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The Effect of Ramadan Fasting on Choroidal and Retinal
Thickness Measurements: A Pilot Study

Ramazan Orucunun Koroid ve Retina Kahnhg1 Uzerine Etkisi: Pilot Calisma

Ali KURT', Ragit KILIC'

ABSTRACT

Purpose: To evaluate the effects of hunger and thirst on peripapillary retinal nerve fiber layer (RNFL) and choroidal thickness (CT) parameters
during Ramadan fasting.

Material and Method: We included 42 eyes of 21 fasting healthy volunteers in the study. RNFL and CT measurements were obtained using spect-
ral domain optical coherence tomography (SD-OCT). Subfoveal and perifoveal CT were measured using enhanced depth imaging optic coherence
tomography. Perifoveal CT was measured at a distance of 500 um, 1000 pm, and 1500 pm nasally and temporally from the foveal center in each eye.

Results: CT was statistically thinner in the fasting state than in the nonfasting state at the subfoveal location (Cg,) (363.61+72.67 um and
370.88+74.07 respectively, p<0.001), at 500 pm temporal to the fovea (C,,) (352.68+73.26 and 362.85+74.74 um respectively, p<0.001), at
1000 pum temporal to the fovea (C,,,,) (347.71£73.52 and 357.76+73.43 um respectively, p<0.001), at 1500 um temporal to the fovea (C, )
(334.98+77.45 and 344.27+78.87 um respectively, p<0.001), at 500 pm nasal to the fovea (Cy,,) (347.71£72.84 um and 355.95+70.55 pm respec-
tively, p=0.001), at 1000 pm nasal to the fovea (C,,) (325.71£77.20 pm and 334.02+75.74 pm respectively, p=0.003), and at 1500 pm nasal to
the fovea (C ) (298.22+76.79 um and 305.22+78.24pum respectively, p=0.002). There was no statistically significant difference between fasting
and nonfasting RNFL thickness.

Conclusions: Subfoveal and perifoveal CT values were significantly thinner in fasting than in nonfasting subjects. It is possible that decreased
choroidal vascular bed volume during fasting caused the reduction in choroidal thickness.
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Amac: Ramazan orucu sirasinda aglik ve susuzlugun peripapiller retina sinir lifi tabakasi (RSLT) ve koroid kalinlig1 (KK) tizerine etkisini
degerlendirmeyi amagladik.

Gerec ve Yontem: Calismaya 21 oruclu saglikli goniilliiniin 42 gozii dahil edildi. Retina sinir lifi tabakas1 ve KK 6l¢iimleri spectral domain optik
koherens tomografi (OKT) kullanilarak yapildi. Subfoveal ve perifoveal KK 6l¢timleri arttirilmis derin goriintiileme (enhanced depth imaging-EDI)
mod OKT ile 6lgiildii. Perifoveal KK 6lgiimleri, herbir goziin fovea merkezinden 500 um, 1000 um, ve 1500 pm nazal ve temporal mesafelerde
yapildi.

Bulgular: Koroid kalinlig1 orugluyken oruglu degilken ki duruma gore sirasiyla subfoveal (363.61+72.67 pm ve 370.88+£74.07 um, sirasiyla,
p<0.001), fovea merkezinden 500 um temporali (352.68+73.26 um ve 362.85+74.74 pm, sirastyla, p<0.001), fovea merkezinden 1000 pm temporali
(347.71£73.52 um ve 357.76+£73.43 pum, sirastyla, p<0.001), fovea merkezinden 1500 pwm temporali (334.98+77.45 um ve 344.27+78.87 pum,
strastyla, p<0.001), fovea merkezinden 500 pm nazali (347.71+£72.84 um ve 355.95+70.55 pm, sirastyla, p=0.001), fovea merkezinden 1000 um
nazali (325.71+£77.20 pm ve 334.02+£75.74 um, sirastyla p=0.003) ve fovea merkezinden 1500 um nazal (298.22+76.79 um ve 305.22+78.24um,
sirastyla p=0.002) lokalizasyonlarda anlamli derecede daha ince tespit ettik. Orugluyken ve oruclu degilken ki durum arasinda RSLT kalinlig
acisindan istatistiki anlamli fark saptanmadi.

Sonug: Subfoveal ve perifoveal KK degerleri oruglu bireylerde oruclu degilken ki durumlarina gore anlamli derecede daha incedir. Bu durum
muhtemelen orug esnasinda koroidal vaskiiler yataktaki volim azalmasinin KK’nin incelmesine neden olmasindandir.

Anahtar Kelimeler: Koroidal kalinlik, arttirilmis derin goriintiileme, optik koherens tomografi, retina sinir lifi tabakasi, Ramazan orucu.

* This study was presented as a poster at the XXXIV Congress of the European Society of Cataract and Refractive Surgeons (2016).
* Bu ¢calisma, Avrupa Katarakt ve Refraktif Cerrahlar Dernegi’nin (2016) XXXIV Kongresinde poster olarak sunulmustur.
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INTRODUCTION

Ramadan is the 9" month of the Lunar (354 days) calendar
and therefore takes place 11 days earlier every year, to
coincide with any of the four seasons. Muslims refrain from
eating and drinking from dawn to dusk, i.e. for 12-17 h each
day, during this months."

Evaluation of the peripapillary retinal nerve fiber layer
(RNFL) and choroid thickness (CT) using spectral-domain
(SD) optical coherence tomography (OCT) has recently
been reported to provide valuable information. Changes in
the RNFL and CT have been found to be associated with
the pathogenesis in various ocular and systemic disorders.>®

The CT can be influenced by caffeine consumption,
spending time at high altitude, and the menstrual cycle in
healthy individuals while smoking can affect both CT and
RNFL thickness.”!?

The aim of our study was to evaluate the effects of hunger and
thirst on RNFL thickness and CT during Ramadan fasting.
As far as we are aware, this is the first study to evaluate the
effect of an approximately 16-hour period without food or
drink on RNFL thickness and CT.

MATERIAL AND METHOD

We compared the RNFL and CT values of fasting and
nonfasting healthy subjects. The cross-sectional study was
conducted at the Ophthalmology Department of Ahi Evran
University Training and Research Hospital on 42 eyes of 21
healthy volunteers. RNFL thickness and CT were evaluated
on a random day between the 1 and 3 weeks of Ramadan.
Written consent was obtained from all subjects after they
were informed about the study. The study was conducted
according to the principles of the Helsinki Declaration.
Enhanced depth imaging (EDI) OCT (Heidelberg

Engineering, Heidelberg, Germany) was used at the foveal
center and at 500 um, 1000 um, and 1500 pum away from
the foveal center temporally and nasally in each eye. CT
was measured using the EDI-OCT data from subfoveal
horizontal sections by the first ophthalmologist (AK) in all
subjects and the second ophthalmologist (RK) controlled the
reliability of the measurements.

The measurements were obtained at 3 PM to eliminate the
diurnal RNFL thickness and CT fluctuation.>' The choroidal
depth was manually measured as the distance between the
outer reflective retinal pigment epithelium (RPE) layer and
the inner sclera border (Figure 1).

The peripapillary RNFL thickness was automatically
segmented using the Spectralis software, version 6.3.3.0.

All patients underwent a full ophthalmological examination
including best-corrected visual acuity (BCVA) with
the Snellen chart, intraocular pressure measurement
with Goldmann applanation tonometry, biomicroscopy
and dilated fundus examination. Axial length (AXL)
measurements were carried out using optical low coherence
reflectometry (Lenstar LS 900, Haag-Streit AG, Koeniz,
Switzerland). Only patients with a BCVA of 20/20 were
included in the study. We also determined and recorded the
weight of all subjects while fasting and a month after the end
of Ramadan.

Exclusion criteria were a spherical equivalent value greater
than +1.0 D, a history of ocular surgery, ocular trauma,
anterior or posterior segment disease, smoking and alcohol
use, current hemodialysis, migraine, pregnancy, systemic
disorders such as hypertension and diabetes mellitus, and
using any ocular drug or systemic medication. These factors
were considered to influence the choroid and/or peripapillary
RNFL thickness. 711

Figure 1. Manual measurement of choroidal thickness in an EDI-OCT image.
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OCT Scan Protocol

The EDI-OCT procedure we used has previously been
described by Spaide.”® A Heidelberg SD-OCT device
(Heidelberg Engineering, Heidelberg, Germany) with
software version 6.3.3.0 was used. The device has a
superluminescent diode with a wavelength of 870 nm
and can obtain 40.000 A-scans per second with axial and
transverse resolutions of 7 and 14 um respectively. A foveal
area 1x30 degrees in size was used to obtain two high-quality
horizontal line scans through the fovea, averaging 100 scans
per section. The signal-to-noise ratio was maximized with
the automatic real-time averaging mode to ensure high-
quality images. The CT measurements were then obtained
from these images by manually measuring choroidal
depth (the distance between the outer reflective RPE layer
and the inner sclera border). The sections were measured
horizontally across the fovea at 500-pum intervals using
the digital calipers provided by the Heidelberg Spectralis
software up to measurement points 1500 um temporal and
1500 um nasal to the fovea (Figure 1).

A total of 100 averaged consecutive circular B-scans
(diameter of 3.5 mm, 768 A-scans) was used to measure
RNFL thickness was measured around the disc while
eye movement was compensated for using an online
tracking system. The Spectralis software version 6.3.3.0
automatically segmented the RNFL thickness (from the
inner margin of the internal limiting membrane to the outer
margin of the RNFL layer), providing a global average (G)
and the average thickness for each of the 6 sectors: temporal
(T), temporal-superior (TS), temporal-inferior (TI), nasal
(N), nasal-superior (NS), and nasal-inferior (NI) (Figure 2).

RNFL thickness and CT values of the fasting subjects were
recorded and then repeated a month later from the same
points using the set references mode.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation (SD). Normal distribution of the values was
verified with the Kolmogorov-Smirnov test before statistical
analysis. The Paired t test was used for parametric values
and the Wilcoxon test for non-parametric values. A p value
<0.05 was considered statistically significant.

RESULTS

The 21 healthy individuals consisted of 12 (57.14%) males
and 9 (42.86%) females, with a mean age of 35.15+3.92 (26-
40) years. There was no statistically significant difference
between the weights during fasting and a month after the
end of Ramadan with values of 61.58+6.91 (52-72.60) kg
and 61.32+6.82 (52.10-72.80) kg respectively (p=0.316).
Mean AXL measurements during fasting and one month

TS NS
129 101
(136)  (102)

Ti NI
139 108
(144) (108)

Within Normal Limits

Figure 2. Sample retinal nerve fiber layer scan produced by
the Spectralis device. The retinal nerve fiber layer thickness
in microns is represented by the numbers under the name of
each sector while the mean thickness obtained from adult
subjects in Spectralis’ normative database are provided in
parentheses.

after Ramadan were 23.95+0.89 mm and 23.95+0.90
mm respectively. This difference was also no found as
statistically significant (p=0.443). The CT was statistically
thinner in the fasting state than the nonfasting state at
the subfoveal location (Cg) (p<0.001), C_, (p<0.001),
CTIOOO (p=<0.001), CTISOO (p<0.001), CNSOO (p=0.001), CNIOOO
(p=0.003), and C,, (p=0.002). There was no statistically
significant difference between the RNFL thickness values in

the fasting and nonfasting state (Table 1).

DISCUSSION

Ramadan fasting may alter a variety of physiological
parameters which themselves influence the ocular system.'!°
Some previous studies have reported mostly anterior
segment changes in healthy individuals during fasting but
there are only a few studies on posterior segment changes.' A
study found significantly increased anterior chamber depth
during fasting compared with baseline measurements with
the values returning to baseline a month after Ramadan.!”
Axial length was reported to be significantly decreased
during fasting, again returning to baseline values a month
after Ramadan.'”!® In the present study, however, there was
no significant difference between fasting and non fasting
groups according to AXL measurements. The corneal
thickness presented a diurnal variation with smaller values
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Table 1. RNFL and CT values of the subjects
Location In Fasting State Nonfasting State P value
n=42 n=42

G (min-max) pm 101.90+10.88 101.37+10.48 0.097
(85-126) (84-124)

TS (min-max) pm 142.95+20.77 141.76+19.67 0.083
(107-186) (110-185)

NS (min-max) pm 115.59+£23.14 115.12+22.72 0.301
(79-168) (80-171)

TI (min-max) pm 152.12+17.79 151.80+18.41 0.589
(115-200) (116-119)

NI (min-max) pm 119.05+26.21 119.27+23.83 0.855
(70-178) (79-169)

T (min-max) pm 73.88+10.64 73.85+11.06 0.937
(58-101) (58-104)

N (min-max) pm 71.98+11.81 71.56+£10.71 0.281
(54-109) (51-107)

CSF (min-max) pm 363.61£72.67 370.88+£74.07 <0.001*
(231-488) (228-498)

CT500 (min-max) pm 352.68+73.26 362.85+74.74 <0.001*
(202-4919 (223-496)

CT1000 (min-max) pm 347.71£73.52 357.76+73.43 <0.001*
(172-492) (182-493)

CT1500 (min-max) pm 334.98+77.45 344.27+78.87 <0.001*
(146-489) (142-494)

CN500 (min-max) pm 347.71+£72.84 355.95+70.55 <0.001*
(219-494) (220-488)

C N1000 (min-max) pm 325.71£77.20 334.02+75.74 0.003*
(197-494) (203-478)

CN1500 (min-max) pm 298.22+76.79 305.22+78.24 0.002*
(185-444) (187-447)

G, global average RNFL thickness; T, temporal RNFL thickness; TS, temporal-superior RNFL thickness; TI, temporal-inferior RNFL thickness;

N, nasal RNFL thickness, NS, nasal-superior RNFL thickness, NI, nasal-inferior RNFL thickness; CSF, subfoveal choroidal thickness; CT,,

choroidal thickness at 500 um temporal to the fovea; CT,,, choroidal thickness at 1000 pm temporal to the fovea; CT ,, choroidal thickness

at 1500 um temporal to the fovea; CN, , choroidal thickness at 500 pm nasal to the fovea; CN, . choroidal thickness at 1000 um nasal to the

fovea; CN ., choroidal thickness at 1500 um nasal to the fovea; n, number of eyes.

in the evening and no significant difference between the
fasting and control periods. However, the major differences
were observed in anterior chamber depth and IOP with a
shallower anterior chamber and larger diurnal IOP difference
in the evening during the fasting period than the control
period, both statistically significant.'®

Fasting for more than 12 hours during Ramadan makes it
possible to investigate the posterior chamber response to
hunger and thirst. Inan et al. '’ used color Doppler ultrasound
imaging to study the effects of dehydration and fasting on
the blood velocity recordings from the orbital vasculature
and reported that the peak systolic velocity in the ophthalmic
artery (48.90 + 14.66 vs. 58.28 = 14.65 cm/s), central retinal
artery (16.88 + 4.30 vs. 24.24 + 6.45 cm/s), and temporal

short posterior ciliary artery (23.42 + 6.19 vs. 26.68 +
7.52 cm/s) was higher in nonfasting than in fasting healthy
subjects. The peak diastolic velocity of the central retinal
artery (6.69 = 2.15 vs. 9.32 £ 3.08 cm/s) was also higher in
nonfasting subjects.

We found statistically significantly lower subfoveal and
perifoveal CT values in the fasting state. We speculate that
the choroidal circulation and flow control are the same as
for the systemic circulation and that decreased choroidal
vascular bed volume while fasting would therefore decrease
the choroidal thickness. The changes in CT during fasting
were significant while those in RNFL thickness were not,
possibly because of the autoregulation system in the retina,
which is not as highly vascularized as the choroid.
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Mansouri et al.  had 28 healthy subjects drink 1000 ml
of water in 5 minutes (the water-drinking test) and then
measured the CT at the macula and optic disc 15, 30, 45
and 120 minutes later using swept-source OCT. They found
a maximum peripapillary and macular CT increase of 5.7%
and 4.3% respectively.

The choroid thickness decreased but RNFL measurements
did not show a significant change after hemodialysis in
another study and this was explained with the decreased
body weight due to the removal of fluid ?' They believed
that the change in CT without a significant change in RNFL
thickness following hemodialysis was due to the fact that the
choroid is highly vascularized but the subjects in the study
also suffered from systemic disorders such as diabetes.
Similarly, another study reported significant choroidal
thinning in non-diabetic end stage chronic renal failure
patients on hemodialysis with a high ultrafiltration volume.?

In conclusion, subfoveal and perifoveal CT values were
significantly lower in the fasting than the nonfasting state.
As far as we are aware, there has been no previous report
of choroidal thickness alterations in healthy subjects
undergoing religious fasting. Further studies are needed
to determine the effects of conditions that affect vascular
volume (such as fasting) on ocular disorders affecting the
choroid such as age-related macular degeneration and
polypoidal choroidal vasculopathy.
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