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Stanford Sleepiness Scale
Rate your level of alertness

Feeling active, vital, alert or wide 1
awake

Functioning at a high level, not at
peak, able to concentrate

Awake but relaxed; responsive but not
fully alert

Somewhat foggy, let down

Foggy; losing interest in remaining
awake; slowed down

Sleepy, woozy, fighting sleep; prefer to
lie down

No longer fighting sleep, sleep onset
soon; having dream like thoughts

Asleep
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Effects of Sleep Deprivation

A Extent of the problem
A Safety issues
A Health effects
A Cognitive impairment




Normal Sleep Requirement

A Adults 78 hours

A Varies with age in children
I Newborns 1620 hours
I Infants 1315 hours
I Toddlers 12 hours
I Preschool 1112 hours
I School age 121 hours
I Adolescents 9 hours




Sleep Deprivation/Loss

A Major symptom is excessive daytime sleepiness (ED
A Prevalent problem, increasing with age
A At least 18% adults report insufficient sleep

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




Sleep Deprivation/Loss

A CDC report 2005, slegt6 hours/night
A Changes over 20 year period
A Men and women age 384 years
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A Men and women age 464 years
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A Adolescentgneed 9+ hours of sleep

I 26% slepk 6.5 hours on school night



National Sleep Foundation
2006Sleep iIn AmericRoll

A 20% of adolescents get 9 hours sleep/school
nights

A Average 8 grader sleeps 8.4 hours on school
nights

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

A 9 out of 10 parents believe their adolescent is
getting enough sleep at least a few
nights/week=awareness gap D34
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National Sleep Foundation
2006Sleep iIn AmericRoll

AZIS% of HS students fall asleep once/week in
class

A 22% fall asleep doing homework
A 14% arrive late or miss school

A Teens with 9+ hours of sleep report more
positive mood

A 15% of 18 to 12h grader drivers drivelrowsy
at leastonce a week

A 14% of adults drivdrowsyonce a week



Safety Issues

A Serious accidents after insufficient sleep

A Exxon Valdez
I Extensive oll spill into Prince William Sound
i Environmental damages, $2 billion cleapn

I Third mate had slept only 6 hours in previous
48['Hi tseverely sleep deprived




Safety Issues

A Space shuttle Challenger
A Presidential commission y

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

A Critical management decisions affected by
excessive work hours




Safety Issues

A NHTSA100,000 accidents are caused by driver
fatigue with 1500 deaths 71,000 injured

A Increased risk of vehicular crashes
T Those with untreated OSA

I Persons with < 6 hours sleep/night
I 1in 5 serious car crashes related to sleepiness

A Increased accident frequency at tlmes of mcreased
sleep propensity | Y




Fatigue-Related Traffic Accidents

International Studies H = 6052
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Lavie et al 1986, Langlois et al, 1985




Safety Issues

A 2003 New Jersey law criminalized driving while
drowsy
Adal 33ASa [g¢ F2NJ al 3IFA
head on collision by driver who had not slept in 30
hours
A NTSB57% of 4800 fatal crashes involving trucks
GFFGATdzSe¢ NBE I 0SSR
I Study by dePinho et al
I 300 truck drivers, sleep time 5#1.3 hours
I Poor sleep in 46%, 46% ESS > 10
I Positive correlation between ESS and previous accidents
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Sleepy Drivel®§Vhat Can We Do?

A Adolescent Sleep, School Start Times, and Te
Motor Vehicle CrashedCSM 2008, Danner
and Phillips

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

A Significant increase in avg sleep duration

I In all groups (p <.001) :
I 30 minutes in HS seniors TEEI;J(%SERS
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Adolescent Sleep, School Start Times, and Teen Motc
Vehicle CrashedCSM 2008

A Increase in those getting 8+ hours of sleep
I 35.7% to 50% (p < .01)
A Weekend catch up sleep decreased
I From 1.9to 1.1 hours (p < 0.001)
A Decrease in auto crashes after stable rate
I For 1718 yo licensed drivers county vs state
I Only for county where start times delayed

I Dropped by 16.5% while rest of state increased by 7.8% (p
<.01) —




Safety Issues

A Libby Zion Cas#984

A 19 y.o. college student died at NYC hospital of
undiagnosed treatable infection

A Grand jury ruled death
I Due to undiagnosed but treatable infection
I Inadequate resident supervision and fatigue
I New York state laweduce resident work hours
| Other states, ACGME followed



Safety Issues

A Resident work hours and medical errors

A Sleep deprived surgical residents

I Up to 2X number of surgical errors in surgery
simulationaGrantcharov et al, Eastridge et al

A ACGME survey of 5600 medical residents

I Residents working > 80 hours were 50% more

likely to make a significant medical eredidwin and
Daughtery




Safety Issues

A Harvard Work Hours, Health and Safety Study
I Traditional schedule ~ 80 hours/week

I Intervention schedule
ANo 24 hour shifts
A< 63 hours/week

I Intensive care unit
AMost intense service unit
AHighest error rate




Harvard Work Hours, H & S Study

A Intervention schedule

A Increased resident sleep time by 6 hours
Awl 68 2F GFGGSYyGARZY L f
A Comparison of errors

I Interns randomized to the two schedules

i Direct observation of two physicians blinded to
the schedule



Harvard Work Hours, H & S Study

Variable Traditional |Intervention | P value
Serious medical | 176 91 <0.001
errors

Nonintercepted | 58 26 <0.001
Serious errors

Intercepted 91 50 0.02
serious errors

Medication 129 75 0.03
Diagnostic 24 3 <0.001




Safety Issues

A Ayas et al

A Interns sustaining percutaneous injuries
| After extended work day vs. neextended
I 2737 Interns surveyed

A Increased rate after extended work hours
I Odds ratio 1.61



Health Effects

A Obesity

A Diabetes/impaired glucose tolerance
A Cardiovascular disease/hypertension
A Inflammatory/Immune systems

A Anxiety/depression



Sleep Deprivation and Obesity

A Dose response relationship between sleep los
and obesity for sleep time <7 hours

A Shorter sleep time, greater BMI

A 13 year prospective cohort of 500 adults
I By age 27 years, those with < 6 hours sleep
iTdp E Y2NB fA1Sfeé G2 KI
I Controlled for exercise, family hx, demographics
(Hasler, et al)



Sleep Deprivation and Obesity

A Relationship of sleep duration and BMI in
1000 adultSTaneriet al

A U-shaped curve
A Lowest BMI in those who slept 7.7 hours
A Higher BMI for SPT longer and shorter
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Sleep Deprivation and Obesity

A Hairston, et al found increasec
adipose tissue by CT scanin t
of age sleeping5 hours vs. &

I BMI, Abd CT at 5 year intervals

visceral and S(
nose < 40 years

NOurs

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



Sleep Deprivation and Obesity

A Physiologic mechanisms behind obesit@& { ¢
ialyeée FdziK2NA KIS doSAIKSR
A Decreased sleep time
I Lower leptin levelsappetite suppression
I Higher ghrelin levetappetite stimulation

I Increased opportunity to eat
A Hyperphagia in sleep deprived animals
A Increased intake of high fat/carbohydrate foods

i Fatigudhf bRSONB I 8 SR LIKeaAOoFt | O
I Altered thermaregulation



Sleep Deprivation and Obesity

A Australian study in 6000 15 year olds

I Males with< 8 hours of sleep 3.1 times greater chance of
overweight compared with those with 10 hours of sleep

A Knutsong study in > 4000 17 year olds
i h@SNBSAIK NAREA] mME: F2N St
I Only among boys

A Many studies suggest boys more susceptible than
girls




Sleep Deprivation and Diabetes

A Sleep Heart Healt
I Community basec

N Study
cohort, 1486 adults

A Those sleeping 5

nours 2.5 x more likely to

have diabetes compared to those sleeping’ 7

hours/night

A Sleeping 6 hours/night 1.7 x more likely
A Increase in impaired glucose tolerance in both

groups



Sleep Deprivation and Diabetes

A Nurses Health Study

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

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




Sleep Deprivation and Diabetes

A Spiegel et al examined experimental sleep
restriction in 11 healthy males

A Slept 4 hours/night for 6 nights

A Glucose clearance 40% slower with sleep loss
compared to after recovery
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A National Health and Nutrition Examination
Survey (NHANES I) group 198192

A 4810 subjects

A Sleep duratiorx 5 hours
I Increased risk of hypertension
I 2.1 odds ratio in ages &9 years




Sleep Deprivation and Ml

A Nurses Health Study
A No coronary heart disease at baseline
A 10 year followup

A In those with<5 hours sleep/night
I Increased likihood fatal & nefatal Ml
I Risk increased 45%
i Adjusted for age, BMI, smoking, snoring
I Increased risk # 9 hours sleep/night as well



Sleep Deprivation and Ml

A Epidemiologic study by Liu et al
A Two to three fold increase in carc
events
I Average sleeg 5 hours/night

I Chronic sleep deprivation &f5 hours/nlght tW|ce
per week

A Proposed mechanism activation of
Inflammatory process(es) with sleep loss




Sleep Deprivation and Mortality

A Increase in agspecific mortality
A Kripke et al, Tamakoshi et al, Patel et al
A 83,000 to 1.1 million subjects

A Surveys about sleep duration;18t year
follow-up

A Increased deaths short and long sleepers
compared to 7 hour sleepers

ASleepingc5 hourds Mmpz’2 Y2 NI | £ A
causes



Sleep Deprivation and Other Health Issue:

A Spiegel et al examined chronic sleep
restriction on antibody response

Ac yA3IKOa @ aft SSLIJ LISNJ

A Decreased antibody response to influenza

vaccination by 50%€ompared to subjects with
usual sleep duration)



Sleep Deprivation and Other Health Issue:

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

A Vgontzas et al found increased secretion ef IL
6 and TNF after 1 week of sleep restriction



Sleep Deprivation and Mood

A Adults with chronic sleep deprivation
il YEASGEYT RSLINBaairgsS aeé vYLd
A Study of 2200 middle school students over 3 year
period found sleep deprivation associated with
HRSLINBAaADS aeyLlizyasz @
A Study of 3000 adolescents, those with inadequate
af SSL) KIR moSKI GA 2 NI LINE
anxiety, ETOH use
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A Involuntary micro sleeps

A Unstable attention of intensive performance
taskB IHhSNNR2NR 2F O2YYAAaAz2y

A Cognitive slowing in tasks with no time limit
A Increased cognitive errors with time limited tasks



Sleep Deprivation and Performance
Deficits

A Decrease in short term memory recall

A Reduced learning of cognitive tasks

A Worsened performance with prolonged task duration
A Increased compensatory efforts




Working Memory Capacity is Decreased in Sleeprived
Internal Medicine Resident&ohar, Adams, Gertner, et
al.JCSM, 2009

A 39 residents completed study, Q 4 day call
I Sleep questionnaire, sleep logs, actigraphy
I Tests of WMC, math problems
| Self rating of sleepiness
I Comparison of call and nezall months




Working Memory Capacity is Decreased in Sleeprived
Internal Medicine Resident&ohar, Adams, Gertner, et
al.JCSM, 2009

A Average sleep times

I Logs showed more hours than acitgraphy

I Non call months stable sleep duration at 7.25
hours

I On call months variable sleep duration
mean+=6.39 h o

AMean on call sleep 3.7 hours, \ﬂ l H }\ 2
YV 3

AMean sleep post call was 10.1 hours




Working Memory Capacity is Decreased in Sleeprived
Internal Medicine Resident&ohar, Adams, Gertner, et
al.JCSM, 2009

A mySelf rated sleepiness at time of test
I Lower WMC scores, more math errors
I More accuracy and speed errors
I Not specifically correlated with hours sleep
i¢SYy NBAARSYyOa aNBaAadl

on call months

ACdzZ t NBO2UYSNE 2F ® a/

post call day

A No evaluation of impact on patient care



Sleep Deprivation and Performance
Deficits

A Truck drivers randomized to 7 nights of sleep
restriction-3,5,7,0r 9 hours TIB

A 3 and 5 hour subjects
i@ LISNF2NXIFYyOS | O
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A 7 hour subjects -
inm NBIFOQUAZY




Sleep Deprivation and Performance
Deficits

A9 hour group
| Stable performance

A No accumulation beyond 6 days




Sleep Deprivation and Performance
Deficits

A Sleep restriction 4,6,8 for 14 nights

A Deficits worsened

A Compared to subj

sleep deprivation

for entire period

ects with 4 days of total

A Those in 4 and 6 hour groups had similar
deficits to subjects awake for 4B hours

A Subjects unaware of deficits by self ratings



PVT lapses (relative #)

BL1 2 3 456 7 8 9 10111213 14

Days of nocturnal sleep restriction

Poor performance ————

Copyright 2005 by Elsevier Science

Differences among
conditions
P=.036

Curvature (SEM)
0 =0.78 (0.04)

Effect sizes
4 hrvs.8hr: 1.45
6 hrvs. 8 hr: 0.71
4 hrvs. 6 hr: 0.43

Downloaded from: Principles and Practice of Sleep Medicine (on 3 February 2007 06:39 PM)

© 2007 Elsevier



Sleep Deprivation and Performance
Deficits

A Herscovitch examined subjective evaluation of
sleepiness

A Stanford Sleepiness Scale ratings for 5 nights
of sleep restriction

A Scores increased over the 5 nights

A Subjective ratings underestimated the extent
of dysfunction i ..,,,.T.r..‘fm-.
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Impairing Effects
Roehrs et al; Sleep2003;26(8):981

A Comparison of ETOH intake and sleep
restriction in 32 healthy volunteers

I Sleeploss of 0, 2,4 6, 8 hours
I ETOH doses 0,0.3, 0.6, 0.9 gm/kg

A Dose response
I Decrease In sleep latency
I Slowed reaction time
I Poorer tracking
I Reduced memory recall




Sedative Effects of Sleep Loss and ETO}

Sleep loss in ETOH dose in Number of % Breath ETOH
hours a/kg beers Concentration
8 2.16 10-11 019%

6 1.07 7-8 0.10%

4 1.0 9-6 0.095 %

2 0.5 2-3 0.045 %
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Impairing Effects
Roehrs et al; Sleep2003;26(8):981

A Sleep loss as potent as ETOH in impairing
performance

A Sleep loss more potent in sedative effects
A Similar deficits in psychomotor tasks

A Williamson et atsimilar findings
I 17-19 hours without sleep
i Performance similar to BAC 0.05%




Sleep Deprivation and Performance
Deficits

A Killgore et al studied 34 healthy volunteers

A lowa Gambling Task

I Simulates real world decision making with
element of uncertainty

A Baseline and after 49.5 hours sleep
deprivation
I Increased risk taking post sleep loss

I Worsened as game progressed
I More risks in older subjects




The Effects of 53 hours of Sleep Deprivation on Mora
Judgment Kilgore, Kilgore, Dagt alJCSM 2007

A 29 healthy volunteers, active military
A Ages 2@35 years, healthy, awake 53.5 h
A Compared responses pre and post
I 60 practical dilemmasmoral and noAamoral

I To determine if course of action suggested was
appropriate or inappropriate

A Sleep deprivation resulted in significantly longer response
times to moral personal dilemmas but not other dllemmas




Sleep Deprivation and Performance
Deficits

A Randazzo et al studied 16 children ages40
years, with 11 and 5 hours TIB

A Sleep restricted group
I Shortened sleep latency
I Decreased verbal creativity
I Decreased learning of abstract concepts
i@ KAIKSNI O23ayAUADS Fdzy
I No difference In rote memory, less complex
cognitive function
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Sleep Deprivation and Performance
Deficits

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

A 74 children ages-82 years, no history of behavior or
academic problems

A Sleep restriction resulted in
I Increased academic problems
I Increased attention problems
I No Increase in hyperactivity score




Sleep Deprivation

A Safety issues
I Traffic accidents, medical errors
i52y Q0 RNAOS 0A3
A Health problems
I Diabetes, hypertension, MI, obesity, mortality

A Mood disorders
I Depressive symptoms, anxiety
A Performance deficits
i {fSSLIAYS&aazs @ LHAEOK2Y202NJ
cognitive function




Stanford Sleepiness Scale
Rate your level of alertness

awake

Functioning at a high level, not at
peak, able to concentrate

Awake but relaxed; responsive but not
fully alert

Somewhat foggy, let down

Foggy; losing interest in remaining
awake; slowed down

Sleepy, woozy, fighting sleep; prefer to
lie down

No longer fighting sleep, sleep onset
soon; having dream like thoughts
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Asleep




