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MEDICAL CENTER

Health in a 24-h society

Shantha MW Rajaratnam, Josephine Arendt

With increasing economic and social demands, we are rapidly evolving into a 24-h society. In any urban economy,
about 20% of the population are required to work outside the regular 0800-1700 h working day and this figure is likely
to increase. Although the increase in shiftwork has led to greater flexibility in work schedules, the ability to provide
goods and services throughout the day and night, and possibly greater employment opportunities, the negative effects
of shiftwork and chronic sleep loss on health and productivity are now being appreciated. For example, sleepiness
surpasses alcohol and drugs as the greatest identifiable and preventable cause of accidents in all modes of transport.

Industrial accidents associated with night work are common, perhaps the most famous being Chemobyl, Three Mile
lsland. and Bhopal.

Lancet 2001; 358: 9921005

Centre for Chronobiclogy, School of Biomedical and Life Sciences,
University of Surrey, Guildford GU2 TXH. UK (S M W Rajaratnam eno,
Prof J Arendt eho)

Cormespondence to: Prof Josephine Arendt

{e=mail: jaarendi@sumrey ac.uk)
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Map showing economic costs of insufficient sleep across five OECD

countries
Jess Plumridge/RAND Europe
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SLEEP DURATION RECOMMENDATIONS
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. Paruthi S, et al.: Recommended

E Amount of Sleep for Pediatric

C # > -* l ’K‘ t t ’ Q Populations: A Consensus

: NEWBORN  INFANT ~  TODDLER  PRESCHOOL SCHOOLAGE  TEEN ~ YOUNGADUT  ADULT  OLDERADULT Statement of the American

Academy of Sleep Medicine. J Clin
Sleep Med, 2016;12:785-786.

- Recomme nded - May be Appropriate Not Recommended

Hirshkowitz M, The National Sleep Foundation’s sle
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Table 3. Means and standard deviations of lifestyle variables in each self-reported academic performance category with a pair showing significant differ-

ence among four self-reported academic performance categories in each school type.

School types and lifestyle variables

Self-reported academic performance categories

[AP1: very good; AP2: good; AP3: not good; AP4: poor]
(number of pupils)

A pair showing a significant
difference (Cohen’s d value)

ES

Non-school-day screen time: mean (hr)£SD (hr)
JHS

School night bedtime: mean (time)+SD (hr)

Non-school-day wake time: mean (time)+SD (hr)

Non-school night bedtime: mean (time)+SD ()

School-day screen time: mean (hr)+SD (hr)

Non-school-day screen time: mean (hr)+SD (hr)

Sleepiness score: meantSD

Skipping breakfast score: mean+SD

HS

Sleepiness score: meantSD

Skipping breakfast score: mean+SD

AP1 (153)
2:59+2.03

API (79)

22:58+1.21

7:40%1.33

23:051+1.38

1:47+1.55

3:28+2.33

1.97+0.82
1.09+0.40

API (56)
2.34+0.88

1.32+0.74

AP2 (525)
3:16£1.91

AP2 (403)

22:54%1.02

8:00£1.38

23:08%1.18

2:00£1.36

3:28%£2.02

1.88+0.69
1.11+0.38

AP2 (274)
2.36%0.77

1.24%0.60

AP3 (246)
3:44+2.02

AP3 (422)

23:02%+1.06

8:02£.50

23:23+1.24

3:42+2.15

2.04%0.70
1.25%0.56

AP3 (287)
2.56+0.81

1.36+0.72

AP4 (32)
4:00+2.38

AP4 (145)

23:28+1.41

8:23%.82

23:53%1.60

3:01£2.25

2.2510.87
1.57+0.93

AP4 (100)
2.9240.97

1.59%0.98

AP1-AP3** (0.38)
AP1-AP4* (0.46)

AP1-AP4** (0.38)
AP2 AP4** (0.46)
AP3-AP4+* (0.34)
AP1-AP4+* (0.45)
AP2-AP4** (0.36)
AP1-AP4** (0.54)
AP2 AP4** (0.53
AP3-AP4** (0.35
AP1-AP4** (0.64)
AP2-AP4+* (0.56)
AP3-AP4** (0.43)
AP1-AP4** (0.45)
AP2_AP4+* (0.47)
AP3-AP4** (0.36)

)

)

)

)

)
)

AP2-AP4** (0.47
AP1-AP4** (0.68
AP2-AP4** (0.66
AP3-AP4** (0.42

AP1-AP4** (0.63)
AP2 AP4+* (0.64)
AP3-AP4** (0.40

)
AP2-AP4** (0.43)

Note: ES: elementary school; JHS: junior high school; HS: high school; * p<:0.05; ** p<<0.01.
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Table 3. Means and standard deviations of lifestyle variables in each self-reported academic performance category with a pair showing significant differ-

ence among four self-reported academic performance categories in each school type.

School types and lifestyle variables

Self-reported academic performance categories

[AP1: very good; AP2: good; AP3: not good; AP4: poor]
(number of pupils)

A pair showing a significant
difference (Cohen’s d value)

ES

Non-school-day screen time: mean (hr)£SD (hr)
JHS

School night bedtime: mean (time)+SD (hr)

Non-school-day wake time: mean (time)+SD (hr)

Non-school night bedtime: mean (time)+SD ()

School-day screen time: mean (hr)+SD (hr)

Non-school-day screen time: mean (hr)+SD (hr)

Sleepiness score: meantSD

Skipping breakfast score: mean+SD

HS

Sleepiness score: meantSD

Skipping breakfast score: mean+SD

AP1 (153)
2:59+2.03

API (79)

22:58+1.21

7:40%1.33

23:051+1.38

1:47+1.55

3:28+2.33

1.97+0.82
1.09+0.40

API (56)
2.34+0.88

1.32+0.74

AP2 (525)
3:16£1.91

AP2 (403)

22:54%1.02

8:00£1.38

23:08%1.18

2:00£1.36

3:28%£2.02

1.88+0.69
1.11+0.38

AP2 (274)
2.36%0.77

1.24%0.60

AP3 (246)
3:44+2.02

AP3 (422)

23:02%+1.06

8:02£.50

23:23+1.24

3:42+2.15

2.04%0.70
1.25%0.56

AP3 (287)
2.56+0.81

1.36+0.72

AP4 (32)
4:00+2.38

AP4 (145)

23:28+1.41

8:23%.82

23:53%1.60

3:01£2.25

2.2510.87
1.57+0.93

AP4 (100)
2.9240.97

1.59%0.98

AP1-AP3** (0.38)
AP1-AP4* (0.46)

AP1-AP4** (0.38)
AP2 AP4** (0.46)
AP3-AP4+* (0.34)
AP1-AP4+* (0.45)
AP2-AP4** (0.36)
AP1-AP4** (0.54)
AP2 AP4** (0.53
AP3-AP4** (0.35
AP1-AP4** (0.64)
AP2-AP4+* (0.56)
AP3-AP4** (0.43)
AP1-AP4** (0.45)
AP2_AP4+* (0.47)
AP3-AP4** (0.36)

)

)

)

)

)
)

AP2-AP4** (0.47
AP1-AP4** (0.68
AP2-AP4** (0.66
AP3-AP4** (0.42

AP1-AP4** (0.63)
AP2 AP4+* (0.64)
AP3-AP4** (0.40

)
AP2-AP4** (0.43)

Note: ES: elementary school; JHS: junior high school; HS: high school; * p<:0.05; ** p<<0.01.
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Pupils with negative social jetlag in Japan are hypothesised to constitute a
discrete population Medical Hypotheses 144 (2020) 110249
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Table 2
SJL category distributions in each school type.
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SJL-IV (2 h= <)
(range; 2-4.5)

Total (M/F) 114 (76/38) 1,194 (659/535)
2,722 (1,367/1,355) 4.2% 43.9%

ES 36 (25/11) 491 (270/221)
956 (441/515) 3.8% 51.4%

JHS 53 (38/15) 422 (221/201)
1,049 (541/508) 5.1% 40.2%

HS 25 (13/12) 281 (168/113)
717 (385/332) 3.5% 39.2%
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Lifestyle habits associated with screen time among pupils in Japan.
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Impact of sleep debt on metabolic and endocrine function

Summary

Background Chronic sleep debt is becoming increasingly __

common and affects millions of people in more-developed
countries. Sleep debt is currently believed to have no
adverse effect on health. We investigated the effect of sleep
debt on metabolic and endocrine functions. |

Methods We assessed carbohydrate metabolism, thyrotropic
function, activity of the hypothalamo-pituitary-adrenal axis,
and sympathovagal balance in 11 young men after time in
bed had been restricted to 4 h per night for 6 nights. We
compared the sleep-debt condition with measurements taken
at the end of a sleep-recovery period when participants were
allowed 12 h in-bed per night for 6 nights.

Findings Glucose tolerance was lower in the sleep-debt
condition than in the fully rested condition (p<0-02), as were
thyrotropin  concentrations  (p<0-01). Evening _cortisol
_concentrations_were raised (p=0-0001) and_activity of the

_Sympathetic nervous svstem was increased in the sleep-debt
condition (p<0-02).

Interpretation Sleep debt has a harmful impact on
carbohydrate metabolism and endocrine function. The effects
are similar to those seen in normal ageing and, therefore,
sleep debt may increase the severity of age-related chronic
disorders.

Lancet 1999 354: 1435-39
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Convective glymphatic fluxes of CSF and ISF propel the waste products of neuron metabolism into the paravenous space, from
which they are directed into lymphatic vessels and ultimately return to the general circulation for clearance by the kidney and

liver.
Nedergaard M. Science 2013 340 (6140) 1529-30.
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Sleep habits and susceptibility to the common cold.

Cohen 5 Dovle W], Alper CM, Janicki-Deverts D Turner BE.

Department of Psychology, Camegie Mellon University, Pittsburgh, PA 15213, USA scohen®@cmu.edu

BACKCROUNIY. Sleep quality is thought to be an important predictor of immunity and, in turm, susceptibility to the
common cold. This article examines whether sleep duration and efficiency in the weeks preceding viral exposure are
associated with cold susceptibility. METHODS: A total of 153 healthy men and women (age range, 21-55 years)

volunteered to participate in the study. For 14 consecutive days, they reported thedr sleep duration and sleep
efficiency (percentage of time in bed actually asleep) for the previous night and whether they felt rested. Averape
scores for each sleep variable were calculated over the 14-day baseline. Subsequently, participants were quarantined,
administered nasal drops containing a rhinovirus, and monitored for the development of a clinical cold {infection in
the presence of objective signs of illness) on the day before and for 5 days after exposure. RESULTS: There was a
graded association with average sleep duration: participants with less than 7 hours of sleep were 2.94 times (95%
confidence interval [CI], 1.18-7.30) more likely to develop a cold than those with 8 hours or more of sleep. The
association with sleep efficlency was also praded: participants with less than 92% efficiency were 5.50 times (95% CL
2.08-14 48) more likely to develop a cold than those with 38% or more efficiency. These relationships could not be
explained by differences in prechallenge virus-specific antibody titers, demographics, season of the year, body mass,
socioeconomic status, psychological variables, or health practices. The percentage of days feeling rested was not
associated with colds. CONCLUSION: Poorer sleep efficiency and shorter sleep duration in the weeks preceding
exposure to a rhinovirus were associated with lower resistance to liness.
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Figure 2. The Relationship between BMI and Average Nightly Sleep

Mean BMI and standard ervors for 45-min intervals of average nightly
sleep after adjustment for age and sex. Average nightly sleep values
predicting lowest mean BMI are represented by the central group.
Average nightly sleep values outside the lowest and highest intervals
are included in those categories. Number of visits is indicated below
the standard error bars. Standard errors are adjusted for within-
subject correlation.
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Yetish et al. find that hunter-
Natural Sleep and Its Seasonal gatherers/horticulturalists sleep 6.4

Variations in Three Pre-industrial hr/day, 1 hr more ";Wmtert:anfi”

L. summer. Onset is about 3.3 hr after sunset,
Societies 2'@/55?7—2‘1@1%@/:/*0)%‘/ and sleep occurs during the nightly period
Gandhi Yetish, Hillard Kaplan, Michael Gurven, Brian Wood,  of falling temperature. Onset times are
Herman Pontzer, Paul R. Manger, Charles Wilson, irregular, but offset time is very regular.

Ronald McGregor, and Jerome M. Siegel Little napping is seen. Light exposure is
maximal in the morning, not at noon.

Current Biology 25, 1-7, November 2, 2015
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Moonstruck sleep: Synchronization of human sleep
with the moon cycle under field conditions
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[4.4t02.2], P=3 x 107; fig. S5 and Supplementary Text). Changes
in each participant’s sleep duration across the lunar cycle ranged
from 20 to more than 90 min and did not differ considerably be-
tween groups {mean duration change in minutes [95% confidence
interval (CI)]: Ru-NL, 46 [36 to 56]; Ru-LL, 52 [41 to 63]; Ur, 58
[50 to 67]}. Changes in the onset of sleep varied from 30 to 80 min
(Ru-NL, 29 [17 to 41]; Ru-LL, 32 [20 to 43]; Ur, 32 [24 to 40]). Thus,

Casiraghi et al., Sci. Adv. 2021; 7 : eabe0465 27 January 2021
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Sleep habits and susceptibility to the common cold.
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A Longitudinal Study of Subjective Daytime Sleepiness Citation: Komads, Y; Taibaski, Y

Hagiwara, S.; Kobori, M.; Shimura, A.

Changes in Elementary School Children Following a Temporary A Longitudinal Study of Subjective
SChOOl Closul‘e Due to COVID_19 Daytime Sleepiness Changes in

Elementary School Children
Following a Temporary School

Yoko Komada *(7, Yoshiki Ishibashi 2, Shunta Hagiwara 3 Mariko Kobori ¢ and Akiyoshi Shimura 5 Closure Due to COVID-19. Children
2021, 8, 183. https://doi.org/
10.3390/ children8030183

June 2019 2 January 2020 © June 2020 ©
Mean SD Mean SD Meansp PV’ PostHoc?
Bedtime on weekdays 21:28 :53 21:37 0:52 21:43 0:57 <0.0001 a<b<c®™
Bedtime on weekends 21:52 1:06 21:58 1:05 22:04 1:03 <0.0001 a<b,c*
Wake-up time on weekdays 6:37 34 _647 033 7:00 1:01 <0.0001 a<b<c™
Wake-up time on weekends 7:25 1:21 el 1:15 37 1:22 <0.001 a<b,c**
Total sleep time on weekdays 9:09 (51 9:10 0:52 9:16 1:04 0.02 ab<c”®
Total sleep time on weekends 9:35 1:18 9:40 1:15 9:32 1:20 0.11
Midsleep on weekdays 2:03 (0:36 2:12 0:35 2:22 0:50 <0.001 a<b<c™
Midsleep on weekends 2:38 1:02 2:47 0:59 2:51 1:01 <0.001 a<b,c*
Social jetlag (relative value) 0:35 (:45 0:36 0:45 0:29 0:47 0.01 c<a*,c<b*™
Social jetlag (absolute value) 0:43 (0:37 0:44 0:37 0:41 0:38 0.27
PDSS score 9.6 6.2 10.5 6.2 8.9 6.3 <0.001 c<a<b™
At-home study times on weekdays (min) 42.2 51.9 46.0 554 100.8 1073 <0.0001 ab<c*
At-home study times on weekends (min) 52.1 87.5 62.1 954 90.0 114.6 <0.0001 ab<c*™ a<b?
Screen-viewing on weekdays (min) 94.9 95.7 99.1 88.1 161.2 1628  <0.0001 ab<c*
Screen-viewing on weekends (min) 143.5 161.5 154.6 147.5 198.1 2084  <0.0001 ab<c™®™

1 Results of repeated analysis of variance (ANOVA); 2 Results of Bonferroni-Dunn, ®: June 2019, b January 2020, ©: June 2020, **: p < 0.01, *:
p < 0.05; 3 PDSS: Pediatric Daytime Sleepiness Scale.

O05FHij June 2019) [ZEEAR T, a8+ (Jan 2020, June 2020) IZIZFREED LS IZTAERZINAEN . £FBIREFZIAEN =AY,
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Current Biology

lockdown, during which public life

came to a standstill and many people
experienced increased flexibility regarding
social schedules, led to improved
individual sleep-wake timing and overall
more sleep. At the same time, however,
many people suffered from a decrease

in sleep quality in this burdening and
exceptional situation. Potential strategies
to mitigate the adverse effects of the
lockdown on sleep quality may include
exposure to natural daylight and exercise.

SUPPLEMENTAL INFORMATION

Supplemental Information contains one figure,
one table, and experimental procedures, all of
which can be found with this article online at
https://doi.org/10.1016/j.cub.2020.06.021.
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Sleep in university
students prior

to and during
COVID-19 Stay-at-
Home orders

Kenneth P. Wright Jr.**,

Sabrina K. Linton', Dana Withrow',
Leandro Casiraghi?,

Shannon M. Lanza',

Horacio de la Iglesia?, Celine Vetter?,
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Sleep health has multiple dimensions
including duration, regularity, timing,

and quality [1-4]. The Coronavirus 2019
(COVID-19) outbreak led to Stay-at-
Home orders and Social Distancing
Requirements in countries throughout the
world to limit the spread of COVID-19.
We investigated sleep behaviors prior

to and during Stay-at-Home orders in
139 university students (aged 22.2 + 1.7
years old [+SD]) while respectively taking
the same classes in-person and remotely.
During Stay-at-Home, nightly time in

bed devoted to sleep (TIB, a proxy for
sleep duration with regard to public
health recommendations [5]) increased
by ~30 min during weekdays and by

~24 mins on weekends and regularity of
sleep timing improved by ~12 min. Sleep
timing became later by ~50 min during
weekdays and ~25 min on weekends,
and thus the difference between
weekend and weekday sleep timing
decreased — hence reducing the amount
of social jetlag [6.7]. Further, we find
individual differences in the change of
TIB devoted to sleep such that students
with shorter TIB at baseline before the
first COVID-19 cases emerged locally
had larger increases in weekday and
weekend TIB during Stay-at-Home. The
percentage of participants that reported
7 h or more sleep per night, the minimum
recommended sleep duration for adults
to maintain health [5] — including
immune health — increased from 84%
to 92% for weekdays during Stay-at-
Home versus baseline. Understanding
the factors underlying such changes in
sleep health behaviors could help inform
public health recommendations with the
goal of improving sleep health during and

¢? CelPress

following the Stay-at-Home orders of the
COVID-19 pandemic.

The COVID-19 pandemic has led
to unprecedented changes in human
behavior worldwide. We conducted
an observational study to investigate
changes in multiple dimensions of sleep
health behaviors during the COVID-19
pandemic by comparing baseline sleep
log data collected from January 29 to
February 4, 2020 (before the COVID-19
outbreak spread across North America),
to sleep log data collected in the same
university students from April 22 to April
29, 2020, when the Stay-at-Home/Safer-
at Home order was in effect. We used
daily sleep logs to assess bedtimes and
waketimes across each study week.
Classes at the University of Colorado
Boulder officially switched from in-person
teaching to remote learning on March 16,
2020. Thirteen participants subsequently
moved out of the local Mountain Time
Zone (7 moved one time zone west, 5
moved one time zone east, and one
moved two time zones east). Because
students continued remote learning
with classes scheduled according to
Mountain Time, the sleep logs for all
participants were analyzed according to
Mountain Time. Institutional review board
approval was obtained.

Outcomes included daily, weekday,
and weekend TIB devoted to sleep,
bedtimes, waketimes, and sleep
midpoints — middle of the reported
sleep opportunity — and regularity of
sleep timing. Regularity was quantified
by the standard deviations of bedtimes,
sleep midpoint times and waketimes
of each individual with lower scores
indicating more regular sleep schedules.
We also computed social jetlag — the
difference between sleep midpoint on
weekends versus weekdays [6] — and
the percentage of individuals reporting
=7 h sleep per night.

Three dimensions of sleep health
behaviors significantly changed during
Stay-at-Home (Table S1, in Supplemental
Information, published with this article
online): (i) TIB devoted to sleep increased
on weekdays (Baseline=7.9+1.0h,
Stay-at-Home = 8.4 + 1.1 h, p < 0.0001)
and weekends (84 +15h,88+12h,

p < 0.05) during Stay-at-Home (Figure 1
panel A) — in fact, TIB increased every
day of the week (p < 0.05) except for
Saturday (p = 0.29; see Supplemental
Information), and more participants
reported the recommended 7 h TIB [5] on

Current Biology 30, R783-R801, July 20, 2020 © 2020 Elsevier Inc. R797
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Weekday
Weekend

Weekday
Weekend

Classes at the University of Colorado
139 university students (aged 22.2 = 1.7 years old [%£SD])

January 29 to February 4, 2020 (before the COVID-19 outbreak
spread across North America),
April 22 to April 29, 2020, when the Stay-at-Home/Saferat
Home order was in effect.
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Sunrise
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Stay at home
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