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Exposure to Room Light before Bedtime Suppresses
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Context: Millions of individuals habitually expose themselves to room light in the hours before
bedtime, yet the effects of this behavior on melatonin signaling are not well recognized.

Objective: We tested the hypothesis that exposure to room light in the late evening suppresses the
onset of melatonin synthesis and shortens the duration of melatonin production.

Design: In a retrospective analysis, we compared daily melatonin profiles in individuals living in
room light (<200 lux) vs. dim light (<3 lux).

Patients: Healthy volunteers (n = 116, 18-30 yr) were recruited from the general population to
participate in one of two studies.

Setting: Participants lived in a General Clinical Research Center for at least five consecutive days.
Intervention: Individuals were exposed to room light or dim light in the 8 h preceding bedtime.

Outcome Measures: Melatonin duration, onset and offset, suppression, and phase angle of en-
trainment were determined.

Results: Compared with dim light, exposure to room light before bedtime suppressed melatonin,
resulting in a later melatonin onset in 99.0% of individuals and shortening melatonin duration by
about 90 min. Also, exposure to room light during the usual hours of sleep suppressed melatonin
by greater than 50% in most (85%) trials.

Conclusions: These findings indicate that room light exerts a profound suppressive effect on melatonin
levels and shortens the body’s internal representation of night duration. Hence, chronically exposing
oneself to electrical lighting in the late evening disrupts melatonin signaling and could therefore
potentially impact sleep, thermoregulation, blood pressure, and glucose homeostasis. (J Clin Endocri-
nol Metab 96: E463-E472, 2011)

he pineal gland hormone melatonin is released during
T the biological night and provides the body’s internal
biological signal of darkness. Exposure to light both resets
the circadian rhythm of melatonin and acutely inhibits
melatonin synthesis (1, 2). In some mammals, light regu-
lation of melatonin gives rise to photoperiodic responses
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including patterns of seasonal breeding and changes in
pelage (3, 4). The duration of nocturnal melatonin secre-
tion in humans is likewise dependent on photoperiod (5),
but effects on the reproductive system remain controver-
sial. Several groups have shown seasonality in births, but
few studies have examined the potential link between mel-

Abbreviations: AUC, Area under the curve; GCRC, General Clinical Research Center; IQR,
interquartile range.
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atonin duration and reproductive hormones that deter-
mine the likelihood of conception (6-8).

Because the onset of melatonin secretion is associated
with an increase in sleep propensity, and exogenous ad-
ministration of melatonin can facilitate sleep (9-12), mel-
atonin has long been hypothesized as a sleep-promoting
factor in humans. Melatonin treatment reduces sleep onset
latency when endogenous levels of melatonin are low dur-
ing the biological daytime (12). Melatonin receptors are
located on circadian clock neurons in the suprachiasmatic
nucleus in the anterior hypothalamus (13), suggesting that
feedback regulation by melatonin signaling may contrib-
ute to circadian regulation, including the timing of sleep.
Consistent with this hypothesis, daily ingestion of mela-
tonin has been shown to synchronize circadian rhythms of
behavior and physiology in blind individuals (14, 15). In
addition to its hypnotic and circadian phase resetting ef-
fects, exogenous melatonin has been shown to lower
blood pressure and body temperature (16, 17), and recent
genome-wide association studies have established a puta-
tive link between signaling at the melatonin 1B receptor
and risk for type 2 diabetes (18-20). With melatonin re-
ceptors located in several sites of the central nervous sys-
tem and in peripheral tissues including the heart, kidney,
pancreatic islets, adrenal glands, stomach, and gonads
(21), melatonin has been explored as a treatment option
for various human disease states including insomnia, hy-
pertension, and cancer (22).

Despite the potential therapeutic benefits of melatonin
treatment, the physiological consequences of chronically
inhibiting melatonin synthesis are unknown. Recent stud-
ies have shown that indoor room light (i.e. <500 lux) can
elicit strong melatonin suppression and phase shift re-
sponses (23-25), suggesting that individuals who habitu-
ally expose themselves to light during nighttime hours
could have reduced melatonin levels and perturbed
rhythms. In a study that examined the dose response for
melatonin suppression and phase resetting responses to
white light given at night, half-maximal responses were
observed at about 100 lux (25), which is substantially
dimmer than recommended office lighting (~350-500
lux) (26). In that study, however, participants were kept in
relatively dim light (<15 lux) for 3 d preceding the light
stimulus, which may have sensitized the circadian system
to light (27, 28). Nonetheless, in other studies, exposure to
room light suppressed the onset of melatonin secretion
even when preceded by room light levels during the day-
time (24, 28). Appropriately timed exposure to indoor
light (~380 lux) has also been shown to accelerate en-
trainment to a rapid 5-h advance of the sleep-wake cycle
(29). Taken together, these studies indicate that melatonin
suppression and phase shift responses are sensitive to or-
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dinary room light levels regardless of previous light
history.

These findings suggest that exposure to room light before
bedtime, a common practice in modern society, may inhibit
melatonin production and, as a result, alter physiological
processes regulated by melatonin signaling. To address this
possibility, we examined melatonin responses to room light
vs. dim light in 116 research volunteers studied in the labo-
ratory under a fixed sleep-wake schedule (8 h asleep, 16 h
awake). Here, we report that exposure to electrical light be-
tween dusk and bedtime strongly suppresses melatonin lev-
els, leading to an artificially shortened melatonin duration
and disruption of the body’s biological signal of night.

Subjects and Materials

Participants

Healthy research volunteers (n = 116) aged 18-30 yr were
enrolled into one of two inpatient studies (see below) at the Gen-
eral Clinical Research Center (GCRC), Brigham and Women’s
Hospital (BWH) (Boston, MA). Physical health was evaluated by
medical history and physical examination, blood biochemistry
and hematology, and electrocardiogram. Sleep and circadian
rhythm disorders were exclusionary. Mental health was assessed
by interview with a staff psychologist or psychiatrist, and normal
sight was confirmed by an ophthalmological examination and/or
the Ishihara test for color blindness. For at least 2 wk before the
inpatient study, participants were required to keep a fixed sleep-
wake schedule (8 h asleep, 16 h awake) of their choice, and
compliance was verified by continuous actigraphy monitoring
(Actiwatch-L; Minimitter, Inc., Bend, OR). To ensure that par-
ticipants had refrained from the use of drugs, a comprehensive
toxicology screen was performed on the day of admission to the
GCRC. Informed consent was obtained from all volunteers, and
research procedures were approved by the Institutional Review
Board at BWH and were in compliance with HIPAA regulations
and the Declaration of Helsinki.

General inpatient procedures

Research volunteers lived individually in a laboratory free of
time cues. During the first 3 d of each study, participants were
scheduled to sleep and wake at their habitual prestudy sleep-
wake times (8 h asleep, 16 h awake). Ambient light was provided
by ceiling-mounted 4100K fluorescent lamps (Philips Lighting,
Eindhoven, The Netherlands) and transmitted through an UV-
stable filter (Lexan, General Electric Plastics, Pittsfield, MA).
Illuminance was measured with an IL1400 radiometer fitted with
an SEL-033/Y/W detector (International Light Inc., Peabody, MA).
For the under 200 lux and under 3 lux settings, lighting levels were
defined by the maximum illuminance measured in the horizontal
plane, with the detector aimed directly at the ceiling lamps at a
height of 187 cm. For the under 200 lux light setting, illuminance
in the horizontal angle of gaze was less than 150 lux (i.e. measured
in the vertical plane), and typical illumination at the eyes ranged
from 60-130 lux, as reported previously (25, 30). For the approx-
imately 200 lux light setting, overhead lighting was adjusted such
that when participants were in bed they received approximately 200
lux of corneal illuminance (28).
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On the second baseline day of each study, an indwelling iv cath-
eter was inserted into a forearm vein to allow for continuous col-
lection of blood plasma every 30— 60 min for melatonin assay. In the
present investigation, melatonin data were analyzed only across
study d 2-5. During sleep episodes and the constant routine pro-
cedure (see below), blood was drawn from outside the research suite
through a porthole in the bedroom wall. Melatonin concentration
was determined by standard RIA by laboratories that were blind to
the experimental intervention (Pharmasan, Osceola, WI; BWH
GCRC Core Laboratory, Boston, MA). Plasma melatonin intraas-
say and interassay coefficients of variation for each of the studies
were cited in the original reports (28, 30-32).

Protocol design

Study 1

Plasma melatonin was examined in 104 volunteers who par-
ticipated in a 9- to 10-day research study (31, 32). Participants
slept in darkness and were exposed to room light (<200 lux)
until midway through study d 3, after which the light was
dimmed to under 3 lux. The following morning, participants
awoke to a constant routine procedure consisting of wakefulness
enforced by technician monitors (30-50 h), semirecumbent bed
rest, consumption of hourly equicaloric snacks, and constant
exposure to dim light (<3 lux) (33).

Study 2

Twelve volunteers completed a 14-d research protocol (28),
including one person who completed the study twice under dif-
ferent lighting conditions (see below). We analyzed a 4-d seg-
ment of the protocol that was randomized to occur either on
study d 6-9, or study d 10-13. Over the first 3 d, participants
slept in darkness and were exposed to room light during the
daytime (<200 lux, n = 55 ~200 lux, n = 8). After 8 h of sched-
uled sleep in darkness, participants underwent a 40-h constant
routine procedure in room light. Melatonin levels in room light
during the habitual hours of sleep were compared with melatonin
levels during sleep on the previous night. To determine percent sup-
pression of melatonin, the area under the curve (AUC, trapezoidal
method) was calculated for exposure to room light (AUCy; ), and
compared with the AUC for the melatonin rhythm during the pre-
ceding sleep episode in darkness (AUCp) at the same relative clock
times. Hence, percent melatonin suppression was calculated as [1 —
(AUCpg;) X (AUCp) '] X 100, with higher values indicating stron-
ger suppression of the melatonin rhythm.

Determination of melatonin phase, duration, and
phase angle

For each subject in study 1, the melatonin rhythm during the
constant routine procedure was fit by a three-harmonic regres-
sion model to estimate the amplitude. Dim light melatonin onset
(DLMOn,.,) and offset (DLMOff,s.,) were defined as the
clock times at which the melatonin rhythm crossed a threshold
value of 25% of the peak-to-trough fitted amplitude (half the
standard amplitude). The same 25% threshold was used for de-
termining melatonin onset and offset on d 2-3, during which
individuals were exposed to either room light or dim ambient
light. Melatonin duration was defined as the number of consec-
utive hours that melatonin levels exceeded the 25% threshold
between melatonin onset and offset. Phase angle was defined as
the difference in timing between melatonin onset or offset vs.
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bedtime, with positive values indicating that the event occurred
before each participant’s regular bedtime. To determine the per-
cent reduction in melatonin concentration due to exposure to
room light before bedtime, the AUC was calculated between
melatonin onset and bedtime on d 3 (<3 lux) and compared with
the AUC on the preceding day (<200 lux) at the same relative
clock times. Local clock times of sleep and wake during inpatient
studies were scheduled based on each subject’s habitual sleep
hours during the prestudy screening procedures. For purposes of
illustration, data were aligned by scheduled sleep in Figs. 1-4
and plotted vs. relative clock time. We set relative clock times of
sleep from 2400 to 0800 h. The distribution of wake times, mel-
atonin onset, and melatonin offset vs. local time are shown in
Supplemental Fig. 1 (published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org).

Data analysis and statistics

Within-subjects differences in the timing of melatonin onset,
offset, duration, and phase angle were compared by Friedman’s
repeated-measures ANOVA on ranks (SigmaPlot 11; Systat Soft-
ware, Inc., San Jose, CA). We chose to use nonparametric sta-
tistics because the distribution of melatonin onsets and offsets
did not always pass the Kolmogorov-Smirnov test for normality
(P < 0.05). In each comparison, the melatonin outcome (onset,
offset, duration, or phase angle) was the dependent variable, and
ambient lighting, which varied over three consecutive days, was
the repeated factor (i.e. the treatment group). For those compar-
isons in which the difference in median values among the treat-
ment groups was greater than that expected by chance (P <
0.05), all pairwise multiple comparisons were tested for signif-
icance using Tukey’s method (o = 0.05). Within-subjects differ-
ences in AUC for melatonin levels in dim light (<3 lux) vs. room
light (<200 lux) were compared using the Wilcoxon signed rank
test. Median values for melatonin outcomes are reported in the
text with the interquartile range (IQR); the 25th and 75th per-
centiles are shown in Table 1.

Results

Melatonin onset and duration are affected by
evening exposure to room light

In study 1, changes in the melatonin profile were com-
pared within subjects (n = 104) exposed to either room
light or dim light before sleep (Fig. 1). In room light, mel-
atonin onset occurred 23 min (IQR, 1 h 36 min) before
scheduled sleep, whereas in dim light, melatonin onset
occurred 1 h 57 min (IQR, 1 h 16 min) before scheduled
bedtime (P < 0.05, Fig. 2A and Table 1). In contrast, the
timing of melatonin offset did not differ significantly be-
tween room light and dim light conditions. Thus, due to its
effect on melatonin onset, exposure to room light before
bedtime shortened melatonin duration by 1 h 32 min
(IQR, 1 h 6 min) compared with exposure to dim light (8
h 45 minvs. 10 h 17 min, P < 0.05; Fig. 2B and Table 1).

Next, we examined changes in the timing of melatonin
onset and offset in individual participants. We found that
99.0% of participants (103 of 104) exhibited an earlier
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TABLE 1. Melatonin responses to room light vs. dim light in study 1 (n = 104)

Median (25%, 75%)

Light (<200 lux),
d2-3

Dim (<3 lux),
d3-4

Dim (<3 lux),
d 4-5

MLT onset (h min)

MLT offset (h min)

MLT duration (h)

Phase angle MLT onset (h)
Phase angle MLT offset (h)

2339(22 18,00 55)
08 16 (07 20, 09 34)
8.75(8.25,9.42)
0.38(-0.32, 1.22)
—8.52(-8.92, —7.55)

2154 (2058, 23 14)7
08 23 (07 12, 09 22)

( 2209 (2113, 23 21)*°
(
10.28(9.68, 10.85)°
(
(=

(
08 26 (07 17, 09 30)°
10.13 (9.68, 10.60)?
1.68 (1.07, 2.45)*°
(—8.87, —7.77)"

1.95(1.37, 2.63)°

—8.33(—8.87, —7.50) —8.38

Melatonin (MLT) outcomes are reported for participants over three consecutive days. Individuals lived in room light (<200 lux) and slept in
darkness until midway through d 3 (column 2). Over the next 24 h, participants lived in dim light (<3 lux) and slept in darkness (column 3),
followed by a constant routine procedure on d 4 and 5 conducted in under 3 lux light (column 4). Phase angle is defined as the relative timing of
melatonin onset or offset vs. scheduled bedtime. A positive phase angle indicates that the event happened before scheduled sleep, whereas

negative values indicate that the event happened after bedtime.

2 Significant differences for comparisons with the first melatonin cycle (column 2; d 2-3)

b Significant differences for comparisons with the second melatonin cycle (column 3; d 3-4).

melatonin onset in dim light (d 3) vs. room light (d 2), and
78.6% of these individuals exhibited an earlier onset by
more than an hour (Fig. 2C). In contrast, only 58.6% of
participants showed an earlier melatonin offset in dim
light vs. room light, indicating that melatonin offset was
not affected by the difference in lighting conditions (Table
1 and Fig. 2D). During two cycles of exposure to dim light,
most participants showed a small daily delay (~12 min) in
the timing of melatonin onset and offset, 78.9 and 67.3%
of individuals, respectively (Fig. 2, E and F), which is con-
sistent with the longer-than-24-h intrinsic period of the
human circadian system reported in previous studies (34).

To determine the effect of room light exposure on mel-
atonin concentration before sleep, we compared the AUC
for melatonin measured ond 2 (<200 lux) vs. d 3 (<3 lux).
In dim light, the onset of nocturnal melatonin secretion
occurred before scheduled sleep in 98% of participants
(102 of 104). In these individuals, exposure to room light
from the onset of melatonin until bedtime reduced mela-
tonin concentration by 71.4% (IQR, 32.2%) relative to
exposure to dim light 24 h later (P < 0.001, Fig. 3). In
contrast, exposure to room light after awakening did not
reduce melatonin levels (P = 0.802) in participants whose
melatonin offset occurred after scheduled wake time in
dim light (n = 64).

Exposure to room light suppresses melatonin
during the usual hours of sleep

To test directly whether the later melatonin onset that
we observed in room light was due to melatonin suppres-
sion, in study 2, we examined the melatonin rhythm under
constant routine conditions in room light (n = 5, <200
lux) (Fig. 4). Compared with the melatonin rhythm ob-
served when participants slept in darkness, exposure to
room light during the normal hours of sleep suppressed
melatonin strongly in four of five individuals (percent sup-

pression: 92.5, 90.9, 79.6, 76.9, and 29.3%). In another
group of participants (n = 8) who were exposed to a
slightly higher level of ambient light (~200 lux at the level
of the eyes), there was robust melatonin suppression in
seven of eight individuals (percent suppression: 87.6,
87.1,73.7,62.7,54.2,53.0,51.1,and —1.3%). Hence, in
11 of 13 trials, exposure to room light in participants who
were kept awake during the usual hours of sleep sup-
pressed melatonin by more than half the amount measured
during sleep in darkness.

Discussion

Our results demonstrate that the melatonin profile is trun-
cated by exposure to room light before bedtime. Specifi-
cally, we show that exposure to room light (<200 lux) in
the late evening suppresses the onset of melatonin synthe-
sis, thereby shortening melatonin duration by about 90
min compared with exposure to dim light (<3 lux). As a
result of this exposure to electrical light between dusk and
bedtime, presleep levels of melatonin were reduced by
71.4% and total daily levels of melatonin were reduced by
about 12.5%. When room light exposure continues for the
entire night, total daily melatonin is suppressed by more
than 50% in most individuals, with median suppression of
73.7%. These findings suggest that exposure to electrical
room light before bedtime and during the normal hours of
sleep (e.g. during shift work) may impact physiological
processes regulated by melatonin signaling, such as sleep-
iness, thermoregulation, blood pressure, and perhaps even
glucose homeostasis.

Room light suppresses melatonin and shortens
melatonin duration

We hypothesize that the later melatonin onset we ob-
served during exposure to room light in the evening was
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FIG. 1. Melatonin onset occurs later in room light than in dim light. A,
In study 1, participants lived in room light (<200 lux) and slept in
darkness for the first two baseline days. Upon awakening on the
morning of d 3, participants were exposed to 8 h of room light,
followed by 8 h of dim light (<3 lux) before bedtime. After sleep,
individuals underwent a constant routine procedure in dim light. B,
The melatonin rhythm is shown for a representative subject over three
consecutive cycles (d 2-5). In this subject, melatonin onset occurred
about 2 h earlier on d 3 and 4 in dim light, compared with d 2 in room
light. The timing of melatonin onset and offset are shown by the
labeled arrows in gray. White and gray bars at the top of each plot
indicate exposure to room light and dim light, respectively, and black
bars indicate sleep in darkness.

due primarily to melatonin suppression, rather than phase
shifting of the circadian system. In study 1, the earlier
melatonin onset we observed on d 3 could be attributed,
in part, to a net phase advance of the circadian system,
because participants were exposed to room light in the
morning and early afternoon and dim light in the late
afternoon and evening. Hence, individuals were exposed
to higher light levels during the predicted phase-advance
region of the phase-response curve, compared with the
phase-delay region (30) (Fig. 1A). If phase shifting were
principally responsible for the change in melatonin onset,
we would expect a comparable shift in the timing of mel-
atonin offset in the same direction. Rather, our results
show that the timing of melatonin offset was unchanged.
To examine this question in greater detail, we examined
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results from an additional set of 58 participants who com-
pleted a similar research protocol under different lighting
conditions (see Supplemental Data). In that study, volun-
teers were exposed to room light until the end of the third
baseline day, after which time the circadian system was
released into constant conditions. Whereas 70.7% of in-
dividuals showed a later melatonin offset (41 of 58 par-
ticipants) in dim light, consistent with drift of the circadian
pacemaker (34), 86.2% of individuals showed an earlier
melatonin onset (50 of 58) when exposed to dim light
(<151ux)ond4,vs. room light ond 3 (Supplemental Figs.
2 and 3). These data suggest that the underlying circadian
phase of melatonin onset on d 3 was masked by light ex-
posure, presumably due to photic melatonin suppression.
Consistent with this interpretation, in study 2, we ob-
served that exposure to room light during the usual hours
of sleep resulted in strong melatonin suppression in 84.6 %
of trials (Fig. 4). Some participants showed partial recov-
ery from melatonin suppression during room light expo-
sure, whereas others showed complete suppression of mel-
atonin such that melatonin onset or offset could not be
measured. By comparison, two participants showed weak
melatonin suppression responses to room light. This inter-
individual variability in melatonin suppression sensitivity
is consistent with the dose-response function for melato-
nin suppression reported previously; room light (100-500
lux) falls on the steep linear part of the dose-response
curve, such that small differences in corneal illuminance
can result in large differences in melatonin suppression
magnitude (25, 32).

A limitation of the present study is that the dim light and
room light conditions were not balanced for order of pre-
sentation. We obtained similar results in a previous study,
however, in which the order of light conditions was re-
versed, such that participants were exposed to dim light on
d 1 (<3 lux), followed by 2 d in room light (<200 lux). In
that study, melatonin onset also occurred substantially
later in room light compared with dim light (by about 90
min), suggesting that the order of room light vs. dim light
in the present study did not affect the primary outcomes
(35). Another limitation of our study is that participants
were exposed to long durations of room light or dim light
(16 or 8 h) before sleep, whereas in the real world, indi-
viduals often choose to turn on, or turn off, electrical lights
closer to bedtime. Also, illumination levels that people are
exposed to during the daytime could potentially modulate
melatonin suppression responses to electrical light at night
(e.g. by sensitizing or desensitizing melatonin suppression
responses). Previously, we showed that the suppressive
effect of room light on melatonin synthesis was reduced by
about 15% when participants were exposed to room light,
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FIG. 2. Exposure to room light before bedtime shortens melatonin (MLT) duration. A, Histograms
show the timing of melatonin onset (gray bars) and offset (white bars) in participants (n = 104)
living in room light vs. dim light. White and gray bars at the top of each plot indicate exposure to
room light (<200 lux) and dim light (<3 lux), respectively, and black bars indicate scheduled sleep
in darkness. B, Histograms show melatonin duration in the same participants over three
consecutive cycles corresponding to A. Median melatonin duration is indicated by the vertical line
with label. Melatonin duration is longest when the onset and offset occur under dim light. C,
Horizontal bar chart showing the change in timing of melatonin onset in individual participants
from d 2 in room light to d 3 in dim light. In 99% of individuals, melatonin onset occurred earlier
in dim light relative to room light. Data are ranked in ascending order of magnitude. D-F, Similar
plots are shown for changes in the timing of melatonin offset from the morning of d 3 in room
light to d 4 in dim light (D), melatonin onset from d 3 in dim light to d 4 in dim light (E), and
melatonin offset from the morning of d 4-5 in dim light (F).

instead of dim light, during the daytime (28). In the present

strongly suppressed by room light (by
about 70%) before bedtime and during
the usual hours of sleep (Figs. 2—4).

Potential implications of
melatonin suppression by
electrical lighting

In modern society, people are rou-
tinely exposed to electrical lighting dur-
ing evening hours, after the onset of
melatonin production, to partake in
work, recreational, and social activities.
Our results demonstrate that this indoor
room light profoundly alters the timing,
duration, and amount of melatonin syn-
thesis, the health consequences of which
are unknown. Melatonin is the body’s in-
ternal representation of night duration,
or scotoperiod, and is sensitive to
changes in season in humans (5, 36).
Chronic exposure to evening electrical
lighting extends the photoperiod and
shortens the scotoperiod, which is
equivalent to placing modern humans
in a continual biological summer. This
could, in turn, have effects on metabolic
function via alteration of melatonin se-
cretion directly (18-20) or indirectly
via altered sleep duration (37).

The effects of exogenous melatonin
on human physiology suggest that this
hormone plays a role in regulating body
temperature, blood pressure, and sleep-
iness (12, 17, 38). Given the ability of
melatonin to inhibit linoleic acid up-
take, melatonin has also been proposed
asa treatment option for inhibiting can-
cer progression (39). In an animal
model for human cancer in which nude
rats were implanted with breast cancer
xenografts, perfusion with blood taken
from women exposed to dim light at
night, when melatonin is released, re-
duced tumor growth markedly (40). In
contrast, blood taken from women who
had been exposed to bright light at
night, which drastically reduced levels
of plasma melatonin, did not affect
growth rate of xenografts. Rates of

study, participants were also exposed to room light during ~ breast cancer are especially high in chronic shift workers
the day, which may have decreased melatonin suppression ~ (41-43), most of whom are exposed to light that is of
sensitivity at night; nonetheless, melatonin levels were  sufficient intensity to suppress nighttime melatonin levels.
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FIG. 3. Exposure to room light before bedtime decreases melatonin
(MLT) levels. A, Histogram showing the percent decrease in melatonin
from melatonin onset to bedtime when participants were exposed to
room light (<200 lux) vs. dim light (<3 lux) until scheduled sleep. The
AUC of the melatonin profile was determined in dim light and
compared with the AUC on the preceding day at the same relative
clock times. Median percent decrease in melatonin is indicated by the
vertical line with label. B, The melatonin rhythm is shown for three
representative volunteers exposed to room light (O) before and after
scheduled sleep in darkness (enclosed by the vertical dashed lines) vs.
exposure to dim light (@) at the same relative clock times on the
following day.

This, coupled with the finding that the rate of breast cancer
is lower in blind women without light perception (44 -46),
raises the possibility that chronic light suppression of mel-
atonin may increase the relative risk for some types of
cancer (47), an idea that was proposed nearly 25 yr ago by
Richard Stevens as part of his light-at-night theory (48,
49). Chronically exposing oneself to light at night could
also increase cancer risk by disrupting circadian clock
function; continuous exposure to light disrupts behavioral
rhythms and increases tumor malignity in C57BL/6 mice,
even though these animals do not secrete melatonin (50).
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FIG. 4. Exposure to room light elicits strong suppression of melatonin
during the usual hours of sleep. A, Participants lived in ambient room
light (<200 lux) and slept in darkness for 3 baseline days, after which
they underwent a constant routine procedure in room light (<200 lux).
Data are shown from either d 6-9 or 10-13 of a 14-d research
protocol (See Subjects and Methods). B, The melatonin rhythm is
shown for five individuals exposed to room light (O) during the
constant routine vs. darkness during sleep (@) on the preceding day.
Percent melatonin suppression by room light is indicated at the top of
each plot for the 8 h corresponding to habitual sleep (enclosed by the
vertical dashed lines).

If further research substantiates melatonin suppression as
a significant risk factor for breast cancer, our results dem-
onstrating strong suppression of melatonin with evening
room light could have important health implications.
Moreover, in future studies, it will be important to deter-
mine whether small, chronic changes in sleep, melatonin,
and circadian phase, as experienced every day in many
nonshift workers, might present a health risk in vulnerable



E470 Gooley et al. Evening Room Light Suppresses Melatonin

individuals (49). Given that melatonin receptor genes have
recently been linked to the pathogenesis of type 2 diabetes
(18-20, 51), it is possible that disruption of melatonin
signaling by exposure to light at night could contribute to
the increased risk for developing metabolic syndrome and
type 2 diabetes in shift workers. Hence, future work
should focus on determining the mechanisms by which
melatonin regulates glucose metabolism and the conse-
quences of inhibiting melatonin receptor signaling on
blood glucose and insulin levels (51, 52).

In conclusion, our findings demonstrate that melatonin
levels are remarkably sensitive to room light levels, with
exposure before bedtime resulting in strong suppression of
melatonin synthesis. As a result, exposure to room light
into the late evening has the effect of shortening melatonin
duration, thereby truncating the body’s internal represen-
tation of solar night. With growing evidence that melato-
nin receptor signaling plays an important role in regulat-
ing human physiology, in future studies, it will be
important to determine the impact of chronic nighttime
exposure to electrical lighting on melatonin suppression
and morbidity.
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