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Impaired executive function in junior high school students
with excess sleep time

Mako Momoda?, Arika Yoshizaki®, Fumiyo Nagatani®, Tomoko Nishimura©,
Masako Taniike® and lkuko Mohri®

aDepartment of Child Development, United Graduate School of Child Development, Osaka University,
Osaka, Japan; "Research Center for Children’s Mental Development, United Graduate School of Child
Development, Osaka University, Osaka, Japan; ‘Research Centre for Child Mental Development,
Hamamatsu University School of Medicine, Shizuoka, Japan

ABSTRACT ARTICLE HISTORY

We examined the relationship between sleep habits and executive Received 11 May 2018
function (EF) in Japanese junior high school students.This study  Accepted 4 February 2019
was conducted using an online survey inyolving 1,919 b.oys and KEYWORDS

girls (aged 12-15 years) and their caregivers.Sleep habits were Executive function; BRIEF:
measured with the Japanese Sleep Questionnaire for junior high metacognition; sleep habits;
school students (JSQ-JH). EF was measured with the parental form adolescent

of the Japanese version of Behavior Rating Inventory of Executive

Function (J-BRIEF). A U-shaped relationship was found between

total sleep time (ST) and behavior regulation index, metacognition

index, and Global Executive Composite Score of the J-BRIEF (i.e.,

both short ST and long ST students showed wrong EF). Adjusted

logistic regression analyses revealed that short ST group showed

significantly higher scores on the J-BRIEF Shift, Emotional Control,

and Initiate subscales, and the long ST group showed significantly

higher scores on almost all the J-BRIEF subscales compared to the

mean ST group. Regarding lifestyle, the short ST group seemed to

be active until midnight leading to the shortage of ST; however,

the long ST group seemed to be inactive during the day, not

enjoying their school life, and difficult getting a deep

sleep. Executive dysfunction was significantly associated with not

only the short ST, but also excessively long ST. Education regard-

ing the importance of sleep is required for short ST students. For

long ST students, further investigation is needed to evaluate their

EF and the presence of maladjustment.

Sleep health is essential for children’s physical and mental development. During
adolescence, various biological factors lead to profound changes in sleep patterns.
Specifically, dim-light melatonin onset delays (Carskadon, Acebo, Richardson, Tate,
& Seifer, 1997) may increase emotional and sexual arousal (Sadeh, Gruber, & Raviv,
2002) may lead to a delayed sleep—wake rhythm. Furthermore, psychosocial factors
including academic demands, social activities, sports and use of electronic media
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have been found to be associated with sleep problems (Carskadon, 1990; Van den
Bulck, 2007).

Executive function (EF) is an umbrella term that encompasses the set of higher-order
processes that govern goal-directed actions and adaptive responses in novel, complex or
ambiguous situations (Hughes & Ensor, 2009). To evaluate EF, several rating scales,
such as the Behavior Rating Inventory of Executive Function (BRIEF; Gioia, Isquith,
Guy, & Kenworthy, 2000), have been developed. Epidemiological surveys have sug-
gested that sleep deprivation leads to problems in several of the EF BRIEF subscales
including Working Memory (WM; Jiang et al, 2011), Inhibit (Telzer, Fuligni,
Lieberman, & Galvdn, 2013), and Shift (Wimmer, Hoffmann, Bonato, & Moffitt,
1992). Anderson, Storfer-Isser, Taylor, Rosen, and Redline (2009) reported that sleepy
adolescents performed poorly in multiple areas of executive functioning, and that
BRIEF scores were associated with the degree of sleepiness.

The fact that short sleep time (ST) increases the risk of health, behavioral, and
cognitive problems is now widely accepted; however, the relationship between long ST
and EF in adolescence remains unknown. Therefore, we examined the relationship
between ST and EF in Japanese junior high school students.

Methods
Participants and procedures

Parents and junior high school students aged 12-15 years were recruited to parti-
cipate through an Internet survey firm (INTAGE HOLDINGS Inc. Tokyo, Japan).
The survey was conducted in 43 sites across Japan, and data were collected from
March to April 2013. This cross-sectional study recruited eligible participants from
approximately 150 million Japanese enrollments in the research firm. An e-mail
containing a web address link to an online questionnaire was randomly sent by the
research company to individuals who were stratified by district, gender, and age.
Among the e-mail participants, parents having a child aged from 12 to 15 answer
the questionnaire with smartphone, or PC. In total, 2,236 responses were obtained
(response rate: 25.5%). In this study, 100% of the study’s first contact with the
family occurred with the mother. After she answers the questionnaire, the mother
then asked her child to complete the questionnaire on the website, and we cross the
answers of the mother and the adolescent. Three-hundred seventeen responses were
excluded because in those the sum of ST, use of media time, and TV viewing time
exceeded 24 h/day, and thus, the accuracy of the responses was doubted. Therefore,
in total 1,919 responses were analyzed in this study. In the online survey, partici-
pants could not proceed without completing answers to all of the items; therefore,
no missing data were observed.

Assessment of sleep status and daytime behavior

The Japanese Sleep Questionnaire for junior high school students (JSQ-JH) is designed
to screen for sleep problems in Japanese junior high school students (the standardiza-
tion of this questionnaire is in preparation).
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The JSQ-JH consists of: (1) demographic data, (2) parent-observed sleep status of
his/her child, and (3) children’s self-reported lifestyle and sleep status on weeknights.
Demographic data obtained from parents included the child’s sex, age. Parents’
observations included wake-up time, bedtime, and bedroom condition of the child
(sleeping alone or co-sleeping), as well as 18 items measuring sleep-related problems
using a 6-point Likert scale ranging from 1 (strongly disagree) to 6 (strongly agree).
In this study, we used all the parent-observed sleep status data and two out of the 18
items on sleep-related problems. Sample items included, ‘my child wakes up at any
little sound’” and ‘my child is often irritable during the day.’ In Japan, elementary
school-aged children often sleep in the same room with their parents; however,
junior high students typically sleep alone. Therefore, we employed both parental
observation and children’s self-report to determine whether parents aware of their
children’s sleep.

Children’s self-report consisted of items related to sleep-associated lifestyle such
as bedtime, wake-up time, media/Internet use, TV viewing, electronic game playing,
frequently going out at night, consumption of caffeinated drinks at night, and
media/Internet use in the bedroom, in addition to sleep onset latency. In Japan,
adolescents often watch TV with their family, while they use smartphone or game
devices in their bedrooms. Therefore, we asked about TV viewing and other electric
device use separately.

From the 21 items on the JSQ-JH, we used seven items, including: ‘T cannot wake up,
and I miss school’; T do not enjoy school very much’; ‘I am always tired’; ‘I go to sleep
and wake up at irregular times’; ‘T sometimes go out at night’; ‘T have caffeinated drinks
after 8 p.m.’; ‘Sometimes I get home after 9 p.m.’; and ‘I play games, send texts, and use
the Internet in bed’. These items were greatly related to daily life and sleep quality.
Regarding sleep onset latency, children who answered either, ‘60 minutes’ or ‘more than
1 hour', were categorized as having ‘long sleep onset latency.” Since the JSQ-JH was not
yet validated, we conducted correlation analyses to confirm the consistency of responses
between parent and child. The parent-child correlations were significant on all items,
total ST (r = .42, p < .001), wake-up time (r = .89, p < .001), bedtime (r = .73, p < .001),
and sleep onset latency (r = .76, p < .001).

Assessment of executive function

The BRIEF parent form (Gioia et al., 2000) was used to evaluate EF and is categorized
into eight subscales: Inhibit, Shift, Emotional Control (EC), Initiate, Plan/Organize,
WM, Organization of Materials, and Monitor. Three EF subscales (Inhibit, Shift, EC)
belong to the Behavior Regulation Index (BRI), whereas the other five (Initiate, Plan/
Organize, WM, Organization of Materials, and Monitor) comprise the Metacognition
Index (MCI). BRI and MCI scores are summed to create the Global Executive
Composite (GEC) score. Parents rated their children’s behavior on a 3-point Likert
scale (never, sometimes, and often) with higher ratings indicate greater impairment.
Permission to use the Japanese version of the Behavior Rating Inventory of Executive
Function (J-BRIEF) was provided by the publisher (Psychological Assessment
Resources, Luts, FL). We recently determined that the J-BRIEF had good reliability
and validity (for complete details, see Momoda et al., 2017).
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This study was approved by the Institutional Review Board of Osaka University
Hospital on 31 March 2011.

Statistical analysis

We first examined the relationship between ST from the JSQ-JH and BRIEF scores in
the multiple linear regression analyses. The BRIEF scores were continuous variables as
the exposure measure. As it is difficult to judge suitable ST, we divided our samples by
428D, and the mean ST group was used as the reference for the comparisons of the long
and short ST groups. We defined ST < -2 SD (3.0-5.7 h), as the ‘short ST’ group (n =
54); =2 SD < ST < 2 SD (5.8-9.6 h), as the ‘mean ST’ group (n = 1,829); and ST = 2 SD
(9.7-12.0 h), as the long ST’ group (n = 36).

We validated the cut-off point of the indices and subscales of J-BRIEF for
Japanese junior high school students as follows: GEC, 118.5; BRI, 39.5; MCI, 77.5;
Inhibit, 12.5; Shift, 12.5; EC, 14.5; Initiate, 14.5; WM, 16.5; Plan/Organize, 21.5;
Organization of Materials, 12.5; and Monitor, 14.5. Receiver operating characteristic
analysis revealed an optimal cut-oft of 118.5 (sensitivity = 0.811, specificity = 0.828;
Momoda et al., 2017). Logistic regression analyses were used to examine whether
differences between ST groups led to the subsequent differences in J-BRIEF sub-
scales. Adjusted models were examined with age and sex as a moderator to analysis
possible interactions.

The Kruskal-Wallis test and chi-square test were conducted to explore the relation-
ship between ST and participant characteristics, J-BRIEF scores, and parent- or self-
reported items. All analyses were performed with SPSS Statistics 23 IBM SPSS
Advanced (IBM Japan, Tokyo, Japan).

Results
Demographic and participant characteristics

A histogram of the participants’ ratio and ST revealed a mound-shaped distribution
with a peak at 7 h (Figure 1).

Figure 2 shows the J-BRIEF composite scores for each ST group. The histogram
of the J-BRIEF composite scores revealed a U-shaped distribution against ST; the
scores were high in the children with short and long ST compared with those with
mean ST. The participants with the shortest ST (3 h) had the highest of all J-BRIEF
composite scores.

Table 1 shows the demographic characteristics of the ST groups. School grade
was not significantly different among the three groups. In the short ST group, the
number of girls is significantly larger than that of boys. The short ST group woke up
earlier than did the mean ST group, and the mean ST group woke up earlier than
did the long ST group.

A Kruskal-Wallis test was performed to compare the J-BRIEF scores among the
three groups. As shown in Table 1, all J-BRIEF composite scores of the long ST
group were significantly higher than those of the mean ST group. Regarding sub-
scales, all scores except for organization of materials were significantly higher in the
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Figure 1. Histogram showing the ratio of the participants by sleep time.

long ST group than those of the mean ST group. In the long ST group, the score for
inhibit was significantly higher than that of the short ST group. No significant
differences in any other subscales were found between the mean ST group and the
short ST group.

Relationship between J-BRIEF scores and ST

Table 2 shows the results of the logistic regression analyses using the categorized data.
In the short ST group, the adjusted odds ratios (AORs) of Shift, EC, and Initiate were
significantly higher compared to the mean ST group. The long ST group had signifi-
cantly higher AORs in all scales and except for the organization of materials.

Association of EF with sleep-related lifestyle

We investigate the factors that affect ST and compared the sleep-related lifestyle among
the three groups (Figure 3). Total TV viewing time did not differ significantly among
the groups. However, TV viewing time after 10 p.m. was the longest in the short ST
group compared to the other groups. Total game playing time and total Internet use
time were the longest in the long ST group compared to the other groups; however, that
time after 10 p.m. was the longest in the short ST group.

Association between ST and sleep-related factors

To determine sleep-related habits, we performed chi-square tests on some of the JSQ-
JH questions (Table 3). The ratios that have ‘long sleep-onset latency’ (46.7%; p < .001),
were significantly higher, and ‘I have breakfast every day’ (61.1%; p < .001), were
significantly lowest in the long ST group. In the short ST group was significantly
associated with ‘Sometimes I get home after 9 p.m. (37.0%; p < .01), T am always
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Figure 2. The mean BRIEF scores in the groups with different ST.

ST = sleep time, GEC = global executive composite, BRI = behavioral regulation index,MCl = metacognition
index, BRIEF: Behavior Rating Inventory of Executive Function.

tired (20.4%; p < .001), and I go to sleep and wake up at irregular times (27.1%; p <
.001)". In the long ST group was significantly associated with ‘I play games, send texts,
and use the Internet in bed (44.4%; p < .01)', ‘T cannot wake up and miss school (22.2%;
p <.001)', and T do not enjoy school very much (19.4%; p < .001)". For parent-reported
items, ‘my child wakes up at any little sound (3.0%; p < .01)', and ‘my child is often
irritable during the day (12.1%; p < .001)’ were significantly highest in the long ST.
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Table 1. Participants’ characteristics stratified by sleep time.

Total Short ST Mean ST Long ST Kruskal

1,919 54 (2.5%) 1,829 (95.6%) 36 (1.9%) Wallis except for d
Male 910 (47.4%) 17 (31.5%) 871 (47.6%) 22 (61.1%) p< ,05¢
Female 1,009 (52.6%) 37 (68.5%) 958 (52.4%) 14 (38.9%)
Sleep time 4594 £592 3039 +36.0 461.1+59.2 6099 + 343 abc***
Wake-up time 7:04 + 1:05 6:19 + 1:24 7:03 + 1:02 7:53 + 1:06 abc***
Bed time 23:00 + 1:00  25:12 + 1:18  23:00 = 1:30  21:36 + 1:23 abc***
7th grade 662 (34.5) 13 (24.1%) 635 (34.7%) 14 (38.9%)
8th grade 658 (34.3) 17 (31.5%) 632 (34.6%) 9 (25.0%) n.s.
9th grade 599 (31.2) 24 (44.4%) 562 (30.7%) 13 (36.1%)
BRIEF subscale
GEC 95.3 £ 24.0 100.1 = 25.5 94.8 £ 23.6 1141 = 316 ¥
BRI 33477 347 £83 33277 384+ 9.1 Pkl
Mcl 619 £ 175 65.4 + 18.2 615+ 17.2 75.7 + 241 ¥
Inhibit 113 +27 11.1+23 11.2+27 129 + 3.6 pe*
Shift 10.0 £ 2.7 10.7 = 3.1 10.0 £ 2.6 1.7 £32 Pl
Emotional control 121 £3.2 129 £ 3.2 121 £3.2 139 £ 4.0 Pkl
Initiate 114 £33 122 £ 34 113 +32 135+ 43 ¥
Working memory 132 £39 13.8 £ 4.0 132 £ 338 163 £ 5.2 &
Plan/organize 16.7 + 5.4 176 £ 5.5 16.6 + 5.4 214+ 75 Pl
Organization of materials 9.3 +3.1 10.0 £ 34 9.3 +3.1 104 £ 3.6
Monitor 113 +35 11.8 £ 3.8 113 +35 141 £ 5.0 ¥

ST = sleep time, GEC = global executive composite, BRI = behavioral regulation index, MCl = metacognition index. a = short
- mean, b = short - long, ¢ = mean - long. *p < .05, **p < .01, ***p< .001. d = Chi-square test.

Discussion

In this study, Japanese adolescents’ mean ST was 7-8 h, which was much the same as
previously reported studies (Hyakutake et al., 2016; Ohida et al., 2004), and the total ST
of Japanese students is still shorter than any other country (Gradisar, Gardner, &
Dohnt, 2011; Kim, Uchiyama, Okawa, Liu, & Ogihara, 2000). In this study, students
who slept 7 h showed the best EF; however, we should be careful to judge that 7-h ST is
sufficient for adolescents.

As expected, the students who had a shorter ST showed higher J-BRIEF scores,
indicating executive dysfunction. However, unexpectedly, the students who had a
longer ST also showed higher J-BRIEF scores. As we described above, compared with
mean ST group, the short ST group was impaired in Shift, EC and Initiate subscales,
and the long ST group was impaired in all scales except for the Organization of
materials subscale. Furthermore, in the long ST groups, EF was more broadly impaired
than in the short sleep groups not only the number of items but in also the degree of
dysfunction reported on each scale, as judged by the mean score of the BRIEF (Table
1.2). Shift, EC and initiate-associated brain area were pre-supplementary motor areas,
dorsal and medial prefrontal cortex. Moreover, the effect of insufficient sleep in these
areas related to poor performance (Crone, Wendelken, Donohue, van Leijenhorst, &
Bunge, 2006; Killgore et al., 2008; Nilsson et al., 2005). The executive dysfunction of
short ST group is compatible with these data.

In the short ST group, there were significantly more girls than boys. Previous studies
have found that girls tend to sleep less than boys, because girls wake up earlier to
prepare for school than boys do (Gau & Soong, 1995). As shown in Figure 3, TV
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Figure 3. Comparison of sleep-related lifestyle per the three sleep time groups.
*p< 01, **p< 001

Table 3. Comparison of sleep-related behaviors in the three ST groups.

Short Mean Long

Sleep habits ST ST ST X2
Long sleep-onset latency 9.5% 10.3% 46.7% il
| have breakfast every day 74.1% 88.6% 61.1% *rx
| Sometimes go out at night 9.3% 7.4% 5.6% n.s.
| have caffeinated drinks after 8 p.m. 5.6% 10.2% 5.6% n.s.
Sometimes | get home after 9 p.m. 37.0% 36.1% 11.1% **
| play games, send texts, and use the Internet in bed 20.4% 22.6% 44.4% **
Self-report

| cannot wake up, and | miss school 5.6% 1.6% 22.2% *x
| do not enjoy school very much 11.1% 3.7% 19.4% i
| am always tired 20.4% 5.9% 13.9% i
| go to sleep and wake up at irregular times 27.1% 6.0% 16.7% i
Parents' report

My child wakes up at any little sound 0.0% 0.8% 3.0% **
My child is often irritable during the day 6.7% 2.3% 12.1% b

The ratio of participants of each group is rated a 4 (60 min), 5 (more than 1 h) for ‘long sleep onset latency’ and 5
(agree) or 6 (strongly agree) for other items. ST = sleep time. **p< .01, ***p< .001.

viewing, game playing and Internet use after 10 p.m. were significantly longer in the
short ST group than in the mean ST group. These habits may lead to a late bedtime and
short ST. Furthermore, as shown in Table 3, these students often replied that they were
‘T am always tired,” and they I go to sleep and wake up at irregular times.” However,
their sleep latency was not long, and they were supposed to have a deep sleep, because
none of the participants in this group reporting waking up with little sounds. They ate
breakfast and made it to school on time and they seemed to be active in their social
lives.
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On the other hand, it has been reported that children with attention-deficit hyper-
activity disorder (ADHD) and executive dysfunction often tend to be short sleepers
(Konofal, Lecendreux, & Cortese, 2010). In addition, students with ADHD and execu-
tive dysfunction may take longer to complete their daily routine, such as homework,
stopping TV viewing or Internet using, and going to bed later (Becker & Langberg,
2014). In this study, we did not assess for ADHD, and further investigation needs to
clarify the relation between ADHD and short ST.

Children in the long ST group were less likely to use electric devices after 10 p.m.
than children in the mean ST group. Additionally, they did not go out at night, or
report missing school because of difficulty getting up, and were often irritable
during the day. From these data, it appears that children in the long ST group
prefer being solitary, are not actively participating in society, and do not enjoy
school life. It may be possible that the long ST group may be more active during the
weekend that is free from school, or they may be withdrawn as like weekdays. In
this questionnaire, there were items asking about day-night reversal or later bed-
times on the weekends; however, these items aimed to identify sleep-related dis-
orders, so we did not analyze these items. Thus, additional information is needed to
clarify the details of their sleep status and life.

The association between long ST and poor EF in this study needs to be clarified. One
plausible explanation is that there may be children with underlying conditions that
accompany both long ST and poor EF. First, disorders with hypersomnolence, includ-
ing narcolepsy and idiopathic hypersomnia, show their peak of onset in adolescence,
and are often accompanied with a variety of cognitive dysfunctions (Bayard, Langenier,
De Cock, Scholz, & Dauvilliers, 2012). Adolescents with these disorders often have long
ST (Sateia, 2014). Therefore, there may be some children with these disorders in this
study. Second, neurodevelopmental and neurocognitive disorders may be associated
with executive dysfunction. These include autism spectrum disorder (ASD) and ADHD.
Previous studies have found that children diagnosed with ASD have EF problems and
mature later than typical-developing children (Happé, Booth, Charlton, & Hughes,
2006; Luna, Doll, Hegedus, Minshew, & Sweeney, 2007). Regarding sleep, previous
studies have indicated that children with ASD had more frequent sleep problems
(Hirata et al., 2016; Krakowiak, Goodlin-Jones, Hertz-Picciotto, Croen, & Hansen,
2008), including insomnia, difficulties falling asleep and maintaining sleep, and shorter
ST (Elrod & Hood, 2015). In this study, long ST group reported having problems falling
asleep, waking up at any little sound. Furthermore, their parents reported that their
children ‘wakes up at any little sound’ significantly more often in the long ST group
than in the other groups (Table 3). These are suggesting that their children’s overall
sleep quality was poorer. Considering that the prevalence of ASD and ADHD are
estimated to be 1-2% and 4-5%, respectively (Kessler et al., 2006; Kim et al., 2011),
some of these children may have been included in the long ST group.

From the period in which we were collecting data, the usage of smartphones and other
devices to access the Internet in children has increased year by year. Japanese government
statistics have estimated that the penetration rate of the electronic device among junior
high students was approximately 91.5% in 2014 and 92.4% in 2017. Further, the usage time
by the students has increased from 130.2 min in 2014 to 148.7 min in 2017 (Cabinet Office
of Japan, 2018). It has been estimated that one-fifth of adolescents have Internet access in
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their bedroom (National Sleep Foundation, 2006). Thus, we must pay attention to short-
ening ST in adolescents. However, there is no evidence that children with short ST would
benefit from education about ‘good sleeping habits,” and so further investigations are
needed, about whether education on sleep hygiene is effective for prolonging the ST, and
normalization of ST improves EF of children with excessively short ST. On the other hand,
as shown in Figure 3, the long ST group reported longer Internet use time than did other
groups, but they did not have much usage after 10 p.m. This group tend to use the Internet
when other groups were concerned with social activities, and their ST was not affected. So,
in this group, the maladaptation due to executive dysfunction might be the primary issue
with regard to excessively long sleep, but this remains to be clarified.

In conclusion, this study indicates that adolescents who sleep too little or too much
displayed executive dysfunction. In caring for adolescents with excessively short or long
ST, we should examine the EF.

Limitations

Our study had several limitations. First, the study was designed as an online
investigation; therefore, sampling biases may have existed in these results due to
self-selection bias. That is, participants may have more interest in these topics.
Second, several studies have shown a link between socioeconomic status (SES),
sleep, and EF (e.g. Spielberg et al., 2015). However, we did not collect SES data;
therefore, the social structure is unknown in our community sample. Third, our
survey collected using only subjective data; therefore, its results should be comple-
mented in studies with more objective methods using actigraphs. Finally, the Beebe
(2016) editorial in Sleep raises possible artefactual contributors to the curvilinear
relationships between sleep and outcomes. We have to consider that the required
amount of sleep shows some inter-individual (short- and long-duration sleepers),
and cultural valuations.
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