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Objectives: Delayed sleep phase syndrome (DSPS) is a chronic dysfunction of circadian
rhythm of the subject that impairs functioning in social, occupational, or other spheres. High
rate of depression is found among DSPS patients. Aripiprazole (APZ), a second-generation
antipsychotic, is effective in treatment of depression as well as schizophrenia. Recently, few case
reports show the effectiveness of APZ in treating DSPS and non-24-hour sleep—wake rhythm
disorder. Therefore, we tried to treat DSPS with depression using APZ.

Methods: Twelve subjects (including four women) aged 19—64 years were included. The subjects
were prescribed initially 0.5-3 mg of APZ once a day with subsequent dose adjustments.
Results: Sleep onset, midpoint of sleep, and sleep offset were significantly advanced by 1.1,
1.8, and 2.5 hours, respectively. Unexpectedly, sleep duration became significantly shorter by
1.3 hours after treatment. Their depressive moods showed an unremarkable change.
Conclusion: Low dose of APZ advanced the sleep rthythm and reduced nocturnal sleep time in the
subjects with DSPS. Since it is not easy for physicians to treat prolonged sleep duration often asso-
ciated with DSPS, this medication would become a new therapeutic option for these patients.
Keywords: delayed sleep phase syndrome, aripiprazole, total sleep time

Introduction
Delayed sleep phase syndrome (DSPS), a sleep disorder where a patient’s circadian
rhythm is delayed from typical day/night cycle, usually begins in the second decade of
life or earlier."! DSPS is characterized by habitual sleep-wake timing that is delayed,
usually by more than 2 hours, relative to conventional or socially acceptable timing
(International Classification of Sleep Disorders [[CSD]-3). Affected individuals com-
plain of difficulty falling asleep at a socially acceptable time, as required to obtain
sufficient sleep duration on a school or work night. These individuals also experience
difficulty arising at a socially acceptable wake time, as required to prepare for school
or work. When allowed to follow his or her preferred schedule, the patient’s timing
of sleep is delayed (ICSD-3). Although three types of treatments have been used for
DSPS, chronotherapy, phototherapy, and exogenous melatonin administration,>* only
strategically timed melatonin was recommended in the latest guideline.* Considerable
number of patients with DSPS were also reported to have prolonged nocturnal sleep
time that also profoundly disrupted their social lives.?

Although classical antipsychotics have not been reported in the treatment of
DSPS, aripiprazole (APZ), which is a second-generation antipsychotic, manifests a
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novel mechanism of action by serving as a partial agonist of
D2 receptors.’ Depression is reported to be the most common
psychopathology associated with DSPS,* and low-dose
APZ is reported to be effective in major depressive disorder
(MDD) as adjunctive therapy.® In addition, low dose of APZ
was reported to be effective in the patients with DSPS’ and
non-24-hour sleep—wake rhythm disorder.® Therefore, we
tried to treat DSPS with depression and unexpectedly found
the reduction of prolonged total sleep time (TST) adding to
the advance of circadian phase.

Methods

This study was a prospective, open-labeled, flexible-dose,
4-week design. Clinical trial registration: UMIN-CTR Clinical
Trial, R0O00033455. We examined the efficacy and tolerability
of APZ for treating patients who were previously treated but
who had an inadequate response to their current DSPS symp-
toms. One patient was (case 1) initially diagnosed with irregular
sleep—wake pattern. The study was conducted from October
2016 to May 2017 at the Department of Neuropsychiatry, Akita
University Hospital. Twelve subjects (including four women)
aged 19—64 years (with an average of 35.7 years) were included.
We diagnosed sleep and psychiatric symptoms of the subjects
using ICSD-3 and Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5). All of the subjects met the
ICSD-3 criteria for DSPS (n=12). Comorbidities with DSPS
were MDD (n=7) and dysthymia (n=3) by DSM-5. Patients
were treated with a starting dose of 0.5-3 mg/day of APZ (once
a day in the morning or the evening), which was increased
or decreased by 0.5-1 mg/day at each visit based on clinical
response and tolerability. Their sleep—wake schedules as well
as depressive symptoms were assessed. Evaluations of efficacy
included a 1-week pre-screening period and assessments done
every 1-2 weeks. The times of sleep onset, offset and sleep
period were assessed by sleep logs at each visit. The sleep
parameters of 4th week were compared with those of screening
periods. The patients continued to receive the same fixed dose
of the previously used medications throughout the study period.
The changes in depressive symptoms were assessed by general
clinical impressions by physicians. Representative case 1 is
presented in “Results” section. This study was approved by
Ethics Committee of Akita University Graduate School of
Medicine. Written informed consent was obtained from all
patients. Paired #-test was used for statistical analysis.

Results

The demographic data of cases are summarized in Table 1.
Before the initiation of APZ treatment, previous treatments
did not show favorable effects for DSPS.

Representative case 1 was a male who was in his 40s
(Table 1, Figure 1). He had an irregular sleep—wake schedule.
He was prescribed 8 mg ramelteon (melatonin agonist), 250 pg
methylcobalamin, 20 mg paroxetin, 600 mg valproate, 30 mg
mianserin, and 0.25 mg brotizolam. His irregular sleep—wake
pattern had led to DSPS with 8.5 hours sleep time. After treat-
ment with 3 mg of APZ at evening, he started to sleep at around
1:00 am and woke up around 7:30 am with 6.5 hours sleep time.

As shown in Table 1, we prescribed 0.5-3 mg/day of
APZ (initial average: 1.8 mg). Sleep onset, midpoint of
sleep, and sleep offset became significantly advanced by
1.1, 1.8, and 2.5 hours, respectively. TST was significantly
reduced by 1.3 hours (p=0.017). The reduction of sleep
time and the advancements of sleep offset occurred in a
couple of days, and advance in sleep phase occurred within
a week. Patients depressive moods showed unremark-
able change. APZ was stopped in two cases because of
daytime sleepiness (case 9) or akathisia (case 10). Since
TST in some cases became too short and they experi-
enced daytime sleepiness (n=6), we carefully reduced the
dose of APZ to achieve adequate TST (final average: 1.2 mg).

Discussion

With APZ treatment, sleep onset, midpoint of sleep, and
sleep offset were significantly advanced by 1.1, 1.8, and
2.5 hours, respectively. As a result, TST was significantly
reduced by 1.3 hours. Patients depressive moods showed
unremarkable change.

So far, there are only two case reports on the effects of
low dose of APZ on sleep—wake phase advancements,’® while
reduction in TST was not focused in these cases.

The mechanism that caused a reduction in TST would be:
1) APZ directly reduced TST and advanced circadian rhythm,
2) APZ advanced circadian rhythm and thereby reduced TST,
and 3) APZ improved depression and thus reduced TST.

Since there was no remarkable change in the depressive
symptoms with low doses of APZ, the hypothesis (3) was
denied. Considering the course of APZ effects, the early
waking initially occurred during the period of high photosen-
sitivity in a couple of days, and thereafter the advancement
of circadian rhythm would be a secondary phenomenon.
Therefore, hypothesis (2) was also denied. Consequently, the
hypothesis (1) would be the most reasonable, because short-
ened nocturnal sleep time and early waking occurred soon
after the beginning of APZ. Patients sleep phases seemed to
be advanced as a secondary event. The current phenomenon
of shortened TST was a novel and an important finding.
Patients with DSPS often showed prolonged TST, and their
activities of daily living (ADL) were largely disturbed.
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(A) 4 years
before APZ
B treatment,
3 weeks
Mianserin 30 mg/day | |
Paroxetine 20 mg/day
Valproate 600 mg/day ]
Brotizolam 0.25 mg/day -
Ramelteon 8 mg/day
Methylcobalamine 250 pg/day (B) Pre-APZ
| | = treatment,
2 weeks

JL

.— (C) During

APZ 3 mg

B treatment,
2 weeks

l Sleeping period Drowsy period

Figure | The sleep diary of case I. (A) Upper part is 3 weeks period of initial visit about 4 years before. (B) Middle part is 2 weeks period of pretreatment with
APZ. (C) Lower part is 2 weeks period during treatment. The left and right ends are 0 am. Sleep time during 24 hours is indicated by black bars and drowsy period is
indicated by shadow bars. (A) In the period of pretreatment, the sleep diary showed irregular sleep—wake pattern in the 3—4 years before.We started ramelteon (melatonin
analog), methylcobalamin, paroxetine, etc. (B) His sleep pattern became DSPS with 8.5 hours sleep time with abovementioned medications. (C) After treatment with 3 mg of
APZ at evening, he started to sleep around | am and got up around 7:30 am.

Abbreviations: DSPS, delayed sleep phase syndrome; APZ, aripiprazole.
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Melatonin has been used for the treatment of DSPS."**
Since the subjects with DSPS were reported to have prolonged
sleep time® and even the sleep onset becomes advanced by
strategically timed melatonin, subjects daily active periods
would continuously be shortened. Although treatments have
not been known for the prolonged TST, low dose of APZ
would be a new therapeutic option. Additionally, APZ is no
need for considering the administration timing.

The majority of antipsychotics have been reported to
increase TST in the patients with schizophrenia and healthy
controls,” while reduction of TST has not been reported when
using these dopamine antagonists.

APZ was known as a dopamine partial agonist,
which means activation at low dopaminergic tone and
inhibition at high dopaminergic tone, thus stabilizing dop-
amine output from either direction.!® In this point of view,
APZ activates dopaminergic output in the DSPS patients
whose dopaminergic tone would be low. On the other hand,
before the concept of APZ being a dopamine partial agonist
was introduced, this compound was reported as having both
presynaptic dopamine autoreceptor agonistic activity and
postsynaptic D2 receptor antagonistic activity.!! It was also
reported that low dose of APZ may show the effects of an
antidepressant similar to the agonistic activity of dopamine
D3 receptors.'? Since we used a low dose of APZ, dopamine
D3 receptors’ agonistic activity would be predominant.
Therefore, the effect of dopaminergic upregulation would
reduce subjects’ TST and advance sleep—wake phase.

APZ would reduce sleep time and advance circadian thythm
not only through dopaminergic system but also via 5-HT-1A
receptors, histamine system, GSK-3, Reverb, and Bmall %!

At the beginning of this study, we used 1.5-3 mg APZ;
however, this dose resulted in a greater shorting of nocturnal
TST with daytime sleepiness in some cases. In the latter half
of the study, we used 0.5—-1 mg APZ as an initial dose. Low
to middle (5-11 mg) dose of APZ is reported to be effective
in MDD as adjunctive therapy.® Compared with the patients
with MDD, those with DSPS would be more vulnerable to
APZ in experiencing daytime sleepiness; therefore, they
might need lower dose of APZ. The daytime sleepiness in
these patients would be induced by this medication due to its
postsynaptic D2 receptor antagonistic activity.

Although APZ was introduced in 2000, its usage for the
DSPS patients was not recognized. Several case reports had
been made,”®" but the dose of medication was complicated
for each subject. Owing to these two-stage effects, it became
difficult for the physicians to find out the efficacy of reducing
prolonged TST and sleep—wake phase advancements.

There are several limitations in this study. First, this study
was a prospective, open-labeled clinical observation, and
not a randomized placebo-controlled double-blinded study.
Therefore, some bias would exist in this type of study with a
small sample size and short duration of study period. Second,
neither the plasma concentrations of APZ nor nocturnal
polysomnography were assessed in the subjects. Third, our
DSPS subjects were suffering from mental disorders, such
as depression and dysthymia. The depressive symptoms
were assessed by physicians based on the general clinical
impressions, and did not include the scores of mental disor-
ders. Further research on the availability of APZ would be
needed for the subjects with hypersomnolence disorders or
long sleepers using polysomnography.

Conclusion

Low dose of APZ reduced prolonged TST and advanced
sleep—wake phase in the subjects who had prolonged TST
and DSPS. The mechanism of action would be by dopamin-
ergic upregulation. Since it is difficult for physicians to treat
prolonged TST and DSPS symptoms, this medication would
become a new therapeutic option for these patients.
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