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Abstract

Background: A significant U-shaped association between sleep duration and several morbidity (obesity, diabetes or
cardiovascular disease) and mortality risks has been regularly reported. However, although the physiological pathways and
risks associated with “too short sleep” (<5 hours/day) have been well demonstrated, little is known about “too much
sleeping”.

Purpose: To explore socio-demographic characteristics and comorbidities of “long sleepers” (over 10 hours/day) from a
nationally representative sample of adults.

Methods: A cross-sectional nationally representative sample of 24,671 subjects from 15 to 85-year-old. An estimated total
sleep time (TST) on non-leisure days was calculated based on a specifically designed sleep log which allows to distinguish
“long sleepers” from “short sleepers” (<5 hours/day). Insomnia was assessed according to the International classification of
sleep disorders (ICSD-2).

Results: The average TST was 7 hours and 13 minutes (+/— 17 minutes). Six hundred and twelve subjects were “long
sleepers” (2.7%) and 1969 “short sleepers” (7.5%). Compared to the whole group, “long sleepers” were more often female,
younger (15-25 year-old) or older (above 65 year-old), with no academic degree, mostly clerks and blue collar workers.
“Long sleepers” were significantly more likely to have psychiatric diseases and a greater body mass index (BMI). However,
long sleep was not significantly associated with the presence of any other chronic medical disease assessed. Conversely,
short sleep duration was significantly associated with almost all the other chronic diseases assessed.

Conclusions: In the general population, sleeping too much was associated with psychiatric diseases and higher BMI, but not
with other chronic medical diseases.
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Introduction adults, with a shorter time being necessary in the elderly [1-2,4,7—
9].

Most experts agree that sleep has now to compete more and
more with multiple tasks in our today’s 24-hour society. It results
in a severe sleep duration reduction around the planet, especially
for adolescents and young adults [10-11]. However, a recent
survey in an impressive sample of adults (328,018 subjects) from 10

It is generally recommended as one of the major rules for good
health in children, but also in adults, to have a sufficient amount of
sleep everyday [1-2]. Sleep has a crucial role in many somatic,
cognitive, and psychological processes and sleeping well appears to
be a health imperative, essential for survival [3—6]. However, it is
still largely unknown how many exact hours of sleep per day are countries, has shown that reducing sleep time was not a fatality in
needed in adults, according to their age, their environmental and several countries, except in the most active and young subjects
socio-cultural characteristics. Some authors recommend 8 hours [11-12].

of sleep whereas others believe 7 hours may be sufficient for Although scientists are still studying the concepts of basal sleep

need, increasing evidence tends to show that sleeping too little or
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too much impacts severely on health with a U-shaped association
between short and long sleep duration and morbidity [13-25] and
even mortality risks [24—32] across populations.

The metabolic, behavioral and epidemiological rationale
explaining the impact of short sleep duration on health is,
however, stronger than that the one of long sleep duration.

Sleep research has certainly shown that sleeping too little can
affect memory, immunity, and jeopardize safety [25-32]. Chronic
short sleep duration (<6 hours) has been associated with an
increased risk of obesity, diabetes, hypertension and other
cardiovascular diseases [13-22]. Acute sleep deprivation (defined
as sleeping 25-50% of a normal 8 h night’s sleep) contributes to an
increased inflammation and disturbs the immunological response
[6-7,28,33-34].

The evidence that long sleep is associated with obesity, diabetes,
hypertension or other cardiovascular diseases [13-18,20-24] and
with a 20%-30% higher mortality risk [25-27,29-31] has
consistently been found even stronger than the associations with
short sleep. In the most recent meta-analyses (28-30) the authors
suggested that long sleep may be even more detrimental in terms
of mortality than short sleep”. However, it is also often advanced
that an absence of consensus on the association between long sleep
and poor health may be due to methodological biases, confound-
ing, and reverse causation in the interpretation, which may also
been advanced for the association with short sleep [31]. An
absence of a clear “cut-oft” for defining “long sleep”, the
heterogeneity of studies with long sleepers, the small numbers of
long sleepers studied, the lack of studies in the general population,
and the high percentage of older adults in these studies have been
underlined [30-31]. In older groups, the association between long
sleep and mortality may represent an end-of-life process with
progressive fatigue and inactivity. Finally, it is also not understood
if long sleep may have a health protective impact in short sleepers,
when they extended the duration of sleep, as it is suggested by
some preliminary studies [35-36]. It is however not possible to
consider these last results on a public health point of view.

The aim of this study was, therefore, to more precisely study
“long sleepers”, using a clear cut-off for sleep duration, in a
nationally representative sample of subjects and by so trying to
better understand the association between long sleep duration and
health.

Materials and Methods

Sampling design

Analyses were based on a nationally representative, cross-
sectional sample of French adults, collected every 5 years since
1990, the “Baromeétre Santé” (BS) (Health Barometer) and
conducted by INPES (Institut National de Prévention et d’Edu-
cation pour la Santé). A common INPES BS study protocol
standardizes instrumentation, sampling methods, and data collec-
tion procedures at each step, with data cleaning and data set
construction performed centrally [37-38]. The BS 2010 has been
performed between October 2009 and July 2010.

The methodology is a cross-sectional study based on telephone
surveys with a randomized selection of households and subjects
interviewed, using a computerized system (CATI) to select mobile
phone and all home phone numbers with no restriction. If the
phone is not answered or busy, the interviewers phone repeatedly
for up to 40 times at different times of the week and of the day.
These different samples were aggregated and weighted to be
representative of the general French population (2008 census [39]),
taking into account sex, age groups, address, and size of the
agglomeration, academic level, and the number of persons per
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household. An estimated number of 25000 subjects were found
necessary to differentiate significantly groups due to logistic
regression on more than 100 factors.

Subjects

To be eligible, each household had to include at least one
French speaking individual between 15 and 85 year-old (yo). The
subject was randomly selected from among the household
residents; if he/she declined to participate, the household was
not selected.

Ethics

Participation was anonymous and voluntary; the study protocol
was approved by the French Commission on Information
Technologies and Liberties (Commission Nationale Informatique
et Libertés) based on the anonymous nature of the study and the
guarantee that the phone numbers selected would be erased from
the database after the study.

Measurements

Sections investigating sleep assessments were introduced for the
first time in the BS-2010. These sleep-specific measurements were
based on validated sleep-logs recommended for the assessment of
sleep in adults [40] on regular (non-leisure) days. As our survey
was designed to interview on a single day, we used several items to
assess total sleep time (T'ST) which were:

- To estimate TST on workdays:

1) ‘When you have to work (to be active) the next day, at what
time do you usually switched off the light to go to sleep?

2) ‘When you have to work (to be active) the next day, at what
time do you usually waked up?’

3) ‘How long does it usually take for you to fall asleep?’

4) ‘If you have awakenings during the night, how long do they
usually last (minutes)?

TST was defined as the difference between the time at which
the participant switches off the light and the time at which they
wake up, discounting the time needed to fall asleep + the time
awaken.

- Sleep characteristics and disorders were defined as
follows:

e “Long sleep’”: according to the ICSD-3™ edition, “a long
sleeper is an adult who typically sleeps 10 hours or more, but
teels well and functions without impairment [41].

® ““Short sleep’ In adults, sleeping less than 5 to 6 hours
during working days is usually considered as the “cut off” for
“short sleep” with potential comorbidities [25-32]. We then
retained sleeping <5 hours to strictly define “short sleepers”.

® Insomnia: according to the DSM-V, ICSD-3, and AASM
definitions [41-43], insomnia is defined as a: -difficulty
initiating sleep (DIS), difficulty maintaining sleep (DMS), early
morning awakening (EMA), or non-restorative sleep (NRS) -
with a frequency of at least three times per week, for at least
one month and with negative impact on daytime functioning.

® Hypersomnia, hypersomnolence and other sleep
disorders: Our questionnaire did not allow us to detect with
precision subjects with sleep apnea. Regarding hypersomnia,
based on ICSD-3 minimum criteria [41] it associates: 1) A
complaint of excessive daytime sleepiness occurring regularly
or often; 2) a TST>10 hours. We also termed hypersomno-
lence: sleeping >12 hours on working days [41] and severe
hypersomnolence: sleeping >12 hours with a feeling of non-
restorative sleep.
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Other variables assessed

- Alcohol use was assessed on AUDIT Score [44] and smoking
by questions on daily habits.

- To assess chronic diseases, “the interview included 8 questions
on chronic diseases which were carefully designed. The first one
was “Do you suffer from any chronic disease, i.c., a disease you
had from a long time (at least 6 months) and which may benefit of
regular treatment (i.e: diabetis, astma...): Yes, No, Don’t know.”
Question 2: which one and the interviewer has the possibility of
checking the exact (s) chronic disease(s) from an open list of 232
chronic diseases”. Based on these list there are 6 questions on
visiting doctors, nurses or other medical staff, hospitalisations in
the last 12 months, blood samples or dietetary recommendations,
which allow the interviewer to come back to the subject to get
more details on the chronic disease. Therefore subjects did not
self-report their illnesses but follow specific guidelines which allow
us to clearly identify which chronic diseases were diagnosed
including psychiatric diseases.

- To complete the psychiatric medical history on the present
time, psychological distress was assessed by the SF-36 mental
health sub score [45].

- Feelings of precariousness (“ie. the feeling of having not
enough ressources or social support to avoid powerty, professional
failure, poor health or life accidents), reports of a serious and
traumatic event before 18 yo and verbal, physical or sexual
violence during the 12 months prior to the survey were assessed
using specific questionnaires on personal background [46].

Statistical analyzes

Bi-variate and multivariable logistic regression models were
applied to investigate whether risk factors were independently
associated with short TST and long TST. Analyses were
performed using the R 2.12.1 software. The statistics presented
(percentages, odds ratios) correspond to weighted and adjusted
results. We used Pearson’s chi-square tests in the bi-variate
analysis; odds ratio (OR) are presented with their 95% confidence
interval.

Results

A total of 24,671 individuals (10,962 males and 13,709 females)
participated in the study; those households who refused to
participate were replaced by a same profile subject selected in
the basis (equally for mobile phones and for home phones).
Therefore, the final sample was representative of the French
national population (based on the last census) [39]. All individuals
completed items on TST and chronic diseases.

Total sleep time and socio demographics

The average TST was 7 hours and 13 minutes (+/— 17
minutes) and was significantly longer in females than in males
(7 hours 18 minutes (+/— 21 minutes) vs. 7 hours 07 minutes
(+/— 22 minutes); p<0,001). T'ST duration curves with age were
similar in males and females (see figure 1), with TST decreasing
significantly from 15-19 to 3544 yo in males and from 15-19 to
45-54 yo in females, before increasing again in the older age
groups. Between 55 and 64 yo, there was no difference between
males and females for TST, but after 65 yo, males slept longer.

Subjects with long or short sleep durations (Tables 1-
3). - From the all group, 692 (2.7%) individuals reported a TST
>10 hours, 143 (0.5%) >11 hours, 43 (0.2%) >12 hours (hyper-
somnolence).

- Among long sleepers (TST>10 hours), 9.8% (0.26% of the
total group) reported an association with being regularly or often
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sleepy (hypersomnia), vs. 7.8% of the other (non long sleepers)
subjects (non-significantly different).

- 0.03% reported severe hypersomnolence (I'ST>12 hours +
non-restorative sleep). Non-restorative sleep was not statistically
more reported by “long sleepers™ than by the “non long sleepers”
group (21.9% vs. 20.8%; NS).

- From the total group, 1,850 individuals reported a TST <
5 hours (7.23%) and 814<<4 hours (3.3%).

A lower educational level was significantly associated with short
or long sleep duration. Long sleep was significantly more frequent
in white collar and blue collar workers and short sleep in blue
collar workers and craftsmen. Living alone was significantly
associated with short sleep.

Total Sleep Time and health variables (Tables 2 and 3)

Weight and obesity. Subjects with long sleep and short sleep
duration were significantly more overweight (BMI>25) and obese
(BMI>30) than normal sleepers.

Insomnia and psychological state. Insomnia was signifi-
cantly less frequent both in long sleepers and in short sleepers than
in the whole group.

Long sleepers did not report more perceived precariousness or
violence in the 12 months prior to the survey than did the general
population. They, however, did report slightly more psychological
distress (SF-36 sub-scale) and violent traumatic events before 18
yo.

Short sleepers reported significantly more psychological distress
and more violence in the 12 months prior to the survey, more
traumatic events before 18 yo and more perceived precariousness
than the whole group.

Comorbidities associated with TST (Tables3 and
4). Long sleepers did not report more or fewer chronic diseases
than did the group as a whole including mental or physical
diseases. Conversely, short sleepers claimed significantly more
associated chronic diseases; these comorbidities are detailed in
Table 4. After multivariable analysis, long sleep was not signifi-
cantly associated with most of the chronic diseases reported except
for a higher rate of mental diseases and a lower rate of
ophthalmologic diseases. Conversely, short sleep was significantly
associated with most of the comorbidities, including cancer,
respiratory diseases, pain and rheumatologic diseases, digestive,
hormonal and metabolic diseases, mental diseases, but with less
ophthalmologic diseases. Long sleep and short sleep were not
significantly associated with a report of an accident in the last 3
months.

Discussion

The aim of the study was to better define and characterize
individuals with long sleep durations and, as such, we will limit our
discussion to these subjects. We believe that the link between short
sleep and health has been well documented; findings that are
supported by our data.

- A first strength of our study is that we retrieved data on “long
sleepers” from an extensive database of 24,671 individuals from a
representative group of the general population. To our knowledge,
this is the first study that has observed such a large and
representative group of long sleepers: 612 individuals had a
TST>10 hours, 143>11 hours and 43>12 hours.

We have here to specify that these long sleepers did not have
any other sleep disorders according to the ICSD-3rd international
classification [41]: they did not complain of insomnia, non
restorative sleep or sleepiness. In a previous study, in which more
than 1.1 million subjects (30-102 yo) were observed (American
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Figure 1. Data taken from the Health Barometer-2010, a nationally representative sample of 24,671 15-85-year-old participants
questioned on their sleep duration. Total sleep time was defined as the difference between the time at which the participant switched off the
light and the time of day they woke up, discounting the time needed to fall asleep.

doi:10.1371/journal.pone.0106950.g001

cancer prevention study), Kripke et al. also described a large
number of long sleepers: 9541 females and 9600 males reported
(based on a single item) sleeping >10 hours per night [26].
However, these participants were older than the general popula-
tion of USA. In Japan, a prospective survey was also conducted
over 12 years with 110,792 subjects: 1663 men and 1269 women
reported sleeping >10 hours [47]. These subjects were also older
than the general population of Japan (respectively 67.5 and 64.4
yo). Most of the other studies have reported on groups with less
than 500 long sleepers, and an overrepresentation of older
individuals [13-17,22-25,27,32].

Our representative sample shows that long sleep is not limited to
the elderly, but also concerns a large proportion of young adults
(6.6% of 15-19 yo and 6% of 20-25 yo in our survey). Long sleep
was very rare in the 35-54 yo class (1.1%) likely because of
occupational- and social-related sleep restrictions. As underlined
by Grandner et al. [28] in a review on sleep duration and chronic
disease: focusing on older individuals may lead to a misinterpre-
tation of the association between long sleep and morbidity.
“Finally, mortality risks of long sleep may be associated with
general failing health... sleep duration lengthens gradually during
the aging process...then poor health would lead to long sleep,
rather than long sleep leading to increased mortality.”

PLOS ONE | www.plosone.org

In addition to the effects of age, short sleep and long sleep were
here significantly associated with a lower educational level, which
is often found associated with higher co morbidity rates [14,17,20—
21].

- In contrast to most of the previous studies observing long
sleepers [13-18,20-25], we did not find a higher risk of
comorbidities in long sleepers, except for obesity and psychiatric
disorders. These are controversial issues that we will develop
further.

Obesity has not been consistently found to be associated with
long sleep, despite heterogeneous study designs and populations
[13,15-17,20,25-26]. An analysis of 56,507 subjects, from the US
National Health Survey, found an association between long sleep
(T'ST>8 hours) and obesity, diabetes, hypertension and cardio-
vascular risks [17]. Conversely, the Whitehall II study observed
almost no association between long sleep (I'ST >8 hours) and
health variables (including BMI), in a non representative sample of
6,742 subjects from UK and 3,027 from USA [24]. Another large
survey of 6461 non-pregnant females did not find any association
between long sleep and central obesity after adjustment [14]. In a
10-year prospective survey of 13,269 Japanese, no BMI difference
was neither found between long sleepers (>9 hours) and others

[13].
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The association between long sleep and depression is less
controversial. In our study, long sleep was associated with a higher
rate of depression, but also a higher report of traumatic events in
the past, which may partly explain the depressive complaints. In
the Whitehall study, long sleepers (>8 hours) also significantly
complained of more depressive symptoms than did normal
sleepers [24]. Several other surveys and meta-analyses have also
shown a higher rate of depressed patients among long sleepers
compared to normal sleepers [13,32,48-49]. However, after
multiple regression analysis, there was no more links between
long sleep and depressive symptoms in the Whitehall study [24].
Many other analyses or surveys have neither included depression
as a potential confounding factor. We would stress the importance
of systematically including an evaluation of depression in future
studies in the field. Depression may be associated with dysania (the
need to stay in bed without sleeping) and may potentially
introduce a bias in the link between long sleep duration and
health. We ackowledge that long sleep in subjects with depression
may be partially linked to the daily uptake of sedative treatments.
However we did not make the choice of reporting all the
treatments taken by the patients and did not have the possibility of
identifying this potential effect.

Except for obesity and depression, we did not find any
significant association between long sleep duration and other
comorbidities. This discrepancy between our results and those of
previous surveys may be explained by several methodological
issues:

® The first was the “cut off”” we used to define long sleepers. The
heterogeneity of possible cut-offs (>8 h, >8.5 h, >9 h, >
10 h) has been identified as a major bias in many reviews and
meta-analyses [13,15,18,20-21,24-31]. We understand that
some authors have used lower “cut-offs” to stratified their
samples; however, we do not think that values under 9 h may
be valid for representing long sleepers in the general
population. In the current study, we used the ICSD-3
definition, for which “a long sleeper is an adult who typically
sleeps 10 hours or more, but feels well and functions without
impairment”[41].

® A second possible point of confusion stands on how “long
sleep” was assessed. Many studies have hypothesized, using
just one simple subjective question: “‘on the average how many
hours do you sleep each night” [13-14,16-17,24-26] to catch
sleep duration. However, recommendations have been made
to improve sleep duration estimations, by using sleep logs and
different items to calculate TST [42-43]. Reviews and meta-
analyses have underlined the need for better assessing TST
[15,18,20-21,24-31]. We believe that sleep 1s such an
important risk factor that it should not be assessed by just a
single item in this kind of prospective cohort. When, Patel et al
used polysomnography and actigraphy to record the sleep
patterns of long sleepers (T'ST>9 hours, self-assessed by sleep
logs), they reported that they did spend more time in bed, (+63
minutes) and slept more (+42.8 minutes) than self-reported
normal sleepers (p<<0.001) (48). These authors found no
difference between long sleepers and normal sleepers in terms
of the apnea-hypopnea index or the distribution of sleep stages.

® A final point that we have already previously discussed is the
age. Most studies have focused on the elderly with or without
of elderly potentially associated preexisting comorbidities:
cancer, cardiovascular diseases [13-17,22-25,27,32]. We
believe it may introduce a major bias due to the high
comorbidities rate in elderly individuals.
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Several important meta-analyses and reviews have reported that
long sleep is associated with increased mortality [25-33]. The
association of long sleep with mortality has also been observed in
individuals who were healthy at baseline, including a recent study
that showed that long sleep in healthy boys was associated with
lifetime mortality. Male children who underslept or overslept
compared with peers were at increased risk of lifelong all-cause
mortality (HR =1.15, CIs [1.05, 1.27]). Effect sizes were smaller
and non significant in females (HR =1.02, CIs [0.91, 1.14]) [50].

Our study was not prospective and we cannot comment on
differences in mortality. However, we agree with the conclusion of
the most recent meta-analysis, that “despite a large body of
literature, it is premature to conclude. Careful attention must be
paid to measurement, response bias, confounding, and reverse
causation in the interpretation of associations between sleep
duration and mortality [31]”.

Our study has several limitations that restrict the conclusions
that can be drawn. Due to the cross-sectional design, it did not
allow us to establish causality or temporality. Secondly, informa-
tion about TST was self-reported by the participants. Neverthe-
less, self-reported T'ST assessments have been shown to be valid in
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long sleepers as registered by both actimetry and polysomnogra-
phy [48]. Third, comorbidities were assessed based on self reports
and were not checked by objective measurements; clinical
assessments would have been difficult given the large size of the
sample.

Conclusions

Except for obesity and depression, we found no risk associated
with “sleeping too much” in a nationally representative sample of
the general population; not surprisingly, ‘“‘short sleep” was
associated with most of these comorbidities.
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