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Too Many Teens Get Too Little Sleep
Impact on Adolescent Mental & Physical Health

Dean W. Beebe, Ph.D., ABPP Cincinnati
April 12, 2017 Q. Children’s

Overview

* Scope

e Causes
» Effects
e SIA as a Solution




Scope of the Problem

e SLEEP (http://www.csep.ca/en/guidelines/
SLEEP 24-hour-movement-guidelines)

Uninterrupted 9 1o 11 hours
cf sleep per night fer those
zged 5=13 years and 8t0 10
hours per night for thcse aged
14=17 yaars, with consicte

bed and wake-up timed u
< 1 12 13 1
13-18 years
SIT

\g’ N A D OREE A S reer F IRATST £ AR BRI TR Inappropriate (Panel Disagreement)
R ECO M IVI E N D E D S I_ E E P Uncertain (Panel Disagree or agree)

HOURS OF SLEEP

(Paruthi et al., 2016)

TEENAGER

14-17 years

(Hirshkowitz et al., 2015)

Scope of the Problem

< 8-10 hrs on school nights

80
60
Yo 40
20

0
6-8th 9th 10th 11th 12th

Year/Grade in School (NSF 2006 Sleep

in America Poll)




Causes of Shortened Sleep

Weekdays Weekends

(Military Hrs)
Clock Time

11 12 13 14 15 16 17 18 11 12 13 14 15 16 17 18
Age (Years) Age (Years)

wen Wake Time

(Hagenauer & Lee, 2012)

Causes of Shortened Sleep

» Teen-selected bedtimes
 Structured after-school activities
— Work
— Homework ,
— Sports '
» Unstructured options
— Social media
— Portable electronics
— Internet
— On-demand video




Causes of Shortened Sleep

Sleep & arousal influenced by 2 biological processes.
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Across adolescence,
» Melatonin secretes later

2 3 4 5
Tanner Stage

Carskadon et al., 2004




Causes of Shortened Sleep

Across adolescence,
* Melatonin secretes later
* Intrinsic period is longer | W Adults

6 O Adolescents

Lkl

23.6 23.824.024.2 245247

Intrinsic Period

Carskadon & Acebo, 2005

Causes of Shortened Sleep

Across adolescence,
* Melatonin secretes later
* Intrinsic period is longer

 Biological predisposition to later sleep period

SLEEP




Causes of Shortened Sleep
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Causes of Shortened Sleep

Across adolescence

| Tanner 1/2
group

Tanner 5
group

0800 22000800 20000800
Time of day

 Build-up of sleep pressure slows

0800 22000800
Time of day

Jenni et al., 2005
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Causes of Shortened Sleep

Across adolescence
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 Build-up of sleep pressure slows
 Biological permission to stay awake longer

SLEEP

Causes of Shortened Sleep

Biology pushes sleep later
+ Social pressure/opportunity later
+ Early school start

= Chronically short sleep on school nights




Effects of Shortened Sleep

Effects of Shortened Sleep:
Thought and Emotion

Real-World Evidence

Short or disrupted sleep correlates with:
— 1 Daytime sleepiness
— | Attention
— | Regulation of Impulses & Behaviors
— | School performance
— 1 Risky behaviors and accidental injuries
— 1 Accidents in teen drivers
— 1 Negative mood & | Mood regulation

(Beebe, 2011)




Effects of Shortened Sleep:
Thought and Emotion

Real-World Evidence
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Effects of Shortened Sleep:
Thought and Emotion

Evidence of Causation

Mon — Fri nights

Baseline
(self-selected bedtime)

Assessment

Randomized

Sat-Sun
nights

Mon — Fri nights

Sat-Sun
nights

POOL
CLOSED

POSITIVELY
NO
SWIMMING )

(http://www.tylervig

(Baum et al., 2014; Beebe et al, 2008, 2009, 2010, 2011, 2013, 2015, 2017;
Garner et al., 2015; Simon et al., 2015; van Dyk et al., under review)

Mon — Fri nights

(self-selected
bedtime)

Sleep Restriction
(bedtime set to allow 6.5
hours/night in bed)

(self-selected
bedtime)

Healthy Sleep Duration
(bedtime set to allow 10
hours/night in bed)

Assessment I

Assessment I

(self-selected
bedtime)

Healthy Sleep Duration
(bedtime set to allow 10
hours/night in bed)

(self-selected
bedtime)

Sleep Restriction
(Bedtime set to allow 6.5
hours/night in bed)




Effects of Shortened Sleep: ffigézﬁf%

Thought and Emotion

)
2

» Healthy teens who sleep 5-7 hr on school nts

« 5-week protocol involving 2 wks extending
time in bed by 1.5 hours each school night

(Garner et al., 2017; Van Dyk et al., under review)

Week 1 nights Week 2 nights Week 3 nights Week 4 nights Week 5 nights

s M|T[w/T| Fi s|sMTwiT]F|s|[sm[T[w[T]F|s]|[smMT/wT|F|[s]s[m[T[w]|T

Washout Sleep Extension Normal Sleep Extension Washout Prescribed Normal Prescribed
Weekend P Weekend P Weekend| Typical Sleep |Weekend| Typical Sleep

= o
Baseline Week I b

IE IWashout Prescribed Normal Prescribed Washout Normal

[Weekend| Typical Sleep |Weekend| Typical Sleep |Weekend Slsep Bl Weekend Sy EimEr

Office Visit * Office Visit Office Visit.

Effects of Shortened Sleep:
Thought and Emotion

Summer Study School Year Study
8:00 AM

6:00 AM
4:00 AM
2:00 AM
12:00 AM

10:00 PM
Sleep Dep. Healthy Sleep Prescibed Typical Extended
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Effects of Shortened Sleep: ffigé%%%

=

Thought and Emotion
Evidence of Causation (Parent Report)

30
25 7
20 7
15

Raw Score

Sleepy Attention Hyper Oppos/ Anx/Dep Behav Metacog
Anger Reg.

Effects of Shortened Sleep:
Thought and Emotion

Evidence of Causation (Teen Self-Report)

30
25 1
20 7
15

Raw Score

C

Sleepy Attention Hypel Oppos/ Anx/Dep Behav Metacog
Anger Reg.
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Effects of Shortened Sleep: figég%

Thought and Emotion s
Evidence of Causation (Teen Self-Report)

30 1
O Prescribed Typ. ® Extended *%

25
20 7

Raw Score

** 5 < 001

J
I *p<.05
I *p<.01

Sleepy Attention Oppos/ Anx/Dep Emot Behav Metacog
Anger Cont

<3x
%ﬁ‘i s’

Effects of Shortened Sleep: &

Thought and Emotion
Evidence of Causation (Simulated Class)

p =.029
r_______l_______ﬁ

Healthy




Effects of Shortened Sleep: {fig%%

Thought and Emotion s

Evidence of Causation (Simulated Class)

360

# of Seconds Behavior Shown

Inattention Eyes Closed Head Down Yawn Stretch

Effects of Shortened Sleep: @?\%%

Simulated Drives
— Rural
— Urban/Suburban

Vulnerability Measure

« Change in attention
outside of simulator

Primary Outcome

— Lateral vehicle control
(SD Lateral Lane Position)
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Effects of Shortened Sleep:
Thought and Emotion

Rural Drive

Sleep
Restriction

Sleep manipulation: p=.047
Vulnerability effect: p=.116

Interaction: p=..221 — — Healthy

Sleep

iion

SD Lane Pos

Less More

Parent-rated vulnerability

Effects of Shortened Sleep:
Thought and Emotion

Urban/Suburban Drive

Sleep manipulation: p=.954 Sleep
Vulnerability effect: p=.791 Restriction
Interaction: p=.050

- = Healthy
Sleep

iion

y
“

-.-

Less More

SD Lane Pos

Parent-rated vulnerability
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Effects of Shortened Sleep:
Obesity

Real-World Evidence

80
H Lean = Obese

(@)
(@)

p< .05 p <.05

N
o

% Getting <8 hr Sleep
N
o

o

Weeknight Weekend Weeknight

(Beebe et al., 2007)

Weekend

Objective Sleep Self-Reported Sleep

Effects of Shortened Sleep:
Obesity

Evidence of Causation (Dieta
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Effects of Shortened Sleep:
Obesity

Summer Protocol School Year Protocol

1000 <~

h-J
A
o
=)
=

Sedentary

Minutes of Activity Per Day

Short Sleep Healthy Sleep RELTI(E]] Extended

Effects of Shortened Sleep:
Athletics

Real-World Evidence

» Short sleep is associated with certain

types of sports injuries in youth.
(Luke et al., 2011)

Even among elite teen athletes, less
sleep is associated with less

willingness to train hard.
(Engle-Friedman et al, 2010)
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Effects of Shortened Sleep:
Athletics

Evidence of Causation (Mah et al., 2011)

18
16
14
12

Baseline
m Extended Sleep

Hrs of Sleep 282-ft Sprint Free Throws 3-pointers
(sec) (Outof 10)  (Out of 10)

Effects of Shortened Sleep:
Immune Functioning

Real-World Evidence (Wahlstrom, 2002)

Hours of Sleep on Missed/Sick Days in
School Nights Past 2 Weeks
1.25

1

Late Early
School  School
Start Start Late Early
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Effects of Shortened Sleep:
Immune Functioning

Real-World Evidence (Wahlstrom, 2002)

Missed/Sick Days in
Past 2 Weeks
1.25

~1/4 day every 2 weeks_l: L
= 5 days every year 0.75

0.5
0.25

0
Late Early

Effects of Shortened Sleep:
Immune Functioning

Evidence of Causation (Spiegel et al., 2002)

Sleep Deprived Subjects (n=11) Control Subjects (n=14)

enza lgG Titers, x 107
S @

Mean Anti-Infiu

/o / /’ /)
. . ./ ’,' / //
| A A A

12 3 4 5 6 7 & 9 10 11 12 13 14\ Mean(SD)
L

Subject




Effects of Shortened Sleep

Short sleep during adolescence is very
common and causes real-world problems:

Thought & Emotion Physical Health
» Daytime sleepiness * Obesity
 Attention & Learning  Athletics

* Mood / Emotion * lliness

* Driving Safety

as the Solution
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Set the stage
Intervene
Advocate

as the Solution

Set the Stage:
Sleep Hygiene

Talk about prioritizing sleep!

Take a good, hard look at competing activities
Avoid caffeine late in the day or at high doses
Avoid cigarette smoke (second-hand, too)

Get out in daylight and move around, but have a
calming, dimmer-light evening wind-down.

Limit screen time during the evening “wind-down”
Keep a consistent sleep schedule

Avoid napping if trying to promote nocturnal sleep

20



Intervene:
It's OK to set limits

Effect of Parent-Set Bedtime

No Set Bedtime
m 10 pm or later
m Before 10

Hard to fall <8 hr sleep Sleepy Cranky/
asleep school nt  During Day Irritable

(NSF 2006 Sleep in America Poll)

Advocate:

Address societal barriers

American Academy _@’
of Pediatrics kY

Organizational Principles to Guide and Define the Chi
DEDICATED TO THE HEALTH OF ALL CHILDREN gan: tion i to de and Define the Child

Health Care System and/or Improve the Health of all Children

POLICY STATEMENT
School Start Times for Adolescents

(Owens et al, 2014)
ADOLESCENT SLEEP, HEALTH,
+ AND SCHOOL START TIMES
.

+ THE NATIONAL CONFERENCE

ABOUTUS  GETINVOLVED  LEARN MORE

www.schoolstarttimeconference.org/

“Starting school later was the most
significant and beneficial decision |
St’art SChOOI Later made in all the years | was an educator.”

Health, Safety, and Equity in Education — Kenneth Dragseth, Ph.D
b o Retired Superintendent
Edina Public Schools, Minnesota

(www.startschoollater.net)
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Advocate:

Address societal barriers

School [

ctart Time | T30AM | 73SAM | 800 AM | S:00AM | B0SAM | 8:20AM | 8:35AM | 8:35AM | 8:35AM | 8:55aM

School Year | 2010-2011 2011-2012 2011-2012 2010- 2011-2012 2010-2011 2010- 2010~ 2010- 2012-2013

| 2011 2011 2011 2011

District & Boulder Teton Boulder Mahtomedi | Boulder St. Louis South South South Teton

State Valley County Valley School Valley Park High Washington | Washington | Washington | County
School Schools, School District, School School, MN | Co., MN Co., MN Co., MN Schools,
District, CO | WY District, CO | MN District, CO wY

School Fairview Jackson Boulder | Mahtomedi | Fairview St. Louis Woodbury East Ridge | Park High Jackson
High Hole High High High High Park High High High School Hole High
School School School School School School School School School

{unp-l'c Size | 3. 346 11379 884 1353 T902” 1249 960 1407 T459

Nloop >8 44.2% 44.5% 49.7% 49.8% 57.0% 58.9% 60.0% 66.2%

hours/night

% 8+ hrs/night

T T T T T T T
7:15 7:30 7:45 8:00 8:15 8:30 8:45 9:00

Start Time (Wahlstrom, 2014)

Advocate:
Address societal barriers

School start shift 7:30 - 8:40 in Minneapolis

* Students slept more

 Students less sleepy

* Better attendance

* Fewer sick days

» Better mood

» Grades unchanged ™ School Night Sleep Duration

(Wahlstrom, 2002)
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Advocate:
Address societal barriers

Start shift 7:30 - 8 = 8:30 - 9 in Fayette Co, KY.

T
N
o
o

Crashes Per 1000 Teen Drivers

(Danner & Phillips, 2008)

Set the stage
Intervene
Advocate

as the Solution
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(This could be you)

(and you)
as the Solution

Thank You!
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Funding:

» Cincinnati Children’s Research
Foundation

* American Sleep Medicine
Foundation

» US National Institutes of Health
(K23 HL075369, RO1 HL092149, R01 HL
120879, MO1 RR026314)

+ State of Ohio Emergency Medical
Services

Co-Investigators & Co-Conspirators:

« Stephen Becker, Ph.D.

« Mark DiFrancesco, Ph.D.

¢ Sean Drummond, Ph.D.

« Jeff Epstein, Ph.D.

« Lisa Meltzer, Ph.D.

* Michelle Perfect, Ph.D.

« Tori Van Dyk, Ph.D. Cincinnati

" Children’s
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