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Objective We aimed to investigate the improvement in sleep quantity and quality when clonidine was used in children and adolescents
with insomnia. We also examined how sociodemographic characteristics such as age, sex, underlying psychological problems, and levels
of depression and anxiety affected the effect of clonidine.

Methods We retrospectively reviewed outpatients aged 6 to 24 who took clonidine due to insomnia from September 2019 to Septem-
ber 2021 at the Department of Psychiatry at Eunpyeong St. Mary’s Hospital of Catholic University. We used the Pittsburgh Sleep Quality
Index (PSQI), Children’s Depression Inventory (CDI), and State-Trait Anxiety Inventory (STAI) for our study.

Results A total of 62 participants were included in our study (34 females, mean age 13.94+4.94 years). After using clonidine, there was
a significant decrease in PSQI components 1, 2, and 5, especially PSQI component 2. There was a greater decrease in sleep latency when
clonidine was used in females, those aged between 13 and 24, those with mood/anxiety disorder or attention-deficit/hyperactivity disor-
der, those whose sleep latency exceeded 60 minutes at baseline, and those who used clonidine for more than 14 days. Those with higher
STAI-Trait scores and CDI scores at baseline showed less improvement in total PSQI scores.

Conclusion Considering that there are currently no Food and Drug Administration-approved sleep drugs for children and adolescents
and no apparent difference in efficacy and safety among sleep drugs, we demonstrated that treatment with clonidine might be a good
approach to improve sleep quality and quantity for children and adolescents. Psychiatry Investig 2022;19(9):738-747
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INTRODUCTION

Sleep problems are very common among children and ad-
olescents worldwide, and it seems that approximately 25% of
all children experience several types of sleep problems during
childhood." In the LIFE Child study, 22.6% of the 4- to 9-year-
old children and 20.0% of the 10- to 17-year-old adolescents
showed significant amounts of sleep-related problems.> A re-
cent study assessing sleep-related problems in 7.3-14.9-year-
old children reported that 72.7% of the children had sleep dis-
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orders.** Although behavioral therapy is preferred as the initial
treatment for sleep disorders in children and adolescents, phar-
macologic interventions also play a considerable role for them.>®
However, there are currently no Food and Drug Administra-
tion (FDA)-approved sleep medications for children and ad-
olescents; thus, many clinicians have prescribed medications
for “oft-label” indications.”

Among the “off-label” sleep medications for children and
adolescents, there has been increasing interest in the use of
clonidine as a sleep medication, especially for patients with at-
tention-deficit/hyperactivity disorder (ADHD), developmen-
tal delays, autism spectrum disorders (ASD), and genetic syn-
dromes.*” In 2006, Schnoes et al."”” presented the results of a
survey of sleep aid prescriptions for children by 222 pediatri-
cians in 4 states, and clonidine was the second most prescribed
sleep medication after antihistamines. Additionally, among 79
children who were prescribed clonidine for sleep disturbances,
sleep onset difficulties (86.1%) were the most common indi-
cation and were substantially more common than other sleep
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problems (24.1%).

Clonidine is an imidazoline derivative that acts centrally on
alpha-2 adrenergic receptors. Clonidine stimulates alpha-adre-
noreceptors in the brainstem, which results in decreased sym-
pathetic outflow from the central nervous system (CNS). This
inhibition of sympathetic activity results in a decrease in pe-
ripheral resistance, renal vascular resistance, heart rate, and
blood pressure, by which clonidine has been approved as an
antihypertensive drug by the FDA. Clonidine also has other
FDA-approved indications, such as ADHD in children, tics
and cancer-related pain. Clonidine is used for a variety of “off-
label” indications, including the treatment of anxiety, insom-
nia, and posttraumatic stress disorder, as well as the treatment
of withdrawal symptoms from opioids, alcohol, and benzodi-
azepines. In particular, clonidine is also well known for being
prescribed in children as a sleep medication. Although the ex-
act mechanism has not been established, it has been hypothe-
sized that clonidine induces somnolescence by decreasing nor-
epinephrine (NE) release through the activation of a-adrenergic
receptors in the CNS.*"!

Although clonidine has been widely used as a sleeping med-
ication in children and adolescents, there are only a few stud-
ies on how it affects sleep patterns in children and adolescents.
While previous studies mostly focused on the association be-
tween clonidine and rapid eye movement (REM) sleep or the
efficiency of clonidine as a sleep medication in children with
or without ADHD, developmental delays, ASD, and genetic
syndrome,® the goal of this study was to investigate the effect
of clonidine on sleep patterns in children and adolescents. Ad-
ditionally, we examined whether clonidine has a better effect
on patients with certain characteristics, such as age, sex, un-
derlying psychiatric disorders, duration of clonidine use, etc.
In addition, as sleep disorders are common comorbidities in
patients with depression and anxiety, we attempted to con-
firm whether underlying depression or anxiety affects the ef-
fect of clonidine on sleep.

METHODS

Participants and procedures

This was a retrospective medical record review study con-
ducted by the Catholic University of Korea, Eunpyeong St.
Mary’s Hospital. A total of 71 children and adolescents aged
6 and 24 years who were prescribed clonidine as a sleep aid
from the outpatient clinic of the Catholic University of Korea,
Eunpyeong St. Mary’s Hospital between September 2019 and
September 2021 were included in this study. The participants
completed the Pittsburgh Sleep Quality Index (PSQI) before
and 1 month after clonidine treatment for a retrospective chart
review study. We reviewed the medical records of our partic-

YJ Jang et al.

ipants to identify the principal diagnosis, concurrent medica-
tions, sleep complaints, and the response to clonidine treatment
and to determine whether there were adverse effects after us-
ing clonidine. Their principal diagnoses were classified based
on their diagnostic chart using International Classification of
Diseases 10th Revision codes at the time of clonidine initia-
tion for sleep purposes. The side effect profiles of the patients
included in this study were recorded in the medical charts
through the patients’ self-reports. This study was approved by
the Institutional Review Board of Eunpyeong St. Mary’s Hos-
pital, Seoul, Korea (IRB No. PC22RISI0009). Consent from
individual subjects was not needed since it was a retrospec-
tive study.

Measures

Pittsburgh Sleep Quality Index

The PSQI is a self-report questionnaire that measures sub-
jective sleep quality over the last 4 weeks with 18 items.'* The
first 4 items ask about times such as bedtime, the number of
minutes it took for the participant to fall asleep, waking time,
and hours of sleep per night. The next 10 items enquire how
often the participant had trouble sleeping for different rea-
sons.” It has 7 components, including subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime dys-
function. The score of each question is 0 (no difficulties) to 3
(serious difficulties), and the total score of the 7 components is
from 0 to 21. The higher the score of the tool is, the worse the
quality of sleep. Buysse et al."* classified the total score as in-
dicating a “good sleeper” if the total score was below 5 points
and “poor sleeper” if the total score was more than 5 points.
Cronbachs a for the scale was 0.788 in the current study. How-
ever, the Korean version of the PSQI (PSQI-K) developed by
Sohn et al." presented 8.5 points as a cutoff value. Cronbach’s
a for the scale was 0.84 and 0.85 at the time of translation.

Children’s Depression Inventory

The Children’s Depression Inventory (CDI) is a self-report
scale and is a modified version of Beck’s Depression Inventory
that assesses depression in children and adolescents.” It con-
tains 27 self-rated questions that reflect depressive symptoms,
and participants are asked to select one of three alternative
statements that best described their symptoms during the past
2 weeks. Each item earns either 0, 1, or 2 points, and higher
scores indicate higher levels of depression.'® For the present
study, we used the Korean version of the CDI, which was de-
veloped by Cho and Lee,"” to measure levels of depression in
children and adolescents. Scores using this scale were mea-
sured only at baseline in this study.
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State-Trait Anxiety Inventory

The State-Trait Anxiety Inventory (STAI) is a self-report scale
that measures the presence and severity of current symptoms
of anxiety and a generalized propensity to be anxious with 40
items.'® The State Anxiety Scale evaluates the current state of
anxiety, including subjective feelings of tension, nervousness,
worry, and arousal of the autonomic nervous system, by ask-
ing participants how they feel “right now?” It contains 20 items,
with numerical values from 0 to 2. The Trait Anxiety Scale
evaluates relatively stable aspects of anxiety proneness, such
as general states of calmness, confidence, and security.” It con-
tains 20 items, with numerical values from 0 to 2. Higher rat-
ings indicate greater anxiety severity. Cronbachs o for the scale
was 0.853 in the current study. Scores using this scale were
measured only at baseline in this study.

Statistics

Paired t tests were conducted to compare the sleep quality
of the participants before and after clonidine treatment. Reli-
ability analyses were performed to obtain Cronbachs o for the
questionnaires. Statistical significance for all tests was set at
p<0.05. We conducted all statistical analyses using SPSS 21.0
for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Of the 71 participants, 38 were female (53.5%), and the mean
age was 13.48 years (standard deviation [SD]=4.88 years). Of
them, 9 were excluded from the analysis because of incomplete
responses, which resulted in a total of 62 participants for the
final analysis. Of these participants, 34 were female (54.8%),
and the mean age was 13.94 years (SD=4.94 years). In the group
with ADHD and disturbance of activity and attention as the
principal diagnosis, 2 participants had tic disorders, 11 had
depression disorders, 3 had anxiety disorders, 1 had obsessive-
compulsive disorder (OCD), 2 had mental retardation, and 1
had borderline intellectual functioning disorder, which were
confirmed as comorbidities. In the group with tic disorders and
motor disorders as the principal diagnosis, 6 participants had
ADHD, 2 had depressive disorders, and 3 had anxiety disor-
ders, which were confirmed as comorbidities. In the group with
depressive disorders and anxiety disorders as the principal di-
agnosis, 3 participants had ADHD, 1 had OCD, and 2 had eat-
ing disorders, which were confirmed as comorbidities. In the
group with mental retardation as the principal diagnosis, 1 par-
ticipant had ADHD and 1 participant had a depressive disor-
der, which were confirmed as comorbidities. In the group with
borderline intellectual functioning as the principal diagnosis,
one participant had ADHD, which was confirmed as a comor-
bidity, and in the group with ASD as the principal diagnosis,
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two participants had ADHD, which was confirmed as a co-
morbidity.

Of the patients who used clonidine, 16 of 62 reported ad-
verse side effects. Reported side effects included worsening of
sleep disturbance (n=4), dizziness (n=4), dry mouth (n=3),
oversedation (n=3), nausea (n=2), headache (n=2), irritability
(n=1), numbness (n=1), skin rash (n=1), diplopia (n=1), tin-
nitus (n=1), lethargy (n=1), and general ache (n=1). The side

Table 1. Clinical characteristics of participants

Characteristics Value
Sex
Female 34 (54.8)
Male 28 (45.2)
Age (yr) 13.94+4.94
Minimum 6
Maximum 24
STAI-Trait (N=47) 20.49+8.30
Minimum 0
Maximum 40
STAI-State (N=47) 29.83+4.69
Minimum 19
Maximum 38
CDI (N=46) 19.74+12.22
Minimum 0
Maximum 46

Principal diagnosis

ADHD, disturbance of activity and attention 24 (38.7)
Tic disorders, motor disorders 9(14.5)
Depressive disorders, anxiety disorders 23(37.1)
Mental retardation 2(3.2)
Borderline intellectual functioning 2(3.2)
Autism spectrum disorder 2(3.2)
Number of concurrent psychotropic medication at baseline

1 21

2 9

3 0

4 12

5 24

6 40

7 5

8 1

9 6

10 7

11 5

12 1

Values are presented as meantstandard deviation, N (%), or N.
STALI, State-Trait Anxiety Inventory; CDI, Childrens Depression
Inventory; ADHD, attention-deficit hyperactivity disorder



effects were usually mild, and no serious side effects, such as
angioedema, hypersensitivity, atrioventricular block, bradycar-
dia, severe hypertension, or REM rebound, were found. There-
fore, we concluded that the patients tolerated clonidine. The
demographic and clinical characteristics of the patients in our
study are presented in Table 1.

Association between clonidine use and Pittsburgh
Sleep Quality Index component scores

Most PSQI component scores decreased after clonidine ad-
ministration, but only component 1, 2, and 5—subjective sleep
quality, sleep latency, and sleep disturbance—were significantly
reduced, as shown in Table 2. Specifically, we found that pa-
tients reported a more than 30 minutes shortening in mean
scores of sleep latency time after using clonidine, as depicted
in Figure 1 (mean+SD, 92.47+74.19 to 60.81+58.28 min). The
mean scores of total sleep time increased by 12 minutes after
using clonidine (mean+SD, 430.06+147.58 to 442.56+148.37
min). In addition, we discovered that component 6—use of
sleeping medication—significantly increased, showing im-
provements in sleep quality and difficulties. By using clonidine,
the patients reported that they could reach sleep more easily,
sleep better, and be satisfied with their sleep.

Characteristics affecting the association between
clonidine and sleep latency

The administration of clonidine significantly decreased the
mean scores of component 2 of the PSQI in the female group
but not in the male group (mean+SD; female: 2.38+0.74 to
1.7940.91, p<0.001 vs. male: 2.46+0.79 to 1.96+0.96, p=0.017)
(Table 3).

We divided the sample into two age groups: the 6-12-year-
old group and the 13-24-year-old group. The criteria for clas-
sifying the two age groups were based on previous Centers for
Disease Control and Prevention, American Academy of Sleep
Medicine, and National Sleep Foundation recommendations,

Table 2. Changes in PSQI component scores after using clonidine
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as well as commonly frequented websites.”” The 13-24-year-
old group showed significantly decreased mean scores of com-
ponent 2 of PSQI compared with the 6-12-year-old group
(mean+SDj; 13-24 year group: 2.59+0.64 to 2.05+0.82, p=
0.002 vs. 6-12 year group: 2.1620.85 to 1.60+1.04, p=0.016)
(Table 4).

Among the patients diagnosed with a variety of psychiatric
disorders, patients with a principal diagnosis of ADHD or a
mood disorder showed significant improvements in the mean
scores of component 2 of the PSQI (mean+SD; ADHD: 2.29+
0.75 to 1.63+0.77, p=0.003, mood disorders: 2.61+0.66 to 2.00+

100 - 92.47 [ Pretest
[ Posttest

. 80|
=
c 60.81
> 60
Q
=
3
<
i~ 40 -
3
152}

20 -

0
PSQI componet 2

Figure 1. Changes in sleep latency as assessed by component 2
of the PSQI before and after treatment with clonidine. PSQlI, Pitts-
burgh Sleep Quality Index.

Table 3. Changes in sleep latency according to sex differences
before and after treatment with clonidine

Sex Mean+SD T P
Male (N=28) 2.55 0.017*
Pretest 2.46£0.79
Posttest 1.96+0.96
Female (N=34) 3.47 <0.001***
Pretest 2.38+0.74
Posttest 1.79+0.91

*p<0.05; ***p<0.001. SD, standard deviation

PSQI component Component scores Pretest Posttest T >
range Mean+SD

1 (Subjective sleep quality) 0-3 1.82+0.59 1.42+0.78 3.88 <0.001***
2 (Sleep latency) 0-3 2.42+0.76 1.87+0.93 431 <0.001***
3 (Sleep duration) 0-3 0.89+1.26 0.71+1.10 1.28 0.207

4 (Habitual sleep efficiency) 0-3 0.76£1.13 0.81+1.24 -0.29 0.770

5 (Sleep disturbances) 0-3 1.73+0.63 1.50+0.62 3.04 0.003**
6 (Use of sleep medication) 0-3 1.02+1.36 1.94+1.39 -4.38 <0.001***
7 (Daytime dysfunction) 0-3 1.92+0.95 1.82+1.14 0.61 0.545
Total 0-21 10.55+3.78 9.98+4.49 1.20 0.234

**p<0.01; ***p<0.001. PSQL, Pittsburgh Sleep Quality Index; SD, standard deviation
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0.91, p=0.001) (Table 5).

We divided the sleep latency of the participants at baseline
into two groups: less than 60 minutes and more than 60 min-
utes. The more than 60 minute sleep latency group showed sig-
nificantly decreased mean scores of component 2 of the PSQI
compared with the less than 60 minute sleep latency group
(mean+SD; above 60 min: 2.83+0.38 to 1.93+0.87, p<0.001
vs. less than 60 min: 2.03+0.82 to 1.81+1.00, p=0.229). We di-
vided the duration of clonidine use into two groups: less than
14 days and more than 14 days. The group taking clonidine for
more than 14 days showed significantly decreased mean scores
on component 2 of the PSQI compared with the group taking
clonidine for less than 14 days (mean+SD; more than 14 days:
2.47+0.77 to 1.78+1.02, p=0.001 vs. less than 14 days: 2.35+0.75
t0 2.00£0.80, p=0.017) (Table 6).

Association between sleep improvement and
underlying depression or anxiety after using clonidine

In this study, based on the cutoff value of 8.5 points on the
total PSQY, the patients were divided into a good sleeper group
(PSQI=8.5) and a poor sleeper group (PSQI<8.5). Of the 62 pa-
tients, the number of good sleepers after using clonidine was
26, and the number of poor sleepers was 36. As shown in Ta-
ble 7, the two groups showed no significant difference in diag-
nosis at baseline. However, the mean scores of STAI-Trait,
STAI-State, and CDI of the poor sleeper group at baseline were
higher than those of the good sleeper group, and only STAI-
Trait and CDI mean scores were statistically significant (mean+
SD; STAI-Trait of poor sleeper and good sleeper: 23.13+7.15
vs. 17.74+8.66, p=0.024, CDI of poor sleeper and good sleep-
er: 24.91+£12.47 vs. 14.57+9.68, p=0.003) (Table 8).

Table 4. Changes in sleep latency according to age differences
before and after treatment with clonidine

Age (yr) Mean+SD T p
6-12 (N=25) 2.59 0.016*
Pretest 2.16£0.85
Posttest 1.60£1.04
13-24 (N=37) 342 0.002**
Pretest 2.59+0.64
Posttest 2.05+0.82

*p<0.05; **p<0.01. SD, standard deviation

DISCUSSION

Although clonidine has commonly been prescribed as a sleep
medication for children and adolescents due to its sedative ef-
fects, neither well-randomized and controlled trials nor sys-
tematic studies of clonidine in sleep management exist.* To fill
the gap in evidence, we investigated how clonidine affects the
quality and quantity of sleep in children and adolescents by us-
ing a self-reported measure called the PSQI.

Interestingly, we found that most of the mean scores of PSQI
components decreased after clonidine treatment, and specific
components such as subjective sleep quality, sleep latency, and
sleep disturbance significantly decreased. Specifically, clonidine
was more effective in reducing sleep latency, showing more than
30 minutes shortening in mean scores of sleep latency. These
results are consistent with those of previous studies showing
that clonidine reduced sleep latency. Ming et al.”* showed that
clonidine was effective in reducing sleep latency and night
awakening in children with ASD. Ingrassia and Turk® described
the benefit of clonidine on sleep initiation, night-time waken-
ing and early morning awakening in 6 children with intellec-
tual disabilities. These findings suggest that clonidine is effica-
cious in managing sleep disturbances, especially in sleep latency
disorders of children and adolescents, by improving the qual-

Table 6. Changes in sleep latency according to sleep latency at
baseline and the duration of clonidine use before and after treat-
ment with clonidine

Mean+SD T p
Sleep latency <60 min (N=32) 1.23 0.229
Pretest 2.03+0.82
Posttest 1.81£1.00
Sleep latency >60 min (N=30) 5.57 <0.001***
Pretest 2.83+0.38
Posttest 1.93+0.87
Duration <14 days (N=26) 2.56 0.017**
Pretest 2.35£0.75
Posttest 2.00£0.80
Duration 214 days (N=36) 3.57 0.001%**
Pretest 2.47+0.77
Posttest 1.78+1.02

**p<0.01; ***p<0.001. SD, standard deviation

Table 5. Changes in sleep latency according to principal diagnosis at baseline and before and after treatment with clonidine

Pretest Posttest
Principal diagnosis T p
Mean+SD
ADHD, disturbance of activity and attention (N=24) 2.29+0.75 1.63+0.77 3.39 0.003**
Depression, anxiety, other single mood (affective) disorders, panic disorder (N=23)  2.61+0.66 2.00+0.91 4.04 0.0017**

**p<0.01; ***p<0.001. ADHD, attention-deficit hyperactivity disorder; SD, standard deviation
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Table 7. Comparison of principal diagnosis at baseline between the good sleeper group and the poor sleeper group

Principal diagnosis Good sleeper group (N=26) Poor sleeper group (N=36)
ADHD, disturbance of activity and attention 14 (53.8) 10 (27.8)
Tic disorder, combined vocal and multiple motor tics 4(15.4) 5(13.9)
Depression, anxiety, other single mood (affective) disorders, panic disorder 6(23.1) 17 (47.2)
Mental retardation 0 2(5.6)
Borderline intellectual functioning 0 2(5.6)
Autism 2(7.7) 0

Values are presented as N (%). Good sleepers: total PSQI <8.5, poor sleepers: total PSQI >8.5. ADHD, attention-deficit hyperactivity disorder;

PSQ], Pittsburgh Sleep Quality Index

Table 8. Comparison of STAI-Trait, STAI-State, and CDI score at
baseline between the good sleeper group and the poor sleeper
group

Group Mean+SD T p
STAI-Trait -2.33 0.024*
Good sleeper (N=23) 17.74+8.66
Poor sleeper (N=24) 23.13+7.15

STAI-State -1.72 0.092
Good sleeper (N=23)  28.65+5.13
Poor sleeper (N=24) 30.96+4.02

CDI -3.14 0.003**
Good sleeper (N=23) 14.5749.68
Poor sleeper (N=23) 2491+12.47

Good sleepers: total PSQI <8.5, poor sleepers: total PSQI >8.5.
*p<0.05; ** p<0.01. STAI, State-Trait Anxiety Inventory; CDI,
Childrens Depression Inventory; SD, standard deviation

ity and quantity of sleep.

In addition, we examined whether the effectiveness of cloni-
dine on sleep latency differs depending on certain factors, in-
cluding sex, age, psychiatric comorbidities, and sleep latency
time at baseline. Compared to the other groups, it was partic-
ularly significant that the sleep latency was more shortened in
the female group, 13-24-year-old group, group with a princi-
pal diagnosis of ADHD or a mood disorder, and group with
a sleep latency of more than 60 minutes at baseline.

Both the male and female groups exhibited a reduction in
sleep latency after clonidine treatment, but the difference was
more pronounced in the female group. In a previous study com-
paring sex differences in catecholamine secretion after cloni-
dine, NE plasma levels were significantly decreased more in
women than in men. This finding supports the results of our
study that clonidine treatment shows sexual dimorphism when
used as a sleep aid, regarding the most likely hypothesis that
clonidine induces sleep by decreasing NE secretion with ago-
nism of a 2-adrenergic receptors.**

In this study, sleep latency was more significantly reduced in
the 13—-24-year-old group than in the 6-12-year-old group. In-
dividually, the sleep habits of children undergo changes through

childhood and adolescence, and aging may lead to a late bed-
time and short sleep duration. Furthermore, specific sleep-re-
lated difficulty areas may correspond to specific age groups. For
instance, bedtime resistance and difficulty sleeping through
the night are often reported in younger people, while difficulty
falling asleep and daytime sleepiness become more common
in older people.** Usually, it is known that adolescents are
accompanied by a delay in nocturnal melatonin secretion and
altered “sleep impulse;” in which the pressure to fall asleep ac-
cumulates more slowly than in adults. In addition to the sleep-
wake changes from this biological maturation, adolescents un-
dergo increased academic demands and occasionally deal with
part-time jobs, extracurricular and social activities and a high
use of electronic devices.”*** For the preceding reasons, prob-
lems in sleep latency at baseline are more likely to occur in the
13-24-year-old group than in the 6-12-year-old group, which
was found in this study (M+SD; 13-24-year-old, 2.59+0.64 vs.
2.1610.85) (Table 4). Although the clear mechanism by which
clonidine reduces sleep latency has not yet been elucidated,
several studies, including this study, have shown that clonidine
is significantly efficacious in reducing sleep latency, suggest-
ing that clonidine may be more effective in the 13-24-year-
old group, who suffer more from subjective difficulty in sleep
onset than the 6-12-year-old group. To prove that there is a
difference in the effect of clonidine according to age, further
studies on the mechanism by which clonidine affects sleep la-
tency should be prioritized.

For the patients with a principal diagnosis of ADHD or a
mood disorder, the study showed a significant reduction in
sleep latency after using clonidine. The mean scores of PSQI
component 2 decreased from 2.29 (SD=0.75) to 1.63 (SD=0.77)
in the ADHD group and from 2.61 (SD=0.66) to 2.00 (SD=0.91)
in the mood disorder group. According to parents’ reports, 25%
to 50% of children and adolescents with ADHD are known to
have sleep disturbances.” Another study reported that 73.3%
of 239 children diagnosed with ADHD had mild to severe sleep
disorders.” Sleep disorders commonly reported by children
and parents include difficulties initiating sleep, maintaining
sleep, tiredness upon waking and daytime sleepiness.””" It has
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been hypothesized that the sleep problems seen in ADHD chil-
dren or adolescents are associated with either adverse effects
of stimulant usage, core ADHD symptoms, a psychiatric co-
morbidity, or a combination of them.” Despite differences based
on the type, dose, and duration of drug sue, it has been report-
ed that the sleep onset latency is longer than 30 minutes when
using stimulants.” Additionally, ADHD has a variety of comor-
bid psychiatric diseases, and comorbidities such as mood dis-
orders, anxiety disorders, and tic disorders have all been asso-
ciated with significant sleep disturbances.”*** Our study showed
a significant sleep latency reduction in children and adoles-
cents diagnosed with ADHD or diagnosed with mood disor-
ders/anxiety disorders, which are commonly comorbid with
ADHD. This is consistent with the results of previous studies.
In a more recent study, more than 85% of children and ado-
lescents with anxiety disorders reported sleep disturbances,
and the most common sleep disorders in children with anxi-
ety disorders are sleep initiation and maintenance difficulties,
frequent nocturnal awakening, bedtime refusal, co sleeping,
nightmares, and nocturnal fear.** Forbes et al.”* conducted a
large, controlled study using both subjective sleep reports and
polysomnography (PSG) in children and adolescents with anx-
iety disorder and major depression. Adolescents with anxiety
disorders showed more sleep disruption on the PSG with an
increased number of awakenings and fewer slow waves and
had longer sleep latency than children with major depression
and controls.* In an initial study of prepubertal children diag-
nosed with major depressive disorder, approximately 66% re-
ported sleep onset difficulties and sleep maintenance problems.
Early studies identified considerably shorter REM latency and
greater REM density in depressed adolescents than in con-
trols.** Although sleep disturbance is often comorbid with
depression, sleep disturbance is also known to be a common
risk factor for subsequent clinical depression.”® According to
the above study results, patients diagnosed with anxiety disor-
der showed lower slow wave sleep, whereas patients diagnosed
with depressive disorder showed shortened REM latency and
increased REM density. Because clonidine may affect REM la-
tency and slow wave sleep, it could be inferred to be a reason
clonidine shows more improvement in sleep latency in patients
diagnosed with mood disorders/anxiety disorders.
Furthermore, we found that the mean scores of PSQI com-
ponent 2 decreased from 2.35 (SD=0.75) to 2.00 (SD=0.80) in
patients who took clonidine for less than 2 weeks, whereas the
mean scores of PSQI component 2 decreased significantly from
2.47 (SD=0.77) to 1.78 (SD=1.02) in patients who took cloni-
dine for more than 2 weeks. Because clonidine is known to
produce dose-related sedation, it may be that more improve-
ment was shown in sleep latency after using clonidine for more

than 2 weeks than when using it for less than 2 weeks.""*
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Moreover, this study found that poor sleepers, who had total
scores above 8.5 on the PSQI after clonidine administration,
had higher scores on the STAI-Trait and CDI at baseline than
good sleepers, who had total scores below 8.5 on the PSQL
Contrary to the results of this study, which showed a signifi-
cant decrease in PSQI component 2 after using clonidine in the
group with comorbid mood disorder/anxiety disorder, it was
confirmed that the total PSQI score after using clonidine was
higher as the underlying depression and anxiety increased. This
result might be explained by the fact that the mood disorder/
anxiety disorder group already had high total scores, not only
for the baseline PSQI component but also for other PSQI com-
ponents. However, the STAI and CDI scores after using cloni-
dine were not evaluated in this study. Therefore, our results
could hardly jump to the conclusion that the levels of depres-
sion and anxiety are negatively correlated with the effective-
ness of clonidine on sleep. Considering this, we recommend
future studies to use a scale that has objective evaluations of
experts along with STAI and CDI. This might support our re-
sults that levels of depression and anxiety at baseline could af-
fect the effectiveness of clonidine in sleep.

Currently, there is no FDA-approved medication for sleep
disorders in children and adolescents, but clinically, various
medications are being used. Antihistamine—especially di-
phenhydramine and hydroxyzine—are the most frequently
prescribed drugs for insomnia alone, followed by o2-adrenergic
agonists, melatonin, tricyclic antidepressant, and other anti-
depressants.”® Although antihistamines are known to be the
most prescribed agents for insomnia, there are not enough
randomized controlled studies in the pediatric population.
Their sedative effects are due to its lipid solubility and resul-
tant ability to penetrate the blood—brain barrier to block the
H1-receptor. It is also known to reduce sleep latency and in-
crease sleep continuity.'™*** However, as an antihistamine is
also a multifunctional drug that blocks muscarinic choliner-
gic and adrenergic receptors, it may lead to fever, mydriasis,
blurred vision, dry mouth, urinary retention, constipation,
tachycardia, dystonia, and confusion as side effects. Five cas-
es of fatal diphenhydramine toxicity have also been reported
in case series for newborns at 6-12 weeks.”>***> Another of the
most prescribed sleep medications, melatonin, activates MT1
and MT receptors by modulating the sleep/wake cycle. Addi-
tionally, previous studies have found that melatonin is effica-
cious in enhancing total sleep time, sleep latency, and number
of waking incidents.***” According to a recent meta-analysis,
9 previous studies found that melatonin enhanced total sleep
time compared to placebo (mean difference [MD]=48.26 min;
95% confidence interval [CI], 36.78 to 59.73). Similarly, sleep
latency was reduced in the groups that used melatonin in 11
previous studies (MD=-28.97; 95% CI, -39.78 to -18.17). Al-



though drug-related serious adverse events were not report-
ed, there was no difference in nocturnal awakenings after us-
ing melatonin (MD=-0.49; 95% CI, -1.71 to 0.73).*

A clear primary mechanism of how clonidine produces sleep
has not been identified, and the most widely known hypoth-
esis is that clonidine produces somnolence by decreasing NE
via negative feedback by agonism of the alpha 2-adrenergic re-
ceptors, which would increase REM sleep.” However, several
studies, including this study, have confirmed that clonidine is
effective in reducing sleep latency. The fact that clonidine takes
within 1 to 3 hours to reach peak plasma concentration by
oral dosing may explain the significant reduction in sleep la-
tency after using clonidine. Additionally, clonidine has the ad-
vantage of being used as an adjuvant therapy for children and
adolescents not only with sleep disorders but also with ADHD,
behavior problems, hypertension, Tourette disorder, tic disor-
der, and ASD. However, since clonidine was originally approved
as an antihypertensive drug, some side effects have been re-
ported after its use. The most common side effects included
headache, abdominal pain, nausea and fatigue, and in relation
to anticholinergic effects, they also included constipation, sex-
ual dysfunction and xerostomia. Additionally, serious side ef-
fects included angioedema, hypersensitivity, atrioventricular
block, bradycardia and severe hypotension. Furthermore,
because of REM suppression action, rapid discontinuation
may be accompanied by hypertension and REM rebound, so
caution is required when using it.""* A study of 1,060 children
under the age of 19 reported that compared to that in 1993,
the use of clonidine medication in 1999 increased from 2.6%
to 13.1% under the age of 6, from 22.1% to 40.4% between
the ages of 6 and 12, and from 16.7% to 25.5% between the
ages of 13 and 18. As the use of clonidine increases, there is
some evidence that the trend of overdose of clonidine may be
on the rise. However, a small number of clonidine overdoses
result in fatality. Of these, 78.7% of exposures showed no ef-
fect or minor effect, and only 1 fatality was reported. In addi-
tion, the side effects of clonidine subside or decrease over time
and are dose dependent.****' Similarly, although our study was
preliminary and retrospective, we found that 50 of 62 patients
(80.6%) using clonidine were well-treated without even mild
side effects. Although clonidine has not shown better effects
or higher safety than other common sleeping drugs (i.e., anti-
histamine, melatonin) in children and adolescents, there are
no FDA-approved sleeping drugs for children and adolescents
at present. Therefore, it is important to note that using cloni-
dine could be a more appropriate approach, as there are no
sleeping drugs that show superiority over other drugs.

This study should be considered in the context of its strengths
and limitations. Most importantly, we highlight the effective-
ness of clonidine as a sleep medication for children and ado-
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lescents. In addition to the findings that clonidine may improve
the quality and quantity of sleep in children and adolescents,
our study suggests that the patient’s specific characteristics at
baseline may impact the effectiveness of clonidine on sleep
latency. This study will be useful as basic data for future re-
search exploring the mechanism by which clonidine produces
sleep. Additionally, by confirming its clinical effect, it can be
expected that clonidine can be more actively used to treat in-
somnia and improve sleep quality in children and adolescents.
However, our study has several limitations. First, as we con-
ducted a retrospective study, we used the medical charts of our
sample, which may have resulted in the possibility of interpret-
ing our study results with expectancy bias. Second, this study
had a limitation in that it did not correct for the confounding
effect of the use of concurrent psychotropic drugs that may af-
fect sleep while using clonidine. Third, this study focused on
self-reported measures of sleep, and objective measures such
as PSG or actigraphy were not available. Fourth, the relatively
small sample size and the lack of a control group limited the
power to demonstrate the effects of clonidine. Fifth, this study
was conducted by an institution in South Korea, so it is difficult
to generalize the results across the country or to other races.
Sixth, because this study was conducted over a short period
of time, further long-term studies on clonidine use and sleep
latency should be performed to understand the durability of
the clinical results of this study. In addition, this study broadly
divided the participants into two groups: children aged 6-12
years and adolescents aged 13-24 years. In children and ado-
lescents, changes in sleep architecture may occur according to
developmental changes. Therefore, to compare the effects of
clonidine on sleep latency according to age, we suggest that fur-
ther research including a more subdivided comparison of age
groups according to the developmental stage of children and
adolescents is needed. Last, considering that the aforementioned
side effects might occur in a dose-dependent manner, we rec-
ommend that future studies establish safety when clonidine
is used in children and adolescents for long-term sleep purposes.

In conclusion, this study examined the effectiveness of cloni-
dine as a sleep medication for children and adolescents through
the PSQI of 62 children and adolescents with sleep difficul-
ties. We established that clonidine significantly improved sub-
jective sleep quality; sleep latency and sleep disturbance after
treatment. It is particularly significant that the female group,
13-24-year-old group, group with a principal diagnosis of
ADHD or a mood disorder, and group with a sleep latency
time of more than 60 minutes at baseline reported a greater
reduction in their sleep latency according to component 2 of
the PSQI. In addition, clonidine was verified to be more effec-
tive when consistently administered for more than 2 weeks.
However, the higher the levels of depressive symptoms and
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anxious symptoms at baseline were, the lower the improve-
ment in sleep after using clonidine. These findings suggest
that clonidine is a viable option for clinicians treating children
and adolescents with sleep disorders, while there are no FDA-
approved medications for insomnia in the child and adoles-
cent population.
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