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Participants

 A total of 7010 households were contacted. Among them, 1269 
included at least 1 resident 60 years of age or older. A total of 1026 
subjects agreed to be interviewed. The participation rate (80.9%) 
was calculated based on the number of completed interviews 
(n=1026) divided by the number of eligible telephone numbers, 
which included all residential numbers not meeting any of the ex-
clusion criteria (N=1,269). 
 Excluded from the study were subjects younger than 60 years 
old (n=5392), those who did not speak sufficient French (n=168), 
and those who suffered from a hearing or speech impairment 
(n=79) or an illness (n=102) that precluded them from being inter-
viewed. 
 Interviewers explained the goals of the study to potential par-
ticipants before requesting verbal consent. Interviews were con-
ducted by telephone using the Sleep-EVAL System at the Xavier 
Bichat Faculty of Medicine of the Paris 7 University. More details 
on the methodology can be found elsewhere.13

Instrument

 The Sleep-EVAL System was specifically designed to adminis-
ter questionnaires and to conduct epidemiologic studies on mental 
and sleep disorders in the general population.14,15 It managed the 
telephone calls (generation of new numbers and management of 
appointments and numbers that had to be called back) and the Kish 
selection procedure. It also kept track of all telephone calls made 
(date and time, interviewer who called, issue of the call, duration 
of the call, elapsed time between each call, number of questions 
asked during the call, and number of times the number was di-
aled). 
 The Sleep-EVAL System includes a nonmonotonic, level-2 
inference engine endowed with a causal reasoning mode. These 
features enable the Sleep-EVAL System to formulate a series 
of diagnostic hypotheses based on the responses provided by a 
subject (causal reasoning). The nonmonotonic, level-2 inference 
engine examines these hypotheses and confirms or rejects them 
through further questions and deductions. Two classifications are 
implemented in the knowledge base of the Sleep-EVAL System: 
the Diagnostic and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV)16 and the International Classification of Sleep 
Disorders (ICSD).17

 The Sleep-EVAL System formulates initial diagnostic hypoth-
eses on the basis of responses to a standard set of questions posed 
to all subjects. Concurrent mental diagnoses are allowed in ac-
cordance with the DSM-IV. The system terminates the interview 
once all ICSD and DSM-IV diagnostic possibilities are exhausted. 
The system selects and phrases the questions to be administered 
and provides examples and instructions on how to ask them. The 
interviewer simply reads out the questions as they appear on the 
monitor and enters the responses. Questions can be close-ended 
(eg, yes-no, present-absent-unknown, 5-point scale) or open-end-
ed (eg, name of illness, duration). The system has been validated 
in various contexts and has been demonstrated to be reliable and 
valid. Five validation studies have been conducted.18-20

 In this study, the standard questionnaire of the Sleep-EVAL Sys-
tem covered (1) sociodemographic information; (2) the sleep-wake 
schedule; (3) symptoms of sleep disorders; (4) sleep hygiene; (5) 
current and past consumption of alcohol, tobacco, coffee; (6) cur-
rent and past consumption of medication for sleep, to reduce anxi-

ety, antidepressants; (7) any other type of medication; (8) medi-
cal information; (9) height and weight; (10) DSM-IV and ICSD 
diagnoses; (11) The Cognitive Difficulties Scale (McNair-R);21,22 

(12) the Psychological General Well-Being Schedule;23,24 (13) the 
Mini-Mental State Examination25,26 (praxis was not assessed be-
cause it requires a face-to-face meeting); and (14) the Functional 
Assessment—instrumental activities of daily living (IADL).27

Variables

 Bedtime was obtained by asking the subjects at what time 
they went to bed with the intention of sleeping. The sleep latency 
was obtained by asking the subjects how long it took them to fall 
asleep once they went to bed with the intention of sleeping. The 
nighttime sleep duration was obtained by asking to participants 
how long they slept during the night. Another question was asked 
about sleep duration during the day. Wake-up time was obtained 
by asking the subjects at what hour they awakened in the morning. 
This information was obtained for the last week and last year.
 The IADL27 is an 8-items scale assessing the ability of the sub-
ject to perform simple everyday tasks (using the telephone, shop-
ping, preparing food, keeping house, doing laundry, traveling, 
responsibility for medications, and ability to handle finance). The 
average score ranged from 0 (totally independent) to 16 (totally 
dependent). The IADL score was divided into 3 categories: inde-
pendent (0-4), assistance requested (5-11), and dependent (≥ 12).
 Anxiety and depressive mood were assessed using anxiety and 
depressed mood subscales of the Psychological General Well-Be-
ing Schedule.23,24 Response options for questions in each subscale 
are scored on a scale of 0 to 5. The anxiety subscale is composed 
of 5 items. The total score ranges from 0 (high anxiety) to 25 (no 
anxiety). Anxiety is present when the score is lower than 20. The 
depressed mood subscale is composed of 3 items. The score range 
for this subscale is 0 to 15. Depressed mood is present when the 
score is lower than 10.
 The Cognitive Difficulties Scale21,22 is a 26-item self-report-
ing measure of memory and general cognitive complaint utiliz-
ing Likert-type scaling. The scale is composed of 6 dimensions: 
Distractibility, Prospective Memory, Orientation, Language, Fine 
Motor (praxis), and Long-term Memory. Response options for 
each item are scored on a scale of 0 to 4. The total score ranges 
from 0 (no difficulty) to 104 (high cognitive difficulties). A score 
of 46 or higher indicates the presence of at least mild cognitive 
difficulties.
 High blood pressure was defined as either a current diagnosed 
hypertension, with or without antihypertensive medication, or a 
blood pressure >160/95 mm Hg).
 Body mass index was calculated using the weight in kilograms 
divided by height (in meters) squared.

Statistical Analyses

 Since the recruited sample matched French census data in terms 
of age and sex distribution, it was unnecessary to apply a post-
stratification. Mean, median, and percentiles were calculated for 
each sleep-wake characteristic. Analyses of variance  with posthoc 
multiple comparison Dunnett C were used to analyze continuous 
variables. When basic assumptions for the use of these statistical 
methods were violated, nonparametric tests were also calculated 
(Kruskal-Wallis and Mann-Whitney tests).
 Logistic regressions28 were used to compute the odds ratios 
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(OR) associated with (a) long sleep duration, (b) short sleep dura-
tion, (c) early bedtime, (d) late bedtime, (e) early wake-up time, 
and (f) late wake-up time. Dichotomous variables were created 
for which the absence of the condition (eg, short sleep) included 
individuals who were between the 26th and 74th percentiles of the 
values of a given variable. Collinearity between variables (ie, in-
formation redundancy) was verified beforehand. Reported differ-
ences were significant at .05 or less.

RESULTS

 This sample was composed of 1026 subjects 60 years old and 
over. As seen in Table 1, these subjects were 65 years or older in 
76% of the cases. The ratio of men to women changed between 

age groups, with women representing 66.9% of subjects 75 years 
of age and older. Women were more frequently widowed, whereas 
men were more often married (Table 1). More than half of subjects 
(52%) between 60 and 64 years of age were active (ie, working or 
doing an activity at least 3 days per week). This rate was 43.2% 
in the 65- to 69-year-old age group; 40% in the 70- to 74-year-old 
age group; and 28.2% in the group of subjects aged 75 years or 
older.

Reported Sleep Duration

 The average nighttime sleep duration for the sample was 7 
hours 8 minutes, with a median of 7 hours 5 minutes. Five percent 
of the sample slept 4 hours 30 minutes or less (percentile 5) and 
another 5% slept at least 9 hours 30 minutes (percentile 95). Men 
had a sleep duration significantly longer than women (F=3.816; 
P=.05). On the means, this difference was only 7 minutes. The 
median was 7:30 in men and 7:00 in women. The 95th percentile 
was at 10 hours for men and 9 hours for women. The nighttime 
sleep duration was comparable between age groups in both men 
and women.
 The average daytime sleep duration was 13.47 minutes. The 
median was at 0, the 75th percentile at 15 minutes, and the 95th 

percentile at 60 minutes. Men slept significantly longer (18.13 
minutes) in the daytime than women (10.34 minutes; F:17,319; 
P<.001). Daytime sleep duration was comparable between age 
groups (Table 3).
 The total sleep time during a 24-hour period included nighttime 
sleep plus daytime sleep. Total sleep time was about 15 minutes 
longer than the nighttime sleep duration. The difference in total 
sleep time/nighttime sleep was 20 minutes for men and 10 minutes 
for women (Table 2). As a result, men, overall, slept 23 minutes 
more than women (F:10,543; P<.001). The most important differ-
ence was observed in subjects 75 years of age and older group, 
in which men slept on average 52 minutes more than women in 
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Table 1—Sociodemographic Characteristics of the Sample
  
 No. Men % Women % Total %
Age groups, y    
60-64 246 28.9 20.7 24.0
65-69 234 25.7 20.8 22.8
70-74 205 18.0 21.3 20.0
≥75 341 27.4 37.1* 33.2
    
Marital status    
Single 124 11.4 12.5 12.1
Married 451 67.7 28.0 44.0
Separated/divorced 104 6.6 12.5 10.1
Widowed 347 14.3 46.9* 33.8

* Men vs Women P<.001

Table 2—Nighttime and 24-Hour Sleep Duration by Age Groups 
and Sex

  Nighttime sleep duration 24-hour sleep duration
  Mean SEM 95% CI  Mean SEM 95% CI 
Total sample       
 60-64 7:04 0.09 6:53-7:15 7:19 0.12 7:05-7:33
 65-69 7:14 0.09 7:03-7:25 7:26 0.10 7:15-7:38
 70-74 7:04 0.10 6:52-7:15 7:16 0.10 7:05-7:28
 ≥75 7:10 0.09 6:59-7:21 7:26 0.10 7:14-7:37
 All (≥60) 7:08 0.05 7:02-7:14 7:23 0.05 7:16-7:29
Men       
 60-64 7:02 0.14 6:45-7:19 7:25 0.20 7:01-7:49
 65-69 7:21 0.14 7:05-7:38 7:38 0.15 7:21-7:56
 70-74 7:02 0.15 6:44-7:21 7:16 0.15 6:58-7:34
 ≥75 7:36 0.16 7:16-7:55 8:01* 0.18 7:39-8:22
 All (≥60) 7:16 0.08 7:07-7:25 7:37 0.09 7:26-7:47
Women       
 60-64 7:05 0.12 6:52-7:20 7:14 0.13 6:59-7:29
 65-69 7:08 0.13 6:53-7:23 7:17 0.13 7:01-7:32
 70-74 7:05 0.12 6:50-7:19 7:16 0.13 7:01-7:31
 ≥75 6:57 0.11 6:44-7:10 7:08 0.11 6:55-7:22
 All (≥60) 7:03 0.06 6:56-7:10 7:13 0.06 7:06-7:20
       
Data are shown in hours:minutes. 95% CI refers to 95% confidence 
interval of the mean. 
Analysis of variance nighttime sleep duration: Age: NS; Sex:  
F1,1025=3.816; P=.05; Age × Sex:  F3,1025=3.134; P=.025. 
Analysis of variance 24-hour sleep duration: Age, NS; Sex: 
F1,102510.543; P=.001; Age × Sex: F3,1025=3.360; P=.02
*Posthoc multiple comparison Dunnett C P<.05 with 70-74 years 
of age category.

Table 3—Daytime Sleep Duration in Minutes by Age Groups and 
Sex
 
  No. Mean SEM 95% CI
Total    
 60-64 246 12.02 0.03 8.09-15.95
 65-69 234 12.32 0.03 8.86-15.79
 70-74 205 12.55 0.03 9.08-16.02
 ≥75 341 15.85 0.03 12.69-19.01
 All (≥60) 1026 13.47 0.01 11.71-15.22
Men    
 60-64 119 15.34 0.05 9.07-21.61
 65-69 106 17.15 0.04 11.83-22.47
 70-74 74 13.99 0.04 8.73-19.24
 ≥75 113 24.69 0.06 17.34-32.04
 All (≥60) 412 18.13 0.03 14.96-21.29
Women    
 60-64 127 8.92 0.04 4.06-13.77
 65-69 128 8.32 0.04 3.82-12.82
 70-74 131 11.73 0.04 7.13-16.33
 ≥75 228 11.47 0.02 8.57-14.37
 All (≥60) 614 10.34 0.02 8.35-12.32

95% CI refers to 95% confidence interval of the mean. 
Analysis of variance Age: F3,1025=2.675; P=.046; Sex: F1,1025=17.319; 
P<.0001; Age × Sex=NS
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the same age group. The median was also different in men (7:50) 
than in women (7:30). Generally speaking, the total sleep time was 
comparable between age groups. The only significant difference 
was observed between men aged 75 or older and those between 70 
and 74 years old(Table 2).
 Subsequently, we examined satisfaction with sleep, estimation 
of sleep duration, the feeling of being rested upon awakening, and 
the absence of daytime sleepiness in relationship to sleep duration. 
As was expected, the proportion of subjects satisfied with their 
sleep increased with sleep duration, being nearly 100% in those 
sleeping more than 9 hours (Table 4). Similarly, subjects who esti-
mated their sleep was adequate (ie, neither too long nor too short) 
significantly increased with sleep duration. The proportion of 
subjects feeling rested upon awakening also increased with sleep 
duration but not as much as for sleep satisfaction and adequate 
sleep. The proportion of subjects feeling rested upon awakening 
also increased with sleep duration but not as much as for sleep 
satisfaction and adequate sleep for which we observed more than 
40% discrepancy between the shortest and longest sleep duration.  
This change was about 20% for feeling rested upon awakening. 
Surprisingly, the proportion of subjects without daytime sleepi-
ness was comparable between the sleep-duration categories (Table 
4). These proportions were comparable between age groups and 
sex. 
 We then examined the proportion of subjects who reported be-
ing satisfied with their sleep, had adequate sleep duration, felt 
rested upon awakening, and did not have daytime sleepiness. In-
terestingly, 18.3% of subjects sleeping less than 5 hours per night 
met all these specifications. The proportion increased with sleep 
duration and reached 68.4% in subjects sleeping more than 9 hours 
per night. The same trend was observed for total sleep time (Table 
4).

Reported Sleep Latency

 Subjects took on average 24.28 minutes to fall asleep (Table 
5); the median was 15 minutes. Five percent of the sample fell 
asleep immediately (5th percentile). On the opposite end, 5% of 
the sample took 80 minutes or more to fall asleep. Because of the 

asymmetry of the distribution and large standard errors, nonpara-
metric tests were used for comparisons between men and women 
and age groups. No significant difference was observed. 

Reported Bedtime and Wake-Up Time

 Subjects went to sleep on average at 10:55 PM; the median was 
at 11:00 PM. Five percent of the sample went to sleep at 9:00 PM 
or earlier and another 5% at 1:00 AM or later (95th percentile). 
Bedtime was comparable between men and women (Table 6). As 
for age group comparisons, only 1 significant difference was ob-
served: men aged 75 years and older went to sleep earlier than 
those between 65 and 69 year of age (Table 6).
 The wake-up time was comparable in men and women and be-
tween age groups. The average wake-up time was 7:17 AM, with a 
median at 7:30 AM. Five percent of the sample woke up at 5 AM or 
earlier and another 5% at 9 AM or later (Table 6). 

Associated Factors

 Logistic regressions were calculated to identify factors associ-
ated with short and long sleep, early and late bedtime, and wake-
up time. In all analyses, the reference category was composed of 
individuals between the 26th and 74th percentiles (about 50% of the 
sample).
 Variables entered in each model were age groups, sex, activity 
status, education, consumption of alcohol and coffee, smoking, 
physical exercise, perception of health, presence of physical dis-
ease, hypertension, body mass index, depressive mood, anxiety, 
level of stress, cognitive difficulty, IADL, and social network.
Activity status, depressive mood, level of stress, consumption of 
alcohol and coffee, and smoking were not significant for all mod-
els.

Nighttime Sleep Duration

 As seen in Table 7, subjects with a lower education were more 
likely to sleep 4 hours 30 minutes or less, 4 hours 31 minutes to 
6 hours, 8 hours to 9 hours 29 minutes, or 9 hours 30 minutes 
or more. Obese individuals were more likely to report very short 
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Table 4—Sleep Qualifiers and Daytime Sleepiness by Sleep Duration

  Satisfied with sleep, % Adequate sleep Without daytime  Rested upon  All conditions, %* 
    duration, % sleepiness, % awakening, %
Nighttime sleep duration     
≤4h30 54.2† 31.7† 79.7 60.0 18.3†
4h31-6h00 77.1† 64.1† 85.5 60.6§ 35.7†
6h01-7h59 88.7‡ 81.6§ 82.8 70.8 51.0
8h00-9h29 92.5 92.0 89.3 79.8 61.8
≥9h30 98.0 86.8 86.5 82.7 67.9
     
24-hour sleep duration     
≤5 hrs 57.3† 37.6† 83.5 66.7 26.6†
5h01-6h15 78.7† 63.4† 89.0 59.2† 36.2†
6h15-7h59 88.3‡ 81.2 82.8 67.4 48.0
8h00-9h59 91.7 91.5 88.7 80.1 62.2
≥10 hrs 96.9 85.5 77.9 77.9 58.0

*Satisfied with sleep + adequate sleep duration + rested upon awakening + without excessive daytime sleepiness
†P<.05 with all other sleep duration categories
‡P<.05 only with the longest sleep duration category
§P<.05 with the 2 longest sleep duration categories
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sleep duration (≤4 hours 30 minutes). Poor health was significant 
only for very short sleep duration (≤4 hours 30 minutes), while the 
presence of a physical disease was significantly associated with 
very long sleep (≥ 9 hours 30 minutes). Lack of physical exer-
cise was associated with sleeping 4 hours 31 minutes to 6 hours, 
8 hours to 9 hours 29 minutes, or 9 hours 30 minutes or more 

per night. Insomnia alone and insomnia accompanied by daytime 
sleepiness were associated with very short sleep duration (≤ 4 
hours 30 minutes) and insomnia alone with sleeping between 4 
hours 31 minutes and 6 hours. Finally, individuals with cognitive 
impairment were more likely to have a very short sleep (≤ 4 hours 
30 minutes) or short sleep (4 hours 31 minutes to 6 hours).

Total Sleep Time per 24-Hour Period

 Sleeping 5 hours or less per 24-hour period (5th percentile) was 
associated with being illiterate (OR: 3.5 [1.6-8.0]) and with hav-
ing a poor perception of one’s health (OR: 3.4 [1.5-7.3]). Sleep-
ing 6 hours or less per night (25th percentile) was associated with 
anxiety (OR: 1.7 [1.2-2.6]), being illiterate (OR: 2.1 [1.1-3.9]) or 
having less than 7 years of schooling (OR: 1.8 [1.2-2.7]), having 
a limited social network (OR: 1.5 [1.1-2.2]), and having a poor 
perception of one’s health (OR: 1.5 [1.1-2.2]).
 Factors associated with a long total sleep time (10 hours or 
more, 95th percentile) were being aged 75 years or older (OR: 2.2 
[1.0-1.9]), being a man (OR: 1.9 [1.1-3.2]), and having a physical 
disease (OR: 2.1 [1.1-4.1]).

Daytime Sleep Duration

 Being a man (OR: 2.8 [1.8-4.4]), having cognitive impairment 
(OR: 1.7 [1.1-2.6]) or high blood pressure (OR: 1.5 [1.0-2.3]), 
being obese (OR: 1.8 [1.1-3.0]), and having insomnia (OR: 1.7 
[1.1-2.7]) were associated with sleeping 1 hour or more (95th per-
centile) during the daytime. 
 Being a man (OR: 1.5 [1.0-2.3]); being aged 65 to 69 years 
(OR: 3.1 [1.1-3.8]), 70 to 74 years (OR: 2.9 [1.5-5.4]) or 75 years 
or older (OR: 2.1 [1.2-3.8]); having more than 12 years of educa-
tion (OR: 2.6 [1.0-6.7]); lack of physical exercise (OR: 1.4 [1.0-
2.1]); and having insomnia (OR: 2.0 [1.3-3.1]) or obstructive sleep 
apnea syndrome (OR: 3.8 [1.5-9.8]) were associated with sleeping 
15 to 59 minutes (75th-94th percentile) during the daytime.
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Table 6—Bedtime and Wake-Up Time by Age Groups and Sex
 
   Bedtime   Wake-up time
  Mean SEM 95% CI  Mean SEM 95% CI 
       
Age groups      
60-64 22:56 0.10 22:44-23:09 7:14 0.09 7:04-7:25
65-69 23:04 0.08 22:55-23:13 7:18 0.09 7:08-7:28
70-74 23:04 0.09 22:53-23:15 7:16 0.09 7:05-7:26
≥75 22:43* 0.07 22:35-22:52 7:20 0.07 7:11-7:29
All (≥60) 22:55 0.04 22:50-23:00 7:17 0.04 7:13-7:22
       
Men      
60-64 22:55 0.17 22:34-23:15 7:10 0.15 6:52-7:28
65-69 22:59 0.12 22:45-23:13 7:10 0.13 6:54-7:25
70-74 23:09 0.13 22:53-23:25 7:20 0.14 7:04-7:37
≥75 22:41† 0.12 22:28-22:56 7:34 0.12 7:19-7:48
All (≥60) 22:55 0.07 22:46-23:03 7:18 0.07 7:10-7:26
       
Women      
60-64 22:58 0.12 22:44-23:12 7:19 0.11 7:06-7:32
65-69 23:07 0.10 22:56-23:19 7:25 0.12 7:11-7:38
70-74 23:02 0.12 22:47-23:16 7:13 0.11 7:00-7:27
≥75 22:44 0.09 22:34-22:54 7:13 0.09 7:03-7:24
All (≥60) 22:56 0.05 22:49-23:02 7:17 0.05 7:11-7:23

95% CI refers to 95% confidence interval of the mean. 
*Posthoc multiple comparison Dunnett C P<.05 with 65-69 and 70-
74 years age categories.
†Posthoc multiple comparison Dunnett C P<.05 with 65-69 years 
age category.

Table 5—Sleep Latency in Minutes by Age Groups and Sex
       Percentiles
  Mean SEM 95% CI  5 25 50 75 95
       (Median) 
Bedtime         
 Age groups, y         
 60-64 20.00 1.93 16.20-23.79 0 5 15 20 69
 65-69 28.22 4.04 20.25-36.18 0 5 15 30 82
 70-74 24.14 2.69 18.82-29.46 0 5 15 30 97
 ≥75 24.69 2.14 20.48-28.90 0 5 15 30 90
 All (≥60) 24.28 1.37 21.58-26.98 0 5 15 30 80
Men         
 60-64 17.24 2.63 12.02-22.46 0 5 10 15 60
 65-69 25.01 6.13 12.85-37.17 0 5 15 28 74
 70-74 25.17 6.09 13.00-37.33 0 5 10 23 120
 ≥75 18.22 1.79 14.67-21.76 0 5 15 23 60
 All (≥60) 20.92 2.12 16.75-25.10 0 5 15 20 60
Women         
 60-64 22.54 2.79 17.02-28.07 0 5 15 30 92
 65-69 30.87 5.38 20.21-41.52 0 5 15 30 120
 70-74 23.57 2.50 18.62-28.53 0 5 15 30 90
 ≥75 28.05 3.10 21.95-34.16 0 5 15 30 120
 All (≥60) 26.55 1.80 23.02-30.08 0 5 15 30 120

95% CI refers to 95% confidence interval of the mean. 
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Sleep Latency

 Anxiety (OR: 4.2 [1.9-9.1]), being illiterate (OR: 5.4 [1.6-18.4]) 
or having less than 7 years of schooling (OR: 3.2 [1.2-8.8]), poor 
health (OR: 3.6 [1.8-7.3]), insomnia without excessive daytime 
sleepiness (OR: 3.7 [1.5-8.9]), and obstructive sleep apnea syn-
drome (OR: 6.6 [1.1-9.5]) were associated with a sleep latency 
greater than or equal to 80 minutes (95th percentile). 
 Factors associated with a sleep latency between 30 to 79 min-
utes were being a woman (OR: 1.5 [1.0-2.1]), insomnia (OR: 2.1 
[1.4-3.1]) and having insomnia with excessive daytime sleepiness 
(OR: 2.2 [1.2-3.9]).

Bedtime and Wake-Up Time

 As seen in Table 8, lower education level was associated with 
early bedtime and wake-up time. Obesity (body mass index > 27 
kg/m2) was related to both early and late bedtime and late wake-up 
time. Loss of autonomy in daily activities was associated with both 
early and late bedtime and early and late wake-up time. Subjects 
who perceived their health as being poor were more likely to have 
a late bedtime and an early wake-up time. Subjects who did not 
perform physical exercise were more likely to have a late bedtime. 
Insomnia and excessive daytime sleepiness were significantly as-
sociated only with early bedtime. 

DISCUSSION

 This study was conducted in subjects between the ages of 60 

and 101 years who were living in the community and aimed to 
provide statistical normative sleep data for these people. It also 
aimed to examine which variables were associated with extreme 
values in sleep duration, sleep latency, and sleep-wake schedule. 
These objectives were achieved using 2 main statistical strate-
gies. First, we examined how reported nighttime sleep duration, 
daytime sleep duration, sleep latency, bedtime, and wake-up time 
were distributed within the sample using central measure tenden-
cies (means and medians). Second, we used the percentiles to seg-
ment the sample and looked for specific patterns to emerge for 
each segment. This procedure allowed us to verify to what extent 
a deviation to the median may relate to physical or mental diseases 
and impairment. 

Sleep Duration

 In this study, the median nighttime sleep duration was 7 hours 
for the whole sample. The average sleep duration remained un-
changed with age except among men, in whom it increased about 
30 minutes in men aged 75 or older. This observation is consis-
tent with the results of a recent meta-analysis on quantitative sleep 
parameters. This study reported that total sleep time significantly 
decreased with age in healthy adults but not significantly after 60 
years of age. 
 Long nighttime sleep duration (8 hours or more) and short 
nighttime sleep duration (6 hours or less) have been associated 
with an excess of mortality.29,30 Similarly, daytime sleep has been 
associated with an excess of mortality.31-33 Although we did not 
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Table 7—Factors Associated With Nighttime Sleep Duration
 
  Categories of sleep durationa

  ≤ 4h30 4h31-6h00 8h00-9h29 ≥9h30
 Male 1.4[0.6-3.2] 1.1[0.7-1.6] 1.2[0.8-1.8] 2.4[1.2-5.1]*
Education      
 0 year 7.3[2.6-21.0]† 2.1[1.0-4.2]* 0.8[0.4-1.8] 0.9[0.2-4.5]
 1-7 years 2.9[1.2-7.2]* 2.5[1.6-4.0]† 1.6[1.0-2.6]* 4.2[1.6-10.6]*
 8-10 years 1.8[0.7-4.7] 1.5[0.9-2.5] 1.1[0.7-1.9] 1.6[0.5-4.7]
 11-12 years 1.8[0.6-5.4] 1.6[0.9-2.8] 0.9[0.5-1.6] 1.9[0.6-5.6]
 > 12 years 1.0 1.0 1.0 1.0 
BMI (Kg/m2)       
 < 20 0.7[0.2-2.0] 1.2[0.6-2.3] 0.9[0.5-1.7] 0.4[0.1-2.0]
 20-25 1.0 1.0 1.0 1.0 
 25.1-27 0.6[0.2-1.6] 0.8[0.5-1.4] 0.8[0.5-1.3] 0.8[0.3-2.1]
 > 27 3.6[1.0-13.1]* 1.9[0.7-5.6] 0.6[0.2-2.0] 1.6[0.7-3.4]
Health
 Good 1.0 1.0 1.0 1.0 
 Moderate 1.2[0.6-2.7] 1.3[0.9-2.1] 0.8[0.5-1.3] 1.4[0.6-3.6]
 Poor 3.6[1.2-10.8]* 1.0[0.4-2.5] 0.8[0.3-2.1] 0.0[0.0-0.0]
 No physical exercise 1.7[0.8-3.6] 2.0[1.4-2.9]† 1.7[1.2-2.4]* 2.4[1.2-4.8]*
 High blood pressure 0.8[0.3-1.7] 1.4[0.9-2.1] 1.5[1.0-2.2]* 0.7[0.3-1.7]
 Physical disease 1.2[0.5-2.6] 1.1[0.7-1.7] 1.2[0.8-1.8] 2.1[1.0-5.0]* 
Insomnia & EDS       
 No insomnia & no EDS 1.0 1.0 1.0 1.0 
 Insomnia alone 2.9[1.3-6.7]† 1.9[1.2-2.8]† 0.8[0.5-1.2] 0.9[0.4-2.2]
 EDS alone 1.7[0.3-10.1] 1.0[0.4-2.4] 0.5[0.2-1.2] 0.6[0.1-5.8]
 Insomnia + EDS 3.6[1.2-11.0]* 1.6[0.9-3.0] 0.8[0.4-1.6] 1.0[0.2-4.0]
 Cognitive impairment 2.2[1.2-4.2]* 1.5[1.0-2.2]* 1.1[0.8-1.6] 1.2[0.5-2.7]

*P<.05 
†P<.01
BMI refers to body mass index; EDS, excessive daytime sleepiness
aBased on 5th, 25th-75th, and 95th percentiles, reference is from 26th to 74th percentiles.
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perform a follow-up for the survival rate in this sample, we found 
that the presence of physical disease and a lack of physical activ-
ity were associated with long sleep duration (9 hours 30 minutes 
or more), while the presence of cognitive impairment, hyperten-
sion, insomnia, and obesity were associated with sleeping 1 hour 
or more during the daytime and with short sleep duration (4 hours 
30 minutes or less). Therefore, long or short sleep duration and 
daytime sleep were associated with various conditions that may 
contribute to a shorter life expectancy. 
 We found 4 variables that played significant role on sleep dura-
tion and sleep-wake schedule: (1) poor health status and organic 
disease, (2) lack of physical exercise, (3) cognitive difficulties, and 
(4) obesity.

Health Status

 Poor health status was associated with factors related to insom-
nia: short sleep duration, long sleep latency (≥ 80 minutes), late 
bedtime, and early wake-up time. A similar finding has been ob-
served in other epidemiologic studies in elderly populations.34-38 

For example, a 3-year longitudinal study with 6800 elderly sub-
jects34 showed that the incidence of insomnia was higher in sub-
jects with heart disease, stroke, incident hip-fracture, and respira-
tory symptoms. Furthermore, the persistence of insomnia over the 
3-year period was associated with heart disease, incident diabetes, 
baseline respiratory symptoms, and stroke.

Lack of Physical Exercise

 Interestingly, individuals who did not exercise were more likely 
to be long sleepers (9 hours 30 minutes or more) or short sleep-
ers (between 4 hours 31 minutes and 6 hours). Some studies have 
shown the beneficial effects of exercise on sleep quality for elder-
ly people by increasing the sleep efficiency and reducing the time 
awake after sleep onset.3,39-40 In addition to the beneficial effects of 
moderate exercise on health, reserving a specific time of day for 
exercise may help to keep temporal markers.

Cognitive Difficulties

 Cognitive impairment was positively associated with a night-
time sleep duration of 6 hours or less and daytime sleep duration 
of 1 hour or more. Sleep-disordered breathing has been reported 
to be related to cognitive decline,41-43 although others have found 
that daytime sleepiness is the primary factor in this association.44 
Our previous work13 and current results would support this last 
finding: although reported symptoms of sleep-disordered breath-
ing were associated with daytime sleepiness and cognitive im-
pairment, the most straightforward association was found be-
tween daytime sleepiness and cognitive impairment. Similarly, 
total sleep deprivation,45 rapid eye movement sleep-deprivation,46 
and insomnia47 have all been associated with decline in cognitive 
performance. 

Table 8—Factors Associated With Early and Late Bedtime and Wake-Up Time

   Bedtime Wake-up time
  ≤ 9 PM ≥1 AM ≤5 AM  ≥9 AM

Education, y       
 0  4.6[1.4-15.4]* 0.5[0.1-2.0] 2.6[1.0-6.9]* 2.8[1.1-6.9]*
 1-7  5.9[2.5-13.9]† 0.5[0.2-1.2] 2.7[1.3-5.3]* 1.4[0.7-2.9]
 8-10  2.7[1.1-6.9]* 1.0[0.4-2.5] 0.6[0.2-1.6] 1.1[0.5-2.3]
 11-12  0.5[0.1-2.5] 0.5[0.2-1.7] 0.9[0.3-2.7] 2.5[1.1-5.8]*
 > 12  1.0 1.0 1.0 1.0
Body mass index, kg/m2       
 < 20 2.0[0.7-5.6] 2.0[0.7-6.3] 0.9[0.3-2.8] 1.0[0.4-2.3]
 20-25 1.0 1.0 1.0  1.0 
 25.1-27 0.7[0.3-1.8] 0.8[0.3-2.5] 1.1[0.4-2.7] 1.8[0.9-3.7]
 > 27 2.2[1.1-4.3]* 2.6[1.2-5.9]* 1.5[0.7-3.4] 2.2[1.3-4.0]*
Health       
 Good 1.0 1.0 1.0 1.0 
 Moderate 1.7[0.8-3.6] 1.3[0.7-2.6] 0.6[0.3-1.5] 1.2[0.6-2.4]
 Poor 2.3[0.6-8.8] 3.4[1.2-9.4]* 4.8[1.0-23.1]* 2.4[0.6-9.3]
IADL       
 Independent 1.0 1.0 1.0 1.0 
 Needs assistance 1.6[0.9-3.1] 2.6[1.2-5.7]* 1.5[0.7-3.0] 0.9[0.5-1.5]
 Dependent 6.5[2.1-20.5]† 1.0[0.2-4.6] 3.5[1.0-12.2]* 3.3[1.3-8.4]*
 No physical exercise 1.0[0.5-1.9] 1.8[1.0-3.2]* 0.5[0.2-1.0] 1.2[0.7-2.0]
Insomnia & EDS       
 No insomnia & no EDS 1.0 1.0 1.0 1.0 
 Insomnia alone 1.5[0.8-2.9] 0.7[0.3-1.4] 0.9[0.5-1.8] 0.7[0.4-1.3]
 EDS alone 0.3[0.0-3.5] 0.7[0.1-3.7] 0.3[0.0-3.5] 1.7[0.5-6.4]
 Insomnia + EDS 4.6[1.7-12.4]† 0.8[0.2-2.9] 1.9[0.6-5.7] 1.5[0.6-3.6]
 Depressive mood 1.9[0.8-4.5] 2.3[1.1-4.8]* 0.9[0.4-2.5] 1.2[0.6-2.6]
 Anxiety 0.4[0.2-1.1] 1.9[1.0-3.9]* 0.4[0.2-1.3] 2.0[1.1-3.5]*

*P<.05
†P<.01 
IADL refers to instrumental activities of daily living; EDS, excessive daytime sleepiness
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Obesity

 In this study, obese individuals were more likely to be short 
sleepers (4 hours 30 minutes or less) and to sleep 1 hour or more 
during the daytime. These findings are congruent with those of 
clinical studies48,49 performed with obese patients without sleep ap-
nea compared with nonobese healthy controls. It has been reported 
that obese patients have a lower percentage of sleep time during 
the night50 and a longer percentage of sleep time during the day,48 

a lower sleep efficiency, and more daytime sleepiness as measured 
on the Epworth Sleepiness Scale.49 Late bedtime (beyond mid-
night) has been associated with obesity in 1 study.51 Mechanisms 
between sleep, slept debt, and obesity are not yet fully understood. 
Recent research has pointed out that sleep deprivation leads to 
endocrine and metabolic changes associated with diabetes and 
weight gain.52

Limitations of the Study

 Some limitations of our study need to be underlined. First, this 
study was performed with elderly subjects still living in the com-
munity. As such, many of them were still active (working, doing 
volunteer work, being members of social clubs, helping their chil-
dren, etc.) even after 74 years of age. Therefore, the most disabled 
elderly people were not included in this study. Second, our method 
did not allow for the assessment of the most-impaired individuals, 
such as the elderly with important cognitive deficits or those with 
speech or hearing impairments. Third, we did not have objective 
data on cognitive difficulties and daytime sleepiness apart from 
questions about orientation and memory from the Mini-Mental 
State Examination. Some may argue that self-reporting of cogni-
tive difficulties may not be as good as objective measures of cog-
nitive functions. However, a study done by Geerling et al53 showed 
that self-reported memory difficulties was a strong predictor of 
incident Alzheimer disease in older persons.
 As our results show, the attempt to delineate normal sleep in 
elderly individuals based on statistical norms has some interest, 
but it also has drawbacks. Indeed, no matter the sleep duration, it 
remains that a sizeable number of subjects are “not where they are 
expected to be.” For example, more than half of short sleepers felt 
rested upon awakening or were satisfied with their sleep, and near-
ly 20% had no complaint commonly associated with various sleep 
disorders. Does this mean that subjective measures are better indi-
cators of normal sleep? Not necessarily, because, if this were the 
case, we should have found find most of the independent factors 
(eg, obesity, cognitive impairment, reported symptoms of sleep-
disordered breathing, physical illness) to be negatively associated 
with positive perception of the sleep. There is no operational defi-
nition of normal sleep to date. This situation could explain why 
some mortality studies have obtained contradictory results with 
regard to the importance of sleep duration on mortality risk.54,55

CONCLUSIONS

 This is the first epidemiologic study linking the sleep-wake 
schedule of an elderly representative sample with sleep and men-
tal and organic diseases in terms of risk factors. It shows: (1) The 
variation around the median of nighttime sleep duration (7 hours) 
is about 2 hours. (2) Health issues already arise at the 25th and 75th 
percentiles of nighttime sleep duration, sleep latency, and daytime 
sleep. Therefore, even a moderate deviation from the norm (ie, 

values surrounding the median) is associated with various prob-
lems. (3) Lack of physical exercise appears clearly to be a risk fac-
tor of long and short sleep. (4) Obesity also appears to be related 
to short nighttime sleep and prolonged sleep during the daytime. 
(5) When examining the 2 extreme ranges of the sleep duration, 
health risk factors increase and cognitive performance decrease. 
 Finally, we believe that the comorbidity of organic and mental 
disorders in the elderly population must be reexamined using the 
median range of 7 hours of sleep per night with a variation of 2 
hours (more than 6 to less than 8 hours). These normative data 
must be confirmed in surveys from different countries, with dif-
ferent cultures, climate, and light exposure. 
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