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Stanford Sleepiness Scale 
Rate your level of alertness 

Feeling active, vital, alert or wide 

awake 
1 

Functioning at a high level, not at 

peak, able to concentrate 
2 

Awake but relaxed; responsive but not 

fully alert 
3 

Somewhat foggy, let down 4 
Foggy; losing interest in remaining 

awake; slowed down 
5 

Sleepy, woozy, fighting sleep; prefer to 

lie down 
6 

No longer fighting sleep, sleep onset 

soon; having dream like thoughts 
7 

Asleep X 



Effects of Sleep Deprivation 

ÅExtent of the problem 

ÅSafety issues 

ÅHealth effects 

ÅCognitive impairment 



Normal Sleep Requirement 

ÅAdults 7-8 hours 

ÅVaries with age in children 

ïNewborns 16-20 hours 

ïInfants 13-15 hours 

ïToddlers 12 hours 

ïPreschool 11-12 hours 

ïSchool age 10-11 hours 

ïAdolescents 9 hours 

 



Sleep Deprivation/Loss 

ÅMajor symptom is excessive daytime sleepiness (EDS) 

Å Prevalent problem, increasing with age 

ÅAt least 18% adults report insufficient sleep 

ÅIncreasing percentage of adults sleeping less than 6 
hours/night over past 20 years 



Sleep Deprivation/Loss 

ÅCDC report 2005, slept < 6 hours/night 

ÅChanges over 20 year period 

ÅMen and women age 30-44 years 

ïaŜƴ ҧнс҈ ǘƻ он҈Σ ǿƻƳŜƴ ҧнн҈ ǘƻ нф҈  

ÅMen and women age 45-64 years  

ïaŜƴ ҧно҈ ǘƻ оо҈Σ ǿƻƳŜƴ ҧно҈ ǘƻ он҈ 

ÅAdolescents ςneed 9+ hours of sleep 

ï26% slept < 6.5 hours on school night 



National Sleep Foundation 
2006 Sleep in America Poll  

Å20% of adolescents get 9 hours sleep/school 
nights 

ÅAverage 6th grader sleeps 8.4 hours on school 
nights 

Å> 50% of adolescents report feeling tired or 
sleepy during the day 

Å9 out of 10 parents believe their adolescent is 
getting enough sleep at least a few 
nights/week=awareness gap 



National Sleep Foundation 
2006 Sleep in America Poll 

Å25% of HS students fall asleep once/week in 
class 
Å22% fall asleep doing homework 
Å14% arrive late or miss school 
ÅTeens with 9+ hours of sleep report more 

positive mood 
Å15% of 10th to 12th grader drivers drive drowsy 

at least once a week 
Å14% of adults drive drowsy once a week 



Safety Issues 

ÅSerious accidents after insufficient sleep 

ÅExxon Valdez 

ïExtensive oil spill into Prince William Sound 

ïEnvironmental damages, $2 billion clean-up 

ïThird mate had slept only 6 hours in previous 
48ҦҦseverely sleep deprived 

 

 



Safety Issues 

ÅSpace shuttle Challenger  

ÅPresidential commission  

ÅKey launch managers slept only 2 hours night 
before and on duty at 1 am 

ÅCritical management decisions affected by 
excessive work hours 

 

 



Safety Issues 

ÅNHTSA- 100,000 accidents are caused by driver 
fatigue with 1500 deaths 71,000 injured 

ÅIncreased risk of vehicular crashes 

ïThose with untreated OSA 

ïPersons with <  6 hours sleep/night 

ï1 in 5 serious car crashes related to sleepiness 

ÅIncreased accident frequency at times of increased 
sleep propensity 





Safety Issues 

Å2003 New Jersey law criminalized driving while 
drowsy 
ÅάaŀƎƎƛŜǎ [ŀǿέ ŦƻǊ aŀƎƎƛŜ aŎ5ƻƴƴŜƭƭ ƪƛƭƭŜŘ ƛƴ ŀ 

head on collision by driver who had not slept in 30 
hours 
ÅNTSB- 57% of 4800 fatal crashes involving trucks 
άŦŀǘƛƎǳŜέ ǊŜƭŀǘŜŘ 
ïStudy by dePinho et al 
ï300 truck drivers, sleep time 5.6 + 1.3 hours 
ïPoor sleep in 46%, 46% ESS > 10 
ïPositive correlation between ESS and previous accidents 



Sleepy Drivers-What Can We Do? 

ÅAdolescent Sleep, School Start Times, and Teen 
Motor Vehicle Crashes, JCSM 2008, Danner 
and Phillips 

ÅComparison of sleep duration, MVA in the 17 
and 18 yo year before and after school start 
times delayed one hour in 1 county 

ÅSignificant increase in avg sleep duration  
ïIn all groups (p <.001) 

ï30 minutes in HS seniors 



Adolescent Sleep, School Start Times, and Teen Motor 
Vehicle Crashes, JCSM 2008 

Å Increase in those getting 8+ hours of sleep 

ï35.7% to 50% (p < .01) 

ÅWeekend catch up sleep decreased  

ïFrom 1.9 to 1.1 hours (p < 0.001) 

ÅDecrease in auto crashes after stable rate 

ïFor 17-18 yo licensed drivers county vs state 

ïOnly for county where start times delayed 

ïDropped by 16.5% while rest of state increased by 7.8% (p 
< .01) 

 



Safety Issues 

ÅLibby Zion Case-1984 

Å19 y.o. college student died at NYC hospital of 
undiagnosed treatable infection 

ÅGrand jury ruled death  
ïDue to undiagnosed but treatable infection 

ïInadequate resident supervision and fatigue 

ïNew York state law-reduce resident work hours 

ïOther states, ACGME followed   

 



Safety Issues 

ÅResident work hours and medical errors 

ÅSleep deprived surgical residents 

ïUp to 2X number of surgical errors in surgery 
simulation-Grantcharov et al, Eastridge et al  

ÅACGME survey of 5600 medical residents 

ïResidents working > 80 hours were 50% more 
likely to make a significant medical error-Baldwin and 

Daughtery 

 



Safety Issues 

ÅHarvard Work Hours, Health and Safety Study 

ïTraditional schedule ~ 80 hours/week 

ïIntervention schedule 

ÅNo 24 hour shifts 

Å< 63 hours/week 

ïIntensive care unit 

ÅMost intense service unit 

ÅHighest error rate 



Harvard Work Hours, H & S Study 

ÅIntervention schedule 

ÅIncreased resident sleep time by 6 hours 

ÅwŀǘŜ  ƻŦ άŀǘǘŜƴǘƛƻƴŀƭέ ŦŀƛƭǳǊŜǎ Ŏǳǘ ōȅ ƘŀƭŦ 

ÅComparison of errors  

ïInterns randomized to the two schedules  

ïDirect observation of two physicians blinded to 
the schedule 



Harvard Work Hours, H & S Study 

Variable Traditional Intervention P value 

Serious medical 

errors 
176 91 <0.001 

Nonintercepted 

serious errors 
58 26 <0.001 

Intercepted 

serious errors 
91 50 0.02 

Medication 129 75 0.03 

Diagnostic 24 3 <0.001 



Safety Issues 

ÅAyas et al 

ÅInterns sustaining percutaneous injuries  

ïAfter extended work day vs. non-extended 

ï2737 interns surveyed 

ÅIncreased rate after extended work hours 

ïOdds ratio 1.61 



Health Effects  

ÅObesity 

ÅDiabetes/impaired glucose tolerance 

ÅCardiovascular disease/hypertension 

ÅInflammatory/Immune systems 

ÅAnxiety/depression 



Sleep Deprivation and Obesity 

ÅDose response relationship between sleep loss 
and obesity for sleep time <7 hours 

ÅShorter sleep time, greater BMI 

Å13 year prospective cohort of 500 adults 

ïBy age 27 years, those with < 6 hours sleep 

ïтΦр Ȅ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ҧ .aL 

ïControlled for exercise, family hx, demographics
  (Hasler, et al) 



Sleep Deprivation and Obesity 

ÅRelationship of sleep duration and BMI in 
1000 adults  Taheri et al 

ÅU-shaped curve 

ÅLowest BMI in those who slept 7.7 hours 

ÅHigher BMI for SPT longer and shorter 
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Sleep Deprivation and Obesity 

ÅHairston, et al found increased visceral and SQ 
adipose tissue by CT scan in those < 40 years 
of age sleeping < 5 hours vs. 6-7 hours 

ïBMI, Abd CT at 5 year intervals 

ïAdjusted for age, gender, race, baseline, activity, 
calorie intake, smoking status and education 

 



Sleep Deprivation and Obesity 

ÅPhysiologic mechanisms behind obesity & Ҩ¢{¢ 

ïaŀƴȅ ŀǳǘƘƻǊǎ ƘŀǾŜ άǿŜƛƎƘŜŘ ƛƴέ ƻƴ ǘƘƛǎ 

ÅDecreased sleep time 

ïLower leptin levels-appetite suppression 

ïHigher ghrelin levels-appetite stimulation 

ïIncreased opportunity to eat 
ÅHyperphagia in sleep deprived animals 

ÅIncreased intake of high fat/carbohydrate foods 

ïFatigueҦҦŘŜŎǊŜŀǎŜŘ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ 

ïAltered thermo-regulation 

 

 



Sleep Deprivation and Obesity 

ÅAustralian study in  6000 15 year olds 

ïMales with < 8 hours of sleep 3.1 times greater chance of 
overweight compared with those with > 10 hours of sleep 

ÅKnutson ς study in > 4000 17 year olds 

ïhǾŜǊǿŜƛƎƘ Ǌƛǎƪ ҧмл҈ ŦƻǊ ŜŀŎƘ ƘƻǳǊ ƛƴ ǎƭŜŜǇ ŘŜŎǊŜŀǎŜ 

ïOnly among boys 

ÅMany studies suggest boys more susceptible than 
girls 

 



Sleep Deprivation and Diabetes 

ÅSleep Heart Health Study 

ïCommunity based cohort, 1486 adults 

ÅThose sleeping < 5 hours 2.5 x more likely to 
have diabetes compared to those sleeping  7-8 
hours/night 

ÅSleeping 6 hours/nightƂ1.7 x more likely 

ÅIncrease in impaired glucose tolerance in both 
groups 

 



Sleep Deprivation and Diabetes 

ÅNurses Health Study 

ÅFollow up over 10 years in 70,026 female 
nurses without diabetes 

ÅSleeping < 5 hours/night 1.57 odds ratio of 
developing diabetes, decreased to 1.18 when 
adjusted for BMI 



Sleep Deprivation and Diabetes 

ÅSpiegel et al examined experimental sleep 
restriction in 11 healthy males 

ÅSlept 4 hours/night for 6 nights 

ÅGlucose clearance 40% slower with sleep loss 
compared to after recovery 



Sleep Deprivation and Hypertension 

ÅNational Health and Nutrition Examination 
Survey (NHANES I) group 1982-1992  

Å4810  subjects 

ÅSleep duration < 5 hours  

ïIncreased risk of hypertension 

ï2.1 odds ratio in ages 32-59 years 

 

 



Sleep Deprivation and MI 

ÅNurses Health Study 

ÅNo coronary heart disease at baseline 

Å10 year follow-up 

ÅIn those with < 5 hours sleep/night 
ïIncreased likihood fatal & non-fatal MI 

ïRisk increased 45% 

ïAdjusted for age, BMI, smoking, snoring 

ïIncreased risk if > 9 hours sleep/night as well  

 



Sleep Deprivation and MI 

ÅEpidemiologic study by Liu et al  

ÅTwo to three fold increase in cardiovascular 
events  

ïAverage sleep < 5 hours/night 

ïChronic sleep deprivation of < 5 hours/night twice 
per week 

ÅProposed mechanism activation of 
inflammatory process(es) with sleep loss 



Sleep Deprivation and Mortality 

ÅIncrease in age-specific mortality 
ÅKripke et al, Tamakoshi et al, Patel et al 
Å83,000 to 1.1 million subjects 
ÅSurveys about sleep duration, 6-14 year 

follow-up 
ÅIncreased deaths short and long sleepers 

compared to 7 hour sleepers 
ÅSleeping < 5 hoursƂмр҈ ҧƳƻǊǘŀƭƛǘȅ ŦǊƻƳ ŀƭƭ 

causes 



Sleep Deprivation and Other Health Issues 

ÅSpiegel et al examined chronic sleep 
restriction on antibody response 

Åс ƴƛƎƘǘǎ Ҩ ǎƭŜŜǇ ǇŜǊƛƻŘ ǘƻ п ƘƻǳǊǎ 

ÅDecreased antibody response to influenza 
vaccination by 50% (Compared to subjects with 
usual sleep duration) 



Sleep Deprivation and Other Health Issues 

ÅDecreased febrile response to endotoxin in 
sleep restriction reported by Balachandran et 
al 

ÅVgontzas et al found increased secretion of IL-
6 and TNFh after 1 week of sleep restriction 



Sleep Deprivation and Mood 

ÅAdults with chronic sleep deprivation 

ïҧŀƴȄƛŜǘȅΣ ŘŜǇǊŜǎǎƛǾŜ ǎȅƳǇǘƻƳǎΣ ŘƛǎǘǊŜǎǎ ŀƴŘ 9¢hI ǳǎŜ 

ÅStudy of 2200 middle school students over 3 year 
period found sleep deprivation associated with 
ҧŘŜǇǊŜǎǎƛǾŜ ǎȅƳǇǘƻƳǎΣ Ҩ ǎŜƭŦ ŜǎǘŜŜƳ 

ÅStudy of 3000 adolescents, those with inadequate 
ǎƭŜŜǇ ƘŀŘ ҧōŜƘŀǾƛƻǊ ǇǊƻōƭŜƳǎΣ ŘŜǇǊŜǎǎŜŘ ƳƻƻŘΣ 
anxiety, ETOH use 

 

 

 

 



Sleep Deprivation and Performance 
Deficits 

 

 

ÅInvoluntary micro sleeps  

ÅUnstable attention of intensive performance 
tasksƂҧŜǊǊƻǊǎ ƻŦ ŎƻƳƳƛǎǎƛƻƴκƻƳƛǎǎƛƻƴ 

ÅCognitive slowing in tasks with no time limit 

ÅIncreased cognitive errors with time limited tasks 



Sleep Deprivation and Performance 
Deficits 

ÅDecrease in short term memory recall 

ÅReduced learning of cognitive tasks 

ÅWorsened performance with prolonged task duration 

ÅIncreased compensatory efforts 



Working Memory Capacity is Decreased in Sleep-Deprived 
Internal Medicine Residents- Gohar, Adams, Gertner, et 

al.JCSM, 2009 

Å39 residents completed study, Q 4 day call 

ïSleep questionnaire, sleep logs, actigraphy 

ïTests of WMC, math problems 

ïSelf rating of sleepiness  

ïComparison of call and non-call months 



Working Memory Capacity is Decreased in Sleep-Deprived 
Internal Medicine Residents- Gohar, Adams, Gertner, et 

al.JCSM, 2009 

ÅAverage sleep times 

ïLogs showed more hours than acitgraphy 

ïNon call months stable sleep duration at 7.25 
hours 

ïOn call months variable sleep duration 
mean+=6.39 h 

ÅMean on call sleep 3.7 hours,  

ÅMean sleep post call was 10.1 hours 

 



Working Memory Capacity is Decreased in Sleep-Deprived 
Internal Medicine Residents- Gohar, Adams, Gertner, et 

al.JCSM, 2009 

ÅҧSelf rated sleepiness at time of test 
ïLower WMC scores, more math errors 

ïMore accuracy and speed errors 

ïNot specifically correlated with hours sleep 

ï¢Ŝƴ ǊŜǎƛŘŜƴǘǎ άǊŜǎƛǎǘŀƴǘέ ǿƛǘƘ ōŜǘǘŜǊ ²a/ ǎŎƻǊŜǎ 
on call months 

ÅCǳƭƭ ǊŜŎƻǾŜǊȅ ƻŦ ²a/ ŘƛŘƴΩǘ ƻŎŎǳǊ ǳƴǘƛƭ пth 
post call day 

ÅNo evaluation of impact on patient care 



Sleep Deprivation and Performance 
Deficits 

ÅTruck drivers randomized to 7 nights of sleep 
restriction-3,5,7,or 9 hours TIB 

Å3 and 5 hour subjects 

ïҨ ǇŜǊŦƻǊƳŀƴŎŜ ŀŎǊƻǎǎ т Řŀȅǎ 

ïҧ ǊŜŀŎǘƛƻƴ ǘƛƳŜΣ ƭŀǇǎŜǎ 

Å7 hour subjects 

ïҧ ǊŜŀŎǘƛƻƴ ǘƛƳŜΣ ƴƻ ƭŀǇǎŜǎ 



Sleep Deprivation and Performance 
Deficits 

Å9 hour group 

ïStable performance 

ÅNo accumulation beyond 6 days 



Sleep Deprivation and Performance 
Deficits 

ÅSleep restriction 4,6,8 for 14 nights 

ÅDeficits worsened for entire period 

ÅCompared to subjects with 4 days of total 
sleep deprivation 

ÅThose in 4 and 6 hour groups had similar 
deficits to subjects awake for 24-48 hours 

ÅSubjects unaware of deficits by self ratings 
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Sleep Deprivation and Performance 
Deficits 

ÅHerscovitch examined subjective evaluation of 
sleepiness 

ÅStanford Sleepiness Scale ratings for 5 nights 
of sleep restriction 

ÅScores increased over the 5 nights 

ÅSubjective ratings underestimated the extent 
of dysfunction 



9ǘƘŀƴƻƭ ŀƴŘ {ƭŜŜǇ [ƻǎǎΥ ! ά5ƻǎŜέ /ƻƳǇŀǊƛǎƻƴ ƻŦ 

Impairing Effects  
Roehrs et al; Sleep2003;26(8):981-5. 

ÅComparison of ETOH intake and sleep 
restriction in 32 healthy volunteers 
ïSleep loss of 0, 2,4 6, 8 hours 

ïETOH doses 0,0.3, 0.6, 0.9 gm/kg 

ÅDose response  
ïDecrease in sleep latency 

ïSlowed reaction time 

ïPoorer tracking 

ïReduced memory recall 



Sedative Effects of Sleep Loss and ETOH  

Sleep loss in 

hours 

ETOH dose in 

g/kg 

Number of 

beers 

% Breath ETOH 

Concentration  

8 2.16 10-11 0.19 % 

6 1.07 7-8 0.10 % 

4 1.0 5-6 0.095 % 

2 0.5  2-3 0.045 % 



9ǘƘŀƴƻƭ ŀƴŘ {ƭŜŜǇ [ƻǎǎΥ ! ά5ƻǎŜέ /ƻƳǇŀǊƛǎƻƴ ƻŦ 

Impairing Effects  
Roehrs et al; Sleep2003;26(8):981-5. 

ÅSleep loss as potent as ETOH in impairing 
performance 

ÅSleep loss more potent in sedative effects 

ÅSimilar deficits in psychomotor tasks 

ÅWilliamson et al ςsimilar findings 

ï17-19 hours without sleep 

ïPerformance similar to BAC 0.05% 

 



Sleep Deprivation and Performance 
Deficits 

ÅKillgore et al studied 34 healthy volunteers 

ÅIowa Gambling Task 

ïSimulates real world decision making with 
element of uncertainty 

ÅBaseline and after 49.5 hours sleep 
deprivation 
ïIncreased risk taking post sleep loss 

ïWorsened as game progressed 

ïMore risks in older subjects 



The Effects of 53 hours of Sleep Deprivation on Moral 
Judgment, Kilgore, Kilgore, Day, et al JCSM 2007 

Å29 healthy volunteers, active military 

ÅAges 20-35 years, healthy, awake 53.5 h 

ÅCompared responses pre and post  

ï60 practical dilemmas ςmoral and non-moral 

ïTo determine if course of action suggested was 
appropriate or inappropriate 

ÅSleep deprivation resulted in significantly longer response 
times to moral personal dilemmas but not other dilemmas 

 

 



Sleep Deprivation and Performance 
Deficits 

ÅRandazzo et al studied 16 children ages 10-14 
years, with 11 and 5 hours TIB 

ÅSleep restricted group 
ïShortened sleep latency 

ïDecreased verbal creativity 

ïDecreased learning of abstract concepts 

ïҨ ƘƛƎƘŜǊ ŎƻƎƴƛǘƛǾŜ ŦǳƴŎǘƛƻƴǎ 

ïNo difference in rote memory, less complex 
cognitive function 



Sleep Deprivation and Performance 
Deficits 

ÅFallone et al studied teacher ratings in children with sleep 
restriction for 1 week 

Å74 children ages 6-12 years, no history of behavior or 
academic problems 

ÅSleep restriction resulted in  

ïIncreased academic problems 

ïIncreased attention problems 

ïNo increase in hyperactivity score 



Sleep Deprivation 

ÅSafety issues 
ïTraffic accidents, medical errors 

ï5ƻƴΩǘ ŘǊƛǾŜ ōƛƎ ƻƛƭ ǘŀƴƪŜǊǎ 

ÅHealth problems 
ïDiabetes, hypertension, MI, obesity, mortality 

ÅMood disorders 
ïDepressive symptoms, anxiety 

ÅPerformance deficits 
ï{ƭŜŜǇƛƴŜǎǎΣ Ҩ ǇǎȅŎƘƻƳƻǘƻǊ ǇŜǊŦƻǊƳŀƴŎŜΣ Ҩ ƘƛƎƘŜǊ 

cognitive function 



Stanford Sleepiness Scale 
Rate your level of alertness 

Feeling active, vital, alert or wide 

awake 
1 

Functioning at a high level, not at 

peak, able to concentrate 
2 

Awake but relaxed; responsive but not 

fully alert 
3 

Somewhat foggy, let down 4 
Foggy; losing interest in remaining 

awake; slowed down 
5 

Sleepy, woozy, fighting sleep; prefer to 

lie down 
6 

No longer fighting sleep, sleep onset 

soon; having dream like thoughts 
7 

Asleep X 


