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ABSTRACT

Background Most totally blind people have circadi-
an rhythms that are “free-running” (i.e., that are not
synchronized to environmental time cues and that
oscillate on a cycle slightly longer than 24 hours).
This condition causes recurrent insomnia and daytime
sleepiness when the rhythms drift out of phase with
the normal 24-hour cycle. We investigated whether a
daily dose of melatonin could entrain their circadian
rhythms to a normal 24-hour cycle.

Methods We performed a crossover study involving
seven totally blind subjects who had free-running cir-
cadian rhythms. The subjects were given 10 mg of mel-
atonin or placebo daily, one hour before their preferred
bedtime, for three to nine weeks. They were then given
the other treatment. The timing of the production of
endogenous melatonin was measured as a marker of
the circadian time (phase), and sleep was monitored
by polysomnography.

Results At base line, the subjects had free-running
circadian rhythms with distinct and predictable cy-
cles averaging 24.5 hours (range, 24.2 to 24.9). These
rhythms were unaffected by the administration of
placebo. In six of the seven subjects the rhythm was
entrained to a 24.0-hour cycle during melatonin treat-
ment (P<0.001). After entrainment, the subjects spent
less time awake after the initial onset of sleep (P=0.05)
and the efficiency of sleep was higher (P=0.06). Three
subjects subsequently participated in a trial in which
a 10-mg dose of melatonin was given daily until en-
trainment was achieved. The dose was then reduced
to 0.5 mg per day over a period of three months; the
entrainment persisted, even at the lowest dose.

Conclusions Administration of melatonin can en-
train circadian rhythms in most blind people who have
free-running rhythms. (N Engl J Med 2000;343:1070-7.)
©2000, Massachusetts Medical Society.

HE endogenous circadian pacemaker oscil-

lates with a period that is slightly longer

than 24 hours and that therefore requires

synchronization, or entrainment, to the 24-
hour day. Entrainment involves regular adjustments
of the circadian pacemaker, known as phase shifts,
that depend on exposure to environmental time cues,
particularly the daily light—dark cycle.! Light cues nec-
essary for entrainment are conveyed from the retina
to the suprachiasmatic nucleus (the locus of the mam-
malian circadian pacemaker) by way of the retinohy-
pothalamic tract, a neural pathway that is separate
from the visual and oculomotor pathways.? In totally
blind people, light cues are unavailable, and disturb-
ances of circadian rhythms are common.?*
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Among these disturbances are “free-running”
rhythms, which reflect the intrinsic oscillation of the
circadian pacemaker when it is not influenced by en-
vironmental time cues. Free-running rhythms are char-
acterized by a consistent delay in the timing of the
circadian cycle by as much as 60 to 70 minutes per
day and can be detected by measurement at regular
intervals of a marker rhythm, such as the daily rise
in the plasma melatonin concentration. In blind peo-
ple who have free-running rhythms, periodic symp-
toms of insomnia and daytime sleepiness commonly
occur when the circadian pacemaker and, therefore,
the circadian rhythm of sleepiness drift out of phase
with the desired time for sleeping.® These symptoms
vary considerably but can be among the most bur-
densome aspects of blindness. We evaluated the daily
administration of melatonin as a method of entrain-
ing the circadian rhythms of totally blind people with
free-running rhythms.

METHODS
Study Design

We studied seven subjects who were totally blind, as determined
by ophthalmologic examination. They had free-running circadian
rhythms, indicated by a predictable shift in the time of the cyclic
rise in the plasma melatonin concentration, measured on three
occasions about two weeks apart. At the time of a screening as-
sessment, the subjects were in good general health and were not
taking any medications that might affect plasma melatonin con-
centrations or sleep. Information about the study was provided to
the subjects in print, in Braille, and on an audiotape; all the subjects
gave written informed consent. The institutional review board of
the Oregon Health Sciences University approved the protocol and
the consent forms.

This study had a crossover design, balanced according to the
order of treatment (melatonin first or placebo first). The subjects
took 10 mg of oral melatonin or placebo nightly, approximately
one hour before their preferred bedtime. We selected the 10-mg
dose of melatonin because we were not able to document unequiv-
ocally the occurrence of entrainment in a previous, three-week tri-
al of' 5 mg.10 The timing of the circadian cycle was assessed near the
beginning, middle, and end of each trial by determining the time
of day at which the endogenous melatonin concentration rose above
10 pg per milliliter (43 pmol per liter). This event has been found
to be a reliable marker of the phase of the endogenous circadian
cycle.!

The optimal timing of melatonin administration was determined
with use of the melatonin phase-response curve, which describes
the relation between the time in the circadian cycle that melato-
nin is given and its effects on the circadian rhythm. Treatment was
initiated when the subject’s free-running rhythm was approaching
a normal phase (defined as a cycle in which the rise in the plasma

From the Sleep and Mood Disorders Laboratory, Department of Psychi-
atry, School of Medicine, Oregon Health Sciences University, Portland.
Address reprint requests to Dr. Sack at Mail Code L-469, Oregon Health
Sciences University, Portland, OR 97201, or at sackr@ohsu.edu.



ENTRAINMENT OF FREE-RUNNING CIRCADIAN RHYTHMS BY MELATONIN IN BLIND PEOPLE

melatonin concentration to >10 pg per milliliter occurred at about
9 p.m.'2) and was continued until this rise was projected to occur
at about 9 a.m. — that is, about 12 hours out of phase (assuming
that treatment had no effect on the phase). Consequently, the
planned duration of treatment varied among the subjects from
three to nine weeks according to each subject’s free-running circa-
dian period. The subjects were asked to maintain consistent sleep
schedules according to their preferred times for sleeping. Only the
principal investigator and the project manager, and not the subjects,
nurses, or research assistants, were aware of the treatment being
given.

Approximately three months after the initial treatment, three of
the subjects were treated a second time with melatonin at a dose of
10 mg per day. After their circadian rhythms were again entrained,
the dose was gradually reduced to 0.5 mg per day, with the aim
of determining the minimal effective dose of melatonin. In two of
these three subjects, after treatment was discontinued, the time
at which the plasma melatonin concentration rose above 10 pg per
milliliter was determined every day or every other day for one week
to explore the possibility that melatonin treatment might produce
effects on the circadian pacemaker that persist after discontinua-
tion of treatment (aftereffects).!3

Analytic-grade melatonin (administered under Investigational
New Drug application 26,318) was obtained from Regis Chem-
ical (Morton Grove, Ill.) and was formulated under a pharmacist’s
supervision in gelatin capsules with a lactose filler. The placebo
capsules contained only lactose. The pill containers were coded
and were labeled for the subjects in both print and Braille.

Outcome Measures

The timing of the increase in endogenous melatonin produc-
tion was determined as a marker of the circadian phase. To meas-
ure plasma melatonin on a given day, the subjects were admitted
to the General Clinical Research Center of Oregon Health Scienc-
es University, and blood samples were obtained every hour for 24
hours. To ensure that there was no interference from exogenous
melatonin, no study capsules were taken on the day of sampling or
on the preceding one or two days. Plasma melatonin concentra-
tions were measured in the core laboratory by radioimmunoassay
with an antibody raised in the laboratory of Kennaway et al.* and
with reagents supplied by American Laboratory Products (Wind-
ham, N.H.). The lower limit of sensitivity of this assay is 1.0 pg
per milliliter (4.3 pmol per liter); the interassay coefficient of vari-

ation is 10.2 percent at a concentration of 15 pg per milliliter (64
pmol per liter). This assay has been validated by gas chromatog-
raphy—mass spectrometry.!! Each 24-hour set of plasma melatonin
measurements generated the time of day at which the plasma mel-
atonin concentration exceeded the threshold of 10 pg per millili-
ter. The circadian period was then determined at base line and for
the melatonin and placebo trials by fitting a linear regression line
to the times of this increase on successive days.

The effects of treatment on total time asleep, sleep latency (the in-
terval between the beginning of the opportunity for sleep and the
onset of sleep), sleep efficiency (the total time asleep divided by the
time allowed as an opportunity for sleep), and time spent awake
after the onset of sleep were assessed by polysomnography per-
formed in a sleep laboratory. The subjects were allowed to sleep
from 10 p.m. until 6 a.m. Seven polysomnograms were recorded
for each subject; the first (obtained during the screening assess-
ment) was used to rule out any primary sleep disorders and to
accustom the subject to the sleep laboratory. Polysomnograms were
also recorded at the beginning, middle, and end of the melatonin
and placebo trials, within several days before or after each assess-
ment of circadian phase. The time at which the plasma melatonin
concentration was predicted to reach the threshold of 10 pg per
milliliter on a specific night of polysomnographic recording was
extrapolated from the linear regression line fitted to the measured
time points.

Statistical Analysis

Unless otherwise stated, data are expressed as means =SD. Dif-
ferences in circadian period were tested for statistical significance
by two-sided t-tests for repeated measures. Differences in polysom-
nographic variables according to treatment (melatonin or placebo),
the stage of the trial (beginning, middle, or end), and interaction
(a differential effect of treatment depending on the stage of the
trial) were tested for statistical significance by analysis of variance
and by post hoc two-sided t-tests for repeated measures.

RESULTS

The characteristics of the seven subjects are shown
in Table 1. The plasma melatonin concentrations in a
representative subject (Subject 2) are shown in Figure
1. A regression line fitted to the three time points at

TABLE 1. CHARACTERISTICS OF SEVEN BLIND SUBJECTS WITH FREE-RUNNING CIRCADIAN RHYTHMS
AT BASE LINE AND DURING THE ADMINISTRATION OF PLACEBO OR MELATONIN.

AGE AT
ONSET OF
SuBJECT TotaL
No. Sex AGE CAUSE OF BLINDNESS BLINDNESS StATUS OF EYES CIRCADIAN PERIOD
BASE LINE ~ PLACEBO  MELATONIN
yr yr hr
1 F 42 Congenital glaucoma 6 Bilateral enucleation 24.2 24.2 24.0
2 M 46 Trauma 31  Eyes present 243 24.3 24.0
3 M 47 Congenital glaucoma 36 Unilateral enucleation 24.4 24.3 24.0
4* F 50 Retinopathy of prematurity Birth Eyes present 24.5 — 24.0
5 F 45 Retinopathy of prematurity Birth Bilateral enucleation 24 .4 24.3 24.0
6 M 57 Trauma 26 Bilateral enucleation 24.6 245 24.0
7 M 44 Trauma 12 Partial bilateral enucle-  24.9 24.8 24.3
ation (prostheses)
Mean +SD 48+5 24.5+0.2 24.4+0.2 24.0%0.1

*Complete data for the placebo trial were not obtained for Subject 4, and hence this subject was excluded from the

statistical analysis.
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which the plasma melatonin concentration rose above
10 pg per milliliter before treatment (at base line) in-
dicates a free-running circadian period of 24.3 hours
(i.e., a delay in the rise in the plasma melatonin con-
centration to >10 pg per milliliter by 0.3 hour per
day). The rhythm was regular, as indicated by a stand-
ard error in the slope of the regression line of 0.005
hour; consequently, the rise in this subject’s plasma
melatonin concentration could be accurately project-
ed (for example, the standard error of prediction three
weeks after the last measurement of plasma melato-
nin was 14 minutes). During the trial of melatonin,
Subject 2 took melatonin daily at 11 p.m., except on
days 38 and 57, when his endogenous melatonin pro-
files were assessed. On day 38, the plasma melatonin
concentration rose above 10 pg per milliliter 3.6 hours
carlier than the time predicted for a free-running
rhythm with a period of 24.3 hours, and on day 57
it was 9.4 hours earlier (Fig. 1). Furthermore, the
time of the rise in plasma melatonin was similar on
days 38 and 57, indicating that the rhythm was effec-
tively entrained to a 24-hour cycle. During the pla-
cebo trial, the circadian period was 24.3 hours, indis-
tinguishable from that at base line.

The times of day at which the plasma melatonin
concentration rose above 10 pg per milliliter in each
of the seven subjects are shown in Figure 2. Com-
plete data for the placebo trial were not obtained for
Subject 4, and she was consequently excluded from
the statistical analysis. The circadian periods at base
line and during the placebo trial were highly corre-
lated (r=0.95, P=0.003 for the correlation). The
mean circadian period during the trial of melatonin
was significantly different from the mean circadian
period during the placebo trial (24.0=0.1 hours [95
percent confidence interval, 23.9 to 24.1] vs. 24.4*
0.2 hours [95 percent confidence interval, 24.2 to
24.6]; P<<0.001), but it was not significantly differ-
ent from 24.0 hours (P=0.12).

Figure 1. Plasma Melatonin Profiles in Subject 2 at Base Line
and during the Placebo and Melatonin Trials.

The times of day at which the plasma melatonin concentration
rose above a threshold of 10 pg per milliliter are shown as open
circles on the dashed lines. The slopes of the regression lines
drawn between these circles are an indication of the circadian
rhythm: a slanting line indicates a free-running rhythm and a
vertical line an entrained rhythm. The assessment at base line
showed that this subject had a free-running rhythm (circadian
period, 24.3 hours). During treatment with melatonin (10 mg
taken daily at 11 p.m.), the rhythm was entrained (circadian pe-
riod, 24.0 hours); it reverted to a free-running rhythm (circadian
period, 24.3 hours) after melatonin treatment was stopped (on
day 57). The rhythm was not affected by placebo taken daily at
11 p.m. (circadian period, 24.3 hours). All the regression lines
have the same slope, indicating a circadian period of 24.3
hours, except for that during melatonin treatment, which indi-
cated a circadian period of 24.0 hours. To convert the values for
plasma melatonin to picomoles per liter, multiply by 4.3.
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In Subject 7, there was a cumulative phase ad-
vance of 3 hours during the trial of melatonin, but the
rhythm clearly failed to entrain to a 24-hour cycle.
Subject 7 had the longest circadian period at base
line (24.9 hours) of any of the subjects. Because the
short duration of melatonin administration in this
subject (18 days) may have accounted for the lack of
entrainment, he was subsequently given melatonin
on an open-label basis (10 mg daily at bedtime) for
approximately 3 months. His plasma melatonin con-
centration rose above 10 pg per milliliter at 1:30 a.m.
on day 45 of this treatment and at 7:30 a.m. on day
86, indicating lack of entrainment.

Polysomnographic data are shown in Table 2. The
stage of each trial (beginning, middle, or end) had a
significant effect on the efficiency of sleep and on
the amount of time spent awake after the onset of
sleep, but not on total time asleep or sleep latency.
Because the subjects had free-running rhythms dur-
ing placebo administration, the circadian phase (as
reflected by the time of the increase in melatonin pro-
duction) was progressively later as the trial proceeded.
As expected, sleep efficiency was higher (P=0.05)
and the amount of time spent awake after the onset of
sleep was lower (P=0.02) at the beginning of the
placebo trial (when subjects’ rhythms were relatively
close to normal phase) than at the end of the place-
bo trial (when subjects’ rhythms were 12 hours out of
phase). However, there was no effect on total time
asleep or on sleep latency.

At the end of the melatonin trial the average time
at which the plasma melatonin concentration rose
above 10 pg per milliliter was at 12:18 a.m. (SD, 1.5
hours), close to that for a normal time but delayed
as compared with 8:48 p.m. (SD, 1.3 hours), the
average time in our study of people with normal
sight.!2 The polysomnograms obtained at the end of
each trial showed that less time was spent awake af-
ter the onset of sleep during the melatonin trial than

Figure 2. Circadian Rhythms in Seven Blind Subjects with Free-
Running Circadian Rhythms at Base Line and during the Mela-
tonin and Placebo Trials.

Each data point represents an assessment of circadian phase
as determined by the time that endogenous plasma melatonin
concentrations rose above the threshold of 10 pg per milliliter.
The slopes of the fitted regression lines are indicative of the
subjects’ circadian period (shown in hours below the regres-
sion lines for the base line and placebo conditions). Treatment
with melatonin or placebo was begun on day 1. In the top and
middle panels, the regression lines are arranged on a relative
time scale in ascending order so that they can be easily com-
pared. In the bottom panel, the time scale is absolute and shows
the assessments of circadian phase and fitted regression lines
for all seven subjects before (dashed lines) and after (solid lines)
the melatonin trial. Treatment with melatonin resulted in entrain-
ment (a circadian period of 24.0 hours) in all but one subject
(Subject 7); on average, the rise in plasma melatonin after en-
trainment occurred at 12:18 a.m.
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TABLE 2. CIRCADIAN PHASE AND POLYSOMNOGRAPHIC RESULTS IN SEVEN BLIND SUBJECTS AT EACH STAGE
OF THE PLACEBO AND MELATONIN TRIALS.*

VARIABLE PLAcEBO MELATONIN P VALUEF
P P TREAT- STAGE OF INTER-
BEGINNING MIDDLE END VALUET ~ BEGINNING MIDDLE END VALUE§ MENT  TRIAL  ACTION
Time of rise in plasma mel-
atonin to >10 pg/ml
Mean 9:18 p.m. 2:06 am. 5:48 a.m. 8:18 p.m. 11:48 p.m. 12:18 am.
SD (hr) 1.7 24 34 1.5 0.8 1.5
Total time asleep (min) 361.0+68.1 370.8+£83.0 309.4*91.6 399.8£58.3 404.7+54.1 382.6+60.0 0.12 0.12 0.70
Sleep latency (min) 7769  222%296 13.7x11.0 4.6+3.4 7.3x64 10.5%6.6 0.16 0.32 0.48
Sleep efficiency (%) 762152 76.3*15.7 62.8%€16.7 0.05 87.1£9.3 84.7x10.8 79.5*125 0.06 0.06 0.04 0.66

Time spent awake after the  63.0=32.1 874725 1659+71.8 0.02 55.7+43.6 619*+46.1 88.4*x61.2 0.05 0.06 0.003 0.21

onset of sleep (min)

*Plus—minus values are means +SD. Where P values are not shown, the analysis of variance did not indicate significance, and post hoc analyses were not
performed.

1P values are for the comparison between the result at the beginning of the placebo trial and the result at the end of the placebo trial.

1P values were calculated by analysis of variance and are for the comparisons according to treatment (melatonin or placebo), stage of the trial (beginning,
middle, or end), and interaction (a differential effect of treatment depending on the stage of the trial).

§P values are for the comparison between the result at the end of the placebo trial and the result at the end of the melatonin trial.

during the placebo trial (P=0.05) and that sleep ef-
ficiency was greater with melatonin than with place-
bo (P=0.00).

During the trial of melatonin taken in gradually re-
duced doses (step-down protocol), the rise in the plas-
ma melatonin concentration to more than 10 pg per
milliliter in the three participating subjects occurred
consistently at about midnight (12:47 a.m. [SD, 0.6
hour] in Subject 1,12:23 a.m. [SD, 0.5 hour] in Sub-
ject 2, and 11:50 p.m. [SD, 0.4 hour] in Subject 5),
even at the lowest dose (0.5 mg per day), indicating
stable entrainment, for approximately 120 days (Fig.
3). In Subject 5, about a month passed after melatonin
was discontinued before the circadian rhythm revert-
ed to the base-line period of 24.4 hours. In contrast,
in Subject 2, a free-running rhythm resumed and the
period returned to base line within several days after
melatonin was discontinued (Fig. 3).

DISCUSSION

Although melatonin can induce phase advances in
circadian rhythms, questions have been raised regard-
ing its potency.!® Our results indicate that the phase-
advancing effects of melatonin are of sufficient mag-
nitude to entrain free-running circadian rhythms in
most blind persons who have such rhythms. The av-
erage daily phase advance required for entrainment
was equal to the circadian period minus 24.0. In all
seven subjects in this study, melatonin induced an av-
erage daily phase advance of up to 0.6 hour, but this
was insufficient to entrain the free-running rhythm in
Subject 7, whose base-line circadian period was 24.9
hours. The time of day at which the plasma melato-
nin concentration rose above 10 pg per milliliter after
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entrainment with melatonin was somewhat later than
that reported in sighted persons.!? An abnormally late
circadian phase may be corrected by giving melato-
nin at an earlier time of day, thereby achieving a more
normal relation between the rise in the plasma mela-
tonin concentration and the desired sleeping schedule.

Three subjects underwent a second, open-label tri-
al of treatment with melatonin. After entrainment was
achieved at a dose of 10 mg of melatonin per day, the
dose was gradually reduced. Entrainment was main-
tained at progressively lower doses for a period of four
months, suggesting that a long-term benefit is likely
with continuing treatment. The lowest dose tested in
this protocol, 0.5 mg daily, resulted in plasma mela-
tonin concentrations that were close to the physiolog-
ic range and can therefore be presumed to be very safe.
According to these preliminary findings, it appears
that treatment with a high dose of melatonin (10 mg
per day) may be used to “capture” (initially entrain) a
free-running rhythm, but that the dose can be grad-
ually reduced without loss of effect. In some subjects,
especially those with a circadian period close to 24.0
hours, a lower dose may be effective as the initial
treatment.

Although we studied only seven subjects, the phase-
shifting effects of melatonin treatment on circadian
rhythms were clear and were consistent with previ-
ous data on the resetting of the circadian rhythm in
sighted peoplel®18 and with findings in case studies
in blind people.6710.19-2¢ Because of the variability in-
herent in polysomnographic data, more subjects will
need to be studied to document fully the effects of
melatonin treatment on sleep. However, previous stud-
ies have shown that blind subjects with free-running
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Figure 3. Assessments of Circadian Phase in Three Subjects Who Received Decreasing Doses of Mel-
atonin in an Open-Label Trial.

Each data point represents an assessment of circadian phase as indicated by the time of day that endog-
enous plasma melatonin concentrations rose above the threshold of 10 pg per milliliter. For clarity, assess-
ments of circadian phase are aligned with the dose-reduction schedule shown on the right. Treatment be-
gan (as indicated by the top horizontal line) at 42 days (Subject 1), 28 days (Subject 2), and 33 days (Subject
5) before the assessment of circadian phase on day 0. Free-running circadian periods before the beginning
of treatment are shown (in hours) for each subject. After entrainment had been confirmed by a phase as-
sessment on day 28, the dose was reduced every two weeks. The rise in plasma melatonin concentration
during treatment occurred consistently at about midnight for 120 days, indicating entrainment, even at a
dose as low as 0.5 mg per day. In Subject 1, there was no evidence of aftereffects; however, this subject
had only three circadian-phase assessments, at relatively infrequent intervals, after the discontinuation of
treatment. In Subject 2, the circadian rhythm became free running within days after treatment was discon-
tinued. In Subject 5, about a month passed after the end of treatment before the circadian period returned
to its base-line value, suggesting that entrainment for 120 days had a persistent effect on the circadian
pacemaker. Circadian periods before the beginning of treatment are shown (in hours) for each subject.

rhythms sleep better when their circadian rhythms of
sleepiness are more in phase with their desired times
for sleeping.925.26

Why was melatonin effective in entraining the cir-
cadian rhythms of these subjects, whereas some pre-
vious attempts were not reliably successtul?19-27 Per-
haps the longer duration of treatment used in the
current study was important for successful entrain-
ment. In addition, a 10-mg daily dose of melatonin
may be more effective than a 5-mg daily dose, the dose
used in our previous study.l® On the other hand, in
three of the subjects in our current study, much low-
er doses (which mimic endogenous plasma melatonin
concentrations and induce a phase shift in sighted
peoplel®18) maintained entrainment. Finally, there may

be substantial individual variations in the response of
the circadian rhythm to melatonin.

Determination of the optimal timing of melato-
nin administration requires the use of the melatonin
phase—response curve, which describes the relation
between the time in the circadian cycle that melatonin
is given and its effects on the circadian rhythm. Ad-
ministration of melatonin during the phase-advance
portion of the curve (between 8 hours before and
4 hours after the increase in endogenous plasma mel-
atonin production) results in shifts in the cycle to an
carlier time of day; administration during the phase-
delay portion of the curve (4 to 16 hours after the
increase in endogenous plasma melatonin produc-
tion) shifts the cycle to a later time of day.!¢18 With-
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out knowledge of a person’s circadian rhythm, it may
be difficult to know what day to begin treatment so
that the administration of melatonin at bedtime coin-
cides with the phase-advance portion of the melatonin
phase—response curve. This is the timing that was at-
tempted in this study. Consequently, several weeks
or even months of treatment may be required for the
optimal phase relation to develop so that entrainment
can be achieved and recurrent sleep problems can be
resolved. We recommend that, if possible, treatment
be initiated on a day when the plasma melatonin is pre-
dicted to rise above 10 pg per milliliter a few hours
before the time the drug would be administered.

The benefits with respect to sleep in these subjects
may be related not only to entrainment but also to
a direct, sleep-promoting action of melatonin. Exog-
enous melatonin appears to have direct soporific ef-
fects, especially if it is ingested at a time when there is
no endogenous production of melatonin (for exam-
ple, during daytime hours in sighted people who are
sleeping at conventional times).28 We recently report-
ed that a 10-mg dose of melatonin given once daily,
at bedtime, to blind persons with free-running circa-
dian rhythms improved sleep (without causing sub-
stantial phase shifts) when administered during a pe-
riod when the circadian rhythm was “inverted” — that
is, shifted 12 hours out of the normal phase.? Fur-
thermore, we found no significant difference between
the effects of melatonin and those of placebo when the
subjects were tested on nights when their circadian
rhythms were congruent with their preferred, con-
ventional times for sleeping. We have speculated that
melatonin does not generate sleep but that it can fa-
cilitate expression of the need to sleep that accumulates
when one is awake.30

Melatonin has been widely used as a nutritional
supplement in the United States for several years, with
no reports of serious adverse effects. Nevertheless,
long-term administration of 10 mg per day should
be supervised by a physician. This dose can probably
be gradually reduced without loss of efficacy.

There are approximately 1 million blind people in
the United States, of whom about 20 percent are to-
tally blind.3! Extrapolating from our previous series,’
at least half of this 20 percent (about 100,000 peo-
ple) probably have free-running circadian rhythms,
with a high proportion having circadian sleep—wake
disorders. Melatonin may prove to be a safe and ef-
fective treatment for many of these people.

The phase-shifting effects of melatonin observed
in this study of circadian rhythms in blind people may
be relevant to the treatment of sighted people as well.
People who fly across multiple time zones or who
work nighttime or early-morning shifts routinely have
symptoms of disordered sleep as a result of circadian
disturbances. Similar pathophysiologic mechanisms
have been proposed for advanced and delayed sleep-
phase syndromes as well as for winter depression.32
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Administration should be timed according to the mel-
atonin phase—response curve, since adverse effects may
result if melatonin is given at times that would pro-
duce an antidromic (contrary) phase shift.1618

In conclusion, free-running circadian rhythms in
blind people can be entrained to a 24-hour cycle
with a daily dose of melatonin, thereby preventing a
burdensome sleep disorder.
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