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Abstract

Sleep disturbance occurs in Smith-Magenis syndrome (SMS) as part 
of the phenotype. It appears that this disturbance lies primarily in an 
inversion of the circadian rhythm of melatonin. We assessed whether 
the use of melatonin and acebutolol together would benefit a patient 
with SMS with regard to sleep and behavior. Our patient entered a 
four-way crossover, double-blind, double dummy, placebo-controlled 
n-of-1 trial, using immediate release melatonin, acebutolol and pla-
cebo. The duration of the study was 24 consecutive nights. The pri-
mary outcome measure was total nocturnal sleep. Placebo/placebo 
showed the longest total duration of sleep, 10.62 hours (95% CI: 9.88 
- 11.36) as compared to melatonin and acebutolol together with 10.25 
(95% CI: 9.40 - 11.11). There were no significant differences found 
between the secondary outcome measures in particular behavior or 
global satisfaction. Our results suggest there is no benefit to sleep 
or subsequent behavior from adding acebutolol and/or immediate re-
lease melatonin in patients with SMS.

Keywords: Smith-Magenis syndrome; Melatonin; Acebutolol; Clini-
cal trial

Introduction

Smith-Magenis syndrome (SMS) is a rare genetic condition 
characterized by a typical physical phenotype, developmental 
delay, sleep disturbance and behavioral problems, including 
self-harm and aggression [1]. The primary defect involves an 
interstitial deletion on the short arm of chromosome 17 (del 
17p11.2). The sleep disturbance of SMS occurs in most pa-

tients and causes much disruption to the families involved. 
During the day, this typically involves sleep attacks and day-
time napping with disruption of nocturnal sleep [2]. It appears 
that for many this disruption lies primarily in an inversion of 
the circadian rhythm of melatonin, a hormone secreted by the 
pineal gland, causing daytime secretion as opposed to noctur-
nal [3-5].

Previous case reports have suggested variable benefits 
with short acting melatonin [6, 7]. One report showed a re-
duced time to onset of sleep but little impact on total sleep or 
subjective measures of behavior [6]. Additionally, a number of 
case reports have used a slow release melatonin formulation 
in order to maintain a longer duration of sleep after dosing, 
in addition to pharmacological suppression of day-time mela-
tonin release with beta blockade, specifically acebutolol [8, 9]. 
However, there are not any reports of randomized double-blind 
placebo-controlled trials aimed at confirming this.

Case Report

We used a double-blind, n-of-1 study design with randomiza-
tion via a pre-prepared block randomization schedule over a 
total duration of 24 consecutive nights. A four-way crossover 
design was used, with 6 mg of immediate release melatonin, 
200 mg acebutolol, and an identical placebo for each, manu-
factured by our pharmacy in identical capsules. The treatments, 
in randomized four-night blocks were as follows: acebuto-
lol mane/melatonin nocte (prior to bed), acebutolol/placebo, 
placebo/melatonin and placebo/placebo. The patient was a 
3-year-old boy suffering from SMS confirmed by cytogenet-
ics. His clinical course had previously been complicated by 
developmental delay, recurrent asthma and obstructive apnoea. 
Of particular concern to his family was the disrupted pattern of 
his sleep which exhibited a similar pattern to many of the lit-
erature reports (day night sleep reversal and multiple arousals). 
Because of his recurrent asthma, under supervision in hospital 
prior to the commencement of the study, a trial of oral acebu-
tolol was conducted to assess any worsening of bronchospasm.

The primary outcome measure was uninterrupted sleep 
after night-time medication (sleep efficiency). The secondary 
outcome measures were: total sleep over 24 h, total nocturnal 
sleep, the number of arousals, and total daytime sleep. Five 
point ordinal scales were recorded for daytime behavior, pa-
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ternal sleep quality, maternal sleep quality, wheeze and global 
satisfaction with the treatment. The outcome measures were 
recorded by the parents in a treatment diary. Overnight pulse 
oximetry was performed on one occasion for each treatment 
and measures of sleep time, arousals, sleep stages and oxygen-
ation were derived from these recordings (analyzed blind to 
treatment status). The data were analyzed using ANOVA and 
95% CIs for continuous, normally distributed variables and the 
Kruskal-Wallis test for ordinal variables. Full consent for this 
study was provided by the patient’s parents, and full ethical 
approval was obtained via the Lower South Regional Ethics 
Committee.

There was no significant difference between the treatments 
in the amount of sleep after medication (sleep efficiency) (Ta-
ble 1), although the greatest amount of sleep after medication 
occurred with the acebutolol/melatonin combination.
A significantly greater amount of total sleep occurred with 
the placebo/placebo combination than the acebutolol/placebo 
combination. Although the acebutolol/placebo combination 
had the shortest duration of daytime sleep, it also had the short-
est duration of sleep after medication and total sleep times. In 
addition, although not statistically significant, the acebutolol/
placebo combination had the greatest mean time to onset of 
sleep. There was no difference between the treatments in dura-
tion of nocturnal sleep, nocturnal arousals, daytime behavior 
scores, the quality of maternal or paternal sleep, or in global 
parental satisfaction. Exacerbation of wheeze was not found 
for any of the treatments.

Discussion

The present study suggests that for this patient, melatonin and 
acebutolol in combination have little effect on duration of noc-
turnal sleep. This is contrary to our expectations which were 
based on previous reports and our own experience on inducing 
sleep in SMS. In addition we were not able to demonstrate an 
improvement in behavior, in the quality of parental sleep or 
overall satisfaction as a result of treatment. There was no indi-
cation of significant respiratory depression with melatonin or 

exacerbation of bronchospasm with acebutolol suggesting that 
both treatments were well tolerated.

A previous n-of-1 study in the same patient suggested a 
benefit in decreasing sleep latency (the time to onset of sleep) 
in SMS with short acting melatonin, but no improvement in 
other outcome measures [6]. A meta-analysis of the effects of 
exogenous melatonin in adults indicated that melatonin de-
creases sleep latency, and increases sleep efficiency (the dura-
tion of nocturnal sleep) but does not increase the total dura-
tion of sleep over a 24-h period [10]. Melatonin is beneficial 
in treating delayed sleep phase syndrome by decreasing sleep 
onset latency by a mean of 38.8 min, but has not been demon-
strated to be beneficial in insomnia [11]. However there is a 
possibility that publication bias exists for studies of melatonin 
in adults [10]. Similarly in children with neurodevelopmental 
disabilities, melatonin resulted in a decreased time to onset of 
sleep, but not in an increase in total sleep, a decrease in the 
number of night time awakenings or increased parental satis-
faction [7].

Beta blockers themselves can cause sleep disturbance 
[12]. These disruptions include nightmares and insomnia. The 
basis of sleep disturbance in association with beta blockers ap-
pears to be disturbance of the secretion of melatonin. The pre-
sent study suggests, although the finding was not statistically 
significant, that treatment with acebutolol alone is detrimen-
tal, with resulting increased time to sleep onset and reduced 
durations of sleep. Acebutolol has been shown to suppress 
the daytime release of melatonin in patients with SMS, and 
in open, uncontrolled trials has resulted in improvements in 
sleep efficiency and total duration of sleep [8, 9, 13]. However, 
measures of sleep duration are subjective and open to interpre-
tation by the parents/carers of the study subjects. Hence the 
importance of blinding in studies that use sleep diaries to re-
cord outcome measures.

The double-blind, randomized controlled design of this 
n-of-1 study is a considerable strength over previous case re-
ports in SMS, and highlights the potential of this technique 
in rare disorders. The negative findings of this study are dis-
appointing, and as confined to one patient, generalizability 
remains an important weakness. In the largest case series to 
date using this treatment, a variable response was seen, with no 

Table 1.  Comparison of Efficacy Outcome Measures Between the Treatments

Outcome measure Acebutolol/melatonin Acebutolol/placebo Placebo/melatonin Placebo/placebo

Sleep after pm medication (h), mean (95% CI) 8.33 (8.06 - 8.61) 6.49 (4.11 - 8.86) 7.67 (5.98 - 9.35) 7.46 (5.65 - 9.26)
Nocturnal sleep (h), mean (95% CI) 8.33 (8.06 - 8.61) 7.82 (7.26 - 8.38) 8.37 (7.65 - 9.10) 8.44 (7.79 - 9.10)
Sleep during day (h), mean (95% CI) 1.92 (0.87 - 2.97) 1.28 (1.01 - 1.54) 1.44 (0.85 - 2.04) 2.18 (1.40 - 2.95)
Total sleep (h), mean (95% CI)* 10.25 (9.40 - 11.11) 9.10 (8.69 - 9.51) 9.82 (8.87 - 10.77) 10.62 (9.88 - 11.36)
Time to sleep onset (min), mean (95% CI) 29.17 (14.92 - 43.41) 45.83 (13.59 - 78.08) 30 (17.15 - 42.85) 27 (-9.88 - 63.88)
Number of arousals, median (range) 1 (1 - 1) 1 (1 - 2) 1 (1 - 2) 1 (1 - 2)
Daytime behavior, median (range) 1 (1 - 2) 1.5 (1 - 3) 2 (1 - 2) 1.5 (1 - 2)
Paternal sleep score, median (range) 3 (2 - 3) 3 (3 - 4) 3 (3 - 3) 3 (2 - 3)
Maternal sleep score, median (range) 4 (3 - 5) 4 (3 - 4) 4 (3 - 4) 3.5 (3 - 4)
Global score, median (range) 3 (3 - 4) 3 (2 - 4) 3 (3 - 3) 3 (3 - 3)

*P-value < 0.05. Continuous variables tested using ANOVA. Ordinal variables tested using Kruskal-Wallis.
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response in two out of 10 participants, providing support that 
response can be variable across patients.

In conclusion, despite promising findings from non-blind-
ed case reports for acebutolol and the sleep disruption of SMS, 
given the lack of demonstrable benefit in this study, and the 
known adverse effects of beta blockers, questions remain as to 
its efficacy. Currently, there is insufficient evidence to support 
the routine use of acebutolol in SMS, other than as part of a 
larger well-designed study.
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