
Page 1/17

Lingering Impacts on Sleep Following the Daylight
Savings Time Transition
Zachary Owen 

Verily Life Sciences
Sohrab Saeb 

Verily Life Sciences
Sarah Short 

Verily Life Sciences
Nicole Ong 

Verily Life Sciences
Giulia Angi 

Verily Life Sciences
Atiyeh Ghoreyshi 

Verily Life Sciences
Shannon Sullivan  (  shannonsul@verily.com )

Verily Life Sciences

Research Article

Keywords: Daylight Saving Time, sleep period, sleep quality, Baseline Health Study, real world evidence

Posted Date: December 23rd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1193797/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Sleep Science and Practice on December
26th, 2022. See the published version at https://doi.org/10.1186/s41606-022-00082-w.

https://doi.org/10.21203/rs.3.rs-1193797/v1
mailto:shannonsul@verily.com
https://doi.org/10.21203/rs.3.rs-1193797/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s41606-022-00082-w


Page 2/17

Abstract
Background: The “spring forward” change to Daylight Savings Time (DST) has been epidemiologically
linked with numerous health and safety risks in the days following the transition, but direct measures of
sleep are infrequently collected in community dwelling individuals. 

Methods: The Project Baseline Health Study (PBHS), a prospective, multicenter, longitudinal
representative U.S. cohort study begin in 2017 launched a Sleep Mission in March 2021 to characterize
sleep using patient-reported and wearable device measures, in free-living circumstances during the DST
switch. Estimated sleep period duration, subjective restedness and quality, and watch metrics were
compared before and after the DST transition during speci�ed timeframes.

Results: Of the total PBHS population of 2502 participants, 606 participants received an invitation and
419 participants opted in to the Sleep Mission (69.1%). The transition to DST resulted in both acute and
lingering impacts on sleep. Acute effects included a 29.6 minute reduction in sleep period (p=0.01) and
lower ratings of how well participants slept, as well as reduced next-day restedness.  In the week
following the time change, a persistent reduction in restedness scores, and a trend towards a decrease in
sleeping heart rate variability were observed. 

Conclusion: The Daylight Savings Time transition is associated with an acute reduction in sleep period,
and lingering impacts on self-reported restedness, as well as a trend towards reduced heart rate variability
into the week following the transition.   This work adds to a growing understanding of the persistence of
impacts on sleep health metrics due to the DST transition.

Introduction
The yearly transition to Daylight Savings Time (DST) each spring has been associated with a myriad of
negative health and safety impacts, ranging from stroke[1], myocardial infarction[2] [3], and atrial
�brillation-related hospital admissions.[4]  The DST transition has also been associated with tra�c
crashes and a 6% increase in tra�c fatalities in the �rst few days following the change.[5] [6]  Recent
data also indicates a substantial increase in human-error related medical mistakes the �rst week after
switching to daylight saving time.[7]  The outcomes are hypothesized to occur for a variety of reasons
including circadian timing shifts, light exposure, and sleep loss. In contrast, the longer-lasting (i.e., beyond
the �rst week) effects of DST are less well studied. Because DST results in less morning light and more
evening light exposure, it has been argued to be less well-aligned with human circadian biology and
possibly contribute to social jet lag and a more chronic state of sleep loss. That said, the small literature
on outcomes is mixed, and it has also been reported that the long-term effects of DST may be associated
with reduced tra�c accidents in the late afternoon due to extension of daylight relative to clock time and
other factors.[8]  

A number of medical and research societies have published statements in support of elimination of
twice-yearly clock time shifts, citing disrupted sleep/wake patterns, reduced total sleep time and quality,
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and pursuant negative health effects.[9] [10]   Most studies on the negative health and safety events
around the DST transition are unable to relate these outcomes to measures of sleep or subjective
assessment of restedness, and there is a need to understand the causes of the detrimental effects of the
time change, and potential roles of sleep deprivation and circadian disruption.[11]  The object of the
present investigation is to measure sleep and subjective sleep experience metrics in a real-world
population before, during, and after the transition to DST.  The primary aim of this study was to
understand the immediate and lingering (~1 week) impacts of the Daylight Savings Time transition on
March 14, 2021 on sleep.  The secondary aims of the study were to measure impacts of the time change
on subjective morning reports of restedness and how well they slept, and heart rate variability.

Methods
Population

All subjects for this investigation were recruited from the Project Baseline Health Study (PBHS). Details
for the PBHS are reported elsewhere[12]; in short, the parent cohort study was designed to establish a
reference health state and to develop a platform that integrates and analyzes personalized, longitudinal
multi-dimensional data. Data from this observational study is collected within a traditional clinical
context as well as from day-to-day life of people outside of conventional medical research or clinical care
settings.  The Spring Forward Sleep Mission was approved both by the Scienti�c Executive Committee
supervising the Baseline Health Study as well as the Western Institutional Review Board.

Study Period

The study period was March 1 - March 31, 2021.

Recruitment 

On March 1, 2021, an invitation to opt-in to the Spring Forward Sleep Mission was issued via email and
via a �rmware update to a wrist-worn device, Study Watch, already deployed to measure health variables
as part of PBHS.  If the watch was not charged and/or updated, the invitation may not have been received
on this date.

Inclusion and Exclusion Criteria for Analysis

Because participants could opt-in to participate in the study at any time point after the invitation was
issued, including after March 13, 2021, parameters were set to de�ne the study group for analysis. To be
included, participants must have: opted in for the Sleep Mission by end of day March 6, 2021. Even if
participants opted in by this date, they were excluded if there was less than one episode of sleep data
collection from March 6 to 13, 2021 or from March 14 to 21, 2021. The DST transition occurred at 2am
local time on March 14, 2021; for purposes of these analyses, we take the convention of labeling this
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‘night’ as March 13, 2021.  We de�ned ‘night’ as the longest sleep interval in the noon-to-noon period
commencing on that date.  See Supplemental Figure A for details regarding the pool of participants who
met these criteria for analysis.

Study Watch

The Study Watch is a wrist-worn device used in Baseline Health Study for the collection and monitoring
of physiological activity and environmental data with high sampling frequency, and in-�eld assessments
of patient-reported data.11 Encrypted data collected by the device is transmitted securely via study hub to
the secure cloud server.  Participants were asked to wear their watch to sleep each night during March
2021.  In addition, they were asked to push a button on the side of the Study Watch face to indicate when
they got into bed to sleep and when they got out of bed after the intended sleep period. The button-push
episodes are termed ‘tags’ for the purposes of these analyses.  Upon completion of each morning tag,
participants were asked four questions.   These questions appeared in sequential order on the face of the
Study Watch directly (example, see Figure 1).  

The four questions were: 

Question 1: How long did it take you to fall asleep last night?

Question 2: How long did it take you to get out of bed after waking?

Question 3: How well did you sleep last night?

Question 4: How rested do you feel right now?

The participant could respond by scrolling through a range of responses.  For questions 1 and 2,
involving time, the following responses were possible:  Less than 5 minutes, 5-15 minutes, 15 - 30
minutes, 30-45 minutes, 45-60 minutes, 60-90 minutes, 90-120 minutes, > 120 minutes, and don’t know.
 For the latter two questions:  a 5-point smiley face Likert scale was used.  

Analysis

Total Sleep Period (TSP) was calculated based on participant tags, de�ned as the time from sleep tag
start to the sleep tag end, minus sleep onset latency and time from awakening to getting out of bed.[13] 
From the Study Watch, we also computed overnight heart rate variability (HRV). Overnight HRV was
measured by computing the root mean square of successive differences (RMSSD) and the standard
deviation of NN intervals (SDNN) within 5 minute intervals and averaging all such intervals for each night
of sleep that satis�ed the following two criteria: First, the participant had to be wearing the watch for at
least 95% of the night; second, there had to exist at least one hour of heart beat data.[14]  For reported
sleep times, the midpoint of each range was used for analysis with > 120 minutes taken to be 150
minutes.   Responses reporting don’t know were dropped (<2%).   In addition, several subjective sleep
related measures were estimated using Study Watch tags.  ‘Sleeping well’ was de�ned as a participant’s
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response to “How well did you sleep last night?” in the top two smileys.  ‘Sleeping poorly’ was de�ned as
a response to this question in the bottom two smileys, which are frowning in various degrees.  Well-rested
was de�ned as a participant’s response to “How rested do you feel right now?” in the top two smileys.
 Unrested was de�ned to be when a participant’s response to “How rested do you feel right now?” was in
the bottom two smileys.

“Acute” effects of the DST transition were calculated by comparing these metrics for the night starting on
Saturday, March 13, 2021, to those of the same participant for the prior Saturday, on March 6, 2021.
 “Lingering” effects of the DST transition were calculated by comparing these metrics on weekday nights
of the week following the DST transition to those of the week prior to the DST transition.  

All analyses compare the within-participant means of each metric between the two time frames using
paired two-sided t-tests against the null hypothesis of identical means between the time frames.  In
particular, in the lingering analysis, binary values such as restedness are averaged within participants for
all available tags in the week before and the week after the time change. Statistics are reported on the
difference of these averages. These averages can be thought of as the daily likelihood of a participant’s
tag falling into the category under consideration, e.g. reporting restedness.

Results
By the predetermined �nal date for Sleep Mission opt-in, March 6, 2021, 606 individuals responded to the
invitation and 419 opted in (69.1% opt-in rate).  Of these, 233 participants were randomized to receive an
intervention for a separate effort not reported here. The remaining 186 participants were considered to be
observational. Of these, 45 were excluded due to having no Study Watch sleep tags collected between
March 6 and 13, and 5 additional participants were excluded due to having no such data between March
14 and 21.  Table 1 provides demographic and limited medical history information for all 136 participants
whose data was included in the analysis.  Participants were predominantly female (60.3%) and white
(74.3%), with a mean age of 61.3 years (Standard Deviation, SD, 15.2 years).  The characteristics for the
entire Baseline Health Study cohort are reported in the table for comparison.

Acute impacts

Among the 59 participants contributing sleep tags for both the night of the DST transition and the prior
Saturday night, the transition to DST resulted in a decrease in total sleep period of 29.6 minutes (p=0.01),
from 7 hours and 51 minutes on prior Saturday night to 7 hours and 21 minutes on the night of the
transition (Figure 2).  In terms of subjective restedness, 31 of the 59 participants had unchanged
restedness scores from the week prior.  There was a 6.8% absolute increase in participants whose scores
fell into the unrested category (p=0.04), from 1.7% to 8.5%, a 5-fold increase in feeling unrested. (Figure
3A).   There was also a trend towards fewer participants reporting being rested in the morning following
the DST transition, from 62.7% on March 7 to 49.2% on March 14, representing a 21.5% relative decrease
in feeling rested after sleep (p= 0.10).    In addition, there was an 11.9% increase (p<0.01) from 1.7% to
13.6% in participants who reported sleeping poorly on the night of DST transition in comparison to the
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previous Saturday night (Figure 3B).    No signi�cant changes in overnight heart rate variability were
observed for this group in the acute time frame.

Lingering impacts

Among the 120 participants contributing at least one sleep tag for the weeknights (ie, nights beginning
Sunday through Thursday) in the weeks immediately before and after the DST transition, the number of
participants reporting at least one night of ‘unrested’ sleep increased from 24 to 34 individuals.  There
was a persistent overall 9.2% (p<0.01) absolute reduction in the daily likelihood of reporting restedness,
from 49.2% in the week prior to the DST transition to 40.0% in the week after the DST transition, a 18.7%
relative decrease. In analysis of heart rate variability in the 99 participants who had this data available at
the requisite time points, we observed that nocturnal HRV trended towards reduction after the DST
transition but these observations did not reach a p=0.05 level of statistical signi�cance.   A decrease of
1.21 ms in mean RMSSD (n=99, p=0.08) and a decrease of 1.29 ms in SDNN (n=99, p=0.09) (Figure 4)
was observed.  There was no signi�cant lingering reduction of reported TSP after the DST transition
compared to before the transition. 

Discussion
This study characterizes real-world impacts on sleep, subjective restedness and sleep quality, and also
reports on a wearable measure of heart rate variability, associated with the “spring forward” DST change.
This study offers some insight into the details of DST impacts in a diverse cohort of community dwelling
individuals.  This offers a novel perspective because while the transition to DST has been
epidemiologically associated with negative health and safety impacts, understanding mechanisms -
including actual amount of sleep loss and trajectory of recovery, if it occurs, changes in sleep timing,
measures of patient-reported restedness and sleep experience, and length of time over which negative
impacts dissipate - remains incomplete.  

As expected, the night of the DST transition was associated with a shorter sleep period compared to the
prior week; on the other hand, there was inadequate evidence to suggest that the average participant
“lost” an entire hour of sleep.  We observed an average reduction in total sleep period of 29.6 minutes.  
 This effect persisted over the following week. The �nding of sleep reduction is consistent with other
reports in the literature; Lahti et al. found a sleep time reduction of 60.14 minutes in 10 healthy adults as
well as sleep e�ciency reduction of 10%, whereas assessment of how individuals use their time yields an
estimated loss of 15 to 20 minutes of sleep.[15] [16]  

Self-reported unrestedness and report of sleeping poorly were increased by the DST transition acutely,
and unrestedness persists into the following week.   Among those responding to these two questions in
the weekdays after the DST transition, a 9.2% (p<0.01) drop in likelihood to report restedness persisted.
 These morning reports related to reduced adequacy of sleep and restedness add to the evolving picture
of directly measured, self-reported and biophysical impacts of this time shift, and are a novel and
convenient way to capture real-time, real-world subjective feedback on sleep.   By the second week after
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the DST transition, the study did not uncover ongoing differences in the duration of the reported sleep
period compared to the week before the transition.  This could be due to differences in the way ‘adequate
sleep’ is captured – and demonstrates a possible disconnect between sleep duration and/or timing, and
how refreshed one feels from sleep, when confronted with a circadian challenge.

The question ‘how well did you sleep’ as a proxy for sleep quality has been well-reported, based on the
validated Karolinska sleep diary.[17] [18]  It is thought that this question is responsive on a night-to-night
basis, as in prior studies, responses after a single night could be correlated to polysomnography �ndings.
[19]  This is the �rst study of which we are aware to pose these questions directly after rising, on a wrist
worn device.  It is of interest to identify whether this method of obtaining subjective data from
participants has greater utility than previous pencil-and-paper methods in real world situations, since
participants are queried at a particular point after rising to respond, rather than waiting until later in the
morning or day, which may reduce recall bias.  This is outside the scope of the present study but merits
further investigation. 

The trends observed in wearable measures of heart rate - lower HRV during the sleep period – suggests a
possible picture of more fragmented, less restful sleep.  In a separate analysis of Study Watch wearers
during this time frame, we found a reduction in steps taken[20], but there are other considerations here as
well - notably that the timing of the light-dark cycle is acutely altered at the DST transition.  One argument
in favor of DST is that it allows people to get more exercise or engage in more outdoor activity because it
‘stays light later’, so an interesting area of further research is longer term more complete assessments of
activity before and after both the DST and Standard Time transitions.      Reduced HRV may be
associated with reductions in sleep quality and sleep characterized by arousals, which are associated
with increased sympathetic activation.  However, HRV is also reduced in slow wave sleep, which may
have been increased due to a relative sleep deprivation induced by DST-related sleep loss.   Furthermore,
REM sleep, which is characterized by increased HRV, may have been reduced by waking at an earlier time
in individuals’ circadian time following the ‘spring forward’ time change.   

The primary strength of this study is that it combines wearable data and participant self-report on
commonly collected sleep diary parameters, as well as real-time, morning assessments of sleep and
restedness, to better characterize the possible burden of the DST transition on sleep in community
dwelling adults, who were already enrolled in the Project Baseline Health Study.  BHS has a community-
dwelling cohort which participates in a variety of study-related activities, and the study features a variety
of engagement mechanisms, including return of results efforts.[21]  Even in this context, the opt-in rate of
69.1% is very high compared to traditional uptake of studies offered in remote circumstances, for which
participation may range between 11% and 47.4% in disease speci�c registry studies between one day and
three months long.[22] [23]  That said, not all participants who opted in contributed enough data to meet
minimum thresholds for analysis, and this may well have affected power to detect changes related to
sleep.
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There are a number of limitations inherent in a study of this nature; primary among them are biases
related to participation, since those opting in to participate in the study may be fundamentally more
interested in or focused upon sleep.  Recruitment from the Baseline Health Study, limited participants
primarily to geographical areas in North Carolina and California, which may impact light-dark exposures
as well as outdoor activity and step count analysis.  Such factors may reduce generalizability of the
study data.   We also note that the participants in the Sleep Mission tended to be middle aged or older
adults, and this group may not had the same demands of worklife or family life that younger individuals
may have experienced, and this may limit generalizability.   Additionally, even among participants
meeting the inclusion criteria, not all participants tagged sleep and wore their Study Watch on all nights
over the month-long study.  While we report the absolute change in number of participants reporting poor
restedness and poor sleep before and after the DST transition, we also adjusted for biases in sampling
frequency by calculating an average response for each individual participant, for each question, over
each period, which we compared before and after DST.  It has also been shown that sleep measured
using different methodologies yields different measurements; in particular, the agreement between
actigraphic measures of sleep and self reported measures of sleep has been estimated between 78-81%,
though self reporting in this study was done as close to real-time as possible, and was not retrospective.
[24] [25] Additionally, in addition to the primary objective, this investigation explored a number of potential
ways of measuring impacts of the DST transition, and was not powered to fully examine each one.   Such
reported trends require additional study to understand the nature of the impact on DST.

Conclusions
This study reports on real-world impacts on estimated sleep, subjective restedness and sleep quality, and
watch-measured metrics such as heart rate variability, associated with the “spring forward” DST change.
 Reductions in sleep period were noted on the night of the DST transition. The DST transition also
resulted in negative impacts on participants' qualitative sleep experience.

Abbreviations
BHS                Baseline Health Study

DST                Daylight Savings Time

HRV               Heart Rate Variability

PBHS             Project Baseline Health Study

RMSSD         Root Mean Square of Successive Differences 

SDNN            Standard Deviation of N-N Intervals

TSP                Total Sleep Period
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  Opt-in to Sleep Mission,
observational group

Baseline Health
Study Cohort 

Number of participants 136 2502

Age, mean (SD) in years 61.3 (15.2) 52.7 (17.1)

Female, N (%) 82 (60.3%) 1375 (55.0%)

Enrolled in California, N (%) 85 (62.5%) 1500 (60.0%)

Race/ Ethnicity n(%)  

     White 101 (74.3%) 1582 (63.2%)

     Black 14 (10.3%) 400 (16.0%)

     Asian 11 (8.1%) 260 (10.4%)

     Native Hawaiian and/or

     Paci�c Islander

3 (2.2%) 27 (1.1%)

     American Indian or 

     Alaska Native

1 (0.7%) 31 (1.2%)

     Other race   6 (4.4%) 202 (8.1%)

     Hispanic ethnicity 7 (5.1%) 291 (11.6%)

Education n(%)  

     High school or less 6 (4.4%) 181 (7.2%)

     Some college 33 (24.3%) 475 (19.0%)

     College 43 (31.6%) 676 (27.0%)

     Graduate degree or higher 47 (34.6%) 700 (28%)

Income, n(%)  

     < $25,000 7 (5.1%) 206 (8.2%)

     $25,000-49,999 20 (14.7%) 264 (10.6%)

     $50,000-99,99 32 (23.5%) 514 (20.5%)

     $100,000-149,999 24 (17.6%) 333 (13.3%)

     $150,000-199,999 12 (8.8%) 201 (8.0%)

     >= $200,000 24 (17.6%) 375 (15.0%)

Marital Status, n(%)  

     Married 73 (53.7%) 1105 (44.2%)
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     Divorced 14 (10.3%) 197 (7.9%)

     Formerly in long term   

     Relationship

4 (2.9%) 102 (4.1%)

     Living together 9 (6.6%) 213 (8.5%)

     Never in long term 

     Relationship

14 (10.3%) 253 (10.1%)

     Separated 3 (2.2%) 52 (2.1%)

     Widowed 11 (8.1%) 79 (3.2%)

Other    

Mean PHQ-9 score 3.1 3.7

Activity; Mean daily steps in �rst 30
days, median (IQR)

7802 (4922) 8423 (4829)

Self-reported Diagnosis of Sleep Apnea,
n (%)

23 (16.9%) 171 (6.8%)

Insomnia  11 (8.1%)  

Top 3 Medical Conditions, n(%)    

Hypertension 48 (35.3%) 122 (4.9%)

Osteoarthritis 39 (28.7%) 101 (4.0%)

Cataract 37 (27.2%) 97 (3.9%)

Figures
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Figure 1

Example of Study Watch Morning Question

Figure 2

Acute change in Total Sleep Period after the Daylight Savings Time Transition of the group, n=59
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Figure 3

3A and B: Acute Impacts on Subjective Sleep: Comparing the Saturday nights before and at the Daylight
Savings Time transition
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Figure 4

Lingering changes in HRV after the DST transition 
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SupplementFigureA.docx
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