Optimizing the temperature of the bed microenvironment to enhance sleep quality
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Introduction Study design The analysis of the effects of the first and second temperature settings on the overall sleep

Sleep initiation is bidirectionally associated with the circadian rhythms of core body Thirty-one participants (12F/19M); mean age 48.5 (SD: 11.2) years old, ="P"=""Pws e quality was performed using the linear model coefficients and comparing against baseline Off
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temperature (CBT) and skin temperature, with habitual sleep onset coinciding with CBT decline recruited among smart bed owners, enrolled in a study consisting of 14 nights ..o w« e o o (Figure 4). Heating in the first segment and cooling in the second segment are associated with
and increased skin temperature (Van Someren, 2006). The CBT decline during sleep is facilitated within their homes. Night3 | e DR i positive effects on sleep quality.
by peripheral vasodilation which increases cutaneous blood flow such that internal heat from Each participant experienced 10 session with temperature programs and 4 Nem4 of of oF o 85.0 85.0
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Under the controlled conditions of a constant routine protocol, (Krauchi, et al., 2000) identified applied to four consecutive 2-hour segments in a sleep session. The programs g7 o or or or £ .05 2
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the gradient between the distal and proximal skin temperature to be the best predictor for were timed to start at the participants’ self-reported bedtime. Night 8 MM L4 L M 5 75.0° 5 75.0
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temperature on shortening the sleep onset latency was validated in (Krauchi, et al. 1999). (Ko & Temperature setting High Medium | cooling  Off  Lowheating  Miedium . 799
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Lee, 2018) found that sleep onset latency was on average 7.5 minutes shorter when wearing Night 12 1c | mc [l c 65.0 . . . . . 65.0 | | | | |
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(Herberger, et al., 2024) investigated the impact of sleeping on a high heat capacity mattress Numerical encoding - -2 -1 0 " 2 b b oAb oh Figure 4. (a) Effect of the first temperature setting on the overall sleep quality (the red dashed horizontal line corresponds to the mean value for

sessions with OFF as first temperature setting). (b) Effect of the second temperature setting on the overall sleep quality (the red dashed horizontal

(HHCM). HHCMs promote body cooling by facilitating the heat transfer from the body’s core to Analysis Methods line corresponds to the mean value for sessions with OFF as second temperature setting).

the mattress. The main findings in the study were an increase in slow wave sleep (7.5 minutes Mot The analysis of individual changes (at participant level) in sleep quality between the reference
on average), and a decrease in heart rate (-2.36 beat/min on average) associated with sleeping The data collected in the study Seep qulty Y &¢ P P P quality between .
(OFF across all temperature settings) and the program consisting of heating first (including Off

on a HHCM. were organized in a matrix form to
s first) followed by cooling is shown in Figure 5.
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Leveraging the ability of the Sleep Number Climate 360 bed to actively control the temperature quantity the effecjc of the enco.ded seting setung2 sewng3 sengs W P :jtfu_':'eept
of the in-bed microclimate, a study was conducted in collaboration with the Sleep Center at temp.erature. setting on a given o o\ HR The green diagonal lines show changes 951
Northwestern University to test the effect of temperature programs on objective and subjective metric (see Figure 3). - . Heart Rate Variabily resulting in higher than 5 percent gains 07
sleep metrics. Linear mixed effect models were srething e in sleep quality. The red diagonal lines >8>
used for this purpose. Metric ~ §0 -+ 1 Setting 1 + -+ 54 x Setting 4 show changes resulting in lower than 5 © 807
Figure 3. Linear mixed effect model to understand the effect of the T 75 -

sleep quality associated with heating or 5
off first followed by cooling is
significantly better compared to the
reference (Wilcoxon test p=0.015).

: encoded temperature setting on a given metric. ercent decrements in slee uality. The o
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Sleep Number’s sensing technology uses a pressure
signhal from a sensor positioned inside an inflatable
air bladder within a smart bed. Ballistocardiography
(BCG) signals, which reflect movement, cardiac, and
respiratory activity, are obtained from the pressure
signal (see Figure 1). The smart bed's embedded

Sleep sessions with bedtime at least 1-hour before the end of the first temperature setting were
selected for analysis. The data from 304 sleep sessions (~10 sessions/per participant on average)
were available for analysis. The results of the linear mixed models for sleep quality, sleep duration,
and restful sleep are shown on Table 1. The results for bed exits, HR, HRV, and BR are shown on Figure 5. Individual changes in sleep quality between the reference (Off) and the temperature

program consisting in heating or Off first and then cooling.

Table 2. .
| | | Conclusive remarks
Table 2. Linear mixed effect model results for bed exits, heart rate,

Reference Heating|Off 1st; Cooling 2nd

software relies on machine learning methods to Rows with significant values are indicated with heart rate variability, and breathing rate. The results in this study suggest that the temperature of the in-bed microclimate can be
. . e Coefficients Std Err. P .. e ey . . . . . .
determine breathing rate (BR), heart rate (HR), heart e W : a green background. WD — optimized by initially warming which may help with falling asleep, and then cooling down which
rate variability (HRV), sleep duration, restful sleep Intercept 1.94 0.306 0 may help with sleep maintenance. Indeed, this temperature profile is significantly associated
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(i.e., sleep with low movement level), and sleep ‘ Table 1. Linear mixed effect model results for sleen quality, slees > tomn setting T Sog 005 with sleep quality improvements and a reduction in the count of bed exits.
quality (Siyahjani, et. al. 2022). The latter is a score duration, and restful sleep. 31 temp, setting -0.389 0.135 0.004
that aggregates sleep duration, level of movement e " b e . References
durin gsgleeg bed exif count an(’JI resting heart rate dlocp ualiy seore |- 100) reart fate [oeat/min) T
5 P ’ 5 ' - Intercept ;57'22 1;22 024 " t?;e;:ztttmg 601'276634 (1)'2;2 ois 1. Van Someren, E. J. (2006, January). Chapter 18: Mechanisms and functions of coupling between sleep and
*ttemp. setting : : : - - : :
quality | duration | sleep | exits | rate | variability rate 2nd temp. setting -2.719 0.989 0.006 2" temp. setting -0.114 0.346 0.742 temperature rhythms.
The Sleep Number Climate 360 smart bed Figure 1. Data from the Sleep Number platform. 31 temp. setting 0828 0.69 023 it: :emp. se:c[:!ng 8.1238 g;gi g-igi 2. Krauchi, K., Cajochen, C., Werth, E., & Wirz-Justice, A. (1999). Warm feet promote the rapid onset of sleep.
. ol 4t temp. setting -1.489 0.805 0.064 emp. setting -U. : :
prOVIdeS CUStomerS the ablllty to S|eep duration (hours) Heart rate variability (miIIiseconds) Nature' 401(6748)' 36-37.
independently control temperature on each | ] | | Intercept 7.9 0.184 0 Intercept 107.918 8.528 0 3. Krauchi, K., Cajochen, C., Werth, E., & Wirz-Justice, A. (2000). Functional link between distal vasodilation
. . Heating Mode Cooling Mode 1t temp. setting 0.257 0.154 0.094 1% temp. setting ~1.042 2.494 0.676 and sleep-onset latency. Am. J. Physiol. Regulatory Integrative Comp. Physiol., 278, R741-R748
side of the bed. The seven possible T —— T 11 02 27 temp. setting 0.642 1.807 0.723 P Y Y g y integraty P- Fhysiol, £/, R/%
temperature settings include OFF, high 77 . 7~ 3 temp. setting 0171 0078 0.028 3 temp. setting 1.007 1.259 0.424 4. Ko, Y., & Lee, J. Y. (2018, April). Effects of feet warming using bed socks on sleep quality and
(HH), medium (MH) and low (LH) heat, and ‘ | B 28 ! ——i — 4th temp. setting 0.197 0.091 0.03 4™ temp. setting -0.774 1.488 0.603 thermoregulatory responses in a cool environment. Journal of physiological anthropology, 37(1), 1-11.
’ ’ —] ‘ ‘ Percent restful sleep (%) Breathing rate (breath/min) : : : :
high (HC), medium (MC) and low cooling e . S N . Intercept 23 378 0802 0 Intercept 15 251 0.29 0 5. Herberger, S., Penzel, T., Fietze, I.. et al. Enhanced conductive body heat loss during sleep increases slow
(LC). All these settings but the high heating covd oop moror et o 15 temp. setting 0292 0501 0.56 15t temp. setting -0.129 0.095 0.174 wave sleep and calms the heart. Sci Rep 14, 4669 (2024).
. heated air into microclimate N i nd . ] ] ] ] ] . .
: | | | | 2 i . Sl 0.765 0.364 0.036 2™ temp. setting 0.123 0.069 0.975 6. Sivahjani F, Garcia Molina G, Barr S, Mushtaq F. Performance Evaluation of a Smart Bed Technology against
yan| q gy ag
. : - temp. settin : : : - V. : -
one were used in the Study Figure 2. Heating and cooling modes in the smart bed 3rd 0 ing 0.276 0.254 0277 3rd temp. setting 0.059 0.048 0.22 . .
47 temp. setting 0.008 0296 0.924 4 temp. setting 0.026 0.056 0.642 Polysomnography. Sensors (Basel). 2022 Mar 29;22(7):2605.
\_ J \§ J \ J

https://www.sleepnumber.com/pages/sleep-science Neuroscience 2024 Corresponding author: gary.garciamolina@sleepnumber.com



	Slide 1

