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RESUMEN
Antecedentes: Las restricciones de horas asistenciales de médicos residentes
contintian siendo una controversia. Los turnos prolongados pueden tener un efecto
perjudicial ligado a la fatiga, sobre la seguridad del paciente y el bienestar de los
residentes. Por otro lado, reducir la exposicion de los residentes podria tener un
impacto negativo en su formacion. Métodos: Se realizé una revision sistematica en
Embase, Cochrane, PubMed, Medline, Clinicaltrials.gov y Global Index Medicus.
Se incluyeron estudios que evaluaban el efecto de las horas asistenciales restrictivas
sobre la seguridad del paciente, la educacion y el bienestar de los residentes. Se
realizd6 una sintesis narrativa y los hallazgos se combinaron mediante un
metaanalisis, si eran elegibles, estimando el cociente de riesgos (RR) o la diferencia
de medias estandarizada (DME) segun correspondia con intervalo de confianza al
95% (1C95%). Resultados: Se incluyeron 17 estudios de metodologia y calidad
variable. ElI metaandlisis fue factible para la mortalidad a 30 dias (RR de 0.98;
IC95% 0.95-1.00), readmision a 30 dias (RR de 0.98; 1C95% 0.96-1.00),
evaluaciones durante la residencia (DME 0.02, 1C95% —0.04 -0.07), agotamiento
(DME -1.21, 1C95% —2.11- —0.31) y cantidad de suefio (DME 0.23, 1C95% —0.06-
0.51). No se observd una mejora en la mayoria de estos hallazgos como resultado
de horarios reducidos. Se encontraron resultados variables al evaluar otros
pardmetros. Conclusiones: Las restricciones de turnos asistenciales de los
residentes no siempre se traducen en una mejor seguridad del paciente, educacion
y bienestar de los residentes. La heterogeneidad entre los estudios es el principal

obstaculo para sacar conclusiones.
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ABSTRACT

Background: Restrictions on the number of resident working hours continues to
be a controversy. Extended duty hours might have a detrimental effect on patient
safety and residents’ well-being, which are fatigue related. On the other hand,
limiting the exposure of residents to patient care might have a negative impact on
their training. Methods: A systematic review was carried out on Embase, Cochrane
Database, PubMed, Medline, Clinicaltrials.gov and Global Index Medicus. No
language or time restrictions were applied. We included studies evaluating the
effect of restrictive working hours on patient safety, resident education, and well-
being. A narrative synthesis was performed, and findings were pooled via meta-
analysis, if eligible, estimating the risk ratio (RR) or standardized mean difference
(SMD) accordingly with 95% confidence intervals (95%CIl). Results: We included
17 studies of variable methodology and quality. Meta-analysis was only feasible for
30-day mortality (RR of 0.98, 95%CI 0.95-1.00), 30-day readmission (RR of 0.98,
95%CI 0.96-1.00), in-training examinations (SMD 0.02, 95%CI -0.04 - 0.07),
burnout (emotional exhaustion domain SMD -1.21, 95%CI -2.11 - —0.31), and
sleep quantity (SMD 0.23, 95%CI —-0.06 - 0.51). No overall improvement was
observed in most of these outcomes as a result of restrictive duty hours. Mixed
results were found when assessing other parameters. Conclusions: Residents’ duty
hour restrictions do not always translate into improved patient safety, resident
education, and resident well-being. Heterogeneity among the studies is the main
obstacle to draw conclusions. Further studies with more robust methodology and

consistency are needed to guide future policies.



Keywords: Internship and Residency, Personnel Staffing and Scheduling, Patient
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INTRODUCTION

Medical residents are physicians who are undergoing postgraduate medical training
to prepare for independent practice as a specialist. Depending on their desired
specialty and program, this training can vary in duration. Not only is medical
residency a key aspect of medical education, but medical residents themselves
comprise an integral part of the health care team. These trainees have the
responsibility of providing patient coverage while working historically known
extended shifts. Long duty hours have been previously associated with fatigue and
sleep deprivation that can lead to deleterious effects (1). Prolonged shifts have been
linked to reduced alertness and impaired performance of residents that translates
into medical errors and adverse events (2-4). Trainees have been shown to
demonstrate attentional failures (2), impaired cognitive functioning (5), reduced
working memory capacity (6), and altered surgical dexterity (7,8) among others.
However, the negative impact extends beyond patient safety into the resident's own
personal safety. As such, prolonged working hours have been associated with motor
vehicle collisions (9) and potential for workplace harm, including needle-stick

injuries (10).

This historic issue was not adequately addressed until the unfortunate death of a
patient in a New York teaching hospital in 1984 that led to statewide regulations
establishing limits on shift duration in 1986 (11). Persistent concerns about the
possibility of negative effects of duty hours on patient safety later translated into

nationwide reforms introduced by the United States Accreditation Council for



Graduate Medical Education (ACGME) in 2003. It mandated that residents could
not work for more than 80 hours per week, have shifts no longer than 24 hours, and
have at least 10 hours of rest between shifts (12, 13). In 2011, the ACGME
implemented further reforms restricting the duration of shifts (12, 14). Around the
globe, steps were also taken towards reduction of working hours (15).
Unfortunately, there are regions particularly involving low- and middle-income
countries (LMICs) that are characterized by heterogeneous regulations across
medical teaching centers where many times duty hours fail to be methodically

logged (16).

Currently, there is a great controversy regarding the duration of hospital shifts and
the balance between patient safety, preserving resident well-being and successful
trainee education. On the one hand, prolonged working hours have a deleterious
effect on patient safety by interfering with the residents’ mental and physical
capabilities (17). A high workload in a sleep deprived condition could impair the
trainee’s clinical reasoning, operative skills, and capability for complex decision-
making (18). Similarly overworked residents may be more prone to suffer from
anxiety, frustration, and ultimately burnout (19). If the residents were to be well-
rested, they would be able to provide optimal care, ensure the safety of the patient,
improve their well-being, and demonstrate adequate cognitive abilities, which
would in turn allow them to consolidate clinical knowledge, skills, and expertise
for their future independent practice. On the other hand, implementation of
restricted working hours would implicate a larger number of transitions of care,

which may represent an even bigger threat to patient safety given that



communication errors may arise during handoffs and continuity of care may be lost
(20). Shortened shifts would also imply less time of direct patient contact, which is
crucial for obtaining hands-on-experience in residents’ education process. This is a
particularly key aspect given that residents have the dual responsibility to act as
care providers and obtain as many educational opportunities as possible. Various
studies have attempted to explore the composite effects of resident work hour
reforms on patient safety outcomes, resident well-being, and resident education.
The Flexibility in Duty Hour Requirements for Surgical Trainees (FIRST) trial,
which ran in the 2014-2015 academic year, demonstrated the non-inferiority of
flexible, extended schedules with respect to patient mortality and morbidity
outcomes (21). Based on the results of this trial, in 2017 ACGME updated the 2011
policy and allowed longer duration of shifts. Additional randomized controlled
trials (RCTs) have been developed to explore similar outcomes vyielding
controversial results including the Individualized Comparative Effectiveness of
Models Optimizing Patient Safety and Resident Education (iICOMPARE) trial and
the Randomized Order Safety Trial Evaluating Resident-Physician Schedules
(ROSTERYS) (22, 23). An updated systematic review and meta-analysis are crucial
to interpret this newly available, high-grade evidence from experimental studies
that explore the impact of working hour restrictions on patient outcomes, resident
well-being, and resident education. These parameters must be considered when
developing policies regarding working hours in graduate medical education

programs worldwide.



OBJECTIVES

The primary objective of this study:
1. To evaluate the effect of residents’ working-hour restrictions on patient
safety indicators.
Furthermore, the following secondary outcomes will be explored:
2. To assess the impact of the effect of residents” working-hour restrictions on
residents’ perceived well-being.
3. To assess the impact of the effect of residents’ working-hour restrictions on
performance on examinations and self-reported satisfaction with education

received.



METHODS

This systematic review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) statement (24). The protocol

is available online (25).

1. Eligibility criteria

Types of studies

For the primary objective evaluating the effect of working hours on patient safety,
only randomized controlled trials were included. For secondary objectives
evaluating the effect of working hours on residents’ education and well-being, we
included randomized controlled trials as well as non-randomized intervention

studies. No restrictions in language or year of publication were applied.

Participants

We only considered studies with subjects enrolled in a residency program aged 18
or older, and who work on reduced shifts (16-hour or less) or extended shifts (24-
hour or more). No restriction was applied on their year of training or medical
specialty. Other health professionals in a more senior level of training or from non-

medical areas were excluded.

Intervention
Working hour restrictions were considered as shift length reduction (shifts of 16

hours or less) and/or implementation of a night float system. A specific minimum



or maximum duration of the intervention was not considered. Studies that
implemented protected sleep periods, wellness or time management workshops

were excluded.

Comparison
A traditional extended shift was considered as one which had no restrictions on the
number of consecutive working hours (“flexible schedules”) and/or did not

implement a night float system.

Outcomes

Primary outcomes were based on patient safety parameters including 30-day
mortality, 30-day readmission, adverse events, medical errors, patient safety
indicators, in-hospital complications, and length of stay.

Secondary outcomes were measured on residents’ self-reported job satisfaction,
working hour satisfaction, sleepiness/fatigue, burnout, time for family/friends, time
for hobbies, vacation time, overall health, mental health, somatic symptoms, risk
for percutaneous/ attentional injuries and risk for vehicle crashes. With respect to
education, evaluated outcomes included residents’ self-reported rounds/conference
attendance, independent learning opportunities, missed operating room (OR) time,
sense of autonomy, continuity of care, bedside teaching, teaching satisfaction,

examination scores and overall satisfaction with educational experience.



Exclusion criteria

We excluded studies that were not randomized controlled trials or non-randomized
intervention studies. We also excluded studies that evaluated working-hour
restrictions in healthcare professionals other than medical residents, but which
results were not disaggregated by occupation. Additionally, studies where co-
interventions to working hours restrictions were implemented were also excluded.
Lastly, studies where the full text was not accessible despite directly contacting the

authors were also excluded.

2. Information sources and search strategy

We performed searches in PubMed, MEDLINE, EMBASE, Cochrane Library,
Clinicaltrials.gov and Global Index Medicus using medical subject headings
(MeSH terms) or equivalents in other medical databases and free text words related
to resident working hours, resident well-being, resident education, and patient
safety, randomized controlled trials and non-randomized intervention studies. The
databases were searched on 30 July 2021 by the study authors (GZ, MV) with no
restrictions in language or data of publication. Search strategies are detailed in the

protocol of the present study.

3. Selection process

The results from the search in each database were imported into the Zotero citation
management software where duplicate items were removed. Citation files
organized by folders were then uploaded to the Rayyan QCRI reference

management software. The initial screening process of titles and abstracts was



independently carried out by the two authors (GZ and MV). The reviewer specified
the reason to exclude each study. Results were then compared, and disagreements
were resolved. The second screening process of full text was then carried out in a
similar manner. The two authors independently evaluated each study to identify
whether they would be included. Discrepancies on eligibility in this phase were
resolved by consulting with the third research collaborator (ML). A PRISMA flow
chart was constructed to illustrate the number of articles included and/or excluded

in each phase of the selection process.

4. Data collection process

Data extraction was carried out by two authors (GZ and MV) in an independent
manner by filling out a Google Forms Spreadsheet. Any discrepancies in data
collection were resolved with discussion between the two reviewers and with the
third collaborator (ML), when needed. Data extracted included the following: (i)
Study details: author, study title, journal, year of publication, number of sites,
country, study type (RCT or non-randomized intervention study) (ii) Participant
characteristics: sample size, medical specialty, rotation, rank (iii) Details of the
intervention: type of intervention (shift length reduction or night float), schedule
details, duration of intervention, control description (iv) Outcome measures for
patient safety: 30-day mortality, 30-day readmission, adverse events, medical
errors, patient safety indicators, in-hospital complications and length of stay for
patient safety. Outcome measures recorded for secondary objectives were detailed

above in the Eligibility criteria section.



5. Data synthesis

A qualitative narrative synthesis was employed to summarize the key findings,
population, and methodology of studies using text and tables. Each outcome was
individually evaluated to see if results from at least three different studies and/or
three different intervention schedules could be meta-analyzed. This included
outcome measurement (e.g.: scale used) and value reported (mean, median,

proportion).

6. Statistical analysis

Analysis was carried out using the RevMan version 5.4 following a random effects
analysis model. The summary outcome measures reported varied according to the
type of data reported. For continuous data, we calculated the standardized mean
difference (SMD) and applied fixed-effect (Mantel-Haenszel method). For
dichotomous data, the risk ratio (RR) and 95% confidence interval (95%CI) was
estimated, and an inverse variance method was used. Heterogeneity was assessed
using Higgins and Thompson 2. Studies with high heterogeneity (>75%) were

excluded for meta-analysis. P values <0.05 were considered significant.

7. Risk of bias assessment

The assessment of studies’ quality followed the Cochrane Risk-of-Bias tool for
randomized controlled trials (RoB 2) and Risk of Bias in Non-Randomized Studies-
of Intervention (ROBINS-I) (26, 27). For randomized controlled trials, risk of bias
was assessed using the tool’s algorithm for suggested judgment. For non-

randomized studies, it was assessed using the tool’s interpretation tables. Two



authors (GZ and MV) independently evaluated the studies and determined risk of

bias for each domain and overall. Disagreements were resolved by discussion.

10



RESULTS

Study selection

A total of 1220 articles were identified from medical databases, 844 were selected
for title and abstract screening after eliminating duplicates. During this initial
screening a total of 789 studies were excluded, with 55 studies remaining. Out of
these 55, seven registered clinical trials were identified; these had a total of 24
associated publications which were added to the remaining pool totaling 79 studies
for full text screening. Finally, 62 studies were excluded, and the remaining 17 were
eligible for inclusion. The number of articles included and/or excluded in each

phase of the selection process can be visualized in the flowchart (Figure 1).

Study characteristics

Twelve of 17 studies were conducted in the United States (US), with the remaining
taking place in Canada (n=3), Saudi Arabia (n=1) and Singapore (n=1). Included
studies were published in the years 2004 through 2021 and, despite the absence of
language restrictions, all of them were published in English. Regarding participants,
Internal Medicine was the most common studied specialty (n=6), followed by
surgery (n=5) and pediatrics (n=3). The remaining three studies evaluated residents
from diverse specialties. The most common study design was RCT (n=11); the rest
of studies were non-randomized interventional designs including pre-and-post
studies (n=3), non-randomized trials (n=1) and prospective cohort (n=1). Of note,
from the 11 RCTs, six studies followed a noninferiority design and three followed

a crossover design (Table 1).

11



The most common intervention was shift length reduction (n=6), out of which one
study (30) featured more than one intervention schedule (12-hour shifts and another
for 16-hour shifts). Three studies implemented only night float as the intervention,
while two studies (33, 36) featured two intervention schedules one of which was
night float. The remaining six studies implemented a “flexible” extended schedule
as the intervention and a control group with “standard” reduced shifts. In these
studies, as specified in Table 1, the intervention and control groups were switched
for homogeneity when meta-analyzed. The outcomes evaluated were patient safety
(n=7), resident education (n=11), and resident well-being (n=11). In total, eight out
of the 17 included studies contained data eligible for meta-analysis and the
outcomes that were possible to be meta-analyzed were 30-day mortality, 30-day

readmission, in-training examination scores, burnout, and sleep quantity.

Effects of Residents Working Hours Restrictions on Patient Safety

We reviewed seven studies that met the criterion of inclusion to evaluate patient
safety. Meta-analysis was only feasible for two patient safety outcomes: 30-day
mortality and 30-day readmission.

Parshuram et al., Bilimoria et al. and Silber et al. evaluated 30-day mortality and
were eligible for meta-analysis. Of note, Parshuram et al. had two interventions (a
16-hour and a 12-hour group compared to a control schedule of 24-hour shifts),
each of which was considered as an independent entry for analysis purposes. The
overall effect of restricted resident working hours was estimated at RR of 0.98,
95%CI 0.95-1.00 (Figure 2). This means that there is no significant effect of

resident working hour restrictions on 30-day mortality.

12



Desai et al. 2013 and Silber et al. evaluated 30-day readmission and were eligible
for meta-analysis. In a similar manner, Desai et al. 2013 had two interventions (a
Q5 schedule and a night float rotation compared to an extended control schedule),
once again considered as independent entries for analysis. The effect on 30-day
readmission was estimated at a RR of 0.98 (95%CI 0.96-1.00), which is not
statistically significant (Figure 3). Hence, there is no significant effect of resident
working hour restrictions on 30-day readmissions.

The other patient safety outcomes could not be meta-analyzed (7-day readmission,
near misses, preventable adverse events, serious medical errors, in-hospital
complications, length of stay and patient safety indicators.). A summary of the
intervention effect on these different patient safety parameters can be found in Table
2. Of note, studies did not find a significant change in 7-day readmission, in-hospital
complications, or Agency for Healthcare Research and Quality (AHRQ) patient
safety indicators after duty hour reforms. We found mixed results on whether a
shorter shift length had an effect on the number of preventable adverse events,
serious medical errors, and length of stay. Only one study evaluated near misses
and found that it apparently increased after restrictions on shift length were
implemented; however, when this was adjusted for residents’ workloads as a

possible confounding factor, there was no longer an association.

Effects of Residents Working Hours Restrictions on Educational Outcomes

Eleven studies evaluated the educational impact of reducing working hours in
residents. Meta-analysis was only feasible for one resident education outcome: in-

training examination scores.

13



Rajaram et al., Blay et al., and Desai et al. 2018 objectively assessed the impact of
shift reduction on trainees’ education through in-training examinations. When
meta-analysis was performed for these three studies, the SMD was estimated at 0.02
(95%C1-0.04 - 0.07), which is not significant among shifts (Figure 4). Hence, there
was no significant difference in in-training examination scores between groups
assigned to different duty hour schedules.

Board examinations were reported by two studies. Blay et al. concluded that there
was no difference in trainees' performance regarding the type of schedule they had.
Similarly, Rajaram et al. found no significant change in oral boards passing rate
(80.9% in the intervention group vs. 81.7% in the control group, p=0.21); however,
controversial results were encountered when evaluating the written boards passing
rate (Table 3).

The other educational outcomes evaluated were self-reported by participants in the
form of surveys. A summary of the intervention effect on the most representative
resident education outcomes can be found in Table 3. Studies revealed that
independent learning, particularly protected research time, improved in residents
whose schedules were reduced. Only one study assessed trainees’ missed OR time
and found that 16-hour or less shifts led to a higher frequency of missed operations.
Educational conferences attendance, resident’s autonomy, continuity of care,
opportunities for bedside teaching, teaching satisfaction and overall educational

experience had mixed results.
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Effects of Residents Working Hours Restrictions on Residents’ Well-being

Eleven studies assessed the impact of shift reduction on residents’ well-being.
Meta-analysis was only feasible for two resident well-being outcomes: burnout and
sleep quantity.

Burnout was evaluated in five studies (Table 4). Two studies found that residents
in intervention groups (reduced shifts and/or night float) rated burnout as worse
than those in the control group. One study found no significant differences between
groups with respect to this parameter. The remaining two studies (Desai et al. 2018
and Parshuram et al. with two interventions each of which was considered as an
independent entry) were eligible for meta-analysis and evaluated this outcome
objectively with the Maslach Burnout Inventory (MBI) that evaluated three
domains: depersonalization, emotional exhaustion, and personal achievement.
While higher scores in depersonalization and emotional exhaustion correlate with
worse burnout, lower scores in personal achievement correspond to worse burnout.
When the three parameters of the MBI were meta-analyzed, only the SMD in the
emotional exhaustion score was found to be significant —1.21 (95%CI -2.11 - —
0.31) (Figures 5.1-5.3) and lower in residents with reduced working hours. The
latter suggests that, in this particular domain, residents with shorter shifts presented
lower degrees of burnout.

Sleep quantity was evaluated in five studies (Table 4). Two studies found no
significant difference in residents’ amount of sleep between the intervention groups.
One study found that residents in the intervention group reported significantly more
sleep than those in the control group. The remaining two studies (Basner et al. and

Desai et al. 2013 with two interventions each considered as an independent entry)
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were eligible for meta-analysis. The overall effect of shift duration on sleep quantity
was not significant, SMD of 0.23 (95%CI —-0.06 - 0.51) (Figure 6). In a similar
manner, seven studies subjectively evaluated the degree of sleepiness and fatigue
in residents. Five studies found no significant difference in this parameter between
intervention groups. Basner et al. reported that “flexible” extended schedule
policies were noninferior to “standard” reduced hours policies with respect to
daytime sleepiness. On the other hand, Alsohime et al. reported that residents
considered that extended schedules contributed significantly more to overall
fatigue.

A summary on the intervention effect on the other resident well-being outcomes
can be found in Table 4. Of note, in three out of four studies, residents reported that
shorter shifts improved their time for family, friends, and hobbies. Only one study
reported about driving safety after shifts, which was reported as being more
impaired in trainees with extended schedules. Overall health was also reported, in
four out of five studies, to be better in reduced shifts. Results for job satisfaction
were controversial. Lastly, two of the three studies that evaluated working hours

satisfaction showed an improvement in the group of residents with shorter shifts.

Risk of bias assessment

Results for the eleven RCTs included are shown in Figure 7. Seven of the RCTs
(63.6%) were considered as having an overall low risk of bias, three (27.2%) were
considered as having some concerns overall and one (9.1%) was considered as
having an overall high risk of bias. Of note, Landrigan et al. 2020 was considered

as having some concerns for bias arising from the randomization process due to a

16



baseline difference (number of patients per resident) between intervention groups.
This observation led to a classification of ‘some concern’ for overall risk of bias.
Additionally, Desai et al. 2013 was labeled as high risk for bias due to deviations
from intended intervention given that there were significant deviations that arose
(one of the intervention schedules was terminated early) and there was no
information regarding whether an appropriate analysis used to estimate the effect
of assignment to intervention.

Results for the six non-randomized intervention studies are shown in Figure 8. Out
of the six, four studies (66.7%) were considered as having an overall serious risk of
bias while two studies (33.3%) were considered as having an overall moderate risk
of bias. It is important to note that for all these studies the protocols were not
available, and the evaluation was based in the published article. In Rajaram et al.,
there was no information provided on deviations from intended intervention
because no details are given on programs and residents’ actual adherence to the
schedule throughout the study period or how they applied the duty hour reforms in
their particular hospitals. Additionally, the risk of bias in selection of the reported
result was deemed to be serious because the reported effect estimate seems to have
likely been selected from multiple analyses (they disregard unadjusted results in
their conclusions). Also of note, Auger et al. was considered to have a serious risk
of bias due to missing data given that they do not report absolute values of survey
responses and no appendix was available; the extracted data were estimates from
graphs. Concerns for Ming Low et al. included significant difference in baseline
burnout and sleepiness measurements between intervention groups and a high

dropout rate. Lastly, Zahrai et al. had significant deviation from the intended

17



intervention given that even though the study period was six months, the residents

on the intervention team only completed three weeks of the intervention schedule.
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DISCUSSION

Extended shifts are often reported to have adverse consequences on patient safety,
residents’ education, and residents’ well-being (42). Nonetheless, this present
systematic review and meta-analysis reveals that restrictions in working schedules
do not always translate into improved patient safety parameters nor residents’
education and overall health.

Overall, most of the studies reported that working on a shorter schedule improved
residents’ self-directed learning and attendance to educational conferences. But
when this reported perception is compared to objective ways of measuring
residents’ performance, no changes are found. The two studies that assessed both
oral and written boards when comparing residents in a short or extended schedule
revealed that scores did not vary. Furthermore, we meta-analyzed in-training
examinations and results supported those same conclusions. It is important to
highlight the findings in one of the RCTs that evaluate the impact of reducing
working hours on missing an operation. Bilimoria et al. found that when interns
(first year residents) work in 16-hour schedules they were more likely to miss an
operation. This is particularly important to surgical specialties when the mastery of
the procedures requires time and practice. Even some studies suggest that 10,000
hours are required to achieve complex technical tasks (43). This might generate an
adverse consequence on postgraduate first year residents whose role in the
operating room is further limited by these types of duty restrictions, therefore,
making them feel less prepared for next year responsibilities (44). If this happens
in five-year surgical programs, we can expect additional limitations in three-year

programs, as is the case of many LMICs.
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This review of literature indicates that residents reported an improvement in their
overall health in most of the studies. However according to Bilimoria et al., no
significant change was found when they were asked about job and working hours
satisfaction. Surprisingly, shorter shifts did not necessarily translate into better
sleep quantity or a decrease in sleepiness (21,30,34,35). Four of five studies
(30,35,37,40), two of them RCTs (30,35), found that restricting working hours did
not have a major impact on residents’ burnout. However, our meta-analysis reveals
that having a reduced shift length improves the mean score on MBI emotional
exhaustion. Even though most of the well-being outcomes are similar in both kinds
of schedules, shift length is concerning due to the detrimental effects it has on

residents’ quality of life.

The present review has limitations. They are related to the heterogeneity (Figures
9-15) among the included studies, duty hours restrictions were applied over diverse
time intervals and various clinical contexts, adherence to duty hours was rarely
considered or evaluated, and that for assessing resident wellness and resident
education sometimes randomization was not possible given the different regulations
among medical programs. The latter represented a problem as these interventional
studies were categorized as low quality, which ultimately originates unfavorable
conditions to generate a meaningful meta-analysis of the literature related to the
impact of residents working hours restrictions. Because of this, we were not able to
draw definitive conclusions. In addition, many of the included studies did not

correlate the working hours with working load (patients per resident), which is an

20



important factor, especially when analyzing patient safety indicators. Also, they did
not report, in most of the cases, if the total hours per week (80 hours) were
respected. Unfortunately, the impact of other parameters such as attentional
failures, alertness, time spent on direct patient care, professionalism and costs were

out of the scope of this review.

We found that current evidence is not sufficient to be the base of new policy and
reforms on residents’ duty hours. Even though there has been an increase in RCTs
publications regarding this matter, methodology varies across programs, and they
do not always use validated measures or even evaluate the same outcomes. It is
essential to future research to be more methodologically robust, to measure in a
constant manner the same outcomes and to include process evaluation outcomes to
conduct a more effective synthesis of evidence and to understand the barriers and
facilitators for different stakeholders to implement the studied interventions.
Involving other stakeholders (i.e., program directors and attendings), which is often
ignored in most studies, helps to have a more integrated view of the impact on
residents’ duty hours facilitating policymaking. Finally, we encourage other
countries to conduct these types of studies, as evidence included in this systematic
review came exclusively from high-income countries, which makes it harder to

generalize to other settings, particularly LMICs.
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CONCLUSIONS

The present systematic review and meta-analysis included 17 studies that evaluated
the effect of trainees’ reduced working hours on patient safety parameters, resident
education, and resident well-being. The synthesized studies suggest that restrictions
on residents’ working hours do not often result in an improvement of patient safety
parameters. Reported evidence varies across the studies, mainly due to the
heterogeneity of their methodology. When it comes to residents’ education, the
review of literature reveals that boards and in-training examinations were not
affected by the length of working shifts. However, residents’ subjective perception
of educational experience is diverse. The evidence suggests that restrictive duty
hours generally improve residents’ sense of well-being. This topic is of great
importance to medical education and residency programs should individually
evaluate these parameters in their particular settings when implementing duty hour

reforms.
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FIGURES

Figure 1. Study selection PRISMA flowchart
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Figure 2. Meta-analysis of three studies for 30-day mortality
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*Desai et al. had two intervention groups:
- Desai et al. 2013 a: intervention was the Q5 schedule (every fifth night overnight call).
- Desai et al. 2013 b: intervention was the night float schedule.

29

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Parshuram a 2014 a0 293 57 ch i 0.6% 0.93 [0.66,1.31] 2014
Farshurarn b 2014 53 367 57 311 0.7% 0.79[0.56,1.11] 2014
Bilimoria 2016 7a0 G5E49 874 72842  9.0% 0.95 [0.86,1.08] 2016 —
Silber 2019 8750 T1662 TE25 61194 B9.7% 0.98 [0.95,1.01] 20149 [ |
Total (95% CI) 138171 134658 100.0%  0.98 [0.95, 1.00] L 4
Total events 9603 8613
Heterogeneity: Chi*=1.96, df= 3 (P = 0.58); F= 0% ! | !
Test far overall effect: Z=1.77 {F = 0.08) 0.7 085 1.2 1.5
*Parshuram et al. had two intervention groups:
- Parshuram et al. a: intervention was 16hr shifts. Control was the 24hr shift schedule.
- Parshuram et al. b: intervention was 12hr shifts. Control was the 24hr shift schedule.
Figure 3. Meta-analysis of studies for 30-day readmission
Reduced Schedule Extended Schedule Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Desaia 2013 71 300 83 413 0.4% 1.18[0.89, 1.56] *
Desaib 2013 24 121 83 413 0.2% 0.99 [0.66,1.48] 4 s
Silher 2019 20961 71662 18297 61194 99.5% 0.98 [0.96, 0.99] .
Total (95% CI) 72083 62020 100.0%  0.98 [0.96, 1.00] &P
Total events 210486 18463
Heterogeneity: Chif= 1.68, df= 2 (P = 0.43); F= 0% 0bs o' n >



Figure 4. Meta-analysis of studies for in-training examinations
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Figure 5.1. Meta-analysis for Mean Score on Maslach Burnout Inventory Depersonalization
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Figure 5.2. Meta-analysis for Mean Score on Maslach Burnout Inventory Emotional Exhaustion
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Figure 6. Meta-analysis of studies for sleep quantity
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Study

Figure 7: Risk of Bias for Randomized Controlled Trials (RCTSs)
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D1 : Bias arising from the randomization process.
D1b: Bias arising from the timing of identification
and recruitment of Individual participants in
relation to timing of randomization.
: Bias due to deviations from intended intervention.
: Bias due to missing outcome data.
: Bias in measurement of the outcome.
D5 : Bias in selection of the reported result.
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Domain 2 (bias due to deviations from intended intervention): we considered
that 10 studies (90.1%) had a low risk for bias. However, it is important to note
that it was not feasible to blind the intervention in any of the studies, given that
all trainees were aware of their rotation schedule, as well as program directors
and other health personnel.

Domain 4 (bias in measurement of outcome): we considered that all 11 studies
(100%) had a low risk of bias. Nonetheless, it is key to consider that except for
three studies (Silber et al., Stulberg et al. and Blay et al.) that involved only
secondary data collection, the rest of the eight studies (72.7%) did not involve
blinded data collectors. In these mentioned studies, outcome assessors were
aware of the intervention received by participants (either in the form of
resident self-reported outcomes or direct observation by physicians) which
could represent a potential source of bias but was deemed low risk given that
blinding was not feasible in this scenario and assessment of the outcome is not
likely to have been influenced by knowledge of intervention received.

Domain 5 (bias in selection of the reported result): Stulberg et al. was labeled
as having some concerns given that it was not specified whether the primary
data analysis to examine the association between length of stay and flexibility
in resident duty hours was outlined prior to the FIRST trial’s conclusion and
availability of unblinded data. In a similar manner, Blay et al. was considered
as having some concerns given that it was uncertain if a pre-specified analysis
plan for resident examination scores (the outcome evaluated in the study) was
finalized before unblinded data was available for analysis.

* Qut of the eleven RCTs, eight were cluster-randomized trials, for which the specific version of the tool was employed that included an additional domain of
bias arising from the timing of identification and recruitment of individual participants in relation to timing of randomization (Domain 1b).
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Figure 8: Risk of Bias for Non-Randomized Intervention Studies
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Figure 9. Funnel Plot of Comparison: 30-day mortality Figure 11. Funnel Plot of Comparison: In-training examinations
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Figure 13. Funnel Plot of Comparison: Burnout, emotional

exhaustion Figure 15. Funnel Plot of Comparison: Resident well-being, sleep
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TABLES

Table 1: Characteristics of included studies

Author Year Country  Study Design N Medical Intervention Control  Patient Resident Resident
(resi- Specialties Safety Well- Education
dents) being
1 C.p. 2020 USA RCT, cluster- 333 Pediatrics Shift length > 24h shifts X
Landrigan, et randomized, reduction (<
al. crossover 16h shifts)
(ROSTERS)
(23)
2 J.H.Silber,et 2019 USA RCT, cluster- 5040 Internal “Flexible” “Standard” X
al.* randomized, Medicine extended shifts reduced
(iCOMPARE) noninferiority (>16h shifts) shifts
(22) (<16h
shifts)
3 L.K.Barger, 2019 USA RCT, cluster- 302 Pediatrics Shift length > 24h shifts X X
etal. randomized, reduction
(ROSTERS) crossover (<16h shifts)
(28)]
4 C.P. 2004 USA RCT 7 Internal Shift length > 24h shifts X
Landrigan, et Medicine reduction
al. (<16h shifts)
(29)
5 C.s. 2015 Canada RCT 47 Internal Shift length > 24h shifts X X X
Parshuram, et Medicine, reduction; two
al. Emergency intervention
(30) Medicine, groups (12h or
Surgery and 16h shifts)**
Anesthesia
6 K.Y. 2016 USA RCT, cluster- 4330 Surgery “Flexible” “Standard” X X X
Bilimoria, et randomized, extended shifts reduced
al.* (FIRST) noninferiority (>16h shifts) shifts
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(21) (<16h
shifts)
7 R.Rajaram,et 2014 USA Retrospective 12236 Surgery Shift length Pre 2011
al. observational reduction/ post  reform (>
(31) study (pre and 2011 reform 24h shifts)
post) (<16h shifts)
8 J.J.Stulberg, 2016 USA RCT, cluster- 4330 Surgery “Flexible” “Standard” X
etal.* randomized, extended shifts reduced
(FIRST) noninferiority (>16h shifts) shifts
(32) (<16h
shifts)
9 S.V.Desai,et 2013 USA RCT, crossover 43 Internal Shift length > 24h shifts X
al. Medicine reduction
(33) (<16h shifts)
and night float;
two
intervention
groups (Q5 and
NF)**
10 M. Basner,et 2019 USA RCT, cluster- 398 Internal “Flexible” “Standard”
al.* randomized, Medicine extended shifts reduced
(iCOMPARE) noninferiority (>16h shifts) shifts
(34) (<16h
shifts)
11 S.V.Desai,et 2018 USA RCT, cluster- 6313 Internal “Flexible” “Standard”
al.* randomized, Medicine extended shifts reduced
(iICOMPARE) noninferiority (>16h shifts) shifts
(35) (<16h
shifts)
12 A. Moeller, et 2016 Canada Prospective 27 Internal Shift length 24h shifts
al. interventional Medicine reduction and
(36) study (pre and night float; two
post) intervention

groups (11h
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day shift and
15h night shift)

13 K.A. Auger, et 2012 USA Prospective, 11 Pediatrics, Shift length 30h shifts
al. interventional Family reduction every 4
[37) study medicine (<12h shifts) night
14 E. Blay, et 2016 USA RCT, cluster- 4363 Surgery “Flexible” “Standard”
al.* (FIRST) randomized, extended shifts reduced
(38) noninferiority (>16h shifts) shifts
(<16h
shifts)
15 F. Alsohime, 2021 Saudi Prospective 42 Pediatrics Night float 24h shifts
etal. Arabia interventional (16h shifts) (24h on-
(39) study (pre and call
post) system)
16 JM.Low,et 2018 Singapore Non- 49 Internal Night float 24h shifts
al. randomized medicine, (12h shifts) (24h on-
(40) controlled trial Pediatrics, call
Orthopedics, system)
Obstetrics and
Gynecology,
and Surgery
17 A Zahrai,et 2011 Canada Non- 16 Orthopedics Night float > 24h shifts
al. randomized (14h shifts)
(41) controlled trial

* In these studies, the intervention was considered as a “flexible” extended schedule whereas the control group had “standard” reduced shifts.
For homogeneity, the intervention and control groups were switched in the following tables and for meta-analysis purposes, such that all

intervention groups represent residents with reduced duty hours.
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**These studies had two intervention groups and for analysis purposes they were labeled as:

Parshuram et al. a: intervention was 16hr shifts. Control was the 24hr shift schedule.
Parshuram et al. b: intervention was 12hr shifts. Control was the 24hr shift schedule.
Desai et al. 2013 a: intervention was the Q5 schedule (every fifth night overnight call)
Desai et al. 2013 b: intervention was the NF (night float schedule)
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Table 2: Patient safety outcomes reported in included studies

Study Measurement scale Intervention group Control group Conclusion
(reduced duty hours (extended duty hours)
and/or night float)
7-day readmission or death
Silber et al. Proportion of patients who N= 70,972 N= 60,757 Difference in change of 0.3% 95%CI (- - 1.0)
(22) presented 7-day readmission  Pretrial year 16.7% Pretrial year 16.6% [p>0.05].
or death, obtained from Cl 95% [13.00%, 20.34%] CI 95% [12.10%, Non-inferiority criterion met.
Medicare claim records. 21.16%)]
Difference-in-difference N= 71,662 “Flexible” extended schedule policies were
analysis. Trial year 16.6% N= 61,194 noninferior to “standard “reduced hours policies

Cl1 95% [11.78%, 21.42%] Trial year 16.9%
Cl 95% [10.82%,
Difference = -0.1% 22.95%)]

Difference = 0.3%

with respect to 7-day readmission or death.

Near missest!

Landrigan et
al. 2020 (23)

Only the relative risk is
reported.

Near misses are observed by
direct observation and chart
review.

N= 3,310 N= 3,267

RR of 1.42, 95%CI (1.26-1.59)*

Preventable adverse events 23

Landrigan et
al. 2020 (23)

Only the relative risk is
reported.

Preventable adverse events
are evaluated by direct
observation and chart
review.

N= 3,310 N= 3,267

RR of 4.03 95%CI (2.94-5.53)*
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Parshuram et Number of events per 1000 N=293 N=311 There were no significant differences between
al. a (30) patient-days was reported. 0 per 1000 patient-days 0.5 per 1000 patient- schedules for rates of adverse events.

Preventable adverse events days

were identified by daily

prospective screening with a

multimodal approach (direct

observation and chart

review).
Parshuram et N= 367 N=311 There were no significant differences between
al. b (30) 3.2 per 1000 patient-days 0.5 per 1000 patient- schedules for rates of adverse events.

days

Serious medical errors®

Landrigan et Number of events per 1000  N= 3,310 N= 3,267 RR of 1.53 95%CI (1.37-1.72)*
al. 2020 (23) patient-days and relative risk  97.1 per 1000 patient-days 79.0 per 1000 patient-
were reported. Resident- at risk days at risk
related serious medical
errors were evaluated by
direct observation and chart
review.
Landrigan et Number of events per 1000  N= 227 N= 354 Interns made 35.9 percent more serious medical
al. 2004 (29) patient-days was reported. 100.1 per 1000 patient- 136.0 per 1000 patient-  errors during the traditional extended schedule
Intern-related serious days days than during the intervention reduced schedule

medical errors were
evaluated by direct
observation and chart
review.

(p<0.001)

In-hospital complications
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Bilimoria et al. Proportion of patients with N= 65,849 N= 72,842 Odds ratio (OR) for control group of 0.94
2016 (21) in-hospital complications ( 8.48% 8.21% 92%CIl (0.84 -1.06)
“any morbidity mean rate”).  Cl 96% [7.69-9.27] Cl196% [7.51-8.91]
This data was obtained for “Flexible” extended schedule policies were
general surgery cases from noninferior to “standard “reduced hours policies
American College of with respect to any complication.
Surgeons National Surgical
Quality Improvement
Program (ACS NSQIP).
Length of stay
Silber et al. Absolute value (mean N= 70,972 N= 60,757 Difference in change of 0.80% 95%CI ( —o -
(22) number of days) obtained Pretrial year mean LOS Pretrial year mean LOS  3.16)
from Medicare claim (days): 5.61 (days): 6.07 Non-inferiority criterion was not met.
records. Difference-in- Cl 95% [4.55, 6.67] Cl 95% [4.27, 7.86]
difference analysis.
N= 71,662 N= 61,194
Trial year mean LOS Trial year mean LOS
(days) 5.64 (days) 6.14

Cl 95% [4.33, 6.95]
Difference: 0.47%

Cl 95% [4.35, 7.92]
Difference: 1.27%

Stulberg et al.
(32)

Absolute value (mean length
of stay). Patient-level data
were obtained through the
ACS NSQIP.

N= 12,202
Mean LOS 6.21 days
(SD=5.82) median=5

N= 14,421
Mean LOS 6.03 days
(SD=5.78) median=5

Incidence rate ratio for Flexible vs Standard of
0.982; 95%CI (0.939-1.026); p=0.41. There was
no statistically significant difference in overall
mean LOS between study arms (p=0.74).

Desai et al.
2013 a (33)

Absolute value (median
length of stay).

N= 300
Median LOS: 3 days
IQR: 2-4

N=413
Median LOS: 3 days
IQR: 2-5

Only values are reported. No commentary on
this particular outcome is provided by authors.
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Desai et al. N=121 N=413

2013 b (33) Median LOS: 3 days Median LOS: 3 days
IQR: 2-6 IQR: 2-5
Patient safety indicators®
Silber et al. Proportion of patients N= 70,972 N= 60,757 Difference in change of <0.1% 95%CI (—w -
(22) presenting at least one Pretrial year 0.74% Pretrial year 0.96% 0.2)
patient safety indicator, Cl1 95% [0.01%, 1.47%)] Cl1 95% [0.01%, 1.90%] Non-inferiority criterion was met.
obtained from Medicare
claim records. Difference-in- N=71,662 N= 61,194 “Flexible” extended schedule policies were
difference analysis. Trial year 0.67% Trial year 0.90% noninferior to “standard “reduced hours policies
Cl 95% [-0.09%, 1.43%]  CI 95% [-0.01%, 1.82%] with respect to patient safety indicators.
Difference = -0.1% Difference = -0.1%

*Intervention schedules that eliminated extended shifts had a higher risk of near misses, preventable adverse events, and medical errors. However, secondary
analysis showed that when adjusted for the number of patients per resident as a possible confounding factor, intervention schedules were no longer associated
with an increase in these events.

INear miss is defined as "an error in care that has substantial potential to cause harm but does not, either because it is intercepted or because it unexpectedly
causes no apparent harm despite reaching the patient”

2In Landrigan et al. 2020, preventable adverse events were defined as an "injury caused by an error in medical management".

3In Parshuram et al., preventable adverse events were defined as “adverse events that could have been avoided given current knowledge and standards of
care".

*In Landrigan et al. 2020 and 2004, resident-related serious medical errors were defined as ones "that cause harm or have substantial potential to cause harm
(i.e., the sum of preventable adverse events plus near misses)".

®In Silber et al. patient safety indicators were defined according to AHRQ criteria. These include rates of pressure ulcers, iatrogenic pneumothorax,
bloodstream infection from a central venous catheter, hip fracture, hemorrhage, or hematoma, physiologic or metabolic derangement, respiratory failure,
pulmonary embolism or deep-vein thrombosis, sepsis, and accidental puncture or laceration.

- N represents the total number of patients evaluated in the study
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Table 3: Resident education outcomes reported in included studies

Study Measurement scale Intervention group Control group Study’s conclusion
(reduced duty hours (extended duty hours)
and/or night float)
Board examination scores
Rajaram et Proportion of residents who ~ Post-reform group  Pre-reform group Although the difference was significant (p<0.001) when
al. (31) passed written boards 2012 cohort 2010 cohort comparing the intervention group (2012 and 2013
examination N=1082 N=1063 examinees) with the control group (2010 and 2011), the
88.6% 83.1% authors suggest that this was due to abnormally poor
Cl 95%: 86.7-90.5% CI 95%: 80.8-85.3% results in the 2010 cohort and, when this year was
excluded from the analysis, the difference in written
2013 cohort 2011 cohort board passing rates between intervention groups was no
N=1097 N=1038 longer significant (p=0.41).
88.1% 87.5%
Cl 95%: 86.1-90.0% CI 95%: 85.5-89.5%
Proportion of residents who ~ Post-reform group  Pre-reform group No significant change was detected in oral boards
passed oral boards 2012 cohort 2010 cohort passing rate (p=0.21).
examination N=1046 N=906
82.5% 81.7%
Cl 95%: 80.2-84.8% Cl 95%: 79.2-84.2%
2013 cohort 2011 cohort
N=1154 N=1086
80.9% 74.7%
Cl 95%: 78.7-83.2% Cl 95%: 72.1-77.3%
Blay et al. Proportion of residents who ~ N=293 N= 283 No significant change was detected in written boards or
(38) passed written boards 90.4% 90.5% oral boards passing rate (p=0.99 and p=0.24,
examination respectively)
Proportion of residents who ~ N=272 N= 261
passed oral boards 86.3% 88.6%

examination
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Rounds/teaching conference attendance

Bilimoriaet  Proportion of residents who N=1886 N=1780 OR for flexible group (control) of 0.47 95%CI (0.36-
al. 2016 (21) reported negative effect of 22.9% 12.2% 0.62)
hours on attendance at Residents in extended “flexible” schedules were
educational conferences on significantly less likely to perceive a negative effect of
survey duty-hour policies on conference attendance (p<0.001).
Desai et al. Proportion of all trainees N=1411 N=1435 OR for flexible group (control) of 1.72 95%CI (1.24-
2018 (35) reporting a negative effect of  12.7% 20.1% 2.38)
duty hours on Ability to Residents in extended “flexible” schedules were more
attend required educational likely to perceive a negative effect of duty-hour policies
conferences on survey on conference attendance.
Augeretal.  Proportion of residents who ~ N=5 N=6 Residents in the intervention group rated ability to
(37) rated Ability to attend 20% 66.7% attend didactic conferences worse compared to the
didactic conferences control group (p>0.05).
(unchanged/improved)
Zahraietal.  Proportion of residents who N=7 N=5 Only values are reported. No data analysis or
(41) attended >4 conferences 71.4% 60.0% commentary on this particular outcome is provided by
authors.
Independent/self-directed learning
Bilimoriaet  Proportion of residents who =~ N= 1888 N=1780 OR for flexible group (control) of 2.81 95%CI (2.12-
al. 2016 (21) reported negative effect of 9.1% 21.0% 3.73)
hours on participation in Residents in extended “flexible” schedules were more
research on survey likely to perceive a negative effect of duty-hour policies
on research participation (p<0.001).
Desai et al. Proportion of all trainees N=1411 N=1435 OR for flexible group (control) of 2.14 95%CI (1.60-
2018 (35) reporting negative effect of 11.1% 21.4% 2.87)
hours on ability to participate Residents in extended “flexible” schedules were more
in research on survey likely to perceive a negative effect of duty-hour policies
on research participation.
Auger et al. Proportion of residents who N=5 N=6 Residents in the intervention group rated ability to
(37) rated Ability to reflect on 40% 66.7% reflect on clinical concepts worse compared to the

clinical concepts
(unchanged/improved)

control group (p>0.05).
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Alsohime et Residents’ mean score on N=42 N=42 Residents considered that extended schedules were
al. (39) Likert-scale of perception of  Mean: 2.52 Mean: 4.10 more restrictive in terms of time allotment for research
hours restricting time SD: 1.27 SD: 0.98 than night float system (p<0.001)
available for research
Zahraietal.  Proportion of residentswho ~ N=7 N=5 Only values are reported. No data analysis or
(41) spent average >3 hours 57.1% 0% commentary on this particular outcome is provided by
studying/reading authors.
Missed OR
Bilimoriaet  Proportion of residents who N= 1944 N= 1821 OR for flexible group (control) of 0.56 95%CI (0.45-
al. 2016 (21) reported missing an operation 42.0% 29.9% 0.69)
during past month owing to Residents in extended “flexible” schedules were
duty-hour regulations on significantly less likely to miss an operation owing to
survey duty-hour policies (p<0.001).
Resident autonomy
Bilimoriaet  Proportion of residents who N= 1888 N=1782 OR for flexible group (control) of 0.26 95%CI (0.20-
al. 2016 (21) reported negative effect of 35.1% 13.0% 0.34)
duty hours on resident Residents in extended “flexible” schedules were
autonomy on survey significantly less likely to report a negative effect of
duty hours on autonomy (p<0.001).
Desai et al. Proportion of all trainees N=1411 N= 1435 OR for flexible group (control) of 0.69 95%CI (0.46-
2018 (35) reporting negative effect of 8.8% 6.0% 1.04)
duty hours on autonomy on Residents in extended “flexible” schedules were
survey significantly less likely to report a negative effect of
duty hours on autonomy (p<0.001).
Moeller et al. Resident's mean score on N=23 N=23 No significant change was detected in perception that
(36) Likert-scale of perceiving Mean: 3.38 Mean: 3.23 resident duty hour reform allowed attending supervision
hours allowing staff SD: 0.59 SD: 0.75 (p=0.37).
physician supervision
Alsohime et  Residents’ mean score on N=42 N=42 Residents considered that night float promoted more
al. (39) Likert-scale of perception of  Mean: 3.10 Mean: 2.33 observation by attendings than extended schedules
clinical skills being observed SD: 1.16 SD: 1.00 (P<0.001)

by an attending
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Continuity of care?

Bilimoriaet  Proportion of residents who N= 1892 N= 1786 OR for flexible group (control) of 0.16 95%CI (0.12-
al. 2016 (21) perceived a negative effect 55.7% 19.0% 0.21)
on continuity of care Residents in extended “flexible” schedules were
significantly less likely to report a negative effect of
duty hours on continuity of care (p<0.001).
Proportion of residents who ~ N= 1873 N= 1766 OR for flexible group (control) of 0.69 95%CI (0.52—
reported dissatisfaction with  10.1% 7.0% 0.92)
quality and ease of handoffs Residents in extended “flexible” schedules were
and transitions in care significantly less likely to report dissatisfaction with
transitions in care (p=0.01).
Desai et al. Proportion of residents who ~ N= 1411 N= 1435 OR for flexible group (control) of 0.37 95%CI (0.25—
2018 (35) perceived a negative effect 33.6% 14.9% 0.55)
on continuity of care Residents in extended “flexible” schedules were less
likely to report a negative effect of duty hours on
continuity of care.
Proportion of residents who ~ N=1411 N= 1435 OR for flexible group (control) of 0.69 95%CI (0.48—
reported dissatisfaction with ~ 8.5% 5.8% 1.01)
quality and ease of handoffs No significant change was detected when comparing
and transitions in care the intervention group with the control group.
Moeller etal. Mean values represent N=23 N=23 No significant change was detected in perception that
(36) location on 5-point Likert Mean: 4.22 Mean: 4.13 resident duty hour reform allowed for continuity of
scale. Surveyed residents SD: 0.6 SD: 0.87 patient care (p=0.60).
believed that the change in
duty hours allows continuity
of patient care.
Alsohime et Mean values represent N=42 N=42 Residents considered that night float promoted more
al. (39) location on 5-point Likert Mean: 4.19 Mean: 2.93 continuity of patient care than the extended schedules
scale. Residents reported that SD: 0.77 SD: 1.24 (P<0.001)

duty-hours change promotes
continuity of patient care.

Bedside teaching
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Augeretal.  Proportion of residents who ~ N=5 N=6 Residents in the intervention group rated bedside
(37) rated Bedside teaching 60% 66.7% teaching worse compared to the control group.
(unchanged/improved) (p>0.05).
Zahraietal.  Proportion of residentswho ~ N=7 N=5 Only values are reported. No data analysis or
(41) reported >6 attending 57.1% 40.0% commentary on this particular outcome is provided by
teaching interactions lasting authors.
>5 mins
Teaching satisfaction
Bargeretal.  Resident's mean score on N=183 N=167 No significant change was detected between groups
(28) scale (range 0-60 where Mean: 44.8 Mean: 45.2 (p=0.50).
higher scores represent a SD: 8.3 SD: 8.2
more positive experience)
of perceiving opportunity to
obtain skills and knowledge
Bilimoriaet  Proportion of residents who ~ N= 1888 N= 1777 OR for flexible group (control) of 0.24 95%CI (0.19—
al. 2016 (21) reported perception of 36.4% 13.1% 0.31)
negative effect of hours on Residents in extended “flexible” schedules were
clinical skills acquisition on significantly less likely to report a negative effect of
survey duty hours on clinical skills acquisition (p<0.001).
Desai et al. Proportion of all trainees N=1411 N= 1435 OR for flexible group (control) of 0.81 95%CI (0.55—
2018 (35) reporting negative effect of 13.9% 9.9% 1.19)
duty hours on Ability to No significant change was detected between groups.
acquire clinical skills on
survey
Moeller etal. Resident's mean score on N=23 N=23 Residents perceived improvement in clinical skills
(36) Likert-scale of perceiving Mean: 3.91 Mean: 3.39 expertise with reduced duty hours (p=0.0004).
hours allowing clinical skills ~ SD: 0.52 SD: 0.72
expertise
Alsohime et  Residents’ mean score on N=42 N=42 Residents in the night float group felt more confident to
al. (39) Likert-scale of perception of  Mean: 3.98 Mean: 3.0 manage complex patient than those assigned to an
being able to manage SD: 0.87 SD: 1.08 extended schedule (p<0.001).

complex medical patients
appropriately
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(very good/excellent)

Zahraietal.  Proportion of residents who ~ N=7 N=5 Only values are reported. No data analysis or
(41) perceive that current rotation  57.1% 40% commentary on this particular outcome is provided by
provides better opportunity to authors.
improve clinical decision-
making and diagnostic skills
than previous rotations
(agree/strongly agree)
Overall educational experience
Bargeretal.  Proportion of residents who N=183 N=167 Residents in the intervention group were more likely to
(28) rated the educational 37.7% 17.4% rate the education experience as poor/fair (p= 0.0001).
experience as poor/fair
Bilimoriaet  Proportion of residents who ~ N= 1874 N= 1768 OR for flexible group (control) of 1.08 95%ClI (0.77—
al. 2016 (21) reported dissatisfaction with ~ 10.7% 11.0% 1.52)
overall quality of resident No significant change was detected between groups
education on survey (p=0.64).
Desai et al. Resident's mean score on N=40 N=44 No significant change was detected between Q5
2013 a (33) Likert-scale of satisfaction Mean: 4.1 Mean: 4.3 intervention and control group (p=0.27).
with education Cl 95%: 3.9-4.3 Cl95%: 4.1-4.4
Desai et al. N=12 N=44 Residents’ satisfaction with education was higher in the
2013 b (33) Mean: 3.9 Mean: 4.3 control group than in the night float intervention group
Cl 95%: 3.5-4.3 Cl 95%: 4.1-4.4 (p=0.04)
Desai et al. Proportion of all trainees N= 1411 N= 1435 OR for flexible group (control) of 1.75 95%CI (1.11-
2018 (35) reporting dissatisfaction with  7.7% 13.4% 2.75)
overall quality of resident Residents in extended “flexible” schedules were more
education on survey likely to report dissatisfaction with education.
Moeller et al. Resident's mean score on N=23 N=23 Residents perceived more successful learning with
(36) Likert-scale of perceiving Mean: 4.00 Mean: 3.52 reduced duty hours (p=0.003)
hours allowing successful SD: 0.56 SD: 0.57
learning
Augeretal.  Proportion of residentswho ~ N=5 N=6 Residents in the intervention group rated quality of
(37) rated Quality of education 20% 66.7% education worse compared to the control group.

(p>0.05).
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Alsohime et Residents’ mean score on N=42 N=42 Residents considered that night float (intervention)

al. (39) Likert-scale of perception of  Mean: 3.95 Mean: 2.83 allowed for a more satisfying educational experience
educational experience on SD: 0.91 SD: 0.99 than extended schedules (p<0.001)
call being satisfying

Zahraietal.  Proportion of residentswho ~ N=7 N=5 Only values are reported. No data analysis or

(41) perceive that current rotation  57.1% 40.0% commentary on this particular outcome is provided by
provides better overall authors.

educational experience than
previous rotations
(agree/strongly agree)

1 For the continuity of care outcome, two additional studies were included that are not listed in this table, including Parshuram et al. and Desai et al. 2013.
Parshuram et al. reported the number of mean days that a resident looked after a patient and found no significant difference between intervention groups (p=0.1).
Desai et al. 2013 reported continuity of care as measured by the minimal number of hands-off and by the number of interns per patient; it found that both
parameters increased in the intervention schedule (Q5 and night float schedules). This data was omitted from the table because this outcome domain focused
on the residents’ subjective perceptions on education rather than objective measurements.

51



Table 4: Resident well-being outcomes reported in included studies

Study Measurement scale Intervention group Control group Study’s conclusion
(reduced duty hours (extended duty hours)
and/or night float)
Burnout (studies not eligible for meta-analysis)

Moeller etal.  Resident's mean score on N=23 N=23 No significant difference was detected in perception
(36) Likert-scale of perceiving Mean: 1.75 Mean: 1.84 that resident duty hour reform caused expenditure of

expenditure of emotional labor SD: 0.56 SD: 0.74 emotional labor (p=0.58).
Auger et al. Proportion of residents who N=5 N=6 Residents in the intervention group rated burnout as
(37) rated Likelihood of burnout 20% 66.7% worse compared to the control group(p>0.05).

(never/not very

likely/somewhat likely)
Ming Low et Proportion of residents with N=16 N=10 More night float residents (intervention group) reported
al. (40) High burnout score on 31.1% 10% a higher burnout score on the ProQOL scale (p=0.211).

ProQOL scale!

Sleep quantity (studies not eligible for meta-analysis)

Barger et al. Average amount of sleep in N= 162 residents N= 134 residents Residents in the intervention group reported
(28) hours per week per resident Mean: 52.9 Mean: 49.1 significantly more sleep than those in the control group

Measured through actigraphy ~ SD: 6.0 SD: 5.8 (p<0.0001)
Auger et al. Average amount in hours of N=5 N=6 No significant difference was detected in the total sleep
(37) intern sleep reported per 24 Mean: 7.5 Mean: 7.3 time (p=0.63).

hours
Ming Low et  Amount of sleep logged in N= 21 logs N= 37 logs No significant difference was detected in amount of
al. (40) minutes Median: 361 Median: 380 sleep (p=0.369).

Range: 149-630 Range: 175-484
Job satisfaction

Barger et al. Proportion of residents who N=183 N= 167 Residents in the intervention group were significantly
(28) rated quality of work 29.8% 11.4% more likely to report a negative work experience

experience as poor/fair on (p=0.0001).

survey
Bilimoria et al. Proportion of residents who N= 1888 N=1782 OR for flexible group (control) of 0.94 95%CI (0.73-
2016 (21) had perception of negative 13.9% 12.7% 1.23). No significant difference was detected in
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effect of duty hours on job
satisfaction on survey

perception of negative effects of duty hours on job
satisfaction (p=0.43).

Desai et al. Proportion of all traineeswho  N= 1411 N= 1435 OR for flexible group (control) of 3.17 95%CI (2.30-
2018 (35) had perception of negative 7.5% 20.4% 4.37). Residents in extended “flexible” schedules were
effect of duty hours on job more likely to perceive a negative effect of duty-hour
satisfaction on survey on job satisfaction.
Auger et al. Proportion of residents who N=5 N=16 Residents in the intervention group rated job
(37) rated job satisfaction as very 20% 66.6% satisfaction as worse compared to the control
good/excellent group(p>0.05).
Working hours satisfaction
Bilimoria etal. Proportion of residents who N= 1874 N= 1767 OR for flexible group (control) of 0.95 95%CI (0.71-
2016 (21) reported dissatisfaction with 12.6% 12.1% 1.27). No significant difference was detected in
work hours and scheduling on dissatisfaction with work hours and scheduling. (p=
survey 0.76).
Desai et al. Proportion of all trainees N=1411 N=1435 OR for flexible group (control) of 1.95 95%CI (1.41-
2018 (35) reporting dissatisfaction with 11.3% 20.0% 2.70). Residents in extended “flexible” schedules were
work hours and scheduling on more likely to report dissatisfaction with work hours
survey and scheduling.
Moeller etal.  Resident's mean score on N=23 N=23 Residents perceived improvement in work efficiency
(36) Likert-scale of perceiving Mean: 4.14 Mean: 3.72 with reduced duty hours. (p=0.001)
hours allow work efficiency SD: 0.33 SD: 0.75
Percutaneous/attentional injuries
Alsohime et Resident's mean score on N=42 N=42 Residents perceived that extended schedules had more
al. (39) Likert-scale of perception of Mean: 2.21 Mean: 4.10 potential for workplace harm compared with the night
increased potential for SD: 1.22 SD: 1.10 float schedule (p<0.001)

workplace harm, such as
needle-stick injuries

Sleepiness/Fatigue

Parshuram et
al. a (30)

Residents’ mean score on
Stanford sleepiness scale? in
the daytime

N= 350 measurements N= 468 measurements
(15 residents) (15 residents)

Mean: 2.61 Mean: 2.33

SD: 1.17 SD: 1.20

No significant difference was detected in daytime
sleepiness between the three intervention groups

(p=0.3).
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Parshuram et

N= 468 measurements

N= 468 measurements

al. b (30) (17 residents) (15 residents)
Mean: 2.30 Mean: 2.33
SD: 0.99 SD: 1.20
Bilimoria et al.  Proportion of residents who N= 1878 N= 1774 OR for flexible group (control) of 1.15 95%CI (0.91-
2016 (21) report that fatigue always or 9.3% 10.6% 1.47). No significant difference was detected in
often affects personal safety reporting that fatigue affected personal safety (p= 0.26).
Basner et al. Mean score on the Karolinska ~ N=193 N=205 Between-group difference = 0.12 points One-sided
(34) Sleepiness scaleacross shifts ~ Mean: 4.7 Mean: 4.8 upper limit 95%CI 0.31 points
C195%: 4.6-4.9 C195%: 4.7-5.0 Non-inferiority criterion met (p<0.001)
“Flexible” extended schedule policies were noninferior
to “standard “reduced hours policies with respect to
daytime sleepiness.
Desai et al. Proportion of all trainees N=1411 N=1435 OR for flexible group (control) of 1.40 95%CI (0.99-
2018 (35) perceiving that their fatigue 10.6% 14.0% 2.00)
Almost always or often No significant difference was detected in perception
affected their personal safety that fatigue affected personal safety.
Auger et al. Proportion of residents who N=5 N=6 Residents in the intervention group rated that they were
(37) rated Making mistakes dueto  20% 66.7% less likely to make mistakes due to fatigue compared to
fatigue (somewhat likely/ very the control group(p>0.05).
likely/ always)
Alsohime et Residents’ mean score on N=42 N=42 Residents considered that extended schedules
al. (39) Likert-scale of perception of Mean: 2.33 Mean: 4.74 contributed significantly more to overall fatigue than
hours contributing to overall SD: 1.26 SD: 0.59 night float (p<0.001)
fatigue level
Ming Low et Proportion of residents with N=13 N=13 No significant difference was detected in daytime
al. (40) Epworth Sleepiness Scale 53.8% 15.4% sleepiness between the intervention and control groups

(ESS)* score >10

(p=0.103).

Safety while driving
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Alsohime et Residents’ mean score on N=42 N=42 Residents perceived that extended schedules led to
al. (39) Likert-scale of perception of Mean: 2.57 Mean: 4.45 significantly greater impairment of safety while driving
hours impairing safety while SD: 1.19 SD: 0.86 compared to night float (p<0.001).
driving home after an on-call
Time for family/friends
Bilimoria et al. Proportion of residents who N= 1888 N=1779 OR for flexible group (control) of 3.66 95%CI (2.70-
2016 (21) reported negative effect of 8.9% 24.8% 4.97). Residents in extended “flexible” schedules were
duty hours on time with family more likely to report a negative effect of duty hours on
and friends on survey time with family and friends (p<0.001).
Desai et al. Proportion of all trainees N= 1411 N= 1435 OR for flexible group (control) of 5.07 95%CI (3.57-
2018 (35) reporting a negative effect of 7.1% 28.9% 7.20). Residents in extended “flexible” schedules were
duty hours on time with family more likely to report a negative effect of duty hours on
and friends on survey time with family and friends.
Auger et al. Proportion of residents who N=5 N=6 Residents in the intervention group rated work-life
(37) rated Work-life balance 20% 66.7% balance as worse compared to the control group
(good/very good/excellent) (p>0.05).
Alsohime et Residents’ mean score on N=42 N=42 Residents considered that night float (intervention
al. (39) Likert-scale of perception of Mean: 4.26 Mean: 2.00 group) was significantly more family friendly than
hours providing opportunities  SD: 1.08 SD: 1.15 extended schedules (p<0.001)
for spending time with family
Time for hobbies
Bilimoria et al.  Proportion of residents who N= 1875 N=1768 OR for flexible group (control) of 1.41 95%CI (1.06—
2016 (21) reported dissatisfaction with 14.9% 18.6% 1.89). Residents in extended “flexible” schedules were
time for rest on survey significantly more likely to be dissatisfied with time for
rest (p=0.02)
Proportion of residents who N= 1886 N=1779 OR for flexible group (control) of 3.81 95%CI (2.84—
reported negative effect of 9.1% 25.7% 5.11). Residents in extended “flexible” schedules were
duty hours on time for more likely to report a negative effect of duty hours on
extracurricular activities on time for extracurricular activities (p<0.001).
survey
Desai et al. Proportion of all trainees N= 1411 N= 1435 OR for flexible group (control) of 1.96 CI 95% (1.44—
2018 (35) reporting dissatisfaction with 17.4% 29.8% 2.66). Residents in extended “flexible” schedules were

time for rest on survey
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significantly more likely to be dissatisfied with time for
rest.

Proportion of all trainees N= 1411 N= 1435 OR for flexible group (control) of 4.32 95%CI (2.98-
reporting a negative effect of 7.5% 27.7% 6.27). Residents in extended “flexible” schedules were
duty hours on time for hobbies more likely to report a negative effect of duty hours on
and outside interests on survey time for extracurricular activities.
Auger et al. Proportion of residents who N=5 N=6 Residents in the intervention group had a decreased
(37) rated Ability to take breaks 100% 66.7% ability to take breaks compared to the control group
(rarely/never) (p>0.05).
Alsohime et Residents’ mean score on N=42 N=42 Residents considered that night float (intervention
al. (39) Likert-scale of perception of Mean: 4.07 Mean: 2.57 group) allowed significantly more free time for errands
hours allowing free time to SD: 1.20 SD: 1.33 than extended schedules (p<0.001).
accomplish non-work-related
errands
General health
Bilimoria et al.  Proportion of residents who N= 1883 N=1778 OR for flexible group (control) of 3.22 95%CI (2.37—
2016 (21) reported negative effect of 6.8% 18.3% 4.36). Residents in extended “flexible” schedules were
duty hours on health on survey more likely to report a negative effect of duty hours on
health (p<0.001).
Desai et al. Proportion of all trainees N=1411 N=1435 OR for flexible group (control) of 4.60 95%CI (3.16—
2018 (35) reporting a negative effect of 6.7% 26.1% 6.69). Residents in extended “flexible” schedules were
duty hours on health on survey more likely to report a negative effect of duty hours on
health.
Moeller etal.  Resident's mean score on N=23 N=23 Residents perceived improvement in general wellness
(36) Likert-scale of perceiving Mean: 3.06 Mean: 2.70 with reduced duty hours. (p=0.04).
hours allowing general SD: 0.71 SD: 0.64
wellness
Alsohime et Residents’ mean score on N=42 N=42 Residents perceived that extended schedules had a
al. (39) Likert-scale of perception of Mean: 2.45 Mean: 4.48 greater adverse effect on health than night float
hours adversely affecting SD: 1.27 SD: 0.92 (p<0.001).
health
Zahrai et al. Residents' mean score on N=9 N=7 No significant difference was detected in the general
(41) General health on SF-36 Mean: 56.43 Mean: 84.20 health domain after controlling for between-group
SD: 24.89 SD: 16.50 differences at baseline (p=0.41).
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general quality-of-life
guestionnaire

Bodily pain

Parshuram et

Frequency of somatic

N= 114 assessments

N= 138 assessments

Residents in the extended schedules (control) reported a

interpersonal relationships

al. a (30) symptoms of at least moderate  Mean: 0.38 Mean: 1.15 higher frequency of symptoms of at least moderate
severity SD: 0.75 SD: 1.71 severity (p = 0.04).
Parshuram et N= 135 assessments N= 138 assessments
al. b (30) Mean: 0.28 Mean: 1.15
SD: 0.73 SD: 1.71
Zahrai et al. Residents' mean score on N=9 N=7 Residents in the night float (intervention group) had
(41) Bodily pain on SF-36 general ~ Mean: 61.71 Mean: 87.20 significantly worse bodily pain after controlling for
quality-of-life questionnaire SD: 20.69 SD: 20.86 between-group differences at baseline (p=0.032)
Overall well-being and mental health
Barger et al. Resident's mean score on N= 183 assessments N= 167 assessments No significant difference was detected in perception of
(28) scale® of perceiving hours Mean: 8.8 Mean: 8.4 negative effect of duty hours on day-to-day activities
negatively affected day-to-day SD: 3.8 SD: 4.1 (p =0.27).
activities
Bilimoria et al.  Proportion of residents who N= 1876 N=1769 OR for flexible group (control) of 1.31 95%CI (0.99—
2016 (21) reported dissatisfaction with 12.0% 14.9% 1.74). No significant difference was detected in
overall well-being on survey dissatisfaction with overall well-being (p=0.10).
Desai et al. Proportion of all trainees N=1411 N= 1435 OR for flexible group (control) of 2.04 95%CI (1.48-
2018 (35) reporting dissatisfaction with 14.6% 26.3% 2.81). Residents in extended “flexible” schedules were
overall well-being on survey more likely to report dissatisfaction with overall well-
being.
Moeller etal.  Resident's mean score on N=23 N=23 No significant difference was detected in perception
(36) Likert-scale of perceiving Mean: 3.13 Mean: 2.70 that resident duty hour reform allowed for healthy
hours allowing healthy SD: 0.81 SD: 0.88 relationships (p=0.09).
relationships
Alsohime et Residents’ mean score on N=42 N=42 Residents considered that night float (intervention
al. (39) Likert-scale of perception of Mean: 4.17 Mean: 2.55 group) allowed for more healthy relationships than
hours allowing healthy SD: 0.88 SD: 1.06 extended schedules (p<0.001).
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Zahrai et al. Residents' mean score on N=9 N=7 No significant difference was detected in the mental
(41) Mental health on SF-36 Mean: 52.00 Mean: 60.80 health domain after controlling for between-group
general quality-of-life SD: 15.49 SD: 11.45 differences at baseline (p=0.72).
guestionnaire

1n the Professional Quality of Life (ProQOL) scale, burnout scores > 57 (inefficiency and feeling overwhelmed) were defined as high.

2 Stanford Sleepiness Scale (SSS) is a 7-point scale that ranges from 1=wide awake to 7=no longer fighting sleep

3 Karolinska Sleepiness scale is a 9-point scale that ranges from 1=extremely alert to 9=extremely sleepy. For data analysis, a non-inferiority margin of 1 point
on the 9-point scale was determined by the study.

* Epworth Sleepiness Scale (ESS) is a scale where a score of > 10 depicts increased fatigue.

® Short Form-36 (SF-36) general quality-of-life questionnaire measures 8 health concepts: physical function, physical role limitations, bodily pain, social
functioning, mental health, emotional role limitations, vitality/energy, and general health. Lower scores mean poorer health, worse bodily pain, worse mental
health, etc.

®Scale ranging from 0-25 where higher scores represent a more negative experience.
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