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Physiological Determinants of Sleep/Wake Regulation
Circadian and Sleep Homeostatic Processes
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Dijk DJ, et al. J Physiol. 1997;505(Pt 3):851-858; Edgar DM, et al. J Neurosci. 1993;13(3):1065-1079; 
Kilduff TS, Kushida CA. Circadian regulation of sleep. In: Chokroverty S, ed. Sleep Disorders Medicine: Basic Science, 
Technical Considerations, and Clinical Aspects. 2nd ed. Boston, Mass: Butterworth-Heinemann; 1999:135-145.



Recurring Dynamic Cycles of Wake and Sleep
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Brain Metabolic Activity in Wake and Sleep 

Braun AR et al, Brain, 1997; Desseilles M, Dang-Vu, Maquet, P, Hand Clin Neurol 2011



Sleep/Wake Disruption and Fatigue
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Zee and Turek, Arch Int Med, 2006; Young T, et al. Am J Respir Crit Care 2002; Hornyak M, et al. J Clin Psychiatry
2005;Ohayon MM, Roth T. J Psychosom Res 2002;53:547-554. 



The Alertness-Sleepiness-Fatigue Spectrum
Sleepiness - the need for sleep, or propensity to fall asleep

Fatigue - the sensation of weariness, tiredness, 
exhaustion, loss of energy; the desire to rest, lack of 
motivation…
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rhythm 
disorders

Alert

Insomnia
*falling asleep
*staying asleep

*Edenshaw YW, JAGS 2016

Measures of Sleep Quality
and Sleepiness

Subjective
• Pittsburgh Sleep Quality Index (PSQI)
• PROMIS Sleep Quality/Disturbance
• Epworth Sleepiness Scale (ESS)
• Karolinska Sleepiness Scale (KSS)
• Stanford Sleepiness Scale (SSS)

Objective
• Polysomnography
• Actigraphy
• Multiple Sleep Latency Test (MSLT)
• Maintenance of wakefulness test
• Wake EEG 
• Pupillometry

Carskadon MA et al, Sleep 1986; Shahid A et al, J Psychosomatic Res, 
2010; Johns MW. J sleep Res, 2000;  
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Sleep Disorders and Fatigue

Fatigue Severity
Scale 

Sleep disorders 4.8 (1.4)

Multiple sclerosis 4.8 (1.3)

Systemic lupus 4.6 (1.5)

Chronic fatigue
syndrome

6.1 (0.8)

Group studied

Lichstein K et al, Behav Res Ther, 1997

Relationship between sleepiness
and fatigue
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Actigraphy Derived Measures 
of Sleep and Fatigue in Cancer 

• All types of invasive cancer N=87 
(fatigued 51; non fatigued 36)

• Actigraphy (14 days)
• Sleep Diary (14 days)
• Cancer related fatigue (FACIT-F)
• Insomnia Severity Index (ISI)

Martin, T et al, Curr Oncol, 2021



Subjective sleepiness and Fatigue:
Independent/interrelated consequence of sleep disorders?

Hossain JL et al, Journal Sleep Res, 2005



Sleep-Wake Disturbances:
How Do Patients Present?

Courtesy: D Buysse

Insomnia

“My creativity diminishes, my 
irritability increases, my disposition 
suffers, my outlook is gloomier, my 
muscles feel weaker, my energy is 
kaput some days.  Some days I'm 
too tired to accomplish anything 
but still unable to nap or sleep.  It's 
an odd sensation.  I feel as if I've 
been deprived of sleep and am 
exhausted but at the same time, 
as if I had drunk 5 cups of coffee 
and were overstimulated.”



Brain Metabolic Activity in Wake and Sleep 

Healthy Sleep

Braun AR et al, Brain, 1997; Desseilles M, Dang-
Vu, Maquet, P, Hand Clin Neurol 2011

Insomnia 

Structures that did not 
show decreased metabolic 
rate from waking to sleep

Relative metabolism while 
awake was higher in healthy 
subjects compared to insomnia

Nofzinger EA et al, Am J Psychiatry, 2004 



Interventions for Chronic Insomnia in Older 
Adults 

• Age 55 and older with 
diagnosis of insomnia

• No primary sleep pathology 
other than insomnia 

• No cognitive impairment 
(MMSE < 25)
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Light Therapy, Sleep Disturbance and Fatigue

Hastings MH, Maywood ES, Brancaccio M, Nat Rev, 2018



Light Therapy and Fatigue in Cancer Survivors
with Sleep Disturbance 

Baseline Two Weeks Four Weeks
(end of the

intervention)

Seven Weeks
(three weeks

post
completion of
intervention)Time

Bright
White
Light

Better 

Worse

N=31

Redd et al, Psychooncology. 2014 Dec;23(12):1431-4.



Fatigue and sleep disruption-disorder
• Majority of research on fatigue and 

sleep disturbance are in the context 
of other medical, neurological and 
psychiatric disorders in which both 
are common

• Sleep medicine: If not excessive 
sleepiness-then fatigue

• Limited objective clinical and 
research measures/biomarkers 

• Differentiating sleepiness and fatigue 
objectively makes a difference in 
management approaches

Publications fatigue and sleep disorder
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