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Abstract

e AIM: To analyze the ocular findings of patients who
received lifelong leptin therapy due to congenital leptin
deficiency (CLD), an extremely rare condition.

e METHODS: A prospective, cross-sectional comparative
study was performed on six patients with CLD and 13
healthy age- and sex-matched controls. The central corneal
thickness (CCT), anterior chamber depth (ACD), axial length
(AL), keratometry (K1, K2), optical coherence tomography
(OCT), and OCT angiography parameters were compared
between the leptin and control groups at the baseline visit.
The change in these measurements in leptin patients over a
two-year period was analyzed.

e RESULTS: CLD patients had lower mean AL, ACD, and
CCT (P<0.012 for all). Mean K1, K2 (P<0.047 for both),
choroidal thickness (P<0.001), and central ganglion cell
layer (GCL) thickness (P=0.029) were higher in the leptin
group. Perifoveal superficial capillary plexus (SCP) density
was decreased in all quadrants except the temporal
region (P<0.05), and parafoveal deep capillary plexus
(DCP) density was decreased in the superior hemisphere,
temporal quadrant (P<0.036 for both) and nasal quadrant
(P=0.048) in the leptin group. During the two-year follow-
up, no changes in anterior and posterior segment
measurements were observed in the leptin patients, except
for subfoveal choroidal thickness (P<0.001).

e CONCLUSION: CLD patients exhibit structural
alterations in both the anterior and posterior segments of
the eye, including notable changes in retinal and choroidal
vasculature. However, there is limited evidence concerning

the influence of leptin therapy on the eye.
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INTRODUCTION

ongenital leptin deficiency (CLD) is a rare inherited
C disorder causing marked hyperphagia and obesity
in early childhood. Significant metabolic, endocrine, and
immunological disorders have been observed in cases of
congenital leptin deficiency, including glucose intolerance,
insulin resistance, dyslipidemia, neuroendocrine dysfunction,
and impaired immune function'". Treatment of CLD using a
drug called metreleptin, a recombinant form of human leptin,
reverses the symptoms of disease. Leptin is a peptide hormone
consisting of 167 amino acids. Adipose tissue is responsible
for the secretion of leptin that regulates energy homoeostasis.
It shows pleiotropic impacts through binding and activating
specific leptin receptors in the hypothalamus and other organs.
Leptin also directly and indirectly affects tissues that are
metabolically active, regulating various neuroendocrine axes'.
Angiogenesis is essential in tissue homoeostasis and may
lead to many pathological conditions; including the eye"’.
Studies have shown that leptin regulates normal and abnormal
angiogenesis. /n vitro studies detected the leptin receptor
(ObR) in vascular endothelial cells, showing that leptin may
cause angiogenic proliferation and differentiation in endothelial
cells™. Research has indicated that diabetic patients exhibit
elevated levels of leptin and leptin resistance™. Furthermore,
studies have demonstrated that the vitreous of patients
diagnosed with proliferative diabetic retinopathy contains
increased levels of leptin, suggesting a role for this hormone
in the promotion of angiogenesis. Conversely, an increasing
number of studies in the literature demonstrate the effects
of leptin on ageing, dementia, neurodegenerative diseases,
age-related macular degeneration, and dry eye disease!"!,
Furthermore, evidence has been found for the existence of
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leptin receptors in the eye, including in the retinal ganglion
cell layer (GCL)"" and the retinal pigment epithelium"?.
According to these findings, congenital deficiency of leptin
might play a part in developing vascular or structural
pathology in the cornea, iris, anterior chamber, retina, and
choroid. The use of metreleptin in the treatment of congenital
leptin deficiency can reverse the symptoms associated with
the condition. However, dose adjustment is based on clinical
response, particularly in terms of weight control, and it
remains uncertain whether the dose administered exceeds the
physiological dose. In view of this, it would be beneficial to
perform regular ophthalmological examinations in patients
with congenital leptin deficiency to determine whether leptin
replacement therapy has any proangiogenic or cumulative side
effects on the retina, GCLs and vasculature of the eye.
Spectral-domain optical coherence tomography (SD-OCT) is
a safe and effective imaging modality that is widely used in
ophthalmology to investigate retinal thickness and morphology
in normal and pathological eyes. Another noninvasive
imagining technique, optical coherence tomography
angiography (OCTA), enables the visualisation of retinal
microvasculature with depth resolution. This technique allows
for the quantitative analysis of the superficial (SCP) and deep
retinal capillary plexus (DCP), in addition to the choroid. Both
SD-OCT and OCTA can provide high-quality images of the
retina and choroid, thus enabling a thorough assessment of
microanatomy and pathological changes.

Since the number of patients with CLD is limited, there is no
study in the literature analysing the ocular findings of CLD
patients under leptin therapy. The present study aims to show
the ocular findings of patients receiving leptin therapy for a
long time. It is essential because it is the first study on this
subject in this patient group.

PARTICIPANTS AND METHODS

Ethical Approval This comparative study, which had a cross-
sectional and prospective design, was performed with the approval
of the Ethics Committee of Ankara Training and Research
Hospital (Ankara, Turkey, Ethics number: E-22-879). The
researchers adhered to the tenets set forth in the Declaration of
Helsinki. All participants or their legal representative provided
written informed consent prior to their involvement in the
study and consent for publication of the image.

Participants The study included six patients with a diagnosis
of CLD receiving long-term leptin replacement therapy and 13
healthy controls of similar age and sex. CLD was diagnosed in
patients who have had obesity since childhood based on having
undetectable low plasma leptin levels and genetic detection of
a mutation in the LEP gene. All case-patients are numbered
1-6. The phenotypic and genetic characteristics of each case
were recorded and analysed.
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Data Collection At the initial visit, a comprehensive ocular
examination was conducted, encompassing intraocular pressure
(IOP), best corrected visual acuity (BCVA, logMAR), slit-
lamp examination, dilated fundus examination, measurement
of anterior chamber depth (ACD), axial length (AL), central
corneal thickness (CCT), and keratometry values (K1, K2)
via optical low-coherence reflectometry (Lenstar 900; Haag-
Streit Diagnostics, Switzerland). Spectralis-OCT (Heidelberg
Engineering, Franklin, MA 02038, USA) and optical coherence
tomography angiography (OCTA) examination (Optovue,
RTVueXR Avanti Optovue Version 2017.1.0.151, Inc.,
Fremont, USA) were performed on all the participants. All of
the above measurements were performed on leptin patients at
the first- and second-year visits.

Spectral-domain Optical Coherence Tomography SD-OCT
images of the fovea and optic disc were obtained. Retinal
layer segmentation from each SD-OCT scan was carried out
by automated software (Spectralis Software V6.16.8). The
thickness maps were divided into subfields in line with the
Early Treatment Diabetic Retinopathy Study using the built-
in Spectralis application. The inner ring was divided into four
quadrants. Average thickness and volume values of retinal and
GCLs are reported in a numerical format in central, inferior
inner, superior inner, temporal inner and inner nasal regions.
Central macular thickness was defined as the mean of all points
in the 1 mm radius inner circle. For the analysis of subfoveal
choroidal thickness (SFCT) measurements (enhanced depth
imaging optical coherence tomography; EDI-OCT), two
choroidal borders (inner and outer) were determined. In addition,
SFCT was measured manually using the software provided with
the SD-OCT device after identification of two choroidal borders.
The distance from the outer edge of the hyperreflective line
corresponding to the retinal pigment epithelium to the inner
surface of the sclera was defined as the SFCT. Retinal nerve
fiber layer (RNFL) thickness was measured by an average
of 16 consecutive circular B-scans of a 3.4-mm-diameter
peripapillary circle centered on the optic disc.

Optical Coherence Tomography Angiography OCTA
was performed based on the following protocol. Pupils
were first dilated with 1% tropicamide with or without 2.5%
phenylephrine eye drops in all leptin patients and healthy
controls. Participants then underwent retinal OCTA imaging.
A 6x6 mm’ scan centered on the fovea was obtained from
each subject. The superficial retinal capillary layer, which
extends from 3 um below the internal limiting membrane to
15 um below the inner plexiform layer, and the deep retinal
capillary layer, which extends from 15 to 70 pm below the
inner plexiform layer, were automatically detected by the
OCT instrument. Retinal capillary density was defined as the
proportion of the measured area occupied by perfused vessels,
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Table 1 The demographic characteristics of the CLD patients

Cases Age Ages of BMI (kg/m’) Duration of metreleptin Visual acuity (logMAR) Refractive error
(v) diagnosis  Baseline  Finally treatment (y) oD oS oD 0S
Case 1 47 M 23 51.4 23.9 24 0.00 0.00 - -
Case 2 59 F 35 46.7 34.1 24 0.00 0.00 - -
Case 3 60 F 36 55.4 34.6 24 0.00 0.00 - +0.50
-0.25

Case 4 21 M 5 39.6 26.3 16 0.00 0.00 -O.50><1/60 -
Case 5 22 F 18 48.1 30.1 4 0.00 0.00 -0.50x140 -0.25x155
Case 6 18 M 14 38.5 22.6 4 0.00 0.00 -0.25x160 -0.50x180

CLD: Congenital leptin deficiency; BMI: Body mass index; OD: Right eye; OS: Left eye.

defined as pixels with a signal. Foveal avascular zone area was
measured in the 3x3 mm” scan. Those with poor scan quality or
obvious motion artifacts were excluded. Complete ophthalmic
examination and analysis of the OCT and OCTA imaging were
performed for all participants by the same opthalmologist, who
is a retina specialist (Candan O).

Statistical Analysis Statistical analysis was performed using
SPSS version 22.0 (IBM SPSS Inc., USA). The descriptive
statistics were presented as median (minimum-maximum)
or meantstandard deviation (SD) for continuous variables
and frequency (%) for categorical variables. Due to the
rarity of congenital leptin deficiency, data on these patients
are limited, and no previous studies have evaluated ocular
findings in this population. Therefore, the statistical analysis
included both eyes of leptin patients and controls. Visual
inspection (histograms and probability plots) and the Shapiro-
Wilk test were used to evaluate the distribution of the data.
The linear mixed model (LMM) was used to analyze patient
and control group comparisons at baseline and longitudinal
data of leptin patients between the initial visit and each time
point!"”. For multiple comparisons, P-values were corrected
for least significant difference (LSD). In a comparison of two
groups using an LMM, the factor “Group” is designated as a
fixed effect, while the factor “Person” is defined as a random
effect. In the analysis of longitudinal data from leptin patients
between baseline and each follow-up visit using LMM, the
factors “Time” and “Eye” are designated as repeated measures.
Additionally, “Time” is used as a fixed effect, while “Person”
is selected as a random effect. P<0.05 was accepted as the
level of statistical significance.

RESULTS

Data from the scans of 38 eyes of six patients and 13 healthy
controls were analysed. The leptin mutation was the same in
all cases and they had the ¢.313C>T p.Argl05Trp mutation.
The BCVA was 0.00 logMAR in both eyes, and IOPs were
found to be normal in all patients. A thorough biomicroscopic
and dilated fundus examination did not reveal any pathology.
The first 4 case-patients were from the same extended family.
Case 1 and Case 2 were diagnosed in 1998 with severe obesity

Figure 1 Phenotypic features of a patient before (A) and after (B)

leptin replacement treatment.

starting in early childhood, hypogonadotropic hypogonadism,
and undetectable serum leptin levels. Case 3, an adult
homozygous female, was severely obese and amenorrhoeic.
She was diagnosed with leptin deficiency in 1999. Case 4 was
a 5-year-old boy with severe obesity and he was diagnosed
with leptin deficiency in 2006.

Cases 5 and 6 were siblings from a different family. Case 5
presented to the out-patient endocrinology clinic at the age of
18y with the symptoms of hyperphagia, obesity, and primary
amenorrhea. Case 6 was a 14-year-old boy who presented to
the endocrinology outpatient clinic with a history of obesity
and hyperphagia. Table 1 showed the patients’ demographic
characteristics, initial and post-treatment weights. Figure 1
showed the phenotypic features of a patient before and after
leptin replacement treatment. Case 1 was operated on for
bilateral cataracts at age 46, and case 2 at age 45. Age and
sex of the CLD and control groups were not statistically
significantly different (Table 1).

The values of the mean AL (22.6440.52 vs 23.34+0.66 mm,
P=0.012), ACD (3.0840.14 vs 3.48+0.29 mm, P<0.01), and
CCT (490.25+22.35 vs 540.53+16.45 pm, P<0.01) were
statically significantly lower in the leptin group than in
controls. The leptin group had higher K1 and K2 keratometry
values, the differences in the mean K1 (P=0.022), and K2
(P=0.047) keratometry measurements were significant. Table 2
showed the anterior segment parameters.

1951



Ocular findings and congenital leptin deficiency

Table 2 The anterior segment parameters in patients with CLD and control group

Parameters CLD patients (n=6) Control (n=13) P?

AL (mm) 22.64+0.52 (21.84-23.47) 23.34+0.66 (22.07-24.42) 0.012
K1 (D) 43.86+1.38 (41.77-45.49) 42.664+0.81 (41.36-43.81) 0.022
K2 (D) 44.33+1.35 (42.08-45.92) 43.41+0.60 (42.50-44.50) 0.047
ACD (mm) 3.08+0.14 (2.9-3.26) 3.48+0.29 (3.00-3.99) <0.01
CCT (um) 490.25+22.35(443.0-514.0) 540.53+16.45(512.45-566.10) <0.01

AL: Axial length; K1 and K2: Keratometry values; ACD: Anterior chamber depth; CCT: Central corneal thickness; CLD:

Congenital leptin deficiency. °P<0.05 significantly different linear mixed model (LMM).

Table 3 Thickness of subfoveal choroidal, macular, retinal nerve fiber and ganglion cell layers in CLD patients and controls

Parameters CLD patients (n=6) Control (n=13) P
Subfoveal choroidal thickness (um) 344.08+36.93 (291-410) 293.0+£13.43 (252-321) <0.01
Macular thickness (um)
Central 276.917439.441 (164-327) 256.962+14.498 (236-281) 0.084
Superior 351.667+16.819 (327-381) 338.654+13.074 (317-357) 0.093
Inferior 333.333457.381 (150-370) 338.577+14.181 (316-362) 0.693
Nasal 337.833157.413 (160-382) 335.269+20.602 (251-359) 0.848
Temporal 335.5+18.333 (291-362) 327.308+12.312 (309-350) 0.271
Retinal nerve fiber layer thickness (um)
Central 104.083+4.518 (94-111) 100.769+8.868 (85-120) 0.413
Nasal superior 124.083+9.535 (111-145) 120.0+14.234 (77-146) 0.49
Temporal superior 139.917+7.365 (125-152) 135.346+28.432 (11-160) 0.638
Nasal 86.167+5.64 (79-100) 77.077+12.388 (61-110) 0.104
Temporal 71.0+10.392 (55-95) 72.808+5.968 (59-85) 0.63
Nasal inferior 118.083+14.734 (95-143) 114.962+21.725 (74-152) 0.754
Temporal Inferior 139.083+14.436 (111-155) 147.808+10.898 (120-160) 0.165
Macular ganglion cell layer thickness (um)
Central 18.91+8.61 (9-39) 14.07+3.1 (9-19) 0.029
Superior 55.75+3.7 (49-63) 55.692+4.68 (49-67) 0.98
Inferior 55.667+5.706 (46-65) 54.923+4.795 (50-65) 0.77
Nasal 55.667+5.359 (47-65) 55.154+4.897 (47-65) 0.846
Temporal 49.33316.956 (30-60) 50.692+5.044 (41-61) 0.628

CLD: Congenital leptin deficiency. °P<0.05 significantly different linear mixed model (LMM).

Table 3 presented the measurements of the SFCT and RNFL
thickness. Mean SFCT (344.08+36.93 vs 293+13.43 um,
P<0.01) and central GCL thickness (18.91£8.61 vs 14.0743.1 um,
P=0.029) were both markedly increased in the leptin group.
Figure 2 showed images of EDI measurement of two patients
under leptin replacement treatment. Other OCT measurements
including RNFL, GCL, and macular thickness were not
significantly different.

Table 4 summarized the mean vessel density of the superficial
capillary plexus (SCP) and deep capillary plexus (DCP) in the
parafoveal, perifoveal, and overall parafoveal and perifoveal
quadrants and the area of the Foveal avascular zone (FAZ) in
the leptin and control groups. The leptin and control groups
showed significant differences in SCP vessel density in
the perifoveal region, but not in the parafoveal region. The

mean perifoveal SCP measurements in all regions, except
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the superficial perifoveal temporal region, were significantly
decreased in the leptin group in comparison to the control
group (P<0.05). DCP measurements in parafovea were
statistically significantly different between the two groups.
DCP parafoveal vessel density measurements in the superior
hemisphere, nasal and temporal quadrants were lower in the
leptin group. FAZ area was not different between leptin and
control groups (P=0.898). Vessel density images of the SCP
and DCP of two patients on leptin replacement therapy were
shown in Figure 3.

At the 12 and 24mo visits, there were no significant changes
in the measurements of K1, K2, ACD, AL, CCT, and OCT and
OCTA parameters. Interestingly, SFCT showed an increase
at month 12 and a slight decrease at month 24, but SFCT
measurements were increased at both months 12 and 24
compared to baseline (Table 5).
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Figure 2 Images of EDI-OCT measurements of a patient under leptin replacement treatment during 2y of follow up EDI-OCT: Enhanced depth

imaging optical coherence tomography.

T
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Figure 3 Images of vessel density of the SCP and DCP of two patients under leptin replacement treatment A1-A2: OCTA images of vessel

density of the SCP and DCP of a patient under leptin replacement treatment for less than five years (A1: An image of vessel density of the SCP;
A2: An image of vessel density of the DCP); B1-B2: OCTA images of vessel density of the SCP and DCP of a patient under leptin replacement
treatment for more than five years (B1: An image of vessel density of the SCP; B2: An image of vessel density of the DCP). SCP: Superficial

capillary plexus; DCP: Deep capillary plexus; OCTA: Optical coherence tomography angiography.
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Table 4 The mean vessel density of the SCP and DCP at fovea and area of the FAZ in CLD patients and controls

Parameters CLD patients (n=6) Control (n=13) P
FAZ 0.24+0.05 (0.17-0.33) 0.24+0.05 (0.11-0.37) 0.898
Superficial capillary plexus vessel density (%)
Superficial-whole 44.45%3.17 (39.3-48.7) 47.60%3.63 (39.7-52.9) 0.031
Superficial-superior hemisphere 44.08+3.09 (38.5-48.8) 47.36+3.49 (40.0-52.6) 0.024
Fovea central density 19.2+6.21 (3.3-27.3) 17.6616.18 (5.9-29.7) 0.61
Parafovea central density 45.93+4.54 (38.2-51.7) 48.5245.50 (36.1-55.0) 0.202
Parafovea temporal 46.8315.81 (32.7-53.1) 49.84+6.48 (33.2-58.6) 0.203
Parafovea superior 46.91+4.21 (38.7-52.0) 49.0446.67 (33.7-57.3) 0.361
Parafovea nasal 42.38%5.14 (30.2-49.1) 45.61%4.76 (32.0-52.4) 0.119
Parafovea inferior 47.6614.77 (37.6-53.4) 49.6615.64 (37.9-56.9) 0.308
Perifovea central density 45.0242.98 (40.7-49.5) 48.44+43.54 (40.5-53.7) 0.026
Superficial perifovea superior hemisphere 44.54+3.19 (38.5-49.5) 48.21+3.30 (41.3-53.5) 0.016
Superficial perifovea inferior hemisphere 45.51+3.12 (39.7-49.5) 48.86+3.73 (40.3-53.9) 0.025
Perifovea temporal 41.47%3.63 (34.3-46.0) 44.44+4.03 (35.9-49.8) 0.063
Perifovea superior 44.34+3.21 (38.3-49.5) 48.16%3.50 (41.0-53.4) 0.014
Perifovea nasal 49.05+3.06 (44.5-53.4) 52.7543.23 (45.4-57.3) 0.011
Perifovea inferior 45.26+3.15 (40.7-49.9) 48.83+3.88 (40.6-55.3) 0.031
Deep capillary plexus vessel density (%)
Fovea central density 38.7615.12 (28.9-47.3) 37.14+7.52 (28.7-53.6) 0.65
Parafovea central density 51.03+3.50 (46.3-55.8) 52.63%3.56 (45.6-60.4) 0.25
Deep parafovea superior hemisphere 50.40+4.76 (38.8-56.9) 53.66+2.63 (48.9-60.8) 0.021
Deep parafovea inferior hemisphere 51.65+3.72 (44.6-55.4) 52.73+3.52 (45.9-60.1) 0.469
Parafovea temporal 52.65+2.25 (48.1-56.1) 55.3043.12 (47.8-61.2) 0.036
Parafovea superior 49.9846.09 (33.8-56.3) 52.5743.19 (46.7-61.8) 0.103
Parafovea nasal 50.14+4.51 (44.0-58.1) 52.93+2.87 (47.8-60.0) 0.048
Parafovea inferior 51.33+3.85 (44.4-56.8) 52.78+4.00 (42.5-59.5) 0.313
Perifovea central density 47.4143.66 (38.9-51.8) 48.65+4.47 (41.2-60.8) 0.494
Perifovea temporal 51.08+3.98 (41.0-55.7) 52.56+3.68 (44.9-61.3) 0.356
Perifovea superior 43.6546.39 (26.3-50.9) 47.51+4.71 (40.9-61.5) 0.075
Perifovea nasal 46.89+5.08 (36.1-53.9) 47.03+4.75 (40.5-60.0) 0.936
Perifovea inferior 48.10+3.50 (40.1-51.4) 48.56%5.44 (40.2-61.3) 0.838

FAZ: Foveal avascular zone; CLD: Congenital leptin deficiency. °P<0.05 significantly different linear mixed model (LMM).

DISCUSSION

The current study represents the first in the literature to
evaluate the ocular findings in patients with congenital leptin
deficiency and the impact of long-term leptin replacement
therapy on ocular structures. Our data showed that long-term
leptin therapy does not affect anterior segment parameters,
OCT and OCTA findings, but congenital leptin deficiency
does.

CLD is a very rare disease, affecting one case in 4.4 million"”,
and characterised by undetectable or very low levels of leptin.
Leptin replacement therapy is the only available treatment
option. To date, the total number of patients reported in the
literature was only 165" and, in addition, there is no study in
the literature analysing the ocular findings of CLD patients
under leptin therapy. In the current study, we found that the
mean AL and ACD measurements of the patients with CLD
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were significantly decreased. Previous studies reported that
leptin levels decreased when growth hormone levels were
insufficient!"® Similarly, Hwang et al''"” reported that the
gene polymorphism of leptin and leptin receptor genes was
related to growth hormone deficiency pathogenesis, and the
decreased levels of leptin were correlated with short status.

1291 was that

One exciting finding by Pereira and Allemann
they found a correlation between AL, ACD, vitreous cavity
depth, and height in an average population. They found that
each 10 cm increase in height was associated with 0.32 mm of
increase in AL, 0.07 mm of ACD, and 0.50 D of keratometry
flattening. Their results might explain why the mean AL and
ACD measurements are decreased in our leptin patients.
According to the present study, the mean CCT measurements
were thinner in the leptin group than in the controls. Several

ocular and non-ocular conditions lead to decreased CCT,
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Table 5 Anterior and posterior segment measurements of CLD patients at month 12 and 24 compared to baseline

Parameters

Baseline

AL
K1°
K2°
ACD’
ccr
Subfoveal choroidal thickness (um)
Macular ganglion cell layer thickness central (um)°
Macular thickness central (um)
Retinal nerve fiber layer thickness central (um)
Superficial capillary plexus vessel density (%)
Superficial-whole”
Superior hemisphere”
Fovea
Parafovea
Perifovea®
Perifovea superior hemisphere®
Perifovea inferior hemisphere®
Perifovea superior”
Perifovea nasal
Perifovea inferior®
FAZ
Deep capillary plexus vessel density (%)
Fovea central density
Parafovea central density
Parafovea superior hemisphere®
Parafovea temporal’®

Parafovea nasal®

22.642+0.523 (21.84-23.47)
43.865+1.38 (41.77-45.49)
44.336+1.355 (42.08-45.92)
3.082+0.141 (2.9-3.26)
490.25+22.354 (443-514)
344.083+36.931 (291-410)
18.917+8.616 (9-39)
276.917+39.441 (164-327)
104.083+4.518 (94-111)

44.458+3.173 (39.3-48.7)
44.083+3.098 (38.5-48.8)
19.246.21 (3.3-27.3)
45.933+4.543 (38.2-51.7)
45.025+2.989 (40.7-49.5)
44.542+3.192 (38.5-49.5)
45.517+3.129 (39.7-49.5)
44.342+3.21 (38.3-49.5)
49.05+3.067 (44.5-53.4)
45.267+3.152 (40.7-49.9)
0.24+0.051 (0.173-0.338)

38.767+5.122 (28.9-47.3)
51.033+3.504 (46.3-55.8)
50.408+4.764 (38.8-56.9)
52.658+2.255 (48.1-56.1)
50.142+4.519 (44.0-58.1)

Month 12 Month 24 P
22.639+0.537 (21.83-23.5)  22.647+0.559 (21.82-23.59) 0.634
43.827+1.389 (41.72-45.51)  43.824+1.407 (41.72-45.67) 0.402
44.368+1.385 (42.1-46.0) 44.431+1.376 (42.19-46.11) 0.198
3.064+0.134 (2.87-3.25) 3.056+0.135 (2.86-3.24) 0.081
490.0+22.642 (442-514) 490.667+23.088 (442-513) 0.332
408.5+53.804 (352-518) 387.0+65.819 (313-511) <0.001
20.917+8.401 (13-38) 20.417+7.729 (13-37) 0.423
289.167+21.051 (265-329) 288.0+21.134 (265-325) 0.215
104.41745.155 (92-111) 104.41745.951 (91-111) 0.903
46.217+2.532 (40.9-51.2) 46.033+2.162 (42.1-48.3) 0.147
45.75+2.572 (41.1-51.2) 45.825+2.878 (41.0-50.2) 0.14
19.558+3.708 (12.5-25.2) 20.758+6.042 (9.7-31.4) 0.431
46.992+4.64 (35.3-52.0) 46.333+3.646 (39.3-51.7) 0.696
46.783+2.557 (41.5-51.6) 46.575+1.976 (43.2-49.7) 0.14
46.342+2.92 (41.1-51.8) 46.575+2.918 (40.8-52.9) 0.139
47.192+2.497 (41.9-51.4) 46.6+1.658 (43.9-49.4) 0.228
45.617+2.992 (41.3-51.3) 46.008+3.32 (40.5-53.3) 0.349
51.442+2.422 (46.9-54.9) 51.375+2.194 (47.8-56.7) 0.025
47.133+2.614 (42.2-51.7) 46.083+2.186 (42.7-50.3) 0.196
0.249+0.052 (0.173-0.364) 0.24+0.055 (0.157-0.354) 0.224
37.833+4.819 (29.4-44.5) 38.6+6.038 (29.5-49.3) 0.53
50.158+5.109 (43.7-58.6) 50.533+4.828 (44.1-61.2) 0.89
50.325+4.68 (45.4-58.7) 51.458+4.264 (46.1-61.2) 0.792
52.642+4.264 (43.9-59.1) 53.067+4.352 (47.4-62.2) 0.955
49.375+5.129 (42.0-58.3) 50.608+3.593 (45.3-60.1) 0.786

AL: Axial length; K1 and K2: Keratometry values; ACD: Anterior chamber depth; CCT: Central corneal thickness; FAZ: Foveal avascular zone; CLD:

Congenital leptin deficiency. °P<0.05 significantly different linear mixed model (LMM); ®Parameters showing significant difference from controls

and no difference during 2y of follow-up.

including ethnicity, genetic factors, dry eye, neurodegenerative
movement disorders (Parkinson’s disease), chronic hypoxia,

21-26 . .
21261 Previous studies

and obstructive sleep apnoea syndrome
have reported leptin’s role in stimulating angiogenesis and
maintaining a fenestrated endothelium in adipose tissue
and endocrine organs"”™. Similarly, some studies showed
leptin might have dual roles in stimulating angiogenesis and
maintaining appropriate vascular structure in the placenta””.
Leptin patients’ mean CCT values were lower than controls.
The probable explanation for our results may be the consequent
chronic hypoxia resulting from the inappropriate vascular
anatomy and impaired angiogenesis due to leptin deficiency.

In our study, mean SFCT measurements were significantly
higher in leptin patients than controls. Gonul et al** studied
choroidal thickness changes in morbidly obese patients after
bariatric surgery. They suggested that there was a positive

correlation between choroidal thickness and body mass index

(BMI), and that choroidal thickness levels were progressively
lower as BMI decreased. Before starting leptin treatment, all of
our patients had extreme obesity but they experienced dramatic
weight loss after treatment. Increased choroidal thickness in
our leptin patients compared to controls was not related with
BMI. A likely explanation for this difference is that previous
studies on the role of leptin in promoting angiogenesis have
shown that leptin promotes neovascularization in the cornea,
retina, and choroid and synergizes with fibroblast growth
factor (FGF-2) and vascular endothelial growth factor (VEGF)

2729321 ‘Moreover, it has been

in stimulating angiogenesis
documented that leptin-induced endothelial dysfunction may
play a contributory role in the development of gestational

hypertension in female patients””

. Replacement of leptin
for patients with CLD may promote angiogenesis, induce
vascular permeability, and thus increase choroidal thickness

measurements. Interestingly, SFCT showed an increase at
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12mo and a slight decrease at 24mo, but SFCT was still
increased compared to baseline measurements. This may again
support the effect of leptin treatment in inducing vascular
permeability in the choroidal vasculature.

On the other hand, our data show a significant increase in the
measurements of thickness of central GCL measurements.
Matochik et al”* showed that the concentration of grey
matter tissue in the brains of the three adults with genetic
leptin deficiency increased after leptin replacement therapy.
Similarly, according to Gupta'"”!, leptin may be utilised as a
possible neuroprotective agent in glaucoma management by
reducing apoptosis, oxidative stress, and excitotoxicity. The
increased central GCL measurements in our leptin patients
compared to the controls, may suggest that leptin therapy may
influence the retinal GCL. However, no significant differences
were observed when it came to measuring RNFL and macular
thickness. In addition, there are no changes in any of the
anterior and posterior segment measurements in the leptin
patients at 12 and 24mo. Therefore, more evidence is needed
to show that leptin treatment has a neuroprotective effect.

We found that SCP vessel density in the perifovea region
significantly was diminished in leptin patients compared
to the controls. Likewise, statistically significant difference
was detected in the mean DCP parafoveal vessel density
measurements in the superior hemisphere, nasal and temporal
quadrants. Even though the leptin patients have decreased
vessel densities of SCP and DCP compared to the controls, no
significant differences were demonstrated during the two years
follow-up. As previously stated, leptin is critical in stimulating
angiogenesis and maintaining an appropriate vascular
structure. Thus, it can be suggested that not leptin therapy itself
but the lack or low levels of leptin may have contributed to a
decline in vessel densities of the SCP and DCP in patients with
CLD.

This study bears several limitations. These include the small
sample size due to CLD being a rare disease, the use of a cross-
sectional study design that resulted in anterior segment, OCT,
and OCTA being measured at different times during treatment,
and the lack of pretreatment measurements. Moreover, we did
not perform fundus fluorescein angiography (FFA), as FFA is
a gold standard but an invasive diagnostic procedure for our
patients, who did not have any complaints of ocular symptoms
or retinal pathology.

In conclusion, the present study provides the first detailed
assessment of ocular findings in patients with CLD and how
long-term leptin replacement therapy affects the anterior and
posterior segments of their eyes. This study demonstrates
that patients with congenital leptin deficiency may have
developmental changes in the anterior and posterior segments
of their eyes. In addition, leptin replacement therapy increased

1956

choroidal thickness during 2y of follow-up and may have an
effect on the choroidal vasculature. However, the two-year
longitudinal data of our study show that there is no effect of
leptin replacement on anterior segment parameters and retinal
vasculature. OCT will be essential for the follow-up of these
patients. The use of EDI-OCT in detecting alterations in the
choroidal circulation prior to the onset of decompensation
renders it a valuable tool for ongoing monitoring. Further
longitudinal studies with greater sample sizes are needed to
determine the full impact of congenital leptin deficiency and
long-term replacement therapy on ocular structures.
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