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CLINICAL SCENARIO
An otherwise healthy middle-age businessman who lives in
California is planning an important business trip to Europe next
month. Concerned about being too fatigued when he arrives there,
he asks whether you have any tips on how he can avoid jet lag.
SEARCHING FOR AN EVIDENCE-BASED ANSWER
Since medical decisions, whether diagnostic or therapeutic, are
usually made within the specific context and particularities of the
patient for whom evidence is being sought, the search for evidence
must always start with the construction of a well-built clinical question that focuses on the specifics.1 These questions are typically:
who is the patient? What is the specific health issue to be
addressed? What is the range of intervention options considered?
And what is the set of potential outcomes desired or to be avoided?
In the above case, the patient is an otherwise healthy middle-age
man who would like to avoid jet lag while traveling eastward across
many time zones. Please note how this case differs from, for example, a person who is already experiencing jet lag, or one that is about
to travel westward a relatively short distance. Some other parameters, such as the patient’s gender are likely to be inconsequential in
this specific case, yet very important in other cases. Evidence-based
medicine works best when the question includes just the important
parameters. Too much specification could be a bit too confusing.
The next step is to retrieve the existing body of knowledge
that pertains to the specific question under consideration. To maximize yield, it is important to prioritize the search so that you consult only those sources that are likely to provide you with valuable
information. Sometimes textbooks would be sufficient (for example, when you want to learn about the natural history of a disease
or its differential diagnosis). However, for the latest evidence on
the efficacy and effectiveness of various therapeutics it is advisable
to search for a systematic review that summarizes the evidence
qualitatively, or better still, a meta-analysis that summarizes it
quantitatively. A quick search of the Cochrane database reveals a
Cochrane review “Melatonin for the prevention and treatment of
jet lag,”2 an abstract of which follows:
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ABSTRACT
Background: Jet lag commonly affects air travelers who cross several time zones. It results from the body’s internal rhythms being out of
step with the day-night cycle at the destination. Melatonin is a pineal
hormone that plays a central part in regulating bodily rhythms and
has been used as a drug to re-align them with the outside world.
Objectives: To assess the effectiveness of oral melatonin taken in different dosage regimens for alleviating jet lag after air travel across several time zones.
Search Strategy: We searched the Cochrane Controlled Trials
Register, MEDLINE, EMBASE, PsychLit and Science Citation Index
electronically, and the journals ‘Aviation, Space and Environmental
Medicine’ and ‘Sleep’ by hand. We searched citation lists of relevant
studies for other relevant trials. We asked principal authors of relevant
studies to tell us about unpublished trials. Reports of adverse events
linked to melatonin use outside randomized trials were searched for
systematically in ‘Side Effects of Drugs’ (SED) and SED Annuals,
‘Reactions Weekly,’ MEDLINE, and the adverse drug reactions databases of the WHO Uppsala Monitoring Centre (UMC) and the US
Food & Drug Administration.
Selection Criteria: Randomized trials in airline passengers, airline staff or military personnel given oral melatonin, compared
with placebo or other medication. Outcome measures should consist
of subjective rating of jet lag or related components, such as subjective well being, daytime tiredness, onset and quality of sleep, psychological functioning, duration of return to normal, or indicators
of circadian rhythms.
Data collection and analysis: Ten trials met the inclusion criteria.
All compared melatonin with placebo; one in addition compared it
with a hypnotic, zolpidem. Nine of the trials were of adequate quality to contribute to the assessment, one had a design fault and could
not be used in the assessment. Reports of adverse events outside trials were found through MEDLINE, ‘Reactions Weekly,’ and in the
WHO UMC database.
Main Results: Nine of the 10 trials found that melatonin, taken
close to the target bedtime at the destination (10pm to midnight),
decreased jet lag from flights crossing five or more time zones. Daily
doses of melatonin between 0.5 and 5mg are similarly effective, except
that people fall asleep faster and sleep better after 5mg than 0.5mg.
Doses above 5mg appear to be no more effective. The relative ineffectiveness of 2mg slow-release melatonin suggests that a short-lived
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higher peak concentration of melatonin works better. Based on the
review, the number needed to treat (NNT) is 2. The benefit is likely to
be greater the more time zones are crossed, and less for westward
flights. The timing of the melatonin dose is important: if it is taken at
the wrong time, early in the day, it is liable to cause sleepiness and
delay adaptation to local time. The incidence of other side effects is
low. Case reports suggest that people with epilepsy, and patients taking
warfarin may come to harm from melatonin.
Reviewers Conclusions: Melatonin is remarkably effective in preventing or reducing jet lag, and occasional short-term use appears to
be safe. It should be recommended to adult travelers flying across five
or more time zones, particularly in an easterly direction, and especially if they have experienced jet lag on previous journeys. Travelers crossing 2-4 time zones can also use it if need be. The pharmacology and
toxicology of melatonin needs systematic study, and routine pharmaceutical quality control of melatonin products must be established.
The effects of melatonin in people with epilepsy, and a possible interaction with warfarin, need investigation.
The abstract suggests that this Cochrane review may provide information that is pertinent to our clinical question. But
how valuable is this information at the point of care? The practice of evidence-based medicine depends primarily on our ability
to critically assess the validity and applicability of research evidence and successfully incorporate it into patient care. In what
follows, I shall demonstrate how this can be done. In future
inquires, you can use the exact same set of questions to critically
appraise other systematic reviews and meta-analyses.3 The critical appraisal process of other forms of publication, such as randomized controlled trials, case studies, or studies that focus on
diagnosis and prognosis rather than on therapeutics, requires a
slightly different set of questions. A number of excellent sources
are available to guide you in this process.4-6
Did the overview address a focused clinical question?
The authors of this Cochrane review did a fine job in defining their questions of interest. Specifically, they sought to evaluate 1) whether melatonin taken by mouth can prevent or
alleviate jet lag associated with air travel across several time
zones, 2) the evidence for the effectiveness of different dosage
regimens, and 3) all suspected adverse effects of melatonin.
Thus, the review has the potential to affect practice. Overall, this
comprehensive set of questions serves as a good example for the
value of systematic reviews and meta-analyses within the framework of the Cochrane collaboration.
Were the criteria used to select articles for inclusion appropriate?
Yes. Although only randomized trials were included in this
review, this decision seems reasonable considering the relatively
large number of potential confounders involved in determining
the efficacy of a drug (melatonin) in a heterogenic setting such as
air travel where the outcome (degree of jet lag) is subjective in
nature. All key parameters were defined a-priori. Participants in
these randomized trials were airline passengers, airline staff or
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military personnel, so the results are potentially generalizable to
large populations. The types of intervention examined were oral
melatonin, compared with placebo or other medication, taken
before, during and/or after travel. The primary outcome measure was subjective rating of jet lag, and components or correlates of this, such as fatigue, daytime tiredness, onset of sleep at
destination, onset and quality of sleep, psychological functioning, duration of return to normal, and measures indicating the
phase of circadian rhythms. These outcomes are relevant to the
scope of our question.
Is it likely that important, relevant studies were missed?
This question is important because including only a portion
of all available evidence may introduce systematic errors into the
meta-analytic process and threaten its validity. Based on current
standards for literature search7 it appears unlikely that important
relevant studies were missed in this case. The authors searched a
large number of electronic databases using appropriate key terms,
and supplemented it by hand searching of key relevant medical
journals, and contact of principal authors so as to identify potential unpublished trials. One potential limitation, however, is that it
remains unclear whether the search was limited only to research
published in English. Although, there is no evidence that language
restricted meta-analyses lead to biased estimates of intervention
effectiveness, it is always a desirable practice to include all languages in the search strategy.8 Also, since the original search covered
all randomized clinical trials conducted and published only until
1999, it is desirable to check the literature for new evidence that may
have emerged since the Cochrane review was conducted. The
Cochrane Database of Systematic Reviews publishes updates on a
regular basis. For assessing how current the evidence included in a
Cochrane review is, look at the top of the review. In our case, the
most recent substantive amendment to the review was made at the
end of 2001 and a more minor amendment was made in late 2002.
Was the validity of the included studies appraised?
Since the extent to which systematic reviews and metaanalyses could guide healthcare decisions depends on the quality
of the trials included (the famous “garbage in, garbage out”
maxim), in all Cochrane reviews the quality of the original trials
is assessed as a proxy measure of their validity. However, how to
assess trial quality as part of a systematic review, or even if it
should be assessed at all, remains uncertain (see sidebar). While
proponents regard quality assessment as an important strategy
to identify and reduce bias, opponents consider quality assessment as another source of potential bias.9
In the case of the melatonin Cochrane review, the validity of
the included studies was only partially appraised. Although data
related to methods, participants, interventions, and outcome were
extracted from each eligible study, only 2 important parameters
related to the studies’ validity were evaluated—allocation concealment and blinding. In clinical trials, potential biases fall into 4 categories that relate to systematic differences between comparison
groups: (i) patient’s characteristics (selection bias), (ii) the provi-
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sion of care apart from the treatment under evaluation (performance bias), (iii) the assessment of outcome (detection bias), and
(iv) the occurrence and handling of patient attrition (attrition
bias). Detailed accounts of these biases are provided elsewhere.10, 11
Many of these potential sources of bias could not be thoroughly evaluated in the melatonin review since none of the original trial reports included a statement on allocation concealment,
on how closely alike in appearance the test treatments were,
what the participants were told about the trial they were entering, and what effects they would have been led to expect. All of
these factors are important because prior expectations and subjects’ perceptions could influence the effects and symptoms that
they experience and report.12 Also, none of the trial reports gave
details of the source of the melatonin used and most did not
state the pharmaceutical form used. These are all important
components of trial validity, especially in the case of complementary and alternative medicine research.13
Were assessments of studies reproducible?
At every stage in performing a systematic review, reviewers
must guard against potential bias or errors. This is most critical
at the point at which studies are being selected for inclusion and
when pertinent data is being extracted from original studies.
Having multiple reviewers with slightly different perspectives
assessing the data might help guard against bias and reduce
error.7 In our case, each author extracted data independently and
differences were reconciled based on a rigorous methodology
that was determined a-priori. The review includes tables that
outline the characteristics of included studies.
Were the results similar from study to study?
Inferences about causal relationships between interventions (eg, melatonin) and outcomes (eg, prevention of jet lag) are
prone to error. That is, researchers are always at risk of concluding that there is an effect, when, in fact, there is not (type I
error), or concluding that there is no effect, when, in fact, there
is (type II error). Multiple studies that examine the same question across different settings and populations provide multiple
opportunities to test the causal hypothesis. Thus, the degree of
consistency of findings across different studies serves as a crude
indication of the extent to which we can trust the overall
research findings. Studies that show inconsistent results should
always prompt more investigation as to what accounts for the
increased variance. On the other hand, studies that show consistent results increase the probability that the findings are to be
trusted, given that there is no evidence of systematic error (bias).
A general description of statistical methods used to examine
between-trial differences can be found eslsewhere.14
In the melatonin case, the results of the eight trials that
were of adequate quality were remarkably consistent: they all
showed that subjects who were given melatonin had better outcomes than subjects who were given a placebo. Two trials found
no difference. These two trials assessed the different symptoms
of jet lag as well as the rating of “jet lag” itself, and it might be
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Assessing Methodological Quality
Although much controversy exists around what “quality of the
data” exactly means, it is generally believed that the assessment
of methodological quality provides a crude indication of the likelihood that the results of a clinical trial are a valid estimate of the
truth.20 The pros and cons of using one strategy or another when
deciding whether or not to include individual trials of various
methodological qualities in the processes of meta-analyses or systematic reviews remains largely a methodological conundrum.
This uncertainty is because the aggregation of heterogeneous trials may not only be clinically inappropriate if the research question is not well specified, but also because it may introduce bias
and/or variability to the overall analysis. 21 Analysis that is
restricted to only high-quality trials, on the other hand, should
result in better and more realistic estimates of treatment effects
and hopefully greater acceptance of these results within the
healthcare community.22 But is this really the case? Do we have
the appropriate methods to separate the wheat from the chaff?
On face value one of the most important dimensions of methodological quality is validity. Whereas some scholars advocate limiting the scope of methodological quality to only internal
validity,23 others consider both internal and external validity, in
conjunction with statistical analysis as a more appropriate
framework for assessing methodological quality. 11 Limiting
methodological quality to internal validity only, defined here as
“the confidence that the trial design, conduct, analysis, and presentation has minimized or avoided biases in its intervention
comparisons” not only results in the exclusion of other methodological aspects of quality, such as precision and reliability of
measures, but it also does not address other pertinent issues,
such as ethics and scientific merit. 2 0 , 2 4 The more inclusive
approach to methodological quality, on the other hand, which
refers to the construct as “the overall validity of the findings of
each trial, taking into account all aspects of design and statistical
interpretation which have bearing on the accuracy of the efficacy
estimate,”25 is likewise not free of some vagueness and methodological concerns.
To illustrate how subjective quality assessment can be, consider
the discrepancy between the Cochrane review and another reliable source of evidence-based medicine26 with relation to one of
the trials included in the melatonin systematic review. Thus,
whereas trial validity (both internal and external) seems to be at
the heart of the construct of methodological quality, it should be
remembered that validity is often distinct from quality. As Smith
et al25 correctly point out, quality can be assessed using a scale or
a checklist; however, that does not necessarily assure at all that a
trial is of adequate design to answer the question it poses.
Consider the following example. A trial with a high quality score
(ie, properly randomized and double-blind) would not be valid if
the trial investigated patients in a manner that did not mirror
reality. Another major problem arises from the assessment
process itself, which requires judgment of the quality of individual clinical trials. In most instances the only way to assess the
quality of a trial is to rely exclusively on the information contained in its report. It is thus important to distinguish further
between assessing the quality of a trial and the quality of its report.
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that not all symptoms change at the same rate and that the time
of assessment might be important. In other words, jet lag might
be interpreted differently at different times of the day.15
Were all clinically important interventions and outcomes considered?
Unfortunately, no trials have directly assessed the use of
melatonin in conjunction with other strategies, such as light control, and only one trial compared melatonin to a hypnotic. Thus,
it remains unknown whether an additive or synergistic effect
occurs when a more comprehensive approach to jet lag prevention and treatment is taken. Likewise, it remains unknown
whether melatonin is useful and safe in children and in old people, and if so how it should best be used. Close examination of
the data extracted from each trial led the authors to conclude
that for many of the outcomes of interest (eg, sleep latency and
quality) results cannot be combined because the methods of
measurement and reporting differed.
What are the overall results of the review?
Melatonin, taken close to the target bedtime at the destination (10pm to midnight), decreases jet lag from flights crossing
five or more time zones. Daily doses of melatonin between 0.5 and
5mg are similarly effective, except that people fall asleep faster and
sleep better after 5mg than 0.5mg. Doses above 5mg appear to be
no more effective. The relative ineffectiveness of 2mg slow-release
melatonin suggests that a short-lived higher peak concentration of
melatonin works better. The benefit is likely to be greater the more
time zones are crossed, and less for westward flights. The timing of
the melatonin dose is important. If it is taken at the wrong time,
early in the day, it is liable to cause sleepiness and delay adaptation
to local time. The incidence of other side effects is low. Case
reports suggest that people with epilepsy, and patients taking warfarin may have adverse effects from melatonin.
How precise were the results?
Since medical research is almost always done on samples,
rather than on populations, the true effect of a treatment in the
entire population is often unknown. What we have instead, is an
efficacy estimate provided by rigorous controlled trials. This estimate is called a point estimate. The point estimate reminds us
that, although the true value lies somewhere in its neighborhood, it is unlikely to be precisely correct.4 To assess what this
“neighborhood” is like, we use a statistical strategy called confidence intervals that represent a range of values within which we
can be confident that the population parameter lies. That is
where precision comes in. The narrower the confidence intervals
are, the more confident we can be that the point estimate is precise with respect to the population parameter, and vice versa.
Therefore, it is always a good practice to look not just at statistical significance tests (P values), but also at the confidence intervals that surround the point estimate. An excellent account of
confidence intervals and their utility is provided elsewhere.16
In the melatonin Cochrane review, the authors attempted to
provide a point estimate that represents the potential efficacy of
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Understanding the Numbers: Numbers Needed to Treat (NNT)
The concept of NNT was reported first by Laupacis et al,27 in 1988 with
the intent to provide readers with additional information to help them
decide whether a treatment should be used. The NNT indicates how
many patients on average have to be treated to avoid an undesirable
event or to achieve one desirable event at a specific point in time. It is calculated as the inverse of the absolute risk reduction (ARR) caused by
treatment (Figure 1). Absolute risk reduction and NNT vary with the
patient’s baseline risk of the target event. For patients at very high risk of
the target event, the NNT will tend to be low, and treatment is likely to
be justified. For patients at very low risk of the target event, NNT is likely
to be high enough to raise doubts about whether treatment is warranted, even when the outcome being prevented is serious.

Despite the intuitive appeal of NNT, concerns have been expressed
about its limitations. Cook and Sackett,28 noted that NNT presents a
problem when the results of an RCT with patients at one baseline risk
are applied to a particular patient at a different risk. Chatellier et al29
expressed concern on extrapolating NNT to time points not considered
in trials. Artalejo et al30 pointed out that although the NNT for each type
of patient can be narrowed down somewhat depending on his or her
clinical characteristics, even then it is not possible to ascertain which
patients will benefit, just as it is impossible to ascertain which patients
will have adverse effects of exposure to risk factors for many chronic diseases because of individual variability. They expressed a concern that the
use of NNT in clinical practice could lead to a decrease in therapeutic
acceptance and compliance, if the patient’s perception of the number is
different from that of the clinician.
Wu and Kottke31 provided an excellent example to illustrate the problem
with interpreting NNT. They reported a comparison of the NNT values for
3 interventions: cardiac transplantation, implantable cardioverter defibrillators (ICDs), and cholesterol lowering. The 1-year NNT was 1 for cardiac
transplantation, 4 for ICDs, and at least 600 for a treatment that lowered
serum cholesterol levels by 10%. On the basis of NNT, one might conclude
that cardiac transplantation is the most effective way to control cardiovascular disease. However, they also estimated the potential contribution of
each of the 3 interventions to a population-wide reduction in cardiovascular mortality. According to the demonstrated efficacy of each intervention
and the candidacy rates in a population, cardiac transplantation could
reduce cardiovascular mortality by 0.9%, ICDs could reduce cardiovascular
mortality by 1.1%, and cholesterol-level decreases of 10% could reduce cardiovascular mortality by at least 4.8% and perhaps by as much as 7.8%.
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melatonin compared to placebo in prevention and treatment of
jet lag. To do so, they used a parameter that is often used in
Cochrane reviews called weighted mean difference (WMD),
which expresses the intervention effects as the weighted difference in mean values between the intervention and control
groups. Using a jet lag severity scale of 0-100 where 0 means no
jet lag and 100 means most severe jet lag, they found that the
weighted mean score after melatonin was 25, and after placebo
48. When they used meta-analytic techniques, which allow for
the differing variances in the trials, the difference between the
two groups was even bigger (WMD 37.3; 95% CI 39.8-34.9). This
is highly significant, both statistically and practically.
They then looked at the two trials that reported results for
individuals (and not merely group means), and found that 16
out of 24 people (67%) given placebo experienced jet-lag after an
eastward transatlantic flight, while only 4 out of 22 (18%) did so
after 5mg melatonin. On this basis, they concluded that one of
every two people taking melatonin would benefit. When results
are presented in this way, we call it number needed to treat or
simply NNT. The smaller the number, the more robust the effect
of the intervention is. Despite the intuitive sense that clinicians
have for NNT, an extreme caution needs to be practiced when
NNT is used to convey effect size (see sidebar.) Nonetheless, an
NNT of 2 generally means a huge effect.
Are the benefits worth the harms and costs?
Since the pharmacology and toxicology of melatonin have
not yet been systematically studied it is not possible at this time
to cast firm conclusions about its safety. Systematic review of the
literature suggests potential interaction between melatonin and
vitamin K antagonists such as warfarin, and a possible relationship between melatonin and seizures. Another potential source
of harm has to do with the degree of purity of commercial preparation of melatonin. Independent analyses of some of these
products purchased in health food stores in the US found some
impurities, including lead.17, 18 But, how to deal with this direct
result of the 1994 Dietary Supplement Health and Education Act
is the subject of an intense debate.19
Can the results be applied to my patient care?
Yes. The results of this systematic review indicate that when
traveling across a number of time zones melatonin is an effective
treatment for prevention and treatment of jet lag when used at
bedtime in the day of travel and for up to four days after arrival.
The authors, however, are right to point out that individuals differ greatly in the experience of jet lag, with some travelers
extremely affected, while others report no jet lag symptoms. This
suggests that individual differences may strongly influence the
effectiveness of melatonin. It is concluded, therefore, that this
information along with some other non-drug sleep hygiene tips15
should be shared with the patient. Bon voyage!
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