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Conclusions 

• Sleeping less than six hours or waking up several times in the night (fragmented 
sleep) is associated with an increased risk of asymptomatic atherosclerosis. 

 

• Prevalence of metabolic syndrome is directly associated with abnormal sleep 
patterns, which depicts a population with unhealthier habits. 

 



 Some evidence suggests that short and long sleep duration, as well as poor quality of sleep, 
are associated with an increased risk of cardiovascular disease 
 

 However, large studies evaluating objectively measured sleep parameters and subclinical 
atherosclerosis assessed by multimodality imaging approach are still lacking.   
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Background 



PESA baseline cohort = 4184 

No actigraphic recording 
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Sleep duration groups: 
 VSSD (<6h): n= 1071 
 SSD (6-7h): n= 1521 
 RSD (7-8h, reference): n= 1222  
 LSD (>8h): n=160 

n= 3974 

 
Sleep fragmentation groups: 
     n=774-787 in each quintile 
 Quintile 5 (more fragmented)  
 Quintile 1 (less fragmented, reference) 

 
 

Main objective:  
To evaluate the association of actigraphy-
measured sleep parameters with 
asymptomatic atherosclerosis in a large 
population included in the PESA study.  

Purpose and key points about methods 



Sleep is not adequately quantified 
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Results 



BACKGROUND:		Both	short	and	long	sleep	duration,	as	well	as	poor	quality	of	sleep	have	been	associated	with	an	increased	risk	of	cardiovascular disease.	However,	large	studies	evaluating	objectively	measured	sleep	parameters	and	subclinical	atherosclerosis	assessed	by	
multimodality	imaging	approach	are	still	lacking.	

OBJECTIVES:	To	evaluate	the	association	of	actigraphy-measured	sleep	parameters	with	subclinical	atherosclerosis	in	a	large	asymptomatic	middle-aged	population	included	in	the	PESA	(Progression	of	Early	Subclinical	Atherosclerosis)	study.	Moreover,	to	investigate	possible	
interactions	between	sleep	parameters	and	conventional	risk	factors,	psychosocial	characteristics,	dietary	habits,	inflammatory	and	aging	markers.	

RESULTS:		Increased	age,	higher	systolic	and	diastolic	blood	pressure	hypertension,	body	mass	index,	lower	HDL	cholesterol,	and	metabolic	syndrome	(MetS)	were	
significantly	more	prevalent	in	participants	with	VSSD	or	SSD	compared	to	RSD	(7-8h)	(Figure	2).	Similar	to	VSSD	and	SSD,	participants	in	the	higher	quintile	for	sleep	
fragmentation	were	significantly	older	and	had	an	increased	prevalence	of	smoking	and	hypertension.

3DVUS	in	carotid	and	femoral	territories	was	available	for	analysis	in	3804	participants.	When	adjusted	for	age,	gender,	moderate	to	vigorous	physical	activity	(MVPA),	
BMI,	smoking	status,	alcohol	consumption,	systolic	blood	pressure,	education	level,	fasting	glucose,	total	cholesterol,	total kcal	per	day,	marital	status,	CES-D,	PSS	and	
modified	STOP-BANG	questionnaire	scores	,	sleep	duration	below	6	h	was	independently	associated	with	a	higher	atherosclerotic	burden	territories	measured	with	3D	VUS	
compared	to	reference	group	(OR:	1.27,	CI	95%:	1.00-1.42;	p=0.008).	Participants	with	a	more	fragmented	sleep	(Quintile	5;	FI:	7.39-43.43)	also	presented	a	higher	risk	
towards	more	affected	territories	(adjusted	OR:	1.34,	CI	95%:	1.09-1.64;	p=0.006)	(Figure	3).	

Coronary	calcification	was	not	independently	associated	with	sleep	parameters	(Coronary	CT	was	available	for	analysis	in	3899	participants).	
No	differences	were	observed	regarding	inflammation	and	aging	biomarkers	(telomere	length)	and	sleep	parameters.	

CONCLUSIONS:	

ü ACTIGRAPHY MEASURED VSSD AND FRAGMENTED SLEEP ARE ASSOCIATED WITH AN INCREASED
RISK OF NONCORONARY ATHEROSCLEROSIS AND A HIGHER PREVALENCE OF METS .

ü THESE FINDINGS SHOW THAT SLEEP IS ASSOCIATED WITH CARDIOVASCULAR HEALTH AND
SUGGEST THAT THE MODIFICATION OF ABNORMAL SLEEP PATTERNS MAY CONTRIBUTE TO THE
REDUCTION OF THE BURDEN OF CARDIOVASCULAR DISEASES.
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Figure	2:	Prevalence of	metabolic syndrome according to	sleep	duration	and	fragmentation
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Association	of	actigraphy-measured	sleep	parameters	and	subclinical	atherosclerotic	burden:	the	PESA	study

METHODS:	A	total	of	3974	PESA	study	participants	(mean	age	45.8	± 4.3;	62.6%	men;	study	flowchart	in	Figure	1)	underwent	actigraphic	recording	during	one	week	.	Additionally,	participants	completed	the	Sleep	Habits	Questionnaire
Four	groups	were	defined	according	to	sleep	duration:	Very-short	sleep	duration	(VSSD)	<6	hours,	short	sleep	duration	(SSD):	6-7	hours;	reference	sleep	duration	(RSD):	7-8	hours	and	long	sleep	duration	(LSD):	>8h.	Sleep	fragmentation	index	(SFI)	was	defined	as	the	sum	of	the	
movement	index	(MI)	and	fragmentation	index	(FI).	Carotid	and	femoral	3D	vascular	ultrasound	(3DVUS)	and	cardiac	computed	tomography	(CT)	were	performed	to	quantify	noncoronary	atherosclerosis	and	coronary	calcification.	

Figure	3 Forest	plots	showing	the	odds	ratios	and	confidence	intervals	of	total	plaque	burden	measured	by	3D	echo	(carotid	and	femoral	territories)	and	affected	territories	in	the	different	groups	
according	to	actigraphic	sleep	duration	and	fragmentation	compared	to	the	reference	group	(7-8	hours	of	sleep,	quintile	1). Bold	font: Statistically	significant	after	adjusting	for	multiple	comparisons	

(Benjamini-Hochfeld procedure).	
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BACKGROUND:		Both	short	and	long	sleep	duration,	as	well	as	poor	quality	of	sleep	have	been	associated	with	an	increased	risk	of	cardiovascular disease.	However,	large	studies	evaluating	objectively	measured	sleep	parameters	and	subclinical	atherosclerosis	assessed	by	
multimodality	imaging	approach	are	still	lacking.	

OBJECTIVES:	To	evaluate	the	association	of	actigraphy-measured	sleep	parameters	with	subclinical	atherosclerosis	in	a	large	asymptomatic	middle-aged	population	included	in	the	PESA	(Progression	of	Early	Subclinical	Atherosclerosis)	study.	Moreover,	to	investigate	possible	
interactions	between	sleep	parameters	and	conventional	risk	factors,	psychosocial	characteristics,	dietary	habits,	inflammatory	and	aging	markers.	

RESULTS:		Increased	age,	higher	systolic	and	diastolic	blood	pressure	hypertension,	body	mass	index,	lower	HDL	cholesterol,	and	metabolic	syndrome	(MetS)	were	
significantly	more	prevalent	in	participants	with	VSSD	or	SSD	compared	to	RSD	(7-8h)	(Figure	2).	Similar	to	VSSD	and	SSD,	participants	in	the	higher	quintile	for	sleep	
fragmentation	were	significantly	older	and	had	an	increased	prevalence	of	smoking	and	hypertension.

3DVUS	in	carotid	and	femoral	territories	was	available	for	analysis	in	3804	participants.	When	adjusted	for	age,	gender,	moderate	to	vigorous	physical	activity	(MVPA),	
BMI,	smoking	status,	alcohol	consumption,	systolic	blood	pressure,	education	level,	fasting	glucose,	total	cholesterol,	total kcal	per	day,	marital	status,	CES-D,	PSS	and	
modified	STOP-BANG	questionnaire	scores	,	sleep	duration	below	6	h	was	independently	associated	with	a	higher	atherosclerotic	burden	territories	measured	with	3D	VUS	
compared	to	reference	group	(OR:	1.27,	CI	95%:	1.00-1.42;	p=0.008).	Participants	with	a	more	fragmented	sleep	(Quintile	5;	FI:	7.39-43.43)	also	presented	a	higher	risk	
towards	more	affected	territories	(adjusted	OR:	1.34,	CI	95%:	1.09-1.64;	p=0.006)	(Figure	3).	

Coronary	calcification	was	not	independently	associated	with	sleep	parameters	(Coronary	CT	was	available	for	analysis	in	3899	participants).	
No	differences	were	observed	regarding	inflammation	and	aging	biomarkers	(telomere	length)	and	sleep	parameters.	

CONCLUSIONS:	

ü ACTIGRAPHY MEASURED VSSD AND FRAGMENTED SLEEP ARE ASSOCIATED WITH AN INCREASED
RISK OF NONCORONARY ATHEROSCLEROSIS AND A HIGHER PREVALENCE OF METS .

ü THESE FINDINGS SHOW THAT SLEEP IS ASSOCIATED WITH CARDIOVASCULAR HEALTH AND
SUGGEST THAT THE MODIFICATION OF ABNORMAL SLEEP PATTERNS MAY CONTRIBUTE TO THE
REDUCTION OF THE BURDEN OF CARDIOVASCULAR DISEASES.
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Figure	2:	Prevalence of	metabolic syndrome according to	sleep	duration	and	fragmentation
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Association	of	actigraphy-measured	sleep	parameters	and	subclinical	atherosclerotic	burden:	the	PESA	study

METHODS:	A	total	of	3974	PESA	study	participants	(mean	age	45.8	± 4.3;	62.6%	men;	study	flowchart	in	Figure	1)	underwent	actigraphic	recording	during	one	week	.	Additionally,	participants	completed	the	Sleep	Habits	Questionnaire
Four	groups	were	defined	according	to	sleep	duration:	Very-short	sleep	duration	(VSSD)	<6	hours,	short	sleep	duration	(SSD):	6-7	hours;	reference	sleep	duration	(RSD):	7-8	hours	and	long	sleep	duration	(LSD):	>8h.	Sleep	fragmentation	index	(SFI)	was	defined	as	the	sum	of	the	
movement	index	(MI)	and	fragmentation	index	(FI).	Carotid	and	femoral	3D	vascular	ultrasound	(3DVUS)	and	cardiac	computed	tomography	(CT)	were	performed	to	quantify	noncoronary	atherosclerosis	and	coronary	calcification.	

Figure	3 Forest	plots	showing	the	odds	ratios	and	confidence	intervals	of	total	plaque	burden	measured	by	3D	echo	(carotid	and	femoral	territories)	and	affected	territories	in	the	different	groups	
according	to	actigraphic	sleep	duration	and	fragmentation	compared	to	the	reference	group	(7-8	hours	of	sleep,	quintile	1). Bold	font: Statistically	significant	after	adjusting	for	multiple	comparisons	

(Benjamini-Hochfeld procedure).	
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Key messages 

• Sleep is an important factor influencing cardiovascular health  both short and 
fragmented sleep could have a role as markers of cardiovascular risk. 

 

• A good night´s sleep is important for cardiovascular health 
 Take steps to achieve good sleep hygiene: physical activity, avoid coffee / fatty foods before 

bedtime… 
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