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What is Fatigue?

○ No one single definition for fatigue

○ Fatigue affects people differently 

○ Fatigue increases the risk of hazard exposure 
• Impaired judgement and ability to think

• Difficulty concentrating

• Lower motivation

• Slower reaction times

• Increased risk-taking behavior

• Reduced strength and physical stamina
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Subjective vs. Objective Fatigue

○ Subjective Fatigue = feeling

○ Objective Fatigue = assessment of performance

○ Over days of chronic sleep loss:
• Performance is impaired with days of sleep loss.

• Subjective reports underestimate impairment 
measured in objective testing.
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Most people underestimate their level of fatigue and how they are impaired by it.
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Fatigue as a Safety Risk

○ The risk of an accident or incident increases 
dramatically in shifts longer than nine hours.

○ Risk increases in an approximately exponential 
fashion with time on shift.

○ In the twelfth hour of a shift the risk is more than 
double during the first eight hours.

Folkard and Tucker, 2003 Risk of Accidents

Work Schedule
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Fatigue as a Safety Risk

○ The risk of an accident or incident increases with 
successive night shift periods.

○ When compared to successive day shifts:
• Risk increases 2% on average on second night shift .

• Risk increases 7% on average on third night shift.

• Risk increases 17% on average on fourth night shift.

○ Fatigue related impairment increases between 
midnight and 0600 hours.

○ Sleepiness is greatest between 0200 – 0600 hours.

Folkard and Tucker, 2003 Successive Night Shifts

Time of Day



○Sleep and Sleep Debt

○Continuous Hours Awake

○Time of Day

○Circadian Misalignment

○Workload Fatigue Factors for Shift Workers
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Sleep

Biological Urge to Sleep
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Biological Urge to Sleep vs. Work
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More Hours Working = Less Hours Sleeping

○ Sleep debt accumulates over time and can only be repaid with sleep

○ 40 hours per week is a normal work week in Canada, with limits after 48 hours/week

○ Hours can be “averaged” across weeks for shift workers and emergency workers

○ Emergency service providers are exempt from most overtime and scheduling rules



○Sleep and Sleep Debt

○Continuous Hours Awake

○Time of Day

○Circadian Misalignment

○Workload Fatigue Factors for Shift Workers
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Window of Circadian Low
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Circadian Misalignment
Change to Schedule and Light Exposure

DarkDarkLight Light LightDark Dark

Work WorkWork
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Circadian Rhythm
Your brain uses information (mostly light exposure and schedule) to set the pace of the circadian rhythm

?
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Timing is Everything

○ Fatigue is worse during the Window of Circadian Low (WOCL) 

○ Circadian rhythms need time to adjust to a new routine
• Shorter rotation intervals may not allow time to adjust 

○ Adjusting to an earlier schedule is more fatiguing than adjusting to a later schedule
• Jet lag is worse going west (9am  6am)

• Counter-clockwise/Backward rotation (night to evening to morning)
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Fatigue “Biohacks”

Caffeine Light
Bright light at breakfast; blue blockers at bedtime.

Nothing beats a good 
night’s sleep!



○Sleep and Sleep Debt

○Continuous Hours Awake

○Time of Day

○Circadian Misalignment

○Workload Fatigue Factors for Shift Workers
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What is Workload?

○ NASA Task Load Index (TLX) quantifies workload as:
• Mental demand

• Physical demand

• Temporal demand

• Performance

• Effort

• Frustration

○ SAFTE-FAST features an adjustable workload calculator 
• Can be compared against NASA TLX

○ Download our Workload Calculator White Paper on our LinkedIn page
• linkedin.com/company/safte-fast/ 

No one single definition for workload



○Sleep and Sleep Debt

○Continuous Hours Awake

○Time of Day

○Circadian Misalignment

○Workload Fatigue Factors for Shift Workers

Ultimate Goal

○Sleep and Sleep Debt

○Continuous Hours Awake

○Time of Day

○Circadian Misalignment

○Workload
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Fatigue Tools

Desktop & Web 
Solutions
○ Validated SAFTE fatigue model

○ Shift Work Pattern Builder

○ Pro-active forecasting & Retrospective 
analysis

○ Safety Performance Indicators

○ Reporting Tools
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Wearable Tools

○ Consumer grade wearable that records sleep 
events as short as 20 minutes

○ Ideal for data collection studies

○ Off-wrist data is easily imported into SAFTE-
FAST FRMS software solutions
• Model predictive sleep against actual sleep

○ On-wrist sleep scoring, Off-wrist detection

○ Long battery life of up to one year

○ Automatic scoring of multiple sleep periods

○ Light sensor for bright light and blue light

○ On-demand download to Zulu Data Extractor App

Zulu
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Fatigue in Surgical Residents
Multi-Phase Project modeling fatigue from residents’ schedules and sleep behavior

1. Model sleep and fatigue patterns
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Fatigue in Surgical Residents
Multi-Phase Project modeling fatigue from residents’ schedules and sleep behavior

2. Identify schedule factors which contributed to potential fatigue hazard

○ Scheduling
• Duty Hours

• Start Times

○ Rotation attributes (Each rotation was assigned a fatigue risk ranking based on predictive factors)
• Low Risk

• Moderate Risk

• High Risk
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Fatigue in Surgical Residents
Multi-Phase Project modeling fatigue from residents’ schedules and sleep behavior

3. Propose fatigue mitigation strategies
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Fatigue in Surgical Residents
Multi-Phase Project modeling fatigue from residents’ schedules and sleep behavior

3. Propose fatigue mitigation strategies
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Fatigue in Surgical Residents
Multi-Phase Project modeling fatigue from residents’ schedules and sleep behavior

4. Test the efficacy of fatigue mitigation strategies
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Take-Aways

○ Fatigue constitutes a safety risk

○ Multiple factors contribute to fatigue in shift working populations

○ Regulations do not address the wide scope of fatigue factors

○ Fatigue can be managed through multiple means, not just by limiting hours worked

○ Mitigation strategies are most successful when tailored to the industry’s needs



info@saftefast.com

www.saftefast.com

SAFTE-FAST


	Slide Number 1
	Fatigue in a Shiftwork Setting
	What is Fatigue?
	Subjective vs. Objective Fatigue
	Fatigue as a Safety Risk
	Fatigue as a Safety Risk
	Fatigue Factors for Shift Workers
	Biological Urge to Sleep
	Biological Urge to Sleep vs. Work
	More Hours Working = Less Hours Sleeping
	Fatigue Factors for Shift Workers
	Window of Circadian Low
	Circadian Misalignment
	Circadian Rhythm
	Timing is Everything
	Fatigue “Biohacks”
	Fatigue Factors for Shift Workers
	What is Workload?
	Fatigue Factors for Shift Workers
	Fatigue Tools
	Wearable Tools
	Fatigue in Surgical Residents
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Take-Aways
	Slide Number 28

