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Changes of temperature and physical
activity during sleep

Chia-Hsiang Chan / Sukru Baris Demiral, PhD
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Changes of temperature and physical
activity during sleep

* Circadian rhythm
— Sleep-wake cycle
— Behavior (activity)
— Temperature
— Hormone
— Metabolism
— Gene expression
* Study purpose: to realize the association between
wrist/ankle temperature, physical activity and sleep
stage
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Method

* |nstruments: Sleep profiler, PPG and accelerometer

* We used triaxial Geneactiv for recording physical activities
and skin temperature on wrists and ankle.

* Data were collected for two nights (100 Hz).

* Raw data were converted to 30-second compressed epochs
for analysis.

W5 7R s A Y T S FRR AR A~ YeAe iR (LiEC E] (phtopl ethysmography)
FERET PR AV IZEE o] DASCsk — (Bl ey B At ehiE  WHE T A g By
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Data extracted from accelerometer

COLUMN RAW DATA EPOCH COMPRESSED
A time stamp time stamp of epoch end
B x axis (g) . mean X axis
c y axis [g) mean y axis
D z axis [g) mean z axis
E light level (lux) . mean lux
F button (1/0) . sum button
G temperature (°C) . mean temperature
H - » sum of vector magnitudes
[ - | x axis standard deviation
J - [ y axis standard deviation
K - A z axis standard deviation
L - . peak lux

In the epoch compressed .csv, the gravity-subtracted sum of vector magnitudes is calculated as follows:

SYMds =X [ (x2+y?+2%%-1g]

FENDES HELH A A 2R L L 10 (BIRIGT - S0 D) = (B 19 B R
RESIHE -
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Descriptions, n=29 Mean £ S.D.

R e S u | t S Gender, n(%) male 14 (48.3%)

female 15 (51.7%)

Age 409%12.05
BMI 26.03%5.03

Table. 1 Questionnaire

Characteristics and Sleep Hours 7331098

X . PSQI total 3.13+1.96

sleep profiles ( night 1) Sleep deepness 7.17%1.76
PSG
Sleep Time (hr) 68129
Sleep Efficiency (%) 68.72121.07
Wake (hr) 320%2.39
Wake (%) 31.28+21.07
REM Total (hr) 1.1110.74
REM Total (%) 15.05+8.04
Stagel total (hr) 0.98%0.45
Stagel total (%) 18.30% 14.31
Stage? total (hr) 3.72%1.58
Stage? total (%) 51.51%14.50
Stage3 total (hr) 1.07£0.87
Stage3 total (%) 15.14%10.42
Sleep Latency (min) 33.47%52.56
REM Latency (min) 116.37% 80.45
Stage 3 Latency (min) 40.20*43.56
Wake after Sleep Onset (min) 15850+ 111.42
Cortical Arousals (hr) 2247%15.64
Autonomic Activations/hr Overall 104.51+433.93
Autonomic Activations/hr NREM 19.85+11.59
Autonomic Activations’/hr REM 5441538
Movement Arousals/hr 6.10%12.00
Awakenings/hr over 90sec 227%1.45
Spindle Duration (min) 3.8715.00

HEZAE 29 % - HADIEER RIEIRAR R SRR AR AR
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Table 2. Temperature and physical activity
during sleep
Descriptions Mean S.D:
Wrist
temperature (°C) 32.29 221
sum of vector 44.49 57.55
X axis (g) -0.21 0.58
y axis (g) 0.11 0.43
z axis (g) -0.19 0.59
Ankle
temperature (°C) 31.82 1.90
sum of vector 34.34 34.08
X axis (g) -0.10 0.58
y axis (g) -0.06 0.25
7 axis (g) -0.01 0.76
HENRHAE] < B Ao B B B RS m R 1
e Slide7
Fig.1 Temperature change and sleep stages
Temperature 33.5
(€) 33
325
32
M Wrist temperature
315 1 ® Ankle temperature
31
30.5
30
AWAKE LIGHT SLEEP DEEP SLEEP
(Stage 1&2) (Stage 3)
P<0.001
Tested by repeated
measures ANOVA
FHi - FERR S A A I REARFS EL VL - BAST S - (RS MRS ELE
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Linear Mixed Model, Fixed effects

sleep stage

Table 3. Associations between wrist temperature and

Sleep  Stage Estimate StE:f:l?‘d t Value  Pr>|t| Adjustment AdjP
Awake Vs REM -0.71 0.023 -30.55 <.0001 Bonferroni | <.0001
Awake vs Light Sleep -0.57 0.017 -33.87 <.0001 Bonferroni | <.0001
Awake vs Deep Sleep -0.37 0.025 -14.89 <.0001 Bonferroni | <.0001

REM vs Light Sleep 0.13 0.020 6.74 <.0001 Bonferroni | <.0001
REM vs Deep Sleep 0.34 0.027 12.55 <.0001 Bonferroni | <.0001
Light Sleep vs Deep Sleep 0.20 0.022 9.29 <.0001 Bonferroni | <.0001

LT T > BUR TR AL A (EEARPE B B &
5o HREEHEREIRPE B2 by - Tl

e Slide9

i 2 AT
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sleep stage

Linear Mixed Model, Fixed effects

Table 4. Associations between ankle temperature and

Sleep  Stage Estimate St;;::‘l;rd t Value > |t| Adjustment AdjP

Awake Vs REM -0.86 0.028 -30.14 <.0001 Bonferroni | <.0001
Awake vs Light Sleep -0.98 0.021 -47.7 <.0001 Bonferroni | <.0001
Awake vs Deep Sleep -1.03 0.031 -33.83 <.0001 Bonferroni | <.0001
REM vs Light Sleep -0.12 0.025 -4.94 <.0001 Bonferroni | <.0001
REM vs Deep Sleep -0.18 0.034 -5.16 <.0001 Bonferroni | <.0001

[ Light Sleep vs Deep Sleep ] -0.05 0.027 -1.95 <.0001 Bonferroni ().3080
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T FITRE AR P B B (LA -

22

LB LE  ERAEE
HATERO ML & B Y BT P -

BEENE



e Slidel0

Fig 3. Skin temperature over wrist and ankle in sleep
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Oral vs Wrist Temperature [n=31]

JA. Sarabia et al. / Physiology & Behavior 95 (2008) 570-580
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Fig. 2 Activities and sleep stages

Sum of vector

80

70

60 -

50

40

 Wrist vector

30 M Ankle vector

20

10

AWAKE LIGHT SLEEP DEEP SLEEP REM

Stage 1&2 Stage 3

(Stag ) (Stage 3) P<0.001
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Table 5. Associations between activity of wrist and
sleep stage

Linear Mixed Model, Fixed Effects

Sleep Stage Estimate Standard t Value Pr > [t| Adjustment AdjP

Error
Awake vs REM 24.3881 0.8162 29.88 <.0001 Bonferroni| <.0001
Awake vs Light Sleep | 23.9836 0.5955 40.27 <.0001 Bonferroni| <.0001
Awake vs  Deep Sleep 24.2546 0.8726 27.79 <.0001 Bonferroni| <.0001
Vs Light Sleep -0.4045 0.7055 0.57 0.5664 Bonferroni| 1.0000
REM vs  Deep Sleep -0.1335 0.9509 0.14 0.8884 Bonferroni| 1.0000
Light Sleep vs Deep Sleep 0.271 0.7726 -0.35 0.7257 Bonferroni| 1.0000

Least Squares Means

Sleep Stage Estimate  Standard Error t Value Pr>|t|

| Awake 63.5403 3.6052 17.62 <.0001 |
REM 39.1522 3.6262 10.8 <.0001
Light Sleep 39.5567 3.5834 11.04 <.0001
Deep Sleep 39.2857 3.6377 10.8 <.0001

H

KOBGET T > BURTHUSEIENEL - EEFIE SRR 2R AR B R ER
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Table 6. Associations between activity of ankle and
sleep stage

Linear Mixed Model, Fixed Effects

Sleep Stage Estimate St;::‘loif‘d t Value Pr > |t| Adjustment AdjP

Awake Vs REM 12.37 0.656 18.88 <.0001 Bonferroni| <.0001
Awake vs Light Sleep 13.31 0.478 27.83 <.0001 Bonferroni| <.0001
Awake vs Deep Sleep 14.23 0.701 20.31 <.0001 Bonferroni L<.0001
REM vs Light Sleep 0.94 0.567 -1.65 0.0981 Bonferroni| 0.5884
REM vs Deep Sleep 1.86 0.764 -2.43 0.0149 Bonferroni| 0.0896
Light Sleep vs Deep Sleep 0.92 0.620 -1.49 0.1375 Bonferroni| 0.8251

Least Squares Means

Sleep Stage Estimate Standard Error t Value Pr>|t|

| Awake 46.24 2.795 16.54 <.0001 |
REM 33.87 2.8125 12.04 <.0001
Light Sleep 32.93 2.7769 11.86 <.0001
Deep Sleep 32.01 2.8221 11.34 <.0001

BT T > BB EEI RS L - BRI SEIRME 2 AR R
/_\EDEE AR BUEIRET - FIPUEBI R &8N B s -
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Summary

-

. Wrist and ankle temperatures changed significantly
across sleep stages.

2. Wrist temperature was more sensitive to sleep stage
change, compared with ankle temperature.

3. Physical activity showed a significant change in
sleep-wake cycle, but not in different sleep stages.

4. During sleep, wrist had a higher activity level than
ankle.

5. Acrophase (peak) in wrist temperature was different
from ankle.
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Discussion

» Data quality- detect of non-wear events. zhouswm, etai2015)

* Relatively lower mean temperature compared with
previous studies.

 Circadian rhythm in wrist/ankle temperature
diverged from core temperature.
— Affecting factors should be considered.

* Further study direction: a larger sample size; to
correlate with image data and biomarkers.

FIBMRIE(E TS amAYRE -
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