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Abstract
Multisynaptic neural and endocrine pathways from the suprachiasmatic nucleus of the
hypothalamus have been hypothesized to communicate circadian and photic information to the
adrenal glands. In humans, light exposure has been reported to have no effect, increase, or
decrease cortisol levels. These inconsistent findings in humans may be related to differences
among studies including the intensity (∼500 to 5500 lux), duration (15 min to 4 h), and circadian
phase of light exposure. The authors assessed the influence of exposure to bright light on cortisol
levels in humans during the rising and descending phases of the circadian rhythm of cortisol, that
is, when cortisol levels are high. Twenty healthy men and women were studied using a within-
subject research design. Subjects were studied in an environment free of time cues for 9 to 10
days. Subjects received a 6.7-h exposure of bright light (∼10,000 lux; equivalent to ambient light
intensity just after sunrise or just before sunset) or dim light (∼3 lux; equivalent to candlelight)
during the biological night and morning. Bright light exposure significantly reduced plasma
cortisol levels at both circadian phases studied, whereas dim light exposure had little effect on
cortisol levels. The finding of an acute suppressive effect of bright light exposure on cortisol
levels supports the existence of a mechanism by which photic information can acutely influence
the human adrenal glands.
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The steroid hormone cortisol serves a variety of important functions in the human body.
Cortisol has been reported to influence metabolic (Porterfield, 1997; Brillon et al., 1995),
immune (Norbiato et al., 1997), muscle (Holmäng and Björntorp, 1992), and brain functions
(Porterfield, 1997; Deleon et al., 1997). Cortisol production and secretion is regulated
primarily by the hypothalamic-pituitary-adrenal (HPA) axis through release of
corticotrophin releasing hormone (CRH) from the hypothalamus and adrenocorticotrophin
hormone (ACTH) from the anterior pituitary gland (Angeli et al., 1992). Cortisol feeds back
to the hippocampus (Spencer et al., 2001), hypothalamus, and the anterior pituitary,
inhibiting CRH and ACTH, thus influencing its own production via negative feedback
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(Porterfield, 1997). The suprachiasmatic nucleus (SCN) of the hypothalamus regulates the
circadian rhythm of corticosteroids (Kalsbeek et al., 1996; Skene et al., 1999; Czeisler and
Klerman, 1999). In humans, cortisol levels decrease across the habitual waking day and are
lowest near habitual bedtime after which time they increase across the habitual night and
peak near habitual wake time, regardless of continuous wakefulness or sleep (Weibel et al.,
1995; Leproult et al., 1997a; Czeisler and Klerman, 1999). Superimposed on this circadian
rhythm are fluctuations in cortisol associated with the pulsatile release of the hormone.
Factors such as anxiety (Czeisler et al., 1976), stress (Porterfield, 1997), immune challenge
(Späth-Schwalbe et al., 1998), physical activity (Leproult et al., 1997b; DeRijk et al., 1997),
posture changes (Hennig et al., 2000), blood glucose levels (Porterfield, 1997), sleep onset
(Weitzman et al., 1983), sleep loss (Leproult et al., 1997a; Spiegel et al., 2004), awakening
from sleep (Weibel et al., 1995), and exposure to light (Scheer and Buijs, 1999; Leproult et
al., 2001; Kostoglou-Athanassiou et al., 1998) have been reported to alter cortisol levels
acutely.

Light exposure is known to reset the phase of the internal biological clock and to affect
human physiology and behavior acutely (Czeisler and Wright, 1999; Duffy and Wright,
2005; Foret et al., 1993; Wright et al., 1997b; Lavoie et al., 2003; Cajochen et al., 2002;
Cajochen et al., 2005; Scheer et al., 1999; Wright et al., 1997a). The findings on the acute
effect of light on cortisol have been inconsistent however. Light exposure has been reported
to acutely decrease (Kostoglou-Athanassiou et al., 1998), increase (Scheer and Buijs, 1999;
Leproult et al., 2001), or have little effect (Scheer and Buijs, 1999; Rüger et al., 2006;
Leproult et al., 1997b; Thalén et al., 1997; Leproult et al., 2001; McIntyre et al., 1992; Beck-
Friis et al., 1985; Lavoie et al., 2003) on cortisol levels. It is possible that these findings are
dependent in part upon study differences in the intensity, duration, and circadian phase of
light exposure as these factors are known to strongly influence the effects of light on human
physiology. We therefore examined the acute effect of bright light exposure on plasma
cortisol levels in humans when cortisol levels were high, during the rising and descending
circadian phases of the cortisol rhythm.

Materials and Methods
Subjects

Data for this analysis were obtained from healthy subjects who participated in studies that
assessed the phase-shifting effects of bright light exposure, some of which have contributed
to a previous publication (Khalsa et al., 2003). Twenty subjects (5 females) aged 25.3 ± 6.4
y (mean ± SD) who received bright or dim light during the rising or descending phases of
the cortisol rhythm were included in the current analysis. Thirteen subjects were exposed to
bright light during the rising or descending phases of the cortisol rhythm and 7 subjects to
dim light during the rising phase of the cortisol rhythm.

Subjects provided written informed consent and study procedures were conducted in
accordance with the Declaration of Helsinki. The Institutional Review Board approved the
research protocol.

General Protocol
Subjects lived in a suite on the General Clinical Research Center at the Brigham and
Women's Hospital for 9 to 10 days in an environment free of time cues. Data from the first 6
days were used for the current analyses. During 3 baseline days of the protocol (Fig. 1),
subjects were scheduled to sleep for 8 h at their self-selected habitual bedtime, as
determined by the prior week of ambulatory actigraphy (Khalsa et al., 2003). The baseline
days ensured that prior light history was similar for subjects prior to dim or bright light
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exposure. On the 4th and 5th days, a constant routine (CR) was used to assess the circadian
phase of the melatonin rhythm and baseline cortisol levels (Khalsa et al., 2003; Duffy and
Wright, 2005). Blood was sampled every 30 min with an indwelling intravenous catheter
located in a forearm vein. Subjects were randomized to a predetermined CR duration so that
following an 8-h recovery sleep episode, each subject would be exposed to light at a
different circadian phase. The current analysis examined those subjects who were exposed to
light when cortisol levels were high on the rising and descending phases of the circadian
rhythm of cortisol. We used the circadian rhythm of melatonin to describe the circadian
phase at which subjects were exposed to light because melatonin sampled on a constant
routine in dim light is an accurate marker of circadian phase in humans (Klerman et al.,
2002).

Cortisol and Melatonin Assessment
Blood samples from the CR and the day of light exposure 24 h later were used for the
current analysis. Dim light melatonin onset (DLMO25%) and offset (DLMOff25%) were
defined as the linear interpolated point in time that melatonin levels were consistently above
and below 25% of the 3-harmonic peak-to-trough amplitude of the melatonin rhythm,
respectively (Wright and Czeisler, 2002; Gronfier et al., 2004). Melatonin midpoint was
defined as the time point midway between DLMO25% and DLMOff25% (Gronfier et al.,
2004). Plasma melatonin levels were determined by 125I radioimmunoassay (DiagnosTech,
Osceola, WI); sensitivity, 2.5 pg/mL; intra- and interassay coefficients of variation, 5.9%
and 9.9%, respectively. Plasma cortisol levels were determined by chemiluminescent assay
(Beckman Coulter, Chaska, MN); sensitivity, 0.4 mg/dL; intra- and interassay coefficients of
variation, 6.4% and 7.9%, respectively.

Light Exposure
Lighting was generated using ordinary commercially available ceiling-mounted broad-
spectrum fluorescent lamps (4100 K; Phillips Lighting, Eindhoven, the Netherlands) and
transmitted through a UV-stable filter (Lextran 9030 with prismatic lens; GE Plastics,
Pittsfield, MA). Illuminance and irradiance measures were conducted using an IL1400
radiometer/powermeter with SEL-033/Y/W and SEL-033/F/W detectors, respectively
(International Light., Newburyport, MA). Light intensity during scheduled wakefulness of
baseline days was <150 lux (0.48 W/m2) maximum in the room at ∼187 cm with the sensor
in the vertical angle. During the remainder of the protocol, subjects were exposed to dim
light (∼3 lux [∼0.0087 W/m2] in the horizontal angle of gaze with the light sensor at 137 cm
from the ground; <15 lux maximum at ∼187 cm with the light sensor pointed in the direction
of the ceiling fixtures) during scheduled wakefulness and darkness during scheduled sleep,
except for light exposure sessions.

The light exposure on day 6 consisted of bright light (∼10,000 lux, in the angle of gaze ∼30
W/m2; equivalent to sunlight at dawn or dusk; n = 13) for 6.7 h in the middle of that 16-h
wake episode or continuous ambient dim light (∼3 lux; equivalent to candle light; n = 7).
Prior light-dark and scheduled wakefulness-sleep conditions were similar for those exposed
to dim or bright light exposure. Table 1 shows the start of the light exposure relative to the
melatonin midpoint for each of the light exposure conditions and phases of the cortisol
rhythm. Posture was controlled by having subjects seated 12 min prior to and throughout the
light exposure session. Technicians monitored subjects to ensure that they kept their eyes
open and stayed seated during the light exposure session. During the light exposure sessions
(both dim and bright), subjects alternated between free gaze around the room and fixed gaze
at a target on the wall every 6 min throughout the 6.7-h session (however, fixed gaze and
posture control occurred for only for 1 h in 4 subjects exposed to dim light). Subjects in the
bright light condition received ∼10,000 lux during the fixed gaze sessions and ∼5000 to
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9000 lux during the free gaze sessions. Subjects in the dim light condition received ∼3 lux
during both fixed and free gaze sessions.

Statistical Analysis
Repeated measures ANOVA tested for differences between baseline and treatment day
(baseline night vs. light exposure night), light exposure condition (bright light vs. dim light
group during the rising phase of the cortisol rhythm only as there were insufficient subjects
for a dim light descending phase analysis), and time into light exposure (hours from onset of
light exposure). Data for the rising and descending phases of the cortisol rhythm were
analyzed separately. The influence of bright light on cortisol levels beginning 30 min prior
to, during, and up to ∼4.5 h following light exposure was examined. These times were
selected because of blood sampling problems for some subjects prior to the light exposure
session. To control for differences in circadian phase among subjects, cortisol data from the
same subject collected 24 h earlier on the CR was used as baseline. Huynh-Feldt correction
factors were used to correct for violations of homogeneity of variance. Multiple planned
comparisons were examined with Fisher's least significant tests combined with a modified
Bonferroni correction to reduce type I error (Keppel, 1991). We also computed the
trapezoidal area under the curve (AUC; Wright and Czeisler, 2002) for cortisol levels during
light exposure and the equivalent clock hours during the dim light baseline 24 h earlier to
determine the percent change in cortisol in response to the bright light exposure.
Independent t tests were used to compare the percent change in cortisol AUC between light
exposure conditions for the rising phase of the cortisol rhythm and circadian phase of the
light exposure between the light conditions during the rising phase of the cortisol rhythm.
Two-tailed single-sample t tests were used to compare the percent change in cortisol AUC
from the baseline to the light exposure nights.

Results
The circadian phase of light exposure did not differ statistically between bright and dim light
conditions for the rising phases of the cortisol rhythm (independent t13 = −0.07, p = 0.95).
Figure 2A shows that exposure to bright light on the rising phase of the cortisol rhythm
significantly decreased cortisol levels when compared to exposure to dim light the day prior,
whereas Figure 2B shows that exposure to dim light on the light treatment night had
relatively little effect on cortisol levels (light exposure condition × day × time into light
exposure interaction, F21,273 = 2.01, p < 0.01). As shown in Figure 2A, significant decreases
in cortisol levels were observed ∼2.5 h after the onset of bright light exposure and continued
until ∼0.8 h after the offset of light exposure.

Figure 2C shows that exposure to bright light on the descending phase of the cortisol rhythm
also significantly decreased cortisol levels when compared to exposure to dim light the day
prior (day × time of day interaction, F21,84 = 4.46, p < 0.01). As seen in Figure 2C,
significant decreases in cortisol were observed beginning ∼1.0 h after the onset of light
exposure and continued for several hours. In addition, after bright light exposure ended there
were 2 time points during which cortisol levels were significantly higher and 1 time point
during which cortisol levels were significantly lower on the light exposure night compared
to the baseline night.

Area under the curve analysis indicated that the percent change in cortisol from baseline was
significantly reduced during the bright light exposure session (single-sample t7 = 5.96, p <
0.01) but not during the dim light exposure session (single-sample t6 = 0.75, p = 0.48) on the
rising phase of the cortisol rhythm (Fig. 3). In addition, the percent reduction in cortisol
AUC from baseline was significantly greater in the bright light versus the dim light group
(independent t13 = –3.61, p < 0.01). Furthermore, the change in cortisol from baseline was
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significantly reduced during the bright light exposure session (single-sample t4 = 3.26, p <
0.01) on the descending phase of the cortisol rhythm (Fig. 3).

Discussion
In the current study, we found that exposure to ∼10,000 lux of bright light on the rising and
descending phases of the cortisol rhythm (i.e., when cortisol levels are high) decreased
cortisol levels in humans. Cortisol levels during bright light exposure were lower than
cortisol levels during dim light exposure the day prior, thus controlling for circadian phase
within individuals. Exposure to bright light on the rising phase of the cortisol rhythm
significantly decreased cortisol levels beginning ∼2.5 h after light exposure onset when
compared to baseline. Cortisol levels remained decreased throughout the light exposure
session and were then similar to the baseline night levels shortly after bright light exposure
ended, suggesting no immediate large phase delay shift of the cortisol rhythm, although we
cannot exclude a larger phase delay of an evening oscillator as compared to a morning
oscillator (Liu and Borjigin, 2005).

Subjects exposed to dim light during the rising phase of the cortisol rhythm showed similar
levels of cortisol compared to the baseline night. Exposure to bright light on the descending
phase of the cortisol rhythm also significantly decreased cortisol levels beginning ∼1 h after
light exposure onset when compared to baseline. Cortisol levels were decreased for the first
half of the light exposure session but were similar to baseline night levels during the second
half of the light exposure session suggesting no immediate phase advance shift of the
cortisol rhythm. The absence of a sustained effect of light on cortisol levels at the end of the
descending phase of the cortisol rhythm may be due to exposure at a circadian phase at
which cortisol is less sensitive to light exposure (Scheer and Buijs, 1999).

While we found a suppressing effect of light on cortisol levels in this study, there is also
evidence that light can increase or have little effect on cortisol levels in humans. Cortisol
levels in humans might be affected by the duration, intensity, and biological timing of the
light exposure. During the afternoon, between ∼1200 and 1600 h when cortisol levels are
relatively low, exposure to light intensities of 4500 to 5000 lux has consistently been
reported to have no significant influence on cortisol levels (Leproult et al., 2001; Rüger et
al., 2006). Exposure to bright light during the afternoon was not examined in the current
study. During the night and early morning between 2000 h and 0600 h, exposure to 600 to
3000 lux broad spectrum light (Beck-Friis et al., 1985; McIntyre et al., 1992; Lavoie et al.,
2003; Scheer and Buijs, 1999; Petterborg et al., 1991; Thalén et al., 1997) and exposure to
∼10 to 12 μW/cm2 460 and 555 nm light (Lockley et al., 2006) have been reported to cause
no change in cortisol levels with the exception of one study (Leproult et al., 2001). In three
studies that exposed subjects to a light intensity of ≥5000 lux, conflicting findings were
reported, however. Specifically, exposure to 5000 lux between ∼2200 h and 1000 h
(Leproult et al., 1997b) or between 2400 h and 0400 h (Rüger et al., 2006) was reported to
induce no change in cortisol levels, whereas exposure to 5500 lux between 2000 h and 0200
h (Kostoglou-Athanassiou et al., 1998) was reported to decrease mean cortisol levels when
compared to a within-subjects baseline but not to a between-subjects control. Our finding of
reductions in cortisol levels during exposure to ∼10,000 lux on the rising and descending
phases of the circadian rhythm of cortisol, when levels are high, suggests that the intensity
of bright light may be important in determining the effects of light on cortisol levels. Such a
finding would be consistent with the findings of intensity response curves for melatonin
suppression (Zeitzer et al., 2000). Examination of multiple light intensities would be
necessary to determine if there is an intensity response curve for the effects of light on
cortisol.
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During the morning, light exposure has been reported to increase (Scheer and Buijs, 1999;
Leproult et al., 2001) or cause no change in cortisol levels (Beck-Friis et al., 1985; Leproult
et al., 1997b). Specifically, Scheer and Buijs, (1999) exposed subjects to 1 h of 800 lux at
habitual wake time and reported significantly higher salivary cortisol levels in the first 40
min of light exposure and that after 1 h of light exposure cortisol levels were similar to
baseline. Leproult et al. (2001) reported increased plasma cortisol levels within the first 15
min of a stepwise light intensity pattern of 2000 up to 4500 lux between 0500 h and 0800 h.
The transient increases in cortisol in response to light exposure were observed when cortisol
was sampled frequently (every 15-20 min). In the current study, we found no significant
change in plasma cortisol levels near the beginning of the light exposure; although the first
time we sampled cortisol was 30 min after light exposure onset and thus more immediate
changes could not be examined.

Inconsistencies are also found in nonhumans with respect to the influence of light on
corticosteroids. It also appears that the short- vs. long-duration light exposures on
glucocorticoids are different between diurnal and nocturnal mammals. These inconsistencies
might be related to light intensity, duration of light exposure, and the circadian phase in
which the animal was exposed to light (Perlow et al. 1981; Buijs et al., 1999; Ishida et al.,
2005; Mohawk et al., 2007; Hatanaka et al., 2008).

Changes in corticosterone levels were reported to be dependent upon an intact SCN and
were not related to a change in ACTH levels (Buijs et al., 1999; Ishida et al., 2005).
Retrograde virus labeling showed a polysynaptic neural pathway from the SCN to the
paraventricular nucleus, the spinal cord, and the adrenal gland, suggesting that the SCN has
direct neural influence on adrenal function (Buijs et al., 1999). Furthermore, when
sympathetic nerve input to the adrenal gland was severed, the effect of light exposure on
corticosterone levels subsequent to the end of light exposure was not observed (Ishida et al.,
2005). Also, when pituitary adenylate cyclase-activating polypeptide (PACAP)-deficient
mice are exposed to light, the effects of light exposure on corticosterone levels subsequent to
the end of light exposure were not observed (Hatanaka et al., 2008). The latter may indicate
that PACAP is involved in this neural pathway. It is unknown if the reduced cortisol levels
we observed in the current study were achieved by stimulation of the same neuroanatomical
pathway. Future studies in humans could assess ACTH and cortisol levels to determine
whether reduced cortisol levels in response to bright light exposure are associated with
changes in ACTH levels.

A factor that may have influenced the current results, as well as the results of some prior
studies, is the influence of total sleep deprivation vs. sleep on cortisol levels. Sleep
deprivation has been reported to increase cortisol levels during the quiescent interval of the
circadian rhythm of cortisol (Leproult et al., 1997a; Gronfier and Brandenberger 1998).
Although subjects were sleep deprived in the current study on the baseline night prior to
light exposure, sleep deprivation appeared to have a minimal effect on the current results
because subjects exposed to dim light during the rising phase of the cortisol rhythm on both
nights showed similar cortisol levels on both days. Furthermore, cortisol levels were higher
prior to the light exposure session on the light exposure night compared to baseline night—
opposite to what would be expected if sleep deprivation were to acutely increase cortisol
levels during the sampling window on the baseline night. Another factor that might
influence the acute effects of bright light on cortisol levels is prior light exposure history.
Specifically, following exposure to dim light on the constant routine, the subsequent effect
of bright light on cortisol levels may be enhanced as has been reported for the effect of light
on melatonin suppression (Hebert et al., 2002; Smith et al., 2004).
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Like many other studies, our primary comparison was conducted using a within-subjects
baseline condition in dim light. Cortisol levels were reduced for subjects exposed to bright
light; whereas subjects exposed to dim light during the rising phase of the cortisol rhythm
showed similar cortisol levels on both nights. Cortisol levels were reduced until ∼0.8 h after
the bright light exposure session ended during the rising phase of the circadian rhythm of
cortisol. Therefore, it is unlikely that our current results are representative of an immediate
large phase shift of the cortisol rhythm. If a rapid phase delay had occurred in response to
evening light exposure (Khalsa et al., 2003), cortisol levels should have been consistently
higher after the bright light exposure. However, it is possible that bright light exposure at
this phase induced considerable reduction in endogenous circadian amplitude, which could
account for the observed reduction in peak cortisol levels, as reported by Jewett et al.
(1991). It is unlikely that a rapid phase advance could account for the observed response to
morning light exposure on the descending phase of the cortisol rhythm (Khalsa et al., 2003),
as cortisol levels would then have been consistently lower after bright light exposure ended.
Last, the finding that dim light exposure caused little change in cortisol levels suggests that
the protocol of sleep deprivation per se had a small influence on our findings.

In conclusion, exposure to ∼10,000 lux of bright light for 6.7 h during the rising and
descending phases of the cortisol rhythm reduced cortisol levels. A multisynaptic neural
pathway from the retina, to the SCN, to adrenal glands, that bypasses the HPA axis has been
hypothesized to be responsible for the acute influence of light on corticosteroid levels (Buijs
et al., 1999). Whether this neural pathway may also mediate the effects of light on cortisol in
humans remains to be tested. The current study is the first to expose subjects to a long
duration light intensity of ∼10,000 lux and examine the acute effect on cortisol levels in
humans. A review of findings from other studies suggests that the biological timing of light
exposure may also be an important determinant of the effect of light on cortisol (proposed in
Scheer and Buijs, 1999), and our data are consistent with such a window of sensitivity
because suppression was greatest at the end of the rising phase and start of the descending
phase, when cortisol levels are highest. The implications of our current findings that bright
light decreased cortisol levels on the rising phase of the cortisol rhythm are perhaps most
applicable to night and early morning shift workers and jet travelers who are exposed to
bright light during the biological night. The finding that bright light exposure reduced
cortisol levels on the descending phase of the cortisol rhythm suggests that exposure to
morning sunlight may have a greater effect on adrenal cortex physiology than previously
recognized. Future studies should examine the physiological consequences of reduced
cortisol levels during exposure to bright light.
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Figure 1.
Experimental protocol. Relative clock time with habitual wake time assigned to 0800 h is
represented on the horizontal axis and the day of the study is on the vertical axis. Three 24 h
baseline days consisted of a habitual sleep-wake cycle including 16 h of scheduled
wakefulness with < 150 lux of light intensity (lines) followed by 8 h of scheduled sleep in
darkness (filled boxes). Four of the subjects in the dim light condition had their light
exposure reduced to ∼1.5 lux on the second half of day 3. On day 4, a constant routine (CR)
with a light intensity of ∼3 lux (boxes filled with diagonal lines) was continued until the 8-h
sleep episode on day 5. Note that the CR duration for 4 subjects exposed to dim light during
the rising phase of the circadian rhythm in cortisol lasted 2 instead of 1 circadian cycle and
thus they had another day on the CR compared to other subjects. Day 6 consisted of ∼3 lux
during scheduled wake-fulness, except during exposure to the bright (∼10,000 lux) or dim
(∼3 lux—no change in intensity) light stimulus (open box) timed either during the rising (A)
or descending (B) phase of the cortisol rhythm. Cortisol data used in the current analyses are
from the CR on day 5 (baseline) and the light exposure session on day 6. Circadian timing of
the average light exposure session for each condition is represented by the time of light
exposure relative to the average timing of the melatonin midpoint (closed triangle; also see
Materials and Methods).

Jung et al. Page 11

J Biol Rhythms. Author manuscript; available in PMC 2013 June 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Bright light and dim light exposure group curves. Panels A and B show cortisol levels on the
rising phase of the cortisol rhythm during the baseline night (∼3 lux; closed circles) and
immediately before, during, and after bright (∼10,000 lux; n = 8; open circles) or dim (∼3
lux; n = 7; open circles) light exposure, respectively. Panel C shows cortisol levels on the
descending (n = 5) phase of the cortisol rhythm during the baseline night (∼3 lux; closed
circles) and during exposure to bright light (∼10,000 lux; open circles). Open box indicates
timing of bright light exposure on the light exposure night. Box filled with diagonal lines
indicates timing of dim light on the light exposure night; however, in reality dim light
subjects were continuously exposed to dim light for the entire scheduled wakefulness
episode. Note that the last time point shown for the light exposure session is an average of
the last 12 min of light exposure and the first 18 min of dim light exposure. * denotes
significant differences in cortisol levels between baseline and light exposure nights (p <
0.024; modified Bonferroni correction). Error bars represent SEM.
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Figure 3.
An area under the curve analysis. Percentage change from baseline for area under the curve
cortisol levels during the light exposure session for the rising and descending phases of the
cortisol rhythm. *denotes significant decreases in cortisol levels between baseline (∼3 lux)
and bright light exposure (∼10,000 lux) nights (within groups, p < 0.017; modified
Bonferroni correction). # denotes significant decreases in cortisol levels between dim and
bright light exposure conditions on the rising phase of the cortisol rhythm (between group, p
< 0.017; modified Bonferroni correction). Error bars represent SEM.
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Table 1

Condition characteristics.

Age Start of Light Exposure Relative to Melatonin Midpointa

Condition (Light; Phase of Cortisol
Profile)

Participants (n) Mean ± SD (y) Mean ± SD (h) Range (h)

Bright light, rising phase 8 23.5 ± 4.3 −1.9 ± 1.1 −3.0 to 0.3

Bright light, descending phase 5 29.0 ± 8.9 3.2 ± 1.7 1.5 to 5.7

Dim light, rising phase 7 24.7 ± 6.1 −1.9 ± 1.4 −3.4 to 0.0

a
A negative number represents timing of light exposure onset prior to the melatonin midpoint in hours, determined 24 h earlier. A positive number

represents timing of light exposure onset after the melatonin midpoint in hours.
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