
OR I G I N A L R E S E A R C H

Association Between Vision and Brain Cortical
Thickness in a Community-Dwelling Elderly
Cohort
Chloé Chamard1,2, Jerome J Maller3,4, Nicolas Menjot5, Eloi Debourdeau1, Virginie Nael6,
Karen Ritchie2,7, Isabelle Carriere 2,*, Vincent Daien1,2,8,*

1Department of Ophthalmology, Gui de Chauliac Hospital, Montpellier, F-34000, France; 2Institute for Neurosciences of Montpellier INM, University
Montpellier, INSERM, Montpellier, F-34091, France; 3General Electric Healthcare, Melbourne, VIC, Australia; 4Monash Alfred Psychiatry Research
Centre, Melbourne, VIC, Australia; 5Department of Neuroradiology, Gui de Chauliac Hospital, Montpellier, F-34000, France; 6Bordeaux Population
Health Research Center, UMR 1219, University Bordeaux, INSERM, Bordeaux, F-33000, France; 7Department of Clinical Brain Sciences, University of
Edinburgh, Edinburgh, UK; 8The Save Sight Institute, Sydney Medical School, the University of Sydney, Sydney, NSW, Australia

*These authors contributed equally to this work

Correspondence: Chloé Chamard, Department of Ophthalmology, Gui de Chauliac Hospital, 80 avenue Augustin Fliche, Montpellier, F-34000, France,
Tel +33 6 33 55 65 06, Email chloe.chamard@gmail.com

Purpose: Visual impairment is a major cause of disability and impairment of cognitive function in older people. Brain structural
changes associated with visual function impairment are not well understood. The objective of this study was to assess the association
between visual function and cortical thickness in older adults.
Methods: Participants were selected from the French population-based ESPRIT cohort of 2259 community-dwelling adults ≥65
years old enrolled between 1999 and 2001. We considered visual function and brain MRI images at the 12-year follow-up in
participants who were right-handed and free of dementia and/or stroke, randomly selected from the whole cohort. High-resolution
structural T1-weighted brain scans acquired with a 3-Tesla scanner. Regional reconstruction and segmentation involved using the
FreeSurfer image-analysis suite.
Results: A total of 215 participants were included (mean [SD] age 81.8 [3.7] years; 53.0% women): 30 (14.0%) had central vision
loss and 185 (86.0%) normal central vision. Vision loss was associated with thinner cortical thickness in the right insula (within the
lateral sulcus of the brain) as compared with the control group (mean thickness 2.38 [0.04] vs 2.50 [0.03] mm, 4.8% thinning, pcorrected
= 0.04) after adjustment for age, sex, lifetime depression and cardiovascular disease.
Conclusion: The present study describes a significant thinning of the right insular cortex in older adults with vision loss. The insula
subserves a wide variety of functions in humans ranging from sensory and affective processing to high-level cognitive processing.
Reduced insula thickness associated with vision loss may increase cognitive burden in the ageing brain.
Keywords: visual function, vision, cortical thickness, brain, morphometry, MRI

Introduction
Visual impairment is a major cause of disability and institutionalization in older people.1 It has also been associated with
depression and cognitive function, but its effect on brain structure remains relatively unknown.2,3

Recently, voxel-based morphometry (VBM) and surface-based morphometry (SBM) have been used to quantitatively
describe structural modifications on MRI brain scans associated with ophthalmic diseases. Several studies have demon-
strated lower cortical volume and density in the primary visual cortex and prefrontal cortex in advanced glaucoma.4

Amblyopia has also been associated with lower cortical volume in visual areas, which may indicate developmental
abnormalities of the visual cortex during the critical growth period.5 In 12 patients undergoing cataract surgery, Lou et al
demonstrated increased cortical volume in the contralateral primary visual cortex after visual restoration.6 Beer et al

Eye and Brain 2022:14 71–82 71
© 2022 Chamard et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Eye and Brain Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 January 2022
Accepted: 21 May 2022
Published: 14 July 2022

E
ye

 a
nd

 B
ra

in
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ o
n 

17
-O

ct
-2

02
2

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-3617-0752
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


further suggested that ophthalmic disease-related cortical thinning reflects diverse micro-structural etiologies.7 One study
of patients with congenital or acquired blindness reported an association between visual deprivation and restructuring of
the functional architecture of the anterior insula in both groups.8 The insula is located within the lateral sulcus of the
brain and is considered the hub of the “salience network” that identifies sensorial, motor, visceral stimuli and also plays
a role in high-level cognitive processing.9

To our knowledge, no study has used SBM to assess the association between visual function and brain structure
modifications in older adults. Cortical loss may be greater in this population because of multiple factors such as
decreased neuronal reserve and plasticity and greater vision loss. The present study aimed to assess the association
between visual function and brain cortical thickness in a sample of older community-dwelling participants.

Methods
This study followed the STROBE checklist for reporting observational cross-sectional study findings.10 The study protocol
was approved by the ethics committee of the UniversityHospital of Bicêtre and Sud Mediterrannée III, and written informed
consent was obtained from each participant. The guidelines outlined in the Declaration of Helsinki were followed.

Design and Data Source
The study population was derived from the ESPRIT cohort, a French population-based study of 2259 community-dwelling
older adults aged ≥65 years, who were enrolled between 1999 and 2001 by random selection from the 15 electoral rolls of the
Montpellier district. Of the people initially selected at random, more than one quarter (27.3%) did not participate (of these,
3.3% were excluded owing to severe disability). Those who refused to participate were replaced with others from the same
district. The methodology of the ESPRIT study was previously described.11 At inclusion and at 2-, 4-, 7-, 10- and 12-year
follow-up, participants underwent standardized neurological examinations with blood sampling and completed questionnaires
relating to sociodemographic, lifestyle and health characteristics. At 12-year follow-up, participants who were free of
dementia and had a Mini Mental State Examination12 score >24 were also asked to undergo MRI and a vision examination
as part of the Cognitive REServe and Clinical ENDOphenotype (CRESCENDO) study (n = 380).13 The present study
explored the cross-sectional associations between vision loss and cortical thickness at 12-year follow-up.

Participants
Of the 380 participants who underwent MRI after 12 years of follow-up, 340 had a brain scan with complete volumetric data
after a quality check and 313 had complete follow-up data from baseline. We excluded participants who were left-handed
(n = 15), those who had dementia (n = 4) or stroke (n = 18) and those who had transient visual acuity loss (n = 61) and
assessed the relation between brain morphology and visual function for the remaining 215 participants (Figure 1).

MRI Protocol and Image Analysis
Neuroimaging data were collected by using a 3-Tesla magnet (Skyra, Siemens, Germany) with a 32-channel head coil.
Structural images (3D T1-weighted) were acquired with the following parameters: field of view = 25×25 cm, TE = 2.5 ms,
TR = 1690 ms, flip angle = 9°, voxel size = 0.98×0.98 x 1 mm3, 176 slices. Regional reconstruction and segmentation
involved using FreeSurfer v.6 for image analysis (http://surfer.nmr.mgh.harvard.edu/) is described.14 A quality check was
performed, and participants with movement artefacts or poor contrast on scans were excluded. The cortex was segmented
into 74 subregions following the Destrieux atlas.15 We performed exploratory analyses in subregions that might show
neuroimaging abnormalities in patients with ophthalmic diseases.16–19 The primary and secondary visual cortices, the
occipital lobe, corresponded to 14 subregions. The visual associated pathways (ie, ventral pathway [infero-temporal lobe,
the “what” pathway] and dorsal pathway [posterior parietal lobe, the “where” pathway]) and prefrontal cortex corresponded
to 11 subregions. The 8 subregions of the insula were also analyzed in further detail because of the insular functional
rearrangement found in blind people.8 Subcortical areas such as the pulvinar nucleus of the thalamus were also found
associated with visual function.20–23 We analysed 8 subcortical area volumes: thalamus, putamen, pallidum, caudate,
amygdala, hippocampus, accumbens and ventral diencephalon.
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Vision Measures
Monocular near-visual acuity was assessed by using the Parinaud scale (a Jaeger-like reading test commonly used by
French ophthalmologists) with the current optical correction, at a standardized reading distance of 33 cm. Vision loss was
defined as visual acuity of Parinaud 4 or worse (Jaeger 3 or worse) in at least one eye at both the current and previous
follow-up.

Figure 1 Flow-chart of the participants in the study.
Abbreviations: MRI, magnetic resonance imaging; VA, visual acuity.
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Covariates
We considered the following sociodemographic factors: age, sex, smoking status and educational level (primary school and
higher education). We also considered cardiovascular risk factors such as hypertension, diabetes and history of cardiovas-
cular disease (lifetime history of angina and/or myocardial infarction and/or coronary dilatation and/or aortocoronary
bypass and/or cardiac rhythm disease and/or pacemaker and/or cardiac insufficiency), self-reported by participants. Major
depression was taken into account because of its association with occipital-cortex grey-matter volume.24 Depression was
defined as at least one current or previous major depressive disorder according to the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition, and using the Mini-International Neuropsychiatric Interview (French version 5.00).

Statistical Analysis
Baseline characteristics of participants are described with number (%) for categorical variables and mean (SD) for
continuous variables. Brain cortical thickness measurements were normally distributed. We assessed associations
between brain region cortical thickness and vision groups by using analysis of covariance (ANCOVA) adjusted for
potential confounders associated with groups (p ≤ 0.20): age, sex, lifetime depression and cardiovascular disease.
We calculated the effect size as the percentage thinning (difference in mean thickness between both groups
divided by the control group mean thickness). To manage the multiple brain region examinations, we adjusted
significance levels by using the false discovery rate (FDR) method.25 All tests were 2-sided and we used SAS
v9.4 (SAS Institute, Inc., Cary, NC) for statistical analyses and the package ggseg of R v4.0.2 for representations
of modified brain regions.

Results
Participant Characteristics
The baseline characteristics of the 215 participants are summarized in Table 1. The mean (SD) age was 81.8 (3.7) years
and 53.0% of participants were women. A total of 30 (14.0%) participants had persistent central vision loss and 185
(86.0%) were controls with normal central vision. Among the 30 participants with near vision loss, 25 (83.3%) had one-
sided vision loss and 5 (16.7%) had bilateral vision loss. Two (6.7%) participants had age-related macular degeneration,
15 (50.0%) cataracts and the 13 (43.3%) remaining neither age-related macular degeneration nor cataracts. The median
(interquartile range) corrected near visual acuity was 0.6 (0.5–0.8) logMAR in the vision loss group and 0.1 (0.1–0.1) in
the control group (p < 0.0001). Overall, 28.4% of participants had lifetime major depression, 10.0% diabetes, 55.5%
hypertension and 37.8% cardiovascular diseases, with no significant differences between groups.

We compared the ESPRIT participants who underwent MRI with those who did not at the time of MRI examination.
Both populations were comparable for all variables except for the prevalence of cognitive impairment (1.9% vs 10.4%,
p = 0.0004) and mean age (81.8 vs 83.0, p = 0.0006).

Cortical Thickness and Vision Loss (Table 2)
After adjustment for age, sex, lifetime depression and cardiovascular disease, we found an association between
vision loss and cortical thickness in the right insula: mean adjusted (SE) cortical thickness was 2.38 (0.04) and
2.50 (0.03) mm in the near vision loss and control groups, respectively (pcorrected= 0.04). The groups did not differ
in left insula thickness(pcorrected = 0.2).

More precisely, the adjusted mean (SE) cortical thickness in the right short gyri, anterior circular sulcus, long insular
gyrus and central sulcus, inferior circular sulcus and posterior lateral sulcus was lower in the near vision loss than the
control group (short gyri: 8.1% thinning, puncorrected = 0.003; anterior circular sulcus: 6.7% thinning, puncorrected = 0.0005;
gyrus long-central sulcus: 6.2% thinning, puncorrected = 0.02; inferior circular sulcus: 4.2% thinning, puncorrected = 0.02;
posterior lateral sulcus: 4.2% thinning, puncorrected=0.006), which persisted after FDR correction (pcorrected = 0.01, 0.004,
0.03, 0.03, 0.02, respectively).

In the primary and secondary visual cortices, no association persisted after FDR correction.
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In the visual associative pathways, we found cortical thinning of the left superior temporal gyrus (5.0% thinning,
pcorrected=0.03), which is part of the ventral pathway (Table 2).

The brain areas where cortical thickness was significantly associated with vision loss are given in Figure 2.

Subcortical Areas
We did not find any association between vision loss and modification of subcortical area volumes (p > 0.6).

Discussion
In the present study, near vision loss was associated with a 4.8% thinning of the right insular cortex. The thinning in
primary visual cortex subregions was not significant after correction for multiple testing.

Vision Loss and Insula
The insula, located deeply within the lateral sulcus, is the hub of the “salience network” that identifies sensorial, motor
and visceral stimuli and forwards them to regions of higher cognitive processing to influence behaviour.9 Some studies
assessed the functional associations between the insula and visual pathways. Liu et al reported an intrinsic functional
reshape in networks of anterior insula subregions after blindness.8 Pathways connecting visual areas to anterior insula
were strengthened, thus suggesting a transfer of non-visual information between the deprived “visual” cortex and
salience network in blind people. Early findings indicated that the “deprived” visual areas participated in the processing
of tactile and auditory stimuli in blind people, which may explain these results.26 The work of Niddam et al on migraine
with aura further suggests a connection between visual areas and the insula.27 The connectivity between the insula and
occipital areas was reduced in migraine with aura but not without aura. Considering these previous functional results, we
strongly hypothesize that the insula plays a role in exteroception, particularly in integrating auditive and visual stimuli.

In the present study, the near vision loss group showed a thinner right insular cortex (mean thickness 2.38 [0.04] vs
2.50 [0.03] in vision loss and control groups). These results support previous functional findings.

As previously described in macaques, Dionisio et al confirmed a strong connectivity between the posterior insula and
auditory cortex in a cortico-cortical evoked-potentials study.28 The authors also found associations between the right

Table 1 Participant Characteristics by Visual Function Group (n = 215)

Near Vision Loss
N= 30

Control
N= 185

P value**

Age, years (mean [SD]) 82.4 (3.1) 81.7 (3.8) 0.3

Female, N (%) 19 (63.3) 95 (51.4) 0.3

Near corrected visual acuity, logMAR (median [IQR 25–75]) 0.6* (0.5–0.8) 0.1* (0.1–0.1) <0.0001
Distance corrected visual acuity, logMAR (median [IQR 25–75]) 0.5 (0.3–0.7) 0.2 (0.1–0.4) <0.0001
Total intracranial volume, cm3 (mean [SD]) 1475.2 (155.3) 1482.5 (155.4) 0.8

Lifetime depression, N (%) 12 (40.0) 50 (27.0) 0.1
Smoking, N (%) 0.8

Never 20 (66.7) 111 (60.0)
Former 8 (26.7) 61 (33.0)

Current 2 (6.7) 13 (7.0)

Cardiovascular ischemic disease, N (%) 13 (43.3) 68 (36.8) 0.5
Diabetes, N (%) 4 (13.3) 16 (8.6) 0.5

Hypertension, N (%) 18 (60.0) 102 (55.1) 0.6

Education level, N (%) 0.8
Low 5 (16.7) 28 (15.1)

High 25 (83.3) 157 (84.9)

Cognitive impairment (MMSE score < 26), N (%) 1 (3.3) 3 (1.6) 0.5

Notes: *0.6 logMAR = Jaeger 5, 0.1 logMAR = Jaeger 1. ** Chi-square test (categorical variables) or Student’s t-test (quantitative variables) as appropriate. P-values <0.05 in bold.
Abbreviations: IQR, interquartile range; MMSE, Mini Mental State Examination; SD, standard deviation.
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Table 2 Association of Cortical Thickness and Vision Loss, ESPRIT Study (n = 215)

Right Cortical Thickness, mm (Mean [SE])* Left Cortical Thickness, mm (Mean [SE])*

Brain region Near vision loss

(n=30)

Control

(n=185)

Effect size (%) P value

ANCOVA*
PFDR value

ANCOVA*
Near vision loss

(n=30)

Control

(n=185)

Effect size (%) P value

ANCOVA*
PFDR value

ANCOVA*

Insular cortex

Anterior insula

G short 2.82 (0.07) 3.07 (0.03) 8.1 0.003 0.01 2.96 (0.1) 3.18 (0.08) 6.9 0.02 0.09

S circular anterior 2.43 (0.05) 2.61 (0.02) 6.7 0.0005 0.004 2.49 (0.06) 2.56 (0.05) 2.7 0.2 0.3

S anterior lateral horizontal 2.10 (0.04) 2.11 (0.02) 0.5 0.8 0.8 2.01 (0.06) 2.02 (0.04) 0.5 0.9 0.9

S anterior lateral vertical 2.14 (0.05) 2.21 (0.02) 3.2 0.2 0.3 2.15 (0.06) 2.12 (0.05) 1.4 0.7 0.8

Posterior insula

G long insular and S central 2.73 (0.07) 2.91 (0.03) 6.2 0.02 0.03 2.70 (0.08) 2.80 (0.06) 3.6 0.2 0.3

S circular inferior 2.26 (0.04) 2.36 (0.02) 4.2 0.02 0.03 2.41 (0.05) 2.47 (0.04) 2.4 0.2 0.3

S circular superior 2.41 (0.03) 2.48 (0.02) 2.8 0.06 0.08 2.34 (0.04) 2.41 (0.03) 2.9 0.05 0.1

S posterior lateral 2.07 (0.03) 2.16 (0.01) 4.2 0.006 0.02 2.04 (0.04) 2.12 (0.03) 3.8 0.02 0.09

Visual cortex

Primary and secondary visual cortices = Occipital lobe

G cuneus 1.76 (0.03) 1.76 (0.02) 0.0 1.0 1.0 1.77 (0.03) 1.77 (0.01) 0.0 1.0 1.0

G occipital middle 2.28 (0.05) 2.37 (0.04) 3.8 0.07 0.4 2.32 (0.05) 2.38 (0.04) 2.5 0.2 0.3

G occipital sup 1.97 (0.05) 2.00 (0.04) 1.5 0.5 0.8 1.87 (0.05) 1.91 (0.04) 2.1 0.4 0.5

G fusiform 2.53 (0.07) 2.67 (0.05) 5.2 0.02 0.3 2.57 (0.07) 2.68 (0.05) 4.1 0.06 0.2

G lingual 1.98 (0.03) 2.01 (0.03) 1.5 0.3 0.7 1.91 (0.03) 1.92 (0.03) 0.5 1.0 1.0

Occipital pole 1.85 (0.04) 1.88 (0.03) 1.6 0.4 0.9 1.83 (0.05) 1.85 (0.04) 1.1 0.6 0.6

S calcarine 1.67 (0.03) 1.69 (0.02) 1.2 0.4 0.7 1.58 (0.03) 1.62 (0.02) 2.5 0.2 0.3

S lunatus 1.94 (0.05) 1.98 (0.04) 2.0 0.4 0.7 1.84 (0.04) 1.92 (0.03) 4.2 0.05 0.2

S occipital supero transversal 1.98 (0.03) 2.04 (0.01) 2.9 0.06 0.5 1.98 (0.04) 2.02 (0.03) 2.0 0.2 0.3
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S occipital anterior 2.05 (0.05) 2.10 (0.04) 2.4 0.3 0.7 2.07 (0.04) 2.11 (0.03) 1.9 0.3 0.5

S occipital temporolateral 2.25 (0.05) 2.36 (0.04) 4.7 0.02 0.2 2.28 (0.04) 2.37 (0.03) 3.8 0.05 0.2

S lingual 2.14 (0.04) 2.21 (0.03) 3.2 0.04 0.2 2.07 (0.04) 2.16 (0.03) 4.2 0.02 0.2

S parieto occipital 2.00 (0.04) 2.02 (0.03) 1.0 0.5 0.7 1.95 (0.04) 2.00 (0.03) 2.5 0.1 0.3

G and S occipital inferior 2.31 (0.05) 2.41 (0.04) 4.1 0.02 0.2 2.31 (0.05) 2.39 (0.04) 3.3 0.05 0.2

Associative visual area

● Ventral pathway

G superior temporal lateral

aspect

2.60 (0.06) 2.71 (0.04) 4.1 0.05 0.1 2.66 (0.06) 2.80 (0.05) 5.0 0.02 0.03

G superior temporal planum

polare

2.72 (0.07) 2.80 (0.06) 2.9 0.4 0.7 2.99 (0.08) 3.01 (0.06) 0.7 0.9 0.9

G superior temporal planum

temporale

2.17 (0.06) 2.28 (0.03) 4.8 0.07 0.3 2.26 (0.05) 2.35 (0.03) 3.8 0.06 0.3

G inferior temporal 2.72 (0.06) 2.82 (0.05) 3.5 0.06 0.3 2.77 (0.05) 2.84 (0.04) 2.5 0.3 0.7

G middle temporal 2.60 (0.06) 2.71 (0.05) 4.1 0.06 0.3 2.67 (0.06) 2.74 (0.04) 2.6 0.3 0.7

● Dorsal pathway

G and S paracentral 2.09 (0.05) 2.11 (0.04) 0.9 0.9 0.9 2.14 (0.05) 2.14 (0.04) 0.0 0.8 0.9

G angular 2.28 (0.05) 2.38 (0.04) 4.2 0.06 0.3 2.36 (0.05) 2.39 (0.04) 1.3 0.7 0.9

G precuneus 2.18 (0.04) 2.21 (0.03) 1.4 0.7 0.8 2.19 (0.05) 2.24 (0.03) 2.2 0.5 0.8

● Prefrontal cortex

G middle frontal 2.29 (0.04) 2.36 (0.03) 3.0 0.2 0.4 2.21 (0.04) 2.28 (0.03) 3.1 0.1 0.6

G precentral 2.26 (0.06) 2.36 (0.05) 4.2 0.2 0.4 2.29 (0.06) 2.35 (0.05) 2.6 0.4 0.7

S middle frontal 2.04 (0.03) 2.07 (0.02) 1.4 0.6 0.8 1.99 (0.04) 2.02 (0.03) 1.5 0.5 0.8

Notes: *adjusted for sex, age, lifetime depression, cardiovascular disease. p-values <0.05 in bold.
Abbreviations: G, gyrus; S, sulcus; SE, standard error.
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posterior insula and left visual ventral associative pathway. Our results agree with these findings in that our vision loss
group showed thinner cortical thickness in the right posterior insula and the contralateral superior temporal gyrus (part of
the ventral associative pathway).

A recent study of 27 individuals described a structural asymmetry of the insula between right and left hemispheres linked
to the lateralization of gesture and language.29 Allen et al compared insular cortical volumes in both hearing and deaf right-
handed individuals with or without sign language experience.30 Both deaf and hearing signers showed higher volume in the
right insula as compared with non-signers. These results reinforce the hypothesis of a lateralization of insula linked to
gesture. The present study, which included only right-handed participants, confirmed previous results showing no difference
in left insula cortical thickness between groups. Vision loss may have had no effect on the left insula in our sample because of
the non-existence of or little connection between visual areas and left insula in right-handed individuals.

Also, the “salience network”, represented by the insula, is the core of different interoceptive and exteroceptive stimuli
guiding behaviour. The insula has been implicated in major depressive disorder.24 In our study, the association remained
significant after adjusting for depression, which reinforces the association between vision and insula independent of
confounding factors. Lifetime depression was not higher in vision loss than in the control group, but the depression
process associated with insula thinning may appear later in this population.

Vision Loss and Visual Cortex
Right hemisphere visual cortex thinning was not statistically significant after FDR correction and need to be confirmed in
an independent sample. In the left hemisphere, thinning of the superior temporal gyrus (ventral associative pathway) was
significant even after FDR correction.

The visual cortex is divided into primary, secondary and visual associative cortices. The primary visual cortex located
around the calcarine sulcus transmits a visual signal to the secondary visual cortex, also in the occipital lobe.

Figure 2 Cortical thinning areas associated with vision loss (ANCOVA test). In the right hemisphere, significant thinning of the insular cortex (1). The thinning of visual
cortex (2) and visual associative pathway (3) do not resist to FDR correction. In the left hemisphere, significant thinning of the visual associative pathway (3’). The thinning of
insular (1’) and visual cortex (2’) do not resist to FDR correction.
Abbreviation: FDR, false discovery rate.
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Voxel- and surface-based morphometry of brain imaging data have been used to quantitatively describe structural
modifications associated with ophthalmic diseases. Amblyopia was associated with bilateral loss of density in calcarine
fissure cortex and visual associative areas, which may indicate developmental abnormalities of the visual cortex during
the critical growth period.5

The effect of vision recovery on brain structure was demonstrated in older people after cataract surgery, favouring
neuronal plasticity persistence in adulthood.6 Vision loss in age-related macular degeneration was found associated with
reduced grey-matter density in the posterior calcarine fissure, whereas glaucoma was associated with differences in the
anterior calcarine fissure (Table 3).31 These results corroborate the retinotopy of visual pathways in that loss of function
induces cortical thinning.32

In the present study, near vision loss was associated with thinner cortical thickness in the right and left lingual sulci,
but the associations were not significant after adjustment for multiple comparisons. This impairment agrees with previous
findings, the lingual sulci being located in the primary visual cortex, near the calcarine sulcus. Also, vision loss was
associated with thinner cortical thickness in both occipital inferior gyrus-sulcus as well as both occipito temporolateral
sulci, left lunatus sulcus and right fusiform gyrus, although not significantly (p > 0.2). These subregions of the occipital
lobe are contiguous, which gives further support for their association with vision loss.

Strengths and Limitations
The present study has several strengths. First, the cohort design with a prospective collection of data by protocol allowed
for brain scanning with the same device and visual acuity examinations by protocol. It allowed for comparing brain
cortical thickness between groups. Visual acuity was assessed with usual optical correction, so we could analyse the
effect of everyday visual function on brain structure. Second, the dataset included detailed reporting of the medical
history of participants, notably cardiovascular diseases and lifetime major depression. It was crucial to consider lifetime
depression status in assessing the association between vision and insular cortical thickness because depression has been
associated in some studies with lower insular cortical volume.24 Third, the SBM method for estimating cortical thickness
from brain MRI scans is of major interest. Currently, two methods exist: SBM and VBM, both requiring an initial
segmentation to separate grey matter, white matter and cerebrospinal fluid. The use of surface models leads to sub-voxel
accuracy and high sensitivity, but VBM is considered less accurate than SBM because of the limited resolution of the
voxel grid and less robustness to noise and mis-segmentation.33 Finally, we used the FDR method to control for multiple
comparisons. The FDR approach is considered more robust than methods such as Bonferroni correction, which controls
false-positive rates and is particularly adapted to analysing a large dataset.18

The study has some limitations. We included only participants without clinical dementia (Mini Mental State
Examination score >24) which probably underestimated the association between vision loss and insular cortical
thinning because degenerative ocular diseases such as glaucoma share physiologic aspects with Alzheimer’s disease
(REF). Further studies in this population will be of interest to better understand the effect of vision loss on brain
structures.

The present study did not find any association between vision loss and subcortical volumes while an association was
previously described with the pulvinar nucleus of the thalamus.20–23 We can assume that the parcellation of subcortical
areas of the brain was not at a sufficient level to put in evidence fine changes.

Conclusion
The present study described for the first time a significant thinning of the right insular cortex in older adults with vision
loss. The insula subserves a wide variety of functions in humans ranging from sensory and affective processing to high-
level cognitive processing. Reduced insula thickness associated with vision loss may increase cognitive burden in the
ageing brain. This study highlights the importance of early treatment of ophthalmic disorders in older adults. To conclude
a causality between vision loss and insular thinning, further longitudinal analyses are required.
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Table 3 Brain Cortical Structures Involved in Degenerative Ophthalmic Diseases in the Literature (PubMed Search Between 2000 and 2020)

Study Country N Age Design Diagnosis MRI analysis
Method

Primary
Outcome

Thinner Areas Thicker Areas

Glaucoma

Boucard et al, 200931 The

Netherlands

8 72 Crosssectional POAG VBM GM density Fissure calcarine anteriorly

Chen et al, 20134 China 30 43 Case-control Advanced POAG VBM GM volume Bilateral: G lingual, G calcarine, G postcentral, G superior frontal, G inferior

frontal, rolandic operculum Right: G cuneus, G inferior occipital,

G supramarginal Left: G paracentral

Li et al, 201217 China 60 50 Case-control Early / Advanced POAG VBM GM density Bilateral: primary visual cortex, paracentral lobule

Right: G precentral, G middle frontal, G inferior temporal, G angular Left:

G precuneus, G middle temporal, G superior temporal

Frezzotti et al,

201634
Italia 25 52 Case-control Advanced POAG VBM GM volume Bilateral: hippocampus

Right: G lingual, G lateral occipital, G superior parietal

Left: cerebellum, G postcentral

Yu et al, 201335 China 76 47 Case-control POAG SBM GM thickness Bilateral: S calcarine

Left: G middle temporal, G fusiform

Bogorodzki et al,

201418
Poland 26 72 Case-control Advanced POAG SBM (FreeSurfer) GM thickness Bilateral: G lingual

Right: G precentral, G superior

temporal

Williams et al,

201336
USA 30 66 Case-control POAG VBM GM volume - Bilateral: G occipital

Right: G middle occipital, G inferior

temporal

Age-related macular degeneration

Boucard, 200931 The

Netherlands

9 73 Crosssectional AMD VBM GM density Fissure calcarine posteriorly

Cataract surgery

Lou, 20136 Denmark 12 71 Cohort Unilateral cataract

surgery

VBM GM volume Contralateral V2 (primary visual

cortex)

Oculomotor training

Rosengarth, 201337 Germany 9 72 Cohort Oculomotor training in

AMD

VBM GM density Left posterior cerebellum

Abbreviations: N, study sample; MRI, magnetic resonance imaging; POAG, primary open angle glaucoma; VBM, voxel-based morphometry; SBM, surface based morphometry; GM, gray matter; AMD, age-related macular degeneration;
G, gyrus; S, sulcus.
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