-related differences in the association
between SAF levels and anti-VEGF IVI treatment num-
ber might be related to female hormones such as estra-
diol and estrogen, which may have a protective effect
against neurodegenerative diseases, most likely via acti-
vation of the antioxidant defense system [22—24]. Estro-
gen has antioxidant properties and can scavenge free
radicals, while the role of testosterone, a male hormone,
in either promoting or inhibiting OS-induced cell dam-
age remains a topic of controversy [25-27]. Several other
factors, including enzymes and lifestyle and genetic fac-
tors, may account for sex differences in the impact of OS.
These differences also have implications for susceptibility
to nAMD and treatment outcomes. However, it is crucial
to recognize that sex differences in OS are complex and
can vary depending on the population and disease condi-
tion under study.

Other factors affecting clinical outcomes in nAMD

Several factors, including the subtype of nAMD, dis-
ease severity, and VA, can influence clinical outcomes
and treatment intervals in nAMD. Baseline VA at the
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initiation of anti-VEGF treatment is also a key factor
in determining outcomes [28-30]. Patients with better
initial VA often achieve more favorable prognoses and
require fewer treatments compared to those with poorer
baseline VA. Furthermore, OCTA characteristics, includ-
ing features of neovascularization and the choroid, offer
valuable insights into treatment needs, recurrence risk,
and functional outcomes [14, 31, 32]. However, systemic
factors are increasingly recognized as critical determi-
nants of prognosis. Coexisting health conditions, includ-
ing genetic predispositions [33-35], cardiovascular
disease [36], diabetes [35], and hypertension [35, 37],
have been reported to influence nAMD outcomes. This
may be because factors such as systemic inflammation
are thought to be involved in the progression and prog-
nosis of nAMD [38-43]. These systemic factors may
interact with ocular disease mechanisms and influence
the response to anti-VEGF therapy, which in turn may
affect the frequency of IVI treatments required. Consid-
ering the overall health status and systemic risk factors is
essential for optimizing treatment strategies and improv-
ing clinical outcomes in nAMD patients.

Limitations

The current study was somewhat limited by its ret-
rospective design and the small number of patients,
all of whom were Japanese. The frequency of anti-
VEGF IVIs may vary by drug type, and ideally, analysis
should be conducted separately for each drug; how-
ever, this was not feasible due to the limited number
of cases. There was also a significant difference in the
smoking rate between the control subjects and nAMD
patients among the overall group. This is understand-
able, as smoking could increase OS and SAF levels,
whose changes may be associated with nAMD. Addi-
tionally, although there were no significant differences
in the rate of HT between the control subjects and
nAMD patients in both the overall group and the
female subgroup, the rate of HT was higher in both
overall and female patients with effective nAMD than
in those with resistant nAMD. Although the relation-
ship between HT and anti-VEGF IVI treatment respon-
siveness is difficult to interpret, nAMD was reported
to be associated with HT, particularly among patients
receiving antihypertensive treatment [44]. Since we
could not confirm the antihypertensive status of the
subjects due to the retrospective nature of the current
study, further investigation is needed to clarify the rela-
tionship between HT and IVI treatment responsive-
ness. Another possible limitation is that even though
there were no significant differences in the rate of DM
between the control subjects and nAMD patients in
either the overall group or the female subgroup, the
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rate of DM was higher in the nAMD patients than in
control subjects among the male subgroup. However,
this is also understandable, because nAMD is often
complicated with DM [45]; thus, it cannot be ruled out
that diabetic status may have also affected OS param-
eters and treatment responsiveness in the male sub-
group of the current study.

Nevertheless, no other nAMD study has measured
systemic OS parameters and the outcomes of anti-
VEGF IVI treatment after one year. This study may thus
be considered novel, as it suggests that systemic OS
could play a role not only in the development of nAMD
but also in its response to anti-VEGF IVI treatment
(SAF reference value: 2.4 AU for both). Of course, while
OS should be acknowledged as a significant factor in
nAMD, it may not be the sole cause of disease develop-
ment and treatment response.

Conclusion

The current study revealed that SAF was higher in
nAMD patients than in control subjects, and that
SAF levels were closely associated with the presence
of nAMD and, particularly in male patients, with the
number of anti-VEGF IVIs. Specifically, male patients
with resistant nAMD had higher SAF levels than male
patients with effective nAMD, despite having similar
baseline characteristics. These findings were further
supported by multiple logistic regression analyses.
Given the potential role of AGEs in promoting OS
and inflammation, their elevation may contribute to
increased anti-VEGF IVI requirements for controlling
nAMD activity. From a clinical perspective, assess-
ing systemic OS parameters, such as SAF, could pro-
vide valuable insights into both the risk of developing
nAMD and the likelihood of requiring more frequent
anti-VEGF IVIs.
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