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Abstract
Context—A 2009 Institute of Medicine report recommended protected sleep periods for
medicine trainees on extended overnight shifts, a position reinforced by new Accreditation
Council for Graduate Medical Education requirements.
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Objective—To evaluate the feasibility and consequences of protected sleep periods during
extended duty.

Design, Setting, and Participants—Randomized controlled trial conducted at the
Philadelphia VA Medical Center medical service and Oncology Unit of the Hospital of the
University of Pennsylvania (2009–2010). Of the 106 interns and senior medical students who
consented, 3 were not scheduled on any study rotations. Among the others, 44 worked at the VA
center, 16 at the university hospital, and 43 at both.

Intervention—Twelve 4-week blocks were randomly assigned to either a standard intern
schedule (extended duty overnight shifts of up to 30 hours; equivalent to 1200 overnight intern
shifts at each site), or a protected sleep period (protected time from 12:30 AM to 5:30 AM with
handover of work cell phone; equivalent to 1200 overnight intern shifts at each site). Participants
were asked to wear wrist actigraphs and complete sleep diaries.

Main Outcome Measures—Primary outcome was hours slept during the protected period on
extended duty overnight shifts. Secondary outcome measures included hours slept during a 24-
hour period (noon to noon) by day of call cycle and Karolinska sleepiness scale.

Results—For 98.3% of on-call nights, cell phones were signed out as designed. At the VA
center, participants with protected sleep had a mean 2.86 hours (95% CI, 2.57–3.10 hours) of sleep
vs 1.98 hours (95% CI, 1.68–2.28 hours) among those who did not have protected hours of sleep
(P < .001). At the university hospital, participants with protected sleep had a mean 3.04 hours
(95% CI, 2.77–3.45 hours) of sleep vs 2.04 hours (95% CI, 1.79–2.24) among those who did not
have protected sleep (P <.001). Participants with protected sleep were significantly less likely to
have call nights with no sleep: 5.8% (95% CI, 3.0%–8.5%) vs 18.6% (95% CI, 13.9%–23.2%) at
the VA center (P <.001) and 5.9% (95% CI, 3.1%–8.7%) vs 14.2% (95% CI, 9.9%–18.4%) at the
university hospital (P=.001). Participants felt less sleepy after on-call nights in the intervention
group, with Karolinska sleepiness scale scores of 6.65 (95% CI, 6.35–6.97) vs 7.10 (95% CI,
6.85–7.33; P=.01) at the VA center and 5.91 (95% CI, 5.64–6.16) vs 6.79 (95% CI, 6.57–7.04; P
<.001) at the university hospital.

Conclusions—For internal medicine services at 2 hospitals, implementation of a protected sleep
period while on call resulted in an increase in overnight sleep duration and improved alertness the
next morning.

Trial Registration—clinicaltrials.gov Identifier: NCT00874510.

In 2003, the Accreditation Council for Graduate Medical Education (ACGME) adopted duty
hour standards for all specialties.1 The preponderance of the evidence suggested that this did
not result in any systematic improvement or worsening in patient outcomes.2–6 Six years
later, the Institute of Medicine (IOM) published a report on resident work hours and work
schedules to improve patient safety that recommended a protected sleep period of 5 hours
during any work shift longer than 16 hours to reduce the risk of fatigue-related errors when
residents are in the hospital for prolonged duty periods of up to 30 hours.7 The IOM report
acknowledged that there was a paucity of data on optimizing duty hours for physicians in
training but argued that the evidence on the hazards of fatigue-related performance errors in
other professions likely extended to medicine.

In response, the ACGME revised the duty hour standards effective July 2011, mandating
that duty periods for residents in postgraduate year 1 (interns) may not exceed 16 hours.
Although residents in year 2 and beyond may be scheduled for a maximum of 24 hours of
continuous duty, the ACGME strongly encourages use of alertness-management strategies,
including “strategic napping, especially after 16 hours of continuous duty and between 10
p.m. and 8 a.m.”8 However, naps during prolonged duty shifts have been subject to very
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limited testing, leading some to question the viability of protected sleep periods for
widespread implementation in health care settings.9,10

To determine whether a protected sleep period of 5 hours is feasible and effective in
increasing the time slept by interns on extended duty overnight shifts, we conducted 2
randomized controlled trials in parallel: one at the Philadelphia Veterans Affairs Medical
Center, the other at the Hospital of the University of Pennsylvania. We examined the effect
of a protected sleep period on interns’ sleep, measures of behavioral alertness, and patient
outcomes.

METHODS
Study Population

Figure 1 shows the flow of participants through the trial at each institution. Between July
2009 and June 2010, a total of 74 interns and 32 senior medical student subinterns
(henceforth all referred to as interns) were randomized to serve on either an internal
medicine rotation at the Philadelphia VA Medical Center, on the oncology unit of the
Hospital of the University of Pennsylvania, or at both institutions, with subinterns only
serving at the VA center. The unit of analysis was intern day. The rate of exclusions (eg, not
wearing an actigraph) was similar between groups. All internal medicine interns were
invited to participate, with no exclusions.

Study Protocol
Institutional review board approval was obtained from the Philadelphia VA Medical Center,
and all interns gave informed consent prior to participation. Interns met with study staff on
the first day of each 4-week rotation for orientation to receive instructions on study
measures, including wearing a wrist actigraph with accelerometer and light sensors
(Actiwatch Spectrum, Philips Respironics)for continuously tracking rest-activity patterns.
Data from the actigraphs were collected in 1-minute epochs and stored in the watch until
downloaded at the end of each rotation. Similar actigraphy devices have been validated and
applied to successfully study sleep patterns in physicians on night call.10,11

Study participants were also asked to complete a validated 3-minute psycho-motor vigilance
test (PVT)12,13 on designated laptops located throughout the service each morning between
6 AM and 8 AM when they were at the hospital and every night they were on call between
11 PM and midnight. The PVT measured alertness based on reaction time to stimuli
presented at random 2- to 5-second interstimulus intervals. We used response speed
(reciprocal response time) and the number of lapses (response times, ≥355 ms) as our
primary PVT outcome variables.14

Participants also filled out electronic sleep logs, which contained questions about patient
load and sleep disruptions as well as the Karolinska sleepiness scale (KSS),15 a 9-point
verbally anchored scale ranging from “very alert” (score, 1) to “very sleepy, great effort to
keep awake, fighting sleep” (score, 9). Interns self-reported the proportion of time their
sleep was disturbed in sleep diaries the morning postcall. In the last 3 days of the rotation,
research assistants met with the interns to collect the actigraphs and distribute $25 gift cards
for every week of adherence to study measures.

Monthly Schedule and Randomization
To ensure that improvements in intern efficiency did not bias results, the intern year was
divided into twelve 4-week blocks. Within each of 6 pairs of 4-week blocks, 1 block was
randomized to an intervention schedule or the standard schedule. Participants underwent the
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assigned condition for all 4 weeks they were on rotation, with data collection planned from
Monday of the first week through Friday of the final week (25 days). Interns’ schedules
were assigned independently of the study, and randomization allocations of each 4-week
period were concealed from participants at the time of consent. Due to the nature of the
intervention, blinding of staff administering the intervention could not be maintained, even
though the statistical analysts and investigators were kept blinded until the data were
thoroughly analyzed. As part of the consent process, interns were informed that the purpose
of the study is to examine whether a protected sleep program can significantly increase the
amount of sleep interns attain while on overnight extended duty shifts.

In the standard schedule months, the Internal Medicine Service at the VA center had 4
teams, each with 1 resident and 2 interns or 1 intern and 1 subintern. Each pair of interns
was on-call with a night-float resident every fourth night. On-call interns admitted patients
throughout the night, were responsible for cross-coverage until the primary team returned
around 7 AM, and generally worked until approximately 1 PM the next day (a 30-hour duty
period). The oncology service was staffed using a similar model, but there were no medical
student substitutions for interns.

On the intervention months, the protected time was between 12:30 AM and 5:30 AM.
Interns were required to hand over hospital-provided work cell phones to the covering night
float resident and encouraged to sleep in a bed in a dark quiet room. If urgent assistance was
required, night float residents were instructed to wake the interns. Given the higher acuity
for the oncology service, an extra resident was scheduled to assist with cross-coverage and
admissions from 11 PM to 7 AM. On both services, the regularly scheduled night-float
resident received a $500 a week participation payment. The extra covering residents at the
university hospital who agreed to 1 less week of elective time to make this intervention
feasible were given a participation payment of $1000 a week.

Outcome Measures
The primary outcome was sleep time during the 5-hour protected sleep period as measured
by actigraph wrist activity monitors and supplemented by self-reported electronic sleep
diaries. We assessed how the primary outcome varied in accordance with self-reported
numbers of patients admitted on call and number of patients the intern was primarily
responsible for as of the postcall morning.

Secondary outcomes were sleep time during the entire overnight extended duty shift, mean
sleep amount within the 4-day call cycle, percentage of on-call nights without sleep, length
of time awake before sleep onset during or after overnight call shifts, response speed and
number of lapses on the PVT in the morning postcall (interns were asked to complete this
between 6 AM and 8 AM), subjective reports of sleepiness (KSS score), and whether sleep
during on-call nights was disturbed by at least 1 of the following: cell phone or pager,
resident or attending, physical discomfort, nurse, or worry. To address feasibility, night float
residents were called each morning by study staff to report time of work cell-phone hand-off
and retrieval.

We also examined patient outcomes related to length of stay, transfer to the medical
intensive care unit, 30-day readmission rates, and mortality among patients who were newly
admitted to the studied services. Patient care data came from the university hospital patient
file and the VA patient treatment file. Readmissions were tracked only for patients admitted
back to the study services at either institution. Patient comorbidities were identified using
Comorbidity Software, version 3.6 from the Healthcare Cost and Utilization Project.16
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Statistical Analyses
The primary analyses were unadjusted intent-to-treat analyses testing for differences
between the intervention and control groups at each of the 2 sites, analyzing each site as a
separate trial. The unit of analysis was the participant (intern) day. To account for the
correlation among a participant’s multiple observations (days), all analyses used Huber-
White robust standard errors with the participants as the clusters.17 Unadjusted differences
in amount slept during protected times were estimated and compared with analyses adjusted
for month of the year and baseline covariates such as intern age and sex. The similarity of
the treatment groups with respect to covariates at baseline was analyzed by the χ2 test for
categorical variables and the t test for continuous variables. We conducted t tests or χ2 tests
on the differences in patient outcomes between control months and intervention months.

When actigraph data were missing, we used self-reported sleep over the missing time period
if available. When participants were missing both acti-graph and self-reported data, we used
multiple imputation to estimate plausible values for the missing data in a way that accounts
for the uncertainty about the missing data and provides valid inferences under the
assumption that the data are missing at random.18 Details are provided in supplementary
materials. We performed 2 sensitivity analyses to determine robustness of results to
assumptions about missing data by using only days that contained no missing data and by
assuming all missing data were sleep or all missing data were no sleep, which provides
bounds on the effect of the intervention.

Psychomotor vigilance test behavioral alertness outcomes (response speed and number of
lapses) were analyzed between 6 AM and 8 AM on the first day postcall. Multiple
imputation using a variance stabilizing transformation of the square root of the number of
lapses19 was used for missing PVT outcomes (see the eAppendix, available at http://
www.jama.com).

We explored differences in the effect of protected sleep periods in several subgroups: intern
type (subinterns, non–subinterns); the number of patients admitted (0–1, 2–3, 4 or 5, >5),
and the number of patients for whom each intern was primarily responsible (0–4, 5–6, 7–8,
9–10, >10). The homogeneity of the association (ie, interaction) between the group
assignment and sleep during on-call periods across subgroups was assessed using a Wald
test in a regression analysis. Within each subgroup, the difference in amount slept between
the intervention and control groups was compared using a t test on the appropriate
coefficient in the regression analyses.

Based on a conservative estimate of an intern’s standard deviation of on-call sleep per
month, we calculated that there was 90% power to detect a 30-minute difference in the
average on-call sleep between the intervention and control at each site, which is a
meaningful increase for recovery benefits from sleep.20 No interim analyses were planned or
conducted. Our study was not powered to detect small differences in patient outcomes, and
analyses of secondary outcomes were exploratory. For example, at the VA the control
readmission rate is 9.4%, and we would have 90% power to detect either an increase in the
readmission rate in the intervention group to 13.6% or a decrease in the readmission rate to
5.9%. All reported P values are 2 sided and were not adjusted for multiple comparisons; the
a priori level of significance for hypothesis testing was .05. All statistical analyses were
conducted with SAS version 9.3 (SAS Institute Inc).

RESULTS
Participation rates among interns were high at 100% for each group, with all 87 interns at
the VA center and all 59 interns at the university hospital scheduled to be on these rotations
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consenting to participate. Characteristics of study participants were balanced between
control and intervention (Table 1). Among 44 interns scheduled to rotate at the VA center
only, 84% rotated once (all 32 subinterns only rotated once) and the rest rotated twice.
Among 16 interns scheduled to rotate at the university hospital only, 38% rotated once and
the rest rotated twice. Among 43 interns who rotated at both sites, 77% rotated 3 times or
more.

For 98.3% of intern on-call nights, cell phones were signed out to residents as designed.
Participants had missing actigraph data for 4.1% of the total study time on intervention and
5.9% on control at the university hospital, and 3.8% on intervention and 9.2% on control at
the VA center. Self-reported sleep time was highly correlated with actigraph recorded sleep
time (Pearson correlation, 0.81) and the mean duration of episodes of actigraph recorded
sleep time was similar to episodes of self-reported sleep time (mean, 5.6 hours vs 5.8 hours,
respectively). Both actigraph and self-reported data were missing for 2.8% of participants in
the control group and 1.3% in the intervention group at the university hospital and for 3.3%
in the control group and 1.5% in the intervention group at the VA center.

The mean sleep time during the protected period at the VA center was 2.86 hours (95% CI,
2.57–3.10) hours in the intervention months compared with 1.98 (95% CI, 1.68–2.28) in the
control months (P <.001; Table 2). At the university hospital, the mean sleep time was 3.04
hours (95% CI, 2.77–3.45 hours) in the intervention months and 2.04 hours (95% CI, 1.79–
2.24 hours) in the control group (P <.001).

Of the interns at the VA center with shifts with protected sleep periods, 5.8% (95% CI,
3.0%–8.5%) had no sleep during on-call nights vs 18.6% (95% CI, 13.9%–23.2%) who did
not (P <.001). At the university hospital, the difference was 5.9% (95% CI, 3.1%–8.7%) vs
14.2% (95% CI, 9.9%–18.4%; P =.001). In contrast, 25.2% (95% CI, 20.1%–30.3%) of
interns during the intervention months slept 4 to 5 hours during the protected period
compared with 12.3% (95% CI, 8.4%–16.2%) during control months at the VA center (P <.
001) and 31.4% (95% CI, 25.8%–36.9%) vs 10.0% (95% CI, 6.3%–13.6%) at the university
hospital (P <.001). Interns in both groups slept similar amounts on days of the call cycle
other than the on–call day, resulting in mean sleep times across the 4 days of the call cycle
of 6.79 hours (95% CI, 6.55–7.03 hours) vs 6.68 hours (95% CI, 6.47– 6.90 hours) at the
VA center (P =.49) and a mean of 6.45 hours (95% CI, 6.23–6.67 hours) vs 6.72 hours (95%
CI, 6.47–6.98 hours) at the university hospital (P =.12).

Interns in the intervention months at both sites were significantly less likely to report sleep
disturbances if they were able to sleep during on-call nights: 49.9% (95% CI, 40.2%–58.6%)
vs 84.6% (95% CI, 78.3%–90.9%) at the VA medical center reported disturbed sleep (P <.
001) and 53.3% (95% CI, 42.0%–60.0%) vs 95.1% (95% CI, 90.9%–99.0%) reported
disturbed sleep at the university hospital (P <.001).

Reported sleep disturbances among interns with protected sleep periods may have been
primarily attributable to factors such as stress and physical discomfort because in this group,
the rate of sleep disturbance from cell phone or pagers or from being awakened by nurses
was only 4.2% at the university hospital and 7.4% at the VA center, whereas 82.6% of the
control group at the university hospital and 61.5% at the VA center cited these reasons for
disruption of sleep. Interns during the intervention months at both sites were significantly
less likely to be awake for more than 24 hours (Figure 2). Participants felt less sleepy after
on-call nights in the intervention group with a mean KSS score of 6.65 (95% CI, 6.35–6.97)
vs 7.10 (95% CI, 6.85–7.33) at the VA center (P =.01) and 5.91 (95% CI, 5.64–6.16) vs 6.79
(95% CI, 6.57– 7.04) at the university hospital (P <.001).
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The results were qualitatively similar when we conducted sensitivity analyses in which we
handled missing data in different ways and in models that adjusted for the day of the call
cycle and the interactions between intervention month and day of call cycle, age, sex, day of
the week, previous rotation, and month. For interns who had multiple rotations, the effect of
the protected sleep period did not vary based on their previous (control or intervention)
experience (eTable 1, available at http:www.jama.com).

In the VA center, the rate of nonad-herence to PVT testing was 21.3% in intervention and
30.5% in control groups. In the university hospital, the nonadherence rate was 37.5% in
intervention and 36.5% in control groups. Participants performed the PVT on average at
7:54 AM (10.1% before 6 AM, 61.5% between 6 AM and 8 AM, 28.4% after 8 AM). At
both study sites, the mean PVT response speed was faster in the intervention group than in
the control group: 4.06 s−1 (95% CI, 3.90–4.20 s−1) vs 3.87 s−1 (95% CI, 3.76–4.02 s−1) for
the VA center (P =0.02) and 3.97 s−1 (95% CI, 3.87–4.13 s−1) vs 3.90 s−1 (95% CI, 3.80–
4.03 s−1) for the university hospital (P =.02). The intervention group participants had fewer
attentional lapses, albeit statistically significant only at the VA medical center, which had a
mean score of 4.11 s−1 (95% CI, 2.82–5.45 s−1) vs 5.42 s−1 (95% CI, 4.11, 6.69 s−1; P =.
048). The mean score was 4.68 s−1 (95% CI, 3.00–5.58 s−1) vs 4.83 s−1 (95% CI, 3.68–5.82
s−1) for the university hospital (P =.11; Table 2).

We identified a total of 2086 patients (2419 new admissions) admitted to the VA center
medical service and 571 patients (713 new admissions) admitted to the oncology unit of the
university hospital. There was no systematic pattern of differences between intervention and
control in any of the outcome measures including length of stay. The university hospital had
a mean of 6.6 days (95% CI, 6.1–7.2 days) for the control group and 6.5 days (95% CI, 6.0–
7.1 days) in the intervention group (P =.81); the VA center had a mean of 4.7 days (95% CI,
4.5–4.9 days) for the control group and 4.5 days (95% CI, 4.3–4.7 days) for the intervention
group (P =.32). At the university hospital the medical intensive care unit transfer rates were
a mean 4.0% (95% CI, 2.0%–6.1%) for the control group vs 4.9% (95% CI, 2.7%–7.2%) for
the intervention group (P =.55); at the VA center, 5.5% (95% CI, 4.2%–6.8%) for the
control group vs 5.0% (95% CI, 3.7%–6.2%) for the intervention group (P =.57).

The in-hospital deaths (ie, total inhospital death rate) for the hospital university was a mean
2.6% (95% CI, 0.9%–4.2%) for the control group vs 2.7% (1.1%–4.4%) for the intervention
group (P =.89). The in-hospital deaths in the VA center was a mean 1.3% (95% CI, 0.7%–
2.0%) for the control group vs 1.2% (95% CI, 0.6%–1.9%) for the intervention group (P =.
82). The mean time to death for the university hospital was 15.7 days (95% CI, 3.7–27.7
days) for the control group vs 18.3 days (95% CI, 3.9–32.7 days) for the intervention group
(P =.76) and for the VA center was a mean 15.1 days (95% CI, 7.7–22.5 days) for the
control group vs 17.7 days (95% CI, 9.2–26.3 days) for the intervention group (P =.62). The
mean 30-day readmission rates for the university hospital was 22.1% (95% CI, 17.7%–
26.4%) for the control group vs 26.9% (95% CI, 22.4%–31.5%) for the intervention group
(P =.13); for the VA center, the mean rate was 9.4% (95% CI, 7.8%–11.1%) for the control
group vs 10.6% (95% CI, 8.8%–12.3%) for the intervention group (P =.35; Table 3).

Observed differences in mean time slept during the extended duty shifts demonstrate
significant increases in amount slept in most intervention subgroups relative to the standard
shift (Figure 3). The mean differences in hours slept between the intervention and control
groups was largest when a moderate number of patients were admitted on call (4 at the VA
center and 2–4 at the university hospital). The mean differences in amount slept grew larger
with the number of patients for whom interns were primarily responsible at the university
hospital (test for homogeneity of association, P = .001); the relationship was not significant
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at the VA center (P = .24). Similar patterns were observed in terms of the percentage of on-
call days without any sleep (Figure 4).

COMMENT
In the past decade, the ACGME has twice modified duty hour standards for physicians in
training, with these changes motivated by an interest in reducing fatigue among house staff,
reducing the rate of medical errors, and improving quality of care. The most recent duty
hour standards, implemented in July 2011, were motivated by a 2009 congressionally
mandated IOM report7(p1):

Based on its review of the scientific evidence, the committee recognized that it
should focus on increasing opportunities for sleep during resident training to
prevent acute and chronic sleep deprivation and to minimize fatigue-related errors,
rather than on simply reducing total duty hours. It recommends a protected sleep
period of 5 hours during any work shift beyond 16 hours duration.

To our knowledge, this study provides the first evidence that a mandatory program of
protected time for sleep on extended duty shifts is feasible with high rates of adherence and
that it can produce a significant increase in mean hours slept, a significant decrease in the
proportion of interns with no sleep on extended duty overnight shifts, and an increase in
behavioral alertness on mornings after overnight shifts. The reduction in the rate of
prolonged wake-fulness is particularly important, as continuous wakefulness of periods of
more than 21 hours is a major predictor of performance errors.22,23 Also, to our knowledge
only 2 previous studies have evaluated the feasibility of deploying a pager-free sleep period
at night during extended duty shifts.9,10 In both studies, the protected sleep period was not
mandatory, resulting in relatively low adherence to the protected sleep period schedule. For
example, in 1 study only 22% of interns signed out their own patients to the cross-covering
resident during protected periods.10 In contrast, adherence to the protected period was
98.3% in our intervention. In addition, the frequency of disruptions was much lower in the
intervention group for both services. Making protected sleep periods a standard part of the
internship schedule as opposed to a research protocol likely provided a level of social
norming that would have been difficult to achieve as part of a research protocol.

The protected sleep period also afforded residents approximately twice as many sleep
durations of 3 hours or more as the control condition—a duration associated with greater
recovery of performance and alertness.24 The same was seen at the other end of the
spectrum. Interns who received protected sleep periods were less likely to have on-call
nights with no sleep. Although it is not clear how large these benefits need to be to offset the
cost and effort of implementing a 5-hour protected sleep period, studies have found
significant benefits for alertness and performance with even modest increases in nap sleep
duration, and we were able to confirm this for both psychomotor speed and for subjectively
assessed sleepiness.22,24,25 The mean postsleep period PVT response speed for the
intervention condition was 4 seconds−1 or more, which is close to daytime PVT performance
of non–sleep-deprived healthy adults.12 The mean postsleep period PVT response speed for
the control condition was lower than 4 seconds−1 and comparable with mean performance of
participants who have been up all day (ie, at 1 AM or after 17 hours awake).12

These findings are consistent with other evidence that obtaining more sleep during
prolonged duty can reduce fatigue.22,23,26 Although the protected sleep periods interns
undertook during the intervention were associated with reduced sleepiness and better
vigilance performance, we had no evidence that they were associated with either positive or
negative changes in patient outcomes, which was limited by insufficient power to reliably
detect such changes. Moreover, clinical errors by sleep-deprived interns27 were not assessed
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in our study, although we hypothesize that protected sleep could help mitigate such errors
given that sleep improves learning and memory.28–31 There is reason to believe that
protected sleep during prolonged duty could help mitigate some of the personal injury risks
experienced by interns either while working or during commutes home.32,33 It is worth
noting that over the 4-day call cycle, interns averaged less than 7 hours of daily sleep in both
intervention and control groups. Seven hours of sleep or less on a chronic basis have been
shown to lead to escalating declines in psycho-motor vigilance with potential adverse effects
for errors and safety.34

Limitations of this study include its generalizability to interns at other internal medicine
residency programs as well as to interns in different specialties, in which protected sleep
periods might be structured differently. Furthermore, this study was completed before
implementation of the 2011 ACGME rules, which no longer allow interns to work shifts
longer than 16 hours and thus relate more directly to residents for whom strategic napping is
currently recommended. The 2 different programs we studied achieved similar increases in
the mean amount of sleep, although the program at the VA center was personnel neutral and
the program at university hospital involved an extra night resident. The requirement of an
additional night resident at the university hospital made this intervention less likely to be
feasible for wider implementation. A further limitation is that we did not measure other
important outcomes such as data entry errors for medications, and because these studies
were powered based on hours slept, we have inadequate power to find small differences in
patient outcomes. However, the point estimates did not suggest any meaningful difference in
patient outcomes between the groups. We were also unable to blind interns or study staff
due to the nature of the intervention; thus, interns were aware of the study hypothesis.

This study indicates that protected sleep periods during prolonged duty are feasible, likely to
increase the amount of uninterrupted sleep interns obtain during extended duty overnight
shifts, reduce the number of 24-hour periods awake, and improve behavioral alertness in the
morning following on-call nights. Although there is evidence that obtaining sleep (relative to
no sleep) during prolonged duty helps reduce fatigue and that the amount of fatigue
reduction increases with the amount of sleep, from this study we do not have evidence that
this is also associated with improvements in patient outcomes. A rigorous comparative
effectiveness analysis of protected sleep times vs 16-hour shifts in improving intern
alertness and cognitive function and patient outcomes could have a significant effect on
policy. To the extent that protected sleep periods are feasible and improve alertness, they
may provide a reasonable alternative to mandated shorter shifts.
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Figure 1.
Flow Diagram at Participating Institutions
Interns may have been randomized to either study group from one rotation to another.
Subinterns represent fourth-year medical students.
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Figure 2.
Total Continuous Time Awake Among Participants
Hours awake include the last wake-up before an on-call shift to the first sleep during or after
an on-call shift. The unit of this analysis is the awakening period that starts before the
precall and ends during or after the postcall. The measurement is duration in hours of these
awakening periods. Error bars indicate 95% CIs.

Volpp et al. Page 13

JAMA. Author manuscript; available in PMC 2013 June 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Effects of Intervention on Hours Slept During On-call
Hours slept during on-call shifts are measured as the sum of sleep time in hours during a 24-
hour period from midnight to midnight. We report the robust CIs that accounted for the
repeated measures using generalized estimating equations. The figure shows the mean effect
of the intervention on sleep for each of the subgroups for which a positive number indicates
that participants slept more during intervention months than during the control months. The
CIs for number of patients admitted and for the number of patients for whom the interns and
medical students (subinterns; fourth-year students) were responsible were calculated using
the method suggested by Agresti and Caffo21 of adding 4 pseudo observations to the
intervention and control groups, half with no sleep and half with sleep. The Agresti and
Caffo study show that the 95% CIs resulting from inverting large sample Wald tests often
have lower coverage probability than the intended 95% and that adding the 4 pseudo
observations before calculating the CIs generally brings the coverage probability close to
95%.
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Figure 4.
Percentage of On-call Days Without Sleep
Hours slept during on-call shifts are measured as the sum of sleep time in hours during a 24-
hour period from midnight to midnight. We report the robust CIs that accounted for the
repeated measures using generalized estimating equations. The proportion of on-call days
without sleep for which a reduction in this proportion is seen as beneficial. For calculating
CIs, see the Figure 3 legend. Subinterns represent fourth-year medical students.
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Table 1

Characteristics of Control and Intervention Groups

No. (%) of Participants

Philadelphia VA Medical Center Hospital of the University of Pennsylvania

Control Intervention Control Intervention

No. of interns studieda 52 46 36 39

No. of intern-days studied 1089 1127 1073 1116

Intern-days studied, %b 90.8 93.9 89.4 93.0

Age, mean (SD), y 27.5 (2.3) 27.3 (2.3) 28.1 (2.2) 27.7 (2.0)

Men 25 (48.1) 22 (47.8) 18 (50.0) 22 (56.4)

Subinterns 16 (30.8) 16 (34.8) 0 0

No. of patients admitted on-call (% intern d)c

 0–1 6 (2.8) 11 (4.7) 26 (13.5) 29 (15.2)

 2–3 56 (26.5) 61 (25.8) 68 (35.2) 65 (34.0)

 4 56 (26.5) 73 (30.9) 43 (22.3) 44 (23.0)

 5 77 (36.5) 76 (32.2) 42 (21.8) 39 (20.4)

 >5 16 (7.6) 15 (6.4) 14 (7.3) 14 (7.3)

No. of patients responsible for (% intern d)c

 0–4 9 (4.3) 22 (9.3) 14 (7.3) 18 (9.4)

 5–6 42 (19.9) 56 (23.7) 27 (14.0) 46 (24.1)

 7–8 97 (46.0) 103 (43.6) 71 (36.8) 62 (32.5)

 9–10 60 (28.4) 55 (23.3) 74 (38.3) 64 (33.5)

 >10 3 (1.4) 0 7 (3.6) 1 (0.5)

a
Individual interns may have participated at more than 1 site or more than 1 rotation at each site.

b
Measured as percent intern-days studied out of total possible intern-days intended for data collection.

c
For Philadelphia VA Medical Center, this was not reported on 21.6% (control) and 15.1% (intervention) intern-days; for Hospital of the

University of Pennsylvania, this was not reported on 26.1% (control) and 29.5% (intervention) intern-days. Distributions are based on intern-days
when these data were reported.

JAMA. Author manuscript; available in PMC 2013 June 05.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpp et al. Page 17

Ta
bl

e 
2

Sl
ee

p 
T

im
e,

 P
sy

ch
om

ot
or

 V
ig

ila
nc

e 
T

es
t P

er
fo

rm
an

ce
, a

nd
 S

le
ep

in
es

s 
Su

m
m

ar
y

P
hi

la
de

lp
hi

a 
V

A
 M

ed
ic

al
 C

en
te

r
H

os
pi

ta
l o

f 
th

e 
U

ni
ve

rs
it

y 
of

 P
en

ns
yl

va
ni

a

M
ea

n 
(9

5%
 C

I)
a

M
ea

n 
(9

5%
 C

I)
a

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

Pr
ot

ec
te

d 
pe

ri
od

 (
12

:3
0 

A
M

-5
:3

0 
A

M
) 

Sl
ee

p 
tim

e,
 h

b
1.

98
 (

1.
68

–2
.2

8)
2.

86
 (

2.
57

–3
.1

0)
<

.0
01

2.
04

 (
1.

79
–2

.2
4)

3.
04

 (
2.

77
–3

.4
5)

<
.0

01

Sl
ee

p 
tim

e 
di

st
ri

bu
tio

n,
 h

, %

 
0

18
.6

5.
8

<
.0

01
14

.2
5.

9
.0

01

 
0–

1
13

.4
7.

2
.0

2
11

.5
5.

9
.0

2

 
>

1–
2

22
.3

13
.7

.0
09

24
.1

12
.6

<
.0

01

 
>

2–
3

15
.2

21
.9

.0
4

24
.1

20
.7

.3
4

 
>

3–
4

18
.2

26
.3

.0
2

16
.1

23
.6

.0
3

 
>

4–
5

12
.3

25
.2

<
.0

01
10

.0
31

.4
<

.0
01

Sl
ee

p 
tim

e 
by

 d
ay

 o
f 

ca
ll 

cy
cl

e,
 h

b

 
D

ay
 1

, o
n-

ca
ll

2.
54

 (
2.

16
–2

.8
8)

3.
23

 (
2.

92
–3

.4
9)

.0
03

2.
45

 (
2.

17
–2

.6
8)

3.
27

 (
2.

97
–3

.7
0)

<
.0

01

 
D

ay
 2

, p
os

tc
al

l
9.

54
 (

8.
96

–1
0.

03
)

9.
64

 (
9.

14
–1

0.
07

)
.8

9
9.

97
 (

9.
32

–1
0.

49
)

9.
18

 (
8.

70
–9

.6
7)

.1
4

 
D

ay
 3

7.
29

 (
6.

98
–7

.5
4)

7.
29

 (
6.

91
–7

.6
2)

.8
8

7.
17

 (
6.

75
–7

.5
3)

6.
95

 (
6.

66
–7

.2
0)

.5
4

 
D

ay
 4

, p
re

ca
ll

7.
38

 (
7.

13
–7

.6
3)

7.
35

 (
7.

01
–7

.6
3)

.7
5

7.
18

 (
6.

85
–7

.4
6)

6.
94

 (
6.

69
–7

.1
8)

.3
5

 
D

ay
s 

1–
4c

6.
68

 (
6.

47
–6

.9
0)

6.
79

 (
6.

55
–7

.0
3)

.4
9

6.
72

 (
6.

47
–6

.9
8)

6.
45

 (
6.

23
–6

.6
7)

.1
2

Ps
yc

ho
m

ot
or

 v
ig

ila
nc

e 
te

st
 p

er
fo

rm
an

ce

 
A

tte
nt

io
na

l l
ap

se
s,

 N
o.

5.
42

 (
4.

11
–6

.6
9)

4.
11

 (
2.

82
–5

.4
5)

.0
5

4.
83

 (
3.

68
–5

.8
2)

4.
68

 (
3.

00
–5

.5
8)

.1
1

 
R

es
po

ns
e 

sp
ee

d 
(1

/R
T

)d
3.

87
 (

3.
76

–4
.0

2)
4.

06
 (

3.
90

–4
.2

0)
.0

2
3.

90
 (

3.
80

–4
.0

3)
3.

97
 (

3.
87

–4
.1

3)
.0

2

 
K

ar
ol

in
ks

a 
sl

ee
pi

ne
ss

 s
ca

le
 v

al
ue

e
7.

10
 (

6.
85

–7
.3

3)
6.

65
 (

6.
35

–6
.9

7)
.0

1
6.

79
 (

6.
57

–7
.0

4)
5.

91
 (

5.
64

–6
.1

6)
<

.0
01

JAMA. Author manuscript; available in PMC 2013 June 05.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpp et al. Page 18

P
hi

la
de

lp
hi

a 
V

A
 M

ed
ic

al
 C

en
te

r
H

os
pi

ta
l o

f 
th

e 
U

ni
ve

rs
it

y 
of

 P
en

ns
yl

va
ni

a

M
ea

n 
(9

5%
 C

I)
a

M
ea

n 
(9

5%
 C

I)
a

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

 
Sl

ee
p 

di
st

ur
be

d,
 %

f
84

.6
 (

78
.3

–9
0.

9)
49

.9
 (

40
.2

–5
8.

6)
<

.0
01

95
.1

 (
90

.9
–9

9.
0)

53
.3

 (
42

.0
–6

0.
0)

<
.0

01

A
bb

re
vi

at
io

n:
 R

T
, r

es
po

ns
e 

tim
e.

a W
e 

re
po

rt
ed

 th
e 

ro
bu

st
 c

on
fi

de
nc

e 
in

te
rv

al
s 

th
at

 a
cc

ou
nt

ed
 f

or
 th

e 
re

pe
at

ed
 m

ea
su

re
s 

us
in

g 
ge

ne
ra

liz
ed

 e
st

im
at

in
g 

eq
ua

tio
ns

.

b M
ea

su
re

d 
as

 s
um

 o
f 

sl
ee

p 
tim

e 
in

 2
4-

ho
ur

 p
er

io
d 

fr
om

 1
2 

PM
 to

 1
2 

PM
 u

nl
es

s 
sp

ec
if

ie
d 

ot
he

rw
is

e.

c C
al

cu
la

te
d 

us
in

g 
on

ly
 d

ay
s 

fr
om

 c
om

pl
et

e 
4-

da
y 

cy
cl

es
.

d R
es

po
ns

es
 p

er
 s

ec
on

d.

e T
he

 K
ar

ol
in

ks
a 

sl
ee

pi
ne

ss
 s

ca
le

 r
an

ge
s 

fr
om

 1
, v

er
y 

al
er

t, 
to

 9
, v

er
y 

sl
ee

py
, g

re
at

 e
ff

or
t t

o 
ke

ep
 a

w
ak

e,
 f

ig
ht

in
g 

sl
ee

p

f Pa
rt

ic
ip

an
ts

 in
di

ca
te

d 
w

he
th

er
 th

ei
r 

sl
ee

p 
w

as
 d

is
tu

rb
ed

 b
y 

at
 le

as
t 1

 o
f 

th
e 

fo
llo

w
in

g:
 c

el
l p

ho
ne

 o
r 

pa
ge

r,
 r

es
id

en
t o

r 
at

te
nd

in
g,

 p
hy

si
ca

l d
is

co
m

fo
rt

, n
ur

se
, w

or
ry

, o
r 

ot
he

r.

JAMA. Author manuscript; available in PMC 2013 June 05.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpp et al. Page 19

Ta
bl

e 
3

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
an

d 
O

ut
co

m
es

 b
y 

G
ro

up

P
hi

la
de

lp
hi

a 
V

A
 M

ed
ic

al
 C

en
te

r
H

os
pi

ta
l o

f 
th

e 
U

ni
ve

rs
it

y 
of

 P
en

ns
yl

va
ni

a

M
ea

n 
(9

5%
 C

I)
M

ea
n 

(9
5%

 C
I)

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

C
on

tr
ol

In
te

rv
en

ti
on

P
 V

al
ue

N
o.

 o
f 

pa
tie

nt
s

10
35

10
51

28
0

29
1

N
o.

 o
f 

to
ta

l a
dm

is
si

on
s

11
98

12
21

34
9

36
4

A
ge

66
.3

 (
65

.6
 to

 6
7.

0)
66

.3
 (

65
.6

 to
 6

7.
1)

.9
0

56
.0

 (
54

.5
 to

 5
7.

5)
56

.1
 (

54
.7

 to
 5

7.
6)

.8
9

M
en

, N
o.

 (
%

)
11

45
 (

95
.6

)
11

69
 (

95
.7

)
.8

4
18

9 
(5

4.
2)

19
9 

(5
4.

7)
.8

9

C
om

or
bi

di
tie

s
2.

74
 (

2.
66

 to
 2

.8
3)

2.
80

 (
2.

72
 to

 2
.8

9)
.3

1
2.

63
 (

2.
47

 to
 2

.7
9)

2.
56

 (
2.

40
 to

 2
.7

2)
.5

2

L
en

gt
h 

of
 s

ta
y,

 d

 
St

ud
y 

fl
oo

rs
4.

7 
(4

.5
 to

 4
.9

)
4.

5 
(4

.3
 to

 4
.7

)
.3

2
6.

6 
(6

.1
 to

 7
.2

)
6.

5 
(6

.0
 to

 7
.1

)
.8

1

 
H

os
pi

ta
l, 

to
ta

l
6.

7 
(6

.3
 to

 7
.2

)
6.

3 
(5

.9
 to

 6
.7

)
.1

9
12

.0
 (

8.
5 

to
 1

5.
5)

10
.7

 (
8.

9 
to

 1
2.

6)
.5

3

T
ra

ns
fe

rs
/r

ea
dm

is
si

on
s

 
T

ra
ns

fe
rr

ed
 to

 M
IC

U
, %

 (
95

%
 C

I)
5.

5 
(4

.2
 to

 6
.8

)
5.

0 
(3

.7
 to

 6
.2

)
.5

7
4.

0 
(2

.0
 to

 6
.1

)
4.

9 
(2

.7
 to

 7
.2

)
.5

5

 
30

 d
 r

ea
dm

is
si

on
 r

at
e,

 %
 (

95
%

 C
I)

9.
4 

(7
.8

 to
 1

1.
1)

10
.6

 (
8.

8 
to

 1
2.

3)
.3

5
22

.1
 (

17
.7

 to
 2

6.
4)

26
.9

 (
22

.4
 to

 3
1.

5)
.1

3

 
D

ay
s 

to
 r

ea
dm

is
si

on
12

.9
 (

11
.3

 to
 1

4.
4)

12
.4

 (
10

.9
 to

 1
3.

9)
.6

7
18

.6
 (

17
.0

 to
 2

0.
2)

19
.7

 (
18

.5
 to

 2
0.

9)
.2

8

D
ea

th
s

 
D

ie
d 

on
 f

lo
or

s 
of

 s
tu

dy
, N

o.
 (

%
)

5 
(0

.4
)

5 
(0

.4
)

.9
8

2 
(0

.6
)

3 
(0

.8
)

>
.9

9

 
 

T
im

e 
to

 d
ea

th
, d

12
.2

 (
4.

3 
to

 2
0.

1)
23

.4
 (

−
0.

9 
to

 4
7.

7)
.2

6
22

.0
 (

−
54

.2
 to

 9
8.

2)
19

.7
 (

−
54

.2
 to

 9
3.

5)
.9

2

 
D

ie
d 

in
 M

IC
U

, N
o.

 (
%

)
11

 (
0.

9)
9 

(0
.7

)
.6

2
6 

(1
.7

)
6 

(1
.6

)
.9

4

 
 

T
im

e 
to

 d
ea

th
, d

16
.5

 (
5.

5 
to

 2
7.

4)
15

.2
 (

4.
5 

to
 2

5.
9)

.8
6

15
.5

 (
−

3.
7 

to
 3

4.
7)

19
.8

 (
0.

7 
to

 3
9.

0)
.6

9

 
T

ot
al

 in
-h

os
pi

ta
l d

ea
th

 r
at

e,
 %

 (
95

%
 C

I)
1.

3 
(0

.7
 to

 2
.0

)
1.

2 
(0

.6
 to

 1
.9

)
.8

2
2.

6 
(0

.9
 to

 4
.2

)
2.

7 
(1

.1
 to

 4
.4

)
.8

9

 
 

T
im

e 
to

 d
ea

th
, d

15
.1

 (
7.

7 
to

 2
2.

5)
17

.7
 (

9.
2 

to
 2

6.
3)

.6
2

15
.7

 (
3.

7 
to

 2
7.

7)
18

.3
 (

3.
9 

to
 3

2.
7)

.7
6

JAMA. Author manuscript; available in PMC 2013 June 05.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Volpp et al. Page 20
A

bb
re

vi
at

io
n:

 M
IC

U
, m

ed
ic

al
 in

te
ns

iv
e 

ca
re

 u
ni

t.

JAMA. Author manuscript; available in PMC 2013 June 05.


