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Abstract

Shift work results in a misalignment between circadian timing and the sleep/wake schedule, leading to irregular and poor quality sleep.
Inconsistentinput from the daily light cycle further interferes with circadian entrainment. It has been hypothesized that scheduling the sleep/da
cycle on the night shift could aid in promoting adaptation to night shift work by facilitating appropriate phase shifts. In a simulated shift-work
study, we compared the ability of two sleep/dark schedules to shift circadian phase. Our results indicate that scheduled sleep/darkness can
in adaptation to night shift work by inducing both advance and delay phase shifts, depending on the timing of the sleep schedule, althoug!
the size of the phase shifts are not sufficient to produce complete adaptation to the night shift. These results have applications to night shi
workers, particularly in occupations in which alterations in the timing of light exposure cannot be achieved during working hours.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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The need for 24-h availability of essential services in mod- job than day shift worker§l,22]. Given the prevalence of
ern society requires many in the work force to reverse their night shifts in many professions, it has become critical to de-
normal diurnal sleep/wake schedule. About 15 million work- sign measures that can facilitate a successful transition to a
ers in the US are on non-standard work shifts, including at night work schedule.
least 4 million on regular overnight shifts, and an additional Many of the performance decrements and the sleep dis-
3.5 million on rotating shift423]. Many of these workers  ruption associated with night shift work arise due to a mis-
(e.g., airline pilots, air traffic controllers, nuclear power plant alignment between the timing of the biological clock and the
workers, doctors, nurses, law-enforcement and other publictiming of the altered sleep/wake schedule. When night shift
safety workers) are employed in professions in which peak workers attempt to invert their normal sleep/wake schedule,
functioning during the work shift is critical. Unfortunately, their timing of meals, work, and sleep remain perpetually out
night shift work can exact a substantial cost in terms of health of phase with the timing of environmental light, the most pow-
and degraded performance. Night shift workers experience aerful synchronizer of the circadian pacemaker, thus prevent-
greater risk of gastrointestinal disedd€], cardiovascular  ingsuccessful adaptation to a nightwork schedule. Moreover,
diseasd14] and cancef19,20] They are also highly prone the schedules of night workers are often irregular, changing
to vehicular accidents, and experience a higher rate of in- once or twice per week. Furthermore, people who work on
juries, industrial accidents, and quality-control errors on the the night shift typically attempt to sleep right after returning
from work and awaken in the early afternoon resulting in a
* Corresponding author. Tel.: +1 617 732 8782; fax: +1 617 732 4015.  Prolonged period of wakefulness before the start of the next
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before starting work than his/her day shift counterpart and Pre-Night Shift Sleep Protocol
thus suffers from greater homeostatic drive for sleep during
the work shift, which can interfere with effective functioning.
Ideally any measure that is adopted to ease the transition -
to night shift work should optimize appropriate circadian en- a
trainment and minimize homeostatic drive for sleep on night
shifts. Over the past two decades, it has been demonstrated
that exposure to appropriately timed bright light can facili-
tate the transition from day to night work by rapidly reset-
ting the human circadian pacemakgy7—-9,12,18] The re-
setting properties of exerci¢gl] and exogenous melatonin
[21] have also been investigated. There is also some evidence

that shielding night workers from sunlight on their commute R —— s  —
home and/or scheduled daytime sleep can help night shift o T e
workers transition to a more appropriate sleep/wake sched- o —— =
ule [3,7'12]_ an—

The role of scheduled sleep in entraining the human cir-

cadian system is unclear. It has been argued that darknes§ig. 1. Double raster plots of the study protocopper panel Schedule

: ; : ; .~ followed by Pre-Night Shift Sleep groupower panel Schedule followed
durmg scheduled sIeep ep|sodes may function as a Clrcadlari)y Post-Night Shift Sleep group. Hatched bars indicated day and night shifts

synchronizer and thereby facilitate circadian adaptation to in the laboratory. Filled bars indicate sleep episodes in the laboratory. Grey
night shift work[6,24]. However, the absence of light during  bars indicate circadian phase assessments in the laboratory. All other times
daytime sleep changes the timing and distribution of light were spent outside the laboratory. Data are presented in a double raster
exposure across the 24-h day and may consequently act as Ermat, with time .of the day across the hor_izontal axis and the subseql_Jent
photic synchronizer, or sleep itself could act as a non-photic days of the experiment plotted both to the right of and beneath the previous
synchronizer of the circadian system. Regardless of the un-

derlying mechanism, it is clear that scheduling appropriate

daytime sleep can facilitate the transition to night shift work. Eleven men and seven women (26.4.8 years) partici-

In a night shift work simulation study, we found that sub- patedina 10-day simulated shift-work study. Allwere healthy
jects assigned to a fixed sleep schedule and subjects whand free from medical and psychiatric disorders as deter-
spontaneously adopted consistent sleep schedules adaptetiined from a screening evaluation, which included a com-
better than those who did not have consistently scheduledplete physical examination, clinical biomedical tests on blood
sleef12]. Other studies have shown that delaying or advanc- and urine, electrocardiogram, psychological tests (MMPI and
ing bedtimes result in phase delays or advances of circadianBeck Depression Inventory) and a Sleep Disorders Ques-
rhythms|[6], even in the absence of conscious vis[@B]. tionnaire. The protocol was approved by the Human Re-
In animals, circadian rhythms have been shown to advancesearch Committee of the Partners HealthCare System, and
when the LD cycle is advanced and delay when the LD cycle each subject gave written informed consent before starting the
is delayed?2]. In this study we examined the effect of two study.
fixed sleep schedules in facilitating the transition to night  The study protocol consisted of 4-day shifts followed by
shift work by promoting appropriate shifts of the circadian three night shifts (se€ig. 1). Subjects were in the labora-
system. tory only during the work shifts and sleep episodes. During

On one schedule, sleep began 7 h after the night shift andthe simulated work, subjects performed computer work with
lasted 8 h (14:00-22:00), ending 1 h before the next night breaks every 90 min. Lighting during the work shifts was of
shift (Pre-Night Shift Sleep), a relative timing of work and typical indoor room illumination and was the same on day
sleep typical of what day shift workers do. The other sleep shifts and night shifts. To measure the illumination in the
schedule was designed to be similar to what typical night laboratory, we placed a light sensor at a height of 137 cm
workers do. The sleep episode began 1 h after the night shiftin a horizontal direction at several different positions in the
and lasted 8 h (08:00-16:00), ending 7 h before the next nightroom and averaged the readings. The average illumination
shift (Post-Night Shift Sleep). On the day shifts, the sleep in the room was 77.0% 33.43Ix (25uW/cn?) during the
episode began at 22:00 h. Thus, relative to the day shift sleepwork shifts. The sleep episodes occurred in darkness. During
the Pre-Night Shift Sleep was advanced by 8 h while the Post-scheduled sleep episodes, subjects were required to remainin
Night Shift Sleep was delayed by 10 h. Given the timing of bed in the dark. Between the work shifts and sleep episodes,
the two different sleep schedules, we expected that relativesubjects left the laboratory and were free to engage in nor-
to the circadian phase on the day shift, circadian phase on theanal activity. However, they were not allowed to sleep or nap.
night shift would be advanced to an earlier hour in subjects We ascertained compliance by continuously monitoring ac-
on the Pre-Night Shift Sleep schedule but delayed to a latertivity with a wrist actigraph, also equipped with a light sensor
hour in subjects on the Post-Night Shift Sleep schefh]le (Actiwatch-L, MiniMitter, Sun River, OR).
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On day shifts, the laboratory work shift lasted from 07:00 3-harmonic model and the level at which saliva concentration
to 15:00 and the sleep episode from 22:00 to 06:00. Subjectsreached 25% of the fitted model was calculated. DLSMQ
were outside the laboratory from 15:30 to 21:00. The key was defined as the time the melatonin levels during CP or
manipulation in the study design was the timing of the sleep CR reached 25% of this fitted maximum. For the CR data,
episode (in darkness) and of the resulting exposure to thewe also computed the midpoint of the melatonin secretion
outside environment during the free time on the night shift episode and the phase of the endogenous core body tempera-
schedule. On night shifts, the work shift lasted from 23:00 ture rhythm. The midpoint of the melatonin secretion episode
to 07:00. For the night shift sleep episode, each subject waswas defined as the midpoint between 25% upward and 25%
randomly assigned to one of two schedules: Pre-Night Shift downward crossing points of the melatonin secretion episode.
Sleep (14:00-22:00; top panElg. 1, n=9) or Post-Night The phase of the endogenous core body temperature rhythm
Shift Sleep (08:00-16:00; bottom parféh. 1, n=9). The was calculated by fitting a two-harmonic model to the data
subjects in the Pre-Night Shift Sleep group were outside the and the nadir of the fitted temperature model was defined as
laboratory from 07:30 to 13:00 and subjects in the Post-Night the phase of the endogenous core body temperature rhythm
Shift Sleep group from 16:30 to 22:00. (CBTmin) [4].

The protocol also included a 6-h constant posture (CP) Circadian phase, as assessed by dim light salivary mela-
regimen after the final day shift and a 38-h constant rou- tonin onsets (DLSM@sq,), was not significantly different
tine (CR) after the final night shift to allow us to as- between the Pre-Night Shift and Post-Night Shift Sleep
sess initial and final phase, respectively, of the endoge-groups following the day shifts (20:270:25h,n=8 ver-
nous circadian melatonin rhythfi0]. During CP, sub- sus 21:0H-0:43h,n=9; t[15]=2.13, p=0.48; see upper
jects were seated in dim light (0.940.72 Ix; 0.41uW/cn?) symbols inFig. 2). One subject from the Pre-Night Shift
from 17:00 to 23:00 and saliva samples (SaliSaver, ALPCO) Sleep group was excluded from this analysis because the
were collected hourly. During CR, subjects remained data were insufficient to calculate the DLSMHg,. Af-
awake in a semi-recumbent bed-rest position, in dim light ter three night shifts, DLSM&q, in the Pre-Night Shift
(0.914+0.72Ix; 0.41uW/cn?) and food was distributed in  Sleep group had advanced significantly byi588 min (from
hourly snacks. Saliva samples were collected hourly and 20:27+ 0:25 to 19:34-0:33 h;t[7]=1.89,p=0.04; see left
core body temperature was continuously monitored via a rec- panel ofFig. 2). In contrast, DLSMQsg, in the Post-Night
tal thermistor (Yellow Springs Instruments, Yellow Springs, Shift Sleep group had delayed significantly by 2408:44 h
OH). (from 21:01+ 0:40 to 23:10+ 0:53 h;t[8] =2.91,p=0.009;

The Dim Light Salivary Melatonin Onset (DLSMO) was see right panel dfig. 2). This resulted in a significant differ-
used to assess the phase of the endogenous circadian mel@nce in the DLSM@sq, 0f the Pre-Night Shift and Post-Night
tonin rhythm [17]. The saliva samples were assayed for Shift Sleep groups following the night shift§15]=2.13,
melatonin concentration using a double-antibody radioim- p=0.004; lower symbols ifig. 2). The circadian phase data
munoassay (assay sensitivity <0.2 pg/ml, precision 8-11%, were first analyzed using an ANOVA with sleep schedule as a
inter-assay coefficient of variability 8.87% at 1.81 pg/ml and between-subjects factor and shift (day versus night) as within-
10.25% at 13.86 pg/ml, intra assay coefficient of variabil- subjects factor. The ANOVA yielded a significant main effect
ity of 11.1% at 1.6 pg/ml, 11.2% at 17.1pg/ml; Brigham of sleep schedule (Pre-Night Shift versus Post-Night Shift;
and Women'’s Hospital GCRC Core Laboratory). To compute F(1, 15)=6.36,p=0.02) and a significant interaction be-
DLSMO, the melatonin data from the CR were fitted with a tweensleep and shif{day versus nightF(1, 15)=11.863,

Pre-Night Shift Sleep Post-Night Shift Sleep
DLSMO,s0,
After Day Shift H R
DLSMOZ5% [l =
After Night Shift

16 18 20 22 24 5 4 16 18 20 22 24 2 4
Clock Time Clock Time

Fig. 2. Individual and average circadian phase following day shifts and night dkéftgpanel Dim light salivary melatonin onset (DLSMf&,) for subjects

in the Pre-Night Shift Sleep grouRight panel DLSMO;sq, for subjects in the Post-Night Shift Sleep group. In both panels, the open symbols represent each
subject’s individual circadian phase; each subject’s phase after the final day shift (upper symbol) is connected to his/her phase after thehfifh@lavigint
symbol). Average data(S.E.) after the day shift and night shift are shown in the filled symbols.
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p=0.004) on DLSMQsy. t-Tests were then used to explore significantly different, suggesting that it was tiraing of the
this interaction. light and dark exposure (achieved as a result of scheduling
Following the night shifts, we examined circadian phase sleep and time spent outside the laboratory) that influenced
of the melatonin midpoint and the core body temperature the strength and direction of the phase shift.
nadir (CBTmin) in both sleep groups. One subject in the It has been suggested that scheduled daytime sleep
Post-Night Shift Sleep group was excluded from this anal- facilitates circadian adaptation to night shift work because
ysis because the melatonin levels during CR did not reachdarkness itself maybe a circadian synchronjgez4]. How-
the 25% downward crossing point and so we were unable ever, the absence of light during daytime sleep necessarily
to calculate the melatonin midpoint. Both measures of cir- changes the timing and distribution of light throughout the
cadian phase occurred at a significantly earlier clock hour in 24-h day. Itis, therefore, not clear whether it was the darkness
the Pre-Night Shift Sleep group when compared to the Post-or the timed exposure to natural light (in the morning for
Night Shift Sleep group [melatonin midpointin the Pre-Night the Pre-Night Shift Sleep group and in the afternoon for the
Shift Sleep group 01:0% 0:34 versus Post-Night Shift Sleep  Post-Night Shift Sleep group) that was responsible for the
group 04:14+ 0:56 ¢[15]=2.131,p=0.008; CBTn in the observed phase shifts. Itis also possible that sleep itself could
Pre-Night Shift Sleep group 03:380:59 versus Post-Night  have promoted the observed phase shifts by acting as a non-
Shift Sleep group 06:2% 0:57;t[16] = 1.75,p=0.05]). photic synchronizell5]. From this study it is not possible to
We also used data from the light sensor on the wrist judge the relative importance of these factors. Whatever the
actigraph to assess average illumination inside and outsideunderlying mechanism, these data indicate that the timing of
the laboratory in the two groups on the night shifts. Our daytime sleep/darkness and exposure to natural light can con-
estimates indicated that average illumination in the labo- tribute to circadian adaptation to night shift work, although
ratory during the night work shifts was not significantly alone they are insufficient to produce complete adaptation.
different between the two groups (5257.3.57 Ix versus In comparison to the sleep schedule of a day shift worker,
44,22+ 11.33 Ix, respectivelp[10] = 2.23,p=0.64). During the sleep schedule of a typical night shift worker (sleep fol-
the hours the subjects spent outside the laboratory on the nightowing work, waking +6 h before the next night shift) re-
shift portion of the study, there was no significant difference sults in higher homeostatic sleep pressure during the work
in the average illumination experienced by subjects in the shift, magnifying the adverse effects of circadian misalign-
two groups (381.28 142.41x in the Pre-Night Shift Sleep  ment on alertness and performance on thg]&). It seems
group versus 220F 90.51x in the Post-Night Shift Sleep  reasonable to expect that to reduce this problem, a night shift
group;t[10]=2.23,p=0.36). There was also no significant worker would need to adopt a sleep schedule similar to the
difference between the groups in the amount of time spent Pre-Night Shift Sleep of our study, which was designed to
in light levels of 200 Ix or higher (brighter than that of typi- minimize homeostatic sleep pressure while facilitating an ap-
cal room light) while outside the laboratory, Pre-Night Shift propriate phase shift. However, the phase shifts in the study
Sleep group 1.5& 0.2 h versus Post-Night Shift Sleep group were modest, and consequently the temperature and mela-
2.13+0.58h ([10]=2.31,p=0.41). tonin phases of the Pre-Night Shift Sleep group, although
Previous studies using controlled simulations of night shift significantly advanced, still occurred during the night shift.
work have demonstrated the value of applying circadian prin- Therefore, despite the reduced homeostatic sleep drive pro-
ciples to alleviate problems associated with night shift work duced by adopting a schedule similar to that in the Pre-Night
[7,8,11,12,18] The efficacy of timed bright light exposure Shift Sleep group, performance during the night shift on this
(during night shift work) in reducing circadian misalign- schedule may still be compromised by circadian misalign-
ment by inducing appropriate phase shifts is now well known ment.
[3,7,9,12] In the present study, we explored scheduled day- To achieve complete adaptation to night shift work one
time sleep (in darkness) as an alternative countermeasure tavould need to adopt measures, which not only minimize
alleviating shift work-induced circadian misalignment: timed homeostatic sleep pressure but also ensure sufficiently large
sleep/dark and natural light exposure. phase shifts. Thus, it may be necessary to combine scheduled
Our results showed that the circadian phase of the Pre-daytime sleep episodes with other appropriately timed coun-
Night Shift Sleep group (sleep episode: 14:00—22:00) was termeasures, such as bright light, melatonin, or exercise, to
advanced by nearly an hour while that of the Post-Night Shift produce complete adaptation to a night work schedule.
Sleep group (sleep episode: 08:00-14:00) was delayed by
more than 2 h. Two independent measures of the phase of the
circadian system, salivary melatonin phase and core bodyAcknowledgments
temperature phase, were similarly affected, suggesting that
the different sleep schedules had shifted the timing of the  The authors wish to thank the research subjects; the Di-
master circadian pacemaker. Also, the light exposure datavision of Sleep Medicine subject recruitment and circadian
from the work shifts and from free time spent outside the technical staff; the Brigham and Women’s Hospital (BWH)
laboratory indicate that the average amount of illumination General Clinical Research Center (GCRC) technical, nurs-
to which subjects were exposed in the two groups was noting, and Core Laboratory staff for assistance with the study.
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