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[ll.  INTRODUCTION

L'augmentation actuelle de I'espérance de vie a I’échelle mondiale associée a une baisse du taux
de fécondité entraine un vieillissement de la population. Entre 2015 et 2050 la proportion des plus de
60 ans passera de 12 a 22 % selon I'Organisation Mondiale de la Santé (OMS) [1].

Par ailleurs, les maladies cardiovasculaires représentent la premiére cause de mortalité dans le
monde. Prés d’un déceés sur trois (31 %) est directement lié a une cause cardiovasculaire [2].

Les principaux facteurs de risque cardiovasculaires sont I’age, le sexe masculin, le tabagisme,
I'hypertension artérielle, les dyslipidémies, le diabéte, I'obésité, les antécédents personnels et
familiaux de maladie cardiovasculaire. Ces éléments sont pris en compte dans le calcul du risque
cardiovasculaire global dans des scores spécifiques afin de prévoir un taux prévisionnel d’évenement
cardiovasculaire [3]. Cette stratification du risque permet une prise en charge ciblée de chaque patient
et guide la décision thérapeutique [4].

Les microcirculations cérébrales, myocardiques et oculaires auraient des propriétés anatomiques
et physiologiques similaires [5]. La vascularisation oculaire rétinienne permet déja une premiére
approche complémentaire dans la stratification du risque cardio-vasculaire chez les patients a risque
faible ou modéré [6]. Ceci constitue un premier biomarqueur oculaire de I'état de santé
cardiovasculaire [7].

La choroide est le tissu ayant le flux sanguin le plus important de I'organisme [8]. De maniére
similaire au tissu rétinien, il y aurait une corrélation entre I'atteinte de la microcirculation choroidienne
et les facteurs de risque cardiovasculaires. Une des premieres descriptions de ces similarités est
histologique et date de 1970. Elle montrait une corrélation entre les lésions artériosclérotiques
choroidiennes et les Iésions artériosclérotiques cérébrales [9]. Ces éléments supposent que la choroide
pourrait étre un biomarqueur cardiovasculaire.

La choroide est un tissu qui est resté longtemps méconnu de par sa localisation sous I'épithélium
pigmentaire rétinien. Ce sont les nouvelles techniques d’'imagerie et notamment I'Enhanced-Depth-
Imaging-Optical-Coherence-Tomography (EDI-OCT) et le Swept-Source-OCT (SS-OCT) qui ont permis
une meilleure visualisation de cette couche.

Le but de ce travail est d’évaluer I'évolution de I'épaisseur de la choroide en population générale
au sein de la cohorte ALIENOR (Antioxydants, Lipides essentiels, Nutrition et maladies OculaiRes).
L'objectif secondaire de cette étude est d’étudier la relation entre facteurs de risque cardio-vasculaires
et choroide.

1. RAPPELS ANATOMIQUES

a. Vascularisation artérielle

L'aorte, a gauche, donne la carotide commune gauche qui bifurque pour donner la carotide
interne gauche. A droite I'aorte donne le tronc artériel brachio-céphalique qui se divise pour donner
la carotide commune droite puis la carotide interne droite. Cette description est la plus commune et
est sujette a de nombreuses variations anatomiques physiologiques (figure 1).

10



(==  EER—

N
by | A. carotide -
-~
S ot
v
A. carotide
@x0me
A. carobide —
commune

- Trone
brachio-céphalque

Figure 1 : Asymétrie dans la configuration des troncs supra-aortiques [10]

L'artere ophtalmique est une subdivision de I'artére carotide interne. Elle est elle-méme
divisée en deux sous-groupes : le groupe oculaire et le groupe orbitaire.

Le groupe oculaire de I'artere ophtalmique contient (figure 2) :
- les arteres ciliaires postérieures courtes et longues en direction de la choroide
- l'artere ciliaire antérieure pour la partie antérieure de I'ceil
- l'artere centrale de la rétine en direction de la rétine interne

- les artéres musculaires pour les muscles oculomoteurs et le releveur de la paupiére supérieure
(figure 4)

Le groupe orbitaire de I'artére ophtalmique contient I'artére lacrymale, les artéeres ethmoidales
antérieure et postérieure, et d’autres nombreuses artéres pour les éléments extra-oculaires de I'orbite
[11].

Figure 2 : « Document non libre de droits, non reproduit par respect du droit d’auteur »
Vascularisation du globe oculaire [12] la vascularisation artérielle de I'ceil est assurée par I'artere
ophtalmique, elle-méme branche de I'artére carotide interne. La carotide interne provient de la
carotide commune qui dans 70 % des cas, bifurque du tronc artériel brachio-céphalique a droite et
directement de la crosse de I’aorte a gauche.

b. Anatomie du bulbe oculaire

Le bulbe oculaire peut étre divisé en trois tuniques, respectivement de ['extérieur vers
I'intérieur (figure 3) :
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- La coque cornéo-sclérale dont la cornée, premier et principal dioptre de I'ceil, permet de
focaliser les rayons lumineux sur la rétine.

- L'uvée, composée de I'iris en avant puis en arriére des corps ciliaires puis de la choroide.

- Larétine, neuro-épithélium tapissant l'intérieur de I'ceil. Elle permet la photo-transduction et
le premier traitement de I'image avant d’acheminer I'information au nerf optique et ainsi au
cerveau. Elle est intimement reliée a I'épithélium pigmentaire qui la sépare de la choroide.
L'importante pigmentation de I'épithélium pigmenté et de la choroide permet a I'ceil d’étre
une véritable chambre noire.

Figure 3 : « Document non libre de droits, non reproduit par respect du droit d’auteur »
Coupe axiale du globe oculaire [13]

La rétine convertit la lumiere en impulsions électriques au niveau des photorécepteurs, situés
dans sa partie externe. Cette fonction nécessite une grande quantité d’énergie continue constituant la
plus grande consommation d’oxygene rapporté au poids dans le corps humain. Ainsi, la choroide
bénéficie du débit sanguin le plus élevé de I'organisme. Elle alimente la partie la plus externe de la
rétine et est méme l'unique source d’échange métabolique pour la fovéa [14]. L'important débit
sanguin pallie par ailleurs a la faible quantité d’oxygene passant la barriére épithélium pigmentaire-
membrane de Bruch [8]. L'ensemble du réseau choroidien est ensuite drainé par les veines
vortiqueuses (aussi appelée vorticineuses), qui se jettent dans les veines ophtalmiques puis dans le
sinus caverneux (figure 4).

Figure 4 : « Document non libre de droits, non reproduit par respect du droit d’auteur »
Représentation % de I'ceil et de la vascularisation choroidienne [13]

La partie interne de la rétine est alimentée par I'artére centrale de la rétine et ses branches.
Elle est drainée par les branches de la veine centrale de la rétine.

Avec ce flux sanguin élevé la choroide permet un apport constant et massif d’oxygéne et de
métabolites, I'évacuation des déchets cellulaires, ainsi qu’une dissipation de I'énergie thermique
induite par les rayons lumineux [15]. On décrit méme un réle accommodatif chez les animaux en
faisant varier I'épaisseur choroidienne [8].

c. Histologie
La choroide s’organise en trois couches :
- Lacouche des vaisseaux de grand diametre appelée couche de Haller
- Lacouche des vaisseaux de diametre intermédiaire appelée couche de Sattler

- La couche des micro-vaisseaux appelée choriocapillaire.
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L’espace entre ces vaisseaux est appelée stroma choroidien. Il contient de nombreux éléments. Le
tissu de soutien est constitué de collagenes, de fibroblastes, de tissu élastique et de cellules
musculaires lisses. Les cellules musculaires lisses peuvent expliquer les phénomeénes de régulation de
flux vasculaires et les variations d’épaisseur choroidienne rencontrées lors des dilatations pupillaires
[16]. En effet, I'iris et la choroide font partie de la méme tunique et détiennent des similarités au niveau
des cellules contractiles [17, 18]. Les nombreux mélanocytes et mélanosomes expliquent sa couleur
brune foncée. A noter qu’au vu du privilege immunologique que posséde I'ceil, il n’est pas décrit de
vaisseaux lymphatiques a proprement dit dans la choroide, de maniére similaire au cerveau [8, 19].
Cependant certaines équipes décrivent un systeme « glymphatique » aux propriétés débattues ce jour,
pouvant étre un systéme de transport para-vasculaire alternatif équivalent de systéme lymphatique
[20-22].

Rétine
Epithélium pigmenté, membrane de
Bruch et choriocapillaire
Vaisseau de moyen calibre
Choroide
Vaisseau de gros calibre
Melanosomes/melanocytes Sclére

Figure 5 : Coupe histologique choroidienne [23]

2. IMAGERIE CHOROIDIENNE

Les progres constants de I'imagerie ophtalmologique permettent une visualisation toujours plus
précise de la choroide.

a. Biomicroscopie-Photographie du fond d’ceil

Au fond d’ceil, la choroide est cachée derriére I'épithélium pigmentaire et est donc difficilement
visualisable dans des conditions physiologiques. Certaines pathologies choroidiennes sont visibles
comme les naevus, mélanomes, ostéomes, hémangiomes, etc. Certaines pathologies (atrophie
géographique, albinisme...) entrainant une altération de I’épithélium pigmentaire laissent entrevoir la
morphologie choroidienne (Figures 6 et 8).
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Figure 6 : Imagerie grand champ du fond d’ceil d’un patient albinos laissant apercevoir les vaisseaux
choroidiens de couleur rouge orangée. Optomap (CHU Bordeaux)

b. Angiographie

Le développement des lasers a optique confocal et des caméras infrarouges (SLO : scanning laser
ophtalmoscopes) a permis de développer I'angiographie au vert d’indocyanine. Le signal laser utilisé
puis émis par le fluorophore peut passer la barriere de I'épithélium pigmentaire permettant une
meilleure visualisation des structures en arriéere. Ceci permet une analyse dynamique des pathologies
choroidiennes. On observe différents moments clés : les temps d’arrivée, d'imprégnation et de lavage
du colorant dans I'ceil (figure 7, 8, 9). Ceci permet une plus grande compréhension mais I'analyse
choroidienne reste cependant en deux dimensions spatiales.
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Figure 7 : Angiographie au vert d’indocyanine, au temps précoce. HRA Heidelberg® (CHU Bordeaux)

Figure 8 : Photographie grand champ du fond d’ceil ne permettant pas une bonne visualisation des
vaisseaux choroidiens. Optomap, optos® (CHU Bordeaux) On distingue aisément les vaisseaux
rétiniens
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Figure 9 : Angiographie grand champ au vert d’indocyanine, temps précoce dévoilant les vaisseaux
choroidiens. Optomap, Optos®. Méme sujet que figure 8 (CHU Bordeaux)

c. Echographie

L’échographie, en particulier en mode B, permet d’obtenir une premiere mesure de |'épaisseur
choroidienne et de sa morphologie. Elle est particulierement utile a la reconnaissance des tumeurs
choroidiennes. La résolution ne permet cependant pas une mesure de I'épaisseur choroidienne
précise.

d. Laser doppler flowmetry

La technique du laser doppler flowmetry permet une étude dynamique de la choroide en
approximant le flux. Cette technique reste a une dimension de recherche et est peu utilisée en pratique
clinique quotidienne.

e. Tomographie par cohérence optique

La tomographie par cohérence optique (OCT) est une technologie d’imagerie initialement
utilisée pour étudier la rétine. Elle emploie la technologie de I'interférométrie optique. Elle est non-
invasive, disponible, reproductible et non opérateur-dépendant initialement utilisée pour la rétine.
L'OCT le plus communément utilisé aujourd’hui est le Spectral-Domain-OCT (SD-OCT).

La technologie d’imagerie en profondeur renforcée ou Enhanced-Depth-Imaging [24] (EDI-
OCT) déplace le focus en postérieur en approchant I'appareil de mesure SD-OCT de I'ceil (Figure 10).
Ceci permet une visualisation accrue et plus précise de la choroide.
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La technologie Swept-Source OCT permet une imagerie encore plus fine, et une acquisition
plus rapide. Le SS-OCT utilise une longueur d’onde plus élevée qui est beaucoup moins atténuée par
I’épithélium pigmentaire.

HEIDELBEIG
ENGINEENNG

Figure 10 : EDI-OCT permettant une visualisation de la choroide. HRA Heildelberg® (CHU Bordeaux)
f. Artériographie

L’artériographie de I'artére ophtalmique ne permet pas de discerner la finesse du réseau vasculaire
intra oculaire, laissant place a une prise de contraste globale appelée blush choroidien. Ce blush
choroidien est la somme de la circulation choroidienne, majoritaire, et de la circulation rétinienne.
Elle est montrée a titre didactique afin de comparer la macrocirculation (carotide) et la
microcirculation choroidienne (Figure 11 et Schéma Figure 2).

Blush choroidien |

Artéere
ophtalmique

Figure 11 : Artériographie de I'artére ophtalmique laissant deviner la finesse de la vascularisation
intraoculaire lors du « blush choroidien » [25]
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3. Choroide et facteurs oculaires

a. Longueur axiale

La majorité des études retrouvent une épaisseur choroidienne diminuant avec la longueur axiale [26-
32].

b. Erreur réfractive

La plupart des études retrouvent une épaisseur choroidienne augmentant avec I’"hypermétropie et
diminuant chez le myope, dans la population adulte [26, 29, 32-34].

c. Pression intra oculaire

Certaines études expérimentales retrouvent une diminution de I'épaisseur choroidienne chez
des sujets sains en augmentant mécaniquement la PIO de fagon transitoire [35]. Ces résultats ne sont
pas retrouvés dans les hypertonies non provoquées [36]. En effet, le glaucome chronique a angle
ouvert ne parait pas étre en relation avec I'épaisseur choroidienne dans la derniere méta-analyse en
date [37]. Il est cependant décrit une épaisseur choroidienne plus importante en cas de glaucome a
angle fermé [38].

d. Latéralité

Les résultats different selon les études, qui ont toutes une méthodologie différente. Parfois
I’épaisseur choroidienne est plus épaisse du c6té droit [39, 40]. Dans d’autres études la choroide est
plus épaisse a gauche [24, 41].

e. Statut cristallinien

Il a été retrouvé une augmentation de I'épaisseur choroidienne dans le mois post opératoire,
qui revient a la normale [42]. D’autres auteurs ont trouvés une tendance vers cette augmentation,
en post-opératoire, revenant aussi a la normale [43]. L’épaisseur choroidienne est augmentée en cas
d’cedeme rétinien post opératoire (Syndrome d’lrvin Gass), mais diminue avec la résolution de
I'cedeme [44].

f. DMLA

Il'y aurait aussi un amincissement choroidien aux stade atrophique de la DMLA [45]. Les
stades évolués de la DMLA néovasculaire seraient aussi associés a un amincissement [46]. Les stades
intermédiaires ne font pas consensus. Par ailleurs il a été décrit une forme particuliére de drusen, les
pachydrusens, associés au spectre de la pachychoroide et donc a une épaisseur choroidienne plus
épaisse [47]. Les pseudodrusen réticulés sont associés a un amincissement choroidien plus important
gue les patients avec une DMLA sans pseudodrusen réticulés [48, 49].

4. Choroide et facteurs de risque cardiovasculaire
a. Age

Depuis la premiére description de I'EDI-OCT, il a été remarqué une diminution de I'épaisseur
choroidienne avec I'dge. Ces derniers résultats étaient calculés sur un suivi par régression linéaire sur
un seul suivi. La seule étude longitudinale suivant I'épaisseur choroidienne chez une population
adulte sans pathologie, hormis une maculopathie liée a I’age (MLA) précoce, a retrouvé une
diminution de -4,74 um/an chez les patients avec pseudodrusen réticulés, -2,47 um/an chez les
patients sans pseudodrusen et -3,47 um/an chez les patients avec une MLA précoce [49].
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b. Sexe

Une grande partie des études ont retrouvé une épaisseur choroidienne plus épaisse chez
I'homme [26-29].

c. Tabac

L'intoxication tabagique aigué est associée a un épaississement choroidien qui a été attribué
aux effets vasodilatateurs des produits de la fumée [50] (monoxyde de carbone et autres). A
I'inverse, le tabagisme massif chronique a été reporté comme associé a un amincissement choroidien
[51, 52].

d. Hypertension artérielle

L’hypertension physiologique retrouvée lors de I'effort physique n’est pas associée a une
variation de |'épaisseur choroidienne [53]. Lors des importantes poussées hypertensives (HTA
maligne, pré-éclampsie) I'épaisseur choroidienne peut étre augmentée [54]. L’hypertension
chronique et sévere pourrait étre associée a une diminution de I'épaisseur choroidienne [55].

e. Obésité

Les résultats ne sont pas univoques et les études ont des échantillons de populations avec
une sévérité de I'obésité variable. Les patients avec obésité morbide auraient une épaisseur
choroidienne diminuée [56]. Les enfants obéeses aussi, mais avec un outil de calcul pédiatrique
spécifique [57]. Cependant dans une autre étude, les femmes obéses a tout stade auraient une
épaisseur choroidienne plus épaisse que les femmes non obeéses [58].

f. Dyslipidémie

Dans un modele expérimental, I’épaisseur choroidienne était augmentée chez les lapin avec
hypercholestérolémie[59]. Ceci a été retrouvé dans une étude chez I’homme [60] mais pas dans une
autre [52]. La prise de statine serait associée a une épaisseur choroidienne plus importante [52].

g. Diabete

Les résultats sur le diabete sont trés divergents. L'épaisseur choroidienne semble augmenter avec le
stade de la rétinopathie [61], mais ceci a été réfuté dans d’autres études qui retrouvaient un
amincissement a tous les stades [62]. D’autres études ne retrouvent pas de différence [63]. La
présence d’cedéme rétinien serait associé a une épaisseur choroidienne plus importante, et la
rétinopathie ischémique serait corrélée avec une épaisseur choroidienne plus fine [64]. Le principal
probléme est la différence de méthodologie dans les études car les traitements ne sont pas tout le
temps pris en compte, et il a été montré que la photocoagulation laser [65] et les injections intra
vitréennes d’agents anti-angiogéniques [66] faisaient diminuer I'épaisseur choroidienne.
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Influence sur

I'épaisseur
choroidienne

Diminution

Augmentation

Pas d’influence ou
débattue

- Longueur axiale [26-32]
- Myopie [26, 29, 32-34]

Hypermétropie [26, 29,
32-34]

Glaucome a angle fermé

- Glaucome chronique

a angle ouvert [37]

- Latéralité [24, 39, 40,

- DMLA (stades atrophiques

Facteurs [38] 41]

et néovasculaires avancés

oculaires [45, 46] - Période post-opératoire
de cataracte (transitoire)

[42, 43, 44]
- Pachydrusen [47]

- Age [49] - Sexe masculin [26-29]

Facteurs de |- Tabagisme chronique [51, | = Intoxication tabagique

risque cardio- 52] aigué [50] 60]

vasculaires

- HTA chronique sévére [55] | = Poussée hypertensive [54]

- Statines [52]

- Obésité [56, 57, 58]
- Dyslipidémie [52, 59,

Tableau 1 : Synthése des facteurs influencant I'épaisseur choroidienne dans la littérature

5. L’étude ALIENOR

L’étude ALIENOR est une étude de cohorte menée dans le but d’évaluer I'association entre des
maladies oculaires dégénératives (cataracte, glaucome, dégénérescence maculaire liée a I'dge,
sécheresse oculaire) et des facteurs nutritionnels (antioxydants, pigment maculaire, acides gras) [67].
Ces facteurs nutritionnels ont été déterminés a partir de mesures plasmatiques et d’'une estimation
des apports alimentaires. Cette étude tient compte aussi d’autres déterminants majeurs comme les
polymorphismes génétiques, le mode de vie et les facteurs de risque cardiovasculaire. Les sujets
d’ALIENOR ont été recrutés a partir d’'une autre étude de cohorte en cours sur les facteurs de risque
vasculaire de démence : I'étude des Trois Cités (3C) [68]. L'étude 3C porte sur 9294 sujets agés de 65
ans et plus, vivant dans les villes de Bordeaux, Dijon ou Montpellier, parmi lesquels 2104 sont
bordelais. Ces sujets ont été recrutés entre 1999 et 2001 a partir des listes électorales et sont suivis
tous les deux ans environ depuis leur inclusion. Lors des suivis, de nombreux paramétres sont recueillis
tels qu’une évaluation cognitive, de I'état de santé générale, de nombreux facteurs de risque
potentiels (tabac, alcool, nutrition, facteurs vasculaires) ainsi que des prélevements sanguins.

L'étude ALIENOR consiste en un volet ophtalmologique qui a été proposé a I'ensemble des
participants bordelais a partir du troisieme suivi (2006-2008) de la cohorte 3C. Parmi les 1450
participants bordelais de I’étude 3C entre 2006 et 2008, 963 (66.4 %) ont participé a I’étude ALIENOR.
Ces sujets sont depuis suivis tous les deux ans environs sur le plan ophtalmologique.
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6. Objectifs de I'étude

Des études ont ainsi établi des liens entre la choroide et les facteurs de risque cardiovasculaires.
Elles sont différentes par leur méthodologie et leur population. Les données chez les personnes agées
sont peu nombreuses sur la choroide. De plus dans la population adulte, une seule étude propose une
méthodologie longitudinale avec plusieurs suivis chez des patients non sélectionnés sur des
pathologies [49]. Elle n’a pas étudié particulierement les facteurs de risque cardiovasculaire.

Le but de ce travail est d’évaluer I’évolution de I'épaisseur de la choroide en population générale
au sein de la cohorte ALIENOR. De plus, la choroide étant un des tissus les plus richement vascularisés
de I'organisme [7] I'objectif secondaire de cette étude et d’étudier la relation entre facteurs de risque
cardio-vasculaires et choroide.
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a. Abstract

Sub-foveal choroidal thickness evolution measured with EDI-OCT in a
population-based study of French elderly subjects: the ALIENOR STUDY

ABSTRACT

Importance: Sub-foveal choroidal thickness (SFCT) evolution over time in the elderly is poorly known,
its correlation with ocular factors cardiovascular risks factors is debated.

Purpose: To assess normative data of SFCT evolution in French elderly subjects and to determine the
factors influencing its rate of change, such as ocular and cardiovascular factors.

Design and settings: Population-based longitudinal study: the ALIENOR (Antioxydants, Lipides
Essentiels, Nutrition et maladies OculaiRes) Study since 2009. Regarding this paper, collected data
ranged from February 2011 to May 2017 during three different exams. Mean follow up duration was
3.6 years (SD: 0.98).

Subjects and Methods: a detailed ophthalmic examination including EDI-OCT (enhanced depth
Imaging-Optical coherence tomography) were obtained in 282 subjects who were aged 77 years or
older. Participants were included if they attended at least 2 of the 3 exams in order to estimate a rate
of evolution. Mixed linear models with random effect were used to evaluate the associations of SFCT
with age, sex, ocular parameters and vascular risk factors, and its evolution over time.

Results: Mean age of the subjects was 82.3 years (SD: 3.3). Mean SFCT at baseline was 208.5 um (SD:
77.7) ranging from 17 to 457 um. SFCT decreased by 10.8 um per year (p<0.0001). Each variable and
model were adjusted for age, time, time?, sex, sex*time, and Axial length (AL). At baseline SFCT was
significantly thinner in older subjects (-4.6 um/year of age 95%Cl [-7.12; -2.20]), in women (-19.09 um
95% Confidence Interval (Cl) [-35.78; -2.41]), , with axial length (AL) > 26 mm (-21.8 um CI [-27.98; -
15.58]), with Intra-Ocular Pressure (IOP) superior to the median (-14.73 um/mmHg; CI [-26.5; -2.95]),
and in left eye (-7.09 um; Cl [-13.77; -0.40]). Evolution over time showed significantly decreased
thinning for women (+2.41 um/year 95%Cl [0.50; 4.33]), and for participants with diabetes
(+3.26um/year; Cl [0.07; 6.46]), but there was not significantly associated with others factors. In the
final stepwise backwards linear mixed model, only diabetes was significantly associated with evolution
over time of SFCT (3.27 um/year; 95%Cl [0.07; 6.47], p=0.045).

Conclusion and relevance: In this cohort of elderly, mean SFCT decreased over time and tend to reach
a plateau. SFCT was significantly negatively associated with age, in women, with high AL, high IOP, left
side at baseline. The rate of evolution of choroidal thickness was associated with women positively,
and diabetes positively but was not associated with others ocular or cardiovascular factors. Others
studies are needed to confirm those results.
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b. MANUSCRIPT

Introduction

Population live longer all around the world: according to the World Health Organization
(WHO), there is approximatively 125 million people aging 80 years old or older nowadays, and
this part of the population is expecting to increase to 434 million by 2050 [1].

In WHO’s database, cardiovascular diseases (CVD) are the first cause of death
worldwide. 31% of all global deaths takes origin from CVD, which represents 17.9 million
people in 2016. People with CVD or who are at high cardiovascular risk (due to the presence
of already established CVD, hypertension, diabetes or dyslipidemia...) need early detection and
management to allow cardiovascular risk stratification [2]. Examination of the retinal
vasculature may provide information about subclinical heart diseases, especially in women with
few risk factor [3-5], and had demonstrated to improve the risk stratification of stroke compared
to cardiovascular risk factors alone [6, 7]. The choroid, with its important vascular network,
may be a primary localization of microvascular abnormalities and thus, a cardiovascular
biomarker.

The choroid has the highest blood flow to volume ratio in the organism, which
represents 85% of the ocular blood flow. This major vascular layer, extended from the pars
plana anteriorly to the optic nerve posteriorly, is the posterior part of the uvea which is the
middle pigmented tunic of the eye. It is supplied by the posterior ciliary arteries and drained by
the vortex veins. It has a myriad of functions such as oxygenation, metabolic support and waste
removing of the outer retina and retinal pigmentary epithelium, growth factors secreting,
thermoregulation by conveying heat, and retinal position correction by thickness adjustment [8,
9].

Due to the easier, non-invasive and reproducible approach of the retina, visualization of
retinal vessels motivated studies that shows correlations between retinal microcirculation
changes and cardiovascular diseases [10] [11]. Despite its hidden position between the sclera
and the retinal pigmentary epithelium, advancement in technologies make the choroid easier to

see and approach, wondering if it can become a new open window to systemic macro-vascular
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and heart diseases [12]. Thus, choroid imaging can be performed with non-invasive,
reproducible techniques, particularly optical coherence tomography (OCT) with Enhanced
Depth Imaging-OCT technique (EDI-OCT) [13].

In previous cross sectional study, sub-foveal choroidal thickness (SFCT) variation
ranged from -4.8 um to -0.887 um per year of age regardless of cardiovascular factors. Margolis
and Spaide, in their pilot study found a SFCT decrease of -1.56 pm/year [13]. Ikuno et al
reported a decrease of -1.4 um/year [14]. Wei et al found a SFCT decrease of -4.1 pm/year in
a large sample [15]. Ruiz Medrano et al found a SFCT decrease of -0.887um/year [16].
Wakatsuki et al found a decrease of -2.98 um/ [17]. Ryoo et al reported a SFCT decrease of -
2.77 um/year [18]. Tuncer et al found a SFCT decrease of -3.14um/year [19]. In the only
longitudinal study of healthy adults but with early age-related-macular-degeneration (AMD),
Yun et al found a SFCT decrease of -4.74 pum/year for patients with reticular pseudodrusen, a
decrease of -2.47 pum/year for patient without reticular pseudodrusen, and a SFCT decrease of
-3.47 um/year for eyes with early age macular degeneration (AMD) [20].

Besides, age, sex, refractive error, axial length (AL), and time have been found to be
correlated with choroidal thickness (CT) thinning. An association with heavy smoking, high
blood pressure, diabetes, dyslipidemia, coronary artery diseases, AMD, intra Ocular Pressure
(10P) and glaucoma has also been described [21].

However there is only one longitudinal study in the healthy elderly population, which
is not population-based [20]. We aim to study the Subfoveal Choroidal Thickness (SFCT)
measured with EDI-OCT in a population-based sample of elderly French subjects in order to
determine if its evolution is associated with ocular parameters. Our secondary objective is to

associate SFCT and its rate of evolution with cardiovascular risk factors.

Subijects and Methods
Study population

The Alienor (Antioxydants, Lipides Essentiels, Nutrition et maladies OculaiRes) is a
prospective population-based study investigating age-related eye diseases. Subjects of the
Alienor Study were recruited from an ongoing population-based cohort, the three city (3C)
study, on the vascular risk factors of dementia. The 3C cohort included 9294 subjects aged 65
years or older, contacted individually from the electoral rolls, in Bordeaux, Dijon and
Montpellier in 1999.
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From 2006 to 2008, all participants of the 3C study of Bordeaux were offered eye
examination, and ophthalmologic follow up every two years. This examination consisted of the
evaluation of age related eye diseases such as age-related macular degeneration, glaucoma, dry
eyes symptoms and cataracts.

At the beginning of choroidal evaluation with EDI-OCT, at the fifth follow up of 3C as
baseline (2011-2012), among the 1235 participants of the 3C study in Bordeaux, 760 subjects
(61.5%) accepted this examination, and 475 had available choroidal thickness (258 participants
did not have OCT because examinations were conducted at home since subjects couldn’t come
and 27 had ungradable choroidal thickness on their OCT). Since then, follow up examinations
were included: 2011-2012 (baseline), 2013-2015 (first follow-up visit), and 2015-2017 (second
follow up visit). Data was collected from February 2011 to May 2017.

The Alienor study respects the tenets of the declaration of Helsinki. The participants
gave a written informed consent for participation in the study. For the Alienor study, Ethics
Committee approval was obtained from the ethical Committee of Bordeaux (Comité de

Protection des Personnes Sud-Ouest et Outre-Mer) in May 2006.

Eye examination

All subjects underwent a standard ophthalmologic examination at each follow up in the
department of ophthalmology of Bordeaux University Hospital. It included clinical history
recording, automatic refraction measure (Speedy-K, Luneau, France), best-corrected visual
acuity assessment (Early treatment for Diabetic Retinopathy charts), slit lamp examination,
determination of lens status and fundus examination, measurement of IOP, fundus photography
(TRC NWS6S; Topcon, Tokyo, Japan), spectral-domain OCT (SD-OCT) and EDI-OCT
(Spectralis HRA, Software version 5.4.7.0; Heidelberg Engineering Heidelberg, Germany). AL
measurement was collected at least one time in the follow up (IOL master; Carl Zeiss Meditec

AG, Jena, Germany).

EDI-OCT

Each SD-OCT and EDI-OCT was made during afternoon within the same period (2:00
—4:00 pm) to avoid nycthemeral variations [22-25], and after pupil dilatation with tropicamide
to avoid drug induce modification [26-28]. SFCT was measured manually on one horizontal
EDI-OCT scan passing through the fovea. SFCT was defined as the perpendicular distance

between the hyper-reflective line of Bruch membrane and the choroidal-scleral junction. Two
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trained graders measured the SFCT and the inter-correlation coefficient (ICC), tested in a
subsample of 40 eyes was ICC=0.966 CI [0.937; 0.982], showing high reliability.

Classification of AMD

Retinal photographs were interpreted in duplicate by 2 specially trained technicians
according to the international classification and to a modification of the grading scheme used
in the Multi-Ethnic Study of Atherosclerosis for drusen size, location, and area [29, 30].
Procedures for classification of AMD have been described in details previously [31, 32].
Briefly, late AMD was defined by the presence of neovascular AMD or geographic atrophy
within the grid (3 000 um from the foveal center), based on retinal photographs, OCT scans
and ophthalmologic history and treatments. Early AMD was defined as follow (in the absence
of late AMD): presence of soft distinct drusen without pigmentary abnormalities; or pigmentary
abnormalities without large drusen [> 125 uml]); soft indistinct drusen and/or reticular
pseudodrusen and/or soft distinct drusen associated with pigmentary abnormalities. Eyes were
classified in 3 groups: no AMD, early AMD, and late AMD.

Glaucoma diagnosis

The methods chosen to diagnose glaucoma in the ALIENOR study were published in
details and used in the classification provided by Foster et al [33-36]. Shortly, the vertical
cup:disc ratio (VCDR) and the minimal rim:disc ratio were estimated from fundus photographs.
Participants were classified as suspects for glaucoma when, in at least one eye, VCDR was
greater than or equal to 0.65 and/or minimal rim:disc ratio less than or equal to 0.1 or when an
asymmetry of VCDR between eyes greater than or equal to 0.2 was observed. For glaucoma
suspect case, an additional eye examination was performed by a glaucoma specialist including
a white-on-white visual field test (Octopus 101; Haag Streit, Koniz, Swizerland), an
examination of the optic disc by slit-lamp, inspection of the irido-corneal angle by gonioscopy,
and an Intra-Ocular-Pressure (IOP) measurement.

The final classification was reviewed and confirmed by a glaucoma specialist. All cases

of glaucoma were classified as open angle glaucoma.

Demographic characteristics, lifestyles and cardiovascular risk factors
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General, lifestyle including age, gender, smoking in pack-years (pack-years = packs [20
cigarettes] smoked per day X years of smoking) and medical variables were recorded in 2010-
2011 with a standardized oral questionnaire by a trained psychologist or nurse. Medical
variables as systolic and diastolic blood pressure (SBP and DBP), body mass index (BMI,
[weight (kg)/height?(m?)]), and inventory of all drugs used over the last month especially high
blood pressure therapy, dyslipidemia and diabetes treatments were obtained. Total cholesterol,
LDL, HDL and fasting blood glucose were determined from blood samples performed in 2010-
2011. Hypertension was defined as SBP> 140 mmHg and/or DBP > 90 mmHg. Diagnosis of
diabetes was considered positive if fasting blood glucose was higher than 7 mmol/L, or/and if
the participant took diabetes treatment [37]. High rate of Low-Density-Lipoprotein-Cholesterol
(LDL-C) level were defined as LDL-C>160 mg/dL; high rate of High-Density-Lipoprotein-
Cholesterol (HDL-C) level were defined as HDL-C> 1.03 mmol/L for men and HDL-C> 1.29
mmol/L for women; High triglycerides (TG) were defined as TG> 150 mg/dL; High total-
cholesterol level (TC) were defined as TC> 150 mg/dL [38].

Treatments

We dichotomized statin (alone or in associations) and others dyslipidemia treatments,
as we dichotomized beta blockers (alone or in associations) and others high blood pressure
therapies. We referred to the Anatomical-Therapeutic-Chemical (ATC) treatment
classifications. ATC codes for beta blockers (in combination or not) were C07, ATC codes for
others high blood pressure therapy were C02/C03/C08/C09, ATC code for statin (in
combination or not) treatment were C10BA/C10BX/C10AA, and ATC code for others
dyslipidemia treatments were C10AB/CL10AC/C10AD/C10AX. Ocular hypertension or
glaucoma treatments were only considered in eye drops, and with the 4 main molecule types:
prostaglandin analogues, beta-blockers, a-2 agonists, anhydrase carbonic inhibitors. ATC
corresponding codes were SO1EA/ SO1EC/SO1ED/SO1EE.

Statistical analysis

The results were expressed as the means (+/- standard deviation) for quantitative
variables and n and percentage for qualitative variables.

All the following statistical analyses have been performed using mixed linear models
with random effect because it presents the advantage of keeping the data from both eyes for
each participant while taking into account that both eyes owns to the same participant,

implicating obvious correlation regarding general factors.
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Firstly, we performed descriptive analysis for time, time?, age, age*time, sex, sex*time
AL and AL*time and represented it into curves. Significant results were taken into account as
confounding factors for further analysis. P-values<0.05 were considered as statistically
significant.

Secondly, we modeled SFCT as a function of time with baseline factors (BMI, smoking,
diabetes, arterial hypertension, dyslipidemia, blood pressure therapy, statin therapy, 10P, lens
status, glaucoma, side, and AMD), and an interaction term for group over time and represented
it as the average rate of change in SFCT per year. P-values<0.05 were considered as statistically
significant.

Thirdly, for the evolution over time, all variables associated with SFCT with a P-
values<0.20 were entered in a multivariate model.

The associations are presented as coefficient Beta (b) and 95% confidence intervals
(Cls). All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary,
NC)

Results

Study population

Among the 475 participants who had available choroidal thickness at baseline, 363 of
these participants had at least one follow-up (Figure 1). In those 363 participants, 289 had
another available SFCT measure with EDI-OCT. SFCT was unavailable in 6 participants, and
finally 283 subjects had at least 2 EDI-OCT with SFCT. Finally, 282 participants had available
AL measurements, whether 530 eyes.

There were 119 men (42.2%) and 163 women (57.8%). The mean age of the population
was 82.3 years (SD: 3.3). The mean duration of the follow up was 3.6 years (SD: 0.98) range
from 1.2 to 5.6 years.

The characteristics of the 282 participants are compared to the non-included in Table
1. Included and non-included differed for age (82.3 years vs 84.3 years respectively, p<0.0001),
high LDL cholesterol level (19.1% vs 29.1%, p=0.02) and statin intake (38.4% vs 24.9%,
p=0.003). No statistically significant differences were found between the two groups regarding
sex, BMI, smoking status, diabetes, blood pressure, HDL cholesterol level, triglycerides levels,
TC level, lowering blood pressure treatments, other than statin dyslipidemia therapy, SFCT,
AL, IOP, IOP drops, glaucoma, lens extraction, or AMD.

Baseline descriptive analysis with well-known confounding factors
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At baseline mean SFCT was 208.5 um (SD: 77.7), ranging from 17 to 457 um. We first
performed descriptive analysis with age, axial length (AL), sex and time. SFCT decreased by
10.8 pm per year (p<0.0001).

Curve 1 displays that at baseline, participants younger than 80 years had significant
increased SFCT than people older than 80 years (p=0.04). Choroidal thinning over time was
not significantly different (p=0.40) between the two groups.

Curve 2 displays that at baseline, participants with an AL smaller than 26 mm had
significant increased SFCT than people with an AL greater than 26 mm (p<0.001). Choroidal
thinning over time was not significantly different (p=0.28).

Curve 3 displays that at baseline, men had increased SFCT than women but results were
not significant. Choroidal thinning over time decreased significantly faster in men than in

women (p=0.02), as we can see men curve and women curve Cross.
Hence, all of the following analysis, in linear mixed models with random effects, were
adjusted for time, time?, age, sex*time and AL as they were significant confounding factors.

We also adjusted for sex, as it is a prevalent confounding factors.

Comparison of baseline SFCT and baseline factors

All detailed results are available in Table 2.

At baseline, the factors significantly associated with thinner SFCT were older age (-
4.66 pum/year of age; 95%CI [-7.12; -2.20]), women sex (-19.09 um; 95%CI [-35.78;-
2.41]),high AL (-21.78 pm/mm AL,; 95%CI [-27.98; -15.58]), high IOP (-14.73 um/mmHg;
95%CI [-26.50;-2.95]) and left eyes (-7.1um; 95%CI [-13.77;-0.40]). At baseline, BMI,
smoking, diabetes, hypertension, dyslipidemia, blood pressure therapy, dyslipidemia treatment,
lens status, IOP drop, glaucoma, and AMD were not associated with SFCT.

Evolution over time of SFCT and baseline factors

All detailed results are available on Table 2.

Conversely to baseline, women participants had a significant lower decrease of SFCT
compared to men participants (2.41 pum/year; 95%CI [0.50; 4.33]). AL and age was not
statistically significant with SFCT evolution, in contrary to baseline.

The evolution over time did not find significant statistical association for SFCT rate of
change and the eye side, and for SFCT rate of change and 10P counter to the initial significant
association at baseline, even though it was borderline for 10P (1.83 pm/year; 95%CI [-
0.11;3.77]).
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The evolution over time found significant statistical association for SFCT rate of change
and diabetes (3.26 pum/year; 95%CI [0.07; 6.46]), in counter to the non-significant association
at baseline.

Such at baseline results, statistical association was not significant over time evolution
for SBP, DBP, dyslipidemia, smoking, BMI, lens status, blood pressure therapy, dyslipidemia
treatment, glaucoma, IOP drop and AMD.

All variables associated with evolution over time of SFCT with p<0.20 (i. e. IOP,
diabetes, HDL and others blood pressure treatments) were entered in the initial stepwise
backwards multivariate linear mixed model. The final model was significant only for diabetes
and evolution over time of SFCT (3.27 um/year; 95%CI [0.07; 6.47], p=0.045).

Discussion

Descriptive analysis discussion

Age and time

In the present study, baseline mean SFCT was 208.5 um and there was a choroidal
thinning of 10.8 um per year in the elderly. Older participants had thinner SFCT at baseline but
did not have a different rate of evolution. Mean SFCT is lower than reported, and evolution
over time showed a higher rate of thinning. In a population-based study, Wei et al found a mean
SFCT of 253.8 um (mean age 64 years/3233 subjects), and mean choroidal thinning of 4.1um
of per year, they did not find any difference by stratifying by age group [15]. Margolis and
Spaide reported a mean 287um SFCT (mean age 50.4 years/30 patients) and a 1.56 pum/year
decrease in their pilot study, but they did not adjusted for confounding factors[13]. Ikuno et al
reported mean SFCT of 354 um (mean age 39.4 years/43 patients) and a decrease of 1.4
pm/year[14]. Tuncer et al (mean age 49 years/154patients) found a mean SFCT of 265um and
a SFCT decrease of -3.14um/year [19]. Wakatsuki et al had a mean SFCT of 230 um for
patients aged from 70 to 79 years, a mean SFCT of 215 pum for patients of 80 years old or more
(age ranging from 21 to 85 years/115 patients), and they found a linear correlation between
SFCT and age with a decrease of -2.98 pum/year [17]. Ryoo et al reported a mean SFCT of 217
pum (mean age 76.6 years/380 subjects) and a decrease of 2.77 um/year [18]. Yun et al, in a
longitudinal study of patients with early AMD, had similar results at baseline with a mean SFCT
at 194.2 um (mean age 72.4 years/103 patients), and they found different rate of evolution:
from -4.74 to -2.47 pm/year depending of the group [20]. In our study, time? was significantly
associated with SFCT, and SFCT tend to reach a plateau in curves over time. Those results
suggest a non-linear relationship: it may mean that SFCT cannot decrease more than a
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threshold, or that SFCT is still thinning, but more slowly. A longer follow-up and others studies
are needed to elucidate one of those two hypothesis.

Sex

At baseline we have found an increased SFCT in men than in women. Many others
studies have found a higher SFCT in men [15, 18, 19, 39, 40]. Only a few papers did not find
any differences between sex and SFCT [16, 20, 41]. Regarding the evolution over time, women
had a significant decrease thinning of SFCT comparing to men. To the best of our knowledge,
we are the first to show an increase thinning in men than in women in the elderly. Vascular
structure and function change with ageing, and also between men and women [42]. Both
hormonal and non-hormonal factors have been described explaining sex differences particularly
in cardiovascular ageing, but general understanding remains limited [43]. As in cardiovascular
outcome, menopausal transition may not be as substantial in order to explain this difference
because of the old age of our cohort, the estrogens withdrawal may be too delayed. It is
described that with advancing age, women experience a more accelerated increase in cardiac
ageing markers such as left ventricular wall thickness, hypertension and diabetes [44].
However, the difference in SFCT rate of evolution between sex may be a general physiological
ageing difference between men and women, and not the consequences of the differences in
cardiovascular ageing.

Ocular factors discussion

Axial length

We found that high AL was associated with thinner SFCT at baseline which is outlined
by the main other studies [15, 19, 39-41], with the exception of one study [14]. The evolution
over time was not different depending on AL, suggesting that high AL is not associated with
increased thinning evolution but only with a baseline thinner SFCT. Wei et al did not find any
markedly differences also in stratifying by age group [15]. To the best of our knowledge we are
the first to show these results with longitudinal methods. We did not take refractive error into
account because some of our participants were phakic and some were pseudophakic without
pre-op refractive error. We took AL as a more constant parameter in our population because it
did not change after cataract surgery [45] and it provides equivalent modeling capability as
refractive error [46].

IOP-Glaucoma

In the present study we have found that IOP over the median was significantly

associated with decreased SFCT at baseline but not associated with a specific rate of evolution.

We did not take 21mmHg as a threshold because we lacked patients in this category, we took
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the median as a threshold. However, IOP lowering therapy intake and glaucoma were not
associated with SFCT at baseline neither with evolution over time. A study found a SFCT
thinning with a mechanical and transient increase in IOP which then come back to baseline
[47]. Lin et al did not find any difference in a 60 patient case-control study with a threshold at
21 mmHg [48]. SFCT is reported to be increased in primary angle closure disease [49]. A meta-
analysis of 2016 concluded that is plausible that the choroidal thickness is not an appropriate
parameter to evaluate the damage of OAG, and choroidal thinning may not be an important
component of glaucomatous optic neuropathy [50]. Further studies are needed to correlate
SFCT with 10P or glaucoma, our results are significant but as we lacked participants we took
median as a threshold.

Lens status

In the present study, lens status was not associated with SFCT at baseline nor with
evolution over time. In the literature, there is an increased SFCT in the post-operative month,
which may be attributed to inflammatory mechanisms [51] but SFCT did not return to baseline
in Yilmaz et al study [52]. SFCT returns to baseline in Jiang et al results [53], and lbrahim et
al results [54]. Torabi et al found a SFCT decrease after cataract surgery in diabetic patients
[55]. Further studies are needed to explain a possible association.

Side

For SFCT asymmetry, in healthy eyes, our results are concordant with some other
studies: Chen et al described a trend for para-macular choroid of the right eye to be thicker than
the left eye (except in temporal) in a cohort whose mean age is 38 years, without statistical
differences in particular in SFCT (right eye 334 vs left eye 333 um), but with adjustment for
age and AL [56]. Ruiz Medrano et al did not find statistical differences in SFCT but found a
thicker right nasal choroid than left nasal choroid ina 25.4 years mean age cohort [57]. However
others studies found the opposite: in his initial description of EDI-OCT, Spaide found that left
eye SFCT was increased of 17 um in the right eye (335 vs 318 pum) but it was the first
descriptive study in a small sample of 17 young subjects with mean age of 33 years, and they
did not adjusted for any parameters [58]. Orduna et al found a statistical difference with a left
SFCT increased of 19um in the right (361 vs 342 um) in 77 participants with mean age of 23.7
years, they did adjustment for refractive error but not for age and sex [59]. In some pathologies,
SFCT asymmetry is wider: Maruko and al showed a difference of 171 um difference in
unilateral cases of serous chorio-retinopathy (mean age 52.8 years), thicker in pathologic eyes
[60]. Zhang and al found a 59.99 um thinner SFCT in the eyes with idiopathic macular hole
[61]. This suggests that SFCT asymmetry may be physiological to the value of 17-19 pm in
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young population [58, 59]. We found a smaller 7.9 um asymmetry in our elderly cohort at
baseline probably because of the global thinning of choroidal layer with age. We did not find
any statistical different evolution over time maybe because of a lack of follow up or because
there is no real difference. However, one hypothesis already evoked by Ruiz-Medrano [57], is
a differential in blood flow between the two eyes because of the anatomic asymmetry of the
aortic arch. Choroid is supplied by ciliary arteries, which come from the ophthalmic artery. The
ophthalmic artery lays in the intern carotid artery which itself originate from the common
carotid artery. The most common anatomy is that right common carotid takes origin from the
brachiocephalic trunk whereas left common carotid comes directly from the aortic arch. This
theory is supported by the increased incidence/prevalence of vascular pathology on the left side:
atherosclerotic plaque vulnerability [62], stroke [63, 64], and retinal artery occlusion [65].
However metastatic bacterial endophtalmitis prevalent side is debated [66, 67].

AMD

In our study, AMD was not associated with SFCT at baseline and SFCT did not have a
different rate of evolution depending on the stage of AMD. Adhi et al found that atrophic
geography is associated with thinner choroid than healthy eyes, involving all vascular layers
[68]. Govetto et al reported that atrophic geography is associated with thinner SFCT than
neovascular AMD, and that there was a significant thinning at advance stage of neovascular
AMD, maybe when atrophy become preponderant [69]. Also reticular pseudodrusen is reported
with thinner choroid [20, 70]. Furthermore early AMD has been reported to present vascular
changes, especially with loss of endothelial cells of the choriocapillaris [71]. Sigler et al found
that there may be a cumulative choroidal thinning effect of smoking and early AMD [72]. We
did not dichotomize atrophic geography from neovascular AMD in late AMD stages, and that
may be an explanation for our lack of results, as we did not take into account intravitreal
injection of anti-VEGF (vascular endothelial growth factors) which is supposed to thin the
choroid [73]. Furthermore, Spaide et al described pachydrusen where SFCT is increased [74].
Our classification did not took this novel element into account.

General factors discussion

BMI

Microvascular impairments is suspected with obesity, but in the present study, there was
no association between SFCT and BMI, at baseline or with evolution over time. Equivocal
results reported. In cross-sectional study, Dogan et al found that patients with morbid obesity
(BMI>40) had thinner SFCT than non-obese patients (18.5<BMI<25) [75], and Yumusal et al

found an increased SFCT in obese women (BMI>30) than non-obese women [76].
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Smoking

Smoking status was not associated with any results at baseline or with evolution over
time in our study. Ulas et al[77] showed in young healthy smokers an acute significant increase
in SFCT that returns to baseline after one hour, suggesting a blood flow increase during
exposition of potential toxic from smoke products such as carbon monoxide inhalation [78].
Those patients were young and did not have a long exposure. Teberik did not find any
differences in a similar young healthy population [79]. Kantarci et al found that SFCT in long
term smokers were not different from healthy participants [80]. Dervisogullari et al did not find
any differences between smokers and non-smokers [81]. EI-Shazly et al found that SFCT was
significantly lower in active smoker than in passive smoker[82]. Sigler et al found that there
might be a cumulative choroidal thinning effect of smoking and early AMD [72]. Gattoussi et
al found that a decrease SFCT in heavy smokers [83]. Sigler et al found in adults over 65 years
old that a history of cigarette smoking is associated with decreased SFCT, hypothesizing that
chronic cigarette smoke exposure leads to specific structural choroidal vasoconstriction which
would finally increase the peripheral resistance and thereby decrease SFCT, with a dose
dependent effect [72]. However we did not find any significant results with smoking habit.

Diabetes

We did not find statistical association between diabetes and SFCT at the beginning, but
the rate of evolution of SFCT with time and diabetes was positively significant. Several studies
have analyzed the CT in diabetic patients, and results vary: both thickening and thinning have
been reported, despite diabetic retinopathy stage or presence of macular edema. The main
problem with those studies, as in ours, was that treatment was not considered even though anti-
VEGF therapy and pan-retinal-photocoagulation are known to thin the choroid at long-term
[84-86]. Tavares Ferreira have found that CT increased between 10 and 17um depending of
the localization in patients without diabetic retinopathy but results were not significant for
SFCT[87]. Esmaeelpour al found that choroidal thinning was independent of diabetic
stage[88]. Vujosevic al did not find any significant difference in CT between diabetics and
control[89]. Sheth et al showed a choroidal thinning in diabetic ischemic eyes compared to non-
ischemic eyes diabetic or not, and a choroidal thickening with macular diabetic edema [90].
Lains et al concluded that choroid appears to be thinner in eyes with diabetic retinopathy
compared to eyes without diabetic retinopathy, even if the patients had diabetes [91].

Interestingly, histology studies first described an entity called diabetic choroidopathy
with vascular remodeling and tortuous blood vessels, vascular dropout, microaneurysms,

drusenoid deposits on Bruch membrane, dilatation and obstruction of choriocapillaris
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delimiting area of non-perfusion and even choroidal neovascularization [92]. Diabetic
choroidal neovascularization is described to have a high potency to auto infarct[93]. Even
though those histological settings were mostly find equatorially, diabetic choroidopathy may
be considered to explain those inconstant changes: as in diabetic retinopathy there may be an
ischemic choroidopathy with a few changes in thickness or thinning, and an edematous,
exudative diabetic choroidopathy explaining the thickening. This swelling is challenging to
distinguish with histologic methods because of fixation shrinking. A study showed that after
treatment of diabetic macular edema with intravitreal injection of bevacizumab, SFCT
decreased and this reduction significantly associated with central retinal thickness reduction
and vision improvement. Swept-source-OCT (SS-OCT) with its longer wavelength has a faster
scanning speed, achieves better three-dimensional images, and in consequence allows to better
evaluate choroidal vascular changes with high resolution and full macular mapping. SS-OCT
can distinguish vascular stamps, focal narrowing, aneurysms and unvisualized vessels in
Sattler’s layer emerged and those OCT signs are associated with diabetes. Vascular stumps and
focal narrowing are associated with increased SFCT, and the Lains et al first hypothesis is that
those lesions might be associated with vascular hyperpermeability, the second hypothesis is
that lesions in choroidal stroma lead to choroidal thickening and compress vasculature with
concomitant narrowing or obliteration of choroidal vessels [91, 94]. Hence SFCT thickening
over time in our study may be a subclinical diabetic edematous choroidopathy.
Hypertension- high blood pressure

We did not find any significant association between high blood pressure at
baseline neither with evolution over time. High blood pressure therapy was not associated
neither, whether beta-blocker or others treatments. It is reported that hypertension in
physiological conditions as physical effort is not associated with choroidal variations in a small
experimental sample[95]. In case of malignant hypertension, auto-regulation mechanisms are
overpassed. SFCT increases during the crises, but returns progressively to baseline as blood
pressure is controlled[96]. The mechanisms evoked is an exudative accumulation of fluid.
Furthermore Akay et al showed that a chronic history of hypertension is associated with
decreased SFCT, evoking arterial sclerosing and vascular contraction mechanism in response
to chronic hypertension[97]. Besides, we did not find any significant association with any
hypertension therapy, even with beta blockers which have an effect on cardiac and macro-
angiopathy remodeling [98].

Dyslipidemia
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Dyslipidemia was not associated with any results at baseline or with evolution over time
in our study, and neither was the dyslipidemia treatments. Increased SFCT was observed in
rabbits models with hypercholesterolemia[99], as well as in human [100], but there is only a
few studies. Gattoussi et al [83] did not find association between cholesterol and SFCT but did
found an increased SFCT in patients treated by lipid lowering drugs. Further studies are needed.

Cardiovascular diseases

Despite a small population of 34 patients and 28 controls, a study found a thinner SFCT
with severe coronary heart diseases [101]. The difference with our results may be explained
because our sample is relatively healthy in contrast to the population of this study who had an
established CVD.

Strengths and limitations

This cohort is a population-based study including an elderly population. It was not
composed from a clinical ophthalmologist practice. Furthermore, it is a prospective and
longitudinal study, with a long term follow-up (mean 3.6 years). Our follow-up is longer than
the other longitudinal study in patients with early AMD [20].

This study has some limitations. The small sample size lacks puissance. Because of the
study design not all the participants had all ophthalmologic measurements, either because they
did not accept, or they could not come to the OCT machine. Thus, inside ALIENOR subsample,
participants enrolled in our study are probably healthier and present different lifestyle (diet and
physical activity) than non-participants. However Delcourt and al. show that despite ALIENOR
subsample of 3C initial study have a trend to over represent younger individuals and higher
socioeconomic status, they were not different for most parameters in interest in our study [33].
Manual assessment of SFCT on EDI-OCT is a valid method making a repeatable and
reproducible measure [102, 103], but it remains manual.

Conclusion

This study gives normative data on elderly, SFCT decrease of 10.8 um/year and a tend
to a plateau. SFCT was negatively associated with AL, IOP, left side and women sex at baseline.
Evolution over time showed a decelerate thinning over time of 2.41 um/year in women subjects
and of 3.26 pum/year in diabetic subjects. No other associations were found between SFCT and
others cardiovascular risk factors. Other studies with novel imagery tools as SS-OCT, OCT-

angiography are needed to manage not only SFCT but qualitative data within the choroid.
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d. Figures, curves and table
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Figure 1: Flow chart
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Curves 1, 2 and 3: SFCT evolution with time depending of age, AL or sex at baseline
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Table 1: Comparison at baseline included/non included

Comparison included/not included at baseline
threshold included (n=282) |not included (n=193) |p value
Main characteristics by subjects
age years 82.3(3.3) 84.3(4.1) <0.0001
sex Men 119 (42.2) 77 (40.1) 0.65
Women 163 (57.8) 115(59.9)
Ocular factors by eye
SFCT (mean of the 2 eyes) pm 208.5(77.7) N=193 0.43
202.9(73.1)
AL (mean of the 2 eyes) mm 23.5(1.3) N=80 0.41
23.4(1.1)
I0P At least one of the 2 eyes >13 mmHg 191 (67.7) 122 (63.2) 0.31
I0P drops 31(11.0) 18(9.3) 0.56
Glaucoma YES/NO N=280 N=184 0.96
27(9.6) 18(9.8)
Lens status At least one of the 2 eyes is Pseudophakic |N=267 N=184 0.18
153 (57.3) 117 (63.6)
AMD N=270 N=184 0.27
No AMD 168 (62.2) 113( 61.4)
Early 85 (31.5) 52(28.3)
Late 17 (6.3) 19(10.3)
Cardiovascular risk factors by subject
BMI N=272 N=163 0.7
<25 kg/m2 123 (42.5) 79 (48.5)
[25-30] kg/m* 107 (39.3) 63(38.7)
>30kg/m’ 42 (15.4) 21(12.9)
Smoking N=278 N=191 0.08
non smoker 190 (68.4) 116 (60.7)
<20 pack-year 39 (14.0) 42 (22.0)
> 20 pack-year 49 (17.6) 33(17.3)
Diabetes fasting blood glucose>7mmol/L or N=242 N=158 0.52
treatment for diabetes 27 (11.2) 21(13.3)
High blood pressure > 140 (systolic) and/or > 90 (diastolic) mmHg [N=270 N=161 0.36
168 (62.2) 93(57.8)
Dyslipidemia
HDL >1.03 mmol/L- men N=246 N=159 0.24
>1.29 mmol/L- women 202 (82.1) 123(77.4)
LDL >160 mg/dL N=246 N=158 0.02
47(19.1) 46(29.1)
Triglycerides >150 mg/dL N=246 N=159 0.07
45 (18.3) 41 (25.8)
Total cholesterol >150 mg/dL N=246 N=159 0.22
197 (80.1) 135(84.9)
Treatments
Blood pressure
Beta blockers YES/NO N=276 N=169 0.73
86 (31.2) 50(29.6)
others YES/NO N=276 N=169 0.86
161 (58.3) 100 (59.2)
Dyslipidemia
Statines YES/NO N=276 N=169 0.003
106 (38.4) 42 (24.9)
others YES/NO N=276 N=169 0.34
22 (8.0) 18(10.7)

Quantitative variables are presented by mean (standard deviation) and qualitative variables are
presented by n (%); SFCT: Sub-Foveal Choroidal thickness ; BMI: Body Mass Index ; HDL: High Density
Lipoprotein ; LDL: Low Density Lipoprotein ; AL: Axial Length ; IOP: Intra Ocular Pressure ; AMD: Age
related macular Degeneration; Bold text indicates statistical significance (p<0.05)
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Table 2: Comparison at baseline and its evolution with time of factors associates with SFCT

linear mixed models for estimating factors associated with SFCT and

its mean change readjusted for time, time? sex, sex*time, age, AL.

baseline [CI95%)] p value evolution with time|p value
threshold [C195%]
Main characteristics by patient
Age#t -4.66 [-7.12;-2.20] 0.0002 -0.12 [-0.43;0.19] 0.45
Sextt women vs men -19.09 [-35.78;-2.41]  (0.02 2.41[0.50;4.33] 0.01
Ocular factors by eye
Axial length# >26 mm -21.78[-27.98;-15.58] |<0.0001 0.59[-0.20;1.38] 0.14
10P >13 mmHg -14.73[-26.50;-2.95] |0.01 1.83[-0.11; 3.77] 0.06
10P drops -17.67[-43.68;8.34] |0.18 -0.01[-3.10;3.09] [0.99
Glaucoma YES/NO -6.91[-28.27; 14.46] |0.53 0.76 [-3.34 ; 4.86] 0.72
Pseudophakia Pseudophakic/phakic 1.30[-12.52;15.11] 0.85 -0.86[-2.86;1.15] |0.4
Left eye vs Right eye -7.09 [-13.77,-0.40]* |0.04 0.29[-1.60; 2.18] 0.76
AMD
No AMD reference 0.41 reference 0.89
Early -0.18[-12.48; 12.13] -0.17 [-2.44; 2.10]
Late -18.96 [-47.42; 9.50] -1.26[-6.40; 3.88]
Cardiovascular risk factors by patient
BMI
<25 kg/m? reference 0.76 reference 0.99
[25-30[ kg/m? 5.41[-13.34; 24.15] -0.06[-2.20; 2.09]
>30kg/m’ -3.13[-28.10; 21.84] -0.004 [-2.88; 2.87]
Smoking
non smoker reference 0.28 reference 0.73
<20 pack-year 3.11[-21.51; 27.73] -0.51[-3.37; 2.34]
> 20 pack-year -17.21[-40.49; 6.06] 0.82[-1.89; 3.54]
Diabetes glucose > 7mmol/L or trea|-7.77 [-36.66 ; 21.12]  |0.6 3.26 [0.07 ; 6.46] 0.04
>140 (systolic) and/or> |12.27[-4.89; 29.43] 0.16 0.82
High blood pressure (hypertension) 90 (diastolic) mmHg 0.23[-1.81; 2.26]
Dyslipidemia
>1.03 mmol/L- men; -10.83[-34.43; 12.78] |0.37 0.13
HDL >1.29 mmol/L - women -2.09[-4.78; 0.62]
LDL >160 mg/dL 15.00 [-8.04 ; 38.05] 0.2 0.28[-2.33; 2.90] 0.83
Triglycerides >150 mg/dL -5.81[-29.30; 17.67] |0.63 0.08 [-2.48; 2.64] 0.95
Total cholesterol >150 mg/dL -7.11[-30.44; 16.22] |0.55 1.56[-1.13; 4.24] 0.25
Treatments
For blood pressure
Beta blockers YES/NO 16.92[-1.11; 34.95] 0.07 -1.23[-3.36; 0.89] 0.26
others blood pressure treatments YES/NO -0.90[-15.99;17.79] ]0.92 1.41[-0.54; 3.36] 0.16
For dyslipidemia
Statines YES/NO 6.20[-11.35; 23.76] 0.49 0.78[-1.24; 2.80] 0.45
others dyslipidemia treatments YES/NO 7.81[-23.05; 38.67] 0.62 -0.53[-4.04;2.98] |0.77

# those variables were adjusted except for themselves. Quantitative variable are presented by mean
[standard deviation] and qualitative variables are presented by n (%); SFCT: Sub-Foveal Choroidal
thickness ; BMI: Body Mass Index ; HDL: High Density Lipoprotein ; LDL: Low density Lipoprotein ; AL:
Axial Length ; IOP: Intra Ocular Pressure ; AMD: Age related macular Degeneration; Cl: Confidence
interval; Bold text indicates statistical significance (p<0.05)
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V. SYNTHESE ET PERSPECTIVES

Notre étude a mis en évidence une diminution de I’épaisseur choroidienne de 10,8 um/an chez les
sujets bordelais de plus de 77 ans. L’age, le sexe masculin, la longueur axiale, la PIO et le coté droit
étaient associés a une épaisseur choroidienne sous fovéolaire (ECSF) plus importante au début de
I’étude. En suivant les patients avec le temps, nous avons retrouvé un amincissement moins rapide
chez les femmes et les patients diabétiques.

1. Comparaison avec la littérature et comparaison méthodologique

Cette étude a retrouvé une vitesse d’amincissement de I'ECSF plus importante que dans les séries
déja publiées [69]. Ceci pourrait étre d( a I’dge avancé de notre population d’age moyen de 82,3 ans,
les études réalisées ayant inclus des patients en moyenne plus jeunes. Par ailleurs nos données ont
été calculées de maniere longitudinale, sur plusieurs suivis, alors que la plupart des études ont calculé
la diminution de I’épaisseur choroidienne par régression linéaire sur un examen unique par ceil, a
I’exception d’une étude en longitudinal avec un suivi moyen de 2,3 ans[49].

2. Biais de sélection

Les études ayant retrouvé des relations entre ECSF et un facteur de risque cardiovasculaire n’ont
pas étés menées en population générale mais sur des sujets présentant au moins un facteur de risque
cardiovasculaire marqué, comme les patients en préopératoire de bypass gastrique ou les patients
admis en soins intensifs cardiovasculaires. Les sujets de la cohorte ALIENOR sont issus de la population
générale par tirage aléatoire sur des listes électorales et sont donc probablement en meilleure santé.

3. De la choroidopathie histologique aux nouvelles technologies

L'athérosclérose est définie comme une maladie des vaisseaux de gros et moyens calibres avec
des lésions se formant entre la média et I'intima, incluant des dépots lipidiques et une réaction
inflammatoire avec infiltration macrophagique [70]. L’artériosclérose rétinienne est reconnue. Elle
bénéficie déja d’une classification propre. Les lésions sont alors au niveau des « gros » vaisseaux
rétiniens[70]. On pourrait imaginer que la choroide étant richement vascularisée I'artériosclérose
choroidienne serait présente voir méme plus précoce. Or dans la choroide, seuls les artérioles
possedent une membrane limitante interne et sont susceptibles de présenter des lésions spécifiques

[8].

Ainsi les travaux histologiques retrouvent une hyalinisation de ces artérioles qui est un signe
spécifique d’artériosclérose [9, 71]. Les autres signes supposés d’artériosclérose choroidienne sont
non spécifiques et partagés avec la choroidopathie diabétique (altérations microvasculaires, perte de
la choriocapillaire, engainements) et se situent alors dans les autres vaisseaux choroidiens aussi. La
choroidopathie diabétique a des signes histologiques plus spécifigues comme les microanévrysmes
[72, 73].

Ainsi, Il y aurait des Iésions non spécifiques de I'artériosclérose choroidienne, et les atteintes
spécifiques se situeraient sur les artérioles. Or, les artérioles choroidiennes sont trés postérieures et
ont étés peu accessibles a I'imagerie avant les progres technologiques.
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Figure 12 : Coupe histologique choroidienne montrant la position postérieure des artérioles.
Remerciements au Pr Léger (CHU Bordeaux). A noter que la rétine est décollée sur cette coupe, donc
non visible. On remarque que seule I'artériole présente une membrane limitante interne, colorée en
violet et ondulée alors que les autres vaisseaux choroidiens n’en possédent pas.

4. Analyse qualitative

Il y aurait des liens entre les |ésions artériosclérotiques choroidiennes et les |ésions artériosclérotiques
cérébrales sur des travaux d’autopsies [9], ce qui conforterait I'idée de la choroide comme
biomarqueur vasculaire, mais probablement dans une analyse qualitative.

Nous avons analysé la choroide sur un paramétre global, son épaisseur, sans distinguer les
différentes couches. Une analyse par sous-couche en SS-OCT, dans un petit échantillon de patients
sains, retrouvait une diminution harmonieuse avec I'age, c’est a dire dans toutes les couches de la
choroide [74]. Dans des yeux pathologiques, en présence de certaines maladies comme une atrophie
géographique ou un diabéte, la choriocapillaire est en effet touchée majoritairement structurellement,
avec des changements tels que la perte de cellules endothéliales, la perte de la choriocapillaire, et
I"apparition de tortuosité veineuse. L'ECSF globale ne varie pas beaucoup en quantité alors que la
choroide a subi des changements structurels importants [75, 76]. Il est rapporté que la couche des
vaisseaux de moyen calibre subit des changements dans une moindre mesure, et que la couche des
vaisseaux de gros calibre reste longtemps indemne [77, 78].

Par ailleurs, il a été montré que dans certaines situations, comme de maniére physiologique en
fonction du rythme circadien [18] ainsi que dans le cadre pathologique comme les poussées
inflammatoires de Vogt-Koyonagi-Harada [79], les variations a court terme de I'épaisseur choroidienne
étaient en relation avec I'augmentation de I'épaisseur de la lumiére des vaisseaux, sans que la partie
stromale ne paraisse modifiée. Cependant, certains articles ont montré qu’avec le vieillissement la
proportion stromale et vasculaire ne variait pas [80, 81]. Un outil permettant d’analyser séparément
stroma et partie vasculaire de la choroide nous permettrait une analyse plus fine.
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Certains auteurs ont décrit une binarisation des images OCT afin de séparer par traitement
d’images la partie stromale de la partie vasculaire [82]. Cette méthode manuelle est non consensuelle
pour l'instant, mais on peut imaginer une fonction automatique dans le programme de I'OCT
permettant le suivi d’'un ratio aire stromale/aire intra luminale, permettant d’approximer la part
vasculaire. Cette approximation de la part vasculaire pourrait peut-étre étre faite avec les données de
I’OCT-Angiographie.

5. OCT-angiographie, Swept-source-OCT et perspectives

Hormis nos résultats significatifs sur le diabéte, nous ne retrouvons pas de résultat significatif entre
I’ECSF et les facteurs de risque cardiovasculaires. Ces résultats sont a modérer car nous avons un petit
échantillon et une cohorte de participants de population générale en bonne santé, et agés. D’autres
limites proviennent de la technologie utilisée. Des progrés dans I'imagerie rétinienne et choroidienne
ont émergé depuis le début de 'inclusion en 2011. L’acquisition des images se fait de maniere plus
rapide et précise en particulier avec le SS-OCT et I'OCT-angiographie (OCT-A) (Figure 12). Les
reconstructions permettent une meilleure visualisation des vaisseaux choroidiens.

L'OCT-A permet la visualisation des vaisseaux sans injection de colorant. Il visualise le mouvement
des erythrocytes au sein des vaisseaux en étudiant la décorrélation du signal sur plusieurs coupes OCT
consécutives. Les éléments corrélés sont considérés immobiles et les éléments décorrélés sont
considérés en mouvement. L’OCT-A est un outil séduisant mais discuté pour I'évaluation choroidienne.
La profondeur atténue le signal. Le flux sanguin intra-choroidien ne serait pas assez rapide dans tous
les vaisseaux pour avoir un signal de décorrélation assez fort et donc on surévaluerait la partie stromale
[83]. Les progres dans ce domaine nous permettront peut-étre d’affiner notre vision de la circulation
choroidienne.
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PLEX® Elite

Figure 13 : Reconstruction 2D centrée sur la choroide d’un SS-OCT avec visualisation des
vaisseaux choroidiens (a noter les projections des gros vaisseaux rétiniens). Plex® Elite (CHU
Bordeaux)

Par ailleurs, notre mesure est uniquement sous-fovéolaire. Un mapping avec volumétrie
choroidienne maculaire nous donnerait plus d’information car, au vu de la régulation du flux, il se
pourrait que la région sous-fovéolaire soit épargnée plus longtemps que les autres zones [16, 35].

6. Asymétrie

Notre étude trouve une épaisseur choroidienne plus épaisse a droite qu’a gauche, et la
confrontation aux données de la littérature est discutée dans I'article ci-dessus. La prévalence des
accidents vasculaires cérébraux ischémiques du c6té gauche a soulevé la question de I'asymétrie dans
les maladies neuro-vasculaires [84, 85]. En effet, la distribution des vaisseaux du cou pourrait entrainer
une théorique asymétrie de flux qui n’est pas reportée de maniere constante dans la littérature.
Cependant, une étude a montré que la taille des plaques athérosclérotiques et leur composition ne
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sont pas symétriques ; on observerait une vulnérabilité a gauche [86]. Nos résultats préliminaires n’ont
pas montré de corrélation entre les données d’échographie carotidienne (existence de plaque,
épaisseur intima média) et I'ECSF. L’hypothétique asymétrie carotidienne ne semble donc pas
expliquer I'asymétrie choroidienne

7. Conclusion

Pour la premiére fois nous avons montré que I’'ECSF diminuait moins vite chez les femmes que chez
les hommes dans un échantillon de population dgé de plus de 77 ans. Une PIO supérieure a la
moyenne, le sexe féminin, et une grande longueur axiale étaient associés a une ECSF moins importante
au début du suivi. Elle ne retrouve pas de lien avec les autres facteurs oculaires (présence de glaucome,
de dégénérescence maculaire liée a I'age, statut cristallinien). Nos résultats sur I’évolution de I'ECSF
chez le diabétique enrichissent la bibliographie déja vaste mais qui ne parvient pas a une conclusion
univoque. Cette étude ne retrouve pas de lien entre les autres facteurs de risque cardio-vasculaire
(hypertension artérielle, dyslipidémie, surpoids, obésité, tabagisme, traitements anti hypertenseurs et
traitements de la dyslipidémie) et 'ECSF. De nouvelles études sont nécessaires afin de confirmer ces
résultats.
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Importance: Sub-foveal choroidal thickness (SFCT) evolution over time in the elderly is poorly known,
its correlation with ocular factors cardiovascular risks factors is debated.

Purpose: To assess normative data of SFCT evolution in French elderly subjects and to determine the
factors influencing its rate of change, such as ocular and cardiovascular factors.

Design and settings: Population-based longitudinal study: the ALIENOR (Antioxydants, Lipides
Essentiels, Nutrition et maladies OculaiRes) Study since 2009. Regarding this paper, collected data
ranged from February 2011 to May 2017 during three different exams. Mean follow up duration was
3.6 years (SD: 0.98).

Subjects and Methods: a detailed ophthalmic examination including EDI-OCT (enhanced depth
Imaging-Optical coherence tomography) were obtained in 282 subjects who were aged 77 years or
older. Participants were included if they attended at least 2 of the 3 exams in order to estimate a rate
of evolution. Mixed linear models with random effect were used to evaluate the associations of SFCT
with age, sex, ocular parameters and vascular risk factors, and its evolution over time.

Results: Mean age of the subjects was 82.3 years (SD: 3.3). Mean SFCT at baseline was 208.5 um (SD:
77.7) ranging from 17 to 457 um. SFCT decreased by 10.8 um per year (p<0.0001). Each variable and
model were adjusted for age, time, time?, sex, sex*time, and Axial length (AL). At baseline SFCT was
significantly thinner in older subjects (-4.6 um/year of age 95%Cl [-7.12; -2.20]), in women (-19.09 um
95% Confidence Interval (Cl) [-35.78; -2.41]), , with axial length (AL) > 26 mm (-21.8 um Cl [-27.98; -
15.58]), with Intra-Ocular Pressure (IOP) superior to the median (-14.73 um/mmHg; Cl [-26.5; -2.95]),
and in left eye (-7.09 um; Cl [-13.77; -0.40]). Evolution over time showed significantly decreased
thinning for women (+2.41 um/year 95%Cl [0.50; 4.33]), and for participants with diabetes
(+3.26um/year; Cl [0.07; 6.46]), but there was not significantly associated with others factors. In the
final stepwise backwards linear mixed model, only diabetes was significantly associated with evolution
over time of SFCT (3.27 um/year; 95%Cl [0.07; 6.47], p=0.045).

Conclusion and relevance: In this cohort of elderly, mean SFCT decreased over time and tend to reach
a plateau. SFCT was significantly negatively associated with age, in women, with high AL, high IOP, left
side at baseline. The rate of evolution of choroidal thickness was associated with women positively,
and diabetes positively but was not associated with others ocular or cardiovascular factors. Others
studies are needed to confirm those results.

Discipline: Ophtalmology

Key words: Sub foveal choroidal thickness, choroidal thickness, epidemiologic study, elderly subjects,
eye aging, general population, population based study, cardiovascular risk factors, risk factors,
evolution, rate of change.
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