NIH Blueprint
NIH :
for Neuroscience Research

/ Sleep
Research
/ Society*®

Beyond the Symptom:

The Biology of Fatigue
September 27 — 28, 2021

Fatigue in the Setting of Disease

Sleep

Disruption

Phyllis C. Zee, MD, PhD

Northwestern University
Feinberg School of Medicine




Disclaimer and Disclosures

Disclaimer
This certifies that the views expressed in this presentation are those of the author and do not

reflect the official policy of the NIH.

Disclosure
This certifies that [, Phyllis C. Zee, have no financial relationship that is relevant to the subject

matter of this presentation.

Consultant and advisory board for companies with products related to sleep therapeutics: Eisai,
Jazz, Harmony, Takeda.



CIRCADIAN RHYTHMS

REST (SLEEP)
ACTIVITY (WAKE)

FUEL
METABOLISM

From the Beginning







Physiological Determinants of Sleep/Wake Regulation

Circadian and Sleep Homeostatic Processes

Homeostatic v l 1
sleep drive
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Dijk DJ, et al. J Physiol. 1997;505(Pt 3):851-858; Edgar DM, et al. J Neurosci. 1993;13(3):1065-1079;
Kilduff TS, Kushida CA. Circadian regulation of sleep. In: Chokroverty S, ed. Sleep Disorders Medicine: Basic Science,
Technical Considerations, and Clinical Aspects. 2nd ed. Boston, Mass: Butterworth-Heinemann; 1999:135-145.
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Awake

Stage N1
and REM
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Recurring Dynamic Cycles of Wake and Sleep
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Courtesy of R. Ristanovic, MD.



Brain Metabolic Activity in Wake and Sleep

REM sleep Wakefulness
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Braun AR et al, Brain, 1997; Desseilles M, Dang-Vu, Maquet, P, Hand Clin Neurol 2011



Sleep/Wake Disruption and Fatigue

Insomnia
Prevalence (10-25%)

Sleep Apnea
(6%-20%)

Restless Legs
Prevalence (10%)

Circadian Rhythm Disorder
Prevalence?

Wake Sleep
Disruption Disruption

Circadian
Disruption

Metabolism
Brain metabolic activity
Inflammation
Oxidative stress
Autonomic function

Sleepiness |v | Fatigue |

| Depression |

—

Genetic vulnerability

Behavioral lifestyle
Psychological well-being
Socio-economic status
Work schedules
Physical activity level
Light exposure

Health
Metabolic

Cardiovascular
Neurologic / Mental

Zee and Turek, Arch Int Med, 2006; Young T, et al. Am J Respir Crit Care 2002; Hornyak M, et al. J Clin Psychiatry
2005;0hayon MM, Roth T. J Psychosom Res 2002;53:547-554.



The Alertness-Sleepiness-Fatigue Spectrum

Sleepiness - the need for sleep, or propensity to fall asleep Measures of Sleep Quality

Fatigue - the sensation of weariness, tiredness,

exhaustion, loss of energy; the desire to rest, lack of

motivation...

Fatigue

Narcolepsy
Sleep apnea
Sleep restriction

Circadian ’_A_\

rhythm Insomnia
disorders  *f;]ling asleep

*staying asleep

*Edenshaw YW, JAGS 2016

and Sleepiness

Subjective

* Pittsburgh Sleep Quality Index (PSQl)
* PROMIS Sleep Quality/Disturbance

* Epworth Sleepiness Scale (ESS)

» Karolinska Sleepiness Scale (KSS)

» Stanford Sleepiness Scale (SSS)

Objective

* Polysomnography

e Actigraphy

* Multiple Sleep Latency Test (MSLT)
* Maintenance of wakefulness test

* Wake EEG

* Pupillometry

Carskadon MA et al, Sleep 1986; Shahid A et al, J Psychosomatic Res,
2010; Johns MW. J sleep Res, 2000;



Relationship between sleepiness
and fatigue

Sleep Disorders and Fatigue

Table 3. The Pearson correlation between Fatigue Severity
Scale (FSS) scores and plausible predictors

Predictor r
Group studied Fatlgue Severlty Demographic and anthropometric variables
BMI 0.19%*
Scale Aee 000
q Gender 0.29%*
Sleep disorders 4.8 (1.4) Smoking history? 0.20%*
Multiple sclerosis 4.8 (1.3) Sleep and sleepiness
Sleep efficiency percent -0.16*
Systemic lupus 4.6 (1.5) MSLT —~0.08
- . Psychological and sleep pathology
Chronic fatlgue 6.1 (08) MMPI-depression 0.44%+
MMPI-average 0.45%*
Synd rome Mpyoclonus arousal index 0.06
Respiratory disturbance index —0.04
Oxygen desaturation —0.16*
MSLT REM 0.00

*P < 0.05 **P < 0.0l

'The coding scheme we used indicates that a positive correlation is
associated with being female.

2The coding scheme we used indicates that a positive correlation is

Lichstein K et al, Behav Res Ther, 1997 associated with smoking more.



Actigraphy Derived Measures
of Sleep and Fatigue in Cancer

All types of invasive cancer N=87
(fatigued 51; non fatigued 36)
Actigraphy (14 days)

Sleep Diary (14 days)

Cancer related fatigue (FACIT-F)
Insomnia Severity Index (ISI)

Martin, T et al, Curr Oncol, 2021

Sleep Efficiency (%) Total Sleep Time (min)

Fragmentation Index (A.U.)

r=0.04
5090, —0.69
5004 6o o o o o °
. % %
450 B o0 B, o° @
fosd O aAaSn o ©
o OW o @ o
400r o goog ° 09 o © o
Led <&
350 °% °
o ° 00 O
3004 o ©
S0—r—rrr——TTTT T T
0 4 8 1216 20 24 28 32 36 40 44 48 52
FACIT-F Score
(A)
=026
1009, - 0016
o)
90 ®  °, 2o N PA
o 8008 O & %
&0
' > 0 o g8 Yo
80 o 3,07 o o
BCo o©
Lo
70+
o
Of—r—r-—r-r-r—r—rrrrrrT

0 4 8 12 16 20 24 28 32 36 40 44 48 52
FACIT-F Score

©
r=-0.16
609 L0130
<
50+ o o ¢
< <
404 o %o o
< o < Lo oo <
304 > 0®2 04
oooo go & 3
<, o
204 S, g’s °% &
‘el
10 ¢ o
(‘ lllllllllllll

0 4 8 1216 20 24 28 32 36 40 44 48 52
FACIT-F Score

(E)

Wake After Sleep Onset (min)

Sleep Onset Latency (min)

Insomnia Severity Index Score

r=-028
109 ,-0.010
120+ ° o o
<
100+ o
¢ w
80+ ° § o °
< o
60+ S o ;8 R s
)
° © o, &
(o]
404 0% @ gle T %
204 °
+-r-rr—r—r—rTr—TrrTrrrTrr T

70
60+
50+
40+
30+
20
104

0

0 4 8 12 16 20 24 28 32 36 40 44 48 52
FACIT-F Score
(B)

r=-0.31
p=0.004

lllllllllllll

0 4 8 12 16 20 24 28 32 36 40 44 48 52
FACIT-F Score

(D)

r=-0.56
»<0.001

L) ) L) L) L) L] LJ L) L L) L) J A
0 4 8 12 16 20 24 28 32 36 40 44 48 52
FACIT-F Score

(F)



Subjective sleepiness and Fatigue:
Independent/interrelated consequence of sleep disorders?

: High fatigue/ High fatigue/ Low fatigue/ : Low fatigue/ :
! low s!eepfnms! high sleepiness low sleepiness : high sleepiness : Significance
L] ]
Age I 450 150 1 43.0 + 14.0 48.2 + 16.8 1502 + 136 : NS
BMI 1 28.1 = 6.7 | 315 £ 117 27.6 £ 7.6 1307 £ 6.7 1 F(3,279) = 3.0, P < 0.03
ESS Score : 6.9 £ 3.8 : 172 £ 2.7 54 = 28 : 145 £ 29 : F(3.279) = 138.5. P < 0.0001
FSS Score 1 5.1 £09 54 £ 1.0 2.1 £ 0.7 I 19 £ 006 1 F(3,279) = 143.0, P < 0.0001
CES-D Score : 21.7 £ 11.0 : 230 £ 119 13.2 £ 10.6 :19.4 + 11.2 : F(3.279) = 6.86, P < 0.001*
THAT Score I 263 £ 80 | 2312 + 6.8 327 £ 9.5 1250 + 120 1 F(3,279) = 10.35, P < 0.001*
IIRS Score : 42,1 + 16.6 : 499 + 17.3 239 + 10.5 :3().4 + 15.0 : F(3,279) = 21.0, P < 0.0001*
FSS Score ESS Score THAT Score CES-D Score IIRS Score
Obstructive sleep apnea (n = 93) r-4.-4-i-T.€------97§-i-§6---_: 28.6 = 8.8 18.9 + 12.5 39.2 + 20.8
Periodic leg movements (n = 33) -_j:fr_:::::jj_-i:i-ﬁ::_l 27.0 £ 7.8 20.6 £ 12.5 399 + 15.1
Restless legs syndrome (n = 12) g 5.1 + 10 119+ 73 | 243 + 63 18.4 + 11.7 39.1 + 17.3
Insomnia (n = 33) P44 £ 15 7.6 £ 52 | 280 + 9.l 16.8 + 8.5 394 £ 16.8
Depression (n = 58) CAD T T T T 6 T T 240 £ 85 27.0 £ 10.5 439 + 17.4
Narcolepsy (n = 9) r_il.ﬁ_i_l_l_ _____ 1 2.23_3;5___: 21.5 = 6.2 15.8 £ 7.3 394 + 14.6
Parasomnia (n = 11) 5.2 + 1.2 93 + 6.2 21.5 + 7.1 294 + 5.6 443 + 18.2
Delayed sleep phase syndrome(n = 15) 46 = 1.6 70 £ 56 254 + 78 19.0 £ 9.9 353 £ 169

Hossain JL et al, Journal Sleep Res, 2005



Sleep-Wake Disturbances:

How Do Patients Present? Insomnia
/ "My creativity diminishes, my
7 s irritability increases, my disposition
suffers, my outlook is gloomier, my

I A_M. muscles feel weaker, my energy is
kaput some days. Some days I'm
too tired to accomplish anything
o but still unable to nap orsleep. If's
an odd sensation. | feel asif I've
o been deprived of sleep and am

' exhausted but at the same fime,
as if | had drunk 5 cups of coffee
and were overstimulated.”

Courtesy: D Buysse



Brain Metabolic Activity in Wake and Sleep

Healthy Sleep Insomnia

REM sleep Wakefulness

Thalamus
‘Ascending reticular @

P e activating system S . - / n, | ¢
) Hypothalamus ¥ & % B8_Prefrontal ##

‘wg Mesial
B "Wtemporal cortex

cortex

Absolute
glucose metabolism

>

Anterior
: cingulate
8 cortex Insula
o Mesial 4
temporal

(W
v ey Hypothalamus "=t i . A . . N
- v Ascending reticular 3 ' Ascending reticular g

activating system activating system

i
fin]
(6]
2
i
w
®
(7]
o
o
151
=

2 Structures that did not Relative metabolism while
: show decreased metabolic awake was higher in healthy
. rate from waking to sleep subjects compared to insomnia

Braun AR et al, Brain, 1997; Desseilles M, Dang-

Vu, Maquet, P, Hand Clin Neurol 2011 Nofzinger EA et al, Am J Psychiatry, 2004



Interventions for Chronic Insomnia in Older
Adults

Age 55 and older with
diagnosis of insomnia

* No primary sleep pathology
other than insomnia

* No cognitive impairment
(MMSE < 25)

Treatment

Exercise sessions (34 x per week for 16 weeks)

. 7
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Exercise Testing

Activity monitoring and maintenance of sleep and activity logs |--—->
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Light Therapy, Sleep Disturbance and Fatigue
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Hastings MH, Maywood ES, Brancaccio M, Nat Rev, 2018



Light Therapy and Fatigue in Cancer Survivors
with Sleep Disturbance

Figure 2. Percentage of Patients with
Clinically Significant Fatigue (FACIT-Fatigue
Score = 30)
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Redd et al, Psychooncology. 2014 Dec;23(12):1431-4.



Fatigue and sleep disruption-disorder

Maijority of research on fatigue and
sleep disturbance are in the context
of other medical, neurological and
psychiatric disorders in which both
are common

Sleep medicine: If not excessive
sleepiness-then fatigue

Limited objective clinical and
research measures/biomarkers

Differentiating sleepiness and fatigue
objectively makes a difference in
management approaches
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