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Importance: On July 1, 2011, the Accreditation Coun-
cil for Graduate Medical Education implemented fur-
ther restrictions of its 2003 regulations on duty hours and
supervision. It remains unclear if the 2003 regulations
improved trainee well-being or patient safety.

Objective: To determine the effects of the 2011 Ac-
creditation Council for Graduate Medical Education duty
hour regulations compared with the 2003 regulations con-
cerning sleep duration, trainee education, continuity of
patient care, and perceived quality of care among inter-
nal medicine trainees.

Design and Setting: Crossover study design in an aca-
demic research setting.

Participants: Medical house staff.

Intervention: General medical teams were randomly
assigned using a sealed-envelope draw to an experimen-
tal model or a control model.

Main Outcome Measures: We randomly assigned 4
medical house staff teams (43 interns) using a 3-month
crossover design to a 2003-compliant model of every
fourth night overnight call (control) with 30-hour duty
limits or to one of two 2011-compliant models of every
fifth night overnight call (Q5) or a night float schedule
(NF), both with 16-hour duty limits. We measured sleep

duration using actigraphy and used admission volumes,
educational opportunities, the number of handoffs, and
satisfaction surveys to assess trainee education, conti-
nuity of patient care, and perceived quality of care.

Results: The study included 560 control, 420 Q5, and
140 NF days that interns worked and 834 hospital ad-
missions. Compared with controls, interns on NF slept
longer during the on call period (mean, 5.1 vs 8.3 hours;
P=.003), and interns on Q5 slept longer during the post-
call period (mean, 7.5 vs 10.2 hours; P=.05). However,
both the Q5 and NF models increased handoffs, de-
creased availability for teaching conferences, and re-
duced intern presence during daytime work hours. Resi-
dents and nurses in both experimental models perceived
reduced quality of care, so much so with NF that it was
terminated early.

Conclusions and Relevance: Compared with a 2003-
compliant model, two 2011 duty hour regulation–
compliant models were associated with increased sleep
duration during the on-call period and with deteriora-
tions in educational opportunities, continuity of patient
care, and perceived quality of care.
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G RADUATE MEDICAL EDUCA-
tion training programs
must balance 3 key pri-
orities, namely, training
excellence, resident well-

being, and safe, effective patient care. Duty
hours, which had no limits when the first
modern medical residency was established
in 1889 by William Osler, have become an
important variable in this balance. A 1971
study1 that found fatigued interns tended to

misinterpret electrocardiograms prompted
discussion2 but no action on duty hours.
Subsequently, the well-publicized death of

Libby Zion prompted the first state-level
regulation of duty hours in 1989 in New
York. The Accreditation Council for Gradu-
ate Medical Education (ACGME) imposed
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the first national regulation of duty hours in 2003, with a
July 1, 2011, revision.3 The 2011 rules mandate rest peri-
ods between duty periods, increased supervision for ju-
nior trainees, and a 16-hour limit on continuous duty hours
for postgraduate year 1 (PGY-1) trainees (interns).

The 2003 ACGME limits on duty hours were in-
tended to improve resident well-being and patient safety,3

but studies4-15 have not consistently demonstrated im-
provements in either. Therefore, we conducted a con-
trolled experiment to determine the effects of the 2011
ACGME duty hour regulations compared with the 2003
regulations concerning sleep duration, trainee educa-
tion, continuity of patient care, and perceived quality of
care using an experienced group of trainees in internal
medicine. We randomly assigned 4 medical house staff
teams (43 interns) using a 3-month crossover design to
a 2003-compliant model of every fourth night over-
night call (control) with 30-hour duty limits or to one
of two 2011-compliant models of every fifth night over-
night call (Q5) or a night float schedule (NF), both with
16-hour duty limits.

METHODS

STUDY POPULATION

Data from all the patients admitted to house staff general in-
ternal medicine services at The Johns Hopkins Hospital, Bal-
timore, Maryland, during two 4-week periods (January 27, 2011,
to February 23, 2011, and March 24, 2011, to April 20, 2011)
were included; patients admitted before or discharged after the
study period were excluded. Postgraduate years 1 through 3
trainees and ward nurses on these services during the study pe-
riods were also included. The Osler Medicine Training Pro-
gram consists of 4 general medical teams (firms), each com-
posed of the following physician members: 1 attending-level
chief resident (assistant chief of service), 2 PGY-3 trainees (se-
nior residents), and 4 PGY-1 trainees (interns). After stratifi-
cation by sex, program track, and medical school, interns are
randomly assigned to firms for their entire residency. The study
was approved by the institutional review board, and all the study
participants provided informed consent.

INTERVENTIONS AND RANDOMIZATION

Two “control” firms operated within the ACGME 2003 duty
hour regulations, with the team composition as already de-
scribed in the “Study Population” subsection. Control interns
took overnight call every fourth night, beginning at 12 PM and
concluding no later than 6 PM the next day, with a maximal
continuous duty of 30 hours. Two experimental models were
designed to comply with the ACGME 2011 duty hours regu-
lations (the schedules are given in the eAppendix; http://www
.jamainternalmed.com).

The first experimental model with an every fifth night on-
call schedule (Q5) consisted of an intern on overnight call ev-
ery fifth night beginning at 9 PM and concluding no later than
1 PM the next day, for a maximal continuous duty of 16 hours,
The second experimental model was a night float system (NF),
which used day and night shifts with an intern working for ap-
proximately 6 consecutive nights, each with maximal continu-
ous duty of 14 hours and with day shifts the remainder of the
study period. Both models included continuous PGY-2 or PGY-3
supervision. Reduced duty hours and increased supervision re-
quired each experimental firm to include 1 additional intern

and 1 additional resident compared with the control firm. All
firms were bound by the other 2003 duty hour regulations. In-
terns were the primary providers for all patients at all times.

The firms were randomly assigned using a sealed-envelope
draw to an experimental model or a control model. We planned
a crossover design with two 4-week blocks separated by a 4-week
washout period. During block 1, there was 1 Q5 firm, 1 NF firm,
and 2 control firms. After a 4-week washout period during which
all firms operated under control conditions, we planned to cross
over each experimental firm to the opposite experimental model,
while each control firm would continue as a control. Al-
though participants on the teams could not be blinded to their
model, the data handling and analysis were done by those blinded
to the team assignments.

The primary outcome of this study was the effect of the 2011
duty hour and supervision regulations on an internal medi-
cine training program compared with the 2003 regulations on
PGY-1 on-call period sleep duration. Sleep duration was mea-
sured using wristwatch actigraphy (Actiwatch Spectrum; Res-
pironics), a valid and convenient alternative to polysomnog-
raphy.16,17 Total sleep duration for every 24-hour period that
the actigraph was worn was determined by software (Actiware
5; Respironics) using a computerized algorithm. Automated re-
sults were then reviewed for accuracy and edited by a trained
sleep technician and one of us (N.P.). Interns wore wrist-
watch actigraphs 24 hours a day during the study periods.

Secondary outcomes for the study were operations, trainee edu-
cation, continuity of patient care, sleep duration outside of the
on-call period, and satisfaction of interns and nurses across do-
mains of education and patient care. Operations outcomes in-
cluded length of stay, 30-day readmissions, and the number of
discharges before 11 AM, an institutional objective. Educational
outcomes were assessed using trainee surveys, intern admission
volumes, daytime presence in the hospital, and availability to at-
tend the daily weekday noon conferences. Continuity of patient
care was assessed by calculating the number of handoffs and the
number of different interns for 1 patient during a 3-day length of
stay. Satisfaction was assessed by trainee and nurse surveys (the
surveys are given in the eAppendix). All surveys were adminis-
tered at the midpoint and end of each 4-week study period. All
survey questions used a Likert-type scale ranging from 1 to 5 (least
favorable outcome to most favorable outcome).

STATISTICAL ANALYSIS

We used the analysis of variance F test, Wilcoxon rank sum
test, or Pearson �2 test to compare the difference and to assess
the statistical significance across models. Because duty hours
for the on-call period varied in the 3 models, sleep was com-
pared in multiple ways (Figure 1). Poor-quality actigraphic
sleep data were excluded; for analyses based on 48-hour peri-
ods, only data from complete pairs were used (eAppendix). Gen-
eralized estimating equations were applied to estimate the dif-
ference in sleep time across firms after considering the repeated
sleep measures clustered by individual interns. Tests of sig-
nificance were 2-tailed, with an � level of .05. Data were ana-
lyzed using statistical software (SAS, version 9.2; SAS Insti-
tute, Inc; and STATA/SE, version 11; StataCorp LP).

We estimated the minimal detectable difference based on a
sample size of 5 interns per group, with 8 individual sleep mea-
sures per intern during 2 months in the on-call schedule. With
80% power, an SD of 3, and the intracluster correlation of 0.1,
the minimal detectable difference would be 3.2 hours using a
2-sided t test with a significance level of .03.

Interim analysis of trainee and nurse survey data, along with
feedback, indicated that NF call received lower satisfaction scores
compared with Q5 call. Specifically, trainees were less satis-
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fied with the quality of care on NF (mean, 2.70; 95% CI, 2.39-
3.01) compared with Q5 (mean, 3.19; 95% CI, 2.82-3.56)
(P� .001). A trend toward lower satisfaction for NF com-
pared with Q5 was also observed for trainee education, outpa-
tient experience, and team membership. In addition, nurses’
satisfaction with quality of care was lower in NF (mean, 3.18;
95% CI, 2.97-3.38) than in Q5 (mean, 3.24; CI, 3.08-3.41)
(P=.02) and demonstrated a trend toward lower satisfaction
for communication and patient safety. As a result, NF was not
continued, and the second 4-week period included 2 Q5 firms
and 2 control firms.

RESULTS

The study period included 4 control study periods, 3 Q5
periods, and 1 NF period, corresponding to 43 interns,
26 PGY-2 and PGY-3 residents, and 834 discrete hospi-
tal admissions. The analysis comprised 560 control, 420
Q5, and 140 NF days that interns worked. Patients’ data
on severity of illness were similar in all 3 models (eAp-
pendix). Response rates from trainee surveys were 73%
for control firms, 77% for Q5, and 81% for NF.

Sleep data were analyzed for 274 control, 273 Q5, and
63 NF days and are given in Figure 2. Poor quality pre-
cluded analysis of 20% of sleep data (eAppendix). On av-
erage, interns in the control model slept 3 hours less across
48-hour on-call periods (mean, 12.9; 95% CI, 11.0-14.8
hours) compared with interns in the Q5 model (mean,
16.1; 95% CI, 14.7-17.5 hours; P=.26) and the NF model
(mean, 15.9; 95% CI, 13.0-18.9 hours; P = .39). Al-

though these differences were not statistically signifi-
cant, the variance in sleep duration was significantly re-
duced in the Q5 model (SD, 4.7 hours) and the NF model
(SD, 2.8 hours) (P� .001 for both) compared with the
control model (SD, 6.9 hours). Control interns slept sig-
nificantly less than NF interns during the on-call period
(mean, 5.1; 95% CI, 4.1-6.1 vs 8.3; 95% CI, 7.2-9.4 hours;
P=.003) and slept less than Q5 interns during the post-
call period (mean, 7.5; 95% CI, 6.2-8.7 vs 10.2; 95% CI,
9.2-11.1 hours; P=.05). In both the on-call and postcall
days, the variance in sleep duration was significantly re-
duced in the experimental models. Assessing any day dur-
ing the study independent of role, no differences in sleep
duration were observed between the control model (mean,
7.6; 95% CI, 6.9-8.1 hours) and the Q5 model (mean,
7.7; 95% CI, 7.3-8.1 hours; P=.90) and the NF model
(mean, 8.2; 95% CI, 7.7-8.7 hours; P=.98).

Educational opportunities were decreased in both ex-
perimental models compared with the control model. For
example, interns had fewer admission experiences in the
experimental models. Specifically, interns admitted a
higher proportion of the firm’s patients each month on
the control model (79%) compared with the Q5 model
(61%) or the NF model (64%) (P� .001 across groups).
On average, more patients per month were admitted by
each control intern (mean, 24.8) compared with each Q5
intern (mean, 16.5) and NF intern (mean, 17.4), and more
patients were primarily cared for by each control intern
(mean, 31.5) compared with each Q5 intern (mean, 27.0)
and NF intern (mean, 27.2). Opportunities to attend a
daily noon conference were reduced by 25% in both ex-
perimental models. Last, control interns worked a mean
of 39 hours per week between 8 AM and 6 PM (standard
work hours), 30% more than Q5 interns and 13% more
than NF interns. As such, traditional educational activi-
ties occurring during standard work hours, including at-
tending and teaching rounds, were less available to in-
terns in experimental models.

The minimal number of handoffs between interns in-
creased from 3 to as high as 9, a 130% to 200% increase,
in the experimental models compared with the control
model. The minimal number of different interns caring
for a patient during a 3-day stay increased from 3 to as
high as 5, a 33% to 67% increase, in the experimental
models compared with the control model (Table).

Trainee satisfaction was higher in the control model
compared with either experimental model across sev-
eral domains (Table), including perceived quality of care
and team membership, assessed using a collection of ques-
tions focused on teamwork and perceptions of being a
central member of the team. Nurses perceived that the
highest quality of care was provided to patients in the
control model. Nurses also reported lower satisfaction
with communication and patient safety in the NF model
compared with the control model.

Intern duty hour violations for maximal permitted con-
tinuous hours, while occurring more frequently in the
experimental models, occurred in all models, with few
excess hours. Violations of the 30-hour rule occurred in
4% of the work periods, for a mean of 1.5 hours, in the
control arm. Violations of the 16-hour rule occurred in
36% of the work periods, for a mean of 1.8 hours, in the

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Control Work Precall On Call Postcall Work Precall On calln Call Postc

30-h Duty

Q5 Work Precall On Call Postcall Work Work Precallall Po

16-h Duty

NF Days Days Days Nights Nights Nights Nightshts

14-h Duty

Figure 1. Comparison of 3 on-call models with regard to sleep assessment.
Shown is a sample 7-day cycle from an intern’s schedule in each of the
models used. The control and Q5 schedules have interns cycle through work,
precall, on-call, and postcall days. The NF schedule is composed of a series
of days and a series of nights. The call period (green) is composed of the 2
days, beginning at 8 AM on day 0 and finishing at 7:59 AM on day 2, within
which the intern takes call. For sleep duration analysis, this green period is
termed the 48-hour on-call period. For control and Q5, the first and second
24 hours of this 48-hour period were compared individually as the on-call
and postcall days, respectively. In NF, 2 consecutive nights of duty were
analyzed in the 48-hour call window period; 1 night of duty was analyzed
with the on-call and postcall days. In addition, all the days in the blocks for
all 3 models were compared as assessment of any day. Light red
highlighting indicates the hours an intern in each model would be in the
hospital for call duty. A detailed template of the intern schedules for each
model, including start and stop times for each day of the rotation, is given in
the eAppendix. Control indicates 2003-compliant model of every fourth night
overnight call; NF, 2011-compliant model of a night float schedule; and Q5,
2011-compliant model of every fifth night overnight call.
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Q5 arm and in 16% of the work periods, for a mean of
1.0 hour, in the NF arm. Operations outcomes did not
seem meaningfully different and are summarized in the
Table.

COMMENT

The results of this experimental study suggest that imple-
menting the 2011 ACGME duty hour regulations may
present challenges and could have unintended conse-
quences. While the regulations produced increased sleep
duration during the on-call period, they also decreased
continuity of patient care, intern and nurse perceptions
of quality of care, and educational opportunities from
teaching and patient care.

These findings are consistent with prior research about
duty hour regulations. A study4 of 220 pediatric resi-

dents demonstrated no change in the amount of burn-
out, hours slept, depression, motor vehicle crashes, or
resident educational outcomes related to the 2003 regu-
lations. Similarly, 3 neurology training programs pilot-
ing the 2011 regulations found no improvement in edu-
cation, sleepiness, study hours, or sleep duration, but
found adverse effects on continuity of care, transitions
of care, faculty satisfaction, and trainees’ knowledge of
their patients.5 Faculty satisfaction suffered also from the
2003 regulations, with a shift in effort from teaching, re-
search, and academics to direct clinical care.6,7

Studies of the 2003 regulations have not consistently
demonstrated improved patient outcomes. A review of
more than 14 million admissions demonstrated no change
in the rate of patient safety events after the 2003 regu-
lations were implemented.8 Studies conducted in inten-
sive care units (ICUs) show mixed results. For ex-
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Figure 2. Distribution of measured hours of sleep by assigned on-call model. In box and whisker plots, the bottom and top of the box are the 25th and 75th
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ample, interns with shorter duty hours in the medical and
coronary ICU at a single center made fewer serious medi-
cal errors than interns with longer duty hours.9 How-
ever, an analysis of more than 200 000 ICU patients in
the United States between 2001 and 2005 revealed no re-
duction in ICU or hospital mortality attributable to the
2003 regulations.10 Likewise, large studies11-14 of Medi-
care, Veterans Affairs, and other high-risk patient popu-
lations showed no reduction in mortality following imple-
mentation of the 2003 regulations.

Sleep duration increased within the on-call period in
both experimental models. In addition, there was much
less variability in interns’ sleep duration in either experi-
mental model compared with the control model. This may
be a result of personal preferences and behaviors, with
some individuals prioritizing sleep over other tasks both
inside and outside of the hospital. Notably, only a mean
of 3 of 14 hours (21%) newly gained from work periods
was used for sleep. The decreased variance and in-
creased duration of sleep in the interns with reduced duty
hours suggest that, if a group of interns is given the op-
portunity to sleep by leaving the hospital sooner, most
will use at least part of the increased time outside of the
hospital to sleep more. However, the clinical signifi-
cance of the sleep changes observed in the experimental
models remains unclear because intern satisfaction with
education or quality of care did not improve. This may
be because sleep duration on days outside of the on-call
period did not differ. In fact, the mean duration of sleep
an intern had on any day was the same regardless of the
model and was similar to the mean daily sleep of young
adults in the United States.18 Sleep and sleep architec-
ture represent a complex science, and the influence on
performance from total hours, weekly means, circadian

alignment and the number of interruptions all need greater
study.

Compared with controls, trainees on the experimen-
tal models admitted fewer patients and followed them up
for shorter continuous periods. While the optimal bal-
ance between admission volumes (or workload) and edu-
cational experience is unclear,19-22 concerns have been
raised about the competency achievable with less in-
hospital experience during any fixed duration of train-
ing.23 In addition, opportunities for trainee education were
reduced with restricted shifts, many of which occur solely
during evening hours, precluding participation in tradi-
tional core educational components of medicine resi-
dency programs, such as noontime conference and morn-
ing rounds.

This disruption in education can reduce the effective-
ness of training programs’ current provision of formal and
informal curricula. Our models preserved 2-hour morn-
ing bedside rounds led by our assistant chief of service,
a cornerstone of our educational curriculum. However,
interns on our experimental models were on the wards
less during standard work hours and had fewer oppor-
tunities to work with our faculty, consultants, and other
health care professionals who are present more often dur-
ing these hours. Programs have expanded curricula to
include evening teaching by attending physicians,24 but
there will be inherent limitations in the content deliv-
ered during these hours because of faculty availability and
patient convenience. Finally, faculty often face in-
creased clinical duties to compensate for the work pre-
viously done by residents,6 reducing their time to teach.
This, coupled with pressures to “get the resident out on
time,” will further reduce teaching opportunities even dur-
ing daytime hours. These changes in trainee education

Table. Continuity of Patient Care, Resident and Nurse Satisfaction, and Operations Outcomes by Model

Variable

Model

P ValueControl Q5 NF

Continuity of patient care among admissionsa (n = 413) (n = 300) (n = 121)
Handoffs between interns, minimum No. 3 7 9 . . . . . .
Interns per patient, minimum No. 3 5 4 . . . . . .

Satisfaction among trainees, mean (95% CI)b (n = 44) (n = 40) (n = 12) Q5 vs
Control

NF vs
Control

Education 4.3 (4.1-4.4) 4.1 (3.9-4.3) 3.9 (3.5-4.3) .27 .04
Outpatient experience 3.6 (3.2-3.9) 3.7 (3.5-4.0) 3.0 (2.6-3.4) .45 .09
Quality of care 4.1 (3.9-4.2) 3.5 (3.3-3.6) 2.7 (2.4-3.0) �.001 �.001
Team membership 4.8 (4.6-4.9) 4.3 (4.1-4.5) 4.1 (3.6-4.6) .004 .01

Satisfaction among nurses, mean (95% CI)b (n = 102) (n = 112) (n = 51) Q5 vs
Control

NF vs
Control

Communication 3.5 (3.4-3.6) 3.4 (3.3-3.5) 3.2 (3.0-3.4) .16 .03
Quality of care 3.6 (3.5-3.7) 3.4 (3.3-3.5) 3.2 (3.0-3.4) .009 �.001
Patient safety 3.6 (3.5-3.7) 3.5 (3.4-3.7) 3.3 (3.2-3.5) .23 .01

Operations outcomes For All
Models

For All
Models

Length of stay, median (interquartile
range), d

3 (2-5) 3 (2-4) 3 (2-6) .02 . . .

Discharges before 11 AM, No. (%) 8 (1.9) 10 (3.3) 0 .09 . . .
30-d Readmissions, No. (%) 83 (20.0) 71 (23.7) 24 (19.8) .47 . . .

Abbreviations: Control, 2003-compliant model of every fourth night overnight call; ellipsis, not applicable; NF, 2011-compliant model of a night float schedule; Q5,
2011-compliant model of every fifth night overnight call.

a Interns are the primary providers.
bOn a Likert-type scale ranging from 1 to 5 (least favorable outcome to most favorable outcome).
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may have adverse short-term and long-term effects on
clinical competence and ultimately on patient care and
safety.

Handoffs, a known risk factor for medical er-
rors,9,25,26 increased 130% to 200% in the experimental
models. Increased supervision and training in handoffs
may mitigate some of the threat. Our results suggest an
urgent need to study, standardize, teach, and improve this
critical component of care.

Furthermore, the lower satisfaction of nurses with qual-
ity of care in both experimental models was particularly
striking. In general, this is because they may hold a longer-
term view of care and because they are less affected by
the implications that duty hour limits have on physi-
cians.

Our study has several limitations. First, the study fo-
cuses on internal medicine training at one institution,
although we believe the issues forced by duty hour
regulations affect most types of training programs at
most academic medical centers. Second, by intention-
ally conducting the study with experienced interns to
minimize patient risk, we may have underestimated the
adverse consequences of the new models. Similarly, al-
though we studied the models during 8 weeks, the
number of patient encounters may not have been suffi-
cient to identify small differences in operation out-
comes. Third, we could not exclude the possibility that
some of the dissatisfaction and perceptions of interns
might be a result of unfamiliarity with or prejudice
against the new models, as well as reluctance to system-
atic change. Despite these limitations, such an experi-
ment cannot be performed again because pre-2011 con-
ditions are no longer permissible.

The main implication of this study is that the 2011
ACGME duty hour regulations may have unintended
adverse consequences.27 There is a complex relation-
ship between the many variables that influence patient
safety and residency education. Furthermore, training
programs differ substantially in history, culture, and
the preferences and attitudes of the trainees whom
they attract. Therefore, the ACGME might consider
allowing programs to experiment with alternate mod-
els under close scientific and regulatory scrutiny. Such
experimentation could generate successful innovations
that leverage differences in local conditions, resources,
expertise, and culture to improve quality of care and
training nationally.
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