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ABSTRACT
Aim: To evaluate the effect of childhood obesity on choroidal structures with spectral-domain optical coherence tomography (SD-OCT).

Material and Methods: A total of 80 children (20 children per each group; healthy, overweight, obese, and morbid-obese) were included
in the study. Accompanying comorbidities such as insulin resistance, dyslipidemia, and metabolic syndrome were recorded. The
subfoveal choroidal thickness (SFCT) and choroidal vascularity index (CVI) measurements were obtained from SD-OCT images and
compared between groups.

Results: No notable differences were found between groups regarding the means of age and axial length (p=0.504, and p=0.805,
respectively). The SFCT medians (min-max) of healthy, overweight, obese, and morbid-obese children were 398.5 (319.0-453.5) um,
299.0 (274.7-387.0) pum, 295.5 (257.0-385.0) um, and 304.5 (272.2-386.0) um respectively. Overweight and obese children had thinner
choroid than non-obese healthy children (p=0.032). Besides, no significant correlation was observed between the severity of obesity and
SFCT (p=0.722). In terms of CV], total choroidal area, luminal area, and stromal area; no significant differences were found between
groups (p=0.710, p=0.452, p=0.221, and p=0.863, respectively). Obese children with dyslipidemia had thinner SFCT than those not have
dyslipidemia (292.0 (166-431) um vs 348.0(173-491) pm, p=0.003), while insulin resistance and metabolic syndrome had no effect on
SECT (p=0.336, and p=0.211, respectively).

Conclusion: Childhood obesity and accompanying dyslipidemia led to a decrease in SFCT without any significant change in the CVI.
However, the severity of obesity and having insulin resistance or metabolic syndrome had no effect on either SFCT or CVL. The thinning
in the SFCT may be related to microvascular disorders due to childhood obesity and dyslipidemia.
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Cocukluk Cag1 Obezitesinin Koroidal Yapilar Uzerine Etkisinin Degerlendirilmesi

oz

Amag: Cocukluk ¢ag1 obezitesinin koroidal yapilar tizerindeki etkilerini spektral domain optik koherens tomografi ile degerlendirmek.
Gereg ve Yontemler: Calismaya her gruptan (saglikli, fazla kilolu, obez ve morbid-obez) 20’ ser toplamda 80 ¢ocuk dahil edildi.
Olgularin insiilin direnci, dislipidemi ve metabolik sendrom gibi komorbiditelerinin varlig: kaydedildi. Olgularin optik koherens
tomografi gériintiilerinden elde edilen subfoveal koroid kalinligi (SFKK) ve koroid vaskiilarite indeksi (KVI) degerleri kargilastirildi.

Bulgular: Gruplar yas ve aksiyel uzunluk ortalamalar1 agisindan benzer bulundu (sirasiyla p=0,504 ve p=0,805). Saglikly, fazla kilolu,
obez ve morbid-obez ¢ocuklarda medyan (min-maks) SFKK sirasiyla 398,5 (319,0-453,5) um, 299,0 (274,7-387,0) pum, 295,5 (257,0-
385,0) um ve 304,5 (272,2-386,0) um idi. Fazla kilolu ve obez ¢ocuklarda SFKK saglikli ¢ocuklara gore daha inceydi (p=0,032). Ancak
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Childhood Obesity and Choroidal Vascularity Index

obezite siddeti ile SFKK istatistiksel olarak iligkili bulunmadi (p=0,722). Gruplar arasinda KVI, toplam koroid alani, luminal alan ve
stromal alan agisindan anlamli fark yoktu (sirasiyla p=0,710, p=0,452, p=0,221 ve p=0,863). Dislipidemisi olan obez ¢ocuklarda SFKK,
dislipidemisi olmayanlara gore daha diisiik bulundu (292,0(166-431) um vs 348,0(173-491) um, p=0,003). Eslik eden insiilin direnci ve
metabolik sendrom varliginin ise SFKK iizerine etkisi gozlenmedi (p=0,336 ve p=0,211, sirasiyla).

Sonug: Cocukluk cag1 obezitesi ve eslik eden dislipidemi varligi, KVi'de herhangi bir anlamli degisiklik yapmadan SFKK'de azalmaya
yol agmaktadir. Ancak obezite siddeti ve eslik eden insiilin direnci veya metabolik sendroma sahip olmanin SFKK veya KVI iizerinde
etkisi gozlenmemistir. SFKK parametresinde incelme goriilmesi ¢ocukluk ¢agi obezitesi ve dislipidemi varligina bagli mikrovaskiiler

bozukluklar ile iligkili olabilir.

Anahtar Sozciikler: Cocukluk ¢agi obezitesi, Koroid vaskiilarite endeksi, Subfoveal koroid kalinligi, Optik koherens tomografi

INTRODUCTION

Childhood obesity is a global health problem that affects the
whole world, regardless of gender and ethnicity. It is esti-
mated that around 10% of children younger than 5 years
of age worldwide are overweight and obese (1). Obese indi-
viduals are at serious risk for certain comorbidities such as
diabetes mellitus type 2, cardiovascular disease, metabolic
syndrome etc. (2-4). Those comorbidities, especially DM,
have been shown by optic coherence tomography (OCT) to
affect retinal layers (5-7).

The vascular network is an important system affected by
obesity, both morphologically and functionally (8). Ocular
vasculature and blood flow are also affected by obesity-re-
lated potential endothelial dysfunction and vascular dam-
age (9). Therefore, assessing the choroid—one of the body’s
most vascularized tissues—might be an essential measure
of the microvascular changes associated with obesity. Thus
far, the impact of obesity on the choroid has been assessed
through changes in subfoveal choroidal thickness (SFCT)
(10-15). Nevertheless, SFCT is influenced by a variety of
circumstances and is unable to offer comprehensive details
regarding the choroid’s vascular and stromal organization
(16,17). Recently, a more solid biomarker called the cho-
roidal vascularity index (CVI) has been introduced. It is
based on the binarization of enhanced depth imaging (EDI)
mode of spectral domain-optical coherence tomography
(SD-OCT) images and provides details on the proportion-
al alteration of the choroid’s stromal and luminal vascular
components (18). Thus, the current study is designed to
evaluate the effect of childhood obesity on choroidal vascu-
lar structures for the first time in the literature.

MATERIAL and METHODS

This prospective cross-sectional study was conducted in
compliance with the principles of the Declaration of Hel-
sinki at the Ophthalmology and Pediatric Endocrinology
Departments of Zonguldak Bulent Ecevit University Facul-
ty of Medicine after the approval of the Ethics Committee

of Zonguldak Bulent Ecevit University (2022/06-09). In-
formed consent and oral assent were received from the legal
guardians of the participants.

The children examined in the Department of Pediatric En-
docrinology between March and July 2022 were included in
the study. A scale and a stadiometer (Seca, Chino, CA) were
used to measure body weight and height with patients wear-
ing light clothes. Body mass index was computed by division
of the weight by the square of the height (kg/m?) and the
body mass index standard deviation score (BMI-SDS) was
categorized using the age and sex-adjusted standard growth
charts of Turkish children (19). According to BMI-SDS val-
ues children were classified into 4 groups: non-obese group
if the BMI-SDS is between -1 and 1; overweight group if
the BMI-SDS is between 1-2; obese group if the BMI-SDS
is between 2-3; and morbid-obese group if the BMI-SDS is
>3. The study group consists of overweight, obese, and mor-
bidly obese groups while the non-obese group was accepted
as the control group. 20 children per each BMI-SDS group
were referred to Ophthalmology Department.

Blood pressure measurements of the children were taken
while seated following of 5-minute rest period. Obese chil-
dren underwent blood sample collection in the morning
following an overnight fasting period. These samples were
then analyzed for serum insulin levels, plasma glucose levels,
and plasma lipid profiles. According to homeostasis model
assessment of insulin resistance (HOMA-IR), a HOMA-IR
score of >2 was accepted to indicate insulin resistance (20).
Endocrine Society Clinical Practice Guideline was used to
determine dyslipidemia (21). Metabolic syndrome (MS)
was diagnosed according to International Diabetes Feder-
ation criteria for children (22).

All children underwent a complete ophthalmic examina-
tion between 9-11 am by the same ophthalmologist (TGE)
including axial length measurement with optical biometer
(Optical Biometer AL-Scan, Nidek Co., Japan) and EDI
mode of OCT imaging with the SD-OCT device (Spectralis,
Heidelberg Engineering, Heidelberg, Germany).
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Children with systemic diseases such as diabetes mellitus
and autoimmune diseases or significant ophthalmologi-
cal diseases, amblyopia, BCVA < 20/20, poor image qual-
ity, and young children unable to cooperate for OCT were
among the exclusion criteria for this study.

Binarization of EDI-OCT images was performed using the
method reported by Tan et al. (23). ImageJ 1.51 program
(National Institutes of Health, Bethesda, MD, USA) was
used for analyzing horizontal subfoveal EDI-OCT images.
The distance from the lower margin of the retinal pigment
epithelium (RPE) to the scleral border at the subfoveal re-
gion was recorded as the SFCT. A perpendicular line over-
lay was drawn through the fovea’s center using the line tool.
A total choroidal area (TCA) was defined by drawing two
750 pm lines from the fovea's center to both sides, covering
a total of 1500 pm. The polygon’s three vertices were posi-
tioned on the TCA’s upper and below borders. The TCA’s
lower boundary was traced at the choroid-scleral junction,
whereas its upper border was traced along the lower mar-
gin of RPE (Figure 1A). The EDI-OCT picture/image was
first converted to an 8-bit format and then thresholded us-
ing Niblack’s thresholding approach to binarize the images
(Figure 1B). After that, the image was converted back to red,
green, and blue. Black pixels, which represent the luminal
(vascular) region (LA), were then demarcated with the color
threshold tool. White pixels, representing the stromal area
(SA), were generated by computing the differences between
the TCA and LA. Lastly, the ratio of LA to TCA was used
for determining CVL

Statistical Analysis

Data analysis was performed with IBM SPSS 23.0 software
(SPSS Inc. Chicago, USA). Descriptive statistics were used
to summarize the data. For categorical variables, frequen-
cies and percentages were utilized, while for continuous
variables, mean + standard deviation and median with
minimum-maximum value were reported. The normalcy
of the data was assessed using the Kolmogorov-Smirnov
test. When comparing independent groups of continuous
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variables, data with a normal distribution were analyzed
using one-way ANOVA, while data with non-normal dis-
tributions were subjected to the Kruskal Wallis test. The
categorical variables were compared between groups us-
ing the Chi-Square test. If necessary, pairwise comparisons
were made using the Mann-Whitney U test and evaluated
using the Bonferroni correction. Statistical significance was
defined as p<0.05. G-Power 3.1.9.7 software was used for a
power analysis, which revealed a power of 81.1% to detect
an effect size of f=0.3 with a total sample size of 80 for the
four groups.

RESULTS

The demographic, anthropometric, and ocular characteris-
tics of the children in control and study groups (20 children
for each SDS group) are shown in Table 1. No statistical-
ly significant differences between groups were found in
terms of age, gender distribution, and axial length (p=0.504,
p=0.493, and p=0.805 respectively). Of the children in the
study group, 44 (73%) had insulin resistance, 25 (41%) had
dyslipidemia, and 15 (25%) had metabolic syndrome. The
distribution of comorbidities in obese children is shown in
Table 2.

Measurements of choroidal structural parameters are
shown in Table 3. The medians (min-max) of SFCT in
healthy, overweight, obese, and morbid-obese children
were 398.5 (319.0-453.5) pum, 299.0 (274.7-387.0) um, 295.5
(257.0-385.0) um, and 304.5 (272.2-386.0) um respectively.
Children in the study group had thinner SFCT compared to
non-obese healthy children (p=0.032). There was no statis-
tical correlation between the severity of obesity and SFCT
(p=0.722). The groups showed no significant differences re-
garding CVI, TCA, LA, and SA (p=0.710, p=0.452, p=0.221,
and p=0.863, respectively).

The effects of comorbidities on choroidal parameters in
obese children are shown in Figure 2 and Figure 3. Obese
children with dyslipidemia had lower SFCT than those
without dyslipidemia dyslipidemia (292.0 (166-431)um vs
348.0 (173-491)pum, p=0.003), while neither IR nor MS had

interest outlined.
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Table 1: Demographic and anthropometric data of participants.

Control Group Study Group
Healthy (n=20) Overweight (n=20) Obese (n=20) Morbid-obese (n=20) v
Age, years=SD 10.5+0.7 11.0£5.6 11.0£2.1 11.82+5.6 0.504"
Gender
Female 10 12 14 11 0.493"
Male 10 8 6 9
Weight, kg+SD 42.1£16.6 52.3t13.4 65.6£13.9 81.6+£22.3 <0.001"
Height, cm+SD 146.6+18.5 149.7+9.8 151.0£11.0 151.949.6 0.393"
BMI-SDS+SD 0.1£0.7 1.6+£0.2 2.5+0.1 3.3+0.4 <0.001"
Axial length, mm=*SD 22.96+0.9 23.11+0.1 23.30+0.6 23.10+0.06 0.805"
BMI-SDS: Body mass index standard deviation score, ANOVA test, “Chi-square test.
Table 2: Frequencies of comorbidities in the study group.
Comorbidities Overweight (n=20) Obese (n=20) Morbid-Obese (n=20) Total (n=60)
Insulin Resistance 15 (75%) 16 (80%) 12 (60%) 43 (73%)
Dyslipidemia 8 (40%) 9 (45%) 8 (40%) 25 (41%)
Metabolic Syndrome 7 (35%) 4 (20%) 2 (10%) 13 (21%)
Table 3: Choroidal parameters according to the obesity severity.
Control Group Study Group N
Healthy (n=20) Overweight (n=20) Obese (n=20) Morbid-obese (n=20) Y
SECT, pm 398.50 (319.0-453.5) 299.00 (274.7-387.0) 295.50 (257.0-385.0) 304.50 (272.2-386.0) 0.032
CVI (%) 67.61 (66.5-70.5) 66.87 (64.1-69.1) 67.85 (64.2-71.0) 67.56 (66.2-69.5) 0.714
TCA, mm? 0.47 (0.45-0.60) 0.45 (0.38-0.52) 0.51 (0.42-0.60) 0.49 (0.46-0.57) 0.456
LA, mm? 0.32 (0.30-0.39) 0.30 (0.25-0.34) 0.35(0.29-0.38) 0.33(0.30-0.38) 0.224
SA, mm? 0.14 (0.13-0.20) 0.15(0.11-0.19) 0.15 (0.12-0.19) 0.16 (0.14-0.20) 0.862

SFCT: Subfoveal choroidal thickness, CVI: Choroidal vascularity index, TCA: Total choroidal area, LA: Luminal area, SA: Stromal area, Kruskal
Wallis test.
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Figure 2: Effect of comorbidities on subfoveal choroidal thickness. Participants with dyslipidemia had lower subfoveal choroidal
thickness. Having insulin resistance or metabolic syndrome had no effect on subfoveal choroidal thickness.
+: Having the co-morbidity; -: Not having the co-morbidity. Mann-Whitney U test
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Figure 3: Effect of comorbidities on choroidal vascularity index. None of the comorbidities had a significant effect on the choroidal

vascularity index in the study group.

+: Having the co-morbidity; -: Not having the co-morbidity. Mann-Whitney U test

asignificant effect on SFCT (p=0.336, p=0.211, respectively)
(Figure 2). The presence of IR, dyslipidemia, or MS also had
no significant effect on CVI in the study group (p=0.472,
p=0.253, and p=0.602, respectively) (Figure 3).

DISCUSSION

The present study found that overweight and obese children
have thinner SFCT compared to healthy children. Howev-
er, there was no relationship between the severity of obesity
and SFCT. In addition, no significant differences in CVI,
TCA, LA, and SA were observed between groups.

Obesity is a multifactorial condition and affects several
organ systems. It has been reported that atherosclerotic
changes in the macrovascular system such as increased in-
tima-medial thickness and arterial stiffness begin even in
childhood (24,25). Takiuchi et al. also revealed that obesi-
ty-associated microvascular and macrovascular alterations
arerelated (26). Structural changes in the retinal vasculature
of obese people without hypertension and diabetes were
also documented in the Blue Mountains Eye Study (27).
The same microvascular deterioration was also observed in
obese children (28, 29). Tenlik et al. also revealed that thick-
nesses of macular ganglion cell-inner plexiform layer and
the retinal nerve fiber layer were inversely correlated with
the severity and duration of childhood obesity (30).

In addition to retinal vasculature, the choroid had been also
evaluated to reflect microvascular changes in obesity but
the results are controversial. The Copenhagen Child Cohort
2000 Eye Study showed that SECT increased with height in
both boys and girls, and with weight in girls only, but no
correlations were observed between SFCT and BMI (31).
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In contrast, some recent studies revealed that compared to
healthy controls, obese children’s choroids were noticeably
thinner (12-14). Our results also showed significant cho-
roidal thinning in obese children in comparison to healthy
subjects.

Sympathetic and parasympathetic mechanisms play a pivot-
al role in regulating of the choroidal circulation (32). High
BMI is known to disrupt these vasoregulation mechanisms
mechanisms by increasing vasoconstrictor molecules such
as angiotensin-II and endothelin-1, and reducing vasodila-
tors such as NO (33,34). The decrease in NO levels can lead
to increased choroidal vascular resistance, reduced blood
flow, and ultimately decreased choroidal thickness (35-37).
The other proposed histopathological theory for microvas-
cular damage is based on the oxidative stress phenomenon,
in which the overproduction of free oxygen radicals due to
increased mitochondrial and peroxisomal fatty acid oxida-
tion results in interaction with proteins, large molecules like
DNA, and ultimately results in vascular endothelial cell im-
pairment (38).

In the current study, it’s found that obese children had low-
er SFCT than healthy controls. In addition to the possible
mechanisms written above having comorbidities such as IR
and dyslipidemia may also affect the results. Esmalpour et
al. showed a significant SFCT thinning in diabetic adults
without retinopathy, suggesting that diabetic choroidop-
athy may begin before diabetic retinopathy (39). We also
found that obese children with dyslipidemia, which is an-
other atherosclerotic risk factor, had thinner SFCT. In our
cohort, a significant proportion of obese children had IR
(73%) and dyslipidemia (41%). By this aspect, these comor-
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bidities may have an additional effect on choroidal thinning
in obese children.

There are few studies evaluating the association between
CVI and obesity and they both revealed no significant
change in CVI with rapid weight loss with surgery in mor-
bidly obese patients (40,41). Similarly, the present study
showed no significant change in the CVI by obesity and its
degree. Although a notable decrease was observed in SFCT,
the lack of significant changes in TCA and LA suggests that
the vascular region in the choroid is affected at a similar rate
to the stromal region.

This study has a number of limitations. First, even though
the sample size is sufficient to make statistical inferences,
it may be relatively small to apply the findings to all obese
children. More comprehensive investigations with larger
study populations and epidemiological data may produce
more reliable findings. Second, OCT measurement variabil-
ity and imperfections could introduce bias. Therefore, more
sophisticated methods are required to study choroidal tis-
sue. Finally, due to the cross-sectional design of the present
study, a prospective investigation with a longer follow-up
time might yield more accurate results and implications for
the future.

To our knowledge, this is the first study to investigate the
effects of childhood obesity on CVI. These results, show-
ing a decrease in SFCT without a significant change in CVI
despite varying obesity severity, are important for under-
standing how childhood obesity affects choroidal structure
and vascularization.
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