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Introduction: Shiftwork causes circadian disruption and results in impaired performance,
sleep, and health. Often, individuals on non-standard shifts cannot modify work schedules. At-
home sleep schedules are a potentially modifiable point of intervention, yet sleep-scheduling
strategies remain relatively understudied. Specifically, the adoption of multiple strategies and the
employment of strategies for not only night shifts, but also early starts on days, have yet to be
formally examined to our knowledge. We studied how adoption of specific and/or multiple sleep-
scheduling strategies for day and night shifts relates to measures of adaptation to shiftwork, self-
reported on-shift sleepiness, and individual characteristics (eg, age, chronotype, education in
circadian and sleep health). We hypothesized: 1) strategies would differ by shift type, 2)
individuals would adopt multiple strategies, 3) strategies better aligned with circadian principles
would relate to measures of adaptation, and 4) individual characteristics, such as having
dependents, would relate to strategy selection.

Methods: A retrospective, online questionnaire (including items from the Survey of
Shiftworkers and items related to sleep-scheduling strategies) was administered to both
permanent and rotating hospital staff in four wards working 12-h day and/or night shifts
(n=89). Additionally, reasons for strategy selection were explored.

Results: Level of adaptation varied by sleep-scheduling strategy, with the least adaptation
for those utilizing the Incomplete Shifter strategies. For night shifts, Night Stay and Switch
Sleeper-N strategies were related to lower mid-shift sleepiness. Many night workers reported
using strategies that restricted sleep, and most reported using multiple strategies, both of
which also related to lower adaptation. Domestic considerations were the most common
rationale for strategy selection. Strategies varied by several individual characteristics, includ-
ing chronotype, dependents, and level of sleep education.

Discussion: Future work should investigate sleep strategies and circadian interventions to
help mitigate the effects of circadian and sleep disruption in hospital staff.
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Introduction

The practice of shiftwork is prevalent and has deleterious short- and long-term
effects on sleep, health, and performance,l’2 as it results in both circadian disruption
and chronic sleep restriction. Indeed, even “permanent” night workers largely fail to
adapt physiologically to their schedules, owing in part to the conflicting light
signals their circadian systems receive upon leaving work in the morning and on
their days off.>* Furthermore, night workers typically report more sleep disturbance
than day workers.* Internal, environmental, and social rhythms all play a role: 1)
myriad biological processes, including alertness, fluctuate in a circadian manner
that inhibits daytime sleep, 2) environmental factors, such as light intensity, tem-
perature and noise levels, tend to be higher during daylight hours and 3) familial,

Received: 3 June 2021
Accepted: 24 August 2021
Published: 21 September 2021

Nature and Science of Sleep 2021:13 1593-1609 1593
© 2021 Harrison et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0482-589X
mailto:emharrison@ucsd.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Harrison et al

Dove

occupational, and educational responsibilities typically
occur during the day, interrupting sleep opportunities.

Rotating shiftworkers must also contend with both
circadian disruption and restricted sleep as a result of
alternating between different shift types. Additionally,
a growing body of evidence suggests that day shifts,
which are commonly used as control conditions and con-
sidered to be one of the easiest shift types, also result in
sleep, alertness, and performance decrements.””’ As all
shiftwork, then, necessarily carries with it some disruption,
circadian realignment and/or improvements in sleep are
common targets of intervention in shiftworking popula-
tions. While this could theoretically include changes in
shift scheduling practices, individuals often have little to
no control over their work hours, particularly early on in
their careers.” At an organizational level, institutions may
be averse to changing the status quo for a variety of
reasons, from financial or industry-specific concerns to
simple inertia.® Thus, it is often more practical to focus
on behavioral strategies and interventions.” In particular,
implementation of deliberate sleep-scheduling strategies
may be a cost-free means to facilitate adaptation in the
absence of the ability to change work schedules them-
selves. Examining rationales for sleep strategy selection
might also help determine how much, in fact, sleep sche-
dules are under volitional control. While sleep is volitional
to a degree, the phase or timing of sleep relative to the
body’s internal rhythms is an important determinant of the
quantity and quality of that sleep,'” as is the duration of
(and time elapsed since) an individual’s last sleeping
period."!

One of the most commonly recommended sleep-
scheduling strategies is napping. Naps can be used pro-
phylactically before or during a night shift to prevent the
accumulation of sleep pressure during the shift, thereby
improving subsequent alertness.'> They have also been
recommended post-shift before the commute home,
a particularly dangerous time for night workers in terms
of fatigue and driving incidents.'*'* Laboratory studies
indicate that both the timing and duration of naps are
critical for optimal effects.'

A few other strategies based on the timing and/or
duration of sleep have also received some attention. The
concept of “banking” sleep (ie, sleeping more in anticipa-
tion of an upcoming period of restricted sleep) is emerging

as an effective
16,17

strategy to improve performance

acutely, though long-term effects on sleep and other

health outcomes remain uninvestigated. Apparently at

odds with this strategy, many recommendations for good
sleep practices include keeping a consistent schedule.'®
This is also supported by much of circadian theory, and
a new body of evidence suggests regularity of sleep timing
is important for positive longer-term cognitive outcomes
in young adults.'>** Thus, here emerges an example of the
many balances shiftworkers must strike, whether con-
sciously or not: a choice between prioritizing longer
sleep duration and maintaining consistent sleep timing.
Most sleep research conducted in a laboratory setting
aims to control for, or manipulate, sleep timing, but there
is not a lot of literature directly comparing sleep timing
choices in field settings. Many studies have characterized
“typical” or average sleeping patterns on different shifts,
on work days vs days off,” > or on different schedules,
such as with earlier or later start times.*> Others have
found individual characteristics, such as chronotype and
sleep “flexibility”, relate to improved outcomes from
a particular sleep-scheduling strategy — napping.***
However, the efficacy of certain sleep-scheduling strate-
gies per se has only been examined in actual workplaces in
a limited fashion. Some shiftworker studies have com-
pared sleep quality across day- vs night-time sleep on the

26,27

same work schedule, or examined limited measures of

regularity of sleep timing and adaptation of
shiftworkers.”>*® One such study also specifically exam-
ined rates of employing certain sleep-scheduling strate-
gies, such as going to bed earlier when working early
morning shifts, or trying to get a few hours of “anchor”
sleep on days off of night shifts (near the time they would
be sleeping on work days).*?

The two most comprehensive and rigorous studies of
sleep-scheduling strategies were conducted by the same
research team, and stratified workers by a single strategy
based on self-reported predicted sleeping times when
working night shifts.>*® Both studies, by and large,
found that adoption of the “Incomplete Shifter” strategy,
one that shifts part way between diurnal and nocturnal
sleeping on days off, related to subjective measures of
adaptation on night shifts. These studies, while informa-
tive, did not consider the adoption of multiple sleep-
scheduling strategies by the same person, which could
vary as a function of schedule variations, leisure activities,
or outside responsibilities. Further, no study to our knowl-
edge has investigated the efficacy of sleep-scheduling
strategies for day workers, though converging evidence
suggests that those working daytime shift schedules

could benefit from shiftwork interventions due to both
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long work hours and early start times.>® Finally, there is
no research examining sleep-scheduling strategies in
a military setting, wherein risk for sleep and circadian
disruption, as well as physical and psychological health
issues, are significantly increased.*'>* We therefore
sought to examine how adoption of specific and/or multi-
ple sleep-scheduling strategies for both day and night
shifts relates to measures of adaptation to shiftwork sche-
dules, self-reported sleepiness on shift, as well as indivi-
dual characteristics in shiftworking hospital staff in a US
Navy Medical hospital. Additionally, rationales for strat-
egy selection, such as domestic life and commute, were
explored.

We hypothesized that sleep strategies would vary by
shift type and that individuals were likely to adopt more
than one sleep-scheduling strategy, rather than endorsing
a single, primary strategy; however, those on permanent
schedules may be more likely than rotating shiftworkers
to employ a single strategy. Additionally, we predicted
that strategies with the least amount of circadian disrup-
tion and/or the longest sleep opportunities would relate
to better self-reported adaptation. Finally, we also sus-
pected certain individual characteristics might influence
sleep-scheduling strategy selection. For example, parti-
cipants with partners or dependents may find staying on
a night-oriented schedule, even on days off, less feasible
than those without, and may therefore adopt those stra-
tegies less frequently. Additionally, those with more
training or knowledge about sleep and/or motivation to
change sleep behavior may be less inclined to adopt
strategies with more timing variability or strategies that
forego sleep, such as those that require staying up all
night before the first night shift. Further, certain job
characteristics might be associated with certain strategies
(eg, individuals who work more night shifts may adopt
different strategies than those who work nights only
occasionally). Finally, other individual characteristics
that have been associated with sleep quality and/or adap-
tation to shiftwork might also be associated with certain
strategies (eg, younger age, eveningness, and more sleep
“flexibility” might relate to more variable or “flexible”

sleep strategies).”*>

Materials and Methods

Scheduling Practices
Nursing staff at the hospital worked primarily 12 h shifts
in a slow, rotating variant of a “blocked” 2-3-2 shift

schedule (2 days on, 3 off, 2 on; 2 days off, 3 on, 2 off),
with occasional deviations for additional coverage or sick
days. Under this schedule, staff would have one “long”
week with more shifts and one “short” week with fewer,
across each two-week period. Most individuals alternated
between days and nights (0700-1900 and 1900-0700,
respectively) approximately every 6 weeks. Permanent
schedules also occurred but were far less common.
Survey data were collected between August 2017 and the
first week of February of 2020. The study protocol and all
procedures were approved by the Naval Medical Center
San Diego Institutional Review Board
(NMCSD.2012.0002) in compliance with all applicable
federal regulations governing the protection of human
subjects and in accordance with the principles stated in
the Declaration of Helsinki. All participants provided

informed written consent.

Recruitment

Participants were recruited by civilian study staff via email
and in-person during shift turnovers. After completing the
questionnaire, participants were given the opportunity to
provide contact information if they were interested in
participating in a circadian lighting intervention that has
been presented in part elsewhere.’*>’ Eighty-nine staff
members completed the survey, which took approximately
20 minutes to complete. Participant demographic charac-
teristics are described in Table 1.

Measures

Participants were administered the questionnaire via
anonymous, online link (Qualtrics; Seattle, WA). The
majority of the questionnaire consisted of two validated
assessments: 1) the reduced version of the Morningness
Eveningness Questionnaire (rMEQ),*®** and 2) select
subscales from the Survey of Shiftworkers (SoS),
a retrospective tool designed to examine sleep and
health in shiftworkers.*>*' This included the validated
modified from the
Sleepiness Scale (KSS) to retrospectively measure slee-

Alertness  Scales, Karolinska
piness on a scale from 1 to 9 across typical work shifts
(1=Very Alert, 3= Alert, 5= Neither alert nor sleepy, 7=
Sleepy (but not fighting sleep) and 9= Very sleepy
(fighting sleep)).*? Participants were instructed to only
complete items for shift types they had worked in the

last 6 months.
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Table | Demographic Composition and Chronotype

Table 2 Definitions of Sleep-Scheduling Strategies

Sleep-Scheduling Strategies

For night shiftworkers, the self-reported sleep-scheduling
strategies that were described in the study questionnaire
were modeled after the five defined by Gamble and
colleagues:**° 1) Night Stay, 2) No Sleep, 3) Switch
Sleeper, 4) Incomplete Switcher, and 5) Nap Proxy.
Definitions and exemplars for each strategy in Gamble et al
were used to generate lay-person descriptions for the ques-
tionnaire, with a few notable differences (see Table 2). We
sought to build upon their work by including one novel night
sleep-scheduling strategy that had been subsumed under the

Participant Characteristics Mean (SD) Dayshift Strategies
Age, y 30.13 (9.78) Consistent Going to bed and getting up at same time on BOTH
. work days and off days
Shiftwork, y 6.13 (7.84)
N (% Switch Sleeper- | Waking earlier on JUST your last morning off, so
(%) D that wake time is closer to wake time when
Gender: Female 63 (70.8) working days
Nurse (RN) 48 (53.9) Incomplete On your days off, going to bed later than you would
Corpsman 34 (382) Shifter-D when working days but earlier than when working
Administrator/Leader 7 (7.9) nights
Active duty 76 (85.4) Napper Taking naps when possible
Civilian 13 (14.6) . j .
Nightshift Strategies
Permanent Day 16 (18.0)
. Incomplete On your days off, going to bed later than you would
Permanent Night 13 (14.6) )
. Shifter-N* when working days but earlier than when working
Rotating 60 (67.4) .
nights
Labor & Delivery 31 (34.8)
. No Sleep Waking up at your usual time and staying up
Oncology/Internal Medicine 34 (38.2) . . .
. through the first night shift, with no nap
Orthopedics 24 (27.0)
White 37 (41.6) Nap Proxy On the majority of days off, taking a nap >| h during
. the time when you would normally sleep when
Asian 19 (21.3)
. . working nights
Hispanic 14 (15.7)
Black 12 (13.5) Night Stay Sleeping in the daytime on BOTH work days and off
Multiple/Other 7 (7.8) days
Single 35 (39.3) Switch Sleeper- | Sleeping longer or later on JUST the last night off,
Married/Living with Partner 46 (51.7) N so that wake time is closer to wake time when
Separated/Divorced/Widowed 8 (9) working nights
Children in home (I or more) 27 (30.3) Switch Napper | Napping ONLY before the first night shift, but not
Other dependent in home (I or more) 6 (6.7) on other days
Definitely Morning type 9 (10.1) Notes: Incomplete Shifter and Switch Sleeper appear as shift sleep-scheduling
Mod lv Morni 27 (30.3 strategies for both day and night shifts, represented as “-D” and *“-N”, respectively.
oderately Morning type (303) *This strategy was named Incomplete Switcher in Gamble et al 2012%°, and changed
Neither type 46 (51.7) to Incomplete Shifter in Petrov et al 2014.2° A number of additional clarifications for
Moderately Evening type 4 (4.5) the purposes of categorization were also added at that time.
Definitely Evening type 334

Switch Sleeper category in Gamble’s studies®’*° and had
also been observed in our previous work.” This strategy
involved taking a nap only on the first night shift in
a series, which we called the “Switch Napper” strategy.

We also hypothesized shiftworkers would likely use
more than one strategy, and that strategies may change
over time. For example, Daurat & Foret’® found that
shiftworkers sleep at different times before a single night
shift as compared to when they sleep on the first in a series
of night shifts. Thus, rather than having individuals report
a single, predicted sleep pattern which would then get
characterized by investigators into a single strategy
type, 2230
each strategy personally. Items for all 6 strategies for night

we asked how frequently individuals employed
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shifts were pilot-tested with the Emergency Department,
and scales were modified slightly as a result (data not
included). Additionally, four novel sleep-scheduling stra-
tegies for day workers were also developed, conceptually
consistent with the night strategies, where possible. See
Table 2 for all 10 sleep strategies (4 days, 6 nights) and
their definitions. Strategies that could theoretically be
exercised for either Day or Night schedules are appended
with a “-D” for day shifts or a “-N” for night shifts.

For both day and night sleep-scheduling strategies,
participants reported the frequency of engaging in each:
0 = “I never do this”, 1 = “I rarely do this”, 2 = “I
sometimes do this”, 3 = “I frequently do this”, 4 = “My
most frequent strategy”. If responses were provided for
some strategies but not others, blanks were treated as 0, or
“I never do this.” When possible, the most frequent strat-
egy was calculated for each individual (in some cases,
“ties” between multiple strategy types prohibited this).
An additional, open-ended question was included in case
individuals did not feel that the options represented any of
their current sleep-scheduling strategies:

If you have a particular schedule of sleeping that involves
napping, sleeping in chunks of time, or other shift-specific
pattern not captured in the questions above, please
describe it in as much detail as possible in the field below.

Finally, we added explicit items examining the considera-
tions for employing sleep-scheduling strategies, adapted to
match language from the SoS interference items (leisure,
domestic, and non-domestic life; described below), and to
also include “commute” and “other” categories.
Questions were also developed to determine whether
strategies stayed the same on both short and long weeks
(see Scheduling Practices), whether individuals generally
slept more on days off than on work days, and if so,
whether that was in preparation for their shifts (“banking”
sleep), or to recover from them (“recovery” sleep).

Adaptation Items

A single item of self-reported adaptation to current work
hours on a scale from 0 to 10, previously utilized by
Gamble & colleagues,”” was included. Additionally, sev-
eral SoS survey items were identified as reflecting a level
of “adaptation” to shiftwork: 1) a measure of the degree
to which shiftwork interferes with different domains
(leisure, domestic, and non-domestic) on a 5-point scale
(not at all [1] to very much [5]); 2) a Fatigue score,
which is generated from 3 fatigue-related items; 3) two

questions from the SoS Digestive subscale (appetite dis-
ruption and digestive difficulties); 4) a Sleep Difficulty
Scale Score (from 5 to 25), calculated for each shift type
worked in the last 6 months, as well as for days off; 5)
a single item capturing the degree to which the respon-
dent feels the advantages of shiftwork outweigh the
disadvantages (O=definitely not to S5=definitely yes),
and 6) self-reported sleepiness in 2-h increments for
the two major shift types. Sleepiness scale scores were
subsequently binned into 3 categories (for day shift:
6am, 8am, 10am; Middle =
2pm; End = 4pm, 6pm, 8pm; corresponding times 12

Beginning = 12pm and
h later were used for night).

Two additional non-SoS measures of adaptation were
included in the survey: an original item on the frequency
of skipping meals on different shift types, and a fatigue
and sleepiness-related driving incident measure,'* adapted
to reflect incidents over the last week.

Individual Characteristics

Demographic survey variables were each examined along-
side sleep strategies, including: age, gender, chronotype,
marital status, number of dependents, shift type (rotating
or permanent; % night work), commute length, sleep
“flexibility,” % of schedule based on preference, and %
of time working night shifts.

It was hypothesized that questionnaire items about
knowledge of the importance of sleep, circadian rhythms,
and sleep-promoting behaviors might influence sleep-
scheduling strategies. It has been reported that physicians
get approximately 2-3 h of sleep education during their
medical training,*>** but to our knowledge, exposure to
sleep education has not yet been quantified in nurses out-
side of our studies.*® We therefore asked several investi-
gator-developed questions regarding the extent of sleep
knowledge, motivation to engage in healthy sleep beha-
viors, and exposure to education regarding sleep and cir-
cadian health.

A 5-item circadian and sleep knowledge scale and a
7-item motivation scale were used. Two items assessing
the importance of sleep for health and for job performance
were also included. A single item was added for education:
As part of your professional training, how much education
on sleep and/or circadian rhythms have you received?
None whatsoever; a few hours or so (eg, one class);
a full course; other. These items were added after data
collection began and thus include only a subset of
participants.
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Analysis

General

Analyses were performed in GraphPad Prism (La Jolla,
Ca) and IBM SPSS Statistics 23.0 (IBM Corporation,
Armonk, New York). For all correlations, missing data
were excluded pairwise. Sample sizes are noted in Table
legends. Unless otherwise specified, all statistical tests
were evaluated at the p < 0.05 alpha level.

Adaptation/Disruption

In examining adaptation by strategy, Pearson-product
moment correlations between 5-point strategy fre-
quency scale (0—4) and linear adaptation measures
(self-reported adaptation (0—10), perceived advantages
shiftwork, (GI)
symptoms, fatigue, score, and sleep difficulty and skip-

of/interference of gastrointestinal
ping meals on different shift types) were calculated.
For a more direct comparison to findings of Gamble
and colleagues, self-reported adaptation was also
binned in the same three categories (“not well” (<4),
“middle” (4-6), and “very well” (=7)) and examined by
strategy frequency using ANOVA. Typical sleepiness
across the shift was examined via a mixed model with
primary strategy type and binned time of day (begin-
ning, middle, end) as fixed factors, and subjects as

a random factor.

Individual Characteristics

Pearson-product moment correlations between 5-point
strategy frequency scale (0—4) and motivation, knowl-
edge, MEQ, years in shiftwork, and age were calcu-
lated. For categorical variables, such as gender, marital
status, and dependents, frequency of employing any
given strategy was binned into 3 categories to avoid
small values and empty cells (frequently/most frequent,
sometimes, and rarely/never), and Chi-square analyses
were performed to determine relationships with strat-
egy type and rationales. Responses in the 5-point ratio-
nale scale (1=not at all, 3=somewhat, 5=very much)
were binned (1-2/3/4-5) for examination of strategy
rationale by categorical demographic variables. As
there were few endorsements of “other” as
a rationale, that category was excluded from Chi-
square analyses. In examining individual characteristics
by most frequent single strategy employed, indepen-

dent t-tests or ANOVAs were used, as appropriate.

Results

Sleep-Scheduling Strategies and
Rationales

Day Shifts

For day shifts, the Incomplete Shifter-D strategy was
employed at the highest rate, followed by the Consistent
and Napper strategies, while the Switch Sleeper-D was
(X2(6)=37.93; p < 0.001)
(Figure 1A). Post-hoc tests further revealed the Incomplete

employed least often
Shifter-D strategy was employed at a higher rate than both
the Napper (p < 0.05) and Switch Sleeper-D strategies (p <
0.001), but not more than the Consistent strategy (p=0.11).
Consistent and Napper strategies also occurred more than the
Switch Sleeper (D) strategy (p < 0.001 and p < 0.01,
respectively).

Most individuals used two or more strategies at least
“sometimes” (63/75, 85%), including 29 who did so “fre-
quently” or more (39%). However, amongst individuals
for whom a primary sleep-scheduling strategy emerged
(n=44), the Consistent strategy was most common when
working day shifts (n=15), followed closely by the
Incomplete Shifter-D and the Napper strategies (both
n=13). Only 3 individuals endorsed Switch Sleeper-D as
their primary strategy. The remaining individuals reported
utilizing two or more sleep-scheduling strategies with
equal frequency for day shifts.

Across the four categories of rationales for sleep-
scheduling strategy selection (leisure, domestic, non-
domestic, and commute), there were differences in rationales
(X2(6)=24.57 (p < 0.001), with domestic considerations
being the most common (Figure 1C). Post-hoc tests revealed
domestic concerns were significantly higher than non-
domestic and commute (both p < 0.001), but not leisure
(p=0.14). Leisure as a consideration was also higher than
commute (p > 0.05), but not non-domestic (p=0.06), and non-
domestic and commute did not differ (p=0.32).

Night Shifts

There were two sleep-scheduling strategies that the largest
number of individuals reported using “frequently” or as
“the most frequent strategy” for night shifts: Switch
Napper and No Sleep strategies (Figure 1B). Night Stay
and Incomplete Shifter-N were the next most common,
followed by Nap Proxy and Switch Sleeper-N strategies.
Chi-square analysis of the three frequency categories

(never/rarely, sometimes, and frequently/most frequent)
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Figure | Frequency of employing specific sleep-scheduling strategies and rationales for strategies by shift type. The frequency of engaging in each sleep-scheduling strategy
when working day (A) and night shifts (B). Participants reported frequency for each type on a scale of 1-5, which was binned for chi-square analysis. Incomplete Shifter-D
and Consistent were the most frequently used strategies for day shifts, and Switch Napper and No Sleep were for night shifts. Rationales for sleep-strategy selection
included domestic, leisure, non-domestic concerns, as well as daily commute. Domestic concerns were the most frequently cited contributor to sleep-strategy selection for

both day (C) and night shifts (D).

Abbreviations: Incomp Shift, Incomplete Shifter; Non-Dom, Non-Domestic; Freq, Frequently.

revealed no overall differences in strategy employment
rates (X2(12)=16.95; p=0.08).

A majority reported utilizing two or more strategies at
least some of the time (62/71, or 87%), and 36 (51%) did so
“frequently” for night shifts. Amongst individuals for whom
a primary sleep-scheduling strategy emerged (n=46), and
consistent with the frequency ratings for the whole sample,
individuals most frequently reported utilizing the No Sleep
and Switch Napper strategies when working night shifts
(n=12 and 11, respectively). Those two strategies were fol-
lowed by the Night Stay (n=9), Incomplete Shifter-N (n=6),
Nap Proxy (n=5), and Switch Sleeper-N (n=3) strategies.

Rationales for night shifts were similar to those for days,
with the domestic rationale being the most common (X2(6)
=24.57 (p < 0.001) (Figure 1D). Leisure and non-domestic
reasons were endorsed with equal frequency. Post-hoc tests
revealed domestic concerns were higher than commute (p <
0.001), with commute also being lower than both leisure
and non-domestic concerns (both p < 0.05).

Rotating Shifts

Participants were instructed to complete items for the shift
type(s) they had worked in the last 6 months. Most indivi-
duals reported strategies for both day and night (n=61). In
those participants, adopting a Consistent strategy for day
shifts was related to doing the same for night shifts (“Night
Stay” strategy; r= 0.27, p < 0.05), and negatively related to
napping on day shifts (r=—0.22, p=0.05). Adopting Switch
Sleeper for days was also associated with that same strategy
for nights (r=0.43, p < 0.01). Additionally, the Napper strat-
egy for Day shifts was associated with the two napping
strategies for night shifts: =0.27, p < 0.05 for Switch
Napper and r=0.40, p < 0.01 for Nap Proxy. There was
a trend for a relationship between Night Stay and Switch
Sleeping strategy for Day shifts (p=0.07). There was no
relationship between Incomplete Shifter for the two shift
types (p=0.11), nor for any other combination of strategies
across day and night shifts (all others, p > 0.21).
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were more likely than
permanent day workers to adopt the ‘“Napper” strategy
for day-shifts (X2[12] 18.89, p < 0.01; all others, p > 0.27).

Considerations behind strategy selection were not different

Rotating  shiftworkers

between the two groups of workers (all p > 0.34). No differ-
ences by job-type were found for either night-shift sleep
strategy frequency (all p > 0.36) or life domain influence
on night-shift sleep strategy selection (all p > 0.18) (see
Supplementary Materials for more information).

Shiftwork Adaptation/Disruption

There were differences in the amount of adaptation (0—10)
reported by type of shiftwork (X2(4)=10.68; p < 0.05)
(Figure 2). Of note, only 23% of all staff reported being
well-adjusted (scored >7) by this measure, in general.
Within each shift type, 53% of permanent day workers
reported being well adapted, as compared to only 17% and
23% of rotating and permanent night workers, respectively.
Post hoc tests revealed rotating shiftworkers reported worse
adaption overall than permanent day workers (X2(2)=9.25;
p <0.01); permanent night workers did not differ from either
group, though sample sizes of day and night groups were
relatively small (n=15 and 13, respectively).

Measures of adaptation were generally correlated with
one another (Table S1), and associations with frequency of
using each strategy are shown in Table 3. Sleep strategy
frequency did not vary across levels of adaptation (Not
well, Middle, Very Well) for any single strategy (Table
S2). For sleep-scheduling strategies during day work, use
of the Incomplete Shifter-D strategy was associated with
GI symptoms, while use of the Consistent strategy was
negatively associated with GI symptoms (Table 3).

Adaptation by Shift Type

80+
Il Days

60 Il Nights
q Il Rotating
@ 404
o
(0]
o

20+

0-

Not Well Middle Very Well

Figure 2 Adaptation by shift type. Adaptation for permanent day workers, perma-
nent night workers, and workers who rotated from day to night was reported on
a scale from 0 to 10 and binned into three categories as in Petrov et al, 2014: Not
well, Middle, and Very well.

For sleep-scheduling strategies during night work, fre-
quency of engaging in the Switch Napper strategy was posi-
tively associated with higher self-reported adaptation to
shiftwork (Table 3). Use of the Incomplete Shifter-N strategy
was associated with perceived interference of shiftwork in all
three life domains (domestic, non-domestic, and leisure), and
also with reported GI symptoms and skipping one or more
meals on the night shift. Frequency of engaging in the Switch
Sleeper-N strategy was also associated with skipping meals on
the night shift. Adopting a higher number of strategies at least
“frequently” was positively related to skipping meals on the
night shift (=0.32, p < 0.01), and negatively related to self-
reported adaptation (r=—0.25, p < 0.05). Though no strategies
were related to driving incidents, a full 79% percent of our
sample reported having a driving incident of some kind in the
last week.

Sleepiness on Shift

In those with a primary sleep strategy (n=44 for day, n=46 for
night), sleepiness on shift was analyzed across time on shift
(Beginning/Middle/End) and primary strategy type. A main
effect of time-on-shift was found in reported sleepiness on day
shifts (p < 0.001; Figure 3), with lower sleepiness mid-shift
relative to beginning and end (both p < 0.01), but no main
effect or interaction for primary strategy (both p > 0.58). For
sleep-scheduling strategies on night shifts, a main effect of
time-on-shift (p <0.001) and a significant interaction of time-
on-shift and sleep-scheduling strategy was observed (p <
0.05), with no main effect of sleep strategy (p=0.38). Post-
hoc tests indicate that sleepiness mid-shift was higher for
Switch Napper than for Night Stay, Switch Sleeper-N, and
Nap Proxy (all p <0.05). Across all strategies, sleepiness grew
across the shift, with more sleepiness in the middle than at the
beginning, and more sleepiness at the end than the middle
(both p < 0.001). In terms of correlations, frequency of enga-
ging in Switch Sleeper-N and Night Stay strategies was nega-
tively correlated with sleepiness mid-shift (=—0.25, p < 0.05
and r=0.33, p < 0.01, respectively). There were no relation-
ships between sleepiness across the shift on day shifts and day
shift sleep-scheduling strategies (all p > 0.16).

Relationships with Individual

Characteristics

Relationships between continuous demographic variables,
strategy frequency, and rationales are shown in Table S3.
For the sake of brevity, only statistically significant results
are reported below (see Table S3 for full results). For night
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Notes: Strategies and correlations with measures of adaptation and disruption. The first two columns are positive (higher values = better), whereas all others are negative (higher values = worse). Significant findings are in bold: A =0.05,

*p<0.05, ** p<0.01. Sample sizes are variable, as not all individuals worked all shifts and/or completed all items (n

Abbreviations: Adapt, Adaptation; Non-Dom, Non-Domestic.

63—71 for day shifts and n=65-77 for night shifts).

shifts, several characteristics were associated with adop-
tion of a napping strategy: 1) morningness was negatively
associated with frequency of engaging in the Nap Proxy
sleep strategy, and 2) having higher sleep “flexibility” on
the SoS scale was associated with more frequent adoption
of the Switch Napper strategy. A few job characteristics
were associated with strategy selection. The higher per-
centage of time individuals spent working nights, the less
likely they were to adopt either the Incomplete Shifter-N
strategy, or the Consistent strategy for day shifts (r=—0.27,
p < 0.05). Further, having less of one’s schedule based on
preference was associated with use of the Incomplete
Shifter-N strategy, as well as with endorsing leisure as
a rationale for night strategies. Finally, longer commute
times (both to and from work) were associated with adop-
tion of the Switch Napper strategy and, as might be
expected, greater endorsement of their commute as
a rationale for sleep-scheduling strategy selection on both
days and nights.

In terms of discrete variables, individuals with one or
more children in the home were more likely to use the
Napper strategy occasionally when working days, whereas
responses from those without children were more polar-
ized (“never” or “frequently”; X2(4)= 13.12, p < 0.05).
These results are similar when “any” dependent is
included. Individuals with any dependent were also more
likely to indicate that domestic life plays a part in the
selection of their sleep-scheduling strategy on day shifts
(X2(4)= 11.36, p < 0.05), but other considerations do not
(all p > 0.09). Similarly, those who were married or
cohabitating were more likely to cite domestic reasons
for sleep-scheduling strategies for day shifts (p < 0.05;
all other p > 0.09). See Supplementary Materials for com-

parisons by job title.

With regard to education on sleep and circadian
rhythms, the majority of participants reported receiving
“None whatsoever” (n=53/87; 60.9%); another 32
(36.8%) reported receiving “A few hours or so (eg, one
class)”. Preliminary data from a subset (n=19) of these
individuals were recently reported,’® and those findings
were consistent with the results of the broader sample
reported here. A subset of participants (n=58) received
additional questions regarding motivation to engage in
healthy sleep behaviors and general knowledge on sleep
and circadian principles. Participants on average answered
49.0% of the questions on sleep and circadian knowledge
correctly. In spite of this, average sleep motivation scores
were 4.23+0.71 on a scale from 1 to 5 (mean+SD), and all
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Sleepiness across the shift
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Figure 3 Sleepiness across the shift by primary sleep-scheduling strategy. Retrospectively reported sleepiness scores on a scale of |-9 across 12 h day (A) and night shifts
(B), binned into beginning, middle, and end of shift (mean+SEM). Symbols are offset slightly on the X-axis for ease of viewing. Error bars are present, but in some cases are

obscured by symbols.
Abbreviations: Incomp Shift, Incomplete Shifter

participants rated sleep at least “moderately important” for
both job performance and health, with the majority endor-
sing it as “extremely important” (n=34 for performance
(58.6%); n=37 for health (63.8%)).

Motivation to engage in healthy sleep behaviors was
negatively associated with adoption of the No Sleep
strategy on night-shifts (Table S3). Sleep and circadian
knowledge was negatively correlated with use of the
Incomplete Shifter-D strategy (Table S3), as well as the
number of strategies adopted at least sometimes for day
shifts (r=—0.30, p < 0.05). Independent t-tests of the two
most common responses to sleep education/training
(“None whatsoever” (n=53) and “A few hours or so
(eg, one class)” (n=32)) revealed that those with no
sleep education whatsoever reported engaging in the

No Sleep strategy for night shifts more frequently than
those with some education (t=5.25(66), p < 0.05). There
was a trend for those with some education to engage
more frequently in the Napper strategy for day shifts, as
well (t=3.38(66); p=0.07). There were no other effects of
sleep education on strategy selection (all p > 0.19).

Additional Sleep-Scheduling Information

Most individuals reported utilizing the same strategies for
short and long weeks for both days (74/78) and nights (65/
70). Comments regarding differences between long and
short weeks on day shifts included individuals napping
more on long weeks (n=2). For nights, comments included
references to attempting to “adjust” more on long weeks
and just “power through” (sleep less) on shorter weeks or
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single night shifts (n=3). A majority of individuals (79/88,
or 89%) reported sleeping more on their days off than on
work days. Of those, 36 (46%) reported doing so to
recover from sleep loss, 3 (4%) reported doing so to
prepare for sleep loss (“banking”), and 40 (51%) reported
doing so for both reasons (recovery and banking).

Responses to open-ended questions were screened to
determine whether individuals had additional strategies,
and also to determine whether or not individuals compre-
hended strategy definitions and the distinctions between
them. In general, there were few comments made (n=17).
Several hinted at conditional circumstances for strategy
use, such as needing to take a child to an event (n=5),
while others provided clarification on combinations of
strategies used (n=3). Both of these indicate the use of
multiple strategies by the same individual. Very few com-
ments seemed to fit into existing strategy options (n=4),
indicating the categories were not generally misunder-
stood, and that they captured well the strategies employed
by this group. One individual made comments regarding
rationales and general sleep difficulty that provided no
new information on strategies. A final potential strategy
reported (n=4) that may warrant additional consideration
in subsequent research is polyphasic sleep (distinct from
the biphasic Napper and Nap Proxy strategies), though
there were associated comments indicating that the sleep
patterns were due to sleep difficulty rather than intention
to sleep in multiple bouts.

Discussion

The Incomplete Shifter-D was the most frequently
employed strategy for day shifts, and the No Sleep and
Switch Napper were the two most frequent for nights.
Importantly, a vast majority of individuals (>85%)
reported using multiple sleep-scheduling strategies, at
least sometimes, on each of the two shift types studied
here, a novel finding worth considering in future studies of
sleep-scheduling strategies. While the relatively long per-
iod of reporting (over the past 6 months) may have
resulted in a wider variety of strategies per person than
smaller time periods (eg, one month), we observed no
general pattern of strategy changes from week to week
(“long” vs “short” work weeks). The observed relationship
between lower adaption and utilization of more strategies
supports the theory that being less consistent with sleep-
scheduling strategy is not adaptive; however, it may also
reflect attempts to try a variety of strategies in the face of
theories,

feeling poorly adapted. These competing

although difficult to tease out in this sample, might be
explicitly tested in future work.

Though our smaller sample size of permanent workers
somewhat limits our ability to evaluate any differences
between them and rotating workers, those working rotating
schedules reported less adaptation overall, and were also
more likely to nap on day shifts than permanent workers
(Figure 2). This may reflect the fact that working day
shifts requires a period of circadian adjustment for rotating
workers, at least at the beginning of a 6-week rotation.
Additionally, rotating workers that adopted one napping
strategy tended to adopt other napping strategies, consis-
tent with the concept of “nappers” and “non-nappers” in
the general population,'® as well as the concept of sleep
flexibility as an adaptive characteristic in shiftwork. In our
sample, having more sleep “flexibility” was associated
with more frequent adoption of the Switch Napper strategy
on night shifts, a strategy that necessarily involves sleep-
ing at different times from one day to the next. We also
found flexibility in sleeping habits related to better adapta-
tion, consistent with findings from others that flexible
sleepers are better-adapted®® and get better daytime
sleep.®* As in the general population, there may be some
cultural and/or personal barriers to napping that might be
addressed with increased education on sleep and circadian
rhythms in shiftworkers.

We predicted that the strategies with the least amount
of circadian disruption and/or sleep deprivation would
likely relate to measures of better self-reported adaptation.
The strategies most consistent in terms of sleep timing
and/or circadian phase are the Consistent and Napper
strategies for Day shifts, and the Night Stay for night
shifts, with the important caveat that research suggests
that even night shiftworkers who maintain a nocturnal
phase position on days off do not adjust physiologically
to night shifts due to exposure to bright light when coming
off-shift.>* Night Stay was found to be most adaptive in
previous work of night-shift strategies, though small sam-
ple sizes prevented it from being analyzed as comprehen-
sively as other strategies.”” As discussed above, the
Incomplete Shifter-D strategy is likely the least adaptive
strategy for day shifts in that it has the most variable sleep
timing, and indeed, it was associated with more GI symp-
tomology. For night, the strategies of No Sleep and Switch
Napper both offer the least amount of sleep on the first
night in a series of night shifts, and also necessarily mean

the individual has some day-to-day variability in sleep
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timing, and are thus likely the least adaptive in terms of
sleep duration and regularity.

On-shift sleepiness was worse for those primarily
adopting the Switch Napper strategy relative to those
adopting primarily Night Stay, Switch Sleeper-N, and
Nap Proxy strategies. Paradoxically, however, frequency
of adopting the Switch Napper strategy was related to
higher levels of self-reported adaptation. This type of
contradiction has been reported in some comparisons of
other = measures  of

subjective  sleepiness  to

46.4 . . .
647 and is also not uncommon in shiftwork

performance,
studies — certain strategies, interventions, or countermea-
sures that may be beneficial for some aspects of health and
performance, like alertness on shift, may result in other
negative effects, like impaired sleep or reduced time with
family. This highlights tradeoffs commonly observed for
work- and sleep-scheduling choices in shiftworkers. It also
indicates that perhaps a more nuanced approach to mea-
suring adaptation in shiftwork is appropriate, rather than
a single outcome measure. The SoS in fact does include
multiple domains intended to describe “tolerance to shift-
work” for this reason, most of which were related in our
sample (see Table S1).

A full 50% of the individuals for whom a primary
sleep-scheduling strategy emerged for night shifts relied
on sleep restriction (Switch Napper) or total deprivation
(No Sleep) for the first night in a series. In the previous
body of work?**° Switch Sleeper-N was the most common
strategy (over 50%), followed by No Sleep (~20%). This
difference, paired with the fact that Switch Sleeper-N was
least common in our sample, likely reflects our inclusion
of the Switch Napper strategy, which was subsumed by the
“Switch Sleeper” category in prior work, but is a distinct
strategy in ours. Other potential explanations include our
use of frequency ratings rather than a single strategy for
each individual and/or our use of self-ascribed, explicit
strategies vs categorization of predicted sleep schedules
into strategy types by investigators. Of note, one recent
study of shiftworkers utilizing sleep-scheduling predic-
tions against real-time diary data found that individuals
tended to sleep later than predicted.” These differences
also suggest that in addition to methodological factors,
institutional, departmental, and population characteristics
may affect strategy selection in ways that are not yet fully
understood. It is important then, that any sleep-scheduling
strategy study make note of or even account for such

factors, by increasing sample size to do so, when possible.

It is quite alarming how commonly sleep restriction
(Switch Napper), sleep deprivation (No Sleep), and bipha-
sic sleep (Nap Proxy) emerged as primary strategies,
together accounting for 61% of the sample. Based on
anecdotal information, it appears that shiftworkers often
employ the No Sleep strategy to increase homeostatic
sleep drive such that the pressure to sleep is strong enough
to allow the individual to sleep during the day after the
first night shift, at the “wrong” circadian time. In terms of
sleepiness, while those adopting the Switch Napper and
No Sleep strategies were the highest, and while power was
limited due to small sample size in some groups, shiftwor-
kers in all primary strategy types were above or near 7,
threshold.*®*°

Importantly, this is their level of sleepiness just before

a score considered to be a safety
the commute home, and a majority of individuals reported
having a driving incident in the past week. Institutions
should consider minimizing extra work and other admin-
istrative tasks post-night shift, especially on the first night
in a series.

The Switch Napper may be used as a way of reducing
the perception of misalignment during transitions to night
work (introducing daytime sleep before the first shift,
while maintaining old circadian phase). While getting
a nap in before the first night shift is certainly recom-
mended by experts relative to staying up for >24
h straight (No Sleep), the benefits of the nap simply cannot
be sufficient enough to entirely do away with the homeo-
static sleep pressure that would build up from waking from
the last, long sleep so many hours before the shift began.
Also, in spite of getting inadequate sleep, individuals in
this sample did not explicitly report “banking” sleep
per se, although almost half reported using sleep both to
recover and prepare for sleep deprivation during work
days. We did find that participants were highly motivated
and believed sleep to be important for health and perfor-
mance. Again, educational interventions may be helpful in
prioritization of sleep-scheduling strategies. Additionally,
motivation was associated with the degree to which sche-
dules were based on preference; thus, shiftworkers with no
schedule control may feel helpless and give up trying to
get better sleep. Conversely, those who prioritize control
of their schedule may make different career choices (eg,
compromise on pay for autonomy). Interventions that
allow workers to have some control over their schedules
might also improve motivation to prioritize sleep and lead
to better sleep scheduling strategy choices. Educational
interventions with suggestions for specific strategies
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could help improve motivation as well, thereby improving
sleep indirectly.

In previous work, the strategies categorized as “most
adaptive” for night shifts were the Incomplete Shifter-N
and the Switch Sleeper-N, both of which necessarily get
more sleep than the No Sleep and Nap Proxy, but also
involve reduced regularity in sleep timing. In that study,
our novel strategy, Switch Napper, was subsumed under
Switch Sleeper. With the current study, very few partici-
pants endorsed Switch Sleeper while many more endorsed
Switch Napper. This indicates that more nuanced categor-
ization of strategies might be in order. Importantly, the
Incomplete Shifter-N strategy has been likened to the
compromise phase position,* a circadian strategy for
minimizing disruption when working nights by aligning
the sleep phase on days off such that half of it occurs
during the time sleep would occur on day shifts, and half
when the individual would be sleeping on night shifts (eg,
sleeping from 4am-12pm).*° Here, the Incomplete Shifter-
N strategy was related to numerous negative outcomes in
terms of adaptation, including GI distress, sleep difficulty,
and perceived interference in all three life domains.
However, the compromise phase position theory actually
depends a great deal on a lighting regime of minimizing
and maximizing exposure at very specific times of day.
Thus, while they may appear similar on the face of it,
keeping circadian phase aligned would be unlikely under
the Incomplete Shifter-N strategy without the lighting
regime as an adjunct.’”

Evidence suggests polyphasic sleep is common in
shiftworkers.”®?” Here, we find supporting evidence that
napping on day shift is relatively common, as is adoption
of the two strategies for night shifts that involve napping,
either regularly (Nap Proxy) or before the first night shift
only (Switch Napper). Independent of the benefits of nap-
ping from a sleep homeostat perspective, as well as limited
evidence that polyphasic sleep can be as good as a single
bout of sleep by some measures,’' >* it has been theorized
that a bifurcated waveform might be advantageous for
shiftworkers;*>>® however, as in the case of the compro-
mise phase position, this would be the case only if the
underlying pacemaker truly adapted to the light schedule.
Such a feat would be difficult to achieve outside of labora-
tory settings, and would require the use of blue-blocking
glasses, scheduled natural light, and other aids for light
modulation. Regardless of sleep-scheduling strategy, any
sleep education program in shiftworkers should include

the optimization of timed light exposure. Further,

volitional polyphasic sleep as a sleep-scheduling strategy
must be considered distinct from polyphasic sleep as
a result of sleep disruption, such as that reported by
some participants in this study.

Importantly, many of our findings were for those
working day shifts, a relatively understudied group of
shiftworkers generally,™*° that nevertheless suffer due to
early start times and/or long shifts. Furthermore, rotating
workers adopted different strategies on day shifts than
permanent day workers, suggesting more research should
be done to examine sleep-scheduling strategies in all of
these subpopulations.

While past investigators looked at correlates of indivi-
dual characteristics and strategy, we added explicit items
examining the rationale for strategy use in order to begin
assessing how modifiable sleep strategies might be. While
domestic considerations were generally the most common
rationale for sleep-scheduling strategies for both day and
night, those with children, dependents, and live-in partners
were even more likely to endorse domestic considerations.
An intervention study wherein shiftworkers could schedule
their own shifts’’ revealed a somewhat similar pattern, in
that leisure and family time were prioritized over sleep and
rest, and individuals with children placed leisure as
a lower priority than those without. Interestingly, those
who more frequently employed the Switch Napper strat-
egy were more likely to indicate commute played a part in
strategy choice, as were individuals with longer commutes
on both shift types.

We also hypothesized that individual characteristics
may influence sleep-scheduling strategy selection. For
example, age, gender, chronotype, and flexibility have

been related to shiftwork adaptation,*3?

and caregivers
have reported prioritizing family, sleep, etc. when making
their own work schedules,”’” which might also affect sleep
strategy selection. We found differences in sleep-
scheduling strategies by chronotype, sleep flexibility, rotat-
ing status, job title, dependents, % working night shifts, %
schedule based on preference, and level of sleep education,
with no differences by age, gender, marital status, or sleep-
related knowledge. One might expect that any differences
in sleep-scheduling strategy by chronotype might also
apply based on age; however, age and chronotype were
unexpectedly not associated in our

sample (see

Supplementary Materials). This might reflect the unique

sample, as participants in this study were mostly active-

duty military, a relatively understudied group of indivi-

duals with regard to chronotype.’®*
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Later chronotypes were also more likely to adopt a Nap
Proxy strategy for night shifts, whereas previous studies
indicate a link between eveningness and the Incomplete
Shifter-N and Switch Sleeper-N strategies®”*° (though
there was a trend for a relationship between eveningness
and Incomplete Shifter-N frequency in our sample).
Evidence of the influence of chronotype on napping in
shiftworkers has been somewhat mixed,(’o’(’1 as have the
interactions between chronotype and adaptation to
shiftwork.”**2%%% Our sample tended to skew towards
morningness (Table 1), a relatively uncommon distribution
in shiftworkers, which might reflect, in part, the early rise
times in the population,® and may also account for some
differences between our findings and those of previous
work. Other methodological differences may also contri-
bute, including different chronotype and strategy mea-
sures, as well as demographic differences, including our
use of a slightly younger, more diverse, and predominantly
rotating shiftwork sample.

Sleep-scheduling strategies did differ by whether indi-
viduals had children or other dependents in the home, but
only for day shifts. Individuals with one or more depen-
dents in the home were more likely to use the Napper
strategy occasionally relative to those without, rather than
often or never, which may reflect a more opportunistic
approach to napping that is affected by what else is hap-
pening in the home. Those who worked nights more often
were less likely to use the Consistent strategy for day
shifts and the Incomplete Shifter-N for night shifts, while
those who had greater control over their schedule were
more likely to use the Incomplete Shifter-N.

Of note, general education of health-care providers in
sleep and circadian rhythms was quite low, with most
individuals reporting having received ‘“none whatsoever.”
Given the importance of sleep for health, this is far from
ideal. Similarly, low rates of education in sleep and circa-
dian rhythms have been reported in physicians as well, and
have resulted in efforts to develop educational programs to
address the issue.*> As predicted, strategies that resulted in
sleep loss were less frequently utilized by those with
relatively more education on circadian rhythms and sleep
as well as more motivation to change sleep behavior.
General education level in shiftworkers has been asso-
ciated with the belief that rest is important,”’ and educa-
tional interventions for shiftworkers typically result in
improved outcomes.®> In our sample, those with more
sleep education, motivation, and/or knowledge were less
likely to engage in the Incomplete Shifter-D and the No

Sleep strategy for days and nights, respectively. Compared
to the other 3 strategies for day shifts, the Incomplete
Shifter-D inherently has more day-to-day variability in
the timing of sleep, which has recently been related to
impairments in long-term cognitive performance out-
comes, in part as a result of the repeated “social jetlag”
it causes.'>?° It is unclear why the results from the general
sleep measure and the specific knowledge question are not
consistent (ie, point to the use of different strategies); one
explanation may be that the material covered in single
courses of sleep education may have more to do with
sleep disorders (eg, restless legs, apnea) than with circa-
dian rhythms and sleep per se.

Strengths of this study include several novel aspects, such
as characterization of multiple strategies in the same work-
ers; examination of strategies for day workers, who are
understudied yet are affected by early rise times; and an
examination of factors that influence sleep scheduling strat-
egy selection. Additionally, much of the data are within-
subjects across multiple shift types. Limitations of the study
include that it is based on retrospective self-report, and that
while we explicitly asked about volitional sleep strategies,
we may also be capturing sleep patterns that happen without
formal intention or forethought. Future work should examine
these strategy measures alongside objective measures, as
well as attempt to tease out intentional strategies from more
passive/random sleep patterns.

Conclusion

Shiftworkers, both day and night (and rotating, the most),
are particularly at risk for sleep disruption as well as other
physical and psychological health issues. The shiftworkers
here reported significant disruption from their schedules,
but believed sleep to be important for performance and
health, and were highly motivated to improve sleep. Given
the relationship between sleep-related education and sleep-
scheduling strategy selection, this population would likely
benefit from educational interventions regarding circadian
rhythms and sleep. Furthermore, shiftworkers early on in
their careers in hierarchical systems, such as medicine, can
be disproportionally adversely affected by shiftwork sche-
duling practices, and in this current sample, the greater
scheduling choice was indeed related to years in shiftwork.
Additionally, the benefits of countermeasures that may be
employed when an individual cannot change their sche-
dule should be emphasized for shiftworking populations,
in general. In particular, more research should focus on the
timing, duration, and regularity of sleep patterns and sleep-
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scheduling strategies in real-world settings. For example,
an explicit study of the cognitive benefits of banking sleep
vs keeping a consistent schedule should be examined, as
should studies of polyphasic sleep in shiftworkers. Where
possible, large sample sizes and objective measures should
also be employed. That individuals adapt multiple strate-
gies, for a variety of reasons, should also be addressed.
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