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prevalence des
troubles du sommeil

anxiete, dépression

trouble oppositionnel avec provocation
troubles gastro-intestinaux

troubles du sommeil

Lai et al. (2019)

Enfant avec TSA Enfant a DT
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Focus group avec parents d'enfants avec T5A : domaines importants a évaluer et traiter]

%

Angoisses, peur atypiques

Image positive de soi, estime de sol

Incofort a étre touche, sensibilité au bruit, ..
Detresse

Comprendre I''nformation visuelle, problem solving
Relation avec la fraterie

Stress parental (sympt physiques, dette de sommeil,..

Rejet par ses pairs et les auires, harcelement
Problémes dendormissement, réveils nochmnes
Taper les auires, agressivite
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S = Somnolence -:- Long réveil @ Heure de coucher QS = Qualité du sommeil TB =Trés bon M = Mauvais
QR = Qualité du réveil B = Bon TM = Trés mauvais

P = Pleurs ) .
R = Repas _Temps de sommeil ou sieste (@ Heure du lever FJ = Forme de lajournée Moy = Moyen
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Déclarés par parents
Questionnaires Sur une période +/- longue
Agenda Biais de remplissage
Biais de mémoire
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Difficultés importantes
chez des enfants TSA
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Déclarés par parents
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Déclarés par parents
Questionnaires Sur une période +/- longue
Agenda Biais de remplissage
Biais de mémoire

Difficultés importantes

chez des enfants TSA Equivalent a PSG

Troubles du

PSG Accélérometres

sommeil



N=164

Questionnaires
(durée & qualité
du sommeail),
Calcul d’un score

Day Sleep Factor Score

Day Sleep Factor Score

15

0.5

-0.5

-1.5

1.5

0.5

-0.5

-1.5

(A)

OASD-L
o ADHD-L
5 0 1
OASD+ADHD-L
oTL
Time point (months)
(©)
-
1
== I OASD+
5 = L]
T oASD-

Time point (months)

e b
= wn - wn

Night Sleep Factor Score
&

-1.5

1.5

0.5

Night Sleep Factor Score

-1.5

(B)

|-h_‘[_||'}| HIT DASD-L
T 10 1l

OADHD-L
oTL

Time point (months)

(D)

O ASD+

I 5 | D ) oASD-

|—
b
—

Time point (months)
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Begum-Ali et al (2023)



N=68
0.8 -
Durée de sommeil rapportée
par les parents tous les mois %;
sur un agenda par intervalles =
de 30 min ©
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Foster et al (2024)



h- Troubles du sommeil

4 \

duree de
sommeil
reduite

-33 min / 24h (95% Cl 16.6-49.0)

Begum-Ali et al (2023), Foster et al (2024), Elrod and Hood (2015)
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Author(s) Age range N Tool used to measure sleep Rate of Night Wakings
Rossi et al., 1999 2-20 8 Not specified 44%

Tani et al., 2003 26.5 = 8.1 20 BNSQ); sleep diary; free description via short essay 30%

Wiggs & Stores, 2004  5-16 69 SPSQ; sleep diary; actigraphy 33%

Williams et al., 2004 2-16 210 Modified sleep survey 34%

Oyane & Bjorvatn, 2005 15-25 15 Sleep diaries; sleep questionnaire; ESS; actigraphy 0%

Ming et al., 2009 3-15 23 Sleep questionnaires; PSG 84.6%

Youssef et al., 2013 4.8-12.8 53 PSG 42%

Ayvyash et al., 2015 6.3 £ 1.7 years 9 Sleep diary 31%

Veatch et al., 2016 2-10 80 CSHQ; actigraphy 72%

BNSQ= basic Nordic questionnaire, SPSQ=Simonds & Parraga Sleep Questionnaire, ESS=Epworth sleepiness Scale,
PSG=polysomnography, CSHQ=Children’s Sleep Habits Questionnaire

Galion et al (2023)
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I'—"'- Troubles du sommeil

|
r 3
reveils duree de
nocturnes sommeil
fréquents réduite

-1.9% de SE (0.7-3.1) -33 min / 24h (95% Cl 16.6-49.0)

Begum-Ali et al (2023), Foster et al (2024), Elrod and Hood (2015), Galion et al (2023)
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Sleep parameters N.trial N.total llrdgn‘ﬂ‘i.“-'. Clh) \ludrunnsrlacmn
Skeep latency 5 382 | —l— I 115072, 1.58) 1D, Questionnaires for sleep, Percentage of boys m ASD group
Sieep anxietly 2 45 ‘ O 111 009, 230
Total sleep problem 7 1660 —— 087 (0.58, 1.16) Publication year, Mean age of ASD group
Disorders in mitiatmg and mamtaning slecp 3 S00 ey 0.86 (0,39, 1.33) D
Skeep-wake transition disorders L SO0 —O— 0.5 (-0.05 107) N
Sicep hvperhadrosis 3 SO0 > 048 (029 0.66)
Daytime slecpiness 7 Iy - I 048 (026, 0.71) Questioanaires for sleep, Mcan age of ASD group
Bedtime resistance 2 45 -—O— 0.42 (-0.57. 1.40)
Parasomnias S 45 +-O— 031 (007, 0.69) Publication yeur
Sieep disordered breathing 6 662 —p P 0.19 (-0.31, 0.69)
Night waking 2 45 —t O 0.17(-0.82, 1,16)
Sheep duration 3 201 10 017 (<139, 1.72)
0

Mesures subjectives - Chez enfants naifs de trt médicamenteux, TSA vs TD, N=16 artciles, 981 TSA/1220 TD

Kim et al (2023)



Sleep parameters N.trial N.total Hcdm (95% CI) Moderating factors
Actigraphy
Sleep latency (min) 2 201 O 0.61 (<0.31, 1.54)
Wake after sleep onset (min) 2 293 O 0.43 (<027, 1.13) ID
Sleep efficiency (%) 4 395 ————— -0.53 (-1.05,-0.01)
Total sleep time (min) 4 395 —_— -0.58 (-1.15, -0.02) 1D
Polvsomnography
I Sleep latency (min)* 6 165 — e 0.35(0.03,0.67)
Stage shift per hour 3 74 10— 0.28 (-0.19, 0.75)
Number of awakenings per hour 3 74 —tee Qe 025 (-0.31,0.81)
Slow wave sleep (%) 6 165 O 0.20 (-0.49, 0.89) Publication year
REM density (no/h REM sleep) 2 44 e e 0.17 (-0.45,0.79)
S1(%) 6 165 —-0— 0.17 (+0.15, 0.48)
Wake after sleep onset (min) 5 139 —1-O0— 0.17 (-0.27, 0.61) Percentage of boys in ASD group
S2 (%) 6 165 —O0—1 <0.23 (-0.55,0.08)
REM latency (min) 6 165 S ® o -0.29 (<070, 0.11) D
REM sleep (%) 6 1635 —— -0.33 (-0.64, -0.01)
Total sleep time (min)* 6 165 e G -0.56 (-1.10,-0.02) Publication ycar
Sleep efficiency (%) 6 165 —— -0.59 (-0.93, -0.26)
I'ime in bed (min) 4 118 Sen o -0.78 (-1.17, -0.40)
Sleep period time (min) 3 74 ————e =117 (1,68, -0.65)
Actigraphy + Polysomnography
Sleep latency (min) 8 366 — 0.59 (0.26, 0.92) Publication year
Slecp efficiency (%) 10 560 —— -0.58 (-0.87, -0.28)
Time in bed (min) 5 156 . <0.64 (<1.02, <0.26) Publication year
Total slecp time (min) 10 560 — -0.64 (-1.01,-0.27) 1D
2 0 2

Mesures objectives - Chez enfants naifs de trt médicamenteux, TSA vs TD, N=16 artciles, 981 TSA/1220 TD

Kim et al (2023)



Temps total de sommeil

Lessin @ Lessin Weight,
Source (country or region) Hedges g (95% CI) ASD  without ASD %
Allik et al,3® 2006 (Sweden) 0.868 {(0.359t0 1.376) —— 6.89
Allik at el,*? 2008 (Sweden) 0.528 (-0.160to0 1.217) L 4,42
Baker et al,5! 2013 {Australia) 0.704 (0.056 to 1.352) o= 4.86
Chua et al, %3 2022 (UK, Singapore) 0.608 (0.022 to 1.194) . 5.64
Chua et al,®* 2022 (UK, UK) 1.164 (0.357 to 1.970) & 3.42
Goldman et al,5* 2009 (US) 0.698 (0.116 to 1.280) o= 5.70
Hering et al, & 1999 (Israel) -0.561 (-1.507 to 0.386) - 2.60
Jeon et al,** 2023 (UK)-KOR 0.412 (-0.037 to 0.B62) —— 8.07
Jeon et al, %1 2023 (UK)-UK 0.604 (0.168 to 1.040) —— B.38
Kosaka et al,** 2021 (Japan) 0.128 {-0.480 to 0.736) — 5.35
Martinez-Cayuelas et al,* 2021 (Spain) 0.514 (0.047 to 0.981) —— 7.69
Martinez-Cayuelas et al," 2022 (Spain) 0.720 (0.197 to 1.243) — & 6.63
Mughal et al,5% 2020 (UK) 0.411 {-0.160 to 0.928) . 6.74
Nguyen et al,*’ 2021 (France) -0.253 (-0.787 to 0.282) — & 6.44
Phung and Goldberg,52 2017 (US) 0.833 (0.059 to 16.08) - 3.66
Souders et al, 5% 2009 (USA) 0.705 (0.295 to 1.115) —— 8.99
Surtees et al, 5% 2019 (UK) 0.301 (-0.379 to 0.980) i 4.51
Heterogeneity: Q=22.539, [£=29.0% 0.514 {0.351 to 0.677) < 100 ‘
Fet s ;
Chez TSA

Hedges g (95% CI)
461.0 (+34.0) vs 474.5 (+48.8) min

Mesures accélérométrie - Chez enfants et adolescents, TSA vs TD, N=19 articles Non modifié par |'Age

Liang et al (2023)



Efficacité du sommeil

Lessin = Lessin Weight,

Source (country or region) Hedges g (95% Cl) ASD = without ASD %
Allik et al,3? 2006 {Sweden) -0.578 (-1.074 to -0.082) — 6.11
Allik at el,*0 2008 (Sweden) -0.535 {-1.224 to 0.155) . 4.75
Chua et al, 53 2022 (UK, Singapore) -0.438 (-1.017 t0 0.142) — 5.49
Chua et al, 53 2022 (UK, UK) -0.736 (-1.506 to 0.034) = 4.26
Goldman et al,54 2009 (US) -0.612 (-1.191 to -0.033) — - 5.50
Hering et al,55 1999 (Israel) 0.295 (-0.637 to 1.227) = 3.43
Jeon et al, % 2023 (UK)-KOR 0.172 (-0.273 to 0.618) —E— 6.49
Jeon et al, % 2023 (UK)-UK -0.398 (-0.818 to 0.042) I 6.61
Kosaka et al,*¢ 2021 (Japan) -0.922 (-1.562 to -0.282) —— 5.07
Martinez-Cayuelas et al,* 2021 (Spain) -0.736(-1.210 to -0.261) —— 6.27
Martinez-Cayuelas et al, % 2022 (Spain) -0.785(-1.311 to -0.260) —— 5.88
Mughal et al,5% 2020 (UK) -1.012 (-1.552 to -0.472) S 5.78
Nguyen et al, %7 2021 (France) 0.069 (-0.464 to 0.602) —— 5.83
Pace et al,*8 2016 (France) 0.130 (-0.493 to 0.753) — 5.19
Phung and Goldberg,52 2017 (US) 0.446 (-0.307 to 1.199) = 4.36
Souders et al, 54 2009 {US) -0.079 (-0.477 to 0.320) N 6.85
Surtees et al, 56 2019 (UK) -0.352 (-1.033 to 0.329) _ 4.80

58 i 1094 ({-1.430¢0 -0 758) —— 733
Heterogeneity: Q=50.254, 17=66.2%  -0.424 (-0.645 to -0.203) = 100 ‘

o8t 5] 1 0 1 ;

Chez TSA
81.8 (£6.0) vs 84.5 (£6.4) %
Non modifié par I'age

Hedges g (95% C1)

Mesures accélérométrie - Chez enfants et adolescents, TSA vs TD, N=18 articles

Liang et al (2023)



Source (country or region)

Latence endormissement

Hedges g (95% CI)

Allik et al,*® 2006 (Sweden)

Allik at el,*” 2008 (Sweden)

Baker et al,71 2013 (Australia)

Chua et al,®* 2022 (UK, Singapore)
Chua et al, 53 2022 (UK, UK)

Goldman et al,®* 2009 (Us)

Hering et al,® 1999 (Israel)

Jeon et al,** 2023 (UK)-KOR

Jeon et al,*1 2023 (UK)-UK

Kosaka et al,* 2021 (Japan)
Martinez-Cayuelas et al,™ 2021 (Spain)
Martinez-Cayuelas et al,* 2022 (Spain)
Mughal et al,?® 2020 (UK)

Nguyen et al,"’ 2021 {France)

Phung and Goldberg,22 2017 (US)
Souders et al,”* 2009 {USA)

Surtees et al 2% 2019 (LK)

0.868 (0.359 to 1.376)
0.528 (-0.160 to 1.217)
0.704 {0.056 to 1.352)
0.608 (0.022 to 1.194)
1.164 (0.357 to 1.970)
0.698 (0.116 to 1.280)
-0.561 (-1.507 to 0.386)
0.412 (-0.037 to 0.862)
0.604 (0.168 to 1.040)
0.128 {-0.480 to 0.736)
0.514 {0.047 to 0.981)
0.720 (0.197 to 1.243)
0.411 (-0.160 to 0.928)
-0.253 (-0.787 to 0.282)
0.833 (0.059 to 16.08)
0.705 (0.295 to 1.115)
0,301 (-0.379 to 0.980)

Heterogeneity: Q=22.539, 1£=29.0%

0.514 (0.351 to 0.677)

==Ll AL FSOUUL

Lessin @ Lessin Weight,
ASD  without ASD %
—— 6.89
= 4.42
= 4.86
R 5.64
= 3.42
—— 5.70
= 2.60
—— 8.07
—— 8.38
— 5.35
—— 7.69
— 6.63
—— 6.74
— 6.44
= 3.66
— 8.99
= 451
< 100
l Hedgesgu{EiE%EI} " Chez TSA

Mesures accélérométrie - Chez enfants et adolescents, TSA vs TD, N=17 articles

32.6 (+ 14.6) vs 20.1 (+7.7) min

4

Non modifié par I'age

Liang et al (2023)



DELAI REVEILS
D'ENDORMISSEMENT NOCTURNES

En France,

Enquéte sur I'impact
des troubles du sommeil ‘
chez les enfants avec TSA

> 30 minutes 2,6 réveils / nuit

N=188 enfants
18 mois a 18 ans
En 2018-2019 SP7) des enfants ) concernés

concernés* toutes les nuits

*dont 71% sont concernés par un délai d'endormissement > 1 heure

SOMMEIL DE REVEILS MATINAUX
. ont actuellement des COURTE DUREE PRECOCES

_

troubles du sommeil

4
Zz

Soit @ ayant eu des troubles du sommeil
Recommendations
10h_13h 3‘6 ans 3-6ans 7-12ans 13-18 ans

9h-11h 7-12 ans
8-10h 13-18 ans

Sv<

concernés : concernés
toutes les nuits tous les jours




h- Troubles du sommeil 45 3 85%

' \
latence reveils duree de
d'endormissement nocturnes sommeil
prolongée fréquents réduite
Questionnaires +10.9 min (6.7-15.0) -1.9% de SE (0.7-3.1) -33 min/ 24h (95% Cl 16.6-49.0)
Accéléromeétres +12.5 min -2.7% de SE -13.5 min / 24h

Troubles des rythmes circadiens

Begum-Ali et al (2023), Foster et al (2024), Elrod and Hood (2015), Galion et al (2023), Liang et al (2023)
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Authors Study Sample size ASD assessment Sleep-wake cycle assessment Results Major limitations
(Ref.) design

country

Takase, Taira and Cross-sectional 89 autistic Clinical diagnoses. Actigraphy One autistic girl showed a tendency of non-24-h No diagnostic criteria
Sasaki (57) study children Total sleep time (TST) was calculated sleap—wake syndrome. The others did not. Most for diagnaosis, no control
Japan (3-20 years). from their sleep logs. subjects showed a large variation in TST. group.

Micholas et al. (25) Cross-sectional 110 autistic ADI-R, Analysis of the single-nucleotide A significant allelic association was detected for Predominant high- \
Autism Genetic study subjects and their ADOS-Go4, polymorphisms (SMPs) in 11 clocks FER1 and NPASZ. functioning subjects.

Resource Exchange

Giannotti et al. (58)
Rome, Italy

Mullegarna et al. (59)
Richmond, VA, USA

Yang et al. (26)
Tochigi, Japan

Goto et al. {60)
Nagoya, Japan

Van der Heijden
etal 61)
The Metherlands

Case—contral
study

Cross-sectional
study

Case—contral
study

Case—contral
study

Case—control
study

parents.

104 children with
autism;
162 TD children.

19 children with
a molecular
diagnosis of del
29231

(8 months to 11
years).

28 ASD patients
23 controls

of Japanese
descent.

111
Caucasian
87

Japanese
patients with
ASD;

158
Caucasian and
133
Japanese TD
children.

44 ghildren with
ADHD;

&7 children with
ASD;

243 7TD children
(8-12 years).

DEM-IV diagnostic
criteria.
DSM-NV-TR
diagnostic criteria;
ADI-R;

ADOS-G;

CARS.

Malecular diagnaosis
of del 29231

DSM IV-TR
diagnostic criteria

DSM IV-TR and
DSM-5 diagnostic
criteria.

Parent rapart
CBCL

clock-related genes.

CSHO;
Farental report sleep diary for 4 weeks;
21 channel EEG recordings.

Parent sleep questionnaire;

The expression of four circadian
genes, NR1D2, PER1, PER2, and
PER3, in 2g23.1 deletion syndrome
lymphoblastoid cell lines (LCLs).

The coding regions of 18 canonical
clock genes and clock-controlled genes
were sequenced.

The patients, their siblings, and parents
were tested for mutations in all exons of
MR1D1 (also known as Rev-Erba).

Sleep Disturbance Scale for Children
parental repart questionnaire;
Chronotype of the children was
assessed with Children's Chronotype
Questionnaire;

Sleep hygiene was assessed using the
Children's Sleep Hyglene Scale

Regressed group showed higher incidence of
circadian rhythm disorders than non-regressed
ones. The regressed group showed higher CSHQ
bedtime resistance, skeep onset delay, sleep
duration and night awakening scores.

Malecular analysis of the circadian deficits
associated with haploinsufficiency of MBDS in
which circadian gene mRNA levels of NR1D2,
PER1, PER2, and PER3 were altered in del 2g23.1
of LCLs; haploinsufficiency of MBDS can result in
dysregulation of circadian rhythm gene exprassion.
Circadian and mTOR signaling pathways were
associated with sleep disturbance.

The mutations p.S20R in NR1D1, p.H542R

in GLOCK, p.L4735 in ARNTLZ, p.A325T in
TIMELESS, p.513T in ARNTL, and p.G24E in PER2
were diagnosad in ASD. Mutations in circadian-
relevant genes affecting gene function were more
frequent in patients with ASD than in controls.

They detected single-base changes with an amino
acid substitution in the coding region of NR1D1 in
4 individuals. Mot detected in controls. ¢.1012C
were identified as the rare SNPs. A [p.RS00H)
mutation {ALU1098302) had typical features of ASD
and no difficulty in sleep induction; he showed
strong anxiety and little sociability without verbal
communication with athers.

Children with ADHD and ASD showed mors sleep
problems (63.6 and 64.7%, vs. 25.1% in TD)

and shorter sleep duration than controls, while
differences between ADHD and ASD were not
significant. Evening types were associated with
sleep problems in ADHD and ASD. Associations
of greater anxiety/deprassion with sleep problems
were shown in ADHD and TD.

No evaluation of
sleep parameters by
standardized measures.

Small sample size;
no objective sleep
measures.

Small sample size;
no objective sleep
measures.

Mo objective sleep
measures.

—/

No abjective slsep
measures.

Retard de phase
Trouble du rythme

Mutations / SNPs
Associés avec
troubles du rythme
Retard de phase

Carmassi et al (2019)



(1) Able to NO
distinguish between
day and night at 3-4
months of age Yes
Yes
2) Night cryin
(2) Night crying NO
Irregular
(3) Sleep
rhythm at age 1
" . Good

Risk of ASD.

—-0.5

Non-ASD

0

0.5

— ASD

I

Hoshino 2023



h- Troubles du sommeil 45 3 85%

' A\
latence reveils duree de
d'endormissement nocturnes sommeil
prolongée fréquents réduite
Questionnaires +10.9 min (6.7-15.0) -1.9% de SE (0.7-3.1) -33 min / 24h (95% Cl 16.6-49.0)
Accéléromeétres +12.5 min -2.7% de SE -13.5 min / 24h
Troubles des rythmes circadiens
[
' A\
rvthme veille- retard de phase
. . .. des périodes de
sommeil irrégulier commeil

Begum-Ali et al (2023), Foster et al (2024), Elrod and Hood (2015), Galion et al (2023), Liang et al (2023), Carmassi et al (2019), Hoshino (2023)

Diapositive de E Yavuz-Kodat, adaptée



Déclarés par parents
Questionnaires Sur une période +/- longue
Agenda Biais de remplissage
Biais de mémoire

Difficultés importantes

chez des enfants TSA Equivalent a PSG

Troubles du

PSG Accélérometres

sommeil

Biologie



Concentration plasmatique de mélatonine (pg/mlL)

Sécrétion endogene de mélatonine (Adapté de Arendt J et al, 1985)%

30

20
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L

@ ~ en fin de soirée
© Phase de plateau
9 N en 2" moitié de nuit

o &
&

1} A 1

09.00 15.00 21.00 03.00 09.00

Heures

www.autismeetsommeil.fr



Synchroniseurs externes
(Sorecx e notre enviconderment)

Régulation
température
corporelle

Autres
rythmes

(horoges

pErphinQUes

Rythmes
veille-sommedl

Ly
» »
-

\

Lrrénaies

Rythmes circadiens

www.autismeetsommeil.fr



Taux moyens de mélatonine nocturne excrétés

N=49 TSAvs 88 TD

N
1

=
1

dans les urines (en pg/heure)

Enfants

Tordjman et al 2005

Adolescents

Taux moyens de mélatonine excrétés

dans les urines (en pg/heure)

1,25 =

=

Adolescents et Adolescents et
jeunes adultes jeunes adultes
avec TSA au développement
typique
Tordjman et al 2014

www.autismeetsommeil.fr



Profils de 6-SMT urinaire chez I’'enfant avec TSA

Profil retarde 11-14h @

Profil standard Profil retarde 8-11h
8-11h >20% de 'amplitude jour/nuit 11-14h> 10% de 'amplitude jour/nuit
6000 3000 3500
5000 - 2500 - 3000
= = = 2500
B 2o & 2000 ® 2000
= 3000 = 1500 -
2 2000 = = 1500
2 v 1000 b 1000
i 500 500
1:]IIIIIIIIIIIII Dllllllllllll
883838883888888 20299292999299 2888888888888
AERSMANG AT~ S m CERER2Eeeee2 SENdaAwedT s S
o o Ziﬁﬁmmmm:ﬂﬁﬁm
Profil avance 17-20h » Profil inverse @ Profil biphasique @
17-20h> 20 % de I'amplitude jour/nuit 100 5000
g 80 - — 4000
# 60 - 86 3000
N=30 ?ﬁ 40 - = 2000
Age moyen 4.8 £ 1.4 ans by 22 : © 1000
0, A O4+—7T—7T T T T 7T T 7T T 7T 1
78% gargons 8838388888888 2888888888888
Kolb et al, en préparation LSRR R S e el m b AN n Rl ~ T4 Rl b e g~ 14
Diapositive de E Reynaud, adaptée




Au total, chez les enfants avec TSA (vs TD)

e Les troubles du sommeil sont tres frequents chez les enfants avec TSA
e Latence d’endormissement accrue
e Moindre durée de sommeil
* Réveils nocturnes frequents et longs
* Réveils précoces

e Les troubles du rythmes circadiens sont également frequents
* Troubles veille/sommeil
* Décalage de phase

* Des troubles de la sécretion de la mélatonine endogene sont associés
* Moindre sécretion
* Avec temporalité / rythme différents
* Avec troubles du sommeil (Martinez-Cayuelas et al 2022)
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I Groupe Sommeil Enfant et Adolescent de la SFRMS
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