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ABSTRACT | Purpose: Obesity is associated with eye diseases,
but the underlying structural changes and pathogenic mecha-
nisms have not been examined in detail. Here, we assessed
the effects of morbid obesity on the morphometric indices of
eye disease. Methods: Morbidly obese volunteers (n=101,
body mass index [BMI] 240) and healthy individuals (n=95,
BMI: 18.50-24.99) were examined by Goldman applanation
tonometry, pachymetry, and spectral domain optical coherence
tomography. Intraocular pressure, anterior chamber depth,
axial length, central corneal thickness, retinal nerve fiber layer
thickness, central foveal thickness, and choroidal thickness were
compared between groups. Results: Uncorrected intraocular
pressure was significantly greater in the morbidly obese group
than in the healthy control group (15.5 + 2.5 vs. 14.5 + 2.6 mmHg,
p=0.009), whereas axial length, anterior chamber depth, and
central corneal thickness did not differ between the groups.
The mean retinal nerve fiber layer thickness at the temporal
quadrant was reduced in the morbidly obese group (72.7 +
13.6 vs. 85.05 = 52.6 um, p=0.024). Similarly, the mean
retinal thicknesses at nasal and temporal 1500-um locations
were lower in the morbidly obese group (346.6 + 18.2 vs.
353.7 + 18.8 um, p=0.008; 323.1 + 20.3 vs. 330.0 + 18.9 um,
p=0.001). The mean choroidal thickness was also reduced in
almost all measurement locations (fovea, temporal 500 and
1000 um, and nasal 500, 1000, and 1500 pum) of the obese
group (p<0.05). Weight and BMI were negatively correlated with
subfoveal choroidal thickness (r=-0.186, p=0.009; r=-0.173,
p=0.015). Conclusion: Morbid obesity is associated with elevated
uncorrected intraocular pressure and signs of neuropathy and
retinopathy. Obesity may thus increase the risks of glaucoma and
glaucomatous optic neuropathy.
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RESUMO | Obijetivo: A obesidade esta associada a doengas
oulares, mas as mudangas estruturais subjacentes e os meca-
nismos patogénicos ndo foram examinados detalhadamente.
Aqui avaliamos os efeitos da obesidade mérbida nos indices
morfométricos da doenca ocular. Métodos: Voluntarios
obesos mérbidos (n=101, indice de massa corporal 240) e
individuos saudéaveis (n=95, indice de massa corporal 18,50
a 24,99) foram examinados por tonometria de aplanacdo de
Goldman, paquimetria e tomografia de coeréncia 6ptica de
domicio espectral. A pressdo intraocular, profundidade da
camara anterior, comprimento axial, espessura central da crnea,
espessura da camada de fibras nervosas da retina, espessura
foveal central e espessura da coroide foram comparadas entre
os grupos. Resultados: A pressdo intraocular ndo corrigida
foi significativamente maior no grupo com obesidade mérbida
do que no grupo controle saudavel (15,5 + 2,5 vs. 14,5 +
2,6 mmHg, p=0,009), enquanto que o comprimento axial,
profundidade da camara anterior e espessura central da cérnea
nao diferiram entre os grupos. A espessura média da camada de
fibras nervosas da retina no quadrante temporal foi reduzida no
grupo com obesidade mérbida (72,7 + 13,6 vs. 85,05 + 52,6 um,
p=0,024). Da mesma forma, a média das espesuras da retinianas
nas localizagdes nasal e temporal de 1500 p foi menor no grupo
com obesidade mérbida (346,6 + 18,2 um vs. 353,7 + 18,8 um,
p=0,008; 323,17 + 20,3 um vs. 330,0 + 18,9 um, p=0,001). A
espessura média da coroide também foi reduzida em quase todos
os locais de mensuragao (févea, temporal 500 e 1000 um, nasal
500, 1000 e 1500 um) do grupo obeso (p<0,05). Peso e indice
de massa corporal foram negativamente correlacionados com a
espessura da coroide subfoveal (r=-0,186, p=0,009; r=-0,173,
p=0,015). Conclusao: A obesidade mérbida esta associada a
elevada pressdo intraocular nao corrigida e a sinais de neuropatia
e retinopatia. A obesidade pode, assim, aumentar os riscos de
glaucoma e neuropatia 6ptica glaucomatosa.

Descritores: Obesidade morbida; Pressao intraocular; Fibras
nervosas; Paquimetria corneana; Segmento anterior do olho;
Segmento posterior do olho
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INTRODUCTION

Excessive accumulation of adipose tissue (obesity)
can impair physical, psychosocial, and general health®™.
Obesity afflicts all age groups, from youth to old age, but
there has been a particularly rapid increase in preva-
lence among youth and young adults®®. Body mass
index (BMI), calculated as weight (kg)/height (m)?, is the
most widely adopted metric for defining underweight,
overweight, and obesity. The World Health Organization
defines underweight as a BM1 <18.50, normal weight as
a BMI in the range 18.50-24.99, overweight as 25.00-
29.99, obese class | as 30.00-34.99, obese class 1l as
35-39.99, and obese class 11l as BMI 240. Morbid obesity
is defined as BMI 235 kg/m? along with accompanying
illnesses or 240 kg/m? without weight-related illness.

Obesity is strongly related to increased morbidity and
early mortality due to associated diseases such as dia-
betes mellitus (DM), hypertension, and cardiovascular
disease™. Obesity is also related to various eye diseases,
such as cataract, age-related maculopathy, diabetic
retinopathy, and glaucoma. However, relatively few
studies have examined the potential effects of obesity
without associated diseases such as DM on visual health®.
Obesity is negatively correlated with visual acuity, but
the underlying eye-related problems and pathogenic
mechanisms are uncertain. Ocular problems in obesity
may be associated with dysfunction of both mechanical
and vascular elements of the eye, possibly due to chro-
nic oxidative stress®. Thus, obesity may impair visual
function in the absence of associated diseases or in the
preclinical stages.

To examine the effects of obesity on ocular function
in the absence of obesity-related diseases, we compa-
red intraocular pressure (I0P), anterior chamber depth
(ACD), central corneal thickness (CCT), axial length (AL),
retinal nerve fiber layer (RNFL) thickness, retinal thickness
(RT), and choroidal thickness (CT) between morbidly
obese subjects without associated diseases (=40 kg/m?)
and matched healthy subjects with normal BMI.

METHODS

This study was performed at the Department of Oph-
thalmology and General Surgery, Dizce University
Medical Faculty, and conducted in accordance with the
principles of the Declaration of Helsinki. The research
sample consisted of two groups. From 353 morbidly
obese individuals scheduled for sleeve gastrectomy at
Diizce University Medical Faculty Department of Surgery,

101 with BMI 240 without weight-related illness were
recruited as study volunteers. The control group was
composed of 95 non-obese adults matched for age and
sex ratio with BMI values ranging from 18.50 to 24.99.
The study was approved by the institutional ethics com-
mittee and all participants provided informed consent
following explanations of research protocols and goals.
BMI was assessed as bodyweight in kilograms divided by
body height in meters squared (kg/m?). Subject height was
measured in the standing position and body weight using
a digital scale. An automatic blood pressure monitor was
used to assess systolic and diastolic blood pressures.

Candidates with histories of retinal disease, smoking,
high alcohol consumption, IOP above 21 mmHg, systemic
diseases (such as diabetes and hypertension), glaucoma,
intraocular surgery, laser treatment, contact lens use,
strabismus, ocular trauma, amblyopia, or cataract, as well
as those with any ocular inflammation, currently recei-
ving medical treatment for glaucoma, or having taken any
prescription drugs over the past 3 months were excluded
from the study.

All examines were conducted on the right eye. Each
subject received a general eye examination including
best corrected visual acuity test, dilated-pupil fundus
examination with a 90-diopter (D) lens, and Goldman
applanation tonometry. Measures of ACD, AL, and CCT
were conducted using an Echoscan US 500 system (Nidek
Co. Ltd, Aichi, Japan). Average CCT (measured as 540 mm)
was used for the corrected IOP calculation and a
0.7 mmHg correction was made for every 10-um change.
RT, RNFL, and CT were measured by spectral domain
optical coherence tomography (SD-OCT, Heidelberg
Engineering, Heidelberg, Germany). The CT scans were
conducted using an improved SD-OCT depth-imaging
method. Eye tests and OCT scans were conducted by
a trained eye doctor between 09:00 and 11:00 in the
morning to mitigate potential diurnal variability. The
disc margin contour line was drawn manually at the
inner edge of the scleral ring by determining 7 points.
The RNFL measurements were determined globally (G)
and for temporal (T), superotemporal (ST), superonasal
(SN), nasal (N), inferotemporal (IT), and inferonasal (IN)
sectors. CT was measured as the perpendicular distance
between the hyperreflective outer border of the retinal
pigment epithelial layer (automatically detected by the
instrument) and the manually drawn sclero-choroidal
interface. The RT and CT measurements (one subfoveal,
three temporal, three nasal) were obtained at 500 pm
intervals up to 1,500 um using the caliper system.
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All statistical analyses were conducted using the sta-
tistical package SPSS v 22.0 (SPSS Inc., Chicago, IL, USA).
Group means were compared by Mann-Whitney U-test
or Student’s t-test as appropriate. Correlations between
various clinical examination parameters and BMI were
analyzed by Spearman’s rank correlation test. A P<0.05
(two-tailed) was considered statistically significant for
all tests.

RESULTS

The morbid obesity group (n=101) and healthy control
group (n=95) were well matched for age (35.9 + 11.5
years, range 14-63 years vs. 36.6 + 11.8 years, range 14-63
years; p>0.05) and sex ratio (68 females and 33 males
vs. 67 females and 28 males; p>0.05). The mean uncor-
rected IOP was significantly greater in the obese group
(15.5 = 2.5 mmHg vs. 14.5 + 2.6 mmHg; p=0.009),
whereas AL, ACD, and CCT did not differ. Demographic
and clinical characteristics of the study groups are sum-
marized in table 1.

Among morphological measures (Table 2), RNFL
thickness in the temporal quadrant was significantly re-
duced in the morbidly obese group compared to the heal-
thy control group (72.7 + 13.6 pum vs. 85.05 + 52.6 um;
p=0.024), butnosignificantdifferences were found for the
other quadrants. RT was also reduced in the obese group
in both the nasal and temporal 1500 pm regions (346.6 +
18.2 umyvs. 353.7 = 18.8 um, p=0.008; 323.1 + 20.3 um
vs. 330.0 + 18.9 um, p=0.001). Mean CT was also re-
duced in all measurement locations of the obese group
(p<0.05) except for temporal 1500 mm (Table 3).

There was no significant correlation between BMI
and any anterior segment parameter except for uncor-
rected 1OP (Table 4). Alternatively, weight and BMI were
strongly and negatively correlated with subfoveal CT
(r=-0.186, p=0.009; r=-0.173, p=0.015). Weight and
BMI were also negatively correlated with CT at nasal
500, 1000, and 1500 um locations as well as temporal
500, 1000, and 1500 um locations. Height was not asso-
ciated with CT at any location (Table 5).

DISCUSSION

Uncorrected IOP was significantly elevated in morbidly
obese adults without weight-related diseases, whereas
corrected IOP, CCT, AL, and ACD measurements did not
differ from those of healthy controls. However, the obese
group demonstrated signs of retinopathy and vascular
abnormalities. Thus, morbid obesity in the absence or
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in the preclinical stages of associated diseases may pose
risks for glaucoma and other eye diseases.

Risk factors for high IOP have been extensively stu-
died due to the strong association with glaucomatous
optic nerve damage”?. In The Beaver Dam Eye Study, IOP
was positively correlated with BMI among other factors®.
Furthermore, epidemiologic studies have reported that
the increase in 1OP associated with obesity is indepen-
dent of age, systolic blood pressure, and diastolic blood
pressure (DBP)"%', Stojanov and colleagues reported
that obese individuals have significantly higher 10P
than that of non-obese individuals?, and Gunes et al.
found elevated 1OP in Turkish patients with BMI 23913,
Furthermore, both Gunes et al. and Jang et al. found a
positive correlation between IOP and BMI"*'. In our
study, this correlation was found to be weak. In contrast
to IOP, only a small number of studies have analyzed
the correlation between BMI and glaucomatous optic
neuropathy. One study found that high BMl increases the
likelihood of clinical glaucoma diagnosis at hospital ad-
mission®. However, a case-control study found no statis-
tically significant difference in BMI between glaucomatous
and non-glaucomatous subjects®. Further investigations
are needed to determine associations between BMI and
glaucoma.

Table 1. Demographic and clinical characteristics of the study groups

Parameters Obese Control p-value
Age (years) 359 2 U115 36.6 + 11.8 0.675
Body mass index (kg/m?) 48.6 + 40.7 220+ 1.4 0.001
Intraocular pressure 15,5+ 2.5 145+ 2.6 0.009
(uncorrected) (mmHg)

Intraocular pressure 146 £ 2.5 142+ 2.2 0.208
(corrected) (mmHg)

Central corneal thickness (um)  551.9 + 31.3 544.4 + 30.8 0.096
Axial length (mm) 228+ 2.1 229+ 0.8 0.609
Anterior chamber depth (mm) 3.1+ 0.4 3.1+ 0.4 0.911

Table 2. Retinal nerve fiber layer (RNFL) thickness comparisons

Quadrant (um) Obese Control p-value
Temporal 72.7 £ 13.6 85.05 + 52.6 0.024
Temporal-superior 143.9 + 24.4 138.30 + 23.4 0.108
Temporal-inferior 148.7 £ 23.5 142.80 + 22.8 0.078
Nasal 799 £ 173 81.90 + 18.1 0.434
Nasal-superior 113.7 £ 25.6 117.10 + 20.9 0.309
Nasal-inferior 115.0 + 26.8 111.20 + 23.9 0.300
Global 103.3 + 12.0 104.80 + 15.9 0.467
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Table 3. Distribution of mean choroidal and retinal thickness at different locations in morbidly obese and control groups

Choroidal thickness (um)

Retinal thickness (um)

Location Obese (n=101) Control (n=95) p Obese (n=101) Control (n=95) p

Foveal 329.60 + 67.1 360.2 + 118.3 0.026 222.8 + 23.0 2281 25 16,3 0.926
Temporal 500 pm 330.80 + 66.0 358.7 £ 113.0 0.035 283.7 + 25.0 288.4 + 27.3 0.215
Temporal 1000 pm 321.70 £ 63.2 347.4 + 108.3 0.042 327.1 £ 19.4 332.0 + 22.4 0.104
Temporal 1500 pm 314.10 £ 60.0 333.4 + 107.0 0.119 323.1 +£20.3 330.0 = 18.9 0.001
Nasal 500 pm 318.40 + 70.2 349.6 + 118.6 0.025 300.0 + 29.2 299.8 + 30.8 0.956
Nasal 1000 um 305.30 £ 70.4 348.9 + 113.2 0.001 341.5 + 27.5 347.4 + 23.0 0.105
Nasal 1500 um 286.48 + 70.3 323.5 + 114.1 0.006 346.6 + 18.2 353.7 + 18.8 0.008

Table 4. Correlation of body mass index with clinical parameters

4 P
Uncorrected intraocular pressure 0.167 0.020
Corrected intraocular pressure 0.107 0.135
Central corneal thickness 0.071 0.322
Axial length -0.030 0.672
Anterior chamber depth -0.025 0.728

r= correlation coefficient.

Table 5. Correlations of choroidal thickness with weight, height, and body
mass index (BMI)

Subfoveal T500 T1000 T1500 N500 N1000 N1500

Weight
r -0.186 -0.189 -0.176  -0.156  -0.181 -0.249  -0.231
p 0.009" 0.008" 0.014* 0.029* 0.011* 0.001" 0.001*
Height
r -0.069 -0.071  -0.037 -0.056 -0.037 -0.073 -0.116
p 0.340 0.320 0.604 0.435 0.603 0.311 0.107
BMI
r -0.173 -0.176  -0.172 -0.150 -0.180 -0.237 -0.208
P 0.015* 0.014* 0.016* 0.036* 0.011* 0.001* 0.003*

t= correlation is significant at the 0.01 level (2-tailed); *= correlation is significant at
the 0.05 level (2-tailed); r= correlation coefficient.

Mean corneal thickness ranges from about 537 pm
to 544 um in normal adults, but is thicker in ocular
hypertension cases and thinner in normotension glau-
coma”. Bron and colleagues found that CCT correlates
positively with 10P, with each 10-mm increase in CCT
associated with a 0.15-1 mmHg increase in the 1OP"®),
whereas a manometric study found that a 10-um increase
in CCT predicts a 0.7 mmHg increase in IOP". In this
study, we found no significant effect of obesity on the
corrected 10P.

There is currently little understanding of the patho-
physiology linking obesity, IOP, and glaucoma. Both
‘mechanical’ and ‘vascular’ etiologies of 10P and glau-
coma may be driven by obesity. Proposed mechanical
pathomechanisms include accumulation of intraorbital
fat, elevated blood thickness, elevated episcleral venous
pressure, and deterioration of aqueous discharge®*2".
Additionally, eyes with naturally weak vascular flow to the
optic nerve head are more prone to injury under increa-
sed or even normal 10P?*?¥, Disruption of the arterial
blood supply, changes in autonomic vasoregulation, and
endothelial damage associated with obesity activity may
also lead to aberrant ophthalmic blood flow®?. Another
possibility is that hyperleptinemia-induced obesity can
lead to oxidative injury in the trabecular meshwork®.

Gunes et al. reported significantly lower ACD in obe-
se subjects compared to a control group, but there were
no significant difference in AL and CCT values"®. Moreo-
ver, Yilmaz et al. reported that AL and CCT values did
not differ significantly among healthy obese individuals
with BMI of class 1@%. In our study, these parameters
also did not differ between control and obese groups. Su
et al.?” reported that the cornea is thicker in high-BMI
subjects and that this leads to higher IOP. In contrast,
we also found no difference in corrected IOP between
groups, although in accord with a previous study we did
find a significant increase in unadjusted 10P values®?.
Glaucoma is less likely to develop in individuals with
high CCT". However, we believe that glaucomatous
optic neuropathy may develop due to ischemic and me-
chanical effects caused by obesity, even though there is
no difference in corrected 1OP.

In our study, the morbidly obese group exhibited sig-
nificant thinning of the RNFL in the temporal quadrant .
Similarly, Dogan et al.?® also found that mean RNFL thi-
ckness and number of retinal ganglion cells were redu-
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ced in morbid obesity. In the same study, no significant
difference was found in central macular thickness, but
CT was reduced. Using a caliper system, we measured
significantly lower foveal RT was at both temporal and
nasal 1500 mm locations in the morbidly obese group.
In addition, CT was significantly reduced in most mea-
sured areas (all except temporal 1500 pum), in accord
with Dogan et al.??. Yilmaz et al. also found reduced CT
at the subfoveal area and up to 2000 um in both nasal
and temporal directions from the fovea®®. Unlike retina
and optic nerve head vasculature, the choroidal blood
supply is regulated autonomically, with noradrenaline
from sympathetic efferent nerve activation reducing
and NO from parasympathetic efferents increasing
choroidal blood flow®?. The effects of obesity on NO
signaling in particular may explain the impact of obesity
on CT because low NO values are observed in morbidly
obese individuals. Further, there is a positive correlation
between BMI and levels of the vasoconstrictors ET-1
and Ang-1l, suggesting that obesity-induced shifting of
the vasodilator/vasoconstrictor balance (reduced NO
and elevated ET-1 and Ang-11) can affect CT. Spearman’s
correlation analysis revealed negative correlations of
BMI and weight (but not height). Yilmaz et al. also found
negative correlations of between CT and both BMI and
weight?®. However, Yumusak et al.®” reported a positive
correlation between BMI and CT in class two obese
women, suggest that factors such as sex and severity of
obesity may influence the relationship between BMI and
choroidal blood flow.

The major strength of our study is the sample size.
To our best knowledge, this is the largest -scale study
conducted to date on the ocular effects of obesity in the
absence of related diseases. Moreover, both anterior
and posterior segment findings were evaluated in detail.
Alternatively, the present study is limited by the lack of
biochemical blood parameter measures. Another limita-
tion is that we did not evaluate obstructive sleep apnea
syndrome or obesity hypoventilation syndrome, and
these disorders may also impact ocular function.

In conclusion, uncorrected 1OP was significantly
higher in the morbidly obese compared to matched con-
trols with normal BMI. Corrected 1OP, CCT, AL, and ACD
did not differ significantly between groups, but regional
decreases in RNFL thickness and RT were observed as
well as more pervasive decreases in CT. IOP elevation
and RNFL thinning in morbidly obese adults may increa-
se the risks of glaucoma and optic neuropathy.
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