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6509672 . Jiratchaya Chiengthong
Thesis Title . Effect of warm white light and cool white light on asthenopia
Program : Master of Science in Clinical Optometry
Thesis Advisor  : Prof. Emer. Yosanan Yospaiboon, MD.
Abstract

The objective of this study was to compare the effects of warm white light and cool white
light on asthenopia in participants visiting the Optometry Clinic at Rangsit University. The study
evaluated asthenopia using Accommodative microfluctuations (AMFs) measurements and the
ASQ-17 questionnaire. A total of 48 participants, who met the inclusion criteria, with an average
age of 24.81 + 1.63 years, were randomly assigned into two groups using the block randomization
method. Participants underwent two experimental conditions (warm and cool white light) in a cross-
over design, playing mobile games for one hour under each lighting condition in sequence.

The results showed that under the warm light condition, AMFs values were significantly
decreased in Group 1 (p <0.001) and Group 2 (p = 0.025) respectively. Under cool light condition,
AMFs values were increased in both groups but did not reach a significant level. According to the
analysis of treatment effect, AMFs values under cool light condition were significantly higher than
those under warm light condition (p = 0.029). This indicates that cool light has a greater impact on
asthenopia than warm light. After each experiment, ASQ-17 scores were significantly increased
under both lighting conditions in both groups; nevertheless there was no significant difference
between warm and cool white light. In conclusion, both lighting conditions significantly affected
asthenopia, as indicated by the increased ASQ-17 scores. However, warm white light demonstrated
a statistically significant reduction in AMFs, suggesting that it may be a more suitable option for
environments requiring near-vision activities, such as rooms used for one-hour near work.

(Total 62 pages)

Keywords: Asthenopia, ASQ-17, AMFs, Cool white light, Warm white light
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2.1.4 msdsz@iveimsman (Assessment of Asthenopia)
1) M3U52luaINe1N1S (Symptom assessment)
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(1) Visual Analog Scale (VAS)
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(2) Computer Vision Syndrome Questionnaire (CVS-Q)
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(3) Asthenopia Survey Questionnaire (ASQ)
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Taglriordraiiasshmsaeuuuae U MonszauaNuianluus
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A1319% 2.1 uEuUUa U INYTLINeINIAIEa1 ASQ-17

Frequency
Items related to asthenopia symptoms No | Mild | Moderate | Severe
0 1 2 3
1 | Did you feel discomfort around your eyes?
2 | Did you have eye dryness?
Did you have eye pain such as tingling, flatulence,
’ etc?
A | 4 | Did you have eye soreness?
5 | Did you have a feeling of heavy eyelid?
6 | Did you have a feeling of tight eyes?
Were you sensitivity to light (such as fear of light
7 and dark)?
When using mobile phones or computers, did the
i brightness of the screen cause eye discomfort?
9 | Did you squint?
10 | Did you feel strenuous when using eyes at near?
B Did you have blur or ghosting vision when using
! eyes at near?
Did it make you feel slower to read due to ocular
2 symptoms?
Did you have eye discomfort when looking moving
. objects?
14 | Were you lack of concentration when using eyes?
15 | Was it difficult to remember what you just read?
C Did you have dizziness or headache when using
1 eyes?
Did eye discomfort make you feel anxious or
v depressed?
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2) mssziiuniegnsal (Objective Assessment)
a gﬂ) 9 A A aa A o 1 aa o
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2.1) Near Point of Convergence (NPC)
A Hq ¥ a Y &
1) ﬂ15ﬂﬂﬁ@ﬂﬂi%ﬂixlu‘l‘lﬂﬁ"ﬂlﬁ"ﬂl15‘051]’0\1ﬂa"lll!,uf’)@fl‘l.lﬂ"lﬁiﬁlﬂ
o A A Ay v v o y X doqu 2 ]
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(3

o 1 [} d' Y d‘ % Y Ya a d‘ (%
ﬁ111”Iiiﬁ/lN”I‘L!i’J‘JJﬂHLWE’)ﬁiNﬂ”IW‘VI%ﬂLi]ullﬂ mumﬂimmaaﬂmummmﬂu Convergence
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=} 1

! & H 1 @ 4
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an o & a { 3’; [} 1 4 [
avallunau winaanziaamsaed liawnsasawnn ldedringauiionesiag
1nd Tasdes1nau09n13nadaUa18 NPC thgavsanuanudilalunmsnaaeuuazaiiy
suilevosdt e NowdiwansznUADAINILNUET IR (Scheiman & Wick, 2015)
2.2) Range of Accommodation
A ] ~ o Y] A Y < [
A9 MInadeUFINILez A NMaIT0l5u Tindwe Iueuiuiag
Y o A a A o 9 ti’ 9 [
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2.3) Eye Movement Tracker
A A A A A Aq Yo o A o =
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2.4) Accommodative Microfluctuations (AMFs)
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Aberrometry
9 s A A A
(2) Wavefront Aberrometry l¥ugaaiyessoudanunig
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o <
Tna (Accommodation) w%ﬂmmwmmmmu
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TaglumsAnyIATIN 38M1N157AA281AT00D Auto Refractors-

Keratometer : ACOMOREF 2 9$UM130aAINau84A1 AMFs ¥1ia HEC aonu1lugivesns
v & ANY 1aA A = = 1 = v A '
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Y & = 9 o Ay ¥ o a
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g‘ﬂ‘ﬁ 2.1 1039439 Accommodative Microfluctuations (AMF)

nN; Medicolle, 2024

NaNMITMIUV0UATeIRD Taaaadumsusa (Infrared) B 11T
a 4 [ 4 [
A1AAZNATITHNITASNOUNAUIINVOAUNDATIFARUANNA T 0 Tums Idaveaan
o 1 Aa a o A Y o 1 ~ Z F)
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N8990 laa1aea1 AAI9d9zIMItallsavetsadrlaginnsiuandain +0.50 D 94 -
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insoalvdanugiaue (Hampson, Cufflin, & Mallen, 2017)

Normal

(R)
<TAREET AVE HFC>
=— 1.87 - 1.72 +54.13
) x: 5.8 y: 5.9
- 2. 87 - 2.13 +60.25
x: 5.0 y: 6.8
=~ 3.87 - 3,03 +60.49
Xx: 4.8 ¥y: 1
- 4,87 - 4.14 +63.45
‘ x: 4.9 y: 5.1

2.2 Wan'1#a1n1A3949 Auto Refractors-Keratometer : ACOMOREF 2

€an
=
=)

A Kajita, Muraoka, & Orsborn, 2020



13

a o g A Y1 = g’/ A [
TaslunuIvetiazidenleamuvazioealunsan 6 veanisialunis
o A 3 v oA A 1 o 23 1 1
A iiesnndluanmin ldanaaiea 3149 -2.00 D FuuA1PA19521119 -1.00 LAY -
a I oA Yo [ ]
3.00 D1unsdsziv waztduainlasumssensulumsasrvmianuaivisalunisivg
v 9 v
(Accommodative Facility) 1un 1981 nu1n g a (Reilly, Gaiser, & Young, 2023) 41U ULl
v A = e a ] 9 o o A 2 < o Y] °
pauogaauaaunaeINsoaual A3z lumsdsuInnaszminyy 39 1in1smauves
) A = o ° A 2z ' o o ' A A
nAMogAEUIAINUALINNTY danaliaNuAuRIL T udIUYeInNDGINTBA1 HFC
42 % X, o " A o 2 A A v ..
FUNBITY FIVIFNMIRUHIUNAIHITFAIUYILDANA UK UBEA (Kajita et al., 2020)
' ' H 3 4 <
FITNIIZUDIAIN IUAINVDIATIVAUL 1119I91ANITHALNT VD
v A = 2 . = o v . &
AAILRIAIAUTAT (Ciliary Muscle) TuvaeNueaingizez1nd amisaniseoniu Low
Frequency Component (LFC) Ao UMD ¥endT 0.6 Hz uay High Frequency Component
~ ~ 1 1 = I o 1 v W
(HFC) BAu00g 1193 1.0-2.3 Hz %4 LFC agilumsmausununussuulssam Tuvae

4

{ = o Y 9 @ { [ a 1 9 o
ﬁ HFC i]gﬂJﬂ’JHJ’(:ﬁJWu‘ﬁﬂﬂ@ﬁﬂﬂﬁmuﬂlﬂﬁﬂlﬁlﬂ mﬂﬂﬁﬁmﬁaﬁmauﬁmmﬂmiaaumfﬂzm

ke

9y o Y = 4 o A g 1 o Y A dsg
Imshauvesndwiiedaaudanhaunuunniu azdaraiinlia HFC geannoadiu Tag
1 [ Y d‘ o o @ 1 d' 1 d'
A1 AMFs a111303a 1dainmanlasuudasvesmaesmsinmuaaluudazszeznuos Taga1n
4 <3 a =Y [ g’/ ]
Ta91n1A50491/0 Auto-refractors 3211)11391/511 dariuIsasalslunstaaarldesnunlu

walsuald (Lupén, Gispets, Cardona, Tapia, & Abril, 2019)
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[ [ 1 1 J I 1 {
917115 q% Block Randomization 11411 2 NN nguaz 24 au Tagngu 1 1lungui

D=
)

J < 1 {
naaodlugiuuy Sequence AB waz lungy 2 11 unguinaaealugiuny Sequence BA 43

& & v |
Joyana luazdoyaiiugm dwansluaisian 4.1

d' ) & ) & ' o
M13197 4.1 naasdeyan liluazdoyaiugiuvosngueraiaing

Demographic and baseline Group 1 (Cool-warm) | Group 2 (Warm-cool)
n=24 n=24

Age (year) Mean = SD 24.5+1.41 25.13+1.8
Gender N (%)

Female 17 (70.83%) 18 (75%)

Male 7(29.17%) 6 (25%)
ASQ-17 (score) Mean + SD 15.58 +4.93 14.54 +5.71
AMFs (dB) Mean + SD 62.91 £3.29 62.82+£3

AMF (Accommodative microfluctuations), ASQ-17 (17-item Asthenopia Survey Questionnaire)
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a ¢
4.2 ﬂ1‘i’Jlﬂ51Zﬁ%ﬁyﬂ%1ﬂ!!‘]J‘]JE’I’6‘]Jﬂ1N®“Iﬂ“I§ﬂ”I’E]I”I!!E’IZAccommodative

Microfluctuations

4.2.1 Yo3ave3 AMFs #az ASQ-17
Taagive lduaasdoyaves AMFs uaz ASQ-17 tilaindoyalinisuaniag

. . . ° 2 ! { { o v
111U Normal Distribution %Qmmumlayaclugﬂgmumm?w G]'lll@l'lﬁ"l\iﬁ 4.2 118% 4.3 guanay

[ 1 9
A15199 4.2 LLAAIANNAY Accommodative Microfluctuations (AMFs) U03491810UATNY 2 NQU

Period 1 P Period 2 P

AMFs s
Before After value Before After value’

Group 1 | 6291 +3.29 | 63.56+3.47 | 0.371 | 64.76+3.18 | 61.51 £3.56 | <0.001*

Group 2 62.82+3 61.27+3.7 | 0.025*% | 6243 +£3.19 | 62.96+3.99 0.174

AMF (Accommodative microfluctuations), * (Statistically significant), * Paired t-test

MsnfSeuieuaunas Accommodative microfluctuations (AMFs) NOULALHAS
' g}/ ! t:' =S ! = d‘ ' =)
MINAa0d WUINIIungun 1uag 2 Tuuaa@viaInugu UA1RA8 AMFs anad08191l
WodAyn1aana (p<0.001 1ag p=0.025 ANaIAY) 1A BinuaNuLaAnaNed1NTsd 1Ry

ana < g‘; 1 H
NADAVOILEITUD INUBUDINNG 2 AN (A13197 4.2)

] v 9
A1519N 4.3 Lm’ﬂﬂﬂ”ILﬂ%EJﬂ%LLHNLLU‘Uﬁ@‘UﬂHJ@Tﬂﬁ@ﬂl%)'] (ASQ-17) UDIDITIANATNN 2 LY

Period 1 P Period 2 P

ASQ-17 ‘
Before After value' Before After value’

Group 1 | 15.58+4.93 | 20.00+9.07 | 0.009* | 13.13+6.97 | 19.58+8.97 | <0.001*

Group 2 | 14.54+5.71 | 19.04+7.86 | 0.002* | 15.75+6.07 | 19.17+7.14 | 0.004*

ASQ-17 (17-item Asthenopia Survey Questionnaire), * (Statistically significant), * Paired t-test

=\ =} J a Y
M558 UNeUANRTIATUUULVVABVNINOINITAIA1 (ASQ-17) VDI
91 ANAINOUUATHAINITNAADY TUNGUN 1 WU HAIMINAARI Tudn1IZHEIFY I INU
3 ' 1 { o [
B taznasdyn InuguilAunasnzuuILU#o U N INIAAIWNINNIINOUNTNAADIDE

A o 9

Ued1AYNEDaA (p=0.009 tag p < 0.001 MudIAY) uazmafTeunenlungui 2 wun
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[ 1 I~ 1 H
naan1Inaadluan1zua Ty InuguuaztaIdy 1 Inuay UAuRfsAzIUULUIAO DY

21M3AAWINNNNOUNMITNAABIDENTUBTIAYNINEDA (p = 0.002 A p = 0.004 ATNEINL)

(15199 4.3)
4.3 HaNINAA0Y

HAN13NAADY (Treatment Effect) A1UIMIINHAANYDITOYANDUIAZHAINITNARD
Wi uItonaazanlunaAaz¥199a1 A1Na19YBINAAINAINE1) naaslua1519N 4.4
A 9 = o 9y 1 a R o <3| 1 .
iHee9Indeyanan1snaaedinisnszealvesteya lulna Jaindueilunl Median naz
Interquartile Range

Treatment Effect U84 Period ‘17] 1 = After — Before 111 Period “ﬁ 1

Treatment Effect Y94 Period 7 2 = After — Before 114 Period 11 2

1 Ed
A5 19N 4.4 LAAIHAN VO ASQ-17 lagn1 AMFs Tuupazs9v090 181 auATNG 2 Ny

Treatment effect Period 1 Period 2
Group 1 (AB) n=24 Cool White Light Warm White Light
AMFs 1.2 (-2.07, 2.76) -2.31 (-3.89, -0.67)

ASQ-17 p o Y 6(2,9
Group 2 (BA) n=24 Warm White Light Cool White Light
AMFs -0.95 (-3.66, 0.69) 0.88 (-0.34, 2.66)

ASQ-17 5(0, 8.5) 2 (0, 6)

AMF (Accommodative microfluctuations), ASQ-17 (17-item Asthenopia Survey Questionnaire)

a 4
ANTIZHHANTZNLINNITNAADILLU Cross-over Design 91NV0ya ASQ-17 11z AMFs
9 o Y ] a <Y I [ Y 1
Tagd19e lausmsinsgrideyasomiiu 4 aau 1dun
= = < = 1
1) Treatment Effect: (f3guinaunasdvd Inuguuazuaaaun Inugu
2) Carryover Effect: 11M3if3eumonsz1i1angy lunsnaaoarian 2
3) Sequence Effect: 11/5811M81352117190q1 1(AB) and 2(BA)

4) Period Effect: 15 811MeU5241119%291001009015NAADY
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4.3.1 #an13NAaoy (Treatment Effect)
= 1 = < =
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Y

#i 1 udr3nseianuuanaessiaramsnaaes Idnadai

1) AMFs

(1) A1 AMFs Tunaa Inudu 6y 1.02 (-1.97, 2.67) wdua

(2) A1 AMFs Tunaa Inugu iminy -1.87 (-3.85, 0.18) 1AF1UA

(3) A1 AMFs lunasInuidv annnd1 a1 AMFs TunasInugu 2.89 1adiua
w3e mylFamem Iuuaa Inuduihliiomsnansvesnananinms ldmea luuaaInu
guagliad Ay N1eana (p < 0.001)

2) ASQ-17

(1) mazuuu ASQ-17 Tuuera Tnudu midv 2 (0, 6)

(2) MAzUY ASQ-17 TunaaInugu 1Nt 6 (0, 8.5)

3) linuanuanaedeiidodinany sgraemazuuu ASQ-17 TuuasInu

<3 '
Lﬂuttazltﬁﬂimuqu (p=10.099)

4.3.2 HANIZNUADINBY (Carryover Effect)
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1) AMFs

Y

Treatment Difference H3DHAAITEHINNOUUALHAINITNAADI TUNY 2
[ a0 [ % A Y A [ d' 1
FI9IAINITUAUNINU 3D INAABINU 1AA5190 4.4 WU

(1) Treatment Difference 119299 2 (101 0.88 - (-2.31)=3.19 AU

(2) Treatment Difference 1159450 (N10U 1.2 - (-0.95) = 2.15 1A%

Y < ' '

(3) YoyativentsnnuiinllIdvewnansznuaeriio

2) ASQ-17

(1) nqui 1: Mazuuy ASQ-17 TunaaInugu nasanmsnaaed lunaa Iny

< [
WU NN 6 (2,9)
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(2) ngui 2: Anzuun ASQ-17 Tunas Inwdu nasmnmanaasalumasInu
QU 1N 2 (0, 6)

v o

3) ldwuanuuanaeegniivedinn (p = 0.06)

4.3.3 HANIZNUDINAIAY (Sequence Effect)
3 v g Ay y A =
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1 1 1 < 1 § o
MINABDITINIEHINNGY 1 1azngy 2 Tagsrunamsnaaed luuaaInugu $199a19 1 1y
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1) AMFs
v 1 < ' 1w
(1) NgW 1 A1 AMFs $I0Y030a9 INugn uazuad Inugu 1m0 -1.81 (-3.25,
1.85) A1V
1 v 1 < Y
(2) NGW 2 AT AMFs 5I09030a 3 INUGU Hazla Inwgu 1A -0.01 (-2.29,
1.41) @%11a
1 g [P= UV -] ana
(3) Anuuanaei hifhiedAgyneana (p =0.35)
2) ASQ-17
1 1 < 1
(1) NG 1 A1 ASQ-17 3NVD I A INUEU uazuad Inugu 4.5 (1, 8)
1 1 <3 1
(2) NG 2 A1 ASQ-17 3B I INUEY Loz Inugu 3 (0, 7)
1 dy ' o o o aa
(3) mmusﬂﬂ@Nu”lmuﬂmmgmmam (p=0.43)
a311 lifiwansenuandauveanisnaans
4.3.4 WANIZNLINTINIA (Period Effect)
I A A @ 1 ]
Auwannmstsziunannulumdas 1aa1veInmInaass
= v J 1 ] 1 ~ 1o &R K 1
nSeuiounaansszriminaaesrusnuazyeiass Tae lumilanai
I < A 1
AunaaInueursouaaInugu
1) AMFs
1 1 J < J 1
(1) 3290350 A1 AMFs 59090301 1 1ad INugu uazngy 2 uaa Inugu
N1 -0.39 (-2.44, 2.31) IA1UA
1 { 1 1 < J 1
(2) ¥29N 909 A1 AMFs 395U24nq) 1 1ad Inuay uagngy 2 nad Inugu

0 -0.53 (-3.17, 1.12) %F1ua
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= o

(3) Anuuanenad litiedh QYNNA0A (p =0.52)

2) ASQ-17

(1) $29U30 A1 ASQ-17 59mveengy 1 uaa Inwdu uazngu 2 uaaInugy
110U 2.5 (-0.5, 8)

(2) $2afia0d M ASQ-17 sauvesngy 1 uas Inudu uazngy 2 nasInugy
{0 4 (0, 7)

(3) mmmehqu“hiﬁﬁaﬁwﬁ’muﬂnaﬁﬁ (p=0.76)

a311 lifiwansznuninyanavesminaaes

ilesarnmsdiasizidoyatiesdu fanuiulil1dfesifanansenudeiios

(Carryover Effect) 3930 9AT LR MNZHAYEIMINAAD LTI AL

AMFs

(1) A1 AMFs Tutiara Inuidu sy 1.20 (-2.07, 2.76) 1diua

(2) A1 AMFs Tuttaa Inugu 11101 -0.95 (-3.66, 0.69) 1AF1LUA

(3) A AMFs luuers Tnudu ananan a1 AMFs TunaaTnugu 2.15 e

w3e m3lFaea Tuuaa Inwduinliteimsuanvesndninninns 14
e luuas Inuguag L dsdIAYNIada (p = 0.029)

ASQ-17

(1) mazuuy ASQ-17 Tuuaa Inwdy iy 2 ¢1, 6.5)

(2) MAzUUU ASQ-17 Tunaa Inugu 1Ay 5 (0, 8.5)

9

[ 1 (] ) [ <3 U
Tunuanuuanavedraidoding luuas Inuduuazias Inugu (p = 0.64)
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lumsfnymavewasd@v12 Inugu (Warm Light) tazudada1 Inudu (Cool Light)
1 @ ) ] 1 I~ 1 1 °
ﬁﬂﬂ?ﬂ?iﬁﬁ%ﬁ 1“@161@’1]?%5%11!’31! 48 AU LL']NﬂQJJ!‘]JLl 2 ﬂqwiﬂﬁlﬂ1ifjll NININeaDIULUY
v o < 1 .
Cross-over design Iﬂﬂﬁjﬁ‘ﬂ ammimu%y‘am Accommodative microfluctuations (AMFs) 8%

ATUUULVUADUDINDINTATN (ASQ-17)
5.1.1 A1 Accommodative Microfluctuations (AMFs)

= [ o 9 ] 1 o 1 @ d A

VINMIANY HidaInnmInaaed lnens leraalasmunuddug luInsdwn de
A g < < A =
o uszoznal 192 1u9 Tuganzuaa Inwgu uaguaaInugy ieguaninmsnfeume
1 9

AoUNAznAINIINAadTuA13190 4.2 nunluanzuasaun Inugunalungul uas ngu2
AUNAY AMFs UN13ana0d WU AN INana p <0.001 1Az p=0.025 AUAAU LAZWUI

< ? 1 1 § A 1 ] 1 '
Tugnnzuasd@ Inuduannigeangy Ua unae AMFs Wibaiy 1@ lnuANuAnA19081S

A o v

Ped1nn1eaana

9

] v

1 NNAaN15NAABY (Treatment Effect) H30WAA19YDIAT AMFs NOULAZHAINS
d' < [ H [ d' [ ] d'
naaodlua1inedn 4.4 Tagsauramanaaodluud Inuduveangui 1 $2190a19 1 AUNguN 2
B9800 2 Hag IIWHAMINAae TuLa TN UgUYeINgUN 1 $I39a19 2 AUNGUTN 2 I
$ [ 1 a3 1 1 1 ] v o w aa
N 1 WU A1 AMFs Tunaa Inwdu 11nn31 A1 AMFs Tunad Inuguedalisdiagn1aana
1 9 <3 o Yy Y ' Y
WU18AINI MI1Faea1 luuaa Inwdui 19581 suanavesn1d uInn1ns 1¥aieai 1y

e Inugu
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Taena'1Yd TunsAABIIVEIVY Crossover Design 811315 Carryover Effect Hafi19U94
A . g’/ 1 a1 [ Y A Y A o 1
N15NAA0Y 130 Treatment Difference 1UNT 2 $29118192UAUNINU W0 IndiAsny ualu
Y v
U383 WU Treatment Difference 1U%97 2 UAMINAI1BIULTN W503) Carryover Effect

¥ =

@ a 4 ' v g % 1 <
auuiN’Jmmmawwwaﬁueqmima@ﬂuﬂnmmmmu cfﬁ"lﬁ’wam AMFs IHLLE‘NIV]HLEJH

o

¥INNI A1 AMFs Tutaa InuguedalisdAgnaadamungIny

9

[ 1

= ~Aq Y ) ' P o  JA A =
MmsanyInveaaias@unuadun lu Insannieds luanizuaaduinInu

G

S ]
% 1

gu (Warm Light) 92 1aaA1 AMFs fiaaas Tums 2 ngu (p <0.001 1ag p = 0.025 AUEI1AD) &
= 4 9 X . o ] A g ]
N158AAIYDI AMFs U899 @012 NNa 1N eA1(Ciliary Muscle) 11191110809 oA o914
[ < 1 = 1
arwa lumsadag uaaslimunluanazuasduir Inugu (Warm Light) 111500027
< ' < { <
Svesmenld o10dlumsrzdn Tuannznasd@un Tnwdu (Cool Light) Iiuaesnuaaaiug
I A A &) 1 1 19 ¥ o
a1l dunasniianwenaudusgluyag 435 — 500 u1Tuwas (Jones, 2024) ualiwasau
g9 luvaguasdun Inuguldnasnugs lugesanuenaaulszua 550 -650 wr Tuwas
[ ] v Y
FIAVEINAUVDUUAINANAUUY AIHNANTENUADVINILTIA (Circadian Rhythms) o

215UIDNAIY (Blume, Garbazza, & Spitschan, 2019)

] 9
@@ Brainard 1Az AME (2001) VBN ILAAZFINVBIANWEIAAUIAIINa TUMTdUsIY
o 4, dg ¥ A A 4 4
a1 Ny F93919NAINAVNNGANDY I 446 — 477 W1 TUWAT TAgaueIAaUNAINANINNYA
A . 2~ ' = » g
A0 464 U1 T1UAT (R*=0.91) F9UNA 1A8ATINDE15T Melanopsin 11 Photoreceptors UDITUID
= o Y A U a A Yo A 1 = A [ =
a1 FuimihianuquniataadasemwarIndiu e ld5unaunaslurdihnlindsanuge 3
o Y a [} g)/ < a d' 1 1 9 9 dy ey
mlinansdugamsvasveauarlniu Ndananenis 19nainiion (Ciliary Muscle) 1413
oo Y q¥a PR : 2 -~ A
e imsnszquldinaeimsaar ldunaudsdun Tnugy F9nue1IAaUYoLLa ez
guvaldveaIiaeny azdiwanemsdanassueunarlniiu vnmsanulueraiaiing
Y a J I o = 1 A S A
13 AU nAavdKtIvenNN AT 1WAl 5 92 Tue fSeuMenszringensuinumes siia
a 1 4 o a d a
LED Qi 6953 K $29A210819AAY 454 — 474 U1 T110A5 NUIDABNNIADTHIA Non-

U

an 1 tﬂ' = [ é [ J = A Y d‘
LED Qauuua 4775 K Tur9AUe1IAUABINY F990 LED Adnaniaaaua lnaauids

U q

Tug9@du1nn1190 Non-LED 3.32 111 wamsany1 wulumsnaasaniinee LED 11013

v o

AAAUDANAT INUUVINNII0 Non-LED 98 NUUAIAYNINETDA (p = 0.045) (Cajochen et al.,

2011)
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[ 1 2R 3 ~ =1 o [ = ]
mawasinanIuiuinvesmsiivianssumstesnunasdihamisasisanoins
YY1 R A oy A . . < A A o A Y
A1a119AN1 FaiIARI8I1AT B4 Critical Flicker Frequency (1113 89383AA11 0881004
1 1 o { [ 1 1 1
a1 wuns lanudniesnuuaaddilduin (53.9%) ¥reaneimsaiar laaniinisld
P = Y Y =l ] A v o W an
udnansansouasdienn 1aios (26.1%130 35.1%) od19iiodAyn19ana (Ide et al.,
2015)
dy ~ TR A 9 1 9 1 = <3 Y
wennnil uas@v Inuguasianuduainadosnuasdun Inwmdu o 1unaq
Yy A9 oA 1 ad g . Yt
ALNOUNUDYNIT HIDUINAITUUANNNUDIT NN U (Contrast Sensnwlty)ulﬂﬂﬂ’n (Patterson,
Y '
Bargary, & Barbur, 2015) 1AgA1MUANA1IA LN INUANIa@0DY 919 aana 1 inaa1d i

annulugduuuaie 1a
5.1.2 AZUUHIVUABLINDINIAAN (ASQ-17)

= P 9 a Y o F)
INNSANEINSLUULV U AU INN 1¥U52ITUDINITAI10191UIU 17 U0 (ASQ-17)
1 o = <3 = (= a
WU HaINIINAaod N 1Ignaa @y Inwdy uazgua g1 Inuguiaunasazuuy
) I
LUVHOUDINDINTATAININNIINOUNITNAADIDI TR YNIADA U 2 NgU (A13790
VA A 4 1 [
4.2) UAIDIIATIZHHANITNAADY (Treatment Effect) W1 MadN1INAana lugazuasdvun
< 1 [l 3’, 1 1 1 '
Tnugu nazuaad@v1n Tnugu Aazuuy ASQ-17 9194 2 nqululianuuanaigediall
¥ o w aa A ?zl/ =] Y Y =R Y a 49! 3’; 1R
Wod AN 19 ada 1199 1nwaInI@ed Inualin1uianvo91n1smaInuInIuNLg &9
ADANRDINTIIUIVBUDY Chen et al. (2023) 1M sANBUNOGANVT A gUHYNTURUIAS
LED WUMNINansznuagiagaaudea1n1siissdimaaisaluszrinaniseiumiiede
' @ a L3 = < o
FUWASINVMNTANHIVOINTU WU (2560) MM Inaaey Tunaaduy Inuwdu udinms
Wevnuluupazszaua A veEs NUNTIMIAAUNUNAIINNTNABDY (p <
1 9 d' a é! A 9 1 % Y 1 ] ]
0.01) HA®INITAIAIMNATUNIANT BT PEIUANA1N U T e AT uaIave e ua 1y

1% ao ! o v o 1% a J 3
A9ANADINVINUITBUD Ide et al. (2015) NIFMMLVVADUD NN NUAUADUNUADS 11U

P
= v A o

na1 2 ¥ 1w udamun hifleimsadunniuegniivedagneana

ALUUULVVABUDINDINTAIAT (ASQ 17) MARanINaaedluaazuaa Inuan 1
Y 1 Y A U 1 Y= 9 - [l Y] =< .
HAINDABUE INUTN 2 TIHAADANNFANDINITAAINUANANNY AIUNIANEIVDY Hsieh et
a I A Aan A dgl 1 [ [ [ 1
al. (2020) 85110 137 ulloguugiidvosnasa IWMNIUTIWAUMTUTDIZAUANINAIN N3

v 9

Y Y a o 1A ' 3 A o
’i‘ug‘ﬂNfHEJGIWf’)ﬂ@ﬁﬂ’i?ﬂﬁ]&ﬂﬁﬂﬂﬁﬂﬁa’l HUUD LHASINUDU Lﬂu?uuj\i ﬁﬂblﬁ LAZHNAN
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4 1 <3 1 o 1

18 ielasu Tnudvesrasa Ioindun TnudnlUdunInugu shilddanteernmsadn
[ { d 1 a a o 2

Wowsas uazimsdsunlasunieersual awaldvdszansamnlunisiiauuiniuld

. . 2 A = = 3 g =

(Mostafavi, Xu, & Kalantari, 2024) Yon1n% iWetlasuainanzuasdun Inwdudluneasd
1 Y YR 1 1 12 A ) Yy 9= Yy 9

1 Inugu azldanuidneuqu weunate lulimsauanildiianuianoimsadiiosas

Y 1A o = Y A P ]

18 wu@ernu lumsdnuimasivveanas Iuazanmuadsuniinoe1suaiaz MIUBURUY

1 =) 1 1 [ o Y = [} ~ Y Y~ 1

WU UEe @ InuguIINAUMIIHeITu11 92 3100AANIATEA LAZDINITAIAT IAANT

[l Y < o
(Shahidi et al., 2021) FIAZUUULVUTOVDIWOINITAIA 1T UKADINNITTU NI A 1AL

'3 o A o
@'lillm"ll't']\if]'lﬁ'lﬁllﬂiFL‘L!GUmgVI‘VI'Iﬂ'Ii‘Vlﬂﬁ@Q

5.1.3 A1 Accommodative Microfluctuations (AMFs) azazUUUiUUaau:INDINIg

Ma1 (ASQ-17)

9
NanNFANEIHNUINANN 1N a0AAR D99 INAUUUINUULADUDINAIAT (ASQ-17)
' A A 2 ~ 4 o VoA
YoIPTIWNTALUUINLTY YA NHANITATIINIUATOIN (AMFs) NaULAAAINLUDN
= ) a T a Y ' ' o Y @
tsdanasluudsdunInugu Fe19e5u1e lannanuuanA1s T HINMsTuidaudanaz
v 9 d’ A = [ a A A 9 d' =
HADINNITIAAIEIATEIND TI8D9eM IR N ez awnaaunelunumlunsulana
2

i

& A ¥ ~Aq ¥ 9= Y 9 Y a
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o 4 a . ] 1 1 <3 [
Tumsmay uazanumtlosainiavaly Fauaaena lildaananemsueuniuissediaufed
uagaliunuimdnyaeaniiznidalutazdsz@ninmnsiauvesyanala (Bao etal,

A A P} o o 1 Ay 1A . v 2
2021) ¥39019N8T0INUMIHANUN 1N eIND (Lin et al, 2023) 1Agd1n1511HA1HD19
v o Jw A v v & DX ] A A ' o
FuusnuaNuvtssdvesnduiion uliin1saslvalmasediiens luauisosums

nlasunansedaald
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= 0 Yt v ' Y A ' < Yo =
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Frequency
Items related to asthenopia symptoms No | Mild | Moderate | Severe
0 1 2 3
1 | Did you feel discomfort around your eyes?
2 | Did you have eye dryness?
Did you have eye pain such as tingling, flatulence,
A ’ etc?
4 | Did you have eye soreness?
5 | Did you have a feeling of heavy eyelid?
6 | Did you have a feeling of tight eyes?
Were you sensitivity to light (such as fear of light
7 and dark)?
When using mobile phones or computers, did the
; brightness of the screen cause eye discomfort?
9 | Did you squint?
B | 10 | Did you feel strenuous when using eyes at near?
Did you have blur or ghosting vision when using
! eyes at near?
Did it make you feel slower to read due to ocular
2 symptoms?
Did you have eye discomfort when looking
P moving objects?
14 | Were you lack of concentration when using eyes?
C | 15 | Was it difficult to remember what you just read?
Did you have dizziness or headache when using
1 eyes?
Did eye discomfort make you feel anxious or
i depressed?
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Frequency

Ttems related to asthenopia symptoms
s " 0P SYIOploms No.| Mild | Moderate | Severe

0 1 2 3

1 Did you feel discomfort around your eyes?

2 Did you have cye dryness?

3 Did you have cye pain such as tingling, flatulence, etc?

A |4 Did yowhave eye soreness”?

5 Did you have & feeling of heavy eyelid?

6 Did you have a feeling of tight eves?

7 | Were you sensitivity to light (such as fear ot light and dark)?

When using mobile phones or computers, did the brighiness of the

screen cause eye discomfort?

9 Did you squint?

B | 10 | Didyou feel strenuous when using eyes at near?

11 | Did you have blur or ghosting vision when using eyes at near?

12 | Did it make you feel slower to read due 1o ocular symptoms?

13 | Did you have cye discomfort when looking moving objects?

14 | Were you lack of concentration when using eyes?
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C | 15 | Was irdifficult to remember what you just read?

6 | Did you have dizziness or headache when using eyes?

17 | Did eye discomfort make you feel anxious or depressed?
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