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PROTOCOL NAME

Using bright light and melatonin to reduce jet lag.

GROSS INDICATION

This is generally applicable to phase shifting the circadian clock in patients
with circadian rhythm sleep disorders or winter depression.

SPECIFIC INDICATION

Bright light and melatonin can be used to reduce jet lag after crossing at least
two time zones east or west.

CONTRAINDICATIONS
Bright light should probably not be used in:

® people with existing eye disease;
® people using photosensitizing medications.

Bright light can induce:

® migraines (in about one-third of migraine sufferers);
® mania (rare).

Melatonin should probably not be used in:

® people who are driving or operating heavy machinery (unless they have
previously tested their response to melatonin and are taking <0.5mg of
melatonin);

® pregnant or nursing women (melatonin will transfer to the fetus/infant);

® women seeking to become pregnant;
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® children (unless they suffer from a neurodevelopmental condition associ-
ated with extremely poor sleep);

® asthmatics and patients with gastrointestinal disease (melatonin may be
inflammatory);

® patients using other medications (unless supervised by a physician).

RATIONALE FOR INTERVENTION

Rapid jet travel across multiple time zones produces a temporary misalign-
ment between the timing of the central circadian clock and the desired sleep
times in the new time zone. This circadian misalignment often leads to night-
time insomnia (early insomnia after flying east, late insomnia after flying
west), daytime sleepiness, worsened mood, and gastrointestinal disturbances.
Bright light and melatonin can be used to accelerate the shifting of the circa-
dian clock such that the circadian misalignment is minimized and the severity
and duration of jet lag are reduced.

STEP BY STEP DESCRIPTION OF PROCEDURES

Jet lag can be minimized with some preflight planning.

The first step is to estimate the timing of the minimum of your core body
temperature rhythm (“T,;,”). A general rule of thumb is that it occurs 3 hours
before your habitual wake-up time [1].

The second step is to determine your flight schedule, including stopovers,
direction of travel, when you would like to sleep at your destination, the time
difference between home and your destination, and sunrise and sunset times
at your destination (www.timeanddate.com is a useful website). When fly-
ing west, the circadian clock needs to shift later in time (“phase delay”) to
adjust to the new time zone. In general, when flying east the circadian clock
needs to shift earlier in time (“phase advance”) to adjust to the new time zone.
However, eastward jet travel across eight or more time zones can be difficult to
adjust to [2,3], and in this case the circadian clock will often phase delay.

The third step is to determine when to seek light and to avoid light to
accelerate the shifting of your circadian clock. To phase delay, you need to
seek light in at least the 4 hours before your T,;, and avoid light in at least the
4 hours after your T, [4]. To phase advance, you need to avoid light in at
least the 4 hours before your T,;, and seek light in at least the 4 hours after
your T, [4]. You can seek light by staying awake, by going outdoors and not
wearing sunglasses, or by using a commercially available portable light box.
You can avoid light by sleeping in a dark bedroom, staying indoors away from
windows, wearing orange “blue blockers” glasses when inside, and wearing
very dark sunglasses if you must go outside.

Studies of jet travelers who did not regulate their light exposure indicate
people can phase delay up to 1.5 hours per day and phase advance up to 1 hour
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per day [2,3,5]. The more successful you are at seeking and avoiding light at
the correct times, the more likely you will be able to phase delay about 2 hours
per day and phase advance about 1.5 hours per day. Your success depends
on having a flexible schedule, and, if you do not have a portable light box,
good weather and reasonable temperatures that permit you to stay outside and
receive light at the required times.

The fourth step is to consider if your schedule (including the required
wake-up time to catch your flight) permits gradually shifting your sleep in the
direction of travel in the days before your departure. This approach shifts your
sleep and circadian clock together, and so does not produce circadian mis-
alignment and jet lag [6,7]. Instead it reduces how much your circadian clock
needs to shift on arrival, thereby reducing your jet lag. Preflight shifts are par-
ticularly beneficial for people traveling east, as preflight shifts increase your
chances of getting bright light at the correct time on arrival, further facilitating
phase advances. If you are traveling east, you will need to shift your habit-
ual bed and wake times 1 hour earlier per day and maximize your bright light
exposure in the first 3—4 hours after you wake up each morning. If you are
traveling west, you will need to shift your habitual bed and wake times 1 hour
later per day and maximize your bright light exposure in the 3—4 hours before
your bedtime each night. Such a preflight regimen can phase advance the cir-
cadian clock 30-45 minutes per day [6], and phase delay the circadian clock
by about 1 hour per day [8].

The fifth step is to consider taking melatonin to enhance your phase shifts
to bright light. Phase advances in response to bright light can be further
increased to about 1 hour per day if you take 0.5mg of melatonin 10 hours
before your T,,;, [7]. It is not yet known if phase delays in response to bright
light can be further increased with melatonin.

The sixth step is to draw your jet lag plan containing all of the above ele-
ments. The jet lag plan should guide you on when to seek and avoid light, and
can be stopped once you are sleeping well at night and performing well during
the day in the new time zone.

Figures 16.1-16.3 display some examples of jet lag plans for a nonstop
Los Angeles to Paris return flight. Los Angeles to Paris is an eastward flight
across nine time zones. Such eastward flights are particularly difficult to adjust
to, and phase delays often result.

Figure 16.1 shows a traveler, who normally sleeps 11 pm to 7 am in Los
Angeles (T, at 4 am) arriving in Paris without a preflight shift. As this
traveler arrives in Paris in the early morning and moves through immigra-
tion, baggage claim and customs, and transits to her hotel, she is likely to
receive significant bright light exposure immediately before her T,,;,. As phase
advancing in these circumstances will be extremely difficult, this traveler
instead plans to use this light exposure to help her phase delay. Even if she
seeks and avoids light at the correct times, she is still likely to experience jet
lag for 6-7 days, until her T,;, falls into her desired sleep times.
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FIGURE 16.1 A jet-lag plan for a traveler who travels non-stop from Los Angeles to Paris with
no preflight shift. The triangle represents the minimum of her core body temperature rhythm, T,;,.
L = when to seek light, D = when to seek dark.
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FIGURE 16.2 A jet-lag plan for a traveler who travels non-stop from Los Angeles to Paris with
a 3-day preflight shift. The triangle represents the minimum of her core body temperature rhythm,
Tin- L = when to seek light, D = when to seek dark, M = time to take 0.5 mg melatonin.
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FIGURE 16.3 A jet-lag plan for a traveler who travels non-stop from Paris to Los Angeles with
no preflight shift. The triangle represents the minimum of her core body temperature rhythm, T ;.
L = when to seek light, D = when to seek dark.

Figure 16.2 shows the same traveler arrive in Paris after a 3-day preflight
shift. In this case, the time interval during which she must avoid light after
arrival in Paris is 3 hours shorter and she anticipates that by the time she tran-
sits to her hotel it will be time to seek light. After a quick shower, she sits
outside with her laptop or good book to ensure she gets plenty of bright light.
With this plan, she should experience jet lag for 3—4 days.

Figure 16.3 shows her return flight. This time, light exposure on her arrival
in Los Angeles is beneficial and she has a flexible schedule such that at 7 pm
she goes to sleep in a dark bedroom to ensure she avoids light after her T,,.
With this strategy, she will likely experience jet lag for 3—4 days.

POSSIBLE MODIFICATIONS/VARIANTS

Jet lag will often worsen as we age. While older people can still phase shift as
effectively to bright light as younger people [9], older people are more sensi-
tive to circadian misalignment [10].

Morning types typically have earlier T,,;,s [11], and so may adjust better
than most to eastward flights. Evening types typically have later T,;,s [11],
and so may adjust better than most to westward flights.

Commercially available light boxes vary in their size, portability, and
wavelength. Generally, larger light boxes, which cover more of the visual
field, are less aversive, but smaller light boxes are more portable. Current
research suggests bright blue-light boxes are no more effective than bright
white-light boxes [8,12].
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Exposure to bright light does not have to be continuous for several hours in

order to be effective. Intermittent light can still be effective in phase shifting

the

circadian clock [6,13], and people can take breaks from light exposure by

going inside for short periods of time, or stepping away from the light box in
order to shower, dress, and prepare meals. Nonetheless, the more exposure to
bright light at the correct times, the better.

PROOF OF CONCEPT/SUPPORTING DATA/EVIDENCE BASE

More field studies on phase shifts to bright light and melatonin in jet travelers

are

needed. However, the results of three field studies indicate that bright light

and melatonin at the correct times can help reduce jet lag:

A study of 20 jet travelers reported that the more closely the travelers sought
and avoided light at predetermined times, the less jet lag they reported [14].
A study of 15 jet travelers showed that the use of bright light at prede-
termined times significantly reduced the severity of self-reported jet lag
symptoms as compared to no bright light [15].

A study of 6 jet travelers who flew eastward found that melatonin taken at
the correct time accelerated phase shifts to the new time zone more than
placebo [16].
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Using Bright Light and Melatonin
to Adjust to Night Work
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PROTOCOL NAME

Using bright light and melatonin to adjust to night work.

GROSS INDICATION

This protocol is indicated for people who want to work on a later schedule.

SPECIFIC INDICATION

This use of bright light and melatonin is specifically indicated for people who
are working at least 2 consecutive weeks of night shifts, and particularly for
workers engaged in high-risk work, such as nuclear power plant operators and
health care workers.

CONTRAINDICATIONS

As the circadian system is slow to shift, phase shifting the circadian clock is
not useful for people working for less than 2 consecutive weeks of night shifts,
such as part of a rapidly rotating work shift schedule.

Bright light should probably not be used in:

® people with existing eye disease;
® people using photosensitizing medications.

Bright light can induce:
® migraines (in about a third of migraine sufferers);

® mania (rare).
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