



Online Supplement Appendix E: Categorization of findings as favorable, unfavorable, mixed/inconclusive, or no impact stratified by specific shift hour comparisons


4 vs. 6 
Experimental

Experimental Study Designs [4-hours versus 6-hours comparison]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 4-hour versus 6-hour shift durations, addressed critical or important outcomes of interest.


4 vs. 6 
Observational

Observational Study Designs [4-hours versus 6-hours comparison]

OBSERVATIONAL [4-hours vs. 6-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Harma et al., 2008 administered a cross-sectional survey and prospective study design that included the Skogby Sleep Questionnaire and the Epworth Sleepiness Scale (ESS) to n=185 maritime shift workers and distributed a sleep/work diary for a 7-day period for the last seven consecutive days at sea.1 Findings from n=92 diaries show no difference by shift duration in the number of reported maritime accidents during last five years. We categorized findings for Harma et al., 2008 as no impact.

OBSERVATIONAL [4-hours vs. 6-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Lutzhoft et al., 2010 administered reaction time tests to 30 captains and nautical officers from Swedish cargo vessels on the different shift durations.2 The Karolinska Sleepiness Scale (KSS) was used to measure sleepiness and a Palm handheld computer was used to measure reaction time. Findings show no difference in reaction time by shift duration. We categorized findings for Lutzhoft et al., 2010 as no impact.

OBSERVATIONAL [4-hours vs. 6-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Three observational studies assessed indicators of acute fatigue by shift duration.1-3 Kazemi et al., 2016 asked n=97 train operators to rate their fatigue during shift work using the Samn-Perelli Fatigue Scale at departure and upon arrival to their destination.3 Findings show that end of route fatigue scores did not differ by duration of shift. Harma et al., 2008 determined that the proportion of navigator members in the Finnish Maritime Officer Association that self-reported nodding off at work (sleepiness) was higher among those working the 6-hour-on / 6-hour-off shift pattern versus those on the 4-hour-on / 8-hour-off pattern.1 Lutzhoft et al., 2010 tested n=30 officers on watch from the Finnish Maritime Officer Association using the KSS and electrooculography (EOG) to measure sleepiness and compare values for two different shift systems (6-hours-on / 6-hours-off and 4-hours-on / 4-hours-off).2 Findings show no differences in KSS sleepiness measures by shift duration. Additional analyses show that complaints of sleepiness increased on the longer duration shift scheduled and stayed fairly level on the shorter duration schedule. We categorized findings from Lutzhoft et al., 2010 and Harma et al., 2008 as favorable towards the shorter duration shift. Findings for the Kazemi et al., study were categorized as no impact. 


OBSERVATIONAL [4-hours vs. 6-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Lutzhoft et al., 2010 deployed sleep diaries and actigraph monitors to measure sleep in n=30 nautical captains and officers.2 Findings show no difference in total sleep by shift duration. Harma et al., 2008 measured ‘waking up during sleep,’ ‘waking up too early,’ and ‘problems falling to sleep’ and determined that none of these measures differ by shift duration.1 Findings for Lutzhoft et al., 2010 and Harma et al., 2008 were categorized as no impact.

None of the retained research that utilized observational study designs, and compared 4-hour versus 6-hour shift durations, addressed indicators of: patient safety, retention/turnover, long-term health, burnout/stress, or cost to system.



6 vs. 12 
Experimental

Experimental Study Designs [6-hours versus 12-hours comparison]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 6-hour versus 12-hour shift durations, addressed critical or important outcomes of interest.


6 vs. 12 
Observational

Observational (non-experimental) Study Designs [6-hours versus 12-hours comparison]

OBSERVATIONAL [6-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Hansen et al., 2011 surveyed n=577 Norwegian offshore fleet shift workers about their sleep and safety.4 The self-reported findings show no differences in perceived “work capability” or “safety at work” by shift duration (6-hour versus 12-hour shifts). Data was obtained by a questionnaire-based survey. We categorized findings of Hansen et al., 2011 as no impact. 

OBSERVATIONAL [6-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Hansen et al., 2011 determined that sleep disturbances were reported more often by shift workers on the 6-hour on / 6-hour off rotation versus the 12-hour on / 12-hour off shift duration rotation.4 We categorized findings for Hansen et al., 2011 as unfavorable for the short duration shift. 

None of the retained research that utilized observational study designs, and compared 6-hour versus 12-hour shift durations, addressed indicators of patient safety, personnel performance, retention/turnover, indicators of long-term health, burnout/stress, or cost to system.







6 vs. 30 
Experimental

Experimental Study Designs [6-hours versus 30-hours comparison]

EXPERIMENTAL [6-hours vs. 30-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Zheng et al., 2006 studied n=22 physicians in a prospective, single-blind, cross-over study where sleep hours from the previous night were recorded in a sleep diary.5 Participants worked both a 6-hour shift and a 30-hour shift. Findings show that the longer work shift was associated with fewer hours of sleep. We categorize findings from Zheng et al., 2006 as favorable for the shorter shift duration. 

EXPERIMENTAL [6-hours vs. 30-hours] Impact of shorter versus longer shift duration on indicators of long-term health: Zheng et al., 2006 measured brachial artery flow-mediated dilation – a marker of vascular function.5 Zheng et al., 2006 also measured sleep-related cytokines (IL-6) and tumor necrosis factor (TNF). Findings show significantly lower brachial artery flow, higher levels of IL-6, and no difference in TNF by shift duration. We categorize findings from Zheng et al., 2006 as favorable for the shorter shift duration. 

None of the retained research that utilized experimental (including quasi-experimental) study designs, and compared 6-hour versus 30-hour shift durations, addressed indicators of patient safety, personnel safety, personnel performance, acute fatigue, retention/turnover, burnout/stress, or cost to system.


6 vs. 30 
Observational

Observational Study Designs [6-hours versus 30-hours comparison]

None of the retained research that utilized observational study designs, and compared 6-hour versus 30-hour shift durations, addressed critical or important outcomes of interest.


<8 vs. >8
Experimental

Experimental Study Designs [<8 hours versus >8 hours comparison]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared <8-hour versus >8-hour shift durations, addressed critical or important outcomes of interest.






<8 vs. >8 
Observational

Observational (non-experimental) Study Designs [<8 hours versus >8 hours comparison]

OBSERVATIONAL [<8 hours vs. >8 hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Two observational studies assessed indicators of personnel safety by shift duration.6,7 De Castro et al., 2010 surveyed n=655 Philippine nurses to examine their self-reported associations between shift work and occupational health.6 De Castro et al., 2010 detected no relationship between shift duration (<8 hours versus >8 hours) and four occupational health outcome variables: 1) work-related injury in past year; 2) work-related illness in past year; 3) missed >2 days of work due to work-related injury or illness; 4) back pain. Ilhan et al., 2006 surveyed n=449 nurses to determine factors contributing to needle-stick injuries during their working life and in the previous year.7 Findings showed a greater frequency of reported needle-stick injuries among nurses that worked >8 hours versus those that worked <8 hours. We categorized findings reported by De Castro et al., 2010 as no impact. Findings reported by Ilhan et al., 2006 were classified as favorable towards the shorter duration shift. 

None of the retained research that utilized observational study designs, and compared <8-hour versus >8-hour shift durations, addressed indicators of patient safety, personnel performance, acute fatigue, indicators of sleep and/or sleep quality, retention/turnover, indicators of long-term health, burnout/stress, or cost to system.


8 vs. 9 
Experimental

Experimental Study Designs [8-hour versus 9-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 8-hour versus 9-hour shift durations, addressed critical or important outcomes of interest.


8 vs. 9 
Observational

Observational Study Designs [8-hour versus 9-hour comparisons]

OBSERVATIONAL [8 hours vs. 9 hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Josten et al., 2003 administered a cross-sectional survey to n=134 nurses that measured self-reported fatigue, health, performance, and satisfaction.8 Josten et al., 2003 suggest that performance of nurses on the 9-hour shifts was poorer than nurses on the 8-hour shifts. We categorized findings as favorable towards the shorter duration shift. 


OBSERVATIONAL [8 hours vs. 9 hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Two observational studies assessed the relationship between indicators of acute fatigue and shift duration.8,9 Cruz et al., 2000 completed a survey of n=210 air-traffic control officers that measured a range of self-reported health, sleep, job, and lifestyle related questions.9 Findings show that the proportion of respondents reporting dozing off at work was higher among those working 9-hour shifts than those working 8-hour shifts. We categorized findings for Cruz et al., 2000 as favorable towards the shorter duration shift.

Josten et al., 2003 surveyed n=134 nurses working in nursing homes in the Netherlands.8 Findings showed that self-reported fatigue measured at the beginning of a shift was not different by shift duration. Nurses on the 9-hour shift reported more fatigue compared to nurses on the 8-hour shift at the end of the early and late shift. Nurses on the 9-hour shift schedule scored higher on the need for recovery survey items than the 8-hour group. We categorized the findings of Josten et al., 2003 as favorable towards the shorter duration shift. 

OBSERVATIONAL [8 hours vs. 9 hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Cruz et al., 2000 determined that the amount of sleep reported by respondents did not differ by shift duration.9 We categorized the findings of Cruz et al., 2000 as no impact.

OBSERVATIONAL [8 hours vs. 9 hours] Impact of shorter versus longer shift duration on indicators of retention/turnover: Josten et al., 2003 determined that the 8-hour group was more satisfied with working hours and free time.8 We categorized the findings of Jostens et al., 2003 as favorable towards the shorter shift duration.

OBSERVATIONAL [8 hours vs. 9 hours] Impact of shorter versus longer shift duration on indicators of long-term health: Two studies assessed the relationship between indicators of long-term health and shift duration.8,9 Cruz et al., 2000 determined that scores on the health index measure did not differ by shift duration.9 Josten determined that the mean number of health complaints was higher in the 9-hour shift group than the 8-hour shift group.8 Findings reported by Cruz et al., 2000 were categorized as no impact, whereas findings reported by Josten et al., 2003 were categorized as favorable towards the shorter duration shift.

None of the retained research that utilized observational study designs, and compared 8-hour versus 9-hour shift durations, addressed indicators of patient safety, personnel safety, burnout/stress, or cost to system.


8 vs. 10 
Experimental

Experimental Study Designs [8-hour versus 10-hour comparisons]

EXPERIMENTAL [8-hours vs. 10-hours] Impact of shorter versus longer shift duration on indicators of personnel safety outcomes: Hossain et al., 2004 used a quasi-experimental design that utilized three surveys (n=241, n=225, and n=182) to examine fatigue and other measures in a group of miners before and after a change in shift duration from an 8-hour to 10-hour shift pattern.10 Hossain and colleagues determined that self-reported instances of falling asleep while driving home, near misses, accidents, and lapses in attention were reported more often during the 8-hour shift schedule than during the 10-hour schedule. Hossain et al., 2004 also reported a drop in the number of accidents reported by workers one-year after schedule change. We categorize these findings from Hossain et al., 2004 as unfavorable for the shorter duration shift. 

EXPERIMENTAL [8-hours vs. 10-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Hossain et al., 2004 determined workers on the new 10-hour day shifts reported significantly impaired performance compared to the 8-hour day shifts.10 The opposite was observed among the 8-hour night shift workers, whom reported improved performance after the change to 10-hours. We categorize the findings by Hossain et al., 2004 as mixed/inconclusive. 

EXPERIMENTAL [8-hours vs. 10-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Hossain et al., 2004 measured sleepiness with the ESS and Fatigue Severity Scale (FSS) at three time points (before the change in schedule, one-month post change, and one-year post schedule change).10 Findings show no differences in sleepiness or fatigue severity by time. We categorize these findings as no impact. 

EXPERIMENTAL [8-hours vs. 10-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Hossain et al., 2004 assessed self-reported sleep duration on night shift, day shift, on days off, and sleep quality on night shift, day shift, and on days off.10 Sleep duration decreased after the schedule change for day shift. Sleep quality declined for day shift workers. We categorize findings by Hossain et al., 2004 findings as mixed/inconclusive. 

EXPERIMENTAL [8-hours vs. 10-hours] Impact of shorter versus longer shift duration on indicators of indicators of retention/turnover: Hossain et al., 2004 determined that 41.2% before of workers were satisfied with the shift schedule before the change to longer shifts.10 One month after the change the percentage dropped to 22.4% and then increased to 48.6% one-year post change to the new schedule. We categorize findings by Hossain et al., 2004 findings as mixed/inconclusive.

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 8-hour versus 10-hour shift durations, addressed indicators of patient safety, indicators of long-term health, burnout/stress, or cost to system.


8 vs. 10
Observational

Observational Study Designs [8-hour versus 10-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 8-hour versus 10-hour shift durations, addressed critical or important outcomes of interest.


8 vs. 12
Experimental

Experimental Study Designs [8-hour versus 12-hour comparisons]

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of patient safety outcomes: Two quasi-experimental studies assessed measures germane to patient safety by shift duration (i.e., quality of care).11,12 Reid et al., 1994 evaluated nurse’s perceptions of care quality after moving from an 8-hour to 12-hour shift model (n=25 phase 1 and n=22 phase 2 with repeated measures).11 Survey reports illustrated that most perceived care quality did not change or that the impact was negative. Todd et al., 1989 distributed a standardized instrument pre and then six months post implementation of a shift duration change from 8-hour shifts to 12-hour shifts on nursing units.12 The instrument measures nurse quality of care and analyses showed that quality of care scores were lower (worse) post implementation of the new 12-hour schedule. We categorized the findings of Reid et al., 1994 as mixed/inconclusive given a lack of statistical testing and the findings of Todd et al., 1989 as favorable for shorter versus longer shift duration. 

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of personnel safety outcomes: Three quasi-experimental studies assessed measures germane to personnel safety before and after a schedule change from 8 hours to 12 hours (i.e., accident reports, near-misses, compensation claims).13-15 Smith et al., 1998 used personnel records of near miss accident reports to measure personnel safety in n=72 chemical plant shift workers.13 We categorized study findings as mixed/inconclusive based on the unknown role of fatigue and limited/incomplete reporting of results pre to post schedule change. Lowden et al., 1998 used self-report data taken from the Karolinska Sleep Diaries (KSD) of n=32 Swedish chemical plant shift workers to determine that there was no impact on personnel safety.14 Freer et al., 1995 surveyed n=13 nurses and midwives to measure personnel safety. Freer and colleagues determined that there was no difference in personnel safety (perceptions of safety when traveling to and from work) between shift durations, even when shift duration and shift pattern was self-selected. We categorized findings by Freer et al., 1995 as mixed/inconclusive given the lack of detail of statistical tests. 

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Seven studies measured the impact of change in shift duration between 8-hour and 12-hour shifts on diverse measures of personnel performance.13-19 Pierce et al., 1992 used the Police Foundation’s instrument (PFI) (1990) in a quasi-experimental study of n=50 police officers to determine that performance (as measured by work coordination and the servicing of external constituents’ needs) improved after a switch from 8-hour to 12-hour shifts.17 The quasi-experimental study by Smith et al., 1998 used multiple measurement tools including the General Health Questionnaire (GHQ-12) and self report to measure personnel performance in n=72 chemical plant shift workers and detected no statistical difference in self-rated work performance.13 Peacock et al., 1983 used the Critical Flicker Fusion Frequency (CFF) performance and Grammatical Reasoning Tests (GRT)  in a pre-post quasi-experimental study.16 Peacock et al., 1983 found no statistical difference in performance between the two shift durations in n=73 police officers using the CFF and GRTs. Freer et al., 1995 suggested possible differences in perceived continuity of care and information sharing (handovers) by shift duration in a survey data from a sample of n=13 midwives and nurses.15 Freer et al., 1995 did not perform any statistical tests, which led us to categorize findings as mixed/inconclusive. Lowden et al., 1998 examined reaction time in n=32 chemical plant shift workers as a performance measure in workers before and 10 months after a change in shift duration. They detected no differences.14 Rosa et al., 1989 used a before/after quasi-experimental study design in control panel and computer monitor operators to compare select performance measures between 8-hour shifts and 12-hour shift schedule after a schedule change to 12-hour shifts (sample size varies by shift duration group and statistical model).18 The comparison was stratified by shift time (day, evening, night). The crude 8-hour versus 12-hour crude comparison was not presented, which is why we categorized Rosa’s findings for the 1989 study and the follow up 1991 study as mixed/inconclusive.18,19 We categorized the findings of Pierce et al., 1992 as unfavorable towards shorter shifts. The findings by Smith et al., 1989, Peacock et al., 1983, and Lowden et al., 1993 were categorized as no impact. Findings by Freer et al., 1995 were categorized as mixed/inconclusive given a lack of information pertaining to statistical tests. 

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Seven studies measured the impact of change in shift duration between 8-hour and 12-hour shifts on diverse measures or indicators of acute fatigue.13,14,16-20 Martin et al., 2015 detected no change in acute or chronic fatigue scores following a change in shift duration from 12 hours to 8 hours in n=7 nurses using the Occupational Fatigue Exhaustion Recovery (OFER) survey tool.20 Peacock et al., 1983 detected no “deleterious effects” on alertness after changing from an 8-hour to 12-hour duration shift schedule in n=73 police officers using a 1-7 subjective rating of alertness (7 implying a very alert state).16 Pierce et al., 1992 showed a decrease in acute fatigue following a change from 8-hour to 12-hour shifts using multiple survey measures in a study of n=50 police officers.17 Rosa et al., 1989 and 1991 examined the impact of a shift duration change from 8 hours to 12 hours in control panel and computer monitoring operators using the NIOSH fatigue test battery.18,19 Rosa detected some differences in sleepiness by shift duration, however the findings were not reported in a pairwise comparison with all 8-hour and all 12-hour shifts collated into two distinct duration groups. Shift timing may confound findings, which led to a mixed/inconclusive interpretation of the results. Using multiple measures including the GHQ-6 and self-report from n=72 chemical plant shift workers, Smith et al., 1998 showed no differences in dayshift, nightshift, and day-off tiredness after a change from 8-hour to 12-hour shifts.13 Lowden et al., 1998 showed n=32 chemical plant shift workers reported less sleepiness on the KSS while working on the 12-hour shifts versus the 8-hour shifts.14 We categorized the findings of Martin et al., 2015, Peacock et al., 1983, Smith et al., 1998, as no impact on indicators of acute fatigue, and the findings from Pierce et al., 1992, Lowden et al., 1998 were classified as unfavorable because indicators of acute fatigue were worse on shorter duration shifts. We categorized the findings of Rosa et al., 1989 and 1991 as mixed/inconclusive. 

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Nine of the retained studies assessed indicators of sleep or sleep quality before and after introduction of a new shift schedule (from 8 hours to 12 hours or vice-versa).13-16,18-22 Martin et al., 2015 assessed sleep hours and inter-shift recovery pre and post change in shift duration in n=7 nurses using the OFER survey.20 Findings show no differences by shift duration in mean hours of sleep per night, yet results do show better recovery between shifts for the 12-hour shift as compared to the 8-hour shift. Peacock et al., 1983 captured self-reported sleep times and sleep quality in n=73 police officers with a single-item sleep quality rating from 1-7 (7 representing very good).16 Findings show a positive impact on sleep time and perceived sleep quality after the change to the 12-hour shift duration. Freer et al., 1995 collected survey data from n=13 nurses and midwives and found no difference in perceived sleep patterns based on self-selected shift duration.15 Rosa et al., 1989 and 1991 examined the impact of a shift duration change from 8 hours to 12 hours on total sleep and sleep quality in control panel and computer monitor operators.18,19 Rosa identified some differences in these measures by shift duration, however the findings were not reported in a pairwise comparison with all 8-hour and all 12-hour shifts collated into two distinct duration groups. Shift timing may confound findings, which led to a mixed/inconclusive interpretation of the results. Mitchell et al., 2000 determined that n=27 electrical power station shift workers reported better sleep quality and fewer disturbances after a change to 12-hour shifts as noted in daily sleep diaries.21 Di Milia et al., 1998 collected sleep diaries from three coal miners changing from an 8-hour to a 12-hour shift.22 Di Milia and colleagues determined that some shifts saw improvement sleep duration and some did not when stratified by timing (day/night) and recovery days. Smith et al., 1998 detected no impact on sleep quality after changing to a 12-hour shift duration from an 8-hour duration using daily sleep log entries from n=72 chemical plant shift workers.13 Using data collected from actigraphs and KSD, Lowden et al., 1998 determined more positive values for sleep quality and sleep length in n=32 chemical plant shift workers after switching to the 12-hour shift duration from the 8-hour duration.14 We categorized findings on indicators of sleep and sleep quality reported by Martin et al., 2015, Peacock 1983, Mitchell et al., 2000, and Lowden et al., 1998 as unfavorable for shorter versus longer shifts. We categorized findings from Rosa et al., 1989 and 1991, Di Milia et al., 1998, and Freer et al., 1995 as mixed/inconclusive. The findings from Smith et al., 1998 were classified as no impact.

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of retention and turnover: Seven studies assessed indicators of retention and/or turnover before and after introduction of a new shift schedule.11,13-15,17,21,23 Reid et al., 1994 detected mixed findings in survey reports from nurses about their own and their colleague’s happiness before and after moving from an 8-hour to 12-hour shift model (n=25 phase 1 and n=22 phase 2 with repeated measures).11 In a survey of n=50 police officers, Pierce et al., 1992 determined that satisfaction with multiple measures (i.e., job, life, leisure time) improved after moving from the 8-hour to 12-hour shift duration schedule.17 Freer et al., 1995 collected survey data from n=13 nurses and suggested possible differences in self-perceived job satisfaction by shift duration, yet no formal test to confirm differences.15 Cydulka et al., 1994 determined that job dissatisfaction increased (less satisfied) after changing from an 8-hour shift duration rotation to a 12-hour duration in responses on the MPSS-R questionnaire from n=140 EMS personnel.23 Mitchell et al., 2000 assessed social and domestic coping factors in n=27 electrical power station shift workers in reference to how the work shift affected these factors.21 Respondents perceived they coped better with the 12-hour shift after changing from an 8-hour shift schedule according to their self-report on the Standard Shift Work Index (SSI).21 Smith et al,. 1998 showed increased satisfaction after the change from 8-hour to 12-hour shifts from multiple measures through self-report and surveys from n=72 chemical plant shift workers.13 Lowden et al., 1998 also showed greater satisfaction with 12-hour shift schedule in questionnaire-based feedback from n=32 chemical plant shift workers.14 Findings from the Reid et al., 1994 and Freer et al., 1995 were categorized as mixed/inconclusive. Findings from Pierce et al., 1992, Mitchell et al., 2000, Smith et al., 1998, and Lowden et al., 1998 were categorized as unfavorable for shorter duration shifts and fatigue related risks germane to retention and turnover. Findings from Cydulka et al., 1994 were categorized as favorable for the shorter shift duration.

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators long term health: Six studies assessed indicators of long-term health before and after introduction of a new shift schedule.13,14,16,18,19,21 Peacock et al., 1983 detected improved physical fitness after the change to longer shift duration in n=73 police officers using the W170 test of cardiorespiratory fitness.16 Rosa et al., 1989 and 1991 examined the impact of a shift duration change from 8 hours to 12 hours on gastrointestinal complaints in control panel and computer monitoring operators.18,19 A differences in by shift duration was identified, however, these findings were not reported in a pairwise comparison with all 8-hour compared to all 12-hour shifts. Shift timing may confound findings. Mitchell et al., 2000 showed n=27 electrical power station shift workers reported more health complaints, annual leave and annual sick time when working the 8-hour roster than when working the 12-hour roster.21 Through multiple measures including the GHQ-6 and GHQ-12, Smith et al., 1998 detected no differences in mental health or physical health measures between the 8-hour and 12-hour shift periods in n=72 chemical plant shift workers.13 Lowden et al., 1998 collected data on n=32 chemical plant shift workers via self-report and questionnaires and determined there was no impact on of changing from an 8-hour to 12-hour shift duration schedule on subjective health.14 Findings from Peacock et al., 1983 and Mitchell et al., 2000 were categorized as unfavorable for shorter shifts and fatigue related risks germane to indicators of long-term health. Findings from Rosa et al., 1989, Rosa et al., 1991, were categorized as mixed/inconclusive. Findings from Smith et al., 1998 and Lowden et al., 1998 were categorized as no impact.

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators burnout and stress: Six studies assessed indicators burnout/stress before and after introduction of a new shift schedule.14,15,17,18,23,24 Pierce et al., 1992 showed a decrease in overall level of stress after changing from 8-hour to a 12-hour shift pattern in multiple survey measures of n=50 police officers.17 Cydulka et al., 1994 detected no long-term differences in stress scores one year after the change from 8-hour to 12-hour shifts in n=140 EMS personnel responses on the MPSS-R questionnaire.23 Freer et al., 1995 collected survey data from n=13 nurses and midwives and determined that there was no difference in burnout or stress based on shift duration even when shift duration was self-selected.15 In control panel and computer monitoring operators, Rosa et al., 1989 detected no differences in self-reported stress before and after a change in shift duration from 8 hours to 12 hours.18 Loudoun et al., 2008 detected no differences in work/non-work conflict after a change in shift duration from 8-hours to 12-hour shifts in n=137 machine workers.24 Using multiple measures (Bohle and Tilley’s work/non-work conflict scale, GHQ-12, and Physical health questionnaire (PHQ)), Lowden et al., 1998 determined that mental stress did not differ after the change to the longer shift duration in n=32 chemical plant shift workers.14 We categorized the findings from Pierce et al., 1992 as unfavorable for the shorter 8-hour shift duration. The findings for Cydulka et al., 1994 and Loudoun et al., 2008; and Lowden 1998 were categorized as no impact. Findings reported by Freer et al., 1995 and Rosa, 1991 were classified as mixed/inconclusive given a lack of information on statistical tests. Regarding Rosa, 1991, shift timing may confound findings, which led to a mixed/inconclusive interpretation of the results.

EXPERIMENTAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on cost to the system: One study by Smith et al., 1998 collected personnel data from n=72 chemical plant shift workers and showed that after changing to 12-hour shifts, the amount of overtime decreased by more than 36%.13 The statistical significance of this reduction was not reported. We categorize these findings as mixed/inconclusive. 


8 vs. 12 
Observational

Observational (non-experimental) Study Designs [8-hour versus 12-hour comparisons]

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of patient safety: Five studies that used observational study designs assessed the relationship between shift duration (8-hour vs. 12-hour) and indicators of patient safety (a fatigue related risk).25-29 Vik et al., 1982 showed that quality of care scores on a standard quality of care tool (the Quality Patient Care Scale - QUALPACS) were higher (better) for patients and personnel on the 8-hour versus 12-hour shifts in n=57 nurses.25 Rogers et al., 2004 used data from logbooks collected from n=393 nurses and determined that nurses working greater than 8.5 hours were at increased odds of making at least one error than nurses working up to 8.5 hours.26 Nelson et al., 1988 used a cross-sectional survey design to show that nursing care quality, as measured by the QUALPACS, was no different between a sample of n=20 nurses working the 8-hour or 12-hour shift.27 Johnson et al., 2008 administered an internally designed cross-sectional survey to n=256 nurses to determine if errors differed by 8-hour and 12-hour shifts.28 They found no difference in the mean number of errors by shift duration. Stone et al., 2006 detected no differences in quality of care variables (incident reports on medication errors, patient falls, decubitus ulcers) between 8-hour and 12-hour shifts in a sample of n=805 nurses.29 We categorized findings from Vik et al., 1982, Rogers et al., 2004 as favorable for the shorter shift duration. Findings from Nelson et al., 1988, Johnson et al., 2008, and Stone et al., 2006 were categorized as no impact.

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Three studies assessed indicators of personnel safety and their relationship with shift duration (8-hour vs. 12-hour).29-31 Baker et al., 1994 analyzed administrative records of shift schedules and error event reports for shift workers in a nuclear power plant.30 Findings show that the 12-hour shift was strongly associated with operator error reports. Stone et al., 2006 measured employee absenteeism and injury as a combined measure of employee health and safety in a population of n=805 nurses.29 Findings show no differences in injury between 8-hour and 12-hour shifts, yet findings show significantly greater number of absences under the 8-hour shift versus the 12-hour shift. Laundry et al., 1991 completed a retrospective cohort study of shift and injury records from n=247 manufacturing workers that experienced a change in shift duration from 8 hours to 12 hours.31 Findings show that the crude on-the-job injury rate (per 100 person-years) was significantly lower for the 12-hour shift compared to the 8-hour shift. We categorized the findings of Baker et al., 1994 as favorable towards shorter shifts, and the findings of Stone et al., 2006 and Laundry et al., 1991 as unfavorable.  

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Eight studies assessed the relationship between indicators of personnel performance and shift duration (8-hour vs. 12-hour).29,32-38  Palmer et al., 1991 used a combination of survey data and administrative records to determine the association between shift duration and nurse performance.32 They detected no association between shift duration and nurse performance. Daniel et al., 1989 evaluated several measures of shift worker performance longitudinally for one week in n=34 operators.33 They compared performance by shift duration and determined that performance was either better for workers on 8-hour shifts or showed no difference with those working 12-hour shifts. Washburn et al., 1991 reports the study design was quasi-experimental, however, the information about the study protocol and design are extremely limited, which is why we grouped this study with observational designs.34 Washburn et al., 1991 detected no differences by shift duration in mean scores on a 3-minute reasoning critical thinking performance tool in a total of n=117 nurses.34 Axelsson et al., 1998 detected no differences in n=31 power plant shift workers by shift duration in performance on a tool that measures reaction time over 10-minutes at the beginning and end of 8-hour and 12-hour shifts.35 Rosa, 1993 assessed a sample of n=21 gas control shift worker performance on a battery of tests (i.e., mental arithmetic, GRTs, and auditory reaction time) over 10-months.36 Findings show significantly worse performance on the reaction time test, GRT, for the 12-hour shifts compared to the 8-hour shifts. Fields et al., 1988 used the Three-Minute Reasoning Test to explore differences in cognitive performance between 8-hour and 12-hour shifts in a sample of n=102 nurses.38 Fields et al., 1988 detected no differences between groups.38 Gillespie et al., 1996 assessed completeness of patient documentation as a measure of nurse performance in a sample of n=50 nurses.37 Gillespie and colleagues determined that while 90% of forms were complete for nurses on the 12-hour shifts, only 60% were complete for nurses on the 8-hour shift. Gillespie did not report a statistical test between groups, thus we are unable to determine if these percentages differ statistically between groups. Stone et al., 2006 used a combination of cross-sectional survey and administrative data to explore for differences in performance between 8-hour and 12-hour shifts.29 Stone et al., 2006 measured n=805 nurse perceptions of quality on last shift worked, overall quality on unit, and quality in the past year. They detected no differences between 8-hour and 12-hour shifts on these measures of performance.  We categorized findings by Palmer et al., 1991, Washburn et al., 1991, Axelsson et al., 1998, Fields et al., 1988, Stone et al., 2006 as no impact. Findings by Daniel et al., 1989 and Rosa, 1993 were categorized as favorable towards the shorter shift duration. Findings from Gillespie et al., 1996 were categorized as mixed/inconclusive. 

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Eleven studies assessed the relationship between indicators of acute fatigue and shift duration (8-hour vs. 12-hour).28,34-43 Tucker et al., 1998 surveyed n=862 shift workers at manufacturing and engineering companies with the Survey of Shiftwork (SOS) to explore differences in alertness by shift duration.39 Findings show no differences in alertness between workers on 8-hour versus 12-hour shifts. In a separate group, Tucker et al., 1996 used a modified version of the SSI, and a retrospective alertness rating scale to survey two groups of n=162 total chemical workers that worked 8-hour or 12-hour shifts about their fatigue and alertness.40 Tucker et al., 1996 detected no differences by shift duration in the items used to measure fatigue or alertness. Johnson et al., 2008 distributed an internally-designed survey tool to n=256 nurses to quantify self-reported fatigue among hospital nurses.28 Johnson et al., 2008 provided limited information about the study data and statistics, however, they report that the odds of fatigue for the 8-hour shift nurses was 2.38 times higher than for the 12-hour shift nurses. Washburn et al., 1991 used a 30-item checklist developed by the Industrial Fatigue Research Committee of the Japanese Association of Industrial Health to measure fatigue and explore for differences by shift duration in a sample of n=117 nurses.34 Washburn et al., 1991 determined that while fatigue increased from the start to the end of shifts, there was no difference in scores by shift duration. Axelsson et al., 1998 surveyed n=31 shift worker sleepiness at a power plant that used 8-hour and 12-hour shift patterns.35 Using the KSS, Axelsson and colleagues determined that the severity of sleepiness varied by timing and duration of shift, hence a mixed finding. Rosa, 1993 assessed the sleepiness of gas control shift workers using a sleepiness scale rating system (1=least, 7=most).36 Findings show variation in sleepiness by shift (8-hour daytime, evening, night; and 12-hour day and night); and regression model results show greatest sleepiness with 12-hour night shifts. Costa et al., 2014 surveyed and interviewed n=294 nurses over a multiple day shift cycle using the ESS and KSS, and other tools for the purpose of comparing fatigue related measures by shift duration/scheduling.41 Sleepiness varied by shift (day, night, and by duration). Findings are categorized as mixed due to the likely influence of timing (day, night, evening). Based on a sample of n=102 nurses and their responses to the Subjective Symptoms of Fatigue Test, Fields et al., 1988 determined that nurse fatigue increased (worsened) at the end of the shift compared to the beginning shift; however, fatigue was reported as no worse for those working 12 hours versus 8 hours.38 Makowiec-Dabrowska et al., 2000 measured highest perceived fatigue experienced at work and detected no differences between 8-hour and 12-hour shifts (n=698 participants).43 Gillespie et al., 1996 interviewed n=50 nurses and determined that 80% reported tiredness as a problem when working 12-hour shifts, whereas 20% reported tiredness as problematic when working 12-hour shifts.37 Gillespie et al., 1996 do not report a statistical comparison of these data, thus we have categorized findings as mixed/inconclusive. Kallus et al., 2009 surveyed n=18 rail traffic controllers using multiple measures including the questionnaire 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.42 Kallus and colleagues determined that shift duration played no impact on levels of acute fatigue. We categorized the findings by Tucker et al., 1998, Tucker et al., 1996, Washburn et al., 1991, Fields et al., 1988, Makowiec-Dabrowska et al., 2000, and Kallus et al., 2009 as no impact. Findings from Johnson et al., 2008 were categorized as unfavorable towards the shorter shift duration. The research findings by Axelsson et al., 1998, Rosa, 1993, Costa et al., 2014, Gillespie et al., 1996 were categorized as mixed/inconclusive. 

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Eight studies assessed the relationship between indicators of sleep, sleep quality, and shift duration (8-hour vs. 12-hour).35,36,39-41,43-45 Makowiec-Dabrowska et al., 2000 surveyed n=698 nurses and determined that nurses obtained more total sleep on 12-hour shifts than on 8-hour shifts.43 Iskra-Golec et al., 1996 performed a survey of n=126 Intensive Care Unit nurses using the SSI and determined that those working 12-hour shifts reported more sleep disturbances and reported feeling tired after sleep more often than nurses working the 8-hour shift schedule.44 Tucker et al., 1998 surveyed n=862 manufacturing and engineering shift workers about their sleep duration, disruptions, and shift work.39 Findings from the reports on the SOS suggest that both duration and disruptions in sleep vary by shift duration, and shift timing (day, evening, night). Tucker et al., 1996 distributed questionnaires and a modified version of the SSI to n=162 chemical workers to explore the relationship between shift duration and sleep duration, sleep needed, and disturbances.40 Tucker et al., 1996 does not provide a crude, pairwise comparison of sleep measures by 8-hour versus 12-hours. Multiple sub-comparisons are provided and analyses show that certain sub-groups obtain more sleep and experience fewer disturbances than others. We interpreted findings as mixed. Axelsson et al., 1998 studied n=31 shift workers in a power plant by administering KSD to workers to explore the link between shift duration and sleep measures.35 Findings are interpreted as mixed because sleep does not differ for some comparisons by duration (8-hour night versus 12-hour night); however, differences do exist with other comparisons. Rosa 1993 detected no differences in sleep measures by shift duration in a sample of n=21 gas control shift workers.36 Costa et al., 2014 presented mixed findings on measures of sleep in n=294 nurses because comparisons of sleep measures by shift duration were further stratified by working area and timing.41 Poissonnet et al., 2001 surveyed n=3,250 (analyses on n=3,212) healthcare workers and examined the relationship between sleep debt, shift timing, and shift duration using a combination of an in-house developed survey, the SSI and GHQ.45 Reporting of statistical comparisons was limited, which is why we categorized findings as mixed/inconclusive. We categorized the findings of Makowiec-Dabrowska et al., 2000 as unfavorable for the shorter duration shift. Findings from the Iskra-Golec et al., 1996 study were categorized as favorable towards the shorter shift duration. We categorized findings from Tucker et al., 1998, Tucker et al., 1996, Axelsson et al., 1998; Costa et al., 2014, and Poissonnet et al., 2001 as mixed/inconclusive. Findings from Rosa, 1993 were categorized as no impact.

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of indicators of retention/turnover: Nine studies assessed the relationship between indicators of retention, turnover, and shift duration (8-hour vs. 12-hour).29,32,40,41,43-47 Palmer et al., 1991 used survey data to show that nurses were more satisfied with 12-hour shifts than 8-hour shifts.32 Makowiec-Dabrowska et al., 2000 measured retention and turnover in a population of n=698 nurses with two scales to measure job demands [7-items] and job control [13-items] that we considered related to indicators of retention and turnover.43 Findings show a pattern of more positive scores on job demand and job control items among nurses working 8-hour versus the 12-hour shift duration. Kundi et al., 1995 surveyed a total of n=880 nurses from n=12 hospitals to determine factors associated with satisfaction with work schedule.46 Findings show that nearly half of nurses working the 8-hour schedule (47%) and nearly half working the 12-hour schedule (44%) wanted to change their schedule. Follow-up questions determined that nurses working in either shift schedule perceived the 12-hour schedule to be most unfavorable, with exception to nurses working the 12-hour schedule perceiving it having a positive impact on leisure time. Iskra-Golec et al., 1996 surveyed n=126 Intensive Care Unit nurses that worked 12-hour or 8-hour shifts and asked about burnout, stress, job satisfaction and other factors.44 Findings from the survey and the SSI show no differences in job satisfaction by shift duration; however, nurses working the 12-hour shift scored significantly higher on questions dealing with satisfaction with free time.44 Tucker et al., 1996 surveyed n=162 chemical workers with a modified version of the SSI and identified no differences in general job dissatisfaction, domestic disruption, or non-domestic disruption between 8-hour and 12-hour shifts.40 Findings show that workers on the 8-hour shift schedule perceived greater disruption with social issues than did workers on the 12-hour shift schedule. Mean scores on items that measured perceptions of the advantages of a shift system outweighing the disadvantages were higher (more positive) for workers on the 8-hour versus 12-hour shift schedule. The 12-hour workers were less likely to report a desire to give up their shift schedule than were workers on the 8-hour shift schedule. Steele et al., 1994 surveyed n=606 emergency physicians and determined that 75% preferred to work 8-hour shifts while only 14% preferred to work 12-hour shifts.47 Costa et al., 2014 determined via survey data that job satisfaction did not differ between a sample of n=294 nurses that worked the 8-hour schedule or 12-hour schedule.41 Poissonnet et al., 2001 surveyed n=3,250 (analyses on n=3,212) hospital shift workers using a combination of an in-house developed survey, the SSI, and GHQ and determined that job satisfaction differed by multiple stratifications of shift duration (e.g., 8-hour fixed morning, fixed afternoon, rotating, 12-hour rotating, fixed delayed, and other stratums).45 We adjudicated a mixed interpretation of these findings given the lack of a crude pairwise comparison of all 8-hour versus all 12-hour shift schedules. Stone et al., 2006 used an anonymous survey of n=805 nurses combined with administrative data to examine the effects of shift duration on quality of care and other nursing outcomes.29 Stone et al., 2006 measured job satisfaction with the Perception of Nurse Work Environment (PNWE) scale, job enjoyment scale, scheduling satisfaction and preferences, and intention to stay in current position. Findings show that nurses working the 12-hour shift schedule were more satisfied with their job and their schedule. No differences in intent to stay in current position by shift duration. We categorized findings from Palmer et al., 1991, Stone et al., 2006 as unfavorable towards the shorter shift duration. Findings from Makowiec-Dabrowska et al., 2000; Steele et al., 1994 were categorized as favorable towards the shorter shift duration. We categorized the findings from Kundi et al., 1995, Iskra-Golec et al., 1996; Tucker et al., 1996 Poissonnet et al., 2001 as mixed/inconclusive towards shorter or longer shift duration. Findings from Costa et al., 2014 were categorized as no impact.

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of indicators of long-term health: Nine studies assessed the relationship between indicators of long-term health and shift duration (8-hour vs. 12-hour).36,39-45,48 Yamada et al., 2001 completed a retrospective review of annual “health-check” records (administrative employee data) completed by n=189 factory workers before and after a change in shift duration from 8 hours to 12 hours.48 Authors detected an increase (worsening) of physical and psychological health symptoms/complaints (i.e., stiff shoulder) one-year after changing to a 12-hour shift schedule. In addition, a comparison of body mass index measures showed an increase in body weight of 1kg. Makowiec-Dabrowska et al., 2000 surveyed n=698 nurses with the Profile of Mood States (POMS) questionnaire and detected no differences in symptoms of depression-dejection between nurses that worked 12-hour shifts versus 8-hour shifts.43 In a sample of n=126 Intensive Care Unit nurses, Iskra-Golec et al., 1996 showed that compared to the 8-hour shift nurses, nurses that worked 12-hour shifts reported more chronic fatigue and more cognitive anxiety as reported on their SSI.44 Tucker et al., 1996 surveyed n=162 chemical workers and issued a modified version of the SSI and detected no differences by shift duration with respect to chronic fatigue symptoms or incidence of gastrointestinal complaints.40 However, reported symptoms of cardiovascular disease were more frequent for workers on the 8-hour shift schedule than those on the 12-hour shift schedule. Tucker et al., 1998 surveyed n=862 shift workers at manufacturing and engineering companies using the SOS and determined that complaints about chronic fatigue were more common for the 8-hour shift schedule workers versus those in the 12-hour shift workers.39 Rosa, 1993 assessed complaints of gastro-intestinal distress in a sample of gas control shift workers and showed that distress was more often reported by workers on 12-hour night shifts versus workers on the 8-hour night shift.36 Costa et al., 2014 used salivated cortisol levels, and a survey and semi-structured interview study design of n=294 nurses to evaluate long term health based on shift duration.41 Costa et al., 2014 identified no differences in multiple health measures (i.e., digestive troubles, cardiovascular troubles, etc.) by shift duration. Poissonnet et al., 2001 surveyed n=3,250 (analyses on n=3,212) healthcare workers and examined the relationship between shift duration and gastrointestinal complaints, cardiovascular complaints, and psychological well-being as measured by the GHQ.45 Reporting of statistical comparisons is limited to multiple sub-stratums of shift duration and timing, not a pairwise comparison of 8 hours versus 12 hours. We categorized these findings as mixed/inconclusive. Kallus et al., 2009 completed a prospective cohort study of two groups of rail traffic controllers, where one group worked 8-hour shifts and the other worked 12-hour shifts (total n=18).42 The participants completed the Multiple Physical Symptoms List at the end of each shift worked. Findings show no differences in symptoms of sickness, pain, or tension. The only difference between the two shifts was with the symptom of relaxation, with lower / worse levels of relaxation reported by workers on the 8-hour shifts versus workers on the 12-hour shifts.42 

We categorized the findings from Yamada et al., 2001, Iskra-Golec et al., 1996, Rosa, 1993 as favorable towards the shorter shift duration in regards to the impact of shift duration on indicators of long-term health. We categorized the findings from Makowiec-Dabrowska et al., 2000, Costa et al., 2014, and Kallus et al., 2009 as no impact. We categorized the findings of Tucker et al., 1996, Tucker et al., 1998 as unfavorable towards the shorter shift duration. Findings from Poissonnet et al., 2001 are categorized as mixed/inconclusive.

OBSERVATIONAL [8-hours vs. 12-hours] Impact of shorter versus longer shift duration on indicators of indicators of burnout and/or stress: Four studies assessed the relationship between indicators of burnout/stress and shift duration (8-hour vs. 12-hour).29,42-44 Makowiec-Dabrowska et al., 2000 surveyed n=698 nurses and determined no difference in global stress by shift duration.43 Iskra-Golec et al., 1996 administered the Maslach Burnout Inventory (MBI) tool to n=126 Intensive Care Unit nurses and determined that scores on emotional exhaustion were higher (worse) among nurses that worked 12-hour shifts versus nurses that worked 8-hour shifts.44 Stone et al., 2006 surveyed n=805 nurses using both an in-house designed survey and the MBI scale and determined that nurses working the 12-hour shift schedule experienced less emotional exhaustion than nurses working the 8-hour schedule.29 Kallus et al., 2009 used a tool to measure work-related subjective stress (the BMS tool) in n=18 rail traffic controllers and detected no differences on the tool’s stress component by shift duration on.42
  
We categorized the findings of Makowiec-Dabrowska et al., 2000 as no impact. The findings reported by Iskra-Golec et al., 1996 on suggest that indicators of burnout/stress are more favorable for the shorter shift duration than longer duration shifts. We categorized the findings of Stone et al., 2006 and Kallus et al., 2009 as unfavorable for the shorter shift.

None of the retained research that utilized observational (non-experimental) study designs, and compared 8-hour versus 12-hour shift durations, addressed cost to system.


8 vs. 16
Experimental

Experimental Study Designs [8-hour versus 16-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 8-hour versus 16-hour shift durations, addressed critical or important outcomes of interest.
 




8 vs. 16
Observational

Observational (non-experimental) Study Designs [8-hour versus 16-hour comparisons]


OBSERVATIONAL [8-hours vs. 16-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Two studies assessed the relationship between indicators of acute fatigue and shift duration (8-hour vs. 16-hour).49,50 Takahashi et al., 1999 followed n=57 nurses as they worked 8-hour and 16-hour shifts and obtained measures of sleepiness every 30 minutes (n=40 randomly selected for analyses).49 Subjective symptoms were obtained every 30 minutes and physical activity was measured with an ambulatory monitor (ACTIVETRACER AC-300). Findings show higher levels of sleepiness at midnight for nurses on the 16-hour night shift versus the 8-hour night shift. Sleepiness measures taken at other time points did not differ between the shifts. Fukuda et al., 1999 used a check sheet to collect data from random sample of n=40 from pool of n=115 nurses and determined that subjective complaints of fatigue and sleepiness differed between the 8-hour and 16-hour shifts at some, but not all time points when symptoms were reported at the start, during, and end of shifts.50 We categorized findings reported by Takahashi et al., 1999 and Fukuda et al., 1999 as mixed/inconclusive concerning the relationship between shift duration and indicators of acute fatigue. 

OBSERVATIONAL [8-hours vs. 16-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Takahashi et al., 1999 recorded sleep before, during, and after shifts and determined sleep length differed between the 16-hour night shift and 8-hour evening and night shifts.49 Length of sleep was longer for the 16-hour night shift for several comparisons: a) 16-hour night shift sleep on days off versus 8-hour shift days off; b) 16-hour night shift sleep after shift versus 8-hour night and evening shifts; and c) 16-hour night shift before shift sleep versus the 8-hour evening shift. We categorized findings from Takahashi et al., 1999 as unfavorable towards the shorter shift duration. 

None of the retained research that utilized observational (non-experimental) study designs, and compared 8-hour versus 16-hour shift durations, addressed indicators of: retention/turnover, indicators of long-term health, indicators of burnout/stress, or indicators of cost to system.


8.0-8.5 vs. 24
Experimental

Experimental Study Designs [8.0-8.5-hour versus 24-hour comparisons]

EXPERIMENTAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Ernst et al., 2014 completed a randomized cross-over design study and evaluated the performance of n=30 resident physicians with the Brickenkamp test of concentration performance.51 Findings show decreased performance on the on-call duty longer shift duration. We categorize findings reported by Ernst et al., 2014 as favorable for the shorter shift duration. 

EXPERIMENTAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Ernst et al., 2014 used the Eigenschaftswoerterliste (EWL-60S) paper pencil test and reported findings from the fatigue sub-domain.51 Findings show elevated fatigue during the longer on-call-duty shift compared to the shorter not-on-call shift. Findings are also reported for data from a saccadometery test, which measures abnormal eye movement, considered by some to be an objective indicator of fatigue. Findings show differences in some, but not all measures on the saccadometry test between the longer and shorter duty periods. We categorize findings reported by Ernst et al., 2014 as mixed/inconclusive.

EXPERIMENTAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Ernst et al., 2014 in Table 3 of the paper shows differences between groups even though the cortisol is non-significant.51 Values on the on-call shift are higher – so our interpretation was favorable towards lower values on the shorter shifts.

None of the retained research that utilized experimental (quasi-experimental included) study designs, and compared 8.5-hour versus 24-hour shift durations, addressed indicators of: patient safety, personnel safety, sleep and/or sleep quality, retention/turnover, indicators of long-term health, or indicators of cost to system.


8.0-8.5 vs. 24
Observational

Observational Study Designs [8.0-8.5-hour versus 24-hour comparisons]

OBSERVATIONAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Karanovic et al., 2009 evaluated performance of n=14 physicians (n=11 with complete data) on a battery of four cognitive and psychomotor performance measures between a 24-hour shift and normal working day.52 Findings show more deficits and poorer performance on multiple tests during and following the 24-hour shift compared to the normal working day. We categorize findings of Karanovic et al., 2009 as favorable for shorter duration shifts.


OBSERVATIONAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Patterson et al., 2016 completed a case report of one paramedic that switched from a 24-hour shift schedule to an 8-hour shift schedule.53 A comparison of fatigue reported at the end of shifts shows higher fatigue at the end of 24-hour versus 8-hour shifts. We categorize findings from Patterson et al., 2016 as favorable for the shorter shift duration.

OBSERVATIONAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Patterson et al., 2016 determined that total sleep before shifts did not differ by shift duration.53 We categorize findings from Patterson et al., 2016 as no impact.

OBSERVATIONAL [8.0-8.5-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of long-term health: Fialho et al., 2006 monitored the blood pressure of n=56 physician residents during a 24-hour shift and 8-hour workday.54 Findings show that ambulatory blood pressure was abnormally higher during the 24-hour shift period than for the 8-hour shift period. We categorized findings from Fialho et al., 2006 as favorable for the shorter duration shift.   

None of the retained research that utilized observational study designs, and compared 8.0-8.5-hour versus 24-hour shift durations, addressed indicators of: patient safety, personnel safety, retention/turnover, burnout/stress, or indicators of cost to system.



9 vs. up to 32
Experimental

EXPERIMENTAL Study Designs [9-hour versus up to 32-hour comparisons]

EXPERIMENTAL [9-hours vs. 32-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Leonard et al., 1998 completed a case-crossover design in n=16 physicians to examine the effects of fatigue in decision-making.55 Physicians were randomized to undergo testing at the end of a 9-hour shift or an on-call 32-hour shift. Each participant was tested at the end of both a 9-hour and 32-hour shift. Physician cognitive performance was measured with the Delayed Story Recall (detects impairment of everyday memory functioning) test, and the Critical Flicker Fusion Threshold (a measure of alertness), Findings show poorer performance after the 32-hour shift compared to the 9-hour shift on two of five tests. We categorized findings from Leonard et al., 1998 as favorable for the shorter duration shift.


EXPERIMENTAL [9-hours vs. 32-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Leonard et al., 1998 used the POMS (measures five mood or affective states) survey to test for differences in fatigue by shift duration.55 Findings show the median domain scores for fatigue, vigor-activity, and confusion-bewilderment were worse after the 32-hour shift compared to the 9-hour shift. We categorized findings from Leonard et al., 1998 as favorable towards the shorter duration shift.

EXPERIMENTAL [9-hours vs. 32-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Leonard et al., 1998 show the median domain scores for tension-anxiety domain of the POMS survey was worse after the 32-hour shift compared to the 9-hour shift.55 We categorized findings from Leonard et al., 1998 as favorable towards the shorter duration shift.

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 9-hour versus 32-hour shift durations, addressed indicators of: patient safety, personnel safety, sleep and/or sleep quality, retention/turnover, long-term health, or indicators of cost to system.


10 vs. 13 
Experimental

Experimental Study Designs [10-hour versus 13-hour comparisons]

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Bell et al., 2015 used a quasi-experimental study design of n=343 police officers working two different shifts schedules.56 Bell et al., 2015 detected no differences in select measures of safety between the two shift systems and durations. We categorized findings from Bell et al., 2015 as no impact.

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Bell et al., 2015 used the Psychomotor Vigilance Test (PVT) to measure attention and reaction time (performance).56 Findings show that officers working in the different precincts performed differently on select measures. We categorized findings for Bell et al., 2015 as mixed/inconclusive. 

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Bell et al., 2015 used the STROOP color-word test as a measure of fatigue.56 Most comparisons across different time points (e.g., 3 months into extended duration shifts) showed no significant differences; however, results show that on the last hour of an officer’s week, those working the 13:20-hour shift produced lower word scores than officers on the 10-hour shift schedule. We categorized findings from Bell et al., 2015 as favorable towards the shorter duration shift.

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Bell et al., 2015 administered the Pittsburgh Sleep Quality Index (PSQI) and determined that officers on the 13:20-hour shift duration schedule reported worse sleep quality than officers on the 10-hour shift duration.56 Officers on the longer duration shift schedule also reported getting less total hours of sleep three months into the 6-month study. We categorized findings from Bell et al., 2015 as favorable towards the shorter duration shift.

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of retention/turnover: Bell et al., 2015 administered the Quality of Life Inventory (QOLI) to police officers and determined that officers working on the longer shift duration of 13:20-hours reported lower overall quality of life scores.56 We categorized findings from Bell et al., 2015 as favorable toward the shorter duration shift.

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Bell et al., 2015 measured salivary cortisol as an indicator of stress.56 We categorized findings as no impact.

EXPERIMENTAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of cost to the system: Bell et al., 2015 determined that the cost per officer was higher under the 10-hour shift system due to the amount of overtime used compared to the longer duration shift schedule.56 Findings from Bell et al., 2015 were categorized as unfavorable towards the shorter shift duration.

None of the retained research that utilized experimental (including quasi-experimental) study designs, and compared 10-hour versus 13-hour shift durations, addressed patient safety or indicators of long-term health.


10 vs. 13 
Observational

Observational Study Designs [10-hour versus 13-hour comparisons]

OBSERVATIONAL [10-hours vs. 13-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Mitler et al., 1997 surveyed n=80 truck drivers and provided them with polysomnography in order to characterize sleep.57 Mitlier and colleagues stratify indicators / variables of sleep by day, night, and other categories, yet do not do a main comparison of 10-hour versus 13-hour shifts. We categorized findings as mixed/inconclusive. 

None of the retained research that utilized observational study designs, and compared 10-hour versus 13-hour shift durations, addressed patient safety, personnel safety, acute fatigue, retention/turnover, and indicators of long-term health, burnout/stress, or cost to system.


10 vs. 14
Experimental

Experimental Study Designs [10-hour versus 14-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 10-hour versus 14-hour shift durations, addressed critical or important outcomes of interest.


10 vs. 14
Observational

Observational Study Designs [10-hour versus 14-hour comparisons]

OBSERVATIONAL [10-hours vs. 14-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Glazner et al., 1996 used archival records from n=49 career fire departments documented in the First Report of Injury Workers compensation forms to determine the relationship between shift schedule and reported injuries.58 Findings show no difference between a 10-hour day shift and a 14-hour night / overnight shift. Findings for Glazner et al., 1996 were categorized as no impact.

OBSERVATIONAL [10-hours vs. 14-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Paley et al., 1998 collected data from n=24 firefighters to determine the effect of shift schedule/duration on fatigue.59 Using the Stanford Sleepiness Scale (SSS) findings show higher levels of sleepiness on the 14-hour overnight shift compared to the 10-hour day shift. Findings are confounded by time. We categorize findings as favorable for the shorter duration shift.   

OBSERVATIONAL [10-hours vs. 14-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Paley et al., 1998 evaluated sleep daily sleep logs with n=24 total participants.59 We categorized findings as mixed/inconclusive due to confounding of time of day.


OBSERVATIONAL [10-hours vs. 14-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Paley et al., 1998 used the Naval Psychiatric Unit Mood Scale (NPRU).59 We interpreted findings as an indicator of burnout/stress. Findings show a decrease in the positive mood scores for the longer duration shift, which takes place at night. We categorize findings as favorable for the shorter duration shift.  

None of the retained research that utilized observational study designs, and compared 10-hour versus 14-hour shift durations, addressed patient safety, personnel performance, retention/turnover, indicators of long-term health, or cost to system.


<12 vs. >12
Experimental

Experimental Study Designs [12-hour versus 18-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared <12-hour versus >12-hour shift durations, addressed critical or important outcomes of interest.


<12 vs. >12
Observational

Observational Study Designs [<12-hour versus >12-hour comparisons]

OBSERVATIONAL [comparison unclear] Impact of shorter versus longer shift duration on indicators of personnel safety: Dembe et al., 2009 examined 13-years of the National Longitudinal Survey of Youth with a focus on healthcare workers.60 Dembe et al., 2009 examined the association between work-related factors and self-reported injury at work in n=12,686 healthcare industry workers that participated in the National Longitudinal Survey of Youth. Analyses germane to this PICO included a comparison of an extended workday (>12 hours) compared to a conventional day shift schedule. Findings show no difference in risk. The author’s state it may be that the accumulated stress of working many long-hour shifts over the course of a week is a stronger determinant of injury risk than the particular shift pattern (day, evening, night or rotating).  We categorized findings by Dembe et al., 2009 as no impact.

None of the retained research that utilized observational study designs and compared <12-hour versus >12-hour shift durations, addressed patient safety, personnel performance, acute fatigue, sleep and/or sleep quality, indicators of long-term health, burnout/stress, or cost to the system.


12 vs. 18
Experimental

Experimental Study Designs [12-hour versus 18-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 12-hour versus 18-hour shift durations, addressed critical or important outcomes of interest.






12 vs. 18
Observational

Observational Study Designs [12-hour versus 18-hour comparisons]

OBSERVATIONAL [12-hours vs. 18-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Thomas et al., 2006 completed a prospective cohort study of n=10 flight nurses working 12-hour evening and 18-hour shifts.61 Nurses completed a battery of cognitive tests at the start and end of shift. Findings show no differences in tests by shift duration. We categorized findings as no impact.  

OBSERVATIONAL [12-hours vs. 18-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Thomas et al., 2006 identified no differences in scores on mental or physical fatigue questionnaires by shift duration.61 We categorized findings as no impact.

OBSERVATIONAL [12-hours vs. 18-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Thomas et al., 2006 determined that nurses reported more sleep prior to working the 18-hour shift than prior to working the 12-hour shift.61 We categorized these findings as unfavorable towards the shorter shift duration.

OBSERVATIONAL [12-hours vs. 18-hours] Impact of shorter versus longer shift duration on indicators of retention/turnover: Thomas et al., 2006 determined that when compared to the 12-hour shift, a higher proportion of nurses felt the 18-hour shift was more compatible to their non-work lifestyle.61 Responses on which shift nurses prefer to work did not differ by shift duration. We categorized findings as unfavorable towards the shorter shift duration.
 
None of the retained research that utilized observational study designs, and compared 12-hour versus 18-hour shift durations, addressed patient safety, personnel safety, and indicators of long-term health, burnout/stress, or cost to the system.


12 vs. 20
Experimental

Experimental Study Designs [12-hour versus 20-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 12-hour versus 20-hour shift durations, addressed critical or important outcomes of interest.


12 vs. 20
Observational

Observational Study Designs [12-hour versus 20-hour comparisons]

OBSERVATIONAL [12-hours vs. 20-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Ayas et al., 2006 surveyed n=2,737 physician residents monthly for one year to assess the relationship between shift work and percutaneous injuries (n=682 completed baseline and monthly surveys).62 Findings reported by Ayas et al., 2006 show the odds of a percutaneous injury during longer shifts relative to the odds during shorter duration shifts was 1.61 (95%CI 1.46, 1.78). We categorized findings as favorable towards the shorter duration shift.

None of the retained research that utilized observational (non-experimental) study designs, and compared 12-hour versus 20-hour shift durations, addressed indicators of: patient safety, personnel performance, acute fatigue, indicators of sleep and/or sleep quality, retention/turnover, indicators of long-term health, indicators of burnout/stress, or indicators of cost to system.


12 vs. 24 
Experimental

Experimental Study Designs [12-hour versus 24-hour comparisons]

EXPERIMENTAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: One simulation-based study assessed measures germane to personnel performance.63 Yi et al., 2013 studied n=9 residents to test for possible differences in five performance measures captured at the start and end of shifts lasting 12 or 24 hours.63 Yi et al., 2013 detected no difference in four of the five performance measures. Performance on the fifth measure (mean speed of movement of dominant hand) was faster with the longer duration shift group than among the shorter duration shift group. We categorized findings from Yi et al., 2013 was categorized as unfavorable towards the shorter duration shift.

EXPERIMENTAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: One simulation-based study assessed measures germane to acute fatigue.63 Yi et al., 2013 detected no difference in scores on the ESS measured at the end of shifts between the 12-hour and 24-hour shifts. We categorized the findings as no impact. 

EXPERIMENTAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Yi et al., 2013 detected no difference in hours of sleep in previous week and hours of sleep in previous night between the 12-hour and 24-hour shifts.63 We categorized the findings as no impact. 

EXPERIMENTAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of retention/turnover: Boudreaux et al., 1998 collected surveys of n=51 Emergency Medical Services (EMS) personnel before and after a change in shift duration from 24 hours to 12 hours.64 The survey included items from the Job In General (JIG) survey and the Schedule Attitudes Survey (SAS). Findings show no differences in scores on the JIG tool at two and 12 months post schedule change. Findings for the SAS measure show improvement in attitudes towards shift schedules (the SAS tool) at two months and 12 months post schedule change. We categorized findings reported by Boudreaux et al., 1998 as favorable towards the shorter duration shift.

EXPERIMENTAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Boudreaux et al., 1998 administered the MBI before and after a change in shift duration from 24 hours to 12 hours.64 A comparison of scores on the emotional exhaustion, depersonalization, and personal accomplishment domains showed less emotional exhaustion at the two-month follow-up (short-term), but no difference at 12-months. No differences in other domains between baseline and follow-up measures. We categorized findings by Boudreaux et al., 1998 as mixed/inconclusive.

None of the retained research that utilized experimental (including quasi-experimental) study designs, and compared 12-hour versus 24-hour shift durations, addressed indicators of: patient safety, personnel safety, indicators of long-term health, or indicators of cost to system.


12 vs. 24 
Observational

Observational Study Designs [12-hour versus 24-hour comparisons]

OBSERVATIONAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of patient safety: Allen et al., 2001 analyzed archival shift records and medical records of flight paramedics and flight nurses with a focus on endotracheal intubation success rate as a measure of patient safety (n=199 attempts documented in 1996 and n=374 documented in 1997).65 The overall aim of this study was to compare intubation success before and after a change in shift duration from 12 hours to 24 hours. Findings show no difference in the success rate of intubations before and after change from shorter to longer duration shifts. We categorize findings as no impact.


OBSERVATIONAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Two prospective cohort studies assessed the relationship between shift duration and indicators of personnel performance.66,67 Guyette et al., 2013 evaluated scores on a battery of performance measures (i.e., the Paced Auditory Serial Addition Test (PASAT), Trail Making Test, and others) at the start and end of 12-hour and 24-hour shifts in n=34 flight medics and nurses.66 Findings show no differences by shift duration in the within-shift change score from start-to-end of shift. Manacci et al., 1999 studied n=15 flight nurses (n=12 with complete data) and their performance on a battery of cognitive performance tests (California Computerized Assessment Package-Abbreviated Test Battery (CALCAP-ATB evaluated attention capability, Digital Symbol (DS) information processing time, PASAT rate of information processing, Repeatable Episodic Memory Test (REMT) test memory recall, Grooved Pegboard Test (GPT) evaluate manual dexterity and the Stromp Test measures cognitive flexibility)  and detected better performance on some (not all) cognitive performance measures for the 12-hour versus 24-hour shifts.67 We categorized findings reported by Guyette et al., 2013 as no impact, and the findings by Manacci et al., 1999 as favorable towards the shorter duration shift.  

OBSERVATIONAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Manacci et al., 1999 compared self-reported fatigue reported from n=15 flight nurses (n=12 with complete data) at the end of shift, by shift duration.67 Findings show no difference in fatigue by shift duration. We categorized findings as no impact.

OBSERVATIONAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Two studies assessed indicators of sleep and/or sleep quality by shift duration (12 hours vs. 24 hours).66,67 Guyette et al., 2013 detected no difference in sleep quality with the PSQI by shift duration.66 Manacci et al., 1999 detected no differences in pre-shift sleep or quality of sleep by shift duration.67 Findings for Guyette et al., 2013 and Manacci et al., 1999 were categorized as no impact.

OBSERVATIONAL [12-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Two observational studies assessed indicators of burnout/stress by shift duration (12 hours vs. 24 hours).67,68 Manacci et al., 1999 detected no differences in self-rated stress at the end of shifts by shift duration.67 Zuzewicz et al., 2000 described the measurement of urinary cortisol (n=19) as an indicator of stress stratified by shift duration (12-hour versus 24-hour). Findings reported by Manacci et al., 1999 were categorized as no impact. Findings reported by Zuzewicz et al., 2000 were categorized as mixed/inconclusive due to no statistical tests reported stratified by shift duration.

None of the retained research that utilized observational study designs, and compared 12-hour versus 24-hour shift durations, addressed indicators of: personnel safety, indicators of long-term health, or indicators of cost to system.



                                                                                       
14 vs. 24
Experimental

Experimental Study Designs [14-hour versus 24-hour comparisons]

EXPERIMENTAL [14-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Dutheil et al., 2012 used a crossover trial design with data from n=17 physicians to assess the impact of 14-hour and 24-hour shifts on Interleukin-8 (IL-8) levels and to investigate the independent associations between stress, fatigue, and other factors.69(and related Dutheil et al., 2012 PMID-22608270) Dutheil used a visual analog scale with ratings from (0=very low) to (100=very high) to measure mental and physical fatigue at different time points during a control day (clerical day) and at multiple time points during a 14-hour and 24-hour shift. Findings show that mental and fatigue measurements differed from the control day at most points measured. Data reported in graphs suggest greater mental and physical fatigue during 24-hour shifts compared to 14-hour shifts taken at several time points during shifts. Findings reported by Dutheil et al., 201269(and related Dutheil et al., 2012 PMID-22608270) for indicators of acute fatigue were categorized as mixed/inconclusive. 

EXPERIMENTAL [14-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Dutheil et al., 2012 used a questionnaire to measure bed time and wake time on the, over a three day observation period, and during the control day.69 Dutheil et al., 2012 reported using a visual analog scale to measure sleep quality of each sleep period (including naps). The scale ranged from 0=very good to 100=very poor.69 We questioned the valence anchoring of this scale, yet the labeling of graphs confirms the 0=very good and 100=very poor/bad.69 Sleep duration was reported lower in relation to the 24-hour shifts and quality poorer when compared to the 14-hour shift.69 We categorized findings by Dutheil et al., 2012 as favorable towards the shorter shift duration.


EXPERIMENTAL [14-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of long-term health: Dutheil et al., 2012 examined IL-8 levels as an indicator of health and stress.69 IL-8 has clinical significance as an indicator of inflammation, oxidant stress, and has implications for cardiac disease. The reported IL-8 levels were higher during 24-hour versus 14-hour shift. We categorized findings by Dutheil et al., 2012 as favorable towards the shorter shift duration.

EXPERIMENTAL [14-hours vs. 24-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Dutheil et al., 2012 used a visual analog scale (0=very good to 100=very poor) to measure self-rated stress.69 Authors reported that self-reported stress combined with working 24-hour shifts emerged as a significant variable in an adjusted multi-variable analysis predicting higher levels of IL-8. We categorized these findings as favorable towards the shorter duration shift.   


14 vs. 24
Experimental

Observational Study Designs [14-hour versus 24-hour comparisons]

None of the retained research that utilized observational study designs, and compared 14-hour versus 24-hour shift durations, addressed critical or important outcomes.


<13 vs. >13
Experimental 

Experimental Study Designs [<13-hour versus >13-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared <13-hour versus >13-hour shift durations, addressed critical or important outcomes of interest.

<13 vs. >13
Observational

Observational Study Designs [<13-hour versus >13-hour comparisons]

OBSERVATIONAL [<13-hours vs. >13-hours] Impact of shorter versus longer shift duration on indicators of long-term health: Trinkoff et al., 2006 used a panel study design and surveyed nurses on three different occasions (n=226, n=281, and n=308) to determine the relationship between extended work schedules and musculoskeletal injury/disorders (MSD).70 An MSD was measured with the Nordic questionnaire with symptoms lasting one-week or more, occurring monthly, and with moderate or more pain. Findings show that odds reporting a MSD were 1.94 times greater (95%CI 1.38, 2.74) for nurses who worked greater than or equal to 13 hours than nurses who worked <13 hours on a shift. We categorized findings reported by Trinkoff et al., 2006 as favorable for the shorter duration shift.

None of the retained research that utilized observational study designs, and compared <13-hour versus >13-hour shift durations, addressed indicators of patient safety, personnel safety, personnel performance, indicators of acute fatigue, sleep and/or sleep quality, retention/turnover, burnout/stress, or cost to system.









14 vs. 28
Experimental

Experimental Study Designs [14-hour versus 28-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared 14-hour versus 28-hour shift durations, addressed critical or important outcomes of interest.


14 vs. 28
Observational

Observational Study Designs [14-hour versus 28-hour comparisons]

OBSERVATIONAL [14-hours vs. 28-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Talusan et al., 2014 recorded the reaction times of n=58 medical residents and interns with a computerized driving simulator (Vericom) at the start and end of scheduled shifts.71 The shifts evaluated included a 14-hour night shift and 28-hour extended shift. The difference between the start and end of shift simulator brake reaction time was non-significant for the 14-hour shift, while reaction time change from the start to end was significantly slower for the 28-hour shifts. Talusan et al., 2014 did not perform a direct comparison of the end of shift reaction times between the 14-hour and 28 hour shifts. We categorized findings from Talusan et al., 2014 as mixed/inconclusive 

OBSERVATIONAL [14-hours vs. 28-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Talusan et al., 2014 evaluated physician sleepiness with the ESS at the start and end of scheduled shifts.71 We categorized findings from Talusan et al., 2014 as mixed/inconclusive because authors did not do a comparison of sleepiness scores by shift duration. The analysis focused on the difference between pre-shift mean sleepiness and post-shift mean sleepiness within category of intern.

OBSERVATIONAL [14-hours vs. 28-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Talusan et al., 2014 evaluated physician total hours of sleep in the 24 hours prior to shifs.71 We categorized findings from Talusan et al., 2014 as mixed/inconclusive because authors did not do a comparison of hours slept prior to shift work by shift duration. The analysis focused on the difference between pre-shift mean hours of sleep in 24 hours prior to shift within category of intern.

None of the retained research that utilized observational study designs, and compared 14-hour versus 28-hour shift durations, addressed indicators of patient safety, personnel performance, retention/turnover, indicators of long-term health, burnout/stress, or cost to system.
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<16 vs. >16
Experimental

Experimental Study Designs [<16-hour versus >16-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared <16-hour versus >16-hour shift durations, addressed critical or important outcomes of interest.


<16 vs. >16
Observational

Observational Study Designs [<16-hour versus >16-hour comparisons]

OBSERVATIONAL [<16-hours vs. >16-hours] Impact of shorter versus longer shift duration on indicators of personnel performance: Gander et al., 2013 studied n=30 captains and n=40 officers and determined that mean reaction time on the PVT was faster at the end of flights >16 hours.72 Findings reported by Gander et al., 2013 were categorized as unfavorable for the shorter duration shift.

OBSERVATIONAL [<16-hours vs. >16-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Two observational studies assessed the relationship between indicators of acute fatigue and shift duration.72,73 Domen et al., 2015 electronically surveyed n=325 nurses to determine factors associated with self-reported call-shift fatigue.73 After controlling for possible confounding factors, the differences in call-shift fatigue by shift duration (<=16 hours versus >=17 hours) observed in bi-variant / crude analyses disappeared. Gander et al., 2013 determined that when flight duration of pilots is dichotomized, sleepiness ratings were lower at the end of flights >16 hours versus flights less than or equal to 16 hours.72 We categorized the findings reported by Domen et al., 2015 as no impact, and the findings by Gander et al., 2013 as unfavorable for indicators of acute fatigue towards the shorter shift duration.

OBSERVATIONAL [<16-hours vs. >16-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Gander et al., 2013 determined that total sleep time in the 24 hours prior to duty did not differ by the length/duration of flight.72 We categorized findings for Gander et al., 2013 as no impact.

None of the retained research that utilized observational study designs, and compared <16-hour versus >16-hour shift durations, addressed patient safety, personnel safety, retention/turnover, indicators of long-term health, burnout/stress, or cost to system.


<24 vs. >=24
Experimental

Experimental Study Designs [<24-hour versus >=48-hour comparisons]

None of the retained research that utilized experimental study designs (including quasi-experimental), and compared <24-hour versus >=24-hour shift durations, addressed critical or important outcomes of interest.


<24 vs. >=24
Observational

Observational Study Designs [<24-hour versus >=24-hour comparisons]

OBSERVATIONAL [<24-hours vs. >=24-hours] Impact of shorter versus longer shift duration on indicators of personnel safety: Barger et al., 2005 used a prospective cohort study design to determine the relationship between extended duration shifts and motor vehicle crashes in a sample of n=2,737 medical residents (n=2,232 completed at least two monthly surveys and eligible for inclusion in analyses).74 Findings reported as main effects show that working an extended work shift (>=24 hours) is associated with 2.3 greater odds of a motor vehicle crash, and 5.9 greater odds of a near-miss incident than when working a non-extended shift (<24 hours).74 We categorize findings from Barger et al., 2005 as favorable towards the shorter duration shift. 

None of the retained research that utilized observational study designs, and compared <24-hour versus >=24-hour shift durations, addressed indicators of: patient safety, retention turnover, long-term health, burnout/stress, or cost to system.


24 vs. 48
Experimental

Experimental Study Designs [24-hour versus 48-hour comparisons]

EXPERIMENTAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of acute fatigue: Captuo et al., 2015 enrolled n=269 firefighters in a quasi-experimental study design (n=59 included in final analyses) to assess multiple daytime sleepiness before and then four months after implementation of a new, longer shift duration/pattern with longer duration shifts.75 Findings on the ESS suggest an improvement in daytime sleepiness after switching to the longer shift duration/pattern. We categorized the findings of Caputo et al., 2015 as unfavorable for the shorter duration shift.

EXPERIMENTAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Caputo et al., 2015 analyzed data recorded on sleep diaries completed by participants for one-week prior and one-week after implementation of the new shift schedule.75 Measurements include self-reported hours of sleep during off-shift hours (inter-shift), number of interruptions, and amount of time to fall asleep. Findings show no differences in inter-shift (off-shift) hours of sleep, interruptions, or amount of time to fall asleep. Caputo and colleagues reported that the hours of sleep obtained during shifts (intra-shift) increased. Intra-shift sleep was not a focus or component part of the sleep/sleep quality outcome for this PICO. We categorized these findings reported by Caputo et al., 2015 as mixed/inconclusive given incomplete reporting.

EXPERIMENTAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of retention/turnover outcomes: Caputo et al., 2015 evaluated job satisfaction before and after a change from shorter to longer duration shifts.75 We categorized findings as mixed/inconclusive given that Caputo and colleagues did not test for a statistical difference between the pre and post assessments.

EXPERIMENTAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of long-term health: Caputo et al., 2015 evaluated health habits (i.e., number of cigarettes smoked per week) before and after a change from shorter to longer duration shifts.75 We categorized findings as mixed/inconclusive given that Caputo and colleagues did not test for a statistical difference between the pre and post assessments.  

EXPERIMENTAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of burnout/stress: Caputo et al., 2015 evaluated feelings of burnout before and after a change from shorter to longer duration shifts.75 We categorized findings as mixed/inconclusive given that Caputo and colleagues did not test for a statistical difference between the pre and post assessments. 

None of the retained research that utilized experimental study designs (quasi-experimental designs included), and compared 24-hour versus 48-hour shift durations reported on indicators of patient safety, personnel safety, and personnel performance, cost to system.


24 vs. 48
Observational

Observational (non-experimental) Study Designs [24-hour versus 48-hour comparisons]

OBSERVATIONAL [24-hours vs. 48-hours] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Billings et al., 2016 used a focused group / in-depth interviews, and a cross-sectional survey study design with a sample of n=109 firefighters to test the hypothesis that firefighter sleep is poor regardless of shift schedule.76 Findings show no difference in sleep quality by shift schedule. We categorized findings from Billings et al., 2016 as no impact.

None of the retained research that utilized observational (non-experimental) study designs, and compared 24-hour versus 48-hour shift durations, addressed indicators of indicators of patient safety, personnel safety, personnel performance, retention/turnover, burnout and/or stress, or cost to the system.


Multiple Comparisons
Experimental

Experimental Study Designs [Multiple Comparisons]

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of patient safety: Parshuram et al, 2015 randomly assigned resident physicians to 24-hour, 16-hour, or 12-hour hour overnight shift schedules and detected no difference on measures of patient safety, which included adverse events, medical errors, and patient mortality (n=47 with complete data).77 We categorized the findings reported by Parshuram et al, 2015 as no impact.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of personnel safety: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and evaluated performance on laboratory-based simulated driving tasks.78 No differences in performance were detected between the groups. We categorized these findings reported by Amendola et al, 2011 as no impact. 

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of personnel performance: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed performance using a composite measure of self-initiated activity, including arrests, citations, reports, and stops.78 They detected no difference in personnel performance across shifts. We categorized these findings as no impact.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of acute fatigue: Two randomized trials examined the impact of shift duration on acute fatigue.77,78 Parshuram et al, 2015 randomly assigned resident physicians to 24-hour, 16-hour, or 12-hour hour overnight shift schedules and did not detect a difference in sleepiness, as measured by the SSS, across the schedules (n=47 with complete data).77 Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed sleepiness, alertness, and fatigue using survey items and PVT.78 Sleepiness was greater and alertness was lower for 12- compared to 8-hour shifts. The findings of Amendola et al. 2011 were classified as favorable for shorter shift duration. The findings of Parshuram et al, 2015 were classified as no impact.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of sleep and sleep quality: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed sleep using a diary and alertness log.78 Sleep quality was similar across shifts and sleep duration was longest for the 10-hour shift group. We categorized Amendola et al, 2011 findings as mixed/inconclusive.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of personnel retention/turnover: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed quality of work life (QWL) as a composite of job satisfaction, organizational commitment, job involvement, and schedule satisfaction.78 The most positive QWL was reported for 10-hour shifts, followed by 12, and then 8-hour shifts. We categorized Amendola et al, 2011 findings as mixed/inconclusive due to the lack of consistent effect direction.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of long-term health: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed cardiovascular and gastrointestinal health using subscales from the SSI.78 Amendola and colleagues did not detect a difference in health outcomes by shift duration/type. We categorized these findings as no impact.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of burnout or stress: Two randomized trials examined the impact of shift duration on burnout or stress.77,78 Parshuram et al, 2015 randomly assigned resident physicians to 24-hour, 16-hour, or 12-hour hour overnight shift schedules and measured burnout using the MBI  (n=47 with complete data).77 Parshuram and colleagues determined that burnout did not vary across shift structure. Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed stress using the Police Stress Questionnaire (PSQ), the Police Daily Hassles (PDH) Scale, and the Work Environment Inventory (WEI), finding that stress did not vary by shift structure.78 We categorized findings reported by Parshuram et al, 2015 and Amendola et al, 2011 as no impact.

EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of costs to system: Amendola et al, 2011 randomly assigned n=226 police officers to 8-, 10-, or 12-hour shift schedules and assessed cost to the system stemming from overtime hours.78 The 8-hour shift reported significantly more overtime hours on average. We categorized Amendola et al, 2011 findings as unfavorable for shorter duration shifts.


Multiple Comparisons
Observational

Observational Study Designs [Multiple Comparisons]

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of patient safety: Four studies examined the association between shift duration and patient safety.79-82 All were conducted among nurses employed in hospitals. Scott et al. 2006 conducted a 28-day prospective cohort study that asked n=502 nurses to document work hours in log books along with any perceived errors or near-errors while at work.79 The odds of errors and near-errors increased sequentially with increasing shift duration, (<8.5, 8.5-12.5, and >12.5 hours). Dorrian et al. 2006 also used data collected from daily diaries of n=23 nurses over a 28-day period to examine the association between scheduled work hours and errors, but detected no difference across 8-hour vs. 8-9-hour vs. 9-10-hour vs. >10-hour shifts.80 Stimpfel et al., 2013 used a cross-sectional design and found that n=3,710 nurses who worked 8-hour shifts reported their patients contracted fewer hospital acquired infections compared to nurses who worked shifts of 13 hours or more.81 Patterson et al., 2012 did not detect an association between shift duration and medical errors/adverse events after adjustment for confounding variables in a self-reported cross-sectional survey study of n=547 EMS personnel.82 Findings from Scott et al, 2006 and Stimpfel et al. 2013, were categorized as favorable towards the shorter duration shifts. Findings from Dorrian et al., 2006 and Patterson et al., 2012 were categorized as no impact.

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of personnel safety: Seven studies examined the association between shift duration and personnel safety.82-88 Scott et al., 2007 conducted a prospective cohort study using logbooks collected from n=895 full-time hospital staff nurses and found that exposure to shifts >8.5 hours significantly increased odds of drowsy driving on the commute home from work.83 Shifts12.5 hours were associated with twice the odds of drowsy driving relative to shifts ≤8.5 hours.  McCartt et al., 2008 interviewed n=1,921 long-distance commercial truck drivers before and after a change to their daily driving limits.84 The odds of falling asleep at the wheel were increased when driving more than 11 consecutive hours and when on-duty more than 14 consecutive hours. Patterson et al., 2012 did not detect an association between shift duration and occupational injury after adjustment for confounding variables in a self-reported cross-sectional survey study of EMS personnel.82 Trinkoff et al., 2007, conducted a panel study of n=2,273 licensed nurses and found that work shifts ≥12 hours duration were associated with a significantly increased risk of incident needle stick injury and increased odds of needle stick injury in the previous year relative to 8-hour shifts, after adjustment for confounding factors.85 Perttula et al., 2011 administered a cross-sectional survey to n=683 Finnish heavy vehicle drivers using self-reported subjective measures and found significantly increased odds of falling asleep at the wheel with increasing shift duration (10-14-hour, 14-16-hour, ≥16-hour significantly increased relative to ≤10 hours).86 Weaver et al., 2015 used a retrospective cohort design to examine the association between shift length and occupational injury or illness in n=4,382 EMS employees.87 Occupational injury or illness was ascertained from the agency OSHA 300 log. The risk of occupational injury or illness was significantly increased for shifts >8 hours duration, with classifications for comparison including >8-hour and ≤12-hour, >12 and ≤16-hour, >16 and ≤24-hour, and >24 hours relative to ≤8 hours. Hamelin et al., 1987 conducted a retrospective analysis of a previously administered traffic accident survey to examine the association between driving hours and accident reports of n=1,000 freight lorry drivers.88 The risk of an accident appeared to be elevated with ≤4 hours or ≥11 hours of work, but the analysis lacked a test of statistical significance. We categorized the findings from Scott et al., 2007, McCartt et al., 2008, Trinkoff et al., 2007, Perttula et al., 2011, and Weaver et al. 2015 as favorable towards the shorter shift durations. The findings of Hamelin et al.1987 were categorized as mixed/inconclusive. The findings of Patterson et al. 2012 were categorized as no impact.


OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of personnel performance: Five studies examined the association between shift duration and personnel performance.81,89-92 Stimpfel et al., 2013 used a cross-sectional survey to assess the perceptions of patient safety and quality in n=3,710 nurses. Stimpfel and colleagues discovered a higher prevalence of poor or fair quality care, lower safety grades, and a higher frequency of information loss during shift change among nurses who worked shifts of 13 hours or more compared to nurses who worked 8-hour shifts.81 Stimpfel et al., 2012 conducted a secondary analysis of n=22,275 survey records combined from the Multi-State Nursing Care and Patient Safety Study for 2005-2008, the Hospital Consumer Assessment of Healthcare Providers and Systems survey for 2006–07, and the American Hospital Association Annual Survey of Hospitals for 2006 to evaluate patient perceptions of nurse performance by shift length.89 Stimpfel and colleagues determined that patients were less likely to be satisfied with the care they received at hospitals where a higher percentage of nurses were staffed >13 hours and more likely to be satisfied when a higher proportion of nurses worked ≤11 hours duration.89 Husby et al., 2014 used a prospective cohort design and cognitive test battery to compare the performance of n=18 medical residents on 16-hour day, 10-hour night, and 18-hour night schedules, finding no difference in cognitive performance across schedule.90 Goode, 2003 carried out a secondary analysis of pilot scheduling data and discovered an increased probability of an accident with greater hours of duty time.91 Smith et al., 1995 measured reaction time with the serial choice reaction time (CRT) tool every two hours during a shift and determined no significant differences in shift duration; however, performance was poorer on night shifts than other shifts (n=22 in study sample). Shift timing may confound findings and interpretation of differences by shift duration. We categorized findings from Smith et al., 1995 as mixed/inconclusive.92 Stimpfel et al., 2013, Stimpfel et al., 2012, and Goode 2003 were categorized as favorable towards the shorter shift duration. Husby et al. 2014 was categorized as no impact.

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of acute fatigue: Seven studies examined the association between shift duration and acute fatigue.79,82,84,86,90,92,93 Scott et al. 2006 conducted a 28-day prospective cohort study that asked n=502 nurses to document work hours along with drowsiness and episodes of sleep at work using log books.79 The odds of drowsiness at work were higher for shifts ≥12.5 hours compared to shifts ≤8.5 hours, and the odds of falling asleep at work increased with increasing shift duration (8.5-12.5, and ≥12.5 hours relative to ≤8.5). Husby et al., 2014 evaluated sleepiness with the KSS in a prospective cohort of n=18 medical residents on different shift schedules, but did not compare the sleepiness scores across shift types.90 McCartt et al, 2008 interviewed n=1,921 long-distance commercial truck drivers before and after a change to their daily driving limits.84 The odds of driving while sleepy were increased when driving more than 11 consecutive hours and when on-duty more than 14 consecutive hours. Patterson et al., 2012 administered a cross-sectional survey, which included the Chalder Fatigue Questionnaire (CFQ) to EMS personnel and found that the prevalence of severe fatigue increased with increasing shift duration (24, 12, and 8 hours).82 Perttula et al., 2011 administered a cross-sectional survey to n=683 Finnish heavy vehicle drivers using self-reported subjective measures and found significantly increased odds of fatigue with increasing shift duration (10-14 hours, 14-16 hours, ≥16 hours significantly increased relative to ≤10 hours).86 Barker et al., 2011 conducted a cross-sectional survey of n=745 registered nurses and compared fatigue across different shift schedules using the Fatigue-Related Symptoms Questionnaire.93 Barker and colleagues showed that nurses who regularly worked shifts 8-9 or 9-10 hours reported less fatigue compared to those who worked 10-11 or ≥12 hours. Smith et al., 1995 administered an alertness rating scale (20-point visual analog scale) every 2 hours during selected shifts with a small sample of shift workers (n=14 in analysis of alertness).92 Findings from Scott et al., 2006, McCartt et al., 2008, Patterson et al. 2012, Perttula et al. 2011, and Barker et al. 2011 were categorized as favorable towards shorter shift durations. Findings from Husby et al., 2014 were categorized as mixed/inconclusive. Findings reported by Smith et al., 1995 were categorized as mixed/inconclusive given the small sample size available for statistical comparisons.

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of sleep and/or sleep quality: Six studies examined the association between shift duration and sleep.80,82,92,94-96 Dorrian et al. 2006 used daily diaries over a 28-day period to examine the association between scheduled work hours, sleep duration, and sleep quality in n=23 nurses, but detected no difference between shifts 8-hour vs. 8-9-hour vs. 9-10-hour vs. >10-hour.80 Vincent et al., 2016 distributed a cross-sectional study to n=33 firefighters and included an objective assessment of sleep duration across different work shifts.94 Vincent and colleagues determined that time in bed and total sleep time was less for workers on shifts >12-hour compared to workers on shifts 10-12 hours or shifts <10 hours. Patterson et al., 2012 administered a cross-sectional survey which included the PSQI to EMS personnel and found that the prevalence of poor sleep quality was highest among those who worked 24-hour shifts.82 Geiger-Brown et al., 2011 conducted a cross-sectional survey of n=2,246 registered nurses using self-reported measures that did not detect an association between hours of work per day and inadequate sleep.95 Patterson et al., 2015 linked data from two cross-sectional surveys from n=455 EMS workers and determined that recovery between shifts varied by shift duration.96 Smith et al., 1995 determined that mean sleep duration differed by day, evening, and night shift.92 We believe timing, while stratified by shift type and duration, may confound these findings. The findings of Vincent et al., 2016 and Patterson et al. 2012 were categorized as favorable for shorter shifts. We categorized findings reported by Patterson et al. 2015 and Smith et al., 1995 as mixed/inconclusive. Findings from Dorrian et al. and Geiger-Brown et al. were categorized as no impact. 

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of retention or turnover: Five studies examined the association between shift duration and retention/turnover.81,89,97-99 Stimpfel et al., 2013 administered a cross-sectional survey to n=3,710 nurses and found a higher prevalence of job dissatisfaction and intent to leave their current position among nurses who worked shifts of 13 hours or more compared to nurses who worked 8- or 12-hour shifts.81 Stimpfel et al., 2012 conducted a secondary analysis of n=22,275 linked cross-sectional data files on nurses combined from the Multi-State Nursing Care and Patient Safety Study for 2005- 2008, the Hospital Consumer Assessment of Healthcare Providers and Systems survey for 2006–07, and the American Hospital Association Annual Survey of Hospitals for 2006 points and found that the odds of intent to leave their employer within the next year was significantly increased among nurses who worked 10-11-hour, 12-13-hour, and >13-hour shifts compared to nurses who work 8-9-hour shifts.89 Steele et al., 2000 administered a self-reported cross-sectional survey to n=957 emergency medicine resident physicians and found that among residents working some combination of 8-hour, 10-hour, and 12-hour shifts, 86% preferred to work the shorter shifts.97 Dall’Ora et al., 2015, administered a self-reported cross-sectional survey to n=31,627 nurses and found that shifts of 10.1-11.9 hours and ≥12 hours were associated with increased odds of intention to leave their current job within the next year, relative to shifts of 8-9 hrs.98 Thomas et al., 1994 administered a cross-sectional survey to n=290 practicing emergency medicine physicians and found that the majority preferred to work 8-hour shifts.99 The findings from Stimpfel et al., 2013, Stimpfel et al., 2012, Steele et al., 2000, and Dall’Ora et al., 2015 were categorized as favorable towards shorter duration shifts. The findings of Thomas et al., 1994, were categorized as mixed/inconclusive due to a lack of detail regarding the methodology and composition of the comparison groups.

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of long-term health: Estryn-Behar et al., 2012, did not detect an association between work schedule and sick leave on a cross-sectional survey of n=25,924 nurses.100 Findings were categorized as no impact.

OBSERVATIONAL/NON-EXPERIMENTAL [Multiple Comparisons] Impact of shorter versus longer shift duration on indicators of burnout/stress: Three studies examined the association between shift duration and burnout/stress.81,89,98 Stimpfel et al., 2013 administered the MBI as part of a cross-sectional survey n=3,710 nurses from multiple states and found twice the prevalence of burnout among nurses who worked shifts of 13 hours or more compared to nurses who worked 8- or 12-hour shifts.81 Stimpfel et al., 2012 conducted a secondary analysis of n=22,275 linked cross-sectional data files combined from the Multi-State Nursing Care and Patient Safety Study for 2005-2008, the Hospital Consumer Assessment of Healthcare Providers and Systems survey for 2006–07, and the American Hospital Association Annual Survey of Hospitals for 2006, which included the MBI and found that the odds of burnout were significantly increased for nurses who worked 10-11-hour, 12-13-hour, and >13-hour shifts compared to nurses who work 8-9 hour shifts.89 Dall’Ora et al., 2015, also administered a cross-sectional survey to 31,627 nurses.98 The survey included the MBI. After adjustment for confounding, shifts of 8.1-10-hour, 10.1-11.9-hour, and ≥12 hours were associated with increased odds of emotional exhaustion and job dissatisfaction relative to 8-9-hour shifts. Respondents that worked shifts ≥12 hours were significantly more likely to be associated with the burnout subscale relative to respondents that worked shifts of 8-9 hours. The findings from all three studies were classified as favorable towards the shorter duration shifts.

None of the retained research that utilized observational study designs, and compared multiple shift durations addressed indicators of cost to the system.
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