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Introduction: Self-reported habitual sleep duration has been usedwidely in epidemiologic research, yet this
measure remains to be validated. We evaluated whether simple sleep duration questions concord with
sleep diaries in an online sample.
Methods: Australian adults aged 18+ years completed an internet survey examining measures of sleep,
sociodemographic risk factors, and a 7-day sleep diary. We examined single-question (how many hours
of sleep would you normally get?) and 2-question assessments (difference between sleep and wake
times) to a 7-day sleep diary estimation of sleep duration. Using Bland-Altman plots and associated statis-
tics, we tested systematic differences, precision, and systematic bias.We also evaluatedwhether the differ-
ences were consistent along the entire range of the measurement and whether they were associated with
any sociodemographic risk factors (Spearman rho).
Results: Data were analyzed from 1662 participants (67.3% female). Bland-Altman plots displayed visual
discrepancies between both 1-question and 2-question reports of sleep duration compared with sleep dia-
ries. Both the single- (−17minutes) and double-question (8minutes) sleep duration estimates differed sig-
nificantly (both P b .001). These simple estimates only agreed to within ±2.5-3 hours compared with diary
estimates. The measure was also weakly systematically biased (rho = +0.204 and +0.309, P b .001)
through the measurement range. There were significant differences and associations between differences
in sleep duration estimation and determinants of health.
Conclusions: Simple questions estimating habitual sleep duration are imprecise and systematically biased in
a large online survey. The amount of difference is correlatedwithwell-known sociodemographic risk factors.

© 2015 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

Single questions of subjective total sleep time (TST) are frequently
used to quantify sleep duration in large-scale epidemiologic studies.
Single questions of “how long did you sleep last night?” are quick,
easy to administer, and inexpensive.1 Single questions have been
found to be important for research, as a number of studies have re-
ported links between reduced TST and ill health including risk and in-
cidence of obesity,2 type 2 diabetes,3 hypertension,4 cardiovascular
disease,5 and mortality.6,7 Despite its widespread use, it does not ap-
pear that the single-sleep duration question has been validated in a
general population sample.

Two studies are widely cited to establish the validity of the
single-sleep duration question. The first compared sleep diaries
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to actigraphy in those who were legally blind.8 The second investi-
gated sleep using polysomnography (PSG), actigraphy, and
postwaking assessments of subjective sleep (30 minutes after) in
21 flight crew involved in delivery flights across the Pacific Ocean
from theUnited States to Southeast Asia.9 Neither of these studies ad-
dressed the validity or reliability of the single-question habitual sleep
duration in the general population.

Other studies have attempted to validate simple questions against
actigraphy in more general population samples. One large cohort
study (n= 600) has reported that a single question of sleep duration
is only moderately correlated to actigraphy but is biased because the
amount people get their sleep duration wrong by is correlated with
important sociodemographic drivers of health.10 Further studies
have also shown poor agreement between actigraphy and self-
reported assessments of sleep.11,12 Increasingly, health researchers
are looking to use the internet for sampling, as this is low cost per par-
ticipant compared with traditional study methodologies. One of the
limitations with online study is that, logistically, it is difficult to use
actigraphy in large numbers of participants (10,000+). Subjective
measures of sleep duration may therefore be preferable to objective
measures in epidemiologic research, as both actigraphy and PSG are
difficult and expensive to implement in large-scale research studies.1

Sleep diaries are the criterion-standard subjective assessment of
sleep, important for the assessment of sleep and for assessing sleep
disorders, like insomnia.13,14 Diaries, however, are time-consuming
and burdensome to both participants (time to fill in) and researchers
(data processing) andmaynot have anymarginal utility if 1 or 2 ques-
tions of habitual sleep duration prove to be relatively valid and impre-
cisemeasurements. An understudied alternativemight be to estimate
sleep duration by asking only 2 questions aboutwake and sleep times.
Therefore, we compared simple questions of sleep duration with
sleep diary measurements in a relatively large online survey: the
Australian Broadcasting Corporation (ABC), “Big Sleep Survey.”

Methods

The “Big Sleep Survey” captured Australian sleep habits through the
ABC(agovernment-fundedmediaorganizationakin to theBritishBroad-
casting Corporation (BBC) in the United Kingdom or the Public Broad-
casting Service (PBS) in the United States) in conjunction with the
NHMRC Centre for Integrated Research and Understanding of Sleep at
the University of Sydney. The principal question in this study concerned
the use of technology in teenagers' sleep, which has been reported
(see15). The survey was conducted between August 2010 and was
open until January 2011 as part of Australian National Science Week
2010. All participants were recruited through national media broadcast-
ing (television, internet, and radio) and asked to complete an online
questionnaire and keep a paper-based (print out) sleep diary for 7
days. Questionnaire completion coincided with early spring until mid-
summer across the continent of Australia (longitude, 113°E and 153°E;
latitude, 11°S and 38°S). Participants consented electronically before
the beginning of the study andwere not paid for questionnaire comple-
tion, but those who did were enrolled into a draw to win an electronic
tablet device. After the survey, participantswere providedwith feedback
about their sleep habits and directed to seek treatment if symptoms con-
sistent with sleep disorders were revealed. Ethical approval was provid-
ed by the University of Sydney Human Research Ethics Committee
(protocol no. 12590) to analyze data obtained after 12th August 2010,
and only these data are presented.

Survey

The survey was completed by Australians of any age and
consisted of a broad range of questions relating to demographics,

measures of sleep onset, offset, on both work and nonworkdays,
and circumstances that might have influenced sleep quality and
quantity (alcohol, caffeine, exercise, smoking, and pre-bed sleep
habits). Participants were also asked about their medical history,
medication use, shift work status, and diagnosis of sleep disorders.
Embedded within the survey were the Epworth sleepiness scale
(ESS)16 and insomnia severity index (ISI).17 All respondents com-
pleted the first 3 questions of the ISI, and those that responded
with “a few nights per week” or “every or almost every night” to
the first 3 questions from the index were prompted to complete the
full questionnaire.

Self-reported sleep duration measures

Self-reported habitual sleep duration was assessed in this study
using 3methods: (1) a single question for sleep duration from the on-
line survey; (2) through the use of 2 questions from the survey; and
(3) from sleep diaries using 2 questions. For the single-sleep duration
assessment, participants were asked to answer “on average, how
many hours of sleep would you normally get (excluding naps)?”
This was measured in hours (1 numeric input box) and minutes
(a second input box). For the 2-question sleep duration survey as-
sessment, participants were asked to nominate “specifically on the
working day, what time would you (1) wake up and (2) go to
sleep?” Participants were also asked to specify this on the nonwork-
ing day. This response was measured in hours and 5-minute epochs
(2 drop down boxes). The difference between these 2 time points
was calculated to estimate TST and weighted on the assumption
that the most common ratio of working to nonworking days was
5:2. For the 2-question 7-day sleep diary assessment, every day for
1 week, participants were asked “what time did you attempt to
sleep?” and “what was your final wake-up time?” and to specify if
it was a working or nonworking day. The difference between these
2 time points was used to estimate TST, and these daily estimations
of sleep duration were then averaged over all of the days reported.
Participants first completed the survey and then were asked to up-
load their sleep diary data to the survey Web site once complete,
and responses were recorded to the nearest minute. To our knowl-
edge, this might be the largest online sample of sleep diary data
from a general population sample collected.

Analysis of data

All data were analyzed in SPSS (version 21). Participants aged
older than 18 years were included in these analyses. Participants
with TST less than 3 hours or greater than 13 hours were excluded,
as they were deemed biologically implausible sleep durations using
the same rule reported previously.18 Bland-Altman plots19 were con-
structed to visually display the agreement between simple measures
and sleep diary measures of sleep. The 2 measures were then
assessed and compared with sleep diaries for the followingmeasures
of agreement as specified previously19: (1) the estimated bias, which
is the systematic difference in sleep duration between survey and
diary (assessed by a t test and visually by looking at the average
error line compared with the zero line on the Bland-Altman plot);
(2) the 95% limits of agreement (±1.96 SDs) is used to determine pre-
cision of the measurement; and (3) the systematic bias is where the
difference in sleep duration between the 2 methods changes depend-
ing on how far through the range of measurement you are (tested
with Spearman rho correlations to see, for instance, whether long
sleepers systematically overestimate their sleep and short sleepers sys-
tematically underestimate theirs.).Within each individual, we also cal-
culated the difference between the methods and correlated this
difference against widely recognized sociodemographic risk factors of
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