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Science of Sleep

2 hrs less

Cdn Adults 18-64, 2007-2013
Avg less than 7 hrs sleep

Doesn’t my body know better?
• NO! You cannot train
yourself to need less sleep

Difficulty falling or staying
asleep
55%

35%
29%

• Accelerates aging of every
cell at DNA level

43%

• 13% higher mortality rate
for 6 hr vs 7 hr sleepers
Men

Women
Sleep Duration

Men

Women
Sleep Quality

Higher household education and income slept more hours
Cappuccio et al., 2010

Sleep/Wake Cycle

Homeostasis sleep drive

Circadian drive

External cues
•
•
•
•
•

Peripheral Clocks

Light timing
Mealtimes
Bedtimes
Social Cues
Physical Activity
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The Reality of our Species

Melatonin
• Natural sleep hormone
synthesized and secreted at
night
• Powerful anti-oxidant
• Age reduces production
• Light at inappropriate times can
depress production

• Can never “fully” adapt to night shift (<3%)
• More consecutive night shifts, harder to synchronize

Food to Mood to Sleep

Serotonin
• Melatonin synthesized from Serotonin
• Known as the “happiness” hormone

Sunlight promotes
synthesis of serotonin
from tryptophan

• Significantly reduced levels with
– rotating shift work
– erratic schedules
– constant travel

Meat, dairy, fish, nuts,
whole grains, quinoa

L-Tryptophan

Serotonin

Melatonin synthesized
from serotonin

Melatonin

Stages of Sleep

NREM

Stage
1

Awake

(Beta/Alpha)

Stage 1

(Theta)

Stage 2

(Spindles)

Stage 3

(Delta)

REM

Stage

REM

1 Cycle =
90 Minutes
Stage

Stage

1

(Beta/Alpha/Theta)
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Adult Sleep Pattern

Waking Episode

Older Adults (60+)

Awake
REM

REM

REM

Stage 1
NREM

REM

Stage 2
NREM
MENTAL & EMOTIONAL
DELTA

Stage 3
NREM

DELTA

PHYSICAL

Hours After Going to Bed

How do work schedules affect sleep?

Timing of Incidents

1. Circadian Factors (Time of Day)

1.4

Night Shifts
Rotating or Fixed Shifts
Splits Shifts
Schedule Regularity

Relative Risk







30%

1.3

1.2


18%

1.1

1.0
8 hrs8

Morning

Afternoon

Night

Folkard and Lombardi, 2006

Successive nights

Time is Everything!

1.4

Relative Risk

 36%
1.3

10 hrs

1.2

 17%

12 hrs

8 hrs

 6%

1.1

Day shifts

1.0
8 hrs8

Night 1

Night 2

Night 3

Night shifts

Early shift
starts (<0600)

Night 4

Folkard and Lombardi, 2006
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Schedule Regularity and Mental Health

Chicago Transit – 2014

Erratic sleep causes circadian rhythm disruption
– mental illnesses such as schizophrenia, bipolar
disorder and depression (Schuch JB, e. 2020)

– neurological conditions like Alzheimer’s, vascular
dementias (Shi L, e. 2018)
– multiple sclerosis (Hedström AK, e. 2015)

How do work schedules affect sleep?

Total Hours Worked
2.5

2. Homeostasis Factors (Wakefulness)
Relative Risk

 Length of Shift
 Total Hours Worked
 Timing and Length of Breaks


27%

2.0


13%

1.5

1.0

.05

8

8 HR

10 HR

12 HR

Folkard and Tucker, 2006

The Impact of Long Hours

Productivity vs Working Hours

• Study of 11,000 Americans over a 13 year period
• Long hours = Increased risk for injuries and illness

• Increasing working hours does not equate to
increased productivity
– Output falls sharply after 50 hrs,
dramatically after 55 hrs

61%

Overtime

Dembe AE et al., 2005

37%

At least 12 hour
shifts

23%
At least 60 hours
per week

– 70 hrs produces no more than
55 hours

• American Metal Workers

– 88% higher risk for injury over
64 hours per week

Pencavel, J. 2014; Vegso et al., 2007
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Duty Time Thresholds

Rest Breaks

• Working more than…

• On Duty Rest Breaks

– Breaks within shift to reduce extended time-on-task

– 7 consecutive mixed shifts
– 3 consecutive night shifts

• Recovery Breaks (turnaround time b/w shifts)

– 5 consecutive early shifts (start prior to 6AM)

– Sleep opportunities between shifts

– 12 hours in a 24 hour period

• Reset Breaks (time off between a workset)

– 60 hours in a 7 day period

– Breaks to reduce the likelihood of unsafe levels of fatigue
building over an extended sequence of shifts

Fatigue Recuperation Scale

Paramedics Die in Plunge off Cliff
• 2010 - Ambulance plunged 33 metres into Kennedy Lake, BC
• Started shift at 2AM, crash occurred at 5:30AM

Sleep Duration and Days Absent Per Working Year (DWY)
9 hours

8.96

7.46

8 hours

6.01

7.76 hours

5.93

7 hours

6.27

• Aggressive and intolerant

7.74

Absenteeism rates
doubled with less
than 6 hours sleep

7.64
7.85

6 hours

8.48

9.35
13.09

5 hours
0

2
Days Absent

4

6
Women

8
Men

10

Emotional Health Consequences

12

14

14.83
16

•
•
•
•
•
•
•
•

Impulsive; addictive behaviours
Mood swings
Irrational
Decreased motivation
Diminished emotive expressions
Decreased facial expression recognition
Depression
PTSD

Lallukka et al., 2014
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Sleep Loss & Emotional Memory

Prefrontal
cortex

REM & PTSD

Amygdala

Locus
Coeruleus

Technology’s Role

What is the impact of workloads?

• Social tool, activating brain’s reward system
(dopamine release)

• Affects recuperation requirements
• Energy preservation
– Shuts down executive control
– Automatic response takes over
– Ignores relevant (critical?) info
– Impairs working memory

Prefrontal Cortex

• Juggling digital stimuli bombards prefrontal cortex;
less grey matter to control thoughts and emotions

Loh K. 2014

Sleep Disorders
Types
Lack of Sleep (insomnia)

Obstructive Sleep Apnea (OSA)
Causes

• Repeatedly stop breathing for
10+ secs at a time

Lifestyle
(shift work, stress, tech)

• Starving heart and brain of O2

• 2.2 X more likely to suffer from
mood or mental health disorders

Disrupted/Fragmented
Drugs and Alcohol
Sleep
Excessive Sleep
Medical Conditions
(hypersomnia, narcolepsy)

• 1 in 4 Cdns at high risk
• 3 out 4 have not been diagnosed

www.solarisfm.com
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Solaris Case Study

New Jersey Commuter Train

• Metals Mining, 2019
• 662 employees were screened for OSA

– 36 (6%) had previously been diagnosed
– Additional 318 (45%) identified as having
moderate to high risk (vs 26% national average)

OSA and COVID

How are we coping?

• 29% hospitalized with Covid had non-severe
OSA

50% of Americans
using a mix of two
or more sleep aids
per night

– vs typical OSA hospitalization rate of 3.1%
– one quarter ended up in ICU

• Suggests tht non-severe OSA is an important
risk factor for severe COVID-19 cases

Feuth T, Saaresranta T, Karlsson A, et al. 2020

ResMed Tech, Consumer Sleep Study, CES 2017
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Recommend
10,000 LUX

Nap Science
• Working memory benefits the most

– reasoning and decision-making
– helps with complex work and prevention of processing
errors

• Vigilance and alertness benefit the least
• Can improve mood

Lower LUX levels required

Dinges, 2005

Organizational Challenges
• Fatigue is

Organizational Leadership

–
–
–
–
–

underreported
hard to detect
difficult to measure
complex
a badge of honor

PERFORMANCE

Drugs &
Alcohol

Fatigue

Physical
Health

“FIT” is a
Human Factors
Process

Mental
Health

FIT FOR DUTY PILLARS
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How is fatigue being managed?

Fatigue Risk
Management System

Three Approaches

Org Commitment &
Leadership

1. Prescriptive Approach – Must do!

Clearly identifies,

Planning

2. Strategic Approach – Should do!

Strategic
Approach

– purpose of the program
– what it will look like

Implementation

3. Tactical Approach – Need to do!

– how it will be run

Evaluation &
Corrective Action

– how it will remain viable

Management Review

Fatigue Risk
Management System
Org Commitment &
Leadership

Tactical Approach

Strategic Approach
supports

Risk based approach

4

Planning
Implementation

5

3
Tactical Approach

2

(Fatigue Risk Assessment & Control)

Evaluation &
Corrective Action

Sleep
1
Obtained
Sleep
Opportunity

Management Review

Fatigue‐
related
Behaviours

Fatigue‐
related
Errors

Fatigue‐
related
Incidents

mharnett@solarisfm.com
www.solarisfm.com

Visit me on LinkedIn
Follow me on Twitter
@mike_the_girl
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Evaluating Your FRMS
Solaris’ NAGA (Needs Assessment/Gap Analysis) includes 130 questions. How does your organization rank with the
following 15 questions?
Please check off the most appropriate response.

No; it’s
non‐
existent

Partially;
could be
better

Yes; we
rock
this!

1. Have roles and responsibilities been defined for all stakeholders (Employer,
Managers, Supervisors, Workers, OHS Advisors, EAP staff, etc.) regarding the
management of fatigue and promotion of alertness?
2. Were workers involved in the most recent shift schedule selection?
3. Is the organization aware and in sync with standards and guidelines, or relevant
industry recommended practices?
4. Has a fatigue policy manual been developed and shared with all relevant
stakeholders for comment and approval?
5. Do scheduling practices for all personnel (including non‐shift workers) explicitly
address fatigue issues based on information from scientifically valid resources?
6. Has there been a review of actual hours of work completed (including voluntary or
mandated overtime, training and on‐call assignments) and how extra work is
assigned?
7. Are employees regularly screened for sleep disorders and chronic sleep loss?
8. Does the organization formally allow napping, rest and recovery [e.g.
recovery/resting rooms, scheduled naps, etc.]?
9. Have employees been trained in the identification of fatigue related hazards and
risk mitigation including sleep hygiene, alertness strategies, family and social
planning, stress management and a healthy shift work lifestyle?
10. Are results of investigations communicated to the responsible manager for
corrective/preventative action and to others for information?
11. Does the organization ensure suitable accommodations for optimal fatigue
recuperation when working remotely or on out‐of‐town assignments, including an
evaluation of the sleeping quarters with respect to light levels, noise levels,
temperature controls, vibration exposure, exercise facilities and sound nutrition?
12. Is there a process or system in place to monitor the number of incidents or near
misses attributed to employee fatigue (e.g. compliance monitoring and reporting
systems)?
13. Have procedures been developed for supervisors to deal with employees who
report fatigue or demonstrate fatigue impairment in a just manner?
14. Is there a process is in place for management to review findings and metrics
including the potential exposure and subsequent risk level of the worker to fatigue
while subject to routine and emergency working conditions?
15. Is there a process is in place for management to review findings and metrics
including the potential severity of harm related to worker, work operations,
liabilities and the community at large?
©2019 Solaris Fatigue Management
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Fatigue Risk
Management Services

Non-Shift Workers

• Guidance on how to maximize health, safety and performance while minimizing the effects of fatigue as it
relates to work, home, and lifestyle choices

• Self assessment tools for determining chronic fatigue, sleep deprivation and sleep disorders
• Communicating fatigue management policies and procedures

Shift Workers

• Training workers on the impact of a shift work lifestyle both at work and at home

• Promoting self-responsibility through the provision of practical tools and strategies

• Self assessment tools for determining chronic fatigue, sleep deprivation and sleep disorders

Supervisors,
Committees

Management,
Leadership

Needs Assessment
& Gap Analysis

Schedule / Roster
Analysis

Fatigue Risk

Assessments
Program Guidance
and Development
www.solarisfm.com

• Education on roles and responsibilities and specific tools for detecting, monitoring and controlling fatigue
• Provision of coaching techniques for effective employee communications
• Training on incident investigations to determine fatigue related factors

• Review of organizational factors contributing to worker fatigue and effects on performance and KPIs
• Review of roles and responsibilities, legal liabilities, and future state of regulations and standards

• Review of fatigue management tools, strategies and technologies for implementation at the organizational
level to reduce fatigue and subsequent operational costs

• Fatigue survey design and analysis for workers
• Review of internal safety and HR management systems against fatigue management best practices
and established standards; includes score card and metrics to drive continuous improvement

• Development of a path forward to achieve targets and objectives that support organizational KPIs
• Assessment of shift schedule design for fatigue factors utilizing scientific modelling
• Recommendations for break design, task assignments, unplanned and extra work
assignmentsGuidance in the development of Extended Hours policies

• Identification of organizational fatigue related risk using a 5 point fatigue risk trajectory
• Assessment of education and training initiatives, commuting and journey management practices,

workloads, work environment, fatigue reporting protocols, sleep disorder screening, shift handover
procedures, rest and recovery options, and error and incident investigations

• Development of organizational procedures and strategic plans to enhance performance and reduce
worker fatigue

• Development of organizational Fatigue Management Guidance Document
• Facilitation and training of fatigue risk managment champions/teams
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