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Exploring the impact of age 2
and gender on retinal and choroidal thickness

and vascular densities: a comprehensive

analysis
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Abstract

Purpose To evaluate the significance of age and gender on macular retinal and choroidal thicknesses (RT and CT)
and related vascular density (VD) using optical coherence tomography angiography (OCTA) in a wide spectrum of
normal participants.

Methods This was a cross-sectional study of 435 eyes of 234 normal healthy children and adults aged 5-97 years old
who performed macular 3x3 mm scans using Optovue RTVue OCTA.

Results A statistically meaningful relationship was detected between age and macular layered VD and RT
parameters. The middle retinal thickness (MRT) experiences minimal alterations throughout the lifespan. The mean
foveal superficial capillary plexus density (SVD), deep capillary plexus density (DVD), and parafoveal SVD had the most
density between the 20-40 years and tended to decrease to lowest point by the seventies. Foveal choriocapillaris
vascular density (CVD), parafoveal CVD and parafoveal DVD had a decreasing course during the life course. There

was no significant difference in choroidal vascular index between age groups. FAZ revealed relatively insignificant
minor changes across age groups. The male participants had higher VD than the female participants in all measured
parameters, except for parafoveal DVD.

Conclusion RT of different layers as well as the whole retina is known to be influenced by age while the MRT
experiences minimal alterations throughout the lifespan. The VD of male participants exceeded that of female
participants across all measured parameters, except parafoveal DVD. Differential retinal and choroidal vascular
plexuses have different course during a man’s life.

Keywords Choriocapillaris, Choroidal vascular density, Choroidal vascular index, Deep capillary plexus, Inner retinal
thickness, Middle retinal thickness, Outer retinal thickness, Retinal thickness, Superficial capillary plexus, Vascular
density

*Correspondence:

Fariba Ghassemi

fariba.ghassemi@gmail.com

'Eye research center, Farabi Eye Hospital, Tehran University of Medical
Sciences, Qazvin Square, Tehran 1336616351, Iran

“Retina & Vitreous Service, Farabi Eye Hospital, Tehran University of
Medical Sciences, Tehran, Iran

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40942-024-00619-4&domain=pdf&date_stamp=2025-3-31

Ghassemi et al. International Journal of Retina and Vitreous

Introduction

The macula is a highly specialized area that serves mul-
tiple visual functions including visual acuity, color and
shape perception, and stereopsis. It is responsible for the
18 degrees at the center of the visual field [1]. The macula
is often affected by various ocular, neurological and sys-
temic diseases. Some of these diseases can be typically
degenerative in nature leading to neuronal loss and thin-
ning of the entire macula and/or different layers within
it or cause an increase in the thickness of macular layers
[2].

Optical coherence tomography (OCT) as a noninvasive
and objective method, is a widely accepted technique for
obtaining high-resolution images of the retina offering
data comparable to that of a histological analysis [3]. Its
strong repeatability and reproducibility make it a reliable
technique that could be used in both adult and pediatric
populations [4]. In addition, precise quantitative mea-
surements aid in the diagnosis and monitoring of the
progression or response to treatment of different retinal
pathologies.

It is essential to have a comprehensive understanding
of the condition of normal eyes before their implemen-
tation in clinical settings. Furthermore, several previous
investigations have ascertained that the retinal and cho-
roidal thicknesses (RT and CT), and the respective vas-
cular density (VD) fluctuate in accordance with both age
and gender. A study conducted on 100 healthy individu-
als, aged between 6 and 79 years, demonstrated a signifi-
cant decrease in RT with an annual reduction of 0.53 pm
per year [5]. In another study, RT exhibited a correla-
tion with age across all regions of the macula [6]. The
decrease in RT observed throughout all areas during the
aging potentially signifies degenerative modifications that
occur with advancing age. Conversely, the thickening of
the fovea in younger age groups likely denotes alternative
aging mechanisms, such as the potential accumulation
of extracellular or intracellular debris [6]. Conversely,
some studies found no significant relationship between
macular thickness and age [7, 8]. Collectively, it seems
that the results are conflicting in this regard. Hence, we
conducted this study to establish a standard database for
RT and CT and corresponding VD(s) in a healthy Iranian
population, as well as to evaluate the influence of age and
gender on these factors. Our objective was to assess the
changes in layered retinal and choroidal thicknesses, as
well as the associated vascular densities, on a decade-by-
decade basis.

Materials and methods

This cross-sectional retrospective cohort study was con-
ducted at the Retina Department of Farabi Eye Hospital
between June 2022 and June 2023. Both healthy male and
female participants of all ages were included in the study.
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This study followed the tenets outlined in the Declara-
tion of Helsinki protocol and was approved by the Tehran
University of Medical Sciences Review Board (IR.TUMS.
VCR.REC.1397.1054) for the children and adolescents
and we added the data of some other adult’s data from
medical records or archived pictures of optical coher-
ence tomography angiography (OCTA). All participants,
or their authorized guardians, provided written/oral
informed consent to participate in this study. The man-
datory criteria for inclusion consisted of a best-corrected
visual acuity (BCVA) of 20/20, a refractive error rang-
ing from —1D to +1D spherical equivalent (SE), and an
intraocular pressure less than 21 mmHg. Individuals with
issues pertaining to blinking, a history of ocular surgery,
as well as systemic or ocular diseases were excluded from
this study. In our earlier reports, we assessed the retinal
and choroidal thicknesses, as well as the vascular densi-
ties, in four distinct categories of both adult and pedi-
atric eyes. In this study, our objective was to assess the
changes in layered retinal and choroidal thicknesses, as
well as the associated vascular densities, on a decade-by-
decade basis. All participants underwent imaging via the
AngioVue OCTA system version 2018,0,0,18 (Optovue
RTVue XR Avanti, Optovue Inc., Freemont, California,
USA) during the morning session of the workday. The
imaging was done from June 2022 up to Oct 2022.

Specific measurements were conducted based on the
subsequent definitions: the inner RT (IRT) was signified
as the distance between the internal limiting membrane
(ILM) and the outer boundary of the inner plexiform
layer (IPL). The middle RT (MRT) was established as the
distance from the outer boundary of the IPL to the outer
limit of the outer plexiform layer (OPL). Meanwhile,
the outer retinal thickness (ORT) was characterized as
the distance between the outer margin of the OPL and
the outer edge of the retinal pigment epithelium (RPE)-
Bruch’s membrane complex (BRM). For this investiga-
tion, the RT was calculated for diverse sectors within the
central 3 mm diameter of the macula, adhering to the
Early Treatment Diabetic Retinopathy Study (ETDRS)
grid. The fovea location was automatically determined.
The central circle of 1.0 mm was considered as the foveal
region. The parafoveal area was defined as circle with a
diameter of 1-3 mm width circle surrounding the foveal
area.

The automation of the segmentation of superficial cap-
illary plexus (SCP), deep capillary plexus (DCP), and cho-
riocapillaris plexus (CCP) were determined by employing
the incorporated software algorithm. The upper and
lower boundaries of SCP were determined to be 3 um
below the inner limiting membrane (ILM) and 15 pm
beneath the inner plexiform layer (IPL), respectively.
The boundaries of DCP were located between 15 pum
and 71 pm below the IPL. The CCP was defined as the
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region situated between 15 and 45 pm below the Bruch’s
membrane. The software employed calculated the VD
as the relative flow density (expressed in percentage) in
the binary reconstructed images in the capillary plex-
uses (superficial capillary plexus vascular density: SVD,
deep capillary plexus vascular density: DVD, choriocapil-
laris plexus vascular density: CVD). The study calculated
the VD in various sectors as the complete image, fovea,
parafovea, and subsegmental areas including tempo-
ral, superior, nasal, and inferior parafoveal area, based
on the ETDRS grid. Additionally, to assess the vascular-
ity of the choroid, the choroidal vascular index (CVI)
was computed by dividing the luminal area (LA) by the
total circumscribed sub-foveal choroidal area, as previ-
ously outlined [9]. The subfoveal choroidal thickness was
assessed automatically using a predetermined method by
Optovue RTVue- AngioVue OCTA, measuring from the
outer segment of Bruch’s membrane to the sclerochoroi-
dal interface at the fovea.

In the calculation for the sample size of the study, a
minimum of 208 participants was obtained (26 individu-
als in each group), considering a 95% confidence inter-
val, a 10% change in VD, and a population proportion of
50%. Statistical analysis was done using SPSS software
version 27 from SPSS, Inc., Chicago, IL, USA. All nor-
mally distributed data was reported as the mean with
standard deviation and non-normally distributed data
was presented as the median with an interquartile range.
Considering the intra-eye correlations, the generalized
estimating equation model (GEE) was applied to show
the differences between age groups. Pairwise compari-
sons were corrected using the Sidak method. A P-value
below 0.05 indicated statistical significance.

Results

In this study, a total of 234 participants (435 eyes) were
included, with females accounting for 41.9% of the par-
ticipants. The study results are presented in Figs. 1, 2 and
3; Tables 1, 2, 3 and 4, offering a comprehensive overview.

The relationship between VD and RT and age

The overall foveal SVD, DVD, and CVD were 20.51 +7.00,
34.68+6.94, and 73.34+4.05%, respectively. Also, the
overall SVD, DVD, and CVD of parafovea were quan-
tified as 51.15+3.22, 53.43+3.52, and 70.86+4.46%,
respectively. The mean foveal SVD and DVD and para-
foveal SVD had the highest level of density between
the 20—40 years and tended to decrease to lowest point
by the seventies. Foveal CVD, and parafoveal DVD had
a decreasing order during the lifespan. Parafoveal CVD
had increased up to 30—40 years and then the decreas-
ing order started after 40 years old up to the last group of
age (Table 1). There was no significant difference in CVI
between age groups; all ages showed a value of around
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70% (P=0.225). FAZ revealed relatively minor undula-
tion in the size curve across age groups, with less amount
between the ages 20 to 40 (P=0.01).

The values of RT, including full retina thickness, IRT,
MRT, and ORT of fovea and parafovea, were calcu-
lated. The whole foveal thickness, and foveal IRT, MRT,
and ORT were 257.57 +19.48, 47.96+8.54, 44.53+7.41,
and 170.07+11.03 pm, respectively. Also, the whole
parafoveal RT, and parafoveal IRT, MRT, and ORT
were 330.99+15.48, 112.5+8.68, 70.84+5.54, and
149.48 +9.28 um, respectively. Like VD, a statistically
meaningful relationship was detected between age and all
evaluated RT parameters (Tables 1 and 2). At the foveal
and parafoveal part, the whole RT was thickest at ages
between 20 and 40. IRT had the thickest amount at age
twenties in the fovea and parafovea. In the foveal area,
the thickest MRT was in the fifties, and the parafoveal
area at the 10-20-year group. ORT was thickest in the fif-
ties in both foveal and parafoveal areas (Table 2).

The relationship between VD and RT and gender

The difference in retinal VD between genders was more
noticeable in males across all age groups up to 70 years,
particularly in the foveal area (Table 3). Specifically, the
VD in the foveal area was measured at 22.22+6.31% in
males and 18.4+7.25% in females. Apart from parafo-
veal SVD, all other five parameters (foveal SVD, DVD,
and CVD, parafoveal DVD, and parafoveal CVD) showed
statistically significant differences between males and
females. Males consistently demonstrate elevated VD lev-
els compared to females across these parameters, except
for parafoveal DVD, which is higher in females.

Notably, no significant gender differences in VD were
observed in age groups below 10 and above 70 years.
Remarkably, Table 3; Fig. 1 illustrate the most signifi-
cant gender-based variations in foveal SVD at the 10-20
and 40-50 age groups and DVD occurs in the 10-20 age
groups. In the parafoveal area, SVD differed between the
genders at 50—60 years and for DVD at the 20-30, 30—40,
40-60, and 60-70 years of ages. The main differences in
CVI were at extremes of age groups and at 50—60 years
of age which was higher in females at older ages (Fig. 3).
FAZ showed differences in the 40-50 and 60-70 age
groups showing reciprocally more size in females just at
these periods.

When considering the entire foveal RT, males had a
measurement of 261.9+19.22 pm while females had a
measurement of 251.55+18.25 pm (P<0.001) (Fig. 2). In
terms of the whole parafoveal RT, males had a measure-
ment of 334.73+15.26 um, whereas females had a mea-
surement of 325.78+14.26 um (P<0.001). Generally, RT
across all layers was lower in females compared to males
(P<0.05). There was no difference in MRT between the
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Fig. 1 Foveal and parafoveal vascular densities of normal healthy people in both genders in different age groups. The figure reveals pronounced gender-
based disparities in foveal SVD and DVD measurements. In contrast, parafoveal SVD and DVD exhibit negligible intergender differences. A. Foveal SVD is
higher in males across all age groups compared to females except in the final age group, following similar trends of increase and decrease. B. Foveal DVD
in females shows a more variable course than in males. C. Foveal CVD in the choroid follows a similar course and magnitude in both males and females.
D. Parafoveal SVD exhibits comparable trends and values in both groups, with minimal changes over time. E. Parafoveal DVD demonstrates a more stable
course than foveal DVD. Except in the youngest age group, females generally have higher density in this region. F. Although parafoveal CVD is higher in

males in the first age group, after age 40, the values become comparable between sexes. Abbreviations: SVD, superior vascular density; DVD, deep vascular
density; CVD, choroidal vascular density

foveal and parafoveal areas in both groups throughout is a gradual decrease. However, the superficial capillary

the studied lifespans (Table 4). plexus (SCP) shows an upward slope until the age of 40,
after which it rapidly declines in density with advancing
Discussion age. Males had higher VD compared to females across all

Our study found a significant relationship between age  parameters except for parafoveal DVD. Like VD, age also
and retinal VD as well as layered RT. The overall trend showed a significant relationship with all total and seg-
of vascular densities in the foveal and parafoveal areas mental and layered RT parameters. The foveal RT chart
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Fig. 2 (See legend on next page.)
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(See figure on previous page.)

Fig. 2 Foveal and parafoveal retinal thickness of normal healthy people in both genders in different age groups. Overall, males exhibit greater foveal
retinal thickness compared to females. This gender difference persists in parafoveal RT measurements across all age groups except the youngest cohort.
However, when examining individual retinal layers, thickness variations between genders become negligible. A. Mean foveal WRT is higher in males
compared to females. Females exhibit greater variability over time. B. Changes in foveal IRT follow a similar pattern to WRT (as described in A). C. In foveal
MRT, the first three age groups show comparable trends and values between sexes, but after age 40, thickness decreases in females. D. In foveal ORT,
thickness is slightly lower in females than in males, except in the youngest age group. E. For parafoveal WRT, males have higher values than females in all
age groups except the second. F. In parafoveal IRT, trends and values are similar between sexes, but females have lower values except at the extreme ages.
G. In parafoveal MRT, values and trends are comparable across all age groups except the oldest, where differences emerge. H. In parafoveal ORT, the first
two age groups show comparable values between sexes, but thereafter, females have slightly loweramounts. Abbreviations: IRT, inner retinal thickness,

MRT, middle retinal thickness; ORT, outer retina thickness; WRT, whole retinal thickness

displayed a gradual incline, while the RT in the parafoveal
region exhibited an upward trend until the age of 20-30.
Afterward, the slope leveled off and remained constant.
RT across all layers was lower in females compared to
males.

Understanding the normal values for RT and VD by
OCT and OCTA helps in quickly spotting any poten-
tial issues or abnormalities [10]. We observed that at the
foveal and parafoveal part, the entire RT was thicker at
ages between 20 and 40. The foveal and parafoveal IRT
showed the greatest level of thickness in the 20-30 age
group. In the foveal area, the thickest MRT was in the fif-
ties, and in the parafoveal area it was at age 10-20. ORT
was thickest in the fifties in both foveal and parafoveal
areas. The foveal and parafoveal regions exhibit the high-
est thickness levels between the ages of 20 and 60.

Inconsistent findings have emerged from research
examining the thickness of individual retinal layers at the
fovea in relation to aging. Ooto et al. revealed an augmen-
tation in foveal RT, alongside a significantly heightened
thickness of both photoreceptor outer segments and
the OPL and ONL with advancing age [11]. Conversely,
Demirkaya et al. identified a reduction in the retinal outer
segment layer with increasing age and no alteration in
the other layers of the fovea [12]. Bafiq et al. showed that
the RT exhibited an inverse relationship with age, with
a decrement of 0.67pmm per annum beyond the 1 mm
circumference of fovea. The rates of decline in thickness
differed between the inner and outer layers of the retina
[13]. The process of aging has been demonstrated to be
linked with the loss of neurons and glial cells in the inner
layer of the retina. Examination of histological studies
revealed age-related losses of 0.3-0.6% of retinal neurons
per year [14]. Eriksson and Alm [15] reported a negative
correlation between RT in all nine ETDRS subsegments
and age. Similarly, Manassakorn et al. [16] discovered a
significant association between age and macular thick-
ness in all ETDRS areas except for the center.

Our results showed the thickest IRT in the twenties and
its slowly decrease during aging. In accordance, Caval-
lotti et al. [17] found that RT decreases significantly with
age in a histologic study. They reported a decrease in the
number of ganglion cells with increased age. It appears
that these cells are more susceptible to age-related loss

than other retinal cells. The number of retinal capillaries,
intercellular connections, cellular processes, and synap-
tic bodies also decrease markedly with aging. A study by
Ono and colleagues [18] gives inconclusive data about
the thickness of the retinal nerve fiber layer (RNFL) and
does not provide good evidence of a significant correla-
tion between RNFL and age. Nonetheless, Funaki and
associates [19] reported that RNFL thickness decreases
significantly with aging.

The increase in ORT in our study is not in agreement
with the study of Gao and Hollyfield [20] who reported
substantial progressive loss of neurons (photoreceptors)
with aging. They reported that during the second to ninth
decade, there was a rate of loss of equatorial RPE cells of
approximately 14 cells/mm? per year, according to their
findings. We think that outer retinal thickening in our
study could be due to the structural interstitial cells in
the outer retina as well as the thickening of the photo-
receptor’s outer segments due to structural or functional
decrease in the dissolution and resorption of the photo-
receptors’ outer segments. Actual changes in the overall
size of the photoreceptor cells could be another culprit
[17-21].

We found a discrepancy in the foveal area and para-
foveal area regarding the thickness of MRT in the life
course, as the thickest foveal MRT was in the fifties,
and the thickest parafoveal MRT was in the 10-20-year
group. It could be hypothesized that thickening occurs
in the OPL at the fovea during time due to remodeling
of foveal and parafoveal areas due to the plasticity of the
retina at these areas. This layer contains the synapses
between the axons of photoreceptor cells and the den-
drites of intermediate neurons (bipolar and horizontal
cells). An alternative hypothesis is to increase the neural
or axonal content or interfibrillar glial tissue.

The other finding of our study was the correlation
between all RT parameters and gender. All RT param-
eters were found to be significantly higher in males.
However, among individuals up to 40 years, there was
no significant disparity observed between males and
females. Prior studies have indicated the disparities
between genders and RT [22, 23]. Findings from vari-
ous ethnic populations show that women have a thin-
ner retina in the fovea and parafoveal area compared to
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enders in different age groups. The choroidal vascularity index (CVI) exhibited

minimal changes across age groups. Slight but notable differences were observed at the extreme age ranges and particularly between 50-60 years, where

females exhibited marginally higher values than males

Table 1 Foveal and parafoveal vascular densities in healthy subje

cts in 8 age groups. Abbreviations: SVD: superficial vasclar density;

DVD, deep vascular density; CVD, choroidal vascular density; CVI, choroidal vascular index and FAZ, foveal avascular zone

Group1 Group2 Group3

Group4 Group5 Group6 Group?7 Group8

Total <10 10-20 20-30 30-40 40-50 50-60 60-70 >70 P
(369 Eyes) (26Eyes) (39Eyes) (49Eyes) (56Eyes) (51Eyes) (53Eyes) (70Eyes) (25Eyes)
Foveal 205117 2023+£542 1834+588 25+6.29 25314565 1968+7.79 2021+584 17294657 1596+573 <0.001

SVD
Parafoveal SVD 51.15+3.22 52.18+251 5181+19 52474269
Foveal DVD 3468+694 36.77+578 3485+694 37.62+65

Parafoveal 5343+352 5564+325 55494226 5428+3.05
DVD
Foveal CVD 73.34£405 76.75£249 7609+261 7512+33

Parafoveal CVD 70.86+446 7031+48 72.16+299 73.22+438
)

cvi 07+002 069+024 069+003 0.7%0.02

FAZ 0.27+0.1 0.28+0.08 0.28+0.11 0.23+0.09

5292+231 514251 5079+361 4894+331 4894+383 <0.001
36.78+541  326£855 3541+£461 3258+7.08 3034£755 0.001
5426+33 53.05%£286 527+298 5216+373 5032+44 <0001

7555%253 7287+£3.04 7159+378 7028+389 7133 <0.001
(68.37-
73.62)

7325%£3.15 71.14+£309 7001+4.12 6837+£497 6756+443 <0.001

0.7+0.02 0.71+£0.02 0.7x0.03 0.7+0.03 0.69+0.03 0.225
0.24+0.09 03+£0.13 026+007 029+0.1 0.32+0.12 0.016

men. Bafiq and colleagues found that females have lower
RT values in both the central sub-field and the inner reti-
nal layers compared to males. Specifically, females had a
16 um less thickness in central sub-field thickness and a

6 um less in IRT [13]. Notably, studies on children have
shown that boys tend to have a thicker macula than girls,
although some studies have reported no gender-based
differences [24-26]. Furthermore, in another study no
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Table 2 Retinal thickness of foveal and parafoveal retina in healthy subjects in 8 age groups. Abbreviations: WRT, whole retinal thickness; IRT, inner retinal thickness; MRT, middle

retinal thickness; ORT, outer retinal thickness

Group 8
>70

Group 3 Group 4 Group 5 Group 6 Group 7
30-40 40-50 50-60 60-70

20-30

Group 2

Group 1
<10

10-20

Total

Groups

(61 Eyes) (66 Eyes) (63 Eyes) (54 Eyes) (47 Eyes) (57 Eyes) (65 Eyes) (22 Eyes)

(435 Eyes)

<0.001
0.107
0.007

25747 +1854
327.58%15

253+18.84 263.76+18.03 259.67+16.75 256.2+23.46 267.55+19.7 256.95+20.23
330.16+18.6 325.89+14.79
45.69+9.22

246.68+12.31

257.57+19.48

Foveal WRT

33481+£17.75
50+7.35

333.57+1357
49.17+849
1143+6.98
43.57+8.06
70.04+5.73

335.09+£16.55
51.98+837

331.24+£13.11
46.76+7.31

32791+£12.24
45.81+6.65

33099+1548

47.96+8.54

Parafoveal WRT
Foveal IRT

4584+642

4728+11.29

0.002
0.04

109.83+841
44.04+8.24

108.04+9.2
43.94+833

114.52+99
48.68+8.02

0.2

111.65+1
4478+7.75

116.02+8.23
45.19+£5.96
69.44+5.04

113.02+7.61
4331£59

111.21+£5.99

4272+6.2

1125+8.68
4453+741

Parafoveal IRT
Foveal MRT

72.12+73 0.006
0.001

69.46+5.77

71.95+£521

70.34+5.09

70.84+5.54 73.19£5.07 70.98+5.25

Parafoveal MRT
Foveal ORT

173.85+10.21 172.22+10.19 17249+13.11

169.14+11.08

+11.08

71.8
151.08+941

1

71.58+10.08

151.39+8.62
243.16+35.36

1

163.14+10.07 168.06+10.65

145.05+9.32

170.07+11.03

0.101
0.055

150.51+9.19 150.43+891 14799+11.14

251.91£40.31

149.82+9.46

148.88+8.37

149.48+9.28

Parafoveal ORT

SFCT

213.98+47.88

216.93+48.89

239.13+53.17

250.56+33.25

263.33+£52.18 234.75+48.89

240.57+44.14
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significant discrepancy in mean foveal thickness between
men (204 pm; range, 154-232 um) and women (207 pm;
range, 173-252 pm) was detected [7]. Collectively, our
findings are in line with the concept of the impact of gen-
der on RT. The decreased thickness of the fovea in female
could explain more susceptibility of them to develop
macular holes. It has been proposed that macular hole
formation begins with thinning of the fovea. However,
further research is needed to establish the connection
between hormonal effects and RT.

In the present investigation, we observed a statistical
significance of the relationship between age and all VD
parameters. All VD metrics indicated a decreasing ten-
dency after the age of forty. Consistent with our results a
study in 224 eyes of 112 individuals (12-67 years) showed
that the VD of parafoveal and foveal areas reduced with
age, but mainly in patients over 50 years old. This study
concluded that, for each year of increase in age, VD of
the SCP and DCP in the macula decreases by 0.32%, and
0.48%, respectively [27].

Wei et al. enrolled individuals ranging from the ages
of 18 to 82 years and categorized them into four groups
according to age. Their investigation revealed a nega-
tive correlation between age and retinal VD [28]. In a
study by Wang et al. [29], a greater density of SCP and
DCP were correlated with a younger age. Similarly, in
an investigation by Yu et al. [32-30], on a sample of 45
healthy Chinese, observed that the mean parafoveal flow
index and the mean vascular area density notably decline
with age. Park and colleagues [31] showed that the den-
sities of the retinal and choroidal capillaries, as well as
the RT and CT, exhibit a tendency to diminish as indi-
viduals age, particularly after the age of 40, which is con-
sistent with our study. Also, following age 40, the VD at
parafoveal region diminished with a reduction in RT.
Previously, Ding and colleagues [32] have documented
a notable reduction in subfoveal CT in individuals aged
60 years and above. Additionally, Ito and colleagues [33]
have reported that reductions in choroidal circulation are
particularly noticeable in individuals aged 50 years and
above.

Gender variations were observed in the VD across dif-
ferent regions of the retina among males and females.
Males generally had higher VD than females, except for
the VD at parafoveal area. Previous research has shown
that males tend to have higher density in the SCP, while
females have higher density in the DCP [29]. Also, some
studies have reported higher SCP density in males [34].
Additionally, it has been noted that females, especially
those over 60 years old, may have higher VD, possibly
due to a slower rate of aging of blood vessels in women
according to Coscas et al. [35]. In our study, females had
higher parafoveal DVD.
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Table 3 Comparison of foveal and parafoveal vascular densities between males and female in different age groups. Abbreviations:
SVD: superficial vascular density; DVD, deep vascular density; CVD, choroidal vascular density; CVI, choroidal vascular index; FAZ, foveal

avascular zone

Foveal SVD Parafoveal Foveal DVD Parafoveal Foveal CVD Parafoveal (VD  FAZ cvi
SvD DVD
Total Female 184+7.25 50.83+3.41 33224772 5444+345 7246+4.14 70.02+441 03011  0.7+002
Male 2222+6.31 5141+£3.04 3586+6 5262+337 7405+384 71.53+4.46 025+0.09 0.7+0.03
P <0.001 0.168 0.007 <0.001 0.003 0.012 0.001 03
<10 Female 17.08 49.81 36.24 576 77.68 (72.31-80.4) 68.21 (61.4-74.9) 0.26 0.68+0.003
(16.57-19.89) (47.78-53.36) (32.73-37.37) (53.64-59.43) (0.25-0.33)
Male 20.77+£5.87 526+2.26 37.13+£624  5538+324 76.78+2.03 70.82+4.14 0.27+0.08 0.69+03
P 0.134 0.06 0418 0.392 0.945 0.503 0.771 0.038
10- Female 15.68+5.8 5233+£195  3227+£7.14  5554+196  7558+2.66 71.05+£2.55 032+0.1 0.68+0.004
20 Male 18.95 5137+1.78 37.05+6.08 5545+2.54 76.53+2.54 73.89(71.96-75.01) 0.24+0.1 0.69+0.3
(17.47-24.8)
P 0.035 0127 0.098 0915 0.357 0.051 0.06 0.07
20- Female 23.23+842 5209+299  3825+833 55.89+244 74.36 (72.9-75.39) 7212 (68.84-74.27) 023+0.11 0.71+0.02
30 Male 26224398 52724249 3886 53164297  7635(7555-77.65)  75.09+2.07 024+008 0.70+0.02
(32.13-40.54)
P 0.272 0.525 0.706 0.003 0.036 0.005 0913 0.58
30- Female 2335+539 5314227 37.08+6.17  56.2+259 74.74+3.29 71.86+3.63 026+0.09 0.7+0.02
40 Male 26.78+547 52.79+237 36.55+4.86 52.8+3.04 76.15+1.57 743+227 0.22+0.08 0.71+£0.02
P 0.079 0.682 0.797 <0.001 0.13 0.021 0213 0.258
40- Female 1624+706  5144+293  2922+843  5458+213  7229+3.06 71.32+3.86 036+0.13 0.70£0.01
50 Male 22.74+7.21 51374213 3561+£7.59 517277 73394297 70.98+2.26 0.25+0.11 0.71+£0.03
P 0.014 0.942 0.036 <0.001 0.251 0.753 0.022 0.66
50- Female 19.12+657  49.28+422 3504+52 53.7+3.67 7167 (69.56-73.64) 71.98(67.92-7391) 0.27+0.07 0.72+0.004
60 Male 2086+534  51.71+288 35.64+4.28 52.08+232 7215+332 69.76£3.84 0.25+0.07 0.69+0.03
P 046 0.041 0.739 0.146 0.279 0.68 0528 0.001
60- Female 1568+7.24  493+3.29 3063+7.07 53.79+3.19 7047 +349 68.59+3.96 0.32+0.1 0.70£0.03
70 Male 19.01+£537  4856+333  3464+£658 5043+352 70.08+431 68.13+£591 026+0.08 0.71£0.05
P 0.091 0437 0.059 0.001 0.729 0.766 0.038 0.80
>70 Female 16.78+586  49.04+349 3134+814 5065%+4.87 7142 (67.24-73.59) 67.21+45 0.32+0.12 0.72+£0.02
Male 13.86+£5.17  4869+489  27.76+£545 4947 +3.04 70.71+£3.67 6847 £4.45 034+£0.12 0.67£0.01
P 0.187 0.86 0.201 0.46 0.759 0.531 0.602 0.001

Regarding CVI, a study by Ruiz-Medrano et al. found
a significant difference in CVI levels between individuals
over 18 years old and those under 18 [36]. In contrast to
our study, another study, on 106 healthy eyes in individu-
als aged 21 to 78 years old, found that the CVI decreased
as people got older. The decline in CVI was notice-
able in individuals aged 33 to 43, showing a decrease of
0.7 to 2.7% per decade [37]. Our findings indicate that
there is no significant variation in CVI among different
age groups. The most noticeable disparities in CVI were
observed at the youngest and oldest age groups. We
noticed a higher amount of CVI among females in the
50-60 age group.

Our investigation possesses various advantages of a
broad spectrum of age, utilization an imaging modality
exhibiting good resolution of capillaries, and integra-
tion of an automated methodology for analysis. However,
there are several limitations to our work. Our study used
a 3x3 mm OCTA scan, which only roughly cover the

parafoveal area. Limited by small sample size and non-
longitudinal design, our study calls for future research
with long follow-up to assess repeatability of macular
layer measurements of the same participants by aging.
Further, understanding peripheral retinal regions and
changes of macular morphology over time requires wide-
field scanning methods. The influence of ethnic diver-
sity on VD has not been assessed in this investigation.
The clinical significance of the findings from this study
remains to be established; however, considering the nor-
mal reduction in vascular density VD and RT after the
age of 40, particular attention should be directed towards
the prevalence of age-related retinal as macular holes
and age-related macular degeneration, as well as specific
forms of retinal dystrophies. These observations warrant
validation through histological studies.

In conclusion, age was found to be significantly related
to retinal VD and layered RT. Vascular densities in
the foveal and parafoveal regions generally decreased,



Ghassemi et al. International Journal of Retina and Vitreous

(2025) 11:38

Page 10 of 11

Table 4 Comparison of the retinal thickness of foveal and parafoveal between males and females in different age groups.
Abbreviations: WRT, whole retinal thickness; IRT, inner retinal thickness; MRT, middle retinal thickness; ORT, outer retinal thickness

Foveal WRT Foveal IRT Foveal MRT Foveal ORT Parafoveal Parafoveal Parafovea Parafoveal
WIRT IRT MRT ORT
Total Female 2515541825 4571+£88 4361+757 16728411028 325.78+1426 110.52+847 70.01+546 14703+£79
Male 261.9+19.22 4957+7.99 45184724 172071114 33473+1526 113.93+856 71444553 151.24+98
P <0.001 0.001 0.097 <0.001 <0.001 0.002 0.03 <0.001
<10 Female 24523+115 436+7.05 4155+6.22 165.16+9.54 327.99+1453 11092+86 7324+557 14553+£894
Male 247241267 46.59+6.4 43144621 16242+1026 32788+1151 1113244387 73.17+494 14488+9.54
P 0.663 0.264 0.506 0461 0.983 0.894 0.966 0.847
10-20 Female 250.5+20.75 4577 £6.94 44314743 16596+1021 3359+1548 115.68+9.33 7234+491 14921+£6.74
Male 2542441793 4726+752 42814498 169.12+10.82 32891+1122 111.68+6.28 7031+533 148714+9.15
P 0.6 0.559 0.508 0.387 0.169 0.185 0.189 0.848
20-30 Female 2602 49.87+1045 45334801 166.13+1054 32499+114 111644507 67.25+457 1459
(235.3-279) (143.4-150.4)
Male 2671741452 5297+7.14 4513+484 174111889 339.78+16.56 118.05+8.65 7047+496 153.12+£8.56
P 0.142 0378 0.936 0.017 0.002 0.007 0.038 0.054
30-40 Female 257494154 47.81+£7.92 4328+763 17141116 330.75+£12.88 113.26+5.27 69.69+561 149.75+79
Male 262.394+18.27 50.88+9.02 43934872 1723+1061 337.1+13.84 115.6+86 684 152.74+10.95
(66.6-72.7)
P 0419 0.336 0.821 0.811 0.174 0.369 0.677 0.384
40-50 Female 23822+1511 383(33.6-43.7) 4181+786 1576 317.22+10.88 10547+8.26 69.06+3.77 1425
(154.8-168.7) (139.8-144.2)
Male 269.524+19.34 5254+1039 4698+701 174.88+892 339.75+1735 11623+9.12 71.3+5.77 154.07+89
P <0.001 0.001 0.076 <0.001 <0.001 0.001 0.162 0.001
50-60 Female 259.59+1354 4797+7.16 4655+58  16998+746  32698+1095 110.7+748 7181544 146.64+578
Male 2733342157 5147+7.25 50.23+9.08 1824 340.5+19.64 1173+£106 7205+511 1571
(168-186.3) (145.2-161.5)
P 0.03 0.182 0.144 0.041 0.015 0.042 0.896 0.018
60-70 Female 249.17+20.19 44.14+10.82 43134£922 1669+93 319.96+1547 10698+1043 68.02+557 146.75+£8.58
Male 26548+16.77 4738+6.86 4483+729 17806+769  33241+1092 109.19+763  71.04+566 15446+749
P 0.007 0.266 0.517 <0.001 0.004 0.445 0.064 0.003
>70 Female 251.69+1448 439(42.8-465) 4208+588 169.08+1248 3225841292 110.04+7.25 70.34+561 14455+9.86
Male 272.88+20.57 4682+633 4925+11.7 181.58+1086 34092+123  109.28+11.78 7685+9.61 157.15+954
P 0.003 0615 0.088 0.027 <0.001 0.868 0.156 0.013

although the SCP increased until age 40 before rapidly
declining. Males had higher VD except for parafoveal
DVD. Foveal RT increased gradually, while parafoveal RT
increased until 20-30 and then leveled off. Females had
lower RT than males across all layers.
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