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Purpose: The blue light emitted from electronic devices may be harmful to the eye. We investigated whether internet-protocol tel-
evision (TV) with lowered blue light emission reduced ocular fatigue.

Methods: A total of 98 healthy subjects were recruited. They watched an animated movie (A) and an identical version except for
reduced blue light (B), sequentially for 1 hour in random order. Before and after watching the movies, we measured the distance
and near refraction and tear break-up time objectively. Ocular discomfort score and the earliest onset time of the ocular fatigue
symptoms were also measured using our specially designed subjective ocular discomfort scale.

Results: The median age of the participants was 28.5 years, and there were 56 females out of 98 total participants. Both distance
and near refraction were not significantly different before versus after watching the movies, nor between viewing movies A and
B. However, the accommodative amplitude measured by subtracting the near refraction from the distance refraction was found
to be greater after watching movie B compared with movie A in a subset of subjects with hyperopia [1.92 vs. 1.72 diopters (D) for
the right eye and 2.14 vs. 1.83 D for the left eye; p = 0.04 and p < 0.01, respectively]. The ocular discomfort score was lower
(15.40 vs. 12.85; p = 0.10), but not significantly, and the earliest ocular fatigue onset time was significantly delayed (23.48 vs.
34.51 minutes; p < 0.01), after watching movie B.

Conclusions: Reduction of blue light emission alleviated ocular fatigue caused by TV displays. Watching TV with lower blue light
may provide benefits to hyperopic individuals by reducing eye strain and improving the accommodative amplitude.
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Figure 1. Measurement of refraction using an open-field autor-

efractor (WAM-5500, Grand Seiko, Tokyo, Japan). Measuring Figure 2. Eye tracking test using the SMI Eye Tracking Glasses
both distance and near refraction allowed us to calculate the de- 2 Wireless (Sensory Motoric Instruments, Teltow, Germany).
gree of near accommodation. Fixation was continuously traced while watching videos.
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Table 1. Demographics of subjects

Total Group A Group B Myopia Hyperopia

Age (years) 27.0 £ 12.3 27.0 + 13.3 27.0 + 11.4 25.4 + 11.8 27.4 4+ 13.1
Sex (male:female) 42:56 17:30 25:26 21:19 14:23
Tear-break up time (sec) 6.50 + 2.59 5.92 +2.01 7.18 + 3.02 6.12 + 2.87 6.99 +2.21
Refractive error (OD, diopters) -1.48 +1.95 -1.25 +£1.92 -1.70 + 1.97 -3.33 £ 1.66 0.10 + 0.72
Refractive error (OS, diopters) -1.58 + 2.00 -1.27 + 1,97 -1.87 + 1.99 -3.35 + 1.70 0.09 + 0.63
Accommodation response (OD, diopters) 1.27 +£ 0.83 1.38 + 0.89 1.10 + 0.76 1.05 +£ 0.74 1.77 £ 0.44
Accommodation response (OS diopters) 1.40 + 0.73 1.53 + 0.65 1.25 + 0.65 1.20 + 0.58 1.70 + 0.59

Values are presented as mean + SD unless otherwise indicated. ‘Group A’ means ‘subjects watching control video after test video with a
30-minute-intermission’ and ‘Group B’ means ‘subjects watching test video after control video with a 30-minute-intermission’. Myopia was de-
fined when the myopic refractive error was -1.0 diopter or greater. Hyperopia was defined when the refractive error was higher than O diopter.

OD = right eye; OS = left eye.

Table 2. Mean tear break-up time of the right eye after watching control and test video (seconds)

Baseline After watching control video  After watching test video p—value*
Total 6.50 5.97 0.633
Group A 5.92 5.54 0.565
Group B 7.18 6.34 0.857

p—value#

0.696

‘Group A’ means ‘subjects watching control video after test video with a 30-minute-intermission’ and ‘Group B’ means ‘subjects watching test

video after control video with a 30-minute-intermission’.

*2-tailed paired r-test; "Repeated measured analysis of variance (ANOVA).
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Table 3. Monocular accommodation responses after watching control and test video (diopters)

Baseline After watching control video After watching test video p-Value*
Right eye
Total 1.27 1.26 1.29 0.769
Group A 1.38 1.37 1.40 0.652
Group B 1.10 1.15 1.17 0.881
p-value' 0.210 0.173
Myopia 1.05 1.01 1.10 0.588
Hyperopia 1.77 1.70 1.92 0.041
p-value’ 0.131 0.041
Left eye
Total 1.40 1.38 1.45 0.551
Group A 1.53 1.52 1.55 0.708
Group B 1.25 1.20 1.32 0.801
p-value’ 0.252 0.201
Myopia 1.20 1.18 1.25 0.333
Hyperopia 1.70 1.83 2.14 <0.001
p-value' 0.342 0.038

‘Group A’ means ‘subjects watching control video after test video with a 30-minute-intermission” and ‘Group B’ means ‘subjects watching test
video after control video with a 30-minute-intermission’. Myopia was defined when the myopic refractive error was -1.0 diopter or greater.

Hyperopia was defined when the refractive error was higher than 0 diopter.
*2-tailed paired z-test; TRepeated measured analysis of variance (ANOVA).

Table 4. The score of the ODAS and the earliest onset time of ocular fatigue after watching videos

After watching control video After watching test video p-value*
Mean score of the ODAS
Total 15.40 12.85 0.088
Group A 16.34 11.89 0.077
Group B 18.65 9.65 <0.001
Onset time of ocular fatigue (minutes)
Total 23.48 34.51 <0.001
Group A 25.15 30.60 0.021
Group B 21.94 38.12 <0.001

‘Group A’ means ‘subjects watching test video, after control video’ and ‘Group B’ means ‘subjects watching control video, after test video’.
ODAS = ocular discomfort analog scale.

*2-tailed paired r-test.
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Appendix 1. Ocular discomfort analog scale (ODAS)
OdX S
TV AR 5 = 20 25
STV AH E5 22 A8 $ FHN0= L7 =0 2 HE2 Hlshs ZARILCE Of2Hol 2t Z20f thsh =910] =71
SHES HES0~10 M & sliFH == |IXI0] E7[5HH FHAL
Metric Scaling of Ocular Discomfort
1) =0]| | 2 A|C}H(photophobia)
e 2K ¥t 718 dsict
0-—- 1-—- 2 - 3 b 5 - 6 - 7 - 8 - 9 - 10
2) =0| =2| 7Lt R0 =Cl(tightness or pressure around the eye)
0 - 1 - 2 - 3 g e 5 6 - 7 - 8 - 9 - 10
3) =0| Z1x35}t11 Ot2Cheye dryness)
0----- 1 - 2 - 3 g e 5 - 6 - 7 - 8 - 9 - 10
4) 0| =2 2Z40| =Cl(foreign body sensation)
0--—- 1 - 2 - 3 g 5 - 6 - 7 - 8 - 9 - 10
5) =0| WALt Et= S 5tCHburning/stinging)
0-—- 1-—- 2 - 3 g 5 - 6 - 7 - 8 - 9 - 10
6) =0| ZIZI5tT BE | EHQICHblurred vision)
0-—- 1-—- 2 - 3 g 5 - 6 - 7 - 8 - 9 - 10
7) =9 I|2 20| 74 XICH(eye fatigue)
0-—- 1-—- 2 - 3-g 5 - 6 - 7 - 8 - 9 - 10
8) OIX|Z2=2, 2| N~7)2 B4 & 0= of JHX|2t= LIEHLET | A&t AlZHS Mol FHAL
AE AE = 2
- 2RXE =
X AH D} =ECE st O Ul el X AALO
SAa 228 ZEs Qe =gH[M A9
| — —_—
T2 ZASH}
SN ZMY HEEE FF QHU television (TV) EH0| LZEE &Y & UK ARSI,
AN W 212t TR 982 HAOZ S ofLIN0M YSHRRE FE0 HE SYMUITAI HHMY SYLAYY
2 DAY AN MaF AW 8, S5, ZE7t SUS BN AFGHEES SIACH YA A F 3, ATE Hea o4y
2l - 272l =2Y Y =YLy AZts SESIUCH FoA M2 2 10tH sEHIUAMEES 0|85 s8y MY = =2
HAME Rt mEEARA \ *% SForAL,
Zob: DX 98P AE SUUUS 28 5MAL(T-47M) 25 0440] 56HOIUL, SHAF M mExtel Azl & 22| =2HE2
2t2t Wt —157D, —2.79D 1 CHARFA A|H = 160D, —2.83D, A AGM AH = 158D, —2.87D2 K2|ot Xt0|7} LEX| S4QULCH,
JafUt 2iE] 2RO WEY, B 2AZNE FA ZEHS BALPHETT)0N 5101, ANBIL NE 3 XYY AF 0|
HioH SAMLZE RIS P4otACHNESE Y 183D, AlRS 4 214D, p<0.01), == LTI AE © Het 6.50x00M tHEH
o MY 2 576%, MY AME 2 597E22 HAs6IUCL SAMCE |olgh X0|= OtLACH =E2EHAXN = EIH0 HlsH
ANEEY AE & 92 s BRCeL SANCE=E F6HA| §L/UACHI5.40 vs, 12,85, p=0.10). =2 HSHO| AEE A2 AlEF
M AE = ot SACHET 23488 vs, 34,518, p<0.01).
ZE: FMT HES E0 QU TV NHBNS SN0l N blsh FUH SEHZ I2ZES RIS ZYLS B, S5
Al D™RoME 242l 2E |8 MELECR |RAMUCEM FI2E AA00 7|0 £ U= A2 EAFULCL
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