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BACKGROUND 9 
 10 
Atopic dermatitis (AD), also known as eczema, is a common chronically relapsing 11 
pruritic inflammatory skin disease affecting 15-30% of children, and its prevalence is 12 
continuously increasing.1 AD is a complex disease with a genetic predisposition 13 
strongly influenced by innate and adaptive immune responses, as well as 14 
environmental factors, and to this day the pathophysiology is still not fully 15 
understood.2 Disturbed sleep is reported in 47-60% of the patients and is a major 16 
factor leading to an impaired quality of life.3-5 Sleep disturbance can have many 17 
negative consequences, including impaired neurocognitive function, higher rates of 18 
behavioral problems, and changes in mood.6,7 The sleep disturbance in AD was found 19 
to be only partly due to the pruritus and scratching movements during sleep.8-11 Other 20 
factors were likely involved but had seldom been explored.12 In our previous study, 21 
we sought to clarify the important issue of sleep disturbance in children with AD. One 22 
of our most important findings was that in AD patients, a lower nocturnal melatonin 23 
level was associated with poor sleep efficiency, more sleep fragmentation, and more 24 
severe skin disease.13 25 
 26 
Inspired by our findings, we next evaluated the potential of using melatonin to treat 27 
patients with AD, which had never been investigated by a clinical trial in humans. 28 
Melatonin is a hormone secreted by the pineal gland that is essential for regulating 29 
sleep.14 Oral melatonin has a sedative effect and has been used for the management of 30 
insomnia and jet lag. Previous studies have shown that melatonin could shorten sleep 31 
onset latency and increase total sleep time and sleep efficiency.15-20 Melatonin also 32 
has immunomodulatory, anti-inflammatory, and anti-oxidative effects, 21-23 which 33 



might improve the skin inflammation and help maintain a functional epidermal barrier 34 
in AD patients.23 Furthermore, melatonin has been found to be safe with minimal 35 
adverse effects, which makes it a favorable choice for children.16,19 It is of great 36 
interest whether melatonin could be a new treatment strategy for the management of 37 
chlidren with AD, especially those with sleep disturbance. 38 
 39 
 40 
STUDY OBJECTIVE 41 
 42 
The aim of this study is to investigate whether melatonin supplement is effective for 43 
improving the skin inflammation and sleep in children with AD. We also aim to 44 
evaluate whether any improvement in sleep and skin inflammation would be 45 
correlated, and whether serum immunoglobulin E (IgE) levels could be improved 46 
along with clinical improvement. We hypothesize that melatonin could improve the 47 
sleep of children with AD, and in turn break the vicious cycle of itch-poor 48 
sleep-scratching and improvc the dermatitis severity. We also hypothesize that 49 
melatonin could provide additional benefit to disease severity other than its effect on 50 
sleep due to its immunomodulatory and anti-inflammatory properties. We also 51 
anticipate that the improvement in disease severity would be correlated with a 52 
decrease in serum IgE levels.  53 
 54 
 55 
STUDY METHOD 56 
 57 
Study Design 58 



This is a randomized, double-blind, placebo-controlled crossover study which will be 59 
carried out at National Taiwan University Hospital. This study conforms to the 60 
principles of the Helsinki Declaration and will be reviewed by the Institutional 61 
Review Board of the National Taiwan University Hospital.  62 
 63 
Participants 64 
Patients with physician-diagnosed AD involving at least 5% of the total body surface 65 
area, aged between 1 and 18 years, will be recruited from the outpatient department of 66 
the National Taiwan University Hospital. Those with sleep problems occurring more 67 
than 3 days per week during the previous 3 months are eligible for the study. Sleep 68 
problem is defined as having problems with sleep initiation or maintenance, leading to 69 
impaired quality of life or interfering with daytime activities for the child or family 70 
members. Exclusion criteria includes: having documented sleep disorders, 71 
neuropsychiatric disorders, or having taken medication for insomnia or 72 
antidepressants within 4 weeks before the baseline visit. All the study participants 73 
would have to provide written informed consent. 74 
 75 
Randomization and masking 76 
The study participants will be randomly assigned to two groups in an 1:1 ratio, with a 77 
block size of 4. One group will receive melatonin first and then placebo, while the 78 
other group will receive placebo first and then melatonin. Randomization will be done 79 
with a computer-generated sequence by a specialized pharmacist at the National 80 
Taiwan University Hospital, who will have no further involvement in the rest of the 81 
trial. The melatonin and placebo tablets will be identical in appearance. The 82 
participants and their caregivers, treating physicians, those assessing outcomes, and 83 



those analysing the data will all be masked to group assignment. Allocation codes will 84 
be disclosed only after the entire clinical trial is complete. 85 
 86 
Procedures 87 
The participants will first undergo a 2-week prescreening period in which they will 88 
keep a sleep diary, adhere to a fixed sleep schedule, and avoid caffeinated drinks. 89 
Those who complete the prescreening wil then randomly assigned to receive oral 90 
melatonin 3mg (GNC Melatonin 3mg, GNC, Pittsburgh, Pennsylvania, USA) or 91 
placebo (Standard Chem. & Pharm. Co. Ltd., Tainan, Taiwan) every night at bedtime 92 
for 4 weeks. After a 2-week wash-out period, they will cross over to the alternative 93 
treatment. (Fig.1) The study medication will serve as an add-on therapy to each 94 
patient’s original treatment for AD, which will be maintained to be the same 95 
throughout the study period. Visits will occurr at the start of the trial (screening) and 96 
on the first and last day of each treatment period, during which AD disease severity 97 
will be assessed, blood and urine samples will be collected, questionnaires evaluating 98 
subjective description of symptoms will be filled out, and adverse events will be 99 
recorded. AD disease severity will be assessed by the same physician blind to the 100 
treatment using the Scoring Atopic Dermatitis (SCORAD) index.24 The SCORAD 101 
index includes subjective visual analog scale scores from 0 to 10 for degree of 102 
pruritus and sleep loss, which will be recored as the pruritus score and the subjective 103 
sleep score, respectively. The “objective SCORAD,”25 which excludes the score for 104 
subjective symptoms in the SCORAD, will also be used for analysis. Sleep will be 105 
evaluated by actigraphy (Mini-Mitter Actiwatch Score, Philips-Respironics, Bend, 106 
Oregon, USA). Each participant will wear the actigraphy on the non-dominant wrist 107 
for 3 consecutive nights starting 3 nights before each treatment period and on the last 108 



3 nights of each treatment period. In a random subgroup of patients, a 109 
polysomnograpy (PSG) study will be performed on the night before the first day and 110 
on the last night of each study period. The first urine sample in the morning following 111 
each actigraphy examination will be obtained. The urinary 6-sulfatoxymelatonin 112 
levels will be assayed by enzyme-linked immunosorbant assay with a commercialized 113 
kit (IBL International GmbH, Germany), and will be used to represent the level of 114 
melatonin secretion throughout the previous night.26,27 A peripheral blood sample will 115 
be taken from each participant at 9 AM on the morning after the last night of sleep 116 
examination, and the sera will be stored at -80°C until the biomarker measurements. 117 
The serum total immunoglobulin E (IgE) level and allergen-specific IgE levels to 118 
Dermatophagoides pteronyssinus (Derp), Dermatophagoides farinae (Derf), 119 
Staphylococcus aureus enterotoxin A (SEA), and Staphylococcus aureus enterotoxin 120 
B (SEB) will be measured with the ImmunoCAP fluorescence enzyme immunoassay 121 
(Phadia AB, Sweden). Specific IgE levels higher than 0.35 kU/L is defined as 122 
positive.  123 
 124 
Outcomes 125 
The primary outcome measures are the SCORAD index for evaluation of AD disease 126 
severity, and the objective sleep parameters measured by actigraphy. Definitions of 127 
the sleep parameters recorded in this study are described in Table1. Secondary 128 
outcome measures include the patient’s subjective description of the change in sleep 129 
and dermatitis severity, the sleep parameters measured by PSG, nocturnal urinary 130 
levels of 6-sulfatoxymelatonin, and serum total and allergen-specific IgE levels.  131 
 132 
 133 



 134 
Fig.1 Study design 135 
 136 

 137 
 138 
Statistical Analysis 139 
For sample size calculation, we considered a SCORAD index decrease of 5 as 140 
significant, and assuming the standard deviation is 10, we will need 32 patients to 141 
achieve 80% power at α=0.05. Assuming a withdrawal rate of 0.33, we plan to recruit 142 
48 patients in total. 143 
Efficacy analyses will eb by modified intention to treat, excluding the patients who 144 
withdrew consent within one week since randomization. Therapeutic effects will be 145 
analyzed for each outcome measure using a linear mixed model. Variables in the fixed 146 
effects component of the model include treatment (melatonin or placebo), time 147 
(before or after treatment), treatment by time interaction, sequence (melatonin first or 148 
placebo first), and period (before or after crossover). Age and gender will be included 149 
as covariates to adjust for possible confounding. A carryover effect is defined as a 150 
statistically significant sequence effect. Due to the relatively small sample size, we 151 
will also perform the Wilcoxon signed rank test as a sensitivity analysis to compare 152 
the difference of each outcome measure before and after treatment between melatonin 153 



and placebo. The Wilcoxon signed rank test will also be used for subgroup analyses. 154 
We will use the McNemar’s test to analyze binary outcomes. Statistical analyses will 155 
be performed with SAS version 9.3 (SAS Institute, Cary, NC). All the tests will be 156 
two-sided with an alpha level of 0.05. 157 
 158 
Table 1. Definitions of sleep parameters recorded with actigraphy and 159 
polysomnography 160 
Parameter Definition 

Sleep onset latency (min) Time from resting in bed to sleep onset 

Time in bed (min) Time from resting in bed to getting up 

Sleep period (min) Time from sleep onset to final 

awakening 

Sleep efficiency (%) Proportion of time in bed spent asleep 

Total sleep time (TST, min) Accumulated total amount of time asleep

Wake after sleep onset (WASO, min) Total amount of time awake after sleep 

onset 

Wake% Percentage of time in the sleep period 

spent awake 

Mobile%* Percentage of time in sleep that the 

subject has movement above threshold 

value 

Number of awakenings Number of awakenings after sleep onset 

Sleep fragmentation index (Index of 

restlessness)* 

An index calculated by the actigraphy 

computer software based on mobile and 

immobile bouts in sleep 



Limb movement index** Number of limb movements per hour 

Stages of sleep** Percentage of each stage of sleep (N1, 

N2, N3, and REM) during the sleep 

period 

* Recorded only by actigraphy   ** Recorded only by polysomnography 161 
 162 
 163 
EXPECTED RESULTS 164 
 165 
We expect that melatonin could improve the sleep of children with AD, and in turn 166 
break the vicious cycle of itch-poor sleep-scratching and improve the dermatitis 167 
severity. We also expect that melatonin could provide additional benefit to disease 168 
severity other than its effect on sleep due to its immunomodulatory and 169 
anti-inflammatory properties. Moreover, we anticipate that the improvement in 170 
disease severity would be correlated with a decrease in serum IgE levels. We believe 171 
that melatonin has great potential to become a new treatment method for the 172 
management of children with AD, especially those with sleep disturbance. 173 
 174 
 175 
EXPECTED DIFFICULTIES AND SOLUTIONS 176 
 177 
We expect that there will be some difficulty in recruiting patients and there will 178 
probably be a high drop out rate due to the general concerns of parents and family 179 
members regarding giving children medication for sleep. We used a cross-over design 180 
to decrease the necessary sample size, and also took into consideration the drop-out 181 



rate in our sample size calculation. We will also provide the patients and their family 182 
easy access to information and opportunities of discussion about the trial and closely 183 
monitor for adverse events to minimize their concerns.  184 
 185 
 186 
 187 
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