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Abstract
Background  Childhood obesity is a growing public health concern, associated with several systemic disorders 
including changes in retinal microvasculature. This study aims to assess the relationship between body composition, 
biochemical markers, and retinal microvascular changes in obese children.

Methods  In this cross-sectional study, 45 overweight and obese children and 46 age- and sex-matched healthy 
individuals were evaluated. In addition to physical examination, anthropometric measurements were obtained using 
a body composition analyzer. A comprehensive ophthalmic assessment was conducted for all participants, which 
included advanced optical biometry, autorefractometry, visual acuity testing, and slit-lamp examination. Retinal 
microvasculature was assessed using optical coherence tomography angiography (OCT-A). Biochemical markers, 
including lipid profile, liver function tests, and CRP (as marker of inflammation), were also analyzed.

Results  The mean ages were 10.18 and 9.40 years in the obese/overweight and normal weight groups, respectively. 
Increased foveal thickness (p = 0.04) and foveal vessel density (p = 0.01) in the superficial capillary plexus, and 
decreased vessel density in the inferior parafoveal region of the deep capillary plexus (p = 0.03) were observed in 
obese/overweight children. Adjusted and crude regression analysis showed significant associations between body 
mass index, percent body fat, fasting blood glucose, and serum alanine transaminase levels with foveal vessel density, 
as well as between body mass index and serum triglycerides levels with foveal thickness.

Conclusions  Our findings suggest that childhood obesity is associated with significant alterations in retinal 
microvasculature. We propose that retinal health assessments and biochemical evaluations be considered in the 
clinical management of obese children.
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Introduction
Childhood obesity has become a major public health 
challenge in both developing and developed countries [1]. 
Currently, one-third of children and adolescents in the 
United States are classified as either overweight or obese 
[2]. The prevalence of obesity has risen over the past few 
decades, especially following the COVID-19 pandemic, 
which has been associated with increased rates of child-
hood obesity globally [3]. As obesity becomes more com-
mon, the prevalence of obesity-related diseases has also 
risen. Therefore, it is crucial for healthcare providers to 
identify obese children at early stages to provide neces-
sary counseling and treatment. Furthermore, early detec-
tion of obesity-related diseases is essential. It has been 
demonstrated that childhood obesity is associated with 
a range of comorbidities, including cardiovascular, endo-
crine, gastrointestinal, neurologic, and psychosocial dis-
orders [1].

Despite growing concerns over the increasing preva-
lence of childhood obesity, obesity-related ocular dis-
eases in this population have not been sufficiently 
studied. Recent studies using optical coherence tomog-
raphy angiography (OCT-A) have highlighted potential 
associations between childhood obesity and changes in 
the retinochoroidal microvasculature [4, 5]. This non-
invasive imaging technique has emerged as a valuable 
tool for visualizing the microvasculature of the retina and 
choroid, enabling the identification of early alterations 
in the superficial capillary plexus (SCP), deep capillary 
plexus (DCP), choroid, and optic nerve head [6]. Nota-
bly, studies have reported increased macular vessel den-
sity in the foveal and parafoveal regions within the SCP 
and DCP in obese children [4, 5, 7]. In addition to vessel 
density, significant changes have also been observed in 
choroidal thickness at various measurement points and 
in the retinal nerve fiber layer (RNFL) thickness among 
children with obesity [8, 9]. Moreover, the central retinal 
venular equivalent (CRVE) and central retinal arteriolar 
equivalent (CRAE), which are standardized measures 
used to assess the average diameters of retinal venules 
and arterioles, were significantly altered in children with 
overweight and obesity [10, 11].

In addition to ocular comorbidities, studies have shown 
that the prevalence of metabolic syndrome increases with 
the severity of obesity in children. Elevated plasma levels 
of triglycerides, low-density lipoprotein (LDL), choles-
terol, fasting blood glucose (FBG), and C-reactive protein 
(CRP) have been observed among obese children [12].

While valuable findings have been reported on the 
alterations in retinal microvasculature in children with 
obesity, our knowledge on this subject remains insuffi-
cient. Previous studies have been limited by small sam-
ple sizes or inadequate measurement of key variables. 
In this study, we addressed these gaps by using a body 

composition analyzer to accurately measure body mass 
index (BMI), percent body fat (PBF), and skeletal muscle 
index (SMI). Furthermore, we evaluated the SCP, DCP, 
RNFL, and ganglion cell complex (GCC) using OCT-A, 
as well as advanced optical biometry and refractometry 
techniques. To explore potential association between 
ocular findings and metabolic syndrome-related labora-
tory tests, we measured blood glucose level, lipid profiles, 
and other relevant biomarkers.

Methods
Study population
This cross-sectional study was conducted from July 2023 
to August 2024 at Feiz eye hospital, affiliated with Isfa-
han University of Medical Sciences, Isfahan, Iran. Partici-
pants were selected from pediatric clinics during routine 
growth check-ups and subsequently referred to the hos-
pital for further assessment. A total of 45 overweight and 
obese children aged 5 to 15 years were enrolled, along 
with 46 age- and sex-matched healthy children. Obesity 
status was determined based on the WHO 2007 growth 
reference for children aged 5–19 years, defining over-
weight as a BMI > 1 standard deviation (SD), and obesity 
as a BMI > 2 SD above the median for age and sex [13]. 
Participants were excluded from the study if they had any 
of the following conditions: amblyopia, history of ocular 
surgery or trauma, nystagmus, glaucoma, uveitis, strabis-
mus or refractive error exceeding 2 diopters (D). In addi-
tion, children with known endocrine disorders, such as 
diabetes or hyperthyroidism/hypothyroidism and those 
with neurological, renal or immune diseases were also 
excluded. Participants with head or neck injuries that 
prevented proper positioning during examinations were 
further excluded from the study.

This study was approved by the Ethics Committee of 
Isfahan University of Medical Sciences, Isfahan, Iran 
(ethical code: IR.ARI.MUI.REC.1402.148). Oral assent 
was obtained from children, and written informed con-
sent was obtained from their parents or legal guardians. 
All procedures carried out in the study were conducted 
in line with the Declaration of Helsinki [14].

Anthropometric measurements
Anthropometric indices including weight, BMI, Body Fat 
Mass (BFM), Percent Body Fat (PBF) and Skeletal Muscle 
Index (SMI) were measured using InBody 270 body com-
position analyzer (InBodyUSA, Cerritos, CA). Weight 
was measured with the child standing upright, barefoot 
and in light clothing, with the scale placed on a flat, hard 
surface for accuracy. Measurements were recorded to the 
nearest 0.1 kg. Moreover, circumferences of the hip and 
waist were measured using a Seca 201 measuring tape 
(Seca GmbH & Co, Hamburg, Germany).
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Ocular imaging and examination
All participants were subjected to a comprehensive oph-
thalmic assessment including advanced optical biometry, 
OCT-A, autorefractometry, visual acuity (VA) testing 
and slit-lamp examination.

Initially, all children were given a thorough examina-
tion of the anterior segment using a binocular slit-lamp 
(Haag-Streit AG, Köniz, Switzerland), and participants 
who showed signs of abnormalities, such as keratitis or 
conjunctivitis, were excluded from the study. Subse-
quently, visual acuity was assessed using the Tumbling E 
eye chart, with results converted to the logarithm of the 
minimum angle of resolution (logMAR) for standard-
ized analysis. Refractive errors (sphere, cylinder and 
axis) were then measured by a Topcon KR-8900 autore-
fractometer (Topcon, Tokyo, Japan). Besides, given the 
potential influence of anterior segment ocular diseases 
such as keratoconus on OCT-A images [15], optical 
biometry parameters, including keratometry and axial 
length, were evaluated using the IOLMaster 700 (Carl 
Zeiss Meditec AG, Jena, Germany), and participants 
with abnormal biometry values suggestive of keratoconus 
were excluded to minimize potential confounding effects 
on the OCT-A measurements.

OCT-A was performed on all participants by a sin-
gle experienced technician using the Optovue Angi-
oVue system (Optovue Inc., Fremont, CA) under 
standardized conditions. This device, with a scan rate of 
70,000  A-Scan/Second, provides high-resolution (5  μm) 
imaging of the retinal microvasculature. A 6 × 6 mm scan 
centered on the fovea and a 4.5 × 4.5 mm scan centered 
on the optic nerve head (ONH) were performed on both 
eyes. The AngioVue software automatically segmented 
the retinal layers into the SCP and DCP. Quantitative 
assessments involved measuring vessel density and mac-
ular thickness through the foveal, parafoveal and perifo-
veal regions. Furthermore, peripapillary RNFL thickness 
was measured in the superior, inferior, nasal and tempo-
ral quadrants, as well as GCC and foveal avascular zone 
(FAZ) area. Figure 1 depicts OCT-A images.

Biochemical measurements
For biochemical analysis, 6 mL venous blood was drawn 
from children. All serum samples were analyzed for FBG, 
total cholesterol, triglycerides, LDL, alanine aminotrans-
ferase (ALT), complete blood count (CBC), Vitamin D 
(25-hydroxycholecalciferol), CRP, and total antioxidant 
capacity (TAC).

Covariate assessment
To account for potential confounding factors, such as 
physical activity and screen time [16], information on 
these variables was obtained from parents. Screen time 
was defined as the total time spent on electronic devices, 

including watching television, playing video games and 
using computers, tablets or smartphones. Parents were 
asked to report their children’s average daily screen time 
over the past week. Physical activity was defined as any 
structured or unstructured exercise, sports or recre-
ational activities involving moderate to vigorous physical 
exertion, such as running, swimming, cycling and also 
participation in sports clubs. Considering the potential 
influence of axial length on OCT-A parameters [17], we 
assessed optical biometry measurements and incorpo-
rated axial length as a covariate in our analysis regarding 
its potential confounding effects.

Statistical analysis
Analysis was performed using IBM SPSS statistics 
software (Version 25.0. IBM Corp, USA). Categori-
cal (qualitative) variables are presented as percentages 
and continuous (quantitative) variables are shown as 
mean ± standard deviation (SD). The normality of the 
continuous data was assessed using the Kolmogorov–
Smirnov (K–S) test; depending on the results, either 
Student’s t-test or Mann-Whitney U test was applied. 
OCT-A was performed on both eyes of all participants, 
and the mean value for each parameter from both eyes 
was used in the analysis. Furthermore, adjusted and 
crude linear regression analysis was conducted to assess 
the significance of association between foveal parameters 
and biochemical parameters. A p-value of less than 0.05 
was considered statistically significant.

Results
Patient characteristics
A total of 91 subjects were included in the final analy-
sis, comprising 45 overweight/obese and 46 normal 
weight children. There were 50 (54.9%) males and 41 
(45.1%) females in the study, with a mean age (years) of 
9.78 (median: 10.00). There were no statistically signifi-
cant differences in gender or age between two groups. 
Conversely, significant differences were observed regard-
ing BMI (p < 0.01), PBF (p < 0.01) and waist-to-hip ratio 
(WHR; p = 0.01) between groups. While no significant 
difference was observed in screen time (p = 0.09), the 
normal weight group had significantly higher physical 
activity time (p < 0.01). The demographic and anthropo-
metric characteristics of the participants are presented in 
Table 1.

Biochemical profile
In the biochemical analysis, no significant differences 
were observed in the serum levels of FBG (p = 0.26), 
total cholesterol (p = 0.14), vitamin D (p = 0.24), or CBC 
parameters. However, the overweight/obese group had 
significantly higher levels of triglycerides (p < 0.01), 
LDL (p = 0.01), ALT (p < 0.01), CRP (p < 0.01), and TAC 
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(p = 0.04) compared to normal weight group. The bio-
chemical profile results are summarized in Table 1.

Ocular imaging outcomes
All participants were subjected to a comprehensive 
ophthalmic assessment. No statistically significant dif-
ferences were observed in uncorrected visual acuity 
(UCVA) between the groups (OD: p = 0.19, OS: p = 0.63). 
Similarly, no significant differences were found in autore-
fractometry parameters (sphere, cylinder, and spherical 

equivalent) as well as biometric parameters. The biomet-
ric and refractive parameters of the groups are presented 
in additional file 1.

The whole image SCP vessel density was 50.97 ± 3.09 
and 50.27 ± 2.25 in the obese/overweight and nor-
mal weight groups, respectively (p = 0.24). However, 
obese children were found to have a significantly higher 
SCP vessel density in the foveal Sect.  (24.29 ± 5.44 vs. 
21.51 ± 4.62, p = 0.01), as well as the superior perifo-
veal region (51.67 ± 3.86 vs. 50.46 ± 3.09, p = 0.04). No 

Fig. 1  Illustration of OCT-A images: (A) Foveal avascular zone (FAZ), (B) Superficial capillary plexus (SCP) vessel density, (C) Deep capillary plexus (DCP) 
vessel density, (D) Ganglion cell complex (GCC) thickness map, and (E) Peripapillary retinal nerve fiber layer (RNFL) thickness
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significant differences in vessel density were observed in 
other SCP sections.

In the DCP, no significant differences were observed in 
vessel density across the whole image (p = 0.28), as well 
as in the foveal and perifoveal regions. However, obese 
children showed a significantly lower vessel density in the 
inferior parafoveal region (p = 0.03). Furthermore, macu-
lar thickness was measured using OCT-A, and it revealed 
that obese/overweight children had significantly higher 
foveal thickness compared to normal weight participants 
(243.65 ± 18.46 vs. 235.94 ± 14.04, p = 0.04). Detailed 
results for SCP and DCP vessel density, along with macu-
lar thickness, are provided in Table 2.

Additional OCT-A parameters were also assessed, 
and no statistically significant differences were found 
between the groups for GCC thickness, peripapillary 

RNFL thickness, or FAZ area. Detailed information on 
these variables is presented in additional file 2.

Predictors of foveal parameters
A linear regression analysis was performed to assess the 
association between foveal parameters and anthropo-
metric and biochemical variables. The adjusted analysis 
revealed that obesity, higher PBF, and elevated ALT and 
FBG levels were associated with higher SCP foveal vessel 

Table 1  Demographic, anthropometric and biochemical 
characteristics of participants
Variable Obese/over-

weight group 
n = 45

Normal weight 
group n = 46

p-
value

a. Demographic and anthropometric characteristics
Gender, n (%) 0.83
  Male 24 (53.3) 26 (56.5)
  Female 21 (46.7) 20 (43.5)
Age (years), Mean ± SD 
(Median)

10.18 ± 3.07 
(10.00)

9.40 ± 2.87 (9.50) 0.28

BMI, Mean ± SD 23.87 ± 4.15 16.29 ± 2.13 < 0.01
Z-scores, n (%) < 0.01
  -2SD to + 1SD - 46 (100)
  >+1SD 17 (37.8) -
  >+2SD 28 (62.2) -
WHR, Mean ± SD 0.88 ± 0.09 0.83 ± 0.06 0.01
PBF, Mean ± SD 37.40 ± 6.77 21.25 ± 5.69 < 0.01
SMI, Mean ± SD 5.18 ± 1.34 3.75 ± 1.33 < 0.01
Screen Time (min/day), 
Mean ± SD

260 ± 113 218 ± 115 0.09

Activity Time (min/day), 
Mean ± SD (Median)

37 ± 21 (30) 78 ± 36 (60) < 0.01

b. Biochemical profile
FBG, md/dL, Mean ± SD 94.87 ± 7.66 93.07 ± 7.36 0.26
Total cholesterol, mg/dL 161.16 ± 27.08 152.68 ± 20.49 0.14
Triglyceride, mg/dL 129.00 ± 73.26 76.39 ± 32.22 < 0.01
LDL, mg/dL 83.93 ± 18.49 74.66 ± 14.41 0.01
ALT, U/L 23.91 ± 15.24 14.57 ± 4.19 < 0.01
WBC, 103/µL 7.86 ± 1.82 7.21 ± 1.30 0.06
RBC, 106/µL 5.34 ± 0.43 5.19 ± 0.41 0.11
Hb, g/dL 14.01 ± 1.06 13.87 ± 1.23 0.55
Vitamin D, ng/mL 30.46 ± 7.76 33.16 ± 9.61 0.24
CRP, mg/L 2.50 ± 2.79 0.84 ± 1.62 < 0.01
TAC, nmol/mL 235.67 ± 43.32 215.30 ± 48.95 0.04
SD, Standard deviation; BMI, Body mass index; WHR, waist-to-hip ratio; PBF, 
Percent body fat; SMI, Skeletal muscle index; FBG, Fasting blood glucose; 
LDL, Low-density lipoprotein; ALT, Alanine transaminase; WBC, White blood 
cells; RBC, Red blood cells; Hb, Hemoglobin; CRP, C-reactive protein; TAC, Total 
antioxidant capacity

Table 2  Findings of retinal parameters by OCT-A: SCP and DCP 
vessel density, macular thickness
Section Obese/over-

weight group 
n = 45

Normal 
weight group 
n = 46

p-value

a. SCP vessel density
Whole, %, Mean ± SD 50.97 ± 3.09 50.27 ± 2.25 0.24
Fovea 24.29 ± 5.44 21.51 ± 4.62 0.01
Parafovea 53.18 ± 3.82 53.06 ± 3.07 0.35
  - Temporal 52.38 ± 4.52 52.91 ± 3.65 0.81
  - Superior 53.97 ± 4.46 53.06 ± 3.87 0.17
  - Nasal 52.11 ± 4.53 52.15 ± 3.71 0.96
  - Inferior 54.14 ± 3.70 54.03 ± 3.19 0.43
Perifovea 51.96 ± 3.15 51.28 ± 2.40 0.15
  - Temporal 49.20 ± 4.20 49.28 ± 3.42 0.52
  - Superior 51.67 ± 3.86 50.46 ± 3.09 0.04
  - Nasal 54.69 ± 3.01 53.95 ± 2.89 0.25
  - Inferior 52.15 ± 3.66 51.40 ± 2.78 0.29
b. DCP vessel density
Whole, %, Mean ± SD 47.54 ± 4.89 48.63 ± 4.50 0.28
Fovea 40.78 ± 6.64 40.10 ± 7.42 0.65
Parafovea 52.31 ± 3.89 53.79 ± 4.79 0.12
  - Temporal 54.20 ± 3.87 54.63 ± 5.63 0.68
  - Superior 51.13 ± 4.91 52.78 ± 5.37 0.14
  - Nasal 53.39 ± 4.24 54.97 ± 6.10 0.16
  - Inferior 50.53 ± 4.71 52.80 ± 5.06 0.03
Perifovea 48.35 ± 5.34 49.65 ± 4.65 0.23
  - Temporal 50.87 ± 4.95 52.61 ± 4.85 0.10
  - Superior 47.98 ± 6.39 48.54 ± 5.15 0.66
  - Nasal 47.15 ± 5.65 48.34 ± 6.13 0.35
  - Inferior 47.31 ± 6.22 49.25 ± 5.09 0.12
c. Macular thickness
Whole, µm, Mean ± SD 284.88 ± 10.53 285.21 ± 11.08 0.89
Fovea 243.65 ± 18.46 235.94 ± 14.04 0.04
Parafovea 317.29 ± 13.74 317.34 ± 12.86 0.99
  - Temporal 307.78 ± 14.00 309.51 ± 12.70 0.55
  - Superior 323.03 ± 13.70 322.67 ± 13.03 0.90
  - Nasal 319.20 ± 14.92 319.07 ± 13.21 0.96
  - Inferior 319.31 ± 14.14 318.11 ± 14.12 0.69
Perifovea 283.82 ± 10.69 284.73 ± 11.65 0.71
  - Temporal 270.35 ± 10.92 271.77 ± 11.29 0.55
  - Superior 284.76 ± 10.96 286.82 ± 11.44 0.40
  - Nasal 302.54 ± 13.39 302.70 ± 13.35 0.96
  - Inferior 277.75 ± 10.65 277.73 ± 12.93 0.99
SD, Standard deviation; SCP, Superficial capillary plexus; DCP, Deep capillary 
plexus
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density (Obesity: B = 3.19, SE = 1.23, 95% CI = 0.75–5.63, 
p = 0.011; PBF: B = 0.18, SE = 0.06, 95% CI = 0.06–0.31, 
p = 0.003; ALT: B = 0.12, SE = 0.05, 95% CI = 0.02–0.21, 
p = 0.015; FBG: B = 0.19, SE = 0.08, 95% CI = 0.04–0.36, 
p = 0.016). The adjusted and crude regression analysis on 
SCP foveal vessel density are presented in Table 3. Addi-
tional file (Figure) 3 illustrates the scatter plot with the 
regression line showing the association between PBF and 
SCP foveal vessel density. Moreover, obesity and higher 
triglyceride levels were found to be associated with 
increased foveal thickness (Obesity: B = 9.03, SE = 4.03, 
95% CI = 1.01–17.06, p = 0.028; TG: B = 0.08, SE = 0.03, 
95% CI = 0.02–0.15, p = 0.008). The adjusted and crude 
regression analysis on foveal thickness are presented in 
Table 4.

Discussion
In the present study, we found that childhood obesity is 
associated with significant alterations in retinal micro-
vasculature. These alterations include increased or 
decreased vessel density and thickness in specific reti-
nal regions, particularly in the foveal area. Furthermore, 
we demonstrated that metabolic syndrome-related bio-
chemical parameters, such as elevated triglycerides and 
ALT levels, can be predictors of retinal health in obese 
children. This underscores the importance of monitoring 

metabolic indicators to identify children at risk of ocular 
complications associated with obesity.

Although the ocular effects of childhood obesity 
remain relatively underexplored, recent studies using 
advanced imaging techniques have provided valuable 
insights into the alterations in retinal microvasculature 
associated with pediatric obesity [18]. These findings 
highlight the potential impact of obesity on retinal health 
in children, emphasizing the importance of further inves-
tigation in this area. For instance, previous studies have 
demonstrated that childhood obesity is associated with 
alterations in retinal vessel caliber, characterized by nar-
rower retinal arterioles (lower CRAE), wider retinal 
venules (higher CRVE), and a reduction in arteriolar-to-
venular ratio (AVR) [11, 19, 20]. These vascular changes, 
which are associated with an increased risk of cardiovas-
cular diseases, have been shown to be mitigated by physi-
cal activity [20–22].

OCT-A is an advanced imaging technique that pro-
vides a detailed evaluation of retinal microvasculature, 
including vessel density of the SCP and DCP, as well as 
retinal thickness. Thus far, a limited number of studies 
have used OCT-A to investigate retinal microvasculature 
among obese children [18].

In the current study, we found that obesity is associ-
ated with both increased and decreased vessel density 
in specific retinal regions. One of the key alterations 

Table 3  Linear regression analysis predicting SCP foveal vessel density
Predictor Variable β SE Standardized β 95.0% Confidence Interval for β R p-value
a. Crude model
Obese/Overweight 2.78 1.09 0.27 0.61–4.95 0.268 0.013
PBF 0.14 0.05 0.27 0.03–0.25 0.274 0.011
TG 0.01 0.01 0.16 -0.01-0.03 0.157 0.153
LDL 0.02 0.03 0.06 -0.05-0.08 0.064 0.563
ALT 0.11 0.05 0.25 0.02–0.19 0.250 0.022
CRP 0.17 0.25 0.08 -0.31-0.66 0.078 0.482
TAC 0.01 0.01 0.08 -0.02-0.03 0.079 0.480
FBG 0.17 0.07 0.25 0.02–0.32 0.246 0.024
Vitamin D 0.08 0.07 0.03 -0.12-0.15 0.028 0.800
Total cholesterol 0.01 0.02 0.04 -0.04-0.06 0.042 0.702
b. Adjusted model*
Obese/Overweight 3.19 1.23 0.30 0.75–5.63 0.320 0.011
PBF 0.18 0.06 0.36 0.06–0.31 0.357 0.003
TG 0.02 0.01 0.19 -0.01-0.04 0.242 0.105
LDL 0.01 0.04 0.05 -0.06-0.09 0.164 0.700
ALT 0.12 0.05 0.28 0.02–0.21 0.314 0.015
CRP 0.14 0.26 0.06 -0.38-0.66 0.170 0.587
TAC 0.01 0.01 0.08 -0.02-0.04 0.187 0.527
FBG 0.19 0.08 0.28 0.04–0.36 0.313 0.016
Vitamin D 0.02 0.07 0.03 -0.13-0.16 0.160 0.816
Total cholesterol 0.01 0.03 0.02 -0.05-0.06 0.159 0.887
SE, Standard error; PBF, Percent body fat; TG, Triglyceride, LDL, Low-density lipoprotein; ALT, Alanine transaminase; CRP, C-reactive protein; TAC, Total antioxidant 
capacity; FBG, Fasting blood glucose.

*Adjusted for age, sex, screen time, and axial length
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was observed in the SCP, in which obese children had 
significantly higher vessel density in the foveal section. 
This result corroborates the findings of previous stud-
ies that have reported increased foveal vessel density in 
obese children [4, 5]. Moreover, our results demonstrate 
that foveal changes were not limited to vessel density, 
as foveal thickness was also significantly increased in 
the obesity/overweight group. There is still no objective 
explanation for the changes in foveal vessel density and 
thickness observed in childhood obesity. However, our 
regression analysis revealed significant positive associa-
tions between levels of BMI, PBF, and ALT with foveal 
vessel density, as well as between BMI and triglyceride 
levels with foveal thickness. These findings are consistent 
with a study showing that children with retinopathy had 
significantly higher triglyceride levels, with a positive cor-
relation identified between liver fibrosis and the severity 
of retinopathy. [23]. Apart from triglycerides, elevated 
levels of CRP in obese children have also been associated 
with alterations in retinal vessel diameter [18, 24]. In the 
present study, serum CRP levels were significantly higher 
in obese children; however, no significant association was 
found between CRP levels and changes in foveal vessel 
density or thickness.

In agreement with the previous studies demonstrat-
ing lower vessel density in the DCP among children with 
obesity [4], we observed a reduction in vessel density in 

the inferior parafoveal region of the DCP. While simi-
lar patterns of obesity-induced retinal microvascular 
changes have been reported, the underlying mechanisms 
remain poorly understood. However, existing literature 
suggests that obesity may significantly alter the choroi-
dal layer, which plays a crucial role in supplying oxygen 
and nutrients to the outer layer of retina. Several studies 
have shown that children with obesity have reduced cho-
roidal thickness (CT) compared to age-matched healthy 
controls [19, 25, 26]. It has been suggested that these 
alterations in CT may result from increased oxidative 
stress and obesity-related inflammatory factors [9]. In the 
present study, the serum level of TAC was significantly 
higher in children with obesity which could be compen-
satory response to higher levels of oxidative stress [27, 
28]. Moreover, childhood obesity has been associated 
with impaired microvascular endothelial function and 
changes in ocular pulse amplitude (OPA) [29, 30].

Although the exact underlying mechanism of retinal 
microvascular alterations in children with obesity has 
not been sufficiently understood, it is our understand-
ing that obesity profoundly impacts the vascular system, 
contributing to cardiovascular diseases through mul-
tiple pathways. One of the key consequences of obesity 
is vascular dysfunction, caused by chronic inflammation, 
oxidative stress, and endothelial impairment, which can 
lead to elevated blood pressure and atherosclerosis [31]. 

Table 4  Linear regression analysis predicting foveal thickness
Predictor Variable β SE Standardized β 95.0% Confidence Interval for β R p-value
a. Crude model
Obese/Overweight 7.71 3.63 0.23 0.47–14.94 0.229 0.037
PBF 0.25 0.18 0.15 -0.11-0.61 0.153 0.168
TG 0.08 0.03 0.30 0.02–0.14 0.292 0.008
LDL -0.01 0.11 -0.01 -0.23-0.21 0.012 0.916
ALT 0.20 0.15 0.15 -0.09-0.50 0.148 0.187
CRP -0.13 0.80 -0.02 -1.73-1.45 0.019 0.867
TAC 0.07 0.04 0.19 -0.01-0.16 0.187 0.100
FBG 0.39 0.25 0.18 -0.10-0.89 0.176 0.116
Vitamin D -0.33 0.22 -0.16 -0.76-0.12 0.163 0.145
Total cholesterol -0.06 0.08 -0.08 -0.21-0.09 0.083 0.460
b. Adjusted model*
Obese/Overweight 9.03 4.03 0.26 1.01–17.06 0.323 0.028
PBF 0.31 0.21 0.18 -0.10-0.71 0.266 0.140
TG 0.08 0.03 0.31 0.02–0.15 0.360 0.008
LDL -0.02 0.12 -0.02 -0.25-0.22 0.200 0.888
ALT 0.20 0.16 0.15 -0.12-0.52 0.246 0.214
CRP -0.34 0.84 -0.05 -2.02-1.33 0.205 0.685
TAC 0.06 0.05 0.15 -0.04-0.16 0.239 0.240
FBG 0.35 0.26 0.16 -0.17-0.88 0.251 0.185
Vitamin D -0.33 0.24 -0.16 -0.81-0.13 0.257 0.158
Total cholesterol -0.06 0.09 -0.09 -0.23-0.11 0.216 0.471
SE, Standard error; PBF, Percent body fat; TG, Triglyceride, LDL, Low-density lipoprotein; ALT, Alanine transaminase; CRP, C-reactive protein; TAC, Total antioxidant 
capacity; FBG, Fasting blood glucose.

*Adjusted for age, sex, screen time, and axial length
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A meta-analysis has demonstrated that higher BMI in 
children is associated with narrower retinal arterioles 
and wider venules, with these changes intensified in the 
presence of elevated systolic and diastolic blood pressure 
[21]. These findings suggest that obesity and consequent 
hypertension contribute to early subclinical vascular 
impairments, which may increase the risk of cardiovas-
cular diseases and retinal dysfunction later in life.

Furthermore, obesity has been shown to influence ocu-
lar hemodynamics, with studies reporting an association 
between childhood obesity and increased intraocular 
pressure, which may further contribute to retinal and 
optic nerve changes [18, 32, 33]. Despite these known 
associations, the precise pathophysiological mechanisms 
linking obesity to retinal alterations remain unclear and 
require further investigation in future research.

The detrimental consequences of obesity on retinal 
health have been previously reported in adults [34, 35]. 
However, based on both previous studies and the find-
ings of the current study, it has become evident that 
obesity, even in its early stages, is detrimental to retinal 
health in children. Moreover, we found that systemic 
disorders, such as abnormal lipid profiles and liver func-
tion tests, are significantly associated with alterations in 
retinal parameters. A key strength of this study is the use 
of OCT-A which is an advanced imaging technique that 
provides high-resolution images. Furthermore, we evalu-
ated the biochemical profiles of our patients, allowing us 
to explore potential associations between retinal altera-
tions and systemic disorders. Using a body composition 
analyzer also enabled precise measurement of anthropo-
metric variables, such as PBF, which was identified as an 
important predictor of foveal alterations.

While we provide evidence of obesity-induced retinal 
changes in children, this study has limitations. Firstly, 
cross-sectional study design limits our ability to detect 
longitudinal changes, underscoring the need for future 
longitudinal cohort studies. Secondly, including func-
tional tests, such as electroretinography (ERG) or visual 
evoked potential (VEP), along with structural assess-
ments would be beneficial in identifying early retinal dys-
function that cannot be assessed through imaging alone. 
Besides, genetic predispositions, including variations in 
genes associated with lipid metabolism, inflammation, 
and vascular development, may influence the impact 
of obesity on vascular health and retinal microvascula-
ture [36, 37]. One limitation of this study is that we did 
not assess genetic factors, which could provide valuable 
insights into individual susceptibility. Future research 
is needed to explore these genetic influences and their 
potential role in obesity-related vascular changes. In 
addition to genetic factors, future studies should evalu-
ate the potential impact of dietary intake on retinal 
health. The Food Frequency Questionnaire (FFQ) could 

be a useful tool for assessing calorie intake and overall 
diet quality [38]. Investigating the association between 
energy, fat, and sugar consumption and alterations in 
retinal microvasculature would provide valuable insights 
into the metabolic and nutritional influences on retinal 
vascular changes.

Conclusion
Our findings suggest that childhood obesity is associated 
with significant alterations in retinal vessel density and 
thickness. In addition, we demonstrated that biochemical 
markers such as lipid profiles and liver function tests can 
be used as predictor variables for these changes. We pro-
pose that retinal health assessments, in combination with 
biochemical evaluations, should be taken into consider-
ation in the clinical management of obese children. Fur-
ther longitudinal research is also needed to elucidate the 
long-term detrimental effects of obesity on ocular health.
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