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AbsTrACT
Objective there is controversy regarding the effect 
of napping on cardiovascular disease (cVD), with most 
studies failing to consider napping frequency. We aimed 
to assess the relationship of napping frequency and 
average nap duration with fatal and non- fatal cVD 
events.
Methods 3462 subjects of a swiss population based 
cohort with no previous history of cVD reported their 
nap frequency and daily nap duration over a week, 
and were followed over 5.3 years. Fatal and non- 
fatal cVD events were adjudicated. cox regressions 
were performed to obtain hrs adjusted for major 
cardiovascular risk factors and excessive daytime 
sleepiness or obstructive sleep apnoea.
results 155 fatal and non- fatal events occurred. 
We observed a significantly lower risk for subjects 
napping 1–2 times weekly for developing a cVD event 
(hr 0.52, 95% ci 0.28 to 0.95) compared with non- 
napping subjects, in unadjusted as well as adjusted 
models. the increased hr (1.67, 95% ci 1.10 to 2.55) 
for subjects napping 6–7 times weekly disappeared 
in adjusted models (hr 0.89, 95% ci 0.58 to 1.38). 
neither obstructive sleep apnoea nor excessive daytime 
sleepiness modified this lower risk. no association was 
found between nap duration and cVD events.
Conclusion subjects who nap once or twice per week 
have a lower risk of incident cVD events, while no 
association was found for more frequent napping or 
napping duration. nap frequency may help explain the 
discrepant findings regarding the association between 
napping and cVD events.

InTrOduCTIOn
Habitual daytime napping is a common practice 
worldwide.1 2 Whereas daytime napping has been 
consistently linked to overall mortality,1–3 the effect 
of napping on cardiovascular disease (CVD) remains 
unclear. A Greek cohort study found that habitual 
nappers have lower coronary mortality,4 and a 
Greek case control study found that nappers have 
a lower risk of coronary heart disease.5 In contrast, 
a case control study in Costa Rica,6 and three 
cohort studies in the USA,7 Japan8 and Germany,9 
all reported increased risk either for cardiac 
events6 9 or CVD mortality.7 8 Other studies found 
no association between habitual daytime napping 
and CVD.1–3 10 Only a few studies considered nap 
frequency and investigated the effect of irregular 
napping on CVD. Whereas the Greek cohort study 
found that irregular nappers (taking naps once or 
twice per week) had lower coronary mortality,4 no 

relationship between irregular nappers (<5 naps 
weekly) and cardiovascular mortality was found in 
the German cohort study.9

Nap duration was reported to be important with 
respect to CVD. A meta- analysis found a J curved 
dose–response relationship between nap duration 
and CVD.11 They further reported that subjects 
taking long naps (≥1 hour) had a higher risk for 
CVD compared with subjects taking no naps, while 
no association between short naps (<1 hour) and 
CVD was found.11 Interestingly, a J curved relation-
ship was also reported between nap duration and 
diabetes and metabolic syndrome.12 A large study 
(n=116 632) reported that, compared with non- 
nappers, the risk of CVD increased for subjects 
napping ≤1 hour and was highest for subjects 
napping >1 hour.13 In contrast, in the Greek cohort 
study, a lower risk for coronary mortality was 
found for subjects taking naps of any duration.4 
Apart from nap duration, night time sleep duration 
in combination with napping seems to play a role 
with respect to CVD. A study showed that daytime 
napping is associated with an increased risk of major 
CVD events in subjects with >6 hours of night time 
sleep but not in subjects sleeping ≤6 hours/night.13 
Contrarily, habitual nappers sleeping <6 hours/
night were at higher risk of CVD mortality than 
habitual nappers sleeping 6–8 hours/night.7

Most studies only distinguished between nappers 
and non- nappers1–3 5–8 10 or investigated the effect 
of nap duration4 9 11 13 on CVD, but did not take the 
frequency of napping into account. Further, most 
studies only focused on CVD mortality, and failed 
to assess the effect of napping on non- fatal CVD 
events. Thus we aimed to investigate the effect 
of nap frequency and average daily nap duration 
over a week on fatal and non- fatal CVD events in a 
population based cohort.

MeThOds
study population
CoLaus is a Swiss population based, observational, 
prospective cohort study investigating determinants 
of CVD.14 Between 2003 and 2006, a random 
sample of 6733 subjects (age range 35–75 years, 
52.5% women) living in the city of Lausanne, 
Switzerland (117 161 habitants) was drawn.14 The 
first follow- up was conducted between April 2009 
and September 2012 and included 5064 subjects; 
the second follow- up was conducted between May 
2014 and April 2017 (median follow- up time 5.3 
years after the first follow- up). As sleep and nap 
data were collected at the first follow- up onwards, 
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Figure 1 Exclusion procedure, CoLaus study, Lausanne, Switzerland, 
2009–2017.

the first follow- up will thereafter be designated the ‘baseline’, 
and the second follow- up as the ‘follow- up’.

The institutional ethics committee of the University of Laus-
anne, which afterwards became the Ethics Commission of 
Canton Vaud ( www. cer- vd. ch) approved the CoLaus study (refer-
ence 16/03, decisions on 13 January and 10 February 2003) and 
the approval was renewed for the follow- ups (reference 33/09, 
decision 23 February 2009; reference 26/14, decision 11 March 
2014). The study complies with the Declaration of Helsinki and 
written informed consent was obtained from all participants.

nap occurrence, frequency and duration
Naps were assessed by the validated Physical Activity Frequency 
Questionnaire14where subjects self- reported the frequency and 
duration of 70 types of activities (including napping) during the 
previous week. Napping was assessed by the item ‘Sieste ou repos 
au lit l’après- midi’ (nap or bed rest in the afternoon). Subjects 
were considered as nappers (as opposed to non- nappers) when 
they reported to have napped at least once during the previous 
week. Napping frequency was categorised into non- nappers, 1–2 
naps, 3–5 naps and 6–7 naps during the previous week. Nap 
duration was multiplied by how often subjects reported to be 
napping over a week and divided by 7. In order to be consistent 
with previous studies,11 13 we dichotomised the daily nap dura-
tion over a week into <1 hour and ≥1 hour.

sleep data
Sleep duration was assessed by the Pittsburgh Sleep Quality 
Index,15 in which subjects reported their average hours of sleep 
per night during the last month. Daytime sleepiness was assessed 
using the Epworth sleepiness scale16 and excessive daytime sleep-
iness was considered for a sum score ≥11.

Polysomnography was performed on a subsample of the 
cohort (42.7%), as described previously.17 The severity of 
obstructive sleep apnoea (OSA) was measured by the apnoea–
hypopnoea index (AHI) and categorised as none (AHI <5/
hour), mild (5 ≤AHI <15 events per hour of sleep), moderate 
(15 ≤AHI <30 events per hour of sleep) and severe (AHI ≥30 
events per hour of sleep).

Collection and adjudication of CVd events
All fatal and non- fatal CVD events occurring between base-
line and follow- up were adjudicated by a panel of independent 
experts, and the detailed procedure is described in the online 
supplementary file 1. For this study, we used a composite 
endpoint grouping all fatal and non- fatal CVD events (acute 
coronary syndromes and strokes, ischaemic heart disease). In the 
case of multiple CVD events, only the first one was considered 
in the analysis.

Covariates
Participants were invited to attend the outpatient clinic at the 
University Hospital of Lausanne, Switzerland, in the morning 
after overnight fasting for clinical assessment, blood sample 
collection and questionnaire completion. Body weight and height 
were measured using a calibrated scale and a vertical stadiometer, 
respectively (Seca, Hamburg, Germany). Body mass index (BMI) 
was calculated as weight in kg divided by the square of the partic-
ipant’s height in metres: overweight and obesity were defined 
as BMI ≥25–30 kg/m2and≥30 kg/m2, respectively. Systolic and 
diastolic blood pressures were evaluated in triplicate on the left 
arm at 5 min intervals with the participant seated and resting 
for at least 10 min using a calibrated automated oscillometric 

sphygmomanometer (Omron HEM-907, Matsusaka, Japan),18 
and the average of the last two measurements was considered 
for analysis. Hypertension was defined as systolic blood pres-
sure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, 
or current antihypertensive treatment. Glucose was quantified 
by colorimetric assays as previously described.14 Diabetes was 
defined as a fasting blood glucose level of ≥7 mmol/L or current 
antidiabetic treatment. Dyslipidaemia was defined as low density 
liporprotein cholesterol >4.9 mmol/L or current hypolipidaemic 
treatment. Depressive status was measured with the previously 
validated 20 item Centre for Epidemiologic Studies–Depression 
Scale questionnaire, and depressive status was considered for a 
score of at least 17 for men and 23 for women.19

Age, sex, educational attainment (low, middle, high) and 
smoking status (current, former/never) were assessed by question-
naire. Sedentary behaviour was assessed by the Physical Activity 
Frequency Questionnaire20 and defined as spending >90% of 
daily energy in activities below moderate and high intensity.21

statistical analyses
Statistical analyses were performed using STATA 15.1 (Stata- 
Corp, College Station, Texas, USA). Continuous variables 
are summarised as mean±SD and categorical variables as 
number of subjects (%). The Pearson χ2 test or ANOVA was used 
to associate sleep variability measures and obesity, diabetes and 
hypertension. We analysed the effect of napping, nap frequency 
and daily nap duration over a week on CVD. Cox regressions 
were performed and HRs and 95% CIs obtained for: (1) crude 
model; (2) model 2, adjusting for age, sex, education (low, 
middle, high), smoking status (current, former, never), sedentary 
behaviour (yes/no), BMI (normal, overweight, obese) and sleep 
duration (continuous); and (3) model 3, with further adjusting 
for hypertension, diabetes and dyslipidaemia (categorised as yes/
no).

Several sensitivity analyses were performed on the fully 
adjusted model (model 3). First, we included severity of OSA 
as a covariate, as subjects with OSA might compensate impaired 
sleep quality with naps. Second, we included excessive daytime 
sleepiness as a covariate, as excessive daytime sleepiness has been 
shown to be associated with both naps22 and CVD.23 Third, we 
excluded subjects <65 years as they might be refrained from 
napping due to their employment. Fourth, we excluded non- 
nappers. Fifth, we stratified our analyses based on nocturnal 
sleep duration (<6 hours/≥6 hours). However, it was not possible  on M
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Table 1 Characteristics of study sample according to nap frequency, CoLaus study, Lausanne, Switzerland (n=3462)

no nap

nap frequency

P value1–2 weekly 3–5 weekly 6–7 weekly

No (%) 2014 (58.1) 667 (19.3) 411 (11.9) 370 (10.7)

Age (years) (mean±SD) 56.5 (10.2) 53.9 (9.1) 59.6 (9.9) 63.1 (10.3) <0.001

Men (n (%)) 843 (41.9) 303 (45.4) 205 (49.9) 208 (56.2) <0.001

Educational status (n (%)) <0.001

  High 472 (23.4) 195 (29.2) 87 (21.2) 49 (13.2)

  Middle 536 (26.6) 195 (29.2) 125 (30.4) 84 (22.7)

  Low 1006 (50.0) 277 (41.5) 199 (48.4) 237 (64.1)

Smoker (n (%)) 372 (18.5) 164 (24.6) 82 (20.0) 73 (19.7) 0.008

Sedentary behaviour (n (%)) 1123 (55.8) 379 (56.8) 235 (57.2) 233 (63.0) 0.084

BMI (n (%)) <0.001

  Normal 1008 (50.1) 321 (48.1) 170 (41.4) 125 (33.8)

  Overweight 740 (36.7) 249 (37.3) 170 (41.4) 157 (42.4)

  Obese 266 (13.2) 97 (14.5) 71 (17.3) 88 (23.8)

Sleep duration (hours/night) (mean±SD) 6.9 (1.1) 6.9 (1.1) 7.1 (1.2) 7.1 (1.2) 0.010

Hypertension (n (%)) 720 (35.8) 207 (31.1) 181 (44) 207 (56.0) <0.001

Diabetes (n (%)) 148 (7.4) 52 (7.8) 50 (12.2) 65 (17.6) <0.001

Dyslipidaemia (n (%)) 286 (14.2) 82 (12.3) 82 (20.0) 102 (27.6) <0.001

Excessive daytime sleepiness (ESS >10)† 
(n (%)) 

160 (8.3) 86 (13.5) 56 (14.4) 46 (13.0) <0.001

Severity of sleep apnoea‡ (n (%)) <0.001

  Normal 314 (33.1) 103 (31.6) 50 (26.0) 32 (16.8)

  Mild 333 (35.1) 122 (37.4) 76 (39.6) 60 (31.4)

  Moderate 193 (20.3) 67 (20.6) 31 (16.2) 58 (30.4)

  Severe 110 (11.6) 34 (10.4) 35 (18.2) 41 (21.5)

  Depressive status 190 (10.1) 84 (13.4) 55 (14.4) 75 (22.3) <0.001

P values from Pearson χ2 or ANOVA where appropriate.
†n=3300.
‡n=1659. Normal: apnoea–hypopnoea index (AHI) <5/hour; mild: AHI between 5 and 15/hour; moderate: between 15 and 30/hour; severe: >30/hour.
ESS, Epworth sleepiness scale.

to perform the sensitivity analyses for subjects with <6 hours 
of sleep duration due to the low numbers which resulted in an 
empty cell (see online supplementary table 1). Sixth, we addi-
tionally adjusted for depressive status, as depression is a poten-
tial confounder in the relationship between napping and CVD 
events.24

exclusion criteria
Subjects were excluded if they: (1) were lost to follow- up, (2) 
had a previous history of CVD, (3) had missing information on 
napping or (4) had missing covariates.

resulTs
selection of subjects
Of the 5064 subjects participating in the first follow- up, 608 
were excluded due to lost to follow- up, 247 had a previous 
history of CVD, 718 had missing information on napping and 
29 had missing information on covariates, resulting in a study 
sample of 3462 subjects (68.4%) (figure 1). Excluded subjects 
were older, more frequently men, with a lower educational 
status, more frequently smokers, with a higher BMI, with higher 
average sleep duration and were more frequently nappers than 
the included subjects (see online supplementary table 2).

Prevalence and characteristics of nappers
Whereas most subjects reported no napping during the 
previous week (n=2014, 58%), 667 subjects reported taking 
1–2 naps (19%), 411 subjects reported taking 3–5 naps (12%) 

and 370 subjects reported taking 6–7 naps (11%) during 
the previous week (table 1). Frequent nappers (ie, 3–7 times 
weekly) were older, more frequently men, with a lower educa-
tional status, were more frequently smokers, had a higher BMI 
and had a longer nocturnal sleep duration compared with 
non- nappers. Frequent nappers had more frequently excessive 
daytime sleepiness and had more severe OSA compared with 
non- nappers. We found a J curved relationship between nap 
frequency and CVD events (table 2). The highest percentage 
of subjects developing an event was found in subjects taking 
6–7 naps weekly, and the lowest percentage was found among 
subjects taking 1–2 naps weekly.

naps and incidence of CVd events
During the 17 976 person- year follow- up (median follow- up 5.3 
years, last exit 7.8 years), 155 fatal and non- fatal CVD events 
occurred.

In the crude model, subjects taking 1–2 naps weekly had a 
lower HR (0.39, 95% CI 0.21 to 0.72) and subjects taking 6–7 
naps weekly had a higher HR (1.67, 1.10–2.55) for CVD events 
compared with non- nappers (table 3). The association between 
taking 1–2 naps weekly and lower incidence of CVD events 
remained after adjusting for age, sex, education, smoking status, 
sedentary behaviour, BMI and sleep duration (0.52, 0.28–0.92), 
and for cardiovascular risk factors (0.52, 0.28–0.95). This is also 
reflected in the highest survival probability for subjects napping 
1–2 times weekly (figure 2). In contrast, no association was 
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Table 2 Bivariate association between nap frequency and incident 
cardiovascular disease events, CoLaus study, Lausanne, Switzerland 
(n=3462)

no nap

nap frequency

p- value1–2 weekly 3–5 weekly 6–7 weekly

CVD event  <0.001

No (n=3307) 
(n (%))

1921 (95.4) 655 (98.2) 389 (94.7) 342 (92.4)

Yes (n=155) 
(n (%))

93 (4.6) 12 (1.8) 22 (5.4) 28 (7.6)

P value from Pearson χ2.
CVD, cardiovascular disease. 

Table 3 Effect of nap frequency and duration on incident cardiovascular disease events, CoLaus study, Lausanne, Switzerland (n=3462)

Crude Model 2 Model 3

hr (95% CI) hr (95% CI) hr (95% CI)

Nap frequency

  No nap 1 1 1

  1–2 weekly 0.39 (0.21 to 0.72) 0.52 (0.28 to 0.95) 0.52 (0.28 to 0.95)

  3–5 weekly 1.16 (0.73 to 1.85) 0.89 (0.56 to 1.42) 0.88 (0.55 to 1.40)

  6–7 weekly 1.67 (1.10 to 2.55) 0.90 (0.58 to 1.38) 0.89 (0.58 to 1.38)

Average daily nap duration over a week

  No nap 1 1 1

  5 min  to <1 hour 0.85 (0.60 to 1.21) 0.82 (0.57 to 1.16) 0.82 (0.57 to 1.16)

  ≥1 hour 1.45 (0.84 to 2.50) 0.73 (0.42 to 1.28) 0.71 (0.41 to 1.24)

Results are expressed as Cox regression derived HRs (95% CI).
Significant (P<0.05) associations are indicated in bold type.
Model 2: adjusting for age, sex, education (low, middle, high), smoking status (current, former, never), sedentary behaviour (yes/no), BMI (normal, overweight, obese) and sleep 
duration (continuous). 
Model 3: model 2+adjusting for hypertension, diabetes and dyslipidaemia (categorised as yes/no). 

found between daily nap duration over a week and incidence of 
CVD events (table 3).

The association between taking 1–2 naps weekly and lower 
incidence of CVD events remained after additionally adjusting 
for excessive daytime sleepiness (0.46, 0.24–0.89) and depres-
sive status (0.46, 0.24–0.90), as well as in subjects with at 
least 6 hours of sleep duration (0.51, 0.26–0.99), but not after 
excluding subjects <65 years (0.82, 0.37–1.83) or after adjusting 
for severity of OSA (0.47, 0.20–1.10) (see online supplementary 
table 3). Finally, no association was found between daily nap 
duration over a week and incidence of CVD events in this sensi-
tivity analysis (see online supplementary table 3).

dIsCussIOn
To our knowledge, this is the first population based cohort study 
investigating the effect of nap frequency and daily nap duration 
over a week on fatal and non- fatal CVD events. We found that 
subjects napping once or twice weekly had a lower risk of devel-
oping a CVD event compared with non- nappers.

nap frequency and incidence of CVd events
Subjects napping once or twice weekly had a lower risk of devel-
oping any CVD event compared with non- nappers. This finding 
is comparable with the result of the Greek cohort study taking 
nap frequency into account, as they reported lower coronary 
mortality for subjects napping once or twice weekly compared 
with non- nappers.4 The other study taking nap frequency into 
account did not differentiate between napping 1–2 times and 
3–5 times per week and found no effect of irregular nappers 
(≤5 times weekly) on CVD mortality.9 Although taking 1–2 naps 

weekly was no longer associated with CVD events in some sensi-
tivity analyses (>65 years old or adjustment for OSA), this was 
most likely due to the low number of subjects included in these 
analyses (n=903 and n=1659, respectively): this led to relatively 
wide CIs while the effect size remained stable when adjusting for 
OSA. Another possible explanations is that older nappers do not 
have time constraints regarding napping and thus take longer 
naps, which have previously been associated with CVD.11 13 
Further, older nappers have more comorbidities and the negative 
association between occasional naps and CVD might be weaker 
in this population.

In the crude model, we observed a J curved relationship 
between nap frequency and incidence of CVD events. Inter-
estingly, this finding is in line with previous studies reporting 
a J curved relationship between nap duration and CVD11 and 
cardiovascular risk factors, such as diabetes and metabolic 
syndrome.12 However, the increased risk of CVD events for 
frequent nappers disappeared in adjusted analyses. Regarding 
the underlying causes of our findings, we could speculate that 
frequent napping may be secondary to impaired sleep quality 
due to a chronic condition, which may represent an indepen-
dent risk factor for CVD events. In contrast, occasional napping 
might be a result of a physiological compensation allowing for 
a decrease in stress due to insufficient nocturnal sleep and thus 
could have a beneficial effect on CVD events. Although the 
blood pressure and heart rate surge following awakening after 
an afternoon naps might increase cardiovascular risk in the short 
term,25 the stress releasing result of occasional naps26 27 might 
counteract this effect and explain the lower risk of CVD events 
for occasional nappers compared with non- nappers. Interest-
ingly, the beneficial effect of napping once or twice weekly on 
CVD remained even after controlling for major cardiovascular 
risk factors, OSA or excessive daytime sleepiness, confounders 
other studies did not control for.

nap duration and incidence of CVd events
We found no association between daily nap duration over a week 
and incident CVD events. Our findings are partly in line with a 
meta- analysis, which found no association between short naps 
(<1 hour) and CVD, but contradict their finding that long naps 
(≥1 hour) were positively associated with CVD.11 Interestingly, 
they found a significant J curved dose–response relationship 
between nap duration and CVD11; the CVD risk decreased for 
napping 0–30 min/day, slightly increased for 45 min/day napping  on M
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Key questions

What is already known about this subject?
 ► Controversial results regarding the effect of napping on 
incident cardiovascular events exits. Most studies compare 
nappers to non- nappers or study nap duration but neglect to 
take the frequency of napping into account.

What does this study add?
 ► We found a J curved relationship between nap frequency and 
cardiovascular events. Whereas the increased risk for frequent 
nappers disappeared with the inclusion of sociodemographic, 
lifestyle and cardiovascular risk factors, the negative 
association between napping once or twice a week and 
cardiovascular events remained.

how might this impact on clinical practice?
 ► Subjects who nap once or twice per week have a lower risk 
for incident CVD events, while no association was found for 
more frequent napping or napping duration. Nap frequency 
may help explain the discrepant findings regarding the 
association between napping and CVD events.

Figure 2 Survival curve, according to nap frequency.

followed by a sharp increase for longer nap durations. Also, our 
findings are not in line with a previous German study reporting 
an increased risk of coronary artery disease among subjects 
taking long naps (>1 hour) at least five times per week.9 Further, 
our findings do not replicate those of previous studies reporting 
either an adverse dose–response effect of nap duration on CVD13 
or a protective dose–response effect of nap duration on coronary 
mortality.4 However, these studies did not control for important 
confounders, such as physical activity,9 13 sleep duration4 and 
major cardiovascular risk factors.4 Further, the meta- analysis 
included heterogeneous studies regarding confounders.11 Also, 

publication bias might exist, leading to an overestimation of an 
effect.28

strengths and limitations
Among the strengths of the present study were the popula-
tion based cohort design and the adjustment for recognised 
confounding variables, including polysomnography assessed 
OSA and excessive daytime sleepiness.

We have to acknowledge limitations regarding the reliance of 
self- reported nap frequency and duration, and the relatively low 
number of subjects included in our sensitivity analyses. The orig-
inal question considered napping in the afternoon, so morning 
naps might have been underestimated. Further, the low number 
of CVD events in the 1–2 weekly nap group suggests that these 
results should be interpreted with caution, although Cox models 
are valid when investigating few events per predictor vari-
able.29 Due to the observational nature of the data, we cannot 
rule out the possibility of residual confounding. The study was 
conducted in a Swiss population based study, so generalisability 
to other settings where naps are either more or less frequent is 
not guaranteed. Hence it would be important that our findings 
be replicated in other settings.

COnClusIOn
Subjects who nap once or twice per week have a lower risk 
of incident CVD events, while no association was found for 
more frequent napping or napping duration. Nap frequency may 
help explain the discrepant findings regarding the association 
between napping and CVD events.
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