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Nurses working 12-h shifts complain of fatigue and insufficient/poor-quality sleep. Objectively measured sleep times
have not been often reported. This study describes sleep, sleepiness, fatigue, and neurobehavioral performance over
three consecutive 12-h (day and night) shifts for hospital registered nurses. Sleep (actigraphy), sleepiness (Karolinska
Sleepiness Scale [KSS]), and vigilance (Performance Vigilance Task [PVT]), were measured serially in 80 registered
nurses (RNs). Occupational fatigue (Occupational Fatigue Exhaustion Recovery Scale [OFER]) was assessed at
baseline. Sleep was short (mean 5.5 h) between shifts, with little difference between day shift (5.7 h) and night shift
(5.4 h). Sleepiness scores were low overall (3 on a 1–9 scale, with higher score indicating greater sleepiness), with
45% of nurses having high level of sleepiness (score > 7) on at least one shift. Nurses were progressively sleepier
each shift, and night nurses were sleepier toward the end of the shift compared to the beginning. There was
extensive caffeine use, presumably to preserve or improve alertness. Fatigue was high in one-third of nurses, with
intershift fatigue (not feeling recovered from previous shift at the start of the next shift) being most prominent.
There were no statistically significant differences in mean reaction time between day/night shift, consecutive work
shift, and time into shift. Lapsing was traitlike, with rare (39% of sample), moderate (53%), and frequent (8%)
lapsers. Nurses accrue a considerable sleep debt while working successive 12-h shifts with accompanying fatigue
and sleepiness. Certain nurses appear more vulnerable to sleep loss than others, as measured by attention lapses.
(Author correspondence: jgeiger@son.umaryland.edu)
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INTRODUCTION

Extended work shifts for nurses began to appear in the
1980s and are now nearly ubiquitous in hospital
nursing (Josten et al., 2003; Trinkoff et al., 2006a).
Although these extended shifts are well liked among
nurses, they are not without consequences to the nurses
and patients for whom they provide care. Twelve-hour
shifts have been associated with increased patient-care
errors as well as work-related accidents and injuries,
e.g., musculoskeletal disorders, needlestick injuries, and
drowsy driving (Novak & Auvil-Novak, 1996; Rogers
et al., 2004; Scott et al., 2007; Trinkoff et al., 2006b,
2007). Although these adverse events may be related to
high work demands over the long duration of the shift,
12-h shifts also may restrict the opportunity for sleep,
which in turn could cause reduced performance. A 12-h

shift can actually extend to ≥13 h when time is included
for tasks that have to be completed before departure
fromwork, such as intershift report,medication counting,
unfinished patient care, and paperwork (Trinkoff et al.,
2006a). Additionally, long commutes to/from work plus
home responsibilities, such as housework and dependent
care, may further limit sleep opportunity (Clissold et al.,
2002; Hughes & Rogers, 2004).

Previous studies of extended nursing shifts have
shown that nurses report insufficient sleep, poor quality
sleep, and fatigue (Chan, 2009; Dorrian et al., 2008;
Edell-Gustafsson et al., 2002; Geiger-Brown et al., 2011;
Iskra-Golec et al., 1996; Portela et al., 2004; Ruggiero,
2003; Samaha et al., 2007; Surani et al., 2007). However,
data on objectively measured sleep duration in nurses
have not been often reported. In other occupations
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when shifts were lengthened from 8 to 12 h, the opportu-
nity to sleep between shifts was reduced (Bendak, 2003;
Tucker et al., 1996). Although there is no definitive
cut-point to determine how much sleep is sufficient for
any individual (Dawson & McCulloch, 2005; Zhou
et al., 2010), increases in sleepiness and declines in neu-
robehavioral performance appear once time in bed for a
single night decreases to <5–6 h. Controlled laboratory
studies have demonstrated that when reduced time in
bed continues over multiple nights, there is progressive
neurobehavioral impairment for each night of sleep re-
striction (Fafrowicz et al., 2010; van Dongen et al.,
2003). This is relevant to nursing, as many nurses
choose to work several 12-h shifts in a row to accrue a
string of consecutive off days (Surani et al., 2007). If 12-
h shifts limit sleep opportunity, then the resulting sleep
deficiency could lead to corresponding deficits in neuro-
behavioral performance and increased risk for occu-
pational injuries and errors (Lombardi et al., 2010;
Swaen et al., 2003; Trinkoff et al., 2006b, 2007). Fatigue
and sleep deficiency may increase the risk for other
health conditions, including cardiovascular and cere-
brovascular diseases, e.g., hypertension and stroke,
and metabolic changes, e.g., glucose dysregulation,
metabolic syndrome, and obesity (Chen et al., 2010;
Knutson, 2010; Tanaka et al., 2010). Currently, there are
few studies documenting actual sleep patterns in
nurses working successive 12-h shifts. The purpose of
this study was to describe patterns of achieved sleep,
sleepiness, occupational fatigue, and neurobehavioral
performance (lapses, anticipations, reaction time, and
variability in responding) over three consecutive shifts
for hospital registered nurses. We hypothesized that
total sleep time would be shorter between shifts than
before and after a block of 12-h shifts, and that sleepiness
would increase and reaction times would slow on succes-
sive worked shifts.

METHODS

Sample and Data Collection Procedures
Female registered nurses providing full-time (≥36 h/wk)
direct patient care on medical-surgical and critical care
units were recruited from a large US hospital through
advertising flyers and researcher attendance at nursing
staff meetings. Sampling was stratified to achieve equal
representation of day- and night-shift nurses. A 10-min
telephone interview was conducted to screen potential
participants (N = 175), excluding nurses with acute stres-
sors in the past 12 mos as well as those using sedating or
activating medications (hypnotics, opioid analgesics,
stimulants) ≥3 d/wk, or with previously diagnosed
sleep disorders (N = 37). Acute stressors included death
of spouse or close relative or friend, marital separation
or divorce, new baby, or deteriorated financial condition.
In order to participate, study nurses were required to
have an upcoming schedule with three or more

consecutive 12-h shifts preceded by two off days; 58
nurses were screened and eligible, but their work sche-
dule did not conform to this protocol during the data
collection period. Thus, the total enrollment was 80
participants. Data collection began on the off day
immediately prior to starting their work schedule and
continued through the sleep period after the third
work shift. These three consecutive shifts were either
day or night shift; no rotation occurred during the
three days of measurement. The University of Maryland
School of Medicine Institutional Review Board approved
this protocol, which was conducted in accordance with
the international ethical standards for human biological
rhythm research (Portaluppi et al., 2010).

Study Measures

Actigraphy
Sleep was measured with a wrist-worn actigraph
(Actiwatch Score; Philips Respironics, Bend, OR, USA).
Actigraphy is a reliable and valid measure for detecting
sleep in normal, healthy adult populations (Littner
et al., 2003), and has been used to study sleep/wake pat-
terns for more than 30 yrs (Ancoli-Israel et al., 2003).
Individual sleep periods were calculated from actigraphi-
cally determined sleep onset to actigraphically deter-
mined sleep offset, with correction for wake after sleep
onset. Total sleep time was the sum, in minutes, of all
periods scored as sleep periods in a 24-h day, including
naps. Data were recorded using 1-min epochs and
scored using the default settings of the actigraphy
scoring algorithm (Respironics, 2005).

Sleep/Activity Diary
Start and end times for sleep periods were corroborated
with data recorded in an activity/sleep diary. Nurses
were instructed to record the start and end times of all
sleep periods, including naps. Caffeine use was
measured by having the nurse record in the diary the
number of ounces of caffeinated beverages that she con-
sumed during work or the commute to/from work, and
during non-work time.

Karolinska Sleepiness Scale (KSS)
Sleepiness was measured using the KSS (Åkerstedt &
Gillberg, 1990), a single-item measure of sleepiness
(1 = “very alert” to 9 = “very sleepy-great effort to keep
awake, fighting sleep”). The KSS is the standard
measure of sleepiness in occupational studies of perform-
ance, and has demonstrated validity with electroenceph-
alograph assessment (Torsvall et al., 1989). Participants
recorded their level of sleepiness into the Actiwatch
Score at the beginning of their shift and every 2 h there-
after throughout their shift in response to a cue (actigraph
beep), for amaximumof 7KSS scores/shift. For this study,
a high level of sleepiness during the shift was defined as a
score > 7 (upper one-third of the scale range) (Åkerstedt
& Gillberg, 1990).
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Occupational Fatigue Exhaustion Recovery scale (OFER)
Fatigue was measured at baseline using the OFER
(Winwood et al., 2005). This 15-item scale has three sub-
scales that measure acute, chronic, and intershift fatigue
on a 0–100 scale. The OFER has been validated in a
sample of registered nurses, with test-retest reliabilities
ranging from .62 to .84 for the subscales. A higher
OFER score indicates more fatigue. For this study, a
score of ≥80 points was defined as a high level of
fatigue (upper one-fifth of the scale range).

Neurobehavioral Tests
Neurobehavioral function was assessed using the Walter
Reed Psychomotor Vigilance Test (PVT), a portable reac-
tion time test based on the Dinges and Powell digital test
(Thorne et al., 2005). The Walter Reed PVT has been
shown to be sensitive to sleep deprivation and circadian
effects (Thorne et al., 2005). The PVT was administered
on a palmtop computer using a 5-min test with 50 poss-
ible responses to randomly spaced stimuli per test. Four
indicators of neurobehavioral functioningweremeasured
per session: lapses, anticipations, mean reaction time,
and variability in responses (i.e., standard deviation of
reaction time). Lapses were defined as those responses
>500 ms. Anticipations were responses prior to presen-
tation of the stimulus (false starts). Testingwas performed
at the beginning and end of each 12-h shift.

All participants came to the research laboratory to com-
plete baseline questionnaires and a 2-h training session on
use of the equipment. Two observed practice sessions on
the PVT and KSS scoring were completed during training
to ensure competence in their self-administration.

Data Analysis
Demographic and response variables were described
basedon levelofmeasurement.Caffeineusewasdescribed
in the subsample that consumed caffeinated beverages
using the median number of ounces consumed per day.
Mean and standard deviations were calculated for OFER
subscales. Total sleep time (TST) was assessed for the
main sleep period preceding the first 12-h shift, and for
the sleep period occurring after the next three 12-h shifts.

A linearmixedmodel was used to compare differences
in TST between study days. Marginal means for sleepi-
ness were estimated by consecutive work shift, day/
night shift, and hour into shift using maximum likeli-
hood, with assessment of main and 2-way interaction
effects. PVT lapsing and anticipations were analyzed
using a generalized estimating equation (GEE) with
negative binomial distribution and log link due to the
overdispersed Poisson distribution of the data. Marginal
means were computed for consecutive shift (first,
second, third), shift type (day, night), and time into
shift (beginning, end), assessing main and 2-way inter-
action effects. A similar GEE approach was used to
examine mean reaction time (using gamma distribution)
and standard deviations (Poisson distribution) around
the mean. Within-subject heterogeneity of lapse patterns

over the three 12-h shifts was assessed using a growth
mixture model (MPlus, version 4.1; Mplus, Muthén &
Muthén, Los Angeles, CA), with selection of the best-
fitting latent class solution using customary fit par-
ameters, including Akaike information criteria (AIC),
Bayes information criteria (BIC), adjusted BIC, entropy,
and the Lo-Mendel-Rubin test (Nylund et al., 2007).
Additional analyses examined the effect of contextual
variables on TST and fatigue, including age, marital
status, childcare, second job, and student status, using
correlations or tests of mean difference as appropriate
to the level of measurement.

RESULTS

Subject ages ranged from 23 to 64 yrs, with mean age
being 37 yrs. On average, they had 10 yrs of nursing
experience. In addition to their full time job, about one-
third provided care to children or elders at home
(Table 1), and 12%worked a second job for compensation
(median: 28 h/mo). Nearly half were overweight or obese,
but few nurses smoked. For the 87% of nurses who used
caffeinatedbeverages, themediannumberof ounces con-
sumed per day over the four study days was 16.

TST by study day for the full sample is shown in
Figure 1. On the day prior to the first 12-h shift, some
nurses slept as long as 15 h, with an average of 5.9 (SD
= 1.0) h for day-shift nurses and 9.1 (2.0) h for night-
shift nurses (t = 8.8, p < .001). Napping, which is included
in the TST, was recorded in 73% of night-shift nurses
before their first shift. TST between 12-h shifts was
short for both day- and night-shift nurses. The mean
TST following the first 12-h work shift was 5.7 (SD = .9)
and 5.2 (1.2) h for day- and night-shift nurses, respect-
ively (t = 2.07, p = .042 for significant difference in TST
between shifts), and following the second 12-h shift was
5.7 (.7) and 5.5 (1.1) h, respectively ( p > .05). On average,
intershift sleep was 2 h shorter than sleep on the day
prior to the first shift (mean difference 125 min, standard
error [SE] = 17 min, p < .001). Sleep after the third shift
was 40 min longer than sleep between shifts (SE = 17
min, p = .02), being longer for day-shift nurses, 7.3 (1.9)
h, than for night-shift nurses, 5.1 (2.3) h (t = 4.3, p < .001).

Mean scores on the KSS were higher for each consecu-
tive work shift, 2.9 (SD = .16), 3.0 (.15), and 3.3 (.18),
respectively, for the first, second, and third work shifts
(χ2 = 13.6, p < .001). There was also a significant increase
in sleepiness by hour into the shift, with mean KSS scores
at the beginning of the work shift of 2.7 (.15), dipping at
the second hour to 2.3 (.13), and then increasing linearly
to 3.9 (.21) by the 12th hour (χ2 = 136.3, p < .001). Night-
shift nurses showed greater sleepiness towards the end of
thework shift compared to day-shift nurses (shift by hour
interaction, χ2 = 25.4, p < .001) (Figure 2A). Sleepiness by
hour into shift was higher for most of the third work shift
compared to the first two work shifts (day by hour inter-
action, χ2 = 30.1, p = .008), shown in Figure 2B. Although

Sleep, Fatigue, and Performance in -Hour-Shift Nurses 

© Informa Healthcare USA, Inc.

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
W

ay
ne

 S
ta

te
 U

ni
ve

rs
ity

 o
n 

12
/0

6/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



sleepiness scores were in the low range of KSS scale
values, a high level of sleepiness (upper one-third of
scale) occurred at least once over the three study shifts
in 45% of the nurses. One in four night-shift nurses had
a high level of sleepiness at 07:00 h, the time they were
leaving work to drive home.

Occupational fatigue levels showed wide variation in
the pooled sample of night- and day-shift nurses, with
intershift fatigue having the highest mean score (mean =
60.1, SD = 19.5, range 10-97), followed by acute fatigue
(mean = 52.1, SD = 21.3, range 7–90) and chronic fatigue
(mean = 31.5, SD = 20.3, range 0–80). Baseline intershift
fatigue was higher for night-shift nurses (mean = 63.7,
SD = 17.8) than for day-shift nurses (mean = 56.3, SD =
20.7), with the mean difference approaching significance
(t = 1.7, p = .09). Thirty-six percent of the nurses had a
high level of fatigue onone ormore of theOFER subscales.

Results from the PVT parameters by day/night shift,
consecutive work shift, and time into shift are shown in
Table 2. During a 5-min PVT testing session, 20.8% of
tests showed no lapses, 34.6% 1–2 lapses, and 10% ≥10
lapses. Nurses showed overall differences in lapsing
over successive work shifts (χ2 = 9.04, p = .01), with a
mean of 3.2 (SD = .7) lapses for the first, 4.1 (.6) for the
second, and 3.6 (.5) for the third study day.

Latent class analysis of nurses by pattern of lapsing at
the end of the shift over the three work shifts is shown in
Figure 3. Nurses fell into three classes of lapsers based on
class probabilities for the best fitting solution, i.e., rare
(39%), moderate (53%), and frequent (8%) lapsers. Antici-
pation responses to PVT stimulus showed 75% of tests
having 0–2 false starts, and the highest 10% showing 5–27
false starts. The difference in anticipations between the
day shift and night shift was not significant; however,
meananticipations by time into shift increased from thebe-
ginning (mean = 1.6, SD = .3) to the endof the shift (mean =
2.0, SD = .2), (χ2 = 3.99, p = .04). There were no statistically
significant differences in mean reaction time between
day/night shift, consecutive work shift, or time into shift.

Some contextual factors did influence sleep and
fatigue. Nurses who worked second jobs had longer
sleep prior to the first shift (592 vs. 439 min, t = 3.1, p
= .01), but showed no significant differences in sleep
between shifts. Intershift fatigue was higher in nurses
who were divorced/separated (mean = 72.4, SD = 18.6)
or widowed (mean = 75.0, SD = 16.4) than in nurses
who were married (mean = 60.4, SD = 14.1) or single
(mean = 54.8, SD = 22.9) (F = 2.9, p = .04), and although
single nurses were also younger, this did not alter the
association of marital status to intershift fatigue.

TABLE 1. Characteristics of the sample, female full-time hospital nurses working three 12-h shifts (N = 80)

Characteristics N (%) Range

Age, yrs; mean (± SD), range 37.2 (± 10.4), 23–64
Ethnicity (% Hispanic) 2 (2.5)
Race
White 47 (58.8)
Black 12 (15.0)
Asian 20 (25.0)
American Indian, Alaska native 1 (1.3)

Marital status
Never married 33 (41.3)
Married 34 (42.5)
Separated or divorced 11 (13.8)
Widowed 2 (2.5)

Children at home 23 (28.8)
Providing eldercare 2 (2.5)
Student 17 (21.3)
Working second job 10 (12.5)
Years RN; mean (± SD), range 9.7 (± 9.7), 5–40
Years current job; mean (± SD), range 4.3 (± 5.7), 5–28
Shift usually worked
Permanent day 21 (26.6)
Permanent night 32 (40.5)
Rotating 17 (21.5)
Other 9 (11.4)

Shift this study
Day 39 (48.8)
Night 41 (51.5)

Current smoker 4 (5.0)
Caffeinated beverage (ounces)/medians 14–19
Body mass index
Normal (BMI <25 kg/m2) 42 (52.5)
Overweight (BMI 25–29.9 kg/m2) 25 (31.3)
Obese (BMI ≥30 kg/m2) 13 (16.3)
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DISCUSSION

The main finding of our study is that nurses working suc-
cessive 12-h work shifts achieve an inadequate amount of
sleep between shifts to recover physically or cognitively,

irrespective of whether they work the day or the night
shift. Nurses experienced greater sleepiness by their
third consecutive 12-h shift than during their first two
shifts of work, and night nurses appeared to be particu-
larly vulnerable to sleepiness by the end of their work
shift compared to day nurses. Neurobehavioral testing
during actual work conditions has rarely been performed
in nurses. In our study, errors measured by anticipation
responses on a validated measure of neurobehavioral
functioning were committed more frequently after
working for 12 consecutive hours than they were when
nurses were fresh at the beginning of their shift. Further-
more, over one-third of nurses reported high levels of
fatigue, with intershift fatigue being the most prominent
type of fatigue.

In this sample, the majority of nurses had short sleep
(<6 h) between shifts. The narrow range of variation in
sleep times, with sleep extension on off days, suggests
that this pattern of short sleep may be due to a lack of
sleep opportunity rather than to sleep ability (Roehrs
et al., 1996). This finding is consistent with American
Time Use Survey finding that sleep time is exchanged
for work and commuting hours in a linear relationship,
even after adjustment for contextual factors (Basner
et al., 2007). The very high range of TST levels on the
day before the first 12-h shift may reflect continued recov-
ery sleep from prior 12-h shift sleep loss or sleep banking
in anticipation of sleep loss between 12-h shifts, particu-
larly for nurses working second jobs. Nevertheless, our
data are consistent with the study by Luckhaupt et al.
(2010) showing that short sleep is common among
health care workers, a finding common among several
other studies wherein nurses report insufficient or poor
quality sleep (Geiger-Brown et al., 2011). Our finding of
objectively measured sleep deficiency among nurses
working 12-h shifts supports the finding of subjectively
reported short sleep in other studies where an associ-
ation with increased risk of injury was reported (e.g.,
Lombardi et al., 2010; Ohayon et al., 2010). For
example, in the National Health Interview Study, sleep
<5 h more than doubled the risk for workplace injury
(odds ratio [OR] 2.65), and sleep of 5–5.9 h nearly
doubled the risk for injury (OR 1.79) compared to ≥7 h
sleep (Lombardi et al., 2010). Trinkoff and colleagues
(2006b, 2007) found an increase in needlestick injuries
and musculoskeletal disorders among nurses working
12-h shifts. The risk for patient-care errors and near
errors was increased in two studies of 12-h-shift nurses
(Rogers et al., 2004; Scott et al., 2006), and was associated
with shorter sleep in another (Dorrian et al., 2006). More-
over, the risk for drowsy driving, which increases the
possibility of motor vehicle accidents on the drive
home after work, was demonstrated by Scott et al.
(2007) to be increased after working 12-h shifts.

There are serious implications to our findings of short
sleep in 12-h-shift nurses. If the sleep deprivation we re-
corded is a recurrent pattern, as we suspect it is, these
full-time nurses are getting little sleep between shifts

FIGURE 1. Total sleep time (minutes) for day- and night-shift
nurses working three successive 12-h shifts. Shaded box plots for
nurses working night shift, nonshaded boxes for day shift. Box
plot contains 25th to 75th percentiles, with central line as
median and small box as mean, whiskers are to 95th percentile,
and crosses are outliers. Differences between day-shift versus
night-shift sleep. 1t = 8.8, p < .0012; 2t = −2.1, p = .04; 3t = −4.3, p
< .001.

FIGURE 2. Sleepiness (KSS) by hour into shift, study day, and
shift. (A) Sleepiness (KSS) by hour into shift for nurses working
the day shift (dotted line) and night shift (solid line). (B) Sleepi-
ness (KSS) by hour into shift for nurses on the 1st (solid line,
square data point), 2nd (dotted line, circle data point), 3rd (solid
line, triangle data point) 12-h work periods.
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for 8–10 d/mo or more, possibly over a career spanning
≥20 yrs. Available data indicate that this could put them
at increased risk for cardiovascular disease, such as
hypertension and stroke, and impaired glucose metab-
olism (Grandner et al., 2010). The finding that many of
our cohort were already overweight or obese increases
this risk.

A surprising finding was that sleepiness was unexpect-
edly low for the level of sleep deficit identified (Åkerstedt
& Kecklund, 2010; Silva et al., 2010); yet, our sample in-
cluded many nurses <45 yrs when sleep deficiency
often produces sleepiness (Duffy et al., 2009). This may
be partially due to amplified alertness by the liberal use
of caffeine. Additionally, the social context on the units
where the data were gathered may have reduced
nurses’ sleepiness (Åkerstedt, 2008). Nurses often move
about during the night shift and have social interactions
to keep themselves awake. Nevertheless, we found a pro-
gressive increase in sleepiness with failure to return to
baseline between work days, with one-fourth of night
nurses having high sleepiness at the time they were pre-
paring to drive home, as well as episodic high levels of
sleepiness and high intershift fatigue. These findings
point to an accruing sleep debt, and potential failure to
accurately perceive impaired performance resulting
from chronic sleep loss among some nurses. Drowsy
driving is of particular concern, since they may be over-
confident in their ability to drive safely (Jones et al., 2006).

Not only did nurses in our study exhibit sleep depri-
vation, but also their neurobehavioral tests demonstrated
some performance problems. Although there are few
data documenting neurobehavioral changes under
actual work conditions in professional nurses, a study
of police officers showed increased lapsing on a 5-min
PVT with shorter sleep duration and longer time since
sleep (Neylan et al., 2010). In our study, the increasingly

frequent lapsing during performance on the PVT on the
second day compared to the first day of work suggests
that limited sleep between shifts is affecting performance
by producing more frequent episodes of inattention, a
well-known effect of sleep loss. Some of these lapses
likely represent microsleep episodes (Anderson et al.,
2010). Although sleep deprivation has been shown to
reduce vigilance and attention (Banks & Dinges, 2007;
Gander et al., 2008; Lim & Dinges, 2008; van Dongen &
Dinges, 2006), others have shown that there are signifi-
cant interindividual differences in sensitivity to sleep
loss (Axelsson et al., 2008; van Dongen, 2006), as we
also demonstrated. Our finding of three latent classes of
lapsing (rare, occasional, and frequent) provides further
validation of these interindividual differences. The mag-
nitude of the differences in lapsing over consecutively
worked shifts and of anticipations over the duration of
the shifts was small, and we believe that this may be
partly due to nurses’ reliance on caffeine to preserve
alertness and mental performance. Exploration of a
genetic basis for interindividual variations in tolerance
to sleep loss could be important for identifying persons
who may be less well suited to working shifts involving
extended hours, particularly for professionals in safety-
sensitive professions such as nursing.

The study should be interpreted with consideration of
its strengths and limitations. Strengths of this study
included our use of actigraphy to objectively estimate
achieved sleep rather than relying on subjective self-
reported sleep. Neurobehavioral performance was also
measured using an objective, well-validated test, the
PVT. However, there were a few limitations to this
study. Our study did not capture sleep data over the
course of ≥7 d, so we were not able to assess the potential
for sleep deficiency over longer periods in nurses
working second jobs. Testing under real-life conditions

TABLE 2. Estimated marginal means for neurobehavioral parameters by study day, shift, and time into shift

No. lapses No. anticipations Mean reaction time SD of reaction time

Mean SE Mean SE Mean SE Mean SE

Shift
Day 3.1 .7 1.8 .2 290.6 10.7 125.8 16.3
Night 3.9 .8 1.8 .4 306.4 10.9 161.8 16.4

Study day
1st 3.2 .7 1.8 .3 294.5 9.0 149.0 18.9
2nd 4.1 .6 1.7 .2 303.0 8.5 145.4 14.9
3rd 3.6 .5 1.9 .3 297.7 7.6 134.2 13.0

Time into shift
Beginning 3.5 .6 1.6 .3 294.5 9.0 136.0 12.2
End 3.7 .5 2.0 .2 297.7 7.6 149.7 15.4

Test of model effects χ2 (df) p χ2 (df) p χ2 (df) p χ2 (df) p

Shift .74 (1) .39 .20 (1) .89 1.06 (1) .30 2.34 (1) .13
Study day 9.04 (2) .01 1.14 (2) .57 3.13 (2) .21 .81 (2) .67
Time into Shift .18 (1) .67 3.99 (1) .04 1.74 (1) .19 .89 (1) .35
Shift × Day 1.01 (2) .60 3.82 (2) .15 2.60 (2) .27 3.67 (2) .16
Shift × Time into Shift 1.09 (1) .30 1.07 (1) .30 .98 (1) .32 .18 (1) .67
Day × Time into Shift 1.80 (2) .41 2.84 (2) .30 1.74 (2) .42 2.77 (2) .25
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in occupational settings is, by its nature, unable to be as
tightly controlled as is experimental research on sleep
loss conducted in laboratory settings; thus, there is
likely to be some measurement error in PVT scores due
to environmental distractions. The 5-min PVT test used

by our nurses is slightly less sensitive to sleep deprivation
than the standard 10-min test (Roach et al., 2006);
however, the shorter test was necessary due to time con-
straints of testing during duty hours in a hospital setting.
In addition, there are no studies that describe the ecologi-
cal validity of the PVT to professional nursing perform-
ance; however, vigilance is the substrate upon which all
higher-level functions depend, so a loss of vigilance is
assumed to produce impaired performance.

KSS scores entered into an Actiwatch Score on cue has
not been validated as a method of capturing these data,
and the potential biasing effect of this novel approach
is unknown. All of the nurses were female, so we
cannot generalize to the 8% of registered nurses that
are male. There may be differences in sleep among
male compared to female nurses due to their disparate
social and family roles, as well as physiological differ-
ences compared to women, such as hormonal changes
related to menstruation or menopause, which may
affect sleep. This sample of nurses was slightly younger
than the overall US registered nurse population
(median age 35 vs. 46 yrs, respectively), more racially
diverse (59% vs. 83% Caucasian), less likely to be
married (42% vs. 74%), and less likely to be providing
child or elderly dependent care at home (30% vs. 55%)
(Health Resources and Services Administration, 2010),
which is typical for hospital staff nurses compared to
nurses overall. We did not have data about specific sche-
dule patterns for nurses working at this hospital. Sub-
sequent to this study, however, schedules at the
hospital were regulated so as not to exceed four consecu-
tive 12-h shifts. Work schedules prior to the off days that
initiated our data collection period were not measured.
Our requirement of two off days prior to the start of the
three consecutive work shifts measured in our study
may not have been sufficient to recover from prior
shifts, and there may be differences in nurses’ fatigue
due to prior shifts (night vs. day, extended consecutive
shifts, or second job schedules) during this
unmeasured period.

The Institute of Medicine (2004) proposed specific
hours-of-service limits on nursing hours, recommending
that nurses work no more than 12 h/d. Our data suggest
that even these guidelines will lead to a considerable
sleep deficit in nurses. We have particular concerns
about 12-h night shifts where inadequate sleep combines
with the circadian low to produce drowsiness during the
drive home from work. Future studies should be directed
at better delineating outcomes of various patterns of
extended shiftwork and improving safety, performance,
and health outcomes of nurses working these shifts.
There is a compelling need to develop methods to
assess fitness for duty when sleep is curtailed, and to
assist nurses whose biologic disposition makes them
highly sensitive to sleep deprivation, with possible sub-
sequent impaired performance. In addition, improving
the quantity and quality of sleep for all 12-h nurses
should be a priority, including implementing educational

FIGURE 3. End-of-shift PVT lapses over 5-min test categorized
into three latent classes: (A) rare lapsers; (B) moderate lapsers;
(C) frequent lapsers. Each line represents the lapse pattern over
the three study days for individual participant.
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and scheduling interventions, as well as planned napping
for those working these demanding schedules.
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