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Abstract It is often claimed that we are living through a
global sleep loss epidemic where, as a society, we increasingly
get less and less sleep. However, our previously published
systematic review of all relevant studies until May 2011 failed
to find strong evidence that this had happened worldwide. In
this current review, we updated that search and found 5 new
articles with data from 12 countries starting in the 1960s–
1980s and culminating in 2001–2012. We still find little evi-
dence for the claimed epidemic as different countries have
increasing, decreasing or stable sleep. There remain strong
concerns about methodological quality in many of the studies
and the effect of the rise of smart phones and tablets cannot yet
be assessed. We also found data in 5 reports about 4 countries
where markers of sleep quality do seem to have declined.
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Introduction and the 2012 Review

Insufficient sleep is a clear public health threat through its
effects on occupational or traffic-related injuries, lost produc-
tivity, impaired mood and possibly important chronic diseases

such as diabetes, cancer and obesity [1]. When describing this
problem in the media or even in peer-reviewed articles, the
sleep loss problem is referred to as an epidemic (reviewed in
[2, 3]). However, the term ‘epidemic’ is used in infectious
disease epidemiology to indicate a sudden sharp rise in the
number of cases of a disease. Applying this to sleep behaviour
implies therefore that society as a whole is getting less sleep
than it used to. Intuitively for some reason this feels ‘right’
somehow. But where is the evidence for this having hap-
pened? Who did it happen to? For instance, are there vulner-
able sub-populations?

In attempting to find the evidence for this occurring world-
wide in the adult population, our previously published review
on this topic sought to find all suitable articles published up
until May 2011 [2]. Suitable studies were those which had a
clear population-based sampling strategy so that the data
could be reasonably assumed to be representative of
community-dwelling adults. These mostly turned out to be
nationally representative sampling frames but we included
smaller regional or occupational studies as long as they met
the study design requirements. Sleep duration could be
assessed by any one of a number of methods (questionnaire,
time-use survey, etc.), but the same technique had to be re-
peated in cross-sectional surveys with the same sampling
frame. This was so that we could reasonably be sure that any
changes were due to a real change in prevalence rather than
some effect of a change in the measurement of sleep or in the
types of people being asked. Cohort studies (where groups of
people are followed up longitudinally) are not suitable for this
question because any population changes in sleep behaviour
would be inseparable from the ageing process because the
same people would be older at each follow-up. Survivor
bias in any follow-up of a cohort is also going to lose all the
people who have died or been lost to follow-up because they
are too unwell to participate.
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Our review [2] found 12 suitable study reports with data
from 15 countries (including 4 studies from the United States).
Interestingly, the majority of the studies used time-use survey
data, conceptually and pragmatically similar to sleep diary
data. Time-use data are generally collected by government
departments for the purposes of understanding changes in im-
portant social forces such as commuting time and paid and
unpaid working hours. Some studies reported proportions of
people sleeping below 5 or 6 h but most reported the
mean value change (and many helpfully reported both).
The results were notably heterogeneous. In 6 countries
sleep duration had declined (Austria, Belgium, Finland,
Germany, Japan and Siberia in Russia). But the rates of
change were very small with the declines reported being
≤0.6 min per year. Different data sources from the
United States indicated both increases and decreases in
sleep duration and the data from Goteborg in Sweden
was similarly ambiguous. Conversely Britain, Bulgaria,
Canada, France, Korea, the Netherlands and Poland all
reported increased average sleep duration over the past
decades. But again these gains were extremely modest
with most countries gaining less than a minute per year
except for Korea (1.5 min per year) and Bulgaria (1.7 min per
year). We could not tell why this heterogeneity exists between
countries as the methodological rigour, the general culture of
the countries, the timeframe of the reports (over decades from
the 1960s to the 2000s) or the number of follow-ups seemed
similar between countries with increasing and decreasing
sleep duration. We concluded that there was no consistent
evidence to support the claim of a worldwide sleep loss epi-
demic. Even in the United States, we could find no compelling
evidence of a societal increase in sleep loss.

But what about the adolescent or young adult population?
We know that cross- sectional studies have demonstrated as-
sociations between the amount of technology intrusion and
shorter sleep durations [4–6]. This could represent an
actual effect, or may represent activity displacement
(e.g. shorter or later sleepers who used to read under
the covers or listen to the radio now use mobile devices at
night). Mattriciani and colleagues review paper looked at
trends in sleep duration over the last 100 years in children
and adolescents, that was co-published with ours [2, 3].
Although reported as showing a small decrease in sleep,
overall this result was driven by a statistically significant
decrease in a couple of large Southeast Asian studies, whilst
Australia, United States and Northern Europe showed no
decrease and possibly even a small increase in sleep dura-
tion. As such, the field needs to be careful when the data
from large studies in one cultural setting mask differential
trends in other settings. Quantitative combinations of het-
erogeneous data from multiple countries into a single esti-
mate may in fact be misleading when trying to describe
global trends.

New Data Published since the Previous Review

Since the May 2011 review census date, we have published
additional time-use survey data from 10 countries [7]. We
were also aware of additional repeated cross-sectional sleep
data fromBritish and Finnish sources and so it seems timely to
update our review [8, 9]. We searched all citations to our 2012
[2] and 2013 [7] articles and some other key articles in the
field [10]. We also conducted a non-systematic search of
PubMed and Scopus databases for papers describing trends
in sleep duration at a population level published afterMay 2011.
Table 1 lists the studies located regarding sleep duration
changes. Sleep duration was defined as having changed when
mean sleep duration was reported to have significantly
changed and/or the proportions of either short or long sleepers
had changed in a direction that is consilient with a population-
level shift towards more or less sleep. We found 3 countries
where sleep duration had decreased (Norway, Italy, Canada), 4
populations that stayed the same (Netherlands, Germany,
Denmark and Geneva in Switzerland) and 4 countries where
sleep seemed to have increased (United Kingdom, Australia,
Sweden, Finland). Again in the United States, there were con-
flicting data where sleep duration over the same period of the
mid-1980s to the late 2000s was reported to both decrease
(both papers report data from the same study, the US
National Health Interview Survey [11, 12]) and increase [7].
Of note, all studies showing an increase in sleep duration were
ones where there was little chance of response bias as the
focus was not on sleep duration per se but on time-use in
general.

So Why the Mixed Results?

Simple Questions About Sleep Duration Remain
Unvalidated

The United States provides an example of how the ascertain-
ment of sleep duration can fundamentally reverse the result.
The two papers that reported a decrease in sleep duration both
reported data from an overlapping period of time (1977–2012)
from the same data source, the National Health Interview
Survey. Sleep duration in this study was ascertained by a sin-
gle question (‘On average, how many hours of sleep do you
get in a 24-h period?’). Conversely, the study reporting an
increase in sleep duration in the United States which used data
from the same period of time (1985–2007) collected its data
using the national time-use surveys. Simple questions about
sleep duration have extremely poor agreement (within only
about ±2.5 h) with diary-based methods of sleep duration
ascertainment [16]. The difference between objective mea-
sures and the responses to these simple questions is also bi-
ased—the further the respondent’s objective sleep duration is
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from 7 h the greater the discrepancy, at least in younger people
with mental health issues [17]. Other studies comparing sim-
ple self-report to actigraphic measures of sleep have found
only very modest correlations [18–20] but unfortunately have
not reported the agreement plots. Despite their presumed ‘face
validity’ (they appear like they should measure sleep dura-
tion), simple questions about sleep duration remain an un-
validated instrument and it is not entirely clear what exactly
is being measured by them [21].

The Limits of Accuracy—the Dangers of False Precision

The Canadian time-use surveys [7] provide another useful
lesson in the limits of accuracy using these techniques. The
Canadian data indicated an average decrease of 7 min of sleep
duration per day over a 13-year period from 1986 to 1998.
However, the data were collected using a time-use survey that
partitioned the day into 10-min parcels, which means the 13-
year change in sleep duration is smaller than the smallest time
quotient that can be measured in any human day. Similar is-
sues exist in the National Health Interview Survey data in the
United States and potentially all other studies where sleep
duration has been directly queried. Even though people in
these studies can sometimes theoretically estimate their sleep
duration to the closest minute, most people will generally
round to the nearest hour or half an hour, and much more
rarely the nearest quarter of an hour [22–24]. This natural or
imposed granularity in the data should be taken into account
when interpreting small changes. These may be below the
ability of our tools to detect. It is important to remember that
our statistical analysis packages may assure us that these
changes are ‘statistically significant’ but it is only because
we have lied to them about the data being continuous. Self-
reported sleep duration is really ordinal data. Another major
difficulty in interpretation is that the changes may be
accounted for by measurement bias trends (e.g. rounding up
vs. rounding down over time). If people are increasingly told
that sleep is reducing, they may preferentially round down
over time and so the observed effect actually be a result of
the epidemic claims.

Secular Social Forces That May Drive Sleep Duration

Why is it that some countries are going up and some countries
are going down? The answer could be that sleep duration
reflects socio-economic factors that are not moving in one
trend with time [25, 26]. One of the biggest predictors of sleep
duration of individuals within countries is the number of hours
they work (e.g. [27]). Once an individual is working above
50 h per week, sleep seems to suffer. Some people may choose
to work these hours for reward but others may be forced to do
so in low wage economies simply to survive [28, 29]. It has
also been noted at a national level that sleep duration rises and

falls over time, particularly economic downturn being associ-
ated with increased sleep due to increased rates of under or
unemployment. Thus the decision on the start and end year of
these analyses might be crucial to the interpretation—you can
see something that might be a cycle in the Danish data [13].
Starting in an economic recession and finishing in an econom-
ic boom period may give a false impression of a short sleep
duration epidemic and the converse starting in a boom period
and finishing in a recession might falsely give the impression
that sleep duration is increasing. A similar pattern has been
observed consistently in cardiovascular disease (CVD) where-
by, contrary to what most would expect, CVD death rates fall
during recessions and rise in boom times in developed coun-
tries, purportedly due to less work and unhealthier eating [30].

Another key driver through this mechanism will be female
participation in paid employment having risen dramatically
since the 1960s. If increases in paid employment are not offset
by decreases in unpaid work, then we should be seeing in-
creased sleep deprivation particularly in women. Despite this
seemingly plausible effect, this does not seem to have oc-
curred across a broad cross-section of the countries when
gender-specific trends were examined [13].

Secular changes in technology use are regularly cited by
sleep researchers (including ourselves) as drivers of poor sleep
or poor sleep behaviour, although most studies are cross sec-
tional [4–6]. Cohort studies are less common [31]. There is
also some evidence for reverse causation where the awake
time suffering from problems with getting to sleep might be
filled with technology use [32]. Traditionally, it was thought
that access to electronic light in general may drive sleep re-
striction or later bedtimes and there has been some empirical
evidence for this recently. Two towns in Argentina with sim-
ilar cultural backgrounds but with and without access to elec-
tric power for lighting seem to have differing sleep behaviours
in the expected direction [33]. However, despite the warning
surrounding the effects of increasing use of mobile technolo-
gy, there does not seem to have been a massive decline in
sleep across the western world though the introduction of
televisions in the 1960s and 1970s, personal computing in
the 1980s, nor the rise of the internet in the 1990s and
2000s. Many of the time-use surveys reviewed here seem to
finish in the 2000s. So we are as yet unable to assess in this
review whether the rise of smart phones and tablets may have
fundamentally altered sleep behaviour as much as is feared
because the data are all more than 5 years old at this point.
National time-use surveys are often repeated on 5-year cycles
so we may soon have new data.

The effects of blue light-emitting technology on sleep onset
or sleep timing are yet to be studied at a population level
(iPhone was released in the USA in mid-2007 and the iPad
in 2010). One of the most comprehensive and up-to-date re-
ports we found one report from Finland examining time-use
survey data where they had broken down sleep onset and
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offset time between 1979 and 2009 and found a progressive
shift towards later bed and rise times in the working age pop-
ulation whilst overall sleep time has not changed (i.e. a 10-min
increase) [15]. But sleep onset timing seems to be exactly the
same between 1999 and 2009 indicating that the rise of the
internet had no effect. Norwegian data with cross sections at
1980, 1990 and 2000 found sleep duration to be unchanged
but did find that sleep had become significantly delayed [34].
Conversely, Canadian time-use data do not find any change in
sleep onset or offset between 1998 and 2005 [35]. Market
saturation of these devices probably occurred after 2009, and
it remains to be seenwhat effect these devices, if any, have had
on population sleep. A major consideration in this seemingly
obvious route is that the amount of light experienced during
the day modulates any effect of this technology use nocturnal-
ly and so we need to keep an ecological view in interpreting
laboratory studies conducted in very low light [36, 37].

Changes in Population Subgroups

A lack of overall population change could mask subgroup
trends for example in young people who seem more suscepti-
ble to the melatonin suppression effects of light-emitting de-
vices [38]. The dangers of investigating this could be to inflate
type 1 error and accidentally find an important subgroup
where sleep has declined in a particular country. So we would
urge that these subgroup analyses be replicated across coun-
tries to be sure that they are real effects and that researchers
think about whether changes they observe in subgroups are
real given the quality of the data actually collected (see BNew
Data Published since the Previous Review^).

Safety Considerations in Advising the Public to Sleep
More

The side-effect profile of the sustained message to the public
that they are not getting enough sleep and that this problem is
getting worse is unknown. Telling people to sleep more might
not be an effective intervention anymore than telling people to
lose weight has been. Sleep might not be under their control
anyway [29]. We should also be careful what we wish for.
Pushing the bell curve of human sleep duration to the right
will inevitably increase the proportion of long-sleepers. It has
been noted for some time that overly long sleep may have
detrimental health effects [21]. Very few of these long sleep
duration studies have employed validated measures [39], the
vast majority are based on simple self-report. But those studies
using actigraphy to measure sleep duration have also reported
that long sleep durations are associated with poorer outcomes,
e.g. worse lipid profiles [40] or even death [39]. If long sleep is
a true cause of these effects (rather than an epiphenomenon of

an underlying disease process), then might harm public health
by untargeted advice to increase sleep.

One further side-effect of the constant message to the pub-
lic that they get insufficient sleep might be an increased anx-
iety around sleep and function amongst vulnerable sub-popu-
lations.Wemight in fact be causing the observedworsening of
insomnia/sleep quality. One indicator of this could be an in-
crease in insomnia prevalence and/or increased insomnia pre-
sentations to healthcare professionals.

Is Sleep Quality Declining?

One possible explanation for the widespread feeling that we
are undergoing a sleep duration epidemic could be a decline in
sleep quality [8]. In an attempt to supplement our updated
review of sleep duration trends, we thought readers might also
appreciate a review of repeat cross-sectional studies of sleep
quality that we are aware of (see Table 2). Readers should be
aware that our search for these was not systematic and prob-
ably omits some important studies—Table 2 is not meant to
include all studies published on this topic and is shown for
illustrative purposes only. Sleep quality as a concept is harder
to define than sleep duration. Declines in sleep quality might
be quantified as increases in complaints, presentations and
diagnoses of insomnia. They could also be found by an in-
crease in complaints about the quality, restfulness of sleep and
sleep disturbance. Sleep quality has also probably declined on
the back of the obesity epidemic increasing the prevalence of
sleep apnea [45]. In 4 studies that we found, from England,
United States, Norway and Finland, there seemed to have
been an increase in the prevalence of insomnia, insomnia-
like symptoms or presentation for insomnia across a range of
ages (see Table 2). This could explain the widespread ‘feeling’
that sleep duration has declined. In the final study from the
United States, it was less clear to us whether insomnia had
increased or whether general population growth and increased
societal interaction with the health care system could have
explained the increase in the absolute number of insomnia
presentations [44].

What Next—Future Studies and Unanswered
Questions

Italy was one country where there does seem to have been a
noticeable increase in short sleep and decrease in long sleep
[7]. One of the potential interpretations of this is that the tra-
ditional siesta has been lost but that nocturnal sleep has not
increased to cover the difference. However, we cannot be sure
this is what has happened and we are unsure whether such an
effect may have occurred in other traditional siesta cultures
such as Greece or Spain. We have no data on developing
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countries nor on the BRIC countries (Brazil, Russia, India and
China; except for the Siberian study [46]).

We do not know whether particular sub-populations might
have had a sleep duration epidemic. Vulnerable sub-populations
could include 15–25-year-olds or younger (not much
data). These age groups appear particularly vulnerable to tech-
nology intrusion affecting their sleep [38]. Other secular ef-
fects (work, study, extra-curricular activities both organised
and un-organised) might also have imposed a tighter window
for sleep than had been available in earlier decades. Blue-
light-emitting devices for instance might have pushed sleep
later than is traditional, but younger people cannot sleep late
to make up for it because of set start times and we know that
younger people with delayed sleep onset are exposed to
shorter sleep durations due to these demands [47]. We have
yet to systematically establish whether sleep timing has
changed at a population level. Data from less established
economies and countries going through economic transition
are also far too sparse [48].

Because we rely upon self-report (sometimes of time-in-
bed), we cannot really be sure of the fidelity of the estimates of
sleep duration. Objective measurements are needed—or at
least some population-level validation of the time-use survey
data to be sure that these are providing unbiased estimates of
sleep. The ability to use technology through the enormous
penetration of phone-based or wrist band accelerometers
(e.g. jawbone.com/blog/2014-year-review/) may aid the field
but all of these require validation. One concern is that the
technology does not last long enough to be used in repeated
surveys, with apps or devices being deliberately rendered ob-
solete through planned obsolescence after only a couple of
years, undermining the basic requirement of repeated identical
measures.

Declines in sleep quality should be investigated using a
systematic review and any forthcoming analysis of sleep qual-
ity in objective measures should also report any effects on
sleep quality/fragmentation.

Conclusions

There does not seem to have been the worldwide decline in
population sleep duration (a sleep duration epidemic) that is so
often claimed. There are some countries in which there is
evidence of shorter sleep durations than in the past.
However, there are just as many countries with apparently
increasing sleep durations. Even in the United States where
the idea of the sleep duration epidemic seems to be particular-
ly fashionable, there is evidence from different sources of both
a decrease and an increase in sleep duration. However, there is
some evidence that there has been a decline in sleep quality—
but this needs more rigourous investigation. The field would
benefit from standardised, validated and reliable approachesT
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and methodology as these undermine our ability to provide
good public health data and leadership
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