@ PLOS|ONE

Check for
updates

G OPEN ACCESS

Citation: Posarelli C, Salvetti G, Piaggi P, Guido F,
Ceccarini G, Santini F, et al. (2019) Ophthalmologic
evaluation of severely obese patients undergoing
bariatric surgery: A pilot, monocentric, prospective,
open-label study. PLoS ONE 14(5): e0216351.
https://doi.org/10.1371/journal.pone.0216351

Editor: Rayaz A. Malik, Weill Cornell Medicine-
Qatar, QATAR

Received: December 3, 2018
Accepted: April 18,2019
Published: May 16, 2019

Copyright: © 2019 Posarelli et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its supporting
information files. Additional data are available from
Dryad: (DOI: 10.5061/dryad.1g6vm34).

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Ophthalmologic evaluation of severely obese
patients undergoing bariatric surgery: A pilot,
monocentric, prospective, open-label study

Chiara Posarelli®'®*, Guido Salvetti®®, Paolo Piaggi®??>, Francesca Guido',
Giovanni Ceccarini?, Ferruccio Santini, Michele Figus'

1 Ophthalmology, Department of Surgical, Medical, Molecular Pathology and of Critical Area, University
Hospital of Pisa, Pisa, Italy, 2 Obesity Center, at the Endocrine Unit, University Hospital of Pisa, Pisa, Italy,
3 National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Phoenix,
AZ, United States

® These authors contributed equally to this work.
* chiara.posarelli@med.unipi.it

Abstract

Purpose

The aim of this study was to investigate the pathogenic role of obesity on blinding eye dis-
eases in a population of severely obese patients with no history of eye diseases, and to ver-
ify whether weight loss induced by bariatric surgery may have a protective effect.

Methods

This was a pilot, monocentric, prospective, and open label study conducted at the University
Hospital of Pisa. Fifty-seven severely obese patients with a mean body mass index value of
44.1 + 6 kg/m? were consecutively recruited and received a complete ophthalmological eval-
uation and optical coherence tomography. Twenty-nine patients who underwent gastric
bypass were evaluated also 3 months, and 1 year after surgery.

Results

At baseline, blood pressure value were directly and significantly related to intraocular pres-
sure values (p<0.05, R = 0.35). Blood pressure values were also significantly and inversely
related to retinal nerve fiber layer thickness, particularly in the temporal sector (RE p<0.05 r-
0.30; LE p<0.01, R =-0.43). Moreover, minimum foveal thickness values were significantly
and inversely associated with body mass index (RE p<0.02, R =-0.40; LE p<0.02, R =
-0.30). A significant reduction of body mass index (p<0.05) and a significant (p<0.05)
improvement of blood pressure was observed three months and one year after gastric
bypass, which were significantly associated with an increase in retinal nerve fiber layer thick-
ness and minimum foveal thickness values in both eyes (p<0.05).
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Conclusions

The results of this study suggest that obese patients may have a greater susceptibility to
develop glaucomatous optic nerve head damage and age-related macular degeneration.
Moreover, weight reduction and improvement of comorbidities obtained by bariatric surgery
may be effective in preventing eye disease development by improving retinal nerve fiber
layer and foveal thickness.

Introduction

Obesity is a major public health problem, due to its increasing prevalence in most coun-
tries and the related health risks. Worldwide, the proportion of adults with a body-mass
index (BMI) of 25 kg/m? or higher is calculated to be greater than 35% both in men and in
women [1].

Obesity and obesity-related systemic diseases determine a greater risk for blinding eye dis-
eases, such as cataract, glaucoma and age-related macular degeneration (AMD) [2]. Bariatric
surgery is currently the most effective mean to reach a substantial and stable body weight
reduction in severe morbid obesity, with an important amelioration of various comorbidities
[3]. The potential role of bariatric surgery in prevention and improvement of diabetic retinop-
athy [4], and its role in solving papillary oedema in intracranial hypertension has been recently
investigated [5]. The association between vitamin deficiencies after bariatric surgery and
related eye diseases is also well established [6]. Little is known about the effects of bariatric sur-
gery on eye diseases of different aetiologies. In this study we measured several ophthalmologic
parameters in a population of severely obese patients with no history of eye diseases, to get fur-
ther insights into the pathogenic role of obesity on blinding eye diseases and to verify whether
weight loss induced by bariatric surgery may have a protective effect.

Subjects and methods

This was an explorative, prospective, monocentric open-label study. The study was conducted
according to the principles defined in the Declaration of Helsinki and amendments, and was
approved by the local Ethical Committee (Area Vasta Nord Ovest Ethical Committee-
CEAVNO). Between July 2015 and January 2016, 57 consecutive obese patients, aged 18 to 65
years (mean age 46,2 * 10), were selected among those attending the Obesity Center of the
Endocrinology Unit, at the University Hospital of Pisa, Italy. All patients gave their written
informed consent.

The inclusion criteria were BMI>40 Kg/m2 orBMI>35 Kg/ m? with co-morbidities.
Patients with a diagnosis of type 2 diabetes or with pre-existing ocular diseases or visual alter-
ations were excluded to avoid confounding factors related to pre-existing retinal pathology,
independent from obesity per se. Patients with dementia, Parkinson’s disease, Alzheimer’s dis-
ease, multiple sclerosis or other severe neurological diseases were also excluded since ophthal-
mologic parameters may be altered in these conditions. Patients with lens opacities that made
impossible the posterior segment examination, or with a refractive error > +5 or <-8 diopters
spherical equivalent were also excluded.

The following parameters were recorded: age, body mass index (BMI), waist and hip cir-
cumference, heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP),
reported as average of two measurements in the sitting position with an interval of 2 minutes
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with an appropriate cuff. Blood glucose, glycated hemoglobin, fasting insulin, creatinine, fast-
ing leptin, vitamin D, vitamin B, folic acid (Table 1), co-morbidities and concurrent diseases
were also registered.

Twenty-nine patients underwent gastric bypass surgery (GBP) [7]. After surgery all patients
received adequate daily vitamin supplementation, including 800 micrograms of Vitamin A.
Anthropometric and ophthalmologic data were collected before, 3 months and one year after
GBP.

Ophthalmologic evaluation

In each eye, right eye (RE) and left eye (LE), the following data were collected: Visual acuity
(Snellen equivalent); intraocular pressure (IOP); central corneal thickness (CCT); foveal thick-
ness (FT) average value; FT minimum value; FT maximum value; average retinal nerve fiber
layer (RNFL) thickness value; RNFL thickness superior, temporal, inferior, and nasal sector;
cataract present or absent.

The anterior segment was examined by slit-lamp biomicroscopy, best corrected visual acu-
ity was recorded as Snellen equivalent, opacity of the lens was classified using the Lens Opaci-
ties Classification System IIT (LOCS), and intraocular pressure was measured with Goldmann
applanation tonometry. The posterior segment was examined after pupil dilation; central cor-
neal thickness was measured with Tomey EM-3000 specular microscope. All images of the
optic nerve head and of the fovea were acquired with the Spectralis Spectral Domain-Optical
coherence tomography (SD-OCT, version 1.9.10.0 Heidelberg Engineering, Carlsbad, Califor-
nia, USA) by the same expert operator. The scan speed of the instrument is 40000 A-scan per
second, and the scan circle diameter around the optic nerve is 12°. Typically, the scan diameter
(mm) is 3.5-3.6 mm and relays on the axial eye length of the eye. The quality score of all scans
is > 20 [8]. The mean RNFL thickness value and the average measurement values for all the six
sectors were recorded. FT values were obtained again with the Spectralis SD-OCT, using the
automated averaging system. The instrument has an axial and transverse resolution respec-
tively less than 7 um and 10 um [9-10]. Automatically, the Spectralis software identifies the
retinal thickness as the space between the inner limiting membrane and the complex retinal
pigment epithelium-Bruch’s membrane-choriocapillaris [9]. Central foveal subfield (CSF)
thickness was defined as the average of all points within the inner circle of 1-mm radius from

Table 1. Biochemistry tested before bariatric surgery.

Parameter Mean Std. Deviation Range
Glucose mg/dL 102,6 33,2 69-288
HbAlc mmol/M 43,3 10,6 29-87
Fasting Insulin pU/L 19,1 14,6 10-53
Creatinine mg/dL 0,7 0,8 0,5-1,7
Fasting Leptin ng/mL 43,3 16,9 16-83
Vitamin D ng/mL 19,5 7,7 13-15
Vitamin B12 pg/mL 422,9 149,1 221-1008
Folic Acid ng/mL 6,8 2,6 4-16
Total Cholesterol mg/dL 191,8 35,6 114-257
LDL Cholesterol mg/dL 129,0 32,0 57-196
HDL Cholesterol mg/dL 48,3 10,9 28-72
Triglycerides mg/dL 113,7 44,2 41-254

HbA1lc (glycated haemoglobin), LDL (low-density lipoprotein), HDL (high-density lipoprotein).

https://doi.org/10.1371/journal.pone.0216351.t001
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the fovea; maximum and minimum foveal thickness values were also recorded [9]. The instru-
ment’s camera has an internal fixation source centred on the patient’s fovea. Independently,
the operator checks patient’s fixation through an infrared camera [10].

Statistical analysis

Data were organised in a Microsoft Excel XP table to perform statistical analysis. The Kolmogo-
rov-Smirnov test was used to assess normality of data. Pearson (r) and Spearman (rho) correla-
tion coefficients were calculated to quantify associations between Gaussian and skewed variables,
respectively. Changes at follow-up were calculated as the difference between follow-up and base-
line measurements, and were analysed by paired Student’s t test when assessing differences in
mean values. A p-value <0.05 was considered statistically significant. Data are presented as
mean + standard deviation (SD). Analyses were performed using SPSS (version 21, IBM Corp.)

Results
Results at baseline

Of the 57 patients enrolled, 46 were women and 11 were male. Their anthropometric measures
are listed in Table 2 and S1 File.

Twenty patients were on treatment for hypertension. All ophthalmologic values registered
at baseline are shown in Table 3 and S1 File. No significant differences were observed between
the two eyes.

In the univariate analysis blood pressure values were directly and significantly related to
intraocular pressure values. In the right eye there was a direct association both for diastolic
and systolic pressure (RE p<0.05, R = 0.35), while in the left eye only the diastolic pressure was
associated with intraocular pressure values. Systolic blood pressure values remained signifi-
cantly associated with IOP in both eyes, even after correction for age and body mass index,
explaining 8-9% of IOP variability. Furthermore, BP values were significantly and inversely
related to RNFL thickness, particularly in the temporal sector of the left eye (LE p<0.01, R =
-0.43) and in the superior sector of the right eye (p<0.05, R = -0.3) (Fig 1).

BMI values were significantly and inversely related to minimum foveal thickness values in
both eyes (OD p<0.02, R 0.40; OS p<0.02, R 0.30). Blood glucose, glycated hemoglobin, fast-
ing insulin, creatinine, fasting leptin, vitamin D, vitamin B, folic acid and lipid profile did not
correlate with eye parameters before surgery.

Using the LOCS III system for classification, cataract was observed in 8 patients (14%); 1
patient was classified as NO 4 C2 P1 in the right eye 3 were classified as NO 3 C1 P1; other 3
patients as NO 2 C1 P1 and 1 as NO 1 C2 and P1.

Table 2. Anthropometric parameters and blood pressure values registered before (baseline), after 3 months and one year after bariatric surgery.

Parameter Mean Value +SD Range Mean Value +SD Mean Value +SD
Baseline After 3 months After 1 year
Body Weight (Kg) 117,9 + 14,6 82.3-177,0 112,1+ 24,9* 84,4+ 10,8*
Height (cm) 163,7 £2,8 152,0-194 163,7 £ 2,8 163,7 £ 2,8
BMI (kg/mz) 44,1+ 6 34,2-71,2 37,4+ 64" 32,6 £5.5*
SBP (mmHg) 134,2 £ 20,7 100-195 124,6 + 13,5* 123,3 +12,2*
DBP (mmHg) 88,6 + 12,7 70-140 79,4 +7,3* 80,4 +7,2*

BMI (body mass index), SBP (systolic blood pressure), DBP (diastolic blood pressure), SD (standard deviation).
* paired Student’s t test, p<0.05 vs baseline.

https://doi.org/10.1371/journal.pone.0216351.t1002
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Table 3. Ophthalmic parameters of the right eye (RE) and the left eye (LE) before (baseline), 3 months and one year after bariatric surgery.
Mean Value + SD Mean Value + SD Mean Value + SD Mean Value + SD Mean Value + SD Mean Value + SD

Baseline RE 3 Months RE 1 Year RE Baseline LE 3 Months LE 1Year LE
VA (Snellen equivalent) 20/25 + 20/80 20/25+ 20/200 20/25 + 20/160 20/25 +£20/200 20/25+ 20/160 20/20 + 20/200
IOP (mmHg) 15,6 £ 3,5 14,5+2,5 159 +2,6 149+3,4 14,8+ 2,5 16,0+ 2,6
CCT (um) 531,1+ 41,6 530,1% 39,2 531,3 £ 40.9 520,8 £ 32,0 520,1 £ 36,2 523,9 + 31,3
FT mean value (um) 235,4 + 26,7 239,0 + 28,5 239,5 + 24,4 231,1 +17,5 230,3+ 23,0 236,9 + 23,9*
FT minumum value (pm) 221,4 £ 14,5 220,6 £ 13,7 224,1 £+ 15,9* 221,3+£ 12,6 219,4 £ 13,2 224,0 + 14,9
FT maximum value (um) 328,2 £ 21,9 326,4% 22.5 332,5+ 25,5 327,3 £ 21,7 323,8+ 19,9 331,0 £ 20,4
RNFL mean value (um) 100,3 £ 10,4 100,1 £ 10,9 102,0+ 12,5 99,0 £ 9,4 98,6 + 9,5 99,1 +9.9
RNFL superior sector (um) 113,9+ 17,5 115,0 £ 15,7 119,2 + 16,2* 117,4 £ 15,6 120,0 = 15,1 124,1+ 16,5*
RNFL nasal sector (um) 78,9 + 13,6 79,9 + 16,6 81,2+19,2 69,5+ 10,9 77,7 £ 13,0 75,4 + 16,5
RNFL inferior sector (um) 1352+ 18,4 132,6 £ 19,6 136,30 + 26,1 130,8 £ 15,1 129,7 £ 15,2 129,1 £15,5
RNFL temporal sector (um) 73,4 + 13,6 72,9 + 14,8 73,0+ 17,2 69,5+ 11,8 69,3 + 12,3 70,5 + 13,3

VA (visual acuity), IOP (intraocular pressure), CCT (central corneal thickness), FT (foveal thickness), RNFL (retinal nerve fiber layer) thickness.
* paired Student’s t test, p<0.05 vs baseline.

https://doi.org/10.1371/journal.pone.0216351.t003

Effects of bariatric surgery

Three months after bariatric surgery, a significant reduction of BMI value (p< 0.05), associ-
ated with a statistically significant improvement of BP values (p< 0.05) was observed (Table 2
and S1 File). The ophthalmologic examination revealed an increase of RNFL thickness in the
superior sector of both eyes and an increase of FT minimum values in both eyes.

After one year, a marked weight reduction was observed. RNFL thickness increased further
in the superior sector in both eyes (p<0.005), and in the left eye also in the inferior and tempo-
ral sector (p<0.05) (Table 3 and S1 File). Among 13 patients treated for hypertension, only 6
were still taking antihypertensive drugs.

The absolute decrease of SBP was significantly and inversely associated with an increase in
the RNFL thickness in the superior sector of the left eye (p<0.02, R = 0.45), to confirm the
inversely association found at baseline (Fig 2).

Additionally, there was a significant increase of minimum FT value in both eyes (RE
p<0.04; LE p<0.001) (Tab 3).

Lens opacities, defined using the LOCS III classification system, did not show any change
in all 29 patients three months and one year after GBP.

Discussion

From an ophthalmologic point of view, all patients enrolled in this study can be defined as
naive since they did not have a history of ophthalmologic diseases particularly glaucoma, reti-
nopathy or AMD. Blood pressure was as an independent determinant of IOP, and was
inversely related to RNFL thickness. Despite the limitation of a single BP measurement at each
time point of the study, it is tempting to hypothesize that severely obese patients may have an
initial, subclinical damage of the RNFL, somehow related to increased blood pressure values.
Indeed, Dogan et al. [11] observed a significant association between obesity and RNFL, and
changes in systemic blood pressures were found directly and significantly associated with
changes in IOP and RNFL thickness [12-15].

As expected, body weight loss after bariatric surgery was remarkable. Consequent to BMI
reduction, blood pressure values, both systolic and diastolic, were significantly reduced and
most patients could discontinue or reduce their anti-hypertensive medications. In parallel
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Fig 1. Relationship between systolic blood pressure (SBP) and retinal nerve fiber layer (RNFL) thickness.
Relationship between systolic blood pressure (SBP) and retinal nerve fiber layer (RNFL) thickness before bariatric
surgery in (A) the temporal sector of the left eye (LE) (R—0.43, p< 0.01) and in (B) the superior sector of the right eye

(RE) (R -0,3, p<0,05).

https://doi.org/10.1371/journal.pone.0216351.g001

with BP reduction, RNFL thickness increased significantly in our population, supporting the
hypothesis that blood pressure may affect the RNFL. In line with this view, studies in hyperten-
sive patients suggest that anti-hypertensive medications may be protective against glaucoma
[16]. The relationship between BP and IOP could be explained by the trans-lamina cribrosa
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Fig 2. Changes of SBP (mmHg) and RNFL thickness (um) in the superior sector of the left eye after bariatric
surgery. A significant and inverse association was observed (p<0.02, R = 0.45). Data are expressed as variation (A)
from baseline of SBP (systolic blood pressure) and RNFL (retinal nerve fiber layer) thickness.

https://doi.org/10.1371/journal.pone.0216351.9002

pressure difference (TLCPD), and increased TLCPD has been associated with decreased neu-
roretinal rim and increased visual field defects [17,18]. In our study the medical therapy for
hypertension was withdrawn in all but six patients, with no apparent effect of treatment dis-
continuation on RNFL thickness. Unfortunately, these numbers are too limited to help
answering the question whether anti-hypertensive drugs have an effect on IOP independently
from blood pressure lowering.

Burgansky-Eliash [19] and Cekic [20] suggested the possibility that reduction of blood pres-
sure after sleeve gastrectomy in obese patients may be associated with a reduction of IOP and a
better retrobulbar blood flow. Increased risk for primary open-angle glaucoma (POAG) in
obese subjects has been reported [21] and beside the increase of IOP, several others may be the
mechanisms of damage involved: trabecular meshwork malfunctioning [22], increased oxida-
tive stress [23], decreased aqueous outflow caused by increased orbital fat [24] and impairment
of retrobulbar blood flow [20].

Yet, the actual interplay between BMI and POAG represents a debated question [25-32].
Racial variations between the studied populations may represent a possible explanation of dif-
ferences among various studies. Moreover, BMI does not differentiate between fat and muscle
and some studies have looked into the influence of other obesity markers on IOP such us waist
circumference, waist to hip ratio, total body fat mass, and fat percentage [12, 25-29].
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The second relevant observation of our study is the inverse relationship between BMI and
minimum foveal thickness values. This association may give explanation for the greater sus-
ceptibility of the obese population to develop AMD. In 2001 Schaumberg et al. studied a cohort
of 21,121 men participating in the Physician’s Health Study. Men with normal BMI had lowest
incidence of dry AMD. The AMD incidence was not related to age and smoking and did not
show any correlation with diabetes or hypertension [33]. Following reports confirmed this
observation [34-38]. Since obesity is a systemic condition, the mechanisms possibly causing
AMD may be various including low-grade chronic inflammation and increased oxidative
damage [23], which were not investigated in the current study. After bariatric surgery, we
observed a significant increase, remaining within normal limits, of minimum FT. These find-
ings, if confirmed by larger studies, may support the role of obesity in the pathogenesis of
AMD. Based on our results we speculate that the process leading to AMD might be reversible
after weight loss.

Lens opacities remained unchanged after surgery. The short follow-up of the study and the
young age of our population do not allow a definite conclusion. Yet, our results are reassuring
about the potential adverse effects of bariatric surgery and fast weight reduction on crystalline
transparency in the short run.

Limitations of our study are represented by the small sample size of the bariatric surgery
group, the absence of additional control groups (e.g. lean hypertensive patients before and
after pharmacological correction of blood pressure values) and the lack of anterior eye struc-
tural endpoints such as CCM or Oculus Pentacam. Furthermore, our study-population was
mainly composed by women since the F:M ratio in bariatric studies enrolling consecutive
patients is typically in favour of women. We acknowledge that this is a limitation and larger
numbers are required to verify the potential gender effect on the studied parameters.

In conclusion, severely obese patients may be at risk of developing glaucoma and age-
related macular degeneration. Body weight reduction and improvement of comorbidities
achieved by bariatric surgery may be effective in preventing eye disease development by
improving RNFL and foveal thickness. Optical coherence tomography, together with a com-
plete eye examination, is a quick and non-invasive exam that may be useful in severely obese
patients to detect and classify early change of the optic nerve head and the fovea, even in the
absence of a history of eye diseases.

Supporting information

S1 File. Data of patients before, three months and one year after bariatric surgery. Anthro-
pometric parameters, biochemistry, blood pressure values and ophthalmic parameters tested
before (baseline), three months and one year after surgery. (https://doi.org/10.5061/dryad.
1g6vm34).

(XLSX)

Author Contributions

Conceptualization: Chiara Posarelli, Guido Salvetti, Ferruccio Santini, Michele Figus.
Data curation: Paolo Piaggi, Francesca Guido.

Formal analysis: Paolo Piaggi.

Investigation: Francesca Guido.

Methodology: Michele Figus.

Project administration: Chiara Posarelli.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216351 May 16,2019 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216351.s001
https://doi.org/10.5061/dryad.1g6vm34
https://doi.org/10.5061/dryad.1g6vm34
https://doi.org/10.1371/journal.pone.0216351

@ PLOS|ONE

Does bariatric surgery may affect retinal nerve fiber layer thickness or macular thickness in obese patients?

Resources: Francesca Guido.

Supervision: Chiara Posarelli, Guido Salvetti, Giovanni Ceccarini.

Validation: Paolo Piaggi.

Writing - original draft: Chiara Posarelli, Ferruccio Santini, Michele Figus.

Writing - review & editing: Chiara Posarelli, Guido Salvetti, Giovanni Ceccarini, Ferruccio

Santini, Michele Figus.

References

1.

10.

11.

12.

13.

14.

15.

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis
for the Global Burden of Disease Study 2013.Lancet. 2014 Aug 30; 384(9945):766—-81. https://doi.org/
10.1016/S0140-6736(14)60460-8 PMID: 24880830

Cheung N, Wong TY. Obesity and eye disease. Surv Ophthalmol 2007; 52: 180—195. https://doi.org/
10.1016/j.survophthal.2006.12.003 PMID: 17355856

Cececarini G, Ciccarone AM, Santini F, Del Prato S.Integrating medical and surgical therapies to opti-
mize the outcomes of type 2 diabetes. Surg Obes Relat Dis. 2016; 12:1186-91. https://doi.org/10.1016/
j.soard.2016.01.035 PMID: 27178605

Merlotti C, Ceriani V, Morabito A, Pontiroli AE. Bariatric surgery and diabetic retinopathy: a systematic
review and meta-analysis of controlled clinical studies. Obes Rev. 2017 Mar; 18(3):309-316. https:/doi.
org/10.1111/obr.12490 PMID: 28085992

Manfield JH, Yu KK, Efthimiou E, Darzi A, Athanasiou T, Ashrafian H. Obes Surg. Bariatric surgery or
non-surgical weight loss for idiopathic intracranial hypertension? A systematic review and comparison
of meta-analyses. 2017 Feb; 27(2):513-521 https://doi.org/10.1007/s11695-016-2467-7 PMID:
27981458

Guerriero RA, Ribeiro R. Ophthalmic complications of bariatric surgery. Obes Surg 2015 Jan; 25
(1):167-73. https://doi.org/10.1007/s11695-014-1472-y PMID: 25425087

Pucci A, Batterham RL.Mechanisms underlying the weight loss effects of RYGB and SG: similar, yet dif-
ferent. J Endocrinol Invest. 2019; 42(2):117-128. https://doi.org/10.1007/s40618-018-0892-2 PMID:
29730732

Grover S, Murthy R.K., Brar V.S., Chalam K.V. Normative data for macular thickness by high-definition
spectral-domain optical coherence tomography (spectralis) Am J Ophthalmol 2009; 148(2):266—71.
https://doi.org/10.1016/j.2j0.2009.03.006 PMID: 19427616

Roh Y.R., Park K.H., Woo S.J. Foveal thickness between stratus and spectralis optical coherence
tomography in retinal disease. Korean J Ophthalmol. 2013; 27(4):268-75. https://doi.org/10.3341/kjo.
2013.27.4.268 PMID: 23908573

Grover S, Murthy R.K., Brar V.S., Chalam K.V. Comparison of retinal thickness in normal eyes using
Stratus and Spectralis optical coherence tomography. Invest Ophthalmol Vis Sci. 2010; 51(5) 2644—7.
https://doi.org/10.1167/iovs.09-4774 PMID: 20007831

Dogan B, Kazim Erol M, Dogan U, Habibi M, Bulbuller N, Turgut Coban D et al. The retinal nerve fiber
layer, choroidal thickness, and central macular thickness in morbid obesity: an evaluation using spec-
tral-domain optical coherence tomography. Eur Rev Med Pharmacol Sci. 2016; 20(5):886-91. PMID:
27010146

Klein BE, Klein R, Knudtson MD. Intraocular pressure and systemic blood pressure: longitudinal per-
spective: The Beaver Dam eye study. Br J Ophthalmol. 2005; 89:284—287. https://doi.org/10.1136/bjo.
2004.048710 PMID: 15722304

Kim HT, Kim JM, Kim JH, Lee KH, Lee MY, Lee JY et al. Relationships between anthropometric mea-
surements and intraocular pressure: the Korea National Health and Nutrition Examination Survey. Am J
Ophthalmol.2017; 173:23-33. https://doi.org/10.1016/j.aj0.2016.09.031 PMID: 27702621

Wang YX, Xu L, Zhang XH, You QS, Zhao L, Jonas JB. Five-year change in intraocular pressure asso-
ciated with changes in arterial blood pressure and body mass index. The Beijing eye study. PLoS One.
2013; 8(10):e77180. https://doi.org/10.1371/journal.pone.0077180 PMID: 24146967

Lamparter J, Schmidtmann I, Schuster AK, Siouli A, Wasielica-Poslednik J, Mirshahi A et al. Associa-
tion of ocular, cardiovascular, morphometric and lifestyle parameters with retinal nerve fibre layer thick-
ness. PLoS One. 2018; 2213(5):e0197682.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216351 May 16,2019 9/11


https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/pubmed/24880830
https://doi.org/10.1016/j.survophthal.2006.12.003
https://doi.org/10.1016/j.survophthal.2006.12.003
http://www.ncbi.nlm.nih.gov/pubmed/17355856
https://doi.org/10.1016/j.soard.2016.01.035
https://doi.org/10.1016/j.soard.2016.01.035
http://www.ncbi.nlm.nih.gov/pubmed/27178605
https://doi.org/10.1111/obr.12490
https://doi.org/10.1111/obr.12490
http://www.ncbi.nlm.nih.gov/pubmed/28085992
https://doi.org/10.1007/s11695-016-2467-7
http://www.ncbi.nlm.nih.gov/pubmed/27981458
https://doi.org/10.1007/s11695-014-1472-y
http://www.ncbi.nlm.nih.gov/pubmed/25425087
https://doi.org/10.1007/s40618-018-0892-2
http://www.ncbi.nlm.nih.gov/pubmed/29730732
https://doi.org/10.1016/j.ajo.2009.03.006
http://www.ncbi.nlm.nih.gov/pubmed/19427616
https://doi.org/10.3341/kjo.2013.27.4.268
https://doi.org/10.3341/kjo.2013.27.4.268
http://www.ncbi.nlm.nih.gov/pubmed/23908573
https://doi.org/10.1167/iovs.09-4774
http://www.ncbi.nlm.nih.gov/pubmed/20007831
http://www.ncbi.nlm.nih.gov/pubmed/27010146
https://doi.org/10.1136/bjo.2004.048710
https://doi.org/10.1136/bjo.2004.048710
http://www.ncbi.nlm.nih.gov/pubmed/15722304
https://doi.org/10.1016/j.ajo.2016.09.031
http://www.ncbi.nlm.nih.gov/pubmed/27702621
https://doi.org/10.1371/journal.pone.0077180
http://www.ncbi.nlm.nih.gov/pubmed/24146967
https://doi.org/10.1371/journal.pone.0216351

@ PLOS|ONE

Does bariatric surgery may affect retinal nerve fiber layer thickness or macular thickness in obese patients?

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gangwani RA, Lee JW, Mo HY, Sum R, Kwong AS, Wang JH et al. The correlation of retinal nerve fiber
layer thickness with blood pressure in a Chinese hypertensive population. Medicine (Baltimore). 2015;
94(23):€947.

Tham YC, Lim SH, Gupta P, Aung T, Wong TY, Cheng CY. Inter-relationship between ocular perfusion
pressure, blood pressure, intraocular pressure profiles and primary open-angle glaucoma: the Singa-
pore Epidemiology of Eye Diseases study. Br J Ophthalmol. 2018; 102(10):1402—-1406. https://doi.org/
10.1136/bjophthalmol-2017-311359 PMID: 29331952

Marek B, Harris A, Kanakamedala P, Lee E, Amireskandari A, Carichino L et al. Cerebrospinal fluid
pressure and glaucoma: regulation of trans-lamina cribrosa pressure. Br J Ophthalmol. 2014; 98(6):
721-5. https://doi.org/10.1136/bjophthalmol-2013-303884 PMID: 24307714

Burgansky-Eliash Z, Achiron A, Hecht I, Shimonov M. Reduction of intraocular pressure after bariatric
surgery. Acta Ophthalmol. 2018; 96(5): €5692—e595. https://doi.org/10.1111/a0s.13722 PMID:
29488346

Cekic B, Toslak IE, Dogan B, Cakir T, Erol MK, Bulbdller N. Effects of obesity on retrobulbar flow hemo-
dynamics: color Doppler ultrasound evaluation. Arq Bras Oftalmol. 2017; 80(3):143-7. https://doi.org/
10.5935/0004-2749.20170036 PMID: 28832736

Al Owaifeer AM, Al Taisan AA. The role of diet in glaucoma: a review of the current evidence. Ophthal-
mol Ther. 2018; 7(1):19-31. https://doi.org/10.1007/s40123-018-0120-3 PMID: 29423897

Caballero M, Liton PB, Epstein DL, Gonzalez P. Proteasome inhibition by chronic oxidative stress in
human trabecular meshwork cells. Biochem Biophys Res Commun. 2003; 308(2):346-52. PMID:
12901875

Marseglia L, Manti S, D’Angelo G, Nicotera A, Parisi E, Di Rosa G et al. Oxidative stress in obesity: a
critical component in human diseases. Int J Mol Sci. 2014; 16(1):378—400. https://doi.org/10.3390/
ijms16010378 PMID: 25548896

Stojanov O, Stokic E, Sveljo O, Naumovic N. The influence of retrobulbar adipose tissue volume upon
intraocular pressure in obesity. Vojnosanit Pregl.2013; 70(5):469-76. PMID: 23789286

Jiang X, Varma R, Wu S, Torres M, Azen SP, Francis BA et al. Baseline risk factors that predict the
development of open-angle glaucoma in a population: the Los Angeles Latino Eye Study. Ophthalmol-
ogy. 2012; 119(11):2245-53. https://doi.org/10.1016/j.ophtha.2012.05.030 PMID: 22796305

Pasquale LR, Willett WC, Rosner BA, Kang JH. Anthropometric measures and their relation to incident
primary open-angle glaucoma. Ophthalmology. 2010; 117(8):1521-9. https://doi.org/10.1016/j.ophtha.
2009.12.017 PMID: 20382429

Leske MC, Connell AM, Wu SY, Hyman LG, Schacha AP. Risk factors for open-angle glaucoma. The
Barbados Eye Study. Arch Ophthalmol.1995; 113(7):918-24. PMID: 7605285

Zhao D, Kim MH, Pastor-Barriuso R, Chang Y, Ryu S, Zhang Y et al. A longitudinal study of association
between adiposity markers and intraocular pressure: the Kangbuk Samsung Health Study. PLoS
One.2016; 11(1):e0146057. https://doi.org/10.1371/journal.pone.0146057 PMID: 26731527

Cohen E, Kramer M, Shochat T, Goldberg E, Garty M, Krause |. Relationship between body mass index
and intraocular pressure in men and women: a population-based study. J Glaucoma. 2016; 25(5):
e€509—13. https://doi.org/10.1097/1JG.0000000000000374 PMID: 26766402

Yoshida M, Ishikawa M, Karita K, Kokaze A, Harada M, Take S et al. Association of blood pressure and
body mass index with intraocular pressure in middle-aged and older Japanese residents: a cross-sec-
tional and longitudinal study. Acta Med Okayama. 2014; 68(1):27-34.2 https://doi.org/10.18926/AMO/
52141 PMID: 24553486

Wygnanski-Jaffe T, Bieran |, Tekes-Manova D,Morad Y, Ashkenazi |, Mezer E. Metabolic syndrome: a
risk factor for high intraocular pressure in the Israeli population. Int J Ophthalmol.2015; 8(2):403—-6.
https://doi.org/10.3980/j.issn.2222-3959.2015.02.34 PMID: 25938064

Nakano T, Tatemichi M, Miura Y, Sugita M, Kitahara K. Long-term physiologic changes of intraocular
pressure: a 10-year longitudinal analysis in young and middle-aged Japanese men. Ophthalmol-
ogy.2005; 112(4):609-16. https://doi.org/10.1016/j.ophtha.2004.10.046 PMID: 15808252

Schauemberg DA, Christen WG, Hankinson SE, Glynn RY. Body Mass Index and the Incidence of Visu-
ally Significant Age-Related Maculopathy in Men. Arch Ophthalmol. 2001; 119:1259—-1264. PMID:
11545630

Lambert NG, EIShelmani H, Singh MK, Mansergh FC, Wride MA, Padilla M et al. Risk factors and bio-
markers for age-related macular degeneration. Prog Retin Eye Res. 2016; 54: 64—102. https://doi.org/
10.1016/j.preteyeres.2016.04.003 PMID: 27156982

Howard KP, Klein BE, Lee KE, Klein R. Measures of body shape and adiposity as related to incidence
of age-related eye diseases: observation from the Beaver Dam Eye Study. Invest Ophthalmol Vis Sci.
2014; 55(4): 25692—-2598 https://doi.org/10.1167/iovs.13-13763 PMID: 24667857

PLOS ONE | https://doi.org/10.1371/journal.pone.0216351 May 16,2019 10/11


https://doi.org/10.1136/bjophthalmol-2017-311359
https://doi.org/10.1136/bjophthalmol-2017-311359
http://www.ncbi.nlm.nih.gov/pubmed/29331952
https://doi.org/10.1136/bjophthalmol-2013-303884
http://www.ncbi.nlm.nih.gov/pubmed/24307714
https://doi.org/10.1111/aos.13722
http://www.ncbi.nlm.nih.gov/pubmed/29488346
https://doi.org/10.5935/0004-2749.20170036
https://doi.org/10.5935/0004-2749.20170036
http://www.ncbi.nlm.nih.gov/pubmed/28832736
https://doi.org/10.1007/s40123-018-0120-3
http://www.ncbi.nlm.nih.gov/pubmed/29423897
http://www.ncbi.nlm.nih.gov/pubmed/12901875
https://doi.org/10.3390/ijms16010378
https://doi.org/10.3390/ijms16010378
http://www.ncbi.nlm.nih.gov/pubmed/25548896
http://www.ncbi.nlm.nih.gov/pubmed/23789286
https://doi.org/10.1016/j.ophtha.2012.05.030
http://www.ncbi.nlm.nih.gov/pubmed/22796305
https://doi.org/10.1016/j.ophtha.2009.12.017
https://doi.org/10.1016/j.ophtha.2009.12.017
http://www.ncbi.nlm.nih.gov/pubmed/20382429
http://www.ncbi.nlm.nih.gov/pubmed/7605285
https://doi.org/10.1371/journal.pone.0146057
http://www.ncbi.nlm.nih.gov/pubmed/26731527
https://doi.org/10.1097/IJG.0000000000000374
http://www.ncbi.nlm.nih.gov/pubmed/26766402
https://doi.org/10.18926/AMO/52141
https://doi.org/10.18926/AMO/52141
http://www.ncbi.nlm.nih.gov/pubmed/24553486
https://doi.org/10.3980/j.issn.2222-3959.2015.02.34
http://www.ncbi.nlm.nih.gov/pubmed/25938064
https://doi.org/10.1016/j.ophtha.2004.10.046
http://www.ncbi.nlm.nih.gov/pubmed/15808252
http://www.ncbi.nlm.nih.gov/pubmed/11545630
https://doi.org/10.1016/j.preteyeres.2016.04.003
https://doi.org/10.1016/j.preteyeres.2016.04.003
http://www.ncbi.nlm.nih.gov/pubmed/27156982
https://doi.org/10.1167/iovs.13-13763
http://www.ncbi.nlm.nih.gov/pubmed/24667857
https://doi.org/10.1371/journal.pone.0216351

@ PLOS | O N E Does bariatric surgery may affect retinal nerve fiber layer thickness or macular thickness in obese patients?

36. Ngaily, Stocks N, Sparrow JM, Patel R, Rumley A, Lowe G et al. The prevalence and analysis of risk
factors for age-related macular degeneration: 18-year follow-up data from the Speedwell eye study,
United Kingdom. Eye (Lond). 2011; 25(6): 784—793.

37. Park SJ, Lee JH, Woo SJ, Ahn J, Shin JP, Song SJ, Kang SW et al. Age-Related Macular Degeneration
Prevalence and Risk Factors from Korean National Health and Nutrition Examination Survey, 2008
through 2011.0Ophthalmology.2014; 12:1756—1765.

38. Jaisankar D, Swaminathan G, Roy R, Kulothungan V, Sharma T, Raman R. Association of obesity and
age-related macular degeneration in Indian population. Indian J Ophthalmol. 2018; 66(7):976—983.
https://doi.org/10.4103/ijo.IJO_1265_17 PMID: 29941743

PLOS ONE | https://doi.org/10.1371/journal.pone.0216351 May 16,2019 11/11


https://doi.org/10.4103/ijo.IJO_1265_17
http://www.ncbi.nlm.nih.gov/pubmed/29941743
https://doi.org/10.1371/journal.pone.0216351

