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Introduction

◼ My background:

◼ Medical University Netherlands →  chemical industry

◼ Specialist in Occupational Medicine Germany (SMEs)

◼ 2000-2011: Medical Inspector HSE (Scotland), 

portfolio work: asbestos, diving and offshore.

◼ 2009 → part-time freelance work as OHP: commercial 

diving, offshore;

◼ 2013 → Rail industry with HML Ltd

⚫ Now: Lead OHP for the Transport Division

⚫ Author Rail chapter in Fitness for work
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Requested topics(after I said yes!)

⚫ Impact of shift systems

⚫ Pro- and cons of rotating

⚫ 12 hour shifts, on-call systems

⚫ Effects of sleep quality and quantity on 

cognitive function

⚫ Assess, monitor and adjust for any effects

In other words: the whole library!
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Broad Learning Objectives

▪ Why is fatigue an issue?

▪ UK Legal and Regulatory framework and fatigue

▪ The relationship between fatigue and performance

▪ Shift work and fatigue

▪ Workplace fatigue management strategies and 

challenges

▪ Health issues impacting fatigue, sleep and cognition

▪ Complex issues → Integrated multi disciplinary approach 

needed!
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Fatigue Related Disasters

▪ Three Mile Island (1979) – Human error at 4 am

▪ Chernobyl Reactor Meltdown (1986) – Human error at 1.30 am

▪ Exxon Valdez (1989) – 12.04 am 3rd Mate failed to manoeuvre due 

to fatigue and excessive workload: fell asleep after 18 hours on duty

▪ Operation Desert Storm (1990) – More friendly fire losses than 

enemy losses, many due to sleep deprivation, stimulant medication

▪ Challenger Shuttle (1986) – Poor judgment, 2 hours sleep

▪ Bhopal (1984) – Operator error at 00.56 am leads to release of 

Methyl Isocyanate Gas

▪ Immediate death toll 4 000

▪ Subsequent death toll 16 000

▪ Life long injuries 200 000

▪ Genetic mutations for generations
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UK Legal and Regulatory Framework 1

▪ Health & Safety at Work Act etc. 1974

▪ General duty to protect the Health, Safety and Welfare of 

employees.

▪ Similarly, to consult with their employees on these issues.

▪ Working Time Regulations 1998

▪ Minimum legal requirements on organisation of working time.

▪ Requirement to proactively consider fatigue as a risk factor in their 

business.

▪ Requirement to control causes such as excessive overtime and 

shift patterns.

▪ To offer night worker health assessments (?! The ill-worker effect, 

who don’t request this?)
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UK Legal and Regulatory Framework 2

▪ Goods vehicles – rules on driving time, accumulated time, rest 

periods under EU law.

▪ Civil Aviation Authority

▪ CAP 371 Regulations – limits on Flying Duty Period, Mixed duties, 

Standby duty etc.

▪ Also incorporates new EU wide requirements and reporting.

▪ Rail

▪ ‘The Railways and Other Guided Transport Systems (Safety) 

Regulations 2006’ (ROGS: also ‘defines’ safety critical work!)

▪ Regulation 25 – Fatigue’, new regulatory requirements to manage 

fatigue in safety critical workers were introduced. 
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Some figures

⚫ ~14%-15% of the working population; ~3.6-

3.8 million people

⚫ Increasing?

− Past: ‘traditional industries’: police, hospitals, 

chemical, offshore, mining

− Now: + call-centres, retail, service industries, 

free-lancers (?)
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How does fatigue impact performance?

1. Performance effects

2. Objective/Subjective 

Sleepiness

3. Performance outcomes
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Performance effects of fatigue

▪ Reduced vigilance

▪ Slower reaction times (also Diabetes: hypo- and hyper-

glycaemia)

▪ Lapses/errors of omission (e.g. checklists)

▪ Reduced short term memory

▪ Poorer performance on driving simulators (reaction time, 

risk anticipation)

▪ Equivalence to alcohol consumption (rail simulator 

studies)

▪ Potential for synergistic effects on and from medical 

conditions?
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Human performance curve Relative accident risk
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Accident risk as function of 

working hours

(Fatal 15h)
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Health Issues Impacting Fatigue and Sleep

▪ Physiological

▪ Performance related to circadian cycles (=unchangeable)

▪ Greatest drop off 2 am – 6 am

▪ “The back side of the clock”

▪ Inverted/rotating/unpredictable (on call) work schedules

▪ “Limbo” scheduling

▪ Jet lag 
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Objective/subjective sleepiness

▪ Sleep propensity

Decreased sleep latency – Multiple Sleep Latency Test 

(laboratory, repeated sleep attempts under EEG monitoring; 

new: in-ear EEG)

• Scores: 0-5 minutes = Severe; 5-10 Troublesome ; 

• 10-15 Manageable; 15-20 Excellent

Concept of accumulated sleep debt – acute and chronic

▪ Subjective sleepiness can be a poor guide to impairment

▪ Fatigued operators are often unaware of their own levels 

of impairment

→ vulnerability to falling asleep in low-stimuli situations
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Performance outcomes

▪ Slow reaction time when braking or steering from 

obstacles

▪ Forgetting parts of safety checklist or landing procedures

▪ Overconfidence

▪ Reduced awareness or perception of danger

▪ Willingness to take unnecessary risks

▪ Visual (tunnel vision) or cognitive fixation to exclusion of 

essential tasks

▪ Micro-sleeps

Executive 

function?
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Performance outcomes - realities

▪ Survey of New York State road drivers

55% driven whilst drowsy

28% had fallen asleep at the wheel

3% had crashed whilst asleep

2% had crashed whilst drowsy

Peak of single vehicle accidents 00.00 – 0.700 am

▪ NTSB – Fatigue responsible for 37% of all fatal coach crashes

▪ UK – fatigue responsible for 25% of all fatal road accidents

▪ Social impact of zero hours, item of service contracts

▪ 40% of all fatigue related accidents involve commercial drivers

▪ Sleep Length       Crash Risk (and chronic societal sleep depravation)
▪ 6 –7 hours x 1.8

▪ 5 – 6 hours x 3.3

▪ < 5 hours x 4.5
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Clarkston, Michigan 15.11.2001
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Fatigue factors

▪ Crash occurred at 5.54 am

▪ Engineer/Driver

Sleep study recommended by GP and ENT

Never done or treated

“My impression is of probable sleep apnoea. I warned 

him of the risks of falling asleep whilst driving his car or 

the train. He appears to understand these risks.”

History of falling asleep whilst driving train

Passed medical!

▪ Conductor

5 years prior –CPAP, no titration, somnolence

▪ No evidence that driver or conductor applied brake
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Clarkston conclusion (NTSB)

Probable Cause

The crew members fatigue, which was primarily due to 

the engineer’s untreated and the conductor’s 

insufficiently treated obstructive sleep apnoea

(UK relevant comment:

◼ RAIB: medical review after accidents?

◼ UK approach to confidentiality and consent

◼ ORR: aware of health relevant risk factors in actual 

incident investigations but not published!)
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Glasgow Bin Lorry

Glasgow bin lorry crash: driver lied about health history, inquiry finds 

Accident inquiry says Harry Clarke concealed nearly 40 years of ill health and 

lied to doctors about blacking out at the wheel of a bus in 2010

On Monday, December 22, a bin lorry mounted 

the pavement and crashed into the side of the 

Millennium Hotel in Glasgow's George Square. 

It hit a crowd of pedestrians as they waited to 

cross the road outside Queen Street Station.

(Neck circumference >42 cm 

for men → elevated risk of 

OSA)
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2 Train drivers: 

±
BMI 51

Wt: 174Kg

Ht: 1.85m

Abd girth: 158 

cm



Obesity and diabetes trends

⚫ UK: currently highest weight population  in Europe

− 63% overweight

− 28% obese

⚫ Future: projected to rise to 73% in next 20 years

(ref: diabetes.co.uk/diabetes-and-obesity)

⚫ USA currently: 8-12 % DM, 26% pre-diabetic (→ also effect on cognition)  

⚫ Train drivers/other SCW: ? → fragmented industry and lack of available 

intelligence 
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Australian train drivers

⚫ 2012: change in approach of medical 

assessment

− Before: screening for OSA with Epworth 

sleepiness scale questionnaire

− After: risk matrix based referral to sleep clinic

− BMI>35 and/or co-morbidity hypertension 

and/or diabetes:

⚫
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Epworth sleepiness score  

versus risk based ‘screening’

⚫ Findings:The prevalence of OSA in the study 

population was 7%, compared with 2% in 2009 

No worker reported an elevated ESS

⚫ OSA frequency double of general 

population

⚫ Now lets add shift work/systems in the mix
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Impact of Health Conditions on Sleep - Primary

▪ Obstructive Sleep Apnoea

▪ 5 Major risk factors

▪ Obesity

▪ Gender (male)

▪ Hypertension

▪ Diabetes

▪ Age

▪ Estimated 1.5 million in UK

▪ Only 330 000 treated – access variable

▪ 15% of Group 2 drivers

▪ Other safety critical roles: ????
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Secondary Sleep Disorders – a huge range of causes

▪ Primary – thyroid disease, Cushings disease

▪ Secondary

▪ Pain from OA, Back pain

▪ Menopausal symptoms

▪ Prostate enlargement

▪ Depression, Bipolar episodes

▪ Drugs side effects – prednisolone, beta blockers

▪ Social factors – poor housing, financial worries, new parents

▪ Blue screen light – impact on reduced melatonin production

▪ Fatigue related conditions

▪ Chronic Fatigue Syndrome, Fibromyalgia

▪ Anaemia

▪ Ischaemic heart disease
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Shift Work and Fatigue

▪ 3.5 million shift workers in the UK – rotating, nights, weekends etc.

▪ Health impacts include increased risk of IHD and Breast cancer 

(melatonin disruption)

▪ Predictive factors in tolerance of shift work

▪ Personality types – “Hardiness” positive, “Languidity” negative

▪ Genetic polymorphisms associated with intolerance to sleep loss
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Management possibilities

⚫ Management:

− Impact of bright light, blue light on melatonin production

− Melatonin therapy

− Shift work design

− Rotate shifts forward: early – late – night

− Maximum of 4 night shifts in a row

− Allow 2 days off after night shifts
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Managing fatigue in occupational settings

▪ Hours of service 

▪ Scheduling

▪ Health screening and fitness for work; what are the benchmarks?

− Rail: 1.25 miles walking on ballast, but how fast?

− CAA: can someone fit through helicopter window or not? 

▪ Organisational policies

▪ Education 

▪ Vehicle technology
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Hours of service

▪ Duty hours offer minimum “hygiene” protection only

▪ Most guidelines do not address:

▪ Commuting time

▪ Breaks during work time

▪ Sleep disorders

▪ Overtime

▪ Zero hours contracts

▪ Shift swapping

▪ Can be difficult to enforce
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Scheduling strategies

▪ Allow time off for 8 hours sleep

▪ Reduce schedule irregularity and unpredictability

▪ Address problems with rotating schedules

▪ Minimise “limbo time”

▪ HSG 256 Managing shift work : Health & Safety Guidance

▪ HSE  Fatigue Index initially developed for Railway (Safety Critical 

Work) regulations – now used by police, nuclear, chemical industries
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The B2 Bomber and the 32 Hour Mission



36

FAST
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The solution?
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Commercial Fatigue Management Applications

▪ FAST was developed by academics

▪ Newer applications based on the underlying platform

▪ Sleep tracker – 92 % concordance with polysomnography

▪ App and fatigue index
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Health screening

▪ NTSB has made recommendations for a standard medical for 

transport industries

▪ Screening questions for sleep disorders: of limited value for SC 

work; Instead: risk based referral to assessment?

▪ DVLA and sleep apnoea – driving must cease in both Group 1 and 2 

until satisfactory control of symptoms achieved

▪ Required evidence:

▪ Control of the condition

▪ Sleepiness improved

▪ Treatment adherence

▪ Confirmation 3 yearly Group 1 : Annually Group 2

▪ Night Worker screening under WTR – of any value? SC work?

▪ Metabolic syndrome and Diabetes:
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Therapeutics - Nootropics

▪ “Smart Drugs”, Cognitive Enhancers

▪ Non prescription – Caffeine, Nicotine

▪ Prescription 

▪ Amphetamines (Benzedrine, Dextroamphetamine)

▪ Modafinil

▪ Ritalin (Methylphenidate)

▪ Therapeutic Indications – ADHD, Narcolepsy, Shift Work Sleep Disorder

▪ Non therapeutic uses

▪ Students

▪ Military
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Organisational policies

▪ Do not link performance appraisals or bonus schemes to 

extended hours

▪ Ensure that shift patterns meet human performance 

needs as well  as operational requirements

▪ Ensure adequate staffing cover

▪ Allow people to call in sick for fatigue (safety critical only)
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Education

▪ Educate companies and employees about sleep disorder 

detection and treatment

▪ Educate employees on ways to avoid sleep deprivation

▪ Improve awareness of sedating effects of drugs

Example: reach-stacker container driver ~ 1200 tablets 

of Co-Codamol per year, not disclosed until random Drug 

test.

▪ Educate managers and schedulers

▪ NATS – compulsory Fatigue Risk Management course 

for all staff

▪ Other e-learning courses available



Own ‘research’ TDLCR 2010

⚫ 02/2018-07/2018: 474 drivers (~50%) seen for conversion 

medical; some findings

− 4.5% ECG referral to cardiologist

− 6% vision, 4.4% hearing initially failed requiring follow-up

− 21.7% hypertension

− 7.8% existing (= known) diabetes

− 19.4% BMI > 33; 60% of those also had either diabetes, 

hypertension, OSA or a combination of these.
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Summaries
⚫ Complex dynamic between shift work, health effects and human 

performance; likely causal factor in multiple ill-health conditions, which in turn 

can increase fatigue risks

⚫ Shift work has substantial social and psychological implications

⚫ Accident risk increases in night shift and significantly with sleep 

deficit/fatigue; similar to alcohol effects.

⚫ New technologies to quantify and detect failure available

⚫ < 4 consecutive night shifts?



Summaries

⚫ To manage risks from shift work:

− General fitness for work, fitness for task

− Screen (more actively?) for disease and optimise treatment 

(NHS does not make fit for SC work!)

⚫ Multi-disciplinary challenge: H&S, occupational 

health, human factors, ergonomists 



www.healthmanagement.uk.com

www.linkedin.com/company/health-management-ltd
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