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Abstract

Background: Although central disorders of hypersomnolence (CDH) and attention-
deficit/hyperactivity disorder (ADHD) are frequently comorbid, they often remain un-
derdiagnosed, leading to insufficient treatment and sociopsychological outcomes.
Case Presentation: Here, we present a case of a male in his late 20s with ADHD and
autism spectrum disorder who exhibited symptoms suggestive of idiopathic hypersomnia
(IH), a subtype of CDH. The patient experienced difficulty waking up and dropped out of
university. Additionally, although methylphenidate extended-release was prescribed, he
often forgot to take his medication, resulting in difficulty waking up until late afternoon.
No symptoms related to rapid eye movements sleep were observed. Considering the
possibility of concurrent hypersomnia with neurodevelopmental disorders, we conducted
24-h polysomnography (PSG). The results demonstrated total sleep time of 774.5 min
(2660 min). Together with other criteria, we diagnosed him as having IH. Following dis-
charge and discussion with the patient, we provided sleep hygiene education for him, and
he resumed day care attendance to establish a social routine.

Conclusion: In cases where hypersomnia may co-occur with neurodevelopmental dis-
orders, active utilization of 24-h PSG enables detailed evaluation of sleep-wake pat-
terns and behaviors, facilitating effective guidance on sleep hygiene and promoting

improvements in social rhythms and sociability.

KEYWORDS

attention-deficit/hyperactivity disorder, autism spectrum disorder, hypersomnolence, idiopathic
hypersomnia, polysomnography

in clinical settings.>® Idiopathic hypersomnia (IH) is a type of cen-

tral disorder of hypersomnolence (CDH) characterized by EDS,

Attention-deficit/hyperactivity disorder (ADHD) is a neurodeve-

lopmental disorder characterized by the inattentive and

hyperactive-impulsive symptoms.! One of its comorbidities is

excessive daytime sleepiness (EDS), which is frequently observed

severe sleep inertia, and prolonged nighttime sleep despite normal
sleep.* A key issue is that it is unclear whether EDS is the cognitive
and behavioral consequences of ADHD or features of IH, poten-

tially contributing to misdiagnosis or delayed diagnosis in many
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patients, potentially hampering their optimized treatment and daily
functioning.’

Autism spectrum disorder (ASD) is characterized by difficulties in
social communication and interaction, restricted interest, and repet-
itive behaviors.! These features are occasionally observed in in-
dividuals with ADHD in a clinical setting. Sleep disturbances are
frequently observed in individuals with ASD.®

IH is typically diagnosed by the standard criteria, including poly-
somnography (PSG) and multiple sleep latency testing (MSLT), 24-h
PSG or sleep-wake log and actigraphy.* However, considering the low
sensitivity and test-retest reliabilities of the MSLT for IH and narco-
lepsy type 2 (NT2), a different approach will be needed in the classi-
fications of patients who have genuine complaints of hypersomnia but
fail to have diagnostic MSLT results.”® Specifically, mean sleep latency
(MSL) of 8 min or less is used clinically to determine daytime sleepi-
ness, but abnormal MSL is frequently found in the general popula-
tion.?”1° In addition, the standard protocol by the American Academy
of Sleep Medicine (AASM)'! recommends that daytime video-
monitoring, not PSG, is sufficient even for suspected cases with IH,
although detecting lapses of sleep between MSLT sessions could be
difficult in some cases, and detailed objective evaluation of behavior is
not possible through sleep-wake log and actigraphy.

Here, we report a case with ADHD and autism spectrum disorder
(ASD) who presented symptoms suggestive of IH, and 24-h PSG was

applied for its diagnosis.

CASE PRESENTATION

A male in his late 20s was referred to our hospital. He exhibited
delayed language development, minimal response to social cues, and
difficulty establishing eye contact, as well as a tendency to easily
redirecting attention and forgetting items since childhood. Due to
difficulties communicating with school classmates, he became mal-
adjusted at school and developed self-injurious behaviors, leading to
consultation at a clinic specializing in child psychiatry around the age
of 10. He then received diagnoses of ADHD and ASD. Because
several secondary symptoms, including withdrawal, anxiety and
depressive state, were observed in addition to communication diffi-
culties and inattention, he received both psychological education and
pharmacotherapy with methylphenidate and paroxetine. On reaching
adulthood, he was referred to another clinic that specialized in adult
psychiatry.

At the clinic, a day care group therapy was introduced in addition
to the pharmacotherapy for the improvement of his daily activity and
social skills. However, his pronounced inattentive symptoms pre-
vented him from regular visits to the clinic and medication adherence.
In addition, he often slept over 12 h a day, and also his wake-up time
varied from 10 a.m. to 1 p.m., even when taking regular medication.
Such sleep disturbances and EDS that he experienced significantly
impacted his daily activities and regular treatment and care at the
clinic. Therefore, he was referred to our hospital for detailed ex-

amination of a possible comorbid sleep-related disorder.

At his first visit, we suspected a CDH, especially NT2 or IH due to
his clinical history, a prolonged sleep time and absence of cataplexy.
Regarding sleep-breathing disorders, he showed no symptoms like
snoring or nocturnal sweating. Then, we performed 24-h PSG ac-
cording to the standard guidelines. He was invited to sleep as long as
possible, ad libitum. Sunlight, television, smartphone, tablet computer,
watches, and visits from family or friends were forbidden during the
24-h PSG recording. In addition, the patient refrained from caffeinated
beverages for 24 hour before and during the recording. Communica-
tion with medical staff was limited to emergencies, replacing an elec-
trode (if the need arose), and meal delivery. The sleep room was
maintained in a dim light (10 lux) and 24-h PSG was performed in
psychostimulant-free conditions with the patient's permission. PSG
included electroencephalographic electrodes (F3/A2, F4/A1, C3/A2,
C4/A1, O1/A2, and O2/A1), bilateral electrooculogram, submental
surface electromyogram, and electrocardiography. PSG recordings
were scored manually for total recording time (TRT), total sleep time
(TST), sleep latency (SL), REM SL, sleep efficiency (SE), sleep stages,
and arousal index (Arl) according to the standard criteria.*?

All PSG recording parameters are shown in Table 1. The 24-h
PSG recording revealed that TRT was 1417.5 min. The patient slept
for 774.5 min. The hypnogram is pictured in Figure 1. He fell asleep
normally (SL, 13.5 min) and almost did not experience arousals during
sleep (SE, 92.8% and Arl, 15.2). The percentage of each sleep stage
was normal for his age. Sleep-onset REM period (SOREMP) was not
represented. During the recording, he was observed eating udon
(wheat noodles) before the evening meal on day 2, despite having
already eaten his regular meals. He was diagnosed with IH according
to the diagnostic criteria and clinical judgment.

TABLE 1 Sleep parameters on 24-h PSG.
Sleep parameter Findings
Total recording time, min 1417.5
Total sleep time, min 774.5
Sleep efficiency, % -
Nocturnal 92.8
Overall 55.0
Sleep latency, min -
Non-REM 13.5
REM 71.5
Sleep stage N1, % 304
Sleep stage N2, % 38.3
Sleep stage N3, % 14.4
Sleep stage REM, % 16.9
Arousal index -
Nocturnal 14.4
Overall 15.2

Abbreviations: PSG, polysomnography; REM, rapid eye movements.
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FIGURE 1 Hypnogram from a 24-h polysomnography (PSG) showing sleep-wake status in a day. A hypnogram shows the transition from

non-rapid eye movements (non-REM) sleep to REM sleep and its cycle.

DISCUSSION

To the best of our knowledge, this is the first reported case showing
the usefulness of performing 24-h PSG to diagnose a patient with
ADHD and ASD who is comorbid with IH. The 24-h PSG enables to
record not only sleep-wake state, but also behaviors in detail.

Previous studies revealed high frequency of ADHD symptoms in
patients with central hypersomnia, including IH.*3"*> Of 602 adults
with possible ADHD, 339 (56.3%) showed EDS,? while 47 of 100
patients with ADHD presented EDS and 22 of them (46.8%) were
diagnosed as having NT2 or IH according to the DSM-5.% Although
the shared underlying mechanism of ADHD and IH remains to be
elucidated, some studies reported that the arousal-dysregulation
hypothesis postulated for ADHD might be an appropriate model for
sleep disordered patients with EDS.*>1¢

Most recently, a case report of ADHD similar to ours was pub-
lished.)” In the case, MSLT findings reached the IH diagnostic criteria,
but 24-h recording resulted in total sleep time of <660 min, which did
not fulfill the criteria of 660 min. The patient also suffered from
gaming disorder. The case highlighted educationally that video
monitoring is useful for detecting a sleep attack. Compared to the
reported case, our patient was diagnosed with IH by 24-h PSG, and
TST was 774.5min. The patient had been diagnosed with both
ADHD and ASD. Moreover, 24-h PSG revealed that the patient ate
udon noodles at an inadequate time. The detailed objective evalua-
tion provided us with an opportunity to initiate comprehensive
interventions focusing on improving sleep hygiene and dietary habits,
tailored to the developmental characteristics of the patient. Subse-
qguent discussions with the patient underscored the significance of
this evaluation, leading to tangible improvements in his sleep patterns
and the resumption of day care attendance, thereby facilitating the
establishment of a social routine. The active utilization of 24-h PSG is
effective when attention-deficit, an ADHD symptom, causes
inadequate behaviors and social difficulties.

As for ASD, sleep disturbances such as insomnia, parasomnias,
and circadian rhythm sleep-wake disorders are frequently reported.®
Indeed, parent-reported sleep problem rates for children with ASD
range from 50% to 80%, compared to 9% to 50% in comparison
groups.'® The relationship between sleep disorders and develop-
mental stages in ASD remains unclear, as both a large retrospective-
longitudinal study’ and a 1-year follow-up study?° failed to reveal a

significant relationship between them. Regarding the associations
between sleep disturbances and ASD symptoms, reduced sleep
duration has been linked to and predicts increased ASD symptom
severity, including difficulties in social skills'® and communication,
higher rates of stereotypic behaviors, and stricter adherence to
nonfunctional routines.?*

A small number of PSG studies have reported on the evaluation
of sleep disorders in ASD: adolescents with autism had longer sleep
latency, more nocturnal awakenings, lower sleep efficiency, increased
stage 1 sleep duration, decreased non-REM and slow-wave sleep,
fewer stage 2 EEG spindles, and fewer REM sleep eye movements
compared to controls.?? Children with autism have shorter total sleep
time, more slow wave sleep, less REM sleep, and longer REM sleep
latency than typically developing children.?®> More non-REM para-
somnias were observed in 14 children with ASD on PSG than in the
controls.?* REM sleep behavior disorder was identified in five of 11
patients.?® Thus, it is suggested that disturbances in sleep mainte-
nance might be more predominant than hypersomnia in ASD. Several
studies have indicated that blood levels of melatonin, which pro-
motes sleep,26 are decreased in individuals with autism,?” and
abnormalities in the circadian rhythm of melatonin secretion have
been noted,?® supporting the above findings.

In this case report, we have demonstrated the utility of 24-h PSG
in diagnosing a patient with comorbid ADHD, ASD, and IH. However,
it should be noted that ADHD cases that have been studied until now
might have ASD comorbidity. Previous research has suggested

shared neural mechanisms between ADHD and ASD,?%~3!

indicating
that ASD traits, including those at a subclinical level, may be present
in some individuals with ADHD. Additionally, the change in diagnostic
criteria (the coexistence of ADHD and ASD was not permitted until
DSM-5) may also have an impact. Therefore, interpretation should be
exercised with caution with regard to this issue.

The latest diagnostic criteria of IH is based on the presence of
EDS for >3 months, absence of cataplexy, <2 SOREMPs on the MSLT
or the preceding PSG, and MSL < 8 min on the MSLT, or a total 24-h
sleep time 2660 min on 24-h PSG or by wrist actigraphy in associa-
tion with a sleep-wake log (averaged over at least 7 days with
unrestricted sleep).* In addition, PSG and MSLT findings are not
consistent with a diagnosis of narcolepsy type 1 (NT1) or NT2, which
means 22 SOREMPs on the MSLT or the preceding PSG and MSL <
8min.* Other causes of hypersomnolence, including insufficient
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sleep, need to be ruled out.* However, recently, as the CDH has been
considered as a spectrum of disorders except for NT1 with clear
cataplexy and/or decreased orexin/hypocretin concentration in the
cerebrospinal fluid, the diagnostic classification and its criteria is now
in a transitional phase.®

In clinical settings, EDS is observed in some cases of neurode-
velopmental disorders.*3232 For example, research has shown a link
between the inattentive type of ADHD and hypersomnia,**° indi-
cating potentially shared underlaying mechanism. This suggests that
some individuals with neurodevelopmental disorders might present
clinical features resembling secondary “idiopathic hypersomnia”.
However, the definition of CDH has changed over time and remains
subject to interpretation. In the present case, we diagnosed IH
based on the standard diagnostic criteria,* which stated that the
symptoms and signs of the idiopathic hypersomnia are not better
explained by a circadian rhythm sleep-wake disorder or other cur-
rent sleep disorders, medical disorder, mental disorder, or medica-
tion/substance use of withdrawal. Nevertheless, future research is
necessary to better characterize and define the subgroup of in-
dividuals who experience both hypersomnia and neurodevelop-
mental disorders.

This case has two main limitation. First, it is a single case
report; therefore, further studies are necessary to generalize the
findings. Second, although the guidelines recommend discontinuing
psychostimulants two weeks before sleep-wake evaluation,*? our
patient discontinued them two days prior. However, this likely had a
minimal impact given the drug's serum half-life of approximately
3.5 hours.®*

CONCLUSION

This case highlights the utility of 24 h PSG in diagnosing neurode-
velopmental disorders with suspected IH, and may also assist in im-
proving sleep-wake and social rhythms. Further research should
focus on identifying subtypes of neurodevelopmental disorders and

symptom dimension, particularly regarding IH comorbidity.
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