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Abstract
Several decades of observational data have accumulated to implicate a potential role for melatonin
in cancer prevention. Experimental studies suggest that the antineoplastic action of melatonin arises
through many different mechanisms, including melatonin’s antioxidant, antimitotic, and
antiangiogenic activity, as well as its ability to modulate the immune system and alter fat metabolism.
Melatonin interacts with membrane and nuclear receptors, and may be linked to the regulation of
tumor growth. Of particular relevance to breast cancer risk, melatonin may also block the estrogen
receptor ERα and impact the enzyme aromatase, which produces estradiol. A growing number of
epidemiologic studies have evaluated the relationship between night shift work as well as how
varying duration of sleep affects peak melatonin secretion at night. While the studies demonstrate
lower nightly melatonin levels in night workers, the evidence for an association between sleep
duration and melatonin production is less clear. Similarly, both case-control and prospective cohort
studies have consistently linked night shift work with breast cancer risk and, more recently,
endometrial cancer—another tumor highly sensitive to estrogens. While, to date, the evidence for an
association between sleep duration and breast cancer risk is less convincing, overall, there is
increasing support for a potentially important link between melatonin and breast cancer risk and
perhaps the risk of other tumors. As evidence increases, modifiable factors that have been shown to
affect melatonin production, such as night shift work, are likely to gain increasing recognition as
potential public health hazards. Additional studies are needed to delineate further the potential of
melatonin in cancer prevention.
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Introduction
Melatonin (N-acetyl-5-methoxytryptamine), a hormone produced primarily by the pineal
gland, appears to protect against cancer development. Melatonin biosynthesis depends on
dietary intake of the essential amino acid tryptophan, which is converted to serotonin and
subsequently metabolized to melatonin by the enzyme hydroxyindole-O-methyltransferase
(HIOMT).1 Normal melatonin daytime serum levels range from 1.4–2.1 pg/ml.2 Melatonin
exerts its actions by binding to nuclear receptors that belong to the RZR/ROR family and
membrane receptors MT1, MT2, and MT3, the mRNA expression of which fluctuates based
on the circadian rhythm, the melatonin plasma concentration and the amount of light.3–5

Several authors have proposed that nighttime shift workers have altered melatonin levels and
are more likely to develop cancer, including breast and endometrial cancer in women.6–8 In
2007, a total of 178,480 cases of female breast cancer were diagnosed in the U.S., making it
the most frequently diagnosed cancer among women.9 Known risk factors include age, family
or personal history of breast cancer, high breast tissue density, atypical hyperplasia, a history
of chest radiation, early menarche, nulliparity, recent use of oral contraceptives, age of birth
of first child over 30, obesity after menopause, physical inactivity, and consumption of one or
more alcoholic beverages a day.10 Endometrial cancer was the most common gynecologic
malignancy in the U.S. in 2007, with over 40,000 new cases and approximately 7,000 deaths.
11 Risk factors for endometrial cancer include factors that increase unopposed estrogen
exposure, including obesity, postmenopausal hormone use, nulliparity, older age at first birth,
early menarche, and late menopause.12 Smoking and oral contraceptive use decrease risk.13

This review will explore the current epidemiologic evidence on nighttime workers and the
association between melatonin and breast and endometrial cancer risk in women, as well as
discuss possible mechanisms by which melatonin may act specifically to reduce breast and
endometrial cancer risk among women.

Melatonin: Possible Oncostatic Mechanisms
Experimental studies suggest that the antineoplastic action of melatonin arises through myriad
possible routes, including antioxidant, antimitotic, and/or antiangiogenic activity, as well as
its ability to modulate the immune system and alter fat metabolism. More generally, melatonin
may have regulatory signaling functionality in that it appears to regulate initiation, promotion,
and/or progression of cancer.14, 15 Thus, the decrease in serum melatonin seen in night workers
may enhance tumor development, as suggested by numerous animal and in vitro studies. Apart
from melatonin’s antimitotic and antioxidant activity,16 immune system modulation of both
cellular and humoral responses by melatonin may also play a role in carcinogenesis.3 Melatonin
is thought also to play a role in apoptosis and angiogenesis;17–20 it has been shown to inhibit
endothelin-1 synthesis in blood vessels, by inhibiting the endothelin-converting enzyme-1,
which subsequently affects the release of vascular endothelial growth factors, a primary
stimulator of tumor angiogenesis.21

In vitro studies support an effect of melatonin particularly on breast cancer.22 Mechanistically,
this appears plausible given the antiestrogenic activity of melatonin and altered estrogen
production by melatonin’s ability to alter aromatase activity.23 Whether melatonin alters
progesterone levels is unclear. Further, melatonin in the presence of serum estradiol reversibly
inhibits cell proliferation, reduces the metastatic capacity of cancer cells, and counteracts the
stimulation by estradiol on cancer cell invasiveness.24, 25 This change in metastatic capacity
may be mediated by an increase in the expression of E-cadherin and β1-integrin. However,
melatonin also interacts with membrane receptors MT1 and MT2 as well as the nuclear RZR/
ROR α receptors4 and experimental evidence linking the MT1 melatonin receptor with growth
inhibition of MCF-7 human breast cancer cells in vitro was shown by Ram et al. after MT1
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receptor antagonism.26 Yuan et al. found that 1nM melatonin inhibited MCF-7 cell growth by
over 20 percent.27 An MT1/MT2 G protein-coupled receptor antagonist abolished the growth-
suppressive effects.27 The basal proliferation rate of ERα-positive MCF-7 cells was inhibited
by the overexpression of the MT1 receptor.27 In addition, melatonin has been hypothesized to
lower circulating estrogen levels through hypothalamic modulation, was described to block
selectively the estrogen receptor ERα, and prohibits the estradiol-ER complex from binding to
the estrogen response element in DNA.28–31

As a more indirect mechanistic pathway, an effect of melatonin on fat metabolism has been
described in relation to its cancer protective effects.32 Melatonin causes a decrease in cAMP
production, which results in decreases in the uptake of linoelic acid by fatty acid transporters.
33 Inhibition of lineolic acid may be antiproliferative, as it may be an energy source for tumor
growth.33 Animals exposed to short days gain more weight than those exposed to a normal
day’s length.34 In humans, an association between night shift work and the metabolic syndrome
is thought to exist.35 At least in one study, exogenous melatonin reduced weight gain,
particularly among obese women,36 and melatonin may influence appetite.37

Epidemiologic Evidence
1. Sleep duration, night shift work, and association with melatonin production

In humans, melatonin secretion is regulated by the hypothalamus, which receives
environmental light signals from the retina via the retino-hypothalamic tract. Artificial light
alters the natural release of melatonin, with highest levels of melatonin physiologically
occurring during the dark night phase and relatively low levels throughout the day.38

1.1. Sleep and melatonin—Three studies have explored the relationship between number
of hours slept and production of melatonin, as measured by excretion of the primary urinary
metabolite of melatonin, 6-sulfatoxymelatonin (aMT6S). Two of these studies did not find an
association between number of hours slept,6, 7 whereas one did.39 In the most recent of these
studies, Wu and colleagues examined the association between self-reported sleep duration and
breast cancer risk in a cohort with 525 postmenopausal breast cancer cases.39 They found breast
cancer risk to decrease with increasing sleep duration (9+ hours of sleep compared with <=6
hours of sleep, OR 0.67; 95% confidence interval (CI), 0.4–1.1). Those participants who slept
9 or more hours a night had a 42% higher mean level of urinary melatonin compared with those
who slept 6 or fewer hours; the association was modified by body mass index such that lean
women appeared to have the greatest benefit from longer sleep duration. In contrast, a Japanese
study of 206 postmenopausal women found that urinary aMT6s levels were not significantly
associated with the hours of sleep (p=0.08), nor were they associated with serum estradiol,
estrone, testosterone, or DHEAS levels.40 However, serum concentrations of estradiol and
estrone levels were higher for women awake at night versus those who were asleep by 1 AM,
whereas testosterone and DHEAS levels were not. Results from the Nurses’ Health Study
(NHS) did not support an important association between hours slept and urinary melatonin.
41 Given the conflicting evidence, whether longer durations of sleep are linked to increased
nightly melatonin production is unclear.

1.2. Night shift work and melatonin—Several studies confirm that night shift workers
tend to have lower melatonin levels than those who work day shifts due to their exposure to
light at night. One study identified a significant reduction of melatonin after approximately 2
weeks of intermittent night light exposure.38 An analysis of aMT6s in Danish nurses also found
that those women working night shifts had a significantly lower urinary concentration than
those working the day shift (p<0.01).42 All models were adjusted for age, BMI, smoking,
number of children, age at birth of first child, and menopausal status. Similarly, another study
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confirmed that night shift nurses had lower levels of aMT6S during night work compared with
either their days off or day shift work.43

2. Sleep duration and breast cancer risk
As suggested earlier, sleep duration may be a surrogate for time for, and therefore amount of,
melatonin production overnight, though observational evidence for such an association is scant
and inconsistent. Few prospective studies have evaluated the association between sleep
duration and breast cancer risk, and results have also been inconsistent. McElroy et al. studied
sleep duration in relation to breast cancer risk in 4,033 community-dwelling women with breast
cancer and 5,314 controls.44 Women who slept 9 or more hours a night had a non-significant
increased risk of breast cancer (RR 1.13, 95% CI 0.93–1.37). Similarly, data from the
prospective Nurses’ Health study cohort also do not support an inverse association between
longer sleep duration and breast cancer risk (OR, 0.95; 95% CI, 0.81–1.11 for those with 9+
hours of self-reported sleep duration).45 Conversely, Verkasalo and colleagues describe a
modestly inverse association between longer sleep durations and breast cancer risk in a
population-based study conducted in Finland. Among 242 women who developed breast cancer
throughout follow-up of 12,222 women with sleep duration data, the risk of developing breast
cancer was 0.69 (95% CI, 0.45–1.06) for those with 9+ hours of sleep, relative to those with
7–8 hours of sleep.46 The most recent prospective study of 23,995 Japanese women found a
significantly higher risk of breast cancer (HR 1.62, 95% CI 1.05–2.50) for those who slept less
than or equal to 6 hours a night.47 In sum, to date, evidence regarding an association between
sleep duration and breast cancer risk is conflicting and more studies are needed to delineate
fully a potential link between longer sleep durations and risk of cancer.

3. Night shift work and breast cancer risk
Evidence from ecologic studies suggesting a lower breast cancer rate in women living in
(presumably darker) Arctic regions, these observations led to the hypothesis that environmental
light is related to cancer risk.6 Though other factors like diet or vitamin D may in part explain
geographic variation in breast cancer incidence,48, 49 one possible contributing factor to these
variations is exposure to artificial light at night, as encountered by night shift workers.48

Another line of evidence in favor of an association between light at night and breast cancer
risk is that blind women, who may be less receptive to light, might produce more melatonin at
night and therefore may have a lower incidence of breast cancer.50 However, while several
studies have found a non-significant inverse relationship of blindness with decreased risk, the
two most thorough studies by Lee et al. and Klein et al. did not find an association.51–55

Compelling evidence for an association between night work and breast cancer risk stems from
eight observational studies. More specifically, an increase in female breast cancer risk has been
noted in all but two of the eight studies among night shift workers. Figure 1 displays the
summary estimate from a meta-analysis of all eight studies, suggesting a 40% increased risk
of breast cancer among women who work night shifts. The aggregate risk of breast cancer for
all studies of night shift workers combined was 1.40 (95% CI, 1.19–1.65).

Of all night shift work reports published to date, two are from prospective cohort data, one is
retrospective, and five are matched case-control analyses, some of which are nested in larger
cohorts. The two prospective cohort study reports both arise from the Nurses’ Health Study
(NHS) cohorts. The NHS questionnaire asked women in 1988 how many years in total they
had worked rotating night shifts with at least three nights per month in addition to days or
evenings in that month. Information on lifetime years worked on rotating night shift was
queried in eight categories: never, 1–2, 3–5, 6–9, 10–14, 15–19, 20–29, and 30 or more years.
Although other covariates were updated every two years from the beginning of the NHS cohort
in 1976 onwards, the night shift work question was assessed only once. Of 78,562 women
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followed for 10 years, 2,441 developed breast cancer. Women who worked 30 or more years
of rotating night shifts had a relative risk (RR) of 1.36 (95%CI, 1.04–1.78).56 Among the
Nurses’ Health Study II cohort of 115,022 predominantly premenopausal women at enrollment,
1,352 developed breast cancer. Those who worked 20 or more years of rotating night work had
a RR of 1.79 (95% CI, 1.06–3.01).57 Both cohort analyses controlled thoroughly for breast
cancer risk factors, including age and reproductive history, body mass index, family history of
breast cancer, benign breast disease, the use of hormones, and smoking status.

Tynes et al. published the first retrospective assessment of shift work and breast cancer risk.
58 In women aged 50 or above, they found a 4.3-fold increased risk of breast cancer after more
than 3 years of shift work. Occupational information was derived from the Norwegian seaman
registry in a cohort of 2,619 female radio and telegraph operators at sea. Hansen et al. conducted
a population-based nested case-control study among 7,565 women with breast cancer as
derived from the cancer registry, and their matched controls. Women in employments where
at least 60% of women had nighttime schedules had a 30% increased risk, compared with
women in occupations with less than 40% night work (OR, 1.3; 95% CI, 1.1–1.4).59 Davis et
al. published in 2001 a retrospective case-control study in which they included 813 women
with breast cancer and 793 controls. Women were interviewed with regards to their light
exposure during the prior 10 years and lifetime occupational history. An increased risk of breast
cancer (RR 2.3, 95% CI, 1.0–5.3) was seen for those who worked 5.7 or more hours per week
of overnight shift, after controlling for parity, family history of breast cancer, oral contraceptive
use, and recent discontinuation of hormone replacement therapy.60 Another population-based
case-control study by Lie et al., conducted in Norway, showed an increased risk of breast cancer
after controlling for duration of employment, age, social class, age at birth of first child, age
at birth of last child, and number of children.61 In this study, women who worked 30 or more
years had an increased breast cancer risk (RR 2.21, 95% CI, 1.10–4.45).

A register-based case-control study by O’Leary et al. showed no association between any shift
work and breast cancer risk (OR, 1.21; 95% CI, 0.90–1.64) but has important limitations in
their exposure definition.62 Further, another retrospective occupational cohort analysis of
2,102,126 male and 1,148,661 female workers in the Swedish population who worked at least
20 hours a week in 1970, and were followed from 1971 to 1989, was also negative.63

Information on shift work was obtained by personal interviews of 46,438 randomly selected
people. Night shift workers were defined as those who reported that their workplace had a
rotating schedule with three or more possible shifts per day or had work hours during the night
at least 1 day during the week preceding the interview. Workers were categorized as either
exposed or not exposed and by duration of shift work. Among 268 female night shift workers,
the standardized incidence ratio (SIR) for all sites combined was 1.00 (95% CI, 0.89–1.13);
70 breast cancer cases occurred, resulting in an SIR of 0.94 (95% CI, 0.74–1.18). The authors
raise the issue that there may be exposure misclassification; people assigned to night work may
have worked only a few nighttime shifts and therefore were relatively unexposed. The duration
of exposure may have also been fairly short, and other studies have found that the increased
risk is often seen in those who have several decades of exposure.63 In addition to studies of
night shift workers, seven flight attendant studies were published with the general population
as their referent group. All but one of these seven studies indicated a higher incidence of breast
cancer among the female flight attendants.64 The largest study reviewed 44,021 flight
attendants and found 129 breast cancer cases from 1988 to 1995. The SIR for breast cancer
was 1.42 (95% CI, 1.09–1.83).65 In a meta-analysis combining all seven studies, the SIR for
breast cancer was 1.44 among all flight attendants (95% CI, 1.26–1.65).64
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4. Circulating melatonin and breast cancer risk
4.1. Early evidence from retrospective studies of melatonin and breast cancer
risk—Several authors have proposed that the reduction in melatonin seen in night shift workers
may be related to an increased risk of breast cancer.48 The first report to evaluate an association
between circulating melatonin levels and breast cancer risk in 10 women was conducted by
Bartsch et al. in 1981. It found in a small sample of women with advanced breast cancer, when
compared with healthy controls, that they had lower levels of urinary melatonin.66

Subsequently, Tamarkin et al. found that women with ER-positive breast cancer had a reduced
nocturnal increase in melatonin, and observed an inverse correlation between ER levels and
peak melatonin values.67 Several subsequent studies examined melatonin levels in cancer
patients.66–77 Because blood samples for melatonin were typically collected after a diagnosis
of cancer in these retrospective studies, they are limited in their ability to assess the hormone’s
predictive value for breast cancer risk. However, data from untreated patients with localized
breast cancer provide evidence for a nocturnal surge of melatonin that parallels an increase in
tumor-size and the development of distant metastases.68–70 Together with evidence from
untreated primary prostate cancer patients, where melatonin levels were particularly high if
well-differentiated G1 (incidental) carcinomas were present,78 these observations suggest
complex interactions between the pineal gland and tumor growth. Melatonin has a potential
role in different phases of carcinogenesis such as initial activation, inhibition of tumor growth,
and re-stimulation as cancer cells disseminate; this complexity may account for apparent
inconsistencies found in prospective studies.

4.2. Prospective studies of melatonin and breast cancer risk—More recently,
evidence from prospective case-control studies nested in larger cohorts has been published.
An Italian case-control study nested within the ORDET cohort assessed the concentration of
melatonin’s major metabolite, 6-sulfatoxymelatonin (aMT6s) in 178 postmenopausal women
with incident invasive breast cancer and 710 matched controls. Matching factors were age,
date of recruitment (+/− 180 days), and laboratory batch. The multivariate relative risk, reported
as the odds ratio (OR), for women in the highest quartile of total overnight aMT6s output
compared with the lowest, was 0.56 (95% CI, 0.33–0.97). Overnight urinary aMT6s level and
breast cancer risk were more strongly associated in women who were diagnosed with invasive
breast cancer more than 4 years after urine collection (OR 0.34 highest versus lowest quartile,
95% CI, 0.15–0.75).79 A second case-control study in postmenopausal women was conducted
nested within the NHS cohort.80 In that study, aMT6s levels were available for 357
postmenopausal women who developed incident breast cancer along with 533 matched control
subjects. An increased concentration of urinary aMT6s was statistically significantly associated
with a lower risk of breast cancer with an odds ratio for the highest versus lowest quartile of
morning urinary 6-sulfatoxymelatonin of 0.62 (95% CI, 0.41–0.95; p for trend = 0.004).

Evidence for an association between urinary melatonin and breast cancer risk among
premenopausal women is also sparse and has been less consistent, perhaps in part due to varying
urine sampling methods used in these studies. Only two prospective studies have evaluated the
associations, one of which did not find an increased risk,81 whereas the other one described a
significantly reduced risk of breast cancer risk in women with the highest melatonin levels. In
the first study, a prospective study of urinary 6MTs in 127 cases and 353 controls matched for
age, recruitment date, menopausal status, day of menstrual cycle for premenopausal women,
or number of years postmenopausal for postmenopausal women, the OR for breast cancer was
0.99, (95% CI, 0.58–1.70), comparing the highest to the lowest category.81 This study utilized
24-hour urine collection, in contrast to the NHS II, which used first-morning urine samples.
82 The use of 24-hour urine may decrease power to detect potential differences by case-control
status, but the confidence limits of this study do not preclude an effect of melatonin on breast
cancer risk. In the NHS II cohort, finally, aMT6s levels were measured in the first-morning
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urine of 147 women with invasive breast cancer and 291 matched control subjects. The OR
for women in the highest quartile of urinary aMT6s was 0.59 compared with those in the lowest
quartile, and remained unchanged after adjusting for several important confounding factors.57

In summary, though evidence for an association between melatonin and breast cancer risk
continues to accumulate, further definitive studies are needed. These studies should address
optimized sampling strategies (i.e., to obtain nocturnal or first morning urine instead of 24-
hour samples) and the time between urine collection (as an apparently healthy person) and
cancer diagnosis, as it is conceivable that melatonin secretion is stimulated during early sub-
clinical stages of tumor development.

5. Endometrial cancer
Prior evidence indicates that women with endometrial cancer have lower melatonin levels.83

Whether or not an MT2 melatonin receptor subtype found in a human endometrial cancer cell
line may mediate the cancer protective effect is not clear.84 In 2007, the first prospective cohort
study of shift work and endometrial cancer was published, and demonstrated that the risk of
endometrial cancer was significantly elevated among women with 20 or more years work on
rotating night shifts, particularly obese women.85 No significant increase in endometrial cancer
risk was noted among leaner women working rotating night shifts. In this analysis from the
Nurses’ Health Study, 121,701 women enrolled in a prospective cohort study in 1976, and
53,487 women provided data on rotating night shift work in 1988 and were followed through
June 1, 2004. A total of 515 women developed medical record–confirmed invasive endometrial
cancer. Cox regression models were used to calculate multivariate relative risks (MV RR),
controlling for endometrial cancer risk factors. Women who worked 20+ years of rotating night
shifts had a significantly increased risk of endometrial cancer (multivariate relative risk (MV
RR) 1.47, 95% CI, 1.03–1.14).

Body mass index (BMI) is a known risk factor for endometrial cancer, and when stratified by
body mass index, the highest endometrial cancer risk was identified among night workers with
a BMI>30. Obese women working rotating night shifts doubled their baseline risk of
endometrial cancer (MV RR 2.09, 95% CI 1.24–3.52) compared with obese women who did
no night work, whereas a non-significant increase was seen among non-obese women (MV
RR 1.07, 95% CI 0.60–1.92). Therefore, evidence of effect modification by BMI was present;
that is, the risk of endometrial cancer among night shift workers varied by whether the women
are obese or not. On stratification for other known endometrial cancer risk factors, including
postmenopausal hormone use, oral contraceptive use, or smoking, no significant interaction
was noted. Confirmation by other prospective trials of these interesting findings in endometrial
cancer will substantiate potential future public health recommendations

Conclusion
Melatonin exhibits several oncostatic actions, including effects on estrogen and fat metabolism,
which may impact the risk of breast and endometrial cancer in women. Exposure to light at
night, as it occurs in night shift workers, has been shown to reduce melatonin levels. Evidence
for a relationship between melatonin production and cancer risk is accumulating from several
more recent nested case-control studies and is further supported by indirect evidence from
observational studies of night workers, in whom a higher breast and endometrial cancer risk
has been described. Future studies in this area will help to clarify whether melatonin has a role
in future cancer prevention strategies.
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Figure 1.
Meta-analysis of the risk of night shift work and breast cancer risk.
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