
1Scientific RepoRts |          (2019) 9:1795  | https://doi.org/10.1038/s41598-018-37355-3

www.nature.com/scientificreports

the association between physical 
and mental chronic conditions and 
napping
Damien Léger1,2, Marion J. torres3, Virginie Bayon1,2, Serge Hercberg3,5, Pilar Galan3, 
Mounir Chennaoui1,4 & Valentina A. Andreeva3

The objectives of this study were to assess the associations among various physical and mental 
chronic conditions and napping. A cross-sectional epidemiological survey was proposed within the 
NutriNet-Santé population-based e-cohort launched in France in 2009. Participants were 43,060 
French volunteers aged 18 y and over with Internet access. A self-report questionnaire assessing sleep 
characteristics was administered in 2014. The main outcome (dependent) variable was weekday or 
weekend napping (yes/no). The main exposure (independent) variables were overweight/obesity, 
hypertension, diabetes, anxiety and depressive disorders, incident major cardiovascular diseases 
(myocardial infarction, stroke, unstable angina), and incident cancer (breast and prostate). The 
associations of interest were investigated with multivariable logistic regression analysis. No significant 
associations were found between major cardiovascular diseases or breast or prostate cancer and 
napping. Instead, we found that napping was more common among males (46.1%) than among 
females 36.9% (p < 0.0001). Individuals who were overweight or obese or had hypertension, diabetes, 
depression or anxiety disorders had an increased likelihood of napping compared with their healthy 
peers. The adjusted ORs ranged from 1.14 to 1.28″. In conclusion, most chronic conditions were 
independently associated with napping. Future longitudinal analyses are needed to elucidate causality.

A good night’s sleep is usually recommended as one of the major requirements for good health1,2. Sleep has a 
crucial role in many somatic, cognitive, and psychological processes, and sleeping well appears to be a health 
imperative, essential for survival3–6. However, about one-fifth of adults around the globe are sleeping too little 
(less than 6 hours per night), and short sleep is associated with a higher risk of obesity, type 2 diabetes (T2D), 
cancer, hypertension and road/work accidents7–15. In addition to sleeping at night, increasing evidence shows 
that napping may also have real power to relieve physical fatigue and restore alertness16. Napping is therefore 
highly recommended by public health authorities, especially to avoid/compensate for sleep debt and prevent 
sleep-related road/work accidents17,18.

Napping is a natural behaviour common in many countries. In an international survey comparing sleep hab-
its in adults aged 25 to 55 years in six different countries (USA, Canada, Mexico, United Kingdom, Germany, 
Japan)19, the USA and Japan had the highest percentage of nappers (i.e., 51% reporting having taken a nap in the 
two weeks prior to the survey), followed by the UK (45%), Germany (44%), Mexico (39%) and Canada (35%). In 
France, a third of the working population indicate that they take at least one nap during the week20.

However, even if napping is extensively used in the general population at different moments in life, it is still 
not consensually recognized if/how chronic physical and mental diseases may be associated with napping habits, 
even in those with sleep debt21–25. In other words, we do not even know people suffering from chronic diseases are 
using napping on their own, probably facing the severity of their diseases, by increasing their sleep per 24 hours 
compared with subjects with no disease. Napping could therefore reflect the severity of some chronic diseases, 
with individuals needing more sleep to cope with fatigue, pain, and possibly inflammatory processes.
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Some recent studies have tried to partially answer these questions and have shown that napping was associated 
with fewer cardiovascular and metabolic diseases21–25. Napping by itself might also restore short-term inflamma-
tion markers after sleep deprivation or might decrease pain threshold26,27. On the other hand, in elderly women, 
chronic conditions such as diabetes, depressive symptoms, obesity, prevalent stroke and myocardial infarction, 
dementia and Parkinson’s disease have been associated with napping28, independently of nighttime sleep dura-
tion and fragmentation. A recent meta-analysis of seven prospective studies, including one US, four European, 
and two Chinese cohorts, involving a total of 249,077 participants and 13,237 cases of T2D, has shown a 17% 
increased risk of T2D in habitual nappers compared with non-nappers (RR = 1.17, 95% CI 1.08–1.27)29. A recent 
cross-sectional survey showed that daytime sleeping was associated with significantly higher fasting glucose and 
insulin in elderly men, even after adjustment for age, body mass index (BMI), physical activity and social class30.

To our knowledge, a specific interview on napping and sleep has never been administered to a prospective 
dataset of subjects to clarify how concise napping characteristics (i.e., the duration and the frequency on week-
ends and on weekdays) may be associated with chronic diseases. A prospective, cross-sectional study to estimate 
the odds of napping is needed. Moreover, the association between napping and mental chronic disorders is still 
quite unexplored. The aim of our study was to survey the napping and sleep traits of a large group men and 
women whose nutritional and cardiovascular risk factors were assessed, to investigate if different physical or 
mental chronic diseases were independently associated with napping characteristics.

Method
Study population. NutriNet-Santé e-cohort. In 2009, the prospective NutriNet-Santé e-cohort was created 
in France based on an exclusively online survey with a secure Website (www.etude-nutrinet-sante.fr)31. Subjects 
aged ≥18 y were recruited both via Internet access (e.g., website advertising) and via more traditional or mul-
timedia campaigns. It is mandatory for enrolment to give both informed consent and an electronic signature. 
The NutriNet-Santé prospective cohort was approved by the ethics committee of the French Institute for Health 
and Medical Research and by the National Commission on Informatics and Liberty. When they were enrolled 
in the survey, subjects had to systematically fill in a five-part reference questionnaire about socio-demographics 
and lifestyle, health status, physical activity, anthropometrics, and diet. All participants of the survey regularly 
received proposals to participate to cross-sectional studies, specifically on our topic of sleep habits. all methods 
were performed in accordance with the relevant guidelines and regulations.

Assessing Napping. All participants of the cohort were requested to complete a self-report questionnaire on sleep 
characteristics between February and July 2014. It was completed by 57,105 participants on a voluntary basis. In 
the present analysis, we specifically differentiated the variable (Yes/No) for weekday or week-end napping, which 
was our main outcome.

Chronic disease assessment. The main exposure (independent) variables in the present study were overweight/
obesity, hypertension, diabetes (type 1 or type 2), anxiety and depressive disorders, incident major cardiovas-
cular diseases (CVD) (myocardial infarction, stroke, unstable angina), and incident cancer (breast and pros-
tate). Overweight/obesity was estimated via the height and weight self-reported on the sleep questionnaire. 
Hypertension, diabetes, anxiety and depressive disorders were self-reported at baseline and annually thereafter. 
Composite variables accounting for prevalent and incident cases of these disorders were calculated. Major CVD 
and cancer were also self-reported at baseline and annually thereafter. For the present analysis, we used only inci-
dent events regarding these diseases.

Covariates. As previously reported, the five-part reference questionnaire included socio-demographic, lifestyle 
(including physical activity, smoking and alcohol use) and health characteristics (height, weight, perceived stress, 
total sleep time (TST), and daytime sleepiness), which were self-reported. BMI, calculated as the weight (in kg) 
divided by the squared height (in m), was used as a covariate. Sleep logs included in the sleep questionnaire 
allowed us to calculate TST among weekdays based on the following items: weekday bedtime, time needed to 
fall asleep, average duration of nighttime awakenings, and typical morning wake-up time32. TST (in minutes) 
was defined by the difference between the hour when the person falls asleep (calculated by adding the bedtime 
hour and the time needed to fall asleep) and the wake-up hour. From this number was subtracted the average 
duration of nighttime awakening. Short TST was defined as sleeping ≤360 minutes per night, normal TST (ref-
erence) as sleeping between 361 and 480 minutes per night, and long TST as sleeping ≥481 minutes per night. 
Daytime sleepiness propensity was assessed via the Epworth Sleepiness Scale (ESS) integrated in the sleep ques-
tionnaire33,34. The ESS consists of 8 items, asking individuals to self-report the likelihood of dozing off in different 
situations/contexts, with possible responses ranging from 0 (would never doze) to 3 (high chance of dozing). 
Thus, the total scores can range from 0 to 24, with a higher score indicating increased daytime sleepiness propen-
sity. Daytime excessive sleepiness propensity was defined as ESS score >10. We evaluated leisure-time physical 
activity with the International Physical Activity Questionnaire - Short Form35. Information on work-related stress 
was obtained from the sleep questionnaire using the item “Please rate from 1 (most annoying) to 10 (least annoy-
ing) the following factors which sometimes or often interfere with your sleep: traffic noise, noisy neighbours, 
telephone ringing, light pollution, work-related stress, work hours, family issues, relationship difficulties, money 
worries, health problems.” Individuals who gave a score ≤5 to “work-related stress” were coded as “Yes,” whereas 
those with scores >5 were coded as “No.” Finally, we modelled as a covariate the interval between enrolment and 
the sleep questionnaire administration.

Statistical analysis. The main outcome (dependent) variable was napping (Yes/No). Multivariable logistic 
regression models, providing odds ratios (ORs) and 95% confidence intervals (95% CIs), were made to test the 
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associations of napping vs. not napping with chronic diseases. Separate analyses were performed for each chronic 
disease (independent variables, as outlined above) and were therefore adjusted for each of the following covari-
ates: age, sex, BMI, employment category, educational level, marital status, smoking, heavy alcohol use (yes/no), 
TST, daytime sleepiness, work-related stress, leisure-time physical activity, and interval (in years) between the 
enrolment in the cohort and the sleep questionnaire administration. In supplementary analyses, we also modelled 
TST as an exposure variable. Finally, we tested for interaction by sex. All tests were two-sided, and p < 0.01 was 
considered statistically significant due to the large sample size. All analyses were conducted with SAS software 
(version 9.4, SAS Institute, Inc., Cary, NC, USA).

Results
Sample characteristics. In total, 57,105 individuals completed the sleep questionnaire. The follow-
ing exclusions were made: non-usable questionnaire data (n = 387); discordant data on any of the sleep items 
(n = 5,321); missing or non-valuable data regarding napping (n = 96), prevalent cancer (except basal cell carci-
noma) (n = 238); prevalent or incident disorders of the immune system (multiple sclerosis, rheumatoid arthritis, 
Crohn’s disease) (n = 575); pregnancy or recent childbirth (past 4 months) (n = 1,229); and missing covariate data 
(n = 7,673). Thus, we retained 43,060 subjects (10,485 men and 32,575 women).

The socio-demographic and health status characteristics of the subjects are presented in Table 1 by sex. There 
were significant differences between men and women for most of the variables. Some 32.6% of men and 31.0% 
of women were considered short sleepers, whereas 18.4% of men and 23.5% of women were categorized as 
long sleepers (p < 0.0001). Men were significantly more likely to take naps than were women (46.1% vs. 36.9%, 
p < 0.0001). However, women tended to take longer naps than did men (40.8 ± 28.5 versus 50.0 ± 34.4 minutes).

Men (n = 10485, 24.3%) Women (n = 32575, 75.7%)

pn or mean % or SD n or mean % or SD

Age (years) 51.1 14.3 44.8 14.2 <0.0001

   Age category

18–34 years 1742 16.6 9214 28.3 <0.0001

35–59 years 4841 46.2 17453 53.6

>=60 years 3902 37.2 5908 18.1

   Marital status couple 8302 79.2 22648 69.5 <0.0001

   Professional inactivity yes 4896 46.7 12926 39.7 <0.0001

   Post-secondary education yes 6727 64.2 21556 66.2 <0.001

Physical activitya

low 4455 42.5 10344 31.8 <0.0001

moderate 3938 37.6 14885 45.7

high 2092 20.0 7346 22.6

   Smoking status

never 4432 42.3 17349 53.3 <0.0001

ex 4765 45.5 10695 32.8

smoking 1288 12.3 4531 13.9

   Heavy alcohol useb no 8943 85.3 23651 72.6 <0.0001

   Work-related stress hindering sleep yes 3398 32.4 14300 43.9 <0.0001

BMI (kg/m²) 25.1 4.1 23.6 4.7 <0.0001

   BMI categories

Normal 5830 55.6 23291 71.5 <0.0001

Overweight 3645 34.8 6279 19.3

Obese 1010 9.6 3005 9.2

   Excessive daytime sleepinessf yes 383 3,7 1413 4,3 <0,01

   Hypertensionc yes 2678 25.5 4219 13 <0.0001

   Diabetes (type 1 or type 2)d yes 645 6.2 810 2.5 <0.0001

    Major cardiovascular disease (myocardial 
infarction, stroke, unstable angina) yes 202 1,9 169 0,5 <0,0001

   Depressione yes 327 3.1 1832 5.6 <0.0001

   Anxietye yes 668 6.4 4003 12.3 <0.0001

   Breast cancer yes 284 0.9

   Prostate cancer yes 123 1.2

Table 1. Baseline socio-demographic and health status characteristics of study participants (NutriNet-Santé, 
n = 43,060). Values refer to number (%) except when noted otherwise. p-values obtained from chi-squared 
tests and Student t tests, as appropriate. SD = standard deviation. BMI = body mass index. aAssessed with the 
International Physical Activity Questionnaire-Short Form; scoring followed the established protocol. bHeavy 
alcohol use was defined as >30 g/d for men and >20 g/d for women. cPrevalent hypertension based on self-
report and/or report of antihypertensive drug use. dPrevalent diabetes type 1 or type 2 based on self-report 
and/or report of anti-diabetic drug use. eDepression and/or anxiety disorders based on self-report. fExcessive 
daytime sleepiness as assessed with the Epworth Sleepiness Scale, cutoff score > 10.
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Associations between different chronic diseases and napping. The tests for interaction by sex were 
not statistically significant, so all models were fit in the full sample. The adjusted associations between different 
chronic diseases and napping are presented in Table 2. Individuals who were overweight or obese or had hyper-
tension, diabetes (type 1 and 2), or depression or anxiety disorders had a significantly increased likelihood of 
napping compared with individuals without these disorders. The adjusted ORs ranged from 1.14 to 1.28. No 
significant associations were found between major CVD or breast or prostate cancer and napping.

Associations between TST categories and napping. In supplementary analyses, we estimated the 
adjusted associations between short and long TST and napping, and these results are presented in Table 2. 
Compared with individuals with normal TST, those with short TST were significantly more likely to take naps 
(OR = 1.14; 95% CI: 1.09–1.19)). No association with napping was found among individuals with long TST.

Discussion
In this large, cross-sectional study of adults recruited from the general French population, we for the first time 
found that different chronic diseases were independently associated with napping across sex. Specifically, sub-
jects with overweight, obesity, hypertension, diabetes (type 1 and 2), or depression or anxiety disorders had an 
increased likelihood of napping compared with individuals without these disorders. Even if previous studies have 
already shown an association between napping and some of these diseases, we designed the most detailed survey 
on napping, which has allowed us to find associations in a vast prospective survey of men and women (NutriNet) 
independently of other classical metabolic and cardiovascular factors.

It should also be noted that a very high prevalence of napping was observed in the sample: 46.1% of men and 
36.9% of women. We specifically and for the first time in detail modelled napping on weekdays or weekends to 
capture the napping behaviour even among professionally active individuals. Moreover, 26.8% of men and 11.0% 
of women who took naps did so every day. These rates are close to those reported by a study in six countries led 
by the National Sleep Foundation19. We hypothesize that nappers do not take naps hazardously but rather adopt 
a sort of daily strategy to extend their sleep. We also observed that short sleepers were more likely to take naps 
than were normal sleepers.

Another important finding of the present study was that various chronic diseases were differentially associated 
with napping. For instance, individuals with overweight or obesity were 24% more likely to take weekday or week-
end naps, and those with prevalent or incident hypertension were 14% more likely. In turn, individuals with inci-
dent major CVD or incident breast or prostate cancer were not more likely than their disease-free counterparts to 
take naps. Napping is not actually systematically proposed to patients, but they adopt it on their own to cope with 
fatigue. With these data, interventional strategies around napping may be designed to test how napping may be 
proposed to patients or associated with other behavioural recommendations, such as physical activity or nutrition.

In the context of chronic metabolic and cardiovascular conditions, too short sleep (<6 hours per 24 hours) 
promotes chronic sleep debt, which is significantly associated with increased overweight, obesity T2D, hyperten-
sion and cardiovascular diseases7–10. This may be explained by disturbances in biomarkers of weight regulation 
(growth hormone, leptin, cortisol) which are secreted during sleep and by behavioural factors (low physical activ-
ity, binge eating) which are linked to sleepiness and fatigue36. It has been hypothesized that napping may have a 
beneficial effect on these chronic metabolic and cardiovascular conditions by extending sleep time per 24 hours. 
In a large prospective cohort, taking a midday nap occasionally (defined as once or twice a week or a midday nap 
<30 min irrespective of frequency) or ≥3 times/week (average duration ≥30 min) was inversely associated with 
coronary mortality among healthy working men potentially affected by sleep debt21,22. This inverse correlation 

Napping

pOR 95% CI

Chronic conditions

Overweight or obesity 1.26 1.21 1.32 <0.0001

Hypertension 1.14 1.08 1.21 <0.0002

Major CVD 0.96 0.78 1.19 0.70

Diabetes (type 1 or type 2) 1.28 1.15 1.43 <0.0001

Depression 1.24 1.14 1.36 <0.0001

Anxiety 1.19 1.12 1.27 <0.0001

Breast cancer 1.09 0.85 1.39 0.52

Prostate cancer 1.20 0.84 1.73 0.32

Sensitivity analysis <0.0001

Total Sleep Time

Short sleep vs. normal sleep 1.14 1.09 1.19

Long sleep vs. normal sleep 0.98 0.93 1.03

Table 2. Multivariable logistic regression analysis of the association between chronic diseases and napping 
(NutriNet-Santé, N = 43,060). Adjustments were made for the following covariates: age, sex, BMI, employment 
status, educational level, marital status, smoking, total sleep time, heavy alcohol use, work-related stress 
hindering sleep (yes/no), leisure-time physical activity (low, moderate, vigorous), and interval between 
enrolment and sleep questionnaire administration. 95% CI = 95% confidence interval.
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was obtained after controlling for potential confounders, including smoking status, age, BMI, physical activity, 
education and Mediterranean diet score.

However, napping has also been associated with increased metabolic and cardiovascular risk in several stud-
ies. Napping has been associated with diabetes, obesity, and prevalent stroke and myocardial infarction in elderly 
women, independently of sleep length28. A meta-analysis including 249,077 individuals and 13,237 cases of T2D 
showed a 17% increased risk of T2D when comparing habitual nappers with non-nappers29.

In our study, the average nap time was 40.8 ± 28.5 min in men and 50 ± 30.4 min in women. However, no 
interaction with sex was observed regarding any of the chronic diseases. Across sex, we found an association 
between metabolic and cardiovascular conditions and napping, independently of TST and age.

We believe that despite many previous important surveys on the associations between napping and some 
chronic diseases, there is not enough evidence on how they may be mediated by sleep length. Indeed, the distinc-
tion of short and long TST and the control for TST in the main models of our survey is one of the strengths of our 
analysis. Our results corroborate evidence suggesting that subjects with chronic metabolic or CVD conditions 
nap more frequently than do their healthy peers. It may therefore be speculated that people develop the habit of 
napping not only to get additional sleep over a 24-hour period but also to cope with poor health and/or fatigue.

Regarding depression and anxiety, the association with napping has unfortunately been rarely explored. To our 
knowledge, our study is the first to suggest a significantly increased likelihood of napping in subjects with depression 
and/or anxiety, independently of TST, sex, age and other potential confounders and using a very large sample derived 
from the general population. The few previously reported associations between depression and napping have been 
based on elderly samples37,38. Anxiety and depression are usually strongly associated with insomnia39. The insomnia 
definition does not include any reference to short sleep but to increased sleep onset latency and waking after sleep 
onset40. Insomnia is also defined by detrimental daytime consequences such as sleepiness, but it is usually thought 
that persons with insomnia also have difficulties napping41. A study using 7-day actigraphy with 313 participants 
(aged 34–82 years) identified three patterns of sleep behaviour—infrequent nappers with good night-time sleep, 
frequent nappers with good night-time sleep, and nappers with poor night-time sleep. Nappers with poor night-time 
sleep had significantly more depressive symptoms (OR = 4.03) and perceived stress scores (OR = 3.23) compared 
to the other groups42. Next, patients with depression and/or anxiety may be treated by sedative drugs, which may 
increase their ability to nap. In a group of institutionalized elderly individuals in Australia, the use of benzodiaze-
pines was associated with longer daytime napping (OR = 1.77)43. Patients with depression may also feel that napping 
reduced the severity of their symptoms and thus improved their well-being. A small study reported that patients suf-
fering from major depression who were given the opportunity to nap in the afternoon showed a significant improve-
ment in subjective well-being44. Patients with depression might experience increased homeostatic sleep pressure. In 
a polysomnography-based study with 9 depressed women, 8 healthy young women, and 8 healthy older women, Frey 
et al. observed a higher delta sleep electroencephalogram EEG activity during daytime naps of depressed women 
compared with healthy young volunteers. They concluded that there was a strong evidence for higher homeostatic 
sleep pressure in young, moderately depressed women, which may explain their tendency to nap45.

Similarly, subjects with chronic anxiety may seek the relaxing effect of napping. From a small EEG-based 
study with 7 subjects, Luo and Inoue concluded that a short daytime nap modulated affect and thus improved 
post-nap mental states46. The significant positive association we found between anxiety and napping extends prior 
knowledge in this area.

We believe that these first data on napping and mental disorders may help future research in considering nap-
ping as a possible indicator associated with anxiety and depression, adopted by the patients themselves to cope 
with their sleep disorders and more generally with their psychological symptoms.

Finally, we did not find any significant associations between incident breast or prostate cancer and napping. 
Cancer of the breast or prostate is hormonally mediated and has higher rates in night workers; incidence of breast 
or prostate cancer has also been attributed to sleep debt and circadian desynchronization12,13. We had hypoth-
esized that these cancers would be associated with napping given their correlation with sleep debt and chronic 
fatigue. However, the relatively small numbers of breast and prostate cancer patients in our study might have 
prevented the establishment of a significant association.

Limitations. We acknowledge several limitations of our study. First, we assessed sleep and napping only by 
self-report questionnaires. The gold standard in the objective assessment of sleep and napping is polysomnog-
raphy40. When individuals report napping, they might be referring only to rest, without actual sleep. Second, 
the NutriNet Santé cohort does not represent the general population of France; proportionally, it includes more 
women and individuals with more formal education (Andreeva et al., 2015 – ref below). However, the study sam-
ple was very large, with substantial qualitative and quantitative data. Finally, the present study was cross-sectional, 
and it was not possible to explore the potential causal relationships between chronic diseases and napping47–49.

References
 1. World Health Organisation World Regional Office for Europe. European Centre for Environment and Health. WHO technical 

meeting on sleep and health, http://www.euro.who.int/__data/assets/pdf_file/0008/114101/E84683.pdf (2005).
 2. National Institute of Health. US Department of Health and Human Services. Your guide to healthy sleep. NIH Publication No. 11-

5271. figshare, http://www.nhlbi.nih.gov/health/public/sleep/healthy_sleep.pdf?bcsi_scan_43167910db6ab4d9=0&bcsi_scan_
filename=healthy_sleep.pdf (2017).

 3. Diekelmann, S. & Born, J. The memory functions of sleep. Nat Rev Neurosci. 11, 114–126 (2010).
 4. Siegel, J. M. Sleep viewed as a state of adaptive inactivity. Nat Rev Neurosci. 10, 747–753 (2009).
 5. Dolgin, E. Deprivation: a wake-up call. Nature 2013 497, S6–S7 (2013).
 6. Luister, F. S., Stollo, J. Jr., Zee, P. C. & Walsh, J. K. Sleep: A health imperative. Sleep 35, 727–734 (2012).
 7. Buxton, O. M. & Marcelli, E. Short and long sleep are positively associated with obesity, diabetes, hypertension, and cardiovascular 

disease among adults in the United States. Soc Sci Med. 71, 1027–1036 (2010).

https://doi.org/10.1038/s41598-018-37355-3
http://www.euro.who.int/__data/assets/pdf_file/0008/114101/E84683.pdf


www.nature.com/scientificreports/

6Scientific RepoRts |          (2019) 9:1795  | https://doi.org/10.1038/s41598-018-37355-3

 8. Cappuccio, F. P., D’Elia, L., Strazzullo, P. & Miller, M. A. Quantity and quality of sleep and incidence of type 2 diabetes: a systematic 
review and meta-analysis. Diabetes Care 33, 414–420 (2010).

 9. Knutson, K. L. Sleep duration and cardio metabolic risk: a review of the epidemiologic evidence. Best Pract Res Clin Endocrinol 
Metab. 24, 731–743 (2010).

 10. Faraut, B. et al. Short sleep duration and increased risk of hypertension: a primary care medicine investigation. J Hypertens. 30, 
1354–1363 (2013).

 11. Ramos, A. R. et al. Association between Sleep Duration and the Mini-Mental Score: The Northern Manhattan Study. J Clin Sleep 
Med. 9, 669–673 (2013).

 12. Gu, F. et al. Sleep Duration and Cancer in the NIH-AARP Diet and Health Study Cohort. PLoS One 11, e0161561 (2016).
 13. Ma, Q. Q., Yao, Q., Lin, L., Chen, G. C. & Yu, J. B. Sleep duration and total cancer mortality: a meta-analysis of prospective studies. 

Sleep Med. 28, 39–44 (2016).
 14. National Sleep Fundation. Drowsy driving. figshare, https://sleepfoundation.org/sleep-topics/drowsy-driving (2017).
 15. ESRS European Sleep research Society. The wake-up bus. figshare, http://esrs.eu/committees-networks/eu-committee/esrs-wake-up-

bus.htm (2010).
 16. Faraut, B., Andrillon, T., Vecchierini, M. F. & Leger, D. Napping: a public health issue. From epidemiological to laboratory studies. 

Sleep Med Rev. 35, 85–100 (2017).
 17. Takahashi, M. The role of prescribed napping in sleep medicine. Sleep Med Rev. 7, 227–235 (2003).
 18. Lenné, M. G., Dwyer, F., Triggs, T. J., Rajaratnam, S. & Redman, J. R. The effects of a nap opportunity in quiet and noisy environments 

on driving performance. Chronobiol Int. 21, 991–1001 (2004).
 19. National Sleep Foundation. Sleep in America poll 2013. figshare, https://sleepfoundation.org/sites/default/files/RPT495a.pdf (2013).
 20. Institut National du Sommeil et de la Vigilance. La journée du Sommeil. figshare, http://www.institut-sommeil-vigilance.org/la-

journee-du-sommeil#Jns-03 (2014).
 21. Naska, A., Oikonomou, E., Trichopoulou, A., Psaltopoulou, T. & Trichopoulos, D. Siesta in healthy adults and coronary mortality in 

the general population. Arch Intern Med. 167, 296e301 (2007).
 22. Zhong, G., Wang, Y., Tao, T. H., Ying, J. & Zhao, Y. Daytime napping and mortality from all causes, cardiovascular disease, and 

cancer: a meta-analysis of prospective cohort studies. Sleep Med. 16, 811–819 (2015).
 23. Stang, A. et al. & the Heinz Nixdorf Recall Investigative Group. Midday naps and the risk of coronary artery disease: results of the 

Heinz Nixdorf Recall Study. Sleep 35, 1705–1712 (2012).
 24. Campos, H. & Siles, X. Siesta and the risk of coronary heart disease: results from a population-based, case-control study in Costa 

Rica. Int J Epidemiol. 29, 429–437 (2000).
 25. Liu, X., Zhang, Q. & Shang, X. Meta-analysis of self-reported daytime napping and risk of cardio-vascular or all-cause mortality. Med 

Sci Monit. 21, 1269–75 (2015).
 26. Faraut, B. et al. Napping reverses the salivary interleukin-6 and urinary norepinephrine changes induced by sleep restriction. J Clin 

Endocrinol Metab. 100, E416–426 (2015).
 27. Faraut, B. et al. Napping reverses increased pain sensitivity due to sleep restriction. PLoS One 10, e0117425 (2015).
 28. Leng, Y., Stone, K., Ancoli-Israel, S., Covinsky, K. & Yaffe, K. Who Take Naps? Self-Reported and Objectively Measured Napping in 

Very Old Women. J Gerontol A Biol Sci Med Sci. 73, 374–379 (2018).
 29. Chen, G. C. et al. Daytime napping and risk of type 2 diabetes: a meta-analysis of prospective studies. Sleep Breath. 10, 1007/s11325-

017-1528-z (2017).
 30. Zonoozi, S. et al. Self-reported sleep duration and napping, cardiac risk factors and markers of subclinical vascular disease: cross-

sectional study in older men. BMJ Open 7, e016396, https://doi.org/10.1136/bmjopen-2017-016396 (2017).
 31. Andreeva, V. A. et al. Comparison of the sociodemographic characteristics of the large NutriNet-Santé e-cohort with French Census 

data: the issue of volunteer bias revisited. J Epidemiol Community Health 69, 893–898 (2015).
 32. Natale, V. et al. The consensus sleep diary: quantitative criteria for primary insomnia diagnosis. Psychosom Med. 77, 413–418 (2015).
 33. Johns, M. W. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 14, 540–5 (1991).
 34. Kaminska, M. et al. The Epworth Sleepiness Scale: self-administration versus administration by the physician, and validation of a 

French version. Can Respir J. 17, e27–34 (2010).
 35. IPAQ Group. IPAQ scoring protocol. figshare, www.ipaq.ki.se (2010).
 36. Bayon, V., Léger, D., Gomez-Merino, N., Vecchierini, M. F. & Chennaoui, M. Sleep Debt and Obesity. Ann Med. 46, 264–272 (2014).
 37. Foley, D. J. et al. Frequent napping is associated with excessive daytime sleepiness, depression, pain, and nocturia in older adults: 

findings from the National Sleep Foundation ‘2003 Sleep in America’ Poll. Am J Geriatr Psychiatry 50, 278–294 (2007).
 38. Maglione, J. E. et al. Depressive symptoms and subjective and objective sleep in community-dwelling older women. J Am Geriatr 

Soc. 60, 635–643 (2012).
 39. Pigeon, W. R., Bishop, T. M. & Krueger, K. M. Insomnia as a Precipitating Factor in New Onset Mental Illness: a Systematic Review 

of Recent Findings. Curr Psychiatry Rep. 19, 44, https://doi.org/10.1007/s11920-017-0802-x (2017).
 40. American Academy of Sleep Medicine. International Classification of sleep disorders, 3rd ed. (ed. American Academy of Sleep 

Medicine) (Darien, IL, 2014).
 41. Ancoli-Israel, S. & Martin, J. L. Insomnia and daytime napping in older adults. J Clin Sleep Med. 2, 333–342 (2006).
 42. Devine, J. K. & Wolf, J. M. Integrating nap and night-time sleep into sleep patterns reveals differential links to health-relevant 

outcomes. J Sleep Res. 25, 225–233 (2016).
 43. Chen, L. et al. The association between benzodiazepine use and sleep quality in residential aged care facilities: a cross-sectional 

study. BMC Geriatr. 16, 196 (2016).
 44. Peth, J. et al. The influence of daytime napping versus controlled activity on the subjective well-being of patients with major 

depression. Psychiatry Res. 200, 368–373 (2012).
 45. Frey, S. et al. Young women with major depression live on higher homeostatic sleep pressure than healthy controls. Chronobiol Int. 

29, 37–42 (2012).
 46. Luo, A. & Inoue, S. A short daytime nap modulates levels of emotions objectively evaluated by spectrum analysis method. Psychiatry 

Clin. Neurosci. 54, 207–12 (2000).
 47. Yang, L. et al. Longer Sleep Duration and Midday Napping Are Associated with a Higher Risk of CHD Incidence in Middle-Aged 

and Older Chinese: the Dongfeng-Tongji Cohort Study. Sleep 39, 645–652 (2016).
 48. Cao, Z. et al. The effects of midday nap duration on the risk of hypertension in a middle-aged and older Chinese population: a 

preliminary evidence from the Tongji-Dongfeng Cohort Study, China. J Hypertens. 32, 1993–1998 (2014).
 49. Fang, W. et al. Longer habitual napping is associated with a higher risk for impaired fasting plasma glucose and diabetes mellitus in 

older adults: results from the Dongfeng-Tongji cohort of retired workers. Sleep Med. 14, 950–954 (2013).

Acknowledgements
This study was funded by the French National Institute of Sleep and Vigilance, the French Ministry of Health, 
the French Institute for Health Surveillance, the National Institute for Prevention and Health Education, the 
Foundation for Medical Research, the National Institute for Health and Medical Research, the National Institute 
for Agricultural Research, the National Conservatory of Arts and Crafts, and the University of Paris 13.

https://doi.org/10.1038/s41598-018-37355-3
https://sleepfoundation.org/sleep-topics/drowsy-driving
http://esrs.eu/committees-networks/eu-committee/esrs-wake-up-bus.htm
http://esrs.eu/committees-networks/eu-committee/esrs-wake-up-bus.htm
https://sleepfoundation.org/sites/default/files/RPT495a.pdf
http://www.institut-sommeil-vigilance.org/la-journee-du-sommeil#Jns-03
http://www.institut-sommeil-vigilance.org/la-journee-du-sommeil#Jns-03
https://doi.org/10.1136/bmjopen-2017-016396
http://www.ipaq.ki.se
https://doi.org/10.1007/s11920-017-0802-x


www.nature.com/scientificreports/

7Scientific RepoRts |          (2019) 9:1795  | https://doi.org/10.1038/s41598-018-37355-3

Author Contributions
D.L., P.G. & V.A. designed the survey; D.L., M.T., V.B., S.H., P.G., M.C. & V.A. analysed the data; D.L., V.B., M.C. 
& V.A. wrote the manuscript, M.T., S.H. & P.G. revised the manuscript.

Additional Information
Competing Interests: Dr Léger declares that over the past 5 years, he has been employed as an investigator or a 
consultant by Actellion, Agence Spatiale Européenne, Bioprojet, iSommeil, Jazz, Vanda, Merck, Philips, Rythm, 
Sanofi, Vitalaire, and Resmed. He declares no financial or non-financial conflict of interest regarding this study. 
Dr. Bayon declares that she has no financial or non-financial conflict of interest. Dr. Andreeva declares that 
she has no financial or non-financial conflict of interest. Dr. Torres declares that she has no financial or non-
financial conflict of interest. Dr. Hercberg declares that he has no financial or non-financial conflict of interest. 
Dr. Galan declares that she has no financial or non-financial conflict of interest. Mr. Chennaoui declares that he 
has no financial or non-financial conflict of interest.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-018-37355-3
http://creativecommons.org/licenses/by/4.0/

	The association between physical and mental chronic conditions and napping
	Method
	Study population. 
	NutriNet-Santé e-cohort. 
	Assessing Napping. 
	Chronic disease assessment. 
	Covariates. 

	Statistical analysis. 

	Results
	Sample characteristics. 
	Associations between different chronic diseases and napping. 
	Associations between TST categories and napping. 

	Discussion
	Limitations. 

	Acknowledgements
	Table 1 Baseline socio-demographic and health status characteristics of study participants (NutriNet-Santé, n = 43,060).
	Table 2 Multivariable logistic regression analysis of the association between chronic diseases and napping (NutriNet-Santé, N = 43,060).




