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Safe shift schemes
Work hours, employee health and safe 
performance

Elisabeth Goffeng



STAMI

STAMI is the National Institute of Occupational 
Health in Norway

STAMI is a research institute funded by the 
Ministry of Labour and Social Affairs. 



National Institute of Occupational Health STAMI
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Health Impacts

Chemical and biological

Psychosocial /
Organisational

Physical and 
mechanical

Health Promotional factors

Mental illness/disorders

Neurological damagages
incl sensory

Airway illnesses

Hearth/coronary

Cancer

MSD
Dermatological

Reproductive effects

Accidents and injuries



Extended work hours risk of cardiovascular
disease

More than 48 hours/week:
27 % increased risk of stroke

More than 50 hours/week
40 % increased risk of cardiovascular disease

(Virtanen M et al, 2012)
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Health effects of extended work hours
(daily and weekly)

Acute: Fatigue
Long term: Cardiovascular diseases
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• Lenght of the shifts
• Time for rest and recovery between shifts
• Day- or night shifts
• Sleep deficit (duration/quality)  

Important factors when evaluating
shiftschemes



• Shift length
• Time for rest and recovery between shifts
• Day- or night shifts
• Sleep deficit

–Sleep duration, sleep quality

Safe shift schemes



Shift duration and risk of acidents

Accident risk 

Duration of shifts (hours)

Folkard and Lombardi, 2006
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TRENDs



Number of work hours and injury risk



Number of consecutive shifts and injury risk
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Day shift

Night shift

Based on data from 7 different studies in mining industry

Risk of occupational
accidents

Folkard and Lombardi, 2006

Number of consecutive shifts
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Trends



• Lenght of shifts
• Time for rest and recovery between shifts
• Day or night shifts
• Sleep deficit

–(sleep duration/sleep quality)

Safe shiftschemes..



A study of 1900 Norwegian nurses)

Association between «quick returns» (< 11 hours) and

• Insomnia
• Excessive sleepiness
• Extreme fatigue
• Sleep disorders

Effects of quick returns
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(Eldevik et al 2013)
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Practitioner summary: Quick returns have detrimental effects on acute health
problems. However, the evidence regarding effects on chronic health is inconclusive.



• Length of shifts
• Time in between shiftse
• Day or night shifts
• Sleep deficit

Safe shiftschemes..



(Waterhouse 2002) 

Body temperature

Urine production

Nightwork
desynchronise* 
the biological
clock

* Mess up!



Night work, sleep deficit and  speed/ accuracy
of object recognition
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5.800 simulated X-rays of cabin luggage

25% containing a knife or pistol

(Basner M, 2008)15.09.2020
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5.800 simulated X-rays of hand luggage

25% containing a knife or pistol

Study
- target rate (T)
- false alarm  rate (FA)
- Accuracy (N)

(Basner M, 2008)15.09.2020

Night work, sleep deficit and  speed/accuracy of
object recognition
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5.800 simulated screeing of hand luggage

25% containing pistol or knife

Examine
- target rate (T)
- false alarm rate(FA)
- Accuracy (N)

During night shift:
- significant reduced N
- significant increased FA

After a sleepless night:
- significant lowered T
- significant reduced N

(Basner M, 2008)15.09.2020

Night work, sleep deficit and  speed/accuracy
of object recognition



The performance follows the circadian rhythm

Number of errors

Time of day
(Bo Bjerner m.fl. B J Ind Med 1955:12;103)

Meter reading
every hour
around the clock



Early starts and sleep deficit
70 Australian short haul pilots

Self-reported tiredness:

- most pronounced in shifts sarting between 4 and 5AM

- least pronounced in shifts starting between 8 and 9AM

15 minutes of sleep is lost for every hour the shift starts before 9AM
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(Roach et al, 2012)
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• Shift duration
• Time in between shifts
• Night or day shifts
• Sleep deficit

Safe shift schemes?



Sleep disorders

Jenny-Anne S. Lie 25

-The single factor that has the greatest impact on shiftworkers

15.09.2020
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Hours of sleep

Risk of
occupational
accidents

Lombardi et al, 2010Shiftwork and occupational accidents
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H O U R S   O F   S U S T A IN E D   W A K E F U L N E S S  
1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 3  2 4  

0 .0 0  

0 .0 2  

0 .0 4  

0 .0 6  

0 .0 8  

0 .1 0  

Adapted from Dawson and Reid  1997

Blood 
Alcohol 
Content

A similarity between being influenced by alcohol and 
judgement and performance

(Lånt av Øyvind Lauridsen, Petroleumstilsynet)



Micro sleep

• Typically on night – or early morning shifts
• <1 second - 60 seconds
• You are not aware
• On the road driving becomes wobbly, you overlook stop signals or red 

traffic lights
• Requires barriers against the consequences



S Banks, D. F. Dinges J Clin Sleep Med. Aug 15, 2007; 3(5): 519–528. Adapted from Van Dongen et al. Sleep. 2003;26:117–26. 

We overestimate our own performance



• 44% of the nurses who worked morning, evening and night
shifts reported of sleep disorders

• 44% Nurses working night shifts only reported of sleep
disorders

• Need to move the focus from the individuals to an 
organizational level



Individual coping strategies in shift work

A healthy life
style

Family and social network
A positive attitude towards work

Protect your eyes from sharp
sunlight
Dark bedroom during dayime
sleep
A nap before night shifts
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The Norwegian Labour 
Inspectorate

- Lower number of consecutive shifts
or shorter shifts

- Longer time for rest and recovery
between shifts

- Forward rotating shifts
- Reduced workload
- Organization of the work day
- Increased staffing



Safe shift schemes
• Type and intensity of work
• Sufficient time for breaks 
• Particularily important for older workers
• Sufficient staffing
• The shift plan must be evaluated as a whole
• Need for systematic efforts to improve the working environment

• Peter Knauth, 2006



Organizational measures for limiting
risks of health and safety

• Minimize sleep deficit and circadian rhythm disorders
– Fast forward rotating shifts
– Minimum 11 hours between two consecutive shifts
– Avoid extended weeks(≥ 60 hours), and extended shifts(≥ 10 hours)

• Offer employees a high control over working hours
• Regularily screen shift workers for clinical sleep disorders
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Kecklund and Axelsson, 2016



The  optimal shift scheme?

does not exist…..

…it is dependent on:
-type of industry
-workplace
-workforce



Thank you!


