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Optical Coherence Tomography Angiography Findings in
Obese Women

Obez Kadinlarda Optik Koherens Tomografi Bulgulari
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ABSTRACT Objective: Microvascular changes accompanying obe-
sity can result in various complications in many organs. The aim of this
study is to investigate the retinal microvascular changes in obese
women by using optical coherence tomography angiography (OCTA),
which has become increasingly common in recent years. Material and
Methods: The study included a total of 61 female volunteers, 30 were
obese volunteers with a body mass index (BMI) of over 30 kg/m? with
no accompanying systemic disease and 31 were non-obese volunteers.
Results of OCT and OCTA examinations of the participants’ both eyes
were compared. Results: The mean age of the participants was 42.7 +
10 years in the obese group and 41.36 £ 10.73 in the non-obese group
(p=0.615). In the obese group, OCTA examinations revealed that reti-
nal vessel density (VD) in superficial capillary plexus and deep capil-
lary plexus was found to be lower in both eyes, compared to those of
non-obese group (p<0.05 for all). There was no significant difference
between the two groups in terms of foveal avascular zone (FAZ) mea-
surements. Similarly, no significant difference was observed between
the two groups in terms of peripapillary retinal nerve fiber layer thick-
ness, central macular thickness, and central macular volume measure-
ments. Conclusion: It was observed in the OCTA examinations that
superficial and deep retinal layer VD is lower in obese women and the
FAZ measurements are not affected. optical coherence tomography an-
giograph method was found to be beneficial in revealing the changes
occurred in microvascular structures accompanying obesity.
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OZET Amac: Obeziteye eslik eden mikrovaskiiler degisiklikler bir-
¢ok organda ¢esitli komplikasyonlara sebep olabilmektedir. Bu ¢alig-
manin amact kullanimi son senelerde giderek yayginlasan optik
koherens tomografi anjiografi (OKTA) cihazi esliginde obez kadinlarda
ortaya ¢ikan retinal mikrovaskiiler degisiklikleri arastirmakti. Gereg
ve Yontemler: Eslik eden herhangi bir sistemik rahatsizligi bulunma-
yan, beden kitle indeksi (BKT) degeri > 30 kg/m? olan 30 obez ile obez
olmayan 31 kadin goniillii caligmaya dahil edildi. Katilimeilarin her iki
gozlerine ait OKT ve OKTA incelemeleri karsilastirildi. Bulgular: Ka-
tilimeilarin yas ortalamalar1 obez grupta 42.7+10, obez olmayan grupta
41,36+10,73 y1l idi (p=0,615). OKTA incelemelerinde yiizeyel ve derin
kapiller pleksusta retina damar dansitesinin obez kadnlarin her iki goz-
lerinde de obez olmayan kadinlara gére daha diisiik oldugu gorildii
(hepsi igin p<0,05). Foveal avaskiiler zon (FAZ) 6l¢iimleri agisindan ise
her iki grup arasinda anlamli bir farklilik yoktu. Yine iki grup arasinda
retina sinir lifi tabakasi kalmligi, santral makular kalinlik, santral ma-
kular hacim 6l¢iimleri agisindan da anlamli bir farklilik mevcut degildi.
Sonug¢: OKTA incelemesinde obez kadinlardaki yiizeyel ve derin ta-
bakada yer alan retina damar dansitesinin daha diisiik oldugu, FAZ 61-
¢limlerinin ise etkilenmedigi saptanmistir. Obeziteye eslik eden
mikrovaskiiler yapilardaki degisiklikleri ortaya koymada OKTA basa-
rilt bulunmustur.

Anahtar Kelimeler: Obezite; retina; optik koherens tomografi
anjiografi

Being defined as the exceed of optimal body
mass index (BMI), obesity is a serious health problem
that is gradually increasing throughout the world and
may result in morbidity and mortality.! Molecular, ge-
netic, environmental, and behavioral factors are held

responsible for its etiology.? BMI is calculated by di-
viding the weight by the square of the height (kg/m?).
The upper limit is 25 kg/m? in adults. Those with a
BMI value of 25-30 kg/m? and of >30 kg/m? are con-
sidered as overweight, and obese, respectively.’

Correspondence: Erel (CEL
Erzincan Binali Yildirim University Faculty of Medicine, Department of Ophthalmology, Erzincan, TURKEY/TURKIYE
E-mail: dr_erel@hotmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Ophthalmology.

Received: 30 Oct 2019 Received in revised form: 03 Jan 2020 Accepted: 08 Jan 2020 Available online: 13 Jan 2020

2146-9008 / Copyright © 2020 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

218


https://orcid.org/0000-0001-7150-5581
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-4977-4942
https://orcid.org/0000-0001-5051-5713
https://orcid.org/0000-0001-8587-3430
https://orcid.org/0000-0002-8900-7043
https://orcid.org/0000-0002-9652-9317

Erel ICEL et al.

Turkiye Klinikleri J Ophthalmol. 2020;29(3):218-23

Obesity is known to be an important risk factor
for chronic diseases such as diabetes, hypertension,
dyslipidemia, osteoarthritis, cardiovascular diseases,
stroke, sleep apnea syndrome and various types of
cancer.* The ocular effects are not clearly defined, but
it has been reported to be associated with several dis-
eases such as glaucoma, cataract, age-related macu-
lar degeneration (ARMD) and diabetes-induced
retinopathy.>¢

Previous studies have reported that obesity af-
fects the microvascular bed in the body and as an
indication of this, there is a relationship between
the increased BMI and the narrower retinal arterio-
lar and wider venular calibers.”® In a study by Vil-
janen et al., constriction of retinal arteriolar and
expansion of venular calibers in obese patients who
underwent bariatric surgery was reported to im-
prove.?

Optical coherence tomography (OCT) and opti-
cal coherence tomography angiography (OCTA) are
common methods used for the diagnosis and follow-
up of retinal diseases. OCTA makes repetitive OCT
scans in a specific retinal area and provides a detailed
examination of the retinal vessels based on the move-
ments of the erythrocyte through vessels.” With this
feature, OCTA is a new, fast (compared to classical
angiography techniques), and non-invasive imaging
technique that does not require staining during
screening which is used to reveal vascular changes in
various ocular pathologies.'® In recent studies, it has
been shown that this method can provide significant
diagnostic opportunities particularly in ocular
pathologies such as age-related maculopathy, diabetic

retinopathy, and glaucoma.'"'”

To the best of our knowledge, OCTA findings
of obese cases have not been previously reported. The
purpose of this study was to investigate the probable
retinal microvascular and morphological changes in
obese female population.

I MATERIAL AND METHODS

This is a prospective study and it was approved by
the local ethics committee (Date:18.10.2018
No0:33216249-604.01.02-E.46279). Written informed
consent was obtained from all participants. The study
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was performed in concordance with the principles of
the 2008 Declaration of Helsinki.

Emmetropic patients older than 28 and younger
than 65 years of age, those with a BMI value of 30
kg/m? for at least five years, and those who had no
additional ocular disease were included in the study.
The control group consisted of healthy non-obese
emmetropic individuals who applied to ophthalmol-
ogy clinic for routine examination. Before the partic-
ipants were included in the study, detailed internal,
cardiological, rheumatological, psychiatric examina-
tions of were done and required blood tests (glucose,
thyroid parameters, cholesterol levels etc.) were re-
quested. The exclusion criteria were the presence of
any systemic disease like diabetes mellitus, primary
or secondary hypertension, coronary artery disease,
acute or chronic infection that may affect the meas-
urements, sleep apnea syndrome, liver or kidney dis-
eases, malignancy, pregnancy, alcohol use or
smoking. Patients who have any ocular pathology
were excluded from the study.

Detailed ophthalmological examination was per-
formed on all participants, including best corrected vi-
sual acuity, intraocular pressure, biomicroscopic
examination and fundus examination. For all cases,
OCTA images were obtained by a single physician by
using AngioScan OCT Angiography software on the
RS-3000 Advance OCT (Nidek, Japan) device. The
light source of this device has a wavelength of 880 nm
and has seven microns optical resolutions on the Z
axis, 20 microns on the XY axis, and a scanning speed
of 53,000 A-scans per second. The fovea is focused
on by using OCTA prototype internal fixation lamp
and 3x3 mm macula cubes each consisting of 256 B-
scans are generated. Nidek has a new version of soft-
ware for angioscan. With this device the macular,
peripapillary vascular density (VD) and foveal avas-
cular zone (FAZ) can be automatically calculated. In
the deep capillary plexus, FAZ area was calculated
manually because this measurement in this field can-
not be done automatically with this device.

FAZ and VD measurements in the superficial
capillary plexus (SCP) and deep capillary plexus
(DCP) were measured in both eyes of all participants.
OCTA images showing FAZ measurements in SCP
and DCP layers are shown in Figure 1a and Figure
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FIGURE 1a: OCTA image showing FAZ measurement in SCP layer.
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FIGURE 1b: OCTA image showing FAZ measurement in DCP layer.
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1b. If SSI quality was <7/10, the scan was repeated.
Retinal nerve fiber layer thickness (RNFLT), central
macular thickness (CMT) and central macular vol-
ume (CMV) were measured through OCT analysis.
Participants were divided into two groups as obese
and non-obese according to BMI values. The height
and weight measurements were performed using
the same measuring devices in order to provide
equivalence.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS ver-
sion 13.0.1 software (SPSS, Chicago, IL; license
n0:9069728, KTU Trabzon). The data were ex-
pressed as mean and standard deviation. One-Sam-
ple Kolmogorov-Smirnov test was used to determine
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whether the data was distributed normally. Differ-
ences in the groups were analyzed using the Inde-
pendent Samples #-Test. P <0.05 was considered
statistically significant.

I RESULTS

The study included 30 obese female volunteers with
BMI values over 30 kg/m? and 31 non-obese female
volunteers. The mean age of the obese group was
42.7+10 (min-max: 28-65) while the mean age of the
non-obese group was 41.36+10.73 (min-max: 28-65)
(p=0.615). The mean height of the obese group was
162.3745.9 cm (147-173 cm) while it was
161.74£5.17 cm (152-170 cm) in the non-obese
group (p=0.661). The mean weight of the obese
group was 91.14 £ 10.12 kg (min-max: 75-120 kg),
while the mean weight of the non-obese group was
59.93+10.23 (min-max: 43-84) kg (p<0.0001). The
mean BMI of the obese group was 34.5743.09 kg/m?
(min-max: 30.8-41.8 kg/m?) while it was 22.85+3.71
kg/m? (min-max: 17.4-30 kg/m?) in non-obese group
(p<0.0001). Based on these values, there was no sig-
nificant difference between the two groups in terms
of age and height, whereas weight and BMI values
were found to be statistically significantly different.

The FAZ and retinal VD measurements in SCP
and DCP, which were obtained by the OCTA device,
are presented in Table 1 separately for the right and
left eyes. There was no significant difference between
the groups regarding the FAZ measurements in SCP
and DCP layers, retinal VD measurements were
found to be lower in the obese group. There was no
significant difference between the two groups in
terms of RNFL, CMT and CMYV values. The results
are given in Table 1.

I DISCUSSION

The purpose of this study was to compare FAZ and
retinal VD measurements in SCP and DCP of obese
patients with non-obese healthy group. Retinal VD
measurement results of obese patients were found to
be significantly lower in SCP and DCP layers. To the
best of our knowledge, this is the first study in which
OCTA measurements of obese patients were com-
pared with the healthy group.
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OCTA analysis findings of the cases included in the study according to groups.

TABLE 1:

Parameters Obese (n=30)
FAZ SCP (mm?)

oD 0.39+0.16

0s 0.38+0.17
FAZ DCP (mm?)

oD 0.55+0.14

0s 0.54+0.18
Retinal vessel density SCP (%)

oD 29.29 + 3.86

0s 29+ 3.94
Retinal vessel density DCP (%)

oD 3524 +4.12

0s 33.69+4.12
RNFL (um)

oD 107.5£9.77

0s 107.23 +10.25
CMT (um)

oD 264.27 £22.91

0s 2639 + 22
CMV (mm?)

oD 9.09 +0.44

0s 9.09 + 0.59

Non-obese (n=31) P values
0.35 + 0.09 0.194
0.35+0.1 0.474
0.51+0.14 0.286
0.5+0.11 0.193

33.16 +4.32 <0.0001
3242 +3.77 0.001
38.67 +4.17 0.002
38.77+4.25 <0.0001
111.19+9.18 0.133
111.61+£10.17 0.099
260.19 + 13.87 0.403
264.06 + 16.55 0.974
9.22 +0.59 0.315
9.27 £ 0.55 0.211

FAZ: Foveal avascular zone, SCP: Superficial capillary plexus, DCP: Deep capillary plexus, RNFL: Retinal nerve fiber layer, CMT: Central macular thickness, CMV: Central macular

volume.

OCT-A, an enhancement of spectral-domain op-
tical coherence tomography (SD-OCT), provides ex-
haustive knowledge of the retinal and choroidal
microvascular composition. It can provide valuable
data with structural details of the retina.""* Tt is an ef-
fective method that can provide an understanding of
pathogenesis and detect early changes in diseases in
which retina is affected.'*!

Obesity, which is becoming gradually common
in the world, is a serious and complex medical con-
dition associated with behavioral, genetic, psycho-
logical and metabolic factors.'® Therefore,
investigation of its effects on ocular tissue is impor-
tant to prevent possible pathologies. In a study in the
literature, a negative correlation was reported be-
tween obesity and visual activity.!” Obesity, a multi-
factorial condition, is one of the well-known causes
of microvascular diseases and the basis of this rela-
tionship can be revealed by examining vascular tis-
sue.'® An examination of this relationship is also
important in terms of determining the ocular effects

of obesity, which has not been fully understood yet.
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Studies previously published in the literature
have shown that obesity can trigger ocular complica-
tions such as ARM or diabetic retinopathy by affect-
ing retinal microvascular structures.'” In a study by
Karti et al. including obese children, RNFL loss on
the optic disc due to obesity was determined.” In an-
other study, Koca et al. reported similar changes in
the optic disc in the obese children.?' Zarei et al. re-
ported in their study that RNFL thickness of the optic
disc decreased in patients with metabolic syndrome.?
In a study by Zhi et al. including diabetic obese mice,
retinal thickness and retinal blood flow were found to
decrease compared to normal mice. They have re-
ported that the reduced retinal thickness is particularly
between the nerve fiber layer (NFL) and the inner
plexiform layer (IPL). Although there was no signif-
icant decrease in retinal VD in this study, the decrease
in retinal blood flow was found to be significant.” In
compatible with the literature, RNFL thicknesses in
both eyes were found to be lower in obese patients in-
cluded in our study, however, this difference was not
statistically significant compared to non-obese group.
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In obese study group, retinal VD was observed to sig-
nificantly decrease in SCP and DCP layers. There was
no statistically significant difference between the
groups in terms of FAZ measurements. However, it
was observed that FAZ measurements were higher in
obese patients, although not significant.

High BMI values have been reported to cause
retinal dysfunction by affecting the retinal vascular
structure.'® Furthermore, the relationship between
obesity and ARM has been reported in many stud-
ies.>!? In the literature, it was reported that this rela-
tionship may be due to the systemic oxidative stress
developed secondary to hyperleptinemia caused by
obesity.* Studies on this subject have reported that
obesity is a risk factor for retinal diseases such as reti-
nal vein occlusion and diabetic retinopathy.?>-® In the
light of this information, it was thought that the mi-
crovascular injury caused by obesity-related oxida-
tive stress affects the retinal vascular structure of the
patients and accordingly affect the RNFL thickness
levels as well as FAZ and retinal vein density meas-
urements in SCP and DCP layers. Vascular density
measurements in superficial and deep layers were
found to be lower in obese patients and may be con-
sidered as early signs of ocular complications in these
cases. Although in this study is not statistically sig-
nificant, elevated FAZ measurements in obese pa-
tients may be a sign of macular status.

There are some limitations in the present study.
The number of participants was relatively small and
only female volunteers were included. Although, all
systemic evaluations of participants were done, sys-
temic blood pressure, thyroid parameters, HbAlc lev-
els which are the factors that may affect

measurements such as blood flow, CMT, CMV, have
not been reported. The fact that FAZ measurement in
the deep layer is not performed automatically is an-
other limiting factor.

I CONCLUSION

This study has revealed that retinal VD of obese pa-
tients, which were evaluated by using OCTA method
first time in the literature, decreased significantly and
FAZ measurements were found to be increased com-
pared to the healthy group. The pathologies that obe-
sity may cause as a result of retinal microvascular
changes can be detected in the early period non-in-
vasively via OCTA examination.
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