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Objective: Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental disorder

with early onset. Sleep disturbances in children with ADHD may impair attention and learning and exacerbate
symptoms. Maintaining good sleep is crucial in ADHD treatment. This study investigated the effects of ADHD
medications on subjective and objective sleep in children under 18, employing actigraphy and a questionnaire.
Methods: This single-centre prospective observational study enrolled patients under 18 receiving methylpheni-
date (MPH), lisdexamfetamine (LDX), atomoxetine (ATX), or guanfacine (GXR) between June 1 and August 31,
2022. Patients using other drugs were excluded. Subjective sleep was assessed using the Athens Insomnia Scale
(AIS), and objective sleep variables were analysed using an actigraph worn on the waist. Results: A total of 21
patients were enrolled. AIS total scores of 4 or more were significantly more common in GXR-treated patients
(P =10.009) than in ATX-treated patients. However, other variables were not statistically significant. Among
patients receiving non-psychostimulant monotherapy, sleep time was longer (P = 0.045), and postural chang-
es were more frequent (P < 0.001) than in those receiving combined psychostimulant and non-psychostimulant
therapy. Conclusions: Findings suggest ATX may improve subjective sleep more effectively than GXR. A trend
toward shorter sleep period time was observed in the combined group, likely due to the arousal effects of psy-

chostimulants. Reduced postural changes in the combined group may indicate altered sleep structure.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a com-
mon early-onset neurodevelopmental disorder that affects cog-
nitive, academic, behavioural, emotional, and social function-
ing.!? Impulsivity and hyperactivity typically emerge around
4 years of age and peak in severity between 7 and 8 years of
age.? In contrast, attention deficits often become apparent
around ages 8 to 9, can persist throughout life, and may con-
tribute to academic challenges.® The prevalence of ADHD has
been reported to range from 3.5% to 7.1%.57 Given its rela-
tively high prevalence, ADHD is not a rare disorder, and many
affected individuals seek clinical care.

Sleep disorders in youth are particularly significant, as they
interfere with crucial developmental tasks, including academ-
ic performance, examinations, sports, and future employment.
The prevalence of sleep disorders in typically developing chil-
dren is reported to be 11% to 37%,% whereas in children with

ADHD, it is approximately 70%.!%!D Sleep disorders are sig-
nificantly more prevalent in children with ADHD than in typ-
ically developing children. Furthermore, sleep disturbances
in youth have been identified as a risk factor for depression
onset,'? suggesting potential long-term impacts on mental
health.

Children with ADHD commonly experience difficulty fall-
ing asleep, nocturnal awakenings, sleep-disordered breathing,
and excessive daytime sleepiness. Additionally, ADHD has
been related to sleep disorder,'® periodic limb movement dis-
order, obstructive sleep apnoea, and increased shallow sleep
stages.!>19 Recent studies suggest that the prevalence of sleep
disturbances has increased due to coronavirus disease 2019
(COVID-19)-related curfew restrictions, which have disrupt-
ed sleep-wake cycles.'® Given that sleep disturbances can
exacerbate ADHD symptoms and impair attention and learn-
ing, maintaining good sleep hygiene is considered essential in
ADHD management.!”
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Medications for ADHD are broadly classified into psycho-
stimulants and non-psychostimulants. Methylphenidate (MPH)
and lisdexamfetamine (LDX) are well-established psycho-
stimulants. MPH is one of the most prescribed ADHD medi-
cations, accounting for approximately 90% of prescriptions in
certain countries'®!® and 58.8% in Japan.2» However, insom-
nia is a frequently reported adverse effect, with incidence rates
of 18.2% for MPH2D and 14.4% for LDX.2?

MPH has been associated with reduced total sleep time,
prolonged sleep onset latency, and decreased sleep efficien-
cy.249 In contrast, LDX appears to have minimal impact on
sleep variables.?529 Among non-psychostimulants, atomoxe-
tine (ATX) and guanfacine (GXR) are widely used. ATX has
the highest prescription rate among non-psychostimulants2?
and has been reported to improve sleep quality compared to
MPH.242) GXR, through its sedative effects mediated by adr-
energic a2 receptor stimulation, may benefit sleep disorders;
however, its impact on sleep, particularly as assessed using
actigraphy, remains insufficiently characterised.

Therefore, this study aimed to compare subjective sleep
assessments and objective sleep parameters between children
with ADHD under 18 years of age receiving ATX and those
receiving GXR, or receiving monotherapy with non-psycho-
stimulant and those who receiving a combination of psycho-
stimulants and non-psychostimulants, using actigraphy and
sleep questionnaires.

METHODS

Participants This was a single-centre, prospective, obser-
vational study. The study protocol was approved by the Ethi-
cal Research Committee of the Himorogi Psychiatric Institute.
After receiving a detailed explanation of the study, all partici-
pants provided written informed consent.

Children and adolescents under 18 years of age who were
prescribed MPH, LDX, ATX, or GX for ADHD between
June 1, 2022 and August 31, 2022 were enrolled in the study.
Patients were excluded if they were prescribed any medica-
tions other than MPH, LDX, ATX, or GXR.

Data Collection The following demographic data were
collected: age, body weight, height, and sex.

The Athens Insomnia Scale (AIS),?® a widely used sub-
jective sleep assessment tool, quantifies sleep disturbances
based on International Classification of Diseases, 10% edition
(ICD-10) criteria. It consists of eight items evaluating differ-
ent aspects of sleep: sleep onset (AIS1), nighttime awakenings
(AIS2), early morning awakening (AIS3), total sleep dura-
tion (AIS4), overall sleep quality (AISS), daytime well-being
(AIS6), daytime functioning (AIS7), and daytime sleepiness
(AIS8). The AIS demonstrates high validity and reliability in
assessing sleep disorders. AIS scores were obtained following
informed consent from participants.

Physical activity was recorded using an actigraph (Acous,
Maibara, Japan) which was securely positioned on the partic-
ipants' waistbands with their consent. Data were collected at
2-min intervals. Only activity records that captured contin-
uous data for at least one week, which included both week-
ends and weekdays, were included in the analysis. The activity
data were processed using Sleep Sign® Act software (version
2.0; KISSEI COMTEC, Matsumoto, Japan). The following
sleep parameters were assessed for objective sleep evaluation:
total sleep time (TST), sleep onset latency (SL), bed-out laten-
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cy, wake after sleep onset, sleep efficiency, number of postur-
al changes during sleep, number of awakenings, time in bed,
sleep period time (SPT), and bed-out time.

Statistical Analyses Sleep parameters were averaged over
consecutive weeks during the measurement period. Continu-
ous variables were expressed as medians with interquartile
ranges (25th percentile [Q,], 75th percentile [Q,]). The Brun-
ner—Munzel test was used to analyse continuous variables,
while categorical variables were assessed using Fisher’s exact
test. All statistical analyses were performed using R software
(version 4.4.0; R Foundation, Vienna, Austria, with statistical
significance set at P < 0.05.

RESULTS

Demographic and Clinical Characteristics A total of
21 patients were enrolled in this study. All patients had been
receiving treatment with ADHD medication for at least one
year, and the medication regimen used at enrolment had been
maintained at the same dosage and administration schedule for
at least three months.

The frequency of ADHD medication prescriptions is rep-
resented in Fig. 1. Males accounted for 85.7% (18/21) of the
study population. The median age, weight, and height were
12 years (10, 14), 44.5 kg (33.7, 54.0), and 151.0 cm (140.5,
160.0), respectively. The prescription rates for different med-
ication regimens were as follows: ATX only, 28.6% (6/21);
GXR only, 19.0% (4/21); a combination of ATX and MPH,
23.6% (5/21); a combination of ATX and LDX, 4.8% (1/21);
a combination of GXR and MPH, 19.0% (4/21); and a combi-
nation of GXR and LDX, 4.8% (1/21). None of the patients in
this study received MPH monotherapy, LDX monotherapy, or
a two-drug combination of non-psychostimulants.

The distribution of AIS total scores is illustrated in Fig. 2.
Nine patients had an AIS total score of >4, while only one
patient had an AIS total score exceeding 10.

Comparison of Patients with ATX and Patients with
GXR Table 1 provides a comparison between patients receiv-
ing ATX (either ATX monotherapy or a combination of ATX
with MPH or LDX) and those receiving GXR (either GXR
monotherapy or a combination of GXR with MPH or LDX).
AIS total scores of >4 were significantly more frequent in
patients treated with GXR (P = 0.009). However, no other
variables evidenced significant differences between the two
groups.

Comparison of Patients with Monotherapy of Non-Psy-
chostimulants and Patients with Combined Psychostimu-
lants and Non-Psychostimulants Table 2 provides a com-
parison between patients who received monotherapy with
non-psychostimulants (ATX monotherapy and GXR mon-
otherapy) and those who received a combination of psycho-
stimulants and non-psychostimulants (a combination of ATX
with MPH or LDX, and a combination of GXR with MPH or
LDX). Among patients who received monotherapy with non-
psychostimulants, SPT was significantly longer (P = 0.045),
and the frequency of postural changes was significantly high-
er (P <0.001) than in patients who received a combination of
psychostimulants and non-psychostimulants.
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AIS: Athens Insomnia Scale

DISCUSSION

Participants Were Reflective of the Broader ADHD
Population To clarify the effects of ADHD medications on
sleep, this study compared subjective sleep status—using AIS
and sleep diary questionnaires—with objective sleep status
based on actigraphy-derived sleep parameters in patients with
ADHD.

In the current study, most participants were male (85.7%).
Sex differences in ADHD prevalence are well documented,
with male-to-female ratios ranging from 2:1 to 9:1, indicat-
ing a higher prevalence among males.?-3) The male proportion
in this study falls within this established range; therefore, we
considered the sample to be representative of the patient popu-
lation with ADHD.

With respect to age, height, and weight, the median age
was 12 years, the median height was 151.0 cm, and the medi-
an weight was 44.5 kg. A survey conducted by the Ministry of
Health, Labour and Welfare in Japan reported that the mean
height and weight of 12-year-old males were 148.0 cm and
41.3 kg, respectively, while those of females were 150.9 cm
and 41.9 kg.3» The data from this study showed a trend toward
slightly higher body weights compared to these reference val-

ues. Children with ADHD have been reported to have 1.10—
1.22 times higher odds of obesity compared to children with-
out ADHD.33 This association is thought to be influenced by
impulsivity and inattention, core symptoms of ADHD, which
may contribute to dysregulated eating behaviours and low-
er physical activity levels. Therefore, the slightly higher body
weight observed in this study may be attributable to the char-
acteristics of the population with ADHD.

Patients Treated with ATX Had Lower Total AIS Scores
without Altering Sleep Variables Total AIS scores were sig-
nificantly higher in the GXR group, while no significant dif-
ferences were observed in any of the actigraphy-derived sleep
variables. This finding presents a discrepancy: subjective dis-
satisfaction with sleep onset was reported in the GXR group,
but no objective differences in sleep parameters were detected.
Currently, there are no existing studies directly comparing the
effects of ATX and GXR on sleep, making this a new finding.

A study comparing ATX and MPH reported a shorter SL in
the ATX group.?» Additionally, a comparison between the ATX
group and healthy controls suggested that ATX administration
is associated with the expression of genes related to circadian
rhythms, such as BMALI and PER2, in human dermal fibro-
blasts, despite the absence of significant differences in sleep
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Table 1. Comparison of Patients with ATX and GXR
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Number of patients with GXR (n=9) with ATX (n = 12) P
Sex (male/female) 8/1 10/2 1.000
with MPH (+/-) 4/5 5/7 1.000
with LDX (+/-) 1/8 1/11 1.000
AIS1 (=1/0) 72 4/8 0.081
AIS2 (=1/0) 2/7 3/9 1.000
AIS3 (>1/0) 4/5 2/10 0.331
AlS4 (>1/0) 4/5 3/9 0.397
AIS5 (=1/0) 5/4 4/8 0.396
AIS6 (=1/0) 4/5 1/11 0.119
AIS7 (>1/0) 3/6 1/11 0.272
AIS8 (>1/0) 72 11/1 0.553
ALS total score (>4/<4) 7/2 2/10 0.009
Median [Q, Q] Median [Q1, Q]

Height (cm) 156.8 [146.5, 160.0] 144.3 [138.9, 156.0] 0.204
BW (kg) 50.9 [40.7, 54.4] 38.1[31.1,51.2] 0.388
Age (y) 12 [11, 14] 12 [9.75, 14.25] 0.339
GXR dose (mg/day) 313, 5] 0 NA
GXR dose per BW (mg/kg/day) 0.08 [0.06, 0.11] 0 NA
ATX dose (mg/day) 0 62.5[43.75, 80] NA
ATX dose per BW (mg/kg/day) 0 1.58 [1.45, 1.71] NA
MPH dose (mg/day) 0 [0, 27] 0 [0, 29.25] 0.937
MPH dose per BW (mg/kg/day) 0 [0, 0.53] 0 [0, 0.66] 0.969
SPT (min) 453.7 [447.1, 460.0] 422 [375.6,496.4] 0.305
TST (min) 336.0[316.9,371.1] 305.7 [257.2, 368.6] 0.359
SE (%) 76.8 [68.7,79.8] 71.7[61.0,76.7] 0.424
WASO (min) 95.7[78.3, 127.7] 108.0 [88.9, 140.4] 0.668
awakening (times) 14.0[11.6, 16.4] 13.1[10.8, 14.9] 0.647
posture change (times) 20.6 [15.7,26.1] 24.2[19.6,25.9] 0.762
BOL (min) 8.0 [6.0,9.4] 8.6[7.9,9.5] 0.704
SL (min) 15.1[7.4,19.4] 11.4[9.5,13.7] 0.580
TIB (hr:min) 22:33 [22:19, 23:45] 23:16 [22:48, 0:28] 0.240
BOT (hr:min) 6:43 [6:14, 7:12] 6:57 [6:14, 7:12] 0.787

Abbreviations: MPH: methylphenidate, LDX: lisdexamfetamine, AIS: athens insomnia scale, Q;: 25th percentile, Qs: 75th percentile, BW: body weight,
ATX: atomoxetine, GXR: guanfacine, SPT: sleep period time, TST: total sleep time, SE: sleep efficiency, WASO: wake after sleep onset, BOL: bed out

latency, SL: sleep onset latency, TIB: time in bed, BOT: bed out time

variables.?® However, the effects of GXR on sleep have not
yet been investigated using actigraphy. A polysomnographic
study comparing GXR to placebo reported a decrease in TST,
rapid eye movement (REM) sleep, non-REM sleep, and slow-
wave sleep time, as well as an increase in wake time after
sleep onset in the GXR group.?® Dexmedetomidine (DEX),
which shares a similar mechanism of action with GXR, is an
adrenergic a2 receptor agonist used as a sedative during artifi-
cial respiration, surgery, and medical procedures. DEX inhib-
its noradrenaline release, leading to gamma-aminobutyric
acid output from the ventral lateral preoptic nucleus, which is
thought to contribute to the generation of non-REM sleep pat-
terns.’? Additionally, studies have reported that DEX admin-
istration alters sleep architecture by increasing the proportion
of deep non-REM sleep stages (N2) while reducing the shal-
low sleep stages (N1) of REM and non-REM sleep.33% Giv-
en these findings, it is possible that sleep structural chang-
es induced by GXR may resemble those observed with DEX.
This suggests that ATX and GXR may exert distinct effects on
sleep.

The findings of this study suggest that ATX may be more
beneficial for subjective sleep outcomes; however, the study
did not clarify differences in the effects of ATX and GXR on

objective sleep parameters. Further research is warranted to
elucidate these differences.

Combined Psychostimulants and Non-Psychostimulants
Shortens SPT A comparison between a single non-psycho-
stimulant group and a combination of non-psychostimulants
and psychostimulants showed a trend toward shorter SPT in
the combination group. Similarly, a meta-analysis compar-
ing MPH and placebo reported a significantly shorter TST
in the MPH group.#® Considering these reports, in the pre-
sent study, the reduction in sleep duration associated with the
arousal effects of psychostimulants was observed even when
non-psychostimulants were co-administered. Additionally, the
suppression of sleep-related movements previously report-
ed in adults was observed in children. However, studies sug-
gest that MPH may increase TST.*") Furthermore, in a pre-
vious study, variations in the effects of sleep variables were
observed depending on ADHD symptoms.*» The present study
did not assess ADHD symptoms, and it cannot be ruled out
that ADHD symptoms may have influenced sleep.

Combined Psychostimulants and Non-Psychostimu-
lants Reduces Postural Changes A comparison between a
single non-psychostimulant group and a combination of non-
psychostimulants and psychostimulants showed a trend toward
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Table 2. Comparison of patients with monotherapy of non-psychostimulants and patients with combination psychostimulants and non-psychostimulants

with monotherapy of non-psychostimulants ~ with combination psychostimulants and non-

Number of patients (n=10) psychostimulants (n = 11) P
Sex (male/female) 9/1 9/2 1.000
with ATX (+/-) 6/4 6/5 1.000
with GXR (+/-) 4/6 5/6 1.000
AISI1 (=1/0) 5/5 6/5 1.000
AIS2 (>1/0) 3/7 2/9 0.635
AIS3 (>1/0) 3/7 3/8 1.000
AIS4 (=1/0) 1/9 6/5 0.063
AISS5 (=1/0) 5/5 4/17 1.000
AIS6 (=1/0) 2/8 3/8 1.000
AIS7 (>1/0) 2/8 2/9 1.000
AISS (=1/0) 9/1 9/2 1.000
AIS total score (>4/<4) 4/6 5/6 1.000
Median [Q, Q;] Median [Q), Q5]

Height (cm) 144.3 [141.1, 155.4] 153.2 [138.9, 156.0] 0.385
BW (kg) 44.4[33.4,53.3] 44.5[36.1, 54.7] 0.647
Age (y) 11.5[9.5,12] 13 [10.5, 14.5] 0.159
GXR dose (mg/day) 010,2.5] 010, 3] 0.845
GXR dose per BW (mg/kg/day) 0 [0, 0.05] 010, 0.07] 0.585
ATX dose (mg/day) 37.5 10, 48.75] 40 [0, 77.5] 0.686
ATX dose per BW (mg/kg/day) 1.28 [0, 1.67] 1.36 [0, 1.58] 0.769
MPH dose (mg/day) 0 27 [18,40.5] NA
MPH dose per BW (mg/kg/day) 0 0.66 [0.46, 0.72] NA
SPT (min) 458.6 [434.9, 507.6] 431.4 [380.7, 452.6] 0.045
TST (min) 332.1[273.9,411.9] 327.7 [300.1, 364.6] 0.800
SE (%) 68.5[59.8, 77.8] 75.7 [69.5, 78.6] 0.355
WASO (min) 129.3 [98.6, 160.1] 91.1[76.9, 118.7] 0.091
awakening (times) 16.2 [12.9, 16.6] 11.6[10.8, 13.9] 0.071
posture change (times) 25.91[24.3,26.1] 18.6[12.7,21.4] <0.001
BOL (min) 8.6 6.9, 10.1] 8.3[6.7,9.4] 0.660
SL (min) 11.4 8.9, 17.9] 12.0[10.4, 15.9] 0.873
TIB (hr:min) 22:48 [22:04, 23:16] 0:00 [22:33, 1:26] 0.053
BOT (hr:min) 6:43 [6:43, 7:12] 7:12 [6:14, 8:09] 0.651

Abbreviations: ATX: atomoxetine, GXR: guanfacine, AIS: athens insomnia scale, Q;: 25th percentile, Qs: 75th percentile, BW: body weight, MPH:
methylphenidate, SPT: sleep period time, TST: total sleep time, SE: sleep efficiency, WASO: wake after sleep onset, BOL: bed out latency, SL: sleep onset

latency, TIB: time in bed, BOT: bed out time

reduced postural change in the combination group. In a pre-
vious study, psychostimulants were shown to suppress move-
ments during sleep.*> Additionally, rhythmic movements dur-
ing sleep are observed from infancy onward and are thought
to persist in individuals with ADHD, where they manifest
as rhythmic movement disorder. These sleep-related move-
ments can appear as large, coarse body movements during
REM sleep or as smaller rocking or fine body movements dur-
ing non-REM sleep.#» Although no significant difference was
observed, MPH has been reported to reduce REM sleep.?® In
present study, we hypothesised that the reduction in the num-
ber of postural changes observed in the combination group
was due to a decrease in gross body movement, potentially
caused by a reduction in REM sleep. Furthermore, since crude
body movements typically occur when a major change in sleep
state takes place,* it is possible that sleep architecture differs
between the monotherapy and combination groups. To clari-
fy these effects, a detailed investigation of sleep structure is
warranted. We believe that an electroencephalography-based
assessment, such as polysomnography, is necessary for further
evaluation.

LDX, a psychostimulant, was used in only two cases in this
study; therefore, LDX and MPH could not be analysed sepa-

rately. However, previous studies have reported that LDX has
no significant effect on sleep as measured by either polysom-
nography or actigraphy.?® Since LDX has only recently been
introduced in Japan, further case series data must be collected
and analysed in the future.

Additionally, treatment with low-dose melatonin may be
beneficial for patients experiencing subjective sleep distur-
bances, even while taking ADHD medications.* In this study,
patients receiving concomitant medications other than ADHD
treatments were excluded from the comparison of sleep varia-
bles. As a result, the potential effects of these additional med-
ications were not assessed but should be explored in future
research.

Limitations The current study has certain limitations.
First, the number of patients included was relatively small
(n = 21). As a result, the study may not have had sufficient
statistical power to detect significant differences in inherent-
ly variable measures. Additionally, while an ideal comparison
would involve analysing GXR and ATX monotherapy sepa-
rately, the sample size in this study was minimal to facilitate
such an analysis. We believe that increasing the sample size in
future studies will be necessary to address this limitation.

Second, we were unable to assess treatment efficacy. In
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clinical practice, treatment selection must consider efficacy
and safety to determine the optimal therapeutic approach for
each patient. Furthermore, differences in treatment effective-
ness associated with ADHD medication selection may influ-
ence sleep patterns.

Third, we were unable to compare daytime activity lev-
els. Many of the patients in this study were school-aged and
were reluctant to wear actigraphy devices at school, leading
to insufficient data for assessing daily activity levels. Con-
sequently, we were unable to analyse potential relationships
between daytime activity and sleep parameters. Actigraphs can
assess sleep when worn on a part of the body, making them
highly useful for continuous evaluation. Additionally, while
not applicable to this study, their ability to monitor daytime
activity levels is an advantage. It is necessary to measure
activity levels during the day and night and conduct research
going forward.

Fourth, this study did not include comparisons with chil-
dren without ADHD or those not receiving ADHD medication.
Future research should incorporate data from children without
ADHD and those not undergoing pharmacological treatment to
facilitate a more comprehensive comparison.

Conclusion Findings suggest that ATX may improve sub-
jective sleep more effectively than GXR. A trend toward short-
er SPT was observed in the combined group, likely due to the
arousal effects of psychostimulants. Reduced postural chang-
es in the combined group may indicate altered sleep structure.
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