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What is already known on this topic?

Obesity affects almost all systems in the body and can also cause injury to the retinal nerve fibers due to a chronic inflammatory process.
The literature concerning this issue is scarce. Optical coherence tomography may show early retinal damage.
What this study adds?

Retinal nerve fiber layer thickness was found to be decreased in both obese and non-obese children as body mass index standard
deviation score values increased.

Abstract

Objective: Obesity affects almost all systems in the body. This includes the retinal nerve fibers which may be damaged due to a chronic
inflammatory process. To determine changes in retinal nerve fiber layer (RNFL) thickness in non-diabetic children and adolescents using
optical coherence tomography (OCT) and to evaluate the relationship between this change, metabolic risk factors and pubertal stage.
Methods: Thirty-eight obese and 40 healthy children and adolescents aged 10-18 years were included in the study. RNFL measurements
from the optic disk and all surrounding quadrants were obtained using OCT from both eyes of the individuals in the study groups.
Correlations between RNFL thickness and age, auxological measurements, pubertal stage, systolic and diastolic blood pressure,
homeostasis model assessment-insulin resistance (HOMA-IR) index and lipid values were investigated.

Results: A general decrease was observed in RNFL thickness in obese subjects compared to the controls, the decrease being highest in
the inferior quadrant, although these differences were not statistically significant (p >0.05). RNFL thickness was negatively correlated
with body mass index (BMI) standard deviation score (SDS) in both groups (control group r=-0.345, p=0.029; obese group r=-0.355,
p=0.022). Significant negative correlations were determined between diastolic blood pressure, HOMA-IR, low density lipoprotein
cholesterol level and RNFL thickness (r=-0.366, p=0.024; r=-0.394, p=0.016; and r=-0.374, p=0.022, respectively) in the obese
group, while there was no association between these parameters and RNFL thickness in the control group.

Conclusion: In this cross-sectional study, no statistically significant difference in RNFL thicknesses between the obese and control groups
was determined. However, RNFL thickness was found to decrease in both healthy and obese children as BMI-SDS values increased.
Further prospective studies may be of benefit to determine whether the decrease in RNFL values might become more pronounced on
long-term follow-up.
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Introduction is a valuable tool for demonstrating early retinal damage.

Optical coherence tomography (OCT) measures the delay
The optic nerve carries signals originating from the retina to  in the reflection of laser light reflected from the retina. The
the visual cortex. Progressive loss of vision may occur when  RNFL can thus be visualized in a painless and non-invasive
the transmission of these signals is impaired (1,2). The manner (3). Since it is rapid and simple, the technique

measurement of retinal nerve fiber layer (RNFL) thickness is widely used in several diseases of the optic nerve and
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retina (optic neuropathies, retinal damage due to a range of
causes, retinal vascular changes, glaucoma and so on). It is
particularly useful in pediatric ophthalmology (4). Obesity is
currently increasing globally. It affects almost all systems in
the body and is a significant risk factor for vascular diseases
(5,6). There are few studies in children and adolescents in
this regard and they are controversial. The purpose of this
study was to evaluate changes in RNFL thickness using OCT
imaging in non-diabetic obese children and adolescents and
to assess the association between any changes found and
metabolic risk factors and pubertal stage.

Methods

This prospective observational study was performed with
the approval of the University of Health Sciences Tepecik
Training and Research Hospital Medical Research Ethical
Committee (approval number: 29/12/2014-20) and in line
with the ethical principles of the Declaration of Helsinki.

Inclusion criteria for study and control subjects were;

1. Aged between 10-18 years old,

2. Not having neurological diseases,

3. Not having a history of ocular disease and/or surgery,

4. Children and their parents being compatible with the
examinations,

5. Subjects with spheric values between -0.50 diopter (D)
and +0.50 D.

Exclusion criteria for study and control subjects were;

1. Having diabetes mellitus or any systemic disease,

2. Being on continuous medication,

3. Not being sufficiently cooperative for OCT measurement.

Anophthalmological assessment of both eyes was conducted
on 38 obese children and adolescents aged 10.1-17.2
years who presented to the University of Health Sciences
Tepecik Training and Research Hospital Clinic of Pediatric
Endocrinology, izmir, Turkey, between January 2015 and May
2016, and on 40 healthy children and adolescents aged 10.2-
18.0 years who acted as the control group. Informed consent
was obtained from patients and their families. Demographic
data for the obese and control groups were obtained from
their medical files. The control group was randomly selected
from volunteers aged 10-18 years who were within normal
limits for body mass index (BMI) standard deviation score
(SDS) and in whom ophthalmological examination revealed
no pathological findings. Anthropometric parameters, blood
pressure values and pubertal stages were assessed by an
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experienced pediatric endocrinologist. Pubertal stages were
classified according to Tanner and Whitehouse (7). Height
measurements, accurate to the nearest centimeter, were
performed using a rigid stadiometer. Weight measurement
was accurate to the nearest 0.1 kg using a calibrated balance
scale with the subject unclothed. Obesity was diagnosed
according to World Health Organization criteria (8). BMI
was determined using the formula weight (kg)/height
(m?). Reference values established for Turkish children
were employed to calculate SDS for weight, height and
BMI (9). Blood pressure was measured in all cases after a
period of resting and were repeated at least three times at
10 minute intervals. Subjects with systolic and/or diastolic
blood pressure values greater than the 95™ percentile
were regarded as hypertensive (10). Blood glucose, insulin
and serum lipids in obese cases were measured using an
automatic analyzer from fasting venous specimens taken
on the same day. Insulin resistance using the homeostasis
(HOMA-IR) was
calculated as fasting insulin (uIU/mL) x fasting glucose
(mg/dL)/405 (11). All cases underwent comprehensive eye
examinations by the same ophthalmologist. This included
best corrected visual acuity, ocular motility examination
and intraocular pressure using a Goldmann applanation
tonometer, a detailed anterior segment assessment using
a slitlamp biomicroscope and optic nerve and retina
examination using a 90 D lens. For pupil dilation, 1%
cyclopentolate hydrochloride drops (Cycloplegin R; Abdi
ibrahim fla¢ Sanayi, Istanbul-Turkey) were used twice
at 5 minute intervals, and the mean value was taken of
three measurements performed 30 minute after the last
drop using an auto-rephractometer device (Canon RK-F1).
Subjects with spheric values between -0.50 D and + 0.50
D were enrolled. RNFL thickness was measured using the
OCT method (Spectralis HRA + OCT, 870 nm; Heidelberg
Engineering, Heidelberg, Germany). In all cases, scans were
carried out with pupillary dilatation under the identical level
of dim room lighting by the same experienced technician.
To avoid diurnal fluctuations, all OCT scans were performed
at the same time in the morning. Internal fixation targets
were employed in all tests together with a real-time eye
tracking system in order to adjust for eye movements. RNFL
thickness was determined around the disc with consecutive
circular B scans (3.5 mm diameter). The thickness (between
the interior margin of the internal limiting membrane and
the exterior margin of the RNFL layer) was automatically
segmented using the Spectralis version 6.3.2.0 software.
Mean RNFL thicknesses were used in analyses. RNFL
thickness measurements were taken from the optic disk

model assessment-insulin  resistance
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and all surrounding quadrants of both eyes. Statistical
analysis was performed with mean right and left eye RNFL
values. Control and obese group RNFL values were then
compared. Correlations between RNFL thickness and age,
body measurements, pubertal stages, systolic and diastolic
blood pressure, HOMA-IR and lipid values were investigated.

Statistical Analysis

Statistical analysis was carried out using the Statistical
Package for Social Sciences (SPSS 20.0; IBM, USA) software.
The Kolmogorov-Smirnov test was used to assess the
normality of the sample distribution. Mean and standard
deviation values were given for all parameters. Partial
correlations were used in relationship analysis for variables
with normal Simple correlation analysis
was applied to the variables for which normality was not

distribution.

provided. A p value <0.05 was considered statistically
significant.

Results

No differences were found between the study and control
groups in terms of age, gender distribution, pubertal stages
or systolic and diastolic blood pressure values (p > 0.05). BMI-
SDS values were 0.5 + 0.4 in the control group and 3.0 + 0.4
in the obese group (p <0.001). No difference was observed
between the groups in terms of fasting blood glucose values
(control group: 82.1 +8.8 mg/dL, obese group: 85.3+9.9
mg/dL, p=0.65). Fasting insulin and HOMA-IR values were
significantly higher in the obese subjects compared to the
controls (fasting insulin: 19.6+9.8 vs. 8.3+3.1 mlU/mL,
respectively, p=0.02; HOMA-IR: 4.7+2.7 vs. 1.9+0.7,
respectively, p=0.01). There was no difference between
the groups in terms of serum lipid levels (p > 0.05). Clinical
and laboratory characteristics of the groups are shown in
Table 1.

No difference between the sexes or between the two
eyes was found at RNFL thickness evaluations using OCT
imaging (p>0.05). RNFL thickness was lowest in both the
control and obese groups in the nasal quadrant, followed by
the temporal, superior and inferior quadrants in respective
order. A general decrease in RNFL thickness was observed in
obese subjects compared to controls, ranging from 2 % to 7 %
in mean values, the greatest change occurring in the inferior
quadrant, although these differences were not statistically
significant. Obese and control group RNFL thickness
measurements are shown in Table 2. Correlation analyses
of RNFL with age, pubertal stage, BMI-SDS, blood pressure

and metabolic parameters were performed. No correlation
between RNFL thickness and age, pubertal stage, systolic
blood pressure, fasting glucose, fasting insulin, triglyceride
or high-density lipoprotein cholesterol were determined
in the groups (p>0.05). RNFL thickness was negatively
correlated with BMI-SDS in both groups (control group
r=-0.345, p=0.029; obese group r=-0.355, p=0.022).
Significant negative correlations were determined between
diastolic blood pressure, HOMA-IR, low density lipoprotein-
cholesterol level and RNFL thickness (r=-0.366, p=0.024;
r=-0.394, p=0.016; and r=-0.374, p=0.022, respectively)
in the obese group, while there was no association between
these parameters in the control group. Correlations between
clinical and laboratory values and RNFL thickness in the
study and control groups are shown in Table 3.

Table 1. Clinical and laboratory characteristics of the
study and control groups

Clinical/laboratory Controls Obese p?
characteristics (n=40) subjects

(n=738)
Gender (male/female) 21/19 18/20 0.81°
Age (years) 129+2.4 12.8+2.1 0.99
Puberty stage 11/29 10/28 0.98°
(pre-pubertal/pubertal)
BMI-SDS 05+04 3.0+£04 <0.001
Systolic BP (mmHg) 106.1 +9.1 111.8+9.4 0.19
Diastolic BP (mmHg) 66.3+6.7 69.2+9.3 0.28
Fasting glucose (mg/dL)  82.1 +8.8 85.3+9.9 0.65
Fasting insulin (mIU/mL) 8.3 + 3.1 19.6+9.8 0.02
HOMA-IR 1.9+0.7 4.7+2.7 0.01
Triglycerides (mg/dL) 125.3+62.0 138.5+72.9 0.07
LDL-cholesterol (mg/dL)  89.3+18.6 96.9+25.7 0.06
HDL-cholesterol (mg/dL) 46.1 +11.3  43.2+103 0.72

2Student’s t test, °chi-square test

BMI-SDS: body mass index-standard deviation score, BP: blood pressure,
HOMA-IR: homeostasis model assessment of insulin resistance, LDL: low
density lipoprotein, HDL: high density lipoprotein

Table 2. Mean + standard deviation retinal nerve fiber
layer thickness in controls and obese children

Retinal nerve fibre Controls Obese subjects p

layer thickness (n=40) (n=38)

Central (pm) 100.3+8.9 98.4+10.3 0.949
Superior (pm) 124.6+£19.7 120.1+£21.3 0.687
Nasal (pm) 73.1+14.1 71.53+14.5 0.772
Inferior (pm) 129.7+23.0 121.2+25.2 0.072
Temporal (pm) 76.0+£10.7 74.6+19.1 0.449
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Table 3. Correlation analysis of retinal nerve fiber layer
with the clinical and laboratory parameters of the obese
and control groups

Controls Obese subjects

Parameters r p r P

Age 0.261 0.087 0.291 0.091
Puberty stage -0.232 0.065 -0.312 0.056
BMI-SDS -0.345 0.029 -0.355 0.022
Sistolic BP 0.021 0.872 0.051 0.760
Diastolic BP 0.056 0.503 -0.366 0.024
Fasting glucose 0.057 0.612 -0.175 0.211
Fasting insulin 0.061 0.456 -0.256 0.072
HOMA-IR 0.011 0.919 -0.394 0.016
Triglycerides 0.034 0.657 0.146 0.401
LDL-cholesterol 0.081 0.552 -0.374 0.022
HDL-cholesterol 0.078 0.671 0.024 0.921

BMI-SDS: body mass index-standard deviation score, BP: blood pressure,
HOMA-IR: homeostasis model assessment of insulin resistance, LDL: low
density lipoprotein, HDL: high density lipoprotein

Discussion

Obesity and severe obesity have become a growing problem
in children in recent years (5,6). The effect of obesity has
been extensively investigated. However the effect of obesity
on visual health, including RNFL, is one area in which there
is a scarcity of data. RNFL thickness values in the children
and adolescents with normal BMI SDS measured using
OCT in this study were similar to those reported in the
literature (12,13,14,15). Pehlivanoglu et al (15) investigated
RNFL thicknesses in healthy children and reported the
thinnest values in the nasal and temporal quadrant and
the thickest values in the inferior and superior quadrants.
In agreement with that study, we also observed that the
RNFL in both obese and control groups was thinnest in
the nasal quadrant, followed by the temporal, superior
and inferior quadrants in respective order. Pehlivanoglu
et al (15) reported the mean RNFL thickness values of
the right and left eyes in normal healthy Turkish children
with a mean age of 10.7 years. However, measurements
by age groups were not given separately in this study. The
authors reported that the RNFL thickness did not change
with age. In our study, RNFL thickness in 16 of the 38 cases
(42.1 %) in the obese group was below the normal values
reported by Pehlivanoglu et al (15). In the control group,
mean RNFL values in 7 out of 40 (17.5%) patients were
below the normal reference value. Clinical findings were not
observed in any of the cases in which the RNFL thickness
was lower than normal. Various studies have investigated
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the relationship between RNFL thickness values measured
using OCT and variables such as age, sex and race. Budenz
et al (16) reported a significant relationship between age and
RNFL thickness, with a 2.2-p decrease in RNFL thickness for
every 10-year increase in age. El-Dairi et al (17) reported
that RNFL thickness measurements in the under-18 years
old population were not age-dependent. In our study in
children and adolescents, RNFL thickness values were not
correlated with age. RNFL thickness values in the pediatric
and adolescent age group can exhibit ethnic variation.
Studies performed in the Turkish population show that
mean RNFL thickness values are compatible with general
values reported for Caucasians (18). The mean values in our
study were also consistent with this. Although there was no
statistically significant difference between the obese and
control group RNFL values, a decrease was observed in all
quadrants in the obese group compared to the controls,
this change being greatest in the inferior quadrant. Similar
studies have reported inconsistent results previously.
In their study of obese children aged between 5 and 14,
Pacheco-Cervera et al (2) reported a significant decrease
in RNFL values in the severely obese group (BMI-SDS > 4).
A negative correlation was also determined in that study
between RNFL values and serum leptin and interleukin (IL)-
6 levels. In a study in adults, no correlation was reported
between BMI and RNFL thickness in women, but a decrease
was found in RNFL in men as BMI increased (19). Elia et al
(20) found no relationship between BMI and RNFL thickness
measured using OCT in healthy children. Karti et al (21)
investigated 55 obese and 33 healthy children and reported
a negative correlation between BMI-SDS and RNFL values.
The presence of a refraction defect can cause inaccurate
measurement of OCT and RNFL values (22,23). The study
of Karti et al (21), included patients with high refractive
status (up to 5 D), a factor which may have affected RNFL
values by OCT. In our study, the refraction values of all the
cases that were recruited were between -0.5 and + 0.5 D.
We thus excluded any error caused by refraction defect
from this study. There was no statistical difference in our
study between the controls and the obese group in RNFL
values despite a generalized reduction in RNFL in the obese
subjects. However, correlation analysis revealed that RNFL
thickness in both groups decreased as BMI-SDS values
increased. The reason for the decrease in RNFL thickness
in obese subjects is unclear. Pacheco-Cervera et al (2)
suggested that RNFL values decreased with an increase in
inflammatory mediators. Obesity is known to involve low
levels of systemic inflammation (24,25,26). This long-term
state of chronic inflammation may result in a decrease in
RNFL values (27). It has been hypothesized that neuronal
cell damage may occur in obesity due to changes in levels
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of hormones such as leptin and adipokines, and due to
oxidative stress. Retinal ganglion cell (RGC) death occurs
via apoptosis following axonal injury. The production of
reactive oxygen species (ROS) is an important factor in RGC
necrosis and apoptosis (21). Mac Nair et al (28) suggested
that ROS can initiate RGC loss following axonal injury. This
suggestion is supported by animal studies (29,30). Long-
term chronic inflammation associated with obesity may
cause a decrease in RNFL thickness through oxidative
stress. Further studies are needed to clarify this hypothesis.
Also there was a negative correlation between BMI-SDS and
RNFL thickness in our healthy control group with normal
BMI. In children with normal BMI, the increase in body fat
may affect RNFL thickness although, again, the mechanism
is unclear. Detailed longitudinal follow-up studies are needed
on this issue.

Study Limitations

As a limitation in this study, plasma levels of inflammatory
mediators such as adiponectin, leptin and IL-6 were not
measured. However, the effects of these adipokines in
metabolic pathways were indirectly demonstrated by
measuring insulin, glucose and lipid levels. The negative
correlation between RNFL thickness and insulin resistance
parameters supported the metabolic pathogenesis of
retinal changes in obesity. No studies have shown whether
changes may occur in RNFL values due to weight loss in
obese subjects. Prospective observational studies involving
weight control are needed to reveal the effect of obesity, and
therefore of the chronic inflammatory process, on RNFL.

Conclusion

In conclusion, in this study we observed a decrease in
RNFL thickness in both healthy and obese children and
adolescents as BMI-SDS values increased. No statistically
significant differences in RNFL thickness between the
obese and control groups were found. The decrease in RNFL
values may have been revealed more clearly if the patients
had been monitored prospectively. The clinical significance
of the decrease in RNFL thickness is as yet unclear.

Ethics

Ethics Committee Approval: The study was approved by
the University of Health Sciences Tepecik Training and
Research Hospital Medical Research Ethical Committee
(approval number: 29/12/2014-20).

Informed Consent: Consent form was obtained from
patients and their families.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: Bediz Ozen, Hakan Ozturk, Design: Bediz Ozen,
Gondl Catli, Data Collection or Processing: Bediz Ozen,
Hakan Oztiirk, Goniil Catlr, Analysis or Interpretation: Bediz
Ozen, Hakan Oztiirk, Literature Search: Bediz Ozen, Gontil
Catli, Bumin Duindar, Writing: Bediz Ozen, Hakan Oztiirk.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Kersten HM, Roxburgh RH, Danesh-Meyer HV. Ophthalmic
manifestations of inherited neurodegenerative disorders. Nat Rev
Neurol 2014;10:349-362.

2. Pacheco-Cervera |, Codofier-Franch P, Simo-Jordd R, Pons-Vazquez
S, Galbis-Estrada C, Pinazo-Durdn MD. Reduced retinal nerve fibre
layer thickness in children with severe obesity. Pediatric Obesity
2015;10:448-453.

3. Galetta KM, Calabresi PA, Fronman EM, Balcer LJ. Optical coherence
tomography (OCT): Imaging the visual pathway as a model for
neurodegeneration. Neurother 2011;8:117-132.

4. Qian ], Wang W, Zhang X, Wang F, Jiang Y, Wang W, Xu S, Wu Y, Su
Y, Xu X, Sun X. Optical coherence tomography measurements of
retinal nerve fiber layer thickness in chinese children and teenagers. ]
Glaucoma 2011;20:509-513.

5. Sabin MA, Kiess W. Childhood obesity: Current and novel approaches.
Best Pract Res Clin Endocrinol Metab 2015;29:327-338.

6. Lifshitz F. Obesity in children. ] Clin Res Pediatr Endocrinol 2008;1:53-
60.

7. Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,
weight, height velocity, weight velocity and stages of puberty. Arch Dis
Child 1976;51:170-179.

8. WHO Multicentre Growth Reference Study Group. WHO Child
Growth Standards: Length/height-for-age, weight-for-age, weight-for-
length, weight-for-height and body mass index-for-age: Methods and
development. Geneva: World Health Organization, 2006.

9. Neyzi O, Bundak R, Gékcay G, Glinéz H, Furman A, Darendeliler F,
Bas F Reference Values for Weight, Height, Head Circumference and
Body Mass Index in Turkish Children. ] Clin Res Pediatr Endocrinol
2015;7:280-293.

10. Lurbe E, Agabiti-Rosei E, Cruickshank ]JK, Dominiczak A, Erdine
S, Hirth A, Invitti C, Litwin M, Mancia G, Pall D, Rascher W, Redon
], Schaefer F, Seeman T, Sinha M, Stabouli S, Webb NJ, Wiihl E,
Zanchetti A. ] 2016 European Society of Hypertension guidelines for
the management of high blood pressure in children and adolescents. |
Hypertens 2016;54:1887-920.

11. Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis
model assessment is more reliable than the fasting glucose/insulin
ratio and quantitative insulin sensitivity check index for assessing
insulin resistance among obese children and adolescents. Pediatrics
2005;114:500-503.

12. Wang XY, Huynh SC, Burlutsky G, Ip ], Stapleton F Mitchell P.
Reproducibility of and effect of magnification on optical coherence
tomography measurements in children. Am ] Ophthalmol
2007;143:484-488.

13. Gupta G, Donahue JP, You T. Profile of the Retina by Optical
Coherence Tomography in the Pediatric Age Group. Am | Ophthalmol
2007;144:309-310.

17



Ozen B et al.
Retinal Nerve Fiber Layer Thickness in Obese Children

] Clin Res Pediatr Endocrinol
2018;10(1):13-18

14.

15.

16.

18.

19.

20.

21.

18

Huynh SC, Wang XY, Burlutsky G, Mitchell P. Symmetry of optical
coherence tomography retinal measurements in young children. Am ]
Ophthalmol 2007;143:518-520.

Pehlivanoglu S, Akar S, Gokyigit B, Eren A, Bayraktar S, Yilmaz OF
Saglikli Cocuklarda Optik Kohorens Tomografi ile Retina Sinir Lifi
Tabakast Kalinligi Olcimi. Glo-Kat 2010;5:218-222.

Budenz DL, Anderson DR, Varma R, Schuman ], Cantor L, Savell ],
Greenfield DS, Patella VM, Quigley HA, Tielsch J. Determinants of
normal retinal nerve fiber layer thickness measured by Stratus OCT.
Ophthalmology 2007;114:1046-1052.

. El-Dairi MA, Asrani SG, Enyedi LB, Freedman SE Optical coherence

tomography in the eyes of normal children. Arch Ophthalmol
2009;127:50-58.

Yeter V, Aritirk N. Okul Oncesi Yas Grubundaki Saglkli Cocuklarda
Optik Koherens Tomografi ile Elde Edilen Retina Sinir Lifi Kalinlig1. Glo-
Kat 2011;6:239-245.

Khawaja AP, Chan MP, Garway-Heath DF, Broadway DC, Luben R,
Sherwin JC, Hayat S, Khaw KT, Foster PJ. Associations with retinal nerve
fiber layer measures in the EPIC-Norfolk Eye Study. Invest Ophthalmol
Vis Sci 2013;54:5028-5034.

Elia N, Pueyo V, Altemir I, Oros D, Pablo LE. Normal reference ranges
of optical coherence tomography parameters in childhood. Br |
Ophthalmol 2012;96:665-670.

Karti O, Nalbantoglu O, Abali S, Tunc S, Ozkan B. The assessment
of peripapillary retinal nerve fiber layer and macular ganglion cell
layer changes in obese children: a cross-sectional study using optical
coherence tomography. Int Ophthalmol 2017;37:1031-1038.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tsai DC, Huang N, Hwu JJ, Jueng RN, Chou P. Estimating retinal nerve
fiber layer thickness in normal schoolchildren with spectral-domain
optical coherence tomography. Jpn ] Ophthalmol 2012;56:362-370.

Barrio-Barrio J, Noval S, Galdos M, Ruiz-Canela M, Bonet E, Capote
M, Lopez M. Multicenter Spanish study of spectral-domain optical
coherence tomography in normal children. Acta Ophthalmol
2013;91:€56-63.

Esfahani M, Movahedian A, Baranchi M, Goodarzi MT. Adiponectin: an
adipokine with protective features against metabolic syndrome. Iran ]
Basic Med Sci 2015;18:430-442.

Kocova M, Sukarova-Angelovska E, Tanaskoska M, Palcevska-Kocevska
S, Krstevska M. Metabolic Setup and Risks in Obese Children. ] Med
Biochem 2015;34:31-37.

Mancuso P. The role of adipokines in chronic inflammation.

Immunotargets Ther 2016;23;5:47-56.

Hukshorn CJ, Lindeman JH, Toet KH, Saris WH, Eilers PH, Westerterp-
Plantenga MS, Kooistra T. Leptin and the proinflammatory state associated
with human obesity. ] Clin Endocrinol Metab 2004;89:1773-1778.

Mac Nair CE, Fernandes KA, Schlamp CL, Libby RT, Nickells RW. Tumor
necrosis factor alpha has an early protective effect on retinal ganglion
cells after optic nerve crush. | Neuroinflammation 2014;11:194.
Levkovitch-Verbin H, Harris-Cerruti C, Groner Y, Wheeler LA, Schwartz M,
Yoles E. RGC death in mice after optic nerve crush injury: oxidative stress
and neuroprotection. Invest Ophthalmol Vis Sci 2000;41:4169-4174.
Kortuem K, Geiger LK, Levin LA. Differential susceptibility of retinal
ganglion cells to reactive oxygen species. Invest Ophthalmol Vis Sci

2000;4:3176-3182.



