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	FATIGUE Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	Patterson, 2012
RefID-154 
PMID-22023164
The CFQ Instrument
	 

	  ?
	  ?
	
	
	  ?
	  ?

	Patterson, 2010
RefID-153
PMID-25658148
The OFER Instrument
	

	  ?

	  ?
	 
	
	  ?
	  ?

	Friesen, 2008
RefID-n/a
PMID-18807096
The CFQ Instrument
	 

	  ?
	  ?
	
	 
	  ?
	  ?

	Roelen, 2013
RefID-n/a
PMID-23970440
The CFQ Instrument
	 

	  ? 
	  ?
	
	 

	  ?
	  ?

	Da Silva, 2016
RefID-n/a
PMID-26890725
The CFQ Instrument
	 

	  ? 
	  ?
	
	 
	  ?
	  ?

	Flo, 2012
RefID-309
PMID-22823877
The CFQ Instrument
	 
	  ? 
	  ?
	
	 
	  ?
	  ?

	Saksvik-Lehouillier, 2013
RefID-n/a
PMID-22853193
The CFQ Instrument
	 
	  ? 
	  ?
	
	 
	  ?
	  ?


Low Risk	High Risk	  ? Unclear Risk 


	FATIGUE Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	West, 2009
RefID-n/a
PMID-19773564
Adapted from BFI Instrument
	
	?
	?
	.
	
	?
	?

	Ahsberg, 2000
RefID-n/a
PMID-11041305
The SOFI Instrument
	
	?
	?
	
	
	?
	?

	Patterson, 2015
RefID-
PMID-25658148
The OFER Instrument
	
	?
	?
	
	
	?
	?

	Winwood, 2006&
RefID-365
PMID-16607192
The OFER Instrument
	
	?
	?
	
	
	?
	?

	Ahsberg, 2000*
RefID-n/a
PMID-n/a
The SOFI Instrument
	
	?
	?
	
	
	?
	?

	Ruggiero, 2003
RefID-n/a
PMID-14689460
The SSI CFS Instrument
	
	?
	?
	
	
	?
	?

	Barker, 2011
RefID-n/a
PMID-21352271
The OFER, FAS, and F-RSQ Instruments
	
	?
	?
	
	
	?
	?


Low Risk	High Risk	  ? Unclear Risk 


	FATIGUE Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	Chen, 2013
RefID-n/a
PMID-23607540
The OFER Instrument
	
	?
	?
	
	
	?
	?

	Smets, 1995
RefID-n/a
PMID-7636775
The MFI Instrument
	
	?
	?
	
	
	?
	?

	Christopher, 2015
RefID-946
PMID-n/a
The PROMIS Instrument
	
	?
	?
	
	
	?
	?

	Grech, 2009
RefID-n/a
PMID-19586219
The CSS Instrument
	
	?
	?
	
	
	?
	?

	Charlton, 2001
RefID-n/a
PMID-n/a
The CSS Instrument
	
	?

	?
	
	
	?
	?


Low Risk	High Risk	  ? Unclear Risk 




Fatigue Instrument Abbreviations Legend
	BFI
	The Brief Fatigue Inventory

	CFQ
	The Chalder Fatigue Questionnaire 

	CSS
	The Crew Status Survey

	FAS
	The Fatigue Scale

	F-RSQ
	The Fatigue-Related Symptoms Questionnaire

	MFI
	The Multi-dimensional Fatigue Inventory

	OFER
	The Occupational Fatigue Exhaustion Recovery Scale

	PROMIS
	The Patient Reported Outcomes Measurement Information System

	SOFI
	The Swedish Occupational Fatigue Inventory

	SSI CFS
	The Standard Shift work Index Chronic Fatigue Scale




EXPLANATION:
1: Patterson et al., 2012 - Convenience sample with a low (511/2,223) response rate. No gold standard reference standard. No data on response bias reported. No concerns with flow and timing.
2: Patterson et al., 2010 – Convenience sample from a regional conference. One conference had a response rate of 45%, it was unclear what the response rate was from the other conference. No gold standard reference standard. No concerns with flow and timing. 
3: Friesen et al., 2008 – Convenience sample from on location (hospital). Cross-sectional study design. Good response rate 66/111. Differences reported by gender and age by response. No concerns with flow and timing. 
4: Roelen et al., 2013 – Convenience sample of nurses. Non-participant analysis showed that nurses who did not return the follow-up questionnaire were younger (two-sample t-test p<0.01), more often single (chi-square p<0.01), and without children at home (chi-square p<0.01) than those who returned the follow-up questionnaire. No concerns with flow and timing. 
5: Da Silva et al., 2016 – Convenience sample of nurses. High participation rate of 85%. Chalder Fatigue Questionnaire compared to work ability. Shift schedule was not clear. No concerns with flow and timing.
6: Flo et al., 2012 – Longitudinal cohort study. Good response rate of 80.9%. Shift work schedule was not clear. No concerns with flow and timing.
7: Saksvik-Lehouillier et al., 2013 – Longitudinal sample of nurses. Poor response rate of around 35%. Chalder Fatigue Questionnaire compare to shift work tolerance. Shift work schedule was not clear. No concerns with flow and timing.
8: West et al., 2009 – Prospective longitudinal cohort study of categorical and preliminary internal medicine residents. Good response rate. Participants and non-participants appear to be similar. Fatigue measured over time. Increased fatigue was associated with increase of reporting an error in the subsequent 3 months. Longitudinal study measuring fatigue multiple times. Sample is comprised of residents. Shift work schedule was not clear. No concerns with flow and timing.
9: Ahsberg et al., 2000 – 1300 employees from 5 occupations; limited information on selection. Moderate response rate of46%. Fatigue measured by the SOFI and compared to CR10 work intensity scale. Results differed across these occupations. Not clear about shift work schedules. No concerns with flow and timing.
10: Patterson et al., 2015 – Combined survey data from two studies. Convenience sample of EMS workers attending two regional conferences. Chalder fatigue questionnaire related to intershift recovery. No concerns with flow and timing.
11: Winwood et al., 2006 – 510 South Australian nurses from one hospital. Poor response rate of 36%. Absence of nonresponse opens concerns about the validity. OFER15 an Occupational Fatigue Exhaustion Recovery measures was related to emotional health. Sample consisted of nurses with identified shift schedules. No concerns with flow and timing.
12: Ahsberg et al., 2000 – 92 employees out of 500 employees of a paper mill participated:75 completed the study. Differences between responders were not presented. Various measures of fatigue including the SOFI were compared to measures of sleepiness. Measures perceived fatigue as well as changes in perceived fatigue over a shift cycle. It is not clear how representative this sample is of of EMS shift workers. No concerns with flow and timing.
13: Ruggiero et al., 2003 – 128 nurses sampled from an original population of 68,000 AACN members. Power calculations done to determine appropriate sample size. Chronic Fatigue Scale (SSICFS) was used. Fatigue was associated with global sleep quality, anxiety, and depression. Cross-sectional analysis was done. Shift schedule was not defined. No concerns with flow and timing.
14: Barker et al., 2011 – An online survey of nurses captured through convenience sampling processes (n=745 with complete data). Four measures of fatigue used. The Swedish Occupational Fatigue Inventory (SOFI), the Fatigue-Related Symptoms Questionnaire (F-RSQ), The Fatigue Scale (FAS) and the Occupational Fatigue Exhaustion Recovery (OFER) scale. All scales were significantly associated with the Nurse Performance Instrument (NPI). Cross sectional analysis was performed. Shift schedule was not defined. No concerns with flow and timing.
15: Chen et al., 2013 – 130 full-time nurses working 12-hour day shifts in three hospitals (convenience sampling). Good response rate of 80%. Measured both acute and chronic fatigue by the Occupational Fatigue Exhaustion/ Recovery (OFER) scale. Both compared to recovery levels by organization. Fatigue was not compared to another measure. Cross-sectional analysis performed. Subjects were nurses, shift schedule was defined as 12-hours. No concerns with flow and timing.
16: Smets et al., 1995 – First year psychology and medical students and army recruits. Multidimensional fatigue inventory (MFI) used to measure fatigue. Fatigue not compared to an outcome or another measure of fatigue. Cross-sectional analysis was performed. Shift schedule was not defined. Concerns related to applicability given the diversity in samples and limited information on each sub-sample.
17: Christopher et al., 2015 – 62 police officers recruited from a single police department. Fatigue measured by the Global Physical Health (GPH) component and Global Mental Health (GMH) component as well as the Patient Reported Outcomes Measurement Information System (PROMIS). Fatigue measured only assessed for improvements from a mindfulness intervention, it was not compared to other measures or outcomes. Fatigue was measured at three time points. Subjects were police officers, however the shift cycle was not defined. No concerns with flow and timing.
18: Grech et al., 2009 – A convenience sample of 20 Navy patrol vessel crew members. Fatigue was measured with a scale from the Crew Status Survey (CSS). It was measured across several days. Fatigue was not compared to other measures of fatigue but compared to perceived workload. Fatigue measured across several days. Shift schedule was defined. Subjects not on a shift schedule were excluded. No concerns with flow and timing.



19: Charlton et al., 2001 – Convenience sample of 606 truck drivers. Fatigue was measured by the USAF school of aerospace medicine crew status survey (CSS). In a secondary analysis on drivers 37 years or younger, CSS was related to performance. However, no comparisons were done for the full sample. Fatigue was measured before a real-time performance test. Results were adjusted for shift length. No concerns with flow and timing.
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	SLEEPINESS Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed 
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	Balkin, 2004
RefID-397
PMID-15339257
The Stanford Sleepiness Scale
	
	
	
	
	
	
	

	Forsman, 2014
RefID-601
PMID-24172085
The Karolinska Sleepiness Scale
	
	
	
	
	
	
	

	Geiger Brown, 2014
RefID-621
PMID-24474446
The Karolinska Sleepiness Scale
	
	
	
	?
	
	
	

	Karchani, 2015
RefID-720
PMID-26728912
The Karolinska Sleepiness Scale
	?
	
	
	
	
	
	

	Sunwoo, 2012
RefID-1066
PMID- 22215929
The Epworth Sleepiness Scale
	
	
	
	
	
	
	

	Sadeghniat-Haghighi, 2013
RefID-1238
PMID- 24659070
The Epworth Sleepiness Scale
	
	
	
	
	
	
	

	Sofianopoulous, 2011
RefID-195
PMID-n/a
The Epworth Sleepiness Scale
	
	
	?
	
	
	
	?



	 Low Risk	High Risk	  ? Unclear Risk
 


	SLEEPINESS Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed 
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	Waage, 2014
RefID-n/a
PMID-25441751
The Epworth Sleepiness Scale
	
	
	?
	
	
	
	?

	Johns, 1992
RefID-n/a
PMID-1519015
The Epworth Sleepiness Scale
	
	
	?
	
	
	
	?

	Saksvik-Lehouillier, 2013
RefID-n/a
PMID- 22853193
The Epworth Sleepiness Scale
	
	
	?
	
	
	
	?

	West, 2009
RefID-n/a
PMID-19773564
The Epworth Sleepiness Scale
	
	
	
	
	
	
	

	Flo, 2012
RefID-309
PMID-22823877
The Epworth Sleepiness Scale
	
	
	?
	
	
	
	?

	Howard, 2014
RefID-683
PMID-24125802
The Karolinska Sleepiness Scale and Sleepiness Symptoms Questionnaire
	
	
	
	
	
	
	

	Kato, 2012
RefID-n/a
PMID-n/a
The Epworth Sleepiness Scale and Stanford Sleepiness Scale
	
	
	
	?
	
	
	






































 Low Risk	High Risk	  ? Unclear Risk 

	SLEEPINESS Survey Instrument Risk of Bias Assessment

	Study First Author, Year
RefID
PMID
Instrument Assessed 
	RISK OF BIAS
	APPLICABILITY CONCERNS

	
	Shift Worker
Selection
	Index Test
	Reference
Standard
	Flow
and Timing
	Shift Worker
Selection
	Index Test
	Reference
Standard

	Chang, 2013
RefID-482
PMID-24183355
The Stanford Sleepiness Scale
	
	
	
	
	
	
	

	Ftouni, 2013
RefID-610
PMID-22861524
The Karolinska Sleepiness Scale
	
	
	  ?
	
	
	
	

	Takahashi, 2006
RefID-2085 (PICO 7)
PMID-17190723
The Epworth Sleepiness Scale
	
	
	  ?
	
	
	
	  ?

	Scott et al., 2010
RefID- 2995 (PICO5)
PMID-20467338
The Epworth Sleepiness Scale
	
	
	  ?
	
	
	
	  ?














 Low Risk	High Risk	  ? Unclear Risk


Sleepiness Instrument Abbreviations Legend
	ESS
	The Epworth Sleepiness Scale

	KSS
	The Karolinska Sleepiness Scale

	SSQ
	The Sleepiness Symptoms Questionnaire

	SSS
	The Stanford Sleepiness Scale





EXPLANATION:

1: Balkin et al., 2004 – The study included a convenience sample of commercial drivers. 
2: Forsman et al., 2014 – Convenience sampling and no information comparing of those who volunteered versus did not volunteered. The reference standard remains under development. The comparison of the objective assessment to the subjective survey instrument could introduce bias. Sample was comprised of commercial drivers. 
3: Geiger-Brown et al., 2014 – Convenience sampling and no comparison of participants with non-participants. The PVT was only administered once (timing unknown), so it is unknown if the KSS accurately captured the average sleepiness over the shift.  
4: Karchani et al., 2015 – Uncertainty with respect to recruitment, source, or technique for recruitment and enrolment. The objective reference has not been validated. It is not known if the reference standard does predict drowsiness. The study sample is described as suburban bus drivers. 
5: Sunwoo et al., 2012 – The selection of shift workers (truck / professional drivers) could have introduced bias because they oversampled to have a higher case mix of individuals with sleep apnea. Sample was comprised of commercial drivers. 
6: Sadeghniiat-Haghighi et al., 2014 – The selection of shift workers (professional drivers) could have introduced bias. Attrition led to a subset of participants completing the reference standard and being included in the analysis.  
7: Sofianopoulous et al., 2011 – The study sample is comprised of a convenience sample of paramedics who were attending a healthcare conference. The ESS was used to evaluate sleepiness. No comparison was made between the ESS and an objective standard. 
8: Waage et al., 2014 – The response rate to the baseline survey was low – 38%, and 79% completed a follow-up. No comparison of respondents to non-respondents. The results of interest to our study rely on the comparison between baseline and follow-up, which may not be considered a representative sample. The ESS was used to evaluate sleepiness and no comparison was made to an objective standard. 
9: Johns et al., 1992 – The sample is comprised of healthy medical students – convenience sample – one class at one university. The study involved a test-retest evaluation of the ESS. No comparison was made to an objective standard. 
10: Saksvik-Lehouillier et al., 2013 – Specifically sampled for new and experienced night shift workers. Low percentage of those solicited for participation had participated in the study. Internal consistency of the ESS was evaluated with no comparison to a reference standard. 
11: West et al., 2009 – The reference standard is self-reported, perceived medical errors. The rate of reported errors could also be affected by other factors and is prone to confounding. Concern regarding exposure misclassification as measures from the same timeframe were not compared simultaneously. 
12: Flo et al., 2012 –Study sample (high participation ~80% overall) included nurses participating in a prospective cohort study who were working a three-shift rotation schedule, rotating day, evening, and night. The study evaluated internal consistency of ESS and did not compare to a reference standard.
13: Howard et al., 2014 – A convenience sample of professional drivers. The reference standard was performance on a 30-minute simulated driving task (indirect measure of criterion validity), which preceded the sleepiness measures. If performance was poor, participants may have been aware of sleepiness-related impairment, and sleepiness may have been enhanced through the task. 
14: Kato et al., 2012 - Limited information on selection of participants and low rate of participation. Timing of survey measures was not standardized for all participants. Timing of the reference standard in relation to the index test could affect the comparison. There was a lack of clarity on the timing of reference standard completion. 
15: Chang et al., 2013 - The study sample was comprised of a convenience sample of nurses. Concerns about applicability of study sample to EMS personnel due to extensive exclusion criteria.
16: Ftouni et al., 2013 – A convenience sample of nurses on a rotating or night shift. There was no comparison of the index to a reference standard.
17: Takahashi et al., 2006 – Convenience sample and limited information about the denominator. Only half of the eligible participants (pool of participants) did not change their schedule and had complete data. Although the response rate was excellent, only 50% of the data is included in the analysis. This study did not involve a comparison of the ESS with a reference standard.
18: Scott et al., 2010 – Low participation rate of those solicited to participate. This sample of nurses was recruited through targeted mailings and achieved a response rate of 43%. This study did not involve a comparison of the ESS with a reference standard.
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Online Supplement Appendix D: Risk of bias forms   for fatigue and sleepiness survey instruments  

FATIGUE  Survey Instrument Risk of Bias Assessment  

Study   First  Author, Year   RefID   PMID   Instrument Assessed  RISK OF BIAS  APPLICABILITY CONCERNS  

Shift Worker   Selection  Index Test  Reference   Standard  Flow   and Timing  Shift Worker   Selection  Index Test  Reference   Standard  

Patterson, 2012   RefID - 154    PMID - 22023164   The CFQ Instrument           ?     ?         ?     ?  

Patterson, 2010   RefID - 153   PMID - 25658148   The OFER Instrument         ?       ?           ?     ?  

Friesen, 2008   RefID - n/a   PMID - 18807096   The CFQ Instrument           ?     ?           ?     ?  

Roelen, 2013   RefID - n/a   PMID - 23970440   The CFQ Instrument           ?       ?             ?     ?  

Da Silva, 2016   RefID - n/a   PMID - 26890725   The CFQ Instrument           ?      ?           ?     ?  

Flo, 2012   RefID - 309   PMID - 22823877   The CFQ Instrument         ?      ?           ?     ?  

Saksvik - Lehouillier, 2013   RefID - n/a   PMID - 22853193   The CFQ Instrument         ?      ?           ?     ?  

 Low Risk    High Risk      ?   Unclear Risk     

