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Effects of environmental factors, subjects body motion, and heart rate variability
on subjective feeling of sllep
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F—U— R : EMR(Sleeping environment), {&#\ER5E(Thermal environment),
D%k (Heart rate), {A8)(Body motion), F=#AIHEARE(Subjective feeling of sleep)
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Fig. 1 Overview of experimental room. The
symbols, @, @, and @ in the figure mean the
location of the measurement equipment to
measure the environmental elements shown in
Table 2.

Table 1 Experimental conditions to control the
light and thermal environment in the room

No Window Wall & ceiling [Ny ber of subjects

(Female)

1 C(g”ed. with 24 (11)

urtain.
2 Not covered. Normal 10 (6)
Covered with
3 cardboard. 10 (4)
Covered with thermal insulation
4 (A: 0.02 [W/(m/K)], thickness: 7 (4)
50mm).

Table 2 Measurement items

Physiological | Body motion [/min],
element Heart rate [beat/min],

Environmental

Carbon dioxide concentration around
@ | the head [ppml],
Illuminance around the head [Ix]

Room center temperature [°Cl,
element ® | Room center relative humidity [%],
Room center illuminance [1x]

) Partition wall surface temperature

[°C]
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N, 7272 U BE BRI 1R T S L 1 Fig. 2 Overnight HR and body motion with time
s S, period, “All_night” is the entire sleep time, “First90”
Pl LI ETdh 2, is period of 90 minutes after the start of sleep,
IS DOREF OMEZ RS 2 720 DR X 531 “Last90” is period of 90 minutes before getting up
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Fig. 3 Histogram of environmental and vital sign factors at all night
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Fig. 4 Histogram of OSA sleep inventory (MA version) factors score
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Table 3 Spearman's rank correlation coefficient matrix between observable variable candidate at all night
(*<0.05, **<0.01). "_A"and "_SD" mean the average value and standard deviation, respectively.
Vital signs Environment
BM | HR | HR |[LFHF|LFHF| Tc | Tc | Hec | He [ CO2 | CO2 | Tp | Tp
A A| SD| A | SD| A | SD| A | SD| A | SD| A | _SD
BM A | 1.
HR_A |0.1 1.
Vital Signs HR SD |0.03 [0.43 *| 1.
LFHF_A [0.01 [0.06 [-0.01 | 1.
LFHF_SD|-0.07 [0.32 *[0.21 [0.75*] 1.
Tc A ]0.07 [0.21 [0.11 |-0.28*[-0.07 | 1.
Te_SD |-0.06 [0.27 [0.26 [0.16 [0.25 [0.04 | 1.
He A ]0.01 [-0.05 |[-0.10 |-0.20 |-0.10 [0.64 *-0.07 | 1.
He SD [-0.08 |0.10 [0.17 |0.11 [0.09 [0.22 [0.23 [0.13 | 1.
COs A |0.27 [0.09 ]0.32 *|0.30 *[0.10 |-0.12 [-0.03 |-0.29*[0.22 | 1.
CO>_SD [0.47*]-0.10 [0.18 [0.15 [0.18 [0.27 [0.09 |0.15 [0.12 [0.03 | 1.
Tp A |0.13 [0.42*0.27 [-0.20 [0.09 [0.48 *[0.42 *[0.26 [-0.02 [-0.10 |-0.04 | 1.
Tp_SD [-0.02 |0.16 [0.25 |0.09 [0.21 [-0.02 [0.71 *-0.19 [0.01 |0.06 [0.12 [0.36 | 1.
Facl |0.31%-0.23 [-0.28*|0.06 [0.06 [0.02 |-0.11 |0.15 [0.02 |-0.21 [-0.04 |-0.17 [-0.27 *
Fac2 [0.49*-0.16 [-0.24 |-0.05 [0.02 [0.05 [-0.15 |0.28 *|-0.05 |-0.35*[-0.24 [-0.13 |-0.22
0OSA Fac3 |0.18 |0.13 [0.03 |-0.47*-0.81 *[0.04 [-0.11 |0.12 |-0.11 |-0.24 [0.21 [0.18 |-0.06
Fac4 |0.29*|-0.47*-0.30 *|0.19 [0.08 [-0.11 [-0.32*|0.14 [0.02 [-0.09 |-0.07 [-0.44**|-0.43**
Fac5 |0.42*]-0.04 [-0.07 |-0.01 [0.01 [0.01 [0.07 |0.10 [-0.15 |-0.32*[-0.15 [0.15 |-0.14

Environment
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Table 4 Spearman's rank correlation coefficient matrix between observable variable candidate during
period of 90 minutes after the start of sleep. (*<0.05, **<0.01), "_A" and "_SD" mean the average value
and standard deviation, respectively.

Vital signs Environment
BM | HR | HR |LFHF|LFHF| Tc Te He He | COz | COz | Tp Tp
A A | SD| A | SD| A |_SD A | _SD A | SD| A |_SD
BM_A 1.
HR_A ]0.09 1.
Vital signs HR_SD |0.32 *|0.33 *| 1.
LFHF_A [0.04 |0.09 [0.06 1.
LFHF_SD|0.02 [0.31 *|0.24 |0.65*| 1.
Te A 0.33 “|0.18 |0.07 |-0.16 |0.07 1.
Te_SD [0.03 [0.24 [0.34 *|0.23 [0.29 *|0.10 1.
He A ]0.15 [-0.03 [-0.08 |-0.16 [-0.04 [0.59 *|0.06 1.
Hc_SD |0.16 |-0.04 ]0.19 |-0.04 |0.16 |0.26 [0.13 |0.24 1.
CO2 A [0.22 |0.15 ]0.35 *|0.13 |0.05 |-0.12 |0.12 |-0.16 [0.22 1.
CO2_SD [0.26 ]0.20 |0.37 *[0.09 ]0.15 ]0.19 [0.31 *|-0.03 [-0.16 |0.33 *| 1.
Tp_A ]0.10 [0.45*0.13 |-0.16 |0.17 ]0.44 *|0.25 ]0.16 |0.05 |-0.03 [0.32 *| 1.
Tp_SD [0.19 |0.14 |0.24 |0.15 [0.10 |-0.03 [0.42 **|-0.18 |-0.42**/0.13 |0.30 *[0.00 1.
Fac1l |-0.17 |-0.29*|-0.11 |0.10 |0.19 [0.01 |0.16 [0.06 |0.20 |-0.23 |-0.09 |-0.16 |-0.14
Fac2 |-0.33*]-0.13 [-0.06 |0.02 [0.10 [0.04 ]0.02 [0.20 |0.04 |-0.30 *{-0.31 *|-0.20 |-0.06
OSA Fac3 |-0.20 [0.19 |-0.13 |-0.40*-0.16 |0.01 [|-0.12 ]0.15 |0.01 |-0.17 |-0.23 ]0.18 [0.01
Fac4 |-0.29|-0.583*-0.13 |0.16 |0.12 |-0.19 [-0.02 ]0.09 |0.18 |-0.13 [-0.21 |-0.47*|-0.17
Fac5 |-0.36"-0.08 |-0.15 |0.01 |0.03 |0.06 |0.16 |0.05 |[0.09 |-0.33 *|-0.21 |0.14 |-0.22

Environment




Table 5 Spearman's rank correlation coefficient matrix between observable variable candidate during
period of 90 minutes before getting up. (*<0.05, **<0.01), " _A" and "_SD" mean the average value and
standard deviation, respectively.

Vital signs Environment

BM | HR | HR |LFHF|LFHF| Tc Te He He | COz | CO2 | Tp Tp |Lxlog
A | A |_SD A | _SD A | SD| A | SD| A | SD| A | _SD| A
BM_A 1.
HR_A [-0.1 1.
Vital signs HR_SD [-0.06 [0.27 1.
LFHF_A 10.17 [0.03 [-0.16 1.
LFHF_SD|[0.05 ]0.30 *|0.21 [0.49 *| 1.
Te_A 0.01 ]0.19 ]0.18 |-0.24 [-0.08 1.
Te_SD |-0.18 |0.13 ]0.12 [0.02 [0.05 |-0.04 1.
Hc_ A |-0.02 |-0.03 |0.06 [-0.31 *|-0.09 [0.66 **|0.00 1.
Hc_SD [-0.32 *|-0.09 [-0.13 |-0.10 |-0.09 ]0.03 [0.21 ]0.13 1.
Environment COz A [0.11 ]0.03 [0.30 *|0.33 *|0.23 |-0.14 [-0.09 |-0.32 *[0.29 *| 1.
CO2_SD |0.45*-0.30 *|0.16 [0.09 [0.05 |0.17 |0.13 |0.13 |-0.07 [0.04 1.
Tp_A [-0.36"0.39 ™ 0.29 *|-0.26 [0.05 |0.49 *|0.16 |0.31 *|-0.17 |-0.19 |-0.15 1.
Tp_SD [0.18 ]0.03 [|-0.30 *|0.08 |0.04 ]0.00 [0.21 |-0.18 [0.02 |-0.03 [0.08 |-0.05 1.
Lxlog A [-0.13 |-0.07 [0.14 |0.02 [-0.04 |-0.31 *{0.29 *|-0.27 |-0.14 |-0.08 [0.02 |0.24 |0.06 1.
Fac 1 0.01 |-0.23 |0.02 |[-0.07 |-0.07 [0.04 |0.13 |0.27 |0.17 |-0.18 |0.13 |[-0.15 |-0.08 |-0.13
Fac2 [-0.18 [-0.20 [-0.29 *|-0.22 |-0.14 |0.13 |-0.08 |0.41 *{0.14 |-0.33 *|-0.07 [-0.08 |-0.21 [-0.19
OSA Fac3 [-0.30*/0.03 |-0.35 *|-0.49*|-0.45**|0.04 [0.10 |0.08 [0.21 |-0.27 |-0.15 [0.20 [0.11 |0.06
Fac4 [-0.02 [-0.43"(-0.13 |0.05 |-0.07 |0.01 |0.01 |0.24 |0.36 *|-0.04 ]0.11 |-0.36*|-0.06 |[-0.18
Fac5 |-0.10 [-0.02 [0.12 |-0.15 [-0.14 [0.02 |0.04 |0.20 |-0.09 |-0.31 *|0.01 |0.12 |-0.33 *|0.01
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