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Sleep in CNS Disorders
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60 % of patients with PD suffer from insomnia, 30 % from
excessive daytime sleepiness.



Measurement Instruments for Sleep

e - "\‘
Actigraphy (Accelerometer)

Reduced Montage PSG Single Channel EEG Heart Rate (Photoplethysmography) Heart Rate + Actigraphy

Sources: Neurosoft.com thesiestagroup.com somno-art.com ouraring.com itamar-medical.com choosemuse.cgm



Deliverables:

1. Review paper on the current evidence for objective sleep
endpoints as biomarkers for neurological or psychiatric
disorders in CNS trials

2. A consensus paper on criteria and validation strategies for
measurement instruments, as compared to gold standard
(PSG)



Agenda

* Review of contributions to Deliverable 1
* Screening of references found
Results of Al re-evaluation
Analysis of paper contributions received
Structure of paper sections
Determination of remaining gaps (key elements for each disorder)

* Agreement on next steps and timelines for Deliverable 1

* Prepare discussion for Deliverable 2



Volunteers

* Michaela Gold: AD (Alzheimer's)

* Benjamin Nelson: MDD (Major depressive disorder)

* Bridget Kajs: PTSD (Post-traumatic stress disorder)
* |gor Korolev: SZ (Schizophrenia)

* Daniel Smith: MS (Multiple sclerosis)

* Gary Zammit: BD (Bipolar)

* Marge Moline: PD (Parkinson's)

* Georg Dorffner: GAD (General anxiety disorder)

e Sofie Mesens: Pediatric Disorders

* David McLaughlin: others



Analysis

Disorder Papers on comparison Papers on treatment

Alzheimer’s 5 6
PTSD 17

Schizophrenia 10 5
MDD 23 16
Bipolar 21

Parkinson’s 4

General Anxiety 18 1

Multiple Sclerosis 7



Example of Al-based analysis

* GAD

-

Falmer & Alfano [2017] - Sleep architectures and
daily affecttzamatic reparts in GAD youth

Forbes et al. [2008] - Eleep in adolescents
with anxicty dizarders, BMOO, and cantrals

Horwdth et al. [2016] - Stateftrait anxicty
effects an sleep [PEG in 1083 subjects)

Liang et al. [2022] - Slecp misperception in
anxicty-related disorders with insomnia
[retrospective PEG)

X et al. [2024) - PEG features of insomnia in
GAD, MDD, bipelar mania vz primary insomnia

Zhang ct al. [2024) - Depression and ancicty:
P20 parameters and breatment outcomes

Liu et al, [2025] - Stellate ganglion block for
sleep disturbance in GAD [RCT)

Population L d

Children with GAD vz controls; PG after 1 weck
actigraphytdiarics

Adalescents with anxicty disorders [mixed) «= MDD
vz cantrals; 2 PEG nights

Adults referred For PEG; grouped by hightlow state
and trait anxicty

Adulks with anxicty-related dizarders + inzamnia; PSG
uged ko define misperception

Adults with inzamnia: GAD+insomnia [G1),
MDD +inzemnia (O], bipelar maniavinzemnia (EI), and
primary inzamnia (PI]

Clinical depressionfanxicty samples; PEG compared
by diagnesiz and treatment response

Adults with generalized anxicty disorder and slecp
dizturbances; SGE vz conventional treatment

- - - - - - - - e - i -
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Child GAD vs healthy controls

Anzicty dizorders [mixed] vo " [night 2 =
contrals contrals;
p0.005)
High vz low skateftrait anxicty T [areup
graups [not clinical GADY differences;
ps0.001)

Wwithin anxicty-related
dizorders: misperception
subgroups [nat GAD-zpecific)
Gl wz DL PH B (e healthy

controls]
Anzicty dingnosiz vz nan- [Ereatment
anxicty [nok necessarily GADY; outcomes] |
and treatment respanse 0L in
analyses effective vs
incffective
group
[pe0.001) -
includes
anxicty and
Treatment effeck within GAD T [pest-
[EGE vz cantral] Ereatment
objective TET
increased;

reported as
significant]

T [pest-
treatment
objective

sleep
efficiency
increased;
reporked as

[waried]
significant group
differences
[p<0.001)

o vs DI[Dl > Gl
Eionferrani-
warrected)

[Ereatment
outcomes] "
REM latency in
effective ve
incffective
anxicty oukcome
[p=0.034]

_ [Both nights
ws contrals p
reported as
qraup ffeck
with post hoc
w3 cantrals)
. shage 3%
with higher

anxicky
[p=0.026]

Awakenings © vs MOD [both
nights); time awake and stage
4 showed group effects
[pairwize vz contrals nat
consistently specified]

Stage 2% 7 [p=0.003); number
af REM stages | in high-
anxicty trait groups [(p<0.001]

Micraarausals [MM] 7 and
apnea-hypopnes index [AHI) *
in Gl vz Pl [Eanferrani-
corrected); awakenings number
higher in Gl vz Bl [Banferrani-
correcked]

Mo skatistically significant between-group differences in PEG sleep-
archikecture wariables were reparted; PEG variables were cxamined
mainly az predictors of daily symptoms.

Across bwo nights, the anxicky-dizorders group showed
significantly lezs slaw-wave sleep than contrals (and MODO]. On
night 2, they alzo showed significantly longer sleep latency than
cantralz.

Large PEG dataget shows statistically significant associations
Between ancicty levels and sleep structure: higher anxizty linked with
longer 0L, " stage-2%, | stage-3%, fewer REM stages, and
significant differences in REM latency.

Paper Facuses on slecp-state misperception; PEG differences are
primarily bekween misperception subgroups rather than GAD v
cantrolz. Mo GAD-specific PEG group comparizans were reported.
Amang inzamnia patients, Gl showed significantly sharter RER
latency than OI; Gl alzo showed significantly higher microarousals
and AHI than primary inzomnia (all surviving strict Banferroni
correction].

Study iz not GAD-specific. It reparts significant PEG differences
mainly related bo treatment outcomes [e.g., shorter 200 in effective
groups] and zame diagnosiz-based comparizans in braader ancicty
cakegorics.

RCT in GAD with sleep disturbance reports significant
improvements in objective sleep ["TET and 7 sleep efficiency] after
stellate ganglion block compared to conventional breatment,
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