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Abstract

Purpose—Variation in sleep duration has been linked with mortality risk. The purpose of this
review is to provide an updated evaluation of the literature on sleep duration and mortality,
including a critical examination of sleep duration measurement and an examination of correlates
of self-reported sleep duration.

Methods—We did a systematic search of studies reporting associations between sleep duration
and all-cause mortality and extracted the sleep duration measure and the measure(s) of association.

Results—We identified 42 prospective studies of sleep duration and mortality drawing on 35
distinct study populations across the globe. Unlike previous reviews, we find that the published
literature does not support a consistent finding of an association between self-reported sleep
duration and mortality. Most studies have employed survey measures of sleep duration, which are
not highly correlated with estimates based on physiologic measures.

Conclusions—Despite a large body of literature, it is premature to conclude, as previous
reviews have, that a robust, U-shaped association between sleep duration and mortality risk exists
across populations. Careful attention must be paid to measurement, response bias, confounding,
and reverse causation in the interpretation of associations between sleep duration and mortality.
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Introduction

Over the past decades, a growing body of literature has examined how habitual sleep
duration is related to mortality [1-36]. Several recent reviews have summarized this
literature and have concluded that a robust association exists between sleep duration and
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mortality risk; specifically, that mortality risk is higher among both short sleepers and long
sleepers compared to normal length sleepers [37-40]. Upon re-examination, however, the
literature is not as consistent as might be expected given these conclusions. A careful
reconsideration of the sleep duration/mortality literature is warranted, given the increasing
interest of epidemiologists in studying sleep [41] and the number of studies citing this
literature to motivate research focused on physiologic mechanisms linking sleep and health
outcomes.

Past reviews have not described the specific ways in which sleep duration was queried in
each of the original studies or the possible implications of these measurement differences for
study findings. Although all of the reviews acknowledge methodologic issues, insufficient
attention has been paid to the several plausible alternative explanations to a causal link from
sleep to mortality, including systematic measurement bias, unmeasured confounding, and
reverse causation.

Therefore, in this review we: (1) review how sleep duration has been measured in
epidemiologic studies and discuss the challenges of using these different measurement
approaches; (2) identify the correlates of short and/or long self-reported sleep duration in the
interest of highlighting the threat of confounding by these factors; and (3) summarize the
findings of prospective studies of sleep duration and mortality among adults, discussing
possible differences in these relationships by sex and measurement type.

To find studies of sleep duration and all-cause mortality among adults, we searched all
studies in PubMed up to October 5, 2012 using the search terms “sleep duration” and
“mortality,” which yielded 281 articles. Eligible studies were those published in English as
full-length articles that included sleep duration as the exposure and all-cause mortality as the
outcome among adult populations (=18 years of age). We additionally searched citation lists
of earlier review articles on the topic.

Several research groups have published multiple papers from the same study population [2,
5, 15-21, 26, 42]. In these cases, all of the studies are described in Table 1, but only the
report with the longest follow-up time and most detailed mortality analysis is included in our
primary results table (Table 2). Effect estimates from the most fully-adjusted models from
each study were extracted from data tables. We considered results to be significant at the P<
0.05 level on the basis of reported A-values or 95% confidence intervals. When available, we
reported sex-stratified results in Table 2. Sex-specific findings from the same study were
considered to be independent.

Sleep duration measurement

There is no perfect way to measure sleep duration. Survey-based methods include both
retrospective questions and prospective sleep logs. However, almost all epidemiological
studies examining sleep duration and mortality have used retrospective habitual sleep
questions, and the actual questions have varied. Broadly, questions fall into three categories.
A key question, not previously explored, is whether the type of question asked matters for
associations with mortality.

Nighttime sleep—The most frequently used questions query sleep duration during a

typical night. Wording varies, such as “About how many hours of sleep did you get on a
typical night during the past 4 weeks” [4] versus “In the last two weeks, how many hours a
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night did you usually sleep?” [10]. Other variations include asking separately about
weekdays and weekends, or asking about “average” rather than “typical” sleep.

24-hour sleep—Other surveys ask about sleep over 24 hours: e.g.,“How many hours do
you usually sleep per day (including both nighttime and daytime sleep)” [32], or simply
specify sleep “per 24 hours” [1]. Naps may be explicitly mentioned, and a few surveys
separately ask about nap frequency and duration [33].

Bedtimes and waking times—Some studies ask about usual bedtime and waking time,
and then calculate duration (e.g., [9, 12, 22, 34]). In theory, there may be advantages to this
approach over asking about total duration. Even though bedtime and waking time may also
be difficult to report accurately, they do not require mental arithmetic. Also, while eight
hours may be considered a normative sleep duration for adults, it is not clear there is an
equivalent normative answer for bedtime and waking time, and, therefore, responses may be
less subject to biases such as social desirability bias.

Non-survey sleep measurement—There are two “objective” ways to estimate sleep
duration based on physiological monitoring: polysomnography and actigraphy.
Polysomnography estimates sleep based on electrical brain activity and is considered by
many to be the “gold standard” for defining sleep [43, 44]. However, polysomnography is
not well suited to estimating usual sleep duration in a population-based study; the
unfamiliarity of the procedure and its invasiveness often alter sleep. While generally carried
out in a clinical laboratory, polysomnography can be adapted for home monitoring [45].
Typically polysomnography includes about 20 electrodes and monitors measuring brain
activity, muscle activity, eye movements, heart activity, airflow, breathing, and blood
oxygen levels, but fewer monitors could be used were the focus just on sleep duration. Two
studies reviewed here estimate duration from polysomnography [27, 36]; one included an
acclimation night [27].

Actigraphy estimates sleep based on arm movement using multi-directional accelerometers
that measure activity counts per epoch (e.g., 30 seconds); it is non-invasive, can be worn for
many days and is simple to use. Activity counts are used to categorize epochs as sleep or
wake. Actigraphy is thought not to alter sleep because there is no “first-night effect” [46].
Hip actigraphs have been used to measure physical activity [47], but wrist models are used
to estimate sleep. They can store many days’ data and yield estimates of total duration and
some other sleep parameters, such as fragmentation, but not sleep stages or apnea.

Actigraphy has recently been incorporated into several epidemiological studies [48-50].
Total sleep duration generally correlates highly between polysomnography and actigraphy —
a comprehensive review summarized the correlation at around 90 percent [46], with higher
estimated total sleep for actigraphy than polysomnography and worse agreement for those
with worse quality sleep [51, 52]. Only one of the mortality studies has used actigraphy [4].

Comparisons of survey sleep duration and actigraphy or polysomnography—
Many small clinical studies have compared survey-measured sleep duration to an
“objective” measure among individuals with sleep or health problems, but we have
identified only four large studies of community-based adults with such comparisons. In
these studies average physiologically estimated sleep is between 6 and 6.5 hours, with a
standard deviation of around one hour. Very few individuals have estimated sleep durations
longer than nine hours, often the definition of “long sleep” in surveys.

In the Sleep Heart Health Study, a population-based study of older adults, one night of home
polysomnography was compared to the next-morning survey estimate of the same night and
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to previously reported habitual sleep [53]. The average polysomnography sleep time was 6
hours, and the average survey estimate for the same night was 18 minutes longer, but the
correlation was only 0.16. Habitual sleep reports averaged an hour longer than
polysomnography and the correlation was 0.18. Greater divergence was found for those with
less education.

The Rotterdam Study of older adults included several nights of actigraphy (average duration
6.5 hours), and subjects also reported estimated sleep each morning [54]. On average the
morning estimates were 23 minutes longer than actigraph sleep, but about one-third of the
sample had more than an hour difference. On average, women reported a quarter hour less
sleep than men while their actigraph sleep was a quarter hour longer. Several covariates,
including age and cognitive function, had opposite effects on sleep diary and actigraph
sleep.

An ancillary study to the Women’s Health Initiative [4] oversampled women reporting short
or long sleep in response to “About how many hours of sleep did you get on a typical night
during the past 4 weeks?” The question was asked twice, a few months apart, with a
correlation of 0.60. Participants wore an actigraph for seven nights and wrote down nightly
estimates. Self-reported typical sleep and averaged self-reported nightly estimates were very
similar (correlation 0.84). Actigraph sleep averaged six hours, about 48 minutes shorter than
either self-report measure. The correlation between actigraph sleep and self-reported sleep
was 0.48. Examining time in bed from the actigraphy — rather than total minutes coded as
actual sleep — did not increase the correlation.

An ancillary study to CARDIA compared 3 nights of actigraph sleep duration (average six
hours) with self-reported measures in a middle-aged population [55]. The correlation
between the average actigraph and self-reported sleep was 0.47, with self-reported sleep
averaging 48 minutes longer, similar to the Women’s Health Initiative [4]. Persons with
mortality risk factors (fair/poor self-rated health, obese or more depressive symptoms)
systematically reported shorter sleep at the same level of measured sleep, implying that
reporting bias could generate associations between shorter reported sleep and mortality even
were there no association for actigraph-estimated sleep.

These studies consistently find that sleep estimated from polysomnography or actigraphy is
shorter than self-reported sleep. This does not just represent different calibration since the
correlation is only low to moderate. As with any imperfect measure, a correlation depressed
by random noise is less concerning than systematic bias. Studies examining whether
demographic or health factors alter associations between measured and self-reported sleep
find that they do, suggesting there may be systemic biases.

Correlates of self-reported sleep duration

Systematic and strong associations between sociodemographic and/or health-related factors
and reported sleep duration could theoretically explain some of the reported associations
between sleep duration and mortality. Therefore, in the following section we identify
correlates of self-reported sleep and consider the implications of these correlations for our
understanding of the relationship between sleep and mortality.

Demographic correlates—Men typically report longer sleep than do women [56]. Older
individuals are more likely to report either short or long sleep compared to younger
individuals [57]. Compared to Whites, Hispanics are more likely to report short sleep [58]
and Blacks are more likely to report both short and long sleep [57-59]. Reporting short or
long sleep is also associated with low socioeconomic status [57, 60, 61], and with working
long hours [57, 62].
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Social correlates—Sleep is often shared between partners and is likely shaped by
household and partnership characteristics. Unmarried individuals are more likely to report
shorter sleep [63] or shorter and longer sleep [57, 64]. Co-sleeping is associated with shorter
self-reported sleep duration [65]. Differences in objective sleep duration based on marital
status have not been reported although there are indications of differences in sleep quality
and continuity [66]. Finally, living in the inner city and perceived neighborhood disorder
also influence individuals’ self-reported sleep properties [58, 67, 68]. These household- and
neighborhood-level characteristics are also linked to health outcomes, including mortality
risk (e.g., [69-73]).

Health correlates—Longer self-reported sleep has been associated with: increased total
cholesterol and a higher total/HDL cholesterol ratio among the elderly [74]; greater carotid
intimal medial thickness [75]; recent treatment for cancer [62]; having had a heart attack or
angina [62]; poorer cognitive function [76], having a history of depression [60]; and using
antidepressants [60].

Shorter self-reported sleep has been reported as associated with: obesity [77-81]; metabolic
syndrome [82, 83]; diabetes [81]; hypertension [84]; cortisol secretion [85]; poor general
health [63]; and having more medical conditions [86, 87]. Shorter self-reported sleep has
also been associated with reduced cognitive function [56], unhappiness, symptoms of
depression [56, 88], and more suicidal ideation and attempts [89].

Other studies have documented an increased odds of reporting either shorter sleep or longer
sleep in association with obesity [57], diabetes [57, 90], hypertension [57], cardiovascular
disease [57, 90, 91], metabolic syndrome [92], physical illness [61], activity limitations [57],
poorer self-rated health [93], poorer objective and subjective cognitive functioning [94],
depression [57], other psychiatric conditions [61, 86], and with deleterious health behaviors
including smoking, alcohol consumption, and low levels of physical activity [57].

Implications of correlates with self-reported sleep duration—Nearly all of the
demographic, social, and health-related factors identified above as correlated with self-
reported sleep are also known to be associated with mortality risk (e.g., [69, 70, 95, 96]),
suggesting that associations observed between self-reported sleep duration and mortality risk
need to be interpreted with care. Demographic and social factors logically lie upstream of
sleep duration while health factors may lie upstream or downstream from self-reported sleep
duration. Ambiguities about where in the causal pathway the health conditions lie make it
impossible, given the present state of knowledge, to distinguish confounders and mediators.

Differences in sleep length by sociodemographic factors or by health conditions could
reflect true differences, differential reporting or a combination of the two. Regardless,
failure to fully adjust for these factors when testing for effects of short or long sleep on
mortality (unless they are mediators) would result in residual confounding and an incorrect
inference with regard to the independent effect of sleep on mortality risk.

Review of studies of sleep duration and mortality

We identified 42 prospective studies of sleep duration and mortality drawing on 35 distinct
study populations across the globe (Table 1). Sample sizes ranged from 184 [27] to over 1
million individuals [2, 3]; the interquartile range was from 1,512 to 12,671. Follow-up times
ranged from 3 years in the Chinese Longitudinal Healthy Longevity Survey [97] to 35 years
in a Finnish population-based study [11]. Three studies employed polysomnography or
actigraphy [4, 27, 36]; the remainder relied on self-reported sleep duration. A number of
studies reported sex-specific results and thus the number of findings in Table 2 (N=55)
exceeds the number of distinct study populations (N=35).
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With the exception of individual reports of decreased mortality risk in association with long
sleep in Scottish men [30] and with short sleep in older Chinese women [97], there are four
types of findings that have been reported in these studies: (1) that only short sleep is
associated with increased mortality; (2) that only long sleep is associated with increased
mortality; (3) that both long and short sleep duration are associated with increased mortality
(the “U-shaped effect”); and (4) that sleep duration is not associated with increased
mortality.

Findings have not been consistent (Table 2). Among 55 findings, two support an association
of increased mortality risk with short sleep only (both in populations of young to middle-
aged Japanese men) [12, 22], 16 support an association with long sleep only, 14 support a U-
shaped effect, and 23 support no significant association.

Even among studies reporting significant associations, effect measures have been modest.
Higher values, such as the hazard ratio (HR) of 2.4 reported by Amagai et al. 2004 [22] for
males sleeping less than 6 hours, were rare. The largest study — the Cancer Prevention Study
Il [3] - reported significant effect sizes ranging from HR=1.07 for women who reported
sleeping 5 hours per night to a maximum HR=1.41 for women who reported sleeping 10 or
more hours per night. This study controlled for many demographic, behavioral, and medical
risk factors and the authors suggest that most of the mortality risk observed in association
with short sleep could be explained by comorbidities [3].

The variability among study findings is striking given that recent reviews have concluded
that both short and long sleep are consistently associated with increased mortality risk
[37-40]. Below we explore some possible explanations for heterogeneity among study
findings.

Sex effects—Interestingly, a number of studies report divergent effects for males and
females (Table 2) [8, 12, 13, 22, 32, 97, 98], however the distribution across study finding
types is very similar for the two sexes. There appears to be no consistent difference between
males and females with regard to the pattern of sleep duration effects on mortality.

Measurement effects—Given the potential problems with survey sleep measures, it is
relevant to first examine the results of the studies employing physiologically estimated sleep
duration measures. A study employing actigraphy among women 50-81 years of age
(N=444) concluded that the relationship between sleep duration and mortality was U-shaped
[4]. Although the study population was specifically sampled to over-represent short and long
sleepers, the longest average actigraphic sleep time was 8.37 hours. While mortality was
elevated for both the short sleepers and long sleepers when sleep categories were collapsed
into three groups (<5; 5-6.5 (referent); >6.5 hours), the death rates by more detailed sleep
categories do not show a dose response for either side of the duration distribution. The top
and bottom categories (<4.5 or >7.5 hours) have relatively low mortality, albeit with small
numbers, and the highest mortality risk was observed in women sleeping either 4.5-5 hours
or — interestingly — between 7 and 7.5 hours.

Neither of the two studies employing polysomnography reported significant associations
between sleep duration and mortality [27, 36]. In both studies, sleep duration was
dichotomized at < 6 and 6+ hours, precluding the possibility of finding a U-shaped effect.
As in the study employing actigraphy, Dew et al [27] observed that no subjects had recorded
sleep times greater than 8.3 hours.

One interesting pattern among studies using survey sleep measures is that all of the studies
reporting U-shaped associations measured sleep duration with questions about typical
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nighttime sleep or 24-hour sleep (Table 2). None of the studies that asked about usual
bedtimes and waketimes reported a U-shaped association; rather, they reported either no
association [12, 22, 23] or only a long sleep association [6, 9, 34, 99], or, in the case of two
studies of young to middle-aged Japanese men, only a short sleep association [12, 22]. That
the U-shaped associations are exclusively found in studies asking about usual sleep duration
may be informative and suggests the possibility of systematic response biases, with people
in generally good health more likely to give a “normative” response (i.e., 7 or 8 hours) and
those in worse health more likely to give a “non-normative” (shorter or longer duration)
response.

In three studies [1, 30, 35], sleep duration data were collected twice, several years apart. In
one of these studies there was a significant U-shaped sleep duration effect when using the
more recent sleep data, but no significant sleep duration effect with longer follow-up [35]. In
two studies, moving to either shorter or longer sleep (from average sleep) was associated
with increased mortality [1, 35] however no such effect was observed in the third [30].
Change in reported sleep may also reflect an underlying health process.

Table 2 shows how sleep duration was categorized, with the numbers in bold indicating the
reference category (where specified). The number of analytic sleep categories varied from
two to eight. The rationale for any particular categorization scheme was rarely stated, and
almost no studies report sensitivity analyses with alternate cut-points. Short sleep was
typically defined as <6 or <7 hours per night, though lower values were also represented.
Long sleep was variously defined as >8, 9, or 10 hours. The reference category was most
often 7 hours, but was sometimes 7-8 and occasionally 6-8 or 7-9 hours. In two instances,
short and long sleepers were combined and compared to the reference group with a single
statistical test [18, 24]. As noted earlier, in the two polysomnography studies, short sleepers
(<6h) were compared to all others [27, 36]. In the remaining studies, however, separate
statistical tests were carried out for each sleep category relative to the reference category.
Plausibly, these coding and analytic differences could help to explain the diverse results. For
example, two studies published two years apart from the same cohort yielded different
findings: increased mortality for long sleep only when using three categories [20] and
increased mortality for both long and short sleep when using seven categories [21].

One possibility is that those studies with null findings were underpowered, given the modest
effect sizes expected. However, the study populations of studies reporting null effects were
not anomalously small, the duration of follow-up was similar to those studies reporting
significant effects, and the effect sizes that they reported were not consistently above one.
Thus it is unlikely that the null findings were uniformly due to lack of power.

Adjustment effects—Studies varied in the number of sociodemographic and health-
related factors that they adjusted for. Some study investigators suggest (e.g., [29]) that
including health conditions like diabetes and hypertension — which themselves may be on
the causal pathway between sleep duration and mortality risk — would result in
overadjustment. The judgment about whether some of these health conditions lie upstream
or downstream from sleep duration (or are simply confounders) will influence the
interpretation of these adjusted models. It is certainly the case, however, that divergent
results among studies could be due in part to the inclusion of different sets of control
variables.

Discussion

Sleep is complex. Different ways of measuring it yield different results and elucidating the
role it plays in our health is similarly challenging. One of the classic criteria for inferring
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causality from a body of observational studies is consistency [100], and, as shown here,
findings are not consistent for the association between sleep duration and mortality.

While a substantial fraction of the findings support the possibility that at least long self-
reported sleep duration may be associated with increased mortality, we do not know whether
long sleep duration is itself a causal factor for mortality, a marker of illness [26, 101], or a
product of response bias driven by other mortality risk factors. Studies with objective sleep
measurement have found that there are very few individuals with measured sleep longer than
eight and one half hours [4, 27, 48], emphasizing an essential difference between sleep as
estimated by physiologic measures and sleep duration as reported with survey questions. It
is possible that the two types of measures capture different aspects of the sleep experience.

To date, the literature has focused on perceived sleep but perceived sleep is likely influenced
by a complex combination of true sleep duration, some of the psychosocial and health-
related factors identified earlier, and, very possibly, other, yet-to-be identified factors.
Although actigraphy may be the most suitable measurement modality for sleep duration at
present, it may be prohibitively expensive for use on a large scale. If survey measures must
be used, we suspect that less biased data might result from querying usual bedtime and
waking time before asking about duration, to help walk respondents through the steps of
calculating an answer, or using prospective sleep log data collection, which was not
employed in any of these studies.

Additional sleep phenotypes of importance include sleep quality and timing and the
presence or absence of sleep apnea; these are often not considered in studies focused on
sleep duration. Indeed, the diverse results across studies of sleep duration and mortality may
point to a very complicated relationship between the two, one that may be modified by
demographic, social, and health-related factors, as well, possibly, as by these other key sleep
phenotypes. It is also essential to consider that using a single measurement over the life
course, as is typically done, is clearly sub-optimal for describing this complex, and likely
dynamic, exposure.

Prior reviews of this topic have outlined possible mechanisms linking sleep duration to
increased mortality risk. Typically, short sleep duration is thought to increase mortality risk
through adverse endocrinologic, immunologic, or metabolic effects [102-105], through the
induction of chronic, low-grade inflammation [106-109] (but see [110]), or via increases in
cortisol secretion or altered growth hormone metabolism [85, 111]. However, although the
pathway outlined from the metabolic changes or pro-inflammatory changes observed in the
experimental setting to mortality risk is via increased cardiovascular disease risk, a recent
meta-analysis reported no significant increase in cardiovascular-related mortality [40].

Biologic mechanisms proposed for the association between long sleep and mortality risk
include increased sleep fragmentation, fatigue, changes in immune function, photoperiodic
abnormalities, lack of physiologic challenge, depression, or underlying disease processes
[37]. As suggested by others [101], it is critical to distinguish between those mechanisms
that may mediate the relationship between sleep duration and mortality and those that would
confound the relationship as the two alternative explanations have very different
implications.

Reverse causation — that is, that individuals with health conditions putting them at increased
risk of mortality have either lengthened or shortened sleep — is an additional compelling
alternative explanation for observed associations between sleep duration and mortality
[101]. Past reviews have discounted this possibility given that a number of studies controlled
for participants’ health conditions. However, a complete accounting of health status —
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particularly the determination of underlying but as yet undetected disease — would be
virtually impossible.

Our conclusions differ from those of two recent meta-analyses that report consistent
increases in mortality risk among short and long sleepers, with an approximately 10%
increase in mortality risk among short sleepers and a 20-30% increase in mortality risk
among long sleepers [39, 40]. Our review includes a substantially larger number of studies
than either of those meta-analyses and includes the studies employing objective sleep
duration measures, two of which were published in the intervening years. Although a
summary estimate of the relationship between sleep duration and mortality risk is
compelling, meta-analysis of these studies is challenging because of the substantial
variability across the original studies with regard to the actual sleep duration question(s)
used, which reference sleep category was employed, how long and short sleep were
categorized, the level of confounder adjustment, the age range of study subjects, and the
length of follow-up.

Integrating across studies employing different definitions of long and short sleep seems
particularly problematic with regard to interpreting the final results. In one meta-analysis
[39], short sleep definitions from the studies included were <4, <5, <6, and <7 hours per
night and long sleep definitions were >8, =9, 210, and =12 hours. The reference category
was variously defined as 7 hours, 7-8 hours, 7-9 hours, 6-8 hours and 9 hours. Although in
some of the original studies there was only one short or long sleep category, in others results
for multiple categories above and/or below the reference category were presented and no
decision rule was stated for which category would be chosen for the meta-analysis. In these
cases, it appears that most of the time, the shortest of the “short sleep” categories and the
longest of the “long sleep” categories were used in the meta-analysis [9, 21, 22, 26, 29,
33-35]. However, in some cases a different category was employed (i.e., the middle of the
short/long sleep categories or the shortest of the long sleep categories) [3, 12, 22]. In the
other meta-analysis [40], results from multiple short or long sleep categories were pooled to
comprise a single short or long sleep group, although how that pooling was undertaken was
not specified. Reference groups were also somewhat diverse (i.e., 7-7.9; 7-8; 6-8; 6-7.9;
7-8.9; 9-9.9) in this meta-analysis [40]. In neither meta-analysis was the type of sleep
question used explored as a source of heterogeneity.

An additional issue to be considered with meta-analysis is the statistical method used to
integrate the original estimates. One of the meta-analyses detected significant heterogeneity
between the studies [39] while the other did not [40]. Both meta-analyses employed the
DerSimonian and Laird random-effect model [112, 113]; this method, however, has been
shown to underestimate heterogeneity across studies, which in turn can lead to overall effect
estimates biased away from the null [114].

In summary, the substantial number of negative findings in the literature and our observation
that only one quarter of the findings reported a significant U-shaped association between
sleep duration and mortality risk would make us question the conclusions of recent reviews
that sleep duration is consistently associated with mortality in a U-shaped fashion [37-40].
We would instead suggest that there is not a clear consensus on this association and that
careful attention must be paid to measurement bias, confounding, and reverse causation in
the interpretation of associations between sleep duration and mortality. Because sleep
research is of great interest to the public, researchers should be careful not to overstate the
support for these associations as they are so simply — and often — translated into advice.
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