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Abstract

Introduction: Sleep is often quantified using self-report or actigraphy. Self-report is practical
and less technically challenging, but prone to bias. We sought to determine whether these methods
have comparable sensitivity to measure longitudinal changes in adolescent bedtimes.
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Methods: We measured one week of free-living sleep with wrist actigraphy and usual bedtime on
school nights and non-school nights with self-report questionnaire in 144 students at 15y and 17

y.

Results: Self-reported and actigraphy-measured bedtimes were correlated with one another at 15
y and 17 y (p < .001), but reported bedtime was consistently earlier (>30 minutes, p < .001) and
with wide inter-method confidence intervals (> £106 minutes). Mean inter-method discrepancy did
not differ on school nights at 15y and 17 y but was greater at 17 y on non-school nights (p=".
002). Inter-method discrepancy at 15 y was not correlated to that at 17 y. Mean change in self-
reported school night bedtime from 15 y to 17 y did not differ from that by actigraphy, but self-
reported bedtime changed less on non-school nights (p = .002). Two-year changes in self-reported
bedtime did not correlate with changes measured by actigraphy.

Conclusions: Although methods were correlated, consistently earlier self-reported bedtime
suggests report-bias. More varied non-school night bedtimes challenge the accuracy of self-report
and actigraphy, reducing sensitivity to change. On school nights, the methods did not differ in
group-level sensitivity to changes in bedtime. However, lack of correlation between bedtime
changes by each method suggests sensitivity to individual-level change was different.
Methodological differences in sensitivity to individual- and group-level change should be
considered in longitudinal studies of adolescent sleep patterns.
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Adolescent sleep patterns are often measured with self-report (Lewandowski, Toliver-Sokol,
& Palermo, 2011) or actigraphy (Galland et al., 2018). Although self-report is easier to
administer, lower in cost, and requires less technical expertise than actigraphy, it is often
affected by social expectations and recall bias (Wolfson et al., 2003). Self-report can be
measured using a survey question about usual sleep habits or with nightly sleep logs
(Knutson & Lauderdale, 2007). While sleep logs are shown to be more reliable than survey
questions (Arora, Broglia, Pushpakumar, Lodhi, & Taheri, 2013; Werner, Molinari, Guyer, &
Jenni, 2008), they are also more burdensome for participants and have lower compliance
(Knutson & Lauderdale, 2007). Thus, survey questions can be more easily employed for
larger, nationally representative studies. Several studies have assessed agreement between
self-report by questionnaire and actigraphy in adolescents (Arora et al., 2013; Biddle,
Robillard, Hermens, Hickie, & Glozier, 2015; Guedes et al., 2016; Wolfson et al., 2003), but
it is unclear whether the two methods have comparable sensitivity to measure longitudinal
change in sleep patterns. We measured bedtime by self-report and actigraphy at age 15 and
17 to determine if discrepancy between the methods is independent of age and if age-related
changes in bedtime by questionnaire-based self-report correspond to those by actigraphy.

Methods

Participants

We invited 411 15-year-old students from six schools in Reykjavik, Iceland to participate;
315 agreed, and 270 had complete data. Two years later, 168 of the 270 agreed to repeat the

J Meas Phys Behav. Author manuscript; available in PMC 2019 December 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brychta et al.

Page 3

measurements. Data are presented from 144 participants (89 girls) that had complete data at
both time points.

The National Bioethics Committee and the Icelandic Data Protection Authority approved the
study (Study number: VSNb2015020013/13.07). Written informed consent was attained
from participants and guardians of underage participants. Full confidentiality was ensured,
and the study was conducted in agreement with the Declaration of Helsinki.

Bedtime Measurements by Actigraphy and Self-report

Participants were instructed to wear an ActiGraph GT3X+ (Actigraph Inc., Pensacola,
Florida, USA) on their non-dominant wrist for seven consecutive days during measurements
at 15y and 17 y. Data was processed with Actilife (v6.13.0, Actigraph, Pensacola, FL, USA)
and Matlab (vR2016B, Mathworks, Natick, MA, USA), as detailed previously
(Rognvaldsdottir et al., 2017). Sleep periods were detected with the Sadeh algorithm
validated for adolescents (Sadeh, Sharkey, & Carskadon, 1994) and adjusted by two expert
scorers based on visual inspection and daily participant sleep logs completed as part of the
actigraphy study. Non-wear was identified as described previously (Rognvaldsdottir et al.,
2017). Valid data consisted of =14 hours of wear on =3 school nights (Sunday through
Thursday nights) and =1 non-school night (Friday and Saturday night and nights prior to
holidays) (Rognvaldsdottir et al., 2017). Average actigraphy-measured bedtimes for school
nights and non-school nights at each age were included in all primary analyses. The earliest
actigraphy-measured bedtime for each student on school nights and non-school nights at
each age were also included for comparison.

Separate from the daily sleep logs, the self-reported measure consisted of participant
responses to the following survey questions administered using a tablet-based questionnaire
at school prior to the actigraphy study: “What is your usual bedtime on school nights?” and
“What is your usual bedtime on the weekend?” Potential answers were in half hour
increments from 20:00 to 04:00.

Statistical Analysis

Associations between self-reported and actigraphy-measured bedtimes were evaluated with
Pearson correlation. Bland-Altman plots were used to assess inter-method agreement (Bland
& Altman, 1986). All other comparisons were made using analysis of variance with Tukey’s
post-hoc comparisons with Bonferroni adjustment. Using unpaired analyses, we found few
sex differences in self-reported or actigraphy-measured bedtimes at either age (data not
shown) and no differences in inter-method discrepancy, contrary to prior work (Guedes et
al., 2016). Therefore, data from both sexes were combined and paired analyses were used for
all other assessments. The significance threshold was p = .05. Analyses were conducted
using RStudio (v1.0.153, Boston, MA, USA) with R (v3.4.2, https://www.r-project.org/) and
GraphPad Prism (v7. La Jolla, CA).
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Results and Discussion

Comparing Bedtimes Measured by Actigraphy and Self-Report at Age 15

Participant characteristics, average bedtimes by actigraphy and self-report, and discrepancies
between methods are presented in Table 1. Self-reported and average actigraphy-measured
bedtimes were correlated on school nights (r= 0.47, p<.001) and nonschool nights (r=
0.51, p<.001). Bedtimes on non-school nights were later than those on school nights
according to both actigraphy (as previously reported [Rognvaldsdottir et al., 2017]) and self-
report (both p < .001; Table 1). Taken together, these results confirm previous observations
that self-report and actigraphy measure the same underlying parameter in adolescents
(Wolfson et al., 2003). However, self-reported bedtimes were >30 minutes earlier than
average actigraphy-measured bedtimes (p < .001), with greater discrepancy on school nights
(Table 1). The trend of reporting earlier bedtimes than those measured by actigraphy
supports previous findings that self-report can be biased by social expectations and recall
limitations (Wolfson et al., 2003), but it is worth noting that mean difference between self-
report and actigraphy at 15 y in this study was 3.7 times greater than previous adolescent
measurements on school nights (Wolfson et al., 2003). Self-reported bedtimes compare more
favorably to the earliest actigraphy-measured bedtime for each participant, as we found no
differences between these two measures on school nights and slightly later self-reports on
non-school nights at age 15 (Table 1). These results suggest students tend to report
aspirational or target bedtimes, perhaps due to expectations of achieving popular sleep
guidelines, as previously suggested (Wolfson et al., 2003). Night-to-night bedtime
variability, i.e. the standard deviation of actigraphy-measured bedtimes over all nights, was
closer to that measured on vacation days (72.9 £+ 40.0 min) than school days (43.7 £ 25.8
min) in a group of similarly aged Australian students (Bei et al., 2014) and more than double
that measured in older Japanese women (32.1 £ 18.2 min) (Kim, Sasai, Kojima, & Kim,
2015), indicating high variability amongst our participants.

Individual differences between self-report and average actigraphy bedtimes ranged from
—277 to +212 minutes. Bland-Altman plots showed wide confidence limits for the inter-
method discrepancy (report - average of actigraphy) on school nights (106 minutes. Figure
1a) and non-school nights (133 minutes. Figure 1b) which were >1.8 times those observed
for parent-reported bedtimes versus actigraphy in children (Werner et al., 2008), suggesting
limited agreement between the methods in adolescents. Inter-method discrepancy was also
directly correlated to the average of self-reported and actigraphy-measured school night
bedtimes (r=0.24; p=.004) and those with earliest average bedtimes showed the greatest
inter-method discrepancy (Figure 1a). Interestingly, plotting inter-method discrepancy
against actigraphy-measured bedtimes showed the opposite trend- a significant inverse
correlation on school nights (r= —0.36; p < .001) and non-school nights (r=-0.51; p<.
001), indicating greater inter-method discrepancy for adolescents with later actigraphy-
measured bedtimes. Substituting earliest actigraphy-measured bedtimes for average
actigraphy-measured bedtime in the Bland-Altman analyses reduced mean inter-method
discrepancy and eliminated the correlation between inter-method discrepancy and average of
self-report and actigraphy on school nights, but inter-method discrepancy confidence limits
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were similarly broad on school nights (150 minutes) and non-school nights (135
minutes).

Comparing Bedtime Measurements at Age 15 and 17

At age 17, on both school nights and non-school nights, students continued reporting
bedtimes that were earlier than the average (both p < .001; Table 1) and closer to the earliest
(both p> .05; Table 1) measured by actigraphy. The pattern of going to bed later on non-
school nights versus school nights persisted according to both measures (both p<.001;
Table 1) and actigraphy-measured bedtimes became more varied (p = .048; Table 1). Self-
reported and average actigraphy-measured bedtimes were correlated on school nights (r=
0.36, p < .001) and non-school nights (r= 0.32, p<.001), and Bland-Altman plots showed
wider confidence intervals for inter-method discrepancy on school nights and non-school
nights at 17 y compared to 15 y (Figures 1c and 1d, respectively). These data suggest some
consistent patterns from 15y to 17 y including a trend toward reporting an early, “target”
bedtime compared to the average measured with actigraphy, a later bedtime pattern on non-
school nights compared to school nights, high night-to-night variability in actigraphy-
measured bedtimes, and a correlation between the two methods.

On average, inter-method discrepancy did not differ on school nights at 15y and 17 y but
was greater at 17 y on nonschool nights (p = .02; Table 1)—findings that were consistent
whether using average or earliest actigraphy-measured bedtime. Greater difficulty reporting
less regular non-school night bedtime schedule could explain this discrepancy. Supporting
this notion, students with greater night-to-night bedtime variability also had greater inter-
method discrepancy on non-school nights at 15 y and 17 y (Figures 2b and 2d). However,
mean inter-method discrepancy (using average actigraphy-measured bedtimes) was lower on
non-school nights than school nights at 15 y (p=.035), and no different between school
nights and non-school nights at 17 y. Further, the relationship between inter-method
discrepancy and night-to-night bedtime variability on school nights was opposite that of
non-school nights at 15 y and absent at 17 y (Figures 2a and 2c, respectively). Alternatively,
1-2 non-school nights of actigraphy may be insufficient to determine a true mean bedtime
(Acebo et al., 1999; Wolfson et al., 2003). Additionally, inter-method discrepancies at 17 y
were not correlated to those at 15 y and confidence intervals were broader at 17 y,
suggesting that the discrepancy is inconsistent with age on an individual level.

According to both self-report and actigraphy, students went to bed later on school nights and
non-school nights at 17 y compared to 15y (all p<.001, Table 1), confirming that
adolescents shift toward later bedtimes with age (Carskadon, 1990). Bedtimes at 17 y were
correlated to those at 15y, using either average actigraphy-measured or self-report, on
school nights (r = 0.42 and r = 0.45, respectively) and non-school nights (r =0.30 and r =
0.38, respectively; all p<.001), suggesting individuals had a similar preferred bedtime
pattern at both ages.

On school nights, mean change in bedtimes from 15 y to 17 y measured using self-report
and actigraphy were not different (Figure 3a). On non-school nights, however, self-reported
bedtimes changed less than actigraphy-measured bedtimes (o = .02, Figure 3a, Table 1),
further indicating that more varied bedtimes on non-school nights may require more nights
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of actigraphy or more specific questions to improve accuracy. Changes in actigraphy-
measured bedtimes from 15y to 17 y were not correlated with changes in self-reported
bedtimes on either school nights or non-school nights (Figures 3b and 3c). Findings were
consistent whether using two-year changes in average or earliest actigraphy-measured
bedtimes. Thus, while the methods did not differ in measurement of group-level two-year
change in school night bedtime, sensitivity to detect individual-level change was different
according to the lack of correlation between methods. These findings suggest that bias
affecting self-report is not longitudinally consistent on an individual level.

Students reported bedtime but not sleep duration or risetime-which could have been used to
calculate reported time in bed. Sleep duration or time in bed may be more relevant to
adolescent health than bedtime. However, actigraphy-based measures of bedtime and sleep
duration were inversely correlated amongst our participants (p < .001). We did not have a
measure of self-reported sleep quality or awakenings, but such measures were previously
shown to have poor agreement with actigraphy amongst adolescents (Short, Gradisar, Lack,
Wright, & Carskadon, 2012). Though a self-report question with 30-minute increments
seemed most practical for this age group, <30-minute increments may improve agreement
with actigraphy. Similarly, although self-report was restricted from 20:00 to 04:00, none of
those with actigraphy-measured bedtimes =04:00 reported a 04:00 bedtime and no
actigraphy-measured bedtimes were <22:00. The methods may have had better agreement if
students reported bedtime in the past week rather than “usual” bedtime, which may be more
influenced by memories or social expectations (Werner et al., 2008). Sample size was small,
although it is representative of the Icelandic population at this age (4254 born in 1999)
(Statistics Iceland, 2015). Additionally, participants with and without complete follow-up
data did not differ in sex distribution or bedtimes at 15 y (not shown). We found no
correlation between body mass index and either measure of bedtime or inter-method
discrepancy, but less than 20% of the participants were overweight or obese. Similarly, 70%
of participants reported having at least one parent with a college degree—a proxy of
socioeconomic status (Marco, Wolfson, Sparling, & Azuaje, 2011) but they did not differ
from the other students in either measure of bedtime or inter-method discrepancy. The
northern latitude and homogeneous racial and ethnic composition of Iceland may also limit
the generalizability of the findings.

Conclusions

This is the first study to compare the sensitivity of self-report and actigraphy to measure
longitudinal changes in adolescent bedtime. While the methods were correlated at each
timepoint, the participants’ self-reported bedtimes were consistently earlier, with >85% on
school days and >71% on non-school days at both ages reporting earlier bedtimes than the
average bedtime measured by actigraphy, suggesting the presence of report-bias. More
varied non-school night bedtimes may challenge accuracies of both self-report and
actigraphy, reducing sensitivity to detect changes. On school nights, group-level inter-
method difference at 15 y and 17 y did not differ, nor did mean two-year change in bedtime
detected by both methods. However, according to a lack of correlation between two-year
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changes in bedtime by self-report and actigraphy, sensitivity to detect individual-level
change was different between the methods. These results suggest bias affecting self-report is
not longitudinally consistent in this adolescent sample. Caution should be used when
interpreting longitudinal self-reported sleep measures in populations with similar highly
varied sleep schedules. Thus, along with issues of practicality, expense, and compliance, the
impact of differences in sensitivity to individual- and group-level change on study outcomes
should be considered when choosing a methodology to study longitudinal sleep patterns in
adolescents.
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measured bedtimes against the average of self-reported and actigraphy-measured bedtimes
for 144 students. Plots are shown for: a. School nights at age 15 y (filled blue circles), b.
Non-school nights at age 15 y (open blue circles ), c. School-nights at age 17 y (filled red

circles), d. Non-school nights at age 17 y (open red circles). Magnitude bias was only

significant on school nights at 15 y.
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The difference between self-reported and average actigraphy-measured bedtimes versus

night-to-night variability of actigraphy-measured bedtimes for 144 students. Plots are shown
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blue circles), c. School-nights at age 17 y (filled red circles), d. Non-school nights at age 17
y (open red circles). There was a significant positive correlation on school nights at 15 y and
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Figure 3 —.
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Page 11

Change in self-reported and average actigraphy-measured bedtimes from age 15y to 17 y. a.
Mean change in bedtime (17 y—15 y) measured by actigraphy was no different than that by
self-report on school nights but was greater on non-school nights, b. Change in school night
bedtimes from 15 y to 17 y measured by actigraphy was not correlated to that measured by

self-report, c. Change in non-school night bedtimes from 15y to 17 y measured by

actigraphy was not correlated to that measured by self-report.
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