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Choroidal Thickness in Turkish Population

Tiirk Toplumunda Koroidal Kalinhk

Rasit KILIC!, Ali KURT!

ABSTRACT

Aim: Our aim was to evaluate choroidal thickness in healthy Turkish subjects with enhanced depth imaging optical coherence tomog-
raphy.

Materials and Methods: In this study, a total of 171 healthy subjects consisting of 87 females and 84 males were evaluated. The right
eye was assessed in all participants. Seven measurement points were measured horizontally at the subfovea and across the fovea at 500-
pm intervals up to 1500 pm nasal and temporal to the fovea.

Results: The mean age was 39.6=11.1 (18-62). The vision acuity was perfect in all subjects. The mean subfoveal choroidal thickness
was 365.6+98.1 um. The mean intraocular pressure and spherical equivalent were 15+2.6 mmHg and -0.13+0.70 diopter respectively.
There were no significant differences between females and males for choroidal thicknesses (p>0.05). There were negative correlations
between age, spherical equivalent and choroidal thicknesses. Subfoveal choroidal thickness was decreased by 3.03 um per age accord-
ing to regression analysis.

Conclusion: The mean subfoveal choroidal thickness was found to be 365.6+98.1 um in all participants. A 3.03 um decrease was found
per age.
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Amac: Amacimiz saglikli Tiirk bireylerde enhanced depth imaging optik koherens tomografi ile koroidal kalinlig1 degerlendirmektir.

Gerec¢ ve Yontem: Bu ¢alismada 87 kadin ve 84 erkek olmak tizere toplam 171 olgu degerlendirildi. Tim katilimeilarin sag gozleri
degerlendirildi. Foveada ve nazal ve temporalde horizontal olarak foveadan 500 pm araliklarla 1500 mikrometreye kadar toplam 7
noktada 6l¢iimler yapildi.

Bulgular: Ortalama yag 39.6+11.1 (18-62) idi. Tiim bireylerde gérme keskinligi tamdi. Ortalama subfoveal koroidal kalinlik 365.6+98.1
pum idi. Ortalama g6z i¢i basinci ve sferik esdeger sirasiyla 15+£2.6 mmHg ve -0.13+0.70 diyoptiri idi. Kadin ve erkekler arasinda koro-
idal kalinliklar a¢isindan anlaml farkliliklar yoktu (p>0.05). Yas, sferik esdeger ve koroidal kalinlik arasinda negatif korelasyon vardi.
Regresyon analizi sonucuna gore subfoveal koroidal kalinlik her yas 3.03 pm azalmaktaydi.

Sonug: Tiim katilimcilarda ortalama subfoveal koroidal kalinlik 365.6+98.1 um olarak bulundu. Her yas i¢in 3.03 um azalma bulundu.
Anahtar kelimeler: Enhanced depth imaging, koroidal kalinlik, optik koherens tomografi
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INTRODUCTION

The choroid is one of the tissues with the highest blood flow
in the body. It is vital for the blood supply of the outer ret-
ina and retinal pigment epithelium (RPE). Photoreceptor
cells in the fovea have high oxygen and metabolic exchange
needs. Choroid is the only source of oxygen and metabolic
exchange for the avascular fovea and it is therefore very im-
portant structure for the central vision.!

Optical coherence tomography (OCT) is a non-invasive
method that can provide sectional images from the anterior
and posterior segments of the eye. It has therefore become an
important device in the routine clinical practice. The choroid
can be imaged comprehensively with the recently developed
technique of enhanced depth imaging optical coherence to-
mography (EDI-OCT).? It has been possible to identify the
normal choroid and the changes in many systemic and oph-
thalmic disorders such as glaucoma, polypoidal choroidal
vasculopathy, age related macular degeneration, Vogt-Koy-
anagi-Harada, hypertension and diabetes mellitus.**

There are many studies reporting choroidal thickness in dif-
ferent healthy populations from different countries.*!? In
this study, we believed that the measurement of choroidal
thickness will contribute to the understanding the physio-
logical status in the choroid and therefore aimed to evaluate
choroidal thickness in healthy subjects with EDI-OCT.

MATERIALS AND METHODS

This study protocol was conducted according to the Helsinki
Declaration principles at Ahi Evran University Training And
Research Hospital's Eye Clinic. A total of 171 subjects were
evaluated. Written informed consent was obtained from all
subjects before the enrollment. Only the right eye was eval-
uated in all participants.

All subjects underwent comprehensive ophthalmic exam-
inations, including intraocular pressure measurement with
the noncontact tonometer, visual acuity measurement with
the Snellen chart, slit lamp biomicroscopy, dilated fundus

Figure 1:

examination, and choroidal thickness measurement with
EDI-OCT (Software version 6.3.3.0, Heidelberg Engineer-
ing Inc., Heidelberg, Germany). Exclusion criteria included
visual acuity less than 0.8, a spherical equivalent refractive
error of more than +2 or -2 diopters, with a history of any
ocular pathology, ocular surgery or trauma, any systemic
disease such as diabetes mellitus, hypertension and Behget's
disease, pregnancy and those using any ocular or systemic
medication.

The choroidal imaging was taken as a single horizontal line
scan, passing through the center of the fovea, using the pre-
viously described method of the EDI-OCT. The OCT de-
vice contained a superluminescent diode with a wavelength
of 870 nm and was capable of providing 40.000 A-scans
per second. The axial resolution was 7 pm and the trans-
verse resolution was 14 pum. Two high-quality horizontal
line scans were obtained passing through the fovea using
a 1x30-degree area, in which 100 scans were averaged for
each section. We defined the choroidal thickness as the dis-
tance between the outer reflective RPE layer and the inner
sclera border. Seven measurement points were measured
horizontally at the subfovea and across the fovea at 500-um
intervals up to 1500 pm nasal and temporal to the fovea. The
choroidal thicknesses were performed manually by the same
ophthalmologist (RK) in all participants (Figure 1).

The SPSS 22.0 (Chicago, IL, USA) software was used for
data analysis. The Kolmogorov-Smirnov test was used to
evaluate consistency of the data with a normal distribution.
Paired t-test, Pearson correlation test and regression analysis
were used as statistical methods. P values smaller than 0.05
were considered as statistically significant.

RESULTS

In this study, a total of 171 healthy subjects consisting of 87
females and 84 males were evaluated. The mean age was
39.6x11.1 (18-62) in all subjects and 39.8+10.9 (19-61) in
females, 39.3+11.3 (18-62) in males. The vision acuity was
perfect in all subjects. The mean subfoveal choroidal thick-
ness was 365.6+98.1 pum in all participants (Table 1). The
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mean intraocular pressure and spherical equivalent were
154£2.6 mmHg and -0.134+0.70 diopter respectively. There
was no difference between females and males for age, in-
° traocular pressure and spherical equivalent (p>0.05). When
subjects we compared the choroidal thicknesses between males and
Females Males Total females, no statistically significant difference was found
_ _ _ (p>0.05). There was a negative correlation between age,
=) (n=84) (n=171) spherical equivalent and choroidal thicknesses (Table 2).
CT .0 307.5£95.9 [293.14+82.6 | 300.6£89.6 Choroidal thickness was reduced by age and subfoveal cho-
roidal thickness was decreased by 3.03 um per age accord-

CT 1000 335498.3 322.3482.9328.8+91.1 ing to regression analysis (Graphic 1 and table 3).

CT 358+£100.1 |345.7+84.1 [352+92.5

1500

Subfoveal CT [367.8+£103.8 |363.4+92.4 | 365.6+98.1

Tablo 1: Choroidal thicknesses in females, males and total

DISCUSSION

The choroid has a common vascular meshwork and carries

CT 366.3+95.6 [352.7£91.7 | 359.6+93.7 oxygen and metabolites to the outer retinal layers and RPE.
The changes of the choroidal blood flow can unfavorably
CT 356.3+£93.8 [345.3£90.4 |350.9+£92.1
tL000 affect the fovea and visual acuity (1). A lot of diseases such
CT, ., 348.8492.6 [336.5+88.1|340.2+£90.2 as age-related macular degeneration, polypoidal choroidal
CT, 000 choroidal thickness at 1500 p nasal to the fovea; CT, o000 Vta}? Culoga(tihy’ anglgld strelzaks,. cent.ra.l Siro;ls Ch?ﬁlore}:lnop(i
choroidal thickness at 1000 p nasal to the fovea; CT  , choroidal aty an¢ degenerative miyopla originate rom the chorol

(4,5,13-15). On the other hand, certain inflammatory dis-
orders involving the posterior segment of the eye such as
Vogt-Koyanagi-Harada, Behget’s disease and sarcoidosis
seem to target the choroid (16-18). Besides, many systemic
disorders can influence on choroidal structure by affecting
hemodynamics (7,8). Thus, the relationship between cho-
roidal thickness and systemic and ophthalmic diseases was
investigated in many studies (3-8,13,14,16-18). Diabetes

thickness at 500 p nasal to the fovea; Subfoveal CT, choroidal
thickness at the fovea; CT
to the fovea; CT,
fovea; CT

500> choroidal thickness at 500 p temporal
\1000» Choroidal thickness at 1000 p temporal to the
choroidal thickness at 1500 p temporal to the fovea.

1500

Tablo 2: Correlation between the age, spherical equivalent and choroidal thickness.

CTnlSOO CTnlOOO CTnSOO SubeVeal CT CTISOO CT(IOOO CT(ISOO
Age r=-0.265 r=-0.270 r=-0.292 r=-0.342 r=-0.384 r=-0.401 r=-0.377

p=0.001 p=0.001 p=0.001 p=0.001 p=0.001 p=0.001 p=0.001
Sferical r=-1.41 r=-0.137 r=-0.177 r=-0.174 =-1.90 r=-0.222 r=-0.195
equivalent p=0.070 p=0.079 p=0.023 p=0.026 p=0.015 p=0.004 p=0.012

CT, ,,»choroidal thickness at 1500 p nasal to the fovea; CT_ . choroidal thickness at 1000 p nasal to the fovea; CT
at 500 p nasal to the fovea; Subfoveal CT, choroidal thickness at the fovea; CT
choroidal thickness at 1000 p temporal to the fovea; CT

so0> choroidal thickness
500> choroidal thickness at 500 p temporal to the fovea; CT,
choroidal thickness at 1500 p temporal to the fovea.

1000

1500

Table 3: Subjects were grouped according to age with choroidal thickness.

Age groups CT, .0 CT, 000 CT, Subfoveal CT CT,, CT, 000 CT 500
(ng-jg) 314.4+78.9 344 .7+85 370.9£92.5 394.5+100.1 391.2+100 388.3+94.1 376.6+94.3
(1(::29) 329.2+88 354+92.7 380.9+85.5 390.7+84.5 388.5+£78.4 | 377.4+86.2 | 364.1+89.5
40-49
(n=52) 287.2+82.2 | 315.9+80.3 336.4+82.5 352.8+88 341.5£81.6 | 327.9+80.2 | 3159+£73.4
50-62
(1=35) 269.9+103.4 | 298.6+102.1 317.7+£102 319.9+107.7 314+97.4 308.3+88.3 304+87.3

CT, ,,,»choroidal thickness at 1500 p nasal to the fovea; CT . choroidal thickness at 1000 p nasal to the fovea; CT , , choroidal thickness

at 500 p nasal to the fovea; Subfoveal CT, choroidal thickness at the fovea; CT
choroidal thickness at 1000 p temporal to the fovea; CT

500> choroidal thickness at 500 p temporal to the fovea; CT,
choroidal thickness at 1500 p temporal to the fovea.

t1000”

1500
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Graphic 1: Scatter plot of subfoveal choroidal thickness and
age in all participants. The regression analysis formulation was
485.29 — 3.03 x age (p=0.001 and R*°= 0.117).

mellitus and hypertension as systemic diseases have effect
on the vascular structures and have been reported to influ-
ence choroidal thickness.”* While a statistically significant-
ly thicker choroidal thickness was found in many system-
ic immune-mediated inflammatory disorders, no found in
others.!*?? For this reason, understanding the physiological
state of choroid becomes very important when the patho-
logical conditions are investigated in the eye. There are
many studies evaluating the choroidal thickness in normal
population for different ethnic groups. It was reported that
choroidal thickness can change according to ethnicity in the
studies. We therefore believed that the establishing of the
normal data of choroidal thickness for an ethnic population
is essential and carried out this study in Turkish subjects.

Choroidal thickness is similar in both eyes of each individu-
al. We believe that is the wrong way collecting of data from
both eyes to assess choroidal thickness for statistical anal-
ysis. However, most of studies were carried out using both
eyes especially from Turkey. We therefore evaluated only
one eye in a participant in all subjects. There were sever-
al studies evaluating choroidal thickness in healthy Turkish
subjects in the literature.?*?’” Ozdogan Erkul et al. stated that
the mean subfoveal choroidal thickness was 280.2+81.2
um.? Coskun et al. reported that the mean subfoveal cho-
roidal thickness was 326+60 pm in their study. They also in-
formed that the mean subfoveal choroidal thicknesses were
324469 and 329+40 um in males and females respectively
and no significant difference between females and males.?*
The mean subfoveal choroidal thickness was reported to be
268.8+49.2 um by Tuncer et al. The mean subfoveal choroi-
dal thickness of male was greater than females (291.3+£53.1
pum and 252.7+£40.9 pm respectively) and this difference was
found statistically significant in the study.”® However, Gok
et al. reported significantly thicker choroid in females than
males.”® We found that the mean subfoveal choroidal thick-
nesses were 367.8£103.8 in females, 363.4+92.4 in males
and 365.6+£98.1 um in all subjects. The difference between
females and males was no statistically significant. Many
studies were reported subfoveal choroidal thickness in dif-

ferent ethnic populations from different countries.”'? From
Japan, Ikuno et al. reported the mean subfoveal choroidal
thickness to be 354 + 111 um.’ Fujiwara et al. also report-
ed that the mean subfoveal choroidal thickness was 265.5 +
82.4.!° The measurement values of choroidal thickness can
be change in a wide range. The results of choroidal thickness
measurements therefore differ from one study to an other in
an ethnic population. These results demonstrate that mean
subfoveal choroidal thickness needs to be verified with larg-
er sample sizes. Another explanation can be possible that is
the difficulties determining the exact choroidal border.

It is well known that there is a negative correlation between
age and choroidal thickness.*'>?3-%" In this study, we found
negative correlations between choroidal thicknesses and age
and spherical equivalent. Coskun et al. and Ozdogan Erkul
et al. also reported a negative correlation between choroi-
dal thickness and age in the studies from Turkey. While
Coskun et al. found a negative correlation between choroi-
dal thickness and spherical equivalent, Ozdogan Erkul et al.
no found.?*?* However, there was a negative correlation be-
tween choroidal thickness and spherical equivalent in most
of studies.!*?32728 We observed that subfoveal choroidal
thickness was decreased by 3.03 pm per age. Coskun et al.
reported 0.93 um decrease, Gok et al. reported 1.8 pm de-
crease, Ozdogan Erkul et al. reported 3.14 um decrease per
age in the other studies from Turkey.?>>+2¢

In conclusion, we found that the mean subfoveal choroidal
thickness was 351+99 pm in all participants. There were
negative correlations between subfoveal choroidal thickness
and age and spherical equivalent in this study. A 3.03 pm
decrease was found per age. We believe that determining
mean choroidal thickness needs to be verified with larger
sample sizes.
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