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ABSTRACT

Objective: To develop and present consensus findings of the National Sleep Foundation sleep timing and
variability panel regarding the impact of sleep timing variability on health and performance.
Methods: The National Sleep Foundation assembled a panel of sleep and circadian experts to evaluate the
scientific evidence and conduct a formal consensus and voting procedure. A systematic literature review
was conducted using the NIH National Library of Medicine PubMed database, and panelists voted on the
appropriateness of 3 questions using a modified Delphi RAND/UCLA Appropriateness Method with 2 rounds
of voting.
Results: The literature search and panel review identified 63 full text publications to inform consensus
voting. Panelists achieved consensus on each question: (1) is daily regularity in sleep timing important for
(a) health or (b) performance? and (2) when sleep is of insufficient duration during the week (or work days),
is catch-up sleep on weekends (or non-work days) important for health? Based on the evidence currently
available, panelists agreed to an affirmative response to all 3 questions.
Conclusions: Consistency of sleep onset and offset timing is important for health, safety, and performance.
Nonetheless, when insufficient sleep is obtained during the week/work days, weekend/non-work day catch-
up sleep may be beneficial.
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Consensus statement

® Daily regularity in sleep timing is important for health.

e Daily regularity in sleep timing is important for perfor-
mance.

e When sleep is of insufficient duration during the week (or
work days), catch-up sleep on weekends (or non-work
days) is important for health.

Introduction

Recommendations for healthy sleep behavior typically focus on
the duration of sleep that is optimal for health, well-being, perfor-
mance, and safety."” However, components of healthy sleep also
include sleep quality, sleep timing, and sleep regularity.” The Na-
tional Sleep Foundation (NSF) established an expert panel in 2014 to
conduct a systematic review and develop recommendations for the
sleep duration required for optimal health across the lifespan.' The
NSF sleep duration recommendations derived from that review were
consistent with those derived from a subsequent review conducted
by the American Academy of Sleep Medicine and the Sleep Research
Society.” Consensus panels established by the NSF have also pro-
vided comprehensive assessments on the duration of sleep asso-
ciated with driving impairment* and on indicators of good sleep
quality across the lifespan.” An expert review and consensus re-
commendation on sleep timing, however, has not been previously
conducted.

Sleep regularity, or intraindividual variability in sleep timing, and
its potential associations with health and performance, have gen-
erated increasing attention as key indicators of healthy sleep.
Regular sleep timing at the appropriate circadian time is hypothe-
sized to be important for optimal sleep, functioning, and health,’ yet
variability in the timing of sleep and light exposure are common in
modern society.” While we often consider sleep timing variability to
be a consequence of artificial light availability, experimental studies
simulating the short photoperiod that occurs during the winter
season (ie, 14 hours of darkness/sleep opportunity per day) reveal
that variability in sleep latency and duration may have even oc-
curred under such conditions (ie, with more extended darkness and
opportunities for sleep) prior to the widespread availability of arti-
ficial light,® consistent with historical records from that era.’ In
contrast to the stability of exposure to the solar light-dark cycle in
that preindustrial era, in modern society variability in the timing of
sleep is typically associated with variability in the timing of ex-
posure to light, which can induce circadian misalignment. Growing
evidence indicates that circadian misalignment is associated with
adverse health outcomes, including metabolic disorders such as
obesity and diabetes, cardiovascular disease, immune dysfunction,
cancer, and impaired mental health.'>'* Some data have even sug-
gested that irregular sleep timing may have a greater adverse impact
on performance than insufficient sleep.'>'® As there has been no
authoritative consensus statement about the importance of sleep
regularity for health, the NSF undertook the process of convening an
expert panel to conduct a systematic literature review, discuss and
interpret the existing evidence, and formulate consensus statements
on the impact of sleep timing variability on health and performance.

Methods
Development of the questions
Societal habits tend to result in sleep deficiency; hence, approxi-

mately 70% of US adults fail to attain sufficient sleep on a regular
basis.!” Regularity in sleep duration and timing is rare in the
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industrialized world,'® in which the most common pattern of irregu-
larity is a phenomenon called social jetlag (SJL)."° SJL occurs because
societal responsibilities dictate wake times and, thereby, curtail sleep
duration on work days; the accumulating sleep deficiency is compen-
sated for by sleeping longer on non-work days.”” Since some people
work on weekends, we will use the terms work days versus non-work
days. Due to individual differences (both genetic and behavioral), cir-
cadian clocks align themselves at different times with respect to the
light-dark (day-night) cycle; these differences are called chronotypes
and range from extreme early types (larks), who may sleep between
8 p.m. and 4 a.m., to extreme late types (owls), who may sleep between
4 am. and 12 p.m.”° The broad distribution of chronotypes in in-
dustrialized populations is most probably due to changes in light ex-
posure behavior: being exposed to much lower light levels during the
day by living indoors, and using electric light after sunset. Under these
weak entraining conditions (weak circadian synchronizer), extreme
larks become earlier, and all other chronotypes become later in their
entrained phase, resulting in a broader chronotype distribution. This
has been shown in studies in which the entrained phase of participants
was measured under urban (weak) and camping (strong) circadian
synchronizer conditions. The SJL concept presumes that sleep-wake
behavior on non-work days more faithfully represents the internal
phase of different chronotypes than on work days when people inter-
rupt their sleep at an earlier hour with alarm clocks, although social
activities may lead to later bedtimes and waketimes than would be
aligned with an individuals’ chronotype. Thus, on non-work days, later
chronotypes sleep later due to their chronotype and longer to com-
pensate for their sleep loss during the work week (catch-up sleep).”’

In addition, approximately one-quarter of the population in in-
dustrialized countries engages in shift work,?! with this burden of
work outside of daylight hours disproportionately falling among min-
oritized populations.”” People working shift work schedules are often
required to sleep at variable times—1 set of sleep times (usually during
the day) when working evening or night shifts, reversion to nighttime
sleep on non-work days, and frequent compensatory napping (ie, sleep
times during the day). Note that SJL can be considered similar to shift
work—working and sleeping on a day shift on work days, which is
misaligned with the individual’s biological circadian time, and sleeping
at later times that are aligned with the individual’s circadian time on
non-work days. In both cases (shift work and SJL), maximizing sleep
duration on non-work days induces less sleep regularity.

Therefore, the literature was reviewed, seeking to answer the
following questions.

1a. Is daily regularity in sleep timing important for health?

1b. Is daily regularity in sleep timing important for performance?

2. When sleep is of insufficient duration during the week, is
weekend catch-up sleep (WCS) on weekends important for health?

Initially, the following preamble was included for questions 1 and
2: “presuming that sleep is of sufficient duration and at the appro-
priate biological time.” After a subsequent review, the panel revised
the question to remove the preamble based on the panel consensus
that the available evidence was insufficient to include it. After the
preamble was removed, all panel members were provided the op-
portunity to change their agreement assessment. No changes to the
original agreement occurred.

All committee members agreed that the preferred language in
this review would be “work days” and “non-work days.” This
wording is used throughout the manuscript, unless referencing
specific nomenclature used in the source article.

Participants and procedures

The NSF assembled a 12-member panel of sleep and circadian
experts with scientific and clinical expertise. A systematic review of
peer-reviewed original research and systematic literature reviews in
the English language was performed using the National Institutes of
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Health National Library of Medicine PubMed database. Search terms
were agreed upon by the panel (Supplementary Table 1). Exposure
terms included MeSH terms and free text terms in the title or ab-
stract related to sleep timing (eg, sleep timing variability, napping,
and sleep patterns). Outcome terms included at least 1 sleep, health,
safety, or performance outcome (eg, metabolism, cardiovascular, and
mental health). Because the objective was to define sleep timing and
variability in populations without sleep disorders, we excluded
studies of obstructive sleep apnea, insomnia, restless legs syndrome,
and narcolepsy. The search was executed on May 20, 2020, without
publication date restrictions. Search results were imported to
Rayyan software for review.”*

A team of 8 postdoctoral fellows and junior faculty members re-
viewed titles and abstracts for inclusion or exclusion. Inclusion criteria
were: (a) population without disorders, (b) published in a peer-re-
viewed journal, (¢) human subjects, and (d) English language. It was
not feasible for multiple raters to evaluate each potential paper due to
the volume of potentially relevant publications. Articles were categor-
ized based on exposure type (eg, sleep timing variability and sleep
duration variability) to ensure full-length manuscripts specifically
sought to evaluate sleep timing and sleep variability. Full-length texts
with exposure types identified as sleep timing variability, sleep reg-
ularity, sleep duration variability, circadian misalignment, social jetlag,
or catch-up sleep were extracted for further review. Articles related to
napping were not included in the full text review subsequent to the
initial search to maintain focus on the timing and variability of the
primary nocturnal sleep episode. As the impact of polyphasic sleep
patterns on health was previously reviewed by the panel,* and mul-
tiple systematic reviews have evaluated the impact of shift work on
health and safety,'**>~*" articles related to polyphasic sleep and shift
work were excluded from this analysis, although statements sum-
marizing those reviews are included in the discussion of this report.

Panel deliberations and consensus voting

Two panel members performed the extraction of the full text ar-
ticles and independently summarized pertinent study information (eg,
sample size, study design, and results) in a tabular format. Each study
was discussed, and edits were made in tandem to ensure accuracy.
Tables and full text articles were distributed to all panelists to review
and confirm extracted information and present to the panel. Panel
members assessed the quality of each study, including the risk of bias,
using the U.S. Preventive Services Task Force quality ratings that pro-
vide a standardized metric of study design and implementation.”® The
size of the cohorts, the number of centers involved in the research,
long-term outcomes, statistical tests, and covariates used in statistical
adjustments were considered when assigning the rating. All studies
were classified as levels I, 1I-1, 1I-2, 1I-3, or III (descriptions of each level
in Table 1). Panelists reviewed the scientific literature, discussed sci-
entific evidence, and determined final inclusion decisions for each
manuscript during 15 meetings over a 4-month interval.

A modified Delphi RAND Corporation/University of California, Los
Angeles Appropriateness Method”® was applied to develop the con-
sensus statements. Panelists voted via an anonymous electronic
survey on the appropriateness of the question on a scale of 1
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Records identified through
PubMed screened for initial
title review
n = 40,672

l _

Records screened for
abstract review
n =2,022

Records excluded n = 38,650

Reasons for exclusion:
- Disordered population
- Review article
- Not sleep timing variability
- Non human

!

Records screened for full
text review
n=133

Records excluded n = 1,889

Reasons for exclusion:
- Shift work
- Napping

!

Records reviewed and
discussed by panel
n=76

Records excluded n = 57

Reasons for exclusion:
- Duplicates
- Review article
- Non-adult population

!

Records included in review
n =63

Records excluded n =13

Reasons for exclusion:
- Not sleep timing variability
- Inappropriate timescale
- Methodological
- No outcome variable

- Cross-sectional (n= 47)
- Cohort (n=9)

- Longitudinal (n= 6)
- Experimental (n=1

)

Qla
n=43

Q1b Q2
n=16 n=10

Fig. 1. Flowchart of results from the literature search.

(“extremely inappropriate”) to 9 (“extremely appropriate”). The first
round of voting occurred independently. The second round of voting
occurred during a virtual meeting. At the virtual meeting, panelists
reviewed the overall panel ratings from the first round of voting and
discussed the literature. Consensus recommendations were identified
as appropriate (median of 7-9), uncertain (median of 4-6), or in-
appropriate (median of 1-3). An agreement was defined by at least
80% of votes within any of the 3-point ranges. All 12 panel members
contributed meaningfully to the development of the research ques-
tions and drafting of the final manuscript, and 11 of the 12 panelists
voted due to the unavailability of 1 member at the time of voting.

Results
Literature review

The search identified 40,672 potentially relevant publications.
After a review of titles, 2022 articles remained. After refining the
criteria to exposures directly related to timing and variability of the
primary nocturnal sleep episode, 76 articles were identified for full
text review, and 63 were ultimately included by the panel. A flow-
chart of the literature search results is presented in Fig. 1.

Table 1
U.S. Preventive Services Task Force quality ratings®®
Level Description
I Evidence obtained from at least 1 properly designed randomized controlled trial
-1 Evidence obtained from well-designed controlled trials without randomization
-2 Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than 1 center or research group
-3 Evidence obtained from multiple time series with or without the intervention; dramatic results in uncontrolled trials might also be regarded as this
type of evidence
il Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert committees
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Fig. 2. Summary of associations between sleep timing variability, and health and performance outcomes measured. Numbers indicate the total number of publications in each
category. The allostatic load was operationalized as multisystem physiological dysregulation based on 23 biomarkers. HOMA-IR, homeostatic model assessment of insulin

resistance.
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g 31_] l—.—i +1 hr Sleep Onset SD
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— @ i Sleep Onset SD >90
. 31 - O i Sleep Onset SD 61-90
MEIECRIICEInGIOmS — Sleep Onset SD 31-60
g Sleep Onset SD <=30
= = | Sleep Duration SD >120
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Sleep Duration SD <=60
I L 4 i Sleep Onset SD >90
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Fig. 3. Summary of findings from 2 of the prospective studies®"*”

significance. CVD, cardiovascular disease; SD, standard deviation of the metric.

The majority of the studies (n=47) used an observational cross-
sectional design. There was substantial variability in the method used to
quantify sleep timing variability. Studies implemented the sleep reg-
ularity index (SRI), the standard deviation (SD) of total sleep duration,
the SD of midpoint sleep time (ie, the time midway between sleep onset
and offset times), interdaily stability of sleep-wake times, the sleep

CARDIOVASCULAR

2.0

25 3.0
Risk Estimate

35 40 45 50

with objective sleep assessments and incident, objective outcome assessment. Asterisks indicate statistical

timing questionnaire (STQ), and other measures. Studies relevant to
question 3 (ie, weekend/non-work day catch-up sleep) were categor-
ized separately; those studies most often characterized the difference
between work day and non-work day sleep times or sleep duration.
The most common research outcomes were mood or mental
health (n=15), metabolic outcomes (n=12), sleep and circadian

Cardiovascular health"® 1
Hypertension116 1
INFLAMMATION
Higher C-reactive protein 12 1
METABOLISM
Body mass index "’ 1
Fasting glucose120 1
Hemoglobin A1C'2° 1
Insulin s,ensitivity119 1
Testosterone'"® 1
Metabolic syndrome63 1
Obesity'"® 1
MORTALITY
Mortality33 1
OTHER HEALTH
Health-related quality of life '’ 1
Worse Neutral Better

Value/Score
or Increased
Odds/Risk

Value/Score
or Decreased
Odds/Risk

Fig. 4. Summary of associations between catch-up sleep and health outcomes measured. Numbers indicate the total number of publications in each category.
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outcomes (n=11), performance (n=9), and other health outcomes
(n=9). (Figs. 2-4).

Question 1: (a) is daily regularity in sleep timing important for
health? and (b) is daily regularity in sleep timing important for
performance?

Regardless of the exposure or outcome, all included studies re-
ported a neutral or negative association between sleep timing
variability and the outcome of interest (Fig. 2), with the majority of
the studies reporting that increased sleep variability was associated
with adverse outcomes.

There were 54 papers relevant to this question (Table 2). Of
these, 50 demonstrated at least 1 outcome variable that was sig-
nificantly worsened in association with increased sleep timing
variability. No significant difference in at least 1 outcome was
reported in 12 papers, and no papers reported decreased risk. One
study detailed an association between the strength of circadian
periodicity (repeating patterns of the rest-activity cycle) with a
series of cardiometabolic outcomes and health-related quality of
life but did not indicate a direction of effect.’ Of the 82 variables
that were found to have a significant association with increased
sleep timing variability, 63 reported adverse health effects, 11
reported adverse alertness or performance outcomes, 4 reported
adverse health-related behaviors, and 4 reported adverse safety-
related behaviors.

Two prospective studies deployed objective assessments of sleep
to examine the impact of sleep regularity on metabolism®' and
cardiovascular events.>” These studies provide support for a dose-
response relationship between irregularity (measured by SD of sleep
onset timing and sleep duration) and risk of these conditions (Fig. 3).

Question 2: when sleep is of insufficient duration during the
week (or work days), is catch-up sleep on weekends (or non-work
days) important for health?

The review identified 9 articles that examined catch-up sleep
with short sleep on work nights associated with extended sleep on
nights ending on non-work days (Table 3). Studies that compared
individuals who continued to obtain short sleep on non-work nights
(n=8) demonstrated that individuals who obtained short sleep on
work nights and experienced extended catch-up sleep on non-work
nights were at decreased odds of experiencing multiple negative
health outcomes, including inflammation, adverse metabolic out-
comes, and mortality (Fig. 4).

A longitudinal study of participants less than 65 years of age
demonstrated that those obtaining consistently short sleep
(25 hours) had an increased risk of mortality, whereas individuals
who curtailed sleep during the week combined with longer catch-up
sleep on the weekends had no difference in mortality compared to
those who consistently slept for a longer duration (short-medium/
long versus medium-medium or medium-long sleep).>* Data from
other studies revealed that, among individuals sleeping <6 hours
during the week, those obtaining 1-2 hours more sleep on the
weekend (than during weekdays) had more favorable serum high-
sensitivity C-reactive protein levels than those who did not extend
their sleep on the weekends, identifying a potential protective effect
for longer WCS durations.**

Panel deliberations and consensus voting

The panel achieved consensus for all 3 questions/statements with
the 80% agreement threshold achieved (Table 4). The median ap-
propriateness rating was in the appropriate range for each state-
ment. The highest appropriateness rating (rating=9) was reached
for question 1a, that is, daily regularity in sleep timing is important
for health. The lowest acceptable appropriateness rating (rating = 8)
was achieved for question 2, that is, catch-up sleep is important for
health.
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Discussion

Our review found that, across a wide variety of health and per-
formance outcomes (eg, mortality, inflammation, cognitive perfor-
mance, metabolic indicators, breastfeeding, and mental health),
increased sleep timing variability was associated with adverse
health and performance outcomes. This is consistent with a prior
review that reported greater variability in sleep (ie, less consistency
in sleep timing or duration) was associated with adverse health
outcomes in the general population.”> Many of the associations
described in these studies are consistent with the literature on
people performing shift work, such as the association between sleep
regularity and cardiovascular disease,*” though this review excluded
studies exclusively focused on shift work populations.

Variability in sleep timing in modern society is nearly always
associated with variability in the timing of light exposure, timing of
meals, and activity. It, thus, remains unknown whether the adverse
health and performance associations described herein are due to
variability in the timing of sleep itself or variability in the timing of
these associated environmental and behavioral factors. Variability in
the ensemble of environmental and behavioral factors associated
with variability in sleep timing can induce circadian disruption and
circadian misalignment. Based on experiments in laboratory ani-
mals, circadian disruption leads to impaired immune responses>®>’
and reduced lifespan.’**° For example, the survival of laboratory
animals with cardiomyopathic heart disease is reduced if the ani-
mals are exposed to light at adverse circadian phases.*!

The majority of studies in this review demonstrate that regularity
of sleep is important for health and performance. When sleep defi-
ciency has accumulated, often on work days, a number of studies
suggest that the common human pattern of extending sleep on non-
work days (“catch-up” sleep) can be beneficial. While some medical
practitioners and researchers recommend that people maintain
consistent bedtimes and wake times on all days of the week,****
notwithstanding accumulating sleep deficiency, this consensus
panel concluded that sleep deficiency should instead be minimized
by extending sleep on non-work days for up to 1-2 h and/or ob-
taining naps when feasible. While there are costs to health and
performance associated with the decision to seek more hours of
sleep (given the consequence of reduced sleep timing regularity), the
tradeoff may often be beneficial though the studies informing this
question did not directly test the costs versus benefits of this tra-
deoff. Interventional studies designed to directly test this question
are needed, particularly given early evidence of an adverse associa-
tion between sleeping in on weekends and academic performance.'”
Catch-up sleep on non-working days may not fully ameliorate the
sleep deficiency accumulated on work days, and it can take up to
several days to recover from just 1 hour of lost sleep.>** Therefore,
although 1 or 2 nights of catch-up sleep can be helpful (and are
recommended), some degree of sleep deficiency often remains.
Moreover, the potentially adverse circadian consequences resulting
from sleep extension on non-work days should be considered when
individuals may awaken on a catch-up non-work day well after
sunrise and would, thus, be exposed to a reduced duration of
morning light within the window required to induce a circadian
phase advance.”” This may result in a later circadian phase and
consequent difficulty awakening (with potential performance and
safety decrements) with early wake times required on subsequent
work or school days.

While the reviewed literature incorporated various outcome
measures of health and performance, there was no consensus among
studies on how to quantify sleep timing variability. Studies quanti-
fied sleep timing variability in a number of different ways, including
the SD of either sleep duration, sleep onset, midpoint, or offset; the
SRI;'® the STQ*’; or other self-reported sleep regularity assessments.
Additional sleep timing variability assessments were also developed
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Table 4
Results of expert panel voting from 11 panel members
Question ~ Median appropriateness Agreement Decision
rating (range) threshold (80%)
1a 9(7-9) Agree Appropriate
1b 8 (8-9) Agree Appropriate
2 8 (7-9) Agree Appropriate

Consensus recommendations were identified as appropriate (median of 7-9), un-
certain (median of 4-6), or inappropriate (median of 1-3). An agreement was defined
by at least 80% of votes within any of the 3-point ranges.

after our review.*” The dependence of these metrics on the type of
data gathered, the number of days of data collected, sample size, and
the research question was evaluated by Fischer et al.”® Given the
increasing acknowledgment of the importance of sleep regularity for
health, development of a gold standard measure of sleep variability
is needed. The panel recommends that 1 common metric is used
consistently to facilitate comparisons within the literature, with the
addition of other metrics chosen by each investigator. Consensus will
be required for this common metric, especially since the character-
istics of the metrics differ.”® The panel identifies, however, that
metrics of day-to-day variability such as the increasingly deployed
SRI are prioritized over less precise survey methods of sleep patterns
on work days versus non-work days. The metric recommended for
research studies also needs to be easily translated for public health
recommendations.

The panel determined there was insufficient evidence to quantify
via a single fixed number how much variability in sleep timing is
associated with increased risk. Of relevance, an SD of 1 hour in sleep
onset timing was found to be associated with a 23% increased risk of
metabolic syndrome®' and an 18% increase in cardiovascular risk.*

Sleep timing variability is an area of intense research focus.
Additional studies published after the panel’s search was finalized
were circulated among the panel members. None of the subsequent
findings are inconsistent with the panel recommendations.
Additional evidence supports a relationship between lower sleep
regularity and higher body mass index,**°° less favorable he-
moglobin Alc, obesity, weight gain, metabolic syndrome, increased
inflammatory biomarkers including white blood cell count, elevated
blood pressure, depressed mood, increased nonsuicidal self-injury,
higher all-cause mortality,”’ and adverse behavioral health of ado-
lescents. A recent review of sleep regularity and cardiometabolic
outcomes is aligned with the conclusions of the panel, finding that
lower regularity was associated with a variety of adverse outcomes,
including metabolic syndrome. Sleep regularity may be lower among
non-White adults compared to White adults, suggesting that sleep
regularity may be a driver of sleep health disparities.””>> Further
evidence also supports the panel recommendations regarding catch-
up sleep, with 1 recent report of an association between WCS and
alleviation of nonalcoholic fatty liver disease,”* though other con-
trolled studies of catch-up sleep were mixed, with some evidence
suggesting that 2 days of catch-up sleep did not restore insulin
sensitivity to levels that were observed prior to sleep accumulation
of sleep deficiency.”> >’ The abovementioned review also found that
higher SJL, which may or may not include catch-up sleep, was as-
sociated with glycemic dysregulation, adiposity, type 2 diabetes, and
metabolic syndrome. These findings are consistent with those of
others who have detailed an association between higher SJL and
greater body mass index.'?"%%2

We specifically sought to identify studies that informed the
question, “When sleep is of insufficient duration during the work
week, is WCS important for health?” This catch-up sleep differs from
the prior questions by considering when the duration of sleep ob-
tained during the work week may be inadequate. One study of a
population of adults averaging less than 6 hours of sleep per night
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during the week found a protective association between catch-up
sleep and metabolic syndrome, with 1-2 hours of catch-up sleep on
the weekend associated with reduced odds of metabolic syn-
drome.®® Another study found an association between extending
sleep on the weekend and lower adiposity, while increased varia-
bility (using the SRI metric) was not associated with adiposity,
suggesting that catch-up sleep was beneficial despite the reduced
regularity in this context.°* As our daily patterns have shifted during
and possibly after the COVID-19 pandemic, emerging evidence
suggests that increased freedom in daily routines has enabled in-
creases in sleep regularity,® potentially allowing for behavioral ad-
justments to sleep-wake patterns that are associated with a
multitude of adverse outcomes.

Limitations

The evidence reviewed by the panel was limited to articles
captured by the search criteria within the PubMed database. Some
publications emerging after the search was conducted may be
omitted though the panel sought to identify new publications up
until the submission of the manuscript. Some relevant articles in the
time before keywords were abstracted, which reported that the
timing of sleep in sufficient detail may not have been identified. For
example, Johns et al.'” conducted a relevant study and published
their findings in 1976. While not captured by our search, the study
found that medical students who woke earlier on the weekday and
weekend, resulting in less SJL but potentially greater sleep defi-
ciency, had better exam scores compared to those who slept later on
the weekend (ie, catch-up sleep).'” In addition, the quality of articles
was limited, with most observational designs relying on self-re-
ported data, limiting the ability of panelists to interpret causal re-
lationships. More robust research is clearly needed. Most studies
examining sleep timing variability did not control for sleep duration
in their analyses or whether sleep was obtained at an appropriate
biological time. Future research should facilitate a separate ex-
amination of the specific impacts of sleep timing variability versus
sleep duration variability, as reported by Huang et al.,>” in addition
to the combined impacts. This review focused on variability in the
timing of the primary nocturnal sleep episode and did not include
studies related to napping behavior or the health effects of
shift work.

Conclusions

The overwhelming body of evidence led the panel to conclude
that sleep regularity is important for health and performance.
Regular schedules were associated with improved outcomes across
multiple dimensions of health and performance, including alertness,
health and safety behaviors, cardiovascular health, metabolic health
(including fasting glucose, hemoglobin A1C, and metabolic syn-
drome), inflammation, mental health (including depression, mood,
and suicidal ideation), academic performance, cognitive perfor-
mance, sleep duration, and sleep quality. The odds of all these ad-
verse outcomes were found to be increased on irregular schedules
compared to regular schedules, consistent with data indicating that
increased SJL (ie, 1 source of sleep timing variability) is associated
with worse health outcomes.

Irregular schedules were not associated with improved out-
comes in any study. Based on the preponderance of the evidence
currently available, the panel, therefore, concluded that, to the
extent that it is feasible, individuals should seek to optimize sleep
timing regularity. However, when sleep duration is inadequate
during work days, 1-2 hours of catch-up sleep on non-work days
may be beneficial.
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