Psychiatry Research 273 (2019) 456-460

journal homepage: www.elsevier.com/locate/psychres

Contents lists available at ScienceDirect

Psychiatry Research

Psychiatry Research G

Interactive effect of sleep duration and physical activity on anxiety/

depression in adolescents

Check for
updates

z

Sayoko Ogawa®, Yuko Kitagawa™"‘, Masako Fukushima®, Hiromi Yonehara, Atsushi Nishida®,

Fumiharu Togo®, Tsukasa Sasaki™"

# The University of Tokyo, Graduate School of Education, Department of Physical and Health Education, 7-3-1 Hongo, Bunkyo, Tokyo 113-0033, Japan

" Department of Neuropsychiatry, Teikyo University School of Medicine, 2-11-1 Kaga, Itabashi, Tokyo 173-0003, Japan

¢Japan Society for the Promotion of Science, 5-3-1, Koujimachi, Chiyoda-ku, Tokyo 102-0083, Japan

d'The University of Tokyo Secondary School attached to the Faculty of Education, Nakano-ku, 1-15-1 Minamidai, Tokyo 1648654, Japan

€ Tokyo Metropolitan Institute of Medical Science, Department of Psychiatry and Behavioral Science, Setagaya-ku, 2-1-6 Kamikitawaza, Tokyo 1568506, Japan

ARTICLE INFO ABSTRACT

Although effects of sleep duration and physical activity (PA) have been demonstrated on mental health in
adolescents, their interactive effect has not been studied. This cross-sectional study first examines this interactive
effect on anxiety/depression in adolescents. A total of 983 Japanese students aged 12—17 were studied, using a
self-report questionnaire. The interaction of sleep duration and amount of PA and their main effects on anxiety/
depression, assessed using the 12-item General Health Questionnaire (GHQ-12), were investigated employing
multiple regression, adjusting for grade and sex. Sleep duration and amount of PA were classified as being
adequate or not, according to the duration and amount recommended by the National Sleep Foundation and
World Health Organization, respectively. As a result, the interaction between sleep duration and amount of PA
and their main effects were statistically significant. GHQ-12 score was significantly better in adolescents with
either adequate sleep or adequate PA, not both, than those with neither adequate sleep nor adequate PA. The
score, however, seemed no further improved in those with both adequate sleep and PA. The present study
suggests that effects of sleep and PA on mental health need to be studied with consideration to their interaction.
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1. Introduction

A number of studies have shown that sleep may be associated with
mental health in adolescents (Bauducco et al., 2016; Raniti et al., 2017;
Roberts and Duong, 2014; Sivertsen et al., 2014; Stheneur et al., 2017;
Winsler et al., 2015; Yen et al., 2010). In these studies, it was observed
that adolescents who sleep less than the recommended hours are at an
elevated risk of suffering from mental disorders (Bauducco et al., 2016;
Roberts and Duong, 2014; Winsler et al., 2015; Yen et al., 2010). For
example, studies showed that adolescents who were sleeping less than
8.5 h/day in boys and less than 7.5 h/day in girls had elevated scores
for depression/anxiety symptoms (Ojio et al., 2016). A study in
monozygotic twins also showed that bedtime and sleep duration may be
significantly related to the score of GHQ after adjusting for genetic
factors (Matamura et al., 2014). However, sleep duration might have
become shorter than required in a substantial portion of adolescents
(Matricciani et al., 2012), which could have elevated their risk of poor
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mental health. For example, a survey in the USA showed that average
weekday sleep duration was less than the recommended duration
(8-10 h) (National Sleep Foundation, 2018) in 68% of adolescents aged
14-17 (Wheaton et al., 2016).

Effects of physical activity (PA) on mental health have also been
observed in adolescents. Several studies have observed a significant
association between PA (or sport participation) and lower anxiety/de-
pression in adolescents (Kantomaa et al., 2008; Kremer et al., 2014;
McDowell et al.,, 2017; McMahon et al., 2017; Norris et al., 1992;
Sabiston et al., 2013; Sigfusdottir et al., 2011; Sund et al., 2011; Wiles
et al., 2012). Meta-analysis also found a significant effect of PA on the
improvement of depressive symptoms in normal adolescents (Ahn and
Fedewa, 2011; Bailey et al., 2018; Carter et al., 2016; Larun et al., 2006;
Radovic et al., 2017) . Another study observed an association between
sport participation at age 12 and positive mental health outcomes in
adulthood (Appelgvist-Schmidlechner et al., 2017).

As described above, sleep and PA were considered major factors
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affecting mental health in adolescence. However, although several
studies have shown the main effects of sleep duration and amount of
PA, their interactive effect remains to be studied; whether the effect of
PA is at a similar level when sleep duration is adequate or not, and vice
versa, seems not to have been studied. While a study has examined the
interactive effect of amounts of sleep and PA on mortality risk in elderly
people (Bellavia et al., 2014), to our knowledge, no study has in-
vestigated the interactive effect on mental health. The present study
therefore first examines the interactive effect of daily sleep duration
and amount of PA on anxiety/depression in adolescents. School-based
cross-sectional data is analyzed. In addition to the interaction, the main
effects of sleep duration and PA are also examined, controlling for each,
in a simultaneous analysis, which might also require further study.

2. Methods
2.1. Participants

The subjects were grade 7-11 students (aged 12-17 y) of a unified
junior (grades 7-9) and senior (grades 10-12) high school in Tokyo. A
school-based longitudinal survey has been conducted annually in this
school since 2009. The number of the students was around 120 (60 boys
and 60 girls) per grade or approximately 720 in grades 7-12 in this
school. All of them were invited to take part in the survey. In the pre-
sent study, we used data from the 2011 and 2016 surveys. Although the
school has six grades (grades 7-12), the 12th grade students were ex-
cluded from the present study, because at the beginning of the final
grade, they would normally retire from their extracurricular activities
and start preparation for entrance exams for universities and other
schools in Japan. None of the students in grades 7-11 overlapped in the
two surveys (2011 and 2016). The number of grade 7-11 students was
599 at the time of both surveys in 2011 and 2016, with a total of 1198
students. In 2011, 593 of the 599 participated in the survey (partici-
pation rate = 98.9%). In the 2016 survey, 592 of the 599 participated
(participation rate = 98.8%). Thus, 1185 students out of 1198 partici-
pated in the surveys (participation rate = 98.9%). In the analysis, we
excluded students who stated that they slept <2 h (n = 5) because the
reliability of this response was considered questionable. We also ex-
cluded students whose answer was >10 h (or longer than the sleep
duration recommended by the National Sleep Foundation, n = 31),
because the present study was to compare adolescents with adequate
(or recommended) sleep duration and those with less sleep duration.
Excluding subjects with missing data (n = 166), in total 983 adoles-
cents were statistically analyzed.

2.2. Procedure

The surveys were conducted using a self-report questionnaire. The
questionnaires and envelopes were handed to the students by their
teachers at school. The students were asked to seal the completed
questionnaires in the envelopes provided. Research staff collected the
sealed questionnaires. Before the survey, the teachers explained to the
students and their parents that: (1) participation was anonymous and
voluntary; (2) strict confidentiality would be maintained. A written
document was used for the explanation to the parents. Ethical approval
was given by the Life Science Committee of the University of Tokyo
(#15-128) and the ethics committee of the Research Department of the
school.

2.3. Measurement

2.3.1. Sleep duration

To estimate sleep duration, we used the following question: “How
long on average do you sleep at night before school days?” Participants
stated the sleep duration in hours and minutes. In the analyses, students
who indicated that they slept 8—10 h/day on school nights were
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defined as being “with adequate sleep duration”, and those who slept
< 8 h were defined as being “without adequate sleep duration”, in
accordance with the recommended sleep duration for this age
(8—10 h/night) of the National Sleep Foundation (NSF, 2018). Stu-
dents who stated that they slept <2 h (n = 5) or >10 h (n = 31) were
excluded from the analysis, as mentioned in Section 2.1 Participants.

2.3.2. Physical activity

In Japanese junior and senior high schools, most students partici-
pate in extracurricular activities in their schools, as is the case in the
school under consideration. Few students participate in regional,
community or church/religion-related club activities, compared with
school club activities in Japan. The rate of students who participate in
club activities, including sports clubs, out-of-school was 1—2% in the
school in question. The club activities in schools are generally divided
into two categories: sports clubs and culture clubs. As examples, in
sports clubs, students engage in football, basketball, tennis, baseball,
athletics, swimming et cetera, and in cultural clubs they practice music,
fine art, drama, science, biology, photography, cooking et cetera. Sports
club activities were on 3—4 weekdays/week and almost 1 day/week on
the weekend in the school in question. The length of the activity was
2—2.5 h on weekdays and 3—4 h on weekends. In addition to the club
activities, 50 min of physical education is given to all students 3 times a
week at the school in question. Therefore, when the students partici-
pated in a sports club fully or half of the time, they experienced mod-
erate to vigorous physical activity for more than 1 h almost every day
on average. The amount of PA was considered to be generally equal to
the recommended PA for adolescents by the World Health Organization
(WHO, 2018). In contrast, when the students did not belong to or rarely
participated in sports club activities at school, the amount of PA was
considered to be less than the amount recommended for this age
(WHO, 2018). Japanese adolescents/children rarely undertake chores
requiring moderate to high PA at home, according to the Japanese
government statistics (Cabinet office, Government of Japan, 2018).
Therefore, we estimated PA in the students by using the level of par-
ticipation in sports club activities at school. The participants were asked
how often they took part in the sports club activities at school and se-
lected one of five possible responses: “always”, “often”, “about half the
time”, “rarely” or “never”. Students who answered “always” “often” or
“about half the time” were categorized as being "with adequate PA",
and those who answered “rarely” or “never” were categorized as being
"without adequate PA".

” «

2.3.3. Anxiety and depressive symptoms

The General Health Questionnaire-12 (GHQ-12) consists of 12 items
evaluating anxiety and depressive symptoms in the previous 1 month,
evaluating the extent of anxiety and depression in not only clinical but
normal subjects. The validity and reliability of the Japanese version of
the GHQ-12 have been confirmed (Doi and Minowa, 2003). Each item is
rated on a four-point scale (“often”, “sometimes”, “seldom”, “never”).
This study used bi-modal scoring, according to Goldberg's original
scoring method (Goldberg and Williams, 1988). In this scoring method,
“often” and “sometimes” were scored 1, and “seldom” and “never” were
scored 0. The total score ranged from O to 12. A higher score represents
more symptoms of anxiety/depression. This scoring may be less vul-
nerable to biases (Goldberg and Williams, 1988) and better in validity
testing for GHQ-12 (Goldberg et al., 1997) than Likert scoring.

2.3.4. Statistical analysis

We used the data of grade 7-11 students from the 2011 and 2016
surveys. No students were overlapping, and variances of sleep duration,
GHQ-12 score and physical activity were not significantly different
between the two data sets (sleep duration; t = —0.497, df = 1164,
p = 0.62, GHQ-12 score; t = 0.975, df = 1165, p = 0.33; physical ac-
tivity; t = —0.526, df = 1049, p = 0.59, respectively). Therefore, we
pooled the two data sets and analyzed them together. The effects of
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Amount of physical activity (PA), sleep duration and GHQ-12 score in junior and senior high school students (n = 983).

Number (%) of students

Sleep duration (min) GHQ-12 score

School grade Total With adequate PA With adequate sleep” Mean SD Mean SD
7 214 111 51.9% 105 49.1% 459.5 53.4 1.68 2.2
8 205 126 61.5% 66 32.2% 432.6 71.5 2.39 2.5
9 208 121 58.2% 44 21.2% 416.4 61.5 1.97 2.4
10 173 79 45.7% 18 10.4% 397.2 57.8 3.42 3.3
11 183 97 53.0% 16 8.7% 391.2 64.0 3.10 2.9

Sex
boys 488 331 67.8% 152 31.1% 429.6 67.2 2.01 2.5
girls 495 203 41.0% 97 19.6% 412.7 65.0 2.90 2.9

2 8—10h

sleep duration, PA and their interactive effect on GHQ-12 score were Table 3

examined using multiple regression, controlling for grade and sex. In
the analyses, sleep duration and amount of PA were dichotomized ac-
cording to the sleep duration and amount of PA for this age re-
commended by the NSF (2018) and WHO (2018), respectively, as de-
scribed in 2.3.1. and 2.3.2. Being without adequate sleep duration and
without adequate PA were set as the reference (or = 0). All analyses
were conducted using SPSS (ver.25, IBM, New York). The level of sig-
nificance (alpha) was set at 0.05 (two-sided).

3. Results

Table 1 summarizes sleep duration, GHQ-12 score and PA level by
grade and sex. Duration of sleep was significantly longer in boys
(mean = 430 min) than girls (mean = 413 min, p < 0.001). GHQ-12
score was significantly higher in girls (mean = 2.90) than in boys
(mean = 2.01, p < 0.001).

Table 2 summarizes average sleep durations and GHQ-12 scores in
adolescents with/without adequate sleep duration and with/without
adequate PA. Sleep duration was not significantly different between
adolescents with and without adequate PA, either in adolescents with or
without adequate sleep duration. GHQ-12 score in adolescents without
adequate sleep duration and PA was significantly higher, compared
with those without adequate sleep duration and with adequate PA
(p < 0.001), those with adequate sleep duration and without adequate
PA (p < 0.001) and those with adequate sleep duration and adequate
PA (p < 0.001). Meanwhile, GHQ score was not significantly different
between adolescents without adequate sleep duration and with ade-
quate PA, those with adequate sleep duration and without adequate PA,
and those with adequate sleep duration and adequate PA.

Multiple regression was conducted to test main effects of sleep
duration and PA, and their interactive effect on anxiety/depression,
controlling for sex and grade (summarized in Table 3). No multi-
collinearity among independent variables was observed according to
the variance inflation factor (VIF < 5) and the tolerance score (toler-
ance > 0.20). Partial regression coefficients were statistically sig-
nificant for main effects of PA (B = —0.841, p < 0.001) and sleep
duration (B = —0.889, p < 0.01), and their interaction (B = 1.022,
p < 0.01). The intercept was 1.669 (p < 0.001). These estimations of
the partial regression coefficients suggest that among adolescents with

Table 2

Effects of sleep duration and physical activity and their interaction on anxiety/
depressive symptoms: analyses using multiple regression.

B (SE) p value
Intercept 1.669 (0.28) 0.000
Sex 0.672 (0.17) 0.000
Grade 0.336 (0.06) 0.000
Sleep duration —0.889 (0.31) 0.004
Physical activity —0.841 (0.20) 0.000
Interaction PA X sleep duration 1.022 (0.39) 0.009

B: Partial regression coefficient, SE: Standard error.

neither adequate sleep nor PA, the mean GHQ-12 score, excluding the
effect of sex and grade, was point estimated at 1.67 (=intercept), since
being without adequate sleep (<8 h) and without adequate PA were set
as the reference (or = 0). When one, not both, of them was adequate,
the score was point estimated at 0.83 (=1.669 - 0.841) in those
without adequate sleep/with adequate PA and 0.78 (=1.669 — 0.889)
in those with adequate sleep/without adequate PA, respectively. The
GHQ-12 score was estimated at 0.96
(=1.669 — 0.889 — 0.841 + 1.022) in those with both adequate sleep
and PA.

Fig. 1 shows lines of simple-regression between sleep duration and
GHQ-12 score, stratified by sex and PA. Regression coefficients (stan-
dard errors) were —0.24/h (0.12) and —0.60/h (0.18) for boys with
and without adequate PA, and —0.48/h (0.18) and —0.66/h (0.18) for
girls with and without adequate PA, respectively. A statistical trend was
observed for a difference in the regression coefficients between boys
with and without adequate PA (p < 0.1). However, no trend for this
difference was observed in girls.

4. Discussion

This study first examined the interaction of daily sleep duration and
amount of PA on anxiety/depression in adolescents, aged 12-17. Main
effects of sleep duration and PA, after controlling for each, were also
studied in the same analysis. The main effects were statistically sig-
nificant with positive impacts on anxiety/depression, which may be
consistent with a number of previous studies, most of which in-
vestigated the two main effects separately (Bauducco et al., 2016;

Mean and standard deviation (SD) of sleep duration and GHQ-12 score in groups with or without adequate PA and sleep duration.

Without adequate PA

With adequate PA

Without adequate sleep duration (=2 h and <8 h)
GHQ-12 score
With adequate sleep duration (=8 h and <10 h)
GHQ-12 score

Sleep duration (min)

Sleep duration (min)

391.2 (54.8) 396.8 (50.1)
3.21 (3.0) 2.16 (2.5)
500.8 (31.7) 500.5 (30.7)
1.83 2.4) 1.87 2.49)

* p < 0.001, compared with adolescents without adequate sleep and with adequate PA, those with adequate sleep and without adequate PA, and those with

adequate sleep and adequate PA.
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Fig. 1. Relationship between sleep duration and GHQ-12 score by sex and the amount of physical activity

Students with sleep durations <2 h or >10 h are not included.

NS: Non-significant, 'p < 0.1; comparison of regression coefficients between subjects with and without adequate PA.

Kantomaa et al., 2008; Kremer et al.,, 2014; Matamura et al., 2014;
McDowell et al., 2017; McMahon et al., 2017; Norris et al., 1992; Ojio
et al., 2016; Raniti et al., 2017; Roberts and Duong, 2014; Sabiston
et al., 2013; Sigfusdottir et al., 2011; Sivertsen et al., 2014; Stheneur
et al., 2017; Sund et al., 2011; Wheaton et al., 2016; Wiles et al., 2012;
Winsler et al., 2015; Yen et al., 2010). The effect of interaction was also
statistically significant, with a similar size but in the opposite (or ne-
gative) direction to the main effects of sleep duration and PA. This
means that anxiety/depression in adolescents with both adequate sleep
and adequate PA may be at a similar level to that of adolescents with
only one of these.

The reason for the negative impact of the interaction is not clear,
with few previous studies on the interaction of sleep and PA. It might,
however, be speculated as follows: one of the two conditions, “adequate
PA” or “adequate sleep duration”, in the present study might be suffi-
cient to maintain mental health at a substantially positive level, with
little room for improvement. This may in turn result in few effects of
adding the other condition. “Adequate sleep duration” was defined as
8-10 h/night in the present study, according to the recommendation for
this age by the NSF (Bauducco et al., 2016; NFS 2018). “Adequate PA”
was defined as equivalent to 1 h/day or more of moderate to vigorous
physical activity, which is recommended by the WHO (2018) for this
age. It should also be noted that the present subjects were adolescents
who regularly attend an ordinary school, and a very small portion of
them, if any at all, might be expected to be clinical samples. For such
normal adolescents, adequate sleep duration or adequate PA defined in
the present study, not both, might be sufficient to maintain good mental
health by itself. Regarding the effect of PA, another explanation could
be that adequate PA improves objective quality of sleep, including in-
creased deep sleep and decreased light sleep (Brand et al., 2010; Kalak
et al.,, 2012; Lang et al., 2013), which might cover any negative effect of
a shorter bedtime. The effect of adequate PA also seems to improve
subjective sleep quality (Brand et al., 2017).

Another possibility is that the limited range of the GHQ-12 score is
related to the result. GHQ-12 has its range of 0-12 (lower score for less
anxiety/depression, with the cut-off at 3/4), where the mean score of

GHQ-12, excluding the effect of sex and school grade, was estimated to
be 1.67 in adolescents without adequate sleep duration and PA. Little
room for improvement in the score may have affected the result. Use of
scales with greater room for improvement, including scales for well-
being, might lead to different results with the interaction.

The following limitations should be acknowledged. First, we eval-
uated PA according to participation in sports club activities. However,
this measurement may well correspond, in the Japanese grade 7-11
students, to whether the amount of PA reaches the level recommended
by WHO (2018). A previous Japanese study in adolescents observed the
positive effect of fully participating in school sports club activities on
mental health (Hyakutake et al., 2016). However, use of established
objective measurements such as metabolic equivalents (METs) may be
recommended in studies to confirm the present results. Second, sleep
duration was self-reported, not using objective measures. Third, quality
of sleep, such as efficiency, latency of onset and regularity of sleep, was
not evaluated. Fourth, use of scales other than the GHQ-12, including
scales for well-being, might have led to different results with the in-
teraction. Finally, the present study raised the possibility of a sex dif-
ference in the interactive effect between sleep duration and PA, but this
remains open to future study in larger samples. A statistical trend was
observed for a difference in univariate regression coefficients between
sleep duration and anxiety/depression in boys, while no such trend was
observed in girls. However, further analyses by sex, including multiple
regression, was not conducted, due to the limited sample size.

In conclusion, the present study first examined and observed a
significant interaction between sleep duration and PA in their effect on
anxiety/depression (or mental health). Future studies are required to
examine the effects of sleep and PA on mental health, not in separate
but simultaneous analyses, with consideration of their interaction.
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