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a b s t r a c t
Background: Increasing evidence suggests an association between short sleep with adverse health outcomes: obesity, type 2 diabetes and hypertension. But there are few or no data on ‘‘who these short sleepers are’’ in the general population.
Objectives: To describe short sleepers and the associated sleep disorders in young adults.
Methods: Cross-sectional telephone survey in a representative sample of 1004 French young adults (25–
45 years old). Total sleep time (TST), insomnia, snoring, sleepiness and daytime consequences were
assessed using subjective validated tools. Short sleepers were deﬁned as sleeping <6 h a weekday
(sleep + nap + pauses). Sleep debt was deﬁned as those who ‘‘sleep 90 min less than the sleep they need
to be in good shape.’’
Results: Prevalence of short sleep was 18%, insomnia 12%, and sleep debt 20% in the total group. Among
short sleepers, 16% had insomnia, 45% sleep debt, and 39% neither. Short sleepers were signiﬁcantly
mostly males, blue collar workers and more overweight and obese compared to nonshort sleepers. Working >10 h per day, smoking and drinking coffee after 5 p.m. were also signiﬁcantly associated with short
sleep. Short sleepers had higher Epworth sleepiness scale ESS scores (7.8 vs 6.7; p = 0.0058) and more
sleepiness while driving (11.5% vs 2.9%; p < 0.0001).
Conclusion: Short sleep is highly prevalent in young adults but is not an homogeneous group, including
both insomniacs and subjects with or without sleep debt. Short sleep has to be deﬁned more precisely in
order to better understand its impact on public health.
Crown Copyright Ó 2011 Published by Elsevier B.V. All rights reserved.

1. Introduction
Increasing evidence suggests an association between short
sleep and major comorbidities (diabetes, obesity and hypertension) and higher mortality [1–4]. Short sleep is usually deﬁned as
reporting sleeping less than 6 h per day including sleeping, napping and resting [3–7]. In a representative sample of 3158 subjects
living in the Detroit area (USA), the adjusted (socioeconomics, age,
sex and comorbidities) prevalence of obesity was found to be 24.8%
higher in short sleepers than in controls [6]. In a meta-analysis
including 10 studies and 1,07,756 males and females and 3586
subjects with type 2 diabetes, the risk ratio of diabetes in short
⇑ Corresponding author. Address: Centre du Sommeil et de la Vigilance, Hôtel
Dieu de Paris, 1 pl du Parvis Notre Dame, 75181 Paris, Cedex 04, France. Tel.: +33 1
42 34 82 43.
E-mail address: damien.leger@htd.aphp.fr (D. Léger).

sleepers (<5–6 h of sleep) was 1.28. In this study, however, long
sleep and insomnia were also signiﬁcant risk factors [3]. Observing
trends in the prevalence of short sleepers in the USA from 1975 to
2006, a recent review combining the results of eight national studies concluded that unadjusted percentages of short sleepers ranged
from 7.6% in 1975 to 9.3% in 2006 [5]. But the increased odds of
short sleep over the 31-year period was signiﬁcant only among
full-time workers but did not change signiﬁcantly for part time
workers, retired/homemakers, or unemployed, and decreased in
students. Reported short sleep signiﬁcantly increased in 7 of the
8 registered industrial sectors in the USA [7].
Insomnia is also known to be associated with comorbidities
(e.g., depression, anxiety, pain, prostatic diseases) [8,9] but is generally considered secondary to these comorbidities (ICSD DSM IV)
[10,11] and so called ‘‘comorbid insomnia.’’ Some authors, however, have hypothesized that insomnia by itself may be the cause
of developing or maintaining some of these comorbidities. In a

1389-9457/$ - see front matter Crown Copyright Ó 2011 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.sleep.2010.12.012

Author's personal copy

D. Léger et al. / Sleep Medicine 12 (2011) 454–462

longitudinal study of 591 young adults in Switzerland, Buysse et al.
conﬁrmed the persistent nature of insomnia and the increased risk
of subsequent depression among individuals with insomnia [12].
Insomnia also increases pain sensitivity and contributes to chronic
pain [13]. The mechanism of how insomnia promotes the development of comorbidities, however, is not clear. Sleep duration may be
one factor, but the number of awakenings or the decreased percentages of slow wave sleep or REM sleep or a combination may
all be factors. A recent study tried to answer this question and concluded that insomnia with objective short sleep recorded by polysomnography (5–6 h and <5 h per night) seems to be the most
signiﬁcant predictor of type 2 diabetes. In a population sample of
1741 adults, diabetes was most frequent in the < or =5 h sleep
duration group (odds ratio [2.95[1.2–7.0]] than in the insomniacs
who slept 5–6 h (2.07 [0.68–6.4]) [14]. Moreover, insomnia with
objective short sleep is also associated with deﬁcits in neuropsychological performance observed such as processing speed, attention, visual memory and verbal ﬂuency [15].
Finally, short sleep and insomnia do not concern homogeneous
groups of subjects. As mentioned by Grandner et al. in a recent review, ‘‘short sleepers’’ comprised both of individuals with less need
for sleep and those not sleeping enough, voluntary and involuntary
[16].
This paper would therefore discuss problems associated with
the terminology used to describe ‘‘short sleep’’ and would try to assess how short sleepers may be insomniacs, normal sleepers or
sleep deprived subjects. We believe also that it is necessary to better understand how short sleepers may be voluntarily or involuntarily restricted. This is a major issue for planning short sleep
prevention among young adults.
The goal of our study was therefore to use epidemiology in order to describe short sleepers, the associated sleep disorders
(insomnia, sleepiness and sleep debt) and daytime consequences
in a representative group of young adults.

2. Method
2.1. Design
This was a national, non-interventional, cross-sectional, observational survey conducted in a representative sample of the general population of French adults aged 25–45 years old. A national
scientiﬁc committee including three sleep experts of the French
National Sleep and Wake Institute (Institut National du Sommeil
et de la Vigilance) and three epidemiologists of the National Institute for Prevention and Health Education (INPES) were responsible
for advice and recommendations on all scientiﬁc aspects of the survey. The survey was conducted in accordance with the 18th World
Medical Assembly (Helsinki, 1964) principles and subsequent
amendments and with the guidelines for Good Epidemiological
Practice [27].
Data were collected by computer-assisted telephone interviews
carried out by BVA (an European opinion poll institute). Phone
numbers (including mobile phone numbers) were selected randomly using an automated dialing system based on ﬁles stratiﬁed
by region and city size. Only one person in each household was
randomly selected among the eligible persons comprising the
household. In case of refusal, the individual was not replaced.
Within households reluctant to participate in the survey, it is often
impossible to assess the household eligibility (presence of at least
one person aged 25–45 years old within the household). The response rate can thus only be approximated by estimating the number of eligible household members among those who refused to
participate in the survey. Such an approximation leads to a response rate of 60%. Data were weighted on age, gender and head
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of the family employment status, based on national socio-demographic and socioeconomics statistics.
A semi-structured questionnaire (a survey regularly carried out
in the general population) that consisted of an extensive series of
standardized 30–45-min interviews was conducted over the telephone by professional interviewers. When subjects were not available at the moment of the call, a telephone interview schedule was
proposed at a more convenient time for the interviewee.
2.2. Subjects
Inclusion criteria for the cases were men or women aged 25–
45 years. This age group was voluntarily selected in order to focus
on young and active subjects who may be sensitive to focussed
short sleep prevention in future public health campaigns. In younger subjects, we believe that sleep debt may be too irregular and/or
difﬁcult to assess. In older subjects, however, comorbidities may be
a factor of confusion in the analysis. All respondents were eligible
to take part of the study whatever the quality and the quantity of
their sleep. The survey quantitatively assessed the type, frequency,
and natural history of nighttime and daytime symptoms.
2.3. Assessing insomnia and other sleep troubles
Insomnia and other sleep disorders were assessed by selfadministered questionnaires: the ‘‘Sleep Disorders Questionnaire
– French version’’ (SDQFV) and the ‘‘Epworth Sleepiness Scale’’
(ESS) score.
The SDQFV is a 42-item questionnaire based on DSM-IV and
ICSD-2 criteria of insomnia [10,11] [17]. This French version has
been validated in several epidemiological studies [18,19]. It covers
sleep habits, sleep disorders, alertness during the daytime and psycho-behavior items such as mood, memory and sexual behavior.
All but one of the items were derived from questions and possible responses in the SDQFV. The selection of sleep disorders
was based on two reference documents: the International Classiﬁcation of Sleep Disorders (ICSD-2) [27] and the Diagnostic and Statistical Manual of Mental Disorders, 4th revision (DSM-IV) [11].The
SDQFV also collected data on four speciﬁc sleep complaints:





Difﬁculties falling asleep
Frequent nocturnal awakenings
Early awakenings
Nonrestorative sleep

Sleep complaints are essentially drawn from the DSM-IV deﬁnition of insomnia. In addition, the ICSD-90 minimum criteria for
insomnia, idiopathic hypersomnia, snoring and sleep apnea were
used. Information was also collected on the duration of sleep
disorders:
 Insomnia was deﬁned according to the DSM-IV and ICSD-2 definitions [10,11].
 Subjects have ﬁrst to complain of ‘‘difﬁculty initiating sleep, difﬁculty maintaining sleep, early awakenings, nonrestorative
sleep’’.
 More than 3 nights per week and for more than one month.
 Daytime consequences listed according to the above deﬁnitions: (i) fatigue or malaise; (ii) attention, concentration, or
memory impairment; (iii) social or vocational dysfunction or
poor school performance; (iv) mood disturbance or irritability;
(v) daytime sleepiness; (vi) motivation, energy, or initiative
reduction; (vii) proneness for errors or accidents at work or
while driving; (viii) tension, headaches, or gatrointestinal
symptoms in response to sleep loss; (ix) concerns or worries
about sleep.
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2.4. Assessing total sleep time
The questionnaire was structured to question sleep schedules
and several items focussed on total sleep time. The main questions
were repeated for weekdays, weekends and holidays:
In general, (a = week days/b = week-ends/c = holidays)
At what time do you go to bed? /__/__/ hours /__/__/ min
At what time do you switch off the lights? /__/__/ hours /__/__/
min
How long it does take you to fall asleep? /__/__/ hours /__/__/
min
At what time do you wake up? /__/__/ hours /__/__/ min
At what time do you leave your bed? /__/__/ hours /__/__/ min
The interviewer instructions were ‘‘If the subjects give the same
time between ‘wake up’ and ‘leave the bed,’ please ask ‘do you
leave the bed at the same moment you wake up?’ If they answer
‘no,’ please repeat the question.’’
Do you sometimes have a nap? (a/b/c): YES /NO. If yes
How many times per week on average? /__/__/ times
How long do you usually nap each time? /__/__/ hours /__/__/
min
Total sleep time (TST) (a/b/c) per day was calculated by the addition of
- TST at night (time difference between falling asleep and waking
up)
- Total nap time.
As recommended by Knutson et al. in their review [5], we focussed our study on short sleepers, deﬁned as those reporting
<360 min (6 h) of sleep, nap or rest per weekday. Epidemiology
studies suggest that <6 h of sleep is associated with increased morbidity risk, while there is less evidence for having adverse effects
on health associated with 6–6.5 h of TST [5]. We only used TST
a( = during week days) to assess the subjects and to classify them
as short sleepers; b and c were only used to assess sleep debt.
2.5. Assessing sleep debt
Based on the literature we found no consensual deﬁnition for
sleep debt which may reﬂect voluntary (due to work conditions,
transport or leisure) sleep shortening. We therefore added some
items to the questionnaire. The questions aimed to quantitate
the amount of sleep needed by each subject to be in good shape
during the day. As previously reported, we also included questions
about sleep schedules during weekends and holidays. The questions included:
Ideally, if you were able to decide the number of hours of sleep
you need to be in good shape, how much time would you wish to
devote to sleep?
/__/__/ hours /__/__/ min
In reality, how many hours of sleep do you need generally to be
in good shape the next day?
Average/__/__/ hours /__/__/ min
Minimum/__/__/ hours /__/__/ min
Based on the answers collected by the interviewers, several
sleep debt deﬁnitions were derived. First, these deﬁnitions were
tested by calculation and the analysis of the prevalence for each

subset. From these results one deﬁnition of sleep debt was retained. This is a subjective decision based on the clinical expertise
of the three specialist members of the scientiﬁc board of the study
who build their conviction on their clinical experience and on the
analysis of the prevalence of subjects found for each possible
deﬁnition.
The candidate deﬁnitions of sleep debt were (1) a difference between the averaged TST during vacations and the averaged TST
during week days >60, 90, 120 min; (2) a difference between the
averaged TST during weekends and the averaged TST during week
days >60, 90, 120 min; (3) a difference between the averaged TST
‘‘needed to be in good shape’’ and the averaged TST during week
days >60, 90, 120 min; (4) a difference between the averaged TST
during weekends and the averaged TST during the week >60, 90,
120 min; (5) a difference between the averaged TST during vacations and the averaged TST during the week >60, 90, 120 min.
Insomniacs and subjects who ﬁlled the criteria for sleep apnea
or restless legs syndrome were excluded from subjects with voluntary sleep debt.
2.6. Assessing sleepiness, fatigue and daytime consequences
Sleepiness was measured by the Epworth sleepiness scale (ESS),
a self-administered questionnaire constructed and tested in the
early 1990s [20,21]; the ESS has been validated against objective
tests such as the Multiple Sleep Latency Test [22].
Subjects were also questioned during the same interview on
possible daytime consequences of their poor sleep and particularly
on (i) feeling not rested after their sleep; (ii) taking drugs to combat fatigue during the last 6 months; (iii) having negative effect of
their sleep (answer = Yes or No) on daily activities, work, relationships with others, leisure, memory and concentration, irritability,
mood (sadness, sorrowfulness); (iv) experiencing sleepiness whilst
driving in the last 12 months; (v) having an accident due to sleepiness when driving in the same period.
2.7. Statistical analysis
Data management and statistical analysis were performed
using the SAS software package (version 8, SAS Institute, North
Carolina, USA). Descriptive analyses for qualitative variables included number, frequency, and the 95% CI, while quantitative variables were analyzed in terms of mean value, standard deviation,
median and extreme values. Collected data were analyzed in the
total population and by subgroups of short sleepers, insomniacs,
and subjects with sleep debt.
A logistical model was created for short sleepers, insomniacs,
and subjects with sleep debt. A general linear model was used to
study the relationship between these sleep characteristics and
other factors analyzed. Comparisons between groups of sleep disturbances were made using student t-test or Mann–Whitney
non-parametric test for continuous data and v2 test or Fisher exact
test for categorical data.
To describe quantitative variables, the Kruskal–Wallis test with
Bonferroni-Dun’s post hoc analysis was used.
Explanation factors for short sleep were determined using logistic regression analysis after adjustment for potential confounders
(sex and age). The associations were then expressed using odds ratios (ORs). A step-by-step selection of socio-demographic and clinical criteria was performed by a univariate approach (v2 or Fisher’s
exact test for non-ordinal qualitative variables, Kruskal–Wallis test
for ordinal data, and analysis of variance or Kruskal–Wallis test for
quantitative variables).
Due to the small size of the samples, we were unable to test the
effects of sleep debt on fatigue, sleepiness and daytime consequences; we therefore extended the analysis to the entire sample
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to compare subjects with sleep debt, short sleepers and subjects
with both short sleep and sleep debt. A general linear model was
used to study the relationship between these sleep characteristics
and other factors analyzed. Comparisons between groups of sleep
disturbances were made using student t-test or Mann–Whitney
non-parametric test for continuous data and v2 test or Fisher exact
test for categorical data.

3. Results
From December 13 to December 22, 2008, a total of 1004 adults
between the age of 25 and 45 were interviewed. These subjects
were conformed to socio-demographic characteristics of the
French population of these age groups: 49% were males, 87% were
working, 23% belonged to the 25–29 years age group, 24% to the
30–34, 24% to the 35–39, and 29% to the 40–45 years old. Sixteen
percent were living alone, 69% in couples, 6% were still living in
their parents’ homes and 9% in other settings. Thirty-three percent
had children under 6 years old at home and 42% had children
above 6.

3.1. Prevalence of short sleep, insomnia and sleep debt in the total
group (n = 1004)
3.1.1. Short sleep, n = 185
The prevalence of short sleepers deﬁned as subjects reporting
sleeping less than 6 h per weekday (sleep + nap + rest) was 18%
of the total group. The average TST per day during weekdays
was 5 h 35 min (±63 min) in the group of short sleepers compared to 7 h 49 min (±70 min) in nonshort sleepers (p < 0.001).
Table 1 describes the explicative variables for short sleep in the
total sample of young adults. Short sleepers were mostly males and
blue collar workers, and a higher percentage of them were overweight and obese compared to nonshort sleepers. A higher percentage of short sleepers were also working more than 10 h per
day. They also reported signiﬁcantly higher rates of smoking and
drinking coffee after 5 p.m. than nonshort sleepers and did not signiﬁcantly report more snoring.

3.1.2. Insomnia, n = 121
Twelve percent of the total group had criteria for insomnia in
which 59% were females. The prevalence of insomnia did not vary
statistically with age groups (from 25–29 to 40–45 years old) or
with marital status, and professional category.

3.1.3. Sleep debt, n = 200
Table 2 shows the prevalence of sleep debt in the total group
with regard to the deﬁnitions previously derived and tested.
Based on the expertise of the scientiﬁc committee, the third definition: ‘‘a difference between TST to be in good shape’’ and TST
during week days’’ was consensually chosen as clinically relevant
for sleep debt. According to this deﬁnition, the prevalence of
sleep debt was 28% for a difference of 60 min, 20% for 90 min
and 12% for 120 min. Based on the expertise of epidemiologists
and clinicians, the 90 min was retained. Sleep debt concerned
males and females equally (50% of each). It did not vary signiﬁcantly with group age classes or with marital or professional categories. Subjects with sleep debt, however, lived preferentially in
the Paris area (29%) than in other kinds of urban or rural environments. They also signiﬁcantly considered themselves as
‘‘evening’’ types rather than ‘‘morning’’ types (52% vs. 39%,
p < 0.001).

Table 1
Explicative variables of short sleep (TST < 6 Hours per weekday) in the group of 1004
young adults.
Explicative variables

%

Sex
Males (Ref.) (n = 496)
Females (n = 508)
Age (categories)
25–29 years old (Ref.) (n = 209)
30–34 years (n = 245)
35–39 years (n = 253)
40–45 years (n = 297)
Blue collar
No (Ref.) (n = 765)
Yes (n = 239)
Average working time per day
<8 h (Ref.) (n = 186)
8 h 01–9 h (n = 213)
9 h 01–10 h (n = 190)
More than 10 h (n = 205)
Drinking coffee after 5 p.m
No (Ref.) (n = 739)
Yes (n = 265)
Smoking after 5 p.m
No (Ref.) (n = 720)
Yes (n = 284)
BMI
Underweight <18.5 (n = 52)
Normal weight 18.5–24.9 (Ref.) (n = 622)
25–29.9 overweight (n = 249)
>30 obesity (n = 62)
Snoring loudly
No (Ref.) (n = 871)
Yes (n = 133)

***

OR

95% CI

22.9
11.2

-10.5**

[0.3–0.7]

18.4
17.2
15.3
17.0

-10.8
0.8
0.7

[0.5–1.5]
[0.4–1.4]
[0.4–1.3]

-11

[0.6–1.6]

-10.8
0.8
1.5

[0.4–1.4]
[0.4–1.4]
[0.9–2.6]

-11.7*

[1.1–2.7]

-12.0**

[1.3–3.1]

*

15.4
22.0
**

17.6
12.9
14.2
25.3
***

13.6
26.4
***

14.0
24.4
*

18.0
13.9
22.1
25.0

1.8
-11.7*
2

[0.7–4.7]
[1.1–2.7]
[0.9–4.3]

-11.2

[0.7–2.0]

*

15.7
24.8

% = percentage; OR = odds ratio; CI = conﬁdence interval; Ref = reference; n = number; BMI = body mass index, TST = total sleep time.
*
p < 0.05.
**
p < 0.001.
***
p < 0.001.

Table 2
Prevalence of sleep debt in the total group of subjects (n = 1004) according to the
deﬁnitions selected by the the scientiﬁc committee.
 A difference between TST during vacations and TST during week days
Difference > 60 min: 41% Difference > 90 min: 41% Difference > 120 min:
21%
 A difference between TST during week-ends and TST during week days
Difference > 60 min: 35% Difference > 90 min: 35% Difference > 120 min:
18%
 A difference between TST ‘‘I need to be in good shape’’ and TST during
week days
Difference > 60 min: 28% Difference > 90 min: 20% Difference > 120 min:
12%
 A difference between TST during week-ends and TST during the week (by
averaging week days and week-ends)
Difference > 60 min: 20% Difference > 90 min: 12% Difference > 120 min:
7%
 A difference between TST during vacations and TST during the week (by
averaging week days and week-ends)
Difference > 60 min: 42% Difference > 90 min: 25% Difference > 120 min:
13%
TST = total sleep time, min = minutes, % = percent.
Difference > 90 min: 20% was the deﬁnition retained by experts for ‘‘slep debt’’.

3.2. Insomnia and sleep debt among short sleepers compared to
nonshort sleepers
Among the group of short sleepers, 30 were insomniacs (16%)
and 83 had the criteria for sleep debt (45%). Seventy-two subjects
did not complain of any insomnia or sleep debt (39%). Table 3 details the reciprocal prevalence of short sleep, insomnia and sleep
debt in the total group. Insomniacs included a signiﬁcantly higher
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Table 3
Short sleep insomnia sleep debt: reciprocity prevalences.
Sleep characteristics of short sleepers

n

%

TST < 6 h + insomnia
TST < 6 h + sleep debt
TST > 6 h without insomnia or sleep debt
TST < 6 h + insomnia

30
83
72
185

16
45
39
100

Table 4
Sociodemographic characheristics and habits of short sleepers (n = 161) with
insomnia, with sleep debt or without insomnia and sleep debt.
Sociodemographics
and sleep habits
Sex
Males
Females
BMI
Underweight < 18.5
Normal weight 18.5–24.9
25–29.9 overweight
>30 obesity
Age (categories)
25–29 years old
30–34 years
35–39 years
40–45 years
Professional categories
Farmen
Upper level executive
Mid level
White collar
Blue collar
Retired/nonworking
Working time per day (%)
Less than 8 h
8 h </ x < 9 h
9 h </ x < 10 h
>10 h
Transportation time per day (%)
Mean (minutes per day)
0–15 min
16–30 min
31–60 min
>1 h
Income per month
<1500 euros
1500–2499 euros
2500–3499 euros
>3500 euros
No answer
Agglomeration size
Rural
Less than 20.000 inhabitants
20.000 à 99.999 inhabitants
>100.000 inhabitants
Paris area (10 millions inh)
Family life
Living alone
Kids at home
Other habits
Drinking coffee after 5 p.m
Drinking alcohol after 5 p.m
Smoking after 5 p.m
Snoring loudly and sleepiness
Yes
Epworth sleepiness scale score

(a) Prevalences of short sleep in insomniacs compared to non-insomniacs
p < 0.001
Insomnia
No insomnia
TST < 6H
n
%
n
%
Yes
30
24.59
155
17.18
No
91
75.41
728
82.82
Total
121
100
883
100
(b) Prevalence of sleep debt in subjects with short sleep compared to nonshort
sleepers
p = 0.0541
Short sleep
Nonshort
sleep
Sleep debt
n
%
n
%
Yes
83
45
84
10
No
102
55
735
90
Total
185
100
819
100
(c) Prevalences of sleep debt in subjects with insomnia compared to noninsomnia
p < 0.0001
Insomnia
No insomnia
Sleep debt
n
%
n
%
Yes
0
0
167
18.91
No
121
100
716
81.09
Total
121
100
883
100
TST = total sleep time, h = hours, min = minutes, % = percent. Difference > 90 min
between weekdays and sleep needed was the deﬁnition retained by experts for
‘‘slep debt’’.

prevalence of short sleepers (24.6%) than non-insomniacs (17.2%;
p < 0.001; Table 3a). Among subjects who had sleep debt, there
was also a higher but nonsigniﬁcant rate of short sleepers (45%)
than in the nonsleep debt group (10%; p = 0.0541). Finally, due to
the deﬁnition adopted, there was no subject with sleep debt in
the insomniacs group, compared to 18.9% found in the non-insomniacs (p < 0.0001; Table 3c).
Table 4 shows there is almost no signiﬁcant sociodemographic
or professional difference between the three groups of short sleepers (insomnia, sleep debt or neither) except for gender. Males represented 80.7% of the noninsomnia and nonsleep debt group versus
60.6% of the sleep debt group and 37.8% of the insomniac group
(p < 0.001).
3.3. Impact of short sleep on BMI and subjective daytime
functioning
Table 5 describes the effect of short sleep (compared to sleep
debt) on subjective daytime functioning. There were signiﬁcantly
more subjects overweight (24 < BMI < 30) or obese (BMI > 30) in
short sleepers than in nonshort sleepers (p = 0.0009). BMI was
not signiﬁcantly higher in subjects with sleep debt (0.3867).
But short sleep, independently of being sleep deprived, had no
signiﬁcant impact on daytime consequences except regarding the
following items:
- Short sleepers felt signiﬁcantly ‘‘less rested’’ than nonshort
sleepers (33.7% vs 23.1%; p = 0.0033).
- They reported signiﬁcantly more ‘‘sleepiness while driving in
the last 12 months’’ (11.5% vs 2.9%; p < 0.0001) but no more
accidents due to sleepiness while driving.
- They have a greater ESS score: 7.8 vs 6.7 (p = 0.0058).
- Subjects with sleep debt, independently of being a short sleeper
or not, reported signiﬁcantly more daytime consequences than
‘‘nonsleep debt’’ in several domains:

Insomniacs Sleep
n = 28
debt
n = 66

Non-insomniac,
nonsleep debt
n = 67

***

37.8
62.2
ns
10.1
62.5
20.7
6.7
ns
22.0
23.4
24.1
30.6
ns
0.0
10.5
30.6
23.3
17.6
18.0
ns
22.2
16.4
22.1
39.3
ns
49.1
37.4
20.4
21.1
21.2
ns
16.8
38.0
15.4
9.4
20.4
ns
17.3
9.8
27.1
28.8
17.0
ns
31.0
20.4
ns
34.2
24.0
56.2
ns
6.6
7.6

60.6
39;4

80.7
19.3

7.7
50.7
34.3
7.4

1.6
47.0
37.2
14.3

28.2
24.5
21.7
25.6

26.0
23.2
21.8
28.9

0.0
13.2
31.2
18.9
26.7
10.0

0.0
20.4
21.0
18.2
37.7
2.7

20.0
25.1
10.8
44.2

28.7
15.0
26.4
29.9

49.3
23.7
20.7
34.1
21.5

49.7
26.9
28.4
20.4
24.3

12.9
28.0
33.5
18.5
7.2

13.0
25.4
25.1
17.8
18.7

20.5
20.1
13.1
15.9
30.3

30.9
20.7
12.6
17.7
18.1

26.3
34.4

29.1
29.5

43.0
29.8
35.7

42.6
28.7
41.2

22.2
7.9

20.7
7.1

⁄

p < 0.05.
p < 0.001.
***
p < 0.001.
⁄⁄

- They felt signiﬁcantly ‘‘less rested’’ than subjects with no sleep
debt (34.6% vs 17%; p < 0.0001).
- They used more treatments to combat fatigue (11% vs 4.3%;
p = 0.0015).
- They reported more negative effects on daily activities (39.4% vs
24.9%; p = 0.0009).
- They assessed more ‘‘sleepiness while driving in the last
12 months’’ (8.3% vs 2.8%; p = 0.0009) and reported more
accidents due to sleepiness while driving (6% vs 2.3%;
p = 0.0122).
- They had a greater ESS score: 7.7 vs 6.6 (p = 0.0094).
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Table 5
Respective effects of short sleep compared with sleep debt on daytime functioning.
Feeling nonrestored
TST < 6 h
Sleep debt

Yes
No
Yes
No

TST < 6 h
TST < 6 h + sleep debt
Sleep debt
Taking drugs against fatigue
TST < 6 h

0.0033
<0.0001
0.0672

0.0707

59
224
59
125
25
24
35

39.21
36.43
39.45
24.89
32.27
31.68
47.09

0.5374

32.17
35.58
29.13
27.04
27.95
22.65
35.49

0.452

TST < 6 h
TST < 6 h + sleep debt
Sleep debt

47
216
43
129
21
17
26

Negative impact on relationship with others
TST < 6 h
Yes
No
Sleep debt
Yes
No
TST < 6 h
TST < 6 h + sleep debt
Sleep debt

62
221
43
143
25
19
24

40.58
35.69
28.83
28.92
35.72
27.08
30.55

0.2755

29.83
27.3
22.34
20.02
22.54
19.86
24.78

0.5507

TST < 6 h
TST < 6 h + sleep debt
Sleep debt

44
166
33
101
17
15
18

Negative impact on memory and concentration
TST < 6 h
Yes
No
Sleep debt
Yes
No
TST < 6 h
TST < 6 h + sleep debt
Sleep debt

82
304
67
196
36
33
34

54.07
51.64
46.59
41.3
47.52
45.11
48.03

0.6032

50.68
55.15
48.48
44.25
49.31
40.4
57

0.3373

TST < 6 h
TST < 6 h + sleep debt
Sleep debt

79
336
75
217
39
31
44

Negative impact on mood (sadness, sorrowness)
TST < 6 h
Yes
No
Sleep debt
Yes
No
TST < 6 h
TST < 6 h + sleep debt
Sleep debt

70
324
61
201
36
26
35

45.4
52.91
41.05
40.82
44.09
36.03
45.98

0.108

TST < 6 h
TST < 6 h + sleep debt
Sleep debt
Negative impact on daily activities
TST < 6 h
Sleep debt

Yes
No
Yes
No

TST < 6 h
TST < 6 h + sleep debt
Sleep debt
Negative impact on work
TST < 6 h
Sleep debt

Negative impact on leisure
TST < 6 h
Sleep debt

Negative impact on irritability
TST < 6 h
Sleep debt

Yes
No
Yes
No

Yes
No
Yes
No

Yes
No
Yes
No

17
47
18
30
6
11
7

33.74
23.06
34.56
17.02
38.21
28.3
40.74
9.527
5.736
10.98
4.35
5.66
14.13
7.87

Sleep debt

Yes
No
Yes
No

63
183
60
118
38
25
35

0.0015
0.1297

0.0009
0.1027

0.6326
0.2514

0.9838
0.5318

0.5531
0.7897

0.2765
0.9355

0.3513
0.1548

0.9613
0.4553

(continued on next page)
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Table 5 (continued)
Feeling nonrestored
Sleepiness at the wheel in the last 12 months
TST < 6 h
Yes
No
Sleep debt
Yes
No
TST < 6 h
TST < 6 h + sleep debt
Sleep debt

21
25
14
21
10
11
3

11.47
2.936
8.3
2.82
9.86
13.37
3.35

<0.0001

Accidents due to sleepiness at the wheel
TST < 6 h
Yes
No
Sleep debt
Yes
No
TST < 6 h
TST < 6 h + sleep debt
Sleep debt

8
24
10
17
4
4
6

4.39
2.8
5.99
2.31
4.09
4.84
7.13

0.5583

137
623
112
604
79
58
54

81.65
85.31
79.36
92.25
83.79
79.08
79.65

Sleep satisfaction
TST < 6 h
Sleep debt

Yes
No
Yes
No

TST < 6 h
TST < 6 h + sleep debt
Sleep debt

0.0009
0.6478

0.0122
0.7382

0.254
<0.0001
0.7064

BMI
TST < 6 h
Sleep debt
Epworth sleepiness scale score
TST < 6 h
Sleep debt

Yes
No
Yes
No
Yes
No
Yes
No

<24
10
42
11
36
Average
7.81
6.76
7.66
6.63

5.45
5.12
6.51
5.09

24 < x < 30
95
527
96
446

51.82
66.32
58.86
64.55

>30
77
234
58
217

42.73
28.56
34.63
30.36

p
0.0009
0.3867

p
0.0058
0.0094

TST = total sleep time, h = hours, min = minutes, 0.0001 = signiﬁcant difference.

4. Discussion
A major ﬁnding of our study is to conﬁrm the high prevalence of
‘‘short sleep’’ (18%) in a representative sample of young adults (25–
45 years old). Although the average TST per day was 5 h 35 min in
this group, which is 25 min under the cut of 6 h, including night
sleep, nap and rest, usually adopted to deﬁne short sleep [3–7], this
percentage is higher than those (7.5–11.8%) mentioned by Knutson
et al. in their review of the trends in the prevalence of short sleepers in the USA from 1975 to 2006 [5]. This last study, however, was
carried out in older subjects (45±17 years old) compared to our
younger group. Even if many studies have been devoted to short
sleep and health in recent years, surveys directly focussed on the
prevalence of short sleep are relatively rare and do not use extensive questionnaires to obtain average sleep duration [5]. This is, to
our knowledge, the ﬁrst study speciﬁcally designed to assess the
prevalence of short sleep in the general population using sophistic
questionnaires speciﬁcally designed to differentiate sleep time
from time spent in bed. Recently, in their systematic review and
meta-analysis of prospective studies on sleep duration and all
causes of mortality, Capuccio et al. discussed that a major limitation of studies using short sleep as a risk factor is the lack of common methodology to assess sleep duration [23]. Of the 16 studies
they reviewed, including 13,82,999 subjects and 1,12,566 deaths,
sleep duration was assessed based on self reported questionnaires,
which did not allow differentiation of time asleep from time spent
in bed or estimation of numbers and duration of naps. Krueger and
Friedman, who published a review on sleep duration in the USA
based on pooled waves of the National Health Interview survey

(NHIS-SAS) 2004–2007, assessed sleep duration based on a single
question: ‘‘On average, how many hours of sleep do you get in a
24-h period?’’ [24] ‘‘How many hours do you sleep in 24 h’’ was
also the single item used to deﬁne sleep time in the sleep duration
report of the Finnish population (n = 7262 individuals) [25]. Conversely our study differentiated time spent in bed and time spent
sleeping, taking naps and resting using questionnaires designed
like sleep logs, which are frequently used in clinical settings to assess sleep disorders. Finally, Capuccio et al. also discussed the likelihood that most of the studies reviewed did not include in their
analysis subjects with obstructive sleep apnea and insomnia [23].
Interestingly our study questioned subjects on insomnia, sleepiness and snoring, using previously validated tools based on international deﬁnitions of sleep disorders [10,11,18–20].
Another important issue we found was that short sleepers did
not set up a homogeneous group at all. Among the group of short
sleepers, 16% were insomniacs and 45% ﬁt our deﬁnition of ‘‘sleep
debt.’’ But 39% did not complain of any insomnia or sleep debt.
These three groups did not differ much regarding socio-demographic characteristics and habits (Table 4) except for gender.
The non-insomniacs-nonsleep debt group was mostly male
(80.7%) versus 37.8% of insomniacs and 30.6% of those with sleep
debt (p < 0.001). But BMI, socioprofessional categories, transporting time, age categories, income, family structure, use of coffee,
alcohol or smoking after 5 p.m. and snoring were not signiﬁcantly
different between the groups. The common use of ‘‘short sleep’’ to
deﬁne a state which may lead to increased metabolic diseases
seems inappropriate. As mentioned by Capuccio et al., there are
few studies on short sleep morbidity and mortality that aim to assess common sleep disorders such as insomnia or sleep apnea [3].
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In the analysis recording the prevalence of short sleep in the USA,
there is interestingly no further analysis made on possible sleep
disease as an explanation for short sleep [5]. Even in recent literature on the prevalence of short sleep duration classiﬁed by industry and occupation a possible sleep disorder partially explaining
the effects of work on short sleep was not included in the logistic
regression analysis [7]. Recently three papers have clearly shown
the impact of being short sleepers (<5 h) while suffering from
insomnia [14,15,26]. In a sample of 1741 subjects addressed in
their sleep center, it was found that, compared with the normal
sleeping and the > or =6 h sleep duration group, the highest risk
of diabetes was in individuals with insomnia and the < or =5 h
sleep duration group (odds ratio [95%CI] 2.95 [1.2–7.0]) and in
insomniacs who slept 5–6 h (2.07 [0.68–6.4]) [14]. In the same
group of subjects, the authors also demonstrated that compared
to the normal sleeping and >6 h sleep duration group, the highest
risk of hypertension was in the insomnia with <5 h sleep duration
group (OR [95%CI] 5.1 [2.2, 11.8]). The second highest was in the
insomnia group who slept 5–6 h (OR 3.5 [1.6–7.9] p < 0.01) [26].
In a third paper, in the same group, they found that short sleep in
insomniacs had poor negative impact on neuropsychological performance, except for ‘‘set-switching attentional abilities,’’ a key
component of executive control of attention [15]. Nevertheless, to
our knowledge, no study exists assessing precisely the prevalence
of insomnia in short sleepers compared to nonshort sleepers. We
found signiﬁcantly more short sleepers in the insomniac group than
in the non-insomniac group (24.6% vs 17.2%; p < 0.0001). We believe it would be interesting to better deﬁne in future studies
how insomnia by itself may explain the relative risk attributed to
short sleep. In our sample we found also no difference regarding
the marital and professional status of insomniacs which may contribute to this impact. But it might also be partially explained by
the younger age of your sample. Finally, we did not assess apnea
in our survey but enquired about snoring loudly. Table 1 shows that
snoring loudly does not explain short sleep (OR = 1.2; [0.7–2.0]).
We recognize that we have no more information on possible sleep
apnea in our sample. But we believe that future studies would have
to clarify how sleep apnea may inﬂuence the reported ‘‘short sleep’’
in the general population. We also acknowledge that we did not assess the impact of being a morning or evening type person on short
sleep. We did not use chronotype questionnaires but rather a single
question. It would probably be interesting to take more careful account of chronobiological aspects in future studies.
Surprisingly, we found that short sleepers complained of relatively few daytime consequences of short sleep compared to nonshort sleepers. But they had a greater ESS score and recognized
more sleepiness while driving. They also felt signiﬁcantly less
rested in the morning. We were surprised that almost all other
items questioning possible daytime impact were not modiﬁed for
short sleepers. One explanation may be linked to the high percentage of short sleepers who did not complain of insomnia or sleep
debt (39%). If they did not complain of any sleep trouble, it is
understandable that they did not have difﬁculties during the day.
Subjects with sleep debt did complain of insufﬁcient sleep and they
also logically reported more signiﬁcant daytime impairments: not
feeling rested, needing drugs to combat fatigue, negative impact on
daily activities, sleepiness while driving and accidents due to
sleepiness while driving. They also had a greater ESS score and less
sleep satisfaction. This is, in our opinion, a crucial issue for future
creation of short sleep prevention programs. If short sleep is a risk
factor for obesity, diabetes and hypertension [1–6,14–16], it seems
important to inform adults of the need for longer sleep [3,23,27].
But based on the results of our group, despite higher BMI in the
short sleeper group, a large amount of short sleepers did not complain of any problems and would probably not be sensitive to any
suggestion of sleeping more. But it has to be studied more exten-
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sively. It could be interesting, for example, to study how short sleep
is linked to the subjective representation of sleep’s beneﬁts. Most of
the noncomplainers were young males. It has been shown that
males complained of a moderate (but signiﬁcant) impact of short
sleep [5,23]. Females complained more of insomnia and therefore
of the daytime consequences of their sleep troubles [8,9,12,13].
Depression has been found to be an independent explicative factor
of this gender effect [12]. In this study, we were not able, due to the
length of telephone interview, to assess anxiety and depression. We
recognize that this is a study limitation. Finally it is not possible to
conclude, based only on subjective tools, that short sleepers with no
complaint of sleep debt are objectively sleep deprived or not. Klerman and Dijk have shown in a group of 18 young adults, registered
by polysomnography, that those individuals with shorter habitual
sleep durations carry a higher sleep debt than those with longer
habitual sleep duration. Inter-individual variation in sleep duration
may primarily reﬂect variation in self-selected sleep restriction or
wake extension [28].
The deﬁnition we ﬁnally retained to take account of sleep debt
in the general population of young adults (Table 2) is also a crucial
point of discussion in our results. Acute sleep debt or sleep deﬁcit
is easy to deﬁne at the laboratory level. When one individual is
used to sleeping 7 h a day, an acute sleep deprivation may impact
cognitive functioning, emotional balance and biology [1,29,30]. But
there is, to our knowledge, no consensus on the deﬁnition of
chronic sleep debt at an epidemiological level. There is even more
of a controversy on the existence of a chronic sleep debt in the general population [31,32]. ‘‘Sleep difference of at least 180 min, between usual sleep time and sleep before long distance driving,’’
was the deﬁnition retained by Philip et al. to evaluate the risk of
accidents with sleepy driving in a sample of 2196 drivers [33].
Based on objective and subjective measurements of sleepiness,
Anderson et al. recently showed that a sleep debt lower than
47 min was not sufﬁcient to disturb alertness [32]. Regestein
et al. recently retained a two hour sleep debt from usual sleep time
to test the link between sleep deﬁcit and depression [33]. Facing
this lack of consensus we tested ﬁve deﬁnitions, based on the sleep
schedules collected from subjects regarding their sleep during
weekdays, weekends, vacations, and the sleep they need to be in
good shape. The deﬁnition we ﬁnally settled on, which was decided
by the scientiﬁc committee based on their clinical expertise and on
the primary results on the prevalence of using each deﬁnition, was
that a 90-min difference between TST during workdays and TST
needed to be in good shape would more accurately reﬂect chronic
sleep debt than other deﬁnitions. We acknowledge that this deﬁnition does not reﬂect a large consensus advice. But we showed that
subjects who responded to that deﬁnition, who may or not be short
sleepers, found a signiﬁcant impact on daytime functioning,
including the risk of accidents and a greater ESS score.
Our study showed ﬁnally that young subjects with short sleep
are not a homogeneous group which could be easily convinced
by a public health campaign encouraging them to get more sleep.
Some suffer from insomnia and need appropriate treatments, some
complain of sleep deﬁcit and others have no complaints with their
short sleep and do not ask for speciﬁc help. Facing increased
awareness on the potential effects of short sleep on morbidity
and mortality, more data are needed to understand to what extent
short sleep (under 6 h per day) impacts health in the general population of our countries.
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