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Effects of Sleep on Balance Control and Reaction Time to Visual Stimuli
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m ABSTRACT

Objectives: To find evidence that sleep is necessary for normal brain function, thus indicating that declines in both sleep quali-
ty and quantity are related to worse performance of many daily tasks and deteriorated physical functions. The present study
investigates the relationships of balance control and reaction time with sleep quality.

Methods: 58 healthy (male 20, female 38) volunteers with informed consent participated in this study. The Self-reported Pitts-
burgh Sleep Quality Index (PSQI) was used to evaluate sleep quality and relevant factors, and the subjects were divided into
groups A (PSQI < 5) and B (PSQI > 5) based on this index. Static balance control and reaction time to visual stimuli were con-
ducted to assess their relationship with sleep quality.

Results: Group B exhibited excessive daytime sleepiness significantly more often compared to group A. Static balance control
did not markedly change relative to sleep quality, but reaction time and error to visual stimuli were significantly increased in
group B compared to group A.

Conclusion: These findings indicate that a decline in sleep quality can result in delayed reactions, as well as decreased accu-
racy of these reactions. They also suggest that low sleep quality may be associated with changes in physical functions, includ-
ing balance control through reduced selective attention. Sleep Medicine and Psychophysiology 2016 ; 23(2) : 68-76
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Positions Head position Eyes Ground Purpose
NO Neutral Open Solid Neutral position
NC Neutral Closed Solid Elimination of visual system
PO Neutral Open Pillows Elimination of somatosensory system
PC Neutral Closed Pillows Elimination of visual and somatosensory system
HR Rotated to the right Closed Solid Elimination of visual system and vestibular stress
HL Rotated to the left Closed Solid Elimination of visual system and vestibular stress
HB Backward Closed Solid Elimination of visual system, vestibular and cervical stress
HF Forward Closed Solid Elimination of visual system, vestibular and cervical stress




B2 o] Al 1Y FoM ASmepe] sigshe 1
o toml nheag Zeal7) slgich vhHet T ‘o]

way repeated measure ANOVA)%
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Table 3. Body composition and physical characteristics of subjects

] ok, ARl Ut
E45& vlas éﬂ AT-Z 147 (44%) 2] o1/} 18
%‘(77%)4 o] A1} 67 (23%) 2] EA
JAS0] Wit A AL 19.75(+

14)Aﬂ§ SAALE RO Afo]
£ 167.45(+ 823) cm, B#+&
74]1433 Frofet 2ol 7t vk
dotom ot iﬂwf AT-S 68.64(+ 14.84) kg, B+
63.30(+ 16.48) kg &= 23k 2ol 7} §1SITH Table 2).

d U AR AL S Fohu]
A9 2 A7 RS A Y el v

(+ 3.94), Ba- 27. 17(i 5.80)&
AR 7 ERton, fofst

Table 2. General characteristics of subjects

A group (n = 32) Bgroup (n=26) p value

o Male 14 (44%) 6 (23%) -
Female 18 (56%) 20 (77%)

Age (years) 19.75 £ 1.22 19.88 + 1.14 0.669

Height (cm) 167.45 £ 8.23 165.71 £ 8.76 0.439

Body weight (kg)  68.64 + 14.84 63.30 £ 16.48 0.201

The values are means+SD

A group (n = 32) B group (n = 26) p value
. Male 17435 + 6.13 178.23 £ 2.14 0.153
Height (cm)
Female 162.08 + 5.01 161.95 + 5.94 0.941
. Male 78.26 £ 13.85 86.22 + 17.68 0.292
Body Weight (kg)
Female 61.15 £ 10.92 56.44 + 7.72 0.130
Male 34.81 + 4.02 36.37 £ 2.91 0.405
Skeletal Muscle Mass (kg)
Female 2221 + 3.12 21.91 £ 2.90 0.760
Male 17.03 = 8.38 22.32 £ 15.11 0.324
Body Fat Mass (kg)
Female 20.28 + 6.82 16.06 = 4.06 0.024*
Male 20.84 £+ 6.69 2413 £ 11.32 0.424
%Body Fat
Female 32.58 + 5.28 28.18 + 4.64 0.010*
S Male 0.88 + 0.04 0.90 * 0.06 0.441
Waist-Hip Ratio
Female 0.85 + 0.05 0.83 £ 0.04 0.110
) Male 25.69 + 3.94 27.17 + 5.80 0.512
BMI (kg/m?)
Female 23.23 = 3.43 21.51 £ 2.21 0.071
Male 124.21 + 10.64 124.83 + 9.02 0.903
SBP (mm Hg)
Female 110.17 + 9.55 112.45 £ 10.89 0.499
Male 7471 £ 7.48 72.33 £ 4.23 0.478
DBP (mm Hg)
Female 7189 £ 11.10 72.30 £ 8.48 0.898
Male 78.36 £ 11.24 83.17 + 17.22 0.464
Pulse (bpm)
Female 93.33 = 10.34 98.30 £ 14.76 0.243

The values are means=SD. * : < 0.05, A vs B group
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Zpoli= Holz] okkthp > 0.05). HHH, of A o] A= BMI
7F A2 23.23(+ 3.43), B 21.51(+ 221) 02 19
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2 BolA AR (p = 002407 AALE(p = 0.010)0] A
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b IRk Aol = YA ‘3%"“3} il ),
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O H(F[2,51] = 9773.46, p = 0.047), E3] ?ES_PJ
B2 A9 ""011:'—7} S7ketel wef wk
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2eHA B} 3hA| o] HEGA|TEo] {OJ5HA FTlekE A o=
ol thHp < 0.05)(Figure 1A).
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ES AT Q734 Abolo= e Gt gl Ao

Table 5. Comparison of balance control according fo the quali-
ty of sleep

A group (n = 32) B group (n = 26) p value
NO 17.84 = 5.51 19.17 £ 9.64 0.512
Table 4. The comparison about sleep characteristics of subjects
" =32 5 =20 : NC 17.73 + 5.60 18.01 + 8.18 0.879
roup (n = roup (n = value
greue greue p o PO 2030 + 545 2249 + 1081 0.320
PSQI (Score) 2.84 £ 1.02 7.00 + 2.28 0.000
. PC 24.26 + 6.58 28.03 + 19.88 0.317
Sleep duration (hr)  8.00 £ 1.12 7.67 + 1.66 0.370
HR 20.74 + 5.46 24.04 + 14.25 0.233
SSS (Score) 3.13+£1.28 4,62 + 1.58 0.001*
HL 19.84 + 5.35 22.14 + 18.28 0.501
ESS (Score) 6.41 + 3.05 7.38 + 3.23 0.241
HB 22.15 £ 6.62 2526 + 23.18 0.471
The values are means = SD. * : < 0.01, A vs B group, T: <
0.001, A vs B group. PSQI : Pittsburg sleep quality index, SSS : HF 21.04 £ 6.05 23.67 + 2419 0.555
Stanford Sleepiness Scale, ESS : Epworth Sleepiness Scale The values are means = SD
Table 6-1. The comparison of reaction time by sleep status
RT1 (ms) RT2 (ms) RT3 (ms) F p value
A group (n = 32 435.30 £ 56.47 620.45 + 65.01 697.73 + 81.36
group ( ) 351.149 0.000*
B group (n = 26) 438.79 + 55.81 631.77 £ 53.96 752.70 £ 124.43

The values are means + SD. * : < 0.001
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Figure 1. Reaction time and number of error are increased in both A and B groups. A : RT2 and 3 are significantly delayed com-

pared with RT1, as well as RT3 is extended than RT2. In addition, B group showed the linear increase of RT than A group. * :

< 0.05,

compared with RT1, T : 0.05 compared with RT2. B : Error 2 and 3 are markedly increased than Error 1, particularly Error 2 showed sig-

nificant difference between A and B groups. * :

Table é-2. The comparison of number of error by sleep quality

< 0.05, compared with Error1, : < 0.05, between A and B groups

Error 1 Error 2 Error 3 F p value

A group (n = 32) 0.37 £ 0.15 1.56 £ 0.26 1.19 + 0.26
15.543 0.000*

B group (n = 26) 0.17 + 0.08 2.79 £ 0.52 1.88 + 0.67

The values are means + SD. * : < 0.001

& ZRIEATHp > 0.05). B 2HAof thgh 2579 Sl4= 1
A E} 238 A ol A F-o5HA F7ksk=tl(p < 0.05), 53]
o Ao W& Batol A= 29 A 9] HE A of] thgk &
7o Slp7F Atoll Hls oJ8HAl & Ao ® 2RlE Sl
(p = 0.040, p < 0.05)(Figure 1B).
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Wu 5 2012). & @7do] ool mlsf =HAIE 5 7=

7 gL, 7P A SHTEA] 357G, 44A) A
Hifj= frAgke] Ao A& Al AR HfA] 58
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2 AoMe e Ho] ¥Es ok VI Al 1
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