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Decreased melatonin production, due to acute suppression of pineal melatonin secretion by light exposure during
night work, has been suggested to underlie higher cancer risks associated with prolonged experience of night work.
However, the association between light exposure and melatonin production has never been measured in the field.
In this study, 24-h melatonin production and ambulatory light exposure were assessed during both night-shift and
day/evening-shift periods in 13 full-time rotating shiftworkers. Melatonin production was estimated with the
excretion of urinary 6-sulfatoxymelatonin (aMT6s), and light exposure was measured with an ambulatory
photometer. There was no difference in total 24-h aMT6s excretion between the two work periods. The night-shift
period was characterized by a desynchrony between melatonin and sleep-wake rhythms, as shown by higher
melatonin production during work and lower melatonin production during sleep when working night shifts than
when working day/evening shifts. Light exposure during night work showed no correlation with aMT6s excreted
during the night of work ( p > .5), or with the difference in 24-h aMT6s excretion between the two work periods
( p > .1). However, light exposure during night work was negatively correlated with total 24-h aMT6s excretion over
the entire night-shift period ( p < .01). In conclusion, there was no evidence of direct melatonin suppression during
night work in this population. However, higher levels of light exposure during night work may have decreased total
melatonin production, possibly by initiating re-entrainment and causing internal desynchrony. This interpretation is
consistent with the proposition that circadian disruption, of which decreased melatonin production is only one of
the adverse consequences, could be the mediator between night shiftwork and cancer risks. (Author
correspondence: marie.dumont@umontreal.ca)

Keywords: Cancer, Circadian disruption, Light-at-night, Light exposure, Melatonin suppression, Night shiftwork,
6-Sulfatoxymelatonin

INTRODUCTION

In 2007, the International Agency for Research on Cancer
(IARC) concluded that shiftwork that involves circadian
disruption is probably carcinogenic to humans (Straif
et al., 2007). This conclusion resulted mainly from two
lines of evidence: epidemiological studies on night
workers and animal studies on the effect of circadian dis-
ruption on tumor development. Although elevated breast
cancer risk in night-shift workers was not confirmed in all
epidemiological studies (O’Leary et al., 2006; Pesch et al.,
2010; Pronk et al., 2010), a recent meta-analysis found an
aggregated risk of 1.40 associated with prolonged
exposure to night work (Viswanathan & Schernhammer,
2009). Other studies also suggest that increased cancer
risk related to night shiftwork may also extend to endo-
metrial cancer (Viswanathan et al., 2007), prostate
cancer (Kubo et al., 2006), and colorectal cancer
(Schernhammer et al., 2003).

Some 15% to 24%of theworking population is involved
in night shiftwork (Costa et al., 2010). To protect the
health of night workers and develop appropriate preven-
tivemeasures, it is mandatory to identify which aspects of
night shiftwork may be associated with increased cancer
risk. One hypothesis proposed as an explanation is
that pineal melatonin secretion is decreased in night
workers. In day-active individuals, melatonin is secreted
at night, under tight circadian control, and its production
is suppressed by nocturnal light exposure (Brainard et al.,
2001; Thapan et al., 2001; Zeitzer et al., 2000). It was,
therefore, proposed that light exposure when working
night shifts decreases the amount of melatonin produced
by the pineal (Blask, 2009; Stevens, 1987; Viswanathan &
Schernhammer, 2009). Because melatonin reduces the
initiation and progression of tumor growth by multiple
mechanisms (Blask, 2009; Reiter et al., 2009), a decreased
production would deprive night workers from melatonin’s
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protective oncostatic effects and lead to increased
cancer risk.

It is often overlooked that, in night workers, melatonin
productionmay also occur in the daytime. After a few con-
secutive nights of work, a shift of the timing of melatonin
secretion and/or an increased duration of the daily
episode of melatonin production are not uncommon
(Dumont et al., 2001; Gibbs et al., 2002; Koller et al.,
1994; Quera-Salva et al., 1996; Sack et al., 1992; Weibel
et al., 1997). Therefore, assessing melatonin secretion
onlyover thenightmay underestimate realmelatonin pro-
duction in night workers. Only three previous studies esti-
mated total 24-h melatonin production in night workers
during both night and day work/days-off periods. All
used the urine concentration of 6-sulfatoxymelatonin
(aMT6s) as an indirect marker of melatonin production,
but the results varied. Two studies found decreasedmela-
tonin production during night-shift periods compared to
day-shift or days-off periods (Hansen et al., 2006; Yamau-
chi, 2004), but the third study observed increased pro-
duction during night-shift periods in some workers, and
similar levels during both night-shift and day-shift
periods in others (Gibbs et al., 2007). It seems, therefore,
that total melatonin production is not necessarily
decreased in all night workers. The reason whymelatonin
production is blunted in some night workers needs to be
identified in order to propose protective measures. More
specifically, it should be determined whether it is related
to direct suppressing effects of nighttime light exposure
or if it results from another form of circadian disruption.
No previous study measured both 24-h melatonin pro-
duction and light exposure in night workers to evaluate
the relationship between light exposure during work
time and total melatonin production.

The first aim of the present study was to test the
hypothesis that total 24-h melatonin production was
decreased when working nights, by comparing urinary
aMT6s excretion during night-shift and day/evening-
shift periods in the same rotating shiftworkers. The
second aim was to assess whether light exposure at
work during the night shifts was associated with melato-
nin production both during work time and over the 24 h.

MATERIALS AND METHODS

Subjects
Thirteen rotating night workers of a telecommunication
center completed the study: 10 women and 3 men, aged
23 to 50 yrs (mean ± SD: 36.3 ± 9.2 yrs). All subjects were
working a full-time schedule that included at least three
consecutive nights of work. Most subjects (n = 11) were
working 8-h shifts, with night shifts from 23:00 to 07:00 h
and day/evening shifts from 15:00 to 23:00 h (n = 8) or
11:00 to 19:00 h (n = 3). The other two subjects were
working 12-h shifts, with night shifts from 19:00 to 07:00 h
and day shifts from 07:00 to 19:00 h. When working
nights, the subjects went to bed between 08:00 and 10:15
h (08:56 ± .50 h) and woke up between 11:00 and 18:30 h

(15:01 ± 1.78 h). Eight of the 13 subjects often added a
nap in the evening, but no subject reported napping
during the night shift. During day/evening shifts, habitual
sleep schedules varied between 21:15 and 03:00 h (00:59 ±
1.73 h) for bedtime, and between 05:00 and 12:30 h (09:21
± 1.87 h) for wake time. No subject reported napping when
working day/evening shifts. Six subjects were using medi-
cations during the study, including antidepressants (2 sub-
jects), hypnotics (2 subjects), nonsteroid anti-inflammatory
drugs (1 subject), and medication for diabetes and choles-
terol (1 subject). None of the subjects were using melatonin
supplements or beta blockers. Studies were conducted in
winter–spring (February–April), except for one subject who
was studied in June. The study was approved by the ethics
committee of the Sacre-Coeur Hospital of Montreal, and
meets the ethical standards of Chronobiology International
(Portaluppi et al., 2010). Each subject signed the approved
consent form and received monetary compensation.

Study Protocol
Each subject was studied during two 48-h periods: once
when working night shifts and once when working day/
evening shifts. A study period always covered the
second and third work shifts in a series of three to
seven consecutive night or day/evening shifts. Melatonin
production was estimated with the urinary excretion of
aMT6s (Arendt et al., 1985; Mirick & Davis, 2008;
Nowak et al., 1987). Light exposure was measured with
a small ambulatory monitor (Actiwatch-L; MiniMitter/
Respironics, Bend, OR, USA). Subjects were asked to
wear the monitor around the neck, like a medallion, to
estimate retinal light exposure. The subjects wore it all
the time, except during sleep when the monitor had to
be placed face up on a bedside table. The subjects were
also asked to fill out short diaries to record the timing
of their sleep episodes, times when they removed the
monitor (e.g., for showers or sports), and the use of
caffeine, alcohol, and medication.

Measure of Melatonin Production
At the beginning of each 48-h period, each subject
received six empty bottles, identified for the first and
the second 24-h day, separately for work, sleep, and
leisure (including all time awake but not at work) epi-
sodes. Subjects were asked to empty their bladder in
the toilet at the beginning of the 48-h period, which
was always at the beginning of their second work shift.
Then, they had to collect all urine in the corresponding
bottles, writing the collection time and the bottle’s
number on a chart that included personalized instruc-
tions. Subjects were specifically instructed to urinate in
the “Leisure” bottle on their arrival at work, to collect
all urine during work time in the “Work” bottle, and
not to forget to urinate in the “Work” bottle just before
leaving the workplace. They were also asked to urinate
in the “Leisure” bottle just before going to sleep, to
collect all urine during their main sleep episode
(defined as their longest sleep episode of the day) in
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the “Sleep” bottle, and to urinate in the “Sleep” bottle
after their final awakening. Urine collected after naps, if
any, was added to the “Leisure” bottle. The charts in-
cluded a section to write the occurrence of any sample
not collected or collected in the wrong bottle. At home,
subjects kept the bottles in the refrigerator and carried
them to work in a thermos bag. At work, the bottles
were stored at 4°C in an electric cooler dedicated to the
research project. Within 24 h after each study period, re-
search assistants went to the workplace to measure urine
volumes and collect samples from each bottle. The
samples were then brought to the Chronobiology Labora-
tory and frozen at −20°C until the biochemical assays.
Urinary aMT6s concentration was determined in dupli-
cate using Bühlmann 6-Sulfatoxymelatonin ELISA
(Alpco Diagnostics, Windham, NH, USA). Inter- and
intra-assay coefficients of variance (CVs) were 16.5%
and 4.7%, respectively. The aMT6s concentration was
multiplied by the urine volume to obtain total excretion
for the work, sleep, and leisure episodes. Results from
the three episodes were added to obtain total 24-h
excretion for the work period. Because of variations in
the exact duration of the work shifts, all analyses were
also conducted on data expressed in nanograms/h (ng/
h), by dividing the total excretion by the exact number
of hours considered in the analyses.

Measure of Light Exposure
Light exposure (in lux) was recorded every minute. Except
during sleep, light data were excluded when there was no
movement for more than 30 consecutive minutes or
when the subject’s diary indicated that the monitor was
not worn. Excluded data never exceeded 10% of the data
set. Before any analysis, lux measurements were corrected
according to prestudy calibration results to make all data
equivalent to those obtained with the laboratory research
photometer (for details on the calibration procedures,
see Goulet et al., 2007). For the analyses of light exposure
during night work, data were averaged for each hour of
recording, and then averaged for the work episode. For
the analyses of 24-h light exposure, data were log-trans-
formed before calculating the hourly means, because of
the large variations in outdoor light intensity.

Data Analysis
Total aMT6s production over the 24 h (in ng and ng/h) in
the period of night work and in the period of day/evening
work was compared using paired t tests. For each period,
data from the two consecutive 24 h were averaged for the
analyses, except for six subjects who had only 24 h of data
available for at least one of the two periods. The compari-
sons between the two work periods according to daily
episodes were conducted using 2-by-3 repeated-
measures analyses of variance (ANOVAs), with two
levels for the factor Work (night vs. day/evening) and
three levels for the factor Episode (work, sleep, and
leisure). Huynh-Feldt corrections for sphericity were
applied, but original degrees of freedom are reported.

Differences between the night-shift period and day/
evening-shift period for each episode were tested with
simple-effects analyses when interactions were signifi-
cant. The Wilcoxon test was used to compare median
light exposure between the two periods, during work
time (in lux) and over the 24 h (in log lux). Finally, Spear-
man correlations between light exposure during night
work and melatonin production during work time, mela-
tonin production over the 24 h of the night-shift period,
and the difference in 24-h aMT6s excretion between the
two work periods were calculated. Data loss occurred
because of subjects’ mistakes during urine collection
(3 subjects) or because of monitor malfunction during
light recordings (3 subjects). Therefore, the exact
number of subjects varies and will be specified for each
analysis. Data are reported as mean and SD, unless indi-
cated otherwise. Significance was set at .05.

RESULTS

Melatonin Production

Total Urinary aMT6s Excretion Over the 24 h
There was no significant difference in aMT6s excretion
between the night work and day/evening work periods,
in ng (night work: 14 522 ± 4589 ng; day/evening work:

FIGURE 1. Individual results for 6-sulfatoxymelatonin (aMT6s)
excretion over the 24 h during the night-shift and the day/
evening-shift periods. The upper panel shows total excretion in
nanograms (ng), and the lower panel shows averaged hourly
excretion in nanograms/h (ng/h). For clarity, workers with
decreased excretion during the night-shift period are illustrated on
the left side (7 subjects for ng, 8 subjects for ng/h), and workers
with higher excretion during the night-shift period are illustrated
on the right side of the graph (6 subjects for ng, 5 subjects for ng/h).

Melatonin and Light Exposure in Night Workers 
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15 568 ± 7879 ng; p = .47; n = 13) or in ng/h (night work:
559 ± 199 ng/h; day/evening work: 641 ± 304 ng/h;
p = .14; n = 13). As illustrated with individual graphs in
Figure 1, about the same number of subjects showed
decreased (7/13 in ng, 8/13 in ng/h) or increased (6/13
in ng, 5/13 in ng/h) 24-h aMT6s excretion during
the night-shift period compared to the day/evening-
shiftwork period.

Urinary aMT6s Excretion During Work and Sleep
There were significant Period (work shift) by Episode
(work, sleep, leisure) interactions, both in ng (F2,18 =
15.6, p < .001, n = 10) and ng/h (F2,20 = 13.4, p = .001, n =
11). In both sets of analyses, the night-shift period was
characterized by more aMT6s excretion during work
time ( p < .01) and less excretion during sleep time
( p = .01) compared to the day/evening-shift period
(Figure 2). The lower excretion during leisure time was
not significant ( p = .16 in ng; p = .07 in ng/h).

Light Exposure

Comparison Between Night-Shift and Day/Evening-shift
Periods
There was no difference in median light exposure
between the night-shift and the day/evening-shift
periods, either during work time (night shift: 72.5 ± 54.9
lux; day/evening shift: 64.7 ± 50.8 lux; p = .39; n = 10)
or over the 24 h (night-shift period: 1.23 ± .26 log lux;
day/evening-shiftwork period: 1.13 ± .19 log lux; p = .33;
n = 10).

Correlations Between Light Exposure During Night Work and
Melatonin Production
Correlations were calculated between light exposure
measured during work time of the night-shift period
and melatonin production (Figure 3). There was no cor-
relation between light exposure during night work and
urinary aMT6s excretion during work time ( p > .5 both
in ng and in ng/h; n = 7). However, the correlation
between light exposure during night work and total
urinary aMT6s excretion over the 24 h of the night-shift
period was significant, when computed in ng (rS = −.73,
p = .02, n = 9) or in ng/h (rS = −.83, p < .01, n = 9),
showing that increased light exposure during night
work was associated with decreased melatonin pro-
duction over the 24-h period. There was no significant
correlation between light exposure during night work
and the difference between total aMT6s excretion
during the night-shift period and total aMT6s excretion
during the day/evening-shift period (calculated as day/
evening minus night), in ng (rS = −.43, p = .29, n = 8) or
in ng/h (rS = −.58, p = .10, n = 9).

DISCUSSION

Total melatonin production over the 24 h, as estimated
with aMT6s urinary excretion, was not decreased
during night-shift periods compared to day/evening-
shift periods in these rotating shiftworkers. In fact,
about half of the subjects showed higher total aMT6s
excretion during their night-shift period than during
their day/evening-shift period (Figure 1). It seems, there-
fore, that nighttime light exposure during night work did
not cause a decrease of total melatonin production in
these workers.

These results contrast with those reported in two pre-
vious studies in which aMT6s excretion was found to be
lower during 24-h periods of night-shift work compared
to 24-h periods of day/evening-shift period (Yamauchi,
2004) or days-off (Hansen et al., 2006; Yamauchi, 2004).
Between-study differences could be related to light inten-
sity levels during night work. In dark-adapted individ-
uals, the suppressing effect of light exposure is maximal
at illuminances >∼ 200 lux, half-maximal at ∼100 lux,
and minimal when <∼ 80 lux (Zeitzer et al., 2000). Even
if higher levels of light might be necessary to reach
maximal suppressing effects in the field, it remains that

FIGURE 2. Mean (and SEM) of 6-sulfatoxymelatonin (aMT6)
excretion during the night-shift and day/evening-shift periods,
for the 24-h day divided into three episodes: work time, sleep
time (main sleep episode only), and leisure time (all other
times, including naps). The upper panel shows total excretion in
nanograms (ng; n = 10), and the lower panel shows averaged
hourly excretion in nanograms/h (ng/h; n = 11). Asterisks indicate
significant differences between night-shift and day/evening-shift
periods ( p ≤ .01).
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large differences in suppressing effects of light on mela-
tonin can be observed over the range of typical indoor
light intensities (30–500 lux). With the range of light
intensities measured during work time in the present
study, there was no correlation between light intensity
and the difference in 24-h aMT6s excretion between
the night-shift period and the day/evening-shift period,
showing that there was no significant relationship
between the levels of light during night work and the
changes in 24-h melatonin production between night
work and day/evening work. However, it cannot be ex-
cluded that such a relationship would exist with higher
light intensities at work. In one of the previous studies,
global light levels in the work setting were in the range
of 500–800 lux (Yamauchi, 2004), which is quite high
for indoor lighting, especially at night. In the other
study (Hansen et al., 2006), light levels were not
measured. In our study, individual recordings showed
relatively low light intensity during work time (median
of 73 lux, on average). Similar or even lower light intensi-
ties during night work have been reported in the few
studies that used ambulatory light monitoring in work
settings: ∼35 lux in night watchers (Koller et al., 1993,
1994), <50 lux in night nurses (Borugian et al., 2005;
Dumont et al., 2001; Grundy et al., 2009), and <80 lux
in offshore night workers (Gibbs et al., 2007; Thorne
et al., 2008). Therefore, levels of light exposure measured
in the present study seem typical of many work environ-
ments during the night. However, significant suppression
of melatonin production during night work can be ex-
pected in work environments where light intensity is
much higher, as in some industrial settings.

During the night-shift period, light exposure during
work time was not correlated with melatonin production
during night work (Figure 3, left panels). In the range of
intensities measured during night work in this study
(29–223 lux), light exposure was not related to the absol-
ute quantity of melatonin produced during night work. It
cannot be excluded that some melatonin suppression
occurred during the night in some participants, but it
was not possible to calculate melatonin suppression in
this study. Because the timing of nighttime sleep epi-
sodes during day/evening-shift periods did not overlap
exactly with the timing of night work, there was no
precise estimate of melatonin production in darkness to
calculate melatonin suppression occurring specifically
during night work.

Of great interest was the inverse correlation measured
between light exposure during night work and total 24-h
aMT6s excretion (Figure 3, right panels). This suggests
that light exposure when working nights may, indeed,
affect melatonin production, but that the influence of
light is mediated by other mechanisms than acute mela-
tonin suppression during work time. Increased light
exposure during night work can initiate the process
of re-entrainment of circadian rhythms. Partial phase
shifts may, in turn, increase the proportion of melatonin
secretion occurring in the daytime, subjecting melatonin
production to direct suppression by daylight. Re-entrain-
ment also causes a transitory period of internal desyn-
chrony (Yamazaki et al., 2000), during which melatonin
production could be dampened. In support of this
hypothesis, a study conducted on off-shore oil rig shift-
workers revealed that 24-h melatonin production was

FIGURE 3. Correlations between light exposure measured during work time (median lux) and 6-sulfatoxymelatonin (aMT6s) excretion for
the night-shift period. Left panels show aMT6s excreted during work time (n = 7), and right panels show total aMT6s excreted over the 24 h
(n = 9). Analyses were conducted for aMT6s excretion in nanograms (ng, upper panels) and in nanograms/h (ng/h, lower panels).
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decreased only in workers not entirely adapted to their
work schedule (Gibbs et al., 2007).

It has been suggested that melatonin suppression,
alone, may be too restrictive to explain the alleged associ-
ation between nighttime light exposure and increased
cancer risks (Bollati et al., 2010; Erren & Reiter, 2008;
Reiter et al., 2009; Zhu et al., 2011). The abrupt change
in the timing of the sleep-wake cycle and the abnormal
relationship between the sleep-wake cycle and the exter-
nal light-dark cycle during night work cause a circadian
disruption that has many consequences on a variety of
functions. Internal desynchrony not only decreases mel-
atonin production (Zeitzer et al., 2007), but also impairs
sleep quality (Åkerstedt et al., 2010; Benhaberou-Brun
et al., 1999), cognitive functions (Wright et al., 2006),
mood (Driesen et al., 2010; Emens et al., 2009), metab-
olism (Morgan et al., 1998; Nguyen & Wright, 2010),
and cardiovascular functions (Scheer et al., 2009). In
the present study, 24-h aMT6s excretion divided into
work, sleep, and leisure episodes confirmed the presence
of significant desynchrony betweenmelatonin and sleep-
wake circadian rhythms during the night-shift periods. As
circadian disruption hastens tumor growth (Filipski &
Lévi, 2009), it is a likely mediator between night shiftwork
and cancer risks.

As for most field studies, this study presents many
limitations. Even small mistakes or omissions in urine
collection resulted in incomplete data sets and
decreased sample size. In the present study, 17 subjects
were recruited. However, three had to be excluded from
the analyses because of missing urine samples and one
for, unknowingly, using a supplement that included
melatonin. Of the remaining 13 subjects, 3 had
missing information on the timing of the samples, and
their data could not be included in the analyses by epi-
sodes. Therefore, we ended up with a relatively small
sample size, and our results will need to be confirmed
in a larger group of subjects. The participants of this
study also formed a very heterogeneous group. Although
this heterogeneity makes our sample representative of
real night workers, it may also mask the influence of
individual factors of vulnerability to melatonin suppres-
sion, such as age or some medication use. However, we
tried to limit the variability by studying all subjects on
their second and third shifts for both night and day/
evening periods. Confounding factors such as medi-
cation and alcohol use were carefully documented and
found to be similar during the two periods of measure
for each participant. Moreover, our results were certainly
affected by large individual differences in light suppres-
sion of melatonin, known to exist especially in the range
of intensities typical to indoor lighting (Bojkowski et al.,
1987). These differences may result from individual vari-
ation in retinal physiology, individual light history, or
other individual factors. Circadian sensitivity to light
has not been evaluated in the current or previous
studies. Such an evaluation might be worth including
in future studies of melatonin production in night

workers. Light recordings including specific assessment
of exposure to short-wavelength light, to which the cir-
cadian system is most sensitive (Brainard & Hanifin,
2005), are also warranted. Finally, studies need to be
extended to a variety of work environments, as light
exposure and shift schedules show large variations
across works settings.

In our study, melatonin production was similar
between night-shift and day/evening-shift periods in
the same subjects, but it could have been lower than in
permanent day workers, as found in another study
(Hansen et al., 2006). It would, therefore, have been of in-
terest to have a comparison group of day workers.
However, because melatonin production shows very
large interindividual variation (Bojkowski & Arendt,
1990; Burgess & Fogg, 2008), group comparisons necessi-
tate so many subjects that it usually precludes precise
measurements of melatonin and light exposure in the
field. This large variability also means that it is difficult
to estimate what is an “abnormally low” melatonin pro-
duction. In our subjects, there is no indication that
total 24-h excretion of aMT6s measured during both
night-shift and day-shift periods was abnormal, as it
was similar to amounts reported in subjects having
day-oriented lives (Bojkowski & Arendt, 1990; Lockley
et al., 1997).

In conclusion, our results show that melatonin pro-
duction, as estimated with urinary aMT6s excretion, is
not necessarily decreased during night work compared
to day/evening work, and suggest that light intensity in
many work settings is probably too low to produce
significant melatonin suppression. However, by triggering
the process of re-entrainment, higher light intensity during
night work may cause internal circadian desynchrony, of
which decreased melatonin production would be only
one of many adverse consequences. Since both increased
and decreased levels of nighttime light exposure have
been proposed to improve night workers’ health and
well-being (Boivin & James, 2005; Kayumov et al., 2005),
it is mandatory to understand exactly the effects of light
exposure in real work settings. More field data, including
bothphotometric andcircadianmeasures invariouspopu-
lations of night workers, will be needed to determine effec-
tive protection strategies.
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