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Abstract

Background

Sleep and physical activity are essential functions of human health.
According to International recommendations, adolescents should sleep 8-10
hours each night and engage in moderate to vigorous physical activity for at
least 60 minutes per day for overall wellbeing. Previous studies have shown
that during adolescence, sleep patterns change and most sleep studies up to
date are based on subjective data for sleep duration and quality.
Technological advancement in measurement of sleep and physical activity
with objective measures adds value to the literature.

Aim

The main aim of the dissertation was to measure free-living sleep and
physical activity in Icelandic youth at baseline (15 years) and two years later
(17 years), and explore associations between sleep (duration, quality and
timing), physical activity, and body composition. In addition, to compare
sensitivity and agreement between subjective and objective measurements of
sleep among and between ages of 15 and 17 years old.

Methods

The study sample came from six elementary schools in Reykjavik. Data was
collected during spring 2015 among 315 participants at age 15. In 2017,
follow-up data was gathered from 168 repeating participants at age 17. Data
from one week of free-living sleep and physical activity was collected with
accelerometers. Participants filled out a sleep diary to support accelerometer
data and filled out a comprehensive questionnaire on sports participation,
physical activity, mental health and parental education, etc. All
measurements took place at the research lab (2017) or at individual schools
(2015). Body composition was assessed at The Icelandic Heart Association
with dual energy X-ray absorptiometry (DXA).

Results

The majority of adolescents did not get the recommended 8-10 hours
of sleep per night according to accelerometer data. This especially applied
during the school week (7 hours/night in bed, 6.2 hours/night actual
sleeping, about 11% met the recommendation). In comparison, subjective
self-reports estimated bedtimes about 1 hour earlier and two-year changes in
self-reported bedtimes did not correlate with changes measured by



accelerometry. While there was no association between recommended levels
of physical activity and sleep measures, higher physical activity and lower
day-to-day sleep variability were associated with lower fat percentage.

Conclusions

The thesis highlights patterns of sleep and physical activity in Icelandic
youth, as they transitioned from age fifteen to seventeen. These are two
modifiable behaviors of great importance for health. Most adolescents did
not get enough sleep during school nights. This, together with insufficient
physical activity, could negatively impact their future health. This study
provides the foundation for future follow-up studies and potential targets for
intervention studies, while serving as a reference for public health
specialists, educators, and parents to support good sleep and activity
practices.



Agrip
Svefn, hreyfing og heilsa islenskra ungmenna

Bakgrunnur

Svefn og hreyfing eru grundvallarpeettir i heilsu mannsins. Alpjodlegar svefn
radleggingar fyrir ungmenni gera rad fyrir 8-10 klukkustunda naetursvefni og
ad minnsta kosti 60 minatna daglegri hreyfingu af midlungs- eda mikilli
akefd til ad vidhalda godri heilsu. A unglingsarum verda miklar breytingar &
svefnmynstri einstaklinga en fyrri rannséknir a svefni ungmenna hafa flestar
byggt & huglegu mati & svefnlengd og gedum svefnsins. Hlutleegar
melingar & svefni og hreyfingu beeta vid pekkingu en faar rannséknir hafa
beitt hlutlagum melingum til skodunar & pessum pattum samtimis.

Markmid

Adalmarkmid rannsoknarinnar var ad mala svefn og hreyfingu islenskra
ungmenna, vid 15 ara aldur og aftur tveimur arum sidar (17 ara), i sinu
nattdrulega umhverfi med hreyfimalum og rannsaka tengsl svefns (lengdar,
geda og timasetningar) og hreyfingar vid holdafar og efnaskiptapeetti. Ad
auki var nemni huglaegra og hlutleegra malinga a breytingum a svefni milli
15 og 17 ara aldurs borin saman.

Aoferdir

Urtak rannséknarinnar kom r sex grunnskélum i Reykjavik. Gégnum var
safnad & vormanudum 2015 medal 315 patttakenda sem pa voru 15 éra. Arid
2017 var framkveemd framhaldsrannsokn og gogn fengust fra 168
patttakendum, pa 17 &ra gdbmlum. Gégnum um svefn og hreyfingu var safnad
med hrodunarmalum i eina viku. Patttakendur fylltu Gt svefndagbok til
hlidsjonar svefnmalingum og svorudu spurningalista um ipréttaiokun,
hreyfingu, lidan, félagslega stodu o.fl. Melingar foru allar fram &
rannsoknarstofu (2017) eda i sk6lum patttakenda (2015). Likamssamsetning,
meld med tviorku rontgengeisla-gleypnimalingu (dual energy X-ray
absorptiometry, DXA) for fram i Hjartavernd.

Nidurstodur
Faest ungmennanna nadu ad uppfylla radleggingar um a.m.k. 8 klukkustunda
netursvefn pegar svefn var meldur med hrédunarmeelum. betta Atti

sérstaklega vio & skoladogum (7 klist/n6tt liggjandi i rami, 6,2 kist/nott svefn,
um 11% na radleggingum). Huglegar mealingar timasetningu & héttatima



voru um Klukkustund fyrr en timasetning metin med hrédunarmalum. EkKki
fundust tengsl & milli hugleegra og hlutlegra melinga & breytingum &
hattatima fra aldrinum 15-17 éara. beir sem uppfylltu rddleggingar um
daglega hreyfingu svafu ekki melanlega lengur. Aukin hreyfing og minni
breytileiki & svefnlengd tengdust leegri fituprosentu og kvidfituprosentu.

Samantekt

Samspil hreyfingar, svefns og holdafars var skodad i Urtaki islenskra
ungmenna 15 og 17 é&ra. Nidurstodur rannsoknarinnar benda til pess ad
lifsstill ungmennanna virdist ekki endurspegla vidmid opinberra adila um
daglega hreyfingu og svefn. Skoda parf pa patti sem hafa ahrif & svefnvenjur
og patttoku i daglegri hreyfingu svo bata megi heilsu islenskra ungmenna,
en nidurstéour rannsoknarinnar nytast sem pekkingargrunnur a stddu svefns
medal ungmenna og grunnur fyrir ihlutunarrannséknir sem hafa pad
markmid ad bzta svefn og auka hreyfingu.

Vi
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1 Introduction

Sleep is a fundamental behavior for most species and an important factor in health
and daily functioning for humans of all ages (Mignot, 2008). The quality and
quantity of sleep interact with nutrition consumption (Beebe et al., 2013; Chapman
etal., 2012; Chaput, 2014; Chaput & St-Onge, 2014; Spaeth et al., 2013; A. Weiss et
al., 2010), physical (Megdal, 2007), mental, and social environment wellbeing
(Eaton et al., 2010; National Sleep Foundation, 2006). Insufficient sleep and/or poor
sleep has been linked to a variety of serious health issues, such as mortality,
metabolic disorders including obesity and diabetes, and cardiovascular diseases
(Matthews et al., 2012).

Sleep is a complex state of being and new dimensions of sleep are constantly
being discovered (Kryger et al., 2011). The understanding of sleep has progressed in
the past century as a result of active brain research and advances in measurement
technology. Technological advances have paved the way for both non-invasive and
free-living sleep measurements, in addition to laboratory-based studies for assessing
sleep staging and architecture. The general parameters used to describe human sleep
patterns are duration, quality, and timing (National Sleep Foundation, 2017; Ohayon
etal., 2017).

Sleep and physical activity are important behavioral factors in the human
circadian rhythm over 24 hours, and it is believed that these behavior patterns can
stimulate one another bidirectionally (Kline, 2014). However, the value of both parts
yields the most health benefit (Dolezal et al., 2017). Physical activity has been
associated with both physical (Myers et al., 2019) and mental health (Bell et al.,
2019). Ancient physicians, such as Hippocrates (460-370 BC), prescribed exercise
to promote health and cure disease. In the modern society, physical activity (PA) is
believed to play a large role in promoting health and preventing disease through its
metabolic effects on the human body.

Adolescence is an important development stage for physical maturation and brain
development (Tarokh et al., 2016). For overall health benefits, recommendations
suggest adolescents should have an 8-10 hour nightly sleep opportunity (Max
Hirshkowitz et al., 2015) and a regular sleep timing routine (Gruber et al., 2014).
Since previous studies on sleep in Icelandic adolescents were based on self-reported
data, further studies with objective measurements will add value to earlier literature.

Previous knowledge about Icelandic adolescents’ sleep patterns has mainly been
based on a 2002 publication reporting later bedtimes and a shorter sleep duration
compared with European peers (Thorleifsdottir et al., 2002); the study is rather
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dated, however and was performed before smartphone usage became common
among adolescents. Yet, lack of research on sleep in adolescents in the most recent
years, makes Thorleifsdottir, et al. a reference point in this current study, despite
differences in sampling of this previous study compared with the current one.

During the past decade, research has focused on investigating exercise and
nutrition as potential factors influencing the health of Icelandic children and
adolescents, but scant attention has been paid to sleep and sleep behavior. In this
study, wrist-worn actigraphy monitoring devices were used to measure free-living
24-hour movement patterns and sleep in adolescents. The interactions between
sleep, PA, body composition, and metabolic factors were explored as these
adolescents transitioned from the final year of compulsory school to high school,
which can lead to important changes in their health.



2 Sleep, physical activity and metabolic health

2.1 Sleep regulation and biology

Theories about sleep have slowly evolved since the late nineteenth century. Earlier,
sleep was thought to be a passive state of existence (Kryger et al., 2011). It was not
until the late 20" century, through the work of J. Allan Hobson (1989), that sleep
was understood as an active process. Hobson (1989) wrote in the opening sentence
of his book, Sleep, that, “[m]ore has been learned about sleep in the past 60 years
than in the preceding 6000.” He continued by saying that, “[I]n this short period of
time, researchers have discovered that sleep is a dynamic behavior. Not simply the
absence of waking, sleep is a special activity of the brain, controlled by elaborate
and precise mechanisms” (Hobson, 1989).

Chronobiology, the study of day-night-related rhythms of biological phenomena,
is an important part of sleep research. The human circadian rhythm is based on a
roughly 24-hour period, regulated by the body’s internal clock and external stimuli
such as the natural daily circle of brightness and darkness driven by day and night
(Foster & Kreitzman, 2014). The internal clock stimulates hormonal secretions for
signaling both wakefulness and sleep. As the sun rises, the body releases cortisol, a
hormone that naturally wakes the body, melatonin production peaks as the evening
comes, signaling the body that it is time for sleep through drowsiness or sleepiness
(Klein & Moore, 1979). The two-process model, first introduces by Borbély and
colleagues in 1982 (Borbely, 1982) explains the two biological mechanics that work
together to regulate the sleep-wake cycle; circadian rhythm and sleep-wake
homeostasis. The most important factors to the function of this balance are the input
from light (through retinas/zeitgebers); the oscillation in the suprachiasmatic
nucleus involving a series of clock genes interacting in a complex loop of
transcription/translation (Lowrey & Takahashi, 2004) and the output of melatonin
synthesis, thermoregulation, etc. (Wirz-Justice, 2007). Sleep timing, duration and
quality of sleep and wakefulness are regulated by the two process model (Borbely,
1982; Borbely et al., 2016; Daan et al., 1984) with increased sleep pressure after a
long period of wakefulness and diminishing sleep pressure after a restoring period of
sleep (Borbely & Achermann, 1999). Echoing the cyclic environmental changes in
light and dark, the circadian clock influences core body temperature and hormonal
secretions along with the homeostatic balance of nutritional intake and energy
expenditure. This synchronization regulates the daily rhythms in tissue functions,
such as the timing of nutrient absorption, mobilization, circulation, and metabolic
waste removal (Plano et al., 2017). Therefore, it is important for the homeostasis of
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bodily functions to be in rhythm with both daylight and darkness. The cycle of
cortisol and melatonin production and secretion concurring with daylight and
darkness is shown in Figure 1.

Influence of daylight on the human body

3am. 9am.

6am. .m. H Lm. I noon 6p.m. midnight 6am.
Il cortisol level Il melatonin level

Figure 1. Influence of daylight on the human secretion of cortisol and melatonin

Figure by licht.wissen 19. (Licht.de).

Since 1968, Iceland has been in the Greenwich Mean Time (GMT) time zone all-
year round, even though Iceland is farther west than London (Figure 2).
Consequently, noon in Reykjavik is delayed by 1.5-hours, or at 13:30 London time.
Morning light from the sunrise is vital in synchronizing information for the internal
clock and bodily functions (Duffy & Czeisler, 2009).

I11| 10 | 9 8 7 3, N - = o |
1 l < e e
GMT

%

Ui | { 5
1:00' 2:00 ' 2:00 ' 400! 500 ' 6:00 | 7:00 ' 8:00 | 9:00 110:00/11:00 | 12:00/13:00 14:00 |15:00 |16:00 | 17:00118:00 [19:00 '20:00 21:00 ' 22:00/22:0024:00

Figure 2. Map of time zone - Reykjavik Iceland
Map by Woldtravelserver (Worldtravelserver).

In Iceland, the sun rises early in spring and summer and late during the winter
months of November-March. In countries geographically far from the equator, the
biological clock may become desynchronized during the short days of the dark
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season, characterized by fatigue, sadness, depressive moods, and sleep problems
(Friborg et al., 2012; Friborg et al., 2014; Kuller, 2002). Seasonal affective disorder
(SAD), first recognized by Rosenthal et al. in 1984, is a recurrent depression that
occurs at the same time each year. SAD symptoms have been recognized as
excessive sleepiness, overeating, carbohydrate craving and seems primarily caused
by lack of light in winter (Rosenthal et al., 1984).

Lack of daylight has been associated with later bedtimes and rising times,
increased problems falling asleep, daytime fatigue, and depressive moods. Thus, the
geographic location of Iceland, far from the equator, is believed to cause greater
misalignment in sleep timing because of delayed daylight over the winter months,
known as clock fatigue (Heilbrigoisraduneyti, 2018). Furthermore, studies on
geographical location have shown that people living in the western part of a time
zone have both later bedtimes and shorter sleep durations than people in the eastern
area of a time zone (Giuntella & Mazzonna, 2019; Roenneberg et al., 2007).

In modern society, scheduled factors like school, work, or the social calendar
greatly influence and organize the sleep-wake cycle (Roenneberg et al., 2012;
Wittmann et al., 2006). The term social jetlag is used when there is a misalignment
between a person’s social schedule and circadian clock (Barnes & Drake, 2015;
Wittmann et al., 2006), causing a shift in the timing of the midpoint of sleep
between workdays and free-days (Roenneberg et al., 2012). The misalignment
between sleep timing and circadian rhythm not only makes us feel unfocused and
sleepy at inconvenient times, it is also associated with a wide range of interrelated
pathologies, such as reduced mental and physical response time, reduced motivation,
depression, insomnia, metabolic abnormalities, obesity, and mental diseases (Wulff
et al., 2010). Results from a recent study on Russian children and adolescents
compared a period (2011-2014) where daylight saving time was practiced to no
daylight savings time (years before and after) and found the greatest disassociation
between the social and biological clock in children and adolescents (10-17 years old)
living in the Arctic city of Vorkuta (Borisenkov et al., 2017). This social clock
manipulation had a strong impact on social jetlag, later rising times on non-school
days, and SAD among children and adolescents. Previously, it was shown that the
human circadian system is entrained by the solar clock but not social clock
(Roenneberg et al., 2007) and children and adolescents’ circadian system is highly
sensitive to light signals (Crowley et al., 2015). In a recent review, Ronneberg et al.
2019, suggest that official time zones (official social clock), should be in the region
of the geographic time zones marked by the actual sun-clock, as studies have shown
desynchronization between the biological clock and the social clock with outcomes
such as social jetlag (Roenneberg et al., 2019). A study on evening daylight (longer
days) found that activity increased slightly with longer evening daylight (Goodman
et al., 2014). Increased springtime activity has been found in countries near the
Arctic. A seasonal effect on PA was found among Norwegian adolescents where
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both weather and day length in spring was associated with increased odds of
meeting the PA recommendations as compared to winter months (Kolle et al., 2009).
Similarly, seasons with higher rain, winds, and snow and lower temperatures result
in lower PA (Rich et al., 2012).

It has been suggested that social jetlag is a key factor in increasing body mass
index (BMI) and obesity, independent of sleep duration (Roenneberg et al., 2012).
Furthermore, misalignment of sleep timing is associated with metabolic risk factors
that can lead to diabetes and heart disease (Wong et al., 2015). Ronneberg et al.
(2012) have stressed the importance of studying the implementation of daylight
saving time and work or school times, which all contribute to the cumulative
severity of individuals’ social jetlag.

During sleep, the individual will usually pass through regular cycles of distinct
phases. Two separate sleep phases have been defined, based on physiological
records, rapid eye movement (REM) and non-REM (NREM) sleep. NREM sleep
can be described as “[r] elatively inactive yet actively regulating brain in a movable
body” (Kryger et al.,, 2011). The American Academy of Sleep Medicine (2007)
further classifies four stages of sleep as stages N1, N2, N3 (NREM), and Stage R
(REM) (Iber, 2007).

R sleep is defined by periodic bursts of rapid eye movement, muscle twitches,
and cardiorespiratory irregularities, this sleep stage is not divided into further sleep
stages (Kryger et al., 2011). The mental activity of R sleep is associated with
dreaming (Dement & Kleitman, 1957b). During the overnight sleep, cycles of 90-
100 minutes of travelling between sleep stages R to N3 are marked as sleep lightens
and deepens in a recurring cycle throughout the night. The first stage of sleep after
sleep onset is light sleep N1, followed by a period of N2 sleep and thereafter deep
sleep (N3). After a period of deep sleep (N3), sleep lightens again (N2-N1) until one
enters R sleep and completes the sleep cycle (Dement & Kleitman, 1957a). N3 deep
sleep is predominant in the first half of the night and R sleep increases during the
second half of the night (Kryger et al., 2011).

2.2 Sleep recommendations

Adequate sleep is important for optimal health and for daily functioning throughout
life (Bin et al., 2012). NSF has issued recommendations that adults should sleep
seven to nine hours per night. The recommendations are based on 575 studies on
sleep published from 2004 to 2014. Data summarized for recommendations often
does not distinguish between time in bed and actual sleep time. However, actual
sleep time is typically less than time in bed, which biases data from objective and
subjective findings (M. Hirshkowitz et al., 2015). Sleep recommendations for
overall health benefits for various age groups are shown in Figure 3. Although sleep
duration outside the recommended range may be appropriate, deviations far from the
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normal range are rare (Max Hirshkowitz et al.). Medical conditions linked to various
kinds of sleep disorders in adults include depression, attention-deficit hyperactivity
disorder (ADHD), obesity, diabetes, high blood pressure, heart disease, stroke and
transient ischemic attacks (mini-stroke) (National Heart Lung and Blood Institute,
2012b). Keeping a regular sleep schedule maintains the timing of the body’s internal
clock and can help with falling asleep and waking up more easily (National Sleep
Foundation).
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Figure 3. Sleep duration recommendations across the life span.

Copyright © 2015 National Sleep Foundation. (Max Hirshkowitz et al.).

2.3 Parameters to measure sleep

The terms insufficient sleep, inadequate sleep, short sleep duration, sleep loss and
sleep restriction are used interchangeably in the literature. They refer to getting less
sleep than needed (Owens, 2014). Sleep duration has been the primary measurement



Vaka Rognvaldsdottir

in sleep research, but sleep duration alone is not an appropriate indicator of
insufficient sleep (Brand et al., 2009). In addition to the duration of sleep, schedule,
timing and variability are also important sleep parameters to study (Max
Hirshkowitz et al., 2015).

Sleep duration has been the most widely used sleep parameter. Over the decades,
self-reported measures of sleep duration have been used in population-based studies.
Sleep duration has been based on the time spent in bed and actual hours slept, since
subjective questionnaire data cannot differentiate between the two unless
participants are specifically asked. In this thesis, two terms will be used for the
quantity of sleep; sleep duration for hours or minutes spent asleep and rest duration
for hours or minutes spent in bed. Although adequate sleep duration is necessary, the
quality of sleep has also been found to be important. In 2017, NSF assembled a
panel of experts to answer the question of what good sleep quality entails in order to
form recommendations regarding indicators of good sleep quality. The resulting key
markers and their determinants for otherwise healthy individuals are described in
Table 1. It should be kept in mind that the absolute measurement and interpretation
of each sleep quality marker is dependent on age, sex and season (Ohayon et al.,
2017).

Table 1. Sleep quality markers and determinants

Sleep quality markers Determinants of good sleep
Sleep latency Falling asleep in 30 minutes or less
Sleep awakenings Waking up no more than once per night
>5 minutes
Wake after sleep onset Being awake for 20 minutes or less after initially
(WASO) falling asleep
Sleep efficiency Sleeping while in bed (at least 85% of the total time)
R Sleep/N sleep (%) Normal cycles between

R, N1, N2, N3 sleep

Naps Nap duration, nap frequency

Abbreviations: %, percentage; R, REM sleep, N1-N3, Non-REM sleep. The table is adopted
from National Sleep Foundation’s sleep quality recommendations (Ohayon et al., 2017).
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Sleep schedule refers to an individual’s routine of sleep timings, or the time
points of the sleep period (bedtime, midpoint of sleep or rise time). Beyond general
sleep recommendations of 8-10 hours of nightly sleep (Max Hirshkowitz et al.,
2015), consistent bedtime and waking times during the week have also been found
to have health benefits (Gruber et al., 2014). The temporal window of sleep provided
by the circadian clock and its hormonal secretion has been shown to be the most
efficient time to sleep (Wyatt et al., 1999).

People’s social schedules are not always consistent with healthy sleep patterns
(Barnes & Drake, 2015). The difference in sleep routines between work days and
free days in adults often affects not only sleep duration but also differences in
bedtime (Roenneberg et al., 2012).

2.4 Sleep in adolescents

Healthy sleep patterns during adolescence are important for rest and recovery as
well as for growth and maturation, which are vital for maintaining good health (R.
Millman, 2005; Nixon et al., 2008). Age specific recommendations from NSF
suggest that teenagers, aged 14-17, should sleep at least 8-10 hours a night (Max
Hirshkowitz et al., 2015). Studies suggest that sleep duration in children and
adolescents has declined in recent decades and is generally insufficient (Keyes et al.,
2015; Matricciani et al., 2012; Van Cauter et al., 2008). Only 30% of high school
students get the recommended 8-10 hours of sleep on school nights (Eaton et al.,
2010; National Sleep Foundation, 2006).

The 2011 Sleep in America Poll reported that around 60% of adolescents in the
U.S. slept less than the recommended 8-10 hours on school nights, and 77% reported
having sleep problems, such as waking up feeling un-refreshed (59%) and having
difficulty falling asleep (42%) (National Sleep Foundation, 2011). A previous
Icelandic study using questionnaires and sleep diaries found that adolescents had
shorter sleep duration than their European peers (Thorleifsdottir et al., 2002).

Additionally, poor sleep is common among adolescents, as are daytime
sleepiness (R. P. Millman, 2005) and insomnia (Ohayon et al., 2000). Inadequate
sleep duration in adolescents is associated with increased risk of depression and
mood problems, low grades, criminal behavior, obesity and risk of suicide (Eaton et
al., 2010; National Sleep Foundation, 2006).

The later the bedtime or midpoint of sleep an individual prefers, the later the
chronotype for the individual concerned. For children and adolescents, the sleep-
wake cycle on school days is mostly controlled by the school start time and a
bedtime determined by parents; that is, the social clock. The peak of melatonin
secretion during the night is used as a biological marker to assess chronotypes
(Kantermann et al., 2015). Studies have shown that children are usually strongly
morning oriented. During adolescence and into young adulthood, the preferred



Vaka Rognvaldsdottir

chronotype is later. However, the late chronotype generally levels off in adulthood
(Fischer et al., 2017).

During puberty, biological rhythms change so that adolescents become sleepy
later at night, thus needing to sleep longer in the morning (Crowley et al., 2007;
Crowley & Carskadon, 2010; Phillips, 2009). A delayed sleep phase (DSP) is a
common circadian sleep pattern among adolescents, characterized by finding it
challenging to fall asleep in the evening and difficult to wake up at the times
required by school and work schedules. DSP, along with early school start times, is
believed to contribute to chronic sleep loss during the week. (Wright et al., 2012).
Although biology may partly explain DSP during adolescent years, it has also been
linked to a growing sense of the adolescent’s autonomy (Carskadon & Acebo,
2002). Studies on adolescents have heterogeneous results and do not agree upon
which sex peaks first for DSP, with ages ranging from 17-18 for girls and 16-19 for
boys (Fischer et al., 2017; Randler et al., 2017). Sex differences in both circadian
preference and DSP are believed to level off into adulthood (Fischer et al., 2017;
Randler et al., 2017). A diagram of adolescent DSP is shown in Figure 4. Healthy
sleep patterns during adolescence are important for rest and recovery as well as for
growth and maturation, vital for maintaining good health (R. Millman, 2005; Nixon
etal., 2008).

Later Circadian Melatonin Phase

Morning Sleepiness
Difficulty Awakening
from Sleep

Alert in the Evening,
Sleep Onset Insomnia
If Early Bedtime Attempted

Delayed Sleep Time and [ NG
Reduced Sleep Duration o |

During the School/Work Week

Figure 4. Diagram of adolescents’ delayed sleep phase

Figure from (Wright et al., 2012).

Few studies have investigated sex differences in sleep in adolescents, and those
that have are mostly based on subjective data. Studies on sex differences have
focused on varying outcome measures, some have found that adolescents girls have
poorer sleep than boys, determined by the Pittsburgh Sleep Quality Index (Megdal,
2007), and others point out sex differences in preferred circadian rhythm (Fischer et
al., 2017; Randler et al., 2017). In a 1999 study of young adolescents, there was no
significant difference between the sexes in subjectively measured weekday sleep
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duration and the timing of their bedtimes (Lee et al., 1999). However, girls had
significantly earlier rise time than boys on weekdays. On weekend days, boys
reported significantly earlier rise time than girls (Lee et al., 1999).

2.5 Physical activity in adolescents

International recommendations suggest that children and adolescents should do at
least 60 minutes daily of moderate to vigorous physical activity (MVPA) (World
Health Organization, 2010). Most of the daily PA should be aerobic, but vigorous
activities for strengthening muscles and bones should be included at least three times
per week (Lipnowski & LeBlanc, 2012; World Health Organization, 2010).
According to a 2011 Icelandic study, only 9% of 15 year old adolescents fulfilled
the daily recommendations (Magnusson et al., 2011). In the same study, increased
skinfold thickness was associated with less time at or above daily MVPA, and
children and adolescents from the capital region had longer bouts of MVPA
(Magnusson et al., 2011). In a recent report by the Scientific Foundation for the PA
Guidelines for Americans, higher levels of PA in children and adolescents are
associated with more favorable weight status, less adiposity and better cardio-
metabolic health (Powell et al., 2018). This is in line with large, population-based
studies on U.S. children and adolescents, where PA has been suggested as a feasibly
modifiable lifestyle factor to prevent obesity (Laurson et al., 2015) as it, together
with central adiposity, has been found to associate with increased cardio-metabolic
risk (Powell et al., 2018).

Sex differences have also been reported for PA. An Icelandic study from 2011
found that boys had longer intervals of MVPA than girls (Magnusson et al., 2011).
This is in agreement with international findings. A study on European children and
adolescents (9 and 15 years old), found boys to be more active than girls for both
age groups (Riddoch et al., 2004). In California, (Babey et al., 2018), boys were
more active than girls at ages 8-11 and 12-17 years. Interestingly, no sex difference
was found in PA in 5-7 year old children.

2.6 Body composition in adolescents

Body fat is an essential tissue spread around the body. Its main purpose is to store
energy and protect vital organs. Obesity is defined as a condition of abnormal or
excessive fat accumulation in adipose tissue to the extent that health may be
impaired (Garrow, 1988). Obesity has been linked to morbidity and mortality in
research, which makes the World Health Organization’s (WHO) overweight and
obesity category appropriate as a health outcome in public health research (World
Health Organization, 2000). Research highlights the importance of maintaining a
normal weight throughout childhood as those who are overweight as children are
more likely to be overweight as adults (World Health Organization, 2000), and

11
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metabolic risk factors can follow from childhood into adulthood (Camhi &
Katzmarzyk, 2010). In addition to energy intake that exceeds energy expenditure
(Romieu et al., 2017) and low levels of PA, (Powell et al., 2018) research has found
evidence pointing towards decreased sleep duration as a potential causal factor in the
current epidemic of obesity. Since the association between PA and sleep may be
reciprocal (Chennaoui et al., 2015), it is important to study the connection between
sleep patterns and PA and their association with metabolic factors in adolescents.

2.7 The role of inadequate sleep in obesity

Epidemiological studies on the association between short sleep duration and obesity
during childhood and adolescence have been conducted in the past few decades
(Cappuccio et al., 2010). A meta-analysis of 11 longitudinal studies reveals that
subjects with shorter sleep duration had twice the likelihood of being overweight or
obese as compared to subjects with longer sleep duration (Fatima et al., 2015).
Inadequate sleep duration has been associated with higher BMI (Chaput & Janssen,
2016; Knutson & Lauderdale, 2009; Zinkhan et al.,, 2014) and more body fat
(Garaulet et al., 2011). This association includes average sleep duration. School-
night sleep duration, weekend sleep duration and daytime sleepiness have all been
found to predict BMI independently in a sample of 12 year old adolescents (Peach et
al., 2015). The strength of the association between sleep and BMI seems to be
dependent upon sex, (Peach et al., 2015), with a stronger association detected in
young boys and male adolescents than in girls and females (Storfer-lIsser et al.,
2012). In addition to negative effects on body composition, inadequate sleep
duration has also been found to be associated with increased insulin resistance
(Matthews et al., 2012). Short sleep affects both sides of the energy balance
equation, energy intake and energy expenditure (Chaput, 2016), resulting in obesity
(Taheri, 2006). The findings suggest that sleep deprivation may affect metabolic
homeostasis, thus contributing to overweight and obesity (Sharma & Kavuru, 2010).
A study of European adolescents found that short sleep duration is associated with
higher adiposity markers, particularly in female adolescents, and the association
appears to be driven by both increased food consumption and more sedentary
behavior (Garaulet et al., 2011). More recently, intervention studies, although
mostly built on data on adults, have provided important evidence indicating that the
unfavorable effects of short sleep lead to increased food intake and that lack of sleep
can increase snacking, the number of meals eaten and preference for energy-dense
food items (Beebe et al., 2013; Chapman et al., 2012; Chaput, 2014; Chaput & St-
Onge, 2014; Spaeth et al., 2013; A. Weiss et al., 2010). Experimental studies of
sleep restriction in adults have shown that 4 hours of sleep for five nights resulted in
a 1kg increase in weight as compared to a control group with normal sleep duration
(Spaeth et al., 2013), and five nights of five hours of sleep resulted in an increase of
0.82 kg (Markwald et al., 2013). Markwald et al. (2013) showed that five hours of
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sleep for five nights resulted in a 5% increase in energy expenditure over the 24-
hour period due to the energy cost of additional wakefulness, but the energy intake
the following night was found to be in surplus of demand. However, a review of
experimental studies on short sleep and its effect on total energy expenditure in free-
living conditions, did not provide substantial evidence supporting a significant effect
of short sleep on energy expenditure (Klingenberg et al., 2012).

Beyond sleep duration, poor sleep quality has been associated with higher BMI
in 15 year old adolescents (Megdal, 2007). Researchers suggest that sleep timing
may independently influence BMI in adolescents (Golley et al., 2013), particularly
late bedtime (Golley et al., 2013). Social jetlag, defined as a shift in sleep timing
between work days and weekends, is also associated with increased BMI
(Roenneberg et al., 2012), indicating that sleep timing is another important
component of sleep that may influence overall metabolic health (Matthews et al.,
2012). Recovery sleep on non-school days, where children and adolescents
compensate for short school-day sleep, may still be important for maintaining
healthy weight (C. W. Kim et al., 2012; Stone et al., 2013; Wing et al., 2009).

Studies using subjective measures found an association between average sleep
duration and obesity in adolescents, (Cappuccio et al., 2010; Chaput & Janssen,
2016; Fatima et al., 2015; Garaulet et al., 2011; Knutson & Lauderdale, 2009;
Megdal, 2007; Roenneberg et al., 2012). However, studies based on objective
measurements have concluded that different sleep parameters (quality and timing)
are associated with obesity markers (He et al., 2015; Jansen et al., 2018; Spruyt et
al., 2011). In children, variability in sleep duration was associated with increased
BMI (Spruyt et al.,, 2011). Additionally, in a study on healthy adolescents,
variability in sleep duration was associated with abdominal obesity (He et al., 2015).
Further studies on the causal mechanisms between sleep parameters and obesity
should consider more parameters than sleep duration (He et al., 2015; Spruyt et al.,
2011).

2.8 The bidirectional role of physical activity and sleep in
adolescents

It has been proposed that children aged 10-12 who follow sleep recommendations
are more likely to maintain regular and healthy PA than those who do not sleep as
suggested (Stone et al., 2013). Additionally, children who maintain a regular sleep
schedule on both school days and non-school days have been found to have the most
positive activity profiles (Stone et al., 2013). Recent meta-analysis on sleep and PA
in children, 3-13 years old, found limited association between sleep and PA in
children, although children participating in vigorous PA, compared to lower PA
levels, had longer sleep duration (Antczak et al., 2020). Studies on adolescents agree
that PA has a positive influence on sleep length (Youngstedt & Kline, 2006), and
vigorous PA may promote better sleep in adolescents (Kalak et al., 2012; Lang et al.,
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2013). Lang et al. (2013) concluded in a review study on adolescents that both self-
reported and objectively assessed PA predict subjective and objective measures of
sleep. However, most of the studies have been cross-sectional in nature, and few
have used objective measures of both sleep and PA (Lang et al., 2013).

2.9 Methodological considerations of measurements

Previous research on adolescent sleep in epidemiologic studies has mostly been
based on subjective data such as sleep logs or questionnaires (Arora et al., 2013). In
recent years, actigraphy has been developed and validated (de Souza et al., 2003;
Sadeh, 2011; Sadeh & Acebo, 2002; Sadeh et al., 1994) as an objective method for
assessing sleep patterns and estimating general qualities of sleep and activity in free-
living conditions (A. R. Weiss et al., 2010). Wrist actigraphy uses a watch-like
accelerometer and data is obtained by sleep detection algorithms (de Souza et al.,
2003; Sadeh et al., 1994; Slater et al., 2015; A. R. Weiss et al., 2010; Zinkhan et al.,
2014). A comparison of objective and subjective measurements of adolescent sleep
suggests that self-report methods (Lang et al., 2015) tend to overestimate actual
sleep length. This suggests that adolescents may sleep even less than previously
reported (Arora et al., 2013; de Souza et al., 2003; Sadeh, 2011; Sadeh & Acebo,
2002; Sadeh et al., 1994).

The same applies to previous studies investigating the relationship between PA
and sleep in adolescents. Most have been based on subjective data (Lang et al.,
2013; Lang et al., 2015). Subjective measures of PA tend to be inaccurate in that
they overestimate an individual’s activity (Sallis & Saelens, 2000). Wrist-worn
accelerometers may provide an alternative to subjective assessment of PA since they
are easy to wear and can facilitate long-term recording. Also, wrist-worn
accelerometers may be preferable to hip-worn accelerometers since they can be
waorn overnight.

In measuring body composition, many different assessments might apply, but the
most common method for estimating overweight and obesity in populations is BMI
(kg/m? (Wellens et al., 1996). BMI is popular because it is easy to use and
correlates well with body fat percentage (Wellens et al., 1996). However, BMI does
not differentiate between fat and muscle tissue (Prentice & Jebb, 2001). Therefore,
more accurate measures, such as skinfold thickness, doubly labeled water tests and
dual energy X-ray absorptiometry (DXA) are often preferred. The advantage of
DXA is its high rate of accuracy in classifying different body tissues (Andreoli et al.,
2009; Dezenberg et al., 1999; Fusch et al., 1999) and a very low dose of radiation
(Pietrobelli et al., 1998).

Daylight is the main signal of day and night in our environment, and thus an
important indicator of the starting of the day for the internal clock. Seasons, as based
on daylight, might influence sleep duration and timing. Seasonal differences in
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daylight and its impact on sleep duration and sleep timing were assessed among
adults in Norway at 69°39°N or above. In that study, subjects had both later
bedtimes by an average of 12 min and rise time, averaging 32 min, on workdays
during winter than during summer (Friborg et al., 2012). The same study assessed
the seasonal effect of identical sleep parameters in Ghana where there is little
seasonal difference in daylight. The study found no difference in sleep across
seasons in Ghana (Friborg et al., 2012). In a study of 7 year old children in New
Zealand, sleep duration was shorter during summer than in other seasons (Nixon et
al., 2008). Sleep timing may also change across seasons in the US. A study on
adolescent sleep timing across seasons found that the midpoint of sleep in the
summer was 41 minutes later than in winter and 28 and 29 minutes earlier in the
spring and fall, respectively (Quante et al., 2017).

Daylight also appears to affect levels of PA in children and adolescents, at least
at a young age. A Norwegian study found that 9 year old children showed a
significantly higher mean PA in spring than in winter and fall but no difference was
found between seasons for 15 year olds, although the older group had a higher
likelihood of meeting the PA recommendations in spring than in winter (Kolle et al.,
2009).

Weather conditions are known to influence PA. These differ between
geographical locations and between seasons. Thus, they should be considered in a
study of free-living PA. Activity has been found to be higher in the spring and
summer than in the winter (Owen et al., 2009; Wennlof et al., 2005) and an inverse
u-shaped curve has been shown for the relationship between outside temperature and
PA (Quante et al., 2017), indicating the preferred temperature for PA is neither too
hot nor too cold.

Socioeconomic status (SES) is a well-known predictor of illness and health
(Adler et al., 1994), associated with both physical inactivity and obesity. Many
variables such as income, education and occupation link SES to health, and those
may be interrelated. Yet, it is quite common for studies to only use one variable,
either income or education, (Adler et al., 1994).

2.10 Knowledge gaps and novelty of the study

Although there is growing evidence that sufficient sleep duration and stable sleep
patterns are highly important for adolescent health and wellbeing (Gruber et al.,
2014), studies have mostly been based on subjective data such as sleep logs or
questionnaires (Arora et al., 2013), therefore possibly biasing the estimated sleep
length (Lang et al., 2015). Thus, it has been suggested that adolescents may sleep
even less than previously reported (Arora et al., 2013). Furthermore, to our
knowledge, no studies have objectively assessed and compared sleep patterns among
adolescents on school days versus non-school days.
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Prior studies have indicated that PA favorably affects sleep in adolescents (Kalak
et al., 2012; Lang et al., 2013; Stone et al., 2013; Youngstedt & Kline, 2006), but
those have mainly depended on subjective measures. As with sleep measures,
subjective PA measures are also prone to bias and studies investigating the
association between sleep and PA with objective measures on both variables are
lacking in the literature (Lang et al., 2015).

Based on the literature review, it is clear that, although there is a well-established
association between self-reported sleep duration and obesity (Lang et al., 2013;
Lang et al., 2015), the association between objective sleep duration, timing, quality
and variability and obesity has not been fully investigated with objective
measurements (Max Hirshkowitz et al., 2015; Jarrin et al., 2013).

2.11 Aims of the study

Based on the literature review above, the main aims of this dissertation are to:
1. Investigate objectively measured sleep duration, sleep timing and sleep
quality of Icelandic adolescents at 15 years old and assess sex difference in
objectively measured sleep parameters (Paper I).

2. Assess whether there is an agreement between self-reported and actigraphy-
measured sleep at 15 (paper IlI), to assess whether the agreement between
the two differs between age 15 and age 17 (Paper Il) and whether the two
methods differ in estimating changes in bedtime from 15-17 years of age.

3. To assess the proportion of 15 years old adolescents who fulfilled the
recommended hours of PA and sleep, assess any sex differences in sleep and
PA, and the possible associations between PA and sleep (Paper Ill and
unpublished data).

4. Examine the potential associations between objectively measured sleep
duration, timing, quality, and night-to-night variations on school nights with
objectively measured body composition (Paper V).
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3 Methods

3.1 Study population and design

This research project, “Heilsuhegdun ungra islendinga (HHUI) or Health Behaviors
of Icelandic Youth”, is a longitudinal study that tracks the status and changes of
various health and sleep parameters in a cohort of adolescents born in 1999. The
adolescents all originated from six elementary schools in Reykjavik. The current
study will explore both longitudinal changes from age 15-17 as well as cross-
sectional data from both time points. The research project, HHUI, is an independent
follow up study on previous research conducted in 2006-2008, “Lifestyle of 7-9 year
old children; intervention towards better health” (EYHS) and all participants
originate from the same six elementary schools in Reykjavik. Those who completed
their participation were rewarded with a 4000 and 5000 ISK (approximately $40-
$50) debit card in 2015 and 2017, respectively. Figure 5 shows the categories of
measurements in 2015 and 2017 used in the thesis.

Body Physical Blood values | Questionnaire

Composition activity

BMI ActiGraph ActiGraph - Blood pressure -Sleep behavior
WwC GTX3+ GTX3+ - Insulin levels ~ -Sports
DXA counts/min/day - Sleep duration  _ Glycose levels Participation

- Sleep quality -Physical activity

- Sleep timing -Parental education

- Sleep diary
Figure 5. Data collected in Health Behaviors of Icelandic Youth 2015 and 2017

Papers I, Il and 1V are based on cross-sectional data gathered in 2015. Paper Il is
based on follow-up data from 2015-2017. The data collection in 2015 with
participants aged 15 and 16 at the time took place in April-June. In 2017, the
participants were aged 17 and 18 and the data collection took place from February to
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May. The HHUI project was conducted by scientists at the University of Iceland in
collaboration with the Department of Education and Youth at the City of Reykjavik,
six elementary schools in Reykjavik, the Icelandic Heart Association and the
National Institute of Diabetes, Digestive & Kidney Diseases at the National Institute
of Health in the USA.

3.2 Participation and data collection in 2015

In April 2015, all 411 students (age 15-16) enrolled in 10" grade at the respective
schools received an invitation letter to participate in HHUI. Students who did not
attend school (sick or travelling) during days of measurements at individual schools
were excluded, although students who became ill within the week, while wearing the
accelerometer were not excluded. A total of 315 adolescents took part, or 77% of
those invited. Of these, 42% were boys, and 58% were girls. Non-participation
(n=104) was mainly due to absence from school during measurement days and lack
of interest in the study. Participation in 2015 is shown in Figure 6.

~

*Subjects offered to participate in the study 2015

n=411

*Boys 47% Girls 53% )
~

*Subjects willing to and available for participation in the study

*n=315

*Boys 42% Girls 58% )

. . . A

*Subjects with actigraphy data

*n=301

*Boys 41% Girls 59% )
~

*Subjects with valid sleep data >3 valid SchD and >1 NSchD

*n=281

*Boys 40% Girls 59% )
~\

*Subjects with valid sleep and activity data >3 valid SchD and =1 NSchD

*n=266

*Boys 40% Girls 60% )
~

*Subjects with valid sleep and activity data =3 valid SchD and metabolic measurements

*n=252

*Boys 42% Girls 58%

Schd; school days, NSchD; non-school days

Figure 6. Cross sectional participation in 2015
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In 2015, the research team measured fitness, anthropometric data, blood pressure,
and performed a maximal ergometer test and a jump test at the individual schools.
At the schools, the students filled out a questionnaire on iPads. Students had
accelerometers assessing PA and sleep placed on their non-dominant wrist and were
given an accompanying sleep diary to fill out during the week. The sleep diaries
were collected by the research team the following week. The students were driven
between the schools and The Icelandic Heart Association for DXA scanning and
blood sampling.

3.3 Participation and data collection in 2017

In 2017, all who had taken part in any of the previous waves of EYHS or HHUI
were invited to participate in a follow-up data collection. Thereof, we were able to
contact 420 subjects, 236 (56%) of whom were willing and available to cooperate
during the period of measurements. From those who participated, 168 had data on
both time points, 2015 and 2017, for follow-up analyses. Non-participation (n=184)
in 2017 was mainly due to a lack of interest in the study, not answering the phone,
not showing up or other unexplained reasons. Participation in 2017 is shown in
Figure 7.

*Subjects offered to participate in the study 2017
*n=420
*Boys 38% Girls 62%

*Subjects willing to and available for participation in the study 2017
*n=236
*Boys 38% Girls 62%

*Subjects available for follow-up measurement in 2017
*n=168
*Boys 40% Girls 60%

*Subjects with valid sleep data =3 valid SchD and =1 NSchD 2015-2017
n=144
*Boys 38% Girls 62%

SchD; school days, NSchD; non-school days
Figure 7. Follow-up participation 2015-2017

In 2017, all participants underwent a similar procedure at the research lab for the
Center of Sport and Health Sciences in Reykjavik as they had experienced at the
individual schools in 2015. The participants’ height and weight were measured at
the Icelandic Heart Association before DXA scanning.
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3.4 School schedules

School time for elementary school (15 years old) in Iceland is 37 school hours/week.
The timing and duration of the school day varied little between schools and
individual participants, with the school day starting for most participants between
08:10-08:20 in the morning and finished around 14:00, and the longest school day
finishing at 16:00. Upper-secondary schools in Iceland (17 years old) can adopt one
of two course-scheduling systems (Ragnarsdottir & Asgeir Johannesson, 2014).
Class-based (traditional) schools, similar to elementary schools, offer a single daily
course schedule to all students, which typically begins between 08:10-08:30 and
finishes around 15:30. In unit-credit-based (college-style) schools, students can
choose from several offerings of the same course occurring at various times.
Students are only required to be present at school during their scheduled course
times. Thus, daily schedules of unit-credit students are more individualized, like
those of college students in many countries, and school start times can vary from
08:30 to 16:00.

3.5 Measurements

3.5.1 Objective sleep measures

Free-living sleep was measured via a wrist-worn raw signal accelerometer,
ActiGraph GT3X+ (ActiSleep by ActiGraph Inc. Pensacola Florida, USA).
Actigraphy watches were placed on the subjects’ wrists at school and each subject
was asked to wear the accelerometer continuously for a week. Raw triaxial data was
sampled at 80 samples/sec (Hz). Actigraphy-measured sleep parameters were
derived from the ActiLife software from ActiGraph (version 6.13.0.), using a sleep
detection algorithm validated specifically for adolescents (Sadeh, 2011; Sadeh &
Acebo, 2002; Sadeh et al., 1994). The accelerometer is a watch-like data box worn
on the non-dominant wrist. The accelerometer is light (27g) and small (3.8 cm x 3.7
cmx 1.8 cm) and has been produced specifically for use in research.

In primary sleep analyses the main focus was on the nightly sleep period.
Actigraphy-measured sleep duration, timing and quality were determined by the
auto-detection of ActiLife’s sleep analysis. Self-reported sleep logs including
bedtimes and rise times were used to confirm the proximal rest intervals measured
by the software. These were manually adjusted when necessary. Total rest time was
compared to the recommended 8-10 hours of sleep for adolescents in this age range.
Sleep parameters were computed for all valid school days (SchD) and non-school
days (NSchD). Valid activity days were defined as days with > 14 hours of wear-
time out of a 24 h period from 12 o’clock midnight to 12 o’clock midnight the
following day. Weekly averages and within-subject night-to-night variability
(standard deviation) were also computed. Each participant was asked to wear the
monitor on the non-dominant wrist for 7 consecutive days. Specific inclusion criteria
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for valid SchD and/or NSchD were set for each study depending on the topic.
Naptime was not included in the analyses due to the low incidence of naps detected
in our data (18 different subjects took a total of 22 naps). Actigraphy-measured sleep
parameters for analysis, based on validated algorithms (Sadeh, 2011) and previous
definitions (Fekedulegn et al., 2020; Martin & Hakim, 2011; Tudor-Locke et al.,
2014), are defined in Table 2.

Table 2. Definitions of Actigraphy-measured sleep parameters

Sleep parameter Definition

Total rest duration Resting period — the time spent in bed (hours).

Total sleep duration Actual sleep time during rest period (hours).

Variability in sleep duration The variance of the sleep duration period (SD of of TST (min).

Minutes of total sleep divided by minutes available for sleep multiplied

Sleep efficiency by one hundred (%).

The time it takes to accomplish the transition from full wakefulness to
Sleep onset latency

sleep (min).
Number of awakenings Wake ups during the period of total rest duration (counts).
Wakening after sleep onset (WASQO) Minutes of non-sleep during total rest duration, due to awakening (min).
Bedtime The clock time of when someone goes to bed.
Variability in bedtime Variance of the clock time of when someone goes to bed (min).

The clock time at the midpoint of the sleeping period (between sleep

Midpoint of sleep onset and rise time)

Rise time The clock time of when someone gets out of bed.

3.5.2 Subjective sleep parameters

Participants filled out an accompanying sleep diary during the wearing time of the
accelerometers. In the sleep diary, participants logged their bedtime and rise time
each day. From the questionnaire answered in 2015 (Appendix 1), self-reported
bedtime (assessed via Q57 and Q80) consisted of participant responses to the
following questions: “What is your usual bedtime on school nights?” and “What is
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your usual bedtime on the weekend?” Potential answers were in half-hour
increments from 20:00 to 04:00. Also, participants reported whether they were
getting enough sleep, assessed with Q5, four possible responses to the question “Do
you sleep enough?” were: “most of the time” (1), “half of the time” (2), “very
seldom” (3)”, “I sleep too much” (4).

3.5.3 Objective physical activity parameters

Free-living PA was objectively measured using triaxial raw signal Actigraph activity
monitors (ActiSleep model GT3X+, ActiGraph Inc. Pensacola Florida). The
accelerometer collects the data for both activity and sleep. Data for PA (total vector
magnitude) during waking hours was obtained using a sampling epoch time of 60 s,
with counts per minute (cpm) as a unit of activity.

3.5.4 Subijective physical activity parameters

Self-reported PA (Table 3) was based on the three following questions from the
questionnaire used in 2015 (Appendix [). The questions are marked in the
questionnaire as Q14, Q15 and Q17.

1. Do you participate in organized sports? (Q17); “Yes” (1), “No” (2), “T used
to but not anymore” (3). For the current analysis, responses were recoded
into a binary variable: 1 = “Participate in organized sports” or 0 = “do not
participate in organized sports” combining options 2 and 3.

2. How many hours per week do you participate in sports or physical activity
in a typical week? (Q15); “none” (1), “less than 1 hour per week” (2), “1-2
hours per week” (3), “3-4 hours per week” (4), “5-6 hours per week” (5),
“more than 6 hours per week” (6), “I do not want to answer” (7). For the
current analysis, responses were recoded into a binary variable: 1 =
“Participate in physical activity and sport >6 hours/week” or 0 =
“Participate in physical activity and sport <6hours/week”

3. How often do you participate in physical activity where you get out of
breath or sweat? (Q14) with the options: “never” (1), “less than once per
week” (2), “once per week” (3), “2-3 times per week” (4), “4-5 times per
week” (5), “almost every day” (6). For the current analysis, responses were
recoded into a binary variable: 1 = “physical activity where you sweat or
breath hard >6 days/week* or 0 = “physical activity where you sweat or
breath hard <6 days/week*.
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Table 3. Self-reported physical activity and sleep from questionnaire

Questions Answers

< 6 times/week
How often do you participate in physical activity
where you sweat or breath hard?

> 6 times/week

< 6 hours/week
How many hours per week do you participate in sports
or physical activity in a typical week?

> 6 hours/week

Yes

Do you participate in organized sports? N
0

3.5.5 Body composition and metabolic factors

Standing height was measured with a stadiometer (Seca model 217, Seca Ltd.
Birmingham, UK) to the nearest 0.1 cm. Body weight was measured on a balance
scale (Seca model 813, Seca Ltd. Birmingham, UK) to the nearest 0.1 kg with
participants wearing light clothes. Waist circumference (WC) was measured with an
inelastic band to the nearest 0.1 cm. Measurements were performed at individual
schools in 2015 and at the Icelandic Heart Association in 2017.

Body composition measurements were obtained with dual energy X-ray
absorptiometry (DXA) using a GELUNAR scanner. All body composition measures
took place at the Icelandic Heart Association. A single radiologist took the
measurements. These measurements yielded estimates of the adolescents’ total lean
mass, fat mass (g) and trunk fat mass (g). Anthropometric variables used in this
analysis are defined in Table 4. Overweight and obesity were classified according
the World Health Organization classification. Normal range BMI is classified as the
range from 18.50-24.99 kg/m?, overweight as BMI values between 25-29.99 kg/m?
and obesity as BMI at 30 kg/m?and above.
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Table 4. Body composition variables

PARAMETER DEFINITION

Body mass index (BMI) Index for measuring weight in relation to
height (kg/m?).

Waist circumference (WC) Measured in centimeters.

Percentage body fat Fat mass divided by the total mass assessed
with DXA and represented as a percentage.

Percentage trunk fat Trunk fat mass divided by the total trunk
mass assessed with DXA and represented as a
percentage.

Resting blood pressure was measured on the left arm of seated participants, and
the average of three measurements was used for analysis. Fasting blood samples
were obtained using standard procedures after overnight fasting; samples were
analyzed for glucose and insulin. Insulin (mU/L) in serum was measured using the
INSULIN assay from Roche, a sandwich electrochemiluminescence immunoassay
ECLIA on Cobas e 411 (Roche, Switzerland). The inter-assay coefficient of
variation was < 5.06% using a frozen serum pool and < 2.36% using quality control
samples from Roche. Glucose (mmol/L) in serum was measured using the GLUC2
assay from Roche, an enzymatic reference method with hexokinase. The
measurements were performed on a Cobas e 311 (Roche, Switzerland). The inter-
assay coefficient of variation was <1.65% using a frozen serum pool and <1.66%
using quality control samples from Roche.

Parental education was assessed via a questionnaire and classified into two
categories, at least one parent with a university degree or neither parent with a
university degree.

3.6 Ethics

Written informed consent was obtained from all participants and their parents or
guardians. Strict procedures were followed to ensure confidentiality. The study was
approved by the National Bioethics Committee and the Icelandic Data Protection
Authority (Study number VSNb2015020013/13.07). General information on the
study (HHUI) is found on the website https://heilsuhegdun.hi.is/.

3.7 Statistical analyses

All finalized, exported Actilife reports were compiled into daily and weekly
averages using customized programs written with Matlab software (version
R2013a). Statistical analyses were carried out using R statistical software (R, Boston
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Massachusetts, USA, Version 1.1.463 - © 2009-2018 Rstudio, Inc.) with R (v3.4.2,
https://www.r-project.org/) and GraphPad Prism (v7, La Jolla, CA). The level of
statistical significance was set at p<0.05.

Descriptive statistics are presented as means and standard deviations for
continuous variables and as frequencies and percentages for categorical variables.
Assessment of sex differences was carried out by t-tests for independent samples
and chi-square tests for categorical variables. Paired t-tests were used to compare
measures on SchD and NschD and at ages 15 and 17. Characteristics and parental
education regarding participants who did not repeat the study in 2017 were
compared with the characteristics of those who participated at both times by t-test. A
Pearson correlation coefficient (r) was used to assess the association between day
length and actigraphy-measured sleep and PA.

Two-way analysis of variance (ANOVA) was used to compare the mean
differences between actigraphy-measured sleep duration across categories of self-
reported sleep duration (“how well do you sleep?”). Self-reported measures of the
participants’ usual bedtimes on SchD and NSchD were compared to average
actigraphy-measured bedtimes for SchD and NSchD in 2015 and 2017. The
correlation between self-reported and actigraphy-measured bedtimes was calculated
with a Pearson r coefficient. Bland-Altman plots were used to assess inter-method
agreement (Bland & Altman, 1986). All other comparisons were made using
ANOVA with Tukey post-hoc comparisons with Bonferroni adjustments.

Two-way ANOVA was used to compare means of actigraphy-measured PA
between SchD and NSchD with independent comparisons between the sexes. The
interaction between SchD vs NSchD and sexes was also assessed. To compare
actigraphy-measured and self-reported PA, two-way ANOVA was used to compare
the mean differences between actigraphy-measured PA and categorical values self-
reported PA. A chi-square test was used to assess the difference between categories
of self-reported PA and sex.

One-way ANOVA was used to compare means between actigraphy-measured
sleep across self-reported categorical values of PA. A t-test was used to compare
means between self-reported sports participation categories. A Tukey post-hoc test
with Bonferroni corrections for multiple calculations was used to assess interactions
between ShcD/NSchD and sexes.

Linear regression analysis was used to assess the association between actigraphy-
measured sleep variables (independent variable) and PA in counts/min/day
(dependent variable).

Linear regression was also used to assess the association between actigraphy-
measured sleep parameters (independent variables) and BMI (dependent variable).
Separate regressions were run for boys and girls and SchD and NSchD. For further
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analysis on the correlations between sleep and obesity, associations between sleep
variability parameters on SchD and body composition variables were calculated.
Multiple linear regression with standardized coefficients, adjusted for sex, parental
education and day length, was used to explore the associations of each sleep
parameter (duration, bedtime, WASO and variability in sleep and bedtime) and PA
with body composition parameters (percentage body fat and percentage trunk fat)
and metabolic factors (insulin, glucose, blood pressure).
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4 Results and discussion

The main results and discussion based on the four aims are presented in this chapter.
Chapters 4.1-4.4 are based on Papers I-IV and arranged by aims 1-4. The main
results are built on cross-sectional data collected in 2015, where mean age of
participants was 15.9+0.3 years and longitudinal data, from 2015-2017, with mean
age of participants at follow-up being 17.7+0.3 years. Characteristics for all subjects
with valid sleep data (=3 valid SchD and >1 NSchD) 2015 and 2017 are presented in
Table 5, however, study characteristics for each paper are based on valid data
criteria presented in each of the papers. This chapter, results and discussion,
highlights sleep and PA characteristics measured with both objective and subjective
methods and associations between sleep and metabolic factors.

Table 5. Characteristics for all subjects with valid sleep data 2015-2017

Range Boys vs Girls

All Boys Girls min-max p-value
Baseline 2015
n (%) 280 (100) 113 (40) 167 (60)
Age (years) 15.9 (0.3) 15.8 (0.3) 15.9 (0.3) 14.5-16.4 0.068
Height (cm) 1715(8.0) 178.2(5.9) 166.9 (5.7) 150-194 <0.001
Weight (kg) 64.8 (11.3) 68.9(11.6) 62.0(10.2) 44.6-116.6 <0.001
BMI (kg/m2) 22.0 (3.2) 21.6 (3.3) 222(32)  16.4-348 0.145
Fat percentage (%) 25.4 (8.9) 18.1(7.2) 30.4 (6.1) 9.4-51.22 <0.001

Waist circumference (cm) 70.6 (7.5) 73.4 (7.0) 68.8 (7.2) 55.5-106.8 <0.001
Follow up 2017

n (%) 199 (100) 73 (37) 126 (63)

Age (years) 17.7 (0.3) 17.63 (0.3) 17.7 (0.3) 17.1-18.3 0.019
Height (cm) 173.3(9.2) 182.56 (5.7) 168.0 (6.0) 153.3--200.5 <0.001
Weight (kg) 68.7 (13.0)  74.8(12.5) 652 (12.0) 46.2-118.5 <0.001
BMI (kg/m2) 22.8 (3.9) 22.4 (3.4) 23.1(4.1) 15.6-38.1 0.225

Abbreviations: n, number; BMI, body mass index.

4.1 Actigraphy-measured sleep duration, sleep quality and sleep
timing in 2015

Descriptive data of actigraphy measured sleep of Icelandic adolescents is reproduced
from Paper 1. Actigraphy-measured sleep parameters calculated in 2015 are
presented in Table 6. Average rest duration for boys and girls on SchD was 7.05+0.8
hours and average sleep duration was 6.20£0.7 hours. Participants had longer rest
and sleep duration on NSchD than on SchD. The adolescents had about 80 min
longer sleep duration on NSchD, which may be an attempt to recover from the short
sleep duration on SchD. These results are in line with a recent review study that
combined actigraphy sleep data for sleep duration for 15-18 year olds (Galland et
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al., 2018). The study found that sleep duration averaged 7.4 hours over the week,
with 56 min longer sleep duration on NSchD, derived from sleep onset and rise
times of almost one to two hours later. As current sleep recommendations are based
mostly on subjective data, rest duration was used to compare actual sleep with
recommendations as it reflects bedtime until rising the next morning (Chaput &
Janssen, 2016). When rest duration was used as an indicator of recommended sleep
time, only 10.7% of the participants in the current study reached the recommended
8-10 hours of sleep on SchD and 66.9% on NSchD.

Table 6. Sleep duration, quality and timing (Paper 1)

Boys (n=114) Girls (n=167) All (n=281)
Sleep parameters SchD NSchD p SchD NchD p SchD  NSchD p
Sleep duration
Rest duration 7.01+0.90 8.36+1.45 <0.001  7.07+0.78 8.42+1.06 <0.001  7.05+0.83 8.40+1.23 <0.001
Sleep duration 6.16+0.82 7.25+1.29 <0.001  6.21+0.69 7.39+0.96 <0.001  6.20+0.74 7.33+1.10 <0.001
Sleep quality
Sleep efficiency (%) 88.0+4.4 86.8+4.2 0.01 87.9+4.4 87.9+5.1 0.837 87.9+4.4 87.4+4.7 0.038
Sleep onset latency (min) 1.6+1.0 1.6+1.1 0.79 15+#1.0 1.6+1.2 0.767 1.6+£1.0 1.6+1.2 0.737
Wakening after sleep onset (min) 50.0+21.1 66.3+24.8 <0.001  50.2+21.4 60.3+28.4 <0.001  50.1+21.2 62.7+27.1 <0.001
Number of awakenings (count) 18.3+6.3 23.4+9.4 <0.001 18.5+4.8 22.7+7.8 <0.001 18.4+5.5 23.0+7.8 <0.001
Sleep timing
Bedtime (o’clock+min) 00:28+56 01:58+83* <0.001  00:18+51 01:31+64 <0.001  00:22+54 01:42+74 0.05
Midpoint of sleep (o’clock+min) 04:00+45* 06:14+77** <0.001 ~ 03:50+£36 05:43+61 <0.001  03:54+40 05:56+69 0.158
Rise time (o’clock+min) 07:33+48* 10:32+86** <0.001 07:23+33 09:57+73 <0.001 07:27+40 10:11+80 0.735

Abbreviations: SchD, school days; NSchD, non-school days. %, percentage. P-values for difference between SchD and NSchD are in the table.
Difference between the sexes is marked *p<0.05 and **p<0.001.

Boys had significantly later bedtimes on NSchD and a later midpoint of sleep and
rise times on both SchD and NSchD than girls. The boys had a 91+78 min later
bedtime and 178481 min later rise time on NSchD, with a 135+7 shift in the
midpoint of sleep from SchD. The girls had a smaller shift in sleep timing between
SchD and NSchD and a 7350 min later bedtime and a 154+71 min later rise time
on NSchD as compared with SchD, leading to a shift in the midpoint of sleep of
113450 minutes. Bedtimes on SchD did not differ significantly between the sexes.
Daytime naps, captured by the actigraphy, were rare, with 22 total naps taken by 18
different subjects in 2015 and only 14 total naps identified in 8 different subjects in
2017. Thus, no further analyses were performed on naps.

Sleep deficiency among adolescents may be a public health risk (Barnes &
Drake, 2015) where delayed bedtimes and early school starting times lead to
insufficient sleep for a large portion of the adolescent population (Wheaton et al.,
2015; Wright et al., 2012). School start time is the main determinant of adolescent
rise time (Knutson & Lauderdale, 2009), and The American Academy of Pediatrics
(AAP) advised U.S. middle and high schools to modify start times to no earlier than
8:30 a.m. to enable students to get adequate sleep and improve their health, safety,
academic achievement and quality of life (Wheaton et al., 2015). A recent U.S.
study found that adolescents aged 15.5£0.6 who had a school start time of 8:30 or
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later had longer actigraphy-measured sleep than those who had an earlier school
start time, explained by both earlier bed and later rise times (Nahmod et al., 2019).

Differences in sleep duration between SchD and NSchD are not uncommon, as
short-term sleep deficiency during SchD is typically followed by longer sleep
durations of recovery sleep on NSchD (Chaput & Janssen, 2016; Galland et al.,
2018; Roenneberg et al., 2012). The present data supports the recovery sleep
suggestion, as the adolescents slept about 1.2 hours longer on NSchD than on SchD.
It also shows a shift in midpoint of sleep of about 2.3 to 1.9 hours later, for boys and
girls respectively, on NSchD versus SchD. However, there was no inverse
correlation between sleep duration on SchD and NSchD nor did the sleep quality
markers indicate higher sleep quality on NSchD despite a significantly longer sleep
duration than on SchD. One plausible explanation is that the shift in the midpoint of
sleep of roughly 2 hours may have created inconsistencies in the sleep routines,
hindering the ability to simultaneously increase sleep quantity and quality. A large
shift in the midpoint of sleep, social jetlag, has previously been found to be
associated with a higher incidence of depression (Levandovski et al., 2011), anxiety
(Wittmann et al., 2010), metabolic disorders, such as obesity (Roenneberg et al.,
2012) and metabolic syndrome and type Il diabetes (Koopman et al., 2017).
However, the difference in midpoint of sleep was not associated with BMI or other
body composition markers in the current study (Table 5 in Paper I).

A previous Icelandic study did not detect any sex difference in sleep duration
(Thorleifsdottir et al., 2002). Others have reported heterogeneous results, showing
longer sleep for either boys or girls (Olds et al., 2010; Tsai & Li, 2004) or no sex
differences (Beijamini et al., 2008). In the present study, boys have later bedtimes
on NSchD and later midpoint of sleep and rise times on both SchD and NSchD.
Studies assessing adolescent DSP and bedtimes present mixed results and do not
agree on whether boys or girls delay their bedtimes at a younger age (Fischer et al.,
2017; Randler et al., 2017; Urbanek et al., 2018). Other studies show that sex
differences in sleep preferences level off into adulthood (Fischer et al., 2017
Randler et al., 2017). Sex differences in sleep timing among 15-16 year old
Icelandic adolescents could be a cultural difference between the sexes in
preparedness (hair and/or make up) for school as girls’ rise time is significantly
earlier on SchD, although their bedtime is not later. A shorter sleep duration,
delayed bedtime and poorer sleep quality has been linked to more screen time (Hale
& Guan, 2015; Hale et al., 2018; LeBourgeois et al., 2017). The later sleep timing
for boys on NSchd could possibly be explained by extracurricular activities such as
sports, music or playing computer games. Data from the same cohort indicates that
an increase in reported screen time (for both sexes) is associated with later bedtimes
on NSchD (B=0.195, p=0.002) (Hrafnkelsdottir et al., 2020).

The primary sleep analysis was on the nightly sleep period. Although participants
were instructed to log sleep periods, the sleep diary did not explicitly ask about
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napping; therefore, naptime was not included in the analyses, due to low incidence
of naps detected in the actigraphy-data. A recent study found that 62% of
adolescents napped during the day and both actigraphy-detected and self-reported
naps were associated with shorter and more disrupted night-time sleep (Jakubowski
et al., 2017). Despite its benefits in sleep analyses, actigraphy‘s specificity is
limited (Marino et al., 2013), with no currently accepted criterion for scoring
actigraphy-assessed naps (Jakubowski et al., 2017). Therefore, there were no
validated automated methods or confirmatory logs to determine whether short
periods of inactivity outside of the primary sleep period were naps.

Daylight has been found to influence adolescent sleep duration and quality; sleep
duration increases during the winter and shortens during the summer (Nixon et al.,
2008; Thorleifsdottir et al., 2002). In the present study, there was no correlation
between daylight and rest duration, sleep duration or sleep efficiency despite an
increase in daylight from 15.1 to 20.5 hours/day over the research period. A prior
study on young lIcelandic adults, aged 20, found no difference in sleep duration
between the winter and summer months (Kristbjarnarson et al., 1985). Another
Icelandic study from 2002 found a longer sleep duration between winter and spring
among pre-school children, but not among older children or adolescents
(Thorleifsdottir et al., 2002).

Our findings from this study provided objective evidence to support previous
Icelandic studies based on questionnaires and sleep diaries. Together, Icelandic
adolescents and other age groups have both later bedtimes and shorter sleep
durations than their European peers (Brychta et al., 2016; Kristbjarnarson, 1985;
Thorleifsdottir et al., 2002). The late bedtimes and rise times on NSchD further
indicate that Icelandic adolescents may prefer later circadian profiles than required
by current school schedules, which may be set to meet adult or societal schedules.

Actigraphy has its benefits in epidemiological studies and provides a more
objective view on sleep than self-reporting. It is also less invasive and complicated
than polysomnography (PSG) (Ancoli-Israel et al., 2003; Meltzer & Westin, 2011;
Morgenthaler et al., 2007). Actigraphy analyzes sleep—wake patterns based on the
absence or presence of movement. Thus, it cannot differentiate between the two
when one lies still while awake or is asleep. Studies validating actigraphy against
PSG in adolescents show good sensitivity in the detection of sleep and poor
specificity in detecting wakefulness (Meltzer & Westin, 2011).

4.1.1 Summary of actigraphy-measured sleep characteristics in 2015

The first aim was to describe participants’ sleep patterns and it was found that the
majority of the adolescents did not get the recommended amount of sleep, especially
during the school week. Despite longer sleep and rest duration over the weekend
(with even later bedtimes and rise times), sleep quality did not improve. The
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adolescents seem to prefer late bedtimes, although their fixed early morning school
schedule shortens their sleep from the other end. Although there was no sex
difference in sleep duration and quality, sleep timing, especially on NSchD was later
for boys.

4.2 Self-reported and actigraphy measured sleep

Comparison between self-reported and actigraphy-measured sleep is part of analyses
in Paper I1l, and the main focus of Paper II. Despite the advantages of using wrist
actigraphy to objectively assess sleep, the practicality and usability of self-reported
sleep measures may be preferred in different areas. This study was a unigque
opportunity to test the comparability of these two methods in adolescents. Self-
reported sleep duration and comparisons between self-reported and actigraphy-
measured sleep are presented in Tables 7 and 8, respectively.

Table 7. Self-reported sleep duration in 2015 (Paper 111)

Do you sleep enough? Boys (n=106) Girls (n=160)  All (n=266)
Sleep too much (n, %) 2(1.9) 1 (0.6) 3(1.1)
Most often get enough sleep (n, %) 53 (50.0) 83 (51.9) 136 (51.1)
Half of the time get enough sleep (n, %) 28 (26.4) 39 (24.4) 67 (25.2)
Seldom get enough sleep (n, %) 23 (21.7) 37 (23.1) 60 (22.6)

Abbreviations: n, number of participants. %, percentage.

Half of the subjects (51.1%) reported sleeping enough most of the time. Those
who reported getting enough sleep, had on average longer actigraphy-measured
sleep. Subjects who reported getting enough sleep, spent more time in bed (rest
duration) and slept longer (sleep duration) according to accelerometer measures than
those who reported not sleeping enough although only 23% fulfilled sleep
recommendations.

Table 8. Self-reported vs actigraphy-measured sleep in 2015 (Paper I11)

Too Much (n=3) Most often (n=136) Half of time (n=67) Seldom (n=60) p
Actigraphy-measured sleep
Rest duration (hours) 8.0+1.2 7.7+0.6 75+0.7 7.2+0.7 <0.001
Sleep duration (hours) 6.8+1.0 6.7+0.6 6.6+0.8 6.4+0.6 0.017
Sleep Efficiency (%) 85.7+2.0 87.2+43 88.0+44 885+3.6  0.149
Achieved >= 8 hours rest duration (n, %) 1.0 (33.3) 40.0 (29.4) 12.0 (17.9) 8.0 (13.3) 0.057

Abbreviations: vs, versus. n, number. %, percentage.

There was no difference in actigraphy-measured sleep efficiency between
subjects who reported sleeping enough most of the time and subjects who reported
not sleeping enough. Average sleep efficiency in the present study was above the
National Sleep Foundation’s (National Sleep Foundation, 2017) recommended
percentage of 85% of sleep efficiency. Although over 52% of participants reported
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usually getting enough sleep, only 23% spent the recommended time in bed over the
week according to actigraphy-measured rest duration.

4.2.1 Longitudinal changes and comparisons between self-reported and
actigraphy measured sleep

Longitudinal changes and comparisons between actigraphy-measured and self-
reported bedtimes in 2015 and 2017 (55 boys and 89 girls combined) are presented
in Table 9. Bedtimes were later on NSchD than on SchD according to both
actigraphy and self-reported measures at both time points. The pattern of later
bedtimes on NSchD persisted according to both measures. Self-reported and
actigraphy-measured bedtimes were correlated on SchD in 2015 (r=0.36) and 2017
(r=0.47) and on NSchD in 2015 (r=0.32) and 2017 (r=0.51), all p-values <0.001.

Table 9. Comparison of objective and subjective bedtimes from 2015-2017 (Paper 11)

Changes between p-value

2015 2017 2015-2017 (2015-2017)

School Night Bedtimes

Self-report (clock time + min) 23:31457.1 23:57459.0 26.2+60.7 <0.001

Actigraphy (clock time + min) 00:19+46.1 00:55+61.0 35.2+59.2 <0.001

Self-report — Actigraphy (min) -48.6+54.1 -57.5+67.7 -8.9+80.6 0.9
Non-school Night Bedtimes

Self-report (clock time + min) 01:0+68.2 01:33+75.5 28.1+79.9 0.001

Actigraphy (clock time + min) 01:4+69.9 02:26+85.5 50.4+92.9 <0.001

Self-report — Actigraphy (min) -31.4468.1 -53.7494.4 -22.24113.2 0.002

Comparison between actigraphy-measured and self-reported bedtimes 2015-2017. Data presented in mean + SD for 144
participants (55 boys and 89 girls). Abbreviations: min, minutes.

Subjective methods of collecting sleep data have been used to assess sleep
patterns in the past (Lang et al., 2015). However, self-report tends to overestimate
sleep length, suggesting that adolescent sleep is even shorter than previously
reported (Arora et al., 2013). Although several studies have assessed the agreement
between self-report by questionnaire and actigraphy-measured sleep (Arora et al.,
2013; Biddle et al., 2015; Guedes et al., 2016; Wolfson et al., 2003), it is unclear
whether the two methods have comparable sensitivity to measure longitudinal
change in sleep patterns. The results presented here support this theory as self-
reported bedtimes were, on average, >30 minutes earlier than actigraphy-measured
bedtimes. Self-report used for this study qualitatively represented habitual sleep
patterns and had reasonable sensitivity to differentiate groups with longer or shorter
sleep and changes from 15 to 17 years. However, the lack of accuracy to measure
bed and rise times and the inability of self-report to assess actual sleep versus
wakefulness makes it less useful to quantify sleep quality or measure who meets the
sleep recommendation. Prior studies using objective methods have reported
comparably short sleep durations for adolescents (Matthews et al., 2012; Tonetti et
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al., 2015). However, the late bedtimes (01:19 o’clock) at age 17 are notably later
than the reported bedtimes of similarly aged groups from other countries (Hysing et
al., 2013; Knutson & Lauderdale, 2009). The late bedtimes may be due, in part, to a
1.5 hour mismatch between Iceland’s geographical location and its GMT time zone
(Thorleifsdottir et al., 2002).

Two different methods, self-report and actigraphy, have been used to assess
adolescent sleep patterns, and each has its benefits (Galland et al., 2018;
Lewandowski et al., 2011). Self-report is easier to administer, lower in cost and
requires less technical expertise than actigraphy-measured sleep. However, it is
often affected by social expectations and recall bias (Wolfson et al., 2003). Self-
reported measures of sleep may include survey questions about usual sleep habits or
nightly sleep logs (Knutson & Lauderdale, 2007). Although sleep logs have been
found to be more reliable than survey questions (Arora et al., 2013; Werner et al.,
2008), they are also more burdensome for participants and have lower compliance
(Knutson & Lauderdale, 2007). Thus, survey questions can be beneficial in larger,
nationally representative studies. Several studies have assessed the agreement
between self-report by questionnaire and actigraphy-measured sleep in adolescents
(Arora et al., 2013; Biddle et al., 2015; Guedes et al., 2016; Wolfson et al., 2003)
and their results highlight practicality, expense and compliance when choosing a
methodology to study sleep patterns in adolescents.

4.2.2 Summary of self-reported and actigraphy-measured sleep

The second aim was to assess the difference between self-reported and actigraphy-
measured sleep. In a cross-sectional analysis on 15 year old adolescents (Paper Il1),
subjects who reported getting enough sleep had longer actigraphy-measured rest and
sleep duration than those who reported not sleeping enough. Only 23% of the
adolescents fulfilled sleep recommendations.

A comparison between self-reported and actigraphy-measured bedtimes of
adolescents at ages 15 and 17 years (Paper 11), found reasonable sensitivity between
and within subjects and confirmed that both methods are valuable in sleep research,
although self-reported bedtimes tended to be earlier than actigraphy-measured
bedtimes. The two-year changes in self-reported bedtime did not correlate with
changes measured by actigraphy, as more varied sleep on NSchD in 2017
challenged the accuracy, reducing sensitivity to capture longitudinal changes.

4.3 Physical activity and sleep

The emphasis of Paper 111 is on physical activity and sleep. Additional analyses on
PA and sleep are based on unpublished data.
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4.3.1 Physical activity

In addition to sleep, PA is another important factor of health which can be measured
by the same wrist actigraphy monitor. The actigraphy-measured PA assessed in
2015 is presented in Table 10. Both girls and boys had significantly higher
actigraphy-measured PA on SchD than on NSchD. On NSchD, girls had higher
actigraphy-measured PA than boys. There was no sex difference in actigraphy-
measured PA on SchD or over the entire week (all days).

Table 10. Actigraphy-measured physical activity in 2015 (Paper I11)

SchD NSchD All Days NSchD Boys vs. Girls Interaction
Physical Activity  (mean + SD) (mean + SD) (mean + SD) p p p
Boys 22152 £493.0 1645.8+537.3 1991.8 +463.4 <0.001 0.13 <0.001*
Girls 2180.4 £520.5 1857.4+506.6 2049.4 +474.3

Physical activity measured as 3D-counts/min/day. Girls >Boys on non-school days (p<0.01 for post hoc test).

Self-reported PA from the questionnaires is presented in Table 11. Participation
in sports was high at 71.1%, with boys’ and girls’ participation rates of 76.4% and
67.5% respectively. Icelandic studies on PA and sports participation have
recognized an increase in PA and sports participation among 14-15 year olds (an
increase of 40% in 1992 to 60% in 2014) (Eithsdottir et al., 2008; Halldoérsson,
2014). In the present study, a significantly higher proportion of boys (52.8%) than
girls (36.9%) participated in sports or PA >6 hours per week. In a U.S. study based
on data from Youth Risk Behavior Surveillance Surveys from 1991 to 2007, only
two thirds of the adolescents reported sufficient vigorous-intensity PA, determined
by a minimum of 20 min of activity which made them breathe hard and sweat at
least three times per week (Li et al., 2010).

Table 11. Self-reported physical activity and sports participation in 2015 (Paper I11)

Boys vs Girls
Subjective variables Boys (n=106) Girls (n=160) All (n=266) p-value (5 Test)
Physical Activity
Participate in organized sports (n, %) 81 (76.4) 108 (67.5) 189 (71.1) 0.15
Participate in physical activity or sports >6hrs/week (n, %) 56 (52.8) 59 (36.9) 115 (43.2) 0.01
Physical activity where you sweat or breath hard >6days/week (n, %) 42 (39.6) 47 (29.4) 89 (33.5) 0.11

Abbreviations: n, number of participants. %, percentage. P-value is calculated with XZ test between sexes.

The accuracy of self-reporting is influenced by the ability of the respondent to
accurately recall all relevant activities. Therefore, it is subject to recall bias and may
be influenced by the opinions and perceptions of the subject (Ekelund et al., 2011).
In addition, different self-report methods from various questionnaires make results
hard to compare. There was agreement between actigraphy-measured and self-
reported PA. When self-reported and actigraphy-measured PA was compared for all
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days of the week, those with higher self-reported PA had, on average, 21.5% higher
actigraphy-measured PA than those who reported lower PA. The comparison
between actigraphy-measured and self-reported PA is presented in Table 12.

With actigraphy-measured PA, results did not differ between the sexes on SchD,
but girls had higher actigraphy-measured PA on NSchD. School-based activity, such
as physical education and/or outdoor classes, could possibly explain similar
actigraphy-measured PA on SchD. As the questionnaire asked for PA during the
whole week, self-report data could not be analyzed specifically for SchD and
NSchD. When self-reported PA was used as an indicator of fulfilling the
recommendation for MVPA over the week, 43.2% reported participating in PA more
than 6 times a week and 33.5% reported intensity levels of sweat or hard breathing

Table 12. Actigraphy-measured vs self-reported physical activity (Paper I11)

Objective Accelerometer Results, 3D Activity Counts ( mean+/- SD) Yes/ Boys/ Inter-
Boys Girls All No Girls action
Yes No Yes No Yes No p p p
Subjective Questionnaire Information
Participate in organized sports 2099.4+438.9 1643.3£363.2 2160.4+474.0 1818.8+386.9 2134.3+459.1 1761.8+385.9 <0.001 0.097 0.359
Participate in physical activity or sports
>6hrs/week 2134.7+398.3 1831.8+482.3 2171.1+481.2 1978.3+457.8 2153.4+441.3 1929.8+469.6 <0.001 0.099 0.343

Physical activity where you sweat or breath
hard 2148.6 434.7 1888.9+455.8 2240.2+475.6 1970.1+452.6 2197.0+456.5 1940.7+454.2 <0.001 0.140 0.931
Abbreviations: vs, versus. 3D Activity Counts, 3D-counts/min/day. SD, Standard deviation.

In a review study by Eklund et al,, including studies with both objective and
subjective measurements, it appears that approximately 30-40% of youth are
meeting current PA guidelines although the authors estimate that self-reported
methods are overestimating objectively measured PA by 72% (Ekelund et al., 2011).

There are no known standards or guidelines for interpreting or comparing
intensity (Reilly et al., 2008) of wrist accelerometer data yet. Cut-off points for
classifying MVPA in children and adolescents have not been determined (Y. Kim et
al., 2012), which makes comparisons between studies difficult, because of difference
in measurement tools. Nonetheless, an older study (2011) on Icelandic adolescents
using hip-worn accelerometers (ActiGraph 7124) found a sex difference (4.5% of
the boys and only 1.5% of the girls) between those who fulfilled daily recommended
PA (counts/min/day) (Magnusson et al., 2011). While straightforward numerical
comparison is impossible because of divergencies in measurement tools (wrist and
hip actigraphy), there seem to be less sex differences in actigraphy-measured PA in
2015.

Despite self-reported measures of PA being less dependable than objective
measures (Adamo et al.,, 2009) and having lower accuracy due to recall bias
(Ekelund et al., 2011), self-reported measurements can be useful for estimating
different types of PA and categorizing PA levels (Corder et al., 2008; Slinde et al.,
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2003). Accurate and valid methods for measuring intensity and types of PA are
lacking for comparisons between studies and for determining the dose—response
associations between PA and health outcomes (Wareham & Rennie, 1998).

There was positive correlation between hours of daylight and actigraphy-
measured PA over the entire week in 2015 for all participants (r=0.22, p=0.005) and
for girls (r=0.18, p=0.004) but not for boys separately in date collection 2015 (spring
months). Data collection took place in the spring months of 2015. Spring daylight in
Reykjavik goes hand-in-hand with higher temperatures. Weather and longer
evenings have been studied for possibly influencing PA in children and adolescents.
Those studies found that seasons with higher rain, winds, and snow and lower
temperatures result in lower PA (Rich et al., 2012). A Norwegian study found no
difference in PA between seasons for adolescents, although they had higher odds of
meeting the PA recommendations in spring than in winter (Kolle et al., 2009).

4.3.2 Associations between physical activity and sleep

PA during the day and sleep at night are both important for health, but do they
influence each other? The relationships between sleep and PA, with both self-
reported and actigraphy-measured data, yielded mixed results. The study found no
difference in sleep parameters between those who reached recommended levels of
PA (self-reported PA) and those who did not. In further analysis, with actigraphy
measures on both sleep and PA, increased PA was related to shorter sleep duration
but slightly higher sleep quality and less variable sleep.

The current study found no significant relationship between actigraphy-measured
PA and self-reported sleep, as seen in the bottom line of Table 13. Those reporting
enough sleep did not have higher actigraphy-measured PA. In addition, adolescents
with higher self-reported PA did not have significantly different actigraphy-
measured sleep duration than those who reported less PA.

The comparison between actigraphy-measured sleep and PA across categories of
self-reported PA is presented in Table 13. Only 11.3% of the participants fulfilled
both recommendations for sleep (=8 hours of rest duration) and PA (>6 hours/week
of self-reported PA) over the entire week and even fewer (10.9%) when sleep was
limited to SchD. Adolescents with higher self-reported PA (>6 hours/week) did not
have significantly longer sleep than those who did PA <6 hours/week.
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Table 13. Actigraphy-measured sleep and PA vs self-reported sleep and PA (Paper I11)

Participate in physical activity or Physical activity where you sweat

Participate in organized sports sports >6hrs/week or breath hard >6days/week

Yes (n=189) No (n=77) p Yes (n=115) No (n=151) p Yes (n=89) No (n=177) p

Actigraphy-measured sleep

Rest duration (min) 75+07 7.6+07 0.422 76+07 7.6+07 0.888 75+06 7.6+0.7 0.582
Sleep duration (min) 6.6+06 76.7+0.7 0.492 6.6+06 6.6+0.6 0.729 65+06 6.6+0.6 0.198
Sleep Efficiency (%) 87.7+40 87.7+x46 0939 87.8+40 876+44 0813 87.1+42 88042 0.089

Achieved >= 8Hrs TRT (n,%) 42 (22.2) 19(247) 0673  30(26.1) 31(20.5) 0293  20(22.5) 41(232)  0.899
Achieved >=8HIS TST (n,%)  2(11)  3(3.9) 0229  1(0.9) 4(2.6) 0259  0(0.0) 5(28) 0.025

Do you sleep enough?

Too Much (n=3) Most often (n=136) Half of time (n=67) Seldom (n=60)
Actigraphy-measured PA 2037.1 + 301.5 2049.3 + 441.5 1967.1 + 540.8 2040.4 + 458.7 0.697

Abbreviations: n, number. %, percentage. PA, physical activity.

Additional data analyses found that actigraphy-measured sleep duration was
negatively associated with actigraphy-measured PA for SchD and NSchD, indicating
shorter sleep for those with higher PA (Table 14). However, variability in sleep
duration was lower between SchD and NSchD for individuals with higher PA. The
sleep quality marker, WASO, was negatively associated with PA on NSchD with a
trend towards the same association on SchD, indicating less time awake after sleep
onset on all days for those with higher PA.

Table 14. Associations between actigraphy-measured physical activity and sleep
(Unpublished data)
Physical activity all days Physical activity on SchD Physical activity on NSchD

Actigraphy-measured sleep B SE P B SE P B SE P
Sleep duration (min) -3.49 0.71 0.000 -2.02 0.71 0.005 -2.23 0.48 0.000
Variability in sleep duration (min) -1.68 0.76 0.028 -1.87 0.82 0.022

Sleep efficiency (%) 321 6.79 0.637 1.77 6.93 0.799 341 6.71 0.612
WASO (min) -2.53 1.35 0.062 -1.92 1.44 0.181 -2.33 1.17 0.047
Day length (min) 0.76 0.25 0.002 0.54 0.27 0.046 0.79 0.28 0.006

Abbreviations: SchD, school days, NSchD, non-school days, WASO, wakening after sleep onset

The negative association between PA and sleep duration suggests that PA may be
displacing sleep for more active individuals. However, greater PA was also
associated with fewer minutes of wakefulness and a less variable sleep schedule,
indicating better sleep quality. These findings suggest, as others have (Kalak et al.,
2012; Lang et al., 2013; McNeil et al., 2015), that PA is important for good sleep
quality, but adolescents should consider sleep guidelines more closely when
designing their physical activity schedule. Future studies should test how changes in
sleep patterns might influence PA. The study supports the proposition that PA may
have positive effects on adolescent sleep quality, although further studies with
objective measures are needed, particularly on sleep duration and timing. The results
are in line with another study using actigraphy to measure both PA and sleep
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duration in adolescents (McNeil et al., 2015) where higher actigraphy-measured PA
was associated with shorter actigraphy-measured sleep duration. Higher PA was
associated with better sleep quality as measured by less sleep variability and WASO,
indicating less variable sleep and shorter wakefulness after sleep onset with higher
actigraphy-measured PA.

A meta-analytic review of the effects of PA on sleep found that regular exercise
has a small beneficial effect on sleep duration and sleep efficiency for adults
(Kredlow et al., 2015). The increased fatigue and tiredness associated with sleeping
too little could result in reduced voluntary PA for some individuals. For example,
decreased daytime spontaneous PA in healthy men was followed by a short-term
sleep restriction (2 nights of 4 hours in bed) (Schmid et al., 2009). In prior studies on
the association between PA and sleep, increased PA was found to be favorably
associated with sleep duration (Youngstedt & Kline, 2006) and sleep quality (Kalak
etal., 2012; Lang et al., 2013). In a recent study on Icelandic swimmers aged 16 and
older, the subjects had longer sleep duration and lower WASO measured with
accelerometers (GT3X+) on nights after a higher training load of morning and
evening practices as compared with nights following days with lower training loads
(Gudmundsdottir, 2019). NSF recommends regular PA for promoting better sleep
(National Heart Lung and Blood Institute, 2012a; National Sleep Foundation),
although studies among children and adolescents do not agree on the association
between sleep and PA (Olds et al., 2011; Ortega et al., 2011; Stone et al., 2013).
Objective studies on the relationship and association between PA and sleep are
lacking, especially those using objective measures for both PA and sleep (Lang et
al., 2013).

In previous subjective studies on the association between sleep and PA, PA has
been found to be positively correlated with sleep duration (Lang et al., 2015;
Youngstedt & Kline, 2006). Children from 10-12 years old who fulfilled sleep
recommendations were also more likely to maintain a regular and healthy PA
routine (Stone et al., 2013). Recent meta-analysis on sleep and PA among children,
3-13 years old, found limited association between sleep and PA in children, although
children engaging in vigorous PA, had better overall sleep (Antczak et al., 2020). A
recent review concluded that children and adolescents who maintain regular sleep
and PA routines were in better shape and likelier to have a more favorable body
composition than those who had both less PA and sleep (Saunders et al., 2016).
Different measures, guidelines, weather, seasons and age of the study population
could explain different outcomes for the association between sleep and PA.

4.3.3 Summary of physical activity and sleep

The third aim of the thesis was to assess the proportion of participants that fulfilled
recommendations for PA and sleep as well as the possible associations between the
two parameters. The proportion of adolescents meeting recommended levels of PA
and sleep was assessed and only 11.3% of the participants were found to have
fulfilled both recommendations. The study found no difference in sleep parameters
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between those who reached recommended levels of PA (self-reported PA) and those
who did not (Paper Il1). In further analysis, with actigraphy measures on both sleep
and PA, increased PA was related to shorter sleep duration but slightly higher sleep
quality and less variable sleep (Unpublished data). The results highlight the
importance of studying and defining various parameters of both sleep and PA for
health outcomes.

4.4 Actigraphy-measured sleep, body composition and metabolic
factors in 2015

The study data presented a wide range of body composition and other metabolic
factors which allowed us to explore whether there was any association between
sleep and health parameters in these adolescents. Participants® mean BMI was
21.9+3.0 kg/m? and did not differ between the sexes. The majority of the subjects
(87%) had BMI below 25 kg/m®. The prevalence of overweight (25< BMI <30
kg/m?) was 10%, and 2.5% were obese (BMI > 30 kg/m? (World Health
Organization, 2018). Mean values for body composition and metabolic risk factors
are presented in Table 15.

Table 15. Participants’ body composition in 2015 (Paper V)

. p (Boys vs

All (252) Boys (106) Girls (146) Girls)
Characteristics
Age, years 15.8+0.3 15.8+0.3 15.9+0.3 0.12
Height, cm 172.0+£8.0 1785+ 6.0 167.3+5.6 <0.001
Weight, kg 64.8+106 68.9%10.3 61.9+9.7 <0.001
Body mass index, kg/m? 21.9+£3.0 21.6+29 221+3.1 0.21
Body fat, % 25.1+8.6 18.2 + 6.6 30.2+5.9 <0.001
Trunk fat, % 23.6+9.6 17.0+7.8 283+7.8 <0.001
Waist circumference, cm* 706+7.1 73.5+6.2 68.6+7.1 <0.001

Data presented as mean + standard deviation; *250 participants (105 Boys, 145 Girls); Boldface type
indicates significant difference (p<0.05).

There are many different approaches for body composition assessment, but the
most popular method is BMI (kg/m?). Its popularity derives from its ease of use for
measurement, and how well it correlates with body fat percentage (Wellens et al.,
1996). BMI can be useful in estimating the prevalence of obesity in population-
based studies (World Health Organization, 2000) although BMI has drawbacks in
accuracy since it does not differentiate between fat and muscle tissue (Prentice &
Jebb, 2001) and thus different levels of both fat mass and fat-free mass may result in
the same BMI value. The differences in BMI among thinner children and
adolescents can thus be largely due to differences in fat-free mass. Body
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composition differs between the sexes as fat mass is higher among girls and fat-free
mass is higher among boys (Freedman et al., 2005). In this study, although body
composition differed significantly by sex, the results were largely in line with
previous findings in adolescence (McCarthy et al., 2006; Morelli et al., 2020; Ripka
et al., 2020).

Average actigraphy-measured sleep parameters (sleep duration, rest duration,
bedtime, rise time or other sleep quality markers) were not associated with any of
the body composition variables included in our study. However, night-to-night
variability in sleep duration was positively associated with both percentage body fat
and percentage trunk fat. WASO was positively associated with systolic blood
pressure. PA was negatively associated with percentage trunk fat and insulin. The
associations of sleep variability and PA parameters with metabolic measures,
adjusted for sex, parental education and day length are presented in Table 16. All
significant associations persisted when average sleep duration, WASO, nightly sleep
variability and PA were included in the same model (Table 16, combined model).

Table 16. Association of metabolic risk factors to physical activity and sleep duration,
quality, and variability

Sleep duration
B+ SE (p)

WASO
B+ SE (p)

Variability in sleep
duration, p = SE (p)

Physical activity
B +SE (p)

Body mass index, kg/m?
Individual model
Combined model

Trunk fat, %

Individual model
Combined model

Total body fat, %
Individual model
Combined model

Waist circumference, cm
Individual model
Combined model

Diastolic pressure, mmHg
Individual model
Combined model

Systolic pressure, mmHg
Individual model
Combined model

Glucose, mmol/L
Individual model
Combined model

Insulin, mU/L
Individual model
Combined model

-0.201 + 0.262 (0.44)

-0.274  0.26 (0.29)

-0.675 + 0.674 (0.32)
-0.434 + 0.677 (0.52)

-0.695 + 0.537 (0.20)
-0.521 + 0.539 (0.33)

-0.202 + 0.594 (0.73)
-0.169 + 0.587 (0.77)

0.202 + 0.484 (0.68)
0.319 + 0.476 (0.50)

1.045 + 1.095 (0.34)
0.987 + 1.086 (0.36)

-0.077 £ 0.042 (0.07)
-0.074 % 0.041 (0.08)

0.015 + 0.409 (0.97)
0.255 + 0.410 (0.53)

-0.812 + 0.529 (0.13)
-0.888 + 0.529 (0.09)

-2.427 + 1.361 (0.08)
-2.189 + 1.378 (0.11)

-1.885 + 1.084 (0.08)
-1.722 + 1.098 (0.12)

-1.729 + 1.206 (0.15)
-1.724 % 1.200 (0.15)

0.774 + 0.982 (0.43)
0.879 + 0.978 (0.37)

4,865 + 2.221 (0.03)
4.865 + 2.213 (0.03)

-0.022 + 0.086 (0.80)
-0.020 + 0.085 (0.82)

-0.726 + 0.826 (0.38)
-0.486 + 0.839 (0.56)

0.612 + 0.332 (0.07)
0.518 + 0.328 (0.12)

1.854 + 0.854 (0.03)
2.161 + 0.847 (0.01)

1.606 + 0.680 (0.02)
1.824 +0.673 (0.01)

1.049 + 0.765 (0.17)
1.134 + 0.752 (0.13)

0.156 + 0.623 (0.80)
0.284 + 0.613 (0.64)

-1.824 + 1.408 (0.20)
-2.015 + 1.395 (0.15)

-0.008 + 0.054 (0.88)
-0.008 + 0.053 (0.89)

0.558 + 0.516 (0.28)
0.851 + 0.513 (0.10)

0.567 + 0.394 (0.15)
0.542 + 0.382 (0.16)

-2.057 + 1.014 (0.04)
-2.115 + 0.989 (0.03)

-1.478 + 0.808 (0.07)
-1.514 % 0.789 (0.06)

-0.422 + 0.894 (0.64)
-0.473 + 0.867 (0.59)

-0.964 + 0.728 (0.19)
-1.089 +0.701 (0.12)

0.835 + 1.646 (0.61)
0.642 + 1.608 (0.69)

-0.026 + 0.064 (0.68)
-0.002 + 0.061 (0.97)

-1.813 + 0.613 (0.003)
-1.901 + 0.588 (0.001)

Sleep duration is in units of hours/nights; WASO: wake after sleep onset, in hours/night; Variability in sleep duration is in units of
hours; Physical activity is in units of 1000 counts/minutes of wear/day; Individual models adjusted for sex, parental education, and day
length; Combined models include sleep duration, WASO, nightly variability in sleep duration, physical activity, sex, parental education,
and day length; Boldface type indicates significant relationships (p<0.05).
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In addition to the general sleep recommendations of 8-10 hours of sleep nightly
(Max Hirshkowitz et al., 2015), consistency in bedtime and wake times (good sleep
routine) during the week is recommended for health (Gruber et al., 2014).Variability
in sleep timings can be used as a proxy for regularity in sleep schedule as it
measures the variances of the individual mean timing. Associations have been found
between sleep duration in obese adolescents and glucose homeostasis, as well as
associations between sleep quality and insulin secretion (Koren et al., 2011). In the
present study, sleep variability was associated with body composition (total fat
percentage and trunk fat percentage) and WASO was associated with systolic blood
pressure. Studies have indicated that good sleep routines, along with PA, prevent
insulin resistance (Dorenbos et al., 2015). Higher values of PA, in the present study,
were associated with lower trunk fat percentage and lower insulin. In a study on
Icelandic adolescents from 2011, higher levels of MVVPA were associated with more
favorable body composition (Magnusson et al., 2011). Moreover, PA has been
recognized for centuries as a preventive and therapeutic agent for overall metabolic
health (Myers et al., 2019).

High variability in sleep duration is known to negatively impact body
composition (Golley et al., 2013), highlighting the importance of consistency in
sleep routines for adolescents (Gruber et al., 2014). In the present study, variability
in sleep duration across SchD was independently associated with both percentage
body fat and percentage trunk fat. Our results are consistent with a previous study
from He et al. (2015) on variability in sleep and body composition in adolescents,
where results showed that objectively measured sleep variability was associated with
central obesity. In that study, the high variability was explained by weekday versus
weekend variability. However, the present study identifies these same associations
when restricting the analyses to nightly variability within SchD, highlighting the
importance of studying sleep variability further. In an additional analysis on sleep
timing, Table 17, nightly bedtime variability was association of metabolic risk
factors.
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Table 17. Association of metabolic risk factors to average bedtime and nightly
variability in bedtime

Bedtime Variability in bedtime

B = SE (p)

B =SE (p)

Body mass index, kg/m2
Individual model
Combined model

Trunk fat, %

Individual model
Combined model

Total body fat, %
Individual model
Combined model

Waist circumference, cm
Individual model
Combined model

Diastolic pressure, mmHg
Individual model
Combined model

Systolic pressure, mmHg
Individual model
Combined model

Glucose, mmol/L
Individual model
Combined model

Insulin, mU/L
Individual model
Combined model

0.222 +0.221 (0.31)
0.182 + 0.220 (0.41)

0.454 + 0.576 (0.43)
0.396 + 0.567 (0.49)

0.479 + 0.458 (0.30)
0.417 + 0.450 (0.36)

0.069 + 0.501 (0.89)
0.011 + 0.501 (0.98)

-0.093 + 0.407 (0.82)
-0.046 + 0.408 (0.91)

-1.342 +0.926 (0.15)
-1.223 +0.924 (0.19)

0.041 + 0.035 (0.24)
0.041 + 0.036 (0.26)

0.068 + 0.349 (0.85)
0.095 + 0.343 (0.78)

0.622 + 0.327 (0.06)
0.632 + 0.328 (0.06)

2.286 + 0.844 (0.007)
2.151 + 0.843 (0.011)

2.096 + 0.669 (0.002)
1.987 + 0.669 (0.003)

1.483 + 0.734 (0.044)
1.463 + 0.740 (0.049)

-0.299 + 0.601 (0.62)
-0.349 + 0.603 (0.56)

-3.017 + 1.359 (0.03)
-2.865 + 1.365 (0.04)

0.028 + 0.053 (0.60)
0.025 + 0.053 (0.64)

0.179 + 0.523 (0.73)
0.062 + 0.516 (0.91)

Bedtime is in units of hours from midnight; Variability in bedtime is in units of hours;
Individual models adjusted for sex, parental education, and day length; Combined models
include bedtime, nightly variability in bedtime, physical activity, sex, parental education,
and daylength; Boldface type indicates significant relationships (p<0.05).

Mean bedtime was not associated with any of the body composition or metabolic
parameters after adjusting for sex, parental education and day length. However,
using the same covariates, bedtime variability was positively associated with WC
and total body and trunk fat percentage and negatively associated with systolic blood
pressure. All significant relationships persisted when average bedtime and nightly
bedtime variability were included in a combined model adjusted for PA, sex,
parental education and day length.

The lack of an association between average sleep on SchD, NSchD and average
sleep duration over the entire week may, in part, be due to the small and
homogeneous study sample, which had a relatively low prevalence of obesity
(<3%), combined with a high prevalence of short sleep (~88%). The prevalence of
overweight and obesity in 2015 was 13.3% (9.8% of boys and 15.7% of the girls).
The study sample in 2015 had a lower prevalence of overweight and obesity as
compared to a study in the Reykjavik area from 2011 (23% of boys and 21% of
girls) (Jonsson et al., 2011) and a national comparison from 2010 (23% among boys
and 18% among girls) (Currie C., 2012).
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Studies that focus on the association between sleep duration and body
composition in adolescents have shown inconsistent results. Subjectively measured
sleep duration has been found to be associated with body composition (Cappuccio et
al., 2010; Chaput & Janssen, 2016; Fatima et al., 2015; Garaulet et al., 2011;
Knutson & Lauderdale, 2009; Megdal, 2007; Roenneberg et al., 2012), but
objectively measured sleep quality and/or or sleep variability has been found to be
associated with body composition (He et al., 2015; Jansen et al., 2018). It can be
speculated that the association between sleep variability and increased body fat may
not only be related to the well-known delay of sleep timing during weekends but
also to irregular bedtimes and sleep durations on SchD. This indicates that
researchers cannot assume that simply asking adolescents about their usual bedtime
or sleep duration during SchD is enough to measure their sleeping patterns,
particularly in relation to health-related outcomes.

The potential causal pathways between irregular sleep patterns and increased
body fat are not clear. Sleep timing affects the regulatory hormone cortisol and
growth hormone, as well as the appetite regulatory hormones leptin and ghrelin
(Leproult & Van Cauter, 2010). Leptin levels show a minimum value in the morning
and maximum value towards night (Leproult & Van Cauter, 2010), while ghrelin
levels decrease during the second part of the night (Leproult & Van Cauter, 2010). A
high variability in sleep schedule may affect appetite control and contribute to
higher values in body composition markers. Chaput et al. (2012) point out that sleep,
although the most sedentary behavior, is associated with leanness and that the
energy intake associated with short sleep duration might be driven by hedonic rather
than hormonal factors (Chaput, 2014; Chaput & St-Onge, 2014). Whether
insufficient sleep results in adverse food consumption, or simply allows for more
time available to eat, is still to be determined (Chaput, 2014).

Adolescents who have difficulty with sleep continuity or duration in adolescence
years usually have issues continuing into adulthood (Dregan & Armstrong, 2010),
highlighting the importance of good and consistent sleep routines from youth to
adulthood. Consequently, sleep guidelines for adolescents also recommend that
adolescents maintain consistent bedtimes and waking times during the week for
overall health benefits (Gruber et al., 2014).

4.4.1 Summary of associations between sleep, physical activity and body
composition

The fourth aim, from Paper IV, was to explore potential associations between sleep,
PA, body composition and metabolic risk factors. Although sleep duration was not
associated with any body composition variables or metabolic risk factors, variability
in sleep and bedtime on SchD was, suggesting that not only the quantity and quality,
but also the regularity of sleep may be important to adolescents’ health. Higher PA
was associated with more favorable body composition and metabolic profile and less
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variable sleep duration. The results highlight the importance of a regular sleep and
PA schedule over the week for metabolic health benefits.

4.5 Strengths and limitations

This study has several strengths, one of which is the high participation rate at
baseline (n=315, 77%) and this group represents 23% of the 15 year old adolescents
living in Reykjavik in 2015 (1,355) (Statistics Iceland, 2018). High baseline
participation can partly be explained by the data sampling process, since data was
collected at the participants’ schools during school hours. However, considerably
fewer subjects (n=148) had valid data at both time points 2015 and 2017. A
limitation to the study is low participation of repeating subjects in 2017.
Participation in 2017 was based on a different study population as individuals with
available data from two previous studies, HHUI and EYHS were invited to
participate. The lower participation rate of repeating subjects in 2017 could be due
to a different location of the study lab, subjects moving from elementary to
secondary schools or changes in residential locations. Papers (I, Il and 1V) are
cross-sectional in nature and this limits the opportunity to study causal relationships
between study parameters as the temporal order of those is not clear. However, the
data in paper Il is based on longitudinal tracking of data from 2015 and 2017
allowing us to identify patterns of study variables over time.

Another strength of the study was the use of objective measures of sleep, PA and
body composition. The Actigraph accelerometer (Actigraph Inc. Pensacola Florida)
is one of the most widely used devices of its kind in sleep and activity research. The
use of a wrist accelerometer to assess both PA and sleep parameters is less of a
burden than a hip accelerometer for young subjects (Hjorth et al., 2012).
Accelerometers from Actigraph have been extensively validated and are found to be
reliable and easy to use (Ekelund et al., 2001; Freedson et al., 2005; Trost et al.,
2005; Trost et al., 1998). Although wrist actigraphy has high accuracy and
sensitivity compared to PSG, its specificity is limited (Marino et al., 2013), and
there is currently no accepted criterion for scoring actigraphy-assessed naps
(Jakubowski et al., 2017).

In sleep research, accelerometry has benefits in epidemiological studies, as it
provides a more objective view on sleep than self-report and is less invasive and
complicated than PSG (Ancoli-Israel et al., 2003; Meltzer & Westin, 2011,
Morgenthaler et al., 2007). Studies validating actigraphy against PSG in adolescents
show good sensitivity in detection of sleep and poor specificity in detecting
wakefulness (Meltzer & Westin, 2011; Quante et al., 2018) and identifying sleep
onset latency (Martin & Hakim, 2011; Sivertsen et al., 2006). Despite the drawbacks
of using actigraphy, it has a relatively high participant-specific accuracy and is both
useful and valid in estimating sleep in population based studies (Marino et al.,
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2013). The sleep quality marker, WASO, correlates well with PSG population based
studies and provides useful information about sleep in one’s natural environment.

The advantage of DXA scanning for assessing body composition is its high
accuracy in classifying different body tissues (Andreoli et al., 2009; Dezenberg et
al., 1999; Fusch et al., 1999) and a very low dose of radiation (Pietrobelli et al.,
1998).

The main limitations include the following: The accelerometer, our principal
assessment tool for PA, cannot discriminate between being sedentary and physically
active if no movement occurs at the part of the body where the monitor is placed
(Hildebrand et al., 2016). Also, accelerometers cannot distinguish between postural
differences (Davies et al., 2012), such as standing, sitting or lying, and individual
movements in a free-living scenario do not always compare directly to movements
used in laboratory settings (Hildebrand et al., 2016). Although measurements of PA
with accelerometers have been found to correlate positively with energy expenditure
(r=0.8) (Ekblom et al., 2012), cut-points for fair recommendations and individual
comparison are not readily available. Also, as a measure of sleep, wrist actigraphy
has an estimated accuracy of 87% as compared to the gold-standard PSG performed
in a controlled sleep lab (Marino et al., 2013), so some inaccuracy and precision
could be introduced.

This study only targeted healthy Icelandic adolescents living in and around the
capital Reykjavik area, which may limit its generalizability to other geographical
areas and age groups.
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5 Conclusion

Insufficient sleep has been linked to a variety of serious health issues, such as
metabolic disorders including obesity and diabetes. PA has also been linked to both
physical and mental health and wellbeing, and exercise has been prescribed since
ancient times to promote metabolic health. As technological advances have paved
the way for non-invasive and free-living sleep measurements, this study used wrist-
worn actigraphy monitoring devices to measure free-living, 24-hour sleep and PA
patterns in adolescents. In summary, results of the thesis highlight patterns of sleep
and PA in Icelandic youth, two modifiable behaviors of great importance for health.
Most adolescents did not get enough sleep during school nights. This, together with
insufficient PA, could negatively impact their future health. This study provides the
foundation for future follow-up studies and potential targets for intervention studies,
while serving as a reference for public health specialists, educators, and parents to
support good sleep and activity practices.
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6 Future perspectives

The findings presented in this thesis were mostly based on cross-sectional and
observational data on free-living sleep and PA in healthy 15 and 17 year old
adolescents. Since health effects from sleep and PA may take years to manifest, we
hope to follow these well-characterized subjects at multiple time points into
adulthood to evaluate the prospective changes in sleep, PA and other health
parameters. With a longitudinal perspective, the impact on health parameters derived
from sleep and PA would reveal potential causal inferences. Interventions in sleep
hygiene, such as sleep extensions or keeping regular schedules for bedtime and rise
time for less variable sleep, would be necessary to test specific mechanisms.

The reports of short sleep duration from our study, suggesting both late
bedtimes and early rise times in Iceland, have raised concerns among official health
authorities and generated policy discussions on sleep within the society, particularly
for children and adolescents. These issues are centered around the debate as to
whether Iceland should adapt its time zone to its geographic location (GMT-1 hour).
Such a change would offer the opportunity for a unique “natural experiment” to re-
measure sleep among 16-18 year old adolescents to compare sleep duration, timing
and quality, as well as PA, along with comparisons to our findings. For assessing
seasonal effect on sleep and PA in Iceland, actigraphy-measures from different
seasons could test seasonal effect on sleep and PA. School-based interventions, such
as adjusting time schedules to a later school start or moving sports practices after
school or earlier in the afternoon, or individual interventions to improve sleep
hygiene, could also be designed and tested in the future for children and adolescents.

As with other studies by our group, we have collected many aspects of data in
various domains in this study. Investigations are currently ongoing to explore the
changes of sleep and PA at ages ranging from 15 to 17 years, and investigate
whether they are linked to both physical and mental health, as well as whether other
factors, such as sedentary behavior/screen times, exercise/sports participations, day
lengths, and school choices may influence these parameters and their relationships.

We should also compare current results to other studies around the globe to
assess whether unique internal and external factors in Iceland (genetic, cultural, day
length, weather etc.) could influence sleep and activity deficiencies. More clinical
sleep studies, using in-home PSG techniques, could enhance our ability to
investigate sleep architecture and sleep disorders to investigate further short sleep
duration, late bedtimes, variable sleep in relation to behavior and health outcomes in
adolescents and other age populations in Iceland.
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Aims: The purpose of this study was to objectively measure, with wrist-worn actigraphy, free-living
sleeping patterns in Icelandic adolescents, and to compare sleep duration, sleep quality and clock
times between school days (SchD) and non-school days (NSchD) and the association between sleep and
body mass index (BMI).
Methods: A cross-sectional study on 15.9-year-old (+0.3) adolescents from six schools in Reykjavik,
Iceland, took place in the spring of 2015. Free-living sleep was measured on 301 subjects (122 boys and
179 girls) over seven days using wrist-worn actigraphy accelerometers. Total rest time (TRT), total sleep
time (TST), sleep quality markers, and clock times for sleep were quantified and compared between SchD
and NSchD and between the sexes, using paired and group t-tests as appropriate. Linear regression was
used to assess the association between sleep parameters and BMI.
Results: On SchD, TST was 6.2 + 0.7 h, with sleep efficiency (SLE) of 87.9 + 4.4% for the group. On NSchD,
TST increased to 7.3 + 1.1 h (p < 0.001), although SLE decreased to 87.4 + 4.7% (p < 0.05). On SchD and
NSchD, 67% and 93% had bed times after midnight, respectively, and on SchD 10.7% met sleep recom-
mendations (8 h/night). There was no association between BMI and average sleep parameters.
Conclusion: The majority of Icelandic adolescents did not get the recommended number of hours of
sleep, especially on SchD. While TST increased on NSchD, many participants still did not achieve the
recommendations. These findings provide information on the sleep patterns of adolescents and may
serve as reference for development of policies and interventions to promote better sleep practices.

© 2017 Published by Elsevier B.V.

1. Introduction

A previous study using questionnaires and sleep diaries found
that Icelandic youth had shorter sleep duration than their Euro-

Sleep plays an important role in adolescents' health and well-
being. Adequate sleep is an essential element for proper function
of body and mind, which influences quality of life. The National
Sleep Foundation recommends that teenagers, aged 14—17 years
old, should sleep at least 8—10 h a night [1]. Inadequate sleep
duration in adolescents is associated with higher body mass index
(BMI) [2,3], greater body fat [4], increased insulin resistance [5], and
reduced academic performance [6].
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pean peers [7]. Although subjective, self-report methods were
commonly used in the past to assess adolescent sleep patterns [8],
they tend to overestimate actual sleep length, suggesting that
adolescents may sleep even less than previously reported [9].
Wrist actigraphy is an objective method of studying free-living
sleep patterns via a watch-like accelerometer and well-validated
sleep detection algorithms [10—14]. Although an actigraphy
based sensor using the chosen algorithm has been validated
against polysomnography (PSG), this specific device is newer to
the market and has only been used in conjunction with PSG in
other populations. However, it is designed and marketed specif-
ically to researchers and not for the commercial market. It is
believed that no study, to date, has objectively measured free-
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living sleeping patterns during school and non-school days in
Icelandic children or adolescents.

Whilst sleep duration, or the minutes of sleep per night, is the
most widely reported and studied sleep measure, emerging
research has also shown that sleep timing is another important
component of sleep that may influence overall metabolic health [5].
The biological circadian clock is an important regulator of sleep and
other individual behaviors. However, in modern society, the
sleep—wake cycle is heavily influenced by factors like school, work,
or other social schedules [15,16]. The term “social jetlag” has been
coined to describe the misalignment between social schedules and
the circadian clock [16,17]. Consequently, along with investigating
sleep duration, it is also important to study the influence of other
sleep dimensions, such as sleep quality, and the consistency in bed
time (BT) and wake-up time [3] on health outcomes such as BMI.

1.1. Aims of the study

The primary purpose of this study was to objectively investigate,
with wrist actigraphy, free-living sleeping patterns in Icelandic
adolescents. Secondary aims included: (a) assessing differences in
sleep duration, sleep quality and clock times between the sexes; (b)
examining differences in sleep patterns between school days
(SchD) and non-school days (NSchD); and (c) investigating the
association between sleep and BMI.

2. Methods
2.1. Participation

A total of 411 tenth-grade students (15—16 years old) — 47% boys
and 53% girls — from six schools in Reykjavik, Iceland, received an
invitation letter to participate in this study. The data collection took
place in the spring of 2015 (April—June). A total of 315 pupils
participated in the study (Fig. 1). Non-participation (n = 104) was
mainly due to absence from school during measurement days and
lack of interest in the study. Study participation is shown in Fig. 1.

Written informed consent was obtained from all participants
and their guardians. Strict procedures were followed to ensure
confidentiality. The study was approved by the National Bioethics
Committee and the Icelandic Data Protection Authority (Study
number: VSN b200605002&03).

2.2. Sleep parameters

Free-living sleep was measured with wrist-worn raw signal
accelerometers: ActiGraph GT3X+ (ActiSleep by Actigraph Inc.,
Pensacola, Florida, USA). The small (3.8 cm x 3.7 cm x 1.8 cm)
and light (27 g) Actigraphy watches were placed on the non-
dominant wrist of each subject, at school, and each was asked
to continuously wear the monitor for seven days. Raw triaxial
data were sampled at 80 samples/second (Hz). Sleep parame-
ters were derived from the Actilife software from Actigraph
(Pensacola, FL, USA) (version 6.13.0.) using a sleep detection
algorithm specifically validated for adolescents [13]. Wrist
actigraphy has high sensitivity and moderate specificity, and
overall high accuracy when compared to PSG [12], which is the
gold standard in sleep research. Wrist actigraphy has been
recommended for characterization of sleep parameters in
population-based studies of young adults [10].

Rest and sleep durations, timing, and other sleep quality pa-
rameters (such as sleep efficiency (SLE), and wakening after sleep
onset (WASO), as shown in Table 1) were first determined by auto-
detection of the Actilife sleep analysis. Self-reported sleep logs of BT
and rise time were then used to confirm the rest intervals deter-
mined by the software detection, and two expert scorers adjusted
them, when necessary (inter-scorer variability was evaluated, data
not shown). Total rest time (TRT) was compared to the recom-
mended 8 h of sleep for adolescents in this age range [1], and the
proportion of participants going to bed after midnight was also
calculated. Measurements of daily sleep data for at least three valid
SchD and one valid NSchD with wear time >14 h were considered
valid. Naptime was not included in the analyses, due to low
incidents of naps detected in the data (22 total naps taken by 18
different subjects).

2.3. Anthropometric measures

Standing height was measured with a stadiometer (Seca model
217, Seca Ltd. Birmingham, UK) to the nearest 0.1 cm. Body weight
was measured on a balance scale (Seca model 813, Seca Ttd.,
Birmingham, UK) to the nearest 0.1 kg, with participants wearing
light clothes. BMI was calculated by dividing weight by height
squared (kg/m?). All measurements were performed at individual
schools.

Subjects offered to participate in the study

en=411
*Boys 47%

Girls 53%

Subjects willing to and available for participation in the study

*n=315
*Boys 42%

*Subjects with actigraphy data

*n=301
*Boys 41%

Girls 58%

Girls 59%

*Subjects with valid sleep data <3 valid SchD and <1 NSchD

*n=281
*Boys= 114 (40.6%)

Girls=167 (59.4%)

Fig. 1. Participation in the study. SchD, school days; NSchD, non-school days.
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Table 1
Sleep parameters for analysis.

Abbreviation Sleep parameter Definition

Resting period: the time spent in bed (minutes)

Actual sleep time during rest period (minutes)

Minutes of total sleep divided by minutes available for sleep (TST/TRT) multiplied by 100 (%)
Time it takes from wakefulness to sleep

TRT Total rest time

TST Total sleep time

SLE Sleep efficiency

SOL Sleep onset latency

NOA Number of awakenings Wake-ups during rest period (counts)

Minutes of non-sleep from the resting period (TRT) after sleep onset due to awakening/s
Summation of the movement index (percentage of epochs >0), and the fragmentation index (percentage of

1-min periods of sleep vs all periods of sleep during the sleep period) (%)

WASO Wakening after sleep onset

SFI Total sleep fragmentation index

BT Bed time Clock time of bed time
MS Midpoint of sleep

RT Rise time Clock time of wake up

The clock time at the midpoint of the sleeping period (between sleep onset and rise time)

2.4. School hours

School time for this age group in Iceland is 37 school hours/
week. The timing and duration of the school day varied little be-
tween schools and individual participants, with the school day
starting for most participants between 08:10—08:20 in the morn-
ing and finished around 14:00, and the latest school day finishing at
16:00.

2.5. Statistical analysis

All finalized and exported Actilife reports were compiled into
daily and weekly averages using customized programs written with
Matlab software (The Mathworks, Natick, MA, USA) (version
R2013a). Mean + standard deviation was reported as summary
statistics. Paired t-tests were used for comparisons between SchD
and NSchD; unpaired t-tests were used for between-sex compari-
sons. The TRT was compared with recommended sleep hours for
adolescents (8—10 h). Linear regression was used to assess the as-
sociation between sleep parameters (independent variables) and
BMI (dependent variable). Separate regressions were run for boys
and girls and SchD and NSchD. Statistical analyses were carried out
using RStudio statistical software (Rstudio headquarters, Boston,
MA, USA) (version 0.99.482).

3. Results

Participants’ characteristics are shown in Table 2. The final
sample included 114 boys and 167 girls who had valid data on the
sleep parameters (measurements for >3 SchD and >1 NSchD were
considered valid).

The average age of participants was 15.9 + 0.3 years, with a BMI
of 22.2 + 3.7 kg/m?. The prevalence of being overweight (BMI
between 25 and 30 kg/m?) was 10.4% (7.1% of boys and 12.7% of
girls), and 2.9% were obese (BMI >30 kg/m?, 2.7% of boys and 3.0%
of girls).

The average day length was 17.6 h of daylight, with the shortest
day being 15.1 h and the longest day 20.4 h. There was no rela-
tionship between day length and TST on SchD or NSchD.

Table 2

Characteristics of the study subjects.
Characteristics Boys (n = 114) Girls (n = 167)

Mean + SD Mean + SD

Age (years) 158 +0.3 159+03
Height (cm) 1782 +£59 167.0 + 5.7
Weight (kg) 689+ 11.6 62.0 + 10.1
BMI (kg/m?) 21.7 £3.2 222 +32

n, number of participants; BMI, body mass index.

Sleep parameters for SchD and NSchD are summarized in
Table 3. Markers of sleep quality or duration did not differ between
the sexes on SchD or NSchD. All participants had shorter TRT
(7.05+0.83vs8.40 +1.23 h)and TST (6.19 + 0.74 vs 7.33 + 1.10 h) on
SchD vs NSchD (both p < 0.001). Over the entire week, 22.1% of
participants met the sleep recommendation of 8 h per night (based
on TRT). Similarly, when TRT (time in bed) was compared to rec-
ommendations, 10.7% got the recommended 8 h of sleep on SchD,
while 66.9% achieved the recommended sleep duration on NSchD.
Despite a longer TST on NSchD, objective sleep parameters (SLE,
WASO, number of awakenings (NOA) and Sleep Fragmentation In-
dex (SFI), see Table 3) indicated lower sleep quality on NSchD than
SchD (p < 0.005).

Clock times for sleep are summarized in Table 4. There was a
shift in the sleep schedule of both sexes from SchD to NSchD. Boys
went to bed 91 + 78 min later (00:28 + 56 min SchD vs
01:58 + 83 min NSchD, p < 0.001) and rose 178 + 81 min later on
NSchD (07:33 + 48 min SchD vs 10:32 + 86 min NSchD, p < 0.001),
leading to a 135 + 66 min shift in midpoint of sleep (MS). The SchD
to NSchD shifts for girls were all less than the shifts for boys (all
p < 0.02), as girls went to bed 73 + 50 min later (00:18 + 51 min
SchD vs 01:31 + 64 min NSchD, p < 0.001) and rose 154 + 71 min
later on NSchD (07:23 + 33 min SchD vs 09:57 + 74 min NSchD,
p < 0.001), with a MS shift of 113 + 50 min. Similarly, the average
bedt ime (BT) and rise time (RT) for boys was 33 min later and
35 min later than that for girls on NSchD (p < 0.005 and p < 0.001,
respectively), and both were about 10 min later than that for girls
on SchD (p = 0.121 and p = 0.05, respectively).

There was no association between BMI and average sleep times,
SchD to NSchD sleep timing shifts, or average sleep duration in
either sex (p-values 0.115—0.376). Results of linear regression be-
tween sleep parameters and BMI are shown in Table 5.

4. Discussion

The main findings in this study revealed that the majority of
Icelandic adolescents aged 15—16 years do not get the recom-
mended 8—10 h of sleep each night [1], especially on school nights.
Although individual need for sleep may vary, sleep duration far
outside the normal range should raise concerns, since sleep rec-
ommendations are established to improve overall health and well-
being [18]. The main influence on insufficient sleep (averaging
about 7 h in bed, with 6.2 h of actual sleep time per night) was that
Icelandic adolescents appeared to have a very late BT routine
(00:22). When combined with early school schedules, time for
sleep was substantially suppressed on school days. The insufficient
sleep on school days was only partially “recovered” by sleeping
longer (about 80 min) on non-school days, although the quality of
sleep was reduced. The “social jetlag” phenomenon was also pre-
sent, with a shift in mid-sleep time of about 2.3 and 1.9 h later on
non-school days for boys and girls, respectively.
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Table 3
Sleep parameter mean values for both sexes on school days and non-school days.
Sleep parameters Boys (n = 114) Girls (n = 167) All (n = 281)
SchD NSchD D SchD NchD P SchD NSchD P
Sleep duration
TRT (hours) 7.01 + 0.90 836+ 145 <0.001 7.07 +0.78 8.42 + 1.06 <0.001 7.05+0.83 8.40 +1.23 <0.001
TST (hours) 6.16 + 0.82 725+129 <0.001 6.21 + 0.69 8.42 + 1.06 <0.001 6.20 + 0.74 7.33+1.10 <0.001
Sleep quality
SLE (%) 88.0 + 44 86.8 + 4.2 0.01 879 +44 879 +5.1 0.837 879 + 4.4 874 +4.7 0.038
SOL (minutes) 16+ 1.0 16+ 1.1 0.790 15+ 1.0 16+12 0.767 16+ 1.0 16+12 <0.001
WASO (minutes) 50.0 +21.1 66.3 + 24.8 <0.001 502 214 60.3 + 28.4 <0.001 50.1 £21.2 62.7 +27.1 <0.001
NOA (count) 183 +63 234 +94 <0.001 185+48 22.7+78 <0.001 184+ 55 23.0+78 <0.001
SFI (%) 19.7 £538 223 +6.7 <0.001 201 +4.2 207 £7.5 0.175 199 + 6.1 213 +72 0.846

SchD, school days; NSchD, non-school days; TRT, total rest time; TST, total sleep time; SLE, sleep efficiency; SOL, sleep onset latency; WASO, wake time after sleep onset; NOA,

number of awakenings during rest period; SFI, Sleep Fragmentation Index.

Table 4

Mean sleep schedule times for both sexes on school days and non-school days.
Time of day Boys (n = 114) Girls (n = 167) All (n = 281)

SchD NSchD D SchD NchD P SchD NSchD D

Bed time (o'clock + minutes) 00:28 + 56 01:58 + 83* <0.001 00:18 + 51 01:31 + 64 <0.001 00:22 + 54 01:42 + 74 0.05
Mid-sleep time (o'clock + minutes) 04:00 + 45 06:14 + 77* <0.001 03:50 + 36 05:43 + 61 <0.001 03:54 + 40 05:56 + 69 0.158
Rise time (o'clock + minutes) 07:33 + 48* 10:32 + 86™* <0.001 07:23 £33 09:57 £ 73 <0.001 07:27 + 40 10:11 + 80 0.735

SchD, school days; NSchD, non-school days.

Difference between the sexes is marked *p < 0.05 and **p < 0.001.

Table 5

Results of linear regression between sleep parameters and body mass index (BMI).
Linear relationship to BMI
Sleep parameters (predictor variables) Boys (n = 114) Girls (n = 167) All (n = 281)

B SE r p B SE r p B SE r D

TRT SchD (hours) —0.410 0.327 -0.12 0.21 -0415 0.318 —0.10 0.19 —0.403 0.230 —0.10 0.08
TRT NSchD (hours) -0.275 0.197 -0.13 0.16 0.011 0.236 0.00 0.96 —0.142 0.154 —0.06 0.35
TST SchD (hours) —0.366 0.357 -0.10 0.31 —0.464 0.362 -0.10 0.20 —0.407 0.256 —-0.09 0.11
TST NSchD (hours) —0.346 0.221 -0.15 0.12 —0.059 0.261 -0.02 0.82 -0.197 0.171 —-0.07 0.25
SLE SchD (%) 0.029 0.065 0.04 0.66 -0.015 0.057 —-0.02 0.80 0.003 0.043 0.00 0.95
SLE NSchD (%) —-0.036 0.069 -0.05 0.60 —0.024 0.049 —-0.04 0.63 —0.020 0.040 —-0.03 0.62
SOL SchD (minutes) —-0.031 0.280 —-0.01 091 —-0.162 0.257 —-0.05 0.53 -0.114 0.190 —0.04 0.55
SOL NSchD (minutes) 0.110 0.230 0.05 0.63 0.162 0.207 0.06 043 0.135 0.155 0.05 0.38
WASO SchD (minutes) —0.012 0.014 —0.08 0.37 —0.004 0.012 —0.03 0.72 —0.007 0.009 —0.05 041
WASO NSchD (minutes) —0.001 0.012 —0.01 0.93 0.005 0.009 0.04 0.59 0.001 0.007 0.01 0.84
NOA SchD (n) —0.052 0.050 —0.10 0.30 —0.054 0.048 —0.09 0.26 —0.052 0.035 —0.09 0.13
NOA NSchD (n) 0.016 0.035 0.04 0.64 0.018 0.033 0.04 0.59 0.013 0.024 0.03 0.58
SFI SchD —0.008 0.050 —0.02 0.87 —0.008 0.039 —0.02 0.85 —0.007 0.031 —-0.01 0.83
SFI NSchD 0.040 0.043 0.09 0.35 —-0.018 0.033 —0.04 0.59 —0.003 0.026 —-0.01 0.92
BT SchD (hours) 0.347 0.308 0.11 0.26 0.250 0.292 0.07 0.39 0.258 0.213 0.07 0.23
BT NSchD (hours) —0.024 0.207 —-0.01 091 0.050 0.234 0.02 0.83 —0.040 0.154 —0.02 0.79
MS SchD (hours) 0.142 0.387 0.03 0.71 0.153 0.412 0.03 0.71 0.083 0.283 0.02 0.77
MS NSchD (hours) —0.204 0.225 -0.09 0.37 0.061 0.245 0.02 0.80 —-0.136 0.163 —-0.05 0.41
RT SchD (hours) —-0.218 0.356 —0.06 0.54 —0.226 0.449 —0.04 0.61 —0.283 0.281 —0.06 0.31
RT NSchD (hours) —0.302 0.199 -0.14 0.13 0.047 0.204 0.02 0.82 —-0.169 0.141 —-0.07 0.23
BT NSchD — BT SchD (hours) —-0.338 0.259 -0.12 0.19 0.011 0.305 0.00 0.97 —-0.239 0.197 —-0.07 0.23
MS NSchD — MS SchD (hours) —0.208 0.223 —0.09 0.35 —-0.181 0.299 —-0.05 0.55 —-0.239 0.180 —-0.08 0.18
RT SchD — RT SchD (hours) —0.263 0.212 -0.12 0.22 0.100 0.211 0.04 0.64 —0.109 0.149 —0.04 0.46

SchD, school days; NSchD, non-school days; TRT, total rest time; TST, total sleep time; SLE, sleep efficiency; SOL, sleep onset latency; WASO, wake time after sleep onset; NOA,
number of awakenings during rest period; SF, Sleep Fragmentation Index; BT, bed time; MS, midpoint of sleep; RT, rise time.

The wrist-worn actigraphy derived sleep data confirmed previous
observations of short sleep duration in Icelandic adolescents on SchD
using subjective measures [7]. Furthermore, the Icelandic adoles-
cents measured in this study went to bed rather late compared with
previous self-reported data from various other countries [ 19], which
ultimately leads to shorter sleep duration. The habit of later BT is most
likely cultural for Icelanders, as previous studies, both within the
same age group and amongst other age groups, have also reported
late BTs [7,20,21]. As early as the 1980s, Kristbjarnarson et al.

surveyed Icelanders (n = 668) and found an average BT for 15-year-
olds of 00:18 and an average nocturnal sleep of 8.1 h [20]. A follow-up
study by Thorleifsdottir et al. confirmed that Icelandic adolescents
(11, 13 and 15 year-olds) had later BTs and shorter nocturnal sleep
than their peers in neighboring countries [7,20]. The even later BT
and RT on NSchD in the present study further suggests that
Icelandic adolescents may “prefer” a later circadian profile compared
to what is now required by current school schedules, which may
be set to meet the adults' (teachers and parents) schedules.
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The present study suggests that over the course of the measured
school week, 21% of Icelandic adolescents (18.6% of boys and 22.8%
of girls) incurred a substantial sleep debt, defined as >2 h difference
in TST between SchD and NSchD [22]. This is in line with the
findings of an analogous actigraphy based study of adolescents aged
15—16 years in the USA, who had a similarly short TST (6.4 h overall
and 6.0 h on weekdays), with a high percentage of sleep debt (35%)
[22]. This differential between SchD and NSchD TST is not unusual,
as short-term sleep deficiency during SchD is typically followed by
longer sleep durations of “recovery” or “catch-up” sleep on NSchD
[3,15]. On average, the present data seem to support the recovery
sleep phenomenon, as the adolescents slept about 1.2 h longer on
NSchDs than SchDs. However, it did not find an inverse correlation
between TST during SchD and NSchD, and most measures indicated
that sleep quality was reduced on NSchD for both sexes, despite a
longer average TST. One plausible explanation is that the shift in
their MS of roughly 2 h may have created inconsistency in their
sleep routine, hindering their ability to simultaneously increase
their sleep quantity and quality. Sleep guidelines for adolescents
typically recommend that they maintain consistent BTs and wake-
up times during the week for overall health benefits [23].

During puberty, biological rhythms normally change so that
adolescents develop sleepiness later at night and need to sleep
longer in the morning [24]. Delayed BTs and early school start result
in inadequate sleep for a large portion of the adolescent population
[25]. During the school week, the main determinant of RT is the
start time of school [2]. This is a challenge for adolescents, where
the social/cultural/biological pressures for staying up late com-
bined with early school times reduce sleep time and are inconsis-
tent with healthy sleep patterns [17]. The American Academy of
Pediatrics advised US middle and high schools to modify start time
to no earlier than 08:30, as an approach to enable students to get
adequate sleep and improve their health, safety, academic
achievement and quality of life [25].

A wide range of evidence, from cross-sectional associations
[4,5,26] to mechanistic-based laboratory studies [27], has demon-
strated links between short sleep duration and an increased risk of
obesity in both children and adults. Similarly, sleep timing is
thought to independently influence BMI in adolescents [28].
However, the present study did not find an association between
BMI and TST, sleep timing, or shifts in sleep schedule. The lack of an
association may have been due, in part, to the small and homoge-
neous participant population, which had a relatively low preva-
lence of obesity (<3%) combined with a high prevalence of short
sleep (~88%). Studies that focus on the association between sleep
duration and BMI in adolescents show inconsistent results. One
cross-sectional analysis of a similarly aged (13—15 years) subset
(n = 1290) of a larger Australian cohort also failed to identify a
relationship between obesity prevalence and TST with subjectively
assessed sleep duration [29]. However, another study showed a
negative association between BMI and sleep duration for boys, but
not for girls [30]. Similarly, a third study on BMI and sleep duration
in young adults (mean age 27.7 + 3.8 years, n = 430) demonstrated
a negative association between objectively measured sleep dura-
tion and BMI [31]. Future studies should further investigate the link
between sleep patterns and adiposity in this population, using
more precise measurements such as the dual-energy X-ray ab-
sorptiometry, since BMI does not differentiate between lean mass
and fat mass of the individual, even though it correlates well with
body fat percent [32].

4.1. Strengths and limitations

It is believed that this is the first study to objectively measure
free-living sleep patterns in a large sample of Icelandic youth.

Actigraphy has been shown to provide more accurate sleep as-
sessments than subjective methods, particularly during longer,
free-living, population-based studies, where daily sleep logs are
prone to increased non-compliance [33] and self-report tends to
over-estimate sleep time [9]. However, wrist-worn actigraphy
tends to underestimate waking, when subjects lay perfectly still
while awake, compared to the gold standard in sleep research —
PSG [12]. Although wrist actigraphy has high sensitivity and mod-
erate specificity, and overall high accuracy when compared to PSG
[12], it has only been used in conjunction with PSG in other pop-
ulations than adolescents.

It should be noted that the present study compared objective
assessments of total rest duration (in bed intended to sleep) to
sleep duration guidelines, which have been established using self-
reported data [3]. The actual sleep times were shorter than the total
rest time.

There were other limitations of the present study. The school
hours between schools and individuals varied slightly (<15 min),
which could have possibly resulted in shorter or longer sleep on
SchD for the individual at times. It is also suspected that day length
and the demands of the school season might have affected the sleep
length and quality in the study participants. Due to the study
design, the study was conducted during spring (average day length
17.6 h) and participants were in the last year of primary school in
Iceland (equivalent to American high school). The authors plan to
repeat the study during a different season (e.g., winter and another
school year) to assess how these factors may impact sleep in
Icelandic adolescents.

5. Conclusion

The actigraphy measured sleep pattern in a group of Icelandic
boys and girls aged 15—16 years revealed that the majority of them
did not get sufficient sleep on school days. Icelandic boys had later
BTs than girls on school days and non-school days. Collectively,
these findings provide information on the sleep patterns of ado-
lescents and may serve as reference for development of policies and
interventions to promote better sleep practices.
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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. 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 15 y 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 15 y 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.

Keywords: accelerometer, questionnaire, sleep, sleep onset, teenagers

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
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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.
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Two years later, 168 of the 270 agreed to repeat the 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 15 y 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 214 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-mea-
sured bedtimes for school nights and non-school nights at each age
were included in all primary analyses. The earliest actigraphy-mea-
sured 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
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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 bed-
times 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 signifi-
cance 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).

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 non-
school 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

Table 1 Subject Characteristics and Bedtime Measures for 144 Participants (55 Boys, 89 Girls) at age 15 and 17
15y 17y Change (17 y-15y) p-value (15y vs. 17 y)
Characteristics
Age (y) 159+0.3 17.7+0.3 1.8+0.1 <.001
Height (cm) 171.7+8.2 173.4+9.0 1.7+£24 .09
Weight (kg) 64.4+11.3 68.5+12.8 4.0£52 .005
Body mass index (kg/m?) 21.8+3.3 22.7+3.8 09+1.6 .03
School Night Bedtimes
Self-report (clock time + min) 23:31+57.1 23:57+59.0 26.2+£60.7 <.001
Average by Actigraphy (clock time + min) 00:19 +46.1%* 00:55 +61.0%* 35.2+£59.2 <.001
Earliest by Actigraphy (clock time + min) 23:27+63.3 23:56 £62.3 28.8£81.1 <.001
Self-report — Average by Actigraphy (min) —48.6 £ 54.1 -57.5+£67.7 -8.9+80.6 2
Self-report — Earliest by Actigraphy (min) 4.0£76.7 1.5+72.6 —2.5+106.0 8
Non-school Night Bedtimes
Self-report (clock time + min) 01:04 +68.2% 01:33 £75.5% 28.1+79.9 .001
Average by Actigraphy (clock time + min) 01:36 + 69.9%## 02:26 + 85.5%## 50.4 £92.9* <.001
Earliest by Actigraphy (clock time + min) 00:51 = 64.0%* 01:42 +89.8" 51.3 +94.4% <.001
Self-report — Average by Actigraphy (min) -31.4+68.1% —53.7+94.4 —222+1132 .02
Self-report — Earliest by Actigraphy (min) 13.3+£69.1 -9.9+100.4 -232+114.0 .02
Night-to-night Bedtime Variability
Actigraphy (min) 65.8+36.2 73.0+30.9 72+432 .048

#p<.05 and **p <.01 vs. self-report during the same year. *p <.01 vs. school nights during the same year.

JMPB Vol. 2, No. 4, 2019


https://www.r-project.org/
https://www.r-project.org/

284 Brychta et al.

,\
)

School Night Bedtime, Age 15y (P)
300 A

200 4

Non-school Night Bedtime, Age 15y

School Night
Difference 15y

Non-school Night
Difference 15y

School Night

(]

=== Magnitude Bias 15y
® Difference 17y

o

Non-school Night
Difference 17y

-200 p

Self-report - Actigraphy (min)
Self-report - Actigraphy (min)

-300

= = Mean Difference

B 95% Confidence

22:00 00:00 02:00 04:00 06:00
[Self-report + Actigraphy]/2 (clock time)

[Self-report + Actigraphy]/2 (clock time)

00:00 0200  04:00  06:00 interval

=== Difference = 0

() School Night Bedtime, Age 17y~ (d)  Non-school Night Bedtime, Age 17y

£ 300- < 300

E E °

> 200 - . > 200 %

s s ° o

O 100 A - LY . © 1004 Q,° >} o

2 0 e %%’ 2 0 9 0 2%

2 RN Z o]

2 AN S P IRC \  —

£ 1001 P NN, £ 100 4 %, 0. 2R2,%° o

g SO g R 0R %

@ 2001~ e @ -200 ¥ o ©

- = o = @ 2

d‘; -300 T T T 1 8 -300 T T T T
22:00 00:00 02:00 04:00 06:00 22:00 00:00 02:00 04:00 06:00

[Self-report + Actigraphy]/2 (clock time)

[Self-report + Actigraphy]/2 (clock time)

Figure 1 — Bland-Altman plots of the difference between self-reported and average actigraphy-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), ¢. 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.

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 acti-
graphy 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 acti-
graphy 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 la) 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 discrep-
ancy 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 confi-
dence limits 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;
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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
15 y 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 15 y and 17 y but was greater at 17 y on non-
school 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

(a) School Night Bedtime, Age 15y (b)
300 300
200 1 200

Non-school Night Bedtime, Age 15y
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at 17 y. Further, the relationship between inter-method discrep-
ancy 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 15 y (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 15 y, 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 (p=.02,
Figure 3a, Table 1), further indicating that more varied bedtimes
on non-school nights may require more nights of actigraphy or
more specific questions to improve accuracy. Changes in actigra-
phy-measured bedtimes from 15 y to 17 y were not correlated
with changes in self-reported bedtimes on either school nights or
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Figure 2 — 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 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). There was a significant positive correlation on school
nights at 15 y and significant negative correlations on non-school nights at both ages.
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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.

Limitations

Students reported bedtime but not sleep duration or risetime- which
could have been used to calculate reported time in bed. Sleep
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Figure 3 — Change in self-reported and average actigraphy-measured
bedtimes from age 15 y 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. ¢. Change in non-school night bedtimes from
15y to 17 y measured by actigraphy was not correlated to that measured
by self-report.

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 parti-
cipants (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 adoles-
cents (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 com-
plete 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 partici-
pants’ 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 15y 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 changes in bedtime by self-report and actigraphy, sensi-
tivity 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 mea-
sures 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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Hreyfing og svefn reykviskra ungmenna

Vaka Régnvaldsdottir' iprotta- og heilsufreedingur, Berglind M. Valdimarsdottir' iprétta- og heilsufreedingur,
Robert J. Brychta?verkfreedingur, Soffia M. Hrafnkelsdéttir' lydheilsufreedingur,

Sigurbjorn A. Arngrimsson’ pjalfunarlifedlisfraedingur, Erlingur Jéhannsson' lifedlisfraedingur,

Kong Y. Chen? verkfraedingur, Sigridur L. Gudmundsdéttir! ibrétta- og heilsufraedingur

Inngangur: Hreyfing og svefn eru mikilvaegir ahrifapaettir heilsufars.
Alpjédlegar radleggingar maela med pvi ad born og unglingar hreyfi sig ad
lagmarki 60 minutur daglega af midlungs eda mikilli akefd og sofi i 8 til 10
klukkustundir & sélarhring. Tengsl hreyfingar og svefns medal ungmenna
eru ekki vel pekkt. Markmid rannséknarinnar voru ad meta: a) hversu
hatt hlutfall 16 ara reykviskra ungmenna uppfyllir vidmié um hreyfingu

og svefn, b) hvort tengsl séu milli hreyfingar og svefns og c) kynjamun &
hreyfingu og svefni.

Efnividur og adferdir: Alls var 411 nemendum 10. bekkjar 6 grunnskéla i
Reykjavik bodin patttaka i rannsékninni vorid 2015. Gild gogn fengust fra
106 drengjum og 160 stulkum. Hlutlzegar og hugleegar maelingar a hreyf-
ingu og svefni voru gerdar med hrédunarmaelum og spurningalistum.
Nidurstodur: Um helmingur patttakenda nadi vidmidum um hreyfingu

Inngangur

Svefn og hreyfing eru mikilveegir dhrifapeettir heilsufars. Regluleg
hreyfing 4 unglingsdrum minnkar likur 4 dunnum og langvinnum
lifsstilssjukdomum sidar 4 eevinni.! Alpjédlegar radleggingar mid-
ast vid ad born og unglingar hreyfi sig i ad minnsta kosti 60 min-
atur daglega af midlungs eda mikilli akefd, par af eetti ad stunda
erfidar eefingar sem styrkja bein og vodva ad lagmarki prisvar i
viku.? Samkveemt hlutleegum meelingum arid 2011° uppfylltu ad-
eins 9% 15 ara islenskra unglinga vidmid um daglega hreyfingu,
en drengir hreyfdu sig meira en stalkur af midlungs- eda mikilli
akefd. Askilegt er talid ad ungmenni sofi i 8-10 klukkutima 4 sé6lar-
hring.* Riflega helmingur bandariskra ungmenna er talinn leggja
sig 4 daginn vegna syfju.?

Aukin hreyfing er talin tengjast eda leida til betri svefns.” Rann-
soknum a unglingum ber saman um ad hreyfing hafi jakveaed ahrif
a svefnlengd peirra.” Einnig hefur komid fram ad bérn (10-12 ara)
sem fylgja svefnradleggingum eru liklegri til ad vidhalda reglu-
legum og heilbrigdum hreyfivenjum."! Nyleg samantektargrein
alyktadi ad born og unglingar sem hreyfa sig mikid, sofa vel og
eru 1 litilli kyrrsetu hafi akjosanlegra magn likamsfitu og séu i
betra formi en pau ungmenni sem eru i meiri kyrrsetu, hreyfa sig
litid og sofa minna.”

A sidustu arum hafa hrodunarmeelar i auknum meeli verid nytt-
ir til meelinga & hreyfingu og svefni par sem peir gefa hlutleegt mat
a hvoru tveggja i nattarulegu umhverfi einstaklinga."® Meelarnir

samkvaemt nidurstodum spurningalista. bratt fyrir ad 51,9% teldu sig sofa
ndégu mikid nadu po einungis 22,9% vidmidum um radlagda svefnlengd
samkvaemt hrédunarmaelum. Engin tengsl fundust milli svefnlengdar og
hreyfingar samkvaemt spurningalistum. Stulkur hreyfdu sig marktaekt
meira en drengir a fridégum (p<0,01) samkvaemt hrédunarmaelum en

ekki var marktaekur munur & medaltali hreyfingar stilkna og drengja yfir
vikuna. Hvorki var marktaekur kynjamunur & svefnlengd maeldri med hré-
unarmaelum né spurningalista.

Alyktun: Lifsstill islenskra ungmenna virdist ekki endurspegla viomid
opinberra adila um daglega hreyfingu og svefn. Einungis 22,9% nadu
vidmidum um radlagdan svefntima, og 11,3% uppfylitu baedi viomié um
hreyfingu og svefn.

eru taldir réttmeetir og areidanlegir vid meelingar 4 hreyfingu og
svefni hja bérnum og ungmennum.*" Samanburdur a hlutlegum
og hugleegum meelingum a svefnlengd unglinga bendir til pess ad
peer hugleegu ofmeti svefnlengd, sem pydir ad ungmenni fa jafn-
vel enn styttri naetursvefn en hingad til hefur verid talid.' Faar
rannsOknir hafa metio tengsl hreyfingar og svefns med hlutleegum
meelingum 4 badum breytum.

Markmid rannsoknarinnar var ad meta: a) hversu hatt hlutfall
16 ara reykviskra ungmenna uppfyllir vidmié um hreyfingu og
svefn, b) hvort tengsl séu a milli magns hreyfingar og svefns og
ennfremur c) kynjamun & hreyfingu og svefni.

Efnividur og adferdir

Rannsdknarsnid og val d patttakendum

Rannsoéknin er pversnidsrannsokn byggd a gognum sem safnad
var & timabilinu april-jini 2015. Patttakendur voru nemendur 10.
bekkjar vid 6 grunnskoéla i Reykjavik, langflestir faeddir arid 1999.
Alls var 411 nemendum bodin pétttaka og 315 padu bodid (76,6%
patttokuhlutfall). Melingar féru fram i hverjum skdla fyrir sig.
Ungmennin og foreldrar/forradamenn peirra undirritudu upplyst
sampykki adur en patttaka hofst. Visindasidanefnd sampykkti
framkveemd rannsdknarinnar (VSN b200605002&03).

doi.org/10.17992/1b1.2018.02.173

Rannsoknastofu i iprétta- og heilsufraedi, menntavisindasvisi Haskola islands, 2NIH, Heilbrigdisstofnun Bandarikjanna,

3deild [prétta og hreyfingar, Haskéli hagnytra visinda i Vestur-Noregi, Bergen.

Fyrirspurnum svarar Sigridur L. Gudmundsdoéttir, sig@hi.is

Barst til bladsins 25. 4gust 2017, sampykkt til birtingar 9. jantar 2018.
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Spurning Samantekt svarméguleika
Hversu margar klukkustundir fir pu ipréttir <6 Kist i viku
eda stundar likamsraekt i venjulegri viku? > 6 Klst { viku
Hversu oft reynir pti 4 big likamlega pannig a3 = 6% fviku
pu meedist verulega eda svitnir? > 6x { viku
Ja
Stundar pu iprottir?
Nei

Eg sef of mikid

T Eg sef oftast nég
efur pl ndg? 5
Eg sef n6g um helming natta

Eg sef mjog sjaldan nég

Mynd 1. Samantekt svarméguleika tir spurningalista.

Meelingar d svefni 0og hreyfingu med hrodunarmeeli

Actigraph GT3X+ hrodunarmeelar (ActiSleep by Actigraph Inc.
Pensacola Florida, USA) voru notadir til melinga a hreyfingu og
svefni patttakenda. Pessir hrodunarmeelar meela og vista hreyf-
ingu (slog/min) i premur plonum (triaxial). Melarnir eru hann-
adir fyrir rannsakendur og hafa ekkert notendaviomot. Melarnir
eru litlir 3,8 cm x 3,7 cm x 1,8 cm) og léttir (27 g) kubbar festir
med 6l og bornir likt og ur. Patttakendur baru hrédunarmeeli &
alnlid vikjandi handleggs samfellt i 7 sélarhringa. Hreyfibreyt-
ur og svefnbreytur voru reiknadar i Actilife forritinu (6.13.0) fra
Actigraph. Hreyfing var reiknud sem medaltal slaga & minutu &
dag (3D-slog/min/dag) yfir vokutima vikunnar. ba nema meelarnir
birtustig og pvi ma fylgjast med breytingum a dagsbirtu yfir rann-
soknartimabilid med peim.

Vio ttreikninga a hvildartima, svefnlengd og svefnnytingu var
notast vio reikniformulu Sadeh og félaga, sérstaklega préadri fyrir
ungmenni.'* Réttmeeti og areidanleiki Actilife vid svefnrannsokn-
ir hefur verid borinn saman vid svefnrita (polysomnography, PSG)
hja 6drum aldurshépum og meelt er med ad stadsetja meelana a
Glnid."” Ungmennin fylltu ut svefndagbok pa viku sem pau baru
hrodunarmaelinn og var dagbokin notud til ad stadfesta svefntima
reiknadan af Actilife og leidrétta skekkjur & svefnmati forritsins
ef purfti.

Tafla Il. Nidurstédur tr spurningalista. Fjéldi (hlutfall).

Tafla . Lysandi télfraedi.

Drengir (n=106) Stulkur (n=160) Allir (n=266)
Medaltal + SD Medaltal + SD Medaltal + SD
Aldur (ar) 15,8+0,3 15,9+0,3 15,8+0,3
Haed (cm) 178,4 + 18,3 166,9 + 14,4 171,56 + 8,1
Pyngd (kg) 69,1+ 12,8 62,0 £ 11,3 64,9 £ 11,0
LPS (kg/m?) 21,73 22,2+32 22,0 £ 3,1

Skammstafanir: n, fjéldi patttakenda. LPS, likamspyngdarstudull. SD= Standard
deviation = stadalfravik.

Hvildartimi, sa timi sem radleggingar um svefnlengd (8-10
klukkustundir) eru midadar vid,* var reiknadur i klukkustund-
um og mindatum fra peim tima sem vidkomandi lagdist til hvilu
ad kvoldi og par til hann st6d upp ad morgni. Svefnlengd er skil-
greind sem sa timi sem patttakandi sefur i klukkustundum og
minttum en svefnnyting (sleep efficiency) er skilgreind sem hlutfall
svefnlengdar af hvildartima i présentum.

Hrédunarmeelarnir voru fyrirfram stilltir 4 upphafspunkt meel-
inga og héfust meaelingar nokkrum klukkustundum eftir asetn-
ingu meelis, par sem talid var ad patttakendur veeru medvitadir
um hreyfingu sina fyrstu klukkustundina. Nidurstodur tGr meel-
unum toldust gildar ef patttakendur baru meelana i ad minnsta
kosti 14 klukkutima a dag, 1 prja skéladaga og einn fridag. Lengsta
svefnlota einstaklings dag hvern var skilgreind sem neetursvefn
og adrar svefnlotur sem daglurar. Sadeh-reikniformulan greinir
svefn ut fra 11 minitna glugga par sem 5 lotur aftur i timann og
naestu 5 lotur fram 4 vid eru vidomid um hreyfingu eda kyrrsetu
viokomandi. Daglurar voru ekki teknir med i utreikninga 4 svefn-
lengd par sem einungis 15 manns t6ldust hafa sofnad ad deginum,
i alls 19 skipti.

Meelingar d hreyfingu og svefni med spurningalistum
Pétttakendur svorudu spurningalista a spjaldtolvu um ymsa peetti
tengda heilsu, par 4 medal hreyfingu, patttoku 1 ipréttum og lik-
amsraekt og svefnvenjur. Samantekt tr spurningalista vardandi
likamlega areynslu og svefn mad sja a mynd 1.

Sem vidmid um ad hreyfiradleggingum Embeettis landleeknis
veeri nad var notast vid svar moguleikann ,,meira en 6 klukku-

Hiutleegar breytur Drengir (n=106) Stilkur (n=160) Allir (n=266) Samanburdur milli kynja p-gildi (x? prof)
Hreyfing
Stundar ipréttir med ipréttafélagi 81(76,4) 108 (67,5) 189 (71,1) 0,15
ibréttaiékun eda hreyfing >6 kist/viku 56 (52,8) 59 (36,9) 115 (43,2) 0,01
Reynir & pig pannig ad pu svitnir eda meedist >6 42 (39,6) 47 (29,4) 89 (33,5) 0,11
daga/viku
Sefur pu n6g?
Eg sef of mikid 2(1,9 1(0,6) 3(1,1) 0,78
Eg sef oftast nég 53 (50,0) 83 (51,9) 136 (51,1)
Eg sef nég um helming nétta 28 (26,4) 39 (24,4) 67 (25,2)
Eg sef mjog sjaldan nég 23 (21,7) 37 (23,1) 60 (22,6)

Skammstafanir: n, fjéldi patttakenda. P-gildi er reiknad med x? préfi milli kynja.
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Tafla lll. Nidurstédur ur hreyfimaelum, skipt eftir kyni og dégum. Samanburdur & milli skéladaga midad vié fridaga og & drengjum midad vid stulkur. Vixihrif milli

skdladaga/fridaga og kyns.

Drengir medaltal + SD) Stulkur (medaltal + SD) Skola/fridagar | Drengir/Stalkur | Vixlhrif
Hlutleegar breytur Skdladaga Fridaga Alla daga Skéladaga Fridaga Alla daga P P P
Hreyfing
Hreyfing (3D-sl6g/min/ 22152 + 1645,8 + 1991,8 + 2180,4 + 1857,4 + 2049,4 + <0,001 0,13 <0,001*
dag) 493,0 537,3 463,4 520,5 506,6 4743
Svefn
Hvildartimi (klst/dag) 7,04 +0,79 8,45 + 1,36 7,77 £ 0,70 7,07 £0,79 8,43 +1,07 | 7,56 + 0,68 <0,001 0,981 0,72
Svefntimi (kIst/dag) 6,17 £ 0,72 73+1,2 6,6 + 0,67 6,2 +0,70 7,4 +0,96 6,63 +6,2 <0,001 0,566 0,814
Svefnnyting (%) 87,9+45 86,7 +4,2 87,5+3,9 87,8+4,5 87,9 +5,1 87,8+4,4 0,07 0,294 0,017
Hvildust >= 8 kist n (%) 8 (5,0) 73 (68,9) 23 (21,7) 21 (19,8) 105 (65,6) 38 (23,8) <0,001 0,744 0,21
Svafu >= 8 klst n (%) 1(0,6) 27 (25,5) 2(1,9) 0 (0,0) 38 (23,8) 3(1,9) <0,001 0,624 0,887

stundir 4 viku” vid spurningunni , hversu margar klukkustundir efir
pii ipréttir eda stundar likamsraekt { venjulegri viku?”

Tolfreeditirvinnsla
Munur a hlutféllum milli hdpa 1 flokkabreytum tr spurningalista
var kannadur med Ki-kvadrat profi, til deemis munur a iprétta-
patttoku milli kynja. Tvihlida dreifigreining var notud til ad bera
saman medaltal svefns og hreyfingar (samfelldar breytur meeldar
med hreyfimaelum) med pérudum samanburdi milli skéladaga og
fridaga annars vegar og samanburdi milli drengja og stlkna hins
vegar. bPa voru vixlhrif milli skéladaga/fridaga og kyns kénnud.
Tvihlida dreifigreining var einnig notud til ad bera saman med-
alhreyfingu maelda med hreyfimaelum eftir patttoku i ipréttum
og hreyfingu samkveemt spurningalista. Einhlida dreifigreining
var notud til ad bera saman medaltal svefnbreyta meeldum med
hreyfimaelum milli flokkabreyta tr spurningalista. T-proéf var not-
ad til ad bera saman svefn maldan med hreyfimaelum vid patt-
toku i iprottum og hreyfingu samkveemt spurningalista. Notud
voru Tukey eftir-a-prof til ad kanna mun milli hopa (par med talin
sérhver samsetning 4 skola/fridégum og stulkum/drengjum) med
Bonferroni-leidréttingu.

Pearson-fylgnistudull var notadur til ad kanna tengsl milli
hreyfingar, svefns og dagsbirtu. Marktektarmork voru skilgreind

Tafla IV. Huglaegt mat borid saman vié hlutlaegt mat & hreyfingu.

vid p-gildi 0,05 eda minna. Télfreedileg rvinnsla fér fram med
forritunum Excel og Rstudio (atgafa 0.99.482).

Nidurstodur

[ toflu I er einkennum urtaksins lyst. [ rannsokninni voru 266
einstaklingar med gild hreyfi- og svefngildi ur hreyfimeelum,
gildir dagar fyrir hreyfingu voru ad medaltali 6,1 + 0,6 og gild-
ar neetur fyrir svefn voru 71 + 0,7. Medalaldur patttakenda var
15,8 + 0,3 ar. Medallengd dagsbirtu yfir rannséknartimabilid var
17,6 + 1,8 klst, stystur dagur var 15,1 klukkustund og lengstur 20,5
klukkustundir. Engin tengsl fundust milli dagsbirtu og hvildar-
tima. Hins vegar fundust tengsl milli dagsbirtu og hreyfingar
(3D-slog/dag/min) yfir vikuna hja 6llum patttakendum (r=0,18,
p=0,004), stulkum (r=0,22, p=0,005) en ekki hja drengjum.

Tafla Il synir nidurstodur ur spurningalistum. Markteaekt heerra
hlutfall drengja en stulkna stundadi iprottir eda likamsraekt 1 6
tima eda meira a viku, eda 52,8% drengja 4 moéti 36,9% stulkna
(p=0,01). Einnig sag0dist heerra hlutfall drengja en sttilkna meedast
eda svitna verulega 6 sinnum i viku eda oftar. Ekki var munur
milli kynja & pvi hversu oft patttakendur tdldu sig sofa nog.

Tafla III synir hreyfingu og svefn vikunnar samkvaemt
hreyfimelum. Ekki var marktekur munur a hreyfingu stulkna
og drengja alla daga vikunnar eda skoladaga, hins vegar var vixl-
verkun milli skdladaga/fridaga og kyns, stulkur hreyfou sig mark-

Hlutlzegt mat & hreyfingu dr hrédunarmeeli (3D-sl6g/min/dag)

Drengir Stalkur Allir J&/Nei | Drengir/ Stalkur | Vixlhrif
Ja Nei Ja Nei Ja Nei p p p
Huglaegt mat & hreyfingu
Stundar ipréttir med ipréttafélagi 2099,4 + 1643,3 + 2160,4 = 1818,8 + 21343+ | 1761,8 = | <0,001 0,097 0,359
438,9 363,2 474,0 386,9 459,1 385,9
fprottaiskun eda hreyfing >6 kist/viku 2134,7 1831,8 + 21711 + 1978,3 + 21534+ | 1929,8 + | <0,001 0,099 0,343
398,3 482,3 481,2 457,8 441,3 469,6
Reynir & pig pannig ad pu svitnir eda meedist | 2148,6 £ 1888,9 + 2240,2 1970,1 + 2197,0+ | 1940,7 = | <0,001 0,14 0,931
>6 daga/viku 434,7 455,8 475,6 452,6 456,5 454,2

3D-slég/min/dag medaltal af sldgum & minttu & dag.

LZAKNAbIasis 2018/104 81



Tafla V. Huglaegt mat & svefni samanborid vid hlutlaegt mat ur hré8unarmaelum.

Huglzaegar svefnbreytur Ur spurningalista: Sefur pti n6g? Alla daga

Of mikid (n=3) Oftast (n=136) Helming natta (n=67) Sjaldan (n=60) p

Nidurstédur ur hreyfimeelum fyrir alla vikuna

Hvildartimi (klst/dag) 80+1.2 7,7+0,6 75+0,7 72+0,7 <0,001
Svefntimi (klst/dag) 6,8+1,0 6,7+0,6 6,6+0,8 6,4+0,6 0,017
Svefnnyting (%) 85,7 2,0 87,2+4,3 88,0+4,4 88,5+ 3,6 0,149
Hvildust >= 8 kist (n, %) 1,0 (33,3) 40,0 (29,4) 12,0 (17,9) 8,0(13,3) 0,057
Svafu >= 8 kist (n, %) 0 (0) 2,0(1,5) 3,0 (4,5) 0 (0) 0,289
Hreyfing (3D-slég/min/dag) 2037,1 + 301,56 2049,3 + 441,5 1967,1 + 540,8 2040,4 + 458,7 0,697

Skammstafanir: n, fjéldi, % hlutfall. 3D-slég/min/dag, medalslég & minutu & dag.

teekt meira en drengir 4 fridégum (p<0,01). P4 hreyfdu drengir og
stalkur sig marktaekt meira a skoladégum en fridégum (p<0,001).

Beedi stulkur og drengir svafu skemur 4 skéladégum (p<0,001)
en fridégum. Ekki var markteekur kynjamunur a svefnlengd a
skoladogum né a fridégum. Pegar hvildartimi skéladaga var bor-
inn saman vid radlagdan svefntima unglinga, minnst 8 tima neet-
ursvefn, nadu einungis 5,0% drengja og 19,8% stulkna radlogdum
hvildartima. A fridogum nddu 68,9% drengja og 65,6% stulkna
radlogdum hvildartima fyrir unglinga.

[ toflu IV er borin saman hreyfing sem meld var med
hreyfimaelum annars vegar og metin med spurningalistum hins
vegar. Stulkur og drengir sem stundudu iprottir og/eda likams-
raekt i meira en 6 klukkustundir & viku hreyfdu sig einnig meira
dag hvern samkvaemt hrédunarmeelum, samanborid vid pau sem
hreyfou sig minna en 6 tima a viku (p<0,001). Pa meeldist einnig
marktaekt meiri hreyfing med hrodunarmeeli hja peim sem s6go-
ust reyna 4 sig likamlega pannig ad pau meeddust eda svitnudu
ad minnsta kosti 6 daga vikunnar en hja 66rum (p<0,001). Sam-
beerilegur munur fékkst milli peirra sem stundudu ipréttir med
ipréttafélagi og hja peim sem stundudu ekki iprottir, sérstaklega
medal drengja. Pa meldust ungmenni sem stundudu iprottir
med 21,1% fleiri slog samkvemt hrédunarmeelum en peir sem
stundudu ekki iproéttir (p<0,001).

Tafla V synir nidurstédur fyrir samanburd a svefni meeldum
med hreyfimaelum og svefni metnum med spurningalistum. Um
helmingur patttakenda taldi sig , oftast sofa naegilega mikid” sam-
kveemt spurningalista. Pessi ungmenni hvildust og svafu einnig
lengur samkveemt hrédunarmeeli en pau sem sogdust sofa nog
,um helming natta” eda ,mjog sjaldan”.

[ t6flu VI eru hvildartimi og svefnlengd maeld med hreyfimaeli
skodud ut fra hreyfingu samkvemt spurningalistum. Ekki var
marktaekur munur & hvildar- eda svefnlengd peirra sem nadu vid-
midum um hreyfingu (26 tima a viku) og peirra sem ekki nadu
peim vidmidum samkvaemt nidurstdédum spurningalista. Ekki var
heldur markteekur munur a svefnlengd eftir patttoku i iprottum.

Einungis 11,3% patttakenda uppfylltu vidmié um hreyfingu
samkveemt spurningalista og viomid um svefn meldan med
hreyfimeeli yfir vikuna. A skéladégum nadu einungis um 109%
patttakenda ad uppfylla viomid um beedi hvildartima og hreyf-
ingu.
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Umraeda

Nidurstodur pessarar rannsdknar benda til pess ad nokkud mik-
i0 vanti upp a ad islensk ungmenni uppfylli vidmid um radlagda
hreyfingu og svefn. Samkvaemt svorum pétttakenda vid spurn-
ingalistum uppfyllti riflega helmingur drengja en nokkud faerri
stalkur viomid um hreyfingu. Par sem 39,6% drengja og 29,4%
stulkna hreyfdu sig oftar en 6 sinnum i viku af pad mikilli dkefd
ad pau maeddust eda svitnudu ma atla ad hreyfing ungmennanna
komi ad einhverjum hluta af midlungs- eda mikill akefd eins og
radleggingar meelast til. Stulkur hreyfou sig meira en drengir a
fridégum samkveemt nidurstddum tr hrodunarmeelum (3D-slog/
min/dag) en ekki var markteekur munur a hreyfingu stulkna og
drengja adra daga. Pessar nidurstodur eru frabrugdnar nidurstoo-
um rannsoknar fra arinu 2011° & hreyfingu islenskra barna og
unglinga meeldri med hr6dunarmaelum sem bornir voru a mjodm
(ActiGraph 7124) par sem einungis 9% 15 ara unglinga uppfylltu
vidmid um radlagda daglega hreyfingu (>3400 slog/min/dag). Par
kom einnig fram munur a hreyfingu kynjanna par sem einungis
1,5% stalkna og 14,5% drengja uppfylltu vidomidin. Hafa ber po
i huga ad breytileg skilgreining & midlungserfiori hreyfingu og
meeliteekin sem notast er vid geta haft dhrif a hlutfall peirra sem
uppfylla vidmidin. [ niverandi rannsékn var nokkud gott sam-
reemi milli hreyfingar samkveemt spurningalistum og meeldri
med hreyfimeelum, par sem pau sem sogdust hreyfa sig meira
samkveemt spurningalista mealdust einnig med 21,1% meiri med-
altalshreyfingu samkveemt hreyfimeelum en pau sem géafu svar
um minni hreyfingu. P4 ma sja ad fleiri drengir en stlkur s6go-
ust stunda iprottir og meedast eda svitna 6 sinnum i viku eda oftar
en stulkur meeldust p6 med fleiri sl6g 4 minttu med hreyfimeel-
um a fridégum. Petta geeti gefid til kynna ad hreyfing stulkna og
drengja sé ad einhverju leyti frabrugdin og ad hreyfing sttilkna
fari sidur fram sem skipul6gd eefing eda pjalfun en medal drengja.
bad geeti pytt ad hreyfing stulkna sé ad medaltali af minni akefd
en hreyfing drengja. Engin vidurkennd vidmid um magn eda
akefd hreyfingar meeldrar med hreyfimeelum eru til, svo erfitt er
ad bera hreyfigdogn fra tlnlidsmeeli saman vid almennar hreyfi-
radleggingar.

Nidurstodur rannsoknar 4 hreyfingu barna og unglinga a Vest-
urlondum benda til ad hreyfing minnki um 7% arlega a aldurs-
bilinu 7-19 ara. Mest dr6 ur hreyfingu sttlkna a aldursbilinu 9-12
ara en 13-16 ara hja drengjum. Talid er ad kynproski hafi ahrif
a pessar breytingar og stulkur proskist ad medaltali fyrr sem ad



Tafla VI. Huglaegt mat & hreyfingu borid saman vid hlutlaegt mat & svefnbreytum.

Huglaegar meelingar a hreyfingu fengnar ar spurningalista

batttaka i ipréttum a vegum ipréttafélags {préttaiokun eda hreyfing Reynir & pig pannig ad pu svitnir eda
>6 klst/viku maedist >6 daga/viku
Ja(n=189) | Nei(n=77) p Ja(n=115) | Nei (n=151) p Ja(n=89) | Nei (n=177) p
Svefnbreytur Gr hreyfimaeli
Alla daga
Hvildartimi (klst/dag) 75+0,7 7,6 +0,7 0,422 7,6+0,7 76+0,7 0,888 75 +0,6 7,6 +0,7 0,582
Svefntimi (klst/dag) 6,6 +0,6 7,67 +0,7 0,492 6,6 +0,6 6,6 +0,6 0,729 6,5+ 0,6 6,6 + 0,6 0,198
Svefnnyting (%) 87,7+4,0 87,7+4,6 0,939 87,8 +4,0 87,6 +4,4 0,813 87,142 88,0 +4,2 0,089
Hvildust >= 8 kist (n, %) 42 (22,2) 19 (24,7) 0,673 30 (26,1) 31(20,5) 0,293 20 (22,5) 41(23,2) 0,899
Svafu >= 8 klst (n, %) 2(1,1) 3(3,9) 0,229 1(0,9) 4(2,6) 0,259 0(0,0) 5(2,8) 0,025
Skoladaga
Hvildartimi (klst/dag) 71+08 71+08 0,422 71+£0,7 70+0,8 0,888 71+0,7 7,0+0,8 0,482
Svefntimi (kIst/dag) 6,2+ 0,7 6,2+0,7 0,492 6,2+ 0,7 6,2+ 0,7 0,729 6,2+ 0,6 6,2+ 0,7 0,881
Svefnnyting (%) 87,9+43 87,7+4,9 0,939 879x45 87,8+4,5 0,813 87,1+4,7 88,2 +4,3 0,07
Hvildust >= 8 kist (n, %) 21(11,1) 8(10,4) 0,673 12 (10,4) 17 (11,3) 0,293 11 (12,4) 18(10,2) 0,601
Svafu >= 8 klst (n, %) 0(0,0) 1(1,3) 0,229 0(0,0) 1(0,7) 0,259 0(0,0) 1(0,6) 0,319
Fridaga

Hvildartimi (kIst/dag) 84 +1,2 86+1,1 0,422 8,4 +1.2 85+12 0,888 83+1,2 85+1,2 0,34
Svefntimi (kIst/dag) 73+1,1 75+1,0 0,492 74+1,1 74+11 0,729 7311 74+1,1 0,233
Svefnnyting (%) 87,3+ 4,6 87,6 + 5,1 0,939 87,5+4,4 87,451 0,813 87,0+ 4,6 87,6 +4,8 0,285
Hvildust >= 8 Kist (n, %) 125 (66,1) | 53 (68,8) 0,673 76 (66,1) | 102 (67.5) 0,293 57 (64,00 | 121 (68,4) 0,487
Svafu >= 8 kist (n, %) 43 (22,8) 22 (28,6) 0,229 28 (24,3) 37 (24,5) 0,259 22 (24,7) 43 (24,3) 0,94

Skammstafanir: n, fjoldi. %, hlutfall.

hluta til geti atskyrt pennan mun. {nylegri evrépskri rannsékn?
dré verulega tr hreyfingu af midlungs eda mikilli akefd fra aldrin-
um 9-15 ara og samhlida jokst kyrrseta, b6 meira hja drengjum en
stilkum. Pessar breytingar a hreyfingu voru pé breytilegar milli
landa og landssvaeda.

Hreyfing meeld med hrédunarmeelum minnkadi markteekt hja
badum kynjum & fridégum samanborid vid skdladaga. Skipulogd
hreyfing innan skdlans geeti ttskyrt pennan mun. Hafa ber po6 1
huga ad ungmennin baru hrédunarmeelinn allan sélarhringinn
yfir rannséknartimann og minni hreyfingu a friddgum ma einnig
skyra med auknum hvildartima a friddgum par sem hvildartim-
inn var teepum tveimur klukkutimum lengri en a skéladégum.

Vedurfar og dagsbirta eru hugsanlegir ahrifapaettir hreyfingar.
Erlendar rannséknir hafa synt ad timabil med rigningu, vindum,
lagu hitastigi og snjo geta dregid ur almennri hreyfingu barna og
unglinga.”? Par sem rannsokn okkar for fram ad vori ma gera rad
fyrir ad baedi dagsbirta og vedurfar geeti hafa haft ahrif 4 hreyf-
ingu ungmennanna. Tengsl dagsbirtu og hreyfingar fundust hja
hépnum pegar hreyfing yfir alla vikuna var skodud. Einnig fund-
ust marktaek tengsl milli dagsbirtu og hreyfingar hja stulkum en
ekki drengjum. Rannsdknir 4 hreyfingu pessa aldurshdps 4 mis-
munandi arstimum geeti varpad frekara ljosi 4 pessi tengsl vedur-
fars, hitstigs og dagsbirtu vid hreyfingu.

Feest islensk ungmenni na vidmidum um svefnlengd* a skola-
dégum pegar svefn er metinn 1t fra hvildartima. Par sem rad-

leggingar um svefnlengd eru byggdar a rannsoknum sem flestar
byggja a hugleegum meelingum a svefni er aeskilegt ad bera titreikn-
adan hvildartima unglinga, byggdan a hattatima og fotaferdatima,
saman vi0 almennar svefnradleggingar pegar hlutleegum meel-
ingum er beitt.* A fridégum ma sjé ad ungmennin beeta vid um
1,2 klukkutimum { hvildartima midad vid skéladaga sem er pekkt
mynstur medal unglinga.”® Svefnbreytan svefnnyting er notud,
asamt fleiru, til ad meta geedi svefns. Studullinn fyrir svefnnyt-
ingu segir til um hve hatt hlutfall af hvildartima vidkomandi nytir
til svefns en gerir ekki greinarmun a pvi hvort vidkomandi vakni
oft yfir néttina eda sé lengi ad sofna. Pvi er svefnnyting notud sem
almenn matsbreyta fyrir svefngeedi og sem slik er erfitt ad setja
viomid um hatt og lagt gildi hennar.* Hins vegar ma audveldlega
bera saman svefnnytingu einstaklinga milli timabila. Ekki var
munur 4 svefnnytingu milli kynja eda a milli fridaga og skoladaga
hja ungmennunum.

Ymsir peettir geta haft 4hrif 4 svefngeedi og svefnlengd ung-
linga. Dagsbirta er pekktur ahrifavaldur og eykst svefnlengd
venjulega yfir veturinn og styttist yfir sumartimann.®? [ rann-
sokninni fannst ekki samband milli dagsbirtu og hvildartima,
svefnlengdar eda svefnnytingar, pratt fyrir ad daginn hafi lengt
toluvert & rannséknartimabilinu (Gr 15,1 { 20,5 klukkustundir). T
islenskri rannsokn a ungmennum um tvitugt fra arinu 1985 fannst
heldur ekki munur & svefnlengd einstaklinga ad vetri eda ad sumri
til.?® Ekki hefur fundist munur 4 svefnlengd islenskra stilkna og
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drengja® en i erlendum rannséknum 4 unglingum hafa nidurst6o-
ur um svefnlengd eftir kynjum verid misjafnar og synt baedi ad
drengir sofi lengur en stulkur og 6fugt.”

Nokkud gott samraemi fékkst milli hlutleegra og huglegra
maelinga 4 svefni. Pannig virtust peir sem svérudu i spurninga-
lista ad peir sveefu naegilega mikid einnig sofa ad medaltali lengur
samkveemt hrodunarmeeli en peir sem sogdust sofa minna. Pratt
fyrir ad svefndagbeekur hafi verid gagnryndar fyrir énakveemni i
meelingum,’® virdist hugleegt mat unglinganna a pvi hvort peir sofi
nég haldast 1 hendur vid melda svefnlengd pratt fyrir ad svefn-
lengdin nai ekki endilega viomidum um radlagda svefnlengd.

Einungis 11,3% patttakenda uppfylltu vidmid fyrir hvort
tveggja, radleggingar um hvildartima (28 klst/nétt) og hreyfivio-
mid (260 min/dag) ad medaltali yfir vikuna. Peir sem na vidmidum
um daglega hreyfingu, sofa ekki endilega meira en peir sem ekki
na peim vidmidum. Rannsdknir par sem gogn fyrir baedi hreyf-
ingu og svefn eru fengin med hugleegu mati og einnig par sem
hlutleegar maelingar eru notadar fyrir badar breytur hafa bent til
pess ad aukin hreyfing hafi jakveed ahrif a svefn.!” Pegar bornar
eru saman hlutleegar og hugleegar meelingar 4 svefnlengd ung-
linga virdast peer hugleegu ofmeta svefnlengd.”® Pvi er naudsyn-
legt ad kanna betur tengsl hreyfingar og svefns maldum med
hlutleegum meelingum. Bandarisku svefnsamttkin meela med
reglulegri hreyfingu til ad beeta svefn® pratt fyrir ad rannsékn-
ir medal barna og unglinga syni fram a mismunandi tengsl milli
svefns og hreyfingar!'*3 Pba geta mismunandi meliadferdir
milli rannsékna, arstidir og aldur mogulega ttskyrt mismunandi
nidurstddur a tengslum hreyfingar og svefns.

Styrkleikar og takmarkanir

Petta er fyrsta islenska rannsoknin sem skodar beedi hreyfingu
og svefn ungmenna med hlutleegum maelingum. Gott patttoku-
hlutfall fékkst vid gagnasofnun en alls toku 315 nemendur patt
eda 76,6% beirra sem bodin var patttaka i rannsokninni. P6 h6fou
einungis 266 einstaklingar gild gogn sem ma skyra med lagmarks-
krofum um gild gogn ur hrodunarmeelum eda 14 klukkustundir &
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dag, prja skdladaga og einn fridag. Hrodunarmaeelar gefa nakveem-
ar upplysingar um svefn og hreyfingu hja ungmennum { sinu
natturulega umhverfi. Pratt fyrir aukin geedi i svefnmeelingum
og areidanleika Actigraphy-hrédunarmeelanna gera meelarnir illa
greinarmun a svefni og voku pegar vid liggjum fullkomlega kyrr
ilengri tima."” Petta geeti verid skyring pess ad daglarar greindust
adeins hja 15 einstaklingum en alls greindust 19 daglarar, par af
meeldist einn einstaklingur med 5 daglira. Pegar bera a nidurst60-
ur fyrir melingar & svefni og hreyfingu med hréodunarmaelum
saman vid almennar radleggingar um svefn og hreyfingu eru vio-
midunargildi fyrir hlutleegar meelingar af skornum skammti par
sem vidmidin hafa i gegnum tidina verid préud med hugleegum
meelingum eins og spurningalistum.

Par sem rannsoéknin for fram ad vori hja nemendum 10. bekkjar
er ekki heegt a0 ttiloka ad dagsbirta, vedurfar, alag og starf i skola
geti haft ahrif 4 svefnlengd, hvildartima og hreyfingu midad vid
adra arstima. Pa er hugsanlegt ad patttaka i rannsékninni og pad
a0 bera hreyfimeeli hafi haft ahrif 4 svefn- og hreyfivenjur patttak-
enda. A0 auki kunna adrir peettir eins og andleg lidan, skjanotkun,
neysla orkudrykkja og timasetningar ipréttasefinga ad hafa haft
ahrif a nidurstodurnar.

Alyktun

Lifsstill islenskra ungmenna virdist ekki endurspegla viomid op-
inberra adila um daglega hreyfingu og svefn. Adeins um helm-
ingur ungmenna i pessari rannsékn nadi vidomidum um radlagda
hreyfingu samkvemt nidurstodum spurningalista. Fa ungmenni
nadu vidmidum um radlagdan svefntima og enn feerri uppfylltu
baedi vidomid um hreyfingu og svefn.

pakkir

Rannséknarhépurinn vill pakka ungmennunum sem téku patt 1
rannsokninni. Einnig pokkum vid starfsfolki patttokuskolanna
sem veitti okkur mikla adstod og gdéda adstodu til meelinga. Pa
viljum vid pakka Rannis fyrir fjarhagslegan studning.
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Physical activity and sleep in Icelandic adolescents
Vaka Rognvaldsdéttir', Berglind M. Valdimarsdéttir', Robert J. Brychta?, Soffia M. Hrafnkelsdéttir!, Sigurbjorn A. Arngrimsson', Erlingur Jéhannsson'-2,

Kong Y. Chen?, Sigriéur L. Gudmundsdottir’

Introduction: Physical activity and sleep are major determinants of
overall health. According to international recommendations, ado-
lescents should engage in moderate to vigorous physical activity for

at least 60 min each day and sleep eight to ten hours each night. The
association between physical activity and sleep in adolescents is not
well known. The aim of the study was to estimate a) the proportion of
Icelandic adolescents that achieves recommended physical activity and
sleep, b) if there is an association between physical activity and sleep
patterns, and c) sex differences in physical activity and sleep.

Material and methods: A total of 411 adolescents from the 10™ grade in
six schools in Reykjavik were invited to participate in a cross-sectional
study in the spring of 2015. Valid data was obtained from 106 boys and
160 girls. Objective and subjective measures of physical activity and
sleep were made by wrist-worn accelerometers and a questionnaire.

Results: Almost half of the participants fulfilled the physical activity
recommendations according to the questionnaire. Although 51.1%
reported usually getting enough sleep, only 22.9% achieved the
recommended sleep length according to objective assessment. No
associations were observed between sleep and subjective physical
activity. Girls had higher accelerometer-measured physical activity
than boys on non-school days (p<0.01), but weekly averages were not
different between sexes. Girls and boys did not differ in subjective or
objective measures of sleep.

Conclusion: The behavior of Icelandic adolescents does not reflect
recommended amount of sleep and physical activity. Only 22.9%
obtained the recommended sleep length and just 11.3% fulfilled
recommendations of both sleep and physical activity.
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Abstract

Background

Sleep and physical activity are modifiable behaviors that play an important role in preventing
overweight, obesity, and metabolic health problems. Studies of the association between
concurrent objective measures of sleep, physical activity, and metabolic risk factors among
adolescents are limited.

Objective

The aim of the study was to examine the association between metabolic risk factors and
objectively measured school day physical activity and sleep duration, quality, onset, and
variability in adolescents.

Materials and methods

We measured one school week of free-living sleep and physical activity with wrist actigraphy
in 252 adolescents (146 girls), aged 15.8+0.3 years. Metabolic risk factors included body
mass index, waist circumference, total body and trunk fat percentage, resting blood pres-
sure, and fasting glucose and insulin levels. Multiple linear regression adjusted for sex,
parental education, and day length was used to assess associations between metabolic risk
factors and sleep and activity parameters.

Results

On average, participants went to bed at 00:22+0.88 hours and slept 6.2+0.7 hours/night,
with 0.83+0.36 hours of awakenings/night. However, night-to-night variability in sleep dura-
tion was considerable (mean + interquartile range) 0.75+0.55 hours) and bedtime (0.64
10.53 hours) respectively. Neither average sleep duration nor mean bedtime was associ-
ated with any metabolic risk factors. However, greater night-to-night variability in sleep
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duration and bedtime was associated with higher total body and trunk fat percentage, and
less physical activity was associated with higher trunk fat percentage and insulin levels.

Conclusion

Greater nightly variation in sleep duration and in bedtime and less physical activity were
associated with a less favorable metabolic profile in adolescents. These findings support the
idea that, along with an adequate amount of physical activity, a regular sleep schedule is
important for the metabolic health of adolescents.

Introduction

The prevalence of overweight in the world has nearly tripled from 1975-2016, with over 39%
of adults and 18% of children and adolescents being overweight or obese [1]. Greater total
body and central adiposity is associated with increased risk of cardio-metabolic comorbidities,
such as hypertension and diabetes [2, 3]. Prevalence of metabolic syndrome is high among
obese children and adolescents and increases with higher central obesity [4]. Along with diet,
sleep and physical activity have been identified as important modifiable risk factors implicated
in the development of overweight, obesity, and metabolic health problems [5].

The importance of adequate sleep for health and daily functioning in adolescents is well
established [6, 7], although most studies are based on subjective data. Most national and inter-
national guidelines focus on recommendations for sleep duration, since prior research has
demonstrated that insufficient sleep duration during adolescence is associated with a variety of
cognitive, psychological, and health risks, including higher body mass index (BMI) [8-10],
greater body fat [11], and increased insulin resistance [12]. However, emerging evidence sug-
gests that sleep quality [13-15] and timing may also affect adolescent cardiometabolic risk fac-
tors [7]. For instance, later bedtimes are associated with greater BMI [10, 16], body fat [11]
and higher systolic blood pressure in children and adolescents [17]. Markers of irregular sleep
schedules, such as high variability in sleep duration or greater shifts in sleep timing and dura-
tion on weekends, have also been associated with greater adiposity and abdominal obesity [18,
19] and higher BMI and insulin levels [20] in children and adolescents. Studies also suggest
that long-term exposure to a disrupted sleep schedule [21] or low physical activity [22] can
increase the risk of developing metabolic syndrome, while higher levels of physical activity in
children and adolescents are associated with favorable body mass index, lower adiposity, and
better cardio-metabolic health [23, 24]. However, adolescent sleep and physical activity are
commonly assessed using self-report [25] which tends to overestimate sleep length and physi-
cal activity level, suggesting that adolescents likely sleep less [26] and are less active [27] than
previously reported.

In one of the few studies to measure adolescent sleep and body composition with objective
measures, He et. al. (2015) found that more variable sleep patterns, but not shorter sleep dura-
tion, was associated with greater central adiposity [18]. However, this study did not include a
measure of physical activity, and sleep variability was computed over the entire week. We [28]
and others [29, 30] have shown that adolescent sleep patterns are quite different on school
nights and non-school nights, thus inclusion of non-school nights likely increases calculated
sleep variability. Since studies with simultaneous objective measures of metabolic risk factors
and school day sleep and activity are sparse, it is not known whether physical activity and sleep
contribute to a better cardiometabolic profile independently.
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The aim of the study was to examine associations between metabolic risk factors and con-
current objective measures of free-living sleep and physical activity among Icelandic adoles-
cents. We hypothesized that less activity, shorter sleep duration, poorer sleep quality, and
more varied sleep schedules will associate with less favorable cardiometabolic profiles.

Methods
Study design and data collection

All students attending the second grade in six of the largest primary schools in Reykjavik, Ice-
land were invited to participate in a longitudinal cohort studying health, cardiovascular fitness,
and physical activity initiated at seven to eight years of age (N = 320, 82% participated) [31]. In
April of 2015, all 411 students (age 15-16) enrolled in the 10™ grade at the respective schools
received an invitation letter to participate, regardless of their participation in earlier waves of
the study. Previous participants who had changed schools were excluded. During April-June,
one week of concurrent measurement of sleep and activity with wrist actigraphy was intro-
duced [28]. Anthropometry, blood pressure measurements, questionnaires, and wrist acceler-
ometers were administered at the schools. Students were driven to The Icelandic Heart
Association for dual-energy X-ray absorptiometry (DXA) scanning and blood sampling.

Three hundred and fifteen students agreed to participate (response rate 77%), and 252, or
18.6% of the 15 year-olds living in Reykjavik in 2015 (1355) [32], complete data for question-
naire, body composition, sleep, and physical activity measurements. However, participants
with and without complete sleep and activity data did not differ in terms of sex distribution,
parental education, age, body composition, or cardiometabolic risk markers (S1 Table). Addi-
tionally, two participants were missing waist circumference measurements, 4 did not have
valid blood pressure measurements, and 13 refused blood draws for serum glucose and insulin.
Study participation is shown in Fig 1.

The current study is an exploratory analysis of the 252 participants with complete data
whose sleep and physical activity patterns we have previously reported on in greater detail
[28]. Written informed consent was obtained from all participants and their guardians. The
study was approved by the National Bioethics Committee, the Icelandic Data Protection
Authority (Study number: VSNb2015020013/13.07), and the Icelandic Radiation Safety
Authority. The study was conducted in agreement with the guidance provided in the Declara-
tion of Helsinki.

Sleep and physical activity parameters

Free-living sleep and physical activity were measured with a wrist-worn accelerometer (GT3X
+, Actigraph Inc., Pensacola, FL, USA). The accelerometer was placed on the non-dominant
wrist at school and the participant was asked to wear it continuously for a week. Physical activ-
ity counts and sleep duration, timing, and quality, were computed with Actilife software ver-
sion 6.13.0 (Actigraph). The Sadeh algorithm, validated for adolescents [33], was used to
detect sleep onsets and awakenings, which were visually inspected and adjusted as necessary
by two expert scorers based on daily sleep logs maintained during the week of actigraphy.
Wear time and vector magnitude of physical activity counts from 12 midnight to 12 midnight
the next day [34] were computed in MATLAB (version R2013a MathWorks, Natick, MA,
USA) using previously described algorithms [28, 35]. Since only one week of accelerometer
data was collected, we focused our analysis on school days (Monday-Friday) and nights (Sun-
day-Thursday) and did not include data for weekends or holidays. Participants with >3 school
days and wear time >14 hours were included in analyses of sleep. The longest nightly sleep
period beginning between 12 noon and 12 noon the next day was used in the analyses. The
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Invited to participate
n =411 (218 Girls)

Declined or schedule

> conflict
v n =96 (36 Girls)
Participated
n =315 (183 Girls) Missing questionnaire
or body composition:
> n = 38 (23 Girls)
v Invalid sleep/activity:

Valid sleep, activity, body composition, and n =25 (14 Girls)

questionnaire
n = 252 (146 Girls)

Missing waist
circumference and Declined blood draw
blood pressure n =13 (8 Girls)
n =4 (1 Girls)
A\ 4
Included in models Included in models ireliidadi de
of waist of BMI and total n?u edin Imo els
circumference and body and trunk fat o s:r:gr};gulf;ose
blood pressure percentage B )
n = 248 (145 Girls) n = 252 (146 Girls) n =239 (138 Girls)

Fig 1. Flow chart describing study participation.
https://doi.org/10.1371/journal.pone.0229114.g001

wear time requirement is in line with a recent systematic review of accelerometer data collec-
tion that recommend a minimum wear time of 10 h/day but also noted 24 h assessment for
sleep and activity may require longer wear times than studies focused only on waking activity
[36]. Sleep and activity parameters are defined in Table 1.

Body composition

Height, weight, and waist circumference was measured at participants’ schools. Standing
height was measured with a stadiometer (Seca model 217, Seca Ltd. Birmingham, UK) to the
nearest 0.1 cm. Body weight was measured to the nearest 0.1 kg using a scale (Seca model 813,
Seca Ltd. Birmingham, UK) with participants wearing light clothes. BMI was calculated by
dividing weight by height squared (kg/m?). Waist circumference was measured to the nearest

Table 1. Sleep and physical activity parameters.

Actigraphy parameter Definition

Sleep duration Time spent asleep between sleep onset and awakening (hours/night)
Variability in sleep duration Night-to-night variation (standard deviation) of sleep duration (hours)
Bedtime Time of sleep onset (clock time)

Variability in bedtime Night-to-night variation (standard deviation) of sleep onset (hours)
WASO Wake time after sleep onset (hours/night)

Physical activity Activity/wear time (3D-counts/minutes of wear/day)

https://doi.org/10.1371/journal.pone.0229114.t001
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0.1 cm using a tape measure next to skin at the narrowest place between the lowest rib and the
iliac crest. Fat-free and fat mass were measured with dual-energy X-ray absorptiometry (DXA)
using a GE LUNAR scanner (General Electric Lunar iDXA) at the Icelandic Heart Association.
All DXA measurements were performed by a certified radiologist. Body fat percentage was cal-
culated by dividing total fat mass by the total body mass (fat mass + lean mass + bone mineral
content) and trunk fat percentage was calculated by dividing the total trunk fat mass by total
trunk mass. Resting blood pressure was measured on the left arm of seated participants and
the average of three measurements was used for analysis.

Serum measures

Fasting blood samples were obtained using standard procedures after overnight fasting; sam-
ples were analyzed for glucose and insulin. Insulin (mU/L) in serum was measured using the
INSULIN assay from Roche, a sandwich electrochemiluminescence immunoassay ECLIA on
Cobas e 411 (Roche, Switzerland). The inter-assay coefficient of variation was < 5.06% using a
frozen serum pool and < 2.36% using quality control samples from Roche. Glucose (mmol/L)
in serum was measured using the GLUC2 assay from Roche, an enzymatic reference method
with hexokinase. The measurements were done on a Cobas e 311 (Roche, Switzerland). The
inter-assay coefficient of variation was <1.65% using a frozen serum pool and <1.66% using
quality control samples from Roche.

Survey questions and environmental data

Students provided the educational attainment of both mother and father from the following
options (presented in Icelandic): 1 = “elementary degree”, 2 = “secondary degree”, 3 = “trade
school degree”, 4 = “university degree”, 5 = “other”, 6 = “do not know”, 7 = “do not want to
answer”. For the current analysis, responses were recoded into a binary variable: 1 = “parent
with a university degree” or 0 = “no parent with a university degree”, as described previously
[37]. Information on day length (hours of day light) was obtained from National Oceanic and
Atmospheric Administration (NOAA) Earth System Research Laboratory Solar Calculator
[38]. Information on ethnicity was not collected in this study since the population of Iceland is
traditionally ethnically homogenous. For example, during data collection in 2015, only 8% of
15 years old adolescents in Reykjavik were of non-Icelandic origin [39].

Statistical analyses

T-test for independent samples was used to assess whether participant characteristics, sleep
parameters, and physical activity differed between the sexes, unless otherwise noted. Separate
multiple linear regression models adjusted for sex, parental education, and day length, were
used to explore the associations of each sleep and activity parameter with body composition
parameters (BMI, total body fat percentage and trunk fat percentage) and metabolic risk fac-
tors (insulin, glucose, blood pressure). In further analysis, body composition and metabolic
risk factors were included as response variables while sleep duration, WASO, sleep variability,
and physical activity were all simultaneously included as predictor variables in models addi-
tionally adjusted for sex, parental education, and day length. In a separate analysis, body com-
position and metabolic risk factors were again included as response variables while bedtime
and bedtime variability were simultaneously included as predictor variables in models addi-
tionally adjusted for physical activity, sex, parental education, and day length. Regression anal-
yses were repeated separately by sex for response variables found to be significantly different
for boys and girls. Sleep and bedtime variability were log-transformed prior to regression anal-
yses to correct for skewed distributions. Statistical analyses were carried out in Rstudio
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(Boston, MA, USA, Version 1.1.456) using R statistical software (https://www.r-project.org/,
Version 3.5.1). Statistical significance level was set at p<0.05.

Results

Participant characteristics are shown in Table 2. Although boys were taller and heavier than
girls, BMI (overall mean = 21.9+3.0 kg/ m?) did not differ between the sexes. Overall, 87% of
the participants had BMI below 25 kg/m?, 10% had 25< BMI <30 kg/m?, and 2.5% had

BMI > 30 kg/m?. Boys had lower total body and trunk fat percentage, smaller waist circumfer-
ence, and slightly higher systolic pressure, but there were no sex differences in age, parental
educational attainment, or serum insulin and glucose levels. Participants with and without a
parent with a university degree did not differ in characteristics, body composition, blood pres-
sure, or serum insulin and glucose.

Sleep and physical activity parameters did not differ between the sexes (Table 3) or between
those with or without a parent with a university degree. On average, participants spent
7.05 + 0.82 hours in bed on school nights, going to bed at 00:22 + 0.88 hours and rising at
07:27 % 0.62 hours. While in bed, participants were awake 0.83 + 0.36 hours and asleep
6.19 + 0.73 hours. Night-to-night variations in bedtime and sleep duration
(median + interquartile range) were 0.75 + 0.55 hours and 0.64 + 0.53 hours, respectively.

The association of metabolic risk factors to physical activity and sleep duration, quality, and
variability are shown in Table 4. Average sleep duration was not associated with body compo-
sition or metabolic parameters. However, the nightly variability of sleep duration was posi-
tively associated with both total body and trunk fat percentages. Physical activity was
negatively associated with trunk fat percentage and fasting insulin levels. Neither physical
activity nor any of the sleep parameters was associated with fasting plasma glucose. WASO, an
indicator of sleep quality, was not associated with any metabolic risk factors.

When average sleep duration, WASO, and physical activity were added as covariates, the
significant associations between variability in sleep and total and trunk fat percentage did not
persist (Table 4, combined model). However, the negative associations between physical activ-
ity and trunk fat percentage and fasting insulin levels remained significant, with standardized
B values, presented as B [95% confidence intervals], of -0.114 [-0.218, -0.010] and -0.203
[-0.332, -0.074], respectively. When boys and girls were analyzed separately, the negative rela-
tionships between physical activity and total body and trunk fat percentage persisted for boys
but not girls (S2 Table).

The association of metabolic risk factors to average bedtime and nightly bedtime variability
is shown in Table 5. Mean bedtime was not associated with any of the body composition or
metabolic parameters after adjusting for sex, parental education, and day length. However,
using the same covariates, bedtime variability was positively associated with BMI, waist cir-
cumference, total body and trunk fat percentage. All significant relationships persisted when
average bedtime and nightly bedtime variability were included in a combined model, adjusted
for physical activity, sex, parental education, and day length. Standardized B values for the log-
transformed bedtime variability in the significant outcomes, presented as 3 [95% confidence
intervals] were 0.140 [0.014, 0.267] for BMI, 0.137 [0.016, 0.257 for waist circumference,0.060
[0.070, 0.250] for total body fat percentage, and 0.161 [0.060,0.263] for trunk fat percentage.
When girls and boys were analyzed separately, the associations between bedtime variability
and total body and trunk fat percentage remained significant for girls but not boys (S3 Table).
The relationship between bedtime variability and waist circumference was not significant for
either sex when analyzed separately.
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Table 2. Participants characteristics.

All (252) Boys (106) Girls (146) p (Boys vs Girls)
Subjects Characteristics
Age, years 158+ 0.3 15.8+0.3 159+0.3 0.12
Height, cm 172.0 £ 8.0 178.5 £ 6.0 167.3 £5.6 <0.001
Weight, kg 64.8 £ 10.6 68.9 +10.3 61.9+9.7 <0.001
Body mass index, kg/m* 21.9+3.0 21.6+2.9 22.1+3.1 0.21
Body fat, % 25.1+8.6 18.2 £ 6.6 30.2+5.9 <0.001
Trunk fat, % 23.6 £9.6 17.0+7.8 283+7.8 <0.001
Waist circumference, cm* 70.6 +7.1 73.5+6.2 68.6 +7.1 <0.001
Diastolic pressure, mmHg* 709+54 70.2 £5.6 714 +5.1 0.21
Systolic pressure, nmHg" 114.4+9.7 118.6 £ 9.9 111.6 + 8.3 <0.001
Glucose, mmol/L** 49+0.5 49+0.4 49+0.5 0.57
Insulin, mU/L** 9.7+4.7 8.4+3.7 10.6 5.2 0.73
Parent with university degree, N (%) 193 (76.6%) 83 (78.3%) 110 (75.3%) 0.69

Data presented as mean + standard deviation
*248 participants (103 Boys, 145 Girls)
**239 participants (101 Boys, 138 Girls); Boldface type indicates significant difference (p<0.05).

https://doi.org/10.1371/journal.pone.0229114.t002

Discussion

We studied the free-living sleep and physical activity patterns on school days in a sample of
15-year-old Icelandic boys and girls, and, as hypothesized, we found that greater nightly varia-
tion in sleep duration and bedtime, and less physical activity was associated with less favorable
indicators of metabolic health. Surprisingly, neither mean bedtime nor average sleep duration
on school nights was associated with any of the cardiometabolic risk factors measured in our
study. These findings support the idea that, along with an adequate amount of physical activity,
a regular sleep schedule is important for metabolic health of adolescents.

We found that the participants in our study had considerable nightly variation in sleep
duration (0.75 hours) and bedtime (0.64 hours) on school nights and that higher nightly

Table 3. Summary sleep and physical activity parameters.

All (252) Boys (106) Girls (146) p (Boys Vs. Girls)
Time in bed, hours/night 7.05 +0.82 6.99 +0.84 7.09 + 0.80 0.34
Sleep duration, hours/night 6.19+0.73 6.13+0.78 6.24 +0.70 0.28
Bedtime, hh:mm + hours 00:22 £ 0.88 00:28 £ 0.90 00:18 + 0.87 0.12
Rise time, hh:mm + hours 07:27 + 0.62 07:30 + 0.68 07:24 +0.57 0.25
WASO, hours/night 0.83 £0.36 0.83 £0.35 0.83 £ 0.36 0.98
Variability in sleep duration, hours* 0.75 + 0.55 0.77 +0.53 0.76 + 0.57 0.48
Variability in bedtime, hours* 0.64 £ 0.53 0.74 £ 0.52 0.61 +0.58 0.26
Activity, (counts/min of wear time) x 1000 2.21+0.50 2.24+047 2.18£0.52 0.42
Wear time, hours/night 23.76 + 0.39 23.69 + 0.50 23.81 +£0.29 0.03
Valid days, days 4606 4507 47405 0.13
Day length, hours/day 17.46 + 1.87 17.35+1.86 17.54 +1.88 0.42

Data presented as mean + standard deviation unless otherwise noted; p-values are the result of unpaired T-test unless otherwise noted; WASO: wake after sleep onset
*Sleep variability data presented as median + interquartile range and p-values are results of Mann-Whitney tests due to skewed distributions; Boldface type indicates

significant difference (p<0.05).

https://doi.org/10.1371/journal.pone.0229114.t1003
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Table 4. Association of metabolic risk factors to physical activity and sleep duration, quality, and variability.

Sleep duration

WASO

Nightly variability in sleep duration

Physical activity

B [95% CI] (p)

B [95% CI] (p)

B [95% CI] (p)

B [95% CI] (p)

Body mass index, kg/m*

Individual model -0.275 [-0.786,0.237] (0.3) | -0.889 [-1.932,0.154] (0.1) 1.164 [-0.293, 2.622] (0.1) 0.543 [-0.210, 1.295] (0.2)
Combined model -0.150 [-0.671, 0.371] (0.6) -0.817 [-1.860, 0.226] (0.1) 1.255 [-0.223, 2.733] (0.1) 0.535 [-0.238, 1.309] (0.2)
Trunk fat, %

Individual model

-0.435 [-1.767, 0.898] (0.5)

-2.187 [-4.901, 0.527] (0.1)

4.214 [0.441, 7.987] (0.03)

-2.115 [-4.063, -0.167] (0.03)

Combined model
Total body fat, %

-0.535 [-1.879, 0.809] (0.4)

-2.440 [-5.130, 0.249] (0.1)

3.490 [-0.323, 7.302] (0.07)

-2.178 [-4.172, -0.183] (0.03)

Individual model

Combined model

-0.521 [-1.582, 0.539] (0.3)
-0.575 [-1.646, 0.496] (0.3)

-1.722 [-3.885, 0.442] (0.1)
-1.898 [-4.040, 0.244] (0.1)

3.587 [0.584, 6.590] (0.02)
3.000 [-0.037, 6.037] (0.05)

-1.514 [-3.069, 0.041] (0.06)
-1.586 [-3.174, 0.003] (0.05)

Waist circumference, cm
Individual model

-0.169 [-1.324, 0.986] (0.8)

-1.724 [-4.088, 0.640] (0.2)

2.438 [-0.879, 5.755] (0.1)

-0.473 [-2.181, 1.235] (0.6)

Combined model

-0.112 [-1.295, 1.071] (0.9)

-1.742 [-4.118, 0.634] (0.1)

2.245 [-1.141, 5.631] (0.2)

-0.463 [-2.217,1.291] (0.6)

Diastolic pressure, nmHg

Individual model

0.355 [-0.565, 1.275] (0.4)

1.200 [-0.711, 3.111] (0.2)

-0.112 [-2.786, 2.561] (0.9)

-1.078 [-2.432, 0.276] (0.1)

Combined model

0.228 [-0.716, 1.172] (0.6)

1.091 [-0.828, 3.011] (0.3)

-0.262 [-2.980, 2.455] (0.8)

-0.976 [-2.373, 0.422] (0.2)

Systolic pressure, mmHg

Individual model

0.450 [-1.104, 2.005] (0.6)

1.305 [-1.928, 4.537] (0.4)

-1.925 [-6.433, 2.582] (0.4)

0.721 [-1.575, 3.016] (0.5)

Combined model

0.477 [-1.123, 2.077] (0.6)

1.391 [-1.863, 4.645] (0.4)

-1.562 [-6.169, 3.045] (0.5)

0.823 [-1.546, 3.192] (0.5)

Glucose, mmol/L

Individual model

-0.076 [-0.168, 0.017] (0.1)

-0.018 [-0.208, 0.172] (0.9)

-0.152 [-0.416, 0.111] (0.3)

0.011 [-0.125, 0.147] (0.9)

Combined model
Insulin, mU/L

-0.085 [-0.180, 0.010] (0.1)

-0.016 [-0.206, 0.174] (0.9)

-0.182 [-0.450, 0.087] (0.2)

-0.026 [-0.166, 0.114] (0.7)

Individual model

0.254 [-0.552, 1.061] (0.5)

-0.486 [-2.138, 1.166] (0.6)

1.034 [-1.259, 3.328] (0.4)

-1.901 [-3.060, -0.743] (0.001)

Combined model

0.038 [-0.775, 0.851] (0.9)

-0.721 [-2.352, 0.910] (0.4)

0.546 [-1.754, 2.847] (0.6)

-1.893 [-3.098, -0.689] (0.002)

Sleep duration is in units of hours/nights; WASO: wake after sleep onset, in hours/night; Variability in sleep duration was log transformed, units are logo(hours);

Physical activity is in units of (average daily counts/minutes of wear) x 1000; B represent unstandardized regression coefficients; CI: confidence interval; Individual

models adjusted for sex, parental education, and day length; Combined models include sleep duration, WASO, nightly variability in sleep duration, physical activity, sex,

parental education, and day length; Boldface type indicates significant relationships (p<0.05).

https://doi.org/10.1371/journal.pone.0229114.t1004

variability in these parameters was related to greater measures of adiposity. These findings are
consistent with previous studies of sleep variability and metabolic health, although to date
study of this relationship in adolescents has been sparse. He et al. (2015), also found that high
variability in sleep duration was associated with greater central adiposity in a group of similarly
aged adolescents, even after controlling for food intake [18]. However, there were several nota-
ble differences in our regression analyses: (1) we included a measure of physical activity, a
well-documented contributor to body composition and metabolic health, and (2) we excluded
non-school nights of sleep, when sleep patterns are typically less regular and very different
from school night for adolescents [40]. The exclusion of non-school nights from our analysis
may partly explain the lower night-to-night variation in sleep duration for our participants
compared to He et al. (2015) (0.75 hours vs. 1.2 hours) [18]. Despite these differences, we
observed a similar robust association between sleep duration and bedtime variability and adi-
posity. For instance, our combined regression model indicates that a 30 min increase in vari-
ability in nightly sleep duration would lead to a 1.1% increase in trunk fat and a 0.9% increase
in total body fat. All else being equal, a participant in the ninetieth percentile of night-to-night
sleep variability in our cohort (the ninetieth percentile, with variability of 1.49 hours over the
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Table 5. Association of metabolic risk factors to average bedtime and nightly variability in bedtime.

Bedtime

Nightly variability in bedtime

B [95% CI] (p)

B [95% CI] (p)

Body mass index, kg/m*

Individual model

0.222 [-0.213, 0.658] (0.3)

1.488 [0.209, 2.766] (0.02)

Combined model

0.116 [-0.324, 0.557] (0.6)

1.445 [0.142, 2.748] (0.03)

Trunk fat, %

Individual model

0.456 [-0.678, 1.590] (0.4)

5.489 [2.200, 8.779] (0.001)

Combined model
Total body fat, %

0.143 [-0.985, 1.272] (0.8)

5.315 [1.975, 8.655] (0.002)

Individual model

Combined model

0.481 [-0.422, 1.383] (0.3)
0.196 [-0.699, 1.092] (0.7)

4.899 [2.292, 7.506] (0.003)
4.721 [2.070, 7.372] (0.001)

Waist circumference, cm
Individual model

0.070 [-0.917, 1.057] (0.9)

3.267 [0.393, 6.141] (0.03)

Combined model

-0.142 [-1.144, 0.860] (0.8)

3.332[0.388, 6.275] (0.03)

Diastolic pressure, nmHg

Individual model

-0.184 [-0.973, 0.606] (0.6)

-0.851 [-3.173, 1.470] (0.5)

Combined model

-0.100 [-0.904, 0.704] (0.8)

-0.840 [-3.204, 1.524] (0.5)

Systolic pressure, mmHg

Individual model

-0.400 [-1.733, 0.932] (0.6)

-3.495 [-7.394, 0.404] (0.1)

Combined model

-0.201 [-1.557, 1.156] (0.8)

-3.353 [-7.342, 0.635] (0.1)

Glucose, mmol/L

Individual model

0.036 [-0.043, 0.115] (0.4)

-0.02 [-0.256, 0.216] (0.9)

Combined model
Insulin, mU/L

0.038 [-0.042, 0.118] (0.4)

-0.039 [-0.279, 0.202] (0.8)

Individual model

0.071 [-0.616, 0.758] (0.8)

0.783 [-1.273, 2.839] (0.5)

Combined model

0.062 [-0.623, 0.747] (0.9)

0.646 [-1.407, 2.698] (0.5)

Bedtime is in units of hours from midnight; Variability in bedtime was log transformed, units are log10(hours); B

represent unstandardized regression coefficients; CI: confidence interval; Individual models adjusted for sex, parental

education, and day length; Combined models include bedtime, nightly variability in bedtime, physical activity, sex,

parental education, and day length; Boldface type indicates significant relationships (p<0.05).

https://doi.org/10.1371/journal.pone.0229114.t005

school week) could be expected to have 2.4 percentage points higher body fat than a partici-
pant in the lower range of our cohort (the tenth percentile, with variability of 0.33 hours over
the school week). Similarly, the upper range of bedtime variability (the ninetieth percentile,
with variability of 1.39 hours over school week) could be expected to have 3.4 percentage
points higher body fat than those in the lower range of the cohort (the tenth percentile, with
variability of 0.27 hours over the school week). The similarity between relationships with vari-

ability in sleep duration and bedtime was also not surprising, since the two measures were

highly correlated (r = 0.72, p<0.0001). These findings reinforce the idea that adolescents
should maintain a regular sleep schedule.

Contrary to our hypothesis, we did not observe a relationship between mean bedtime or
average sleep duration and metabolic risk factors. While a number of previous studies have

noted a positive association between self-reported short sleep and obesity in adolescents [41-
43], some more recent studies find a lack of this relationship while measuring sleep with acti-
graphy [17, 18]. In agreement with our findings, He et al. (2015) found that high variability in
sleep duration, but not mean sleep duration, was associated with greater central adiposity [18].
However, we did not find an association between average bedtime and blood pressure, as
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demonstrated by Mj, et al. (2019) in a group of mostly younger adolescents (12.4 + 2.6 y) [17].
Several population-based studies employing self-report sleep measures have observed U-
shaped distributions between sleep duration and markers of obesity [42, 43] and metabolic
syndrome [44]. These studies benefitted from large sample-populations and broad ranges of
body composition and reported sleep duration. We found no evidence for such U-shaped rela-
tionships, but our Icelandic cohort was smaller and more homogenous, with a low prevalence
(12%) of overweight and obesity and a high prevalence (88%) of short school night sleep [28].
Thus, our results may reflect a more subtle relationship between sleep parameters and body
composition than found in studies with larger samples, broader ranges of sleep duration, and
greater prevalence of overweight and obesity.

The positive influence of physical activity and the metabolic health of adolescents is well
documented [45]. Our finding that wrist-actigraphy measured physical activity was inversely
associated with trunk fat percentage and serum insulin levels is largely confirmatory of previ-
ous work and consistent with our hypothesis. To put these findings in perspective, all else
being equal, one would expect those with a physical activity in the upper range of the cohort
(the ninetieth percentile with 2800 counts/min of wear time each day) to have 5.4 mU/L lower
fasting insulin and 3.8 percentage points lower trunk fat than those in the lower range of the
cohort (the tenth percentile, with1600 counts/min of wear each day). Although these are sub-
stantial cross-sectional differences, they are smaller than the changes in these measures
observed during aerobic exercise interventions in adolescents [46].

Body composition and systolic blood pressure differed significantly by sex but were largely
in line with previous findings in adolescence [47-49]. Considering these differences, we per-
formed additional sex-specific regression analyses for systolic blood pressure, waist circumfer-
ence, and total body and trunk fat percentage. We did not find any significant sex-specific
associations for systolic blood pressure or waist circumference, although the reduced sample-
size may have played a role. We did observe that physical activity was more strongly associated
with total body and trunk fat for boys, while variability in bedtime was more strongly associ-
ated with body composition for girls. Study of larger samples are needed to confirm and
explain the sex-based differences in these associations.

The potential causal pathways between irregular sleep patterns and increased body fat are
not yet clear. Study of healthy non-overweight children (5-12 years), Burt et al. (2014), found
that shorter sleep duration and poor sleep continuity were associated with overeating and
other behavior related to obesity risk [50]. Sleep timing, duration, and quality are known to
affect regulatory hormones, such as cortisol and growth hormone, as well as appetite regula-
tory hormones leptin and ghrelin [51]. Thus, high variability in sleep schedule may affect appe-
tite control and contribute to greater adiposity and markers of poorer metabolic health.
However, we did not have a measure of food intake and, thus, cannot explore potential rela-
tionships between diet, sleep variability, and metabolic health. Additionally, based on our
cross-sectional study design, we cannot rule out reverse causality.

A strength of this study is the objective measurement of sleep patterns, physical activity,
and body composition. Most previous studies of sleep in this age group have relied on self- or
parent-report of typical time in bed or bed- and rise-times. Self-reported measures tend to
over-report sleep time [26, 52] and under-report awakenings during sleep [52]. Wrist actigra-
phy has been validated against laboratory-based polysomnography in this age group and
shown to have higher accuracy than self-report for sleep duration [53] and awakenings [54].
DXA is a highly accurate method of classifying body tissues and assessing regional body fat dis-
tribution [55-57].

This study has some limitations. The sample size was relatively small (n = 251). However, it
represents 18.6% of the 15-year-old population of Reykjavik in 2015 (n = 1355) [32]. This was
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an exploratory analysis, following up on our previous work [28], and it was not powered to
detect a pre-specified outcome. However, our interpretation of the results was not altered by
the results of a Benjamini-Hochberg analysis [58] of the 96 comparisons summarized in Tables
4 and 5, using a false discovery rate (Q) of 0.25, since the p-values of all associations noted as
significant were below the Benjamini-Hochberg critical p-value of 0.0335. The cross-sectional
nature precludes study of the temporal relationships between sleep, physical activity, and met-
abolic factors. All measurements were collected from spring until early summer, a period of
drastic change in day length and weather in Iceland which could affect sleep timing [59] and
physical activity level [59, 60]. Earlier analyses of this cohort found no association between
sleep duration and day length [28] but a positive association between physical activity and day
length [35]. We attempted to mitigate the influence of day length by statistically controlling for
it in all regression models. Finally, our sample is mostly lean and racially and ethnically homo-
geneous, potentially limiting the generalizability of the results to other populations.

Conclusion

Greater nightly variation in bedtime and sleep duration and less physical activity was associ-
ated with higher fat accumulation and higher insulin levels in 15-year-old adolescents,
highlighting the importance of physical activity and maintaining a regular sleep schedule. Fur-
ther research is needed to determine the longitudinal relationship between sleep, physical
activity, and metabolic health from adolescence into adulthood.
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Table S1. Comparison of participants with complete and incomplete sleep and activity data

Incomplete Data Complete Data  p-value
Participants, N (% Female) 25 (56.0%) 252 (57.9%) 1.0
Parent with university degree, N (%) 17 (68.0%) 193 (76.6%) 0.5
Age, years 15.9+0.3 15.8+£0.3 0.2
Height, cm 171977 172.0+8.0 0.9
Weight, kg 66.4 +14.6 64.8 +10.6 0.6
Body mass index, kg/m? 224+4.0 21.9+3.0 0.6
Trunk fat, % 24.6+10.6 23.6+£9.6 0.7
Total body fat, % 26.3+9.5 25.1+86 0.6
Waist circumference, cm* 71.0+9.8 706+7.1 0.9
Diastolic pressure, mmHg* 70.4 +5.6 70.8 £5.5 0.7
Systolic pressure, mmHg* 114.6 +£10.0 115.1+12.8 0.8
Glucose, mmol/L** 49+0.3 49+05 0.7
Insulin, mU/L** 108+7.4 9.7+4.7 0.5

Data presented as mean + standard deviation unless otherwise noted; *250 participants (105 boys, 145 girls)
with complete data; **24 (11 boys, 13 girls) participants with incomplete data, 239 participants (101 boys, 138
girls) with complete data.
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Table S3. Association of metabolic risk factors to average bedtime and nightly

variability in bedtime for boys and girls.

Bedtime
B [95% CI] (p)

Nightly variability in bedtime
B [95% CI] (p)

Trunk fat, %
Boys
Individual model
Combined model
Girls
Individual model
Combined model
Total body fat, %
Boys
Individual model
Combined model
Girls
Individual model
Combined model
Waist circumference, cm
Boys
Individual model
Combined model
Girls
Individual model
Combined model
Systolic pressure, mmHg
Boys
Individual model
Combined model
Girls
Individual model
Combined model

0.772 [ -0.996, 2.54] (0.4)
0.726 [ -0.995, 2.447] (0.4)

0.339[-1.171, 1.849] (0.7)
-0.22 [ -1.757, 1.317] (0.8)
0.703 [ -0.793, 2.199] (0.4)
0.621 [ -0.841, 2.082] (0.4)
0.423 [ -0.718, 1.565] (0.5)
-0.039 [ -1.195, 1.118] (0.9)
0.481 [ -0.949, 1.911] (0.5)
0.490 [ -0.945, 1.924] (0.5)
-0.197 [ -1.58, 1.186] (0.8)
-0.590 [ -2.015, 0.835] (0.4)
-0.328 [ -2.598, 1.941] (0.8)

-0.214 [ -2.529, 2.100] (0.9)

-0.587 [ -2.213, 1.04] (0.5)
-0.326 [ -2.015, 1.364] (0.7)

4.298 [ -1.048, 9.644] (0.1)
3.087 [ -2.196, 8.369] (0.2)

6.028 [ 1.703, 10.354] (0.007)
6.249 [ 1.729, 10.768] (0.007)
4.279 [ -0.225, 8.783] (0.1)
3.335[ -1.151, 7.82] (0.1)
5.070 [ 1.816, 8.323] (0.002)
5.123 [ 1.722, 8.525] (0.003)
2.519 [ -1.756, 6.795] (0.2)
1.850 [ -2.477, 6.177] (0.4)
3.760 [ -0.251, 7.771] (0.1)
4.183 [ -0.002, 8.368] (0.05)
-3.382[ -10.168, 3.404] (0.3)

-3.126 [ -10.106, 3.855] (0.4)

-3.192[ -7.938, 1.555] (0.2)
-2.964 [ -7.919, 1.991] (0.2)

Sleep duration is in units of hours/nights; WASO: wake after sleep onset, in hours/night;
Variability in sleep duration was log transformed, units are log,o(hours); Physical activity is in
units of (average daily counts/minutes of wear) x 1000; B represent unstandardized regression
coefficients; Cl: confidence interval; Individual models adjusted for sex, parental education, and
day length; Combined models include sleep duration, WASO, nightly variability in sleep
duration, physical activity, sex, parental education, and day length; Boldface type indicates

significant relationships (p<0.05).
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Questionnaire for HHUI 2015

Heilsuhegdun ungra islendinga

Ageeti patttakandi, Rannsoknin Heilsuhegdun ungra islendinga er unnin af hopi kennara
og nemenda vid Haskola Islands med tilstyrk Rannséknasjods islands. Meginmarkmid
rannsOknarinnar er ad varpa ljosi & peer breytingar sem verda a likamlegu astandi, félagslegri
stodu og lidan ungs félks fra grunnskola til fullordinsara. Fyrri meelingar foru fram arin 2006
0g 2008, og er pessi spurningalisti lagdur fyrir pa4 sem toku patt i peim maelingum sem og
nyja patttakendur.  patttaka i rannsokninni er vitaskuld frjals en miklu mali skiptir ad sem
flestir taki patt. Rannsoknin beinist ad stédu hépsins i heild og peim breytingum sem ordid
hafa. Spurningalistinn er pvi nafnlaus og svor verda aldrei rakin til einstaklinga. Pessi
spurningalisti er stadladur og einstakar spurningar geta pvi att illa vid um pig persénulega.
Stundum getur verid erfitt ad velja bara eitt svar og stundum er ekkert svar sem a
nékveemlega vid. | peim tilvikum parft pi ad velja pad svar sem er naest pvi ad eiga vid. Vid
bidjum pig um ad svara 6llum spurningum en pu getur pé sleppt peim spurningum sem pu
treystir pér alls ekki til ad svara.  Lesid verdur Ur svorum med rafreenum haetti og
spurningalistum verdur eytt ad Urvinnslu lokinni. Erlingur J6hannsson préfessor vid Haskola
islands er stjérnandi rannséknarinnar og ber abyrgd & framkveemd hennar. Hann veitir allar
frekari upplysingar i sima 897 1115 eda med tolvuposti erljo@hi.is.

Keaerar pakkir fyrir patttokuna,
Erlingur S. Jéhannsson, Sigridur Lara Gudmundsdéttir, Sigurbjérn Arni Arngrimsson, Erla
Svansdottir , Sunna Gestsdottir, Margrét H. Indridadéttir, Vaka Rognvaldsdottir

Q70 Bakgrunnsupplysingar

Q2 Ertu karl eda kona?
O Karl (1)
O Kona (2)

Q3 Hvada ar ertu feeddur?
O 1998 (2)
O 1999 (3)
O 2000 (4)

Q7 Hverjir bla & sama heimili og pu? Merktu vid allt sem vid a. (Ef pa byrd & mérgum
stodum svarar pu fyrir adalheimili)

Badir foreldrar (1)

Modir min (2)

Fadir minn (3)

M&air og hennar maki (4)

Fadir og hans maki (5)

Systkini min, stjupsystkini eda féstursystkini (6)

Adrir, hverjir? (7)
Eg vil ekki svara (8)

o000 o0o0o



Q6 Hvada nami zetlar pu ad ljuka? Merktu vid allt sem vid a

Grunnskélaprofi (1)
Studentsprofi (2)
I8nréttindum/starfsréttindum (3)
Haskdlaprofi (4)

O6ru, hvada nami? (5)
Eg vil ekki svara (6)

Doo0oo0o0o

Q5 Hver er/var menntun f6dur pins? Merktu vid allt sem vid &

Grunnskdlaprof (2)
Studentsprof (3)
I8nréttindi/starfsréttindi (4)
Haskolaproéf (5)

Onnur (6)

Veit pad ekki (7)

Eg vil ekki svara (8)

I W W Iy Wy Wy

Q8 Hver er/var menntun médur pinnar? Merktu vid allt sem vid a

Grunnskélaprof (1)
Studentsproéf (2)
I18nréttindi/starfsréttindi (3)
Haskolaproéf (4)

Onnur (5)

Veit pad ekki (6)

Eg vil ekki svara (7)

I W W Wy Wy Wiy =

Q81 Ert pu med greiningu 4 einhverju af eftirfarandi:

Ja (1) | Nei (2)
Ofvirkni med athyglisbrest
(ADHD) (1) Q Q
Athyglisbrest (ADD) (2) Q O
Lesblindu (Dyslexia) (3) @) @)
A einhverfurdfi (Autistic
spectrum disorder) (4) Q Q




Q9 Hversu margar klukkustundir & dag gerir pu eftirtalid ad jafnadi a virkum dégum?

Meira
en5
kist. (7)

Ekkert Um % 1-2 kist. | 2-3 kist. | 3-4 klIst. | 4-5 klst.

(1) klst. (2) ©) (4) ) (6)

Spilar télvuleiki (t.d.
a
netinu, heimilistdlvu,
Playstation) (1)

Horfir & sjonvarp,
DVD eda myndefni O Q O @) @) Q O
af netinu (2)

Ert 4 netinu (t.d.
skoda
vefsidur, Facebook
eda
lesa/skrifa tolvupdst)
(3)

Hlustar & ténlist i
utvarpi, af diski eda Q O O O O o) @]

af netinu (4)

Lest baekur, timarit,
dagbl6d eda annad o Q O @) Q Q O
prentad efni (5)

Notar télvu i annad
en ad vera a netinu
eda spila tolvuleiki

(6)




Q11 Hversu margar klukkustundir & dag gerir pu eftirtalié ad jafnadi um helgar?

Ekkert (1)

Um % ’ 1-2 klst. ’ 2-3 kist. ’ 3-4 klst. ’ 4-5 klist. ’ Meira en

kist. (2) (3) (4) (5) (6) 5 klst. (7)

Spilar
tolvuleiki
(t.d. 4
netinu, Q @] @] O O O O
heimilistolvu,
Playstation)
(1)
Horfir &
sjénvarp,
DVD eda o @) o o O O O
myndefni af
netinu (2)

Ert & netinu
(t.d. skoda
vefsidur,
Facebook o o o o o o o
eda
lesa/skrifa
tolvupost)
(3)
Hlustar &
tonlist i
utvarpi, af Q Q Q O O O O
diski eda af
netinu (4)

Lest baekur,
timarit,
dagbl6d eda
annad
prentad efni
(5)
Notar tolvu i
annad en ad
vera & netinu Q O O o @) @) Q
eda spila
télvuleiki (6)




Q12 Hversu vel eiga eftirfarandi stadhaefingar vid um pig?

A frekar illa A frekar vel
vid um mig Hvorki né (3) vid um mig

(2) (4)

A mjog illa vid

A mjog vel vid

um mig (1) um mig (5)

Eg 4 audvelt
med ad fa
hlyju og
umhyggiju fra
fjdlskyldu
minni (1)

Eg 4 audvelt
med ad fa
andlegan

studning fra
fjélskyldu

minni (2)

Eg 4 audvelt
med ad fa

peninga ad

Iani hja o o o O] o
fjolskyldu
minni ef ég

parf (3)

Eg 4 audvelt
med ad fa
adstod hja
fidlskyldu

minni ef & parf

ad halda (4)




Q13 Hversu vel eiga eftirfarandi stadhaefingar vid um pig?

A frekar illa A frekar vel
vid um mig Hvorki né (3) vid um mig

(2) (4)

A mjog vel vid
um mig (5)

A mjog illa vid

um mig (1)

Eg 4 audvelt
med ad fa
hlyju og
umhyggiju fra
vinum minum
(1)

Eg 4 audvelt
med ad fa
andlegan
studning fra
vinum minum
(2)

Eg 4 audvelt
med ad fa
peninga ad
Iani hja vinum
minum ef ég
parf (3)

Eg 4 audvelt
med ad fa
adstod hja

vinum minum
ef & parf ad
halda (4)




Q71 Eftirfarandi spurningar eru um ipréttir og likamsraekt

Q14 Eftirfarandi spurningar eru um iproéttir og likamsraekt.

SIELCIEIAC 1sinni i 2-3 sinnum | 4-5 sinnum A

Aldrei (1) einu sinni i hverjum

viku (3) i viku (4) i viku (5)

viku (2) degi (6)

Hve oft
stundar pu
iprottir (aefir
eda keppir) Q @) @) Q Q Q
med
ipréttafélagi?
(1)
Hversu oft
stundar pu
ibréttir eda
2fingar sem
ekki eru a
vegum
ibréttafélags?
(2)
Hversu oft
reynir pu a
pig likamlega
bannig ad pu Q @) @) Q Q Q
madist
verulega efa
svitnir? (3)

Q15 Hversu margar klukkustundir zfir pu ipréttir eda stundar likamsraekt i venjulegri viku?

Ekkert (1)

Minna en eina klukkustund & viku (2)
Eina til tvaer klukkustundir & viku (3)
prjar til fiorar klukkustundir & viku (4)
Fimm til sex klukkustundir a viku (5)
Meira en sex klukkustundir a viku (6)

(O CNONONONONGC)

Eg vil ekki svara (7)



Q17 Stundar pu ipréttir?

O Ja(1)
O Nei(2)
QO Eg gerdi pad adur en ekki lengur (3)

Q16 Af hvada astaedum stundar pu ipréttir? Merktu i einn reit i hverri linu

Mjog Fremur _ Fremur Mjog
6sammala (1) | dsammala (2) S () ’ sammala (4) ‘ sammala (5)
Til ad halda
mér i gédu Q @) @) Q Q
formi (1)
Til ad bzeta
feerni mina i o @) O Q Q
iprottinni (2)
Til ad
skemmta mér Q @) @) Q Q
(3)
Til ad bzeta
heilsuna (4) Q Q Q Q Q
Til ad fitna
ekki (5) Q Q Q Q Q
Til ad lita
betur Gt (6) Q Q Q Q Q
Til ad fa
aukinn kraft Q @) @) O Q
og orku (7)
Til a§ (::ignast o o o o o
vini (8)
Til ad vera
med vinum O @) Q O Q
minum (9)
Til ad grenna
mig (10) o @) @) O o
Til ad vera
hluti af Q @) @) Q Q
ligi/hép (11)
Njéta pess ad
gera pad sem
égergdd/uri Q Q Q Q Q
(12)




Q18 Hvenaer stundadir pu sidast iproéttir eda likamsraekt?

000000

Eg hef aldrei stundad ipréttir eda likamsraekt (1)

Eg stundadi iprottir eda likamsraekt i pessari viku (2)

Eg stundadi iprottir eda likamsraekt i pessum manudi (3)

Eg stundadi iprottir eda likamsraekt & pessu &ri (4)

Eg stundadi ipréttir eda likamsraekt fyrir meira en ari sidan (5)

Eg stundadi iprottir eda likamsraekt fyrir meira en tveimur arum (6)
Eg vil ekki svara (7)

Q20 Af hvada astaedum haettir pu?

(OO CNONONONCNONONONONGC

bad var of dyrt (1)
pad tok of mikinn tima (2)

bad var of haettulegt (3)

pad var of leidinlegt (4)

Eg var ekki ndgu géd/ur (5)

Eg meiddist (6)

Eg var ekki velkomin/n (7)

Eg var of mikid Gti ad skemmta mér (8)
Vinur/vinir minir haettu i ipréttum (9)

bad voru gerdar of miklar kréfur um getu (10)
pad voru gerdar of miklar krofur um lifsstil (11)
Annad, hvad? (12)

Q21 Hefur pu einhvern timann purft ad sleppa a&fingum eda keppni med ipréttafélagi vegna
ibréttameidsla? Ef pu hefur ordid fyrir fleiri en einum meidslum skaltu svara fyrir alvarlegustu

meidslin.

QO Nei, aldrei (1)

Q J3, styttra en eina viku (2)

Q 14,1 1-3 vikur (3)

Q J3, lengur en prjar vikur (4)

Q J3, ég heetti fyrir fullt og allt vegna ipréttameidsla (5)
QO Hef aldrei aft iprottir (6)



Q22 Hversu sammala eda ésamala ertu eftirfarandi fullyrdingum?

Mjog Fremur Fremur Mjog
6sammala (1) | dsammala (2) sammala (4) sammala (5)

Hvorki né (3)

Mér finnst ég
hreyfa mig
négu mikid

(1)

Eg er géd(ur) i
ibrottum
midad vid O O] o O] O]
jafnaldra
mina (2)




Q72 Likamlegt astand

Q23 Myndir pu segja ad heilsa pin veeri...?

Framurskarandi (1)
God (2)

pokkaleg (3)

Léleg (4)

0000

Q24 Myndir pu segja ad likamlegt prek (uthald) pitt veeri...?

Framurskarandi (1)
Gott (2)

pokkalegt (3)
Lélegt (4)

00O

Q25 Hefur pyngd pin breyst eitthvad sidustu 12 manudi?

Nanastekkert | ) 31i62) 46 Kkil6 (3)

‘ 7-9 kil6 (4)

10 kil6 eda

(1)
Eg hef pyngst
um... (1)
Eg hef lést
um... (2)

meira (5)




Q26 Hversu pung(ur) ert pu an fata?Merktu vid pyngd i kildum

40 eda minna (75)
41 (76)
42 (77)
43 (78)
44 (79)
45 (80)
46 (81)
47 (82)
48 (83)
49 (84)
50 (85)
51 (86)
52 (87)
53 (88)
54 (89)
55 (90)
56 (91)
57 (92)
58 (93)
59 (94)
60 (95)
61 (96)
62 (97)
63 (98)
64 (99)
65 (100)
66 (101)
67 (102)
68 (103)
69 (104)
70 (105)
71 (106)
72 (107)
73 (108)
74 (109)
75 (110)
76 (111)
77 (112)
78 (113)
79 (114)
80 (115)
81 (116)
82 (117)

(O CNCNONONONCNONONONCNONONCNCONORONCNCONONONCONONONONCNONONONCNONONONCNONONONCNONONONONC,



C0O0O0O0OO0OOOLOOLOLOLOLOOLOLOOOLOLOOOOOOLOOLOOOOLOLOLOOLOOLOLOLOOOLOCOO

83 (118)
84 (119)
85 (120)
86 (121)
87 (122)
88 (123)
89 (124)
90 (125)
91 (126)
92 (127)
93 (128)
94 (129)
95 (130)
96 (131)
97 (132)
98 (133)
99 (134)
100 (135)
101 (136)
102 (137)
103 (138)
104 (139)
105 (140)
106 (141)
107 (142)
108 (143)
109 (144)
110 (145)
111 (146)
112 (147)
113 (148)
114 (149)
115 (150)
116 (151)
117 (152)
118 (153)
119 (154)
120 (155)
121 (156)
122 eda meira (157)



Q27 Hversu pung/ur vildir pu helst vera?

Satt/ur eins

1-3 kil6 (2) 4-6 kil6 (3) 7-9 kil6 (4)

10 kil6 eda

Eg vildi helst

pyngjast um...

(1)
Eg vildi helst
|éttast um...

()

ogéger (1)

meira (5)




Q28 Hversu ha(r) ert pu 4 sokkleistunum? Merktu vid haed i sentimetrum

130 eda laegri (59)
131 (60)
132 (61)
133 (62)
134 (63)
135 (64)
136 (65)
137 (66)
138 (67)
139 (68)
140 (69)
141 (70)
142 (71)
143 (72)
144 (73)
145 (74)
146 (75)
147 (76)
148 (77)
149 (78)
150 (79)
151 (80)
152 (81)
153 (82)
154 (83)
155 (84)
156 (85)
157 (86)
158 (87)
159 (88)
160 (89)
161 (90)
162 (91)
163 (92)
164 (93)
165 (94)
166 (95)
167 (96)
168 (97)
169 (98)
170 (99)
171 (100)
172 (101)

(O CNCNONONONCNONONONCNONONCNCONORONCNCONONONCONONONONCNONONONCNONONONCNONONONCNONONONONC,



173 (102)
174 (103)
175 (104)
176 (105)
177 (106)
178 (107)
179 (108)
180 (109)
181 (110)
182 (111)
183 (112)
184 (113)
185 (114)
186 (115)
187 (116)
188 (117)
189 (118)
190 (119)
191 (120)
192 (121)
193 (122)
194 (123)
195 (124)
196 (125)
197 (126)
198 (127)
199 (128)
200 (129)
201 (130)
202 (131)
203 eda heerri (132)

CO0C0O0OO0OO0OOOOOOOOOOLOOOOLOOOOLOLOLOOOOOCOO

Q29 Hefur pu farid i megrun sl. 12 manudi?

QO Nei, aldrei (1)

Q Einusinni (2)

Q Tvisvar (3)

Q Pprisvar eda oftar (4)



Q30 Hefur pu gert eitthvad af eftirtdldu til ad hafa stjérn @ pyngd pinni a sidastlidnum 12
manudum?

Ja (1) Nei (2) Eg vil ekki svara (3)
Likamsraekt (1) Q Q @)
Sleppt maltidum (2) Q Q o
Ekki bordad neitt |
heilan sélarhring eda Q Q Q
lengur (3)
Bordad mi.nna af o o o
seelgeeti (4)
Bordad minna af fitu
eda feitum mat (5) Q Q Q
Drukki® minna af
gosdrykkjum (6) Q Q Q
Drukkid meira af vatni o o o
(7)
Drukkid préteindrykki o o o

(8)
Bordad meira af
4avoxtum og/eda o o) o)

graeenmeti (9)

Takmarkad mig vid
einn eda fleiri
faeduflokka (t.d. adeins

bordad avexti og O o Q
greenmeti, adeins
vokva, adeins protein)
(10)

Gubbad pvi sem ég

haféi bordad (11) Q Q o
Notad megrunarpillur
eda haegdalyf (12) Q Q Q
Reykt tébak (13) Q Q Q
Megrun undir eftirliti
sérfraedings (14) Q Q Q
Annad (15) Q Q O




Q31 Hversu vel eiga eftirfarandi fullyrdingar vid um pig?

A mjog vel vid A frekar vel vid A frekar illa vid A mjog illa vid

um mig (1) um mig (2) um mig (3) um mig (4)

begar ég hugsa
um hvernig ég
muni lita Gt i O @) @) ©)

framtidinni er ég
anaegd(ur) (1)

Mér finnst ég
oftast vera
ofrid(ur) og

6adladandi (2)

Eg er anaegd(ur)
med likama minn O @) o Q
(3)

Eg er anaegd(ur)
med paer
likamlegu
breytingar sem Q @) Q Q
hafa att sér stad
hja mér
undanfarin ar (4)
Mér finnst ég
vera sterk(ur) og Q O O Q

hraust(ur) (5)

Q32 Hversu oft bordar pu pessar maltidir ad jafnadi a viku?

. , . , . , Nanast a
. 1-2 sinnumi 3-4 sinnum i 5-6 sinnum i . .
Nezer aldrei (1) viku (2) viku (3) viku () hverjtjsrr; degi
Morgunmat o o) o o o)
(1)
Hadegismat o o o o o
(2)
Nesti ad
heiman (3) Q Q Q Q Q
Kvoldmat (4) o @) O] @) @)
Bita milli
maltida (5) Q Q Q Q Q




Q33 Hversu oft vardst pa var/vor vid eftirfarandi vanlidan eda 6paegindi sidastlidna viku?



Neraldrel | o idan (2) | Stundum (3) ‘ oft () | N®raltaf
()] (5)

Hofudverk (1) @) @) @) @) Q

Svima (2) @) @) @) O Q

Verk i baki (3) O O O O Q

Ogledi eda 6lgu i maga o o o o o

(4)

Doda eélalsting einhvers o o o o o
stadar i likamanum (5)

Verk i maga (6) O] O] O] @) Q
Lidverki (7) O O O O Q
Skjalfta (8) O] O O] @) Q

Verki ilhéndum eda o o o ) o
fotum (9)
Taugadstyrk (10) Q @) O o O
Skyndilegrar hraedslu an
nokkurrar astaedu (11) Q Q Q Q Q
bU varst
uppspennt/uppspenntur @) @) @) o o
(12)
b varst leid/leidur eda
hafgdir litinn ahuga a pvi @) @) @) @) o
ad gera hluti (13)
bu hafdir litla matarlyst o o o o o
(14)
bér fannst pu einmana o o o o o
(15)
Pu grést audveldlega eda
langadi til ad grata (16) Q Q Q Q Q
bu attir erfitt med ad
sofa eda sofna (17) Q Q Q Q Q
bU varst
nidurdregin/nidurdreginn Q @) Q Q o
eda dépur/dapur (18)
bu varst ekki
spennt/spenntur fyrir ad @) @) @) O Q
gera neitt (19)
bér fannst pu haegfara
eda hafa litinn matt (20) Q Q Q Q Q
pér fannst framtidin o o o o o
vonlaus (21)
PU hugsadir um ad
fyrirfara pér (22) Q Q Q Q Q




Q73 Skélamal

Q34 Hvad byrdu langt fra skélanum i kildbmetrum?

minna en 2 km (1)
2-4 km. (2)

4-6 km. (3)

6-8 km. (4)

8 km eda lengra (5)

0000

Q68 Hvad ertu lengi ad ganga i skdlann?

minna en 5 min. (1)
5-10 min. (2)

10-15 min. (3)
15-20 min (4)

20-25 min. (5)
25-30 min. (6)
lengur en 30 min (7)

000000

Q35 Hvernig ferd pu oftast i skélann?

Q Er keyrd/keyrdur (1)

Q Med straetd/skdlabil (2)
O Ahjoli (3)

QO Geng eda hleyp (4)

Q36 Hvad gerir pu vanalega (oftast) i frimindtum i skdlanum?

Q Sit (spjalla/les/spila) (1)
Q Hreyfi mig (hleyp um eda tek patt i leikjum) (2)
QO Geriannad (t.d. geng um, rolti Ut i sjoppu, eda harka) (3)

Q37 Hversu vel eda illa telur pu pig standa i ndmi midad vid jafnaldra pina?

Mjog vel (1)
Frekar vel (2)
i medallagi (3)
Frekarilla (4)
Mijog illa (5)

00000



Q38 Hvad notar pu mikinn tima i heimavinnu, heima hja pér 4 dag?

brja klukkutima eda meira (1)

U.p.b. tvo klukkutima (2)

U.p.b. klukkutima (3)

Minna en halftima (4)

Vinn aldrei heimavinnu heima hja mér (5)

0000

Q39 Hversu sammala eda ésammala ertu eftirfarandi fullyrdingum um nam pitt?

Mjog Frekar " Frekar Mjog
6sammala (1) | 6sammala (2) I (e ’ sammala (4) ‘ sammala (5)
Mér likar
mjog vel i @) @) ©) @) o
skélanum (1)
Eg stend mig
mjog vel i O @] o @) Q
skélanum (2)
Eg hef mikinn
ahuga & @) @) ©) @) o
naminu (3)
Eg skropa oft | o o o o o
timum (4)
Mér leidist oft o o o o o

i skélanum (5)
Meér lidur oft
illa i skélanum O O Q O Q

(6)




Q74 Lifsvidhorf

Q40 Hér fyrir nedan eru ymsar stadhaefingar um hvad pér finnst um sjalfa/sjalfan pig

Mjog sammala Frekar Frekar Mjog

(2) sammala (2) 6sammala (3) 6sammala (4)

Eg er almennt dnaegd/ur
med sjalfa/sjalfan mig (1) Q Q Q O
Stundum finnst mér ég
einskis virdi (2) Q Q Q Q
Mér f,|nnst.ng ha'ufa marga o o o) )
gbda eiginleika (3)
Eg get gert .marg'.c jafn vel o o o o
og flestir adrir (4)
Mér finnst ég ekki geta
verid stolt/stoltur af mérgu O O] @) @)
(5)
Stundum finnst mér ég
sannarlega vera gagnslaus @) @) ©) Q
(6)
Mér finnst ég vera a.m.k.
jafn mikils virdi og adrir (7) Q Q Q Q
Eg vildi ad ég geeti bordid
meiri virdingu fyrir @) @) @) Q
sjalfum/sjalfri mér (8)
Allt i allt finnst mér ég vera
misheppnadur/misheppnud @) @) Q Q
(9
Eg hef jakveeda afstodu til
sjalfs/sjélfrar min (10) Q Q Q Q




Q41 Hversu vel finnst pér eftirfarandi stadhaefingar eiga vid um pig?

A mjogvelvid | A frekar vel Afrekarilla | A mjogilla vid
um mig (1) vid um mig (2) | vid um mig (3) um mig (4)
Eg parf tima til ad jafna mig a
feimni minni vid nyjar O O O Q
adstaedur (1)
Mér finnst erfitt ad vinna
pegar fylgst er med mér (2) Q Q Q Q
Eg verd audveldlega
vandradaleg/vandraedalegur @) @) @) o
(3)
Mér f|nr?st,ekkert erfitt ad o o o o
tala vid dkunnuga (4)
Eg er kvidin/kvidinn pegar ég
tala frammi fyrir hépi af folki O] O] @) @)
(5)
Eg verd 6roleg/ordlegur i
stérum hépi félks (6) Q Q Q Q




Q42 Hversu sammala eda ésammala ert pu eftirfarandi fullyrdingum?

Mjog z , Frekar Hvork | Frekar
5 , Osammal , , . .
6sammal 2 (2) 6sammal iné sammal
a(1) a(3) (4) a(s)
Lif mitt er ad
flestu leyti

nalaegt pvi sem
ég 6ska mér (1)
Adstaedur lifs
mins eru Q O @) O @)
frabaerar (2)
Eger
dnaegd/dnegbu @) o @) O @)
r med lifid (3)

Hingad til hef ég
fengid pad
mikilveegasta O Q O O @)
sem ég vil i
lifinu (4)
Ef ég geeti lifad
lifi minu upp &
nytt myndi ég Q O Q O @)
naestum engu
breyta (5)

Sammal s;\:lrj;cr;gél
a(6) a(7)
Q O
O O
O O
O O
O O




Q75 Tannheilsa

Q43 Hversu oft burstar pu tennurnar pinar ad jafnadi?

O tvisvar a dag (1)
Q einusinni a dag (2)
Q sjaldnar en einu sinni & dag (3)

Q44 Notar pu flaortoflur, munnskol med fluori eda fldortyggjé?

O Nei(1)
O Ja(2)

Q45 Hversu oft?

1 sinni 4 dag (1)

2 sinnnum 4 dag (2)

3 sinnum a dag eda oftar (3)
2-3 sinnum i viku (4)

1 sinni i manudi (5)

000000

2-4 sinnum i manudi (7)

Q46 Skolar pu munninn med vatni eftir tannburstun?

O Ja(1)
O Nei(2)

Q47 Hversu oft notar pu tannprad, tannstongul eda millitannabursta til ad hreinsa tennurnar pinar?

Q Aldrei (1)

Q Einu sinni i viku eda sjaldnar (2)
Q 2-3 sinnum i viku (3)

O Daglega (4)

Q48 Hefur pu farid til tannlaeknis sidan 15. mai 2013?

QO Ja(1)
Q Nei(2)

Q49 Hefur pu ofnemi?

Q Nei (1)
Q 3, fyrir latexi (2)
Q 14, annad ofnami, hvad? (lyf, frjdkorn, hnetur, annad) (3)



Q50 Hefur pu einhvern langvinnan sjukdém?

O Nei (1)
O Ja(2)

Q51 Hvada sjukdém?

Q52 Tekur pu lyf daglega?

Q Nei (1)
Q Ja(2)

Q53 Hvad heita lyfin sem pu tekur?

Q54 Hversu marga daga i viku gerir pu eftirfarandi ad jafnadi? Merktu vid dagafjolda a viku

Aldrei ’ Einn brja Fjéra Fimm Sex Sjo

)

Tvo
dag (2) | daga(3) ’ daga (4) | daga (5) | daga (6) | daga (7) | daga (8)

Drekkur
sykradan
gosdrykk

(1)
Drekkur
sykurlausan
gosdrykk
(2)

Drekkur
mjolk (3)

Drekkur

4vaxtasafa Q @) o) @) Q Q Q O
(4)
Tekur lysi
eda
lysistoflur
(5)
Tekur
vitamin
med D
vitamini (6)

Bordar
nammi og ©) @) o @) @) @) @) o

szetindi (7)




Q55 Drekkur pu mjolk?

O Ja(1)
O Nei (2)

Q56 Hvernig mjélk drekkur pu?



Q76 Svefnvenjur

Q57 Hveneer ferdu venjulega ad sofa a virkum dégum?

20:00 (7)

20:30 (8)

21:00 (9)

21:30 (10)
22:00 (11)
22:30 (12)
23:00 (13)
23:30 (14)
00:00 (15)
00:30 (16)
01:00 (17)
01:30 (18)
02:00 (19)
02:30 (20)
03:00 (21)
03:30 (22)
04:00 (23)

CO0O0O0OO0O0OOOOOOOOOOO

Q80 Hveneer ferdu venjulega ad sofa um helgar?

20:00 (7)

20:30 (8)

21:00 (9)

21:30 (10)
22:00 (11)
22:30 (12)
23:00 (13)
23:30 (14)
00:00 (15)
00:30 (16)
01:00 (17)
01:30 (18)
02:00 (19)
02:30 (20)
03:00 (21)
03:30 (22)
04:00 (23)

C0O0O0OO0OCOOOOOOOOOOO



Q58 Sefur pu nég?

Oftast (1)

Um helming natta (2)
Mjog sjaldan (3)

Eg sef of mikid (4)

0000

Q59 Hversu oft attu erfitt med ad einbeita pér i skélanum/vinnu vegna preytu?

Q Sjaldan eda aldrei (1)

Q Kannski einu sinni i viku (2)
Q Einu sinni 4 dag (3)

QO Oft a dag(4)



Q77 Likamlegur proski

Q60 A unglingsarum koma timablil par sem madur vex hratt. Hefur pu tekid eftir ad pvi ad pu hafir
tekid vaxtarkipp?

O Nei, hef ekki tekid vaxtarkipp (1)

QO ja, hef nylega byrjad ad taka vaxtarkipp (2)

Q ja, hef greinilega verid i vaxtarkipp undanfarid (3)

Q ja, ég held ad ég sé buin/blinn med mesta vaxtarkippinn (4)

Q61 Ert pu byrjud ad hafa blaedingar?
O Ja(1)

O Nei(2)

Q Veit ekki (3)

Q62 Hvad varstu gomul pegar pu byrjadir a bleedingum? Vinsamlega segdu nakveema télu deemi: 13
ara og 4 manada

Q01010101010
Adul 5 (010 §0 ¢Q1QIQI0I0 T g7 ¢ 5 g g
i ( ( ( ‘ S (R (Y (TR
m
(1) ) ) S N A
Aldu O 10 10 1
i 01010:0:0f0¢070§0¢ 0o 1 20¢(0 (o0
man (o ( ( ¢ ( ( 1 1
udu b 3 i I € ) ¢ q 1 1 1 3 4
m ) ) ) ) ) o 1 2 ) )
(2) ) )

— U R, —0ON

— N = —

Q63 Hefurdu reglulegar blaedingar?
O Ja(1)

QO Nei(2)
Q Veit ekki (3)



Q66 Hversu margir dagar lida fra 1. degi baedinga til 1. dags naestu blaedinga?

24 dagar (1)
25 dagar (2)
26 dagar (3)
27 dagar (4)
28 dagar (5)
29 dagar (6)
30 dagar (7)
31 dagur (8)
32 dagur (9)

CO0O000000O0

Q67 Hversu margir dagar lida fra 1. degi blaedinga til 1. dags naestu blaedinga? allt fra
dogum til daga

Q64 Hefur pu misst Ur blaedingar (an pess ad vera 6frisk eda vegna notkunar getnadarvarnarpillu)?

O Nei, aldrei (1)

Q ja, 6-12 manudi (2)
Q 13, 2-5 manudi (3)
Q J4, meira en ar (4)

Q78 Keerar pakkir fyrir patttokuna Rannséknarstofa i iprotta- og heilsufraedum Menntavisindasvid
Héskéla fslands



Appendix 11

Questionnaire HHUI 2017
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Appendix II
Questionnaire 2017

Heilsuhegdun ungra islendinga 2017

This survey is currently LOCKED to prevent invalidation of collected responses! Please unlock your survey to make
changes.

Turn on large block mode

¥ Bakgrunnur Block Options

569 Heilsuhegdun ungra Islendinga

Ageeti patttakandi,

Rannsoknin Heilsuhegdun ungra islendinga er unnin af hdpi kennara og nemenda vié
Haskola islands med tilstyrk Rannséknasjods Islands. Meginmarkmid rannsoknarinnar er
ad varpa ljési & peer breytingar sem verda & likamlegu astandi, félagslegri stédu og lidan
ungs foélks fra grunnskéla til fullordinsara. Fyrri meelingar foru fram arin 2006 og 2008, og
er pessi spurningalisti lagdur fyrir pa sem toku patt i peim maelingum sem og nyja
patttakendur.

patttaka i rannsokninni er vitaskuld frjals en miklu mali skiptir ad sem flestir taki patt.
Rannsoéknin beinist ad stddu hopsins i heild og peim breytingum sem ordid hafa.
Spurningalistinn er pvi nafnlaus og svor verda aldrei rakin til einstaklinga. pPessi
spurningalisti er stadladur og einstakar spurningar geta pvi att illa vid um pig persénulega.
Stundum getur verid erfitt ad velja bara eitt svar og stundum er ekkert svar sem &
néakveemlega vid. | peim tilvikum parft pi ad velja pad svar sem er neest pvi ad eiga vid. Vid
bidjum pig um ad svara 6llum spurningum en pa getur pé sleppt peim spurningum sem pu
treystir pér alls ekki til ad svara.

Lesid verdur Gr svorum med rafreenum heetti og spurningalistum verdur eytt ad Grvinnslu
lokinni. Erlingur J6hannsson préfessor vid Haskola islands er stjornandi rannsoknarinnar
og ber abyrgd & framkveemd hennar. Hann veitir allar frekari upplysingar i sima 897 1115
eda med tdlvuposti erljo@hi.is.

Keerar pakkir fyrir patttokuna,

Erlingur J6hannsson professor (abyrgdamadur rannsoknarinnar), Sigurbjérn Arni
Arngrimsson préfessor, Sigridur Lara Gudmundsdottir désent, Erla Svansdéttir nydoktor og
Bryndis Benediktsdottir laeknir og préfessor. Sunna Gestsdéttir nydoktor, Rina
Stefansdottir sérfraedingur og Sigridur Sigurjonsdaéttir sérfreedingur
Menntavisindastofnunar. Doktorsnemar eru Vaka Rognvaldsdoéttir og Soffia
Hrafnkelsdottir, auk meistaranemanna Bjarna porleifssonar, Bjarkar Gudmundsdéttur og
Guértnar Magnusdottur.

0 Bakgrunnsupplysingar
Q70

O Hver er kennitalan pin?
Q56

I Hvert er patttokunamerid pitt? Qs7


mailto:erljo@hi.is

Ertu karl eda kona?
O Karl
O Kona

| [ek]

Hvada ar ertu feedd/-ur?

1998 v

Hverjir bla & sama heimili og pu?
Merktu vid allt sem vid &.
(Ef pa byrd & mérgum st6dum svarar pu fyrir pad heimili sem p verd mestum tima

a)
0 Bé&air foreldrar
MG63ir min
o Fadir minn
M@air og hennar maki
o Fadir og hans maki
Systkini min, stjupsystkini eda fostursystkini
o Adrir, hverjir?

o Eg vil ekki svara

Q83

Hvada nami etlar pu ad ljuka? Merktu vid allt sem vid a.
Stadentsprofi
I18nréttindum/starfsréttindum
Haskolaprofi
Odru, hvada nami? ,

Eg vil ekki svara

Hver er/var menntun f6dur pins?
Merktu vid allt sem vio & .

Grunnskoélaprof

Studentsprof

18nréttindi/starfsréttindi
o Haskolaprof

Onnur

Veit pad ekki

Eg vil ekki svara




W os

0

Hver er/var menntun médur pinnar? Merktu vid allt sem vid &.

Grunnskoélaprof
Stadentsprof
1dnréttindi/starfsréttindi
Héskolaprof

Onnur

Veit pad ekki

Eg vil ekki svara

Q81

Ert bl med greiningu & einhverju af eftirfarandi:

Ja
Ofvirkni med
athyglisbrest (ADHD)
Athyglisbrest (ADD)
Leshlindu (Dyslexia)

A einhverfurofi
(Autistic spectrum
disorder)

Nei

Q85

0

Hefur pu einhvern langvinnan sjakdém?
Nei

Ja

Veit ekki/Vil ekki svara

u Display This Question:

Q86

If Hefur pu einhvern langvinnan sjukdém? Ja Is Selected

Hvada sjukdém?

[ |
Q87

0

Tekur pa lyf daglega?
Nei

Ja

Veit ekki/Vil ekki svara

u Display This Question:

Q88

Tekur bu lyf daglega? Ja Is Selected

Hvad heita lyfin sem pu tekur?




Hversu margar klukkustundir & dag gerir pu eftirtalid ad jafnadi  m helgar?
0 Um Meira
/ 12 2-3 3-4 45 en5
Ekkert Kklst. kist. klst. klst. kist. Klst.

Spilar télvuleiki (t.d. & netinu, heimilistdlvu, o) o) 0 o 0 o) 0
Playstation eda i snjallsima)

Horfir & sjénvarp, DVD eda myndefni af
netinu eda i snjallsima

Ert & netinu (t.d. skoda vefsiour, Facebook,
Twitter, Snapchat eda lesa/skrifa tdlvupost eda 0 0 0 0 o 0 0
texta i snjallsimanum)

Hlustar & tonlist i Utvarpi, af diski, ar
snjallsima eda af netinu 0 0 0 0 0o (o] 0

Lest beekur, timarit, dagbléd eda annad
prentad efni o o 0o (¢} (] o 0

Notar tdlvu f annad en ad vera & netinu eda
spila télvuleiki 0 0 0 0 o (0] (o]

O Q9 Hversu margar klukkustundir & dag gerir pu eftirtalid ad jafnadi a virkum

dégum~ O
Um Meira
/ 1-2 2-3 34 45 enb
Ekkert klIst. kist. kist. kist. kiIst. Kklst.
Spilar télvuleiki (t.d. & netinu, heimilistdlvu, o o (] 0] (0] (0] (o]

Playstation eda i snjallsima)
Horfir & sjénvarp, DVD eda myndefni af
netinu eda i snjallsima 0 o o o © 0 0

Ert & netinu (t.d. skoda vefsidur, Facebook
Twitter, Snapchat eda lesa/skrifa tolvupost o o o o o o o
eda texta i snjallsimanum )

Hlustar & tonlist i Gtvarpi, af diski, ar

o ; 0] (o] (o] 0 o] 0 o]
snjallsima eda af netinu
Lest baekur, timarit, dagblod eda annad
prentad efni 0 0 0 0 0 0 0
Notar tdlvu i annad en ad vera & netinu eda
spila télvuleiki o 0 o 0 0 0 0
O Hversu oft ad medaltali sidastlidnar tveer vikur hefur pu verid ad stunda "media
Q55 multitasking” (t.d horft & sjénvarpid og verid i simanum & sama tima)?
0 O Neer aldrei
U Sjaldan
O Stundum
O Oft

O Neer alltaf



Q12

Hversu vel eiga eftirfarandi stadheefingar vig um pig tengt fiolskyldu pinni?

mjog A frekar A frekar A mjog
illavid jllavid Hvorki vel vid vel vid
um ummig né um mig um mig

Eg 4 audvelt med ad fa hlyju og umhyggju
fré fjolskyldu minni

Eg 4 audvelt med ad fa andlegan studning
fra fjélskyldu minni

Eg 4 audvelt med ad f4 peninga ad lani hja
fjolskyldu minni ef ég parf

Eg 4 audvelt med ad fa adstod hja fj6lskyldu
minni ef & parf ad halda

o (0] o (o] (o]
o] 0] 0o (o] o]
o (0] o (o] o]
o (0] o (o] o

u Hversu vel eiga eftirfarandi stadhaefingar vié um pig tengt vinum pinum?
Q13
0 A mjog A frekar A frekar A mjog
illavio illavio Hvorki vel vid vel vid
um mig um mig né um mig um mig
Eg 4 audvelt med ad f4 hlyju og umhyggju 0 o 0 o 0
fra vinum minum
Eg 4 audvelt med ad f4 andlegan studning o o 0 o o
frd vinum minum
Eg 4 audvelt med ad fa peninga ad lani hja o) o) o o o)
vinum minum ef ég parf
Eg & audvelt med ad fa adstod hja vinum 0 0 Y 0 o
minum ef & parf ad halda
Page Break

B Eftirfarandi spurningar eru um iprottir og likamsreaekt

0

B Eftirfarandi spurningar eru um iprottir og likamsraekt.
Q14

0

Sjaldna 1 2.3 45

ren sinn g; i A
. sinnu sinnu
einu i Svo til &

sinni i mi mi hverjum
Aldrei >\ viku  viku degi

Hve oft stundar pu ipréttir (efir eda o o o o o o)
keppir) med ipréttafélagi?
Hversu oft stundar pu iprottir eda
&fingar sem ekki eru & vegum 0 0 0 0 0 0
iprottafélags?
Hversu oft reynir pu & pig Iikamlega

0 0 o] 0 o] o]

pannig ad pu maedist verulega eda svitnir?




Q15

Q17

Q16

Hversu margar klukkustundir eefir pu ipréttir eda stundar likamsreekt i venjulegri viku?

O Ekkert

U Minna en eina klukkustund & viku
U Eina til tveer klukkustundir & viku
U prjar til fjérar klukkustundir & viku
U Fimm til sex klukkustundir & viku
U Meira en sex Klukkustundir & viku

U Eg vil ekki svara

Stundar pu ipréttir?
0Ja
U Nei

U Eg gerdi pad adur en ekki lengur, hatti fyrir hvad mérgum arum?

Display This Question:
If Stundar pu ipréttir? Ja Is Selected

Af hvada asteedum stundar pa iprottir? Merktu i einn reit i hverri linu.

Mjog  Fremur H Fremur Mjog

6sammal 6sammal VO sammal sammal

a a ki né A
Til ad halda mér i godu formi O o] o] 0 o]
Til ad bzta feerni mina i iprottinni ©) o] o] o] o]
Til ad skemmta mér O o] o] o] o]
Til ad beeta heilsuna o] 0 (o] 0 o]
Til ad fitna ekki o (¢} (o] 0 o
Til ad lita betur Gt (o] 0 (o] 0 (o]
Til ad f& aukinn kraft og orku (0] 0 0 0 o]
Til ad eignast vini o (o] (o] 0 o
Til ad vera med vinum minum (o] 0 (o] 6] (o]
Til ad grenna mig o (o] (o] 0 o
Til ad vera hluti af lidi/h6p (o] (6] (6] 0 o]
Njota pess ad gera pad sem ég er géd/ur |

o] o] 0 o] o]



Display This Question:
If Stundar pu ipréttir? Eg gerdi pad adur en ekki lengur, heetti fyrir hvad mérgum arum? Is

Selected
O Hvenaer stundadir pu sidast iprottir eda likamsreekt?
Q18 U Eg hef aldrei stundad ipréttir eda likamsraekt

%] U Eg stundadi iprottir eda likamsreekt i pessari viku
U Eg stundadi iprottir eda likamsraekt i pessum manudi
U Eg stundadi iprottir eda likamsraekt & pessu ari
U Eg stundadi iprottir eda likamsreekt fyrir meira en ari sidan
O Eg stundadi iprottir eda likamsraekt fyrir meira en tveimur arum

O Eg vil ekki svara

Display This Question:
If Stundar pu ipréttir? Eg gerdi pad adur en ekki lengur, hzetti fyrir hvad mérgum arum? Is
Selected

Ef pa heettir, af hvada asteedum heettir pu?
O O bad var of dyrt
Q20 O bad tk of mikinn tima
O O Ppad var of hettulegt
O pad var of leidinlegt

U Eg var ekki nogu god/ur

U Eg meiddist

U Eg var ekki velkomin/n

U Eg var of mikid Gti ad skemmta mér

U Vinur/vinir minir heettu i iprottum

U pad voru gerdar of miklar krofur um getu

U pad voru gerdar of miklar kréfur um lifsstil

U Annad, hvad?

L1 Hefur pt einhvern timann purft ad sleppa sefingum eda keppni med
iprottafélagi vegna Q21 ipréttameidsla sidastlidin tvo ar?

O Ef pG hefur ordid fyrir fleiri en einu m meidslum skaltu svara fyrir alvarlegustu meidslin.
U Nei, aldrei

U J4, styttra en eina viku

U Ja, i 1-3 vikur

U J4, lengur en prjar vikur

(J J4, ég heetti fyrir fullt og allt vegna ipréttameidsla
U Hef aldrei &ft iprottir



Hversu sammala eda 6sammala ertu eftirfarandi

U fullyréingum?
Q22
O Mioa Fremur Fremur Mioa
0sammal 6sammala Hvorki né sammala sammala
Meér finnst ég hreyfa mig (e} (o) o) o) o)
nogu mikid
Eg er god(ur) i ipréttum
midad vid jafnaldra mina
©) o] o] o] o]
0 Likamlegt astand
Q72
[l Myndir pl segja ad heilsa pin veeri...?
Q23
Framarskarandi
G6d
bokkaleg
Léleg
[l Myndir pa segja ad likamlegt prek (Gthald) pitt veeri...?
Q24
Framurskarandi
Gott
bokkalegt
Lélegt
O Hversu pung/ur vildir pa helst vera?
Q27
Sétt/ur eins 10 k“?’ eda
og ég er 1-3 kil 4-6 kilé 7-9 kilé meira
Eg vildi helst pyngjast 1) ) o o 0
um...
Eg vildi helst Iéttast
um... O o} 0 o o
O Hefur pu farid i megrun sidastliona 12
Q29 o

Nei, aldrei
Einu sinni
Tvisvar

prisvar eda oftar




| Hefur pu gert eitthvad af eftirtéldu til ad hafa stjorn & pyngd pinni & sidastlionum 12

Q30 manudum?
Eg vil
ekki
J5 Nei svara
Likamsraekt (0] 0 o]
Sleppt maltidum (o] (o] (0]
Ekki bordad neitt i heilan sélarhring eda lengur o o o
Bordad minna af seelgaeti (o] (o] o]
Bordad minna af fitu eda feitum mat o (o] o
Drukkid minna af gosdrykkjum o (o] o
Drukkid meira af vatni o (o] o
Drukkid préteindrykki o (o] o
Bordad meira af &voxtum og/eda greenmeti o] o] o]
Takmarkad mig vid einn eda fleiri feduflokka (t.d. adeins bordad 0 o 0
avexti og greenmeti, adeins vokva, adeins protein)
Gubbad pvi sem ég hafdi bordad o] (o] o]
Notad megrunarpillur eda haegdalyf (o] (o] o]
Reykt tobak (0] 0o o]
Megrun undir eftirliti sérfreedings o (o] o
Annad o (o] o
| Hversu vel eiga eftirfarandi fullyrdingar vid um pig?
Q31
A mjog A frekar A frekar A mjog
velvid  vel vid illavio illavid
ummig ummig um mig um mig
pegar ég hugsa um hvernig ég muni lita Gt i
framtidinni er ég anaegd(ur) 0 0 0 o
Mér finnst ég oftast vera 6frid(ur) og
6adladandi (o] 6] (o] o]
Eg er anaegd(ur) med likama minn
Eg er anaegd(ur) med per likamlegu o o o o
breytingar sem hafa att sér stad hja mér
undanfarin ar 0 0 (o] o]
Meér finnst ég vera sterk(ur) og hraust(ur)
(o] 6] (o] (o]
O Hversu oft bordar pu pessar maltidir ad jafnadi a viku?
Q32
1-2 3-4 5-6 Nanast &
sinnum i sinnum i sinnumi hverjum
Neer aldrei  viku viku viku degi
Morgunmat (o] (0] (0] (o] o]
Hadegismat (o] 0 0 0 o
Nesti ad heiman (o] (o] (o] 0o (o]
Kvéldmat (o] 0 0 (o] o
Bita milli maltida (6] (6] 0 0 o




Hversu oft vardst pu var/vor vid eftirfarandi vanlidan eda 6paegindi

B sisastliana viku?
Q33
[/ Neer Sjaldan Naer
aldrei Stundum Oft  alltaf

Hofudverk (@) o] o] o] o]
Svima O o] o] 0 o]
Verk i baki @) o] 0 o] o]
Ogledi eda 6lgu | maga O 0 o] 0 0
Doda eda sting einhvers stadar i likamanum @) 0 o 0 0
Verk i maga (@] o] o] 0 0
Lioverki @) o] 0 o] 0
Skjalfta (@) 0 0 0 0
Verki  hondum eda fotum (@) 0 o o] 0
Taugadstyrk (@) 0 0 0 0
Skyndilegrar hraedslu an nokkurrar astedu (@) 0o (o] (o} o}
pU varst uppspennt/uppspenntur (@) 0 o 0 0
5gr:?1rlzttihi6”6iaur eda hafdir litinn &huga & pvi ad 0 o o o o
PG hafdir litla matarlyst O o] o] o] o]
pér fannst pu einmana o (6] (o] (o] (o]
bu grést audveldlega eda langadi til ad grata o (o] (o] (o] (o]
bu attir erfitt med ad sofa eda sofna o 0o (o] (¢} o
pU varst nidurdregin/nidurdreginn eda dopur/dapur 0 N N N N
bu varst ekki spennt/spenntur fyrir ad gera neitt (0] 0 o 0 0
bér fannst pu haegfara eda hafa litinn matt o (o] (o] (¢} (¢}
bér fannst framtidin vonlaus (o] 0 o 0 0
bU hugsadir um ad fyrirfara pér (0] 0 o 0 0
Verki i herdum og 6xlum (0] 6] o 0 0
Verki i mjobaki o] 0 o 0 0

u Hve I6ngum tima & dag vardir pu ad jafnadi sitjandi i sidastlidinni viku-fra manudegi

84
Q til fostudags?

O Vinsamlegast teldu med timann sem pa situr i skélanum, vinnunni, heima og
i fritima ( hér getur talist med timi sem setid er vid skrifbord, matarbord, i
heimsdkn, vid lestur eda fyrir fram sjonvarp, télvu eda snjalsima).

O Minna en klukkustund & dag
O Um 1 klukkustund & dag

O Um 2-3 klukkustundir & dag

O Um 4-5 klukkustundir & dag

O Um 6-7 klukkustundir & dag
O Um 8-10 klukkustundir & dag
O Um 11-13 klukkustundir & dag

O Um 14-16 klukkustundir & dag




Meira en 16 klukkustundir & dag




Hve 16ngum tima a dag vardir pu ad jafnadi sitjandi sidastlidna helgi- laugardag og
058 sunnudag?

Vinsamlegast teldu med timann sem pu situr i sk6lanum, vinnunni, heima
2 og i fritima ( hér getur talist med timi sem setid er vid skrifbord, matarbord, i

heimsékn, vid lestur eda fyrir fram sjonvarp, télvu eda snjalsima).

U Minna en klukkustund & dag

U Um 1 klukkustund & dag

U Um 2-3 klukkustundir & dag

U Um 4-5 klukkustundir & dag

U Um 6-7 klukkustundir & dag

U Um 8-10 klukkustundir & dag

U Um 11-13 klukkustundir & dag

O Um 14-16 klukkustundir & dag

O Meira en 16 klukkustundir & dag

Page Break
Skoélamal
O
Q73
[C] Hvernig ferd pu oftast i skélann? Q35
O Er keyrd/keyrdur
O Med streetd/skolabil
O A hjoli
U Geng eda hleyp
| Hversu vel eda illa telur pu pig standa i nAmi midad vid jafnaldra pina?
Q37
O Mijog vel
U Frekar vel
U I medallagi
U Frekar illa

O Mijog illa



u Hversu sammala eda 6sammala ertu eftirfarandi fullyrdingum um nam pitt?
Q39
0 Mi6a Frekar Frekar Miéa
6sammal 6sammala Hvorki né sammaéala sammala

Meér likar mjog vel i 0 o 0 0 0
skolanum

Eg stend mig mjog vel i 0 o o o o
skélanum
Eg hef mikinn ahuga & o o o o o
naminu
Eg skrépa oft i timum o} 0 o} o} o}

Meér leidist oft i
skolanum

Meér lidur oftilla 0 (¢} o (0] (o]
skélanum

M Lifsvidhorf
Q74

0

[ Hér fyrir nedan eru ymsar stadhaefingar um hvad pér finnst um sjélfa/sjalfa n pig
Q40

0 Mjog Frekar Frekar Mjog
sammala sammala désamméla désammala

Eg er almennt anagd/ur med 0 o o o
sjalfa/sjalfan mig
Stundum finnst mér ég
einskis virdi

Mér finnst ég hafa marga o o) o) o)
goda eiginleika
Eg get gert margt jafn vel og o o o o
flestir adrir

Meér finnst ég ekki geta verid o o o o
stolt/stoltur af morgu

Stundum finnst mér ég o o o o
sannarlega vera gagnslaus
Meér finnst ég vera a.m.k.

jafn mikils virdi og adrir

Eg vildi ad ég gaeti bordid
meiri virdingu fyrir 0 0 0 0
sjalfum/sjalfri mér

Allt i allt finnst mér ég vera o 0 0 o]
misheppnadur/misheppnud

Eg hef jakvaeda afstodu til o 0 0 o]
sjalfs/sjalfrar min




O Hversu vel finnst pér eftirfarandi stadhaefingar eiga vié um pig?

Q4l A e .
0 A mjog vel A frekar vel A frekar illa A\r/r;jaognlllla
vido um mig Vvid um mig vid um mig e
Eg parf tima til ad jafna mig &
feimni minni vid nyjar 0 o 0 0
adstaedur
Mér finnst erfitt ad vinna o) o) o) o
pegar fylgst er med mér
Eg verd audveldlega o 0 0 o
vandradaleg/vandraedalegur
I\/'Iér,finnst ekkert erfitt ad tala o 0 o o
vid 6kunnuga
Eg er kvidin/kvidinn pegar ég 0 0 0 0
tala frammi fyrir hopi af folki
Eg verd 6réleg/orolegur i 0 0 0 0
storum hopi folks
O Hversu sammaéla eda 6sammala ert pu eftirfarandi fullyrdingum?
Q42
Miog - osamma Frekar o Frekar sammar Misg,
Gsammal 6sammal "~ " sammal samma
- la A iné N a o
Lif mitt er ad
flestu leyti 0 0 o 0 Y 0 0
nalegt pvi sem
ég 6ska mér
Adstedur lifs
mins eru [0} (o} (0] (0} (0} [0} [0}
frabeerar
Eg er anegd/
anaegdur med 0 o o 0 Y] 0 0
lifio
Hingad til hef
ég fengid pad o o o o 0 o o
mikilveegasta
sem ég vil i
lifinu
Ef ég geeti lifad
lifi
minu upp & nytt 0 0 0 0 0 0 0
myndi ég
nastum engu
breyta

4
Page Break



Hversu marga daga i viku gerir pu eftirfarandi ad jafnadi? Merktu vid dagafiélda & viku

O
Q54 Einn Tvo brja Fjéra Fimm Sex Sjo
Aldrei dag daga daga daga daga daga daga
o] o] o] o] o] o] o]
Drekkur sykradan gosdrykk
Drekkur sykurlausan o) o) 0 0 o) 0 o) o)
gosdrykk
Drekkur mjolk
Drekkur &vaxtasafa (6] 0] 0 (o] (o] 0 0 o]
Tekur lysi eda lysistofiur (o] (0] 0 (o] (o] 0 o] 0]
Tekur vitamin med D o 0 0 o o o 0 o
vitamini
o] o] o] o] 0 o] o]

Bordar nammi og satindi
Page Break

0 Svefnvenjur
Q76

Hveneer ferdu venjulega ad sofa a virkum

20:00
O Hveneer ferdu venjulega ad sofa um helgar?
Q80
20:00 ¥
O Finnst pér pa sofa n6g?
Q58
Oftast
Um helming nétta
Mjdg sjaldan
Eg sef of mikid
] Hversu oft attu erfitt med ad einbeita pér i skélanum/vinnu vegna preytu?
Q59

Sjaldan eda aldrei
Kannski einu sinni i viku
Einu sinni & dag

Oft & dag



[ spurningarnar & pessum kvarda eru um tilfinningar pinar og hugsanir sidastlidinn Q8s manud.
Vinsaml egast merktu i videigandi reit eftir pvi hversu oft pa hugsadir eda pér leid & akvedin

hatt.

Aldrei

Naestum aldrei

Stundum

Nokkud oft

Mjdg oft

Hversu oft sidastlidinn
manud hefur pa farid Gr
jafnveegi vegna einhvers
sem kom dveent uppa?

Hversu oft sidastlidinn

manud hefur pér fundist
sem pu veerir ekki feer um
a0 hafa stjorn &
mikilvegum hlutum f lifi
pinu?

Hversu oft sidastlidinn
manud hefur pér fundist
pu vera taugadstyrk(ur)
og stressud/adur?

Hversu oft sidastlidinn
manud hefur pa verid
orugg(ur) um getu pina til
ad fast vio eigin
vandamal?

Hversu oft sidastlidinn
manud hefur pér fundist
hlutirnir ganga pér i hag?

Hversu oft sidastlidinn
manud hefur pér fundist
ad pu geetir ekki radio vid
allt pad sem pu purftir ad
gera?

Hversu oft sidastlidinn

manud hefur pa getad
haft stjorn & hlutum i lifi
pinu sem hafa pirrad pig?

Hversu oft sidastlidinn
manud hefur pér fundist
pU hafa vald & hlutunum?

Hversu oft sidastlidinn
manud hefur pa ordid
reid(ur) vegna einhvers
sem pu gast ekki haft
ahrif &?

Hversu oft sidastlidinn
manud hefur pér fundist
vandamalin hrannast upp
pannig ad pu geetir ekki
sigrast & peim?

Page Break
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