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	Harma, 2008 
RefID-5738 
PMID-18484371 

	Study Setting 
	Finnish Maritime Officer Association

	Eligible Participants 
	A sample of N=1,501 navigator members in the Finnish Maritime Officer Association; only those currently working as an officer on watch were included.

	Study Aims 
	To determine the effect of 4/8 and 6/6 watch systems on fatigue and sleepiness.

	Study Design & Participants 
	Cross-sectional and prospective cohort study of Finnish bridge officers N=92. 
Questionnaire & Sleep/work diary N=185 bridge officers completed questionnaire (31.6%). 42% worked the 4 hours on 8 hours off rotation and 25% worked the 6 hours on 6 hours off rotation. The remaining worked other rotations (i.e., 12 hours on 12 hours off). A subset of 92 completed a sleep diary for 7 consecutive days 42.2% worked 4/8 system; 25.5% worked 6/6 system.

	Intervention 
	No Intervention

	Comparison(s) 
	Comparison of two watch systems of 4 hours on 8 hours off rotation and the 6 hours on 6 hours off rotation.

	Outcome Measure(s) 
	Inter-individual differences in sleep/wakefulness- Skogby Sleep Questionnaire 
Probability of sleepiness – estimated by ESS. Excessive sleepiness- Skogby Excessive Daytime Sleepiness index (SEDS). Sleep diary: timing of watch, duties, sleep periods, napping and subjective –rated sleepiness every 2 hours Karolinska Sleepiness Scale (KSS).

	Key Finding(s) 
	6/6 reported more frequent nodding-off on duty (7.3% versus 1.5%) and excessive sleepiness (32% versus 16%). No significant differences between systems in terms of number of previous maritime accidents. 6/6 watch system was associated with a 4-fold higher risk for excessive sleepiness (OR 4.0; 95% CI 1.2-13.4).



















	Lutzhoft, 2010 
RefID- 2486
PMID- 20187001 

	Study Setting 
	N=13 Swedish cargo vessels. Shift workers spent varying times onboard (4-6 weeks with a few spending up to 6-months onboard).

	Eligible Participants 
	No mention of denominator. N=32 captains and nautical officers participated. 

	Study Aims 
	To test the hypothesis that those working the 6-on, 6-off shift system would obtain less total sleep and experience higher levels of fatigue as compared to those working in the 4-on, 8-off system.

	Study Design & Participants 
	Prospective, cohort study design. Data collection involved investigators visiting ships from 2-7 days and administering four types of instruments: diaries, electrooculography eye movements (EOG), activity monitors (actiwatch), and reaction time testing. N=32 captains and nautical officers participated. Data from N=30 included in analyses.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing sleep and fatigue variables / measures stratified by two “watch” systems: 6 hours on duty followed by 6 hours off duty versus 4 hours on duty followed by 8 hours off duty.

	Outcome Measure(s) 
	Diary recordings of sleepiness using the KSS every hour while on duty. EOG was used as an objective measure of sleepiness and measures were obtained during one daytime watch and one nighttime watch. A palm-based device was used to measure reaction time. Tests were administered after a shift. Participants provided one test after a day watch and then after a night watch. Wrist activity monitors were worn continuously to measure sleep.

	Key Finding(s) 
	Measures of KSS sleepiness did not differ by the different watch systems in general.  Complaints of sleepiness increases on longer shift durations. No differences in mean reaction time between the two watch systems after a day shift or night shift. No differences detected on the EOG measure by watch system. No difference in total sleep duration by shift type.




















	Kazemi, 2016 
RefID- 21367
PMID- 27286082 

	Study Setting 
	Tehran, Iran

	Eligible Participants 
	Volunteer train drivers on either the Tehran-Semnan (short-haul trip) or Tehran-Mashhad (long-haul trip) routes.

	Study Aims 
	To compare train drivers’ fatigue and workload between a long-haul and a short-haul train trips.

	Study Design & Participants 
	Prospective cohort study design N=100 train drivers (71 for short-haul and 29 for long-haul trips). N=97 in the final analysis. Participants asked to complete NASA-TLX at the end of the shift (immediately after approaching origin station). Participants asked to rate level of fatigue: prior to departure (in the depot), immediately after approaching destination station. 

	Intervention 
	No intervention

	Comparison(s) 
	Compared outcome measure between short haul shift system (4 hours on, 4 hours off, 4 hours on per trip) and long-haul shift system (12 hours on, 12 hours off, 12 hours on per trip).

	Outcome Measure(s) 
	Fatigue assessed using the7-point Samn-Perelli Fatigue Scale.

	Key Finding(s) 
	Train drivers stated similar levels of fatigue for the two trips. No differences in train drivers’ fatigue at the end of the route dependent on shift duration (p>0.05).






	Hansen, 2011 
RefID- 9928
PMID- 21910116

	Study Setting 
	The North Sea, Australia, Africa, South America, and the Far East.

	Eligible Participants 
	Norwegian-based workers in the offshore vessel fleet.

	Study Aims 
	To specifically investigate offshore fleet shift workers on 6-hour and 12-hour shifts and their sleep disturbances onboard and at home, the causes of sleep disturbances, and if this compromises safety.

	Study Design & Participants 
	Cross-sectional, observational, questionnaire study. N=577 workers. Data was derived from a previous questionnaire-based study in which questionnaires were distributed to crews on the vessels to gather information regarding sleep and shift working, among other parameters not relevant to the present study.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing 6-hour versus 12-hour shift in regards to sleep disturbances and safety.

	Outcome Measure(s) 
	Self-report questionnaire developed from worker interviews assessed sleep disturbances and safety.

	Key Finding(s) 
	Workers on 6-hour shifts reported significantly more sleep problems than 12-hour shift
workers (p < 0.01). 30.7% of 6-hour shift workers reported sleep problems more than once a week compared to 17.7% of 12-hour shift workers. 43.1% of 12-hour shift workers reported sleep problems occurring never or only a few times a year compared to 31.5% of 6-hour shift workers. Work capability or safety at work did not show any differences between the groups. 





	Zheng, 2006 
RefID-12591
PMID-16954481 

	Study Setting 
	Yale School of Medicine

	Eligible Participants 
	48 internal medicine residents

	Study Aims 
	To test the hypothesis that sleep loss during extended work shifts is associated with evidence of vascular inflammation and dysfunction.

	Study Design & Participants 
	Prospective, experimental single-blind, cross-over study design. N=22 internal medicine (IM) residents (15 men, 7 women). Participants were randomly assigned to 2 study sessions. One session was conducted at 1pm after the completion of a 30-hour extended work shift (7am to 1pm the following day) and the other session was conducted at 1pm after a 6-hour non-extended work shift (from 7am to 1pm the same day). At each session sleep from the previous night, and brachial artery flow-mediated dilation were recorded. N=22 participants provided 90% power to detect a clinically meaningful 25% difference in flow mediated dilation after extended versus  non-extended work shifts.

	Intervention 
	Participants asked to work both a 6-hour and 30-hour shift.

	Comparison(s) 
	Study compared sleep and vascular inflammation and dysfunction between a non-extended (short) 6-hour shift and an extended (long) 30-hour shift.

	Outcome Measure(s) 
	Study compared brachial artery flow-mediated dilation, and other outcome variables after extended and non-extended work shifts using Wilcoxon signed rank tests.

	Key Finding(s) 
	Extended work shifts were associated with significantly decreased sleep hours (p<0.001), significantly lower brachial artery flow-mediated dilation (p<0.001), and significantly higher blood levels of IL-6 (p=0.003). Serum levels of TNF did not differ between shift durations.




















	De Castro, 2010
RefID-9942
PMID- 20579153

	Study Setting 
	Philippine clinical settings

	Eligible Participants 
	Registered nurses attending Philippine Nurses Association Annual National Convention in October, 2007.

	Study Aims 
	To investigate how work characteristics (irregular day, night, evening shifts and mandatory overtime) are associated with RN work-related injury/illness.

	Study Design & Participants 
	Cross-sectional, survey study. N=655 participants. Self-administered survey distributed to RNs at Philippine Nurses Association Annual National Convention in October 2007.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour or less shift versus more than 8-hour shift in relation to 4 occupational health measures over the last year: Work-related injury; Work-related illness; Missing more than 2 work days because of the work-related injury/illness; Back pain 

	Outcome Measure(s) 
	The survey measured work-related injury in the past year, work-related illness in the past year, missed work for more than 2 days in the past year because of work-related injury or illness, and back pain with a simple yes/no dichotomization. 
Typical shift length was dichotomized by 8 hours or less or more than 8 hours.

	Key Finding(s) 
	Findings reported in Tables S2 and S3 in paper. Shift length showed trends towards higher rates of injury/illness with longer shifts; however, shift length was not significantly associated with any of the 4 outcomes when controlling for worker age, work setting, and percent time in direct patient care. 





















	Ilhan, 2006
RefID-10668
PMID- 107078831

	Study Setting 
	A university hospital in Ankara, Turkey

	Eligible Participants 
	The 516 nurses working at the hospital at the time of the study

	Study Aims 
	To determine the incidence of sharp and needle stick injury in nurses working at a university hospital and the contributing factors.

	Study Design & Participants 
	Cross-sectional survey. N=449 participants. A self-administered questionnaire collected at the end of the shift was completed in October 2005 by 449 of the 516 nurses working at a Turkish hospital (response rate 87%). 

	Intervention 
	No intervention

	Comparison(s) 
	Distribution of sharp and needle stick injury among nurses during professional life and within the previous year based on working more than 8 hours shifts or shifts of 8 hours or less.

	Outcome Measure(s) 
	The questionnaire consisted of descriptive questions and questions on whether the respondent had ever sustained a sharp or needle stick injury during their working life and in the past year in the hospital, characteristics of the injury episode (workplace, time of day, what was being done at that time, glove usage, etc.) and hepatitis B and tetanus vaccination status. 

	Key Finding(s) 
	During professional life, prevalence of sharp and needle stick injury in nurses working more than 8 hours per day was higher than for those working 8 hours or less per day (86.5% and 77.1% respectively, p<0.05). OR= 1 for 8 hours or less; OR=1.91 (1.07-3.38) for more than 8 hours. During the past year, the prevalence of sharp and needle stick injury in nurses working more than 8 hours per day was higher than for those working 8 hours or less per day (77.1% and 64.7% respectively, p<0.05). OR= 1 for 8 hours or less; OR=1.84 (1.10-3.08) for more than 8 hours.




















	Josten, 2003 
RefID- 10674
PMID- 14651687

	Study Setting 
	3 nursing homes in the Netherlands 

	Eligible Participants 
	Nurses who worked 8-hour or 9-hour shifts in nursing homes. 

	Study Aims 
	This study investigated whether shifts that are extended only slightly can combine the positive effects of the 12-hour shift with the positive effects of the 8-hour shift. The study investigated the effects of 9-hour shifts. 

	Study Design & Participants 
	Cross-sectional survey design. A questionnaire / survey was developed by authors. A total of N=134 responders (63% of 9-hour shift nurses targeted and 20% of 8-hour shift nurses targeted ended up participating). N=13 of the 9-hour shift responders participated in follow-up telephone interview that sought to determine key differences in 9-hour early, late, and night shifts. The study was conducted between October 1998 and June 1999. 

	Intervention 
	No intervention

	Comparison(s) 
	A comparison of one group of nurses working 8-hour shifts to one group of nurses working 9-hour shifts to note changes in fatigue, health, performance, effort, and satisfaction with working hours and free time. 

	Outcome Measure(s) 
	Fatigue: 19-point checklist answered in reference to previous 4-weeks of work. A second 11-item scale was used to measures “need for recovery.” Health Complaints was measured with an 11-item scale. Performance was measured using a new tool: a self-rated performance measure (retrospective assessment). Satisfaction with working hours was measured with a 3-item scale. Satisfaction with free time measured with a 2-item scale. Satisfaction with different shift types measured with a 3-item scale.  

	Key Finding(s) 
	Fatigue: the 9-hour group was more fatigued at the end of both the early shift (p = 0.000) and late shift (p = 0.032). The contrast was true with regard to the night shift: the 8-hour group tended to be more fatigued at the end of this shift (p = 0.075). The 9-hour group also scored significantly higher on need for recovery than the 8-hour group (mean 6.2 versus 3.3, p=0.000). Health Complaints: the 9-hour group scored higher on health complaints than the 8-hour group (mean 3.4 versus 2.0, P=0.00).
Performance: The 9-hour respondents’ performance was not affected by higher fatigue during the early and late shifts (early shift: quantity: t[1,87] = 0.74, p = 0.463; late shift: quantity: t[1,73] = 0.13, p = 0.895, quality: t[1,69] = 0.76, p = 0.447). Only the quality of work done during the early shift suggested as poorer (t[1,86] = 1.94, p = 0.055). No differences in performance on the night shift (quantity: t[1,34] = 0.82, p = 0.417; quality: t[1,33] =0.60, p = 0.552). Satisfaction: Satisfaction with working hours lower in 9-hour group compared to 8-hour group (mean 3.4 versus 4.2, P=0.000). Shift preference: most respondents preferred a maximum of 8 hours during the early (80%) and late shifts (71%).












	Cruz, 2000 
RefID-4136 
PMID-10766465

	Study Setting 
	 Federal Aviation Administration (FAA) Air Route Traffic Control Center (ARTCC)

	Eligible Participants 
	 N=400 Air Traffic Control Specialists (ATCSs) at the ARTCC

	Study Aims 
	To assess the extent of health, sleep, and shiftwork adaptation problems experienced by ATCSs.

	Study Design & Participants 
	Cross-sectional survey study. N=210 completed a modified version of the NIOSH General Health and Adjustment Questionnaire.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour shifts versus 9-hour shifts based on Health and Sleep Pattern Index Scores and occurrence of reported sleep-related outcomes.

	Outcome Measure(s) 
	NIOSH General Health and Adjustment Questionnaire: The questionnaire assessed health, mood, job-related information, demographics, sleep patterns, eating patterns and general lifestyle. Modification: The Positive and Negative Affect Schedule replaced the Profile of Mood States (POMS) to assess mood, questions regarding alcohol consumption were deleted from the questionnaire. A daily logbook was also collected however; data was not described in this paper. 

	Key Finding(s) 
	The proportion of those who reported catching themselves about to “doze off” while at work was higher among those who worked 9-hour shifts than those who reported working 8-hour shifts. No difference between the 8-hour and 9-hour shifts in regards to Sleep Pattern Adaptation Index (sleep duration) or Health Adaptation Index. 






















	Hossain, 2004 
RefID-11895
PMID-15091283 

	Study Setting 
	An underground mine in Timmins, a northern Ontario town.

	Eligible Participants 
	The 500 miners currently employed

	Study Aims 
	Objectives were to cite any shift-related changes in daytime sleepiness, fatigue, subjective work performance test results (including driving ability), and frequency of work place injuries before and after the change in shift schedule.

	Study Design & Participants 
	This was a pre-post quasi-experimental study. The study involved two phases. The first phase was prospective subjective assessment and used questionnaires that were administered at 3 different times. The second phase of the study was cross sectional using objective measures and random selection. Sleep and performance tests were conducted for day versus night workers. N=241 participated in the first survey, N=225 subjects participated in 2nd survey, and N=182 participated in 3rd survey 1 year after change. N=58 participated in all 3 surveys. N= 60 participated in performance testing.

	Intervention 
	Changes after switching to a 10-hour shift schedule to baseline measures at traditional 8-hour shift.

	Comparison(s) 
	Comparison of subjective and objective measures in miners after a change in shift schedule from 8 hours to 10 hours

	Outcome Measure(s) 
	Subjective measures: Questionnaire - “Shift work and You,” self-rated subjective measurement of sleep, fatigue, performance (alertness, memory and attention), job satisfaction, driving difficulties, physical health, nutrition, and domestic and social interaction. Sleepiness - the Epworth Sleepiness Scale (ESS) (8 question self-report). Fatigue - the Fatigue Severity Scale (FSS) (9 item self-report). Objective measures: Performance testing –standardized computer measurements: the 2-dimensional tracking and visual search test and the traditional Mackworth Clock test (vigilance measure). Sleep data – used Stanford Sleepiness Scale (SSS), a self-report scale. N=20 subjects provided polysomnography in a sleep lab.

	Key Finding(s) 
	Job Satisfaction: A total of 41.2% of the subjects reported satisfaction with shift schedule on the 8-hour schedule and month after the change the percentage dropped to 22.4% while 48.6% reported satisfaction 1 year after the shift-schedule change to 10-hour. Sleepiness: A significant increase in mean sleepiness and fatigue severity 1 month after shift change but a significant decline after 1 year (sleepiness 8.8 baseline versus 7.7 1 year F (2,645) = 5.43, p < 0.005 and fatigue 3.6 baseline versus 3.5, 1 year F (2,645) = 5.65, p< 0.005). Performance: Workers reported significantly impaired performance on 10-hour dayshifts compared with 8-hour dayshifts at both 1-month and 1-year follow up. Nightshift workers reported the change to 10-hour shifts resulted in significantly improved performance both at 1-month and 1-year follow up. Workplace accidents: Among the 500 shift-workers, a total of 4400 hours were lost as a result of accidental injuries at the mine-site during the 1-year period before the shift schedule change. This number dropped to 2206 hours for the 1-year period after the shift-schedule change. Performance test: The Mackworth Clock test results (Table 6) showed an overall improved task vigilance for workers on the nightshift rotation of the 10-hour shift schedule.










	Reid, 1994 
RefID-10699
PMID-8056923

	Study Setting 
	10 inpatient wards in 2 hospitals in a rural UK town.

	Eligible Participants 
	Nursing students who were registered in general nurse or registered mental nurse courses who were working on the study wards.

	Study Aims 
	To report surveys of the attitudes of student nurses and nurse educators towards 12-hour shifts.

	Study Design & Participants 
	This study was a quasi-experimental, pre-post design N=57. All students on the study wards included in the repeated measures study were surveyed before and after the introduction of the 12-hour shift. Phase 1 refers to the 8-hour shift; phase 2 refers to the 12-hour shift. There were 6 months between the 2 phases. N=25 students returned questionnaires for phase 1 and n=22 for phase 2, which represented response rates of 93% and 88% respectively.

	Intervention 
	The implementation of a 12-hour shift.

	Comparison(s) 
	Comparing 8-hour shifts versus 12-hour shifts in regard to shift preference, happiness and general attitude.

	Outcome Measure(s) 
	Self-completion questionnaires that included: social, demographic, and career information; views about teaching and learning, Likert scales that investigated job satisfaction, attitudes to the shift currently worked, and attitudinal scale items that investigated the effect of the current shift on professional practice and patterns of nursing care delivered.

	Key Finding(s) 
	Shift preferences: (Table 2) 72% of the students were happy under the 8-hour shift, and 82% were happy under the 12-hour shift. In phase 1, 80% described the quality of care as good/very good. In phase 2, only 18% thought care had improved, whereas 55% thought quality of care had remained the same and 27% reported it had deteriorated. General Attitude Statements: In phase 1, the most nursing students agreed hours of work in nursing are usually good, whereas only 2/22 students agreed with this statement in phase 2 (p<0.01). Student nurses felt that the 12-hour shift would lead to problems related to recruitment of trained nurses (p<0.01).


















	Todd, 1989
RefID- n/a
PMID-2613453

	Study Setting 
	10 nursing wards in two rural hospitals in Northern Ireland.

	Eligible Participants 
	Nurses and patients in those 10 wards.

	Study Aims 
	To assess the effects of shift duration on quality of care using a repeated measure technique called MONITOR.

	Study Design & Participants 
	Repeated measures, quasi-experimental study design. Number of participants not given. MONITOR is a method, which provides an index of the quality of nursing care offered on hospital wards. The first assessment was conducted 1 month prior to 12-hour transition, and the second was after 6 months of implementation of shift change. 

	Intervention 
	Introduction of a 12-hour shift.

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to MONITOR scores of quality of care.

	Outcome Measure(s) 
	Quality of care: MONITOR scores are based on questions grouped into 4 scales (planning of nursing care for patients, degree to which patients’ needs are met, degree to which patients’ non-physical needs are met, the way in which nursing care objectives are evaluated). Patient dependency level (3 levels: minimal care, average, and above average, and maximum care.).

	Key Finding(s) 
	The overall MONITOR scores were significantly lower (p=0.0125) under the 12-hour shift, with planning (p=0.0469), non-physical care (p=0.0218) and evaluation of care (p=0.0125) scales showing significant decreases. Under all dependency levels, the median scores of the 12-hour shift was significantly lower than the 8-hour shift.





















	Smith, 1998 
RefID- n/a
PMID-9916818 

	Study Setting 
	3 sewage treatment plants in Sydney, Australia

	Eligible Participants 
	12 sewage plant shift work crews (N=6 male workers each crew)

	Study Aims 
	To study the impact of changing from a slowly rotating continuous 8-hour shift to more rapidly rotating continuous 8-hour and 12-hour shifts on the health and quality of life of shift workers.

	Study Design & Participants 
	Pre-post, quasi-experimental study. N=72 shift workers (N=12 shiftwork crews of n=6 male workers). Pre-schedule change, each plant worked a slowly forward rotating continuous 8-hour shift roster. After the changes, plants 2 & 3 worked 12-hour shifts. Plant 1 first tried a forward rotating continuous 8-hour shift roster, then 12-hour shifts were introduced. A self-report questionnaire was administered to the crews within the 2 months pre change, and again 5 or 6 months post change. For Plant 1 that went through a second change from the rapid 8-hour shift to the 12-hour shift, the survey was again administered during the 5th or 6th month of work during the 12-hour shift. Workers kept a sleep diary in the weeks prior to the change and again 3 months after the change.

	Intervention 
	Plant shift workers switched from working a slowly forward rotating 8-hour shift, to working more rapidly rotating 8-hour and 12-hour shift(s).

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to various measures of satisfaction, health, sleep, impact on home life, overtime and safety

	Outcome Measure(s) 
	Self-report questionnaire: attitudes towards work shift, self-report physical and mental health complaints (General Health Questionnaire (GHQ-6 and GHQ-12)), sleep quality (both day and night), and impact of shifts on home, social and work life. Sleep Diary: sleep duration. Data on overtime, near-miss occupational health and safety accident reports, workers’ compensation claims

	Key Finding(s) 
	Between-plant comparison of rapid 8-hour and 12-hour: Those working 12-hour shifts were more satisfied with their shifts than those working the rapid 8-hour shifts, and reported fewer psychological health complaints, and less negative impact on home and social lives (see Table 5 in paper). Diary sleep records, overtime work, near-miss occupational health and safety accident reports and workers’ compensation claims: No major change in average sleep duration (day or night) based on roster change. Plant 2 reduced overtime by 47% when the 12-hour shift was introduced and plant 3 showed a 60% reduction with 12-hour shifts. Near-miss accident reports and workers’ compensation claims were similar pre and post change.















	Lowden, 1998 
RefID- n/a
PMID-9916820

	Study Setting 
	Study was carried out at a chemical plant producing industrial cleansing products. The plant was located in a small town, with very short mean commuting times [20 minutes (SD 2)].

	Eligible Participants 
	Control room operators at a chemical plant, N=40.

	Study Aims 
	The present study sought to evaluate the effect of a change from a rotating 3-shift (8-hour) to a 2-shift (12 hour) schedule on sleep, sleepiness, performance, perceived health and well-being.

	Study Design & Participants 
	Quasi-experimental study design N=32. Given 2 surveys: 3 months prior to change and 10 months after change.

	Intervention 
	Implementation of new shift schedule.

	Comparison(s) 
	Compared outcome measures between 3-shift (8-hour) to a 2-shift (12-hour) schedule.

	Outcome Measure(s) 
	Sleep (assessed with actigraphy), sleepiness (KSS), performance (a simple visual reaction time test), perceived health, and well-being (likert scale questionnaire).

	Key Finding(s) 
	The shift change to 2-shift 12-hour system increased satisfaction with work hours (p<0.05), sleep (p<0.05), and time for social activities. Health, perceived accident risk and reaction time performance were not negatively affected. Alertness improved and subjective recovery time after night work decreased. The quick changes in the 8-hour schedule increased sleep problems and fatigue. 





	Freer, 1995
RefID-n/a
PMID-n/a

	Study Setting 
	Regional referral center for neonatal intensive care

	Eligible Participants 
	Nurses working in the unit

	Study Aims 
	To determine perceptions of nurses following trial period of 12-hour shifts

	Study Design & Participants 
	Quasi-experimental study design N=13. Three-month trial period with nurses voluntarily participating in 12-hour shifts. Survey used to assess the impact of 12-hour versus 8-hour shift work (e.g., infant care, documentation / communication, attendance, performance, personal health, personal safety, job satisfaction).

	Intervention 
	Voluntarily working 12-hour shifts

	Comparison(s) 
	Perceptions of nurses on infant care – continuity of care, documentation / communication, attendance, performance, personal health, personal safety, job satisfaction compared by 8-hour and 12-hour shifts. Self reported sleep.

	Outcome Measure(s) 
	Perceptions of nurses on infant care – continuity of care, documentation / communication, attendance, performance, personal health, personal safety, job satisfaction, and self-reported sleep patterns.

	Key Finding(s) 
	Authors suggest possible differences in select outcome measures by shift duration, however, the authors do not report use of any formal statistical tests to test for differences (only report descriptive statistics). 






	Pierce, 1992
RefID-1484
PMID-n/a

	Study Setting 
	Police department in a Midwestern US community 

	Eligible Participants 
	Police officers

	Study Aims 
	To examine changes in interference with personal activities, work-schedule attitudes, general affect, and stress and fatigue between a forward rotating 8-hour shift schedule to a 12-hour compressed shift schedule 

	Study Design & Participants 
	Study was a quasi-experimental study (before / after) study design with N=50 participants (50/74 participating individuals were used for before/after comparisons). Surveys were distributed twice (before and after shift) and administered during two time periods: 2 weeks prior to shift change (during the 8-hour shift schedule) and 1 year after new schedule implementation (during 12-hour shift schedule). 

	Intervention 
	Introduction of a 12-hour compressed shift schedule. 

	Comparison(s) 
	Compared outcome measures between established 8-hour shift schedule (see details below) and implemented 12-hour shift schedule (see below). Short shift = 8-hour day shift-work schedule in which employees worked two 9-day weeks of 7 days on and 2 days off and one 10-day week of 7 days on and 3 days off before beginning the cycle over again. Long shift = 12-hour shift; consisted of a two-week forward- rotating 12-hour-day, 48-hour, 8-day-week work schedule that gave them 4 days on and 4 days off.

	Outcome Measure(s) 
	Work-schedule interference with personal activities and specific work-schedule attitudes, stress, fatigue, and organizational effectiveness. Organizational effectiveness measured with the Police Foundation’s instrument (1990). Work satisfaction assessed with 2-item Likert-scaled version of Smith’s (1976) Index of Organizational reactions. Hours of work, life, leisure time, organizational, job satisfaction assessed with Dunham and Herman faces scales. All other measures attained by scales cited in “Measures” section were used to assess.

	Key Finding(s) 
	Overall job, leisure time, and life satisfaction significantly improved following shift change (p<0.01). Overall level of stress and fatigue significantly decreased following change (p<0.01). Department’s performance of its specific patrol functions did not change. Work coordination and the servicing of external constituents’ needs significantly improved following change in shift (p<0.01). No change in attitudes, organizational commitment, job involvement, and intrinsic motivation.


	












	Peacock, 1983
RefID-7693
PMID-6873058

	Study Setting 
	Dartmouth City Police Force

	Eligible Participants 
	75 members of the Dartmouth City Police Force who were allocated to 4 platoons.

	Study Aims 
	To compare the 2 systems (8-hour-12 day versus 12-hour-8 day) with regard to their effects on the officers’ state of alertness and by implication, on the quality of service that was offered to the community.

	Study Design & Participants 
	Pre-post quasi-experimental design was used in this study. N=73 members of the Dartmouth City Police Force were enrolled in this study with an average age of 32.8 years. Officers were tested over a complete shift cycle for each shift system. The old system was tested in November. Testing of the intervention shift scheduling system was completed in May, 6 months after implementation

	Intervention 
	Implementation of a new shift system of 8 days of 12-hour shifts for police officers in 4 platoons.

	Comparison(s) 
	Old system of 12 days of 8-hour shifts compared to new system of 8 days of 12-hour shifts in regards to: cardiorespiratory fitness, blood pressure, sleep duration, sleep quality, performance measures and alertness measures.

	Outcome Measure(s) 
	W170 test of cardiorespiratory fitness: blood pressure and heart rate response measured during bicycle ergometer test. Reported sleep patterns as a measure of quality of sleep. Critical Flicker Fusion Frequency: alertness performance measure
Subjective rating of alertness on 7-point scale. Grammatical reasoning: performance measure.

	Key Finding(s) 
	W170 - Of the N=16 officers who were tested under both shift systems, there was a mean increase of 23.76 J/min, which was significant at the 99.9% level. There was a significant difference of 5 mmHg for diastolic BP in favor of the new system and a lower mean heart rate response to increasing workload. This indicated a greater level of fitness under the new system. No differences in grammatical reasoning, Critical Flicker Fusion Frequency, and subjective levels of alertness between two shift durations. Longer mean sleep time and better average sleep quality with longer duration shift.


















	Martin, 2015
RefID-15867
PMID-26281278 

	Study Setting 
	Description of study setting incomplete.

	Eligible Participants 
	N=9 nurses participated from 3 different units within one hospital.

	Study Aims 
	Description of study aims incomplete.

	Study Design & Participants 
	A pre-post quasi-experimental design with groups of N=3 nurses volunteering to modify their schedule to work 8-hour shifts over a 4-week period. N=7 total participants completed both pre and post survey assessments.

	Intervention 
	Change in hours of scheduled shifts from 12-hour shifts for 4 weeks to 8-hour shifts for 4 weeks.

	Comparison(s) 
	Assessing acute fatigue, chronic fatigue and inter-shift recovery with the Occupational Fatigue Exhaustion Recovery (OFER) at the end of 4 weeks of 12-hour shifts and then again at the end of 4 weeks of working 8-hour shifts.

	Outcome Measure(s) 
	The reliable and valid OFER instrument. Total sleep hours.

	Key Finding(s) 
	No statistically significant difference in mean total sleep hours between the two shift schedules (p=0.059). No statistically significant difference in acute fatigue or chronic fatigue measures of the OFER when comparing values between 12-hour and 8-hour shift duration. Mean and median values of inter-shift recovery as measured by the OFER were higher (more favorable) for the 12-hour shift duration versus the 8-hour shift duration (p=0.027)




	Rosa, 1989 
RefID- n/a
PMID- n/a

	Study Setting 
	A continuous processing plant.

	Eligible Participants 
	Control room operators

	Study Aims 
	To compare 3-4 day/12-hour rotating shift schedule to the 5-7 day/8-hour schedule on performance, alertness, sleep patterns and other personal habits.

	Study Design & Participants 
	Quasi-experimental, pre-post study. N=52 (8-hour), N=55 (12-hour) for NIOSH fatigue test battery measures. N=53 (8-hour) and N=67 (12-hour) for daily sleep and habits questionnaire. Model of transition 8-12, 7 months later n=24. ANOVA 8-hour within 8s, 7 months later n=52. ANOVA 12-hour within 12s, 7 months later n=55.

	Intervention 
	Implementation of 12-hour shifts.

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to grammatical reasoning and total sleep time stratified by shift time.

	Outcome Measure(s) 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NIOSH fatigue test battery. Daily sleep and habits questionnaire.

	Key Finding(s) 
	Crude comparison of 8-hour versus 12-hour shift not presented. For grammatical reasoning task, after statistically controlling for practice, 1.33 times more errors on the 12-hour shift. Total sleep time appeared to decline under the 12-hour shift. Sleep time appeared to be stable under the 8-hour schedule. Other relevant measures captured with ‘habits’ questionnaire. 






















	Rosa, 1991 
RefID- n/a
PMID- n/a

	Study Setting 
	A continuous processing plant

	Eligible Participants 
	Control room operators

	Study Aims 
	To assess long term adaptation to the 12-hour shift schedule.

	Study Design & Participants 
	Quasi-experimental, pre-post study. N=15 were present during all phases and performed NIOSH test battery all 3 times. N=20 who were present all 3 times and completed questionnaire. Previous work schedule: 8-hour shifts and often worked up to 7 consecutive days. New schedule: 12-hour shifts and typically worked 3 or 4 days. Follow-up to Rosa, 1981 and 1989: Collected data 3-5 years after the change.

	Intervention 
	A 12-hour shift schedule

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to grammatical reasoning, dual reaction time, sleepiness and Gastro-Intestinal (GI) distress.

	Outcome Measure(s) 
	NIOSH fatigue test battery. Daily sleep and habits questionnaire.

	Key Finding(s) 
	No differences in grammatical errors were found between 7 months and 3-5 years. There was an increase in errors in the early evening at the end of 12-hour day shift compared to the 8-hour evening shift, and a similar result was found at the end of 12-hour night and 8-hour shift. Dual reaction time was slower on 12-hour shifts compared to 8-hour. Slowest during the 12-hour 7 month results. Sleepiness increase across both types of night shift with the greatest increase in the 12-hour night shift. Gastro-Intestinal distress was rated higher on 12-hour day shift at 3-5 years compared to 8-hour shift.





















	Mitchell, 2000 
RefID- n/a
PMID-10709754 

	Study Setting 
	Electrical power station

	Eligible Participants 
	Employees at the electrical power station.

	Study Aims 
	To investigate the changeover from an 8-hour to a 12-hour shift roster in a particular workplace through examining on-shift performance, general health and well-being, sleep and mood behavior, as well as absence and accident data at the workplace.

	Study Design & Participants 
	Quasi-experimental study design. N=27 male employees; N=15 participants for 8-hour shift data collection and N=12 for 12-hour shift data collection. Participants completed several test measures during the 8-hour shift period. The same test measures were completed again while working the 12-hour shift roster, 10 months after the 12-hour shift had been implemented.

	Intervention 
	Changeover from an 8-hour roster to a 12-hour roster.

	Comparison(s) 
	Comparing 8-hour shifts to 12-hour shifts based on performance, general health and well-being, sleep and mood behavior, absences and accidents.

	Outcome Measure(s) 
	A modified Standard Shiftwork Index. Sleep diaries for information regarding napping, sleep quality and mood. A small battery of performance tests from the Information Processing and Performance Test System. Leave and accident frequency were collected.

	Key Finding(s) 
	Employees during the 8-hour roster experienced more health complaints (t=2.07, p<0.05), and a higher percentage of people used sleep aids than the 12-hour roster. Significant differences were found to exist between the two rosters for coping with social life (p<0.045) and coping with home life (p<0.01). Employees felt they coped better under the 12-hour schedule. Employees working the 8-hour roster had significantly more broken sleep patterns (F=4.65, p<0.04). They also experienced significantly more awakenings from sleep during the 8-hour roster (F=6.45, p<0.014).
General analysis of variance on the number of hours slept revealed no significant difference for roster type. General analysis of variance on the number of awakenings (p=0.014) and the number of sleep periods (p<0.04) on each sleep period differed significantly for roster type. Employees working the 12-hour roster indicated that their sleep was of better quality than when working the 8-hour roster (F=26.03, p<0.0001). Employees on the 12-hour roster reported feeling more refreshed after a sleep period (F=27.55, p<0.0001). 12-hour roster workers also got deeper sleep (F=10.85, p<0.002). For the mood status, there is no difference between two roster types.
The number of absences is larger in the 12-hour roster than 8-hour roster.















	Di Milia, 1988 
RefID- n/a
PMID- n/a

	Study Setting 
	A coal mine.

	Eligible Participants 
	12 male electricians working in a coal mine.

	Study Aims 
	To determine the impact on total sleep time in changing from 8-hour to 12-hour shiftwork, and how the amount of sleep differed between identical work periods at the start and end stages of the 12-hour cycle.

	Study Design & Participants 
	Quasi-experimental study design, N=3 subjects provided complete sleep data for the study duration. A repeated measures design collected data over five time periods covering 11 months. Time 1 was during the 8-hour shift system, 5 weeks before the implementation of the 12-hour shift system. Times 2-5 were during the 12-hour shift system.

	Intervention 
	Fast rotating compressed work week utilizing 12-hour shifts.

	Comparison(s) 
	Comparing 8-hour shift system versus 12-hour shift system based on total sleep duration and sleep duration following day shift, following night shift, and during registered days off; also based on shift preference.

	Outcome Measure(s) 
	Sleep diaries modeled after Tune (1968) used to self-record sleep duration. 
Questionnaire given pre and post shift change to obtain ratings of satisfaction with the 12-hour shift system.

	Key Finding(s) 
	See Table 2 in paper. No significant differences in total sleep duration were found.
Significant decreases (p<0.05) in sleep after night shift were found in the 12-hour shift system (time 2-5). Sleep during registered days off was significantly increased (p<0.05) in the 12-hour shift system (time 2-3). 




















	Cydulka, 1994 
RefID- n/a
PMID-7621203

	Study Setting 
	Cleveland EMS

	Eligible Participants 
	All EMS employees for the city of Cleveland 

	Study Aims 
	To determine if stress levels of EMS personnel can be reduced by adjusting work schedule to personnel preferences.

	Study Design & Participants 
	A quasi-experimental design that authors label as a prospective cohort design. 
EMS employees voluntarily filled out an abbreviated medical personnel stress survey (MPSS-R) in September 1989, February 1991, and September 1991. A new scheduling pattern was made available in March of 1991. N=140 EMS employees participated with N=27 employees on a new schedule (12-hour shifts, 3 days on/2 days off) and N=109 on the old schedule (8-hour shifts, 6 days on/2 days off).

	Intervention 
	EMS employees volunteered to switch from shorter 8-hour shifts, 6 days on, 2 days off to a new shift cycle proposed by staff that involved longer 12-hour shifts, 3 days on, 2 days off, 2 days on, 3 days off.	

	Comparison(s) 
	Compared scores on outcome measures among those that switched to new schedule to those that remained on the old (8-hour) schedule. Short shift = (old) 8-hour shifts, 6 days on, 2 days off. Long shift = (new) 12-hour shifts, 3 days on, 2 days off.

	Outcome Measure(s) 
	Abbreviated version of MPSS-R, which measures four components of occupational stress, somatic distress, negative patient attitudes, job dissatisfaction and organizational stress.

	Key Finding(s) 
	Job dissatisfaction increased (less satisfied) after changing from 8-hour to 12-hour shift schedule. Authors detected no long-term differences in stress scores one-year after change in shift schedule. 






	Loudoun, 2008 
RefID-n/a 
PMID-18281012 

	Study Setting 
	Two processing plants

	Eligible Participants 
	N=186 full time machine operators

	Study Aims 
	To investigate the relationship between work/non-work conflict and shift length using a longitudinal research design, and also examines relationships between work/non-work conflict and physical and psychological health.

	Study Design & Participants 
	Quasi-experimental study design, N=137 participants (N=130 male, N=7 female).
Groups A and B changed from 8- to 12-hour shifts during the study, while Group C acted as a control group, staying on a 12-hour shift. Data collected in 3 stages: 1 month prior to change, 6 months after change, and 1 year after change.

	Intervention 
	Change from an 8-hour shift schedule to a 12-hour shift schedule.

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to psychological and physical health

	Outcome Measure(s) 
	Subjective health measured using the GHQ for psychological symptoms, and the Physical Health Questionnaire (PHQ) for physical symptoms.

	Key Finding(s) 
	No difference in work/non work conflicts detected between groups.
























	Vik, 1982 
RefID- n/a
PMID- 6915958

	Study Setting 
	A large, tertiary care, general teaching hospital

	Eligible Participants 
	Patients in one of 6 units in the hospital, 3 with 8-hour shift schedule and 3 with 12-hour shift schedule (units matched for type and amount of nursing care).

	Study Aims 
	To determine if the quality of care delivered by nurses on a 12-hour shift differed from nurses on an 8-hour shift.

	Study Design & Participants 
	Cross-sectional, observational study using matched pair design. N=60 patients in hospital selected; N=30 from each shift group. Required care for each patient determined via chart review. Patients were randomly assigned to be observed during 1 of 3 time periods for 2 hours. N=57 in final analysis.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift for nurses in regards to quality of patient care

	Outcome Measure(s) 
	Quality Patient Care Scale (QualPacs): 68-item scale measuring quality of care; standard of measurement determined by that expected of first level staff nurse on rating of 1 to 5.

	Key Finding(s) 
	Mean QualPacs score for 8-hour shift group was 3.0 with a range of 2.5-3.3, while the mean score for the 12-hour shift group was 2.7 with a range of 2.1-3.1. The difference between the two shifts was statistically significant. Quality of care received in 8-hour shift was significantly higher than that of 12-hour shift. 






















	Rogers, 2004 
RefID-n/a
PMID- 15318582

	Study Setting 
	United States

	Eligible Participants 
	N=4,320 registered nurses (RN’s) who were members of the American Nurse Association (ANA)

	Study Aims 
	To examine the work patterns of hospital staff nurses and to determine if there is a relationship between hours worked and the frequency of errors. 

	Study Design & Participants 
	Prospective observational study. N=393 full-time RN’s completed the survey.
RNs completed two, 2-week logbooks and questionnaires to gather data regarding working hours and errors.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing up to 8.5-hour shift versus 12.5-hour or more shift in regards to errors and near errors.

	Outcome Measure(s) 
	Logbooks: hours worked. Questionnaire: errors, near errors

	Key Finding(s) 
	The likelihood of making an error increased with longer work hours and was three times higher when nurses worked shifts lasting 12.5 hours or more (OR=3.29, p=.001). 








	Nelson, 1988 
RefID- n/a
PMID- 3186054

	Study Setting 
	Two large tertiary teaching hospitals in a Midwestern city

	Eligible Participants 
	Registered professional nurses who had been working in their present ICU for at least one year and whose shifts occurred between 0600 and 1900 hours. Also all must have had similar nursing skill levels and similar levels of patient acuity upon observation.

	Study Aims 
	To objectively determine if there is any difference in the nursing care delivered by nurses working the 12-hour shifts compared to 8-hour shifts.

	Study Design & Participants 
	Cross-sectional, observational study. N=20 Nurses; randomly selected 10 from 12-hour shift and 10 from 8-hour shift. Nurses observed one at a time during the final 2 hours of their shift. Nurses were blinded to the true intentions of the observer.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 12-hour shift versus 8-hour shift based on QualPacs.

	Outcome Measure(s) 
	Assessed quality of nursing care using QualPacs. 

	Key Finding(s) 
	No statistically significant difference in mean QUALPACS scores between the 2 shift durations. Amongst categories a significant difference was found between Professional implications (p=0.047) with the 8-hour shift showing higher composite scores.




	Johnson, 2008 
RefID- 15909
PMID-18545219 

	Study Setting 
	Forsyth Medical Center, Winston-Salem, N.C. an 850-bed hospital

	Eligible Participants 
	Nurses at Forsyth Medical Center that worked 12- or 8-hour shifts

	Study Aims 
	To conduct a controlled study of the effects of 8-hour versus 12-hour shifts on several measures of staff nurse performance. 

	Study Design & Participants 
	Prospective cohort study. N=256 nurses participated. N=189 worked 12-hour shifts and N=67 worked 8-hour shifts. Data was collected for a 2-week period for each subject.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing 8-hour versus 12-hour shifts based on differences in levels of fatigue, medication errors, patient falls, and patient complaints.

	Outcome Measure(s) 
	Two data collection tools designed. One collected information regarding hours of work, and recorded scheduled hours worked, overtime, extra shifts worked and demographic information (shifts worked, unit, years of experiences, gender, age, float status). The second tool was designed to collect information on job performance including medication errors, patient complaints, patient falls, and nurses’ self-reports of fatigue. 

	Key Finding(s) 
	8-hour shift nurses were 2.38 times more likely to report fatigue than 12-hour shift nurses. No statistical difference in errors made by nurses regularly working 8-hour shifts and nurses regularly working 12-hour shifts.




	Stone, 2006 
RefID- 14629
PMID-17122714

	Study Setting 
	Thirteen New York City hospitals with data collected from adult general inpatient units

	Eligible Participants 
	N=13 hospitals and direct care nurses working in general adult ward.

	Study Aims 
	To compare the effects of 8-hour and 12-hour shifts on nurse, system, and quality patient care outcomes.

	Study Design & Participants 
	Study used a cross-sectional design with data collected from multiple sources in 2003–2004, including a nurse survey and administrative and patient records. N=805 useable surveys (N=504, 8-hour shift, and N=301, 12-hour shift).

	Intervention 
	No intervention

	Comparison(s) 
	Compared changes in nursing outcomes, system outcomes and quality of patient care outcome measures in groups of nurses who worked 8-hour shifts and group of nurses who worked 12-hour shift.

	Outcome Measure(s) 
	Nursing Outcomes: Burnout – Maslach Burnout Inventory (MBI) with 3 subscales. Job Satisfaction – Job Enjoyment Scale (5 point Likert Scale). Scheduling satisfaction, preferences, and intention to stay in current position – 1 item self-report measure. Employee health and safety – reported absenteeism and injuries. Quality of Patient Care: Unit level measures – incident reports on (1) medication events per patient bed, (2) patient falls per patient bed (defined as any unplanned descent to the floor), and (3) decubitus ulcer prevalence per patient bed. Self-report nurse perceived quality of care.

	Key Finding(s) 
	Nursing outcomes: Compared to 8-hour shift, those working 12-hour shifts were, on average, more satisfied with their jobs, experienced less emotional exhaustion, were more than 10 times more satisfied with schedules, 2 times as likely to perceive 12-hour schedules as important, and 58% less likely to report missing shifts (all P values <0.05). No differences in reported injury. Personnel safety described as a combined measure of self-reported injury and absenteeism. Quality of patient care: There was no differences in any of the quality of patient care variables by shift duration.


















	Baker, 1994 
RefID- 9062
PMID- 8070790 

	Study Setting 
	United States

	Eligible Participants 
	All operating commercial nuclear power plants listed with the U.S. Nuclear Regulatory Commission (USNRC) for the year 1987.

	Study Aims 
	To explore whether the use of overtime and the 12-hour shift schedule has consequences for nuclear power plant safety performance.

	Study Design & Participants 
	Secondary data analysis of archival (existing) shift and safety records for the year 1987. U.S. Nuclear Regulatory Commission provided information on the use of 12-hour and 8-hour operator shift schedules for all operating commercial nuclear power plants for 1987. N=20 of 102 plants used 12-hour shifts.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour versus 12-hour shift in regards to plant safety performance indicators

	Outcome Measure(s) 
	Operator-error licensee event reports, nuclear regulatory commission violations, significant events, scrams, safety system actuations and safety system failures.
Estimates of personnel-related errors were derived from cause-coded Licensee Event Reports (LERs). The LERs estimate frequency of operator and maintenance personnel errors, but not technical personnel errors. These estimates do not represent true group-level error rates because they are derived from reportable plant events that do not include all instances of human error. 

	Key Finding(s) 
	Table 4 lists results for plant safety performance indicators. The 12-hour operator shift is associated with a high incidence of operator-error LERs. None of the other safety performance indicators resulted in significant findings.




















	Laundry, 1991
RefID-n/a
PMID-1941288

	Study Setting 
	A large company that manufactures synthetic yarn. The setting has maintained a continuous production operation since the 1950’s.

	Eligible Participants 
	All full time production workers who were employed on April 30, 1985.

	Study Aims 
	To examine on-and off-the-job injuries and compare the 10 year periods 1965 through 1974 (8-hour shifts) and 1975 through 1984 (12-hour shifts) with respect to injury rate, injury severity, and time of injury among the workers. 

	Study Design & Participants 
	Retrospective cohort. N=247 were working during the entire period of analysis (1965 to 1984) Data were analyzed separately for the N=247 and the total study population.
Severity of injury was categorized into 4 groups: Minor, requiring first aid but not medical care (even if first aid given by doctor or nurse). Medical care needed from a nurse (under standing orders from doctor) or doctor. Injury level 2 severity, but a work restriction was also necessary for all or part of the shift. Injury that necessitated a lost work day or shift. Age/sex standardized injury ratios (A/SSRs) were calculated for periods 1965-1974 and 1975-1984 to quantify risk of working each shift system. A random sample of records was examined.  

	Intervention 
	No intervention

	Comparison(s) 
	Three 8-hour shift system versus two 12-hour system. 

	Outcome Measure(s) 
	Injury rate, injury severity

	Key Finding(s) 
	Overall accident rates were reduced on the 12-hour shift schedule, but statistical significance was only reached for lower accident categories. Age/Sex Standardized injury ratios. On the job: 8-hour 1.71 CI (1.63, 1.79) and 12-hour 1.08 CI (1.03, 1.14). Level 1 injuries: 8-hour 1.77 CI (1.68, 1.87) and 12-hour 1.12 CI (1.06, 1.18). 







	Palmer, 1991 
RefID- n/a
PMID- 1891149 

	Study Setting 
	Southern California. A 132-bed, non-profit, full service community hospital.

	Eligible Participants 
	Full time RNs and LVNs of at least one year’s service.

	Study Aims 
	To compare the actual work habits and performance of nurses who worked 12-hour shifts with those of nurses who worked 8-hour shifts.

	Study Design & Participants 
	Retrospective analysis of personnel files (total number unclear), appraisal and continuing education records. Also a cross-sectional questionnaire given to the nurses. All eligible nurses were partitioned into two groups, 12-hour shift workers and 8-hour shift workers. Each nurse was assigned a number and 40% of the random sample was enrolled in the study.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing 8-hour versus 12-hour shift in regards to job performance and job satisfaction.

	Outcome Measure(s) 
	Work habits and performance: Gathered from personnel records. Nurse satisfaction:  an original questionnaire was used.

	Key Finding(s) 
	No statistical significant difference between the two shifts on job performance or attendance. 12-hour workers were significantly more satisfied with their jobs than 8-hour workers.







	Daniel, 1989
RefID- n/a
PMID- 2806216

	Study Setting 
	Chemical factory.

	Eligible Participants 
	Operators in the chemical factory who worked between 1 and 20 years. 

	Study Aims 
	To assess certain peculiarities of 8-hour and 12-hour shift work on altered performance in psychomotor and higher cognitive functions. 

	Study Design & Participants 
	Cross-sectional, observational study. N=34 operators (N=18, 8-hour workers, N=16, 12-hour workers). At 4-hour intervals (daily for 1-week) the investigators administered DRT, tapping, logical reasoning, memory, and search tasks. 

	Intervention 
	No intervention.

	Comparison(s) 
	Comparing 8-hour shift workers versus 12-hour shift workers in regards to psychomotor performance, and cognitive tasks.

	Outcome Measure(s) 
	Performance in psychomotor and higher cognitive functions by measures of disjunctive reaction time (DRT) (Vienna Reatometer), tapping (Messrs Shufried; 16s tapping), logical reasoning, memory and search tasks. 

	Key Finding(s) 
	A difference of statistical significance between 8-hour and 12-hour shift was seen only in the 4th measurement of disjunctive reaction time (p<0.05). This indicated that 12-hour shift workers decline in performance 4-hour earlier than 8-hour. A statistical difference between the 8-hour and 12-hour groups in regards to performance tapping was seen in the first measurement (p<0.05). Search task was combined with memory load, search time in the 8-hour group increased slightly while in the 12-hour group the increase in the night hours was different (Not adjusted for confounding).
Performance curves in the task of logical reasoning showed similar trends as in search & memory load, with a significant difference noted in the first measurement.






	Washburn, 1991 
RefID-15917
PMID- 1679915

	Study Setting 
	Suburban 287-bed, acute care, med/surg hospital located in Southwestern Ohio.

	Eligible Participants 
	Sample consisted of N=94 registered nurses and N=23 Licensed Practical Nurses (LPNs).

	Study Aims 
	To assess the effect of shift length on fatigue.

	Study Design & Participants 
	Prospective cohort design (however, authors label their study design as quasi-experimental). Survey of N=117 nurses, N=68 nurses worked 8-hour shifts and N=49 worked 12-hour shifts. They were recruited on voluntary basis. The researcher administered the two test measures in the first hour of each subjects shift (pretest) and again in the last hour of the shift (post-test).

	Intervention 
	12-hour shift implementation.

	Comparison(s) 
	Compared fatigue level between nurses working 8-hour shifts compared to nurses working 12-hour shifts.

	Outcome Measure(s) 
	Fatigue, Drowsiness and concentration were measured by 30-item checklist developed by the industrial fatigue research committee of the Japanese Association of Industrial Health. The Three Minute Reasoning Test based on grammatical transformation by Baddeley measured critical thinking.

	Key Finding(s) 
	Fatigue scores and subjective symptoms of fatigue revealed no significant differences between 8-hour shifts and 12-hour shifts (Exhibit 2 in paper). There was no significant difference between shifts on critical thinking scores (Exhibit 3 in paper). 






	Axelsson, 1998
RefID-n/a 
PMID-9916819 

	Study Setting 
	Power plant in Stockholm Sweden

	Eligible Participants 
	Power plant workers. N=76 invited to participate and N=49 volunteered. N=31 total participants with complete data.

	Study Aims 
	To compare 12-hour shifts during weekends with 8-hour shifts during weekdays impact on sleep, physical effort, sleepiness and performance.

	Study Design & Participants 
	Prospective cohort study; participants completed sleep diaries daily, rated sleepiness every 2 hours, and completed performance tests at the start and end of shifts. Eight-hour shifts were worked from Mondays to Thursdays and 12-hour shifts from Fridays to Sundays. The analyses compared the 1st three 8- and 12-hour morning (M) shifts, and, for night (N) shifts, the three 12-hour shifts were compared with the 1st two 8- hour shifts and the 4th 8-hour shift. Since the sleep episode after the last 8- and 12-hour N shifts, respectively, was reduced by about 1.5 hours when compared with the other day sleep episodes, the 4th (and last) 8-hour N shift was considered more appropriate for the present analyses (comparing 8- and 12-hour shifts) than the 3rd shift.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing sleep, sleepiness, and performance measures by shift duration (8-hour versus 12-hour). N=13 participants produced complete data for at least one 8-hour and one 12-hour shift. N=15 participants produced complete data for the vigilance task test. 

	Outcome Measure(s) 
	Sleep was measured with daily self-reported sleep diaries. Sleepiness was measured with the KSS and with the Borg CR-10. Performance for half of subjects was tested with a serial simple reaction time test and the other half the vigilance task test. 

	Key Finding(s) 
	N=31 total participants with complete data. Sleepiness and ratings of physical effort varied over the course of both 8-hour and 12-hour shifts dependent on time of day. Over the course of shift work, ratings of sleepiness on 8-hour shifts were worse (higher) than ratings for 12-hour shifts (and vice versa). Performance testing showed no differences (main effects) between shifts (8-hour versus 12-hour). Total sleep time was longer for participants working 12-hour day shifts than 8-hour day shifts (main effects p=0.04; Table 2 in paper). Total sleep time for the last day off was longer for participants working 12-hour day shifts than 8-hour day shifts (main effects p=0.04; Table 2 in paper). Feelings of being well-rested were higher/ better for participants working 12-hour day shifts than 8-hour day shifts (main effects p=0.04; Table 2 in paper).















	Rosa, 1993
RefID- n/a
PMID- 8223409

	Study Setting 
	Gas control station and stations 1, 2, at a gas storage company

	Eligible Participants 
	All Gas control workers at the gas control and two stations. Station 1 tested for those on 8-hour shifts. Station 2 tested for those on 12-hour shifts.

	Study Aims 
	To compare 8-hour shift schedule and 12-hour shift schedule by the worker’s performance/fatigue.

	Study Design & Participants 
	Prospective cohort design. Test battery n=9 for 8-hour only, n=12 for 12-hour only, n=5 for crossover. Questionnaire n=9 for 8-hour only, n=12 for 12-hour only, n=9 for crossover.

	Intervention 
	No intervention

	Comparison(s) 
	8-hour / 5-7-day shift schedule compared to 12-hour / 2-4-day shift schedule.
For five weeks (more than one shift cycle) of testing on the 8-hour schedule began at gas Control and Station 1. Ten months later, workers were tested for five weeks on the 12-hour at Gas Control while the 8-hour schedule was retested at Station 1. 
Meanwhile, Station 2 workers were tested for 5-10 weeks at 6 and 10 months of experience at 12-hour shifts.

	Outcome Measure(s) 
	Computerized Performance/ alertness/ fatigue battery test. Survey on personal sleep habits. The test battery occurred at various times on all shifts under both 8-hour and 12-hour shifts. Battery test included grammatical reasoning, digital addition, reaction time, auditory reaction time, subjective workload, sleepiness, mood, GI distress.

	Key Finding(s) 
	From battery: 9% more grammatical errors on 12-hourshifts (p<0.01). Slowest reaction time at end of 12-hour night shift (p<0.001). 1.1% more simple reaction time misses on 12-hour shifts (p<0.001). Variation in sleepiness based on shift type but most sleepy on 12-hour night shift (p<0.001). More GI distress on 12-hour night shift than 8-hour night shift (p<0.03). From survey: Found no difference in sleep measures by shift duration.









	Fields, 1988 
RefID-15864 
PMID- 2900476

	Study Setting 
	Critical care floor in an N= 415 bed adult acute care hospital in Southern California

	Eligible Participants 
	Nurses working either 8-hour or 12-hour shifts in the critical care department of the study hospital.

	Study Aims 
	This study attempted to provide data regarding the precise effects of 8-hour and 12-hour shifts on critical care nurses’ fatigue levels and critical thinking abilities.

	Study Design & Participants 
	Authors report use of a quasi-experimental design, yet there is no formal description that details this type of design. The description suggest a prospective cohort design of N=102 nurses that regularly work 8-hour or 12-hour shifts out of a possible N=350 registered nurses.

	Intervention 
	No intervention

	Comparison(s) 
	Comparisons of interest include differences in measurements of fatigue and critical thinking taken at the start and end of 8-hour and 12-hour shifts.

	Outcome Measure(s) 
	The 3-minute Reasoning Test Based on Grammatical Transformation and Subjective Symptoms of Fatigue Test. The fatigue test measured 3 domains of fatigue (degree of drowsiness, difficulty with concentration and projection of physical impairment).

	Key Finding(s) 
	No differences detected between 8-hour and 12-hour shifts for the global measure of fatigue. No difference in cognitive performance between 8-hour and 12-hour shifts.









	Gillespie, 1996 
RefID- 15986
PMID- 8949104 

	Study Setting 
	Four medical wards in the Victoria Infirmary National Health Service (NHS) Trust, Glasgow.

	Eligible Participants 
	Nurses working at the hospital. N=103 eligible

	Study Aims 
	To improve the assessment of the 12-hour shift in the UK.

	Study Design & Participants 
	A cross-sectional survey and in-depth interview study design. N=50 nurses participated (61% from the 12-hour and 34.6% from the 8-hour shift systems). N=10 from the 8-hour and N=10 from the 12-hour group participated in in-depth interviews.

	Intervention 
	No intervention

	Comparison(s) 
	Compared two wards working 8-hour traditional shifts with two wards working 12-hour shifts looking at perceptions of nurses working the shifts, performance on the job and fatigue.

	Outcome Measure(s) 
	A survey that measured nurse perceptions of shift duration and structure on their time spent with patients, time for handover, communications and effects on personal life.
In-depth interviews used to validate responses to the survey. Documentation was reviewed for completeness as a measure of nurse performance. Accidents to staff assessed via documentation. Patient satisfaction assessed with interviews.

	Key Finding(s) 
	Did not perform statistical comparison on performance based on documentation completion or tiredness so results were determined to be inconclusive. When comparing tiredness of the 12-hour shift to the 8-hour, 80% noted tiredness as a problem when working the 8-hour shift. 






	Tucker, 1998 
RefID-n/a
PMID-9916817

	Study Setting 
	17 manufacturing and engineering companies.

	Eligible Participants 
	8-hour and 12-hour shift workers at these engineering and manufacturing companies.

	Study Aims 
	To examine the combined effects of shift length (8-hour versus 12-hour) and night-to-morning shift changeover time (0600 versus 0700) on retrospective on-shift alertness ratings. 

	Study Design & Participants 
	Cross-sectional, questionnaire study. N=862 workers. Four groups of industrial shift workers completed surveys. Two groups worked 8-hour shift systems and started their morning shifts at either 0600 (N=171) or 0700 (N=89); the other two groups worked 12-hour systems, starting their day shifts at either 0600 (N=335) or 0700 (N=267).

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour versus 12-hour shift in regards to alertness and chronic fatigue

	Outcome Measure(s) 
	Survey of Shiftwork (SOS): revised version of the SSI that looked at retrospective alertness and chronic fatigue

	Key Finding(s) 
	There was no main effect of shift length. 12-hour workers were significantly more alert than the 8-hour workers between 0800 and 1200, and also at 2200.
8-hour workers were significantly more alert than the 12-hour workers at 1400 and 1600. The SOS findings suggested sleep duration and disruptions varied by shift duration and shift timing. Chronic fatigue between 8-hour versus 12-hour via ANOVA crude F ratio is 9.42 (p<0.01) covariance of 5.62 (p<0.05) (more common in 8-hour shift).
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RefID-n/a
PMID- 9038802

	Study Setting 
	3 various, unidentified chemical plants

	Eligible Participants 
	Male chemical workers. No exclusion criteria provided

	Study Aims 
	To compare the advantages, disadvantages and health consequences of working a 12-hour shift compared to an 8-hour shift.

	Study Design & Participants 
	Cross-sectional, observational survey study. N=92 worked two 12-hour shifts, N=70 worked three 8-hour shifts. All workers completed a modified version of the SSI and a retrospective alertness rating scale, which was distributed by the 3 plants and returned directly to the investigators. 

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour shift workers versus 12-hour workers in regards to various health, sleep, fatigue, alertness, and satisfaction measures.

	Outcome Measure(s) 
	SSI a set of questionnaires designed to assess shiftwork-related issues. Specific measures included were: biographical and work information, psychological well-being, physical health, job satisfaction, sleep quality and duration, fatigue and alertness. Retrospective alertness scale by Folkard et al (p. 769).

	Key Finding(s) 
	No difference in psychological well-being or psychiatric morbidity incidence. The 8-hour group reported more perceived disruption with social issues and a greater desire to give up shift schedule but also a greater perception of advantages over disadvantages for their shift. Those in the 8-hour group reported more symptoms of cardiovascular disease and more shift satisfaction. No crude, pairwise comparison of sleep duration and disturbances based on shift duration, differences were found based on subgroup analysis. There was no difference in reported fatigue or mean ratings of alertness on shift.
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RefID- 18332
PMID- n/a

	Study Setting 
	Graz and Villach, Austria 

	Eligible Participants 
	Austrian rail traffic controllers working comparable tasks.

	Study Aims 
	To compare if the traditional 12-hour shift remains superior to the 8-hour shift in psycho-physiological measures of rail traffic controllers.

	Study Design & Participants 
	Prospective cohort study. N=18 subject volunteers (N=9, 8-hour shift workers, N=9, 12-hour shift workers)

	Intervention 
	No intervention

	Comparison(s) 
	Changes in fatigue, monotony, arousal and stress in 8-hour shift workers verses traditional 12-hour shift workers.

	Outcome Measure(s) 
	Questionnaires for Analyzing Faulty Behaviors and Attitudes in Coping With Work Demands, and a German adaptation of the Karasek Questionnaire of Experienced Job demands and Decision Latitude. Measures of monotony, fatigue, stress and saturation: measures of subjective stress reports (BMS). Measures of tension, relaxation, pain and sickness: means of reported physical symptoms (MKLS).
Anthropometric measures: Heart rate (HR) and Heart rate variability (HRV).

	Key Finding(s) 
	Study found no difference in acute fatigue by shift duration. Stress scale found no significant differences between shift durations. Only significant difference in MKLS reports was relaxation, higher rates of relaxation in 12-hour shift. The group main effect was highly significant (F=10.00; df=1/16, p < .001), due to the HR in the 8-hour shift being markedly lower, especially during the second half of the shift (mean HR = 67.56), compared to the 12-hour shift (mean HR = 71.11). 







	Makowiec-Dabrowska, 2000
RefID-9859
PMID- 11082553 

	Study Setting 
	ICUs, Pediatric Departments, Surgical departments and other operational wards, Internal diseases and other non-operational wards, and Admissions and Diagnostic Laboratories.

	Eligible Participants 
	N=698 RNs who worked at a hospital in one of the units in the daytime on 8-hour or 12-hour shifts and did not perform any managerial functions. 

	Study Aims 
	To check whether a working system (12-hour shift work) causes excessive workload for nurses.

	Study Design & Participants 
	Prospective observational study. N=698 participants. Nurses also filled out questionnaires to assess mood and stress.

	Intervention 
	No intervention

	Comparison(s) 
	Compared nurses working 8-hour shifts to nurses working 12-hour shifts based on measures of workload, stress, fatigue, sleep, and mood.

	Outcome Measure(s) 
	Number of minutes per hour spent in constrained, uncomfortable conditions. Global stress levels. Mood states: POMS questionnaire. Level of fatigue and sleep duration.

	Key Finding(s) 
	Nurses obtained more sleep on the 12-hour shifts compared to the 8-hour shifts.
Greater level of work stress, smaller level of job control, greater job demands with 12-hour shifts as compared to 8-hour shifts. Nurses working 8-hour shifts had poorer mood states and less sleep than nurses on the 12-hour shift. The level of fatigue after work and global stress did not differ significantly between the groups of nurses.






	Iskra-Golec, 1996
RefID- 21429
PMID-n/a

	Study Setting 
	Hospital Intensive Care Units (ICU)

	Eligible Participants 
	Full-time ICU nurses under 35 years old and without children.

	Study Aims 
	To compare measures of health, sleep, psychological and social well-being, job satisfaction and burnout of ICU nurses on 12-hour and 8-hour shifts.

	Study Design & Participants 
	Cross-sectional, observational, survey study of N=126 total. 12-hour nurses (N=96) and 8-hour nurses (N=30) were matched for age, shiftwork, experience, and marital status. All subjects individually completed a questionnaire during a specially allotted time in their working hours.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift in regards to health, sleep, psychological and social well-being, job satisfaction and burnout.

	Outcome Measure(s) 
	SSI: health, fatigue, sleep disturbances, job satisfaction. MBI: burnout

	Key Finding(s) 
	The 12-hour shift nurses when compared to 8-hour nurses, experienced more chronic fatigue (p<0.01), cognitive anxiety (p<0.05), sleep disturbance (p<0.01), tiredness after sleep (p<0.05), and emotional exhaustion (p<.05). Job satisfaction appears to be independent of the shift duration.
























	Costa, 2014 
RefID-5711 
PMID-25216205 

	Study Setting 
	Milano, Italy

	Eligible Participants 
	N=294 nurses examined in a survey focused on work-related stress. 69.5% worked in the ICU, 30.5% in Poli-Specialistic Wards

	Study Aims 
	Assessing the impact of 3 types of fast rotating shift schedules on nurses’ health & wellbeing, sleep and alertness at work

	Study Design & Participants 
	Prospective cohort study N=294 participants with questionnaire surveys and semi-structured interviews. A sub-sample of N=30 (matched by age and work seniority) enrolled and provided measurements of actigraphy, sleep diaries and saliva samples during their rotation for 5 or 6 days.

	Intervention 
	No intervention

	Comparison(s) 
	Comparison of outcomes by three different shift rotations and durations: 3x8-hour rotation every 5 days with a backwards rotation (labeled the 3x8x5). 3x8-hour rotation every 6 days with a backwards rotation (labeled the 3x8x6). 2x12-hour rotation every 5 days with a forward rotation.

	Outcome Measure(s) 
	Questionnaire included: Standard Shiftwork Index (SSI), Effort Reward Imbalance, ESS, emotional load and dissonance scales, job satisfaction, multiple health measures. Sleep duration.

	Key Finding(s) 
	Nurses working the 2x12-hour rotation rated sleep quality higher than nurses working the 3x8 rotations (p<0.05). Ratings of sleep after a night shift rotation were worse among nurses working the 3x8-hour rotation compared to nurses working the 2x12-hour rotation (p<0.05). Ratings of sleepiness at the start of a night or morning shift were higher (worse) among nurses working the 3x8-hour rotation compared to nurses working the 2x12-hour rotation (p=0.05; p<0.08, respectively). Total sleep between shifts was longer for nurses working the 2x12-hour rotation versus the 3x8-hour rotations. Higher percentage of 2x12 nurses (60% versus 51.3%) considered shiftwork as having more advantages than disadvantages. Nurses working the 2x12-hour reported lower scores of sleep troubles – when working the daylight rotation – when compared to 3x8 nurses working morning shifts (t=2.26, p<0.05). A positive association between languidity with overcoming drowsiness was observed among nurses working the 3x8-hour rotations (p<0.01). 
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	Study Setting 
	Assistance Publique – Hopitaux de Paris (public hospital system of the city of Paris, France)

	Eligible Participants 
	Head nurse supervisors, head nurses, registered nurses, operating room nurses, anesthesiology nurses, pediatric nurses, nursing auxiliaries, hospital agents, midwives, and full time physicians from 17 hospitals who worked in internal medicine, geriatrics, general pediatrics, orthopedic and general surgery, obstetrics, anesthesiology, ICU, emergency rooms, operating rooms.

	Study Aims 
	To investigate the effects of work schedules on the psychological well-being, general job satisfaction, physical health, and sleep in a population of hospital workers.

	Study Design & Participants 
	Cross-sectional survey study design. Data was collected between March and April 1999. Members of the Committee on Health and Safety of Working Conditions and occupational physicians distributed questionnaires. N=3,250 out of N=10,000 surveys returned. Analyses performed on N=3,212 surveys. 

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing select outcomes by 8-hour shifts to 12-hour shifts (by various patterns of shift rotation).

	Outcome Measure(s) 
	GHQ was used to assess psychological well-being. Sleep debt was calculated from the estimated sleep need and the time spent sleeping between the various shifts. Self-reported job satisfaction, GI and cardiovascular complaints, sleep quality and duration, and medication use.

	Key Finding(s) 
	Lack of pairwise comparison based solely on shift duration impaired interpretation of results. GHQ Scores: high level of well-being in 12-hour fixed and rotating (mean = 8.1, 9.0 respectively), low level of well-being in 8-hour rotating (mean = 10.7), p<0.001. Job satisfaction scores were higher among those working 12-hour shifts (various rotations) versus 8-hour shifts (various rotations) p<0.05.
Fewer reports of gastrointestinal and cardiovascular complaints among those working 12-hour shifts (various rotations) versus 8-hour shifts (various rotations) p<0.05.



















	Kundi, 1995 
RefID-n/a
PMID- n/a

	Study Setting 
	N=9 hospitals in the City of Vienna and N=3 private hospitals. N=12 total hospitals.

	Eligible Participants 
	N=1124 members of nursing staff working in one of N=103 hospital departments.

	Study Aims 
	The objective was to determine conditions leading to decreased job satisfaction and a greater desire to change shift schedules.

	Study Design & Participants 
	Cross-sectional, observational questionnaire study. N=880 nurses returned surveys; N=570 worked 12-hour shifts and N=310 worked 8-hour shifts.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing 8-hour shift versus 12-hour shift based on attitudes towards shift schedules, preference for shift schedules, and subjective health state.

	Outcome Measure(s) 
	Rating of health effects of shift schedule: 1 positive effects – 5 adverse effects
Satisfaction with shift schedule: 1 satisfied – 5 unsatisfied. Attitudes toward a change in shift schedule: 0 no aspiration – 2 high aspirations

	Key Finding(s) 
	45% of nurses desired a change in shift schedule but there was no significant difference between those on 12-hour shift (44%) and those on 8-hour shift (47%).
Ratings of favorable and unfavorable aspects revealed that on average, both groups judged the 12-hour shift to be more unfavorable but those working 12-hour shift did perceive it to have a positive impact on leisure time. Nurses working 8-hour shifts showed ratings more in favor of their schedule than did 12-hour workers for theirs.






	Steele, 1994 
RefID- n/a
PMID- 7864469

	Study Setting 
	EM residencies across the country approved by the Accreditation Council for Graduate Medical Education.

	Eligible Participants 
	All emergency medicine residency program directors and full-time faculty.

	Study Aims 
	To assess current emergency medicine faculty scheduling practices, preferences, and recent changes in these practices during the past 5 years.

	Study Design & Participants 
	Cross-sectional survey study. N=79 program directors, N=606 full-time faculty
Surveys were mailed in fall of 1991 and summer of 1992. 

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 8-hour versus 12-hour shifts based on shift preference. 

	Outcome Measure(s) 
	The survey consisted of a 10-item section for the residency directors and a 7-item section for full-time faculty.

	Key Finding(s) 
	75% stated they would prefer to work 8-hour shifts, and 14% preferred 12-hour shifts.  83% of those who worked some or all 8-hour shifts stated that they preferred 8-hour shifts compared with 21% of those working 12-hour shifts, who said they preferred the same 12-hour shifts (p<0.05).








	Yamada, 2001 
RefID- n/a
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	Study Setting 
	Electronic parts producing factory located in a suburban area in Japan.

	Eligible Participants 
	N=192 men aged 21 to 47 years on 1 April 1996, who had been engaged in 8-hour shifts for 2 years or longer and who changed to 12-hour shifts and continued working 12-hour shifts until September 1999 (17 who remained on 8-hour shift eligible to participate as reference group).

	Study Aims 
	To clarify the health effects of implementing a 12-hour shift in place of the traditional 8-hour shift.

	Study Design & Participants 
	Retrospective, observational study. N=189 workers that switched to a 12-hour shift in 1997 and N=16 workers that remained on an 8-hour shift. Records of health checks conducted for shift workers each half year from May 1996 to November 1998 were reviewed.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing 12-hour shift versus 8-hour shift in regards to subjective health symptoms and physical exam measures. 

	Outcome Measure(s) 
	Health checks: biannual questionnaire survey for subjective symptoms and a physical exam by an occupational health physician.

	Key Finding(s) 
	All six psychological symptoms showed apparent increases after the change to 12-hour shifts. Particularly, poor sleep (3.7% to 7.4%), head heaviness (1.6% to 4.2%, diminished alertness (2.1% to 4.8%), and unwillingness to go to the workplace (1.1% to 5.3%) increased twofold or more among the 12-hour shift workers. Those who remained on 8-hour shifts did not show marked changes in either the physical or psychological symptoms during the six health checks. There was a significant increase in body weight and BMI for workers after the switch to the 12-hour shift. No statistically significant difference for body weight or BMI was found for the 8-hour reference group.




















	Takahashi, 1999 
RefID- n/a
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	Study Setting 
	A private university hospital in Tokyo, Japan.

	Eligible Participants 
	Nurses in their 20’s who have worked shifts for 2 or more years, were single, and lived alone. Of the N=57 nurses that met inclusion criteria, N=40 of them were randomly selected to participate in the study. 

	Study Aims 
	To compare the 16-hour night shift with the 8-hour evening and night shifts on subjective symptoms, physical activity, heart rate, and sleep. 

	Study Design & Participants 
	Prospective observational study design. Nurses from each group (2-shift and 3-shift systems) were randomly selected. Subjective symptoms and daily behavior were measured every 30-min by the nurses before, during, and after each shift as well as during days off using a time-budget method. Also, physical activity, HR, and posture were recorded during shifts.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 16-hour shift versus 8-hour shift in regards to sleep, difficulty in concentration, fatigue, physical dullness, physical activity, and heart rate.

	Outcome Measure(s) 
	Check Sheet: subjective symptoms related to fatigue, concentration, and physical dullness. Ambulatory Monitor: physical. Activity and heart rate HR (measured every 30 seconds). Questionnaire: subjective sleep

	Key Finding(s) 
	Sleepiness, difficulty in concentration and fatigue during the 16-hour shift increased between 0:00-4:00, and was significantly higher than during the 8-hour shift (p<0.05). But peak levels during 16-hour shift were almost equal or lower than during the 8-hour shift. No differences in subjective symptoms between the two shift schedules were observed before or after the shifts or during days off. The main sleep was longer after the shifts and during days off in the 16-hour shift group than in the 8-hour shift group.






	Fukuda, 1999 
RefID- 18185
PMID- 10459693 

	Study Setting 
	N=7 wards at a university hospital in Japan

	Eligible Participants 
	N=115 nurses working on one of the N=7 wards at the hospital.

	Study Aims 
	To assess the differences between a 16-hour, 2 shift and the traditional 8-hour, 3 shift schedule in subjective symptoms (fatigue, dullness, and sleepiness), heart rate and physical activity 

	Study Design & Participants 
	Prospective cohort study N=40 nurses randomly selected from a pool of N=115 nurses.

	Intervention 
	No intervention

	Comparison(s) 
	Comparison of subjective symptoms workload between 16-hour evening shift on 2 shift schedule and 8-hour evening shift on 3 shift schedule.

	Outcome Measure(s) 
	Subjective symptoms (fatigue, sleepiness, dullness): developed 18-point checklist

	Key Finding(s) 
	Significant difference between shifts on complaints of fatigue based on time: 20:00 and 00:00h (p<0.05). No difference in complaint rate of sleepiness and higher but not a significant difference in dullness on 2 shift versus 3 shift schedule.
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	Study Setting 
	Pittsburgh, PA

	Eligible Participants 
	Subject switched midpoint in RCT from 24-hour to 8-hour shift. Full-time employment with a critical care, advanced life support EMS system.

	Study Aims 
	To investigate differences in fatigue, sleepiness, and difficulty in concentrating in an EMS worker who had switched from a 24-hour to 8-hour shift schedule.

	Study Design & Participants 
	Case Report: 26-year old male paramedic (N=1 subject). N=10 shifts worked for 24-hour shifts and N=24 shifts worked for the 8-hour shifts.

	Intervention 
	Subject had been assigned to 24-hour shift in RCT but switched to 8-hour shift half way through study (completed baseline and post testing as normal).

	Comparison(s) 
	Differences in measures taken before and after switching shift schedules from 24-hour to 8-hour on day 46 of 90-day study period.

	Outcome Measure(s) 
	Measures of fatigue, sleepiness, and concentration: rated on self-report (5 point scale). Sleep duration.

	Key Finding(s) 
	The mean and median number of patient encounters per shift was lower during 24-hour shifts (1.1 and 0.5 patients, respectively) compared to 8-hours shifts (3.1 and 3.5 patients, respectively; p = 0.03). Fatigue, sleepiness, and difficulty with concentration reported at the end of 24-hour shifts were higher than those reported for 8-hour shifts (See Figure 1 in paper). Total sleep before shifts did not differ by shift duration.
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RefID-2464
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	Study Setting 
	Emergency Department Sao Paulo, Brazil

	Eligible Participants 
	First and second year internal medicine and surgery residents. Those with chronic or acute illness, or who had not achieved a minimal time or number of required measurements were excluded. 

	Study Aims 
	To evaluate the behavior of blood pressure in medical residents working in the emergency room in a 24-hour shift.

	Study Design & Participants 
	Combination of prospective study design with cross-sectional surveys of medical residents, using ambulatory blood pressure on two different days: during a 24-hour shift in the ED and during a common working day (8-hour max). N=61 eligible residents were recruited, N=56 residents completed the study. 

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing the 24-hour shift versus the common workday (8 hours) based on mean Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) in the 24-hour period, awake and sleep periods.

	Outcome Measure(s) 
	Ambulatory Blood Pressure Monitoring (ABPM) was completed using the SpaceLabs 90207 ABPM device, which measured BP every 15 minutes from 0700-2000 hours and every 20 minutes from 2000 to 0700 hours.

	Key Finding(s) 
	There was a significant difference between 24-hour SBP and DBP and sleep DBP for the 24-hour shift versus the common day (p<0.05). There was no difference between awake SBP and DBP and sleep SBP. During the 24-hour shift work, 19 mean BP readings above the normal values (systolic or diastolic averages for 24-hour, sleep, and awake periods) occurred in 10 different individuals versus 8 mean BP readings above the normal values in 4 residents during the common working day (p<0.05). 
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RefID- 7793 
PMID-19455041 

	Study Setting 
	University Hospital in Croatia.

	Eligible Participants 
	All staff anesthesiologists at a University Hospital who were not prone to cardiovascular disease, acute respiratory disease, endocrine disease, or sleep disorders.

	Study Aims 
	To explore the impact of a single in-hospital 24-hour shift on the cognitive and psychomotor performance of anesthesiologists in a surgical emergency department.

	Study Design & Participants 
	A within-subject case control design, in which the participants served as their own control to determine the impact of 24-hour shifts on performance relative to a control (normal work shift). N=14 out of N=29 eligible participants began the study, N=11 participants completed the study.

	Intervention 
	No intervention

	Comparison(s) 
	Compared performance on a standard set of cognitive and reaction time measurements by shift duration (a 24-hour shift versus a standard working day shift – the control / comparison). 

	Outcome Measure(s) 
	Performance on 4 standard cognitive and reaction time tests (the CRD series – Complex Reaction-meter Drenovac series), with measurements taken every 7-8 hours.

	Key Finding(s) 
	Performance on standard measures were longer and variability of reaction time was greater for assessments taken during the 24-hour period of work versus the standard working day shift.







	Ernst, 2014 
RefID-18348 
PMID-24955858 

	Study Setting 
	University hospital

	Eligible Participants 
	Participants were residents and senior physicians.

	Study Aims 
	To investigate changes in mood and cognitive performance in relation to sympathetic-adrenomedullary axes and hypothalamic-pituitary-adrenocortical axis over a 24-hour period during on-call duty (OCD) as compared to a regular working day (non on call, NOC).

	Study Design & Participants 
	Prospective, randomized, within-person, cross-over trial. N=30 participants. Each physician completed two days (24 hours) of data collection. The OCD was 24-hours and the NOC was approximately 8.5-hours.

	Intervention 
	Randomized crossover where each participant completed testing for both the OCD and NOC.

	Comparison(s) 
	Comparing 24-hour OCD versus ~8.5-hour NOC in regards to sleep, performance measures, sympathetic activation, and fatigue.

	Outcome Measure(s) 
	Event diary: sleep data. D2-test: concentration-endurance performance test. EWL-60S: paper-pencil test to measure emotional state. 24-hour urine: noradrenalin measured with SMA-axis to indicate level of sympathetic activation. Infrared saccadometry: fatigue.

	Key Finding(s) 
	Event Diary: Physicians spent less time in bed during OCD (p<0.001). Lower total sleep time in OCD (p<0.001). D2-test: Concentration performance was signiﬁcantly reduced after OCD (p < 0.001). EWL-60S: Concentration and performance-related activation after OCD decreased by 17.4% (p < 0.001) and 16.0%(p < 0.001) respectively, together with a 21.8% increase of general deactivation (p < 0.001) and a 29.2% increase in fatigue (p < 0.001). SMA-axis: Urinary noradrenaline excretion was greater during OCD when compared to NOC (p<0.01). Saccadometry: The number of short saccadic latencies was reduced after OCD (p < 0.05) compared to NOC but not all measures of the saccadometry differed.
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	Study Setting 
	St. James’s Hospital, Dublin, Ireland

	Eligible Participants 
	N=16 pre-registration medical house officers on the junior staff

	Study Aims 
	To consider the effects of fatigue, sleep deprivation and onerous working schedules on the junior doctors’ physical and psychological well-being and their ability to perform simple tasks.

	Study Design & Participants 
	Case-crossover study design (subjects are their own controls). No random assignment to an intervention / condition. N=16 subjects were randomized to be tested pre-call (at the end of a normal working day, averaging 9 hours) or post-call (at the end of a 32-hour shift) for the first round of testing. Testing was carried out at the same time of day for both pre and post. Testers were not blinded to whether the subject was pre or post. 

	Intervention 
	No intervention

	Comparison(s) 
	Comparing a normal 9-hour shift to an extended 32-hour shift based on 6 measures of psychomotor function.

	Outcome Measure(s) 
	POMS, Delayed Story Recall: developed to detect impairment of everyday memory functioning. Critical Flicker Fusion Thresholds: sensitive index to the state of arousal of the cortical areas of the CNS. Trail Making Test: validated test of alertness and concentration. Stroop Color-Word Test: test of the effects of sleep deprivation on performance of tasks requiring close attention to detail. 3 Minute Grammatical Reasoning Test: indicator of stress on psychomotor performance.

	Key Finding(s) 
	POMS: See Table 1 in paper; all mood states were significantly worse (p<0.05) post-call (32-hour shift), except for depression-dejection. Overall, the 32-hour has deleterious effects on mood and psychomotor performance when compared to a 9-hour shift.
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	Study Setting 
	Two precincts in the Phoenix Police Department

	Eligible Participants 
	Officers from one of the two precincts in the Phoenix Police Department

	Study Aims 
	To determine the impact of a longer-than-average compressed workweek on police officers’ sleep, cognitive abilities, health, quality of life and work performance.

	Study Design & Participants 
	Quasi-experimental repeated measures study. Control precinct: N=180/197.
Experimental precinct: N=163/189.

	Intervention 
	Experimental group worked three 13-hour 20-minute shifts per week for 6 months while control worked four 10-hour shifts.

	Comparison(s) 
	Compared physiological, social and physical changes in officers when switching to 13 -hour 20-minute shift from a 10-hour shift.

	Outcome Measure(s) 
	Sleep Quality and Daytime Dysfunction Due to Fatigue: Pittsburgh Sleep Quality Index (PSQI). Attention and Reaction Time: computerized Psychomotor Vigilance Test (PVT). Cognitive Processing, Concentration, Attention, and Fatigue: e STROOP ColorWord test (adult version). Physiological Stress Levels: measure of salivary cortisol levels. Quality of Life: Quality of Life Inventory (self-report looking at 16 areas) that included partner survey. Work Performance and Safety Measures: annual pass/fail shooting qualification, citizen complaints to the PPD Professional Standards Bureau (PSB), number of reportable officer-involved vehicle accidents, and stops related to self-initiated calls, adult bookings, and field interrogations.

	Key Finding(s) 
	Total PSQI sleep scores were significantly higher (poorer) at 6 months (p<0.05) in officers working 13:20-hour shifts compared with officers working 10-hour.
Significant differences in daytime (awake) dysfunction were evident between precincts in both the 3rd and 6th months of the trial period. A higher score indicates increased dysfunction while awake due to sleepiness. In Month 6, officers working 13:20-hour shifts scored 2.73 +/- 0.08, and officers working 10-hour shifts scored 2.34 +/- 0.08 (p<0.05). Sleep quality lower in 13 -hour 20 min shift at month 6 than 10-hour shift (p<0.05). After 5 months, slower reaction time on PVT (0.020 s) for 13 -hour 20 min shift (291.75 +/- 5.27 ms versus 272.01 +/- 34.25 ms, p<0.05). At 6 months officers in 13 -hour 20 min group only showed significantly worse performance in STROOP test in last hour of workweek (p<0.05). No significant difference in the pass/fail shooting qualification, officers involved in accidents, and cortisol stress levels between groups (p>0.05). Significant increase in the number of PSB complaints for 13 -hour 20 min shift group (p<0.05). Number of incidents of officer misconduct increased significantly among officers working the 13-hour 20-minute schedule, whereas the number of incidents among officers working the 10-hour scheduled decreased (p<0.05).
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RefID-15292
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	Study Setting 
	United States and Canada commercial trucking drivers on two routes between St. Louis and Kansas City, Missouri, and on two routes between Toronto and Montreal, Canada. 

	Eligible Participants 
	N=80 male licensed commercial truck drivers

	Study Aims 
	To report on the sleep and drowsiness of truck drivers on different shift schedules.

	Study Design & Participants 
	Prospective, observational study. Data collected in the United States between June 14, 1993 and August 22, 1993, and in Canada between September 27, 1993 and December 3, 1993. N=80 male licensed commercial truck drivers. N=40 from the United States and N=40 from Canada.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing measures of sleep and drowsiness by shift schedule. Shift schedules included: Steady Day – 10 hours of driving between 9am and 7pm for 5 consecutive days. Advancing Night – 10 hours of driving beginning at 9:30am on day 1 and then starting 2-3 hours earlier on each subsequent day for 5 consecutive days. Steady night – 13 hours of driving beginning at 11pm daily for 4 consecutive trips.
Delaying Evening – 13 hours of driving beginning at 11:30am on day 1 and then 1 hour later on each subsequent day for 4 consecutive trips.

	Outcome Measure(s) 
	Measures of sleep and drowsiness. Polysomnography to measures sleep stages and sleep disorders. Electroencephalogram to measure eye movements and sleepiness / drowsiness. Questionnaires for self-reported measures of sleep.

	Key Finding(s) 
	Significant differences between shift schedules with the least time in bed occurring on the steady night shift (13 hours) and longest time in bed on steady day shift (10 hours) (p<0.001; Table 2 in paper). Significant differences between shift schedule for sleep latency with the longest (19.3 minutes) for drivers on steady day (10 hours) and shortest 7.4 minutes) for drivers on steady nights (p<0.001). Significant differences between shift schedule for sleep duration with the longest duration 5.38 hours) for drivers on steady day (10 hours) and the shortest duration (3.83 hours) for drivers on steady nights (13 hours) (p<0.001; Table 3 in paper). 

















	Glazner, 1996 
RefID-19286
PMID-n/a 

	Study Setting 
	N=3 different municipal fire companies in northeastern United States

	Eligible Participants 
	N=49 career fire departments 

	Study Aims 
	To identify factors involved in injuries to fire fighters who work shifts.

	Study Design & Participants 
	Secondary data analysis. Data obtained from N=171 Workers Compensation forms of 3 fire companies, and comparison of this data with national statistics for fire fighters in the U.S.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing 14-hour shift versus 10-hour shift in regards to injury rates.

	Outcome Measure(s) 
	First Report of Injury Workers’ Compensation forms: demographics, type and site of injury, time of occurrence.

	Key Finding(s) 
	Per shift, the hourly average percentage of the total injuries was 3.8 for the 14-hour night shift and 4.7 for the 10-hour day shift, a difference that was not significant.






	Paley, 1998 
RefID-10263
PMID- n/a 

	Study Setting 
	Fire department at a northeastern U.S. public university

	Eligible Participants 
	All firefighters working on the rotating shift schedule

	Study Aims 
	To evaluate a compressed work schedule (CWS) to better understand its influence on the sleep and fatigue of shift workers.

	Study Design & Participants 
	Prospective cohort study design with N=24 firefighters. A shift schedule of three 8-hour, slow, backwards rotating shifts was compared to a shift schedule of two 10-hour day and two 14-hour night, fast, forward rotating shifts. Firefighters provided data for the old schedule 7 months before the change. Data for the new schedule was gathered 16 months after the schedule change.

	Intervention 
	A follow up evaluation of a new schedule: fast, forward rotating CWS (two 10-hour day shifts followed by two 14-hour night shifts).

	Comparison(s) 
	Comparing day shift (10 hours) to night shift (14 hours) within the new schedule based on sleep, sleepiness and mood.

	Outcome Measure(s) 
	Sleep length: firefighters kept sleep logs of sleep 24 hours prior to the shift and sleep obtained during the night shift. Sleepiness: SSS. Mood: Naval Psychiatric Research Unit Mood Scale (NPRU) positive mood (NPRU-P) and negative mood (NPRU-N).

	Key Finding(s) 
	Sleep Length: There was a significant difference in length of sleep between day (10-hour) and night shift (14-hour) (23.68 minutes, p<0.001). SSS: There was a significant difference between day and night shift (42.86, p<0.001). NPRU: There was a significant difference between day and night shift for NPRU-P (p<0.001) and for NPRU-N (p<0.005).







	Dembe, 2009 
RefID- 18532
PMID- 19812094

	Study Setting 
	United States, nationwide survey sample (The National Longitudinal Survey of Youth – NLSY). A nationwide representative sample of N=12,686 men and women. 

	Eligible Participants 
	Bi-annual survey of men and women in the United States who were employees in the healthcare industry. Data for this study came from surveys administered between 1988 and 2000, when the cohort members were 22 to 43 years old.

	Study Aims 
	This study sought to examine risks for job-related injuries among healthcare employees working long-hour or non-standard schedules.

	Study Design & Participants 
	Analysis of existing data – survey data [1987 to 2000 (13 years)] collected by the United States Bureau of Labor Statistics.

	Intervention 
	No intervention

	Comparison(s) 
	Hazard Ratios (HRs) and corresponding 95% confidence intervals calculated for shift schedules. Analyses included 4 types of ‘‘long-work-hour’’ schedules: extended hours per week (>60 hours), extended hours per day (>12 hours), overtime and extended commute time (>2 hours). Schedules not containing any of those four ‘‘long-hour’’ demands were considered conventional schedules. 

	Outcome Measure(s) 
	Self-reported injury or illness during work (on the job).

	Key Finding(s) 
	No difference in risk for extended workday (>12 hours) compared to the conventional schedule.  (HR 1.22, 95% CI 0.88 to 2.92). 






















	Thomas, 2006 
RefID-2224 
PMID- 16938635

	Study Setting 
	Salt Lake City, UT, United States

	Eligible Participants 
	Flight nurses. Denominator not listed. 

	Study Aims 
	To test the hypothesis that nurses working 18-hour duty schedule would sleep less and have a greater decline in cognitive function compared with a 12-hour evening duty schedule.

	Study Design & Participants 
	N=10 participated. Prospective cohort within-subject study design at one air-medical agency. Nurses followed for 10-days (7-days before 12-hour or 18-hour shifts). N=10 flight nurses (7 females and 3 males). Each nurse worked 3 consecutive 12-hour evening (1900 to 0700) shifts at one base site and two 18-hour shifts 0700 to 1300 next day), separated by 24-hour rest period. Mean time between working the two different schedules was 97 days, range 7-256 days.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing total sleep and performance on cognitive/neurocognitive standard tests over 10 days of observation (pre-shift sleep and on-duty sleep) stratified by 12-hour versus 18-hour shift duration. 

	Outcome Measure(s) 
	Sleep time measured by ActiTrac wrist device. Cognitive tests administered at start of first 12-hour shift in rotation of 3 consecutive shifts and then again at end of last (3rd) 12-hour shift. For the 18-hour shifts, tests were administered at start of first 18-hour shift and at end of 2nd 18-hour shift. Neurocognitive tests used are included in Table 1 of paper. 

	Key Finding(s) 
	Greater pre-shift sleep within 12 hours of shift start prior to 18-hour shifts (6.2 SD 0.6) versus prior to 12-hour shifts (3.2 SD 1.2). No differences in neuro-cognitive performance compared between shifts (inter-shift) with exception of one test (See Tables 4-6). No difference in scores on mental and physical fatigue questionnaires between shifts. A higher proportion of nurses on the 18-hour shift schedule thought the work were more compatible to non-work lifestyle.







	Ayas, 2006 
RefID-12547 
PMID- 16954484 

	Study Setting 
	National survey United States

	Eligible Participants 
	The estimated 18,447 interns in US postgraduate residency programs.

	Study Aims 
	To assess the relationship between extended work duration (at least 24 hours at work) and rates of percutaneous injuries in a diverse population of interns in the United States.

	Study Design & Participants 
	National prospective cohort study using monthly web-based surveys. Case-crossover within-subject analyses were performed. N=2737 subjects responded to baseline survey and N=682 (25%) completed baseline and all monthly surveys. Randomly selected subgroup (N=192) completed daily dairies.

	Intervention 
	No intervention

	Comparison(s) 
	Number of percutaneous injuries during extended work periods duration (at least 24 hours at work) versus non-extended work periods.

	Outcome Measure(s) 
	Number of percutaneous injuries derived from self-reported occupational exposures in survey.

	Key Finding(s) 
	Odds of percutaneous injuries were 1.61 times greater during extended work periods than non-extended periods (95%CI 1.46-1.78).







	Yi, 2013 
RefID-12460
PMID-23587456 

	Study Setting 
	Simbionix, Cleveland, OH at the Medstar Washington Hospital Center.

	Eligible Participants 
	Surgical residents at the hospital who were post graduates years 2, 3 and 5. 15 residents were eligible to participate.

	Study Aims 
	To compare the psychomotor performance of residents on the traditional 24-hour on shift versus a 12-hour night-float shift. Also assessed levels of work shift activity and fatigue.

	Study Design & Participants 
	Quasi-experimental within-subject design with N=9 subjects (three PGY-2, three PGY-3, and three PGY-5). 

	Intervention 
	Assigned to one of two experimental groups (24-hour on-call versus 12-hour night float shift), according to their pre-assigned rotation schedules. All participating residents completed both night-float and 24-hour call arms of the study.

	Comparison(s) 
	Performance on two tasks was tested before and after a 24-hour call work shift and a night-float shift.

	Outcome Measure(s) 
	Daytime sleepiness – used ESS. Task Performance Parameters – used the Simbionix. LAP Simulator is a mobile non-haptic laparoscopic training system. First simulation assessed hand-eye coordination and second simulation assessed clipping and grasping task.

	Key Finding(s) 
	Sleepiness: although ESS scores did not reach a statistically significant difference (p = 0.14), the night-float group on average had lower scores on the ESS. 
Task Performance:  In direct head to head analysis of the on-call and night-float groups, no statistically significant difference in any of the tested performance measures could be found, except the average speed of movement of the dominant hand for those on-call (24 hour) in the eye-hand coordination task was faster at 3.4 cm/s compared with the night-float group at 2.7 cm/s (p = 0.0071). No differences in the amount of sleep the previous week or previous night between groups.













	Boudreaux, 1998
RefID-1384
PMID-9492133

	Study Setting 
	A single freestanding EMS system in a large southern city running a 2-Emergency Medical Technician (EMT) dyad deployment model on N=9 ambulances.

	Eligible Participants 
	All full-time EMTs employed at study site.

	Study Aims 
	To evaluate the effects of modifying the EMT work schedule from 24-hour shift to 12 hours that permitted longitudinal EMT evaluation and that used commonly applied psychological and social measures. 

	Study Design & Participants 
	A non-randomized pre-test with multiple post-tests, quasi-experimental design.
All full-time EMTs employed at study site (N=70 eligible). N=51 participants (73%) completed the baseline and 2-month follow-up surveys. Fifty-percent (N=35) completed all 3 scheduled measures (baseline, 2-months, and 1-year).

	Intervention 
	Change in shift duration and rotation from 24-hour (1-day on and 2-days off) to 12-hour shifts (3-days on, 2 off, 2 on, 3 off). Employees alternated 1-month of nights with 1-month of days.

	Comparison(s) 
	Comparing scores on the Job In General (JIG), MBI, and Schedule Attitudes Survey (SAS) tools at 1-month prior to schedule change, 2-months post schedule change and again at 1-year post schedule change.

	Outcome Measure(s) 
	Measurements taken 1-month prior to intervention and then again at 2 months after change and 1 year after change. Measures included: 1: the JIG 18-item job satisfaction survey; 2: the 22-item MBI survey; 3: the 21-item SAS survey.

	Key Finding(s) 
	Statistically significant changes from baseline to 2 months observed in MBI’s emotional exhaustion sub-scale and all components of the SAS survey. No statistically significant changes observed in the JIG or MBI from baseline to 1-year post change. Improvements in all component scores of the SAS survey were significant from baseline to 1-year.














	Allen, 2001 
RefID-17671 
PMID-11642582 

	Study Setting 
	A large air medical transport system.

	Eligible Participants 
	All flight and intubation records from March through August of 1996, when 12-hour shifts were in place and from 1997, when the air-medical service implemented 24-hour.

	Study Aims 
	To determine whether the skill performance and psychomotor agility, as measured by the endotracheal intubation success rate, of air ambulance medical personnel would be affected by the potential fatigue incurred when increasing the length of their shifts from 12 to 24 hours.

	Study Design & Participants 
	Retrospective review of all flight and intubation records. N=199 attempts recorded in 1996 and N=374 attempts recorded in 1997.

	Intervention 
	Change from a 12-hour shift schedule to a 24-hour shift schedule.

	Comparison(s) 
	Compared success with endotracheal intubations by 12-hour shift and 24-hour shifts. 

	Outcome Measure(s) 
	The records were examined for total intubation attempts, including the number of attempts per patient, and the ultimate success or failure of each attempt. Success was determined by documentation of the detection of end-tidal carbon dioxide and other routine confirmatory procedures.

	Key Finding(s) 
	On 12-hour shift in 1996, N=190 of N=199 (95.5%) patients were ultimately successfully intubated. Patients required N=237 attempts (80.1% successful). During 1997 on 24-hour shift, 362 of 376 (96.3%) patients were successfully intubated, and required N=438 attempts (82.6% successful). No statistical significant difference in the number of ultimately successful intubations (p = 0.66) or total intubation attempts (p = 0.37) between shifts. 





















	Guyette, 2013
RefID- 17688 
PMID- 22925035

	Study Setting 
	Pennsylvania

	Eligible Participants 
	Air-medical clinicians (flight paramedics and flight nurses) working for a multi-site air-medical transport service in the Northeastern United States.

	Study Aims 
	To employ a battery of previously validated surveys and neuropsychological tests to compare changes in fatigue and cognitive abilities of air medical providers after 12-hour and 24-hour shifts.

	Study Design & Participants 
	Prospective cohort study design comparing scores on a battery of tests before and after scheduled shifts lasting either 12 hours or 24 hours. N=34

	Intervention 
	No intervention

	Comparison(s) 
	Comparisons of interest include self-rated fatigue and performance on a battery of cognitive tests before and after scheduled shifts lasting either 12 hours or 24 hours.

	Outcome Measure(s) 
	Neuropsychological tests (i.e., Paced Auditory Serial Addition Test [PASAT], University of California Repeatable Episodic Memory Test [USC-REMT], Trail Making Test [TMT], and the Stroop Color-Word Test. Sleep quality measured with the PSQI.

	Key Finding(s) 
	Mean number of interruptions of sleep during shift work was minimal (1 for 24-hour shifts and 0 for 12 hour shifts) and no difference in sleep quality between shift durations. As shown in Table 4, mean neuro-psychological test scores from the start to end of shift did not differ by shift duration. Mean scores on the PASAT and TMT Part A improved from the start to end of shift for both shift durations. Mean scores for TMT Part B improved from start to end of shift for the 12-hour shift group only.





















	Manacci, 1999 
RefID-2221
PMID-10345781

	Study Setting 
	A single air-medical agency located in Cleveland, Ohio, United States

	Eligible Participants 
	N=15 full-time flight nurses

	Study Aims 
	To evaluate each nurse’s cognitive and fine motor skills at the completion of both 12-hour and 24-hour shifts comparatively to determine whether shift length is an isolated variable in cognitive decline.

	Study Design & Participants 
	Non-randomized, prospective cohort observational design. Time 0 (baseline) testing was performed after a day of not working followed by a 1-week buffer before additional tests. Additional tests were performed after completion of a 12-hour or 24-hour shift. N=12 of the N=15 eligible participants completed the full study protocol.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing performance on cognitive test by shift duration (12-hour versus 24-hour)

	Outcome Measure(s) 
	Primary outcome of interest was performance on cognitive and fine motor tests. These included: the California Computerized Assessment Package-Abbreviated Test Battery (CALCAP-ATB). The Digit Symbol – a subset of the Wechsler Adult Intelligence Scale Revised. The Symbol Digit Modalities Test. The Paced Auditory Serial Addition Test (PASAT). The Repeatable Episodic Memory Test (REMT). The Stroop Test. The Grooved Pegboard Test (GPT). Subjective fatigue ratings on 1-10 scale with 10=inability to stay awake and self-reported sleep in 24 hours prior to shift and sleep quality rating.

	Key Finding(s) 
	Raw scores for selected cognitive measures are NOT presented. Findings show poorer performance on select cognitive tests after working 24 hours versus 12 hours. No difference in self-reported fatigue, stress, or sleep quality across shift duration.







	Zuzewicz, 2000
RefID-9863
PMID-11082552

	Study Setting 
	Air Traffic Control Center in Poland

	Eligible Participants 
	Air traffic controllers working at the International Warsaw Airport (Poland).

	Study Aims 
	To examine air traffic controllers to determine the quality and duration of sleep and subjective fatigue of participants. In addition, heart rate, urine output, and mental cognition were assessed.

	Study Design & Participants 
	Prospective observational study design. N=19 Participants provided urinary cortisol concentration measures every 4 hours.

	Intervention 
	No intervention

	Comparison(s) 
	Comparison of cortisol levels involved a direct 12-hour versus 24-hour comparison of select outcomes.

	Outcome Measure(s) 
	Urinary cortisol concentrations.

	Key Finding(s) 
	Findings for cortisol show that urinary concentrations differ between those that work 24 hours, 12 hours daylight, and 12 hours night. Those that work 24 hours show a trend towards higher concentrations at various times during the day when compared to participants working daylight or night 12-hour shifts. 








	
Trinkoff, 2006 
RefID- n/a
PMID- 16691609 

	Study Setting 
	Two states in the United States 

	Eligible Participants 
	Random selection of N=5,000 nurses connected to the Nurses Work-life and Health Study. 

	Study Aims 
	To examine the relationship of extended work schedules in nurses to Musculo-skeletal injury/ disorder (MSD). 

	Study Design & Participants 
	Cross-sectional survey design administered in 3 waves. Random selection of N=5,000 nurses from two US states connected to the Nurses Work-life and Health Study. N=4,229 nurses were sent invitations to participate in the survey. The number responding per wave/survey differed with N=226, N=281, and N=308 total participating.

	Intervention 
	No Intervention 

	Comparison(s) 
	Variables of interest included a comparison of MSD by respondents that reported working (hours per day of 9-11 hours or 12+ hours) or (frequency of 13+ hours versus not working 13+ hours).

	Outcome Measure(s) 
	MSD was measured with items adapted from the Nordic questionnaire of musculoskeletal symptoms (Kuorinka et al,1987). Reported MSDs were stratified by body part (neck, shoulder, back).

	Key Finding(s) 
	Odds of MSD for neck, shoulder and back was greater for those working 13+ hours in a day versus those not working 13+ hours (OR 1.94 95%CI 1.38-2.74; OR 1.87 95%CI 1.35-2.58, and OR 1.87 95%CI 1.37-2.55). 






	Dutheil, 2012 
RefID-17463
PMID-23977105

	Study Setting 
	ED of the University Hospital of Clermont-Ferrand, France 

	Eligible Participants 
	ED physicians working at the hospital N=19 recruited

	Study Aims 
	To compare heart rate variability (HRV) in EPs working a 24-hour or a 14-hour (Day 1), and in those working a control day. HRV was recorded the third day (D3) following each shift to identify prolonged effects.

	Study Design & Participants 
	This study used a crossover trial focused on analysis of a larger randomized trial (The JOBSTRESS trials – related findings also reported elsewhere in Dutheil et al., 2012 PMID-22608270). This analysis focused on Senior EPs with 19 eligible participants (12 female, 7 male) and full data was obtained for n=17 EPs. 24-hour electrocardiogram recorded from 8.30 until 8.30 the following morning for each tracking day (D1 and D3 for both shifts and control day) (Fig. 1). Randomized pattern of shifts and control day. The day before the shift was off. D1 compared HRV during a 24-hour (8.30 to 8.30) with a 14-hour (18.30 to 8.30). D2 was a rest day at home. D3 was a clerical work day from 8.30 until 18.30: physicians had no contact with patients.

	Intervention 
	Randomized to work a 14-hour or 24-hour shift in a pattern that included one 14-hour, one 24-hour, and one control day. 

	Comparison(s) 
	Compared HRV and other measures between 14-hour night shift to 24-hour shift to a control day and looked at outcome measures.

	Outcome Measure(s) 
	HRV (as an indicator for chronic stress, burnout, and IL-8). Visual Analog Scale (VAS) to measure mental and physical fatigue at 8.30 and at 18.30 from D1 8.30 until D4 8.30 and on the control day. Workload was estimated by: the total number of entries, the number of admissions and the number of life-and-death emergencies.  
Sleep duration, including naps, was assessed by survey.

	Key Finding(s) 
	The comparison of 24 hours and 14 hours showed that 24 hours was more tiring and stressful than 14 hours. Physical and mental fatigue was higher during 24 hours versus 14 hours, with prolonged effects over time (results were still signiﬁcant at D3). HRV was higher during D3/24-hour than on all other days including the control day. During shifts, HRV was lower than on the control day (Fig. 3; p<0.05 in paper).




	Talusan, 2014 
RefID- 11461
PMID- 26140113

	Study Setting 
	Yale-New Haven Hospital 

	Eligible Participants 
	Internal medicine and orthopedic surgery residents and interns who had driven a car in the previous 6 months. 

	Study Aims 
	To assess how converting to a night float schedule for overnight coverage affected driving safety for trainees.

	Study Design & Participants 
	Prospective, observational study. N=58 participants. Reaction time was measured and a survey was filled out before and after either a traditional call shift (28 hours) or a night float (14 hours). Assessed sleep with questionnaire before and after the two shift schedules. 

	Intervention 
	No intervention

	Comparison(s) 
	Compared traditional call shift (28 hours) versus night float shift (14 hours) based on subjective sleepiness and reaction time.

	Outcome Measure(s) 
	Brake reaction times were recorded using a driving simulator.
Sleepiness was measured with the ESS.

	Key Finding(s) 
	After a traditional 28-hour call shift, trainees had significantly worse brake reaction times than they did prior to their shift, whereas trainees on night float rotations had non-significant increases in brake reaction times post-shift, but did not perform direct comparison of end of shift reaction time between the two schedules. For both night float and traditional call groups, there were significant increases in the ESS (p<0.001). Comparison of total hours of sleep in 24 hours prior was inconclusive.






	Gander, 2013 
RefID-12340
PMID-23889686

	Study Setting 
	Commercial passenger flights eastward, outbound flights.

	Eligible Participants 
	Participants were Atlanta-based Delta Air Lines Boeing 777-ER 200 (commercial) pilots who were eligible to fly the trips.

	Study Aims 
	The study aim was to address the issue of whether pilot fatigue was greater on ultra-long range (ULR) trips than long range (LR) trips (requested by Federal Aviation Administration). 

	Study Design & Participants 
	A prospective, observational design, with repeated-measures counterbalanced, within-subject approach to measurement was used. N=30 male captains and N=40 male officers volunteered to participate. Participants were monitored from 3 days before their first trip to 3 days after second trip. Total days of study participation ranged from 15 days to 39 days and was dependent on the scheduling of participants and when they flew long range or ultra-long range flights (the target of this study).

	Intervention 
	Subjects were selected to either fly an ULR trip at first or an LR trip first followed by the opposite rotation.

	Comparison(s) 
	To compare pilot’s fatigue during ultra-long flight (typically >16 hours) versus long range flights (typically <16 hours).

	Outcome Measure(s) 
	Fatigue: rated on the Samn– Perelli Crew Status Check (a 7-point scale).
Sleepiness: rated on KSS. Performance measure: 5-min PVT

	Key Finding(s) 
	Fatigue and sleepiness ratings and PVT performance did not differ significantly pre-flight. When in-flight sleep was included as a dichotomous variable, more sleep was obtained on flights >16 hours (estimated mean = 3 hours 53 min) than on flights ≤16 hours (estimated mean = 3 hours 15 min). Fatigue and sleepiness ratings at TOD (top of descent) were not related to flight duration included as a continuous variable; however, mean PVT reaction speed was faster at the end of longer flights.  Sleepiness ratings were lower at the end of flights >16 hours (p<0.05). Mean reaction speed was also faster at the end of flights >16 hours (p<0.05)









	Domen, 2015 
RefID-5241 
PMID- 26016171

	Study Setting 
	United States; national electronic survey

	Eligible Participants 
	N=2,500 nationally representative random sample of American Association of Nurse Anesthetist (AANA) members. Male and female members in active practice with previously completed AANA demographic questionnaire and report of taking call (on-demand anesthesia services provided after hours).

	Study Aims 
	To survey CRNA members of the AANA on their frequency of call-shift fatigue, fatigue symptoms, medical errors associated with fatigue, and use of fatigue countermeasures and avoidance strategies. A secondary aim was to identify predictors of call-shift fatigue.

	Study Design & Participants 
	Cross-sectional survey. Participants were recruited via an email invitation generated by a paid web survey company contracted by the AANA. A reminder email was sent two weeks later. N=325 participants fit the inclusion criteria and returned usable surveys.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing fatigue during call relative to call duration (16-hour or less versus 17-hour or greater; the comparison was made for both weekday and weekend shifts). 

	Outcome Measure(s) 
	26-item survey, derived from the literature and clinical practice. It included rated responses and open-ended questions to gather info on fatigue experience, use of fatigue countermeasures and fatigue-avoidance strategies. Survey measures of interest: call-shift length and fatigue during call.

	Key Finding(s) 
	Fatigue during call in relation to weekday call duration: 16-hour or less was 86.5% yes; 17-hour or greater was 78.5% yes (p=0.080). Fatigue during call in relation to weekend call duration: 16-hour or less was 73.5% yes; 17-hour or greater was 85.1% (p=0.020). 













	Barger, 2005 
RefID- 15274
PMID- 15647575 

	Study Setting 
	Nationwide survey

	Eligible Participants 
	Residents in their first postgraduate year matched to a residency by the National Resident Matching Program and to graduates of U.S. medical schools. 

	Study Aims 
	To investigate the association between validated work hours, extended work shifts and driving safety.

	Study Design & Participants 
	A prospective observational study (same dataset as Ayas et al., 2006, PMID 16954484) using web-based monthly surveys. Used both within subject case-crossover design and prospective design for analysis. N=2,373 completed baseline survey and made up cohort. N=2,232 completed at least two monthly surveys and eligible for inclusion in analyses. Randomized subgroup N=388 consented to complete daily dairies to validate work hours. 

	Intervention 
	No intervention

	Comparison(s) 
	Compared likelihood of motor vehicle crashes, near-miss incidents, and incidents involving involuntary sleeping dependent on the number of extended shifts (shifts >24 hours versus <24 hours) worked for the month.

	Outcome Measure(s) 
	Two techniques to quantify exposure and assess relative risk. Subgroup reporting crashes and near-miss incidents on commutes from work. For each participant, assessed the number of crashes and near-miss incidents after an extended work shift, as compared with a shift that was not extended. Second measure - prospective analysis on mean monthly number of scheduled extended shifts (collected at baseline) association with reported number of motor vehicle crashes.

	Key Finding(s) 
	The risk of either a crash or a near-miss incident was significantly greater if the intern was commuting from work after an extended shift than it was after a non-extended shift. Odds ratio was 2.3 (95%CI 1.6 to 3.3) for motor vehicle crashes, and 5.9 (95% CI 5.4 to 6.3) for near-miss incidents. Every extended shift scheduled per month increased the monthly rate of any motor vehicle crash by 9.1% (95%CI 3.4 to 14.7) and increased the monthly rate of a crash on the commute from work by 16.2% (95%CI, 7.8 to 24.7).









	Caputo, 2015 
RefID-19640
PMID-n/a 

	Study Setting 
	Urban fire department

	Eligible Participants 
	N=269 firefighters working in the department

	Study Aims 
	The study sought to explain and quantify the impact of switching from the Kelly
Schedule to the 48/96-hour schedule.

	Study Design & Participants 
	A quasi-experimental pre-test and post-test within-subject experimental study using sleep diaries (covering 1-week) and self-report surveys (37 questions) 
N=269 firefighters enrolled and N=59 firefighters included in analysis.

	Intervention 
	Change in shift duration and schedule from the original Kelly Schedule (nine-day rotation in which firefighters work three 24-hour shifts with 24 hours off after the first two shifts and 96 hours off after the third shift) to a 48on/96 hours off schedule.

	Comparison(s) 
	Compared sleep diaries and self-report surveys taken 1 month before (on Kelly schedule) to 4 months after implementation of 48on/96off schedule.

	Outcome Measure(s) 
	Primary outcomes (from diary and survey): sleep obtained, daytime sleepiness (using ESS), feelings of refreshment, sleep interruptions, and time to fall asleep. Secondary outcomes (from survey): feelings of burnout (6 questions from Copenhagen Burnout Inventory (CBI)), personal schedule (5 questions, 5 point Likert scale), job satisfaction (5 questions, 7 point Likert scale), health habits (3 open-ended questions).

	Key Finding(s) 
	No difference in inter-shift (off-shift) sleep obtained, sleep interruptions or time to fall asleep between schedules but significant increase in mean hours of on-shift (intra-shift) nightly sleep, from 5.8 hours versus 6.6 hours, after the schedule change (p<0.001). Daytime sleepiness: a significant decrease in mean scores, as measured by the ESS, from 8.9 to 8.0 (p < 0.001) after schedule change. Feelings of refreshment: a significant improvement after the 48/96-hour schedule implementation (p<0.05). Burnout: a general trend towards reduced burnout after implementation. Personal schedule: observed a decrease in the proportion of participants that felt the shift interfered with responsibilities. Satisfaction: an increase in participants that felt the advantages of the current work schedule outweighed the disadvantages after implementation (78% versus 88%, respectively) but did not observe a large shift in questions measuring job satisfaction. Health habits: no significant changes in health habits before versus after implementation.








	Billings, 2016 
RefID- 11871
PMID- 26949880

	Study Setting 
	Six fire departments in three Southwestern US states.

	Eligible Participants 
	Full-time firefighters with at least one month of current continuous shift-work experience were recruited from one of the six departments.

	Study Aims 
	The aim of the study was to investigate the prevalence and severity of firefighter sleep quality across department shift schedules. The three schedules were: (24 hours on / 48 hours off), (48 hours on / 96 hours off), (Kelly Schedule).

	Study Design & Participants 
	Cross-sectional observational study performed using interview style questioning. N=109 participants.

	Intervention 
	No intervention

	Comparison(s) 
	Comparison of sleep quality among three different shift schedules: 24 hours on/48 hours off, 48 hours on/96 hours off, and Kelly Schedule (24 hours on/24 hours off – 24 hours on/24 hours off – 24 hours on/96 hours off). 

	Outcome Measure(s) 
	Sleep quality: PSQI

	Key Finding(s) 
	Between the 24 hours on/48 hours off versus 48 hours on/96 hours off shift schedules there is no significant difference between PQSI scores (p=0.734). Between the 24 hours on/48 hours off versus the Kelly Schedule, the Kelly Schedule had significantly higher PSQI scores (p=0.046). Between the 48 hours on/96 hours off versus the Kelly schedule, the Kelly schedule had significantly higher PSQI scores (p=0.084).





















	Parshuram, 2015 
RefID-6280
PMID-25667258

	Study Setting 
	Two university affiliated Intensive Care Units (ICUs) in Ontario, Canada

	Eligible Participants 
	All residents that rotated through the ICUs. These included residents from internal medicine, anesthesia, surgery and emergency medicine.

	Study Aims 
	To determine the effects of 3 different resident shift schedules in the ICU on patient safety, resident well-being and continuity of care.

	Study Design & Participants 
	Randomized trial of resident shift schedules. Random allocation to 1 of 3 schedules. One schedule required 24 hours on-duty followed by 24 hours off-duty. The second schedule required 16 hours on duty with a mix of daylight 8am-5pm shifts with 24 hours off-duty after a 16-hour shift. The third schedule required 12 hours overnight for 3-4 consecutive nights with 72 hours off-duty. All schedules were followed during the 2-month rotation for ICU residents. N=47 total residents participated.

	Intervention 
	Shift duration modification into 3 different schedules of varying duration.

	Comparison(s) 
	Comparing patient and resident outcomes by shift duration: 24-hour, 16-hour, and 12-hour.

	Outcome Measure(s) 
	Patient outcomes included patient adverse events that required treatment, prolonged hospital stay, or resulted in disability. Preventable adverse events were defined as events that could have been avoided. Death in ICU. All events were identified using prospective screening medical records 2-weeks after transfer from ICU. Resident outcomes included sleepiness assessed every 4 hours during shifts using the SSS. Secondary outcomes included burnout, somatic symptoms, psychological well-being using MBI.

	Key Finding(s) 
	N=464 adverse events in N=207 unique patients. Raw numbers of adverse events stratified by shift duration appear in an online document for journal article. Authors report no significant differences in pairwise comparisons of events by shift duration in both crude and adjusted analyses (p>0.05). Authors report no differences in occurrence of preventable adverse events by shift duration in crude or adjusted analyses (p>0.05). Mortality rate did not significantly differ by shift duration in crude or adjusted analyses (p>0.05). Ratings of sleepiness did not differ by shift duration (p>0.05). Reported somatic symptoms varied by shift duration with residents working 24-hour shifts reporting greater severity of worst symptoms (p=0.05). Reports of end-of-rotation burnout did not differ by shift duration (p>0.05). Residents working 12-hour overnight shifts were judged most alert by front-line staff (p<0.001). The ICU staff judged residents working 16-hour shifts as least familiar with patient’s clinical and social details and more likely to make sub-optimal decisions (p<0.05).








	Amendola, 2011 
RefID-13269 
PMID-n/a 

	Study Setting 
	Study was conducted in two police departments—Detroit, Michigan and Arlington Texas—during the period of January, 2007 through June, 2009. This was a multicenter trial.

	Eligible Participants 
	N=3,049 officers in Detroit and N=580 officers in Arlington (to be eligible (1) must be in the patrol operations division (assigned to respond to calls for service); and (2) must not be working foot patrol or on light or restricted duty).

	Study Aims 
	The objectives of the study were to test the impacts of three shift lengths (8-hour, 10-hour, and 12-hour) on performance, health, safety, quality of life, sleep, fatigue, alertness, off-duty employment and overtime among police.

	Study Design & Participants 
	Study used a randomized block experimental design (voluntary recruitment and random assignment). Sample size was N=128 for Detroit and N=147 for Arlington, resulting in a total of N=275 participants in the study at Time 1. At Time 2, sample size for Detroit decreased to N=88 participants, while in Arlington it decreased to N=138, resulting in a total sample of N=226.

	Intervention 
	Police officers assigned to work one of three shifts – 8-hour, 10-hour, and 12-hour.

	Comparison(s) 
	To compare the impact of common compressed work schedules (8-hour, 10-hour, and 12-hour) on a number of outcomes: health, safety, quality of life, fatigue and sleep, overtime and performance.

	Outcome Measure(s) 
	Work performance and safety: Five simulation exercises administered at pre- and post-test periods. Simulations included the: (1) Fitness-for-Duty Impairment Screener (FIT); (2) Behavioral Personnel Assessment Device (BPAD); (3) STISM Driving Simulator; (4) PVT; and (5) MILO Range 3000 Shooting Simulator. Also reported on self-initiated activity. Health and stress: Completed the Health subscale of the Standard Shift Work Index and Police Stress Questionnaire (PSQ), the Police Daily Hassles (PDH) Scale, and the Work Environment Inventory (WEI). Quality of Life: self-report scales on personal life and work life Sleep, fatigue, sleep disorders, and alertness: a sleep diary and alertness log completed for a 2-week period prior to the laboratory simulations. Cost to the system: record of overtime hours

	Key Finding(s) 
	Work performance and safety: No significant differences between the groups in terms of any measures on performance and safety. Health and Stress: no indicators noted a significant difference among groups. Quality of Life: The 10-hour group reported a significantly higher quality of work life (mean=3.08) compared to those in the 8-hour (mean=−0.63, p=0.001) and 12-hour (mean=−0.13, p=0.004) groups. Sleep, fatigue, and alertness: No statistically significant differences in sleep quality among groups. Sleep duration longest in the 10-hour group. The average level of sleepiness for officers in the 12-hour shift (0.77) was significantly higher than for those on the 8-hour shift (mean=−0.72, p=0.003). There were no significant differences across groups for physiological measures of fatigue. The average level of alertness for officers in the 12-hour shift was significantly lower (mean=6.11) than the average alertness levels among officers on the 8-hour (mean=6.74, p=0.012), but not the 10-hour (mean=6.31, p=ns) shift. Average number of overtime hours highest in the 8-hour group.





	Scott, 2006
RefID- n/a
PMID- 16391312

	Study Setting 
	United States

	Eligible Participants 
	Critical care nurses who were members of the American Association of Critical-Care Nurses. N=24,550 total. 

	Study Aims 
	To describe the work patterns of critical care nurses, determine if an association exists between the occurrence of errors and the hours worked by the nurses, and explore whether or not these work hours have adverse effects on the nurses’ vigilance. 

	Study Design & Participants 
	Prospective Cohort study. N=502 participants. Nurses were randomly selected from cohort to fill out logbooks. Self-reported logbooks were used to assess hours worked and outcome measure over a 28-day period. 

	Intervention 
	No intervention

	Comparison(s) 
	Compared outcome measures between <=8.5 hours, >8.5 to <12.5 hours, and >=12.5 shift hours. They were stratified by “scheduled shift hours” and “actual shift hours”.

	Outcome Measure(s) 
	Logbooks were used to collect information sleep-wake patterns, mood, and caffeine consumption. They also left a location for nurses to record errors or near-miss errors.

	Key Finding(s) 
	Longer work duration increased the risk of errors and near errors and decreased nurses’ vigilance. In particular, the risk for making an error almost doubled when nurses worked 12.5 or more consecutive hours (odds ratio 1.94, p=0.03). Nurses who worked more than 12.5 consecutive hours were more likely than those who worked fewer hours to struggle to stay awake at work (odds ratio 1.5, p= 0.007; Table 4 in paper) and had increased reports of drowsy driving on commute home from work.












	Dorrian, 2006 
RefID-5718
PMID- 17190702 

	Study Setting 
	Australian metro hospital

	Eligible Participants 
	Full time nurses in the Australian metropolitan hospital 

	Study Aims 
	To examine the relationship between work hours, sleep duration and quality, fatigue and errors in a group of Australian hospital nurses. 

	Study Design & Participants 
	Prospective, observational study. N=23 full-time nurses (N=20 female) in an Australian metropolitan hospital. N=19 nurses were registered (the other four were enrolled nurses), working in coronary care, hematology/oncology, surgery, cardiology/medical, and mental health areas. 
Nurses completed daily recordings over a one-month period documenting their scheduled and actual work hours, sleep length and quality, sleepiness fatigue and stress levels as well as errors. Errors included areas such as medical, transcriptional, charting, procedural, slip or fall, and other.   

	Intervention 
	No intervention

	Comparison(s) 
	Comparing <=8-hour versus 8-9-hour versus 9-10-hour versus >10-hour shifts based on errors and sleep duration.

	Outcome Measure(s) 
	Two 14-page logbooks, covering 28 consecutive days of data, were completed by each participant. Each page contained 27 questions relating to work hours sleep, and error rates. ANOVAs were used to evaluate differences in sleep duration associated with shift length (≤8-hour, 8-9-hour, 9-10-hour, >10 hours). 

	Key Finding(s) 
	No statistically significant differences in reported errors by shift duration. No significant differences in sleep duration or quality by shift duration.













	Stimpfel, 2013
RefID- n/a 
PMID- 23343725

	Study Setting 
	N=342 acute care hospitals that treated children from 4 states (California, New Jersey, Pennsylvania, and Florida)

	Eligible Participants 
	A sub-sample of pediatric nurses who participated in the Nursing Care and Patient Safety Study. Dataset comprised of N=3,710 RNs 

	Study Aims 
	To describe the shift lengths of pediatric nurses and to measure the association of shift length with nurse job outcomes, nurse-reported patient outcomes, and nurse-assessed safety and quality of care in hospitals.

	Study Design & Participants 
	Secondary analysis of cross-sectional nurse survey data. Dataset comprised of N=3,710 RNs affiliated with N=342 hospitals in 4 states.

	Intervention 
	No intervention

	Comparison(s) 
	Compared the outcome measures by shift length. Nurses stratified into 3 shift categories: 8 hours, 12 hours, and more than 13 hours.

	Outcome Measure(s) 
	Job satisfaction. Burnout measured with the MBI. Intent to leave employer in the next year measured with a single item (yes/no). Nurses reported frequency of central line-associated blood-stream infections (CLABSI), urinary tract infections (UTIs), and complaints from patients/ family on a 7-point Likert question. 

	Key Finding(s) 
	Nurses who worked more than 13 hours were at least 2 times more likely to be burned out, to be dissatisfied, and intending to leave the employer than were nurses who that worked 8-hour shifts. Nurses who worked 13+ hours were significantly more likely than nurses on 8-hour shifts to report frequent CLABSI and complaints but not UTIs. Odds of frequent complaints by patients and families were 1.8 times higher among nurses who worked more than 13+ hours than for nurses who worked 8 hours. Odds of CLABSI were 2.5 times higher for nurses who worked 13+ hours than nurses on 8-hour shifts. Odds a nurse reported poor quality and a poor safety grade on their unit was more than 2.5 times greater for nurses working more than 13+ hours compared with nurses working 8 hours (see supplemental tables for paper). 










	Patterson, 2012 
RefID-17679 
PMID- 22023164

	Study Setting 
	Nationwide survey sample

	Eligible Participants 
	EMS clinician shift workers of all levels of certification

	Study Aims 
	To determine the association between poor sleep quality, fatigue and self-reported safety outcomes among emergency medical services (EMS) workers.

	Study Design & Participants 
	Cross-sectional survey and convenience sampling involving EMS organizations affiliated with the National EMS Management Association. N=556 respondents from N=30 EMS agencies spread across the United States. Complete data from N=547. The mean agency response rate was 35.6% (range 4.9% to 78.1%).

	Intervention 
	No intervention

	Comparison(s) 
	Comparing the proportion of respondents with poor sleep quality, severe fatigue, self-reported injury, self-reported error, self-reported adverse events and self-reported safety compromising behaviors by participant demographics, including most common shift worked (i.e., 24 hours, 12 hours <=8 hours).

	Outcome Measure(s) 
	Self-reported sleep quality as measured by the PSQI, and severe mental and physical fatigue as measured by the Chalder Fatigue Questionnaire (CFQ). Self-reported injury, self-reported medical error, adverse events and safety compromising behavior.

	Key Finding(s) 
	The proportion with poor sleep varied by shift duration (p<0.05; Table 2 in paper) with the highest proportion reporting 24 hours as their most common shift worked (61.7%), <=8 hours as next highest (57.1%), and lowest for 12-hour shifts (58.2%). The proportion reporting severe mental and physical fatigued varied by shift duration with the highest proportion working 24-hour shifts (62.1%), next highest working 12-hour shifts (53.6%), and lowest working shifts <=8 hours (32.8%; p<0.05; Table 2 in paper). Could not detect an association between shift duration and medical errors/adverse events.




















	Trinkoff, 2007 
RefID- n/a
PMID- 17265396 

	Study Setting 
	Illinois and North Carolina

	Eligible Participants 
	N=5,000 randomly selected actively licensed nurses

	Study Aims 
	To examine the association between working conditions and needle stick injury among registered nurses.


	Study Design & Participants 
	Panel study design with 3-wave longitudinal survey as part of the Nurses Work life and Health Study, Part 3. Of N=5,000 randomly selected nurses, N=4,229 were sent questionnaires (N=138 invalid addresses, N=633 declined). From these, a probability sample of N=2,624 nurses returned usable questionnaires for wave 1 (62% completion rate). Follow-up rates for waves 2 and 3 were 85% and 86%, respectively.
Wave 1 surveys were mailed in November 2002. The enrolled sample contained demographic characteristics and job distributions that were comparable to the National Sample Survey of Nurses, which supports generalizability of the sample to US registered nurses. Respondents must have worked in nursing during the year prior to wave 1 (N=2,273) to be included in the analysis.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing age-adjusted odds ratios for needle stick injury in the past year and relative risk for incident needle stick injury among nurses who had worked at least 1 year at baseline according to work schedule at baseline.

	Outcome Measure(s) 
	Survey measure of interest: work-schedule variables were derived from the Standard Shiftwork Index. For wave 1, nurses were asked to consider their typical work schedule for the past 6 months on average, for all jobs held.

	Key Finding(s) 
	Odds Ratio (95% CI) for needle stick injury in the past year in relation to hours worked per day: 8 or fewer hours were 1.00; 9-11 hours was 1.19 (0.88-1.61); 12 or greater hours was 1.68 (1.27-2.22); continuous was 1.10 (1.05-1.16). Relative Risk (95% CI) for incident needle stick injury in relation to hours worked per day: 8 or fewer hours was 1.00; 9-11 hours was 0.92 (0.64-1.32); 12 or greater hours was 1.63 (1.17-2.26); continuous was 1.09 (1.02-1.17) 










	Scott, 2007 
RefID- 19776
PMID- 18246989 

	Study Setting 
	United States

	Eligible Participants 
	Full-time, unit-based nurses from the American Nurses Association (ANA), and American Association of Critical Care Nurses (AACN). Nurses who were employed in specialized roles, such as administrative or advanced practice positions, were not included in this study. 

	Study Aims 
	To describe the prevalence of drowsy driving episodes, and the relationship between nurse work hours and drowsy driving, the level of alertness on duty and drowsy driving, and between sleep duration and drowsy driving. 

	Study Design & Participants 
	Prospective cohort study. N=895 total sample. A random sample of 4320 ANA members, recruited via mailed invitation. Approximately 9 months later, a similar mailing sent to N=5,261 randomly selected members of the AACN. Two 14-day logbooks, instructions for completing the logbooks, and postage-paid envelopes were mailed to N=891 eligible ANA members and N=1,148 eligible AACN members.
N=393 RNs from the ANA and N=502 nurses from AACN completed the study.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing ≤8.5-hour versus >8.5-<12.5-hour versus ≥12.5-hour shift based on drowsy driving risk. Relating drowsy driving to the occurrence of motor vehicle crashes or near MVCs.

	Outcome Measure(s) 
	Logbooks were used to collect info about hours worked (scheduled versus actual hours), sleep/wake patterns, drowsiness and sleep episodes at work, errors and drowsy driving episodes on a daily basis.

	Key Finding(s) 
	See table 3 in paper for relevant findings. Risk for a drowsy driving episode doubled when nurses worked 12.5 or more consecutive hours (OR = 2.00; p <0.0001) when compared to 8.5 or less consecutive hours.












	McCartt, 2008 
RefID- 20771
PMID-18570141 

	Study Setting 
	Convenience sampling in Oregon and Pennsylvania

	Eligible Participants 
	Long-haul truck drivers

	Study Aims 
	To assess changes in long-distance truck drivers’ reported work schedules and reported fatigued driving after the rule change.

	Study Design & Participants 
	A cross-sectional survey / in-depth interview design of a convenience sample of long-haul truck drivers in two states. N=1,921 interviewed.

	Intervention 
	No intervention

	Comparison(s) 
	The primary comparisons of interest in this study include: Driving more than 11 hours versus less than 11 hours before taking time off and odds of falling asleep at the wheel in the past month and/or driving while sleepy in past week; and driving after being on duty for 14 hours and odds of falling asleep at the wheel in past month, and driving while sleepy in past week.

	Outcome Measure(s) 
	Outcomes of interest include falling asleep at the wheel in past month and driving while sleepy in past week. 

	Key Finding(s) 
	Odds of falling asleep at the wheel in past month were 2.18 (95%CI 1.58, 2.99) and odds of driving while sleepy in past week were (1.82 (95%CI 1.39, 2.38) among participants that reported they often or sometimes drive more than 11 hours before taking a break versus those that rarely or never drive more than 11 hours before a break. Odds of falling asleep at the wheel in past month were 1.68 (95%CI 1.17, 2.41) and odds of driving while sleepy were 1.82 (1.34, 2.47) among participants that reported they often or sometimes drive after being on duty for 14 hours versus those that rarely or never drive more than 14 hours.






	Perttula, 2011
RefID-18266
PMID-21675565

	Study Setting 
	National Finnish survey

	Eligible Participants 
	N=3,000 heavy vehicle drivers from the registry of a voluntary organization of professional drivers.

	Study Aims 
	To identify work-related and driver-related factors which may be associated with fatigue in heavy vehicle drivers.

	Study Design & Participants 
	Cross-sectional study design. Self-report questionnaire including 52 questions. N=683 subjects (Response rate of 24%, N=720 further excluded based on type of vehicle).

	Intervention 
	No intervention

	Comparison(s) 
	Between drivers who had reported fatigue versus no fatigue and haven fallen asleep versus not fallen asleep, looked at work-related factors included shift length broken up by <10 hours, 10-14 hours, 14-16 hours and >16 hours in a 24-hour period.

	Outcome Measure(s) 
	Self-reported subjective measures on a 52-question designed report concerning feelings of fatigue, reported incidences of fallen asleep and work-related factors such as length of work shift among other variables.

	Key Finding(s) 
	Drivers who reported shifts >16 hours had an adjusted odds ratio of 4.40 times higher risk of falling asleep at the wheel than those drivers whose working time was <10 hours (p < 0.00). Drivers who reported shifts > 16 hours had an adjusted odds ratio of 4.19 times higher risk of reporting fatigue than those whose shift was <10 hours (p<0.005).






	Weaver, 2015 
RefID- 16414
PMID- 26371071

	Study Setting 
	N=14 EMS agencies with N=37 base sites 

	Eligible Participants 
	All available occupational injury and illness reports and shift reports from the EMS agencies.

	Study Aims 
	To examine the relationship between shift length and occupational injury and illness while controlling for relevant shift work and teamwork factors.

	Study Design & Participants 
	A retrospective cohort study analyzing administrative data. N=966,082 total work shifts from N=4,382 employees with N=950 Occupational Safety and Health Administration (OSHA) reports gathered. 

	Intervention 
	No intervention

	Comparison(s) 
	To compare how rates of occupational injury and illness reports differ between different shift lengths for EMS workers. Shifts were stratified into four stratums: shifts ≤8 hours were grouped together, shifts >8 hours and ≤12 hours, then shifts >12 and ≤16 hours, shifts >16 hours and ≤24-hour, and shifts >24 hours.

	Outcome Measure(s) 
	Main outcome: injury or illness on the shift – recorded on the agency OSHA form 300 log.

	Key Finding(s) 
	Compared with shifts >8 hours and ≤12 hours, shifts >12 and ≤16 hours increased the risk by 27% (increase was not statistically significant; p=1.58). Shifts greater than 16 hours and as long as 24-hour increased the risk of injury or illness by 60% (p=0.001). Shifts ≤8 hour in duration decreased the risk of occupational injury or illness by 30% (p=0.029). Shifts 12-hour in duration or greater increased the risk of occupational injury or illness by 49% (RR 1.49; 95% CI 1.18 to 1.88). For every additional hour of shift length, the risk of injury or illness increased by 4% (RR 1.04; 95% CI 1.02 to 1.06).











	Hamelin, 1987
RefID- n/a
PMID- 3428256

	Study Setting 
	Survey of working lorry drivers.

	Eligible Participants 
	N=1000 freight lorry drivers from previous survey study (Hamelin 1985).

	Study Aims 
	To determine relationship between time at work and risk of accident involvement.

	Study Design & Participants 
	Retrospective study design N=1,000 drivers. Pulled data from survey run in 1982/1983. Collected a representative sample of traffic accidents (1/25 of all accidents collected in 1982/1983).

	Intervention 
	No intervention

	Comparison(s) 
	Comparing <11-hour work duration versus. >11-hour in regards to relative accident risk rate.

	Outcome Measure(s) 
	Relative accident risk rate – pulled from report of traffic accident in survey. 

	Key Finding(s) 
	Total risk rate for all drivers working <11 hours is 0.91 and 1.82 for drivers working >11 hours. Analysis lacked a test of statistical significance.






	Stimpfel, 2012 
RefID- n/a
PMID- 23129681

	Study Setting 
	N=577 hospitals in California, New Jersey, Pennsylvania, and Florida. The sample included at least N=10 nurses per hospital.

	Eligible Participants 
	Nurses who participated in one of the three survey studies. Nurses who reported working 1-24 hours on their last shift, who provided care to at least N=1 but fewer than N=20 patients, and who worked on medical, surgical, or intensive care units. 

	Study Aims 
	To assess the effect of extended work hours on nurses’ job satisfaction, patient care, and well-being of patients. 

	Study Design & Participants 
	Secondary analysis of cross-sectional data from three sources linked by common hospital identifiers. Sources: 1: the Multi-State Nursing Care and Patient Safety Study 2005-2008. 2: the Hospital Consumer Assessment of Healthcare Providers and Systems survey for 2006–07. 3: the American Hospital Association Annual Survey of Hospitals for 2006. Data from nurses for a total of N=22,275.

	Intervention 
	No intervention

	Comparison(s) 
	Outcomes compared by shift length grouped into four categories: 8–9 hours, 10–11 hours, 12–13 hours, and more than 13 hours. Shift duration based on the nurse’s most recent shift worked. 

	Outcome Measure(s) 
	Job satisfaction (4-point Likert), MBI. Nurses’ intent to leave. Patient Satisfaction. Practice Environment Scale (HCAHPS) 

	Key Finding(s) 
	The percentages of nurses reporting burnout and intention to leave the job increased with increasing shift length. Odds of unfavorable outcomes were highest for nurses who worked 13 + hours.








	Husby, 2014 
RefID-1842 
PMID-24192076 

	Study Setting 
	A single site, University hospital in Western Norway involving physician residents in two wards: the Operating Room (OR) and Intensive Care Units (ICUs). The study period was from June 2011 to March 2012.

	Eligible Participants 
	N=18 anesthesia resident physicians

	Study Aims 
	To assess key domains of cognitive performance in residents in an academic anesthesia and intensive care department after various lengths of in-hospital on-calls. Hypothesis: the assessed cognitive performance would not be negatively affected by post-call fatigue.

	Study Design & Participants 
	Observational, prospective cohort. All N=18 eligible participants consented and participated, N=13 males and N=5 female. N=10 participants completed all 4 planned measurement sessions. Five completed 3 of the 4 sessions. Two completed 2 of 4 sessions and N=1 participant completed 1 planned session.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing cognitive assessment measures from the Cambridge Neuropsychological Test Automated Battery (CANTAB) system taken at baseline – which involved a planned day shift where the participant was required to have 6 hours of sleep prior to baseline testing. Baseline tests compared to CANTAB measures taken after shifts lasting 16 hours (day), 10 hours (night), and 18 hours (night). The KSS compared at the start and end of shifts.

	Outcome Measure(s) 
	The CANTAB system, which includes the motor screening test, paired associates learning test, stockings of Cambridge test, reaction time test. Sleepiness as measured by the KSS taken at start and end of shifts.

	Key Finding(s) 
	KSS scores differed from start to end of shift across all shift durations (p<0.05; See Table 1), but did not measure scores between shift durations. CANTAB results appear in Tables 2 and 3. Performance did not differ across shift durations.






	Goode, 2003
RefID-12285
PMID-12963077

	Study Setting 
	United States

	Eligible Participants 
	Flight scheduling data from one-month in 1999 representing 10 carriers was combined with human factors accident data in the United States from 1978 to 1999.

	Study Aims 
	This study attempts to demonstrate an empirical relationship between pilot schedules and aviation accidents.

	Study Design & Participants 
	Observational study design involving analysis of secondary data limited to captains (excluding data of first officers). Work schedules were broken down into incremental total hours accumulated (1-3, 4-6, 7-9, 10-12, or 13 or more hours).

	Intervention 
	No intervention

	Comparison(s) 
	Comparing the accident proportions relative to exposure proportions by the hour in duty period for captains.

	Outcome Measure(s) 
	Human factor accidents

	Key Finding(s) 
	The probability of an accident is higher with increased hours of duty time (accidents occur 5.62 times more frequently at or after 13 hours on duty).






	Barker, 2011
RefID- 10640
PMID- 21352271

	Study Setting 
	Registered nurses in USA

	Eligible Participants 
	Registered nurses currently employed in a hospital, community or public health settings, ambulatory care, or a nursing home/extended care facility.

	Study Aims 
	To investigate the relationships between perceived fatigue and perceived performance, and to identify differences in perceived fatigue levels and dimensions across demographic and work environment variables. 

	Study Design & Participants 
	Cross-sectional, online survey. Eligible RNs were recruited through convenience sampling in cooperation with several nursing associations and publications.
A total of N=1,006 RNs completed some portion of the survey set; of these, N=745 completed the entire survey (74%). Participants were instructed to complete the survey at the end of a work shift.

	Intervention 
	No intervention 

	Comparison(s) 
	Comparing fatigue in relation to shift length stratified into <8, 8-9, 9-10, 10-11, 11-12, and >12 hours.

	Outcome Measure(s) 
	There are four scales used to measure different aspects of fatigue: The Swedish Occupational Fatigue Inventory (SOFI), 20 items on a seven-point scale, to measure total fatigue, mental fatigue and the physical fatigue; The Fatigue-Related Symptoms Questionnaire (F-RSQ), 16 symptoms associated with fatigue, it measures mental and physical fatigue; The Fatigue Scale (FAS), includes 10 items rated on a 5-point rating scale, it measures fatigue in a population, OFER.

	Key Finding(s) 
	Physical fatigue levels differed across shift lengths (F5, 822 = 4.84, p < 0.001). Respondents working 8-9 or 9-10 hour shifts had lower F-RSQ scores than those working 10-11 or >12 hours. Acute fatigue was significantly different across shift length (F5, 808 = 4.75, p < 0.001).










	Smith, 1995
RefID- N/A
PMID- N/A

	Study Setting 
	Nuclear power plant

	Eligible Participants 
	Engineers and reactor operators (EROP) (N=11) and craftsmen and maintenance operators (CMOP) (N=11).

	Study Aims 
	To evaluate and understand the effectiveness and safety of nuclear plant operators during different hours of work.

	Study Design & Participants 
	Prospective cohort study design. Conducted on small portable computers. N=22 (11 and 11). Sleep diary also employed. The two groups of workers had two different types of schedules. CMOP= “normal” shift and the engineers and reactor operators (EROP) shifts was the other shift system. 

	Intervention 
	No intervention

	Comparison(s) 
	Compared outcome measures between “normal shift” system and a system involving a few 12-hour shifts. Both shifts were on a 35-day cycle. “Normal” shifts were 8 hours starting at 08:30, 14:30, and 22:30. EROP schedule was slightly different because of the maximum span of successive night shifts worked, which were four (compared to 7 nights on CMOP). EROP also worked two, 12-hour day shifts, and two 12-hour night shifts within the cycle. 

	Outcome Measure(s) 
	Alertness rating scale, serial choice reaction time (CRT), search and memory (SAM), NASA task load index. 

	Key Finding(s) 
	Workers perceived their work performance to be less effective on the 12-hour day shift compared to the day and evening shifts. These findings may be confounded by shift timing. No difference was found in alertness between the 8-hour and 12-hour night shift. Mean sleep duration differed by day, evening, and night. Findings believed to be confounded by shift timing.






	Vincent, 2016
RefID- 5818
PMID- 27120102

	Study Setting 
	Australia fire agencies that involved controlled burns. 

	Eligible Participants 
	N=53 salaried firefighters

	Study Aims 
	To describe firefighters’ sleep during planned burn operations and evaluate the impact of the key operational factors (shift start time, shift length and sleeping location) that may contribute to inadequate sleep. 

	Study Design & Participants 
	Cross-sectional, observational study. N=33 firefighters wore actigraph devices and completed sleep and work diaries for 4 weeks. Sleep diaries were completed by participants before and after each sleep period.

	Intervention 
	No intervention

	Comparison(s) 
	Comparing <10-hour shift versus 10-12-hour shift versus >12-hour shift in regards to time in bed and total sleep time.

	Outcome Measure(s) 
	Actigraphy: time in bed and total sleep time. Sleep/Work diaries: sleep duration and time worked. Actigraphy and sleep diaries cross-referenced to determine time in bed and total sleep time. 

	Key Finding(s) 
	Time in bed was, on average, 33 min less when shifts were >12 hours, compared to shifts <10 hours and 10–12 hours in duration (Figure 1a; p ≤ 0.017). Total sleep time was, on average, 28 min less when shift were >12 hours, compared to shifts 10–12 hours in duration (Figure 1a; p ≤ 0.046 reported in paper).







	Geiger-Brown, 2011
RefID-11885
PMID-21346638 

	Study Setting 
	Data was obtained from Wave 1 of the Nurses’ Work-life and Health Study, part 3, a 3-wave longitudinal survey of randomly selected actively licensed nurses in two US states (Illinois and North Carolina).

	Eligible Participants 
	Nurses who had worked in the year prior to study administration (N=5,000 contacted).

	Study Aims 
	The purpose of this analysis was to explore the relationship of work schedules to self-reported restless or inadequate sleep in a large, population-based sample of currently working registered nurses.

	Study Design & Participants 
	Cross-sectional mailed survey N=2,246 respondents.

	Intervention 
	No intervention

	Comparison(s) 
	Hours worked per day was used both as a continuous and a categorical variable, comparing groups of 8 hours or fewer, 9 to 11 hours, and 12 or more hours.

	Outcome Measure(s) 
	Sleep: Two items used to assess sleep. First, if nurses “got less sleep than I thought
I should” (inadequate sleep) and the number of nights “sleep was restless” (restless sleep). Response categories ranged from rarely/none (<1 day), some/little (1 to 2 days), frequently (3 to 4 days), to most/all the time (5 to 7 days). For these analyses, items were dichotomized to zero to two nights versus three or more nights of restless or inadequate sleep. The cut point of three or more nights per week was chosen for psychometric consistency with other validated sleep scales (e.g., PSQI and Berlin Questionnaire).

	Key Finding(s) 
	In adjusted analyses, the odds for inadequate sleep were no different for nurses working 9 to 11 hours per day, or >=12 hours per day compared with nurses working 8 or fewer hours. In adjusted analyses, the odds for restless sleep in past week were no different for nurses working 9 to 11 hours per day, or >=12 hours per day compared with nurses working 8 or fewer hours.
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	Study Setting 
	Multiple studies combined into one analysis. Participants attending two regional conferences in the northeastern United States between February and March 2014 for first data set. The second dataset comes from the SleepTrackTXT randomized trial (ClinicalTrials.gov Identifier: NCT02063737). 

	Eligible Participants 
	All EMS workers at the conferences who met inclusion criteria. EMS workers who gave consent for the SleepTrackTXT study. 

	Study Aims 
	To describe EMS worker recovery between shifts and examine associations between key variables linked to recovery, including age, BMI, years of experience, and shift length.

	Study Design & Participants 
	A combined cross-sectional survey data analysis from two studies of EMS shift workers. N=355 subjects completed survey (58% of eligible EMS workers at conferences). Second set of data from N=100 subjects. N=455 completed surveys from both studies (N=5 were excluded).

	Intervention 
	No intervention

	Comparison(s) 
	Comparisons in inter-shift recovery between common EMS shifts that were categorized as shifts >12-hour, 12-hour shifts, and <12-hour shift.

	Outcome Measure(s) 
	Inter-shift Recovery: measured by the OFER-IR (OFER-Inter-shift Recovery)

	Key Finding(s) 
	Mean inter-shift recovery was higher/better for EMS workers who commonly work >12-hour shift schedules and lowest for individuals working 12-hour shifts (p < 0.0001). Individuals working <12-hour shift schedules were in between.
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	Study Setting 
	All U.S. Emergency Medicine residency programs

	Eligible Participants 
	Emergency Medicine (EM) EM-2 to EM-4 physician residents

	Study Aims 
	To determine the shift lengths currently worked by EM residents and their shift length preferences. To determine the association of various factors with EM resident’s subjective tolerance of shiftwork.

	Study Design & Participants 
	Cross sectional questionnaire / survey (13 total questions). N=957 out of N=1,554 eligible residents participated. 48% were EM-2s, 40% were EM-3s, and 12% were EM-4s.

	Intervention 
	No intervention

	Comparison(s) 
	Preference for a specific shift duration/length by current shift duration/length worked (i.e., 8-hour, 10-hour, 12-hour, combination of 8s, 10s, 12s).

	Outcome Measure(s) 
	Rating of overall tolerance of night shifts on a 4-point scale, ability to overcome drowsiness, and ease of taking short naps.

	Key Finding(s) 
	73% prefer to work 8-hour or 10-hour shifts. 21% preferred 12-hour. Among those that worked some combination of shift duration, 86% preferred 8-hour or 10-hour shifts, with 14% preferring 12-hour shifts.
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	Study Setting 
	Data collected from 12 European countries. N=2,170 general / medical / surgical units within N=488 hospitals.

	Eligible Participants 
	N=33,659 nurses surveyed. No minimum hours and no requirement of full-time status imposed. This study was part of a larger study.

	Study Aims 
	To examine the extent to which European hospital nurses’ extended shifts (12 hours or more) are associated with burnout, job dissatisfaction, satisfaction with work schedule flexibility and intention to leave current job.

	Study Design & Participants 
	Cross-sectional survey of European registered nurses as part of the RN4CAST study (Sermeus et al, 2011). The survey was 118 questions stratified into 5 sections. Surveys were mailed or directly distributed between June 2009 and June 2010.
Specialized nursing units (i.e., intensive care) were excluded. N=31,627 total surveys used in the analysis after exclusions.

	Intervention 
	No intervention

	Comparison(s) 
	Compared burnout, job satisfaction, and intent to leave by 5 categories of shift duration categories (<8, 8.1-10, 10.1-11.9, 12-13, >13 hours). 

	Outcome Measure(s) 
	Shift length was recorded by asking the survey respondent about his/her most recent shift worked grouped into 5 categories (<8, 8.1-10, 10.1-11.9, 12-13, >13 hours). Burnout was measured using the MBI. Job satisfaction measured with a single item. Intent to leave measured with single item. Items also measured satisfaction with schedule flexibility.

	Key Finding(s) 
	Following adjustment for confounding factors, nurses that worked 12 hours or more were more likely to report burnout, job dissatisfaction, and dissatisfaction with schedule flexibility, and intent to leave the current job when compared to nurses that worked 8 hours or less.
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	Study Setting 
	North Carolina Chapter of ACEP

	Eligible Participants 
	All members of the North Carolina Chapter of ACEP (N=387)

	Study Aims 
	To determine optimal shift length in practicing emergency physicians through a survey exploring experiences with difficult shift length and specific shift preferences.

	Study Design & Participants 
	Cross-sectional survey, N=290 out of N=387 eligible participants returned usable surveys. 

	Intervention 
	No intervention 

	Comparison(s) 
	Comparisons in regards to shift length preference and desire to work a different shift length were made between 8-hour shift workers, 12-hour shift workers, and combination 8-hour and 12-hour shift workers.

	Outcome Measure(s) 
	Shift length preference

	Key Finding(s) 
	11.3% of physicians surveyed worked 8-hour shifts exclusively. Of these, significantly more (p= .0001) indicated that this was their preferred shift length, and 2% wished to work a different shift length. Among exclusive 12-hour shift workers, 58% preferred to work a different shift length. Among those working 8/12-hour combo shifts, 63% wanted to work a different shift length (74% wanted 8-hour, 10% wanted 12-hour, and 16% wanted some other shift length). Regardless of shift length actually worked, most of the physicians preferred to work 8-hour shifts.
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	Study Setting 
	N=10 European countries as part of the NEXT study. Surveys sent to N=147 hospitals, N=185 nursing homes, and N=76 home care institutions. 

	Eligible Participants 
	Nurses working at healthcare facilities in N=10 targeted European nations

	Study Aims 
	To determine the effect of work schedule among paramedical staff on three parameters (work and family balance, and health and safety), after adjustment for various risk factors.

	Study Design & Participants 
	Cross-sectional survey of nurses. N=77,681 nurses were recruited, of whom N=39,898 (51.7%) participated. Sufficient data for analysis purposes focused on work schedule was received from N=25,924 respondents. 

	Intervention 
	No Intervention

	Comparison(s) 
	Comparing outcomes and demographic variables by work schedule (Day 8-hour, Day 10-hour, Day 12-hour, Night 8-hour, Night 10-hour, Night 12-hour).

	Outcome Measure(s) 
	Work-family conflict, burnout, work-ability, sleep quality on working days, number of days sick leave declared, indicators of working conditions (e.g., interruptions), job demands, quality of teamwork, over-commitment and other subjective assessments of work environment.

	Key Finding(s) 
	Dissatisfaction with staff handovers during shift change was worse among nurses working 10-hour or 12-hour night shifts. Nurses working 12-hour day shifts report more interruptions and disturbances in the job that other shifts. Compared to nurses working 8-hour shifts, those working 10-hour or 12-hour shifts report more satisfaction with job, yet their health (well-being) is often worse. Extended work shifts are associated with burnout. Night shift work was associated with intent to change work setting.
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