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Objective: This study aimed to evaluate retinal vessel structure using OCT, which enables high-resolution imaging
for detailed vascular assessment. We investigated how age, sex, and body mass index (BMI) influence the
OCT-measured parameters, including outer and inner diameters (ODs and IDs, respectively), wall thickness, and wall
reflectivity—parameters that are challenging to assess using color fundus photography.

Design: A cross-sectional retrospective study.
Participants: The study included 6981 participants in the Nagahama Study, with 6981 eyes being assessed.
Methods: OCT B-scan images centered on the optic disc were obtained. For each participant, mean values of the

ODs and IDs, wall thickness, and wall reflectivity of the 4 largest arteries and veins were measured.

Main Outcome Measures: Associations of retinal vessel parameters with age, sex, and BMI were evaluated. The
reliability of OCT-measured parameters was assessed using intraclass correlation coefficients. Multivariable linear
regression adjusted for intraocular pressure and axial length was used to investigate the associations with demographic
and anthropometric factors.

Results: Intraclass correlation coefficients for retinal vessel parameters demonstrated good-to-excellent reliability
(0.767—0.957, P < 0.001). Compared with those of veins, arterial diameters were smaller, and arterial wall thickness and
reflectivity were greater. Multivariable analysis revealed a U-shaped association between age and arterial diameter.
Participants aged >60 years had significantly larger diameters than those aged 30 to 40 years and those in their 50s.
Venous diameter decreased linearly with age. The arterial wall thickness and reflectivity increased with age. Women
exhibited larger arterial diameters than men. Body mass index was negatively associated with the arterial diameter and
positively associated with the venous diameter and arterial wall thickness.

Conclusions: OCT enabled detailed evaluation of retinal vessel structure, allowing for the measurement of
parameters that are challenging to assess by fundus photography, such as IDs and ODs, wall thickness, and wall
reflectivity. This study, conducted in a large Japanese cohort, demonstrated significant associations between these
OCT-measured retinal vascular parameters and age, sex, and BMI. These findings support the potential of OCT as a
valuable tool for objective, in-depth assessment of retinal vascular health and its relationships with demographic and
anthropometric factors.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures at
the end of this article. Ophthalmology Science 2025;5:100740 © 2025 by the American Academy of Ophthalmology.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The retinal vasculature is one of the few vascular systems that cardiovascular disease.”” However, the inability of fundus

can be visualized directly and noninvasively through trans-
parent ocular media. This unique accessibility enables the
detection of systemic vascular changes, such as arteriolar nar-
rowing and increased vascular reflex, which have traditionally
been used to assess arteriosclerosis and hypertensive changes
through fundus photography.'~ However, these evaluations are
often subjective and susceptible to interobserver variability.
Quantitative systems for evaluating retinal vessel caliber
using fundus Photography have been developed to enhance
objectivity.” © These standardized approaches have
revealed significant associations between retinal vessel
caliber and systemic conditions, such as hypertension and
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photography to resolve vessel wall structures limits its
ability to differentiate between inner and outer vessel
diameters or measure wall thickness. In contrast, systemic
vascular assessments often include parameters, such as
wall-to-lumen ratios, which offer valuable insights into
arterial stiffness and atherosclerosis.'""’

OCT has significantly advanced retinal imaging by
providing high-resolution, noninvasive, cross-sectional im-
ages, enabling the quantitative assessment of vessel wall
thickness and reflectivity. This enhanced resolution allows for
a more detailed evaluation of retinal vascular health and its
relationship with demographic and anthropometric factors,
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thus contributing to a more comprehensive understanding of
vascular conditions.'”

We aimed to develop a semiautomated system to
measure retinal vascular parameters (outer and inner
diameters [ODs and IDs, respectively], wall thickness, and
wall reflectivity) using OCT B-scan images, focusing on
demographic and anthropometric factors, such as age, sex,
and body mass index (BMI), as these are stable and
consistently measurable variables that are ideal for alidating
the system’s accuracy and reliability. We aimed to examine
how these factors influence OCT-measured retinal vessel
parameters and to investigate the potential utility of OCT in
assessing retinal vascular health.

Methods

Study Participants and Data Collection

Approval was obtained from the Institutional Review Board of the
Kyoto University Graduate School of Medicine and the Nagahama
Municipal Review Board. The study adhered to the tenets of the
Declaration of Helsinki. Written informed consent was obtained
from all participants before any procedures or examinations.

We analyzed data collected from the second visit to the
Nagahama Prospective Cohort for Comprehensive Human
Bioscience (Nagahama Study, Japan) between 2013 and 2016. The
Nagahama Study is a large, community-based cohort study
designed to investigate environmental and genetic factors
contributing to various health conditions in the Japanese popula-
tion; it has been widely used for systemic and ocular health
researches.'> !> We examined data from 9850 individuals aged 34
to 80 years who underwent OCT B-scans of a 3.45-mm diameter
circular cross-section centered on the optic disc using spectral-
domain OCT (RS-3000 Advance; NIDEK).

Exclusion criteria included a history of any ocular surgery
(except for cataract surgery), high myopia (axial length
[AL] >26 mm), hyperopia (AL <21 mm), a history of significant
retinal diseases, such as glaucoma, retinal vascular diseases, mac-
ular pathologic changes (e.g., age-related macular degeneration,
epiretinal membrane), and retinal detachment. We also excluded
participants with poor-quality OCT images, which were defined as
those with a signal strength index <5 or images compromised by
factors such as eye movement or media opacities that impaired
vascular assessment, as judged by >1 evaluators. Participants who
were pregnant or had data loss were further excluded.

Ophthalmological examinations included measurements of
spherical equivalent (ARK-530A; NIDEK), intraocular pressure
(I0OP) (TX-20P; Canon), AL (IOL Master; Carl Zeiss Meditec,
Inc.), color fundus photography (CR-DG10; Canon), and spectral-
domain OCT. The RS-3000 OCT system specifications included a
scanning speed of 53 000 A-scans/second, an optical resolution of
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normal weight (18.5—24.9 kg/m?), which is further subdivided into
lower normal weight (18.5—21.9 kg/m?) and upper normal weight
(22.0—24.9 kg/mz); and overweight (>25 kg/m®). Medical history
was assessed using a questionnaire and examination.

Measurement and Calculation of Vessel
Parameters

Retinal vessel parameters were measured using semiautomatic
measurement software (NAVIS-EX, NIDEK) on OCT B-scan
images (Fig 1). Retinal vessel sections were analyzed within a
3.45-mm-diameter circular cross-section centered on the optic
disc. The software initially automatically identified the locations of
retinal vessels and differentiated arteries from veins based on
scanning laser ophthalmoscopy images acquired simultaneously
with the OCT B-scan. The accuracy of vessel detection was veri-
fied by cross-checking with color fundus photographs. The central
lines of these vessel locations were then mapped onto the corre-
sponding vessels in the OCT B-scan for further evaluation. The
software automatically detected the centers of the vessels and
borders of the vessel walls in the OCT B-scan images. After these
detections, the examiner refined the vessel centers and wall borders
manually, based on the reflectivity patterns in the OCT B-scan
images. After data export, the 4 largest arteries and veins, deter-
mined by their ODs, were selected for analysis, and the mean
values were calculated for each participant.

Outer Diameters and IDs (pim). The mean ODs and IDs of the
arteries and veins were calculated using the following formula:

_ OD + OD2pg + OD3rq + ODyyy

OD
4
D — ID1g + ID2ng + D3 + MDay
4

Wall Thickness (um). The mean wall thicknesses of the arteries
and veins were calculated as the average of half the difference
between the ODs and IDs of the 4 largest vessels using the
following formula:

ODyy Dy 0D2nd2_ID2nd 4 OD3rd;ID3rd 4 0D4m2—ID4m

4

Wall thickness =

Wall Reflectivity (Arbitrary Units). The wall reflectivity was
calculated for the same arteries and veins used for the vessel
diameter and wall thickness measurements. Specifically, only the
reflectivity of the superficial vessel wall was evaluated because the
reflectivity of the deeper wall may be influenced by the blockage of
intravascular red blood cells. The reflectivity of the vitreous body
and retinal nerve fiber layer (RNFL) was used as a reference based
on previously reported methods to account for individual variations
in OCT reflectivity.'®'” The formula used was as follows:

For each vessel, a perpendicular line was drawn through the
center, with 2 additional lines placed 300 [im on either side. Raw
wall reflectivity was measured and defined as the average reflec-

Wall reflectivity =

20 um (X-Y) and 7 um (Z), a digital resolution of 3 pm (X-Y) and
4 pm (Z), and a scanning depth of 2.1 mm.

Body mass index was calculated as weight (kg) divided by
height squared (m?) and categorized according to the World Health
Organization criteria as follows: underweight (<18.5 kg/m?);

100

(RNFL reflectivity — Vitreous body reflectivity)

tivity along the center line. The reflectivity of the vitreous layer and
RNFL was measured along the 2 surrounding lines and averaged.
The wall reflectivity for each participant was calculated as the
mean value of the 4 largest arteries and veins. All calculations were
performed using integrated software.
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Figure 1. OCT-based measurement of retinal vessel parameters. A, Scanning laser ophthalmoscopy image. The white circular arrow represents the circular
OCT scan around the optic disc, indicating the location of the scan and the scan direction used to acquire cross-sectional images of retinal vessels. B,
Circular OCT image around the optic disc. Cross-sectional images of retinal arteries (red) and veins (blue) are shown. The 4 largest arteries and veins were
selected for vessel parameter measurements. C, Retinal arterial cross-sections. D, Venous cross-sections: c1, d1. OCT B-scans of vessels: c2, d2. The red oval
outlines the arterial cross-section and the blue oval outlines the venous cross section, respectively. The outer and inner borders of the vessels are defined. The
distance between the outer borders is considered the OD, and the distance between the inner borders is considered the ID. Half the difference between these
2 distances is defined as the wall thickness: ¢3, d3. Solid and dashed lines represent the outer and inner borders of the superficial vessel walls, respectively.
The average wall reflectivity is measured along a vertical line passing through the center of the vessel. The average reflectivity of the vitreous body and RNFL
is referenced from lines located 300 pm away from the central line of the vessel. Using the following formula, the reflectivity level is set to zero in the vitreous
body and 100 in the RNFL: the vessel parameters of the 4 largest arteries and veins are averaged for each participant. ID = inner diameter; OD = outer
diameter; RNFL = retinal nerve fiber layer.

The intraobserver reproducibility was evaluated by having the Statistical Analysis
same examiner to remeasure 100 participants on 2 separate occa-

sions to confirm the reliability of the OCT measurements. Inter- Retinal vessel parameters, including ODs and IDs, wall thickness,
observer reproducibility was assessed by 2 different examiners and reflectivity, were treated as continuous variables and are pre-
using the same 50 participants. sented as mean =+ standard deviation (or with 95% confidence
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intervals [Cls]). Categorical data were analyzed as binary or cat-
egorical variables and presented as frequencies and proportions.

Intraclass correlation coefficients (ICCs) were calculated for
intraobserver and interobserver reproducibility to assess the
reliability of OCT-based retinal vessel measurements.

Multivariable linear regression analyses were conducted to
assess the independent associations between retinal vessel param-
eters and demographic and anthropometric factors (age, sex, and
BMI). In these models, retinal vessel parameters (ODs, IDs, wall
thickness, and reflectivity) served as dependent variables, whereas
age, sex, BMI, AL, and IOP were independent variables. Adjust-
ments were made for each factor, including age, sex, BMI, AL, and
IOP, to control for demographic and ocular factors that could
influence retinal vessel parameters.'®'? Age was categorized into 3
groups: 30s to 40s, 50s (reference group), and 60s to 80s. Sex was
categorized as male (reference group) or female, and BMI was
categorized into underweight, normal weight (reference group),
and overweight.

All statistical analyses were performed using IBM SPSS
Statistics software (version 27.0; IBM Co.). Graphs were generated
using GraphPad Prism (version 10, GraphPad Software). P values
<0.05 were considered statistically significant.

Results

After the criteria described in the Methods section, we
analyzed data from 6981 participants (Fig 2). The
participants had a mean age of 57.6 = 12.1 years, with a
mean BMI of 2220 + 331 kg/m% a mean AL of
2378 £ 101 mm, and a mean IOP of
14.23 £ 2.47 mmHg (Table 1).

The reliability of OCT-based retinal vessel measurements
was evaluated using ICCs, which demonstrated good-to-
excellent reproducibility (Table 2). For arterial parameters,
the ICCs ranged from 0.767 to 0.841 for intraobserver
reproducibility and from 0.815 to 0.917 for interobserver
reproducibility. For venous parameters, the ICC ranged
from 0.824 to 0.924 for intraobserver reproducibility and
from 0.816 to 0.957 for interobserver reproducibility.

| OCT B-scan images from the Nagahama Study Phase I, n=9,850 I

I a history of any ocular surgery except for cataract surgery (n =496 ) |

| axial length shorter than 21 mm or longer than 26 mm (n = 1,119 ) |

| a history of significant retinal diseases (n=770) I

pregnancy (n=6)

| poor-quality images, or data loss (n =478 ) ]

N = 6,981

Figure 2. Flow chart of the exclusion criteria for study eyes. To ensure data
quality and avoid confounding factors, we excluded participants with a

history of any ocular surgery (except cataract surgery, n = 496), axial
length <21 mm or >26 mm (n = 1119), or a history of significant retinal
diseases such as glaucoma, retinal vascular diseases, macular pathologic
changes (e.g., age-related macular degeneration and epiretinal membrane),
and retinal detachment (n = 770). Pregnant participants (n = 6) and those
with poor-quality images or data loss (n = 478) were also excluded. After
applying these exclusion criteria, 6981 participants remained for the final
analysis.

4
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Table 1. Participant Characteristics (N = 6981)

Characteristics Summary Statistics
Sex, n (%)
Male 2129 (30.5%)
Female 4852 (69.5%)
Age, yrs 57.6 £ 12.1
(95% CI) (57.4—57.9)
(range) (34.2—80.5)
30s, n (% 631 (9.0%)

)
) 1520 (21.8%)
50s, n (%) 1466 (21.0%)
) 2079 (29.8%)
) 1285 (18.4%)
22.20 + 3.31 (12.9—45.1)
719 (10.3%)

BMI, kg/m? (range)
Underweight (BMI <18.5 kg/mz), n (%)
Normal weight (BMI 18.5—24.9 kg/m?)
18.5-21.9 kg/m2, n (%)
22.0-24.9 kg/m?, n (%)
Overweight (BMI >25 kg/mz), n (%)
Axial length, mm (95% CI)
Intraocular pressure, mmHg (95% CI)

2863 (41.0%)

2154 (30.9%)

1245 (17.8%)
23.78 £ 1.01 (23.76—23.81)
14.23 4+ 2.47 (14.16—14.29)

BMI = body mass index; CI = confidence interval.
Data are presented as the mean =+ standard deviation unless otherwise
indicated.

Arterial diameters (OD: 117.5 pm, ID: 89.4 um) were
significantly smaller than venous diameters (OD: 138.5 pum,
ID: 113.2 um; P < 0.001 for both). Arterial wall thickness
(14.0 pm) and reflectivity (137.6) were significantly greater
than venous wall thickness (12.6 pum) and reflectivity
(120.7) (P < 0.001 for both, Table 3).

Association between Demographic and
Anthropometric Factors and Vessel Parameters

Figure 3 shows the means and 95% CIs for the vessel
parameters according to age, sex, and BMI. Arterial
diameters showed a U-shaped appearance with age,
decreasing around the 50s and increasing in those in their
60s and older.

In the multivariable analysis (Table 4), the outer arterial
diameters were significantly larger in participants aged >60
years compared with those in their 50s (B = 1.923, 95% CI:
1.281—-2.565, P < 0.001). Inner arterial diameters were also
significantly larger in participants in both the 30s to 40s
(B = 0.847, 95% CI: 0.207—1.486, P = 0.009) and the
60s to 80s (B = 1.684, 95% CI: 1.091—2.276, P < 0.001)
compared with those in their 50s.

Venous diameters decreased linearly with age, with
significantly smaller ODs (f = —1.231, 95% CIL: —2.031
to —0.431, P < 0.001) and IDs (B = —1.289, 95%
CIL: —2.040 to —0.538, P = 0.001) in participants aged >60
years compared with those in their 50s.

Arterial wall thickness increased with age, with signifi-
cantly higher values observed in participants aged >60
years (B = 0.120, 95% CI: 0.017—0.223, P = 0.001).
Arterial wall reflectivity also increased significantly with
age (B = 4.104, 95% CI: 3.033—5.174, P < 0.001). Venous
wall reflectivity increased with age, though less prominently
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Table 2. Intraclass Correlation Coefficient for OCT-Measured Retinal Vessel Parameters

Intraobserver Reproducibility (n = 100)

Retinal Vessel Parameters Correlation Coefficient 95% CI
Artery
Outer diameter 0.818 0.740—0.873
Inner diameter 0.767 0.673—-0.837
Wall reflectivity 0.841 0.773—0.890
Vein
Outer diameter 0.867 0.808—0.908
Inner diameter 0.824 0.749—0.878
Wall reflectivity 0.924 0.888—0.948

CI = confidence interval.

than arterial reflectivity, particularly in those aged <60
years (B = —1.360, 95% CI: —2.228 to —0.492, P = 0.002).

Sex Differences

Female individuals had significantly larger arterial diameters
(OD: B = 1.749, 95% CI: 1.235—-2.263, P < 0.001; ID:
B = 1.744, 95% CI: 1.270—2.219, P < 0.001) and signifi-
cantly smaller venous diameters (OD: f = —2.577, 95%
CI: —3.218 to —1.937, P < 0.001; ID: B = —2.503, 95%
CL: —3.104 to —1.902, P < 0.001), compared with men.
Additionally, venous wall reflectivity was slightly higher in
men (B = —1.368, 95% CI: —2.012 to —0.725, P < 0.001)
than in women, indicating a more pronounced degree of
vascular stiffening.

Body Mass Index-Related Associations

Participants with a lower BMI (underweight) had significantly
larger arterial ODs (B = 0.910, 95% CI: 0.158—1.661, P =
0.018) and IDs (B = 0.775,95% CI: 0.082—1.469, P = 0.028),
compared with those with normal BML. In contrast, overweight
participants showed a negative association with arterial ID
(B = —0.686, 95% CI: —1.239 to —0.133, P = 0.015),
compared with the reference group.

Venous diameters were positively associated with BMI,
with overweight participants showing larger ODs ( = 0.918,
95% CI: 0.171—1.664, P = 0.016) and IDs (f = 0.736, 95%
CI: 0.035—1.437, P = 0.039), compared with those with
normal BMI. Arterial wall thickness also increased with BMI,
with overweight participants showing a significant positive
association (f = 0.198, 95% CI: 0.100—0.291, P < 0.001).

Interobserver Reproducibility (n = 50)

P Value Correlation Coefficient 95% CI P Value
<0.001 0.826 0.711-0.897 <0.001
<0.001 0.815 0.695—0.891 <0.001
<0.001 0.917 0.855—0.951 <0.001
<0.001 0.838 0.731-0.905 <0.001
<0.001 0.816 0.696—0.891 <0.001
<0.001 0.957 0.925—0.975 <0.001

Discussion

This study used OCT B-scan imaging to precisely measure
retinal vessel parameters, including ODs, IDs, wall thickness,
and reflectivity, which are metrics not typically captured by
traditional fundus photography. Fundus photography has
been widely used to estimate retinal vessel caliber, particu-
larly through the calculation of central retinal artery and vein
equivalents.”’” > However, it provides a more generalized
assessment, often focusing on vessel caliber without
capturing the detailed structural features of vessel walls.

Muraoka et al reported weak-to-moderate correlations
between vessel diameters measured by OCT and fundus
photographs.'” Significant correlations were observed for
arterial and venous diameters, with Pearson’s coefficients
ranging from 0.286 to 0.455.'” These correlations reflect
inherent differences in the principles of the imaging
modalities, the number of vessels evaluated, and the regions
of measurement. This study did not specifically assess the
correlation between OCT-based measurements and central
retinal artery and vein equivalent values derived from fundus
photography primarily because of the differences in mea-
surement techniques and study designs. However, based on
previous findings, we expected a moderate correlation be-
tween the measurements obtained by the 2 methods due to the
similarities in measurement protocols.'”

The focus on OCT-based metrics allows for a comprehen-
sive assessment of the retinal vasculature and its associations
with demographic and anthropometric factors such as age, sex,
and BMLI. These insights improve our understanding of how
these factors influence retinal vessel health and suggest po-
tential clinical applications for monitoring vascular health.

Table 3. Comparison of Retinal Vessel Parameters between Arteries and Veins

Artery

Retinal Vessel Parameters Mean = SD, (95% CI)

Outer diameter, pm
Inner diameter, {im
Wall thickness, pm
Wall reflectivity, AU

89.4 + 8.1 (89.2—89.6)
14.0 £+ 1.4 (14.0—14.1)

AU = arbitrary units; CI = confidence interval; SD = standard deviation.
Data are presented as the mean =+ standard deviation.

117.5 + 8.8 (117.2—117.7)

137.6 £ 14.6 (137.2—137.9)

Vein
Mean = SD, (95% CI) P Value
138.5 + 11.0 (138.3—138.8) <0.001
113.2 £ 10.3 (113.0—113.5) <0.001
12.6 + 1.4 (12.6—12.7) <0.001
120.7 £ 10.9 (120.5—-121.0) <0.001
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Figure 3. Retinal vessel parameters stratified by demographic and anthropometric factors. This figure shows line graphs with error bars (mean with 95%
confidence intervals) depicting the distribution of retinal vessel parameters (arterial and venous diameters, wall thickness, and reflectivity) stratified by age
(A), sex (B), and BMI (C). Arteries are shown in red, and veins are shown in blue. BMI = body mass index.

Age-Related Changes

Most previous studies have reported a linear decline in
vessel caliber with age.”’ ?’ In contrast, our findings
suggest a U-shaped appearance, with arterial diameters
decreasing until the 50s and increasing after that. This
difference may be due to variations in the study populations,
methodologies, or physiological factors. For instance,
previous studies might have included populations with
higher rates of hypertension or diabetes, which are

conditions known to cause continuous vascular narrow-
ing.zS’28 In contrast, our cohort, which had a lower
cardiovascular risk profile, displayed a more complex
pattern. Additionally, OCT’s ability to measure both IDs
and ODs, as well as vessel wall characteristics, may reveal
subtle changes compared with traditional methods, such as
fundus photography.

Physiologically, the initial decrease in arterial diameter
may reflect early vascular stiffening and endothelial
dysfunction.”*” The subsequent increase after 60 years of



Age, yrs
30s—40s
50s (ref.)
60s—80s

Sex
Male (ref.)
Female

BMI
Underweight
Normal weight (ref.)
Overweight

Age, yrs
30s—40s
50s (ref.)
60s—80s

Sex
Male (ref.)
Female

BMI
Underweight
Normal weight (ref.)
Overweight

Table 4.

0.597
ref.

1.923

ref.

1.749

0.910
ref.

—0.295

2.068
ref.

—1.231

ref.

—2.577

—1.777
ref.

0.918

Multivariable Analysis of Associations between Retinal Vessel Parameters and Demographic and Anthropometric Factors

Artery
Outer Diameter Inner Diameter Wall Thickness Wall Reflectivity
95% CI for P Value g8 95% CI for 8 P Value 8 95% CI for 8 P Value g8 95% CI for 8
—0.095 to 1.290 0.091 0.847 0.207—1.486 0.009 —0.125 —0.236 to —0.014 0.028 —4.052 —5.207 to —2.897
n.a. n.a. ref. n.a. n.a. ref. n.a. n.a. ref. n.a.
1.281-2.565 <0.001 1.684 1.091-2.276 <0.001 0.120 0.017-0.223 0.022 4.104 3.033—5.174
n.a. n.a ref. n.a. n.a ref. n.a. n.a. ref. n.a.
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Vein
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—2.031 to —0.431 0.003 —1.289 —2.040 to —0.538 0.001 0.029 —0.071 t0 0.129 0.568 0.632 —0.172 o 1.436
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-3.218 0o —1.937 <0.001 —-2.503 —3.104 t0 —1.902 <0.001  —0.037 —0.117 10 0.043 0363 —1.368 —2.012 to —0.725

—-2.714 to —0.841 <0.001 —1.688 —2.567 to —0.809  <0.001  —0.045 —0.162 to 0.072 0.454 —0.903 —1.845 to 0.038
n.a. n.a. ref. n.a. n.a. ref. n.a. n.a ref. n.a.

0.171—1.664 0.016 0.736 0.035—1.437 0.039 0.091 —0.003 to 0.184 0.057  —0.065 —0.816 to 0.685

B = coefficient beta; BMI = body mass index; CI = confidence interval; n.a. = not applicable; ref. = reference.
Multivariable analyses were conducted to evaluate the influence of age, sex, BMI, axial length, and intraocular pressure on OCT parameters.

P Value

<0.001
n.a.

<0.001

n.a.
0.178
0.321

n.a.

0.546

0.002
n.a.
0.124
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n.a
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age could be a compensatory response to reduced vascular
compliance, helping maintain tissue perfusion.”’”""’
Consistent age-related increases in arterial wall thickness
and reflectivity were also observed, suggesting that vascular
stiffening and collagen deposition contribute to these
structural changes.”””” In contrast, venous diameters
showed a linear decline with age, whereas venous wall
reflectivity increased to a lesser extent, indicating different
aging mechanisms between arteries and veins.

Sex Differences

In this study, women had larger arterial diameters and
smaller venous diameters than male individuals, which is
consistent with  previous research.”'****?%%  The
differences likely arise from hormonal factors, particularly
the vasodilatory effects of estrogen, which enhance
endothelial  function and  promote  vasodilation,
contributing to the larger arterial diameters in female
individuals.””*’ The smaller venous diameters in women
may also reflect sex-specific vascular regulation, poten-
tially influenced by hormonal differences, such as the effects
of estrogen, which modulates vascular tone and endothelial
function.™

Higher venous wall reflectivity in male individuals as
compared to female individuals suggests more pronounced
vascular stiffening, potentially due to the absence of the
protective effects of estrogen and the hi§her prevalence of
cardiovascular risk factors in men.”” These findings
highlight the role of hormonal and vascular aging
processes in shaping sex-specific differences in the retinal
vasculature. ™"

Body Mass Index-Related Associations

Our findings show a negative association between BMI and
arterial diameters and a positive association with venous
diameters, consistent with earlier studies.’>>® This pattern
may reflect the hemodynamic stress of obesity, wherein
veins dilate to accommodate increased blood volume®’
whereas arteries constrict to maintain tissue perfusion.’®
Additionally, a higher BMI is linked to increased arterial
wall thickness, likely influenced by proinflammatory
adipokines such as leptin, which impair nitric oxide-
mediated vasodilation.”*~’ These results emphasize the
significant impact of obesity on the retinal vasculature,
paralleling systemic vascular changes.

OCT-Based Parameters and Clinical
Significance

OCT provides consistent measurements by targeting the region
around the optic disc where the major retinal vessels run
parallel to the retinal plane. This study offers a nuanced
understanding of retinal vascular health and its associations
with key demographics and anthropometrics, such as age, sex,
and BMI. Although blood pressure and hypertension are
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critical to vascular health, their variability due to factors such
as medication, daily fluctuations, and stress led us to focus on
more stable parameters, such as age, sex, and BMI, in this
analysis. Future research should incorporate blood pressure
and cardiovascular risk profiles to better understand their
influence on retinal vessel health and enhance the predictive
value of OCT-derived metrics in systemic vascular health
monitoring.

Limitations

This study has some limitations. First, although we validated
the OCT-based retinal vessel measurements, direct com-
parisons with other imaging modalities, such as fundus
photography, were not performed. Fundus photography has
been useful for assessing vessel caliber; however, its
inability to capture detailed vessel wall structures highlights
the potential of OCT to provide a more comprehensive
evaluation of vascular health. Future studies should explore
how these techniques can be integrated to improve vascular
assessment. Second, this study did not include clinical data,
such as blood pressure, which is known to directly affect
vessel caliber and wall structure. The absence of such data
limited our ability to fully evaluate the relationship between
systemic hypertension and retinal vessel health, highlighting
the need for future studies incorporating blood pressure and
other cardiovascular factors. Third, as a retrospective
observational study, a multivariable analysis was used to
control for confounding factors; however, unmeasured
confounders may still exist. Finally, vessel branching or
crossing may complicate the vascular structure, making it
more difficult to obtain precise measurements. This
emphasizes the need for more advanced imaging algorithms
and automated tools to improve the reproducibility and
precision of retinal vessel assessment.

OCT-based measurements of vessel wall thickness and
reflectivity provide valuable insights into retinal vascular
health. With further refinement of these metrics and the
incorporation of systemic risk factors, OCT has the potential
to become a valuable tool for retinal and systemic vascular
health monitoring, offering the potential for future research
and clinical applications.
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