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Study Objectives: To investigate (1) how many nights of sleep diary entries are required for reliable estimates of five sleep-related outcomes (bedtime, wake
time, sleep onset latency [SOL], sleep duration, and wake after sleep onset [WASOQ]) and (2) the test-retest reliability of sleep diary estimates of school night

sleep across 12 weeks.

Methods: Data were drawn from four adolescent samples (Australia [n = 385], Qatar [n = 245], United Kingdom [n = 770], and United States [n = 366]), who
provided 1766 eligible sleep diary weeks for reliability analyses. We performed reliability analyses for each cohort using complete data (7 days), one to five
school nights, and one to two weekend nights. We also performed test-retest reliability analyses on 12-week sleep diary data available from a subgroup of 55

US adolescents.

Results: Intraclass correlation coefficients for bedtime, SOL, and sleep duration indicated good-to-excellent reliability from five weekday nights of sleep diary
entries across all adolescent cohorts. Four school nights was sufficient for wake times in the Australian and UK samples, but not the US or Qatari samples. Only
Australian adolescents showed good reliability for two weekend nights of bedtime reports; estimates of SOL were adequate for UK adolescents based on two
weekend nights. WASO was not reliably estimated using 1 week of sleep diaries. We observed excellent test-rest reliability across 12 weeks of sleep diary data

in a subsample of US adolescents.

Conclusion: We recommend at least five weekday nights of sleep dairy entries to be made when studying adolescent bedtimes, SOL, and sleep duration.

Adolescent sleep patterns were stable across 12 consecutive school weeks.
Keywords: sleep diary, adolescent, sleep, reliability, test-retest.

Statement of Significance

Reliable estimates of sleep are crucial to clinicians and researchers who seek to quantify the typical sleep of an individual or group. The absence of reli-
able estimates means that any associations between sleep and other constructs (cognitive functioning, health outcomes, etc.), or observations of change
in sleep patterns over time (in the case of longitudinal or treatment studies), become meaningless. This study is the first to determine how many nights of
sleep diary estimates are needed to reliably estimate sleep in adolescents, as well as the test-retest reliability of consecutive weeks of sleep diary entries.
Future research is needed to address this critical gap regarding younger populations.

INTRODUCTION

Sleep diaries are widely used in sleep research and clinical practice
and are considered the gold standard for subjective sleep assess-
ment."! They have the advantage of being easy to use, portable,
and low cost. As sleep diaries measure sleep prospectively, many
of the limitations of retrospective self-reported sleep are avoided,
including recency effects (individuals’ tendency to recall recently
occurring examples) and recall biases. Despite their widespread
use, limited research has evaluated how many nights of sleep
diary records are needed for reliable sleep estimates in adults,?
and none is available in adolescents. The lack of such research
frames an important gap in the evidence for accurate estimates of
typical sleep from daily diaries. Aggregation of multiple nights of
sleep estimates reduces the effect of intraindividual night-to-night
variability and provides greater accuracy of sleep estimates.

A number of factors affect the number of sleep diary nights
needed for reliable sleep pattern estimates. These factors include
the aspect of sleep assessed (ie, sleep onset latency [SOL], total
sleep time, bedtime, wake time, etc.), the period of sleep aggre-
gated (ie, school night sleep, weekend sleep, weekly sleep, etc.),
and the sample population (ie, healthy school-attending teenag-
ers, those with clinical sleep disorders [ie, delayed sleep—wake
phase disorder, insomnia], etc.).> Common among these factors
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is what drives differences in how many nights are needed for
reliability, namely, intraindividual stability.? Greater stability
requires the aggregation of more data points to provide accu-
rate estimates of “typical” sleep. For example, in healthy older
adults, Wohlgemuth and colleagues estimated that 1 week of
sleep diary records were needed to provide adequate stability.”
Among older individuals with insomnia, however, 2 weeks were
needed to estimate SOL, while reliable estimates of wake after
sleep onset (WASO) required 3 weeks of sleep diary records.”
This difference was due to the increased variability in night-to-
night SOL and WASO among the clinical group.

Adolescence is characterized by a high degree of variability in
sleep,* ¢ with systematic differences in sleep parameters occur-
ring according to when the measurement is made and which
variable is being measured. For example, school night sleep
typically involves earlier bedtimes, earlier wake times, and a
shorter sleep duration than weekend sleep.”® Due to the high
degree of variability among adolescents, estimates of reliability
derived from adult samples cannot be generalized to this age
group. Thus, it is important to estimate reliability specifically
for adolescents. Indeed, even within adolescent groups, known
cross-cultural differences in sleep and sleep variability may
affect reliability estimates.®'" Accordingly, the present study
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examines how many nights of sleep diary records are needed to
estimate SOL, bedtime, wake time, sleep duration, and WASO
in culturally diverse groups of adolescents from Australia,
Qatar, the United States, and the United Kingdom.

The present study also evaluates the test—retest reliability of
sleep diary estimates of sleep to determine the stability of sleep
estimates over several months. Longitudinal and clinical research
that uses sleep as an outcome variable rely on the assumption
that changes to sleep in the short-to-medium term are driven by
changes in the independent variable (such as treatment), rather
than by the passage of time or by measurement error. For exam-
ple, acommon test for clinical significance is the Reliable Change
Index (RCI) statistic to determine whether or not a change in
an individual’s scores pre- and post-treatment is significant (ie,
an RCI > 1.96).!2 The RCI can be applied to experimental case
studies or to provide an indication of the percentage of individ-
uals in a sample show clinical improvement. A common use of
RClIs is to assess treatment effects in mental health disorders.!* !5
Despite the frequent use of sleep diaries in treatment outcome
research, RCIs for sleep diaries cannot be calculated because the
sleep research field has not determined their test-retest reliability,
which is needed within the RCI formula. To address this gap, 12
weeks of sleep diary data from a subsample of 55 US adolescents
were examined to determine the test—retest reliability of sleep
diaries.

METHODS

Australian Adolescents
Ethical approval for the study was granted by Flinders University
Social and Behavioural Research Ethics Committee and the
Department of Education and Children’s Services. Participants were
385 adolescents (60% male) recruited from eight South Australian
high schools and were aged 1318 years (M = 15.6, SD=0.95). All
students attending these mainstream high schools were eligible to
participate and there were no exclusion criteria. Informed consent
was obtained from the Principal of each school, the participant, and
a parent or guardian. The response rate was 84%.

Participants completed a pencil and paper sleep diary across
1 week during the school term. Variables included bedtime
(“Went to bed last night at”), SOL (“Minutes until fell asleep”),
sleep duration (“Slept this much last night”), WASO (“After
you fell asleep, what is the total amount of time you spent
awake during any night time awakenings?”), and wake time
(“Finally woke at”). For each item, adolescents were instructed
to answer with a specific time (eg, 9:35 pm) or duration (eg,
12 minutes). Participants also concurrently wore wrist actigra-
phy (Mini-motionlogger; Ambulatory Monitoring Inc. (AMI),
Ardsley, NY) and called a time-stamped answering machine
before bedtime and after they woke each day.

US Adolescents

US School Sample

A total of 311 students (35% male) were recruited from five
Rhode Island high schools between late September and early
December. Students were in grades 9-12 and ranged in age
from 13 to 19 years (M = 16.0, SD = 1.2). Inclusion criteria
were only the ability to understand and willingness to comply
with the study’s requirements.
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US Subsample

Participants were 55 adolescents (40% male), aged 14.5-
19.3 years, who attended high school in Rhode Island.
Participants were recruited from the 311 adolescents from the
previously described study.'® Exclusion criteria included diagno-
ses of sleep apnoea, narcolepsy, restless legs, major depressive
disorder, bipolar disorder, schizophrenia, current eating disor-
der, or a major chronic medical condition, head trauma with a
loss of consciousness, repeated involvement with the juvenile
court system or current use of psychoactive substances known
to affect the sleep/wake cycle or daytime alertness. Participants
completed pencil and paper sleep diaries prospectively across
one school semester from late January to mid-May. Only school
weeks were included in the analyses.

The Lifespan Institutional Review Board (IRB) approved the
two US studies, and informed consent was obtained from par-
ents of participants under age 18 years, or from students aged
18 years or older. Pencil and paper sleep diary entries for both
studies included bedtime (“Attempted to fall asleep at”), sleep
duration (“Slept this much last night”), and wake time (“Finally
woke at”). SOL (“Minutes until fell asleep”) entries were only
available for the US subsample. The first week of sleep diary
entries were used to analyze night-to-night stability for each
group separately. Twelve weeks of school night estimates were
included in the test-retest analyses. Participants also wore
wrist actigraphy (Mini-motionlogger; AMI) and called a time-
stamped telephone answering machine before bedtime and after
rise time. Sleep diaries were collected weekly from participants.

Qatari Adolescents

Approval for Qatar’s Ultimate Education for Sleep in Teenagers
(QUEST) study was obtained from Qatar’s Supreme Council of
Education. Ethical approval for the study was granted by Weill
Cornell Medicine in Qatar Institutional Review Board (14-
00104). Head teachers at two international high schools located
in Doha, Qatar, were approached and agreed to participate in
the study. Parents of all students registered in years 7-11 from
the two high schools received information about the study and
opt out consent was provided. Willing students provided written
assent. Students were excluded from study participation if they
had a diagnosed sleep disorder(s), had travelled to a different
time zone 4 weeks before providing sleep data, or took medi-
cation that affected their sleep (over-the-counter or prescribed).
A total of 611 adolescents were recruited to the study (aged
10-18 years; 44% male). The main aim of this cross-sectional
study was to identify sleep patterns in adolescents residing in
Qatar. Participants were provided with wrist actigraphy concur-
rent with a pencil and paper 7-day sleep diary for completion
during term time. A trained researcher explained to each partic-
ipant, in a private room setting, how to complete the sleep diary.
The sleep diary requested the following information: bedtime
(time you went to bed and attempted to sleep), sleep time (time
you think you fell to sleep), and wake time (time you finally
woke up). From these variables, we calculated: sleep duration
(difference between sleep onset and wake time in minutes) and
SOL (difference between bedtime and sleep time in minutes).
For the purposes of our analyses, we investigated number of
school nights (one to five) and the number of weekend nights
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(one to two) for bedtime, SOL, sleep duration, and wake time.
A total of 245 adolescents returned their sleep diary with at
least one entry.

UK Adolescents

Ethical approval for the Midlands Adolescent School Sleep
Education Study (MASSES) was granted by the University of
Birmingham Research Ethics Committee (ERN_08-437). In
brief, eight secondary schools located in the Midlands region
of the United Kingdom participated in the 3-year cohort study.
Parents of students registered in years 7-9 at the schools (aged
11-13 years at baseline) received information about the study
and opt in/out consent was provided (response rate 80%),
according to the Head Teacher’s recommendation. Students
were excluded from study participation if they had a diagnosed
sleep disorder(s), had travelled to a different time zone 4 weeks
before providing sleep data (at any of the three assessments), or
took medication that affected their sleep (over-the-counter or
prescribed). Willing students provided personal assent. A total
of 892 adolescents were eligible to participate in the study
(42.4% male). The main aim of the study was to assess changes
in sleep patterns in UK adolescents over a 3-year period with
annual sleep assessments (7 consecutive days/nights of wrist
actigraphy and a corresponding sleep diary) during the same
term each year. A trained researcher provided instructions for
sleep diary completion to student volunteers in a group setting
and participants were requested to return the sleep diary 1 week
later. The pencil and paper sleep diary used in MASSES was
the same as the one used in QUEST and the same sleep varia-
bles were calculated, as previously highlighted. A total of 293
participants returned the sleep diary in year 1; 261 returned
the diary in year 2; and 216 returned the diary in year 3 of the
study. To be included, sleep diaries required at least one entry

(n =770 across all three time points assessed from adolescents
aged 11-16 years over the entire study period).

Statistical Analyses

All statistical analyses were performed using IBM SPSS
Statistics Version 24 (IBM Corp., Armonk, NY). Table 1
includes the items used to measure each sleep variable across
the four countries. The nightly means and SDs were calculated
for each sleep variable according to country and are presented in
Figure 1 and Table 2. A random effects analysis of variance was
performed to determine the absolute agreement between sleep
diary data across a specified number of nights. Intraclass cor-
relation coefficients (ICCs) between .60 and .74 indicate good
reliability, while ICCs above .75 indicate excellent reliability.!”
These values were used as the cut point in our analyses. The
average ICC was obtained for all seven nights, for each of the
four samples and for each of the sleep parameters assessed
(bedtime, SOL, sleep duration, wake time). Estimates of WASO
were only available for the Australian cohort. The same process
was repeated for five school nights (Saturday to Wednesday
for Qatar; Sunday to Thursday for Australia, United Kingdom,
and United States), and the analyses were repeated by remov-
ing one night at a time leaving four schools nights (Saturday to
Tuesday for Qatar; Sunday to Wednesday for Australia, United
Kingdom, and United States), then three school nights (Saturday
to Monday for Qatar; Sunday to Tuesday for Australia, United
Kingdom, and United States), and so on. The same process was
repeated for weekend nights (Friday and Saturday for Australia,
United Kingdom, and United States; Thursday and Friday for
Qatar) and the ICCs were obtained. The ICCs for a single night
were obtained from the analyses of the model where complete
weekday (five school nights) or weekend (two weekend nights)
data were entered.

Table 1—Items Used to Operationalize Sleep Variables in Each of the Sleep Diaries.

Bedtime
United States Attempted to fall asleep at am pm (circle am or pm)
Australia Went to bed last night at am pm (circle am or pm)
Qatar and United Kingdom Time you went to bed (example entry of 8:00 pm was given in first row)

Sleep onset latency

United States and Australia Minutes until fell asleep

Qatar and United Kingdom
fell to sleep”

Researcher calculated variable as difference in minutes between “Time you went to bed” and “Time you think you

Wake time

United States and Australia Finally woke at

am pm (circle am or pm)

Qatar and United Kingdom Time you woke up (example entry of 6:00 am was given in first row)
Sleep duration
United States Slept this much last night hours and minutes
Australia Went to bed last night at am pm (circle am or pm)
Qatar and United Kingdom Total sleep duration (hours and minutes) (example entry of 9 h 30 min was given in the first row)

Units of measurement were clock times for bedtime and wake time, minutes for sleep onset latency, and hours and minutes for sleep duration.
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Figure 1—Mean (SD) values for bedtime (A), sleep onset latency (B), wake time (C), and sleep duration (D). Nights are Sunday night to
Saturday night. Weekend nights are outlined in black.

Test-retest reliability was calculated for school night esti-  estimates were chosen as adolescents often present clinically
mates of all sleep measures using 12 weeks of consecutive  due to problematic school night sleep, frequently due to the
school night data from the US adolescents. School night  conflict in timing between their own sleep timing and that of
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Table 2—Means (SD) for Consecutive School Nights and Weekend Nights.
School night Weekend night
1= | 2nd | 3rd | 4th | sth st | 2
Bedtime
Australia 22.6 (1.3) 224 (1.1) 224(12) 224 (1.0) 22.6 (1.1) 23.3(1.5) 23.7(1.7)
United States 23.2(1.4) 229(1.3) 229(1.1) 23.0(1.2) 23.0(1.2) 24.0(1.6) 24.3(1.7)
United States (S) 229(1.3) 226(1.3) 226(1.2) 22.6(1.2) 23.1(1.5) 23.9(1.8) 23.9(15)
Qatar 22.3(1.5) 21.8(1.4) 220(1.7) 21.9(1.6) 21.8(1.8) 23.0(1.7) 23.1(2.3)
United Kingdom 21.9(1.4) 21.7(1.1) 21.8(0.9) 21.8(0.9) 21.9(0.9) 22.3(1.5) 22.7(1.6)
SOL
Australia 18 (25) 16 (18) 17 (20) 17 (19) 16 (19) 16 (20) 16 (20)
United States (S) 14 (19) 14 (12) 16 (13) 14 (12) 12 (10) 12 (15) 10 (11)
Qatar 36 (46) 34 (56) 28(33) 32 (43) 28 (31) 26 (36) 34 (68)
United Kingdom 30(33) 30(32) 32(31) 29 (33) 30(32) 27 (29) 27 (31)
Sleep duration
Australia 506 (89) 498 (80) 494 (79) 495 (78) 494 (81) 520 (100) 517 (112)
United States 462 (104) 450 (88) 454 (86) 444 (85) 450 (86) 521 (115) 516 (125)
United States (S) 442 (95) 448 (101) 446 (95) 462 (104) 443 (74) 493 (112) 498 (130)
Qatar 462 (134) 462 (104) 466 (108) 459 (108) 464 (95) 506 (134) 523 (116)
United Kingdom 517 (87) 512 (71) 507 (66) 504 (65) 505 (63) 536 (83) 547 (94)
WASO
Australia | 400 | 7014 | 6019 | 515 | 5(17) | 709 | (1)
Wake time
Australia 75(1.4) 7.2(1.0) 7.1(1.0) 7.1(0.9) 72(1.7) 8.4 (1.6) 8.6 (1.6)
United States 7.0 (1.6) 6.6 (1.5) 6.6 (1.1) 6.5(1.0) 6.6 (1.1) 8.6 (1.7) 8.9(1.7)
United States (S) 6.9 (1.1) 6.5(0.7) 6.4 (1.0) 6.5(0.8) 6.6 (1.3) 8.4(1.7) 8.5(1.5)
Qatar 6.4 (2.2) 5.6 (2.0) 5.8(1.2) 5.6(1.3) 57(12) 76(1.2) 84(22)
United Kingdom 7.2(1.6) 6.9(1.2) 6.9(0.7) 6.8 (0.6) 6.9 (0.6) 7.7(0.7) 8.4(14)
School nights are Saturday to Wednesday nights for Qatar, and Sunday to Thursday nights for Australia, United Kingdom, and United States. Weekend
nights are Thursday and Friday for Qatar, and Friday and Saturday nights for Australia, United Kingdom, and United States. United States (S) indicates the
subsample of 55 US adolescents. SOL, sleep onset latency; WASO, wake after sleep onset.

getting up “early” to go to school. Thus, interventions are eval-
uated based upon improvements in school night sleep. Random
effects analyses of variance were performed to determine the
absolute agreement between school night sleep diary averages
in week 1 (ie, the baseline week) and those in weeks 2—12,
respectively.

RESULTS

Intraindividual Stability of Sleep Estimates Across 1 Week
Average sleep diary estimates of all sleep outcomes for each
country are shown in Figure 1 and Table 2. These data high-
light that bedtimes and wake times were consistently later
weekend nights/mornings compared to weekdays. As expected,
sleep duration was also longer during weekends compared to
weekdays.
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The number of data points available for each ICC analysis is
shown in Table 3. Results of ICC analyses to determine how
many nights of sleep diary entries are required for reliable esti-
mates of sleep are displayed in Table 4. Variability was assessed
for each of the four countries for school night, weekend, and
weekly sleep. Overall, five nights were the minimum number
of school night sleep diary entries for reliable estimates of bed-
time, SOL, and sleep duration in all samples. Four nights were
sufficient for wake times in the Australian and UK samples, but
not the US or Qatari samples. Inadequate reliability was gener-
ally found for estimates of weekend sleep using either one or
two night diary entries. Exceptions to this were two nights of
weekend bedtime estimates in the Australian adolescents and
two nights of either SOL estimates or wake estimates in the UK
adolescents. Adequate reliability was observed for full week
estimates of bedtime, SOL, sleep duration, and wake time, with
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Table 3—Data Points Available According to Country for All Sleep Diary Entries.
School night sleep Weekend sleep Weekly
1 night 2 nights 3 nights 4 nights 5 nights 1 night 2 nights 7 nights
Bedtime
Australia 339 348 346 343 339 341 341 330
United States 290 301 294 293 290 302 302 286
United States (S) 52 53 53 52 52 55 55 52
Qatar 217 233 227 219 217 239 239 215
United Kingdom 670 741 732 723 670 723 723 643
SOL
Australia 331 343 340 337 331 302 302 290
United States (S) 47 50 47 47 47 54 54 47
Qatar 208 228 222 211 208 233 233 205
United Kingdom 575 675 647 629 575 679 679 552
Sleep duration
Australia 334 347 344 341 334 323 323 310
United States 249 274 264 256 249 274 274 235
United States (S) 44 45 45 44 44 52 52 42
Qatar 203 228 215 207 203 219 219 187
United Kingdom 662 735 725 717 662 738 738 649
WASO
Australia 328 335 334 330 328 329 329 312
Wake time
Australia 341 347 346 344 341 342 342 331
United States 300 308 304 303 300 303 303 294
United States (S) 53 54 53 53 53 55 55 53
Qatar 209 230 221 212 209 233 233 203
United Kingdom 630 698 691 686 630 704 704 620
United States (S) indicates the subsample of 55 US adolescents. SOL, sleep onset latency; WASO, wake after sleep onset.

the exceptions of weekly sleep duration in the Qatari and larger
US samples adolescents and weekly wake times in the Qatari
and US adolescents. Information on WASO was only available
from the Australian sample, which we observed to be unreliable
for all time frames.

Given the number of unreliable estimates obtained from 1
week of sleep diary data, additional analyses were conducted
using the subsample of US adolescents who completed 12
weeks of sleep diary entries. These analyses revealed that 13
weekend nights of bedtimes were needed for good reliability
(ICC = .62) and 17 nights were needed for excellent reliability
(ICC = .75). For weekend SOL, four nights were needed for
good reliability (ICC = .60) and five nights for excellent relia-
bility (ICC = .75). Weekend sleep duration needed 8 nights for
good reliability (ICC = .65) and 10 nights for excellent relia-
bility (ICC = .75). Finally, wake time on weekends required 8
nights (ICC =.63) and 15 nights (ICC = .76) for good or excel-
lent reliability, respectively. Weekly wake time was similarly not
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reliably estimated using 1 week of sleep diary entries, however,
2 full weeks were sufficient for excellent reliability (ICC =.76).

Test-Retest Reliability of Sleep Diaries

Weekly bedtime, SOL, and sleep duration on school nights
were averaged for each participant for every week where at
least three nights of data were available. Three nights was cho-
sen as the minimum required because we showed adequate reli-
ability of three nights of sleep diary entries on school nights in
this sample of US adolescents for bedtime (ICC = .71), sleep
duration (ICC = .72), and SOL (ICC = .69), but not for three
sleep diary estimates of wake time (ICC = .39). Thus, wake
time data were not included in the analyses. Test-retest reli-
ability results and descriptive statistics for 12 weeks of sleep
diary data on school nights for US adolescents are shown in
Table 5. For all analyses, each week was compared to week
1. Results indicate good or excellent test-retest reliability
across 12 school weeks for bedtime, SOL, and sleep duration.
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Table 4—Intraclass Coefficients for School Night, Weekend, and Weekly Sleep Estimates.
School night sleep Weekend sleep Weekly
1 night 2 nights 3 nights 4 nights 5 nights 1 night 2 nights 7 nights
Bedtime
Australia .56 T3 .80° 83 87 A7 642 .80°
United States .50 69 T4 T 83 .34 51 TP
United States (S) .53 52 712 810 850 M 59 81°
Qatar .38 T78 73 .80° 750 27 43 692
United Kingdom A7 A7 672 T7° 820 22 .36 T4
SOL
Australia .28 .33 .56 632 .66° 29 45 73
United States M 632 692 78 78 40 57 T7°
Qatar 4 612 682 TP 78 .20 34 82v
United Kingdom 52 722 81° 840 .85 49 .66° .85
Sleep duration
Australia 34 53 632 692 728 19 31 682
United States 23 39 45 .56 .60° .04 .08 43
United States (S) 42 682 q28 820 iy 20 .33 697
Qatar 27 .38 52 622 652 18 .30 58
United Kingdom 53 652 T 840 850 .30 A7 .80°
WASO
Australia .16 22 29 .38 .50 14 24 .55
Wake time
Australia 29 .39 .54 612 672 4 .58 612
United States 20 .36 .36 49 .55 20 .36 44
United States (S) 21 35 39 48 57 22 37 37
Qatar 20 23 .36 48 55 31 A7 A1
United Kingdom 42 .56 672 73 79 42 59 .65
United States (S) indicates the subsample of 55 US adolescents.
?Indicates good reliability (ICC = .60-.74).
®Indicates excellent reliability (ICC > .75).

When compared to week 1, all school week estimates showed
adequate stability over time (ie, ICC > .60), except for week
7 sleep duration estimates, which were just below this cutoff
(ICC =.59).

DISCUSSION

Sleep diaries are a widely used tool and can be provide pro-
spective estimates of multiple sleep parameters. Diaries are rel-
atively quick and easy to administer and have good agreement
levels with wrist actigraphy'® as well as polysomnography,'
thus making them an attractive and cost-effective tool to holis-
tically estimate sleep. We report, for the first time, comprehen-
sive cross-cultural findings for the number of nights sleep diary
entries required to reliably estimate a range of sleep measures
obtained from a combined total of 1766 diary weeks across the
four adolescent samples.
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School Night Sleep

Results indicate that bedtime, SOL, and sleep duration can be
reliably estimated with five school nights. While reliability for
some sleep parameters was obtained in some adolescent groups
with fewer than four school nights, collecting more data points
than the absolute minimum is a conservative approach likely
to ensure reliable estimates of sleep. Four nights of sleep diary
entries provided reliable estimates of school night wake times
in the Australian and UK adolescents, but not the Qatari and
US adolescents. Reliable estimates of school night WASO were
not achieved with five nights of sleep diary entries (these data
were only available from the Australian adolescents). While
cross-cultural differences in sleep patterns and night-to-night
stability were observed, the sleep variables showing the great-
est intraindividual day-to-day variation were WASO and wake
times. Although variability in WASO is to be expected in this
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Table 5—Test-Retest Reliability Results and Descriptive Statistics for 12 wk of Sleep Diary Data on School Nights for 55 US Adolescents.
Week
1 2 3 4 E 6 |7 E E KR
Bedtime
ICC | N/A 882 872 902 932 892 852 902 902 882 882 902
N 55 55 55 54 53 51 52 50 47 49 50 50
Mean | 22:47 22:58 22:58 22:50 22:56 22:52 22:53 22:34 22:34 22:47 22:49 22:52
SD 65min | 73 min 67 min 70 min 67 min 68 min 65 min 64 min 67 min 75 min 55min | 58 min
SOL
ICC | N/A 832 852 .86° .82 .82 .78 .78 .76° Jq7e 72 832
N 54 53 54 51 50 49 49 48 45 47 50 47
Mean | 14 min | 11 min 11 min 13 min 13 min 11 min 13 min 13 min 13 min 12 min 1Mmin | 11 min
SD 10min | 10 min 11 min 11 min 11 min 9 min 10 min 12 min 12 min 12 min 10min | 10 min
SD
ICC | N/A .80° J1P 872 832 812 59 852 802 882 842 822
N 53 52 51 47 49 46 44 44 44 44 44 43
Mean | 7h25 | 7h34 7h39 7h38 7h38 7h37 7h51 7h31 7h43 7h35 7h43 | 7h30
min min min min min min min min min min min min
SD 72min | 71 min 72 min 72 min 77 min 71 min 56 min 62 min 65 min 59 min 74 min | 56 min
ICC, intraclass correlation coefficient; N, number; N/A, not applicable; SD, sleep duration; SD, standard deviation; SOL, sleep onset latency; WUT, wake up time.
3Indicates excellent reliability (ICC > .75).
®Indicates good reliability (ICC = .60-.74).

healthy, young community sample of adolescents, the day-to-
day variability in wake times was more surprising. Factors that
may influence this variability include changes to school start
times (eg, older students may have free lessons and are not
required to arrive at school until their first lesson of the day),
before school sports practice, school closure days, absentee-
ism, and days that students take off school. Indeed, previous
research provides some support for this hypothesis, with short
sleep duration and sleep deficiency significantly associated with
nonattendance at school.?” This may help to explain why wake
time reliability was worse for US and Qatari adolescents, who
obtained less sleep than their UK and Australian counterparts.

Weekend Sleep

Overall, neither one nor two nights of weekend sleep diary
entries (ie, when adolescents do not have school the follow-
ing day) were sufficient to estimate sleep patterns of weekends
among adolescents. The only exceptions to this were found for
bedtimes in the Australian adolescents, and SOL in the UK
adolescents. Weekend sleep in adolescents is characterized by
a higher degree of variability compared to weekdays given that
sleep—wake timings can be more flexible during weekends in
the absence of school attendance. Typically, adolescents show
characteristic delays of bedtimes and wake times across both
weekend nights,’ coupled with increasingly longer sleep dura-
tions as they “catch up” on sleep lost across the school week
and also sleep at times more aligned to their circadian phase
timing.?! While these factors alone introduce night-to-night
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variability, weekend schedules also vary depending on sport,
social, and religious commitments. Resultantly, supplementary
analyses of the US subsample of 55 adolescents revealed that
good reliability required a minimum of 13 weekend nights of
sleep diary entries for bedtimes, four weekend nights for SOL,
and eight weekend nights for sleep duration and wake times.

Weekly Sleep

Despite the known differences between school night and
weekend sleep in adolescents,’ weekly estimates of sleep pro-
vided good-to-excellent reliability when measuring bedtimes,
SOL, and sleep duration. Weekly wake time estimates varied
across countries, with weekly wake times showing good reli-
ability for Australian and UK samples, for whom wake times
varied less across the school week. The US and Qatari ado-
lescents showed larger discrepancies between school night
and weekend wake times and, as such, weekly wake time
estimates were not reliably estimated with one week of sleep
diary data, although supplementary analysis showed that 2
full weeks were sufficient for excellent weekly estimates of
wake time using the subsample of US adolescents. This wake
time discrepancy was shown most markedly amongst Qatari
adolescents, where wake times at weekends were considera-
bly later (~08:00 am) compared to school days (~05:40 am).
Furthermore, Qatari adolescents also showed the greatest
systematic variability across wake time on weekdays, waking
almost 1 hour later (06:21 am) on the first weekday compared
to other school mornings (~05:40 am).
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Overall, the results of the present study are largely consistent
with those found by Acebo and colleagues® when examining
the reliability of pediatric actigraphy. Acebo and colleagues
provided wrist actigraphy to a sample of 55 adolescents, 36
of whom (aged 14-16 years) wore wrist actigraphy across 1
week during school time. The remaining adolescent analyses
focused on 1 week of school holiday sleep. While, overall, the
study concluded that at least five nights of actigraphic data were
required for reliable sleep estimates in the pediatric populations
examined (aged 1-16 years), examination of adolescent relia-
bility across 1 school week revealed a slightly different pattern
of results. Specifically, five school nights were adequate for
reliable estimates of sleep start time, sleep minutes, and wake
minutes, but not sleep period. On the other hand, reliability of
five nights combining school nights and weekend nights was
inadequate for all sleep parameters assessed, except for wake
minutes. This difference highlights the importance of consider-
ing from which night’s sleep estimates are drawn.

Test—Retest Reliability of Sleep Diaries Over 12 Weeks
Good-to-excellent test—retest reliability was observed for weekly
estimates of school night bedtime, sleep duration, and SOL over
12 consecutive weeks in US adolescents. These ICCs can now
be used to calculate reliable change indices for application in
research and clinical practice. For example, many sleep inter-
ventions for adolescents span a period of 222?* to 10 weeks,**
and some include short-term follow-ups.?>?°2¢ Thus, the coef-
ficients provided in the current study now allow researchers to
assess the clinical significance of interventions with, arguably,
the field’s most commonly used measure. Only one ICC did
not meet reliability criterion, average sleep duration in week 7
(ICC = .59). Given that reliability of sleep duration is demon-
strated both before and after this week, this divergent finding
is likely to reflect idiosyncrasies of the sampling method used,
rather than a systematic change in sleep patterns. For example,
because participants were drawn from five schools in the same
city, and participants completed sleep diaries across the same
time period (first semester of the year), atypical events occur-
ring at one school (ie, school closure), or events that affect all
schools at that time period (such as a public holiday or snow
storm), may add increased variability to sleep at that time. This
finding has important ramifications for the interpretation of
sleep diary data. Even during school times, events may impact
on sleep, such as sickness, days off school, and school camps
and excursions. When measuring sleep over time, such events
may disproportionately affect school night averages. There are
ways in which these challenges may be dealt which, includ-
ing collecting sleep diary data for more nights than the mini-
mum required for reliability, and asking adolescents to indicate
whether or not they attended school on each school day. Having
this information may enable such events to be appropriately
identified and accounted for.

Strengths and Limitations of the Current Study

The current study benefits from a large amount of sleep diary
data obtained from a large sample of adolescents over four
countries, capturing different cultures and both genders. We
are the first to investigate the number of nights sleep diary data
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that are required to reliably estimate sleep in adolescents. Our
study provides a strong message to sleep researchers, epide-
miologists, clinicians, and other individuals/groups interested
in sleep about diaries as a reliable tool for estimating multiple
sleep outcomes. On the other hand, we acknowledge several
limitations to our work. First, our findings are not likely to gen-
eralize to other groups, such as teens from other countries and
those either younger or older than the present group. Additional
studies are required to confirm reliability in samples from
other cultures, sleep disordered populations, and those with
health conditions. Indeed, a priori consideration must be given
to the sleep variability in the population of interest when con-
sidering how many nights sleep diaries should be completed
and clinicians and researchers would profit from calculating
reliability within their own samples. The sleep variables of
interest also need consideration, as reliable estimates of WASO
or wake time may need 2 or more weeks of sleep diaries to
ensure reliability. Furthermore, our reliability estimates for
multiple sleep outcomes were restricted to term time and are
therefore unlikely to be representative of other periods where
sleep may be different, such as term breaks and vacations.
Second, identical sleep diaries were not used across all four
adolescent samples. While sleep diaries tend to enquire about
the same sleep outcomes, items can be worded and thus inter-
preted in different ways. Third, variation in adolescent sleep
outcomes is influenced by the frequency of technology use,?
which we did not assess in all adolescent cohorts examined in
our study. Fourth, not all of the studies included in our analyses
applied the same eligibility criteria; thus the combined sample
of adolescents was heterogeneous where some may have been
in good mental and physical health whereas there is a possi-
bility that there may have been others who were not. Finally,
reliability of WASO estimates was limited to our Australian
adolescent sample, and test-retest reliability analyses were
limited to the US cohort. Thus, additional research is required
to extend these findings to other groups. A general caveat is
needed to note the assumption that participants prospectively
complete sleep diaries daily and not at the end of the week.
If sleep diaries entries are completed at the same time, relia-
bility may increase if adolescents indicate the same answers.
While US and Australian adolescents also called time-stamped
answering machines morning and night to confirm their bed-
times and wake times each day, UK and Qatari adolescents did
not. Unless electronic diaries are used and downloaded daily
this continues to be a potential limitation.

CONCLUSIONS

Based on the current findings, we are confident that several
sleep parameters (bedtime, SOL, and sleep duration) can be
reliably estimated using sleep diaries in adolescents, provided
a sufficient number of entries are completed. Researchers and
clinicians who aim to capture prospective, reliable sleep infor-
mation should ensure that at least five nights of entries for
school nights are obtained, although complete data are always
preferable. Weekend sleep outcomes are not reliably estimated
in adolescents using sleep diary entries for only two nights, pos-
sibly due to large variance in weekend sleep patterns in this
age group. Further reliability analysis is needed to confirm if
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WASO and wake time estimates can be reliably estimated with
confidence in all populations.
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