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ABSTRACT
The only well documented effect of light exposure on endocrine

function is the suppression of nocturnal melatonin. Bright light ex-
posure has behavioral effects, including the alleviation of sleepiness
during nocturnal sleep deprivation. The present study examines the
effects of bright light on the profiles of hormones known to be affected
by sleep deprivation (TSH) or involved in behavioral activation (cor-
tisol). Eight healthy men participated each in three studies involving
36 h of continuous wakefulness. In one study, the subjects were
exposed to constant dim light (baseline). In the two other studies, dim
light exposure was interrupted by a 3-h period of bright light exposure
either from 0500–0800 h (early morning study) or from 1300–1600 h

(afternoon study). Blood samples were obtained every 15 min for 24 h
to determine melatonin, cortisol, and TSH concentrations. Alertness
was estimated by the number of lapses on two computerized vigilance-
sensitive performance tasks. The early morning transition from dim
to bright light suppressed melatonin secretion, induced an immedi-
ate, greater than 50% elevation of cortisol levels, and limited the
deterioration of alertness normally associated with overnight sleep
deprivation. No effect was detected on TSH profiles. Afternoon ex-
posure to bright light did not have any effect on either hormonal or
behavioral parameters. The data unambiguously demonstrate an ef-
fect of light on the corticotropic axis that is dependent on time of day.
(J Clin Endocrinol Metab 86: 151–157, 2001)

IN HUMANS, AS in other species, the light-dark cycle is a
powerful synchronizer of circadian rhythms. In partic-

ular, large shifts of hormonal profiles, including those of
cortisol, melatonin, and TSH, have been observed after ap-
propriately timed exposure to light and dark (1–5). Other
than the role of light for the synchronization of 24-h hor-
monal rhythms, the only well documented endocrine effect
of light is the suppression of nocturnal melatonin secretion
that occurs within minutes of exposure to bright light (6).
Conversely, the duration of nocturnal melatonin secretion is
dependent on the length of the dark period (7, 8). Two recent
studies, however, have suggested that hormones other than
melatonin may also be affected by ambient light intensity. In
a laboratory study of adaptation to simulated jet lag (9), the
dark-light transition at the end of the shifted sleep period was
consistently followed by a sharp rise of plasma TSH levels.
The possible roles of postural changes, social interactions,
and transitions from sleep to wake could not be distin-
guished from a putative effect of the dark-light transition per
se. In another study in which subjects collected their own
saliva while at bed rest at home (10), exposure to bright light,

compared with continuous darkness, was reported to elevate
saliva cortisol levels in the hour following morning awak-
ening. It is not known whether this effect of light on cortisol
concentrations can occur in the absence of sleep-wake
transition.

There is evidence to indicate that exposure to bright light,
compared with dim light, has general central nervous sys-
tem-activating effects. A number of studies have shown that
increasing light intensity reduces subjective sleepiness and
limits decrements in cognitive performance, particularly
during overnight sleep deprivation (11–14). Bright light ex-
posure has, therefore, been proposed as a strategy to promote
alertness in nightworkers (15–17). The time course of sub-
jective sleepiness and/or alertness during prolonged wake-
fulness has been clearly defined in a number of well con-
trolled studies (18–20). Increased sleepiness becomes
apparent after 14–16 h of continuous wakefulness, i.e. usu-
ally during the late evening hours, at a time when the con-
centrations of both melatonin and TSH are increasing. In the
absence of sleep, sleepiness peaks in the early morning,
around the usual wake-up time, when cortisol concentra-
tions are maximal. Sleepiness is then partly alleviated despite
the increased length of wakefulness. This improvement in
alertness coincides with a decline in TSH and melatonin
concentrations toward lower daytime values (20).

It has been suggested that the “alerting” effects of bright
light during overnight sleep deprivation may be partly ex-
erted via the suppression of the nocturnal secretion of mel-
atonin, a hormone with putative hypnotic properties (12).
The involvement of other hormones in nocturnal decrements
of alertness and their attenuation by bright light, however,
cannot be excluded. It is conceivable that the alerting effects
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of bright light involve a stimulation of the hypothalamo-
pituitary-adrenal (HPA) axis, consistent with the involve-
ment of this axis in behavioral activation. It is also conceiv-
able that the pronounced increase in TSH levels during
overnight sleep deprivation (4, 21) plays a role in subjective
fatigue and that alleviation of sleepiness by bright light ex-
posure might be associated with changes in TSH levels.

The present study was designed to determine whether
exposure to bright light, compared with dim light, has alert-
ing effects in subjects kept continuously awake for 36 h, and
whether these activating effects are related to concomitant
changes in melatonin, cortisol, and TSH secretion. The ex-
perimental conditions allowed for the examination of the
impact of changes in light intensity per se,in the absence of
sleep-wake transitions and changes in activity levels, pos-
ture, and caloric intake. The subjects were exposed to bright
light on two separate occasions, once in the early morning,
after more than 20 h of wakefulness, when sleepiness is
maximum, and once in the afternoon, after approximately
30 h of wakefulness, when a secondary peak of sleepiness
consistent with the usual timing of the “postlunch dip” has
been hypothesized (22).

Subjects and Methods
Subjects

Eight healthy normal male subjects (24 6 1 yr old; body mass index,
24.1 6 1.4 kg/m2) participated in this study. None of the subjects had
a personal history of psychiatric illness, endocrine illness, or sleep dis-
order. Positive criteria for selection included regular life habits with a
habitual total sleep time of approximately 8 h. Shift workers and subjects
having experienced a transmeridian flight less than 6 weeks before the
beginning of the study were excluded.

Experimental protocol

The protocol, shown in Fig. 1, was approved by the institutional
review board of the University of Chicago, and the volunteers gave
written informed consent.

Each subject participated in three studies performed at approximately
2-week intervals in random order. During the baseline study, the sub-
jects were exposed to dim light throughout the entire study. During the
early morning study, continuous exposure to dim light was interrupted
by exposure to bright light from 0500–0800 h. During the afternoon
study, continuous exposure to dim light was interrupted by exposure to
bright light from 1300–1600 h. All other aspects of the protocol were
identical in the three studies. The timings of bright light exposure were
selected based on the known properties of the temporal profiles of
human sleep propensity and circulating melatonin levels. Early morning

exposure was expected to correspond to maximum sleep propensity and
high plasma melatonin levels. Afternoon bright light exposure was
expected to correspond to a reported midafternoon peak of sleep pro-
pensity and to low levels of plasma melatonin (20, 22).

For 7 days before each study, the volunteers were asked to comply
with a standardized schedule of sleep in total darkness: going to bed
between 2300–2400 h and getting up between 0700–0800 h. Continuous
recordings of wrist activity (Gähwiler Electronics, Hombrechtikon, Swit-
zerland; or Minilogger, Minimitter Co., Inc., Sunriver, OR) were used to
verify compliance.

For each study, the volunteers were admitted to the Clinical Research
Center of the University of Chicago around 0830 h and received break-
fast. Starting at 1000 h, they were maintained on a regimen of bedrest
with enforced wakefulness in dim indoor light (,150 lux). The subjects
completed at hourly intervals a visual analog scale for mood and vigor
(23). Scores recorded during usual waking hours on the summary scale
“overall, how do you feel?” (0 5 very bad, 10 5 very good) averaged
7.2 6 1.8 in the baseline study, 7.2 6 1.7 in the early morning study, and
7.7 6 1.2 in the afternoon study. These scores are in the normal range
for healthy nondepressed subjects. Heart rate was recorded via a Mini-
Logger (Mini-Mitter Co., Inc.) throughout the study period. Two cath-
eters were inserted, one for glucose infusion and one for blood sampling.
At noon, the subjects received lunch, which constituted their last meal
until the end of the study, i.e. until 1800 h the next day. Starting at 1400 h,
caloric intake was exclusively in the form of a glucose infusion at a
constant rate of 5 g/kgz24 h. At 1800 h, blood sampling at 15-min
intervals for 24 h was initiated. The iv line was kept patent with a slow
drip of heparinized saline.

The subjects had access to external time cues (wristwatch, radio and
television programs, social contacts). Water ad libitum and a maximum
of three diet decaffeinated sodas per day were allowed. At the end of the
study, i.e. at 1800 h, the glucose infusion was tapered, dinner was served,
and the subjects were discharged.

Procedures for light exposure

Mobile panels of mounted fluorescent tubes, providing a light in-
tensity of 16,000 lux at a distance of 0.30 m, were placed in front of the
subjects at about a distance of 1.5 m. In addition, light boxes, providing
a light intensity of 14,000 lux at a distance of 0.30 m, were placed on each
side of the bed. Illumination levels at the subject’s eye were regularly
checked using a digital light meter (Research Products International
Corp., Mount Prospect, IL). Each 3-h period of exposure to bright light
included successively 15 min of illumination at 2000–2500 lux, 45 min
of illumination at 3000–4000 lux, 1 h of illumination at 4500 lux, 45 min
of illumination at 3000–4000 lux, and 15 min of illumination at 2000–
2500 lux.

Hormonal assays

Plasma melatonin levels were measured with a double antibody RIA
using commercially available reagents (Stockgrand, Guilford, Surrey,
UK) as previously described (24). The lower limit of sensitivity of the
assay was 11 pmol/L. The intraassay coefficient of variation averaged

FIG. 1. The protocol consisted of three studies: a baseline study with dim light throughout, an afternoon study with bright light exposure
between 1300–1600 h, and an early morning study with bright light exposure between 0500–0800 h. The shaded bars indicate dim light
exposure, whereas the white bars indicate periods of bright light exposure.

152 LEPROULT ET AL. JCE & M • 2001
Vol. 86 • No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/86/1/151/2841140 by guest on 16 August 2022



17.5% for values less than 43 pmol/L and 8.6% for values greater than
43 pmol/L.

Plasma cortisol levels were measured by a chemiluminescent enzyme
immunometric assay (Immulite, Diagnostic Products Corporation, Los
Angeles, CA) with a lower limit of sensitivity of 28 nmol/L. The in-
traassay coefficient of variation averaged 6%.

Plasma TSH levels were measured by a chemiluminescent enzyme
immunometric assay (Immulite Third Generation TSH, Diagnostic Prod-
ucts Corp, Los Angeles, CA). The sensitivity of the assay was 0.002
mU/mL. The intraassay coefficient of variation averaged 2% in the
physiological range. For all hormonal determinations, samples from the
same subject were measured in the same assay run.

Estimation of vigilance

Two cognitive performance tasks, a perceptual cueing task and a
vigilance task that are part of the Harvard Cognitive Performance Bat-
tery (Department of Psychology, Harvard University, Boston, MA),
were administered hourly on portable computers. Four versions of each
task were created to avoid learning effects. Each task took approximately
2 min to complete.

The perceptual cueing task measures both the strength of a subject’s
attention and the ease with which that attention can be shifted. This task
included 40 trials for which the subject has to press the space bar as fast
as possible in response to each trial. The vigilance task measures the
ability of a subject to sustain attention in the absence of salient signals.
This task contains 48 trials. For both tasks, the reaction time is measured
for each trial.

For each subject and for each task, lapses were defined as reaction
times that exceeded the 99th percentile of the distribution of reaction
times measured in each study during the normal waking period, i.e. the
time interval 1000–2300 h. For each individual and for each study, the

total number of lapses on each task was determined, and an objective
hourly measure of sleepiness was obtained by adding the number of
lapses on the two tasks.

Statistical tests

All group values were expressed as the mean 6 sem. All statistical
calculations were performed using nonparametric tests (Friedman pro-
cedure for three repeated measures and Wilcoxon test for two repeated
measures) with the StatView SE1 software (Abacus Concepts, Inc.,
Berkeley, CA) for Macintosh computers. Correlations were calculated
using the Spearman rank coefficient of correlation (rS).

Results

Figure 2 shows the TSH, melatonin, and cortisol profiles
for the three studies. Under baseline conditions, the profiles
of the three hormones conformed with previous observations
in normal subjects undergoing 1 night of total sleep depri-
vation (20).

Effects of bright light exposure on hormonal profiles

TSH profiles (left panels of Fig. 2) were similar in the three
study conditions, and in particular, there were no significant
effects of exposure to bright light either in the morning or in
the afternoon.

As expected, early morning bright light exposure resulted
in an immediate inhibition of melatonin secretion (lower mid-

FIG. 2. Transverse means (1SEM) across the eight subjects of plasma TSH, plasma melatonin, and plasma cortisol levels in the three studies.
The shaded bars indicate dim light exposure, whereas the white bars indicate periods of bright light exposure (BL). Because of the interindividual
variability, TSH data were expressed for each subject and each study relative to the 1800–2000 h mean.
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dle panel of Fig. 2). Melatonin levels averaged 292 6 43
pmol/L in the sample preceding the increase in light inten-
sity and decreased to 215 6 30 pmol/L within 15 min and to
151 6 17 pmol/L within 30 min of turning on the light banks
(P , 0.005). After this initial rapid inhibition, melatonin
levels continued to decrease at a slower rate during the next
2 h. Melatonin levels from 0515 until 0800 h, i.e. during the
period of exposure to bright light in the early morning study,
averaged 95 6 17 pmol/L in the early morning study com-
pared with 280 6 56 pmol/L in the baseline study and 245 6
60 pmol/L in the afternoon study (P , 0.02). For all three
study conditions, consistent with the known characteristics
of the circadian rhythm of pineal secretion, melatonin levels
were low in the afternoon and were not affected by bright
light exposure at this time of day (middle panels of Fig. 2).
Melatonin levels from 1315 until 1600 h, i.e. during the period
of exposure to bright light in the afternoon study, averaged
13 6 4 pmol/L in the early morning study, compared with
17 6 4 pmol/L in the baseline study and 17 6 4 pmol/L in
the early morning study.

A robust effect of bright light exposure was observed in
the cortisol profiles in the early morning, but not in the
afternoon (right panels of Fig. 2). The time course of
changes in cortisol levels associated with early morning
changes in light intensity compared with constant dim
light is further illustrated in the left panels of Fig. 3. Within
15 min of the transition from dim light to bright light, a
robust elevation of plasma cortisol was detected in all
individual profiles. On the average, cortisol levels in-
creased from 223 6 33 nmol/L at 0500 h, i.e. just before the
increase in light intensity, to 348 6 47 nmol/L at 0515 h

(P , 0.02). The elevation in cortisol levels from 0500 – 0515
h averaged 121 6 19 nmol/L and was larger than increases
occurring at the same clock time in the baseline (17 6 19
nmol/L; P , 0.01) or the afternoon studies (66 6 41
nmol/L; P 5 0.12). The fact that the difference between the
early morning and the afternoon studies failed to reach
significance reflects the presence of a large afternoon cor-
tisol elevation (342 nmol/L) in a single subject. If this
subject is excluded from that comparison (n 5 7 instead of
n 5 8), the elevation of cortisol levels from 0500 – 0515 h
averaged 113 6 19 nmol/L in the early morning study and
was larger than increases occurring in the same clock time
in the baseline (28 6 19 nmol/L; P , 0.02) or the afternoon
(25 6 14 nmol/L; P , 0.02) studies. After this initial rise
associated with the transition from dim to bright light,
cortisol levels decreased slowly throughout the period of
bright light exposure (Fig. 3) and averaged 295 6 19
nmol/L during the time interval 0800 – 0830 h, following
the end of bright light exposure. A consistent rebound of
cortisol concentrations followed, with levels reaching
403 6 33 nmol/L (P , 0.02) during the time interval
0900 – 0945 h. Interindividual synchronization of short-
term increases and decreases in cortisol levels did not
occur at the same clock times in either the baseline study
or the afternoon study. In the afternoon study, changes in
light intensity had no detectable effect on cortisol profiles
(Fig. 2).

The rapid elevations in cortisol levels after early morning
transition from dim to bright light did not appear related to
an acute stress effect, as they were not accompanied by
increases in heart rate (right panels of Fig. 3).

FIG. 3. Transverse means (1SEM) across the eight subjects of plasma cortisol and heart rate between 0300–1000 h in the baseline and early
morning studies. Dashed lines on the left panels represent the mean of the number of lapses on performance tasks. The shaded bars indicate
dim light exposure, whereas the white bars indicate periods of bright light exposure (BL).
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Effects of bright light exposure on cognitive performance

Figure 4 shows the mean profiles of the number of lapses
on performance tasks for the three studies. Performance
showed no major changes from morning until the early part
of the usual sleep period. Indeed, from 1000 until 0200 h, the
number of lapses remained low at 1.0 6 0.1 in all three
studies. The number of lapses then started to increase, in-
dicating a deterioration of performance.

Differences between the three studies in the rate of increase
in the number of lapses became apparent over the period
0500–1000 h, i.e. from the time of the transition from dim to
bright light in the early morning study until 2 h after the end
of bright light exposure. Indeed, over this time period, the

number of lapses increased at a similar rate in the two studies
with constant dim light (baseline study, 1.3 6 0.5 lapses/h;
afternoon study, 1.2 6 0.5 lapses/h). In contrast, in the study
with early morning bright light exposure, the number of
lapses did not increase over the same time period (20.5 6 0.2
lapses/h; P 5 0.03). This impact of morning bright light on
the rate of performance deterioration was maintained
throughout the period of exposure, and the number of lapses
did not increase until 2 h after return to dim light conditions.
Thus, although in the baseline and afternoon studies, peak
sleepiness occurred at 0845 6 29 and 0822 6 69 min, respec-
tively, peak sleepiness was delayed until 1131 6 80 min in
the study with early morning bright light (Fig. 4; P , 0.05).
The level of peak sleepiness, as estimated by the maximum
number of lapses, did not differ significantly across the three
study conditions (16.1 6 2.2 lapses in the baseline study,
18.2 6 3.0 in the afternoon study, and 14.8 6 3.5 in the early
morning study).

In all three studies, performance steadily improved in the
late morning and afternoon despite the persistence of total
sleep deprivation. There was no immediate effect of after-
noon exposure to bright light on cognitive performance.

Correlations of hormonal and performance changes after
early morning bright light

During the first 15 min of bright light exposure, the sharp
increases in cortisol levels were not significantly correlated
with the concomitant decreases in melatonin levels (rS 5
20.47; P 5 0.22). However, the decreases in melatonin after
30 min of bright light were significantly correlated with the
increase in cortisol levels observed during the first 15 min (rS
5 20.80; P 5 0.03).

We also sought to determine whether alleviation of per-
formance deterioration during bright light exposure (as es-
timated by the slope of the number of lapses) was correlated
with the magnitude of melatonin suppression or/and the
magnitude of the cortisol elevation. There were no significant
correlations between performance changes and initial mel-
atonin decreases. In contrast, a trend for a negative correla-
tion between the slope of the number of lapses and the
magnitude of the acute cortisol response to light was appar-
ent (rS 5 20.62; P 5 0.10). Thus, the subjects who maintained
the best performance levels (i.e. had the lowest rate of in-
crease in number of lapses) during the period of bright light
exposure were those who had the largest acute cortisol re-
sponses after the transition from dim to bright light. The left
panels of Fig. 3 show the simultaneous profiles of plasma
cortisol and number of performance lapses for the baseline
study and the study with early morning bright light.

Discussion

Under well controlled conditions of constant recumbent
posture, constant wakefulness, constant caloric intake, and
constant activity levels, the present study demonstrated a
previously unrecognized effect of changes in ambient light
intensity on cortisol levels that is dependent on time of day.
The transition from dim light to bright light, achieved by a
stepwise increase from less than 150 lux (low indoor light
intensity) to 4500 lux (outdoor light intensity on a cloudy

FIG. 4. Transverse means (1SEM) across the eight subjects of the
number of lapses on the perceptual cueing task and the vigilance task
in the three studies. The shaded bars indicate dim light exposure,
whereas the white bars indicate periods of bright light exposure.
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day) to avoid startling effects induced a rapid and robust
110–140 nmol/L increase in plasma cortisol levels in the
early morning, but not in the afternoon. This cortisol eleva-
tion occurred in the absence of identifiable stimuli that could
have evoked a stress response and was not associated with
significant changes in heart rate. Early morning exposure to
bright light limited the deterioration of alertness normally
associated with overnight sleep deprivation and, as ex-
pected, inhibited melatonin secretion. In contrast, increased
light intensity in the afternoon had no effect on melatonin
levels, cortisol levels, or number of performance lapses.

During the past decade, a number of studies have indi-
cated that morning awakening is consistently followed by a
short-term increase in cortisol levels (25, 26). Recently, Scheer
et al. showed that this morning postawakening cortisol ele-
vation, which occurs even in continuous darkness, can be
enhanced by increasing light intensity. Available evidence
from studies in night workers and from analyses of awak-
enings interrupting sleep indicates that a pulse in cortisol
secretion consistently follows the sleep-wake transition re-
gardless of time of day (27, 28). In contrast, the present data
and limited evidence from a recent study (10) indicate that
the impact of increased light intensity on cortisol levels is
dependent on time of day. The present study further dem-
onstrates that the stimulatory effect of early morning bright
light on cortisol levels may occur in the absence of a sleep-
wake transition. Thus, under normal conditions of nocturnal
bedtimes, both sleep-wake and dark-light transitions con-
tribute to amplify the morning acrophase of the circadian
rhythm of cortisol secretion.

In mammalian species, the 24-h rhythms of cortisol and
melatonin secretions are dependent on an endogenous cir-
cadian periodicity generated in the suprachiasmatic nuclei
(SCN) of the hypothalamus. Light is the major environmental
factor responsible for the synchronization of circadian
rhythms. Light information is transmitted from the eyes to
the SCN via a specific neuroanatomical pathway, the retino-
hypothalamic tract (29). Efferent projections from the SCN to
CRF-containing neurons in the paraventricular nucleus are
thought to be involved in the entrainment of the 24-h rhythm
in HPA activity and its photic synchronization. The mela-
tonin rhythm is regulated by the SCN through a multisyn-
aptic projection to the pineal gland that begins with a pro-
jection from the SCN to the paraventricular nucleus.
Melatonin suppression is maintained as long as light signals
are transmitted from the retina to the SCN and to the pineal
gland. In contrast, the present data suggest that activation of
the HPA axis is an acute response to the increase in light
intensity. Although the anatomical and neurochemical
mechanisms by which light via the SCN suppresses mela-
tonin production are well understood, nothing is known
about the mechanisms by which light can directly affect the
HPA axis. In the human, exposure to light in the early morn-
ing results in advances of circadian phase, whereas exposure
to light during the afternoon does not cause detectable shifts
in circadian phase (4, 30–35). The fact that the effects of light
on cortisol levels and cognitive performance observed in the
present study were also dependent on the timing of exposure
suggests that these short-term effects of light could be me-
diated by the SCN. Alternatively, direct retinal projections to

other areas of the hypothalamus have been evidenced (29)
and could mediate the acute effect of light on cortisol levels
observed in the present study (36).

After the increase in light intensity in the early morning,
melatonin levels decreased sharply during the first 30 min
and then continued to decline slowly, whereas cortisol levels
augmented sharply and then steadily decreased. The mag-
nitudes of the rapid cortisol and melatonin changes associ-
ated with the dim to bright light transition were negatively
correlated, suggesting that common mechanisms, possibly
mediated by the SCN, may have been involved in the initial,
but not the sustained, effects of increased light intensity.

Our study also provides limited evidence for a relation-
ship between improved performance and bright light-
induced cortisol elevations, but not melatonin declines. Al-
though the present analyses do not permit the exclusion of
a role for melatonin suppression in the alerting effects of
nocturnal bright light, they suggest that an activation of the
HPA axis could also be involved, at least when exposure
occurs in the early morning hours.

No effect of light exposure on TSH levels could be detected
either in the early morning or in the afternoon. The fact that
early morning bright light attenuated vigilance deficits in the
absence of detectable effects on TSH levels suggests that the
large TSH increase normally associated with nocturnal sleep
deprivation does not play a major role in causing fatigue. The
lack of effect of light on TSH in the present study also sug-
gests that the sharp increases in TSH levels seen after an
afternoon dark-light transition in a previous study (9) in-
volved nonphotic factors, e.g. postural changes, sleep-wake
transition, and social stimulation.

In conclusion, the present study demonstrates that in
healthy young men, cortisol secretion can be stimulated by
photic inputs in the morning, but not in the later part of the
day, and suggests that the impact of light on HPA activity is
mediated by the central circadian pacemaker located in the
SCN. Further studies are needed to determine whether sim-
ilar effects of morning light on cortisol levels occur in women
and older adults.
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14. Cajochen C, Kräuchi K, Danilenko KV, et al. 1998 Evening administration of
melatonin and bright light: interactions on the EEG during sleep and wake-
fulness. J Sleep Res. 7:145–157.

15. Czeisler CA, Johnson MP, Duffy JF, et al. 1990 Exposure to bright light and
darkness to treat physiologic maladaptation to night work. N Engl J Med.
322:1253–1259.

16. Dawson D, Campbell SS. 1991 Timed exposure to bright light improves sleep
and alertness during simulated night shifts. Sleep. 14:511–516.

17. Eastman CI, Boulos Z, Terman M, et al. 1995 Light treatment for sleep dis-
orders: consensus report. VI. Shift work. J Biol Rhythms. 10:157–164.

18. Monk TH. 1987 Subjective ratings of sleepiness: the underlying circadian
mechanisms. Sleep. 10:343–353.

19. Dijk DJ, Duffy JF, Czeisler CA. 1992 Circadian and sleep/wake dependent
aspects of subjective alertness and cognitive performance. J Sleep Res.
1:112–117.

20. Leproult R, Van Reeth O, Byrne MM, et al. 1997 Sleepiness, performance and
neuroendocrine function during sleep deprivation: effects of exposure to
bright light or exercise. J Biol Rhythms. 12:245–258.

21. Strassman RJ, Peake GT, Qualls CR, et al. 1988 Lack of an acute modulatory
effect of melatonin on human nocturnal thyrotropin and cortisol secretion.
Neuroendocrinology. 48:387–393.

22. Lavie P, Zvuluni A. 1992 The 24-hour sleep propensity function: experimental
bases for somnotypology. Psychophysiology. 29:566–575.

23. Monk TH. 1989 A visual analog scale technique to measure global vigor and
affect. Psychiatr Res. 27:89–99.

24. Van Reeth O, Sturis J, Byrne MM, et al. 1994 Nocturnal exercise phase delays
circadian rhythms of melatonin and thyrotropin in normal men. Am J Physiol.
266:E964–E974.
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