
The Joint Commission Journal on Quality and Patient Safety 2023; 49:634–647 

REVIEW ARTICLE 

Systematic Review of the Impact of Physician Work 

Schedules on Patient Safety with Meta-Analyses of 

Mortality Risk 

Matthew D. Weaver, PhD, MPH; Jason P. Sullivan; Christopher P. Landrigan, MD, MPH; Laura K. Barger, PhD 

Resident physician work hour limits continue to be controversial. Numerous trials have come to conflicting conclusions 
about the impact on patient safety of eliminating extended duration work shifts. We conducted meta-analyses to evaluate 
the impact of work hour policies and work schedules on patient safety. After identifying 8,362 potentially relevant studies and 

reviewing 688 full-text articles, 132 studies were retained and graded on quality of evidence. Of these, 68 studies provided 

enough information for consideration in meta-analyses. We found that patient safety improved following implementation 

of the Accreditation Council for Graduate Medical Education’s 2003 and 2011 resident physicians work hour guidelines. 
Limiting all resident physicians to 80-hour work weeks and 28-hour shifts in 2003 was associated with an 11% reduction in 

mortality ( p < 0.001). Limited shift durations and shorter work weeks were also associated with improved patient safety in 

clinical trials and observational studies not specifically tied to policy changes. Given the preponderance of evidence showing 
that patient and physician safety is negatively affected by long work hours, efforts to improve physician schedules should 

be prioritized. Policies that enable extended-duration shifts and long work weeks should be reexamined. Further research 

should expand beyond resident physicians to additional study populations, including attending physicians and other health 

care workers. 
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pproximately 21 million people in the United States
are employed in the health care and social assistance

sector, and more than 5 million work in shifts to pro-
vide 24/7 care, support, and oversight. 1 , 2 Extended ( ≥
24 hours), overnight, and rotating shifts, along with long
weekly work hours, are particularly common in health care,
exposing health care workers to circadian misalignment, ex-
tended wakefulness, and sleep deficiency, all known to im-
pair performance, health, and safety. 3 

Resident physicians are required to endure some of the
most intensive of all work schedules. These include fre-
quent extended-duration work shifts, which have been a
hallmark of medical education training and the subject of
controversy for decades. 4 Policy has vacillated over the years
as new evidence has emerged. In 2003 the Accreditation
Council for Graduate Medical Education (ACGME) im-
plemented guidelines that limited resident physicians to 80
hours per week, but it continued to sanction up to nine
extended-duration shifts (up to 30 consecutive hours) per
month. 5 Following a year-long review by the Institute of
Medicine in 2008 that found resident physician extended-
duration work shifts posed hazards to health and safety, 6 the
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ACGME issued new work hour guidelines in 2011, lim-
iting postgraduate year 1 resident physicians (PGY1s; in-
terns) to work shifts of 16 consecutive hours or less. Work
shifts of up to 28 consecutive hours (24 hours of work
plus 4 hours for transitions of care and education) contin-
ued to be allowed for more senior residents. 7 In 2017, af-
ter publication of two clinical trials showing that flexible
work hours that included extended-duration shifts were as-
sociated with noninferior hospital-level patient safety out-
comes, the ACGME reversed course and lifted the 16-hour
restriction on first-year resident work hours. 8 

Recent policy changes that relaxed work hour limits were
informed by a subset of studies relevant to this policy issue.
However, the body of knowledge that informs the design of
safe and healthy work schedules is much larger than these
few influential studies and multifaceted. Studies regard-
ing the effects of resident physician work hours on patient
safety, as well as resident safety, have evaluated a range of
metrics and have come to different conclusions. Although
randomized clinical trials provide the highest-quality evi-
dence, to better quantify and synthesize all the literature
regarding the role of work schedule characteristics on pa-
tient safety, we conducted a systematic review followed by a
series of meta-analyses to pool similar studies. Our primary
research question was, “Are resident physician work hour
policies or physician work schedule characteristics associ-
ated with adverse effects on patient or physician safety?” We
hypothesized that policies and schedules that limited work

https://doi.org/10.1016/j.jcjq.2023.06.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcjq.2023.06.014
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Table 1. US Preventive Services Task Force Quality Ratings. 

Level Description 

I Evidence obtained from at least one properly designed randomized controlled trial 
II-1 Evidence obtained from well-designed controlled trials without randomization 
II-2 Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than one 

center or research group 

II-3 Evidence obtained from multiple time series with or without the intervention; dramatic results in uncontrolled trials 
might also be regarded as this type of evidence. 

III Opinions of respected authorities, based on clinical experience, descriptive studies, or reports of expert committees 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hours would either improve or have no negative effect on
patient or physician safety. 

METHODS 

Potentially relevant studies were identified by searching
the PubMed and Embase databases. Inclusion criteria were
as follows: English language (published prior to June 26,
2019); study population included physicians; outcomes
studied included one or more patient safety outcome (for
example, medical error, preventable adverse event, compli-
cations, mortality) or one or more physician safety outcome
(for example, motor vehicle crash, occupational or percuta-
neous injury); and individual-level scheduling variables for
resident physicians were collected (for example, shift length,
weekly work hours). Our specific search criteria are listed in
Appendix 1 (available in online article). 

One investigator independently screened titles and ab-
stracts of search results and reviewed references to iden-
tify additional potentially relevant studies through citation
chaining. Two investigators then worked independently to
review the full-text articles of all retained studies and ex-
tracted key information. If there was any ambiguity in
whether a study was appropriate, it was discussed in a group
of at least three investigators until there was unanimous
agreement. 

Observational studies, intervention studies (including
randomized clinical trials), and other systematic reviews
were retained. We excluded nonoriginal research (such
as nonsystematic review articles) and non-peer-reviewed
papers (for example, abstracts, editorials). We excluded
staffing studies; that is, studies that focused on types of
physician coverage or unit staffing rather than on the sched-
ule of individual physicians. We considered studies evalu-
ating the weekend effect (effects of weekends/holidays vs.
midweek admissions, and admissions after hours vs. day-
time admissions) to be staffing exclusions. Although re-
action time and alertness are associated with performance
and patient safety, we excluded studies that used neurobe-
havioral performance tests that did not directly simulate a
medical procedure or driving task. As a result, we included
studies that had clinically relevant outcomes, such as sur-
gical simulator studies, but excluded studies that used the
psychomotor vigilance task to assess alertness. Similarly, we
excluded evaluations of perceptions, feelings, or predictions
about patient care without direct collection of patient care
outcomes. Studies without any quantitative analyses were
excluded, as were reviews and opinion pieces. Finally, we
excluded evaluations of short-term work intensity, drug tri-
als of wake-promoting and sleep-promoting pharmaceuti-
cals, and studies that assessed modeling of schedules. Some
studies were excluded for more than one reason. 

Quality of Evidence 

Two investigators assessed the quality of each study, in-
cluding risk of bias, using the US Preventive Services Task
Force quality ratings, which provide a standardized metric
of study design and implementation. 9 The size of the co-
horts, the number of centers involved in the research, long-
term outcomes, and statistical tests and covariates used in
statistical adjustments were considered when assigning the
rating. All studies were classified as Level I, II-1, II-2, II-
3, or III, and any discrepancies were resolved through dis-
cussion. Table 1 provides description of each classification
level. For randomized clinical trials, we used the Cochrane
Collaboration’s Risk of Bias tool to assess biases and limi-
tations associated with experimental study designs. 10 Each
item was graded as + (low risk of bias), – (high risk of bias),
or ? (unclear risk of bias). The assessment of the overall
study risk of bias was graded as + (low risk of bias) when
the majority of items ( ≥ 4) were rated as low risk of bias rat-
ings or as – (high risk of bias) when ≤ 3 items were rated as
low risk of bias. We used the GRADE tool for evaluating bi-
ases and limitations associated with observational studies. 11 

In our discussion of the observational studies, we evaluated
the four domains specified in the GRADE guidelines (par-
ticipant selection, measurement of exposure and outcome,
control for confounding, and completeness of follow-up). 

Meta-Analysis 

Multiple studies had similar outcome measures that could
be pooled for meta-analysis. For a study to be included
in a meta-analysis, the outcome and study design needed
to be sufficiently similar and the effect estimate needed
to be reported in a way that enabled translation (if nec-
essary) to a risk ratio (RR). Information from each study
was extracted to calculate the RR and 95% confidence in-
tervals (CIs). We used the generic inverse variance and im-
plemented fixed effects methods in RevMan 5.3 (Copen-
hagen, The Nordic Cochrane Centre, The Cochrane Col-
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laboration, 2014) to calculate the weighted average effect
of the 2003 and 2011 policy changes on mortality and
the weighted average effect of shorter shift durations on
mortality in clinical trials. Data from clinical trials of vary-
ing shift durations that examined patient safety outcomes
were pooled using random effects in the meta-analysis to
account for the varied distribution of true effect sizes that
likely follow the varied outcomes and study populations.
The Z statistic was used to test the significance of the
overall effect. The I2 statistic was evaluated for evidence
of heterogeneity. Sensitivity analyses implemented random
effects rather than fixed effects models and vice versa—
the conclusions were the same for all comparisons. Funnel
plots were examined for evidence of publication bias. For-
est plots were generated to illustrate the individual point
estimates and the weighted average effect. Studies applying
noninferiority approaches and/or a CI other than 95% CI
were recalculated to 95% CI in RevMan and the associated
figures. 

RESULTS 

The search strategy yielded 7,963 studies, and 399 addi-
tional studies were found through reviewing the references
listed in 24 systematic literature reviews identified in the
search process. After removal of irrelevant studies and du-
plicates, 688 full-text articles were reviewed. An additional
556 articles were excluded, leaving 132 studies that met in-
clusion criteria for review. Ultimately, 68 studies provided
enough information and were retained for consideration in
a meta-analysis 12–79 ( Figure 1 ). Most studies excluded from
the meta-analyses either were not sufficiently similar in de-
sign or outcome to be pooled or did not include sufficient
precision in outcome reporting to facilitate calculations (for
example, counts, rates, RRs). 

Study design, key results, and quality ratings of each of
the 68 included studies are presented in Appendix 2. 

Quality Ratings 

Four randomized controlled trials were rated at the highest
level (I) and 2 nonrandomized trials were rated as II-1. The
majority of the studies were rated at Level II-2 ( n = 46), in-
dicating well-designed cohort or case-control analytic stud-
ies, generally with more than 1,000 subjects or more than
one site. Twelve studies were rated as II-3, and 4 studies
were purely descriptive (III). The risk of bias for the 4 ran-
domized controlled trials is shown in Appendix 3. The 
overall risk of bias for randomized controlled trials was con-
sidered low for 2 trials and high for 2 trials. The quality
of the nonrandomized trials and observational studies was
generally rated as low. Common reasons for low quality rat-
ings included lack of prospective data collection, limited
generalizability, issues with exposure and/or outcome ascer-
tainment, and limited adjustment for potentially confound-
ing factors. 
We completed four meta-analyses. Studies with multiple
comparison groups and/or multiple outcomes were entered
in the meta-analysis for each relevant outcome or compara-
tor. To accommodate meta-analyses in the four randomized
clinical trials, patient safety and mortality were conducted
separately. Outcomes and methodologies in the simulator
studies were too disparate for inclusion in a meta-analysis.
We instead evaluated the direction of effect for each study.
Because so few studies examined physician safety, we were
unable to perform some of the preplanned meta-analyses. 

Before/After Study Designs 

The vast majority of studies with patient safety outcomes
focused on the work hours of resident physicians. Further,
most studies specifically examined changes in outcomes
following the 2003 and 2011 changes in ACGME work
hour policies. We conducted two meta-analyses of these
before/after study designs: mortality before/after the 2003
ACGME policy change and mortality before/after the 2011
ACGME policy change. 

Before/After the 2003 ACGME Guidelines 

Many studies evaluated patient safety before and after the
ACGME work hour guidelines that were implemented
in July 2003 using large databases such as the Nation-
wide Inpatient Sample (NIS), Eunice Kennedy Shriver
National Institute of Child Health and Human Devel-
opment (NICHD) Neonatal Research Network, and Im-
proved Methods of Patient Information Access of Core
Clinical Tasks (IMPACT). The breadth of the studies was
wide. For example, the NIS was used to study patient safety
in relationship to diagnosis related to stroke, 12 brain tu-
mor and cerebrovascular disease, 16 neurosurgery, 35 , 49 oto-
laryngology, 27 thyroid or parathyroid procedures, 66 a wide
range of post-operative complications. 31 Many of the stud-
ies used nonteaching hospitals or services as comparison
groups, 12 , 25 , 27 , 35 , 36 , 53 , 58 , 64 , 66 , 72–75 (as do other studies in
the literature 80–82 ). Most of the 68 studies evaluated med-
ical records for several years before and after the ACGME
work hour changes. The length of the studies ranged up to
nine years. All provided metrics of morbidity and mortality.

Thirty-three comparisons were included in the meta-
analysis comparing mortality before and after the 2003
ACGME rule changes ( Figure 2 ). The pooled effect across
studies was a highly significant 11% reduction in mor-
tality risk (weighted RR 0.89, 95% CI 0.88–0.90, p <
0.001) after implementation of the new work rules. Only 1
study showed patient safety to be worse following the 2003
ACGME work hour reductions. 35 Heterogeneity of out-
comes precluded pooling the 39 available comparisons esti-
mating the risk of morbidity following the 2003 ACGME
work hour rules ( Figure 3 ). Eleven of the 39 found that the
work hour rules had a protective effect, 9 reported harm,
and the remainder found no difference. 
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Figure 1: This flow chart illustrates the literature selection process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before/After the 2011 ACGME Work Rules 

Before/after study designs were also used to study the 2011
ACGME work hour changes, but far fewer studies have
been published on this change. Fifteen comparisons were
included in a meta-analysis of patient mortality ( Figure 4 ).
None showed a significant difference in patient mortality
before and after the 2011 ACGME work hour rule changes
(weighted RR 1.00, 95% CI 0.97–1.02, p = 0.84). Seven
studies conducted 11 eligible comparisons of patient mor-
bidity pre- vs. post-2011 ACGME work hour changes. Het-
erogeneity of the outcomes prevented pooling estimates for
meta-analysis. Two studies found that the 2011 ACGME
work rule changes were associated with reductions in pa-
tient morbidity, while the remainder found no difference
( Figure 5 ). 

Randomized Clinical Trials of Shift Length 

Many studies investigated shift length, using both clinical
and observational study designs. Four randomized clinical
trials were considered for meta-analyses comparing longer
and shorter shift lengths. Landrigan and colleagues com-
pared shifts of 24 hours or more to shifts of no more than 16
scheduled consecutive hours, 43 , 44 while Parshuram and col-
leagues added a 12-hour condition. 50 Silber and colleagues
and Bilimoria and colleagues compared the ACGME 2011
work hours (first-year resident physicians restricted to shifts
of 16 or fewer consecutive hours) to a flexible schedule of
unrestricted continuous hours ( Figure 6 ). 21 , 65 Two of the
four clinical trials examined mortality as an outcome. 21 , 65 

Pooling data from the two trials, the weighted RR for mor-
tality is estimated to be 0.97 (95% CI 0.95–1.00, p = 0.06),
with a protective point estimate for work hour restrictions
that did not meet our criteria for statistical significance (Ap-
pendix 4, Supplemental Figure 3). After estimates from the
three clinical trials that examined medical errors or patient
safety indicators were pooled, 43 , 50 , 65 shorter shift lengths
were associated with improved patient safety (weighted RR
0.74, 95% CI 0.60–0.91, p = 0.01) (Appendix 4, Supple-
mental Figure 4). None of the trials found that shorter shift
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Figure 2: Shown here are the weighted risk ratios of patient mortality before and after the 2003 Accreditation Council for 
Graduate Medical Education (ACGME) work rules were introduced. VA, US Department of Veterans Affairs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lengths were associated with harm. McCoy et al. conducted
a nonrandomized trial of 24-hour shifts (plus 6 hours of
call) to an alternative model that limited shifts to no more
than 16 consecutive hours. 44 This study was not pooled
with the other trials due to the nonrandomized design.
There was no difference between the groups for patient
safety outcomes. 

Observational Studies of Shift Length 

Six observational studies conducted eight comparisons of
longer shifts, including exceeding 10, 42 12, 63 16, 77 , 78 and
24 hours or more, 17 whereas Anderson and colleagues com-
pared a 16-hour limit to a flexible schedule of unrestricted
continuous hours. 13 Two studies (three distinct compar-
isons) found that longer shifts were associated with harm.
No difference was found for another two studies reporting
on three distinct comparisons. The remaining two studies
found that longer shifts were associated with lower rates of
patient morbidity ( Figure 7 ). 

Before/After Overnight Shifts 

Sixteen studies reported 17 total comparisons comparing
performance on simulated tasks following a night of work
vs. a night of not working. Eleven of the studies showed
worse performance post-work or following an on-call shift,
and 5 studies’ results were neutral ( Figure 8 ). The 1 study
that showed better performance following work or an on-
call shift did not use a randomized order, instead comparing
the tasks sequentially, allowing for the possibility of a learn-
ing effect to explain the results. 61 
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Figure 3: Shown here are the weighted risk ratios of patient morbidity before and after the 2003 Accreditation Council 
for Graduate Medical Education (ACGME) work rules were introduced. ADE, adverse drug event; VA, US Department of 
Veterans Affairs; DVT, deep vein thrombosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

The overall body of evidence suggests that scheduling res-
ident physicians to work hours that are less than current
regulations permit is associated with lower mortality and
improved patient safety. Randomized clinical trials com-
paring shifts of 16 or fewer consecutive hours to those of
24 or more hours estimate a 3% reduction in mortality
( p = 0.06) and a 26% reduction in patient safety ( p = 0.01)
with shorter shifts. Limited shift durations and shorter
work weeks in observational and quasi-experimental de-
sign studies also suggest improved patient safety. Although
these nonrandomized designs represent a lower quality of
evidence that is insufficient to demonstrate causality, and
many studies were inconclusive, the majority suggest that
shorter shifts were associated with patient safety benefit or
that work hour regulations were associated with improve-
ments in patient safety. Observational studies comparing
shifts of 16 or fewer consecutive hours to shifts of 24 or
more hours more commonly reported patient harm with
longer shifts. In simulation studies using a before/after de-
sign, 94.0% showed neutral or worsened performance of
resident physicians following a work or on-call shift. These
results are consistent with meta-analyses from other indus-
tries showing increased risk for injuries and accidents with
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Figure 4: Shown here are the weighted risk ratios of patient mortality before and after 2011 Accreditation Council for 
Graduate Medical Education (ACGME) work rules were introduced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

increasing shift duration. 83 , 84 Smaller previous reviews of
resident work hours have not been definitive. 85–87 

Meta-analyses of studies using a before/after design sug-
gest that patient safety improved following implementation
of the ACGME 2003 and 2011 work hour guidelines for
resident physicians. Limiting all resident physicians to 80-
hour work weeks and 28-hour shifts in 2003 was associated
with an 11% reduction in mortality. Changes in hospital-
wide patient safety outcomes were less likely following the
2011 ACGME reforms, as they restricted the work hours
of only first-year resident physicians ( ∼25% of all resident
physicians). 

Not all studies reviewed reported sufficient details of
work schedules such as the shift length, frequency, and tim-
ing. These are all critical independent predictors of per-
formance, and they may interact in complex ways. Mul-
tiple physiological variables that are known to influence
performance are tied to scheduling factors—time awake is
directly correlated with shift duration; nightly sleep dura-
tion is correlated with time off between shifts; and bio-
logical time of day is influenced by shift timing and the
rate/direction of rotation. Sleep debt, or an accumulation
of insufficient sleep, degrades performance 88 and was rarely
assessed in the reviewed studies. Furthermore, chronic sleep
deprivation potentiates the performance degradation result-
ing from acute sleep deprivation and circadian misalign-
ment. 89 Future studies should be designed to measure and
evaluate the interaction of each of these components of
sleep and scheduling factors known to affect performance. 

In all meta-analyses, it is important to recognize the
quality of the studies included. Although they are subjec-
tive, US Preventive Services Task Force quality ratings pro-
vide a means of categorizing varied unique studies into
five fixed categories. Only four studies met the gold stan-
dard of a randomized clinical trial, and none were double-
blinded, as there was no way for subjects to be unaware
of their work schedules. Even in laboratory studies using
clinical simulators, double blinding is not possible because
physician participants know their schedule (for example,
whether they worked the night prior to simulation). The
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Figure 5: Shown here are the risk ratios of patient morbidity before and after the 2011 Accreditation Council for Graduate 

Medical Education (ACGME) work rules were introduced. AHRQ, Agency for Healthcare Research and Quality; PSI, Patient 
Safety Indicator. 

Figure 6: Shown here are risk ratios for mortality and/or morbidity of four randomized clinical trials of shorter and longer 
work shifts of resident physicians. 
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Figure 7: Shown here are the risk ratios of morbidity associated with resident physicians working shorter and longer shifts 
in six observational studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

quality of evidence in this project overall, with 67.6% of ev-
idence obtained from well-designed cohort or case-control
analytic studies (Level II-2), is moderate. Further assess-
ment of biases revealed low quality ratings for observational
studies. However, in the meta-analysis limited to random-
ized clinical trials, 50.0% rated low risk of bias and also
demonstrated that patient safety outcomes were superior for
shorter shifts compared to longer shifts, strengthening this
finding. 

Limitations 

When evaluating the results, biases and other factors should
be considered in addition to the formal assessment of study
quality. For example, although the FIRST 

21 and iCOM-
PARE 

65 trials were given a quality rating of I because they
were randomized controlled trials, these reports had other
limitations, such as outcomes (hospital-level mortality) that
were very distal from the intervention, that are not indi-
cated by this rating system. Many other studies also eval-
uated hospitalwide mortality following the 2011 ACGME
work hour changes 19 , 23 , 26 , 51 , 52 , 56 , 57 , 60 , 62 when only first-
year resident physicians were bound by the new shift limits
introduced at that time. Similarly, studies using nonresident
services or nonteaching or less teaching-intensive hospitals
as controls to look at the effect of a scheduling intervention
at a systemic level have substantial limitations, as changes in
resident work schedules represent only a small part of very
complex systems. Indeed, choosing an appropriate metric
to measure the impact of a change in schedule in a way that
accurately and comprehensively reflects patient care is dif-
ficult. 

In addition, the high quality rating given to the ran-
domized controlled trials included in this review did not
reflect the controversial choice of statistical analysis in those
trials. Noninferiority clinical trials seek to determine if
the experimental arm is not worse than the control arm
by an “acceptably small amount, with a given degree of
confidence.”90 (p. 1357) The prespecified noninferiority mar-
gin of 1 percentage point in 30-day mortality used in the
iCOMPARE trial conservatively translates to a minimum of
39,270 additional deaths per year in the United States. 91 , 92

Whether nearly 40,000 deaths is an “acceptably small” or
a strikingly high number of deaths is debatable, as some of
our most critical public health interventions have smaller
effects. For example, the National Highway Traffic Safety
Administration estimates seat belts saved 15,000 lives in
2016. 93 Therefore, the conclusions of these studies need to
be considered carefully. Meta-analyses executed in this re-
view enabled the pooling of data from cohort studies and
all clinical trials, including those that originally reported
their results using noninferiority tests. A recalculation of
outcomes from the iCOMPARE trial, originally reported
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Figure 8: Shown here is a comparison of resident physician performance on clinical simulators before and after an on-call 
shift. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

as noninferior with respect to mortality, 30-day readmis-
sion or death, and patient safety indicators, shows that pro-
grams randomized to maintain the 16-hour ACGME limit
actually had significantly fewer patient safety events com-
pared to programs randomized to more flexible work hours
that allowed for extended-duration shifts (using two-sided
tests with alpha = 0.05). Examining the clinical trials as a
whole, some trials were neutral and others showed a protec-
tive effect with assignment to shorter shift durations. None
indicated harm to morbidity or mortality with shift restric-
tions, and after pooling data from all clinical trials, shorter
shifts were associated with a 26% reduction in the risk of
medical errors or adverse events. 

The many before/after studies included in our review
also have limitations. For example, changes in Medicare re-
imbursement in 2010 may have confounded the finding
that 30-day readmission rates fell in some studies. 23 , 51 Any
changes in standard clinical practices (at a site or systemic
level, depending on the study) that coincided with the im-
plementation of new resident work hour policies could also
confound the before/after study designs. Further, not all
study designs adequately accounted for circadian variations
on alertness and performance and thus could present mis-
leading results. For example, some studies compared per-
formance measured near the end of a day shift (evening) to
performance in the morning following a night shift 70 , 94 or
before and after a 12-hour shift. 79 Any differences or lack of
differences in performance may not be completely ascribed
to the schedule, as there are circadian differences in perfor-
mance at different times of day. 95 

Although studies were similar enough to use meta-
analytical techniques to evaluate patient safety, heterogene-
ity of exposure variables (such as length of shift), follow-
up intervals, and outcome variables (for example, medi-
cal errors, adverse events) limits interpretation and gener-
alization. Other important outcomes, such as quality of
residency training, medical knowledge, and the skills of
resident physicians following their training were not ad-
dressed in this study. The exclusion of non-English pub-
lications further limited the study. Moreover, because gray
literature was not included in this project, publication bias
cannot be discounted. However, funnel plots for each of
the meta-analyses do not indicate evidence of publication
bias. Meta-analysis procedures assign weights to each in-
dividual study based on the sample size and the preci-
sion of effect estimates. In situations in which very large
studies are pooled with other small studies, the effect es-
timates from the larger studies contribute proportionally
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more to the pooled RR estimates. We provide output
in Appendix 4, Supplemental Figures 1 to 4, to review
the weight assigned to each study when interpreting the
results. 

Several factors in addition to schedules and work hours
that affect patient safety were not evaluated in this litera-
ture review. Physician workload is one factor that requires
additional attention. Hanna and colleagues found that the
number of discrepancies in radiologic examinations was in-
creased when study volume increased. 96 A more recent mul-
ticenter clinical trial, published outside of the timeline of
this review, also suggested that increasing workload is as-
sociated with medical errors and can confound analyses of
work schedules. 97 Handoffs between work shifts and the su-
pervision of resident physicians can also have an important
impact on patient safety. The interaction of all these factors
with work schedules requires additional research. 

Additional research into the schedules of attending
physicians is greatly needed. Given that multiple work
hour policy changes have been instituted for resident physi-
cians, particularly those in their first year, over the past
two decades, most of the studies conducted have involved
resident physicians. The schedules of attending physi-
cians in the United States are not regulated, and little
information is available about them or how they might
have changed due to changes in resident work hours.
The few studies that have evaluated attending physician
schedules 98 , 99 showed longer hours were associated with
higher risks to patient safety, similar to the results of this
meta-analysis. 

CONCLUSION 

The collective literature suggests that resident physician
work schedules have an important impact on patient safety.
Given that the ACGME work hour reductions of 2003
and 2011 have been associated with significant improve-
ments in physician safety and health, 100 as well as sub-
tler but still important improvements in patient safety, ef-
forts should continue to safely do away with resident physi-
cians’ traditional long work weeks and extended shifts. For
those programs seeking to perpetuate them, the burden of
proof should be to show that longer hours offer benefits
greater than their demonstrated risks in their particular set-
tings. Regulators and researchers should view any such as-
sertions critically, given the large volume of research now
demonstrating the hazards of long work hours for resident
physicians. 

Long work weeks and extended shifts are hazardous, but
not all interventions to reduce them are equivalent. The lit-
erature demonstrates that the manner in which schedules or
policies are implemented can have an important bearing on
their effectiveness. Future policy efforts aimed at improving
patient safety must be crafted in a sufficiently specific man-
ner to effectively achieve their intended aims. Sufficient re-
sources must be provided to ensure that efforts to improve
work hour policy do not result in a worsening of work-
load or other structural factors in hospitals. Finally, future
research should assess the associations among scheduling
characteristics and physician sleep, quality of life, long-term
health, well-being, and burnout. Further research should
expand beyond resident physicians to additional study pop-
ulations, including attending physicians and other health
care workers. 
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