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1TRIF OBH 5 0 HikmRT 20.0% 32.7% 0.344

YTRF O WP & Ok Eh 20.0% 19.2% 0.947

178 UT Ol A S AR5 33.3% 21.2% 0.330

BoA7L 2k 20.0% 15.4% 0.671

BoERMEE 40.0% 42.3% 0.873

BoOREREEGTie B R 3.0% 19.2% 0.600

Bl A 5% 33.3% 17.3% 0.179

RO BOHE 6.7% 23.1% 0.157

FERIFROV LORE 66.7% 67.3% 0.963

FOlWLD 40.0% 34.6% 0.702

MO (8L 46.7% 15.4% 0.010°

EFRICNT 2 EE | TOROIENEE (byh3 0 y) 40.0% 28.5% 0.914
REEH, 50 GHEMNIEH 13.3% 17.3% 0.714

[ NN 3 (5L V3] 0.0% 7.7% 0.263

R E LA DR B R o o 84h 6.7% 19.2% 0.247

@ MBSO 6.7% 9.6% 0.7
o EPED R 33.3% 17.3% 0.179
ﬁ SEREDUHIE - RINFE 33.3% 2.7% | 0.963
;ﬁl} 3 DBk 53.3% 2.7% 0.145
i REEDEFF WL 13.3% 21.2% 0.500
.f). (BF23 2 REENT 3 6.7% 3.8% 0.642

i R - Mg R~ O WG 0.0% 0.0% -

i F 0D LT R 33.3% 46.2% 0.377
B ORI | BT 6.7% 8.7% 0.8
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DR MA v bOBSE | 100 L0 B DEHES 80.0% 73.1% 0.587
N AER B C Ot RS0 RER 40.0% 26.9% 0.330
LRI HEHE 73.3% 78.8% 0.652

e 73.3% 84.6% 0.315

H¥ED R 86.7% 82.4% 0.69%4

BIABIT BT SRR EORBMRE 93.3% 75.0% 0.124
BE B BRI BT 73.3% 38.5% .07’

Bifd A HHDESIG | GAF (#(SD)) 41.5 (16.6) | 47.5 (11.3) | 0.110
MRS & O iGHEGE | AUDIT (RL(SD)) 86 (9.9 | 3.9(57 | 0.023°
Il A B BITE (&(SD)) 30.9 (10.2) | 19.5 (11.2) | 0.001°
BIS-11 (4(SD)) 76.7 (14.1) | 71.7 Q1.0 | 0.154

ADES (#(SD) 51 (2.0 ] 4.9 (2.4) | 0.889

'p<0.05
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Understanding and Treating Self-injury:
For Suicide Prevention of Adolescence

Toshihiko MATSUMOTO"

Abstract

Recently self-injurious behavior including wrist-cutting among youth has been a serious problem in Japan. Self-
injury is the act to injure oneself deliberately without a suicidal intent, by a nonfatal method, predicting a nonfatal
consequence. It is frequently repeated to cope with distress, for instance, to reduce an intolerable and painful feel-
ing.

Self-injury is the act to be differentiated from suicide, and often cause a negative attitude in mental health pro-
fessionals, although many previous studies reveal that individuals with self-injury are more likely to death by sui-
cide than those without, and that self-injury may be one of the important risk factors predicting future suicide.

In this paper, the author gives an outline of understanding and treating self-injury, and indicates that to support
and care self-injuring youth by mental health professionals may contribute to suicide prevention in adolescence,

Key words: Self-injury, Adolescence, Suicide prevention

(Jap J Stress Sci 2010 ; 24 (4) : 229-238)

Center ’,t'or Suicide Prevention, National Institute of Mental Health, National Center of Neurology and Psychiatry,
Tokyo'
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Formation of aversive memories sometimes involves a pathogenic cognitive process that could lead to
the development of posttraumatic stress disorder (PTSD). Here, we explore chronobiological aspects of
shifts in aversive memory encoding abilities around habitual sleep onset periods (SOPs). Thirty univer-
sity students, who were randomly assigned to one of two groups, watched a suspenseful movie for 2 h,
beginning either 3 h prior to their habitual sleep onset periods (pre-SOP group) or 1 h after their habitual
sleep onset periods (post-SOP group). Recognition accuracy was tested 15 min after the movie finished

geg;?;:i; and again 10 h after the movie finished, after a sleep period. Overall recognition accuracy was higher in
Circadian rhythm the post-SOP women than in the pre-SOP women, while that in the pre-SOP men was higher than that

in the post-SOP men. The recognition accuracy gap (aversive-neutral) was significantly greater in the
post-SOP women than in the pre-SOP women throughout both recognition sessions, while there was
a non-significant group difference for men. These findings suggest that habitual SOP is a watershed in
women's ability to learn to identify aversive events. Women more correctly encode aversive episodes

Habitual sleep onset
Posttraumatic stress disorder
Lifetime prevalence

Event memory

post-SOP than pre-SOP, which could contribute to high PTSD prevalence in women.
© 2011 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

1. Introduction

Various studies have indicated that women outperform men
in the recall of object locations (Voyer et al., 2007), odors (Oberg
et al.,, 2002), faces (Rehnman and Herlitz, 2007), pictures (Galea
and Kimura, 1993), objects (Herlitz et al., 1997), and verbal infor-
mation (Herrmann et al., 1992). Conversely, studies on both rats
(Shors et al., 2001; Hodes and Shors, 2005) and humans (Jackson
et al., 2006) have reported that females’ abilities to encode mem-
ories of aversive events are more susceptible to acute stress than
those of males.

Aversive events can trigger the development of some anxiety
disorders, such as posttraumatic stress disorder (PTSD), and the
formation of aversive episodic memories in PTSD is presumed to
involve a pathogenic cognitive process (Breslau, 2001; Coles and
Heimberg, 2002). A study by Kessler et al. (1995) showed the life-
time prevalence of PTSD to be 2.08 times greater for females than for
males. It can be inferred that sex differences in the ability to form
memories of aversive episodes could be one factor in the devel-

* Corresponding author at: Department of Adult Mental Health, National Institute
of Mental Health, National Center of Neurology and Psychiatry, 4-1-1 Ogawa-
Higashi, Kodaira 187-8502, Tokyo, Japan. Tel.: +81 42 346 1986;
fax: +81 42 346 1986.

E-mail addresses: kenichik@ncnp.go.jp, kuriken777@hotmail.com (K. Kuriyama).

opment of PTSD (Mackiewicz et al., 2006). However, there is still
not enough convincing evidence supporting the association of PTSD
development with these mnemonic differences between sexes.

Rape victims are among those with the highest risk of devel-
oping PTSD symptoms (Kessler et al., 1995). In the United States,
even though the lifetime prevalence of rape is similar to that of
physical assault, the risk of female rape victims developing PTSD is
about five times higher than the risk for female victims of physical
assault (Kessler et al., 1995). Epidemiological data have shown that
in 2006 the rate of rape and sexual assault in the United States was
about two times greater during the nighttime (6 PM-6 AM: 67.9%
of cases) than in the daytime (6 AM-6 PM: 30.1% of cases) (Bureau
of Justice Statistics, 2010). In particular, the rate of rape and sexual
assault was about four times higher than that of physical assault
during 6 h (12 AM-6 AM) in the middle of the night.

Human episodic memory encoding ability is vulnerable to
degradation by sleepiness (Yoo et al., 2007a,b). Accumulated sleepi-
ness has been shown to impair memories that have neutral or
positive emotional qualities but not those with negative emotional
salience (van der Helm et al., 2010). Homeostatic sleepiness, which
strongly assists the circadian regulated physiological modulations
thatinduce sleep, drastically rises around the time of habitual sleep
onset periods (SOPs) (Lavie, 1986, 2001), and it grows gradually
until sleep is achieved.

In this study, we examine our hypothesis that exposing indi-
viduals to aversive episodes after their habitual SOPs (post-SOP)

0168-0102/$ - see front matter © 2011 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
doi:10.1016/j.neures.2011.01.012
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affects memory encoding to a greater extent than exposing indi-
viduals to aversive episodes before their habitual SOPs (pre-SOP).
After their prevailing habitual SOPs, women may be at increased
risk for encountering traumatic events and, consequently, at risk for
an increased prevalence of PTSD. Our experimental setting enables
us to examine the effect of homeostatic sleepiness on memory
encoding and recognition abilities with minimum influence from
circadian factors.

2. Materials and methods
2.1. Participants

Thirty healthy, right-handed college students, comprising 16
females (mean age, 21.9 years; age range, 20-23 years) and 14
males (mean age, 21.7 years; age range, 20-25 years), participated
in this study. Participants had no previous history of drug or alcohol
abuse or of neurological, psychiatric, or sleep disorders, and they
were maintaining a consistent sleep schedule. Female participants
who had regular menstrual cycles and who were in the follicular
phase of their regular menstrual cycles were included in the study.
All procedures for the study were carried out inaccordance with the
guidelines outlined in the Declaration of Helsinki. The study proto-
col was approved by the Intramural Research Board of the National
Center of Neurology and Psychiatry, and all participants provided
written informed consent to participate in the study.

2.2. Experimental procedures

Participants took part in aversive episodic memory sessions
held over the course of two days. All participants were randomly
assigned to one of two experimental groups, and each group fol-
lowed a specific schedule that consisted of an encoding session
and two recognition sessions (see Fig. 1). During the night of the
experiment, participants slept under controlled conditions in com-
plete darkness (<0.1 lux) in a room with an ambient temperature of
25.0+0.50=C. The amount of overnight sleep for each participant
was estimated using an ambulatory wrist activity recorder (Acti-
watch, Mini Mitter Co. Inc., Bend, OR, USA). During a week prior to
the experiment, ambulatory wrist activity recorders and sleep logs
were utilized to record the habitual sleep durations, SOPs, and wak-
ing times of the participants; these data were used to set individual
timings of memory trials and sleep schedules in the experimental
setting.

The pre-SOP group’s episodic memory encoding took place in
mid-evening and lasted for 2 h, from 3 h to 1h prior to each indi-
vidual’s habitual SOP — in other words, during the “forbidden zone”
(Lavie, 1986). The “forbidden zone” is a unique period during which
healthy humans temporarily escape the influence of sleepiness and
find it difficult to fall asleep (Lavie, 1986, 1991). To determine
whether the aversive episode encoding in the pre-SOP led to con-
solidation over the sleep period, the 15 participants (8 females;
mean age, 21.3 years; age range, 20-25 years) took part in recog-

Day 1: Encoding & 1st recognition session

nition sessions 45 min prior to their individual SOPs and again 9h
after their individual SOPs, after a night of sleep.

The post-SOP group’s episodic memory encoding took place in
the middle of the night and lasted for 2 h, from 1h to 3h after each
individual’s habitual SOP. To determine whether aversive episode
encoding in the post-SOP group led to consolidation over the sleep
period similar to that recorded for the pre-SOP group, the 15 post-
SOP participants (8 females; mean age, 21.6 years; age range 20-23
years) were tested 3.25 h after their individual SOPs and retested
13 h after their individual SOPs, after a night of sleep (Fig. 1).

Participants did not get any specific encoding instructions
before watching the movie. During the encoding sessions, skin con-
ductance responses (SCRs) (Schell et al.,, 1991) were measured to
estimate the aversive impact of the encoding movie on physiologi-
cal reactions. The SCR measurements were taken in microSiemens
(S, units of electrical conductance), by the constant-current volt-
age method (0.5 V) at 100 Hz, with Ag-AgCl electrodes, filled with
isotonic electrolyte (0.05 M NaCl), attached to the index and middle
fingers of the left hand of each participant (BIOPAC Systems, Santa
Barbara, CA, USA). The mean SCR for each participant was calcu-
lated by first determining the SCR to each stimulus — defined as
the maximal positive deflection in the skin conductance level, with
the onset of the deflection occurring during the presentation of the
movie scene — and then averaging the SCRs of all of the scenes.

We also assessed sleepiness levels and tympanic temperatures
as markers of homeostatic and circadian regulation, respectively
(Jewett et al., 1999; Kuriyama et al., 2005). For each of the encoding
and recognition sessions, Stanford Sleepiness Scale (SSS) (Glenville
and Broughton, 1978) ratings for each participant were obtained
at regular intervals starting just before and ending just after the
sessions, and the pre- and post-session scores were averaged to
evaluate eachindividual’s sleepiness (Craig et al.,2002) during each
session. Additionally, the tympanic temperature of each partici-
pant was measured 10 times within a span of 5min at 8 different
points, each 2h apart, before and after the sleep interval, using
infrared tympanic thermometers (EM-30CPLBO1; Terumo Medical
Corp., Somerset, NJ, USA) to evaluate the core body temperature
(CBT) of each individual as accurately as possible, since CBT is a
robust marker of circadian regulation (Wyatt et al., 1999; Jewett
et al.,, 1999; Craig et al., 2002). Mean tympanic temperatures were
calculated for each of the measure points.

2.3. Episodic memory task

We utilized a DVD of the Japanese-dubbed version of a sus-
pense film, Red Dragon (Ratner, B. [Director], 2003, USA: Universal
Pictures, available through Universal Pictures Japan Inc., Shibuya,
Tokyo), as a contextual memory encoding stimulus that included
aversive episodes. The film lasted around 120 min and included
some aversive scenes with horrific murders as well as some neutral
or tranquil scenes that were not reminiscent of murder (e.g., casual
conversation, outdoor recreation or reading), and none of the par-
ticipants had ever watched it before. At each encoding session, the

Day 2: 2nd recognition session
2nd

=
\J

Encode st
Pre-SOP group:
Relative time
-4 -2 0 2
Habitual sleep
Post-SOP group: onset time _ i, A
Encode 1st

2nd

Fig. 1. Study protocol. Experimental sessions were conducted on two consecutive days. On day 1, an encoding session and a first recognition session were conducted. On day
2, a second recognition session, identical to the first, was conducted, after an 8 h sleep period. The pre-SOP (sleep onset period) and post-SOP groups had different schedules.
Participants in the pre-SOP group conformed to their individual habitual sleep schedules; they were exposed to the encoding movie stimulus during the 2hfrom3hto 1h
prior to their habitual SOPs (relative time: 0) and took part in 2 recognition sessions, one at 45 min prior to and one 9 h after their habitual SOPs. The sessions and sleep period
for the post-SOP group took place 4 h later, relative to individual SOPs, than for the pre-SOP group.
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film was presented on a 22-inch (55.88 cm) LCD widescreen mon-
itor, with Dolby digital surround sound (Dolby Laboratories Inc.,
San Francisco, CA, USA) contributing to the creation of a realistic
presentation for the participants. Participants were monitored via
a video monitoring system throughout the study.

Recognition performance was measured at 15min after and
10h after the end of each encoding session, using a scenic pic-
ture recognition task. Forty monochrome picture stimuli (two
sets of 10 aversive and 10 neutral pictures) were administered
in a randomized, counterbalanced order across participants and
recognition sessions. Participants were shown 10 picture stimuli
captured from the aversive scenes, together with 10 additional pic-
ture stimuli from other, neutral scenes. Both types of picture stimuli
consistently presented the less expressive hero and a nondescript
background and were grey-scale transformed to match each other
in terms of overall visual complexity, brightness, contrast, and
affective valence. These criteria were applied to the picture stim-
uli in order to exclude emotional effects that could heighten the
subjective sense of remembering and cause an increase in the sub-
jective ratings of vividness, recollection, and belief in accuracy
(Sharot et al., 2004). Contextual fear levels of the stimuli were con-
firmed by individual SCR levels, which were measured during the
approximately 1-min long windows of aversive or neutral events
in the film. Stimuli were presented for 5, with a 5-s rest between
each one, on the same screen as the encoding film. Participants
were asked to respond by pressing the left or right keypad button
with their right index or middle fingers to indicate whether they
had previously seen the picture in the encoding film or not. Trials
where no response was logged or where the participants pressed
both buttons were logged as misses. Recognition performance was
calculated based on the accuracy of the responses.

2.4. Statistical analysis

StatView ver.5.0 for Windows (SAS Institute Inc., Cary, NC) was
used for all the statistical analyses. A 2 (group) x 2 (sex) analysis
of variance (ANOVA) was utilized to estimate variances of partici-
pants’ sleep durations during the night of the experiment, habitual
sleep parameters, and SSS ratings and tympanic temperatures dur-
ing encoding sessions. To confirm differences in psychophysiolog-
ical fear responses to the encoding events, a 2 (group) x 2 (sex) x 2
(event-type) ANOVA was applied to individuals’ SCR levels for cor-
responding event scenes. Moreover, to detect differences in SSS
ratings and tympanic temperatures between the two recognition
sessions, 2 (session) x 2 (group) x 2 (sex) ANOVAs were carried out.

To clarify differences in memory recognition performances
between the two recognition sessions, a 2 (session) x 2 (group) x 2
(sex) x 2 (event-type) ANOVA was applied to recognition accu-
racy. Moreover, to detect differences in recognition accuracy gaps
between aversive and neutral stimuli, a 2 (session) x 2 (group) x 2
(sex) ANOVA was applied. Following every ANOVA, follow-up tests
were performed if significant interaction was detected. The results
were expressed as the mean and standard error of the mean (SEM).
A p value of <0.05 (0.025, or 0.0125 at the least, in the case of the
follow-up test) was considered to indicate significance.

3. Results

3.1. Demographic remarks

ANOVAs showed no significant sex or group effect (all p>0.5),
and no interaction (p >0.5) in the experimental sleep durations of
participants (average of all participants: 6.44; SE 0.058 h).

The pre-SOP group participants habitually fell asleep at 00.5 AM
(SE 0.21h), awoke at 8.53AM (SE 0.26h), and slept for 8.00h
(SE 0.24 h). The post-SOP group participants habitually fell asleep

at 00.7AM (SE 0.28h), awoke at 8.53AM (SE 0.31h), and slept
for 7.80h (SE 0.23 h). ANOVAs showed no significant differences
in these habitual sleep parameters (SOP, time of waking, sleep
duration) between groups (all p>0.5), sexes (all p>0.5), or their
interactions (all p>0.1).

3.2. Aversive impact of the encoding movie

There was a significant event-type effect [F(1,52)=4.23,
p=0.045], but neither group nor sex effects (all p>0.05), and
there were no event-type x group, event-type x sex, group x sex,
or event-type x group x sex interactions (all p>0.1) in SCRs. Sig-
nificantly higher SCRs were observed when aversive scenes were
being watched (0.022; SE 0.0018 p.S) than during neutral scenes
(0.017; SE 0.0017 pu.S).

3.3. Homeostatic and circadian regulations

For the encoding sessions, there was a significant group effect
[F(1,26)=4.40, p=0.046], but neither a sex effect (p > 0.1) nor inter-
action (p>0.5) in SSS ratings (Fig. 2a). For recognition sessions,
there were both a significant session effect [F1,52)=9.62,
p=0.003], and sessionx group interaction [F1,52)=5.66,
p=0.021], (Fig. 2b), but no significant group or sex effects (all
p>0.1) and no session x sex, group x sex, or session x group x sex
interactions (all p>0.1) in SSS ratings. Follow-up tests revealed a
significant session difference in SSS ratings in the post-SOP group
[t(14)=3.08, p=0.008], but not in the pre-SOP group (p >0.5). They
also revealed no significant group difference in SSS ratings in either
the first or the second session (all p>0.1).

For the encoding sessions, there was a significant group effect
[F(1,26)=11.37, p=0.0023], but neither a sex effect (p>0.1) nor
interaction (p>0.05) in tympanic temperature (Fig. 2c). Dur-
ing recognition sessions, there were a significant session effect
[F(1,52)=4.58, p=0.048], group effect [F(1,52)=9.56, p=0.003],
and session x group interaction [F(1,52)=8.29, p=0.006] (Fig. 2d),
but no sex effect (p>0.1) and no session x sex, group x sex, or
session x group x sex interactions (all p>0.05) in tympanic tem-
perature. Follow-up tests revealed a significant session difference
in tympanic temperature in the pre-SOP group [t(14)=4.09,
p=0.001], but notin the post-SOP group (p > 0.5). They also revealed
a significant group difference in tympanic temperature in the first
recognition session [t(14)=3.82, p=0.0007], but not in the second
recognition session (p >0.5).

3.4. Recognition performances

Concerning analyses of recognition accuracy, there was a signif-
icant group x sex interaction [F(1,104)=13.88, p=0.0003] (Fig. 3a),
but there were not any significant main effects (all p>0.1) or any
other interactions (all p>0.1) (Fig. 3b). Follow-up tests revealed
significant differences by sex in the pre-SOP group [t{58)=-2.95,
p=0.005], and in the post-SOP group [t(58)=2.44, p=0.018].
They also revealed significant group differences between men
[t(54)=—-2.40, p=0.020] and women [t(62)=3.00, p=0.004].

ANOVA of differences in the recognition accuracy
gap (aversive-neutral) revealed a significant group effect
[F(1,52)=7.13, p=0.010], and groupxsex interaction
[F(1,52)=9.86, p=0.003] (Fig. 4), but no session or sex effect
(all p>05) and no session x group, session x sex, Or ses-
sion x group x sex interactions (all p>0.1). Follow-up tests
revealed significant differences by sex in the pre-SOP group
[t(28)=—-3.24, p=0.003], and in the post-SOP group [t(28)=2.75,
p=0.010]. On the other hand, they revealed a significant group dif-
ference for women [(30)=-3.80, p=0.0007], but a non-significant
group difference for men (p>0.5).
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Fig. 2. Variations of sleepiness and tympanic temperature during encoding and recognition sessions. The circles and error bars represent the mean and SEM values, respec-
tively. (a) Sleepiness in the pre-SOP (sleep onset period) group was significantly lower than that in the post-SOP group during the encoding sessions. (b) Significant session
effectand session x group interaction were observed in Stanford Sleepiness Scale (SSS) ratings during the recognition sessions. (c) Mean tympanic temperature in the pre-SOP
group was significantly higher than that in the post-SOP group during the encoding sessions. (d) Significant session effect, group effect, and session x group interaction were

observed in tympanic temperature during recognition sessions. *p <0.05, **p<0.01.
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Fig. 3. Recognition accuracy. The solid bars and error bars represent the mean and SEM values, respectively. (a) Significant group x sex interaction was observed in recognition
accuracy. *p=0.0003. (b) For men, recognition accuracies of both aversive and neutral stimuli were almost equally less in the post-SOP (sleep onset period) group than in
the pre-SOP group. For women, as for men, the recognition accuracy of neutral stimulus was less in the post-SOP group than in the pre-SOP group; conversely, however, the
recognition accuracy of aversive stimulus for women was greater in the post-SOP group than in the pre-SOP group.

4. Discussion

We clearly observed that there were no differences in recog-
nition performances between the first and second recognition
sessions in either group, indicating that, for both groups, the
recognition accuracy and the recognition accuracy gap were both
retained after an overnight sleep period. These recognition perfor-
mances showed that circadian and homeostatic oscillations had no
significant influence on memory recognition ability.

Similar recognition accuracies between recognition sessions
also suggested that delaying SOP, which could have caused sleep
deprivation and disrupted sleep architecture in the post-SOP par-
ticipants, seemed to have little influence on sleep-dependent
memory consolidation. Although this finding contradicts previous
emotional cued-recall reports (Yoo et al., 2007a), it is supported by

one of our recent studies, which also used movies to present sim-
ilar contextual emotional memory encoding stimuli and showed
the solidity of episodic memory recognition abilities against total
sleep deprivation (Kuriyama et al., 2010b). Functional neuroimag-
ing research data has suggested that sleep deprivation during the
post-encoding night seriously attenuates the long-term systems-
level consolidation of cued-recall emotional memory, but sleep
deprivation was not observed to cause significant deterioration in
recall accuracy at a behavioral level (Sterpenich et al., 2009). Taken
together, these results indicate that prolonged wake time in the
post-SOP group potentially have led to no differences in accuracies
between both recognition sessions.

However, between sexes, the influences of accumulated sleepi-
ness on memory encoding of both aversive and neutral eventsin the
post-SOP group were incongruous. In women, the overall recogni-
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accuracy gap (aversive-neutral). The post-SOP (sleep onset period) group partic-
ipants showed a greater accuracy gap than the pre-SOP group participants. In
particular, the difference in the accuracy gap between groups was significant for
women. *p=0.010, **p=0.003.

tion accuracy in the post-SOP group was greater than in the pre-SOP
group. In contrast, for men, the overall recognition accuracy in the
pre-SOP group was greater than in the post-SOP group (Fig. 3a).
Moreover, even though we observed no difference in the accuracy
gap between aversive and neutral scenes in both pre- and post-SOP
men, post-SOP women more accurately recognized aversive scenes
than neutral scenes while, conversely, pre-SOP women recognized
aversive scenes less accurately than neutral scenes (Fig. 3b).
Schmidt et al. (2009) have clearly indicated the robust interac-
tion in cognitive performance between circadian regulation and
homeostatic sleep pressure. In this study, we set the times of
the encoding sessions so that the interval between the pre- and
post-SOP groups’ sessions was about 4h, to suppress inter-group
differences due to possible circadian effects on encoding perfor-
mances as much as possible. Despite the subtle circadian phase
difference, the time interval that separated the pre- and post-SOP
sessions contained drastic shifts in homeostatic and circadian reg-
ulations (Fig. 2a and c). Participants in the pre-SOP group expressed
significantly lower sleepiness and showed higher CBTs during their
encoding sessions than those in the post-SOP group. If we could
not entirely exclude the circadian effect, then the inter-group dif-
ference in nocturnal memory encoding ability is possibly a product
of a mixture of circadian and homeostatic effects. Trying to esti-
mate the separate influence of circadian regulation on memory
encoding ability using appropriate experimental manipulation may
yield several confounders (Jewett et al., 1999; Blatter and Cajochen,
2007). Even though some cognitive functions are under the influ-
ence of circadian rhythms (Wyatt et al., 1999; Wright et al., 2002;
Blatter et al., 2006), the circadian influence on mnemonic abili-
ties in humans has been controversial. While several studies have
reported a positive circadian influence on memory encoding abil-
ities in both humans (Wyatt et al., 1999; Wright et al.,, 2002) and
animals (Decker et al., 2007; Lyons and Roman, 2009), other stud-
ies have shown a negative circadian influence on both memory
encoding and recognition abilities in humans (Wagner et al., 2001;
Walker et al., 2002; Kuriyama et al., 2008). Previous studies have
also suggested that homeostatic sleep pressure increases and mem-
ory encoding ability deteriorates with a decrease in CBT (Wyatt

etal., 1999; Blatter et al., 2006). In line with this notion, recognition
accuracy in the current study was lower for men in the post-SOP
group than for those in the pre-SOP group; however, paradoxi-
cally, women in the post-SOP group outperformed those in the
pre-SOP group, especially in aversive episodic recognition. Recog-
nition performance of women in the post-SOP group also seemed
to be incongruous with previous findings (Hodes and Shors, 2005;
Jackson et al., 2006) on the vulnerability of memory encoding abil-
ity to acute stress. While men outperformed women in recognition
accuracy of aversive stimuli in the pre-SOP group, women out-
performed men in recognition accuracy of aversive stimuli in the
post-SOP group.

Our results show that, prior to their habitual SOPs, women'’s
encoding abilities for aversive episodes are less sensitive than
those of men; however, as the night advances beyond their habit-
ual SOPs, the ability of women to encode memories of aversive
episodes is enhanced, while that of men remain at approximately
the same level. The paradoxical recognition performances observed
in women could be due to a drastic contrast between the influences
of certain factors on women’s nocturnal encoding abilities before
and after their individual SOPs. Previous similar studies have lacked
a temporal-dependent perspective of memory encoding ability.
Notably, the importance of the SOP, which is one of the watersheds
for dramatic homeostatic and various neuroendogenous environ-
mental changes (Aschoff et al,, 1971; Weitzman et al,, 1978), has
not been considered in those studies.

One possibly significant neuroendogenous factor is the level of
cortisol, which differs drastically before and after the SOP (Orth
etal., 1967) and which is known to affect consolidation of memories
but is also thought to have immediate effects on the memory forma-
tion process per se (van Stegeren, 2008; Preuss etal.,2009). Itis well
known that variation in basal cortisol secretion has congenital cir-
cadian characteristics; the peak level of secretion is in the morning,
and the nadir level is around the time just before the SOP (Czeisler
and Klerman, 1999). Furthermore, research has shown that the
administration of hydrocortisone succinate, a naturally occurring
cortisol, enhances episodic memory performances (Yehuda et al,,
2007). It has also beenreported that in delayed free recall tests basal
salivary cortisol levels are significantly correlated with memories
of emotionally arousing pictures (Preuss et al., 2009). Moreover,
sex differences in hypothalamic-pituitary-adrenal axis responses
to stress have been observed (Stroud et al., 2004), with women
showing slower recovery from peak cortisol levels induced by
corticotropin-releasing hormone stimulation than men. Together,
these results suggest that the memory enhancing effect of corti-
sol may have more of an impact on aversive memory encoding in
women than in men.

In addition, a neuroimaging study has indicated that there is
a difference in the amygdala’s responsibility for fear in men and
women (Kilpatrick et al., 2006). Stroud et al. (2002) have reported
that women are more vulnerable to negative events than men.
Taken together, various aspects of the biological differences in vul-
nerability to aversive events may also absolutely contribute to the
mnemonic ability difference that we observed between men and
women. Even so, the temporal characteristics of rape and sexual
assault are assumed to be complicit in the demographic distribu-
tion of PTSD morbidity (Kessler et al., 1995; De Wilde et al., 2007).
Although several other factors may contribute to the sex discrep-
ancies for PTSD development (Stuber et al., 2006), victims who are
attacked in the middle of the night should be identified as high-risk
individuals and followed closely.

A major limitation of this study was that our memory recog-
nition stimuli did not include any novel pictures that participants
had not seen in the film. We therefore were not able to measure
whether response bias had a confounding effect on recognition
accuracy. We chose contextual encoding stimuli that came close
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to real-life experiences in exchange for including novel pictures,
because it would be difficult to capture novel pictures from other
films that matched our encoding stimuli in terms of overall visual
complexity, brightness, contrast, affective valence, and contextual
similarity. The major purpose of adoption of novel stimuli is to iden-
tify the emotional bias that could heighten the subjective sense of
remembering (Sharot et al., 2004). However, such bias is minimized
by the use of contextual stimuli that are characterized by controlled
affective valence (Kuriyama et al., 2010a,b).

Second, even though we verified that participants woke up and
fell asleep at their usual times, their chronotypes were not evalu-
ated. Although not yet proved, it is suspected that episodic memory
could be influenced by chronotype (Schmidt et al., 2007), because
performance of semantic memory, which, like episodic memory, is
classified in the declarative memory domain, seems to be (Schmidt
et al., 2007). The distribution of the individuals’ chronotypes is
likely to be biased by social habits. However, sleep-wake habits
tend to conform to original chronotypes when individuals are on
holiday (Korczak et al., 2008). In the current study, participants’
sleep parameters during a holiday did not seem to differ from those
on weekdays, which suggests that none of the individuals in this
study had an extreme morning or evening choronotype.

Third, participants of the two groups were exposed to a differ-
ent quantity of light during the day, which may have altered the
timing of the rhythm in cognitive performance (Vandewalle et al.,
2009). Moreover, light can potentially modulate amygdala activ-
ity, which affects emotion processing. Participants of the post-SOP
group could possibly exhibit enhanced emotion in memory recog-
nition if they were exposed to larger quantities of light (Vandewalle
et al., 2009).

Fourth, the current study did not gather data on sleep archi-
tecture via sleep monitoring. The sleep architecture of individuals
in the post-SOP group was possibly disturbed by their prolonged
periods of wakefulness, which could potentially have modulated
the sleep-dependent memory consolidation process and could have
led to crude post-sleep recognition performances.

Recently, several inconsistencies have been found between the
neural mechanisms identified in mnemonic studies using movies
as encoding stimuli of real-world events and those using tradi-
tional simple materials (Hasson et al., 2008; Lehn et al., 2009;
Kuriyama et al., 2010a,b). In this study, for example, we could not
find the mnemonic advantage of females in overall recognition
performance that has previously been reported. Our inconsistency
might be due to differences between the underlying neural mech-
anisms related to the simple items previously used as mnemonic
stimulus materials and those of the contextual movie films that we
utilized.

Further studies, with larger sample sizes, are needed in order
to address the limitations described above and to evaluate our
hypothesis more thoroughly. Those studies may benefit from inclu-
sion of a longitudinal perspective and/or retrospective data from
PTSD patients.

Acknowledgements

This work was supported by a research grant for Nervous and
Mental Disorders, 20300701-009, Health Science Grant from the
Ministry of Health, Labour and Welfare, Japan; a grant from Core
Research for Evolutional Science and Technology (CREST), Japan
Science and Technology (JST) Corporation, and a research grant
from the Hayao Nakayama Foundation for Science and Technol-
ogy and Culture. These funding sources played no role in the study
design, in the collection, analysis, or interpretation of data; in the
writing of the report, or in the decision to submit the paper for
publication.

References

Aschoff, ]., Fatranskd, M., Giedke, H., Doerr, P., Stamm, D., Wisser, H., 1971. Human
circadian rhythms in continuous darkness: entrainment by social cues. Science
171,213-215.

Blatter, K., Cajochen, C., 2007. Circadian rhythms in cognitive performance: method-
ological constraints, protocols, theoretical underpinnings. Physiol. Behav. 90,
196-208.

Blatter, K., Graw, P., Miinch, M., Knoblauch, V., Wirz-Justice, A., Cajochen, C., 2006.
Gender and age differences in psychomotor vigilance performance under differ-
ential sleep pressure conditions. Behav. Brain Res. 168, 312-317.

Breslau, N., 2001. Outcomes of posttraumatic stress disorder. ]. Clin. Psychiatry 62
(Suppl. 17), 55-59. ‘

Bureau of Justice Statistics website, 2010. http://www.ojp.usdoj.gov/bjs/ (accessed
1.11.10).

Coles, ME., Heimberg, R.G., 2002. Memory biases in the anxiety disorders: current
status, Clin. Psychol. Rev. 22, 587-627.

Craig, J.V., Lancaster, G.A., Taylor, S., Williamson, P.R., Smyth, R.L, 2002. Infrared
ear thermometry compared with rectal thermometry in children: a systematic
review. Lancet 360, 603-609.

Czeisler, C.A., Klerman, E.B., 1999. Circadian and sleep-dependent regulation of hor-
mone release in humans. Recent Prog. Horm. Res. 54, 97-130.

Decker, S., McConnaughey, S., Page, T.L., 2007. Circadian regulation of insect olfactory
learning. Proc. Natl. Acad. Sci. U.S.A. 104, 15905-15910.

De Wilde, ]., Broekaert, E., Rosseel, Y., Delespaul, P., Soyez, V., 2007. The role of gender
differences and other client characteristics in the prevalence of DSM-IV affective
disorders among a European therapeutic community population. Psychiatr. Q,
78, 39-51.

Galea, L.A.M., Kimura, D., 1993. Sex differences in route-learning. Pers. Individ. Differ.
14, 53-65.

Glenville, M., Broughton, R., 1978. Reliability of the Stanford Sleepiness Scale com-
pared to short duration performance tests and the Wilkinson Auditory Vigilance
Task. Adv. Biosci. 21, 235-244.

Hasson, U., Furman, 0., Clark, D., Dudai, Y., Davachi, L., 2008. Enhanced intersubject
correlations during movie viewing correlate with successful episodic encoding.
Neuron 57, 452-462.

Herlitz, A., Nilsson, L.G., Bickman, L., 1997. Gender differences in episodic memory.
Mem. Cognit. 25, 801-811.

Herrmann, D.J., Crawford, M., Holdsworth, M., 1992. Gender-linked differences in
everyday memory performance. Br. J. Psychol. 83, 221-231.

Hodes, G.E., Shors, T.J., 2005. Distinctive stress effects on learning during puberty.
Horm. Behav. 48, 163-171.

Jackson, E.D., Payne, ].D., Nadel, L., Jacobs, W.]., 2006. Stress differentially modulates
fear conditioning in healthy men and women. Biol. Psychiatry 59, 516-522.
Jewett, M.E., Dijk, DJ., Kronauer, R.E., Dinges, D.F., 1999. Dose-response relation-
ship between sleep duration and human psychomotor vigilance and subjective

alertness. Sleep 22, 171-179.

Kessler, R.C., Sonnega, A., Bromet, E., Hughes, M., Nelson, C.B., 1995. Posttraumatic
stress disorder in the National Comorbidity Survey. Arch. Gen. Psychiatry 52,
1048-1060.

Kilpatrick, L.A,, Zald, D.H., Pardo, ].V., Cahill, L.F.,, 2006. Sex-related differences in
amygdala functional connectivity during resting conditions. Neuroimage 30,
452-461.

Korczak, A.L., Martynhak, B.J., Pedrazzoli, M., Brito, AF., Louzada, F.M., 2008. Influ-
ence of chronotype and social zeitgebers on sleep/wake patterns. Braz. J. Med.
Biol. Res. 41,914-919.

Kuriyama, K., Uchiyama, M., Suzuki, H., Tagaya, H., Ozaki, A., Aritake, S., Shibui, K., Xin,
T, Lan, L., Kamei, Y., Takahashi, K., 2005. Diurnal fluctuation of time perception
under 30-h sustained wakefulness. Neurosci. Res. 53, 123-128.

Kuriyama, K., Mishima, K., Suzuki, H., Aritake, S., Uchiyama, M., 2008. Sleep accel-
erates the improvement in working memory performance. ]. Neurosci. 28,
10145-10150.

Kuriyama, K., Soshi, T., Fujii, T., Kim, Y., 2010a. Emotional memory persists longer
than event memory. Learn. Mem. 17, 130-133.

Kuriyama, K., Soshi, T., Kim, Y., 2010b. Sleep deprivation facilitates extinction of
implicit fear generalization and physiological response to fear. Biol. Psychiatry
68, 991-998.

Lavie, P., 1986. Ultrashort sleep-waking schedule IIl. ‘Gates’ and ‘forbidden zones’
for sleep. Electroencephalogr. Clin. Neurophysiol. 63, 414-425.

Lavie,P., 1991.The 24-hour sleep propensity function (SPF): practical and theoretical
implications. In: Monk, T. H (Ed.), Sleep, Sleepiness and Performance. John Wiley
and Sons Ltd., Chichester, West Sussex, England, pp. 65-93.

Lavie, P., 2001. Sleep-wake as a biological rhythm. Annu. Rev. Psychol. 52, 277-303.

Lehn, H., Steffenach, H.A., van Strien, N.M,, Veltman, D.J., Witter, M.P., Hiberg, A.K.,
2009. A specific role of the human hippocampus in recall of temporal sequences.
J. Neurosci. 29, 3475-3484.

Lyons, L.C., Roman, G., 2009. Circadian modulation of short-term memory in
Drosophila, Learn. Mem. 16, 19-27.

Mackiewicz, K.L., Sarinopoulos, I, Cleven, K.L., Nitschke, ].B., 2006. The effect of antic-
ipation and the specificity of sex differences for amygdala and hippocampus
function in emotional memory. Proc. Natl. Acad. Sci. U.S.A. 103, 14200-14205.

Oberg, C., Larsson, M., Bickman, L., 2002. Differential sex effects in olfactory func-
tioning: the role of verbal processing. J. Int. Neuropsychol. Soc. 8, 691-698.

Orth, D.N,, Island, D.P., Liddle, G.W., 1967. Experimental alteration of the circadian
rhythm in plasma cortisol (17-OHCS) concentration in man. J. Clin. Endocrinol.
Metab. 27, 549-555.




