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A B S T R A C T

Objective: To evaluate choroidal vascular density changes in regards to age and sex.
Methods: This was a prospective, cross-sectional study. We studied 78 volunteers. All participants underwent a
complete ophthalmologic examination and assessment of the choroidal vascular density (CVD) using swept-
source optical coherence tomography (SS-OCT). CVD obtained by automated software of the SS-OCT. We
evaluated the CVD correlation with age and compared female to male.
Results: The study included 78 right eyes of 78 individuals: 40 females and 38 males. The participants’ age and
the CVD were significantly correlated (r= -0.39, p < 0.001). The mean CVD of the females and males were
0.26 ± 0.08 and 0.23 ± 0.05, respectively (p= 0.03).
Conclusion: CVD was found to be associated with age and sex

The assessment of choroidal changes is important for understanding
the pathology of and treatment for chorioretinal diseases [1]. Choroidal
thickness (CT) has been widely studied [2–4]. CT is associated with
choroidal diseases like Vogt-Koyanagi-Harada, polypoidal choroidal
vasculopathy and pachychoroid disease. Also, ageing is associated with
choroidal thickness [5–7]. Choroidal vascular density(CVD) is a new
parameter assessed with patients. CVD could give information about
the ethiology of CT changes with choroidal diseases. The purpose of this
study was to investigate CVD changes with ageing.

1. Subjects and methods

1.1. Study design

This prospective, cross-sectional, comparative study was performed
in 2017. The study adhered to the tenets of the Declaration of Helsinki
and was approved by the ethics committee at Bakirkoy Education and
Research Hospital. All participants were volunteers. Informed consent
was provided by all participants.

1.2. Ophthalmic examination

All participants underwent an ophthalmologic examination that
included refraction, visual acuity, slit-lamp biomicroscopy, Goldmann
applanation tonometry, and dilated fundoscopy by one specialist (E.E).

Optical coherence tomography (OCT) [Swept Source OCT DRI OCT

Triton, Topcon] images were taken from right eyes and assessed by an
experienced specialist (E.E.) [Fig. 1]. Fifteen minutes before the ex-
amination, the pupils were dilated with 1% tropicamide (Alcon, Den-
mark). Swept-source OCT uses a wavelength of 1050 nm with a scan
speed of 100,000 A-scans / second coupled using the SMART track eye
tracking system. 6×6-mm subfoveal scan size images with a resolution
of 320×320 were obtained and flattened Bruch membrane. To take
quantify CVD version 1.0.1 (Topcon Corporation) and version 1.48
(National Institutes of Health, Bethesda, Maryland, USA). softwares
were applied. The average of the macular CVD between Bruch’s mem-
brane and corresponding to the maximal CT was calculated from the
6mm diameter circular macular region centered on the fovea.

1.3. Study groups

We recruited 78 participants examined at the Beyoglu Eye Training
and Research Hospital without any visual disorder, ocular or systemic
diseases.

1.4. Eligibility criteria

The inclusion criteria required volunteers who had not consumed
any alcohol in the previous year and had not taken any medications in
the previous 4 months.

Exclusion criteria were a history of any ocular disease or any sys-
temic disease with ocular findings, previous ocular surgery, laser
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therapy, use of any systemic medicine or contraceptive during the
previous 4 months and smoking.

1.5. Outcome measures

The primary outcome of this study was the correlation of CVD
changes with ageing. The secondary outcome was to evaluate CVD by
sex.

1.6. Data analysis

Results are expressed as mean ± standard deviation of the mean.
The correlation between the demographic characteristics and choroidal
density was analyzed using Pearson’s correlation test. E-PICOS software
(New York) was used for data analysis and p values of< 0.05 were
considered statistically significant.

2. Results

The study included 78 eyes of 78 individuals: 40 females and 38
males. The mean age of the patients was 34.43 ± 1.83 years. Thirty-
eight of the volunteers were over 40-year-old (20 females and 18
males), forty of the volunteers were under 40-year-old (20 females and
20 males) and twenty of the volunteers under 18-year-old (16 females
and 4 males). The mean foveal CVD of patients aged under 18, 18–40
and over 40 years were 0.29 ± 0.08, 0.23 ± 0.04 and 0.23 ± 0.06,
respectively. The participants’ age and choroidal density were sig-
nificantly correlated (r= -0.39, p < 0.001) [Fig. 2]. The mean chor-
oidal density of the females and males were 0.26 ± 0.08 and
0.23 ± 0.05, respectively (p=0.039).

3. Discussion

In this study, we compared CVD based on participants of different
ages and we reported CVD changed with sex and age.

Wakatsuki et al. assessed choroidal thickness of 115 eyes with dif-
ferent age groups at five sites (the fovea, and superior, inferior, nasal,
and temporal sites) using swept-source OCT and found that choroidal
thicknesses at each site was related to the subject’s age (p < 0.001)
and the choroid became significantly thinner with ageing [7]. In ad-
dition, Varsha et al. reported a correlation between mean subfoveal
choroidal thickness and age (r= -0.61, p < 0.001) [9]. Moreover,

Bafiq et al. showed an age-dependent decline in choroidal thickness of
2mm per year of age [6]. In the present study, the mean foveal CVD of
patients aged under 18 years was 0.29 ± 0.08 and of those aged over
18 years it was 0.23 ± 0.06. The participants’ age and the CVD were
significantly correlated (r= -0.39, p < 0.001). Decreased choroidal
thickness with age that was in our findings consistent with the literature
[6]. Medrano et al. also reported there were higher CVD with partici-
pants under 18-year-old [8]. The thinning of the choroid probably may
not only be related with only extracellular fluid loss otherwise the CVD
would be expected to increase.

There are studies that show variability in choroidal thickness in
healthy eyes according to sex [9,10,6]. But, Medrano et al revealed that
there was no relation with gender and CVD [8]. In our study, the sex
distribution of the participants was nearly equal (40 females and 38
males) and the CVD of the females was statistically significantly higher
than the males. It could be seen as a consequence of sex hormone effects
on body fluid regulation. Also, it has been shown that choroidal
thickness is affected by the diurnal period [11,12]. Accordingly, all our
measurements were performed between 08:30 AM and 10:30 AM.
Other factors that have been reported to affect choroidal thickness are
taking caffeine [13–15] and smoking [16,17]. In order to control for

Fig. 1. Subfoveal choroidal density with optical coherence tomography angiography (SS-OCT) [Swept Source OCT DRI OCT Triton, Topcon].

Fig. 2. Correlation between age and subfoveal choroidal density. (r= -0.39,
p < 0.001).
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these parameters, we scanned all participants before they had breakfast
and ensured that each was a non-smoker.

The main strength our study is its prospective nature. Other
strengths are having a large number of participants, and using a new
technology that has not been widely studied issue.

In conclusion, subfoveal CVD was related to ageing and sex.
Subfoveal CVD significantly decreased with ageing and high with fe-
males. Therefore, with our study, we hope to draw the attention of
physicians and inspire further studies to identify the mechanism of
these changes.
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