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Objective: The goals of this study were to validate a new rating scale for measuring se-
verity of jet lag and to compare the efficacy of contrasting melatonin regimens to alleviate
jet lag. Method: This was a randomized, double-blind trial of placebo and three alternative
regimens of melatonin (5.0 mg at bedtime, 0.5 mg at bedtime, and 0.5 mg taken on a shift-
ing schedule) for jet lag. The subjects were 257 Norwegian physicians who had visited New
York for 5 days. Jet lag ratings were made on the day of travel from New York back to Oslo
(6 hours eastward) and for the next 6 days in Norway. The main outcome measures were
scale and item scores from a new, syndrome-specific instrument, the Columbia Jet Lag
Scale, that identifies prominent daytime symptoms of jet lag distress. Results: There was
a marked increase in total jet lag score in all four treatment groups on the first day at home,
followed by progressive improvement over the next 5 days. However, there were no signifi-
cant group differences or group-by-time interactions. In addition, there was no group effect
for sleep onset, time of awakening, hours slept, or hours napping. Ratings on a summary
jet lag item were highly correlated with total jet lag scores (from a low of r=0.54 on the day
of travel to a high of r=0.80 on day 3). The internal consistency of the total jet lag score was
high on each day of the study. Conclusions: The use of melatonin for preventing jet lag

needs further study.
(Am J Psychiatry 1999; 156:1392—-1396)

et lag refers to a variety of unpleasant symptoms that
atflict most individuals for several days after traveling
rapidly through several time zones. Typical symptoms
include daytime sleepiness, fatigue, impaired alertness,
and trouble initiating and maintaining sleep. The dis-
turbance is thought to arise from the failure of the in-
ternal biological clock to adjust quickly to phase shifts
in the external environment—in particular, the light-
dark cycle—at the flight destination (1, 2). Beyond the
circadian rhythm factor, stresses of travel preparation
and sleep deprivation associated with the flight can
contribute to jet lag. Although jet lag typically lasts

Received Oct. 30, 1998; revision received Feb. 25, 1999;
accepted March 17, 1999. From the New York State Psychiatric
Institute; the Department of Psychiatry, Columbia University, New
York; Rikshospitalet, Oslo; and Oregon Health Sciences Univer-
sity, Portland. Dr. Spitzer's address is Biometrics Research, Unit
60, New York State Psychiatric Institute, 1051 Riverside Dr., New
York, NY, 10032; rls8@columbia.edu (e-mail).

Supported in part by funds from the New York State Office of
Mental Health. Melatonin and placebo capsules were supplied by
Allergy Research Group, Inc.

1392

only a few days, its symptoms can be quite disruptive,
impairing work performance (1, 3, 4) or interfering
with vacation activities. The severity of jet lag is re-
lated to the number of time zones traveled, with the ef-
fects generally worse for eastward travel (5, 6). To our
knowledge, the prevalence of jet lag and the relative
frequency of various jet lag symptoms have not been
systematically studied.

Recently, self-treatment of jet lag with exogenous
melatonin has become widespread (and promoted by
health experts in the media [7]), on the presumption
of its ability to reset the circadian clock (8) and pro-
mote sleep onset (9, 10). Virtually all field studies
(11-18) have claimed a benefit of melatonin over pla-
cebo with varying distances and directions of travel,
although some have shown statistically nonsignifi-
cant differences, with negligible effect sizes, based on
small samples.

In one large sample (melatonin, N=474; placebo, N=
112), pooled across many studies, use of melatonin led
to a 50% reduction in self-rated jet lag (19). The visual
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analog ratings of jet lag, however, were global and not
symptom-specific. By contrast, in a jet lag simulation
study of easterly travel, with a 9-hour time shift, use of
melatonin showed only a minor advantage in subjec-
tive alertness, which was apparent only on the first
postshift day (immediately following sleep depriva-
tion). There were no significant differences in daytime
fatigue, tenseness, sleepiness, or psychomotor perfor-
mance despite accelerated resynchronization of some
(but not all) physiological rhythms (20). In another 9-
hour simulation study, use of melatonin immediately
benefited alertness and performance, even before circa-
dian phase shifts set in (21), which suggests that im-
provement of jet lag symptoms occurs, in part, inde-
pendent of rhythm resynchronization.

A problem in comparing studies has been the variety
of measures used to index jet lag and the lack of a syn-
drome-specific scale of jet lag severity. Most studies
have been conducted by circadian rhythm researchers
with a primary focus on sleep disturbance and rate of
rhythm adjustment, often neglecting the many bother-
some daytime symptoms of jet lag. Although several
studies have obtained self-ratings of daytime symp-
toms, rarely have the scales clearly distinguished be-
tween detection of a symptom and the extent to which
that symptom is annoying or interferes with desired ac-
tivities. If a transient symptom were merely detectable
but not impairing or bothersome, the advisability of
administration of melatonin could be questioned. Fi-
nally, some studies have failed to include baseline mea-
sures before travel to control for symptoms that may
be unrelated to jet lag, such as fatigue and insomnia
due to business or vacation activities and sleeping in a
novel environment. Such baseline symptoms may also
reflect incomplete recovery from jet lag caused by pre-
ceding travel to the city of departure.

The present study had three interrelated goals: 1) to
develop and validate a daily rating scale for measuring
jet lag severity that could serve as a criterion measure
in studies of jet lag; 2) to use this scale to learn more
about the clinical features of jet lag—its phenomenol-
ogy, course, and severity in a large subject sample; and
3) to compare a set of contrasting regimens for mela-
tonin administration, controlling for dose and timing.
Our expectation was that subjects receiving at least
one of the regimens would experience lower symptom
severity than subjects receiving placebo.

METHOD

In developing the rating instrument, as we reviewed the litera-
ture, we culled a list of 31 symptoms cited as representing jet lag.
This list was reviewed by several colleagues and focus groups of fre-
quent travelers. The items were refined and collapsed into a set of
14 common jet lag symptoms, with rare items deleted. To create a
daily self-rating scale, each symptom was listed with a 5-point an-
chored scale according to how much it bothered the individual (0=
not at all, 1=a little bit, 2=moderately, 3=quite a bit, 4=extremely).
A daily total jet lag score was computed by summing the scores on
these 14 symptoms. Subjects also made a daily rating on a summary
jet lag item: “Overall, since you last got ready for nighttime sleep,
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how much were you bothered by any symptoms of jet lag?” This
item used the same anchor points as the individual symptoms. In
addition, questions were included about sleep medication, alcohol
consumption, amount of time napping, and number of hours slept
the previous night.

This first version of the Columbia Jet Lag Scale was used in a pilot
study of 97 subjects who traveled eastward or westward through
more than six time zones after attending a psychiatric meeting in
Melbourne, Australia, in August 1996. The subjects’ mean age was
45 years (SD=9.7), 67% of the group were male, and the mean num-
ber of days in Australia before returning home was 10.4 (SD=6.6).
Subjects made daily ratings on the final day of their stay and each
day after returning home, for 5 days. Five of the 14 symptoms that
had the lowest correlations with the total jet lag score were elimi-
nated from the revised jet lag scale: confusion about where you are
or what time it is, dozing off or short naps, restless nighttime sleep,
initial insomnia, and early morning awakening. Thus, sleep phase
disturbance was not considered to cause primary subjective distress.
The remaining nine contributing items were fatigue, daytime sleepi-
ness, impaired concentration, decreased alertness, trouble with
memory, physical clumsiness, weakness, lethargy, and light-headed-
ness. The revised total jet lag score, with a possible range of 0-36,
had high internal consistency for each of the 6 days of the study
(Cronbach’s alpha=0.78-0.94).

The final version of the Columbia Jet Lag Scale used in the present
study (see appendix 1 for a list of the scale items) included, for each
of 7 days beginning on the baseline day of air travel, the following
components: the nine symptoms used to calculate the total jet lag
score, a summary jet lag item, the amount of daytime napping, the
time of sleep onset the previous night, the time of final awakening,
and the times study capsules were taken. Since alcohol and sleep
medication were rarely used during the Melbourne pilot study (sub-
jects were advised to avoid both), these items were not included in
the final scale.

Subjects were recruited from 10 groups of Norwegians (N=
572)—over 90% of whom were physicians—who visited New York
City for S days between October 1996 and March 1997 as part of a
pharmaceutical-company-sponsored educational program. During
lectures on circadian rhythm disorders, the design of the study was
presented, with an invitation to participate if the following require-
ments were met: subjects had to be taking a flight back to Oslo (six
time zones eastward) and planning to stay in Norway for at least 5
days; be ages 21-65 years; and have a usual time of awakening on
weekdays between 5:00 a.m. and 9:00 a.m. Potential subjects were
asked to exclude themselves if they were hypertensive or currently
receiving a B-adrenergic blocker; were regularly receiving medica-
tion for depression, anxiety, or other psychiatric problems; had cur-
rent alcohol or other drug abuse or dependence; had chronic prob-
lems with insomnia or frequently used melatonin or sleeping pills;
and (for women) were pregnant, lactating, or intending to become
pregnant within the month. Three hundred thirty-nine persons gave
written informed consent to participate in the study. Of those who
agreed to participate, 257 (76 %) returned completed forms at the
end of the study. The mean age of these subjects was 44 years (SD=
7, range=24-62). Seventy-nine percent (N=203) were male.

Subjects were randomly assigned to placebo (N=60) or one of
three alternative regimens of melatonin administration beginning on
the day of travel and continuing daily for the 5 days after travel. On
the sixth day after travel, the subjects made ratings but did not take
any study capsules. The first experimental group (N=64) took 5.0
mg of melatonin at bedtime, a common dose in other studies (12-15,
17). The second group (N=70) took 0.5 mg at bedtime. This small
dose produces total blood levels similar to those secreted endoge-
nously over the entire night (although there is a distinctly higher ini-
tial peak concentration 30 minutes after administration, followed
for at least 9 hours by an exponential decline) (22). The third group
(N=63) also received 0.5 mg of melatonin, but capsules were taken 1
hour earlier each day beginning in the early evening. The timing of
the first dose (on the day of travel) was 11 hours after the subject’s
usual wake-up time. This shifting schedule was designed to facilitate
circadian phase advance according to the phase-response curve de-
scribed by Lewy et al. (8). Analysis of melatonin content in the cap-
sules by gas chromatography/mass spectrophotometry verified that
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FIGURE 1. Jet Lag Ratings for the Baseline Day of Travel (Day
0), 5 Posttravel Treatment Days (Days 1-5), and the Final Day
of Assessment (Day 6) 2
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aThree groups received melatonin, which varied by dose and time
of administration; one group received placebo.

each dose was within 5% of the stated concentration and that the
placebo capsule was melatonin-free.

To keep subjects blind to group assignment, all subjects took an
early evening and a bedtime capsule, only one of which—for the
three active treatment groups—contained the melatonin. Subjects
were instructed to ask for a sleep mask when attempting to sleep on
the airplane and to avoid drinking alcohol. Subjects were also asked
to try to reestablish their normal bedtime and usual time of awaken-
ing when they got home and not to take any medicine (other than the
study capsules) to help them sleep. Subjects made ratings on the Co-
lumbia Jet Lag Scale for the 7 days of the study before retiring each
night, beginning with the baseline rating on the last day in New York
before their return to Oslo and ending 1 day after they took their fi-
nal capsules.

On each of the first 5 days of the study, approximately 2% of the
subjects did not take the study capsules but did make daily ratings
(this proportion rose to approximately 10% on the last day, when
very few subjects had any symptoms of jet lag). The rating on the
summary jet lag item as well as the total jet lag item score was miss-
ing for approximately 1%-3% of subjects on each day of the study.

RESULTS

As shown in figure 1, total jet lag score on the last
day in New York (day 0) was not at an asymptomatic
baseline and, in fact, exceeded scores obtained on days
3 to 6 after travel. Nonetheless, there were marked
score increases in all four groups on the first day home,
followed by progressive improvement over the next §
days. A repeated measures multivariate analysis of
variance for the 6 days after travel was conducted on
the total jet lag score, each of its nine component
symptoms, and the rating of the summary jet lag item,
with baseline ratings as a covariate. There was a main
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effect of time on all outcome measures (for total jet lag
score, Wilks’s lambda=0.22, p<0.0001). However,
there were no significant differences between groups
(F=0.61, df=3, 216, p=0.62) and no significant group-
by-time interactions (which indicates that the curves
had parallel descents) (Wilks’s lambda=1.08, p=0.37).
In addition, there was no evidence of effects of group
(F=0.64, df=3, 224, p=0.59), group-by-time effects on
sleep onset (Wilks’s lambda=0.93, p=0.16), time of
awakening (F=0.48, df=3, 229, p=0.70; Wilks’s
lambda=0.98, p=0.96), hours slept (F=0.28, df=3, 216,
p=0.84; Wilks’s lambda=0.95, p=0.49), or hours nap-
ping (F=0.23, df=3, 237, p=0.87; Wilks’s lambda=
0.96, p=0.57). A post hoc power analysis indicated
that if standardized group differences exceeded 0.40
(moderate effect size), they would be detected with
power of 80%.

We searched in vain for a subgroup of subjects for
whom one or more of the melatonin regimens was bet-
ter than placebo. First, we limited the analysis to the
subjects whose baseline ratings indicated full recovery
from jet lag due to travel to New York 5 days earlier
(summary jet lag score=0) (N=126, 49%). Next, we
limited the analysis to the subjects who on the first day
home reported at least moderate jet lag on the sum-
mary ratings (N=159, 62%). Finally, we limited the
analysis to the subjects who were asymptomatic at
baseline but reported at least minimal jet lag on the
second day home, when presumably they had recov-
ered from the sleep deprivation effects of the travel
(N=69, 27%). In these and other subgroup analyses—
including control for a possible group-by-season inter-
action—we again found no significant differences be-
tween groups.

At baseline, after 4 days in New York, 85% of the
subjects reported the absence of or only a little bit of
jet lag. On the first day after return to Norway, when
jet lag symptoms were most severe, nearly two-thirds,
63%, reported at least moderate jet lag, while about
one-third, 37%, reported none at all or only a little bit.
(On subsequent days of the study, only 4% reported
severity greater than on day 1.) Even after 6 days, 9%
of the subjects reported that at least a little bit of jet lag
persisted. Across the study, jet lag severity showed no
association with age (all correlations were less than
0.08) or sex (for main effect of sex, F=1.21, df=1, 218,
p=0.27).

As with the global rating, the frequency of individual
jet lag symptoms peaked on the first day after travel.
By the second day the frequency was similar to that at
baseline, and it gradually subsided to below baseline
levels by day 4. The most commonly reported symp-
toms were fatigue, daytime sleepiness, decreased day-
time alertness, and trouble concentrating or thinking
clearly.

On each of the 7 study days, ratings on the summary
jet lag item were highly correlated with total jet lag
score for the same day (from a low of r=0.54 at base-
line to a high of r=0.80 on day 3). The internal consis-
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tency of the total jet lag score was high on each of the
7 days of the study (alpha=0.89-0.93).

There was no significant difference in the number
of subjects who reported possible drug side effects
within the active treatment groups or in those groups
compared with the placebo group. However, one sub-
ject who received 0.5 mg of melatonin reported,
within 20 minutes of taking the first dose, difficulty
swallowing and breathing, symptoms that subsided
after 45 minutes. The subject stopped taking the cap-
sules but agreed, after the study was completed, to
take another single dose to see whether the symptoms
would recur. Similar symptoms, although somewhat
milder, did recur.

DISCUSSION

The strengths of this study include the large size of
the study group, with adequate power to detect mod-
erate group differences, and the daily ratings of jet lag
symptoms with the use of a new scale that assesses
how much the individual finds the most salient symp-
toms bothersome. The scale yielded a focused descrip-
tion of the daytime symptoms of jet lag, which was
lacking in past studies.

A limitation of our study is that we did not examine
posttravel symptoms of sleep disturbance—such as dif-
ficulty with sleep onset and maintenance and early
morning awakening—that might be more closely tied
to circadian rhythm disturbance. However, our pilot
Melbourne study indicated that these sleep symptoms
had low correlations with the overall judgment of how
much the individual was bothered by jet lag. Another
limitation was that the 4-day sojourn in New York was
apparently insufficient for many subjects to fully syn-
chronize their underlying circadian rhythms to New
York time, including subjects who had no symptoms at
baseline (23).

We did not attempt to measure circadian phase at
baseline, and we recognize that the timing of melato-
nin administration may not have been optimal in some
cases, which is also true for most past studies. If effec-
tive use of the treatment relies on precise timing rela-
tive to the individual’s phase-response curve (19), prac-
tical application for the traveling public is not feasible.
However, an alternative dosing regimen, currently un-
der investigation by one of us (A.].L.), may facilitate
phase shift by maintaining physiological levels of
plasma melatonin (by means of multiple 0.1-mg doses)
throughout the afternoon and evening hours, thus en-
suring contact with the phase-advance portion of the
melatonin phase-response curve (24). Furthermore,
slower rates of postflight adaptation (travel over
longer distances) may be needed to detect a beneficial
phase-shifting effect of melatonin administration.

We had expected—in this, the largest double-blind,
controlled trial of the use of melatonin for jet lag re-
ported to date—to find a benefit of melatonin, with
differential effects as a function of drug dose, or tim-
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ing, or both. We are puzzled by the contrast with past
studies with positive findings. There is no obvious rea-
son that our ethnically and professionally homo-
geneous group (Norwegian physicians) should not
have responded to melatonin if it were an effective
treatment for jet lag. We wondered if our subjects were
atypical in that they experienced jet lag symptoms only
mildly or had a higher threshold for reporting symp-
toms as bothersome. However, the distribution of sum-
mary jet lag ratings for our subjects at baseline and
when jet lag was most severe (the first day at home)
was nearly identical to that of the 97 subjects who par-
ticipated in our pilot study, in which most subjects had
traveled eastward or westward more than six time
zones to Melbourne, remained there longer than the
Norwegians did in New York, and constituted a more
diverse study group. We doubt that individuals who
declined to participate in our study differed markedly
from the study subjects in terms of susceptibility to jet
lag. For all of these reasons, we believe that the overall
prevalence levels of jet lag and the frequency of indi-
vidual jet lag symptoms experienced by our study
group may generalize to other populations at risk for
jet lag.

Our subjects knew that they had three out of four
chances of receiving melatonin. Could this have re-
sulted in a large placebo effect, which could have
swamped differences between the groups? If this hap-
pened, then the actual drug effect could not have been
very large.

It is possible that subjects in other studies have de-
tected the presence of the drug and responded posi-
tively according to expectations. (In one study that
found only a minimal effect [14], subjects were unable
to detect the active agent.) Our twice-daily administra-
tion of study capsules (at least one of which was a pla-
cebo) may have made it difficult for subjects to guess
whether they were receiving melatonin.

Despite our finding of no group differences, the va-
lidity of our measures (summary jet lag item and total
jet lag score) is supported by their ability to demon-
strate gradual improvement in the severity of jet lag
over time. Past studies have usually relied on a small
number of scales to index severity, without reference to
the broad symptoms of jet lag as a syndrome. By con-
trast, the Columbia Jet Lag Scale contains the full phe-
nomenology of the symptoms most highly correlated
with the distress associated with jet lag.

It remains unclear to what extent jet lag symptoms
reflect the factors of circadian rhythm desynchrony,
stresses of preparation for travel, travel itself (includ-
ing sleep loss), and the pattern of activities at destina-
tions away from home. If melatonin acts specifically to
accelerate adjustment of circadian rhythm, its benefit
might be difficult to measure against the background
of such concurrent stresses. If melatonin taken before
bedtime acts primarily to promote sleep onset (an ef-
fect also achievable with short-acting benzodiazepine
hypnotics), its benefit might not be strongly reflected
in bothersome daytime symptoms.
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When all studies of melatonin for jet lag are consid-
ered, taking into account variations in assessment in-
struments, dosing regimens, distances and directions of
travel, subject demographics, and sample sizes, the
demonstration of clinical benefit is equivocal. There-
fore, the use of melatonin for preventing jet lag needs
further study.

APPENDIX 1. Items on the Columbia Jet Lag Scale, to be
Answered Each Day of the Study

Today, how much have you been bothered? by
Fatigue or tiring easily
Trouble concentrating or thinking clearly
Physical clumsiness
Decreased daytime alertness
Trouble with memory
General feeling of weakness
Light-headed, dizzy, or other uncomfortable sensations
in the head
Lethargy or sluggish feeling
Sleepiness during the day
Overall, since you last got ready for nighttime sleep,
how much were you bothered by any symptoms of jet lag??
Approximate time napping during the day®
Time of sleep onset last night
Time of final awakening
Times study capsules were taken

aScale of 0—4: 0=not at all, 1=a little bit, 2=moderately, 3=quite a
bit, 4=extremely.

b Scale of 0-4: 0=none, 1=30 minutes, 2=1 hour, 3=2 hours, 4=3+
hours.
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