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Ocular axial length as a function of age, gender, and its association

with refractive error in patients in Rangsit University eye clinic.
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Abstract

The purpose of this study is to determine the distribution of ocular biometric
components as axial length, their relationship with personal characteristics, age, sex,
eye side, and refractive error. By cross-sectional retrospective study used clinic-based
data from Eye clinic of RSU Healthcare from 2015 to 2019

Among 40- to 80-year, subjects were selected using ocular biometrics as axial
length measurement by A scan and IOL Master. Data were summarized as mean and
95% confidence intervals. Linear regression and unpaired t test were used to
investigate the relationships between the study variables.

Data from 2,894 patients, 40-80 years old were analyzed. (Mean age were
60.19+10.634 years) Mean axial length was 24.13 +0.42 (95% confidence interval:
23.71-24.55) millimetres. According to unpaired t test, axial length was not related
with sex (p=0.2246), age (p=0.7710) and eye side (p = 0.6390). After adjusting for
personal characteristic, refractive error as spherical equivalent had an inversely
relationship with axial length, as more or positive spherical equivalent (hyperopia)
had shorter axial length and less or negative spherical equivalent (myopia) had
longer axial length. Linear regression analysis showed axial length had the strong
negative association with spherical equivalent (Pearson correlation R=- 0.664).

In conclusion, this cross-sectional study of ocular biometric components,

axial length was strong determinant for spherical equivalent and refractive error.
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€

'
[y

Early adult-onset myopia @gamduiinduneuale 20-40 U

[ '
v A

Late adult-onset myopia angmduniintuneueiy 40 Yauld

1.5.5.2 d@18m1812 (Hyperopia, Hypermetropia)

NAAINMFINTITINLEaIRoeIlaguiuAIILE1IYBINARI1AAINNTTH
nszananldsovisevungnanduiuly  vihlikassiuiiiundaen  wadlniandeveny
angnenay yueslidandnanazlna dnviduuinsisenatgnesiletin aenienilag
o a b2 1 dy = LY} ¥ & ¥ dy % %)
Al frenguiienaliennisuinis tiaanld  ensuinazunvsetesduiusyivateny
817 waznsldanen aene1viiatonameiadls INNTUTUIUINAINENIVBIGNAN uaL
N5UAsURUAaIYRINTLINAT

TuvaizusniAngnanazdvuiadnnindedieviviodivy  vildasdnmuaslinnas
vugasundauureUsraemen vilWludnidndnasdumemen uiideorgundugn
paziasydulpdlununduasuusuiliAnmaasuwawesaoniu iesanidogn
pnfungniy mmmﬁmﬂwé’aﬁ;m%’umwﬁmm‘]izazm'méy’uawum’fﬂﬂé’a;m%’mflw%’@
swiuiimadsuamesnszanelifiddwinmdunniy  awdienudnanmdadady
nalnvdnlunsnssdulifemafturesuagnansailuauieinmauasuwasmesansn

Y

uddanendnd  udluanemenanuegnaeiaasyliduiusiunsiiuduvesingain
WIUINszANA MlAilen s aiand wadinmnagvagasunindn vililensnndanm
lnauazilng drszdvanemenilesonvdmanensuesiiuies Weswinaeluaiiauduas
¥ & A [ o/ ¥ 2 o o L2 ¥ o £% &
naulengissunmdals nsuesiudaisruglnavesiiieanenneniaiesefunaiuile
4 d' a [ aa 1o & v [ [J ! =~ o 4
wazlaudnaonian  Welsuivaneaunanlidndudesendensinnuvesaesdiuil il

Wanadlndazsadldmanannnidiivaneniund  dewaligiieniissduaeneniiunans



fanmiliAsanulianevesnslfmeniidlusserlnaussredlng  Slalldsunsudle
p19dsHANTENURDITUUNMHBuAelUfe  enavliAnnisnaonadunniuluvidly
szelnanazszerlndidesanmamisgieuiniunsnasnaidniane
Taevhlftheaemeninagliifies idesndinmeuiudausiidesanarudni
AaduAnmsvinuresmaisiinestisegnaeniieidsuszesanuodlngaziailing
wisvhaumiinundudmalianonsiliauemls uandeoadilnd 40 U asnuimes
Tndlidmidesanmsiisiianasnuergsiudumamisiignldlufissozuedina  viliinlaiudle
angmeniligndes Wemawisanasenunaznusunmsueatiulitarslnduaglng  dewald

ASLEIINAIUINTY

Positive Lens
for Correction

-----

Parallel light rays
from a distant object

e

Uncorrected

JUN 3 uans angaengnasan vineisagaenndililasumsudly duas vuneis
angmennlasumsudluiieiaudyundy

1N http://hyperphysics.phy-astr.gsu.edu/

N1FABUNAIYAIYT?
aemeTIEnsawanwunlde
1. ﬁTﬂLLUﬂmmzﬁummj‘uLLiﬁ (Classification by Degree of Hyperopia)
Low (0.00 fi4 +3.00D)
Medium (+3.12 fi¢ + 5.00D)
High (>+5.00D)

2. WUNAIUNITVIINUVDINITING (Classification by the Action of Accommodation)


http://hyperphysics.phy-astr.gsu.edu/
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Latent Hyperopia anemenfianansavdngie nsueuaglianansanuldseisnig
Saanemuwuy noncycloplegic aznuldiderhnsTaanemsiuiu cycloplegic agent
Manifest hyperopia agmigndiansnsavenuiinaldmetauduinanndign fivinli
weaiuszezlnaladn
Total hyperopia mamm'gﬁlﬂuwas’mﬁu’q latent waz manifest aemeIildan
waiauﬁy’qaaqﬁ%gﬂLL‘U'aaaﬂLﬂu Facultative lLa¥ Absolute Hyperopia
Facultative hyperopia anememfianunsavinldaeniseusiansanuldainnis
na18n19835 noncycloplegic
Absolute hyperopia @amaniildanunsaudadng nsmanszUSinaesEsn
81233111791 amplitude of accommodation
3. LLﬂqmumiLﬁ@mﬂé’ﬂwmmaagﬂmLLazisﬂm(CLassiﬁcation into  Physiological
and Pathological Hyperopias)
Physiological hyperopia #38136n31 nonpathological hyperopia {uanenieia
anwgnenen eI L iuung
Pathological hyperopia Lﬁ@ﬁﬂﬂiiﬂ@ﬂﬁﬁﬂﬁﬁﬂmEJ’]’JQﬂG]’]ﬁ‘UUWﬂgum wu esen
melun denoen nsuiy waglsafiviliinszanauuuad
4. UUNAIUANEAENIINIEINA (Classification by Anatomical Feathures)
Axial mmmagﬂmﬁguﬂ’jwﬁﬁaﬁﬂwmaqm
Refractive Mdsinmvasmittiosnineniuegnn dsudsesn HuBnanumiiagsdl

Index hyperopia Astiinuassiinanslaginarsnilsluniiinuiauni

a A

Curvature hyperopia N15NTUYDI5FIANLASIUNTIUTONINAIATIUDINURT
Mnsdnmkas ilamaslunisinuilasanas
Anterior chamber hyperopia fin13aaaswad AIIUANVDY anterior chamber ddua

v o

Tmaesinivessnanad
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1.5.5.3 @18nLd89 (Astigmatism)
AnanAdan1ssankavaluwuiiegliviiy finaingusinssanalinay v
Tiuaananluuuasne ves nszanm Wawnsasaundugaieaduld inanmdeu ueidnis

Thawazlna  v19s19diaN1sUInASYE  @enBede1RRSIUAUAIEANEULAZEIEAENLAE
Adiale

Different Negative
corrections for rerent
itferen
two planes. T,
Vo compensate for
Vo asymmetry to converge
\ light to a point.

==

'

'

' v
| '
T =
! D, =
WP | _-===2 -
' b= =
1

[

1

'

'

T,

Parallel light

rays from a

distant object / |
I

Uncorrected __\ﬁ\"‘

: \

JUT 4 3Uuanigasnuasuasasndes Uncorrected idulszansiunasdl 1 duiiudnduge
FAMAN 2 wazn1suAlunieiaudesndes lEudung

37N http://hyperphysics.phy-astr.gsu.edu/

[

agadesasnsadLunlamuamansinle dail

1. uwdaduaenidesunfuazliun@ (Classification into Regular and Irregular
Astigmatism)  luangndeaund  wafdsinuiinniigauaztesianagyinm
fefiu 90 aam detuluuunosmudnasvhaassaintu Tuaendesiung wun
dsinmnniigauasliosfigalilévinun fantu meandedldunigndan
lsanszananldalkeratoconus) vsenszanmfiukaiiy

2. wlanumsiinnesrusenauvegna(Classification  with  respect  to
contributing ocular component)

The Anterior Cornea  a@gadetaIulngiinan ANUIAIUDIRIIURENURINTZAN

91 NsIzsErstwhm e MeRa T ndsesivirnumnn Yadirnsldsuesnszane

Aladpaidinamomalun1sinukann Tun1sAN®IUINISAENYINUILIINAINABUDNTLARA


http://hyperphysics.phy-astr.gsu.edu/hbase/vision/eyedef.html#c5
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nndensn  nsennlsefildensn Wy chalazia wie  ifesen  ananseviiliiAe
A1UANDYINRINUINTEINAN (anterior corneal astigmatism

The Posterior Cornea Wiavn1sinmnuldweinszanmde keratometry wusn lu
w3 horizontal &ifn 43.00 D wazluiua vertical dA1 46.00 D Ingfanuni19eInszanm
Fusluruuty  devhmsfwin  @ennBemnnszananun ARantinszananiien
+3.35 D uasfinondwesnszanmfian -0.45 D egelsimumnsizanuléweanszanni
AUnAT Inlaennieradn wazliandesdslilalianudfey

The Crystalline Lens angmidioraintuainanaldwosaudanionsidoin
Yasaudn  waziiniuarvdsvesaudnnuindanivatenndes ag19lsAnny USunves
A18ALDEN AL DULAILUIDIALIYINSINUTINAUNILEUALDEIUDINTLANAT  SNWY
Bosifunaunanasssvesaudnniy ssiiuuaBeiiiiunusewing 3 8 7 e luwuads
wazidesegluwueuiluesmn 3 asmludnvarainduuureuaudanluaufsinuaiswes
LAUANN WaveIanwEYeuaUanT YlAAR against the rule astigmatism HAUsEUe
0.25D

3 WUSANLLLI19PT0999ALB8Y (Classification by Orientation)

With the rule astigmatism 91hwINMAWINUYBINTEANAT AArfawinmtesiignet

Y

1 LUIUDUTZIIN 160 WAz 20 83e (£20 83e1)
Against the rule astigmatism fuwIfAGWiINWMYeINTEANAT AA1Adwinviesiian

9891 WWIAY 52139 70 Uag 110 83

v @

Oblique astigmatism ahwIMAWINMYRINTEANA Temasinumlesiian ag
38NN 110 Uag 160 9961
Types of astigmatism

59°

31°
149°

o° 180°

0° 180° 0°

180°

31° 149°

59° 121

WTR ATR Oblique

SUN 5 LanL109ANY0ea1en1L88e WTR (with the rule astigmatism) ATR (Against the
rule astigmatism) wag OTR( Oblique astigmatism)

91N https://eyewiki.aao.org/


https://eyewiki.aao.org/
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4.uUsnuANURaUNRURIanen (Classification with respect to the refractive

error)

amemBesaninsafinnsanandurisifeamihaninguugaiuaminuuae
Uszamen Tunnefiimsuislesfigavidoussiiingluszerlnag sramluinesmlaesmmis
ANBYUN ATUAMTAULIDN axfifeiSunin simple myopia LLazﬁ%aﬁuag JUAAUININ
Thilintuimieainaen ludhwasla wu dwdu dwmihees @e simple myopic
astigmatism fnnIniadesuunegiumtuiedunds gnsunmdnuuaen A compound
astiomatism 1 §nTmedeIBE iRt uR UM e Send1 compound hyperopic
astigmatism  uavdnnnlununesmiassintuduminuardiunds  awdendn  mixed

astigmastism

[ERERe

Compound Myopic Simple Myopic Mixed

N
S~

Simple Hyperopic Compound Hyperopic

JUT 6 uansenendeaiiiindusiuiuagaduaen

37N https://slideplayer.com/

1.5.5.4 @1gn1auLLA w%amamﬂ'nmumq (Presbyopia)

a d‘

Aadlefionginntu (s 40 T taudmifldlunias sifeusulnifaisuudedh
HeuuszAvsnmlunisusudedlnta  SudunmsdewssansnmesndumieBaauda
yanmdangulumsuiuiaudlumstitanwluszoglndliluaniiaenm Sevinluedlndlsl
W sarnaemendudsida fuedhifarilnauaddnd  uddseduresamemenfidu
Wldfianuguwsannanuausalunisiwsazgdrsiunnliuesiudnle (facultative

hyperopia) auidlogunTuansalun1sging  Iesanasautiaens 60 U HoswIn


https://slideplayer.com/
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1 [ f = 1 1 o v
mmmmmlumnwwzamam’mmq LU‘LJNﬁlITﬂ']ﬂLﬁuaLLsUﬂLLazﬂu‘\]uVLiJﬁ']lﬂimJﬁUﬂiﬂﬁlﬂ

e alilduiunte wazasdsuludenszaniuign

1.5.6 A2118129098nM1 (Axial length)

Duszozmeszminganthanuosn ldganasdavem (@9asdufantiveasn
Tufn e  Bruch’s  membrane) ludsdidininldaniesosdlefilindudssmuigs
(ultrasonography) TuiAnusniin ananazenIUseanas 17 Tadwns wasiiudu 24 faduns
dodudlvy wiaz 1 Tadwasvesnnmenignan axAsuudasanemliuszana 3.00 1o
pouwed miilianuemannnd 24 fedwes dwwnlduiisduaendy wazmiidauen
Toanin 24 fadwns Jwwltufieufuarenien

Tuilgtuaemdunuundu wuld 1,800 dweu 1D ne. 2508 (Resnikoff uaz
Az, 2004) uazasifisndu 2,560 drueu Tl wa. 2563 uazaanisaiiasdftheaemdy
04 4,949 duau Tul WA, 2593 (Holden wagmeg, 2015) nviAuunnsdensslrninuaula
SeEunau uaznsnensailsaunsndeulasguiovuieainanuenvegna  Lioan

AMzawn1Ninig Jong et al, 2018)

1.5.7 1039330AUE199NAUAZATIIAA AR UIFEIAUDFI(ARB-Scan)

A-Scan 1dn9aainmenenvesgnafenaudsuigs wazAnumiduaud
wiefiedmsu fhefiagimssindindonszan

B-Scan ldnsamilagadudssmiuigs iegaiuiiauninielugnauagmaiunds
ananudlefiausjuuntsey vilueadnlulale wudenszaniidumnn (Mature cataract) uag

ATIVANIENGANDNTDIIBNT MSoLaHUTUAIYU

1.6 Yselawuninininazlasuainnisiae

1.6. 1ot lugisnsnianavudlunguathenilayvaienliauni

1.6.2umelmAnAanuiaudnlavesnuidsswesdymaisnnelninainaue 1
o a X

aneLiagy

1.6.3fe dulszlonilumsfnwiiinfninesiuauduiusvesaueignaniu

ANUTULSIVRIEEARAUNALAE YA

1.6 4duasuliin@nwangyimuinasmansiiaiuaulaguamanvesngusUiend

Ygymaemiinund ueninioannsinanan
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1.6 5\lelsdnlafeanmuesnmeignaniiinadeaeniinuninaziinlugnisudle
Snwegravanganlugusdnyinuuns
1.6.6duasuliinAnyiansanaiugignausenauiumsitadeaeiaunidnia
Pnannslawazinlugnisdenlinisinweggnis

1.6 dfiewaiunszuiunisiseunsasuluizn OPM 591 Optometric Clinicl, OPM
592 Optometric Clinic I
1.6.8:0unsimunanuiuaznstinaug Iy uIvIdnuntnAnyvieuLe s
Man3YRIUMINe 1R Sedn
1.6.9wlelsinAnwezinunasmansiinnssuiunsiidnimuasindiinluses

NFMUBUUBIATIN SIAUNDUTINIVITN WuINwUnng weurasu iR
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2

=

UN

[

LNEITHAZITUIFYNNYIVDY

2.1 N5a3gYiulnvaInI

msasgdulavew Imsldsullaesunaiivdmasn nszuIuNsRsyAule

o

[
a

¥99919n 138171 emmetropization viei3enitnsinudndganenuni namdeiileduan
sz Aulavesgnauaiaenvzsenluaenunilidsealdsunisuily dewiue ulu
aradusie  WoAuanmassyiuleanwudaiiisaendunaranenien  maideld
vnsAnwnTenuiiinildihndnunnsaiyivueslungudintndsuiidaem
Unf (Zadnik wazmnsz, 2004) Tugiseny 6-15 U finsiesuduszesinan 2 U wuin 3013

cal

Wasuwlawosmilauemuenfinty  audufnuwuuamaruisasiliaudiindana
yhlasuldhnsaipiulaemiasdnnuisuianiguiees hdsinmesaiielidn
gnmzangnuni

fisrerunaninisuasuwlameweueninl  auduimuasidainmuensyan
a1 Tunisn 3-9 ey (Mutti wazmug, 2005) WU ﬁmiamwmizﬁumamanﬁgal,wi 3-6
ey Feduiusfumsiuiuresaruenen waziinsesunafiuiuind nsanasveansn
AnUnfintuegens  malietuwesmuennezdt  edlsutfunsanacwesseiu
aesAnUnAfianasting Lﬁaqﬂmm’rﬁu FotihumazieuEninniy nszanauaz
ludnazLULas dninanas dinsanasvesiassduiviliAe hyperopic defocus
Lﬁaﬂizﬁﬂﬁmé’qﬂ«ﬁﬂﬂ’ﬁw%zgl,auimialﬂ Fefunsisaivlnvesmiiotestuns
LﬂﬁauLLUaQﬁqgﬂiﬂmamLLazizé’Uﬁummamﬁmﬂﬂa ‘Tjﬂﬂi%u%umimgﬂULLU@G‘U@QﬁQEUﬁN
wazi§uuaweliida@enung aansausniduassnalals sl

1 Active mechanism  #o msmuAunsaSyvesLiieanauaeminndlag
méf&mwﬁaLﬁuﬁaﬂszéjﬂﬁqﬂmﬁmmsmmﬂ%uauaWSMWQWUﬂaﬁmmlﬂ (hyperopic
defocus)

2. Passive mechanism 8 Kaa1nN15iUAELLUAITINAUTBITEUURNIILAII NLaLE
mitimdudasunladiiuasidmenssanaidsuuaddeaeniauniluvaetudy
nsgnnsEsuelilaanan Active mechanism deusnssuuiaiivun

pnananlainnsiasyulnvesnlunaladedygiudounay (feedback
mechanism) 97n55UUUsTaNTeIR ka5 UABLWARUAELLUAIMNIINENTNIBIRT 38

Senleindunmsnevaussedinseiuilieitesiunisusaiudainususniinluaudion
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Widind ieliAnnszuiunmsasadulaved %wudﬂmsmLﬁaawqﬁaaﬂﬂ%lﬂmam
g1 Inswhgnandelivwinianiiiinn1ae hyperopic  defocus  nsgdulAANg
WEydulavewmliimaasuwaninuawarsimemn dusniiadaendumemdy
mﬁm?isjul,mawaa@uﬂm%%’m'jw uAznuUMIUABULaBITE UL NINASE S 1NTEANI
wamaudonanndy  rdusuesiidnvuraemuuiladedugaudnstomnaneduaen
Unf wi (Blanco uagAmy, 2008) NUALAEANAUILTENBALNIMENIMUANAI9INAY
aemUnfkazanenie fe IAMUEIINAININATY NTLINAIWUUNTT WasaudnIwuLNI

a1gnLuUdu lnglanizegelininuengnannlanuduiusivaeaduiiniign

g‘dﬁ 7 Emmetropization, myopia, LLa¥ accommodation.

910 Evolutionary medicine Erping, 2018

(https://academic.oup.com/emph/article/2018/1/151/5046312

A1 A Tumsn MRN8 N1ILE19A181IBWALRIDINUUAAIYBININA1ILINSHAIWTIAY
v (v [ =3

YpelneanfeUasun1TUeLIAY

A0 B leanesinglndunTuninaglniaeginunduaUseaman n15EARINIULLILNUYEY

ANMATYNNTEAULALIAANITEYANEY
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A C @ nsunn emmetropic flenmvanenund misliiaingiedlndnitnielaning
YIYNFBVRINITHIINLAUARN

A D dmsuaneanduaunsaliiaingieglndlaunniulaelidsasdinisims

2.2 FAUINSNIIALATEEARAUNA

o

1n15398 (Hirsch wazaniz, 1947) laasuisdadenesdesiuaemiinunilisal

LaszanadudiuiidAglunmsiansanfennsvesaisn  uinueIgneaveewnill

<

ANUFIAYNN

2 ianuduiusvasanudinvean kA N5Eanan AINNEIINAT LarAINANTDIYRY
tiuium osuelddn dgnaienn nsranALULAY  wasdestindiundniu  viens
Wasuulasweanszanmuagdemtiumazassiutuiuaus ey sulnduamem
Un#

3.N3¥INAMATAUANTIMTUMTNAADNSAREEAUNR  uiAINETIANTIAIY
maﬁiamilﬁmmamﬂﬂamﬂﬁq@

Mnfinaudiieiu aansovenliidnusznouinnnsmniinasoaenn
RaUn®  @unsadudulaannsieany (He wazAedy,2009) wuiiinsasunUasvesansni
AnUnAlugtasogann wudiseny 50-60 T fanemfiaundvinagmenunnritaemdy
Turmediengfls 75 TasduAsuulasdnganendu fsnnusngnaazasiinedvunduady
fvds uagenumuvasaudniftumueguadlummdesvuanuininnaee Sdeya
dandsluduveamameannmsng sgnui fuefinrmenvesgnauinnd Inszan
wuund danudnvesteamtiiuninnnitiaziaudaiuuninnadgs lunnyisey daud
wdiemariunnetuuinisnssaefvesaeminunindumieusuiiaesne Fedudeis

o o A

Auddggalunsinsanvuyingsnl  As  AINULIGNALAYIEWINMYRINTEINA
wennimsfnwifudugriniedeluginiang fueanidnsinisiluaieniduminniy
WFtuinndukaznsFnyASdmuinaunuvesaudiwanaiulukazdsegi

o = 1 = = s dl dg?’ a a dl a % 1 d‘
MMsfnwagnundt 81y 60-69 Vazdliiaudmivundu 0.20 Tadwns Welleuiunguiene
v i ¢ | < o § v & & vl a I

Weundn laudivuiniteraluavilillangmdunnndy uavgiinisudeuudasduasenien

c’{ . . < v A v s a a
N (hyperopic  shift) Wunaannsanasvesiviinesaudn  daithaulaves

nsAnwIATIABANNANTUSTENINeABIRNE IgNATUAIAEARAUNATA L FLTUS
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unluauifianuengnaannnd 23 Sadwnsuagluaufifimnuengnaiesnimiewiniy
23 fadwnszdauieitesiv Mdnaudaiiduwladiuinnit Tuauiifaennduuna
wazaEneT Wonaniideisenu (Hasemi wavanz, 2016) lAnwinisiasuulaswes
aeminUnfvdniungluszezinanuagtadefiiendos Tudiseny 40-6a T wuth Tu
WAKQNE  hyperopic shift 11AndwAYNE TaslnAY¥I8aziAn myopic shift Lwazdinaziin
woufu nuclear cataract TutengiiimaAsuulasmasauenivasgnauasidainm
vesnszanaiisadndes uiluasmdunuing ANNYIQNAT Lﬁuﬁummﬁqm warn1IANY
Wudni1 nsAsuwlaswesaeninun@ hyperopic shift lildiAnainnsanasuesnisina
mmwu%’aﬁagﬂﬁiﬂmnﬁm%umammmm Huranannisisuulasmedlasaiig
Aeluaudn uaﬂmﬂﬁﬂuawamwguﬂawuaﬂaqﬂmwé’aLﬁwﬁmﬁﬂﬁaa WAAUANEATE10EAT
LLaﬂuLWﬁ%@QﬁWU’j’lLﬁuﬁ’lﬂmﬂ’nLﬁﬂﬂﬂﬂ%ULﬂUNﬁﬁﬂﬂ%U’]WU@ﬂQﬂmﬁlL’SﬂﬂﬂﬂLWﬂ?J”IEJLLaS
audnilnmasinanas

FaumneinsannsAne (Kato uagame, 2019) Ald@nwlunguiindnuwimmine e
1§nanadis hyperopic shift 7uAnNN1sWABLLYAMBaINsEANAATATosaLALLULAY Y11
Iﬁﬂimﬁﬁ’lﬁ’mmﬂﬁﬂ'ﬁmﬁmjﬂLGZJEJQWY‘I‘I’?IIEJTJ%‘H Lﬁ@gﬂmmaﬁﬁuﬁmﬁm myopic shift @suanls
Muvniefiininadyvewi nsvanaihmidiusulasuszezsumadidilndseuszamaiy
AL TITRITiNTY Aunsyanaldanusauudsuldudreninduamemdy

= A v N a a ) N Y L.
wenIINMIANwINaiulunaeminunfuazdiuusenauvesn dgAnw (Shimizu

' '
v A =

uavAfy,2003 Anzvasasauariladefidmadionininaisnduluglnavnddu wu
AranuesEEmAunUINlunguauetgtesnnauagann mslFaenszerlndinnty
fasiedestusedunsine Jademaasughuardsauoraduamgiinuaendulua
915URLUINTIAUBIYUIN ‘L!EJﬂﬁ]’]ﬂﬁgﬂﬁiﬂﬂﬂﬁuﬁﬁﬂwﬂﬁﬂﬁﬁﬁﬂﬂmﬁaQj@ﬁﬁﬂ%@dﬂﬁjuﬂimﬂﬂi
finarod1uUTENOUTIDIMNLATE18AIAAUNR (Rozema Wavang, 2019) laAnwyl AL
uanAvesnIiniionduoglurnruiiosazusnyuvuiiies wuraemsziuiReatu Wnd
odpogluesdiuualinesniueiignanuinnituaznszanaiuuunit dadladenig
anmwIndoueaiinaneauuansnswesEulsEnaUnaeng Sediaundnetusiey
284 (Wickermasinghe wazagdg, 2004) ﬁlé’ﬁﬂwﬂu@ﬂmﬂnmﬂmﬁaLﬁal,ﬁauﬁumiﬁﬂm
revthilnuiauenelusesuaemilndifssiu savedndediamiuenmitosndt ¥ild

asulannanmwindeninanan1sasyewmiasaisninung
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2.3 119LWY AANTIUNAWAY UATAINIINN

M3AN¥ID (Woodman wazaasg, 2011) fildvinisne msiasundasesnnny
ggnalusasiiinnawisdaevilunguitedts dduau wiaduaenidu 20 eu aenund
20 e Towanemduuiaiy early onset waz late onset wlalungudosvasansmdu laun
anenduns uazanemduliag msfinwminisinnnuengnaieusadsnn 10 und
seilasluauis 30 unil ndanldaenszeylndlussdunisnsedunisifisi 5 D wanns

a PN

NARDINUTIAIE1IVBINAMAN T szerlndilduszoziiaiu nuhinisdiuduves

'
a A

AUENIgNAN TnBlamzTeNguAIBANdY early onset way anenduiiliasi SA1aaue
gnanannniegndideddyidleiisuiy mnuengnavesnguaneniuni asiunaulade Tu
nquvesEEmdungueos aneandulined LLﬁﬂﬂlﬁLﬁuﬁﬁﬂ’NﬂJEJ’]’JQﬂG\WﬁLﬁﬂJ%U&JWﬂﬁ&!@
vdanldaemszeyind Weflsudungudu e1eaguldinnisasuudamiamisnalndanm
vosanemdu lungy Sauliensfiuturesauenignanainnd wiemaiasuulasdi
HudvEwasnanmaifisiioty

91nTina1uINNSANEIY84 (Read wazAme,2010) tvinnisAnuluyiuesaieniu 4
aguliindinswasundasesemengnmegisiieddquslinuanuuansiswesnime
QﬂmﬁLU?{sJuLLlJaﬁﬂswdwmjmﬁaasﬁmsjmﬂﬂaﬁuawmg’u uay choroid flunsasenaLdy
uavilvinuegnaistuudlionatunfiasarivhliauegnafistusaedinas
Igauely

yonanidinsinwiifuanuduiudiieafuianssunaiuds AUNITLATEY VDI
anmluinae (Read wazAne, 2015) lavinsdnwuandiuau 101 auduanentu a1
AU uazawaUnd 60 au wudiluszegan 18 Weudlldinisine iniilduuasunn

o & a

winnIazdanuduius densiiuduvesninugtana1desndt Jeatuayuiefanssy

14 [ v s

nagudatiauduiusdvatemduluen Falunis@nedalanandslSuruveanasd i

[ ! <

Haddnysienisannisifintuvesaiiuenignanluin Naglalaluinegluniiuasadnady

<

=

U3nmunnni 3000 Lux 3uld Sesatuayulifuinuiinavemadduanmuindend
AT e IR UAMLETLS SErinaRanssunatLdsiuaenndy LazdenadeiunuiTy
999 (Fulk kazmny, 2002) ié’swmuiﬁf’hmﬁwznmﬁLﬁﬂuqﬂL%&Juiuq@%’auwudwﬁé’mw
ASINT UYRIANURAAUARAY LLazwummé’uﬁuﬁ‘maqmsLﬁwﬁumaqsﬁauﬁﬁumﬁumm
mehwmq@mamm’hmmﬁwﬁmaqmmmagﬂmmmmh Fa1ndinaniunneuntiians
%u“]ummangﬂmﬁﬁmmé’uﬂ’uﬁ‘mmdwm‘jaqmmmﬂmaﬁﬂwwm (Blanco uagmeue,

2008) wunANugMIgniaUdTusiesziuaNUHnUNFvesEEnLNTIan
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GEL
ANNY1IVRQNANNAMUALTULABTTITETINIATUNIEATNYBIA WA RILALINLIA
= v Y a a & 1% a (% (B < v 14
sudstdademudunidunimiindeunmaaseianazdiny bitagdunsldaeaissezlng
AanssuRvihdvinlinuAuasaInsiiuanaeiy vliAaussaunisainsusadfiuiiuaneig lng
919999 NIz TILLasAnTuAlunT NdsNanIENUADNITIASYIAULATDINININS
WIYAUTAANE1IVITENSITNTUYRIAINE AN ILA NS ABULUaYRsd U TENO U
lauA n5EanAT ludnn wazauandewtndiun WunarellesiiAnnsidsunlawes
21891 Lvis @1ea1UnA a1en1end wazaten1du lagainuaNeIgnandiauduiusiu
GREIREMERNTGT
Jadeilinadaniue1ivesgnailagasy
Lamginnuausn lugeniduasyiulniinana Usinan1siindueesninug
A1 (Mutti wagAME, 2005)
2. anwindeufiegende Tdaemmuininiiondveglugursuiiosuuilduiiiaag
1 & o [ L = P a
g13%09gnANINNINANIodEaglusuun ( Rozema havAmy,2019) Auiinagianem
AaUnFszRuLAe U wRg It U aiendeaglusuun ( Wickremasinghe wagane,2004)
3. Msldatenszeglng (Read wagmue,2010 ) wuinnisidaenseuglndinis
d' dn( =~ 1 1 = a Q’Jl
WaguuUawesaueignaunduiiasainnisms wiluiiesnmsivdeuudasssesdu uag
wuinlunquangmduiimsidauulasnnninfewieuivaeningudy (Woodman uagany
,2012)
4.A9NTTUNANUIILASLAUANTIIANNITDIYLHULAVDINT (Read WAZANY,2015) W6
a aa Y [ P . L. | I an |
feuniinansaiuiininnsi Physical activity Tuthauaney 7 Uldiinasieauenignen
%39 Spherical equivalent (Lundberg WazAgnz,2018)
5. dsenudninmsniiueutos anm1e1alinauen NN uHINTIBIN (Sensaki way

ARz, 2018) WudnAnnIsniiveufuaregatos 12.5 9alu sxfiuwliunifignanend
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3.1 Uszmnmaznqumfaama

UszanINAN®IAUSEUINSNSUNITNSIVNNNAARNA AL N AULIATANEASH AT

W.71.2558-2562 viavuasivayavesangni 15Ann wagnsinwiaue

ad a

naudieg19fe {Uhueny 40-80 U fanemiinund lisawaneadaunAviinainlsan
LALENEANENAULA HUNATIIAIRILR U N.A.2558-2562 wasSnureLiiedinadng
UNINYI1AYTIER
3.2 \nsasdlefild

137379

1.A5InnsueadiUmE Snellen chart

2. dnanuslag auto refraction

398190 (Axial length) FeLA3es A scan biometry ultrasonography (Alcon
Acuscan RXP) wag I0L Master (Zeiss Master XP)
3.3 MsiusIusIudaya

Humsfnwinssaunuuudeundslay niusateyaanusziagiae eng 40-80 ey
Tugael w.m.2558-2562 YeyavzUsznaulume ine 01y anuiaunRvesateni(spherical
equivalent) Tuusiagdne uagANeIveIgNAIR luLsazYNg
3.4 MyiATedaya

LshwadildndnwiuSsuiisuszninsenemiaund auenignan e g

2.ApuduiusinmIneIgnanivaneninung lneaneminunfnusdusinuas
AIUTULTS

3.9ANUANTUSTENImeA 918 AUagnlaUnG uazAINNEIGNAT

4315791 TaynAaAsres ANNBTIgNAN(Mean) 95% confidence intervals
s9uvieldadR Unpaired t test waz Logistic regression iiioymanuduiusues Axial length

ULNA 939878 ANFIBMATAIYIT TINVRANNRAUNAYDIANEN
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uni 4

NAN1599¢

MnmsAnugiefiunsamasunnsuneulull we.2558 - 2562 uagATIRARL
nansUiUAnain uvnine1desedn S1unu 5,039 Audisleny 1 - 91 U dengthedidieny
40-80 U (mMseil 1 ) wuinilswau 3,468 au WumAwme 1,544 Ay (mqmé"a
59.97+10.674 V) wwemidjs 1,924 Au (mqmﬁé 60.19+ 10.634 ) mqm?{ai’mﬁqmmaz
e 60.09+10.651 U lasunsinauenvesgnanlumeayie 305 AW WARRS 287 AW 3
592 AU (17%) WulimAuevesgnady 24.13 +0.42 fiadwns (95% confidence
interval: 23.71-24.55 ) augvesgnanbunAv ksl liwaneeiu (p = 0.2246) Tu
wriazgrseglaiunnsreiu (p = 0.771) (M51911) wazsaMazmdedauevesgnailsl
WANFE9U (p = 0. 6390) (A15719712, gﬂmwﬁ 1)

lunguithefidnunileny 40-80 T fanemfnund 2, 894 A wenidu anemdu (sl
sufflhefifansmdunndenszan wivmuilmuaulif) 1,150 Ay @1en1e11 @ngedid
wudidownieiaudvan viefithiilueUszamen) 1,381 Au aneniBes 359 au aem
Unii 302 eu (Fagdtheaenunidivdsnnindadenssanuasldioudiion sauedine
udsmirhdaudlvmemiiaunddouanawes) lunguiithefifaendu wsnBumemdy
ffoy (-0.50 fs -3 lnoatines) 672 au agmdutiunans (-3.25 8 -5.00 lneauines) 259
AU aennduun (Yeendn -5.00 lneauimes) 223 au aemen wenluaemeniios
+0.50 v +2 lapauwes 1,015  Auaengvmunans ( +2.25 89 +5.00 lneauines) 324
ALANEMIE1IN (@ANT +5.00 lnoaUines) 42 au (113197 3)

a

A o a = = Y v =

WiathArangamaunfUIsuiisuiuanueignanlunanuagadie (M5 4)
WuEgmHAUNG angadukare1y Mnun kassngnelanuduiusiuaiiug1ignem
(p=0.039, p=0.036) ilald Multiple linear regression model JnAUEIVEINAT lag
uunAuevesgnaieendudias 3 Tadwns Busas 17.1 dadwss aufwnnnil 29
fadwns dnluaaued ey duanuiaund vesaien1 (aegain Spherical equivalent)
wudauduiusSasnuiu lavanenidaungd vtnanen1du (@ Spherical equivalent dow

= ) 1 ova 1 1 d' = .

wialuau  wunnlungueiinnuenignanannndidiade  wagaemenn  (# Sperical

= ) 1oval & 1 1 N d'
equtvalent 10 viseiluuin) wulunqueiianueignadunitAnais (N5199 5) uag
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wuhaemduiunltufeziinuevegrennniianemen  wedefudufenms
n9adf  (Regression analysis) wudaneaAaUnATeudLRUSTUAINEIgNeT Wiy
Awdtusylinnsaiudnu (Pearson correlation R=- 0.664) (1157971 6 )

sUal 8 wansauegnafiviiulunisaosdng Ul 9 uamsnnudiudidady
sEineNEIgNANIYUazaNEn RnUNAT1IN uargUTl 10 WisuiuAmEIgNm

IENINANYAFULAZAYAET)
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A13197 1 : Wisuiflsuanuenianm Tuithe 592 au wiadumewasyiseny

Male Female Summary
One-
Age way
groups ANOV
(years) & A
2 2 { 2
3 5 3 E = | &~
O'.("'g’?éqg_lg_lol}"u' _|E_|B_|46.+46
Z ol =2 | = 9 = <« o <|= < B <k q + | 005
27
23.7 24.28
40-50 30 31.02 | 19.93 | 24.84 11 0| 2084 41
1 +0.80
2 9
<
o
29 S
24.3 24.45 .
51-60 56 30.33 | 21.27 | 24.56 34 5| 2067 90 o
3 +0.16 '\1
5 2
(@]
29 &
236 | 26 | 23.95 >
61-70 125 29.12 | 21.61 | 24.22 137 | .8 | 21.00 2
7 2 | +0.39 =4
7 &
Q
>
27 2
243 | 19 | 24.18
71-80 94 27.45 | 20.00 | 23.96 105 | .0 | 21.26
9 9 | +0.30
1
24,
24.40 03 | 59 | 24.13
Total 305 287
+0.39 +0. | 2 | 042
39
Unpaire
d t-test | p-value = 0.2246
o= Non significance
0.05
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Right eyes Left eyes
Age groups
(years) @ « S 9 « S
= c = c
> & |2 2|5 2| 2 2|8 42 2 |2 2 |2 2
24.64 24.61
40-50 33 31.02 19.93 33 30.18 19.92
+0.40 +0.39
24.59 24.50
51-60 78 30.33 20.67 76 29.57 20.58
+0.21 +0.20
23.96 24.03
61-70 247 29.87 21.00 239 31.40 21.38
+0.09 +0.10
23.72 23.65
71-80 193 27.47 20.00 183 28.14 19.50
+0.08 +0.08
24.01 24.00
Total 551 531
+0.35 +0.35
Unpaired t-test | p-value = 0.6390
oL =0.05 Non significance
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A1519% 3 : agUaneaniaunAlulsasdangueny
Myopia Hyperopia
Participants o
Age (Diopters) (Diopters) 2
o (@)
groups S N € Total
1 ey $ ‘_'%
(years) M F Total | o S | o e |8 o g W
o ol 2 o |l o 2 £ @
N g Q| w o KNS A = o
o 9 “ ! o N 0 zZ
' o i v + +  +H A < *
40-50 360 | 419 | 779 | 191 | 62 | 72 | 173 | 22 | 10 | 69 | 121 | 720
51 -60 395 527 | 922 | 166 | 64 | 74 | 307 | 66 | 15 | 82 | 69 | 843
61 -70 508 603 | 1,111 | 183 | 90 | 62 | 349 | 148 | 12 | 110 | 69 | 1023
71-80 | 281 375 | 656 | 132 | 43 | 15 | 186 | 88 5 98 | 43 | 610
Total 22
1,544 | 1,924 | 3,468 | 672 | 259 1,015 | 324 | 42 | 359 | 302 | 3,196
3
*fagUigaangaiaUng -0.25 fis +0.25 (AngUleamenunanvdsnnEdndensgan
wagldiaudiiey aunsthndennihidauilvanenmdaunfnieuadaiges)
M19197 4 : LWUSEUIBUANEIRNANTEMINENERNE LA ANERg IV luATIIMAEAIEE
Myopia (Diopters) Hyperopia (Diopters)
- | Unpaired t-
Refractive o S - z ol o o e
o ot S - C o 2l un o < - C test
Error n ol L o S T © n YNl S 9] T @©
s Sla S o 2 |oc fla s 0t c 2
PSS IS v = T Ol ¥ o+ A = o= 0.05
No. 101 48 45 194 132 87 6 225
_ p-value <
Right 24.09 | 25.15 | 26.19 2359 | 23.05 | 22.25
Mean 24.84 23.35 0.001
eyes + + + + + +
AL +0.88 +0.34 | Significance”
0.12 | 021 | 029 0.07 | 0.10 | 0.46
No. 97 a7 45 189 128 83 6 217
p-value <
Left 2420 | 25.04 | 26.10 2355 | 23.03 | 21.88
Mean 24.86 2330 | 0.001
eyes + + + + + +
AL + 0.80 +0.36 | Significance”
0.13 | 0.19 | 0.31 0.07 | 0.11 | 0.33
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Mean Axial
) Refractive Error
Axial | length (mm.)
No
Length | | - ol Total
2 8 S o o) = E RE
(mm.) | Male | Female = SUNT SUN? do ol 8% c| & _
@ &0 B8P %c o o w= S5
17.1-
5 5 1 1 1 2 2 1 0 0 10
21.0
21.1-
28 88 19 q 3 27 34 4 8 5 116
23.0
23.1-
175 140 59 19 8 95 49 2 38 18 315
25.0
25.1-
55 32 21 17 21 10 2 0 q 8 87
27.0
27.1-
10 9 2 8 6 0 0 0 1 0 19
29.0
> 29.0 6 3 0 0 7 0 0 0 1 0 9
24.20 | 25.04 | 26.10 | 23.55 | 23.03 | 21.88 | 24.28 | 25.21 | 24.13
Mean 24.40 | 24.03
+ + + + + + + + +
Al +0.39 | +0.39
0.13 | 0.19 | 0.31 | 0.07 | 0.11 | 0.33 | 0.14 | 0.10 | 0.42
Longer
110 78 63 44 42 60 31 2 29 25 188
AL
Shorter
165 197 41 6 5 76 57 5 23 7 362

AL
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Myopia Hyperopia ‘
5 B Chi-square
1 1 .g O . .
24.06 e 8*9 g 9 n g 8& g 3 n § % Chi-square with Yates
§ m§ e I NS S TS AR TS = correction
Longer
63 a4 42 |1 149 | 60 31 2 93 242
AL
50.043, 48.6778,
Shorter
41 6 5 52 76 57 5 138 190 p-value < p-value <
AL
0.0001 0.0001
Marginal
Significance* | Significance®
column 201 231 432
total
.AALL’LR
32.007 -
30.007 y
L(;ft axial length = .
28.001 N
26.00 . . P ,
- X5
o N
24.007 R e .
- Richt axial leneth
22.00 *
20.007
18.00
18IOO ZOIOO 22IOO 24IOO 26IOO 28IOO 30‘00 SQIOO

: anaauggnaIvinAuluamsaeatng
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anuse darauauue a3y

5.1 aause

euMsAnwINUsEmaAdU (Yamashita wazany, 2012) wuinwaedianen
Fusnnniunemds warfiennugnvesgnennnitlunduiiongun iesandesinfufianm
Amnntu ssnmsinuvesmninendefdnilanumiuuanssresaue gt
e waztnseny madnwadeil nduinedradulaseny Aefiongads 60.19 +10.634 T fady
spherical equivalent Slunlduazduaemenunninaomau Faliunnmsainnisin
Tutszimedu (He uavmaiz, 2009) Fsngusioensiiongiadns6.23 + 8.73 T vilvienisadia

Tkane1aliinemsaiuunANudunUssynsiienytaenin

IenuuINInnUI@gaIinisiauieItesiuamugIIgnm wag Spherical
equivalent (Tideman uagAy, 2016) Aetiutinyiruannsasusziiunue1Ivesgnanty
AUeTinangnle iiehunfiansanienafinnnzunsndeunmemvialalatng lagianie

AUrangadunnuIInUuluvIveldy (Shimizu WagAne,2003 Sun LavAy,2012)

5.2 daiauauuz

Falunsnunitely fdenisfinnsan dwieludl
1lunmsianueignen nqudteg1alimsins wagdmeenginaen1siie (cycloplegia) 1a
AN sIENIsiseIanUaemEaUnAlaunds 3-6 lneaunes viliriANe1Igne
Fiutuldfe 11,9123 Tunseu - 24.1422.7 luAsou (Suzuki wazAne,2003; Atchison wag
AtE,2004; Read LayAy,2010; Woodman azmnde,2012).
2. 1ilpsnnlutianausaziu AArwenvesgnanazlsiviniu (Ulaganathan uazany,2019)
Tumsfnwsmsimuanafiaziaeuenvesgnan Tunanlndidesiu
3. lumsmnguieendumsinu msfiosanisiadeiFesgidiunsuse mszwuindn
Tufeanzdanuergnauinninanlusuun (Rozema uagamy,2019 uaganinaginaly
aderlvaime
0. Huftvoniuuin lulssnsaesund uazangmdu gnanazemeendlefimsldasnig
Tndunn dedulunadennnduinedndlumsids Tamadonnanvasanuiendn Avhaly

svpglnawazlnaliunnsnaiu (Woodman kagane,2003)
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Y 1

5. Tumsinnrmenvesgnan msinguitegwiiflengrainvans ilelviin1snszanevesadn
fidoensin 16 curve Lﬁugﬂmﬂ‘ﬁauﬂaﬂ (Bell curve with symmetry %39 normal
distribution)

6. luumenuiuenaininaruemgnenud mstaduusaugvesmie Tin arulds A

NI LAgAAIUBINTEINAT AIUANYBIYBIAEIUNT AUNUIVBIAUS (Hashemi wazmaie

,2020) I zfuUsianiliaiuinasieniuevesgnaviaa

v A a al

7. YadudrdgnnsdnululsemalneasitagiinnudAgunn Aonavesdiindouiiisne

o

(%
[

anundy msedilieiinisfnwanneuludssmalve andureniaemaulunsideassll
mstiiuAmagINUAInfeNaIR UMY
Nntednininannmualunsinwiaseil vilinavesnsAinwuanalalugduuy

2999439y waldaunsavenenaludalszngasala

5.3 agU
ANSANYILUUNIAFAYI NG BUVAIMUARTNAT VBIUNINGNFUIIFR 13DIVUINAINNLT?
YDIPNAT NUTVUIAAIHEIVRINAN MITAUFURUSTUWNA 018 LarnIsdaItna AU wad
YU U fw a a < YR a [V A g.)/ .
AMNduRLSAvanealiaung Tnailunuduiusiuianismssiudin Avanen1du (spherical
equivalent toe viseluav) aglimnuengnauInndnaenens (spherical equivalent
& [~ = ¥ 1 = P2 a aa
i visaluuin  waslianuengnadesndn Jasulainmnuenignauagangniaunidl
AnuFuustuluRemwsstuturaziduAuduRuSITULDe Faun1sUuseiiunzansmn
AUnAvestnyiAutIng - Adsiansaniemugignasumeiiotielimssnw  wagns

Uszdiunaunsndou ilanan1ssnwa wazliaumanzauiugUieuniy
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AA.Visual Acuity
LE

With bare eye (no eye glasses) AAl AA2

With pin hole AA3 AA4

With current distant glasses AA5S AA6
ivdeyalne
dfmﬁ 3 BB.Refraction & Keratometry & Non-contact tonometry

Sphere Cylinder Axis K1 K2 Axis
RE BBI BB2 BB3 BB4 BB5 BB6
LE BB7 BB38 BB9 BB10 BBI1 BBI2
(u‘?‘@ﬁmlnﬁﬁuﬁﬂﬂﬂmﬂlﬁ%q)
Right Eye Left Eye

Pneumotonometry BBI13 mmHg BB14 mmHg

Audayalne




@'muﬁ 4 CC. External Examination

Right Eye

Missing/disorganized globe CC1 0 1ves doNo

Manifest strabismus CC2

Lid CC3

RAPD CC4
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Left Eye

D 1Yes DZNO

O ier O 2xr U 30ther Q) 1eTld 2xT 30the

D 1Normal

D 1 Normal

D 2.Ptosis

D 2Ptosis

Q 3Entropion Q 4Ectropion (| 3Entropion Q 4Ectropion

D 1Yes

Audayalne

&IUN 5 DD. Slit Lamp Biomicroscopy

Applanation IOP DD1

Cornea DD2

Evidence of Surgery DD3

Lens DD4

Right Eye
1 mmHg

D 1 Normal

Qs Opacity

D 5 Other

Q- Significant Pterygium

D 1Yes
Left Eye
2 mmHg
DZ Normal
[ Opacity
s Other

Qs Significant Pterygium

Qe W2s-pr W3 Fitteringld 41-p1 s s-p1 W6 Filtering

U 7eccE U spe

U 11 Other

U 9eccE U 1orE

U 12 Other

D 13 Glaucomflecken

D 1 Clear

U 3ns

D 14 Glaucomflecken

D 2 Clear

U 4ns
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D 5 Cortical D 6 Cortical
U 7psc U spsc
Qorcior  Qioacior Wiiecior Wiz acion
L A
HAAUN 6 EE. Glaucoma
C/D Ratio EE! 1 Vertical 2 Horizontal 3 Vertical 4 Horizontal
Disc hemorrhage EE2 Q1 ves Q2o L3 ves U4 No
m3aalagl
avdinyaLiudnaInTsaneIa NI TUATIITRNNYFRTFINENLNARAT]
Right Left
Glaucoma EE3 Ui ves o No U 3 ves Uano
U spracc U 6sace U 7racc U ssace
U oroac Qiosoac Wiiroac  Wi2soac
U i3n16 U4 ouT U isnT6 U 16 our
Q17 Glaucoma suspected 0 18 Glaucoma suspecte
ivdeyalne
,
AAUN 7 FF. Fundus photograph
Fundus photography i Yes | P No (M 3 Yes Q4 No

Audayalne




qUN 8 GG. Fundus examination & Conclusion
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Fundus Examination

Retinal examination GG1

Right Eye Left Eye

0 1 Normal L2 Normal

Qs Optic atrophy () Optic atrophy
(4 DR (NPDR/PDR) U 5 DR (NPDR/PDR)

U 6 Vascular (CRVO/BRVO/other) [ 7 Vascular (CRVO/BRVO/other)
U s amp U oamp

U 10ErRM Q11 ErRM

#7UN 9 HH. Diagnosis

This person is classified as HH1: L)1 Lowvision 2 Blindness

Eye abnormalities HH2 Right Eye Left Eye
1. Phthisis/disfigured/no eye Q1 ves L2 ves
2. Conjunctivitis,FB,Dry eye O ves O ves

3. Significant pterygium U3 ves U4 ves




4 Strabismus D 5Yes D 6 Yes

5. Amblyopia L7 ves L 8 ves
6. Refractive error D 9 Yes D 10 Yes
7. Corneal diseases D 11 Yes D 12 Yes

Scar, opacity, band K,...........coooiiiiiiiii

8. Cataract Qs Yes [ Y Yes
9.DR Qsxeor - O i6PDR Qi7neor - LigPDR
U9 pME U 20pME

10. AMD U 21Dy L 22wet O 23Dry 0 24 wet
11. Retinal vascular 0 25 ves 0 26 ves

12.RD 27 ves U 28 ves

13. Retinitis pigmentosa L 29 ves 30 Yes

14. Cortical blindness 031 ves U 32 Yes

15. Glaucoma 33 ves U 34 ves

16. Uveitis U 35 ves U6 ves

17. Optic atrophy 37 ves 038 ves

18. Ptosis, ectropian, entropian 39 ves 0 40 ves

Abcess, Blepharochalasis, Tic dOlOrOUX,..........ccvveuiiiiniiiiiiiiianinnn.
19. ERM, EMM U 41 Yes U 42ves
20. Pseudophakia Q Yes O ves

21. Posterior capsular opacity (PCO) Q Yes O ves



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Pseudoexfoliation syndrome(PEX )

Asteroid hyalosis

Post Laser iridotomy (LPI)

Posterior Vitreous Detachment (PVD)

Retinal drusens

Chorioretinal scar

Complication from eye surgery

Ocular hypertension

Pigment dispersion syndrome

Congenital anomalies

Iris coloboma

Post-op pterygium

Gyrate atrophy

CVs

Post-traumatic maculopathy

&UN 10 JJ. Principal eye disease

Causes of principle disease

Congenital

Hereditary diseases

D 1Yes

D3Yes

Trauma D 5Yes

o o 0 0o 00 000 o0 o0 0 oo

Yes

Yes

Yes

Yes

Yes

Yes

D 2 Yes

D 4 Yes

D6 Yes

o 0o 0 0o 00 00D 00D o0 0 o O

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Degeneration

Comment

D 7 Yes

D 8 Yes

&IUN 11 Management KK.

D 1 None

D 2 Medication

D 3 Refer to

Audayalne

for
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U4 VF examination

0 5 Cataract extraction
U6 Pterygium removal

L 7 Laser iridotomy

0 8 Laser photocoagulation
[ 9 Glaucoma evaluation

U 10 Other

Hospital
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Ocular axial length as a function of age, gender, and its association
with refractive error in university eye clinic
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Faculty of Optometry, Rangsit University, Patumthani 12000, Thailand
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Abstract

Faculty of Optometry conducted the study of ocular axial length
and its association with refractive error from patients attending Eye clinic of
RSU Healthcare during 2015 to 2019. There were 2, 894 patients 40-80 years
old (Mean 60.19+10.634 ) with subjective refraction for best corrected
vision, 1,154 myopia, 1,381 hyperopia and 359 astigmatism. Only 302
emmetropia were found. There were 592 random sampling axial length
measurement (18.5%). The mean axial length was 24.13 +0.42 millimetre
(95% confidence interval: 23.71-24.55) . The result showed no association of
the axial length to sex (p = 0.2246), age (p = 0.771) and eye side ( p =
0.6801). The axial length of right and left eye associated with refractive
error (p=0.039, p=0.036) and were inversely association as myopia with less
spherical equivalent had longer AL and hyperopia with more spherical
equivalent had shorter AL. When divided AL into millimetres (mm.) starting
from 17.1 mm. and increased 3 mm in each step, it was found that myopia
(based on negative spherical equivalent) had longer axial length than

hyperopia (positive spherical equivalent) and could prove statistically by
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linear regression (Pearson correlation R= - 0.664) which was strong
association.

In conclusion, axial length was a strong determinant for refractive
error and axial length showed inverse association with spherical equivalent

and refractive error.

Keywords: Ocular axial length, refractive error, spherical equivalent, eye

clinic, Rangsit University

Introduction

Refractive error is becoming the most common disorder of the eye
causing visual impairment globally (Resnikoff et al, 2004) and in Thailand
(Jenchitr et al, 2011). Visual impairment due to myopia is associated with
structural changes because of elongation of the eye especially the posterior
segment. The axial elongation caused thinning of retina, choroid and sclera
which precipitated to retinal detachment, choroidal neovascularization,
glaucoma and macular atrophy (Jong et al, 2018, Kato et al, 2019 .

There was a study showed that visual impairment associated with
ocular axial length and spherical equivalent (Tideman et al, 2016). It was
projected that in 2055, eyes with axial length longer than 26 millimeters
(mm) or equal to more than -6.00 D. would have 7-13 more visual
impairment than emmetropic eye. Worldwide prevalence and risk factors
for myopia were known (Pan et al, 2012). Control of visual impairment in
high myopia is difficult so prevention was easier. Recommendation for

outdoor activities (Rose et al, 2008), more sunshine exposure and more
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summer time (Fulk et al, 2002) are expected to produced less axial
elongation (Read et al, 2015) Evidence based of outdoor environment
causing less axial length in Mongolia and China were showed
(Wickremasinghe et al, 2004, Cao et al, 2019). In the other study, physical
activity has no effect on myopia in Danish children (Lunberg et al, 2018)

As axial length were major contribution of refractive error (Blanco et
al, 2008), optometrist should pay attention to axil length during refraction
to evaluate the possibility of ocular complication. Myopia is increasing in
globally (Holden et al, 2015) and in Asia (Shimizu et al, 2003, Sun et al,
2012) Higher prevalence of the elderly in the past 50 years which more
cataract and more narrowing of anterior chamber causing hyperopa.
Optometrist should evaluate and advised Laser Prophylaxis Iridotomy which
was acceptable method in some hyperopia to prevent angle closure
glaucoma. There were previous reports from Rangsit University for
complication of myopia and hyperopia (Ploysit et al, 2017, Jenchitr et al,
2019)

Objective

The purpose of this study is to determine the distribution of ocular
biometric components as axial length, their relationship with personal
characteristics, age, sex, eye side, and refractive error.

Methods

By cross-sectional retrospective study used clinic-based data from
Eye clinic of RSU Healthcare, Rangsit University from 2015 to 2019. Among
40- to 80-year, subjects were random for axial length measurement by A

scan biometry ultrasonography (Alcon Acuscan RXP) and IOL Master (Zeiss
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Master XP). Data were summarized as mean and 95% confidence intervals.
Unpaired t test and Linear regression were used to investigate the
relationships between axial length and variables including different type of

refractive error.

Result

Among 5,039 patients, age ranging from 1-91 years old, 2, 8%4
patients were 40-80 years old (Mean age 60.19+10.634 ) had complete eye
examination and follow up. Five hundred and ninety two patients (18.5%)
had axial length (AL) measurement. The result showed no association of
the axial length to sex (p = 0.2246), age (p = 0.771) and eye side ( p =
0.6801) as showed in Table 1. For mean of axial length in right and left eye
are not different in unpaired t-test (p-value = 0.6390) as in Table 2 and
Figure 1.

Among 2,894 patients with refractive error, there were 1,154 myopia
(exclusion of cataract-induced myopia and poorly controlled diabetes)
1,381 hyperopia (exclusion of lens subluxation /dislocation, central serous
chorioretinopathy) 359 astigmatism and 302 emmetropia (exclusion of
pseudophakia with intraocular lens implantation, post refractive laser
surgery)

In myopic subgroup, there were 672 mild (-0.50 to -3.00 D.), 259
moderate (-3.25 to -5.00 D) and 223 severe myopia(Less than -5.00 D). In
hyperopic subgroup, there were 1,015 mild (+0.50 to +2.00 D.), 324
moderate (+2.25 to +5.00 D.) and 42 severe hyperopia (More than +5.00 D.)
as Table 3.
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When divided axial length into millimetres (mm.) starting from 17.1
mm. and increased 3 mm in each step, it was found that refractive error
and axial length (of right and left eye), showed both myopia and hyperopia
are associated with AL (p=0.039, p=0.036). By using unpaired t-test, means
axial length of right eye and refractive error (as spherical equivalent) are
associated with myopia and hyperopia which are the same as left eye.
They showed inversely association as myopia with negative spherical
equivalent had longer axial length and hyperopia with positive spherical
equivalent had shorter axial length (Table 4). By Table 5 unpaired t-test
showed means of right axial lengths in different refractive errors (myopia
and hyperopia) are different as same as left eye From Figure 2 showed
linear relationship between right axial length and right refractive error
(spherical equivalent) The Pearson correlation between right axial length
(AL_R) and refractive errors in right eye (RE Sp) is strongly negative (R= -
0.664) showed the mean Al in this study was 24.18 mm. Table 6 showed
Chi-square for the association between Axial lengths and Refractive errors.
Figure 3 showed comparison between myopia and hyperopia cases

corresponding to axial lengths.

Discussion

In some study (Yamashita et al, 2012) stated that man had myopia
more than women and had longer axial length including there had
difference axial length between age group due to more vitreous chamber
depth. Rangsit study gave a different result because the axial length of RSU

patients had no difference in sex and age group,
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In this study, because the patients were aging population (Mean age

was 60.19 +10.634 year). The spherical equivalent tended to become

hyperopic and get less myopic which was the same as studied in China (He

et al, 2009) including the mean age of patient with axial length

measurement was 66.23 + 8.73 years so some statistic could not be

proved. In the next study, some precaution should be consider as

1.

To measure axial length, the patient should be instructed not to
accommodate and should using cycloplegic drug because 3 and 6
Diopters of accommodation will cause 11.9+12.3 um and 24.1+22.7
um increase in axial length (Suzuki et al, 2003, Atchison et al, 2004,
Read et al, 2010, Woodman et al, 2012).

Due to diurnal variation, definite time in a day to measure axial
length should be set (Ulaganathan et al, 2019)

To compare axial length of patients, domicile should be considered
because urban children had longer axial length than rural children
(Rozema et al, 2019 and the same as adult.

Axial elongation following prolonged near work in myopes and
emmetropes were accepted, so the patients attending the study
should be well proportion in occupational near work (Woodman et
al, 2003).

Get younger population for axial length measurement so the age
distribution statistic will be in a normal curve and get more accurate
association.

In the next study, other parameter as height, weight and other ocular
parameter should be considered as Corneal curvature, Corneal

power, Central corneal thickness, Anterior chamber depth and Lens
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thickness to complete the research result (Hashemi et al, 2020).

Further study is needed to clarify the role of environmental factors

in myopia.

Due to all of these conditions, this study of the association of axial

length and refractive error could be showed only in text but not clearly

showed in statistics

Conclusion

This cross-sectional retrospective study of axial length was inversely

associated with spherical equivalent and refractive error and axial length is

a strong determinant for refractive error(Pearson correlation R= - 0.664) .

Table 1: Comparison of axial lengths in 592 patients corresponding to

different genders and age groups

Male Female Summary
Age
groups One-way
(years) 2 2 _ £ _ ANOVA
s = 3 £ g s = % £ g g 2 S B
z2 & = = = =2 =3 |2& |22 |2 = = R & R = | a=005
24.28
40-50 30 31.02 19.93 24.84 11 27.02 20.84 2371 41
+0.80
°
24.45 5
51-60 56 30.33 21.27 24.56 34 29.55 20.67 24.33 90 2 5
+0.16 2
g o
23.95 > 3
61-70 125 29.12 21.61 24.22 137 29.87 21.00 23.67 262 2 =
+0.39 2
9]
24.18 >
71-80 94 27.45 20.00 23.96 105 27.01 21.26 24.39 199
+0.30
24.40 24.03 24.13
Total 305 287 592
+0.39 +0.39 +0.42
Unpaired t-
p-value = 0.2246
test
Non significance
oL =0.05

Table 2: Comparison of axial length between left and right eyes in 592

patients
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Right eyes Left eyes
Age groups
(years) = =
’ s 2| s c r c
z & = 2| = < =z | & =3 |22 |= =
24.64 24.61
40-50 33 31.02 19.93 33 30.18 19.92
+0.40 +0.39
24.59 24.50
51-60 78 30.33 20.67 76 29.57 20.58
+0.21 +0.20
23.96 24.03
61-70 247 29.87 21.00 239 31.40 21.38
+0.09 +0.10
23.72 23.65
71-80 193 27.47 20.00 183 28.14 19.50
+0.08 +0.08
24.01 24.00
Total 551 531
+0.35 +0.35
Unpaired t-test p-value = 0.6390
o = 0.05 Non significance
Table 3: Summary of Refractive errors among different age groups
Participants Myopia (Diopters) Hyperopia (Diopters)
8
Age groups o o -
< 3 3 =2 € Total
(years) M F Total : o q + a
49 (5 o 8 8 o © w
o a S o ) < §,, o
s R\ w0 D N A = o
' b v ? K A < £
40-50 360 419 779 191 62 72 173 22 10 69 121 720
51-60 395 527 922 166 64 74 307 66 15 82 69 843
61-70 508 603 1,111 183 90 62 349 148 12 110 69 1023
71 - 80 281 375 656 132 43 15 186 88 5 98 43 610
Total 1,544 1,924 3,468 672 259 223 1,015 324 42 359 302 3,196

*No refractive error: - 0.25 to +0.25 (exclude Pseudophakia and Post

refractive surgery)
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Table 4: Comparison of axial lengths between myopia and hyperopia in

both right and left eyes.

Myopia (Diopters)

Hyperopia (Diopters)

o
o
: ' S Unpaired t-test
Refractive Error ° 3 - 2 sl e S z p
3 gl Qg S| E§5|898¢8 92| % §| =005
< & « v e =% 2% 2 A [~
No. 101 as a5 194 132 87 6 225 p-value <
Right
eyes | Mean 2009 | 2515 | 2619 | 2484 | 2359 | 2305 | 2225 | 2335 | 0001
AL £012 | £021 | 2029 | +088 | £007 | £010 | £046 | +0.34 | Significance*
No. 97 47 45 189 128 83 6 217 | p-value <
Lefteyes | \jean 2420 | 2504 | 2610 | 24.86 | 2355 | 2303 | 2188 | 2330 | 0001
AL +013 | 019 | 031 | £0.80 | 007 | £011 | +033 | +036 | Significance*

Table 5: Distribution Axial lengths against different Refractive errors

Mean Axial length (mm.) Refractive Error
Axial
L h No Total
engt - =} otal
8 8 i - - b c RE
(mm.) Male Female o i et S 2 s z
i) 2 5 =) Qo < E
=] ' ' v o
b N o 2 Q 5 k7
< 9 o 3 S = 2
17.1-
5 5 1 1 1 2 2 1 0 0 10
21.0
21.1-
28 88 19 4 3 27 34 4 8 5 116
230
23.1-
175 140 59 19 8 95 49 2 38 18 315
25.0
25.1-
55 32 21 17 21 10 2 0 4 8 87
27.0
27.1-
10 9 2 8 6 0 0 0 1 0 19
29.0
>29.0 6 3 0 0 7 0 0 0 1 0 9
25.21 24.13
Mean 24.40 24.03 24.20 25.04 26.10 23.55 23.03 21.88 24.28
+ +
Al +0.39 +0.39 +0.13 +0.19 +0.31 + 0.07 +0.11 +0.33 +0.14
0.10 0.42
Longer
110 78 63 a4 42 60 31 2 29 25 188
AL
Shorter
165 197 41 6 5 76 57 5 23 7 362
AL
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Table 6: Chi-square for the association between Axial lengths and Refractive

errorss
Myopia Hyperopia s
2 Chi-square
o o ;
24.06 5 5 " < = = Chi-square with Yates
2 L2 4 & n N 0 o n ©
g Ju g v %) 2 8 uoR %) %n correction
\Y (o} o 7o) o S
° |7 2] 8 £
Longer AL 63 a4 42 149 60 31 2 93 242
50.043, 48.6778,
Shorter AL 41 6 5 52 76 57 5 138 190
p-value < p-value <
Marginal 0.0001 0.0001
column 201 231 452 Significance* Significance*
total
iR
32.007 -
30.00 :
Left axial length -,
26.004 - :
- '. -
26,007 ’ S A
‘.
.'. ‘: : .
24.00 . . ’ Right axial length
22007 A
20.007
18.007
T T T T T T | |
1800 2000 2200 2400 2600 2800 3000 3200

Figure

1: Similarity of axial length between left and right eye




58

5.007

p

-5.007

RE_RS

-10.007

~15.00 .

-20.00

1800 2000 2200 2400 2600 2800 3000 3200
AL_R
Figure 2: Linear relationship between right axial length and right refractive
error ( spherical) The Pearson correlation between right axial length (AL R)

and refractive errors in right eye (RE_Sp) is strongly negative (R= - 0.664)
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2004 Myo_Hyp Myo_Hyp
B Myopia . N
W Hyperopia Myopia Hyperopia
20 F>29
150
27-20- [27-29
£ g 25277 r25-27 2
S 100 5 o
| 23257 [23-25 'o
o, 3
o 2
= 21-231 r21-23 ®
50
17211 F17-21
01 ro
0= T T T T T T T T T
0 17-21 2123 23.25 25.07 27.29 >29 200 150 100 50 O 50 100 150 200
AL_R_Group Count
Enor bars: 95% CI Enor bars: 95% CI
Myo_Hyp Mya_Hyp
Myopia Hyperopia Myopia Hyperopia
»29- F>29 7297 2 ]
27-29 F27-29 2325 2825 g
25271 2521 g 01 o
23254 r2325 £
21-231 [21-23 =20 =29 "
17-21 F17-21 . L 2

P I g 2325 BB ko

2 2 @ & 0 o iy ®

[} i g [} 0 !

] 2 ] @

o Q 2 Q H

H s . - ]

E:.I 204 Lo E E:.I >29 >29 g2 = £
27-26+ F27-29 23257 225 &
25274 F2527 @ 01 o
23-259 F23.25 3
21-234 F21-23  ® 29 F>29 -
17217 21 23259 F23.25 &

0 o | [ 3
0 0
— T T T T — T T Tt T T T
100 80 60 40 20 0 20 40 60 80 100 80 60 40 20 0 20 40 60 80
Count Count
Enor bars: 95% Cl Enor bars: 95% Cl

Figure 03: Comparison between myopia and hyperopia cases corresponding

to axial lengths
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