Sleep Medicine Reviews (2005) 9, 41-50

SLEEP

MEDICINE

www, elsevier.com/locate / saoe

CLINICAL REVIEW

Effects of exogenous melatonin on sleep:
a meta-analysis

Amnon Brzezinski®!, Mark G. Vangel®™?, Richard J. Wurtman®*,
Gillian Norrie®?, Irina Zhdanova®"*, Abraham Ben-Shushan®', lan Ford**®

*Department of Obstetrics and Gynecology, Hadassah Medical Center, Jerusalem, Israel

®Clinical Research Center, Massachusetts Institute of Technology, E17-445 Cambridge, MA 02139, USA
“Clinical Research Center, Massachusetts Institute of Technology, E25-604, Cambridge, MA 02139, USA
“Robertson Centre for Biostatisics, University of Glasgow, Glasgow, Scotland, UK

*Department of Anatomy and Neurobfology, Boston University School of Medicine, R-911, Boston, MA
02118-2394, USA

Summary Excgenous melatonin reportedly induces drowsiness and sleep, and may
ameliorate sleep disturbances, including the nocturnal awakenings associated with ol
age. However, existing studies on the soporific efficacy of melatonin have been highlly
heterogeneous in regard to inclusion and exclusion criteria, measures to evaluale
insomnia, doses of the medication, and routes of administration. We reviewed amll
analyzed (by meta-analysis) available information on effects of exogenous melatonls:
on sleep. A MEDLINE search (1980 to December 2003) provided English-languags
articles, supplemented by personal files maintained by the authors. The analysis used
information derived from 17 different studies (involving 284 subjects) that satisfied
inclusion criteria. Sleep onset latency, total sleep duration, and sleep efficiency wese
selected as the outcome measures. The study effect size was taken to be the difference
between the response on placebo and the mean response on melatonin for eadk
outcome measured. Melatonin treatment significantly reduced sleep onset latency by
4.0 min (95% Cl 2.5, 5.4); increased sleep efficiency by 2.2% (95% Cl 0.2, 4.2), and
increased total sleep duration by 12.8 min (95% C1 2.9, 22.8). Since 15 of the 17 studies
enrolled healthy subjects or people with no relevant medical condition other tham
insomnia, the analysis was also done including only these 15 studies. The sleep onset
results were changed to 3.9 min (95% Cl (2.5, 5.4)); sleep efficiency increased to 3.1K
{95% CI (0.7, 5.5)); sleep duration increased to 13.7 min (95% CI (3.1, 24.3)).
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Introduction

The extensive reporting about melatonin in lay
publications has encouraged very many people tw
consume this hormone, sometimes on a daily basis,
often with the goal of improving sleep quality.' =
humans, the circadian rhythm of melatonin release
from the pineal gland is highly synchronized with
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the habitual hours of sleep, and the daily onset of
melatonin secretion is well correlated with the
onset of the steepest increase in nocturnal sleepi-
ness (‘sleep gate’).? Serum melatonin levels were
reported to be significantly lower (and the time of
peak melatonin values was delayed) in elderly
subjects with insomnia, compared with age-
matched subjects with no insomnia.?

There are also a number of reports that
physiological doses of melatonin (i.e. doses which
elevate plasma melatonin within its normal noctur-
nal range), or pharmacologic doses, induce drowsi-
ness and sleep, and may ameliorate sleep
disturbances.*> Unfortunately, the studies
described in existing publications on melatonin’s
efficacy have utilized different inclusion and exclu-
sion criteria, different outcome measures to evalu-
ate insomnia, different doses of the hormone, and
different routes and timing of its administration.
Adding to this complexity, there continues to be
considerable controversy over the meaning of the
discrepancies that sometimes exist between sub-
jective and objective (polysomnographic) measures
of good and bad sleep.® In an attempt to respond
to these problems we have therefore integrated
information derived from 17 studies®” % which
fulfill the criteria described below, using meta-
analysis. To our knowledge, while several reviews
have examined the effects of melatonin on sleep
and insomnia, none has provided a quantitative
meta-analysis of these effects, as presented below.

Material and methods

The meta-analysis is based on data reported in peer-
reviewed scientific journals. Studies that included
at least six adult subjects with no severe disabling
systemic disease; were randomized and double
blinded; involved placebo-controlled dinical trials;
and used objective measures of sleep evaluation
were eligible for inclusion in the meta-analysis. Both
crossover and parallel group designs were included
but case reports were excluded (Appendix A). We
identified 17 studies (Table 1) which met the
inclusion critera. Summary information on 284
subjects (means and standard errors) was collected
and analyzed.

The studies

Studies differed considerably in terms of the
subjects examined (Table 1), Seven of the trials
were conducted on healthy normal volunteers:
six studied insomniacs; one studied artificially

induced insomnia; one studied a combination
of institutionalized and independently living insom-
niacs, one studied schizophrenics, and one studied
Alzheimer's disease patients. The age and sex
distributions of subjects also differed. The drug
formulations, and the doses provided, varied

_substantially among studies.

Generally, polysomnography was used to record
sleep outcome measurements, except for 6 studies
(Table 1—studies 3, 10, 11, 13, 15 and 17) which
used actigraphy or the index finger switch
depression method.

A variety of outcome measurements was
investigated. Sleep onset latency, total sleep
duration, and sleep efficiency were selected as
the outcome measures for our meta-analysis
because they were the most frequently recorded.
Inadequate presentation of results in some of the
17 papers presented a problem for our review,
and two studies were not included in the final
analysis for this reason (studies 2 and 6). Sleep
onset latency was defined as the time between
lights out and polysomnographic or actigraphic
evidence of sleep onset. Total sleep duration was
the total time spent asleep subsequent to sleep
onset. Sleep efficdency was the ratio of total
sleep time to total time in bed. All studies
included in the meta-analysis recorded at least
one of these three outcome measures. Sleep
onset latency was the most frequently recorded
outcome, 13 of the studies recording this
parameter. Total sleep duration was recorded in
nine studies and sleep efficiency in eight studies.

Four recent publications on melatonin and
sleep,”2¢ were excluded from this meta-analysis
(Appendix A). The reasons for exclusions are as
follows: Baskett et al.” did not report means and
standard errors; Stone et al.?* did not report
standard errors; the study by Shirakawa et al.?®
was not blinded {ﬂmg{t it was placeba-controlled);
and Leppamaki et al.*® considered uni.z subjective
outcomes. Two of these studies®™?® described
beneficial effects of melatonin on sleep; two
found no effects.>**

The analysis

The study effect size was taken to be the difference
between the mean response on placebo and the
mean response on melatonin for each outcome
measured. Estimated effect size for each study (i)
was taken as: Y = Xy — Xy, where X, and %; denote
the mean responses on placebo and melatonin,
respectively.

Inadequate reporting of results in some of the
papers presented difficulties. Such papers reported






