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What is “fatigue” and why should we worry about it? 

“Fatigue is a debilitating and potentially deadly problem affecting most Americans”
– National Safety Council, 2018 



Defining Fatigue
Oliver (1914) – Occupational Fatigue

Lerman (2012); Akerstedt (2009) - Sleepiness is the tendency to fall asleep; fatigue is the body's response to sleep 
loss or to prolonged physical or mental exertion. Fatigue may be reduced by sedentary activity or rest without 
sleeping, whereas subjective sleepiness and the propensity for sleep are often exacerbated by sedentary activity or 
rest. 

Frone and Tidwell’s (2015) three-factor conceptualization of fatigue:
(1) Fatigue involves equal parts of both “extreme tiredness” and “reduced functional capacity;” 
(2) Fatigue can manifest physically, mentally, and/or emotionally; 
(3) Fatigue is “temporally tied to the workday” 

MedLinePlus: a feeling of weariness, tiredness or lack of energy

DOT Operational definition (1999)
- Symptoms: Fatigue is a complex state characterized by a lack of alertness and reduced mental and physical 

performance, often accompanied by drowsiness. 
- Causes: Fatigue may be caused or exacerbated by any or all of the following: lack of sleep, disruptive work/ 

rest cycles, neurological conditions, excess mental or physical workload, exposure to extreme physical 
conditions, emotional stress, the use of drugs or alcohol, illness, and/or monotony.

Oxford Dictionary (2022): Extreme tiredness resulting from mental or physical exertion or illness 3

Fatigue is MORE THAN  sleepiness and 
its effects are more than falling asleep.
Phillips RO. A review of definitions of fatigue–And a step towards a whole definition. Transportation research part F: traffic 

psychology and behaviour. 2015 Feb 1;29:48-56.



Effects of fatigue

Health and Well-being
• Gastrointestinal, reproductive, 

metabolic health effects
• Cardiovascular disease, cancer
• Mental health

Cognitive degredation
• Slows down reaction times
• Shortens attention and concentration
• Impairs judgement
• Increases propensity for risky behaviors 
(Alhoa 2007, Dawson 2012, Lowe 2017, Kilgore 2010, Marquié 2015)

Work Injuries 
• 2 x the work injury risk for nonstandard 

shifts (compared to regular dayshifts)

• Increases with time on task 
≤ 20 hrs/wk: 2.03 injuries/100 workers 
≥ 60 hrs/wk: 4.34 injuries/100 workers

(Folkard 2006, Lombardi 2010, Wagstaff 2011, Wong 2011)

(Brown 2020, Harris 2024, Harma 2024, Kecklund 2016, Itani 2016, IARC 2020, 
Moreno 2019, Smith 2019, Smith 2012, Torquati 2018)

Spillover Effects
• Family life

• Environmental impact

• Drowsy driving
(Arlinghaus 2019, Bohle 1989, Demerouti 2005, NTSB 1989, NTSA 2020, 

Wong 2020, USNRC 1979) 
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Challenges of managing fatigue 
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Fatigue in the Construction Sector

2010 – 2011 National Health Interview Survey: 59% of US construction workers 
reported experiencing fatigue every day or on some days (Zhang et al. 2015)



Factors for fatigue in Construction

Workload 

Long work hours

Incomplete recovery

Sleep deprivation

Individual level factors: 
• Drug/alcohol use
• Nutrition
• Fitness

Physical fatigue

Muscular exertion

Work environment 
(Noise, lighting, vibration)

Climate 
(heat and humidity) 

Mental fatigue

Mental exertion

Lack of “motivation factors” 
(job control, “rewards”)

Low social support 
(coworkers, supervisors)

References: Tafazzoli 2021, Emuze 2021, Techera 2018, Techera 2016

Work-related factors: 



Consequences of fatigue in Construction

References: Tafazzoli 2023, Emuze 2021, Heng 2024 

Musculoskeletal Disorders 

Work errors 
Loss of Motivation

Injuries

Increased 
absenteesim

Reduced productivity 
and poor performance

Compromised 
site safety 

Cognitive degradation 
(attention, vigilance, 
responsiveness)

Postural instability, 
poor balance, 
reduced motor skills, 
muscular fatigue

Low morale

Image credits: vecteezy, brgfx @ freepik



Assessment and evaluation of fatigue in Construction

Subjective Measures

References: Anwer 2021, Dawson 2011, Dawson 2014, Doudou 2020, Electrical Power Research Institute 2022, Heng 2024, Li 2020, Tafazzoli 2023, Techera 2018, Umer 2023, Van Dongen 2004

Surveys / Self-reporting

Objective Measures

Examples: 
• Borg scale
• Fatigue Assessment 

Scale for Construction 
Workers

Physiological and Physical 
Performance Measures

Examples: 
• Blood pressure
• Heart rate
• Electroencephalography
• Skin thermoregulation

• Stability / Balance
• Grip strength
• Flexibility

Cognitive Performance

Examples: 
• Psychomotor Vigilance Test 

(PVT)

Proposed: 
Predictive Measures

Examples: 
• Biomathematical 

Models
• Fitness for Duty Tests

Not yet examined in 
published scientific studies



Mitigation of fatigue in Construction

• Taking breaks
• Water, Coffee
• Napping, where allowed; providing a place to rest
• Exchange in working shifts
• Raising awareness of fatigue
• Use of  motorized equipment to reduce manual 

labor (physical fatigue)

Caveats:
• Only 2 studies

- Emuze 2021 (N = 20 South African workers, General construction)
- Techera 2019 (N = 150 US workers/ field supervisors, Electrical-transmission and distribution line 

construction)
• Small study size and not be representative of all US Construction workers

Image credit: vecteezy



Gaps in managing Construction Fatigue

Reference: Tafazzoli 2023, Techera 2018
Image credit: Freepik

1. Fragmented and various definitions of fatigue

2. Accurate and reliable method for measuring and predicting construction 
worker fatigue

3. Objective quantification of the impact of fatigue's causes 
and effects

4. Clear comparison of the causes and effects of fatigue in 
the workplace

5. Empirical studies on the various 
construction trades
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NIOSH Work-related Fatigue Activities that could be 
applied to Construction



Why:
• Electrical utility (EU) work is among the 10 most hazardous jobs in the US
• EU occupational injury fatality rates > 3 times greater compared to all US workers 

Factors for Injury Risk among  Electrical Utility Workers (FIREWorks)

What: 

• Quantify work-injury risk associated Electrical Utility occupations
• Describe work injury prevalence (e.g., worker characteristics, overtime, storm events, temperature)

How:
• Survival analyses, descriptive statistics

- Data: 24 yrs work history, injury records, compensation claims from 20 companies
- Outcomes: work-injury requiring medical leave or attention
- Main Exposure: Occupation
- Other interesting exposures: 2005 Energy Policy Act 13

Contact: 
Imelda Wong, PhD

(Techera 2019, Census of Fatal Occupational Injuries, 1992-2019)
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Why: 
• 2003-2013: OGE Worker fatality rates 7x greater than all US Workers
• Long work hours, commutes, physically demanding work,  extreme 

temperatures
• US OGE Survey (2017-2019): 

- 35.1% of respondents had a workday + commute times > 14 hours
- 46% of the respondents reported < 7 hours of sleep/day 
- (Hagan-Hagan Haynes 2022, Mason 2015)

What:
• Determinants of high fatigue-risk among OGE service and drilling 

contractors, and current fatigue risk management strategies

How:
• Field study: Survey, actigraphy, Psychomotor Vigilance Test
• Focus groups (workers and managers): perceptions of fatigue risk and 

current fatigue mitigation strategies
• Interviews (OGE leaders): Fatigue Risk Management Systems in OGE

Fatigue Risk and Management in OGE

Contacts: 
Alejandra Ramirez-Cardenas, MPH Imelda Wong, PhD

Image credit: Rawpixel



Mining Program Heat Strain Research
    

What:
• Characterize 

- physiological effects of heat exposure
- cognitive changes associated with heat exposure
- individual variability in physiologic and cognitive 

responses to heat

Contact: 
Kristin Yeoman, MD, MPH

Why: 
• Underground mines are getting deeper and hotter
• Surface mines are experiencing heat waves
• Heat exposure increases worker injury rates

- May be related to fatigue, cognitive and 
psychomotor impairment (Varghese 2018)

Assessing impacts 
of heat exposure

How: Dual-arm study design

Environmental 
Chamber Field data (Mines)

Exercise Test
• Heart rate
• Internal temperature

Work shifts
• Heart rate
• Internal temperature
• NIOSH Mobile App 

(includes PVT)



Fatigue in Mining

Are Fatigue and Sleepiness the Same? A Brief Introduction to the Differences and 
Similarities and Their Implications for Work Safety (Barham 2023)

Findings from a systematic review of fatigue interventions: What's (not) being tested in 
mining and other industrial environments (Dugdale 2022)

Stay tuned: 

• Burden of fatigue risk factors in mining
• Synthesis of general and industrial work hour 

recommendations
• Interviews with mining safety supervisors on fatigue 

measurement and management
Contact:  Tim Bauerle, PhD 

Photo credit: Flickr Creative Commons, Helca Mining



Toolbox Talks

https://www.cpwr.com/research/research-to-practice-r2p/r2p-library/toolbox-talks/



Fatigue Detection Technologies

NIOSH Science Blogs:
Choosing the “Right” Fatigue Monitoring and  
Detection Technology
https://blogs.cdc.gov/niosh-science-blog/2021/01/19/fmdt/

The Who, What, How and When of Implementing 
Fatigue Monitoring and Detection Technologies
https://blogs.cdc.gov/niosh-science-blog/2021/05/21/fmdt_implementation/

Setting Objectives for Fatigue Detection Technologies
https://blogs.cdc.gov/niosh-science-blog/2022/09/14/fmdt3/

https://blogs.cdc.gov/niosh-science-blog/2021/01/19/fmdt/
https://blogs.cdc.gov/niosh-science-blog/2021/05/21/fmdt_implementation/
https://blogs.cdc.gov/niosh-science-blog/2022/09/14/fmdt3/


NIOSH Heat 
Stress 

Educational 
Products

Search: niosh heat Contact: Brenda Jacklitsch, PhD



Working hours and fatigue: Meeting the needs of American workers and employers
American Journal of Industrial Medicine, November 2022, Volume 65, Issue 11

Foreward (Howard)

Approaches to managing work-related fatigue to meet the needs of American 
workers and employers (Wong, Swanson)

In
du

st
ry

-s
pe

ci
fic

The human factors of mineworker fatigue: An overview on prevalence, 
mitigation and what’s next (Bauerle, Sammarco, Dugdale, Dawson)

US research needs related to fatigue, sleep, and working hours among oil and 
gas extraction workers (Hagan-Haynes, Pratt, Lerman, Wong, Baker, Flower, Riethmeister)

Research gaps and needs for preventing worker fatigue in the transportation 
and utilities industries (Sieber, Chen, Krueger, Lincoln, Menéndez, O'Connor)

Research priorities to reduce risks from work hours and fatigue in the 
healthcare and social assistance sector (Caruso, Arbour, Berger, Hittle, Tucker, Patrician, 
Trinkoff, Rogers, Barger, Edmonson, Landrigan, Redeker, Chasens)

Working hours, sleep, and fatigue in the public safety sector: A scoping review 
of the research (Allison, Tiesman, Wong, Bernzweig, James, James, Navarro, Patterson)

Working hours, sleep, and fatigue in the agriculture, forestry, and fishing 
sector: A scoping review (Elliott, Lincoln, Flynn, Levin, Smidt, Dzugan, Ramos)

Al
l s

ec
to

rs Work-related fatigue: A hazard for workers experiencing disproportionate 
occupational risks (Cunningham, Guerin, Ferguson, Cavallari)

Describing economic benefits and costs of nonstandard work hours: A scoping 
review (Wong, Quay, Irvin, Belzer)

NIOSH Authors in red



Thank you! 

cdc.gov/niosh/topics/fatigue/center.html
iwong@cdc.gov

Center for Work and Fatigue Research

Image credits: Vecteezy
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Additional slides (reserve)



Control / Control

Work and fatigue research activities across NIOSH
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Anticipation

All Workers in All Sectors

Agriculture, Forestry, Fishing

Healthcare and Social Assistance

Mining

Oil and Gas

Public Safety

Transportation, Warehousing, 
Utilities

National Surveys 
(e.g., NHIS, QWL, WellBQ)

Emergency Response 
(e.g., COVID-19, Ebola)

Recognition Evaluation



Examples of control mechanisms
Work 
Scheduling

Training and 
Education

Measuring Fatigue: Subjective 
measures, Fitness for duty 
assessments, Detection technologies

Fatigue Risk 
Management 
Systems (FRMS)

LEVEL 2

Sleep / Rest 
Obtained

LEVEL 1

Sleep / Rest  
Opportunity

LEVEL 3

Behavioral 
Symptoms

LEVEL 4

Fatigue-
related 
Errors

LEVEL 5

Fatigue-
related 

incidents

INJURYFatigue Risk Trajectory

A multi-level approach to managing work-related fatigue

References: Dawson 2005, Wong 2019



What is Occupational Heat Stress?

Contact: Brenda Jacklitsch, PhD



RISK
FACTORS

Contact: Brenda Jacklitsch, PhD



Heat-related Illnesses and Injuries

Contact: Brenda Jacklitsch, PhD



Additional NIOSH Recommendations
Engineering Controls

• Fans
• Reflective shielding or barriers
• Shaded area or canopy

Administrative Controls
• Monitoring weather
• Buddy systems
• Training
• Heat alert plan
• Work/rest schedules
• Appropriate hydration
• Acclimatization

Personal Protective Equipment (PPE)
• Water-cooled or air-cooled garments
• Cooling vests
• Wetted overgarments

Contact: Brenda Jacklitsch, PhD



Level 5 – Fatigue-related incidents

Fatigue Risk Management System

FATIGUE RISK 
MANAGEMENT 

SYSTEM

Lerman et al. ACOEM Guidance Statement “Fatigue Risk Management in the Workplace”. JOEM 54(2), Feb 2012
McCulloch K, Baker A, Ferguson S, Fletcher A, Dawson D. Developing and implementing a fatigue risk management system. TP 14575E, Transport Canada. 2008;1.

“A scientifically based, data-driven addition or alternative to prescriptive hours of work limitations which manages 
employee fatigue in a flexible manner appropriate to the level of risk exposure and the nature of the operation”

Policies & 
Procedures

• Required procedures 
• May include existing safety practices

Responsibilities
• Outline of organizational roles 

for employers, managers and 
workers

Risk 
Assessment & 
Management

• Work schedules
• Non-punitive error/incident reporting

Education 
& Training

• Promote knowledge about fatigue
• Fatigue management strategies for 

employers and workers

Controls & 
Action Plans•  “Tools” and decision trees

Audit & 
Review

• Documentation and review at regular 
intervals for FRMS effectiveness



References
Examples of Fatigue Risk Management Systems

Department of Transportation. Federal Railroad Administration CFR Parts 270 and 271 [Docket No. FRA-2015-0122, 
Notice No. 1] RIN 2130-AC54 Fatigue Risk Management Programs for Certain Passenger and Freight Railroads. 

Energy Institute. Managing fatigue in the workplace. 1st edition.

Fatigue risk management systems – Queensland Health.

ICAO Fatigue Risk Management Systems. Implementation Guide for Operators. 1st edition. July 2011.

McCulloch K, Baker A, Ferguson S, Fletcher A, Dawson D. Developing and implementing a fatigue risk management 
system. TP 14575E, Transport Canada. 2008;1.

41

https://www.govinfo.gov/content/pkg/FR-2020-12-22/xml/FR-2020-12-22.xml
https://www.hpog.org/assets/documents/WEB-Guidance-on-managing-fatigue-16.04.14.pdf
https://www.health.qld.gov.au/__data/assets/pdf_file/0033/1137975/qh-gdl-401-3.3.PDF
https://www.icao.int/safety/fatiguemanagement/FRMS%20Tools/FRMS%20Implementation%20Guide%20for%20Operators%20July%202011.pdf
https://tc.canada.ca/sites/default/files/migrated/tp14575e.pdf
https://tc.canada.ca/sites/default/files/migrated/tp14575e.pdf


References
Fatigue Risk Management Systems

Caldwell JA, Caldwell JL, Thompson LA, Lieberman HR. Fatigue and its management in the workplace. Neuroscience 
& Biobehavioral Reviews. 2019 Jan 1;96:272-89.

Dawson, D., et al., Fatigue risk management by volunteer fire-fighters: Use of informal strategies to augment formal 
policy. Accid Anal Prev, 2015. 84: p. 92-8.

Honn KA, van Dongen HP, Dawson D. Working Time Society consensus statements: Prescriptive rule sets and risk 
management-based approaches for the management of fatigue-related risk in working time arrangements.

Lerman SE, Eskin E, Flower DJ, George EC, Gerson B, Hartenbaum N, Hursh SR, Moore-Ede M. Fatigue risk 
management in the workplace. Journal of Occupational and Environmental Medicine. 2012 Feb 1;54(2):231-58.

Industrial health. 2019 Jan 31:SW-8.

Sprajcer M, Thomas MJ, Sargent C, Crowther ME, Boivin DB, Wong IS, Smiley A, Dawson D. How effective are Fatigue 
Risk Management Systems (FRMS)? A review. Accident Analysis & Prevention. 2021 Oct 28:106398

Wong, I.S., S. Popkin, and S. Folkard, Working Time Society consensus statements: A multi-level approach to 
managing occupational sleep-related fatigue. Industrial health, 2019. 57(2): p. 228-244.

42


	Work-related fatigue:
	Slide Number 2
	Defining Fatigue
	Effects of fatigue
	Challenges of managing fatigue 
	Slide Number 6
	Factors for fatigue in Construction
	Consequences of fatigue in Construction
	Assessment and evaluation of fatigue in Construction
	Mitigation of fatigue in Construction
	Gaps in managing Construction Fatigue
	Slide Number 12
	 �Factors for Injury Risk among  Electrical Utility Workers (FIREWorks)
	Fatigue Risk and Management in OGE
	Mining Program Heat Strain Research�    
	Fatigue in Mining
	Toolbox Talks
	Fatigue Detection Technologies
	Slide Number 19
	Slide Number 20
	Thank you! 
	References
	References
	References
	References
	References
	References
	References
	References
	References
	References
	Slide Number 32
	Slide Number 33
	Work and fatigue research activities across NIOSH
	A multi-level approach to managing work-related fatigue
	What is Occupational Heat Stress?
	RISK�FACTORS
	Heat-related Illnesses and Injuries
	Additional NIOSH Recommendations
	Level 5 – Fatigue-related incidents�Fatigue Risk Management System
	References
	References

