
Abstract This article reviews evidence supporting the
hypothesis that suicide rates in Japan could be reduced by
elevating serotonin levels via increasing the average duration
of sleep. Seven major relevant findings were apparent in the
literature: 1) Sleep loss is associated with suicide, but the
direction of causality is equivocal. 2) Decreased serotonergic
activity may be involved in suicidal behavior. 3) Sleep debt
may decrease serotonergic activity. 4) The suicide rate in Japan
has remained at a heightened level for the past 12 years. 5) The
average sleep duration in Japan has decreased over the past 40
years. 6) The average sleep duration in Japan is among the
lowest in the world. 7) The average sleep duration in Japan
plateaued in 1995 and has been relatively stable since. From
the research reviewed, two major problematic issues were
apparent: 1) Most people in Japan receive inadequate sleep. 2)
Individuals whose sleep is inadequate are unlikely to be
sufficiently physically active to stimulate serotonergic systems
to a desirable level. I propose that public health initiatives
encouraging a longer duration of sleep may provide a relatively
simple way of addressing the disturbing current trend in Japan.
The combination of actigraph and brain serotonin level
measurement could allow large population-based cohort
studies to be designed, to elucidate the causal links between
sleep duration, serotonin levels, and suicide rates. J Physiol
Anthropol 30(1): 1–8, 2011 http://www.jstage.jst.go.jp/browse/
jpa2
[DOI: 10.2114/jpa2.30.1]
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Introduction

Suicide is a complex behavior. Depression is highly
prevalent among people who commit suicide (Conwell et al.,
1996), but many other risk factors have also been implicated,
including other health conditions (e.g., alcohol dependency,
cancer), sociodemographic features (e.g., higher rates in males,
the unmarried, and unemployed individuals), socioeconomic
factors, and climatic factors (e.g., cold weather, insufficient
sunshine, and snowfall; Nakao et al., 2008). In Japan, the

number of cases of suicide increased significantly in 1998, and
the suicide rate has remained high to date. There is currently
no conclusive explanation for this phenomenon. In a previous
paper I hypothesized that suicide rates in Japan might be
reduced by elevating serotonin levels via increasing the
average duration of sleep in the population (Kohyama, 2010,
but see Pires et al., 2010, for a critique of this hypothesis). In
accordance with my prediction, Bernert and Joiner (2007)
reported that suicide attempts and completed suicide were
associated with serotonergic dysfunction. They also reported
that studies investigating whether sleep treatment can reduce
the risk for suicidal behaviors are needed. In the present
article, the key evidence in support of my hypothesis is briefly
reviewed, followed by a discussion of some potential measures
for reducing the rate of suicide in Japan.

Suicide and sleep
Although depression showed the strongest link with suicide,

poor sleep quality increased the risk for suicide by 34%
(Turvey et al., 2002). Fujino et al. (2005) showed that, among
13,259 middle-aged adults, only difficulty maintaining sleep at
baseline, compared to other sleep disturbances (e.g., difficulty
initiating sleep, nonrestorative sleep), significantly predicted
death by suicide 14 years later. Bernert and Joiner (2007) cited
these two references and noted that depression was not
accounted for when examining the association between sleep
and completed suicide.

Several recent studies have examined the association
between sleep disturbance and suicide rates in patients with a
range of psychiatric disorders, including major depression,
panic disorder, and schizophrenia (Agargun et al., 1998a;
Agargun and Kara, 1998b; Singareddy and Balon, 2001).
Wojnar et al. (2009) conducted the first study examining the
association between symptoms of insomnia and suicidal
behavior over a 12-month period. Based on a sample of 5,692
American adults, it was found that chronic sleep problems
were associated with a greater risk of suicide (Wojnar et al.,
2009). In addition, the investigators suggested that addressing
sleep problems could reduce the risk of suicidal behavior.

In a large community sample, the association between sleep
and suicidal behavior was investigated in Chinese adolescents
(Liu, 2004). Adolescents (n�1,362) attending school were
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surveyed with a self-administered questionnaire regarding sleep
patterns, sleep problems, suicidal behavior, depressive
symptoms, and demographic characteristics of family
members. Logistic regression analyses revealed that sleeping
�8 hours at night was associated with an increased risk of
suicide attempts after adjusting for age, sex, and father’s
occupation. Although additional longitudinal studies using
objective measures of sleep duration are needed to replicate
these findings and confirm a causal link, Liu’s (2004) study
provided an important step for understanding the association
between short sleep duration and suicide in adolescents.
However, it should be emphasized that the direction of causality
remains equivocal. As such, it remains possible that suicidal
thoughts may cause trouble sleeping rather than the converse.

In a study of sleep-deprived participants, Yoo et al. (2007)
reported a heightened hyperlimbic response to negative emotio-
nal stimuli in the amygdala, associated with reduced functional
connectivity with the medial prefrontal cortex. These findings
lend further support to the notion that sleep loss is associated
with irrational emotional behavior, including suicide.

Suicide and serotonin
Since many risk factors have been implicated in suicide

(Nakao et al., 2008), it is difficult to establish direct links
between suicide and specific neurotransmitters. Indeed,
norepinephrine, serotonin, dopamine (Gunnell et al., 2009),
CRF/cortisol, and retinoic acid (Bremner and McCaffery,
2008) are reported to be involved in affective disorders
including depression, which is highly prevalent among people
who die as a result of suicide (Conwell et al., 1996). However,
one study found that reduced serotonin synthesis was exhibited
in the prefrontal cortex of individuals who had attempted
suicide compared with healthy controls (Leyton et al., 2006).
This evidence further suggests a link between serotonin and
suicide, in accordance with the currently proposed hypothesis
(Kohyama, 2010). The association between suicide and the
serotonergic system was proposed by several authors in 1992.
Mann and Arango (1992) reported that alterations in the
serotonergic system could be a risk factor for suicidal
behavior. Linnoila and Virkkunen (1992) proposed the term
‘low serotonin syndrome’ as a clinical entity linked to violent
suicide attempts. The potential role of the hypothalamic-
pituitary-adrenal (HPA) axis must also be considered in
discussing the link between serotonin and suicide, because
corticosteroids may play an important role in the relationship
between stress, mood changes, and suicidal behavior via an
interaction with serotonin1A (5HT1A) receptors (Pompili et
al., in press).

In addition to suicidal behaviors, disturbances of the lateral
orbito-prefrontal circuit have been implicated in the emergence
of aggressive behavior (Alexander et al., 1986). Importantly,
the serotonergic system is believed to activate this circuit
(Tekin and Cummings, 2002). In addition, one study examined
serotonergic conditions in relation to reward prediction with
both short and long time-scales (Schweighofer et al., 2008). In

that study, subjects performed a ‘dynamic’ delayed reward
choice task that required a continuous update of reward-value
estimates to maximize total gain (Schweighofer et al., 2008).
Using a computational model of delayed reward choice
learning, the parameters governing the subjects’ reward
choices were estimated in low-, normal, and high-serotonin
conditions. The investigators found an increase in the
proportion of small reward choices, together with an increase
in the rate of discounting of delayed rewards in the low-
serotonin condition compared with the control and high-
serotonin conditions (Schweighofer et al., 2008). This result
suggests that low serotonin levels are associated with
impulsivity. Interestingly, links between impulsive personality
characteristics and suicidal ideation and behavior have been
reported (Smith et al., 2008). In one study, higher impulsivity
levels, evaluated by multiple measures, were found to be
related to a greater number of previous suicide attempts
(Dougherty et al., 2004). These findings indicate that sero-
tonergic activity, especially in the prefrontal cortex, may play a
role in suicidal behavior.

Sleep and serotonin
Serotonergic activity is highest during wakefulness,

decreases during nonrapid eye movement sleep, and almost
ceases during rapid eye movement (REM) sleep (Portas et al.,
2000). It has been suggested that serotonergic cells play a role
in maintaining arousal and regulating muscle tone and in
regulating some of the phasic events of REM sleep (Siegel,
2004). During wakefulness, the serotonergic system is acti-
vated not only through exposure to morning light (Cagampang
et al., 1993) but also through rhythmic movements, such as
gait, chewing, and respiration (Jacobs and Azmitia, 1992). It is
widely recognized that poor sleep habits in humans can induce
mood and motivational disturbances, reduce attention,
vigilance, and concentration, and increase daytime fatigue or
sleepiness (American Academy of Sleep Medicine, 2005). In
addition, behaviorally induced insufficient sleep syndrome is
believed to be associated with the development of anergia,
fatigue, and malaise (American Academy of Sleep Medicine,
2005). When people are exhausted or sleepy, they are unlikely
to perform sufficient physical activity to activate serotonergic
activity to a desirable level.

A critique of the hypothesis that increasing sleep may
reduce suicide rates was recently published (Pires et al., 2010).
In their critique, Pires et al. (2010) argue that sleep deprivation
can actually increase the activity of the serotonergic system, in
conflict with the notion that a lack of serotonergic activity is
involved in suicide. However, the evidence cited by the authors
is a study of paradoxical sleep deprivation (Machado et al.,
2008), which differs substantially from total sleep debt
(Kohyama, 2011). As such, the hypothesis that total sleep debt
is related to suicide remains plausible. However, I strongly
agree with Pires et al. that a possible relationship between
sleep debt and suicide cannot be decisively attributed to a
single neurotransmitter system at this point in time.
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Suicide in Japan
In Japan, the annual number of cases of suicide remained

steady between 1980 and 1997, ranging between 20,000 and
25,000 individuals annually (Honkawa, 2010a). In 1998,
however, this number increased to 32,863 and has remained
over 30,000 every year since (Fig. 1) (Honkawa, 2010a). This
increase has been widely attributed to economic
circumstances, with three major banks failing between
November 1997 and May 1998. In accordance with the notion
that economic factors are involved, most suicides in Japan
occurred in the 55- to 64-year-old age-group (Honkawa,
2010b), a group that is heavily involved in the workforce and
the economy. In spite of the decrease in the rate of
unemployment during 2004 and 2007 (Honkawa, 2010c),
however, no decrease in suicide rate was reported. No
satisfactory explanation has been proposed for this
maintenance of a heightened suicide rate for the past 12 years.
It should be noted that the population of Japan did not change
substantially during this period.

The average sleep duration in Japan has decreased over the
past 40 years (Fig. 2; Broadcasting Culture Research Institute,
2006). The average sleep duration in people 10 years of age or
older was reported to be 493 minutes in 1960. This figure
dropped to 447 minutes by 1995, and further declined in 2000
and 2005 to 443 and 442 minutes, respectively (Broadcasting
Culture Research Institute, 2006). The small decrease in sleep
duration from 1995 to the present (Fig. 2) may suggest that
average sleep duration in Japan has reached a minimum
requirement for human survival. It should be noted that
determining individual sleep needs is challenging, since sleep
requirements depend on multiple factors (Carskadon and
Dement, 2005). Nonetheless, it is clear that Japan has one of
the lowest average sleep durations in the world (Table 1;
Nielsen, 2005; Society at a Glance 2009 OECD Social
Indicators, 2009; Walt Disney Studios Home Entertainment,
2008). In addition, one study reported that the average sleep
duration for people aged 18–64 years in Japan was 6.4 hours in
2008 (Walt Disney Studios Home Entertainment, 2008).
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Fig. 1 Changes in the number of deaths caused by suicide in Japan by year.
(data from http://www2.ttcn.ne.jp/honkawa/2740-2.html; Honkawa, 2010a)

Fig. 2 Changes in the average daily sleep duration of people aged 10 years or older in Japan.
(http://www.nhk.or.jp/bunken/research/life/life_20060210.pdf; Broadcasting Culture Research Institute, 2006)



The plateauing of average sleep duration over the last
several decades shown in Fig. 2 suggests that insufficient sleep
remains prevalent in Japan. It is well established that
insufficient sleep has a negative effect on daytime functioning
(Wolfson and Carskadon, 1998; Randazzo et al., 1998; Teixeira
et al., 2007), general well-being (Ohayon and Vecchierini,
2005), metabolic and endocrine function (Spiegel et al, 1999;
Spiegel et al, 2005), body weight (Taheri et al., 2004), and
psychomotor skills and mood (Dinges et al., 1997), in addition
to the increased risk of suicide attempts mentioned above (Liu,
2004). Although difficulty in maintaining sleep has been
recognized as a risk factor for suicide in Japan (Fujino et al.,
2005), a recent review on suicide in Japan did not discuss this
issue (Nakao et al., 2008). To the author’s knowledge, the
current review and the recent brief report mentioned above
(Kohyama, 2010) are the first reports suggesting an association
between sleep and suicide in Japan.

Japan is the only nation in the world in which �25% of
employed people are categorized as long-time workers
(working 50 hours or more per week; Table 1; Honkawa,
2010d). Conversely, labor productivity in Japan is below the
average level of 30 industrialized nations, with the lowest value
among developed nations (Table 1; Japan Productivity Center,
2010). This indicates that workers in Japan are likely to be
sleep-deprived and work long hours. Consequently, they tend
to exhibit poor productivity, and are likely to receive
insufficient rhythmic physical activity. Further research is
needed to investigate whether the serotonin levels of workers
in Japan are particularly low relative to other countries.

Suicide rates in France have decreased since 1986

(Honkawa, 2010b), and the average sleep duration in France is
60 minutes longer than that in Japan (Society at a Glance 2009
OECD Social Indicators, 2009). Nevertheless, the French
government launched plans to spend $9 million USD in 2007
to raise public awareness about sleep problems and the need to
improve sleep (Fox news, 2007), indicating a recognition of the
need for sleep in that country. In the international community,
people in Japan are widely considered to be highly industrious.
For most people in Japan, striving to achieve their best is an
important principle, even if this comes at the expense of sleep.
The time constraint produced by this situation is likely to
prevent many workers from receiving a sufficient amount of
active physical exercise, including rhythmic movements. This
lack of exercise may further decrease serotonergic activity in
the population.

Sleep, serotonin, and suicide in Japan
As reviewed above, a range of research supports the notion

that a link may exist between sleep duration, serotonin levels,
and suicidal behavior. So far, the role of sleep on suicide has
often been discussed in terms of symptoms of depression
(Agargun et al., 1998a; Agargun and Kara, 1998b; Singareddy
and Balon, 2001); however, it has been suggested that
maintenance of sleep is involved in suicidal behavior
independent of depression (Turvey et al., 2002; Fujino et al.,
2005; Bernert and Joiner, 2007). Potential links among these
factors are illustrated in Fig. 3. The cultural preference of
many people in Japan for work at the expense of rest could
affect these links. Further research is required to determine
conclusively whether an increase in average sleep duration can
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Table 1 Sleep duration, suicide rate, labor productivity, and the percentage of long-time workers in several nations*

Sleep duration (min) Suicide rate per Percentage of Labor Productivity 
(Society at a Glance OECD 100,000 individuals long-time workers (USD, Japan productivity

Social Indicators, 2009) (Honkawa, 2010a) (Honkawa, 2010d)** Center, 2010)

Korea 469 21.9 no data 46918
Japan 470 24.4 28.1 61862
Norway 483 11.4 no data 97275
Sweden 486 13.2 1.9 68025
Germany 492 11.9 5.3 69600
Italy 498 6.3 4.2 73179
Mexico 501 4.0 no data 27309
United Kingdom 503 6.4 15.5 70343
Belgium 505 18.2 3.8 80878
Finland 507 18.8 4.5 66981
Poland 508 15.2 no data 37465
Canada 509 11.3 no data 67723
Australia 512 10.8 20.0 69836
Turkey 512 no data no data 24647
New Zealand 513 12.4 21.3 51128
Spain 514 7.8 5.8 62669
United States 518 11.0 20.0 86714
France 530 17.0 5.7 77007

* The list of nations is based on the Society at a Glance OECD Social Indicators report (2009).
**Long-time workers are persons who work 50 hours or more a week, except for Japan and the United States. In Japan and the United States, long-time
workers are individuals who work 49 hours per week.



decrease the incidence of suicide via the elevation of
serotonergic activity.

Implications
Several possibilities exist for determining whether an

increase in the duration of sleep can lead to an elevation of
serotonergic activity and a reduction in suicidal behavior. Since
suicide is a multifactorial behavior, it is necessary to design
studies that isolate the effects of a single factor while
controlling for other potentially influential factors. This is a
difficult challenge. In addition, adequate sleep duration is
reported to vary substantially between individuals (Carskadon
and Dement, 2005). Considering this individual variability,
cross-sectional studies to assess suicide rates among groups of
individuals with variable sleep durations may not be an
appropriate approach for testing the relationship between sleep
duration and suicidal behaviors. As such, a large population-
based cohort design may be a good candidate to confirm the
proposed hypothesis. Since the average sleep duration in Japan
has been decreasing in recent years (Fig. 1), it is difficult to
design studies where a study population obtains a spontaneous
increase in sleep duration contrary to the current trend. Such a
study would require powerful intervention to increase the
duration of sleep. As such, public health initiatives en-
couraging people in Japan to sleep longer each night may be
essential for this research to be conducted.

So far, efforts to promote the importance of sleep in the last
several years have been specifically targeted at children
(Hoshino et al., 2010). Young people have been targeted

because �50% of children in Japan were found to go to bed at
10:00 p.m. or later (Kohyama et al, 2002; Yokomaku et al.,
2008; Kohyama, 2009). In 2006, the Ministry of Education,
Culture, Sports, Science and Technology began a nationwide
campaign to promote a lifestyle in which people go to bed
early, wake up early, and eat breakfast (2006). These
campaigns are in accordance with recent findings regarding the
features of the biological clock, referred to collectively as
‘sleep hygiene’ (American Academy of Sleep Medicine, 2005)
or ‘sleep health’ (Table 2). The basic principles of sleep health
are exposure to the morning light and avoidance of nocturnal
light, which are the essential factors for maintaining biological
clock function (Kohyama, 2008). Interestingly, the daily
sleeping habits of children have improved since the imple-
mentation of this campaign. However, adult sleep habits in
Japan have not been altered (Fig. 2; Nielsen, 2005; Society at a
Glance 2009 OECD Social Indicators, 2009; Walt Disney
Studios Home Entertainment, 2008). The majority of adults in
Japan continue to choose work over sleep. To more success-
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Table 2 Healthy sleep habits (sleep health practice/treatment: SHP/T)

1. Increase exposure to morning light.
2. Engage in physical activity during the daytime.
3. Sleep in the dark during the night (i.e., turn off all artificial lighting).
4. Eat regular meals.
5. Avoid substances that disturb sleep (e.g., caffeine, alcohol, nicotine).
6. Avoid excessive media exposure (e.g., video games, computers,

television).

Fig. 3 Links between sleep, serotonin, and suicide.
1, 2: Kohyama, 2009; 3: Jacobs and Azmitia, 1992; 4: Yoo et al., 2007; 5: Tekin and Cummings, 2002; 6: Smith et al., 2008;
7: Liu, 2004; 8: Schweighofer et al., 2008; 9: my paraphrase; 10: Leyton et al., 2006; 11: Conwell et al., 1996; 12: Agargun et
al., 1998a; Agargun et al., 1998b; Singareddy and Balon, 2001.



fully promote the notion of the importance of increasing sleep
duration, a greater understanding of basic sleep health,
supported by recent progress in neuroscience research (Table
2), is an important step.

In Japanese, reading a book to another person is called
‘yomikikase’: ‘yomi’ means to read, and ‘kikase’ means to
have someone listen. Kawai et al. (2008) reported that parents
who engaged in yomikikase communicated more effectively
with their youngsters compared with those who did not engage
in yomikikase. Interestingly, reduced serotonergic activity is
reported to be a disadvantage in attaining high social status
(Raleigh et al., 1991). Disturbances of the lateral orbito-
prefrontal circuit have also been implicated in deficits of
sociability (Alexander et al., 1986), and the serotonergic
system is known to activate this circuit (Tekin and Cummings,
2002). There is evidence that yomikikase may be involved in
activating serotonergic activity. A recent study reported that
yomikikase activated the limbic structures of child listeners but
also affected the neuronal activity of readers (Haji et al., 2007;
Taira, 2009). One study compared frontal cerebral blood flow
using functional near-infrared spectroscopy, examining the
difference between yomikikase and simple book-reading in
mothers, and found that frontal cerebral blood flow of mothers
was greater during yomikikase. This preliminary result did not
directly confirm the elevation of serotonergic activity in the
brain, and did not find activation of the limbic system of adult
listeners or elevation of frontal cerebral blood flow in fathers
during yomikikase. These questions require further investi-
gation. Measures to increase the practice of yomikikase may
affect multiple variables. For example, encouraging parents to
perform yomikikase may cause them to come home earlier,
which would cut down their working hours and potentially
ameliorate problems associated with sleep loss, including the
risk of suicide. It should also be noted that yomikikase has also
been found to be popular among adults for their own pleasure,
not only as listeners but also as readers (Kikaseya, 2010).
Increasing the prevalence of yomikikase would thus be
predicted to promote public health, encouraging people in
Japan to increase their average sleep duration.

Methods for assessing brain serotonergic activity can be
roughly divided into indirect and direct approaches. In an
indirect approach, because morning light and rhythmic
physical activity are effective for stimulating the serotonergic
system, serotonergic activity in the brain could be assessed
indirectly through calculating the amount of morning sunlight
exposure and rhythmic physical activity. Current technology is
sufficient for the development of devices enabling this type of
measurement without difficulty (e.g., pedometers built into cell
phones). Relevant to a direct measurement approach,
augmented brain serotonin was recently found to cross the
blood-brain barrier via the serotonin transporter in rats
(Nakatani et al., 2008). This finding indicates that it may soon
be possible to assess brain serotonin levels from blood
samples. In addition, blood glucose level can now be obtained
without taking a blood sample (Yamakoshi et al., 2009). Thus,

methods enabling direct, noninvasive measurement of brain
serotonin levels are likely to be available in the near future.

The actigraph is a small, wrist-worn device that contains an
accelerometer to monitor the number of wrist movements per
measurement period (Ancoli-Israel et al., 2003). Scoring
algorithms are used to identify sleep or wake states from
activity counts over relatively long periods (Ancoli-Israel et al.,
2003). The combination of an actigraph and equipment for
measuring brain serotonin level would enable large population-
based cohort studies to elucidate the causal links between sleep
duration, physical activity, serotonin levels, and suicide rates.

Conclusion

There is clear evidence that sleep, serotonin levels, and
suicide are linked, although the direction of causation requires
clarification. Internationally, Japan has one of the shortest
average sleep durations and one of the highest suicide rates.
Implementing public health initiatives encouraging people in
Japan to get more sleep may be a relatively simple means of
addressing disturbing current trends in sleep duration and
suicide rates in Japan. Yomikikase could play a valuable role in
these initiatives. The combination of the actigraph and
equipment for measuring serotonin levels in the brain could
allow the design of large population-based cohort studies to
elucidate the direction of causation in the relationships
between sleep duration, serotonin levels, and suicide rates.

References

Agargun MY, Cilli AS, Kara H, Tarhan N, Kincir NT, Oz H
(1998a) Repetitive and frightening dreams and suicidal
behavior in patients with major depression. Compr
Psychiatry 39: 198–202

Agargun MY, Kara H (1998b) Recurrent sleep panic,
insomnia, and suicidal behavior in patients with panic
disorder. Compr Psychiatry 39: 149–151

Alexander GE, DeLong MR, Strick PL (1986) Parallel
organization of functionally segregated circuits linking basal
ganglia and cortex. Annu Rev Neurosci 9: 357–381

American Academy of Sleep Medicine (2005) The
international classification of sleep disorder. 2nd ed.
Westchester

Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W,
Pollak CP (2003) The role of actigraphy in the study of
sleep and circadian rhythms. Sleep 26: 342–392

Bernert RA, Joiner TE (2007) Sleep disturbances and suicide
risk: A review of the literature. Neuropsychiatr Dis Treat 3:
735–743

Bremner JD, McCaffery P (2008) The neurobiology of retinoic
acid in affective disorders. Prog Neuropsychopharmacol
Biol Psychiatry 32: 315–331

Broadcasting Culture Research Institute (2006) Basic survey
on social life in Japan, 2005. http://www.nhk.or.jp/bunken/
research/life/life_20060210.pdf (accessed Mar. 23, 2010) [In

6 Sleep, Serotonin, and Suicide



Japanese]
Cagampang FR, Yamazaki S, Otori Y, Inouye SI (1993)

Serotonin in the raphe nuclei: regulation by light and an
endogenous pacemaker. Neuroreport 5: 49–52

Carskadon MA, Dement WC (2005) Normal human sleep: an
overview. In Kryger MH, Roth T, Dement WC, eds.
Principles and practice of sleep medicine. Elsevier Saunders,
Philadelphia, 13–23

Conwell Y, Duberstein PR, Cox C, Herrmann JH, Forbes NT,
Caine ED (1996) Relationships of age and axis I diagnoses
in victims of completed suicide: a psychological autopsy
study. Am J Psychiatry 153: 1001–1008

Dinges DF, Pack F, Williams K, Gillen KA, Powell JW, Ott
GE, Aptowicz C, Pack AI (1997) Cumulative sleepiness,
mood disturbance, and psychomotor vigilance performance
decrements during a week of sleep restricted to 4–5 hours
per night. Sleep 20: 267–277

Dougherty DM, Mathias CW, Marsh DM, Papageorgiou TD,
Swann AC, Moeller FG (2004) Laboratory measured
behavioral impulsivity relates to suicide attempt history.
Suicide Life Threat Behav 34: 374–385

Fox News (2007) France to let workers nap on the job.
http://www.foxnews.com/story/0,2933,248903,00.html
(accessed May 13, 2010)

Fujino Y, Mizoue T, Tokui N, Yoshimura T (2005) Prospective
cohort study of stress, life satisfaction, self-rated health,
insomnia, and suicide death in Japan. Suicide Life Threat
Behav 35: 227–237

Gunnell D, Irvine D, Wise L, Davies C, Martin RM (2009)
Varenicline and suicidal behaviour: a cohort study based on
data from the General Practice Research Database. BMJ
339: b3805

Haji T, Tajima N, Matsumoto M, Sasaki T, Hachisuka M,
Aihara M, Taira M (2007) Cortical activations of mother and
child during reading to child—Yomikikase: an fNIRS study.
Proceeding of the 84th Congress of the Physiological
Society of Japan, 169

Honkawa Y (2010a) Honkawa data tribune. http://www2.ttcn.
ne.jp/honkawa/2740-2.html (accessed Mar. 23, 2010) [In
Japanese]

Honkawa Y (2010b) Honkawa data tribune. http://www2.
ttcn.ne.jp/honkawa/2770.html (accessed Mar. 23, 2010) [In
Japanese]

Honkawa Y (2010c) Honkawa data tribune. http://www2.
ttcn.ne.jp/honkawa/3080.html (accessed Aug. 30, 2010) [In
Japanese]

Honkawa Y (2010d) Honkawa data tribune. http://www2.
ttcn.ne.jp/~honkawa/3130.html (accessed Mar. 23, 2010) [In
Japanese]

Hoshino K, Kohyama J, Suzuki M (2010) Kodomo no hayaoki
wo susumeru kai. http://www.hayaoki.jp (accessed May 13,
2010) [In Japanese]

Jacobs BL, Azmitia EC (1992) Structure and function of the
brain serotonin system. Physiol Rev 72: 165–229

Japan Productivity Center (2010) International comparison on

labor productivity. http://activity.jpc-net.jp/detail/01.data/
activity000847/attached.pdf (accessed Mar. 23, 2010) [In
Japanese]

Kawai T, Takahashi T, Furuhashi E (2008) Parental
Communication with Children by Using Picture Book.
Bulletin of the Faculty of Social Welfare, Hanazono
University 16: 83–96 [In Japanese]

Kikaseya K (2010) Ehon Katrobonaara—Oisii ehon wo
mesiagare. Fure-berukan, Tokyo [In Japanese]

Kohyama J (2008) Physiology and practice of sleep medicine
2nd ed. Shindan to chiryousha, Tokyo [In Japanese]

Kohyama J (2009) A newly proposed disease condition
produced by light exposure during night: asynchronization.
Brain Dev 31: 255–273

Kohyama J (2010) More sleep will bring more serotonin and
less suicide in Japan. Med Hypo 75: 340

Kohyama J (2011) Sleep debt and serotonin. A response to a
comment on my hypothesis. Med Hypo 76: 304

Kohyama J, Shiiki T, Ohinata-Sugimoto J, Hasegawa T (2002)
Potentially harmful sleep habits of 3-year-old children in
Japan. J Dev Behav Pediatr 23: 67–70

Leyton M, Paquette V, Gravel P, Rosa-Neto P, Weston F, Diksic
M, Benkelfat C (2006) alpha-[11C]Methyl-L-tryptophan
trapping in the orbital and ventral medial prefrontal cortex
of suicide attempters. Eur Neuropsychopharmacol 16: 220–
223

Linnoila VM, Virkkunen M (1992) Aggression, suicidality,
and serotonin. J Clin Psychiatry 53 (Suppl): 46–51

Liu X (2004) Sleep and adolescent suicidal behavior. Sleep 27:
1351–1358

Machado RB, Tufik S, Suchecki D (2008) Chronic stress
during paradoxical sleep deprivation increases paradoxical
sleep rebound: association with prolactin plasma levels and
brain serotonin content. Psychoneuroendocrinology 33:
1211–1224

Mann JJ, Arango V (1992) Integration of neurobiology and
psychopathology in a unified model of suicidal behavior. J
Clin Psychopharmacol 12 (2 Suppl): 2S–7S

Nakao M, Takeuchi T, Yoshimasu K (2008) A proposed
approach to suicide prevention in Japan: the use of self-
perceived symptoms as indicators of depression and suicidal
ideation Environ Health Prev Med 13: 313–321

Nakatani Y, Sato-Suzuki I, Tsujino N, Nakasato A, Seki Y,
Fumoto M, Arita H (2008) Augmented brain 5-HT crosses
the blood-brain barrier through the 5-HT transporter in rat.
Eur J Neurosci 27: 2466–2472

Nielsen AC (2005) Sleeping pattern. http://www.acnielsen.
co.jp/news/documents/Sleeping_Pattern.pdf (accessed May
13, 2010) [In Japanese]

Ohayon MM, Vecchierini MF (2005) Normative sleep data,
cognitive function and daily living activities in older adults
in the community. Sleep 28: 981–989

Pires GN, Andersen ML, Kahan V, Araujo P, Galduróz JC,
Tufik S (2010) Is serotonin responsible for the relationship
between sleep debt and suicide? A comment on Kohyama’s

Kohyama, J J Physiol Anthropol, 30: 1–8, 2011 7



hypothesis. Med Hypotheses 75: 675
Pompili M, Serafini G, Innamorati M, Möller-Leimkühler AM,

Giupponi G, Girardi P, Tatarelli R, Lester D (in press) The
hypothalamic-pituitary-adrenal axis and serotonin abnor-
malities: a selective overview for the implications of suicide
prevention. Eur Arch Psychiatry Clin Neurosci

Portas CM, Bjorvatn B, Ursin R (2000) Serotonin and the
sleep/wake cycle: special emphasis on microdialysis studies.
Prog Neurobiol 60: 13–35

Raleigh MJ, McGuire MT, Brammer GL, Pollack DB, Yuwiler
A (1991) Serotonergic mechanisms promote dominance
acquisition in adult male vervet monkeys. Brain Res 559:
181–190

Randazzo AC, Muehlbach MJ, Schweitzer PK, Walsh JK
(1998) Cognitive function following acute sleep restriction
in children ages 10–14. Sleep 21: 861–868

Schweighofer N, Bertin M, Shishida K, Okamoto Y, Tanaka
SC, Yamawaki S, Doya K (2008) Low-serotonin levels
increase delayed reward discounting in humans. J Neurosci
28: 4528–4532

Siegel JM (2004) The neurotransmitters of sleep. J Clin
Psychiatry 65 Suppl 16: 4–7

Singareddy RK, Balon R (2001) Sleep and suicide in
psychiatric patients. Ann Clin Psychiatry 13: 93–101

Smith AR, Witte TK, Teale NE, King SL, Bender TW, Joiner
TE (2008) Revisiting impulsivity in suicide: implications for
civil liability of third parties. Behav Sci Law 26: 779–797

Society at a Glance 2009 OECD Social Indicators (2009)
Special focus: measuring leisure in OECD countries.
http://www.sourceoecd.org/pdf/societyataglance2009/81200
9011e-02.pdf (accessed on Mar. 23, 2010)

Spiegel K, Leproult R, Van Cauter E (1999) Impact of sleep
debt on metabolic and endocrine function. Lancet 354:
1435–1439

Spiegel K, Knutson K, Leproult R, Tasali E, Van Cauter E
(2005) Sleep loss: a novel risk factor for insulin resistance
and type 2 diabetes. J Appl Physiol 99: 2008–2019

Taheri S, Lin L, Austin D, Young T, Mignot E (2004) Short
sleep duration is associated with reduced leptin, elevated
ghrelin, and increased body mass index. PLoS Med 1: e62

Taira M (2009) Yomikikase ha kokoro no nou ni todoku.
Kumon Publisher [In Japanese]

Teixeira LR, Lowden A, Turte SL, Nagai R, Moreno CR,
Latorre Mdo R, Fischer FM (2007) Sleep and sleepiness

among working and non-working high school evening
students. Chronobiol Int 24: 99–113

Tekin S, Cummings JL (2002) Frontal-subcortical neuronal
circuits and clinical neuropsychiatry: an update. J
Psychosom Res 53: 647–654

The Ministry of Education, Culture, Sports, Science and
Technology (2006) Hayanehayaoki-asagohan-undou. http://
www.hayanehayaoki.jp/ (accessed Mar. 23, 2010) [In
Japanese]

Turvey CL, Conwell Y, Jones MP, Phillips C, Simonsick E,
Pearson JL, Wallace R (2002) Risk factors for late-life
suicide: a prospective, community-based study. Am J
Geriatr Psychiatry 10: 398–406

Walt Disney Studios Home Entertainment. World sleep (2008)
http://www.mylifenote.net/2008/11/12/20081112_wo.pdf
(accessed on Mar. 23, 2010) [In Japanese]

Wojnar M, Ilgen MA, Wojnar J, McCammon RJ, Valenstein M,
Brower KJ (2009) Sleep problems and suicidality in the
National Comorbidity Survey Replication. J Psychiatr Res
43: 526–531

Wolfson AR, Carskadon MA (1998) Sleep schedules and
daytime functioning in adolescents. Child Dev 69: 875–887

Yamakoshi Y, Ogawa M, Yamakoshi T, Tamura T, Yamakoshi
K (2009) Multivariate regression and discreminant
calibration models for a novel optical non-invasive blood
glucose measurement method named pulse glucometry.
Conf Proc IEEE Eng Med Biol Soc 2009: 126–129

Yokomaku A, Misao K, Omoto F, Yamagishi R, Tanaka K,
Takada K, Kohyama J (2008) A study of the association
between sleep habits and problematic behaviors in preschool
children. Chronobiol Int 25: 549–564

Yoo SS, Gujar N, Hu P, Jolesz FA, Walker MP (2007) The
human emotional brain without sleep—a prefrontal
amygdala disconnect. Sleep-deprivation causes an emotional
brain ‘disconnect’ Curr Biol 17: R877–878

Received: May 13, 2010 
Accepted: September 29, 2010
Correspondence to: Jun Kohyama, 3–4–32 Toudaijima,
Urayasu, Chiba 279–0001, Japan
Phone: +81–47–351–3101
Fax: +81–47–352–6237
e-mail: j-kohyama@jadecom.or.jp

8 Sleep, Serotonin, and Suicide


