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Objectives   Episodes of sleep during a nightshift are frequently reported in various types of jobs. This
phenomenon has been seldom documented so far. This field study investigated individual differences in the
sleep–wake behavior of nurses.
Methods   A group of eight nurses working in an intensive care unit on a two 12-hour shift system kept a “sleep
diary” for 1 month, recording main sleep periods and naps. They subjectively assessed sleepiness, sleep quality,
and the need for sleep at various times of the day and night. Continuous actimetric measurements provided an
evaluation of the rest–activity patterns and of the sleep parameters.
Results   Half of the nurses chose to take naps in 75% of their nightshifts. No differences between the night-
nappers and nonnight-nappers were found for either total sleep length or the temporal patterns of subjective
sleepiness at night but, during nightwork, night-nappers needed sleep earlier than nonnight-nappers. They had
long naps during a worknight and short daytime sleep, sometimes followed by a late afternoon nap. This strategy
probably favored the maintenance of a diurnal orientation. Nonnight-nappers had long daytime sleep and took
preventive naps to anticipate sleepiness during nightwork. However, their readjustment to diurnal life seemed
more difficult than that of night-nappers.
Conclusions   Nurses use different sleep–wake strategies to cope with nightwork. These different strategies may
be due to circadian influence although social factors cannot be totally excluded.
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There is a considerable natural interindividual variabil-
ity in sleeping patterns (morning or evening types, etc)
which night work makes even more evident. In some
favorable cases, arrangements within a work team dur-
ing nightwork are possible (ie, a common agreement
being reached among its members to take short rest pe-
riods if they wish) (1). This is the case for nurses work-
ing in many hospital night services. Nurses working
night services have been extensively studied for vari-
ous reasons. They are mainly women (ie, responsible for
child care), they work on shifts governed by extremely
varied schedule systems, and they frequently take short
naps during nightshifts (2).

The benefits and detrimental consequences of night
naps have already been examined in studies in which
the time and length of sleep were fixed, either in the
laboratory (3–5) or in real settings (1, 6–9). In contrast,
descriptions of real sleep episodes during nightwork

outside any specific experiment and without any formal
authorization are scarce (10).

The purpose of this field study was to describe indi-
vidual differences in the sleep strategy of a group of
nurses, with emphasis on sleep episodes during night-
work.

Participants and methods

Participants

The study was carried out in an intensive care unit of a
public hospital (12 units in all; 650 employees) with the
permission of the hospital’s director. Eight nurses (sev-
en female, one male) work in this unit. They all volun-
teered to participate. They were in good health and
free of medication and drugs. A questionnaire about
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demographic variables, the number of years in shift-
work, diurnal type (11), and home–work distance was
filled out by the nurses (table 1). When the work could
be handled by one nurse, the second of the team some-
times chose to take a nap that could be interrupted in
case of emergency. Otherwise she (or he) was awakened
at the time agreed upon. Therefore, the nurses were di-
vided into two groups, those who slept during workhours
(called night-nappers) and those who did not (nonnight-
nappers). All night naps were noted in a diary by the
nurses, and the data were confirmed by actimetry. The
shortest nap recorded by actimetry was 25 minutes. The
night-nappers and nonnight-nappers did not differ in
terms of age, gender, diurnal type, or the number of
years in shiftwork. Commuting distances were similar
for both groups. Marital status was similar for the two
groups. One nurse, in the napper group, lived with an
8-year-old child.

The nurses worked in 12-hour shifts for 1 month on
a dayshift (0800–2000), then for 1 month on a night-
shift (2000–0800), and so on. During the nightshift, the
weekly work schedule was 1 night’s work–1 day off–1
night’s work–2 days off–2 nights’ work, alternating with
1 day off–1 night’s work–1 day off–2 nights’ work–2
days off. The sleep–wake cycles were studied for at least
6 days off during the dayshift period and for 14 consec-
utive days during the nightshift period. The nurses were
encouraged to follow their normal sleeping and napping
habits. Since we focused on spontaneous sleep–wake
patterns during the nightshift period, daytime work was
not included in the analyses.

Methods

The data used in the analyses were obtained from ques-
tionnaires (diaries kept by the nurses) and actimetric re-
cordings.

The participants kept sleep and nap diaries. Each day
for 1 month, the nurses reported the time that sleep began
and ended, as well as the time of nap onset and ending.

Actimetry was used in conjunction with the sleep di-
aries to confirm the subjective reports of the length of

sleep and nap episodes. Motor activity was recorded
continuously with an Actiwatch monitor worn on the
nondominant wrist (Cambridge Neurotechnology, Cam-
bridge, UK). Activity counts were stored in 1-minute
epochs. Sleep duration was visually identified as the
period between the first no-movement epoch after 5
minutes of an immobility span after lights out and the
last no-movement epoch preceding continuous activity.

The following measurements were performed (Ac-
tisom software®) and used in the analyses: (i) the activ-
ity index, used as an index of sleep quality (index of
sleep fragmentation: the higher the activity index, the
more fragmented the sleep), was defined as the percent-
age of active epochs (ie, 1-minute epochs with an ac-
tivity count >5) across the resting period and (ii) the
mean level of activity was calculated over 24 hours from
2000 (start of the nightwork) to 2000 the following day.

Subjective sleepiness was assessed by the nurses on
a visual analogue scale on rising after the main sleep
episode (nighttime sleep during days off in both the day-
and nightshift periods, daytime sleep after nightwork).
The participants were asked to place a mark on a 100
mm-line to indicate their own personal range of feeling
at that moment.

Subjective sleep quality was measured when the
nurses got up after the main sleep episode (nighttime
sleep during days off in both the day- and nightshift pe-
riods, daytime sleep after nightwork). The nurses were
asked to rate the quality of their sleep using a score from
0 to 4, as very bad (0), bad, medium, good or very good
(4).

The subjective need for sleep was assessed during
the workhours. The nurses were asked to note the
number of times they needed sleep in a logbook every
2 hours (between 2000 and 2200, 2200 and 2400, 2400
and 0200, 0200 and 0400, 0400 and 0600, or 0600 and
0800).

Statistical analyses

Data obtained during the days off in the dayshift period
were used to determine the baseline condition. For each

Table 1. Profiles of the nurses who took naps (night-nappers) or did not (nonnight-nappers) during night  work. (SEM = standard error
of the mean)

Group Age (years) Gender Morningness– Years in Marital status Home–work
eveningness shiftwork (number of nurses) distance (km)

Mean SEM Male Female Mean SEM Mean SEM Single Married Single b Mean SEM
(N) (N) (N) or co- (N)

habitat-
ing a (N)

Night-nappers 29.25 3.4 4 46.6 7.4 7.5 0.96 – 1 1 4.7 2.4
Nonnight-nappers 35.25 3.3 1 3 42.8 3.5 13 4.45 3 3 – 2.5 1.9

a No children.
b One child (8 years of age).
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of the eight nurses, the data covered six nighttime sleep
episodes during days off in the dayshift period, six day-
time sleep episodes and six nighttime sleep episodes
during days off in the nightshift period. A three-way,
repeated-measures analysis of variance (ANOVA) was
performed using these data with sleep condition (3 lev-
els: nighttime sleep during days off on the day shift,
nighttime sleep during days off on the nightshift, day-
time sleep), group (night-nappers versus nonnight-nap-
pers) and days (6 levels) as factors. The assumption that
the probabilities determined using the F-test were cor-
rect was tested with the use of a sphericity test. If the
sphericity test was significant, an adjusted F-test was
used (Huynh-Feldt procedure) (12). Post-hoc compari-
sons were made using a matched or unmatched pairs t-
test where appropriate. The correlations between the
variables were determined using the averaged mean data
of each subject in every sleep condition in the Spear-
man rank test.

Comparisons of the distribution of naps or the sub-
jective need for sleep between nappers and nonnight-
nappers were carried out with a chi-square test.

Results

During workhours

Naps during nightwork. Half of the nurses (“night-nap-
pers” group) took naps during their nightshifts. Naps
took place in 75% of the shifts (number of naps divided
by the number of nightshifts). Their distribution during
the workhours is presented in figure 1. The number of
nighttime naps gradually increased during the night,
peaking between 0400 and 0600. They lasted 150 (SEM
25) minutes. When the duration of a night nap was long,
the succeeding daytime sleep duration was short and
vice versa. The number of subjects was too low to al-
low any assessment of correlation.

Subjective need for sleep. The nurses were asked if they
needed to sleep during their workhours, and, if so, when
this need occurred during the night (between 2200–
2400, 2400–0200, 0200–0400, 0400–0600, or 0600–
0800) (figure 1). The distribution of responses reported
by the night-nappers and the nonnight-nappers differed
significantly (P<0.01). Among the night-nappers, the
need for sleep appeared between 2200 and 2400 and
then gradually increased, while, among the nonnight-
nappers, it occurred later, in the second part of the night,
between 0200 and 0400 (P<0.01). Between 0400 and
0600, sleepiness peaked in both groups, but was higher
for night-nappers than for nonnight-nappers (P<0.01).
Between 0600 and 0800, sleepiness decreased in both
groups, but was significantly higher among the non-
night-nappers than among the night-nappers (P<0.01).

Daytime sleep characteristics

The significant results of the ANOVA with repeated
measures are presented in table 2. For all the variables,
sleep condition and the sleep condition by group inter-
action (except for the index of activity) had a signifi-
cant effect. Furthermore, group showed a significant ef-
fect with respect to sleep duration and the level of sleep-
iness on rising.

Daytime sleep duration (diary data). As expected, day-
time sleep was significantly shorter than nighttime sleep
on the days off during both the dayshift (t=9.15,
P<0.001) and nightshift (t=8.97, P<0.001) periods (ta-
ble 3), but its length depended on how far the nurses
were into their nightshift period in that it gradually di-
minished between the first and last day sleep [mean first
daytime sleep of 335 (SEM 30) minutes versus a mean
last daytime sleep of 272 (SEM 31) minutes, t=3.1,
P<0.01]. When there was only one worknight between
two days off, it was particularly short, 244 (SEM 24)
minutes (ie, significantly shorter than the first daytime

Figure 1. Distribution of the number of naps
(per number of worknights) taken by the night-
nappers during the worknight (shaded bars).
Distribution of times during the worknight
when the night-nappers (black bars) and non-
night-nappers (white bars) felt they needed
sleep (number of times per 2-hour periods/
number of worknights) (*P<0.01, significant
differences between night-nappers and non-
night-nappers).
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Table 2. Significant results of the analysis of variance with re-
peated measures—effect of sleep condition, day, group, and sleep
condition by group interaction.

Effect Degrees of F- P- Huynth-Feldt
 freedom value value epsilon

Sleep duration

Sleep condition 1.99, 9.53 121 0.0001 0.8
Day 5, 30 2.6 0.05 1
Group 1, 6 5.8 0.05
Condition x group 1.6, 9.53 4.8 0.05

Index of activity

Sleep condition 1.55, 9.3 5 0.05 0.78

Sleep quality

Sleep condition 2, 12 4.6 0.05 1
Condition x group 2,12 4.7 0.05

Sleepiness on rising

Sleep condition 2, 12 4.75 0.05 1
Group 1, 6 6.15 0.05
Condition x group 2, 12 6.8 0.01

Mean level of activity (rest–activity rhythm)

Sleep condition 2, 12 9 0.01 1
Condition x group 2, 12 9.5 0.01

Figure 2. Subjective quality of sleep (means and standard errors of the
means) during days off in both the dayshift and nightshift periods and
of daytime sleep (after a worknight) for the night-nappers (black bars)
and nonnight-nappers (white bars) (*P<0.05).

No difference in the length of the nighttime sleep
was found between the nightshift and dayshift periods.
During days off on a dayshift, the duration of sleep on
the last day off (just before the first nightshift) was sig-
nificantly longer by 45 (SEM 23) minutes than the mean
duration of the other days off (t=2.5, P<0.05).

Effect of group. The daytime sleep of the night-nappers
was significantly shorter than that of nonnight-nappers
[194 (SEM 20) minutes versus 359 (SEM 22) minutes,
t=3.12, P<0.05]. This difference can be explained by the
significant delay in bedtime [1015 (±45 minutes) ver-
sus 0900 (±20 minutes), t=–2.4, P<0.05]. The daytime
sleep of the habitual nappers was as short with a night
nap as it was without a night nap [194 (SEM 20) min-
utes versus 216 (SEM 20) minutes], but the number of
worknights without naps was too low to allow any sig-
nificant comparison to be made. The total sleeptime (ie,
nighttime nap plus daytime sleep) did not significantly
differ from the length of the main daytime sleep of non-
nappers [311 (SEM 18) minutes versus 359 (SEM 22)
min, t=0.2, not significant].

The sleep duration during the days off did not differ
between the groups (table 3).

Actimetry data. The activity index was higher for the
nighttime sleep on the days off in both the day- and
nightshift periods (ie, the nighttime sleep was more frag-
mented than the daytime sleep) (t=2.7, P<0.05, and
t=3.7, P<0.01, respectively). The night-nappers had a
lower activity index for night naps than for the night-
time sleep on days off (dayshift: t=2.9, P<0.05; night-
shift: t=3.9, P<0.05), but the values did not differ sig-
nificantly from those of daytime sleep.

Subjective sleep quality. The quality of daytime sleep
was worse than that of nighttime sleep on the days off
on the dayshift (t=2.54, P<0.05). During the days off
while on a nightshift, the quality of night sleep was bet-
ter than that of day sleep, but the difference did not reach
significance (t=1.8, P<0.12).

Effect of group. Among the night-nappers, the quality
of daytime sleep was worse than that of nighttime sleep
on days off during both the day- and nightshift periods
(t=3.1, P<0.05). For the nonnight-nappers, the quality
of sleep on days off during a nightshift was worse than
that of the dayshift (t=2.9, P<0.05) and also worse than
that of the night-nappers (t=2.326 P<0.05) (figure 2).

Daytime sleep quality correlated with the length of
sleep only for the night-nappers (night-nappers: rho=0.91,
P<0.01; nonnight-nappers: rho=0.23, not significant).

Sleepiness on rising. The sleepiness level on rising was
significantly higher after daytime sleep than after
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sleep in a row of several nights of work) (t=4.7, P<0.01),
and equivalent to a last daytime sleep. This reduction
was linked to an earlier rising time [1326 (SEM 40 min-
utes) versus 1447 (SEM 37 minutes), t=4.1, P<0.01].

Table 3. Sleep duration during the daytime after a worknight and
days off in both the day- and nightshift periods (diary reports).

Group Daytime Days off on  Days off on
sleep dayshift nightshift

(minutes) (minutes) (minutes)

Mean SEM Mean SEM Mean SEM

Night-nappers 194 a 20 525 b 24 504 b 32
Nonnight-nappers 359 22 545 b 26 530 b 32

All nurses 286 18 534 b 20 516 b 23

a P<0.05, significant differences between night-nappers and nonnight-
nappers.

b P<0.001, significant differences from daytime sleep duration.
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Figure 3. Subjective sleepiness (scale 0–10; means and standard
errors of the means) of the night-nappers (black bars) and nonnight-
nappers (white bars) on rising after nighttime sleep during days off in
both the day- and nightshift periods and after daytime sleep (*P<0.05;
**P<0.01; •P<0.01).

nighttime sleep on days off during the day shift (t=2.8,
P<0.05), with the same trend being observed for days
off during the nightshift (t=1.93, P<0.1).

Effect of group. On rising after daytime sleep, the sleep-
iness level of night-nappers was significantly higher
than that of the nonnight-nappers (t=3.6, P<0.01). It was
also higher than after nighttime sleep on days off dur-
ing both the dayshift (t=3.14, P<0.05) and nightshift
(t=5.5, P<0.01) periods. It correlated with the length of
sleep (rho=–0.56, P<0.05) (figure 3).

Among the nonnight-nappers, the sleepiness level
did not significantly vary across the different sleep con-
ditions, and it did not correlate with the sleep duration
or the activity index.

Daytime naps

Naps were observed on two occasions in the afternoon
of a day off just before a night of work [called “preven-
tive naps”, which can be related to the “prophylactic
naps” discussed by Bonnet & Arand (13)] and in the late
afternoon in order to complement insufficient morning
sleep (called “recuperative naps”). All the naps were
reported by the nurses in the diary and were confirmed
by actimetry. Only one nap was short (15 minutes),
the length of the others being greater than 30 min-
utes.

Preventive naps were observed in 41% of the shifts
(number of naps divided by the number of nightshifts).
They occurred at 1455 (SEM 54 minutes) and lasted 88
(SEM 12) minutes. Their duration correlated negative-
ly with the length of the preceding main nighttime sleep
(rho=–0.68, P<0.01).

Recuperative naps were taken in 28% of the shifts
(number of recuperative naps divided by the number of
worknights). They occurred at 1726 (SEM 36 minutes)
and lasted 66 (SEM 8) minutes. Their length tended to
be negatively correlated with the length of the preced-
ing daytime sleep (rho=–0.34, P<0.1).

Effect of group. The frequency of preventive naps was
greater for the nonnight-nappers than for the night-nap-
pers (48% of the shifts of the nonnight-nappers versus
33% of the shifts of the night-nappers, P<0.01), while
the reverse was found for recuperative naps (33% ver-
sus 22%, P<0.01).

Mean level of activity

As expected, the mean level of activity (calculated over
24 hours from 2000 to 2000) of the days off during a
nightshift was significantly lower than when on duty
(t=2.5, P<0.05) (table 4). It was also lower than during
the days off on a dayshift (t=3.06, P<0.05).

Effect of group. For the nonnight-nappers, the mean level
of activity strongly diminished during the days off on a
nightshift and became significantly lower than when on
duty (t=3.4, P<0.05).

In contrast, night-nappers had a level of activity that
was lower when on duty than during days off on a day-
shift (t=6.7, P<0.01). During the days off on a night-
shift, it was also lower than during the days off on a
dayshift (t=5.7, P<0.01), but it tended to increase rela-
tive to when on duty. Therefore, when the nurses were
working, their mean level of activity was lower than that
of the nonnight-nappers (t=3.6, P<0.01).

Discussion

Our study of spontaneous sleep–wake behavior confirms
that sleep length is strongly reduced during nightwork
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Table 4. Mean level of activity calculated over 24 hours from 2000
(start of the nightwork) to 2000 of the following day (movements/
minute).

Group Level of activity

Days off on When on Days off on
dayshift duty nightshift

Mean SEM Mean SEM Mean SEM

Night-nappers 243 18 184 a 14 196 a 12
Nonnight-nappers 210 20 230 b 13 166 c 12

All nurses 223 15 212 11 179 c, d 5

a P<0.01, significant differences from days off in dayshift period.
b P<0.01, significant differences between night-nappers and nonnight-

nappers.
c P<0.05, significant differences from when the nurses were on duty.
d P<0.05.
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(7, 10) when compared with the situation on days off,
the result being a widespread napping behavior during
daywork and during nightwork (14). There was consid-
erable variability among the nurses, who could be di-
vided into two groups, one which slept during their
workhours and had short daytime sleep and one which
did not sleep during work but took preventive naps be-
fore work and had long daytime sleep.

The activity index of daytime sleep (fragmentation
index) was lower than that of nighttime sleep on the days
off and indicated deeper sleep; this finding was in good
agreement with that of other studies (10, 15), which
demonstrated that, in daytime sleep, awake time and
stage 2 and rapid eye movement sleep were strongly re-
duced, while slow-wave sleep was unaffected. As ex-
pected, daytime sleep had a shorter duration than night-
time sleep on the days off, but its length depended on
its position in the schedule. When there were several
nights in a row, the length of the daytime sleep was
shorter after the last night of work than after the first
night; this finding confirmed the results of previous
studies (7, 16). This observation cannot be explained by
an increasingly disturbed sleep during worknights be-
cause, when there was one worknight between two days
off, the daytime sleep was shorter than the first daytime
sleep in a row of several worknights. Instead, reducing
morning sleep would appear to be a deliberate strategy
for increasing sleep pressure the following night and for
returning more rapidly to diurnal life.

During workhours, the need for sleep showed the
well-known circadian pattern, peaking between 0400
and 0600, in accordance with the findings of all the pre-
vious studies (17). Preventive naps (early afternoon)
were observed in 41% of the cases, especially when the
preceding night’s sleep had been short. In the same way,
the duration of sleep on the last day off in the dayshift
period (just before the first nightshift) was significantly
greater than that of the other days off during the day
shift. The nurses probably used both strategies to pre-
vent anticipated fatigue and sleepiness during their first
nightshift, which is associated with extended wakeful-
ness (14). Recuperative naps (late afternoon naps after
daytime sleep) were observed for 28% of the shifts.
More surprisingly, half of the nurses chose to sleep dur-
ing nightwork on 75% of the shifts. They were particu-
larly long (average of 150 minutes). Compared with
nurses who did not sleep, night-nappers had significantly
less daytime sleep. However, their total sleeptime
(nighttime nap plus daytime sleep) did not significantly
differ from the length of the nonnappers’ daytime sleep.
Besides, the duration of their nighttime sleep on days
off did not differ from that of nonnappers, and they did
not particularly complain of sleepiness or of poor sleep
quality. This finding excludes the hypothesis of a strong-
er sleep requirement among nappers. Thus, for some

nurses, the night nap appears to be an essential part of
their daily sleep ration, the latter being split into two
episodes, a long nap during workhours and a short day-
time sleep. Moreover, when their daytime sleep was
particularly short, a third episode of sleep took place in
the late afternoon (recuperative nap) while, nonnappers
took recuperative naps far more seldom.

It is worth noting that sleepiness occurred earlier
among the nappers than among the nonnappers and that
the low level of the activity index of the night naps sug-
gests that they contained deep sleep; this finding sup-
ports the results of findings of Torsvall et al (10). There-
fore, the explanation for night naps should be looked
for in a more fundamental circadian effect. In this shift
design, nightshifts were long (12 hours) and finished late
(0800). The shift length per se increased the risk of se-
vere sleepiness (18) and forced nurses to start their
morning sleep at an unfavorable time on the ascending
limb of the circadian temperature curve (19). Thus a
phase difference among individuals could explain the
fact that, even when they did not take a nap during
workhours (due to a high workload), the subsequent
daytime sleep of nappers was shorter than that of non-
nappers. Whatever the length of their daytime sleep, the
sleepiness they complained of on waking rapidly re-
turned to normal during their days off. Thus, although
the length of the night nap influenced the length of the
subsequent daytime sleep (7, 8, 20), the shorter sleep of
night-nappers was probably linked more to circadian
influence than to homeostatic influence. Quera-Salva et
al (21) and Dumont et al (22) showed that a rapid ad-
justment of the melatonin rhythm is associated with bet-
ter daytime sleep, shorter naps during workhours and
better performance. In our study, the night-nappers had
a later sleep in the morning than the nonnappers did.
Thus they were probably more exposed to bright light
in the morning before going to bed, which may have
impeded their circadian adjustment to nightwork, as sug-
gested by Dumont et al (22). Moreover, night naps may
act as “anchor” sleep (23) and thus prevent any phase
shift in the rest–activity rhythm.

Another possibility is that nappers used significant
night naps to help keep a diurnal orientation because it
could be an advantageous strategy on a rapid rotation
schedule to avoid difficulty in returning to diurnal life.
In fact, they did not complain of any more sleepiness or
poor sleep quality. Their mean level of activity, very low
when on duty, returned to the baseline level, although
it remained lower than during the dayshift period. In
contrast, when they returned to diurnal life on days off,
nonnight-nappers complained of poor sleep quality.
Their level of activity was strongly reduced compared
with that on nightwork. Thus the apparent ease of non-
nappers to keep awake during a nightshift seems to be
paid for by difficulties in readjusting to diurnal life. On
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the other hand, although the night- and nonnight-nap-
pers were not differentiated by individual, family, or
social factors, we cannot totally exclude the possibility
that, as suggested by Matsumoto & Harada (7), “the
night nap could allow part of the essential sleep to be
taken in advance of day sleep, thereby creating time for
worker’s family and social life [p 905]”.

In conclusion, this study shows that nurses used dif-
ferent sleep–wake strategies to cope with nightwork.
Some adopted a polyphasic sleep pattern, with a long
nap during the worknight (anchor sleep) and short day-
time sleep, sometimes followed by a late afternoon nap.
This strategy probably favored the maintenance of a di-
urnal orientation and the return to diurnal life. Other
nurses, who did not sleep during nightwork, had long
daytime sleep and took preventive naps to anticipate
sleepiness during nightwork. However, their readjust-
ment to diurnal life seemed to be more difficult. These
different strategies seem to be determined by circadian
influences. However, our conclusions must be viewed
with caution, as the sample was small and specific (rel-
atively young women without any family responsibili-
ties). Other, possibly more subtle, social factors cannot
be excluded. Additional studies with more participants
and interviews of shift workers are needed.
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