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Why do more accidents happen in the early morning hours? 

How can you prepare for a 24-hour shift? 

What is the big deal with daylight saving time? 

Why does caffeine work? 

How can you help your young adults wake up at 6 am? 

Isn’t 6 hours of sleep enough? 



Content 

1. Review of circadian neurobiology 

2. Sleep needs of adults and fatigue in the 
workplace 

3. Circadian Rhythm Sleep Wake Disorders 
1. Approach to the sleepy worker 

2. Shift work disorder 

3. Delayed sleep-wake phase disorder 

4. Jet lag disorder 

 



Review of Circadian 
Neurobiology 



Two Process Model of Sleep 
Regulation 
1) Homeostatic process, Process S 

− Rises during waking and declines during sleep 

2) Circadian process, Process C 
− Independent of sleep and waking 

− Maintains alertness during the day 

Kryger 2011 



Two Process Model 

Beersma 2007 

Homeostatic process, 
Process S 

Circadian process, 
Process C 



Homeostatic process: Process S 
 Sleep load builds during wakefulness, falls during sleep 

 There are several sleep-promoting neurochemical 
agents, including adenosine, prostaglandin D2, Growth 
Hormone-Releasing Hormone 

 Adenosine binds to A1 receptors on the cholinergic 
neurons of the basal forebrain  decreasing the firing 
of these neurons  causing a reduction in cortical 
arousal 

− Caffeine blocks adenosine A1 and A2a receptors, 
promoting wakefulness 

Kryger 2011 



Circadian process: Process C 

 Suprachiasmatic Nucleus (SCN) in the anterior thalamus 
is the major circadian pacemaker of the body 

 SCN controls the rhythms of sleep-wake propensity, 
core body temperature, and secretion of various 
hormones 

 SCN neurons inhibit the pineal gland, thus inhibiting 
production of melatonin 

Berry 2012 



Circadian process: Process C 

Blume 2019, Reid 2009 

Melanopsin-containing retinal ganglion cells are the major 
circadian photoreceptors and communicate the presence of light 
to the Suprachiasmatic Nucleus (SCN) via the 
Retinohypothalamic Tract (RHT) 



Synchronization of the circadian 
clock 
 SCN contains cells that oscillate 

− Period of this rhythm is called tau 
• The mean value of tau in humans is 24.2 hrs 

− External stimuli (zeitgebers) entrain the SCN to the 
24-hour day 

Berry 2012, Xie 2019  



Alerting Signal 

Beersma 2007 

Midday dip 
around 2-4 pm 

Lowest level of 
alertness 4-6 am 



Markers of Circadian Phase 

1. CBT-min: core body temperature minimum 

2. DLMO: dim light melatonin onset 

Berry 2012 



Markers of Circadian Phase 

1. CBT-min: core body temperature minimum 
− Occurs about 2 hours before habitual (spontaneous) 

awakening from nocturnal sleep 

− 4-5 am in most individuals 

2. DLMO: dim light melatonin onset 

Berry 2012 



Markers of Circadian Phase 

1. CBTmin: core body temperature minimum 

2. DLMO: dim light melatonin onset 
− Occurs about 2-3 hrs before typically bedtime 

− 8 pm in most individuals 

Berry 2012 



Sleep Needs and Fatigue 



Sleep need of adults 

How much sleep do adults need? 
a) 5 hours 

b) 6 hours 

c) 7 hours 

d) 8 hours 

e) 9 hours 



Sleep need of adults 

How much sleep do adults need? 
a) 5 hours 

b) 6 hours 

c) 7 hours 

d) 8 hours 

e) 9 hours 

http://sleepeducation.org/docs/infographics/healthysleepduration.pdf?
sfvrsn=2, accessed 8/29/2020 



Recommended amount of sleep for a healthy 
adult, AASM Consensus Statement 2015 

 Adults should sleep 7 or more hours per night 
on a regular basis to promote optimal health.  

 

Watson 2015 



Recommended amount of sleep for a healthy 
adult, AASM Consensus Statement 2015 

 Sleeping less than 7 hours per night on a regular 
basis is associated with adverse health 
outcomes: 

Watson 2015 

• Weight gain and obesity 
• Diabetes 
• Hypertension 
• Heart disease and stroke 
• Depression 
• Increased risk of death 

• Impaired immune 
function 

• Increased pain 
• Impaired performance 
• Increased errors 
• Greater risk of accidents  



Recommended amount of sleep for a healthy 
adult, AASM Consensus Statement 2015 

 Sleeping more than 9 hours per night on a regular basis 
may be appropriate for young adults, individuals 
recovering from sleep debt, and individuals with 
illnesses.  

 For others, it is uncertain whether sleeping more than 9 
hours per night is associated with health risk. 

 

Watson 2015 



Sleep Deprivation: Acute 

 Longer reaction time 

 Lapses in attention 

 Lost information 

 Poor short-term 
memory 

 Reduced motivation 

 Sleepiness 

 Poor performance 

Berry 2012 

Deficits are worse: 

 At low circadian low 
points 

 When sedentary 

 With no feedback 

 With reduced light or 
sound 

 With low motivation, 
interest or novelty 



Sleep Deprivation: Chronic 

Increase: 

• Sleepiness 

• Attention lapses 

• Cortisol, ACTH, 
norepinephrine 

• Gherlin (hunger) 

• Insulin resistance 

• Medical errors 

• Motor vehicle accidents 

Berry 2012 

Decrease: 

• Vigilance 

• Pain tolerance 

• Cognition, attention 

• Seizure threshold 

• Leptin (satiety) 

• Acute antibody response 
to vaccination 

• Working memory 



Sleep Deprivation: Chronic 

Increase: 

• Sleepiness 

• Attention lapses 

• Cortisol, ACTH, 
norepinephrine 

• Gherlin (hunger) 

• Insulin resistance 

• Medical errors 

• Motor vehicle accidents 

Berry 2012 

Decrease: 

• Vigilance 

• Pain tolerance 

• Cognition, attention 

• Seizure threshold 

• Leptin (satiety) 

• Acute antibody response 
to vaccination 

• Working memory 

Chronically sleep-deprived individuals do not 
recognize their degree of impairment! 



Fatigue in the workplace 
 Cognitive performance is the result of: 

1. Duration of prior sleep 

2. Time since awakening 

3. Phase of the circadian rhythm of alertness 

4. Time on task 
• Time-on-task effects (fatigue) arise from cognitive work-

related depletion of cognitive resources over time 
• Can be reversed by time off-task (not sleep) 

• Long duration (30-40 min) boring tasks are especially 
sensitive to sleep deprivation 

 Individuals cannot be relied upon to accurately 
self-estimate their accident risk 

 

Kryger 2011 



Question 

At what time of day should you be most concerned about 
risk for errors? 

a) 8:00 – 10:00 am 

b) 1:00 – 3:00 pm 

c) 8:00 – 10:00 pm 

d) 2:00 – 4:00 am 

 



Question 

At what time of day should you be most concerned about 
risk for errors? 

a) 8:00 – 10:00 am 

b) 1:00 – 3:00 pm 

c) 8:00 – 10:00 pm 

d) 2:00 – 4:00 am 

 



Clinical Evaluation of the 
Sleepy Worker 



The sleepy worker 

1. Insufficient sleep  
− Most people require at least 7 hrs of sleep on a 

regular basis 



The sleepy worker 

1. Insufficient sleep  

2. Medications and drugs 
− Prescription drugs: Opioids, benzodiazepines, 

SSRI/SNRI, beta blockers, dopamine agonists, TCA’s 

− Over the counter medications: antihistamines, cold 
medications 

− Illicit drugs 

− Marijuana  

− Alcohol  



The sleepy worker 

1. Insufficient sleep  

2. Medications and drugs 

3. Medical conditions 
− Obstructive sleep apnea 

− Insomnia (fatigued/tired, not sleepy typically) 

− Heart disease 

− Lung disease 

− Poorly controlled diabetes 

− Autoimmune conditions 



The sleepy worker 

1. Insufficient sleep  

2. Medications and drugs 

3. Medical conditions 

4. Central hypersomnia  
− Narcolepsy type 1 

− Narcolepsy type 2 

− Idiopathic hypersomnia 



The sleepy worker 

1. Insufficient sleep  

2. Medications and drugs 

3. Medical conditions 

4. Central hypersomnia  

5. Circadian Rhythm Sleep Wake Disorders 
− Shift Work Sleep Disorder 

− Delayed Sleep Phase Disorder 

− Jet Lag 



Shift Work Disorder 
(SWD) 



Shift Work Disorder, International 
Classification of Sleep Disorders 

A. There is a report of insomnia and/or excessive 
sleepiness, accompanied by reduction of total sleep 
time, which is associated with a recurring work 
schedule that overlaps with usual time of sleep. 

B. The symptoms have been present and associated with 
the shift work schedule for at least 3 months. 

C. Sleep logs and actigraphy for at least 14 days 
demonstrate a disturbed sleep and wake pattern. 

D. Not better explained by another disorder. 

AASM 2014 
 



Demographics 

 Approximately 20% of the workforce in the 
industrialized countries is employed in a job that 
requires shift work 

 Prevalence of SWD among rotating and night-
time shift workers has been estimated to be 
between 10-38% 

AASM 2014 
 



Health consequences of SWD 

 Studies show moderate but not conclusive 
support for increased risk of: 
− Cardiovascular disease: CAD, ischemic stroke 

− Type-2 diabetes 

− Cancer: breast cancer, prostate cancer 

− Occupational accidents 

 There is individual variability to shift work and 
insufficient sleep: 
− Genetic differences for morning or evening 

preference, sleep needs, ability to sleep at different 
times 

Kecklund 2016 



Kecklund 2016 



Kecklund 2016 
 



Case 

A 35-year auto worker comes in to see you.  

He just started working a night shift, 7 pm to 7 am. He gets 
home, showers, eats, checks his phone. He then watches TV 
until he falls asleep around 11 am and wakes up at 3 pm to 
get kids from school. He is very sleepy at work.  

What can you suggest he does differently? 

a) Take zolpidem at 8 am to help him fall asleep faster 

b) Take a quick shower, eat a small meal and go to sleep as 
soon as he gets home 

c) Take modafinil at work to help him be more awake 

d) Do what he is doing, but take melatonin at work at 5 am 

 



Treatment of SWD: AASM 
Practice Guidelines 
 Behavioral: 

− Planned napping before or during night shift to 
improve alertness and performance (standard) 

− Timed light exposure in the work environment to 
decrease sleepiness and improve alertness and light 
restriction in the morning to promote sleep  
(guideline) 

AASM 2007 



Treatment of SWD: Practice 
Guidelines 
 Pharmacotherapy 

− Administration of melatonin prior to daytime sleep is 
indicated to promote daytime sleep (guideline) 

− Hypnotic medications may be used to promote 
daytime sleep among night shift workers. Carryover 
of sedation to the nighttime shift with potential 
adverse consequences for nighttime performance 
and safety must be considered (guideline) 

− Modafinil is indicated to enhance alertness during the 
night shift (guideline) 

− Caffeine is indicated to enhance alertness during the 
night shift  (option) 

AASM 2007 



Case 

A 35-year auto worker comes in to see you.  

He just started working a night shift, 7 pm to 7 am. He gets 
home, showers, eats, checks his phone. He then watches TV 
until he falls asleep around 11 am and wakes up at 3 pm to 
get kids from school. He is very sleepy at work.  

What can you suggest he does differently? 

a) Take zolpidem at 8 am to help him fall asleep faster 

b) Take a quick shower, eat a small meal and go to sleep as 
soon as he gets home 

c) Take modafinil at work to help him be more awake 

d) Do what he is doing, but take melatonin at work at 5 am 

 



Shift work disorder treatment 

 Let’s break down the treatment into: 
1. Improving diurnal sleep 

2. Enhancing alertness 



Improving diurnal sleep 

 Avoid light exposure on the way home from 
work 

 Sleep immediately after night shift 
− Light-blocking shades, ear plugs, eye mask 

 Use two sleep periods 
1. Anchor sleep period of about 4 hrs taken every day 

regardless of schedule (typically 8 am to 12 pm) 

2. 3-4 hr sleep period taken depending on the work 
schedule 

 Exogenous melatonin to increase sleep time (1-
10 mg) 

Kryger 2011 



Enhancing alertness 

 Napping before or during shift 

 Light exposure during shift 

 Caffeine use 
− Caffeine before a nap may reduce sleep inertia 

 modafinil and armodafinil 

Kryger 2011 
 



FDA approved medications for 
SWD 
 Modafinil: 200 mg once a day (max 400mg/day) 

 Armodafinil: 150 mg once a day 

 Taken 1 hour before start of work shift 

 Common side effects: headache, nausea, insomnia, 
dizziness 

 Serious reactions: Stevens-Johnson syndrome, mood 
changes 

 Drug-drug interactions: oral contraceptives 



What about extended shifts and 
call? 
 Pre-call strategies 

 On-call strategies 

 Post call strategies 



What about extended shifts and 
call? 
 Pre-call strategies 

− Maintain good general health 

− Minimize sleep debt (bank on sleep!) 

− Short nap before shift 

 On-call strategies 

 Post call strategies 



What about extended shifts and 
call? 
 Pre-call strategies 

 On-call strategies 
− Short naps in a cool, dark room 

− Short breaks in natural light 

− Caffeine to boost alertness 

− Avoid dehydration, appropriate food intake 

 Post call strategies 



What about extended shifts and 
call? 
 Pre-call strategies 

 On-call strategies 

 Post call strategies 
− Standardized approach for hand-offs 

− Pre-arrange for transport home 

− Prioritize sleep! 



Delayed Sleep Phase 
Disorder 
(DSPD) 



DSPD: International 
Classification of Sleep Disorders  
A. There is a significant delay in the phase of the major 

sleep episode in relation to the desired or required 
sleep time and wake time. 

− This leads to chronic or recurrent complaint of 
inability to fall asleep and difficulty waking up at 
desired/required clock time. 

B. Symptoms present for at least 3 months. 

C. Sleep log or actigraphy for 14 days demonstrate a delay 
in the timing of the habitual sleep period. 

D. Not better explained by other conditions. 

AASM 2014 
 



Consequences of DSPD 
 Individuals complain of difficulty falling asleep and 

waking up at socially acceptable times, as required to 
prepare for work or school 

 Individuals may demonstrate excessive sleep inertia 
(extreme difficulty awakening and confusion) in the 
morning as a result of insufficient sleep time and 
awakening during circadian phase of high sleep 
propensity 

 Increased rates of mood disorders, depressive 
symptoms, substance abuse (alcohol, sedative, 
hypnotics, stimulants) 

AASM 2014 
 



Consequences of DSPD con’t 
 Difficulty falling asleep can lead to: 

− Increased rates of mood disorders, depressive symptoms 

− Development of insomnia 

− Self-medicating and substance abuse (alcohol, sedative, 
hypnotics) 

− Use of electronics at bedtime, causing further delay 

AASM 2014 
 





Demographics of DSPD 

 More common in adolescents and young adults 
− Prevalence of 7-10% 

 Family history has been reported in up to 40% of 
individuals 
− Polymorphism in the circadian clock gene hPer3 

AASM 2014 
 



Case 

A 22-year old comes in to see  you. During the school year all 
her classes started after noon and she would wake up at 11 
am. She is starting a summer internship and will have to be 
at work at 8 am. How can you help her to fall asleep sooner 
so she gets sufficient sleep? 

a) Prescribe alprazolam at night 

b) Prescribe zolpidem at night 

c) Do nothing, she will get used to the new schedule 

d) Prescribe timed light and melatonin 



Treatment of DSPD: AASM 
Practice Guidelines 
 There is insufficient evidence to support: 

− prescribed sleep-wake scheduling as a stand-alone 
treatment 

− timed physical activity or exercise 

− strategic avoidance of light 

− post-awakening light therapy (monotherapy)  

− sleep-promoting medications  

− wakefulness promoting medications  

 Suggestion that clinicians treat DSWPD in adults with 
and without depression with strategically timed 
melatonin (versus no treatment) (weak evidence) 

AASM 2015 



Practical recommendations 
 Chronotherapy 

 Timed bright light exposure in the morning 

 Pharmacotherapy with melatonin 

Reid 2009 



Practical recommendations 
 Chronotherapy 

− Progressive delay of bedtime by 3 hrs a day 

 Timed bright light exposure in the morning 

 Pharmacotherapy with melatonin 

Reid 2009 



Practical recommendations 
 Chronotherapy 

 Timed bright light exposure in the morning 
− Morning bright light exposure and avoidance of light 

in the evening 

− Timing, intensity and duration of treatment are yet to 
be defined 

 Pharmacotherapy with melatonin 

Reid 2009 



Light phase-response curve 

Emens 2015 

CBT-min 

Phase 
advance 

Phase 
delay 



Practical recommendations 
 Chronotherapy 

 Timed bright light exposure in the morning 

 Pharmacotherapy with melatonin (off-label use) 
− Most effective if administered 5-7 hrs prior to DLMO 

− In practice, often given 2 hours before bedtime 

− Doses as low as 0.5 mg may be effective 

Reid 2009 



Melatonin Phase Response 
Curve 

Emens 2015 

DLMO 

Phase 
advance 

Phase 
delay 



Practical recommendations 
 Chronotherapy 

 Timed bright light exposure in the morning 

 Pharmacotherapy with melatonin 

 

 Challenges arise with social pressures and days-
off schedule 

Reid 2009 



Case 

A 22-year old comes in to see  you. During the school year all 
her classes started after noon and she would wake up at 11 
am. She is starting a summer internship and will have to be 
at work at 8 am. How can you help her to fall asleep sooner 
so she gets sufficient sleep? 

a) Prescribe alprazolam at night 

b) Prescribe zolpidem at night 

c) Do nothing, she will get used to the new schedule 

d) Prescribe timed light and melatonin 







Desired sleep 



Desired sleep 

Light exposure after CBT-min, after 9 am 
NOT right after awakening (this would lead 
to further phase delay) 



What about daylight 
saving time? 



Daylight saving time (DST) 
 Initially adopted in 1918 to save energy (it no longer 

does that) 

 DST: clocks in most parts of the US are set 1 hour ahead 
of standard time (March to November), i.e. start the day 
1 hour earlier 

 Inadvertently induces a phase delay by increasing 
exposure to morning darkness and evening light, but 
wake time is earlier 
 Sleep loss 

 Circadian misalignment 

 

Rushi 2020 

DST sleep 



Effects of DST 

 Acute effects of switching from standard time to DST 
− Increased cardiovascular morbidity, MI, stroke, acute atrial 

fibrillation 

− Sleep disruption, mood disturbances, suicide 

− Traffic accidents in the first few days, increase in fatal crashes 
up to 6% in the US 

 Chronic effects 
− The body may not adjust to DST even after several months, 

leading to permanent phase delay, called “social jet lag” 

− “Social jet lag” is associated with increased risk of obesity, 
metabolic syndrome, cardiovascular disease, depression 

 

Rushi 2020 



Jet Lag Disorder 



Jet Lag Disorder, International 
Classification of Sleep Disorders 
A. There is a complaint of insomnia or excessive daytime 

sleepiness, accompanied by a reduction of total sleep 
time, associated with transmeridian jet travel of at least 
two time zones. 

B. There is associated impairment of daytime function, 
general malaise, or somatic symptoms within one or 
two days of travel. 

C. The sleep disturbance is not better explained by 
another disorder. 

AASM 2014 



Jet Lag Disorder: features 

 Severity and duration of symptoms is dependent on: 

− Number of time zones traveled 

− Ability to sleep while traveling 

− Exposure to appropriate circadian time cues in the 
new environment 

− Tolerance to circadian misalignment when awake 
during the biological night 

− Direction of travel: eastward travel that requires 
advancing the circadian rhythm is more difficult to 
adjust 

• Remember tau 24.2 hrs 

AASM 2014 



Jet Lag Disorder: consequences 

 Daytime sleepiness 

 General malaise and gastrointestinal symptoms 

 Memory difficulties 

 Problems concentrating, driving, flying 

 Impaired athletic performance 

AASM 2014 



Case 

A 50 year old business woman is traveling from Detroit to 
London for 2 weeks. The last time she traveled she had a 
very hard time adjusting to the new time zone. She is asking 
you for help in helping her adjust to the new time zone in 
London. What do you recommend to her? 

a) Take zolpidem when in London to help her fall asleep 
faster 

b) Get exposed to lots of light in the mornings after 
arriving in London 

c) Attempt a pre-flight advance in bedtime before travel 

d) Prescribe modafinil to take in London to help her be 
more awake 



Jet Lag Disorder: management 

1) Before travel 

2) During travel 

3) After arrival at new destination 



Jet Lag Disorder: management 

1) Before travel 
− Avoid sleep deprivation 

− Start to gradually shift the sleep-wake schedule to match the 
location of travel prior to departure, reducing the time required 
to adjust to the new zone upon arrival: 

• For Eastward travel: advance bedtime 

• For Westward travel: delay bedtime 

2) During travel 

3) After arrival at new destination 

Reid 2009 



Jet Lag Disorder: management 

1) Before travel 

2) During travel 
− Avoid prolonged uncomfortable sitting positions, stress 

− Avoid excessive caffeine and alcohol intake 

3) After arrival at new destination 

AASM 2014 



Jet Lag Disorder: management 

1) Before travel 

2) During travel 

3) After arrival at new destination 
− When time at destination is expected to be brief (i.e.,two days 

or less), keeping home-based sleep hours, rather than adopting 
destination sleep hours, may reduce sleepiness and jet lag 
symptoms (option) 

− The combination of morning exposure to bright light and  
shifting the sleep schedule one hour earlier each day for three 
days prior to eastward travel may lessen symptoms of jet lag 
(option) 

− Melatonin administered at the appropriate time is indicated to 
reduce symptoms of jet lag and improve sleep following travel 
across multiple time zones (standard) 

Morgenthaler 2007 



Jet Lag Disorder: management 

1) Before travel 

2) During travel 

3) After arrival at new destination (con’t) 
− Short-term use of a benzodiazepine receptor agonist hypnotic is 

indicated for the treatment of jet lag-induced insomnia, but 
potential adverse effects must be considered, and effects on 
daytime symptoms of jet lag disorder have not been adequately 
addressed (option) 

− Caffeine is indicated as a way to counteract jet lag-induced 
sleepiness, but may also disrupt nighttime sleep (option) 

Morgenthaler 2007 



Case 

A 50 year old business women is traveling from Detroit to 
London for 2 weeks. The last time she traveled she had a 
very hard time adjusting to the new time zone. She is asking 
you for help in helping her adjust to the new time zone in 
London. 

What do you recommend to her? 

a) Take zolpidem when in Italy to help her fall asleep faster 

b) Get exposed to lots of light in the mornings after 
arriving in Italy 

c) Attempt a pre-flight advance in bedtime before travel 

d) Prescribe modafinil to take in Italy to help her be more 
awake 



Detroit 

London 

Baseline:  
BT 10 pm, WT 6 am 

Desired  sleep in London:  
5 hrs advance 



Detroit 

London 

Baseline:  
CBTmin 4 am Detroit time 

Desired  sleep in London: 
CBTmin 9 am London time 

What happens when you are exposed to 
light on waking up in London? 



Detroit 

London 

Baseline 

Desired  sleep in London 

Light has to be AFTER baseline CBT-min: 
CBT-min is at 4 am Detroit time or 9 am 
London time 



Detroit 

London 

Baseline:  
BT 10 pm, CBTmin 4 am moves to 3 am 

Pre-flight advance:  
BT 9 pm, CBTmin 3 am moves to 2 am 

Pre-flight advance: 
BT 8 pm, CBTmin 2 am moves to 1 am 

We can advance our circadian 
clock by 1 hour a day 



Detroit 

London 

Baseline after 3 day of pre-flight 
advance:  
CBTmin is now at 1 am Detroit time  

CBT-min is now at 6 am London time 



Thank you! 
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