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LE SOMMEIL 

SOMMEIL ET AVC 
une relation bi-directionnelle 



Conflits d’intérêts potentiels 
Octrois de recherche 

� Novartis 

� Jazz Pharma 
� Biron 

� Flamel Ireland 

Comité consultatif 
� UCB 

Conférencier  
� Paladin 

� UCB 

Les honoraires sont versés aux étudiants 
gradués du CEAMS 



Objectifs de la présentation 

� Reconnaître les pathologies du sommeil 
comme facteur de risque de l’AVC 

� Sélectionner les examens appropriés chez le 
patient somnolent suite à un AVC 

� Comprendre les conséquences de l’AVC sur le 
sommeil et la vigilance 



 

 

LE SOMMEIL 

AVC ET APNÉE DU SOMMEIL 
 

Négligeons-nous un facteur de 
risque vasculaire modifiable? 

 

Dans quelle mesure devons-nous harceler les cliniques de 
sommeil pour enregistrer nos patients vasculopathes?  



Types d’apnée 
Apnée obstructive 
�  Réduction de ≧90% signal respiratoire durant 

≧10sec associé à des efforts respiratoires 

 Hypopnée 
�  Réduction ≧30% débit respiratoire durant 10sec 

�   Désaturation ≧3%  OU  Micro-éveil à l’EEG 

Apnée centrale 
�  Absence d’effort respiratoire 

�  Population et pathophysiologie distinctes de 
l’apnée obstructive 

Indice d’apnées-hypopnées (IAH) 
�  5-14/h � léger 

�  15-29/h � modéré 

�  ≧30/h � sévère 

AASM 2012 



Incidence d’AVC chez les apnéiques 

 Études transversales   
� AHI ≧ 20 � OR 4.33 (CI: 1,32-14.24)1 

 Études prospectives 
� AHI ≧ 20 � HR 2,86 (CI: 1.1-7.4)2  

� HR 1.97 (CI: 1,12-3,48)3 

� Relation linéaire entre AHI et risque d’AVC 

1Arzt et al., 2005 
2 Redline et al., 2010 
3Yaggi et al. 2005 



Prévalence d’apnée dans l’AVC 

Patients victimes d’AVC/ICT1 

� AHI >5/h �72% des patients 

� AHI >10/h � 63% des patients 

� AHI > 20/h � 38% des patients 

� Apnée centrale � 7% des patients 

1Johnson et al., 2010 
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SDB was primarily obstructive in nature, with only 7% of pa-
tients having primarily central apneas. SDB was more common 
in male patients, those with recurrent strokes and those with 
strokes of unknown etiology. SDB was less common among 
those with strokes of cardioembolic etiology. Other factors, in-
cluding stroke event type, patient location, timing, and testing 
methods after stroke, did not affect the percentage of patients 
with OSA.

The SDB frequency was high in stroke patients despite a rel-
atively low average BMI of 26.4 kg/m2. The frequency of OSA 
found in this study was very similar to rates found in a commu-
nity-based study of adults with age greater than 65 (62% with 
AHI > 10)36; however, it was significantly higher than the rates 
of OSA found in younger adults.4 This meta-analysis found a 
trend toward increasing average age in the study population 
being associated with increasing rates of SDB. Several of the 
individual studies reported a significant relationship between 
increasing age and OSA frequency.9,13,14,15,35 There are no studies 
of the frequency of OSA in stroke patients broken down by age 
groups. However, it is likely that younger stroke patients would 
have a higher OSA frequency than a similar aged non-stroke 
population.

This analysis found no significant difference between the dif-
ferent stroke types, although there was limited data on hemor-

tory of snoring (p < 0.001). The relative risk of snoring in SDB 
patients was 1.39.

DISCUSSION

This meta-analysis found that SDB is present in up to 72% 
of ischemic and hemorrhagic stroke and TIA patients. The 

Table 2—Percentage of patients with SDB by AHI cut-off 
points
Study & Year  > 5  > 10  > 20  > 30  > 40

Bassetti 1999 63
Bassetti 2006 58 31 17
Broadley 2007 58
Brown 2008 73
Cadhilac 2005 81 45 18 8
Disler 2002 61
Dziewas 2005 52
Dziewas 2007 51
Dziewas 2008 78
Dyken 1996 83 71 46 42 29
Harbison 2003 92 67 46
Herman 2007 58
Hsu 2006 50
Hui 2002 67 49 31
Iranzo 2002 62 46
Kaneko 2003 72
Martinez 2005 54
Mohsenin 1995
Nachtmann 2003 43 25
NorAdina 2006 93 79 39
Palombini 2006 76
Parra 2000 72 47 28 11
Rola 2007 66
Sandberg 2001 77 55 37 21 8
Selic 2005 69 29
Siccolli 2008 55
Turkington 2002 80 61 30
Wessendorf 2000 61 43 22
Wierzbicka 2006 63 40 21

Table 3—Percentage of stroke or TIA patients with SDB 
stratified by AHI

Cutpoint # Studies (# patients) % (95% CI)
AHI > 5 9 (908) 72 (60–81)
AHI > 10 24 (1980) 63 (58–68)
AHI > 20 15 (1405) 38 (31–46)
AHI > 30 10 (865) 29 (21–37)
AHI > 40 3 (318) 14 (7–25)
Central* 17 (1286) 7 (5–12)

*Percentage of patients who had primarily central apnea
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Figure 1—Forest plot of percentage of patients with AHI > 
10 with 95% confidence intervals.



Apnée et pronostic post AVC  

Apnée obstructive comorbide 

⬆ Durée de l’hospitalisation 

⬆ Durée de réadaptation 

⬆ Délirium 

⬆ Récurrence AVC/ICT 

⬆ Mortalité 

⬆ Dysthymie 

⬇ Pronostic fonctionnel 
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Apnée comme facteur de risque 
indépendant d’AVC 
� Hypertension 
� Non-dipping   

� Activation système R-A-A 

� Résistance à l’insuline 

� Obésité 

� ⬇ leptine/ ⬆ ghreline 

� Arythmies (FA) 
� Prévalence accrue chez apnéiques 

� Relation linéaire 

� Survenue facilitée en REM 

variability, and augmented blood pressure variability.102

There is extensive innervation of the cerebral vasculature
and the increased sympathetic nervous activity might perturb
cerebral autoregulation and blood flow predisposing to cere-
bral ischemia.103 In fact, increased sympathetic nervous ac-
tivity in subjects after a stroke is an independent predictor of
poor outcome at 12 months.104

Hypercoagulability. Hypercoagulability might predispose to
acute thrombosis and subsequent cerebrovascular events.105

Altered hypercoagulability occurs by a variety of mecha-
nisms in OSA106,107 and might peak during the night.108

Furthermore, treatment of OSA with CPAP is successful in
reducing coagulation markers.109

Patent foramen ovale. Cryptogenic strokes occur more
frequently in those with patent foramen ovale (PFO).110 The

reported prevalence of PFO in OSA is variable (26.9%-
68.8%), with 2 studies suggesting increased prevalence
compared with the general population.111,112 Most PFOs are
benign and not associated with shunting. In OSA the negative
intrathoracic pressure that occurs during apnea episodes leads
to increased venous return to the right heart which favours
right-to-left shunting.113 This is particularly evident in those
with obstructive apneas of long duration112 and might be
associated with more severe nocturnal oxygen desaturation.
The intermittent hypoxia associated with the obstructive
events might also cause pulmonary vasoconstriction, which
acutely increases the systolic transmural pulmonary artery
pressure, and contributes to right-to-left shunting.114 Theo-
retically, the combination of a PFO and OSA might predis-
pose to increased stroke risk, by potentially causing increased
right-to-left shunting and paradoxical embolism. It is recog-
nized that wake-up strokes are independently associated with
PFO-associated ischemic strokes115 and there is an increased
reported frequency of wake-up strokes in severe OSA115 giv-
ing credence to the role of PFO in those with OSA.

Stroke and CSA
CSA has been observed in patients with acute stroke where

the reported prevalence is approximately 6%-24%.100,116 The
stroke location associated with hypercapnic CSA is the nu-
cleus tractus solitarius region of the medulla responsible for
diaphragmatic function.117,118 Most recent studies have found
no relationship between the site, size or type of stroke, and the
presence of CSA.25,119 The CSA usually dissipates over time
in most cases. The presence of underlying occult cardiac
dysfunction might be present in a subset of patients.116 The
clinical significance of CSA in patients with stroke is unclear.

Conclusions
The significant burden of stroke on the individual and so-

ciety is undisputed. SA is frequent within the general and post-
stroke population. Current research provides a persuasive
rationalization of the connection between stroke and SA.
Ongoing research is imperative: (1) for the stratification and
phenotyping of individuals at greatest risk from SA and those in
whom treatment will be most critical; (2) to determine the
correct timing and modality of treatment; and (3) to under-
stand the interplay between vascular remodelling, neuro-
plasticity, and SA, particularly OSA. A more sophisticated,
personalized approach is required. Although conceding that
there are substantial knowledge gaps and further research is
required, strategies for comprehensive acute, chronic, and pre-
ventive care of stroke, should be complemented with evaluation
and screening for OSA and consideration given to treatment.
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dysfunction might be present in a subset of patients.116 The
clinical significance of CSA in patients with stroke is unclear.
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stroke population. Current research provides a persuasive
rationalization of the connection between stroke and SA.
Ongoing research is imperative: (1) for the stratification and
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Modifié de Balfors et al., 1994; Hendrikx et al., 2017 

Ten patients had a previous diagnosis of atrial fibrillation and three were new diagnoses.
Among patients with known atrial fibrillation, none had been treated with ablative therapy.

Atrial fibrillation occurred in 13 of 201 investigated patients (6.5%), and in 12 of 61 (20%)
men aged 60 years and older. The prevalence of atrial fibrillation increased with the severity of
sleep apnea, p = 0.038 (Fig 1).

All the patients with atrial fibrillation were men and they all had sleep apnea. Only one of
113 investigated patients younger than 60 had atrial fibrillation (0.9%), and 12 of 88 patients
older than 60 had sleep apnea (14%), p<0.000. Atrial fibrillation occurred in six of 17 patients
(35%) with concomitant central sleep apnea.

Table 1. Baseline characteristics.

Men [n, (%)] 138 (69)

Age [years, mean, SD] 56 ±12

Heart Failure [n, (%)] 9 (4.6)

Hypertension [n, (%)] 101 (51)

Diabetes mellitus [n, (%)] 20 (10)

Stroke/Transient Ischemic Attack [n, (%)] 6 (3.1)

Ischemic heart disease [n, (%)] 18 (9.2)

Body mass index [kg/m2, mean, SD] 30 ±5.4

Smoking [n, (%)] 16 (8.1)

doi:10.1371/journal.pone.0171575.t001

Fig 1. Prevalence of atrial fibrillation in relation to AHI. Prevalence of atrial fibrillation in relation to the severity
of sleep apnea measured as the apnea-hypopnea index (AHI). (P = 0.038 for the trend).

doi:10.1371/journal.pone.0171575.g001

Atrial fibrillation in sleep apnea

PLOS ONE | DOI:10.1371/journal.pone.0171575 February 8, 2017 4 / 9
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CPAP chez les patients victimes d’AVC 

Martinez-Garcia et al., 2012 
 
 

Efficacité 

� Études observationnelles et RC peu puissantes… 

� ⬆Récupération à 1 mois 

� ⬇ Mortalité et morbidité 

� ⬇ Événements cardio-vasculaires 

� ⬇ Récurrence AVC/AIT1 

� Étude observationnelle, N=189, suivi 7A 

� AHI ≧ 20 � HR=2,87 (CI: 1,11-7,11) 

� NNT=4,9 



Canadian Stroke Best Practice Recommendations: Mood, Cognition and Fatigue
Following Stroke practice guidelines, update 2015

Gail A. Eskes1, Krista L. Lanctôt2,3, Nathan Herrmann2,3, Patrice Lindsay3,4*, Mark Bayley3,5,
Laurie Bouvier6, Deirdre Dawson7, Sandra Egi8, Elizabeth Gilchrist9, Theresa Green10,
Gord Gubitz11, Michael D. Hill12, Tammy Hopper13, Aisha Khan14, Andrea King15, Adam Kirton16,
Paige Moorhouse15, Eric E. Smith12, Janet Green1, Norine Foley17, Katherine Salter17, and
Richard H. Swartz2,3 on behalf of the Heart Stroke Foundation Canada Canadian Stroke Best
Practices Committees

Every year, approximately 62 000 people with stroke and tran-
sient ischemic attack are treated in Canadian hospitals, and
the evidence suggests one-third or more will experience
vascular-cognitive impairment, and/or intractable fatigue,
either alone or in combination. The 2015 update of the Cana-
dian Stroke Best Practice Recommendations: Mood, Cognition
and Fatigue Module guideline is a comprehensive summary of
current evidence-based recommendations for clinicians in a
range of settings, who provide care to patients following
stroke. The three consequences of stroke that are the focus of
the this guideline (poststroke depression, vascular cognitive
impairment, and fatigue) have high incidence rates and signifi-
cant impact on the lives of people who have had a stroke,
impede recovery, and result in worse long-term outcomes.
Significant practice variations and gaps in the research evi-
dence have been reported for initial screening and in-depth
assessment of stroke patients for these conditions. Also of
concern, an increased number of family members and informal
caregivers may also experience depressive symptoms in the
poststroke recovery phase which further impact patient recov-
ery. These factors emphasize the need for a system of care that
ensures screening occurs as a standard and consistent compo-
nent of clinical practice across settings as stroke patients
transition from acute care to active rehabilitation and reinte-
gration into their community. Additionally, building system
capacity to ensure access to appropriate specialists for treat-
ment and ongoing management of stroke survivors with these
conditions is another great challenge.
Key words: depression, fatigue, guidelines, stroke, transient ischemic
attack, vascular cognitive impairment
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Dépistage 
� Dépister les symptômes d’apnée chez tous les patients avec 

AVC/AIT (évidence B) 

� Dépister l’apnée lors des visites de suivi avec les outils 
validés (évidence C) 

� S’il existe des symptômes suggestifs d’apnée: référer à un 
spécialiste du sommeil (évidence C) 

Prise en charge 

� Éviter les sédatifs (évidence B) 

� Thérapies positionnelles (évidence B) 

� Perte de poids (évidence B) 

� CPAP (évidence B) 

� App. dentaires (évidence B) 
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Each year in the United States, >690 000 adults experience 
an ischemic stroke.1 The enormous morbidity of ischemic 

stroke is the result of interplay between the resulting neuro-
logical impairment, the emotional and social consequences of 

that impairment, and the high risk for recurrence. An addi-
tional large number of US adults, estimated at 240 000, will 
experience a transient ischemic attack (TIA).2 Although a TIA 
leaves no immediate impairment, affected individuals have a 
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on the prevention of future stroke among survivors of ischemic stroke or transient ischemic attack. The guideline is 
addressed to all clinicians who manage secondary prevention for these patients. Evidence-based recommendations are 
provided for control of risk factors, intervention for vascular obstruction, antithrombotic therapy for cardioembolism, 
and antiplatelet therapy for noncardioembolic stroke. Recommendations are also provided for the prevention of recurrent 
stroke in a variety of specific circumstances, including aortic arch atherosclerosis, arterial dissection, patent foramen 
ovale, hyperhomocysteinemia, hypercoagulable states, antiphospholipid antibody syndrome, sickle cell disease, cerebral 
venous sinus thrombosis, and pregnancy. Special sections address use of antithrombotic and anticoagulation therapy after 
an intracranial hemorrhage and implementation of guidelines.   (Stroke. 2014;45:2160-2236.)
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Each year in the United States, >690 000 adults experience 
an ischemic stroke.1 The enormous morbidity of ischemic 

stroke is the result of interplay between the resulting neuro-
logical impairment, the emotional and social consequences of 

that impairment, and the high risk for recurrence. An addi-
tional large number of US adults, estimated at 240 000, will 
experience a transient ischemic attack (TIA).2 Although a TIA 
leaves no immediate impairment, affected individuals have a 

Abstract—The aim of this updated guideline is to provide comprehensive and timely evidence-based recommendations 
on the prevention of future stroke among survivors of ischemic stroke or transient ischemic attack. The guideline is 
addressed to all clinicians who manage secondary prevention for these patients. Evidence-based recommendations are 
provided for control of risk factors, intervention for vascular obstruction, antithrombotic therapy for cardioembolism, 
and antiplatelet therapy for noncardioembolic stroke. Recommendations are also provided for the prevention of recurrent 
stroke in a variety of specific circumstances, including aortic arch atherosclerosis, arterial dissection, patent foramen 
ovale, hyperhomocysteinemia, hypercoagulable states, antiphospholipid antibody syndrome, sickle cell disease, cerebral 
venous sinus thrombosis, and pregnancy. Special sections address use of antithrombotic and anticoagulation therapy after 
an intracranial hemorrhage and implementation of guidelines.   (Stroke. 2014;45:2160-2236.)
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Une étude de sommeil devrait être considérée pour les 
patients victime d’AIT ou AVC sur la foi de la prévalence 
élevée de l’apnée dans cette population (Classe IIb, Évidence B) 

Un traitement avec CPAP devrait être considéré vu les 
évidence grandissantes démontrant l’amélioration du 
pronostic (Classe IIb, Évidence B) 



Apnées obstructives du sommeil 

Snoring 

Tired 

Observed 

Apnea 

Blood Pressure 

 

BMI > 35 kg/m2 

Age > 50 yo 

Neck circumference 
 F > 41cm 
 M > 43cm 

Gender Male 

 

Questionnaire STOP-Bang 

 

1Guilleminaut et al.,1977 
2Habukawa et al., 2010,  
3Gagnadoux et al., 2014 
 

Risque SAOS élevé 
� STOP- Bang: ≥3  
� STOP:  ≥2 



Méthodes diagnostiques 

Polysomnographie (PSG) 

� Test en laboratoire 

� Méthode de référence 

� Quand le demander 

� Suspicion ASO légère 

� Suspicion d’autres troubles du sommeil 

� Enfant 

� 1500$ 



Méthodes diagnostiques 

Polygraphie cardiorespiratoire (PCRS) 
�  Test fait à domicile 

�  Examen diagnostic simplifié 

�  Quand le demander 

�  Probabilité d’AOS modérée-élevée 

�  Pas recommandé 
�  Comorbidité de sommeil ou affectant la SatO2 

�  Apnée centrale (IC, IRC) 

�  Suspicion AOS légère 

�  500$ 

Oxymétrie nocturne 
�  Rôle limité dans l’évaluation de l’AOS 

�  Utilisation diagnostique non appuyée par l’AASM   



 

 

LE SOMMEIL 

AVC et mouvements périodiques 
des jambes au cours du sommeil 

 
Négligeons-nous un facteur de risque 

vasculaire modifiable? 

Possiblement… 



MPJS 

�  Fortement associés au SJSR… 
     … mais non spécifique 

� Trouble comportemental sommeil paradoxal 

� Narcolepsie 

� Apnées du sommeil 

� Médication 

� insomnie 

� Sujets sains 

�  Marqueur d’une activité sympathique? 

 

SLEEP,  Vol.  29,  No.  9,  2006 1185

compared  with  both  the  “30  to  39  years”  and  “40  to  49  years”  age  
groups.  The   age-related   distribution   of   the  mean   PLMW   index  
(Figure  2)  yet  suggests  a  U-curve  evolution.

Movement Periodicity as a Function of Age

   The   distribution   of   IMI  was   influenced   by   age.   Figure   3   il-
lustrates   the  mean  of   the   individual  distributions  of  PLMS  IMI  
duration  per  age  group.  With  advancing  age,  the  PLMS  interval  
histograms  show  a  peak  between  15  and  35  seconds;;  no  peak  was  
observed  in  younger  subjects.  Figure  4  illustrates  the  mean  of  the  
individual  distributions  of  PLMW  IMI  duration  per  age  group.  A  
pattern  quite  different   from   that  of  PLMS  emerges.   In   fact,   the  
PLMW  interval  histograms  do  not  show  a  clear  peak  for  any  age  
group.  The  figure  rather  illustrates  an  important  number  of  small  
IMI  shorter  than  15  seconds,  especially  in  young  subjects,  which  
seems   to   reflect   spontaneous  motor   activity   rather   than  PLMW  
per  se.  

DISCUSSION

PLMS and PLMW Prevalence in Relationship With Age

   Because  the  present  study  included  a  wide  range  of  age  groups,  
it  allowed  us  to  evaluate  the  evolution  of  PLMS  from  young  chil-
dren  to  older  subjects.  As  expected,  the  PLMS  index  was  signifi-
cantly   correlated  with   age.  However,   Figure   1   presents   a  more  
precise  picture  of  PLMS  evolution  with  age.  In  fact,  the  presence  
of  PLMS  was  very  rare  before  the  age  of  40,  but  then  the  index  in-
creased  dramatically.  These  results  are  consistent  with  other  stud-
ies   reporting  a   low  prevalence  of  PLMS  in  children  and  a  high  
prevalence  in  middle-aged  and  older  subjects.  9-15  This  increase  in  
prevalence  is  probably  associated  with  the  decrease  of  D2  recep-
tors,  which  is  observed  in  healthy  humans  and  animals  with  ad-
vancing  age.23-24  Wong  and  coworkers23  have  indeed  demonstrated  
a  decrease  in  human  D2  receptors  more  marked  from  about  35  to  
40  years  of  age.  
   Several  studies  excluded  healthy  subjects  presenting  a  PLMS  
index  higher  than  5  or  10.  In  the  present  study,  the  mean  PLMS  
index  was  higher  than  10  for  the  “40  to  49  years”,  “50  to  59  years”  
and  “60  years  and  older”  groups.  We  can  thus  wonder  if  it  would  

be  more  appropriate  to  determine  different  criteria  based  on  the  
subjects’  age,  especially  because  PLMS  are  not  considered  to  in-
fluence  polysomnographic  sleep  parameters  in  healthy  subjects3,10,  
25,26  although  this  issue  still  remains  controversial.27-29
   During  wakefulness,  the  PLMW  index  seems  to  be  negatively  
correlated  with   age.  However,  when   the  mean   index   is   plotted  
for  each  age  group,  a  quite  different  pattern  appears.  The  PLMW  
index  was  higher  in  younger  subjects,  lower  in  middle-aged  sub-
jects,  and  slightly  increased  again  (although  it  failed  to  reach  sta-
tistical  significance)   in  older  subjects.  This   is  consistent  with  1  
study  published   in  an  abstract   form,   reporting  a  higher  PLMW  
index  in  healthy  children  than  in  teenagers.19  It  should  be  noted,  
however,  that  PLMW  were  not  studied  very  often  in  healthy  sub-
jects.  On  the  other  hand,  a  study  conducted  in  RLS  patients  re-
ported  an  increase  of  the  PLMW  index  with  age.18  It  is  possible  
that  the  evolution  of  PLMW  with  aging  is  different  in  healthy  and  
RLS  subjects.  However,  discrepancy  may  also  result  from  differ-
ences  in  samples.  The  mean  age  of  RLS  patients  in  that  study  was  
51  ±  10.8  years;;  consequently,  there  were  probably  no  children,  
teenagers,  or  young  adults   in   that   sample.   In   the  present   study,  
the  PLMW  index  was  actually  higher  in  older  age  groups.  In  fact,  
if  only  subjects  older   than  30  years  are  considered,   the  PLMW  
index  would  be  found  to  increase  significantly  with  age  (r  =  0.50;;  
p  =  .003).  

IMI as a Function of Age

   If  we  consider  the  IMI  histograms,  it  is  quite  clear  that  PLMS  
do  not  show  a  preferential  interval  in  younger  groups.  A  clear  peak  
in  IMI  becomes  obvious  only  for  the  last  3  age  groups,  namely:  
40   to   49   years,   50   to   59   years,   and   60   years   and   older.  These  
are  the  same  groups  presenting  a  mean  PLMS  index  higher  than  
10,  which  is  consistent  with  the  conclusion  that  younger  subjects  
do  not  present  typical  PLMS.  In  younger  subjects,  an  important  
number   of   small   IMI   during   sleep   can   be   observed,  which   are  
not  as  apparent  in  older  groups.  It  probably  means  that  children  
and   young   adults  move  more   often   in   their   sleep.   In   addition,  
results  of  the  present  study  show  that  movement  duration  during  
sleep   decreases  with   age.  Taken   together,   these   results   suggest  
that  young  healthy  subjects  present  longer  movements  with  small  

PLM  and  Age  in  Healthy  Subjects—Pennestri  et  al
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Figure   2—Mean   periodic   leg   movements   during   wakefulness  
(PLMW)  index  for  healthy  subjects  according  to  7  age  groups  (5-9  
y,  10-19  y,  20-29  y,  30-39  y,  40-49  y,  50-59  y,  and  60  y  and  older).  
Vertical  bars  represent  the  SEM.
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increase of the amplitude of BP responses with age
and with the duration of RLS.

Our results show a significant increase in SBP
and DBP in association with PLMS without conven-
tionally defined MA. However, the magnitude of BP
changes was greater when PLMS were associated
with MA, and increased with duration of MA, while
appearing independent of PLMS characteristics.
This implies that the intensity of cardiovascular re-
sponse might be related to the degree of central acti-
vation and less to the somatomotor response. These
findings are congruent with the hypothesis that leg
movements are part of the same periodic activation
process that is responsible for cardiovascular and
EEG changes during sleep.26 Furthermore, they are
in agreement with the theory that there exists a
hierarchically organized arousal response system, in-
volving both central and autonomic functions in a
continuum, where higher levels of brainstem stimu-
lation might lead to more intense cortical and auto-
nomic responses.

Another factor influencing BP responses related to
PLMS-noMA is the exercise pressor reflex. However,

in a subset of eight subjects, we observed BP changes
associated with PLMS-noMA to be greater than
those associated with PLMW, i.e., in the absence of
arousal from sleep (figure 3). SBP increments associ-
ated with PLMS-noMA were also greater than those
evoked by 5 seconds of dynamic muscle passive
stretches (2 mm Hg) or by active contractions (6 mm
Hg) in healthy subjects.27 Thus, the exercise pressor
reflex, while potentially contributing to the cardio-
vascular changes associated to PLMS, cannot ex-
plain the overall phenomenon.

The magnitude of PLMS-related BP response in-
creased with age. Aging is associated with complex
changes in the cardiovascular system and its auto-
nomic regulation.28 These changes are reflected in
enhanced basal central sympathetic drive,29 blunted
HR responsiveness,30 and enhanced arterial BP re-
sponsiveness to sympathetic stimuli,31,32 to name a
few. Previous studies have documented a greater BP
reactivity elicited by mental stressors (in laboratory
and in response to daily life stimuli) in older vs
younger normal subjects,31,32 contrary to the HR re-
sponse, which appears blunted.30 A previous study

Figure 1. Periodic leg movements dur-
ing sleep–related beat-to-beat blood
pressure, electrocardiogram, and EEG
signals, presented in a compact window
(A), and wider temporal window (B).
The portion of signals shown in (B) rep-
resents the temporal window used for
the analyses. (C) The corresponding
measurements of systolic blood pres-
sure, diastolic blood pressure, and
heart rate.
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SUMMARY
A growing number of studies from a range of different countries have
observed an association between sleep duration and cardiovascular
disease. The objective of this paper was to examine the associations
between sleep duration and prevalent cardiovascular disease in a large
sample of Australian adults, and identify the sociodemographic and
health-related factors moderating these associations. Participants
included 218 155 Australian adults aged 45 years and over. The results
indicated that 6 h versus 7 h sleep was associated with increased odds
of heart disease [odds ratio (OR) = 1.11 (1.06–1.17)], diabetes
[OR = 1.15 (1.09–1.22)], stroke [OR = 1.25 (1.14–1.38)] and high blood
pressure [OR = 1.08 (1.04–1.11)]. Long sleep (‡9 h sleep) was also
related to elevated odds of heart disease [OR = 1.14 (1.09–1.19)],
diabetes [OR = 1.25 (1.19–1.31)], stroke [OR = 1.50 (1.38–1.62)] and
high blood pressure [OR = 1.04 (1.01–1.08)] compared to 7 h sleep.
Some of these relationships varied by age, and were not evident in adults
aged 75 years and over. The magnitude of some associations varied
significantly by body mass index, smoking and physical activity. These
findings provide further insight into the nature of the relationship between
sleep and cardiovascular health.

INTRODUCTION

Cardiovascular disease (CVD) is one of the leading causes of
morbidity and mortality in developed countries, and is
expected to become increasingly common (WHO, 2000).
Smoking, obesity, high-fat diets and physical inactivity are
established behavioural risk factors for CVD (WHO, 2000).
Recent research has also identified relationships between
sleep duration and CVD, which may have implications for
further understanding behavioural contributors to CVD. Short
sleep (i.e. £ 6 h sleep a night) has been associated with
hypertension (Gangwisch et al., 2006; Gottlieb et al., 2006),
stroke (Sabanayagam and Shankar, 2010), myocardial
infarction (Ayas et al., 2003; Sabanayagam and Shankar,
2010), diabetes (Spiegel et al., 2005) and mortality from
coronary heart disease (Ikehara et al., 2009; Shankar et al.,
2008). Long sleep (‡9 h sleep a night) has also been linked

with a variety of cardiovascular outcomes including hyper-
tension (Gangwisch et al., 2006), stroke (Sabanayagam and
Shankar, 2010) and cardiovascular mortality (Cappuccio
et al., 2011).
Existing studies have examined the associations between

sleep duration and CVD in a range of countries including the
United States, Germany, the Netherlands, Singapore, Japan,
and the United Kingdom (Cappuccio et al., 2011). However,
there have been some inconsistencies in the results of these
studies, perhaps reflecting lack of statistical power (espe-
cially for outcomes such as stroke) or differences in the types
of confounding variables controlled. Furthermore, few studies
have examined in detail whether the associations between
sleep duration and cardiovascular conditions vary according
to sociodemographic factors such as age and sex, obesity or
health behaviours which are associated with sleep duration
and CVD risk (Sabanayagam and Shankar, 2010). Thus, the
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Abstract

Data relating habitual sleep duration to the risk of silent or overt stroke are sparse. We tested the hypothesis that short
duration of sleep is associated with increased risk of silent cerebral infarct (SCI) and stroke events in hypertensive patients.
We performed ambulatory BP monitoring in 1268 hypertensives (mean age: 70.4 years) and followed them for 50 months.
Brain MRI was performed in 932 of these subjects for the assessment of SCI, and these subjects were analyzed in this study.
Cox proportional hazard models were used to calculate the hazard ratios (HR) of sleep-duration-associated risk for
cardiovascular events while controlling for significant covariates. In multivariable Cox regression analysis, a sleep duration
<7.5 h was independently associated with the risk of stroke (HR ¼ 2.21; P ¼ 0.003). The presence of SCI was also associated
with stroke events (HR ¼ 2.60; P ¼ 0.005). When the subjects were divided into an SCI(þ) group and SCI(#) group, the
short sleep duration was a significant predictor for incident stroke only in the SCI(þ) group (HR ¼ 2.52; P ¼ 0.001). Shorter
sleep duration was an independent risk for future incidence of stroke events in hypertensive patients, especially those with
SCIs. J Am Soc Hypertens 2010;4(5):255–262. ! 2010 American Society of Hypertension. All rights reserved.
Keywords: Sleep; duration of sleep; stroke; hypertension; silent cerebral infarct.

Introduction

Sleep disorders have been shown to be related to various
types of diseases. Self-reported sleep time, especially short
sleep duration, has been shown to be associated with
cardiovascular risk factors, such as hypertension,1 dia-
betes,2 obesity,3 and metabolic syndrome.4 Short sleep
duration has also been associated with coronary events5–8

and cardiovascular events.9 In contrast, long duration of
sleep has been reported to be associated with coronary
events,6 stroke events,5,10 and death from stroke.8 However,

it is not established whether short or long duration of sleep
is associated with future incidence of stroke, and in general,
the mechanisms of the above associations are not well
understood.

Recently, we have shown that short duration of sleep was
associated with cardiovascular events, and the combination
of a riser pattern (in which the average nighttime blood
pressure exceeds the daytime blood pressure) and short
duration of sleep was strongly predictive of future cardio-
vascular disease (CVD), independent of ambulatory BP
levels.9 However, in this article and others, the extent of
target organ damage was not taken into account because
of the epidemiological nature of the study design. Silent
cerebral infarct (SCI) is an established risk for future inci-
dence of stroke,11 but its relationship with sleep duration
has never been studied. Our hypotheses in the present study
were that short sleep duration is associated with incident
stroke, and the presence of SCI has some interaction with
sleep duration and the incidence of stroke. We performed
this study to clarify these issues.
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s u m m a r y

Approximately 27e37% of the general population experience prolonged sleep duration and 12e16%
report shortened sleep duration. However, prolonged or shortened sleep duration may be associated
with serious health problems.

A comprehensive, flexible, non-linear meta-regression with restricted cubic spline (RCS) was used to
investigate the doseeresponse relationship between sleep duration and all-cause mortality in adults.

Medline (Ovid), Embase, EBSCOhostdPsycINFO, and EBSCOhostdCINAHL Plus databases, reference
lists of relevant review articles, and included studies were searched up to Nov. 29, 2015. Prospective
cohort studies investigating the association between sleep duration and all-cause mortality in adults
with at least three categories of sleep duration were eligible for inclusion.

We eventually included in our study 40 cohort studies enrolling 2,200,425 participants with 271,507
deaths. A J-shaped association between sleep duration and all-cause mortality was present: compared
with 7 h of sleep (reference for 24-h sleep duration), both shortened and prolonged sleep durations were
associated with increased risk of all-cause mortality (4 h: relative risk [RR] ¼ 1.05; 95% confidence in-
terval [CI] ¼ 1.02e1.07; 5 h: RR ¼ 1.06; 95% CI ¼ 1.03e1.09; 6 h: RR ¼ 1.04; 95% CI ¼ 1.03e1.06; 8 h:
RR ¼ 1.03; 95% CI ¼ 1.02e1.05; 9 h: RR ¼ 1.13; 95% CI ¼ 1.10e1.16; 10 h: RR ¼ 1.25; 95% CI ¼ 1.22e1.28;
11 h: RR ¼ 1.38; 95% CI ¼ 1.33e1.44; n ¼ 29; P < 0.01 for non-linear test). With regard to the night-sleep
duration, prolonged night-sleep duration was associated with increased all-cause mortality (8 h:
RR ¼ 1.01; 95% CI ¼ 0.99e1.02; 9 h: RR ¼ 1.08; 95% CI ¼ 1.05e1.11; 10 h: RR ¼ 1.24; 95% CI ¼ 1.21e1.28;
n ¼ 13; P < 0.01 for non-linear test). Subgroup analysis showed females with short sleep duration a day
(<7 h) were at high risk of all-cause mortality (4 h: RR ¼ 1.07; 95% CI ¼ 1.02e1.13; 5 h: RR ¼ 1.08; 95%
CI ¼ 1.03e1.14; 6 h: RR ¼ 1.05; 95% CI ¼ 1.02e1.09), but males were not (4 h: RR ¼ 1.01; 95% CI ¼ 0.96
e1.06; 5 h: RR ¼ 1.02; 95% CI ¼ 0.97e1.08; 6 h: RR ¼ 1.02; 95% CI ¼ 0.98e1.06).

Abbreviations: BMI, body mass index; CIs, confidence intervals; HRs, hazard ratios; MOOSE, meta-analysis of observational studies in epidemiology; NOS, New-
castleeOttawa Scale; RRs, relative risks; RCS, restricted cubic spline.
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ABSTRACT

Background: Few studies have assessed the associations between sleep duration and stroke subtypes. We
examined whether sleep duration is associated with mortality from total stroke, ischemic stroke, and hemorrhagic
stroke in a population-based cohort of Japanese men and women.
Methods: Subjects included 12 875 men and 15 021 women aged 35 years or older in 1992, who were followed
until 2008. The outcome variable was stroke death (ischemic stroke, hemorrhagic stroke, and total stroke).
Results: During follow-up, 611 stroke deaths (354 from ischemic stroke, 217 from hemorrhagic stroke, and 40 from
undetermined stroke) were identified. Compared with 7 h of sleep, ≥9 h of sleep was significantly associated with an
increased risk of total stroke and ischemic stroke mortality after controlling for covariates. Hazard ratios (HRs) and
95% confidence intervals (CIs) were 1.51 (95% CI, 1.16–1.97) and 1.65 (95% CI, 1.16–2.35) for total stroke
mortality and ischemic stroke mortality, respectively. Short sleep duration (≤6 h of sleep) was associated with a
decreased risk of mortality from total stroke (HR 0.77; 95% CI, 0.59–1.01), although this association was of
borderline significance (P = 0.06). The trends for total stroke and ischemic stroke mortality were also significant
(P < 0.0001 and P = 0.0002, respectively). There was a significant risk reduction of hemorrhagic stroke mortality for
≤6 h of sleep as compared with 7 h of sleep (HR 0.64; 95% CI, 0.42–0.98; P for trend = 0.08). The risk reduction was
pronounced for men (HR 0.31; 95% CI, 0.16–0.64).
Conclusions: Data suggest that longer sleep duration is associated with increased mortality from total and ischemic
stroke. Short sleep duration may be associated with a decreased risk of mortality from hemorrhagic stroke in men.

Key words: sleep duration; cardiovascular; stroke; ischemic stroke; cohort studies

INTRODUCTION

Stroke is one of the main causes of death in Western countries
and in the Asia-Pacific region, including Japan. In particular,
ischemic stroke accounts for more than 70% of all stroke cases
in Western countries and about 74% of cases in Japan.1

Compared with the incidence of myocardial infarction, the
incidence of stroke is high in Japan,2 and stroke is a disease
that causes many to become bedridden. Because it generates a
high burden and societal cost, effective primary preventive
strategies are needed.3 Besides the established risk factors,
such as age, hypertension,4,5 diabetes,6,7 dyslipidemia,8

smoking,9 and atrial fibrillation,10 environmental and lifestyle
factors might play an important role in the etiology of strokes.

Several previous studies have suggested an association
between sleep duration and cardiovascular disease (CVD),
including stroke.11–22 A meta-analysis by Cappuccio et al23

reported that both short and long sleep durations were
associated with increased incidence or mortality of stroke;
hazard ratios (HRs) were 1.15 (95% confidence interval [CI],
1.00–1.37) for short sleep durations and 1.65 (95% CI,
1.45–1.87) for long sleep durations. However, the number of
component studies was small (n = 5). Furthermore, studies
on the subtypes of stroke are also scarce.20,24,25

Therefore, we investigated whether sleep duration is
associated with total stroke and subtypes of stroke in a
cohort of Japanese men and women (the Takayama cohort
study).26
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a b s t r a c t

Objectives: Suboptimal sleep duration has been considered to increase the risk of stroke incidence. Thus
we aimed to conduct a doseeresponse meta-analysis to examine the association between sleep duration
and stroke incidence.
Methods: We searched PubMed, Web of science and the Cochrane Library to identify all prospective
studies evaluating the association of sleep duration and nonfatal and/or fatal stroke incidence. Then,
restricted cubic spline functions and piecewise linear functions were used to evaluate the nonlinear and
linear doseeresponse association between them.
Results: We included a total of 16 prospective studies enrolling 528,653 participants with 12,193 stroke
events. Nonlinear doseeresponse meta-analysis showed a J-shaped association between sleep duration
and total stroke with the lowest risk observed with sleeping for 7 h. Considering people sleeping for 7 h
as reference, long sleepers had a higher predicted risk of total stroke than short sleepers [the pooled risk
ratios (95% confidence intervals): 4 h: 1.17 (0.99e1.38); 5 h: 1.17 (1.00e1.37); 6 h: 1.10 (1.00e1.21); 8 h:
1.17 (1.07e1.28); 9 h: 1.45 (1.23e1.70); 10 h: 1.64 (1.4e1.92); pnonlinearity<0.001]. Short sleep durations
were only significantly associated with nonfatal stroke and with total stroke in the subgroups of
structured interview and non-Asian countries. Additionally, we found a slightly decreased risk of
ischemic stroke among short sleepers. For piecewise linear trends, compared to 7 h, every 1-h increment
of sleep duration led to an increase of 13% [the pooled risk ratios (95% confidence intervals): 1.13 (1.07
e1.20); p < 0.001] in risk of total stroke.
Conclusion: Both in nonlinear and piecewise linear doseeresponse meta-analyses, long sleep duration
significantly increased the risk of stroke incidence.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Stroke is the second-leading cause of death and a leading cause
of disability worldwide [1]. The Global Burden of Disease (GBD)
2013 study showed that, in 2013, there were globally almost
25.7million stroke survivors; over the 1990e2013 period, there
was a statistically significant increase in the absolute number of
disability adjusted life years (DALYs) due to ischemic stroke (IS),

and deaths, survivors and incident events of as a result of both IS
and hemorrhagic stroke [2]. Therefore, it is important to look for
the risk factors of stroke, especially those that can be ameliorated
by modified lifestyles.

Sleep, an important role in human life, takes up approximately
one-third of our lifetime. An optimal sleep duration (7e8 h) predicts
fewer deaths [3]. In recent decades, suboptimal sleep duration was
widely demonstrated to be associated with bad health outcomes
such as obesity, diabetes, metabolic syndrome and hypertension
which are risk factors of stroke [4e7]. Thus, accumulating epide-
miological studies have begun to investigate whether habitual sleep
duration is related to stroke. Several primary studies have put for-
ward a curvilinear relationship between sleep duration and stroke
[8,9], where both short and long sleep duration led to an increase in
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Background: Numerous studies have suggested the relationship between sleep duration and risks of stroke
mortality and morbidity, however, the effect estimates varied substantially across studies and it remains
unknown how many hours of habitual sleep are associated with the lowest risk of stroke outcomes. Therefore,
we performed a dose–response meta-analysis of prospective cohort studies to evaluate the relation of sleep
duration with risk of total mortality and stroke events.
Methods: PubMed and Embase databases were searched through January 2016, and multivariate-adjusted
relative risks were pooled by using fixed-effects models. Semiparametric and dose–response methods were
used to assess the relationship of sleep duration and risk of stroke and stroke mortality.
Results: Eleven articles with 16 independent reports were included in our meta-analysis. An approximate
J-shaped relationship was detected between sleep duration and risk of stroke and stroke mortality. No evidence
of a curve linear relationship was seen between sleep duration and risk of stroke or stroke mortality. Compared
with 7-h sleep duration per day, the pooled relative risks for stroke events were 1.07 (95% CI 1.02–1.12) for each
1-h shorter sleep duration among individuals who slept b7 h per day and 1.17 (1.14–1.20) for each 1-h increase
of sleep duration among individuals with longer sleep duration and the pooled RR for stroke mortality was 1.17
(95% CI 1.13–1.20) per 1-h increase of sleep duration.
Conclusions: Both short and long duration of sleep are predictors of stroke outcomes, and long sleep duration is
significant marker of stroke mortality.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Stroke is the third commonest cause of death and a major public-
health burden worldwide, which caused 3% of the world's disability
burden in 1990. By 2020, stroke mortality will have almost doubled [1,
2]. Stroke is also a main cause of death in developed countries, and it
is expected to become a rising health problem in developing countries
as well. Given the severe consequences and accompanying burden,
recognition of risk factors may have a significant role in preventing
the incidence of stroke, and sleep duration has long been considered
as a main contributing factor to the risk of stroke.

Increasing numbers of prospective studies have suggested that sleep
duration are associated with stroke and a meta-analysis by Cappuccio
et al. [3] reported that both short and long sleep durations were

associated with increased stroke events. However, the number of
included studies was small, and the dose–response analysis was not
conducted. Since 2010, the number of prospective studies with enough
quantitative categories has rapid increased [4–14]. Therefore, we
conducted a dose–response meta-analysis of prospective studies to
describe the relationship between sleep duration and risk of stroke
events and stroke mortality.

2. Methods

2.1. Search strategy and selection criteria

In accordance with the PRISMA guidelines [15], we identified published studies
through PubMed and Embase from inception to January 29, 2016, with the following
search terms without restriction: (cardiovascular diseases[MeSH] or stroke[MeSH]) and
sleep. In addition,we searched the reference lists of all identified relevant original publica-
tions and relevant reviews.

Studies were identified on the basis of predefined inclusion criteria: the study design
was prospective, the exposure of interest was sleep duration, the outcome was stroke or
stroke mortality, and the investigators reported relative risks (RRs) with 95% CIs for at
least three quantitative categories of short sleep or long sleep duration. Additionally,
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Stroke is a leading cause of death and disability worldwide. While various risk factors 
have been identified, sleep has only been considered a risk factor more recently. Various 
epidemiologic studies have associated stroke with sleep such as sleep duration, and 
laboratory and clinical studies have proposed various underlying mechanisms. The 
pathophysiology is multifactorial, especially considering sleep affects many common risk 
factors for stroke. This review aims to provide an outline of the effect of sleep duration 
on common stroke risk factors. Appropriate sleep duration, especially in patients who 
have stroke risk factors, and increasing awareness and screening for sleep quality may 
contribute to primary prevention of stroke.

Keywords: sleep, stroke, diabetes mellitus, hypertension, obesity, dyslipidemia, atrial fibrillation

INTRODUCTION

Every year, 15 million people worldwide suffer a stroke. Nearly six million die, and another five 
million are left permanently disabled (1). Stroke is defined by the World Health Organization as 
rapidly developing clinical signs of focal disturbance of cerebral function, lasting more than 24 h or 
leading to death with no apparent cause other than that of vascular origin (2). Stroke is the second 
leading cause of death and a leading cause of disability worldwide (3). Recently, it was estimated that 
the total financial cost of stroke in Australia is five billion dollars a year (4).

Numerous traditional risk factors have been identified for stroke, including hypertension, 
hypercholesterolemia, cigarette smoking, obesity, dyslipidemia, previous stroke(s) or transient 
ischemic attack, advanced age, diabetes mellitus, and atrial fibrillation (AF) (5–7). Yet, sleep has 
been associated with stroke only more recently. Various aspects of sleep have been explored, such as 
sleep duration, sleep quality, and sleep-related breathing disorders, with some being more heavily 
implicated than others. For example, sleep-related breathing disorders such as obstructive sleep 
apnea are significantly associated with wake-up stroke. This may be explained by nocturnal hypox-
emia, AF secondary to hypoxemia, and right-to-left shunt triggered by apnea events in patients with 
patent foramen ovale (8, 9).

While the consensus is the ideal amount of sleep for adults is 7 or more hours per night on a regular 
basis to promote optimal health (10), recent results from the 2016 Sleep Health Foundation national 
survey showed 12% of Australians sleep less than 5.5 h and 8% over 9 h (11). Studies have shown 
that insufficient or excessive sleep can be detrimental. In animal studies, sustained sleep deprivation 
was shown to reduce plasma thyroid hormone to severely low levels, reduce resistance to infection, 
cause a deep negative energy balance, and decrease cerebral function (12, 13). In clinical studies, 
insufficient and excessive sleep is associated with increased cardiovascular events, including stroke 
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factors for stroke. This review aims to provide an outline of the effect of sleep duration 
on common stroke risk factors. Appropriate sleep duration, especially in patients who 
have stroke risk factors, and increasing awareness and screening for sleep quality may 
contribute to primary prevention of stroke.
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INTRODUCTION

Every year, 15 million people worldwide suffer a stroke. Nearly six million die, and another five 
million are left permanently disabled (1). Stroke is defined by the World Health Organization as 
rapidly developing clinical signs of focal disturbance of cerebral function, lasting more than 24 h or 
leading to death with no apparent cause other than that of vascular origin (2). Stroke is the second 
leading cause of death and a leading cause of disability worldwide (3). Recently, it was estimated that 
the total financial cost of stroke in Australia is five billion dollars a year (4).

Numerous traditional risk factors have been identified for stroke, including hypertension, 
hypercholesterolemia, cigarette smoking, obesity, dyslipidemia, previous stroke(s) or transient 
ischemic attack, advanced age, diabetes mellitus, and atrial fibrillation (AF) (5–7). Yet, sleep has 
been associated with stroke only more recently. Various aspects of sleep have been explored, such as 
sleep duration, sleep quality, and sleep-related breathing disorders, with some being more heavily 
implicated than others. For example, sleep-related breathing disorders such as obstructive sleep 
apnea are significantly associated with wake-up stroke. This may be explained by nocturnal hypox-
emia, AF secondary to hypoxemia, and right-to-left shunt triggered by apnea events in patients with 
patent foramen ovale (8, 9).

While the consensus is the ideal amount of sleep for adults is 7 or more hours per night on a regular 
basis to promote optimal health (10), recent results from the 2016 Sleep Health Foundation national 
survey showed 12% of Australians sleep less than 5.5 h and 8% over 9 h (11). Studies have shown 
that insufficient or excessive sleep can be detrimental. In animal studies, sustained sleep deprivation 
was shown to reduce plasma thyroid hormone to severely low levels, reduce resistance to infection, 
cause a deep negative energy balance, and decrease cerebral function (12, 13). In clinical studies, 
insufficient and excessive sleep is associated with increased cardiovascular events, including stroke 

Limitations majeures! 

� Durée de sommeil auto-rapportée 

� Comorbidités � sous-estimation du temps de sommeil 

� Bons dormeurs � sur-estimation du temps de sommeil 

� Durée du sommeil � quelque peu réducteur 
� Durée vs qualité du sommeil 

� Besoins de sommeil: différences interindividuelles importantes 
� Courts vs longs dormeurs 



Questions 


