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Overview: A. Chapter 6 (67-79)’

» 5. EFFECTS OF SLEEP DEPRIVATION ON PHYSICAL HEALTH

» 6. EFFECTS OF SLEEP DEPRIVATION ON IMMUNE FUNCTIONS
2. EFFECTS OF SLEEP DEPRIVATION ON EMOTIONAL STATE AND MOOD

» 3. EFFECTS OF SLEEP DEPRIVATION ON NEUROCOGNITIVE FUNCTIONS
>

» 4. EFFECTS OF SLEEP DEPRIVATION ON EXECUTIVE FUNCTIONING AND DECISION-MAKING

» 7. OTHER EFFECTS OF SLEEP DEPRIVATION

% Briish Sleep Society
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Learning Objectives

By the end of this session, learners will be able to:

I d e ntif e |[dentify the two appetite-regulating hormones affected by sleep loss and explain how changes in their
y expression influence appetite and food cravings.

e Describe the relationship between sleep deprivation and metabolic syndrome and evaluate the extent
to which sleep deprivation increases the risk of cardiovascular disease, stroke, and type 2 diabetes.

I d e ntif ¢ |[dentify the key inflammatory markers affected by sleep deprivation and explain how insufficient
y sleep may influence adaptive immune function.

Li St e List the negative effects of sleep deprivation on mood and identify the disorder in which sleep
deprivation may temporarily alleviate mood-related symptoms.

e Compare and contrast the effects of repeated partial sleep loss and total sleep deprivation on
C O m p a re a n d C O ntra St cognitive outcomes, including subjective alertness, sustained attention, and working memory.




How much sleep do we need?
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* 5.1 | Effects of sleep
deprivation on appetite and
body mass homeostasis

Cognitive function
> Risk-taking
behavior
Medical Obesity
Errors

* 5.2 | Sleep deprivation and type
2 diabetes
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Learning
* 5.3 | Effects of Sleep Academic performance Physical health Mental health Total Mortality
deprivation on cardiovascular i and functioning risk
vulnerability and hypertension
bitish ey Sy Chattu et al., Sleep Sci. 2018;11(2):56-64
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5.1 EFFECTS OF SLEEP DEPRIVATION ON APPETITE AND BODY

MASS HOMOSTASIS

FROM AETIOLOGY 0 PUBLIC HEALTH
%" L vl
- |

- N4 Sleep, Health,
: i;/ and Society

é'\ ’
Outcomes

Death

OMechanisms , CHD
. Hypertension

) Stroke .
Diabetes . Bradford-Hill
. Heart failure
Inflammation Obesity . .
P | Cancer Criteria for
e ppetite High cholesterol lit
Short sleep Neuro High trigs Causallty.
Endocrine Low HDL-chol The effectis ......
Molecular Metabolic synd. strong, consistent,
Genetic temporal sequence,
dose-response ,
. _ _ - Bitish Sl Sociey 8 biological plausibility,
appuccio FP, Miller MA & Lockley SW. Sleep, health and society: from = bl
aetiology to public health. Oxford University Press, 2010; September 23 2010. % g | g@ reversibie.
Cappuccio FP, Miller MA, Lockley SW Rajaratnam S. Sleep, health and society: B Y/ @j
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Short sleep and incidence of obesity in infants,

children and adolescents

Participants Risk Ratie Risk Ratio
Stusdy or Subgroup log| Hisk Ratia] SE Total Weight IV, Random, 95% C1 Year IV, Random, 95% C|
1.1.1 Infarts {0 to <3 years)
Filly (L) 03716 01381 54931 BO0% 1458 [1.11,1.60] 2005
Taveras (LSA) 07129 03306 915 32% 2.04[1.07,3.600 2008
Touchetts (Canada) 1.0647 05458 1138 1.6% 2.80[0.88,3.45 2008
Bell 0-dy [LISA) 05878 02248 827 46% 1 B0 16,2 B0) 2010
Diethelm (Gemany) 04055 03198 431 33% 1.50[0.60, 2.61] 2011
Ealiin (The Matharands) 09508 00831 1658 69% 116[1.03,1.32] 2015
Halal (Brazil 02776 01278 42311 B1% 13201031700 2016
Subotal {95% CI) 14738 31.8% 1.40 [1.19, 1.65]

Heterogeneity: Tau?= 0.02; Chif= 9.87, dif=& (P = 0.13), F= 40%
Teest for overall efacl 2= 297 (F = 0.00012

1.1.2 Early childhoodd (3 1o <0 yeans)

Anras (US4 06530 03083 150 56%  1.82[105 353 2004
Landnuis (Mews Zealant) 04308 02075 1037 48%  154[102,231] 2008
Bell -1 3y [U5A) 04823 D1933 943 51% 120 [0E2,1.759) 2010
Carer (Mew Zealand) 04943 00376 224 TA%  1E4[1.53,1.78 2014
M pee (Austialia) 03353 01953 1833 52% 147105, 2.01] 2013
Schart (LSA) 04133 D766 BIs0  53%  11Z[079,158) 1014
Bonuck (UK 07129 02053 1899 48%  204[136,308 1015
Vilang (Ching) 0571 01575 16028 56%  1FT[130,241] 2016
Subtotal (95% CI) - 3104 41.6% 1.57 [1.40, 1.76]

Heterpgenety: Tau*=0.01; Chf=3 06, df=7 (P = 0,25); F= 23%
Testfor overall effect 2= 781 ¢F = 000001

1.1.3 Middie childhood (9 te <12 years)

Lumang {ISA) 05108 02581 795 41%  16F[1.00,276 2007
Silva {LISA) 1.4939 05566 04 1.6% 300111, 9.8 2011
Seegors (Canaca) 0202 00102 1918 T.3% 2.23[218,2.28) 2011
Subtotal (95% Clj 3005 12.9% 223 [2.18, 2.27|

Heterogeney: Tau®= 0.00; Chif= 177, di=2 [P = 0.41). F= 0%
Test for overall effect 2= 77.81 (P = 0.00001)

1.1.4 Adolescents (12-18 years)

Suglia (LSa) 02231 00902 ame GE% 1.25[1.05,1.49] 2014
Erueger LS8 02833 02555 14300 41% 1.48[0.80, 246 2015
Robers LIS DE152 03538 M 20% TBS081,378 205
Suldotal (95% CI) 26652 13.7% 1.30 [1.11, 1.53]

Heterogeneity: Tau?= 0.00; Chif= 143, di=2 [P = 0.49), F= 0%
Tast for oerall eMact 2= 317 (P=0.002)

Total (95% CI) 75499 100.0% 1.58 [1.35, 1.85]
Heterogeneily. Tau®= 0,03, Chif= 251.89, di= 30 (P = 0.00001), F=32% 0'2 Dlﬁ é 5'

Test for overall effact 2= 578 F = 000007} e P e
Testfor subgroup differences: Chi*= 10224, df = 3 (P < 000001}, = 97 1%

 Bitis Slep Sty
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Miller MA et al. Sleep. 2018 Feb 1.
doi: 10.1093/sleep/zsy018


https://www.ncbi.nlm.nih.gov/pubmed/29401314

Appetite Control

Appetite: Regulated by metabolic, hormonal and neural mechanisms.

Arcuate nucleus in hypothalamus has two opposing neuronal circuits - (appetite
- stimulating and appetite - inhibiting).

Two important signals are Leptin (from adipose tissue) and Ghrelin (from
stomach).

Leptin appetite inhibiting (promotes satiety).

Ghrelin increases appetite and food intake.

% Briish Sleep Society 10
L)
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Effect of sleep duration on leptin and ghrelin levels
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Mean (seM) leptin and serum plasma ghrelin levels in healthy
individuals after 2 days with 4 h or 10 h sleep periods

v Diish Sleep Socey
L ' Spiegel K et al. Nat Rev Endocrinol 2009;5:253-61
r
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Sleep and metabolic function

Leptin Ghrelin
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Sleep timing and —

Consumption

Probeability of

s B o=

E R EER E B
]
(7]
=

dietary patterns.

 Students aged 9-15years (n=119,
11.7+£1 3 yea IS, 76% female). e FIEFIETELTELSFTS

Clock Time

02 | B) Sugary, Salty, and Fatty Foods

Mid sleep time -

Early: 02:11+00:25 (n= 28) . M

Late: 06:14+01:00 (n=27)

* Conclusion: Children and omrme
adolescents who exhibit late sleep Eﬁ: Emms’m“’m‘ B
timing are more likely to make
poorer dietary choices. Maybe
important for obesity

development.
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Thellman Sleep Health 2017 (269-275)




BSS ISMC 2026

I= Effects of short-term sleep
=] N
deprivation

5.2 | SLEEP
DEPRIVATION
AND TYPE 2

Effects of Long-term

DIABETES

Possible mechanisms




IV GTT in healthy individuals when fully rested

and after sleep manipulations

a) Short duration b) Poor quality
shkasp shaap
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- *7 Pe0.02 P 0.02
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= . ﬁ ﬂ
5
=
[a]
.
F=0.18
Glucose effectiveness
I | a) results when fully rested and after 5 nights of 4 h in
bed
o F=0.04 P=07a b)  results during baseline sleep and after 3 nights of

[ii]
i

Acute insulin response suppression of slow-wave sleep
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Short duration of sleep and incidence of type-2 diabetes

Short sleep duration

Difficulty in initiating sleep

Difficulty in maintaining sleep

Cappuccio FP et al. Diabetes Care; 2010; 33: 414-20

Author Year Country
Ayas 2003 UsaA
Biorkelund 2005 Sweden
Mallon (men) 2005 Sweden
Mallon (women) 2005 Sweden
Yaggi 2006 USA
Gangwisch 2007 uUsA
Hayashino 2007 Japan
Beihl (white) 2009 usaA
Beihl (black) 2009 usaA

Combined effect: p=0.024

Heterogeneity: 1°=58%, p=0.015
Publication bias: Egger's test p=0.14

Author Year Country
Nilsson 2004 Sweden
Kawakami 2004 Japan
Mallon (men) 2005 Sweden
Meisinger (men) 2005 Germany
Meisinger (women) 2005 Germany
Hayashino 2007 Japan

Combined effect: p<0.0001

Heterogeneity: 1’=0%, p=0.50
Publication bias: Egger's test p=0.37

Author Year Country
Kawakami 2004 Japan
Mallon (men) 2005 Sweden
Mallon (women) 2005 Sweden
Meisinger (men) 2005 Germany
Meisinger (women) 2005 Germany
Hayashino 2007 Japan

Combined effect: p<0.0001

Heterogeneity: 12=22%, p=0.27
Publication bias: Egger’s test p=0.15

s Sleep Sty

Reference Short sleep

<

Relative Risk

(95% CI)

1.19 (0.97 to 1.44)

0.97 (0.83 t
2.80 (1.09 t

o 1.14)
o 7.18)

1.80 (0.49 to 6.71)
1.72 (0.81 to 3.61)
1.48 (1.04 to 2.11)
1.15 (0.76 to 1.74)

216 (1.22 t

o 3.81)

0.47 (0.16 to 1.37)

1.28 (1.03 to 1.60)

1 10
Relative Risk (log scale)

None DS

Relative Risk

(95% CI)

1.52 (1.05
297 (1.36
2.41 (0.69
1.11 (0.59
1.42 (0.80
1.62 (1.01

to 2.21)
to 6.51)
to 8.45)
to 2.07)
to 2.51)
to 2.59)

1.57 (1.25

to 1.97)

1 10
Relative Risk (log scale)

MNone D.M.S.

- -

~enc®

Relative Risk

(95% CI)

2.23(1.08
4.81(1.88
1.80 (0.52
1.60 (1.04
1.97 (1.19
1.36 (0.87

to 4.60)
to 12.3)
to 6.20)
to 2.46)
to 3.29)
to 2.14)

1.84 (1.39

to 2.43)

0.1
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5.3 | EFFECTS OF SLEEP DEPRIVATION ON CARDIOVASCULAR

VULNERABILITY AND HYPERTENSION

Short sleep duration and incidence of hypertension’

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% Cl
Cappuccio (a) 2007 -0.11653 0243753 8.7% 0.89[0.55, 1.44] nce
Cappuccio (b) 2007 0270027 0.356573 4.2% 1.31[0.65, 2.64] Tim S que
Fernandez-Mendoza 2012 0.24686 0179642 15.3% 1.28(0.90, 1.82) “ength
Gangwisch 2010 0223144 0.135052 25.1% 1.25(0.96, 1.63] S-\Ste\’\c\]
Kim 2012 0.285179 0141674 23.1% 1.33[1.01,1.76)
Knutson 2009 0.262364 0153173 20.2% 1.30(0.96, 1.76) e
Lopez-Garcia 2009 -061619 039587 3.4% 0.54(0.25,1.17) /T
Total (95% Cl) 100.0% [ 1.21[1.05, 1.40] ] 4
Heterogeneity: Tau?= 0.00; Chi*= 6.60, df= 6 (P = 0.36); F= 9% t— —t
Test for overall efiect Z= 2.61 (P = 0.009) 002 04 1 10 30

Reduces risk Increases risk

Short duration of sleep has an effect on blood pressure very early in life2.
Effect on incidence of hypertension associated mainly with a reduction in Slow
Wave Sleep?

BiishSlep Socty 1. Meng L et al. Hypertens Res 2013; 36: 985-95
% B E 2. Knutson KL et al. Arch Intern Med 2009; 169: 1055-61
3 § | 3. Fung MM et al. Hypertension 2012;58:596-603
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Systolic and diastolic BP at baseline and follow-up in the sleep maintenance

group (n=9) and sleep extension group (n=13)

= Baseline "X Follow-Up

Sleep maintenance Sleep extension

180 180+

160+

=
23]
o

1401
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>
o

120+

Y
)
o

100 100
1101 110
100+ 100 4 *
— *
£ 901 901 T .*
E *
E 807 807 *
% 70
m TO+ o
60+ 60 4
50— A rrrr e r— "
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Britsh Sleep Society
Haack M et al J Sleep Res 2013; 22: 295-304 % Y ?\G\le(
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Short duration of sleep is associated with..

28% higher
risk of
diabetes

* risk of

premature
death

obesity

WL ;
Y
W ‘ . ‘ ‘ ‘
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5.1 EFFECTS OF SLEEP DEPRIVATION ON APPETITE AND BODY MASS HOMOSTASIS

Sleep
deprivation /
insufficient sleep

r =

4 ~
: : Brain glucose Nocturnal GH Sympathetic nervous
‘ Leptin f Ghrelin [ * utilization ] [ f Evening cortisol ]/’ activity
\ S
- ~
> Insulin

f Hypocretin [ ; Glucose tolerance ]{{; Sacratioe ] [ f Blood pressure ]

\ I

[ f Insulin resistance ]

[ f Hunger / appetite ]
Cardiovascular
TVPe'zri::(abetes — vulnerability /
hypertension

% Brtish Sleep Soaety 20

Weight gain /
obesity
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6 | EFFECTS OF SLEEP
DEPRIVATION ON
IMMUNE FUNCTION



acquired Immunity
(adaptive Immunity/specific Immunity)

Occurs in response to infection, called

itself to previously unseen molecules.

o

ADAPTIVE as the immune system must adapt occurrence of disease.

\ Gnate Immunity B-S-S—IS M C 2026

Prevents entry of micro-organisms into
tissues or eliminates them prior to the

J - J

TLR4-CD14 ]

Miller MA. Current Medicinal Chemistry;
2007;14(13):1409-1425

% Brish leep Sociey
¥ 88
UK Mulcdisciplinary Sleep Professionals
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NF-kB signalling

* Nf-KB inhibitor (IkB) removed by

stimuli (e.g. TNF-alpha,
bacteria, oxidants etc)

* Active NF-kB translocated to
nucleus.

* Induces transcription of more
than 200 genes.

* NF-kB may upregulate many
genes involved in sleep
regulation. NF-kB binding
domains have been found in
the promoter region of these
genes (e.g. NO synthase).

* Feedback loops present.

Kruegeretal. Ann N Y Acad Sci 2001;
933:211-21.

Classical pathway of NF-kB activation
TNF-o.
%( SO«\Q
oe®
1<B-at) IkB kinases ('/KE.& 0/

- n IKK P :
(pSO{ p6S ) L {.pS}{_p/GS\)

'~

— —

\_

citosol
» » -
Cytokines Receptors Rel/NF-x8 family
: I, 12, 2R 16 TUR2, TLR4, TIRO IxB-¢, 105, p100
. » " (D40, GPRB9  « -
Apoptose Chemokines Growth Adhesion
regulators MOP-1, I8, RANTES factors molecules
Fas, BCL-2, c-Flp GCSF.GM-CSF KAM-1, VCAM-1
e ECAM-1, P-selectin
% Britsh Sleep Society
BSOS 23
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Gram-negative bacteria.

Induce biphasic NREM response.

* Initial phase: NREM sleep
intensity increases & REM
inhibited

* Second phase: REM still

inhibited but duration of NREM
progressively decreases.

Both killed bacteria and bacterial
wall components (muramyl
peptides, endotoxin
(lipopolysaccharide (LPS)) can
induce NREM changes.

* Krueger et al Crit Rev Immunol 1994; 14:355-79.
**Lange et al Psychosom Med 2003; 65:831-5

Influenza virus.

Viral infection is associated with:

* Formation of double-stranded (ds) viral RNA.
* Large increases in NREM sleep

* Induction of inflammatory cytokines e.g.
interleukin-1 (IL-1).

Viral infections & sleep disturbances

* Viral mechanisms implicated in certain
conditions e.g., chronic fatigue syndrome &
sudden infant death syndrome™.

Sleep and vaccination

* Young healthy adults have reduced
response to hepatitis A vaccination when
sleep deprived™*.

Bitsh Slep Society 24
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Immune modulation of sleep

* Typical manifestations of
inflammatory disorders
include fatigue and
sleepiness.

* Increased circulating
cytokines in acute phase
response.

* Interleukin-1beta (IL-1B)
and TNF-alpha lead to
increase in NREM.

» Fulfil criteria of a Sleep
Response Substance
(SRS).

Sleep Response Substance (SRS)

I, Should enhance sleep if
injected

il If inhibited, should reduced
sleep.

iii.  Their level in the brain
should vary with sleep
propensity

iv.  Should act on sleep
regulatory circuits

V. Should be altered in
pathological states that are
associated with enhanced
sleepiness.

Bricsh Sleep Society

=
$oe
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Sleep and cellular immunity

=]

—&— Wake 1t
—— Sleap

.
=
1

Type 1: Defence mediated - Pro-inflammatory.
e.g. IL-2, interferon-gamma, IL-12

Cad
(=] on
1 1

» Da}r_
time

» Excess leads to inflammation and tissue damage

(=]
1

IL-12+ Monocytas, %
- L] g (%]

on
1

Type 2: Anti-inflammatory - moderate Type 1 effects

—
=
1

e.g. IL-4, IL-10. 5_
» Excess leads to susceptibility to infection and
allergy. o 7
£ 5 e time
* Sleep regulates the balance between Type 1 4
and Type 2 activity S 3
24
"BPM 11PM 2AM 5AM 3AM 11AM 2PM 5PM 8PM
Lange et al. Arch Intern Med 2006: 166:1695-1700 % ish e Sy
Besedovsky et al. Pysiol Rev 2019: 99:1325-1380 BSS § L Xj 26
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CRP (mg/dL)

1.
2.

Short-term sleep deprivation and Hs-CRP!

Average daily values of high sensitivity CRP

0.10 . #
0.08{ MildRis
—
Dm _| -'_/—/_/L’/
Low Risk
0.00 +

BLZ Dep 1 Dep 2 Dep 3 Recovery

10 subjects
undergoing acute
total sleep
deprivation (88h).

Short-term partial
sleep deprivation
(10 days 4.2hours)
also led to
increase hs-CRP.

Low- and mild-risk quintiles CRP line from 5,000 apparently healthy Americans.

BL baseline; Dep deprivation.

Longitudinal data from Whitehall Il study (n= 5,003): Each hour decrease in sleep
duration was associated with an 8.1% increase in CRP and 4.5% increase in

interleukin-62

Meier-Ewert et al. JACC 2004; 43:678-83 % S
Ferrie, J. E etal (2013). American Journal 3§ §

Britsh Sleep Soaety
of Epidemiology, 178, 956-961. Wiy e s

27



2. EFFECTS OF SLEEP DEPRIVATION ON EMOTIONAL STATE AND MOOD

1.
2.
3.

» The regulation of sleep, affective state, and mood is closely related.

» Chronic restriction of sleep (5 hr per night for 1 week) resulted in
robust cumulative impairment of emotional well-being, including
increased sleepiness, fatigue, confusion, tension, and total mood
disturbance?l.

» Evidence suggests that mood disorders are typically associated with
disturbed sleep?.

» Insomnia is a powerful predictor of depression, suggesting that non-
depressed insomniacs have a roughly twofold risk to later develop
depression3.

Dinges et al., 1997 N ,
Krause et al., 2017 % bish e oy 28
Baglioni et al., 2011 i %

=
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3. EFFECTS OF SLEEP DEPRIVATION ON NEUROCOGNITIVE FUNCTIONS

3.1 Sustained attention

Deterioration of
cognitive
performance and
its association with
prolonged
wakefulness and
088 | blood alcohol

V7] . N levels in healthy
10 12 14 16 18 20 22 24 26 . . .
0.00 002 004 0.06 0.08 0.10 012 014 in d iVi d u a l.S

—_—
D
e
—_—
O
N

104 104 R

1.02 1
00—

1.00— T~

—

096 A
0.98 1

0.96 - 092 -

0.94 1

Mean relative performance

Mean relative perfo

Hours of wakefulness Blood alcohol concentration (%)

(a) mean relative performance levels with time awake (p < 0.05, R2=0.92), and
(b) performance deterioration with increasing blood alcohol concentrations up to
0.13% (p < 0.05, R2=0.69). Mean error bars * SE.

29

% Brits jSIeep Soaety
Dawson and Reid (1997) gi
Dinges et al., (1997) A
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4. EFFECTS OF SLEEP DEPRIVATION ON EXECUTIVE FUNCTIONING AND

DECISION-MAKING

¥

A P

Sleep loss: Adversely Sleep deprivation FUNCTIONAL
impacts higher-order prompted healthy Neuroimaging studies
cognitive skills volunteers to take have highlighted that
including working more risksin a sleep-deprived
memory, decision- gambling tasks individuals show
making, expectation of compared with differences within
reward, adapting and when they were brain-reward circuitry
revising plans, well-rested. during risky decision-
divergent thinking, making?.

reasoning, behavioural

inhibition, and

problem-solving? .
1. Goeletal., 2009

% B’rylt@SleepSror(lety 2. Venkatraman, Chuah, Huettel, & Chee, 2007
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4.1 Effects of sleep deprivation on learning and BSS ISMC 2026
memory

Sleep likely promotes the consolidation of memories,

(i.e., the transformation of newly encountered labile information
into stable representations integrated in pre-existing networks).

See also Chapter A. 5

Research suggests SWS is important in this process

% Biish Slep Sociey 31
L
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7. OTHER EFFECTS OF SLEEP DEPRIVATION:

Road Traffic Accidents

Croydon tram crash: Drivers 'fell asleep’ EE’E
g on fatal line
e‘\ BBC News °
‘5““ ® 24 Aprl 2017 | London f ¥ © K <shae Selby d'saster WaS

'sleep relateq’

K i

e |

b [
DEEE -
Sleep disorder 'danger’
of HGVs

About one in
six British
HGV drivers
suffers from
a form of a
sleep
disorder
requiring
medical help

BSS

0
N

UK Multidiscplin /e sl

i Goel et al., 2009; Rajaratham & Arendt, 2001



Global disasters

Nuclear reactor explosion
Oil slick




7. OTHER EFFECTS OF SLEEP DEPRIVATION

Performance judgement and risk of harm to others

The occurrence of insufficient sleep can reflect lifestyle choices,
overwhelming occupational, family, or social demands, or medical
problems.

Screening for sleep disorders in almost 5,000 American Police
Officers revealed a >40% prevalence of at least one type of sleep
disorder’

The bad sleep quality was significantly associated with adverse
performance, safety and health outcomes.

In a separate study a police officer was quoted as saying

“One accidental discharge was due to poor sleep. It could have

been horrible.””?
Britsh Sleep Society

1. Rajaratnam et al., 2011. @ w *
2. Howarth. Master’s Thesis 2023; B G5 | nssu“
unpublished observation. UK oliscplary 5
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Minimising harm to self
Shift work: Impact of the Components of Long Work

Hours on Injuries and “Accidents’

T AL P L
e e
2 12 E 1.2 === e *]: --------- -
gl E g
2 L1 R s s o

10 10 -y l ——————— L

0.9 : | G : A : i 0.9 . IR

15t 2nd Jrd 4th

| st 2nd 3rd 4th
Successive Shifts

Successive Shifts
The relative risk over four successive night shifts

The relative risk over four successive morning/day shifts
(error bars are 95%Cls) (error bars are 95%Cls).

% Briish Sleep Society
§ i

Folkard & Lombardi, Am J Indust Health 2006



Minimising harm to others BSS ISMC 2026

Shift work: Medical Errors

Adverse events and error rates for Junior doctors:
Traditional (56h per week) v Intervention (48h per week) rotas

W56 hrs/wk m 48 hrs/wk

Total sleep Time Total sleep Time
Traditional rota Intervention rota
6.75+0.40h I 7.26+0.36h

56

41

OVERALL Rﬁl%lﬁwﬁﬁ(lﬂy NON-INTERCEPTED

Cappuccio FP et al. Q J Med 2009; 102: 271-82 § g

s s
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International Agency for Research on Cancer

World Health
Organization

IARC MONOGRAPHS CLASSIFICATION OF NIGHT SHIFT WORK

Night shift work is PROBABLY Night shift work includes both working at night and
working in a job that involves rapidly crossing many

CARCINOGENIC TO HUMANS (Group 2A) time zones.
Limited evidence in humans. Sufficient

evidence in experimental animals.

Specific types of workers

P— =
[ GROU?\ ' GROUP w 4
\ 2B 3 4aid
Factory Flight Airplane
workers attendants pilots

The IARC Monographs classification indicates
the level of certainty that an agent can
cause cancer (hazard identification).

Higher level of certainty Lower level of certainty

[ ——

Positive associations
have been observed
between night shift

work and cancers of Breast Prostate Colon and .
the: rectum Health care Manufacturing Retail, Transport

% Brish Sleep Sgdety

service sector




Public Health: Consequences of ‘less’ sleep

RAND report : Quantifying the Economic
» 20% of road deaths are related Costs of Insufficient Sleep

to fatigue The U.S. sustains by far the highest economic
losses (up to $411 billion a year, which is 2.28

* Someone who sleep less than per cent of its GDP) and the UK (up to S50 billion

6 hours per night takes and (£40.2 billion), 1.86 per cent of its GDP).

additional 6 days off work per
year compared to a worker

i Small changes to sleep duration could have a bi
sleeping 7-9 hours 8 P 8

impact on the economy. For example, if
individuals that slept under six hours started
sleeping six to seven hours then this could add
$29.9 billion to the UK economy

Why Sleep Matters: Quantifying the Economic Costs of b ShSleepSO(lety
Insufficient Sleep | RAND % 2

https://www.rand.org/randeurope/research/projects/2016/t 5{ @ \
he-value-of-the-sleep-economy.html U Mol S L



https://www.rand.org/randeurope/research/projects/2016/the-value-of-the-sleep-economy.html
https://www.rand.org/randeurope/research/projects/2016/the-value-of-the-sleep-economy.html

» Important negative health outcome measures associated
with insufficient sleep (e.g., obesity, type 2 diabetes,
hypertension).

» Several components of immune system altered after sleep
restriction.

» Sleep deprivation increases sleepiness, impairs mood
states and emotional processing, and contributes to
altered risk-taking and decision-making behaviour.

» Insufficient sleep has been associated with elevated
mortality, enhanced accident risk, and a generally
increased incidence of errors.

biishSlep Sy 39
EEE5;: % @
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Watansua @ [nstitute for Policy

Modernising Shift Working
Practices

Organisational practices to reduce negative health and safety effects of shift working

Key Policy Recommendations

Cons: embed evidence-based tions for shift.workers into existing
legislation, requirements and practices.

Employers:

Design working rotas to minimise disruption to circadian rhythms.

Provide education and fraining for Shift workers on the risks associated with Shift working.
Frovide working environments that support employees to engage in behaviours that reduce
their isks of sleepiness, faligue and disease.

Modernise woriplace healln assessments and empower shift workers o detect and freat any
negative health effects associated with shift working

N

Legislators and Regulators:
5. Embed these recommendations into existing requirements and working laws.

Public Health Organisations and Charities:
6. Prioritise shift working as a public health focus.

The Impacts of Shift Working

As the deleterious short-term and long-term effects associated with shift working are becoming
more apparent, employers are well positioned to ensure their workforce is protected and well
equipped to mitigate the risks.

Over a quarter of the UK working population are shift workers (ONS, 2022). A growing body
of evidence indicates that night shift working can increase the risk of developing serious
health conditions as well as workplace accidents

Since 2007, the World Health Organization has placed night shift work in the second highest
cancer-risk class; ‘24 probably carcinogenic to humans’ (ARG, 2020).

Itis estimated that the risk of developing type 2 diabetes is 44% higher among shift
‘workers compared with non-shift workers in the UK (Vetter, C. ef al, 2018).

The risk of suffering heart disease is 37% higher for night shift workers, when compared
with non-shift workers in the UK (Wang, N. ef af, 2021).

‘Sleepiness and fatigue are common negative effects of night st working. These are linked
to higher levels of traffic collisions and major workplace accidents, as well as
decreased patient satety in hospitals (Mitchel, H., 2024).

‘Sleep deprivation, which is especially common amongst shift workers, is estimated to cost
the UK economy more than £37 billion annually (RAND, 2016).

Ay sy Grnp:
Occupational
Safety &Health

UI%IVVERSIT} sem

Parliamentary event briefing

Fighting Fatigue: Addressing Shift Work,
Sleep and the Public Health Burden

Date: Wednesday 10 June | 17:00-18:30
Location: House of Commons, Committee Room 15
Host: lan Lavery MP, Chair, APPG on Occupational Health

This briefing has been developed by researchers from University of
Warwick as a pre-parliamentary event brief, and incorporates
contributions from the Society of Occupational Medicine, alongside
insights generated through a preceding webinar "Shift Work, Sleep and
Public Health: From Evidence to Action"; and stakeholder discussions
involving researchers, employers, occupational health professionals,
trade unions, and individuals with lived experience of shift work. These
events were made possible with the contribution of the Health
Spotlight Programme at the University of Warwick.

Contact:

Dr Talar Moukhtarian

University of Warwick

Email: talar.moukhtarian@warwick.ac.uk

HOUSES OF PARLIAMENT

e — POSTNOTE

Shift Work, Sleep and Health

Overview

W Shift work (working outside regular daytime
hours) is common in many safety-critical
and other sectors, including transportation
and healthcare.

 Shift work can disrupt sleep and circadian
timing, essential biological processes that
affect many aspects of physical and mental
health and performance.

Sleep and Long- E
Term Health

e Sleep and Long-Term Health - POSTbrief 29
e Sleep and Health - POSTnote 585
Shift Work, Sleep and Health - POSTnote 586

Go to sleep?
>Yes
>No

s parament ukipest [ 220 219 840  POST@paismant k | EOST. UK

HOUSES oF PARLIAMENT

PARLIAMENTARY OFFICE OF SCIENCE & TECHNOLOGY

POSTNOTE

Sleep and Health

: Overview

M Sleep is affected by physical and mental
health and environmental and social factors.

B Short-term sleep disruptions increase the
risk of workplace and driving accidents.

B Long-term sleep disruptions are associated
with a range of poor health outcomes.

//Imln\\\\

’//mlu\\\‘

Briish Sleep Society
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https://researchbriefings.parliament.uk/ResearchBriefing/Summary/POST-PB-0029
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Guidelines
British Airline
Pilots’
Association

BALPA
FIT FOR DUTY

DOWNLOAD OUR APP AND SUPPORT THE CAMPAIGN
FOR HEALTHIER PILOTS AND SAFER SKIES

What is your fatigue level?

Have you asked yourself and your colle

Brief and Crosscheck Fatigue
Pre-flight / Top of Descent / Approach

Want Change?
Then help build the evid
Report when you expe

.L

Symptoms

Causes

KSS Score

1 Extremely Alert

2 Very Alert

3 Alert

4 Rather Alert

5 Neither Alert nor sleepy
6 Some signs of sleepiness

A physiological stateof reduced mentalor
physical performance capability

BALPA
”~

greater s¢

7 Sleepy, no difficulty in remaining

8 Sleepy, some effort to keep ¢

9 Extremely sleepy, fighting sleep




SLEEP, HEALTH & SOCIETY®

Warwick Team: -

UHCW.
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University of Exeter i
University of Winchester
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