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Who would you rather have making the decision?

PERSON A

cf Highly Average
motivated motivation
@ Highly Average
/7X\ experienced experience
@ 20 hours Fully
awake rested

)

LOW ON SLEEP WELL RESTED
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What do we do about it?
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CAN MOTIVATION BEAT BIOLOGY?
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Sleep Pressure - How long have you been awake?

TIME AWAKE
Sleep pressure builds
g

. S _Em = .
ADENOSINE il
Waste builds up : HIGH
while you’re awake. SLEEP

- PRESSURE

SLEEP PRESSURE e

WAKING +4 HOURS +8 HOURS +12 HOURS +16 HOURS

Build-up creates
pressure to sleep.

SLEEP

Sleep clears and restores

SLEEP
Sleep clears adenosine **
and restores cognitive *
reserve.
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Circadian Rhythm — What time does your brain

MELATONIN
Rises in the evening to
prepare the body for sleep.

Highest in the early hours.
HIGH | _

BODY TEMPERATURE
Falls in the evening, lowest
around 4 am, then rises
again in the morning.

YOUR BODY CLOCK

A 24-hour internal clock
that influences alertness,
hormones and performance.

ALERTNESS

,_
(o)
=

Evening wake
maintenance zone

NAP WINDOW

Post-lunch dip in
alertness

l

CIRCADIAN LOW

¢ Most sleepy

¢ Lowest body temperature

e Least functional

¢ Fatigue-related errors
most likely

Body clock begins
waking you up

©

NOON

4 PM 8 PM

¢

MIDNIGHT

4 AM

8 AM NOON
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The Biology of Fatigue

PROCESS S PROCESS C
M| SLEEP PRESSURE CIRCADIAN RHYTHM
- Builds the longer Changes with
you're awake time of day
DRIVE TO
SLEEP
Builds steadily Rises and falls
the longer with your
HIGH you're awake & body clock
. DANGER ZONE
DANGER ZONE / Elevated risk
Highest risk when as both rise
both processes ‘ again
are high \
LOW
T T ! T T 1
* :
4 PM 8 PM ‘ 4 AM
NOON MIDNIGHT 8 AM NOON
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WHAT ACTUALLY HAPPENS TO OUR PERFORMANCE?
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Fatigue Accumulates (Belenky et al., 2003)

BASELINE (B) SLEEP RESTRICTION (E1-E7) ‘ RECOVERY (R1-R3)

3 nights of 8 hours in bed 7 nights of restricted sleep. 3 nights of 8 hours in bed
for all groups. Groups allowed: 9, 7, 5 or 3 hours in bed each night. ‘ for all groups.
All groups start at a

Wake time was 07:00 for everyone. ‘
similar performance level.
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%
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SAST Throughput - Mental arithmetic speed

Performance Decreases (Van Dongen et al., 2003)

16 9 3.0
14 1 £ ain i
Attention failures 6 2.0 -
o 12 increase the less More Hich
ore le sleep. Igher .
lapses 10 E r:sor;z?es throughput 1.0
(worse) P 0 1 (worse
8 1 (worse ; 0.0
! is down)
is down) _3
T & : l 1.0
m B
l ~2.01 \
9. =94 Thinking speed and Mental arithmetic speed
g accuracy get worse -3.0 1 slows progressively
0 T T T T i T T with less sleep. with less sleep.
BL 2 4 6 8 10 12 14 . T T T f——y . 1 : , ) ; ; : ,
Days of sleep restriction Bl & @ % 9 1.0 . 1214 BL 4 6 8 10 12 14
Days of sleep restriction Days of sleep restriction
S N
N\
B Oh Sllelep S A 4hsleep 6 h sleep 8bh slcle.ep Range for 1-2 days Range for 2-3 days Range for 3-4 days
(total sleep deprivation) 14 days 14 days (baseline) of 0 h sleep of 0 h sleep of 0 h sleep
3 days 3 days
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Self Assessment Becomes Problematic (Van

Dongen et al., 2003
i ’

Performance

SSS Sleepiness score — Subjective sleepiness

2.5 - keeps declining.
20 4 People felt a bit sleepier With, each night of .
. at first, then ratings restricted sleep, attention,

Sleepier plateaued (even though thinking speed, accuracy
(worse) 1.5 - performance kept worsening). and mental arithmetic
T progressively worsen.

A A

)
~

B People feel sleepier at first,
BL 2 4 6 8 10 12 14 3 then their ratings plateau —

i o even while their objective
Days of sleep restriction
performance keeps

getting worse.
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Emotional Regulation (Yoo et al., 2007)

No Sleep Peak amygdala signal Extent of amygdala activation

(parameter estimates) (number of voxels)

125 * * - 100
[r——— e
9 - 75
6 - T - 50
3 =29
T
L
t-score 0 L0
O |6 Sleep  No Sleep Sleep  No Sleep
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Emotional Regulation (Yoo et al., 2007)

SUMMARY OF THE RESEARCH
Functional Connectivity Without Sleep ,
Emotional centres
respond more strongly.
) After one night without sleep,
Without sleep, mPFC the emotional centres of the
connection is decreased, brain respond around 60%

more strongly to negative
information.

potentially negating
top-down control and

resulting in an i :
Emotional regulation

overactive amygdala. has less influence.

At the same time, the part
responsible for regulating
those emotions has less
influence.
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Decision Making (Venkatraman et al.,2007)

SUMMARY OF THE RESEARCH
EXPERIMENT 1 - ANTICIPATION OF OUTCOME
(EXPECTATION PHASE)

Losses matter less.

EXPERIMENT 2 - RESPONSE TO OUTCOME

(OUTCOME PHASE)

Brain activity in the left anterior insula when participants Brain activity in the left anterior insula when participants . "
anticipated a potential LOSS or GAIN after making a risky decision. actually received a LOSS or GAIN. Wisiisiea ceptives, Uik dralire
response to potential losses and
1.5 ~ 3.5 1 actual losses is smaller.
T 14 | 7T 3 [
> S,
Z8 05 I = Eg 25 i
- ;; - l Gains look better.
v o 0 —— v o T
g § 05 2 E, 15 - When sleep deprived, the brain
g g : '® % oy l shows more activity when
5 11 S expecting rewards.
& < 0.5 -
-1.5 :
<9 Loss Gain =
Loss Gain The balance shifts.

Outcome Anticipated Outcome Recsived '
Potential rewards feel more

[ Rested Wakefulness B Sleep Deprivation [ Rested Wakefulness B Sleep Deprivation attractive, while potential
losses carry less weight.

DEFENCE FORCE A FORCE FOR NEW ZEALAND

o TE OPE KATUA O AOTEAROA HEI MANA MO AOTEAROA




UNCLASSIFIED

Risk Taking (Salfi et al., 2020)

A. REFLECTION IMPULSIVITY (MOSAIC TASK) B. RISK-TAKING (COLUMBIA CARD TASK - COLD)
Higher scores = decide with less information (more impulsive) Higher scores = take more risks
Experiment 1: Total Sleep Deprivation (TSD) Experiment 2: Partial Sleep Deprivation (PSD) Experiment 1: Total Sleep Deprivation (TSD) Experiment 2: Partial Sleep Deprivation (PSD)
B RS (Normal Sleep) B RS (Normal Sleep) B RS (Normal Sleep) B RS (Normal Sleep)
12 M TSD (24h Awake) 14 B PSD (5h sleep/night) 24 B TSD (24h Awake) o4 M PSD (5h sleep/night)
) * Kk m ‘ bt B * K % =
s 10 - r ) S 12 g 20 A { * % % ! g 20 * Kk
% — R 2 10 | 2 f—— g r \
§ e . £ 16 g 16 . 2L
@ o | S o e
E E 84 £ £
g ° $ 6] 5] 8121 e
2 g ] - 3
a 41 e 4l S 8/ g 81
E E 3 3
g 2 4 § 5 ) g 4 | g 4 |
[a) o 1 e =
0 - 0 - 7t L | i S o s IS | —
High Reflection Low Reflection High Reflection Low Reflection Low Risk-taking  High Risk-taking Low Risk-taking High Risk-taking
Impulsivity Impulsivity Impulsivity Impulsivity
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Risk Taking (Salfi et al., 2020)

SUMMARY OF THE RESEARCH

Sleep loss increases
impulsivity.

Sleep loss increases 88% Reflective people
risk-taking. changed the most.
People who were usually
more reflective and risk-averse

After both total and partial
sleep deprivation, people

After both total and partial
sleep deprivation, people
made decisions with

less information.

took more risks. showed the largest shifts

toward impulsive and
riskier behaviour.

Q DEFENCE FORCE

Partial sleep deprivation
had the strongest impact.

Five nights of restricted
sleep led to larger increases
in impulsivity and risk-taking
than 24 hours awake.
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Take Home Messages from the Research

Q@ qp

- at People may not reliably Fatigue can influence
atigue accumulates recognise fatigue emotional regulation

0

O
Fatigue can influence behaviour Fatigue can affect judgement
and decision making and risk perception.
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SET CONDITIONS

&+

LEAD BY EXAMPLE
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EDUCATE

|=|

=l Reduce
=) unnecessary work.

Protect the
sleep environment.

Reduce unnecessary
evening demands.

@@

Q DEFENCE FORCE

Model Teach about

healthy sleep. caffeine, alcohol
and sleep.

Don't glorify

sleep deprivation.

Avoid unnecessary
late-night emails
and messages.

WRAIR Sleep Leadership Model

) Talk about

,;@W sleep.
‘@&EQ Watch for signs

of fatigue.

£ Encourage
7 good habits.

PRIORITISE & PLAN

@0®

Build sleep into
operational
planning.

Use naps
strategically.

Allow recovery
after periods of
sleep restriction.
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“The first night of an operation shouldn’t be the
fourth night of sleep restriction”

DR. Amy B. ADLER, PHD, Clinical research psychologist and senior scientist,
Walter Reed Army Institute of Research (WRAIR)
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Who would you rather have making the decision?

PERSON A

cf Highly Average
motivated motivation
@ Highly Average
/7X\ experienced experience
@ 20 hours Fully
awake rested

)

LOW ON SLEEP WELL RESTED
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ADDITIONAL NOTE TO PRESENTATION

The Sleep Paradox

One final thought...

For a small number of people, learning about sleep can actually make sleep harder.

This is a well-recognised paradox. Worrying about not getting enough sleep, or about the consequences of
poor sleep, can become the very thing that keeps you awake.

If this becomes a regular pattern for you, please reach out. There are effective, evidence based treatments that
can help.

A great place to start is the Just a Thought app, or speak with your Medical Officer or healthcare provider.

Thanks again, Amy & Tex.
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