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Abstract. Breast cancer is the worldwide leading cause of
cancer incidence among women. Night shift work exposure
has been recently considered one of the significant breast
cancer risk factors in industrialized countries. The mecha-
nisms by which this work exposure may be responsible for
cancer development is still discussed. In the last 15 years,
many authors have paid attention to the relationship between
night shift work and breast cancer risk. In the current study,
eight case-control studies and four prospective epidemio-
logical studies describing such relationship are discussed.
A positive correlation between night shift work and breast
cancer risk was described in 8 out of 12 studies. However,
different reasons suggest that some of these studies have an
Achilles heel according to the International Agency of Cancer
(IARC) indications. Both the circadian system alteration and
the melatonin output reduction, related to the exposure to
light-at-night during night shift work, remain the most valid
hypotheses on the causal relation of shift work and breast
cancer. Overall, the results of the present study suggest that
there is an association between night shift work and breast
cancer development in western countries. However, further
studies are needed to confirm such association and to under-
stand which biomolecular mechanisms may be involved in the
pathogenesis of cancer diagnosed in patients with night shift
work exposure.
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1. Introduction

Breast cancer has an important impact on the health of women.
It is the worldwide leading cause of cancer incidence among
women, accounting for over one-fifth of the estimated annual
4.7 million cancer diagnoses in females, and the second most
common tumour, after lung cancer in both genders (1-3). It is
also the worldwide most common cause of death from cancer
among women with about 375,000 deaths in the year 2000
(1-3). Furthermore, there is a considerable variation in the
incidence of the disease among different regions with higher
rates in most industrialized areas than in least industrialized
(4). Fifty percent of all breast cancer cases can be attributed to
known risk factors (5), primarily lifetime burden of estrogen
(6-8), alcohol (9), adiposity and weight gain (10), but there is
no consensus on what are the major causes of the international
differences in risk of breast cancer (5,11).

The advent of electricity in our society has extended the
lighted period allowing a large numbers of people to work
at night. In industrialized countries about 15-20% of the
working population is involved in night working regimens
or in intercontinental travel across several time zones (time-
windows that contain the so-called biological night) (12). In
the past decades different studies and reports refer to shift
work as one of the most upsetting factor of the biological
homeostasis as it is responsible of a mismatch between the
endogenous circadian timing system and the environmental
synchronizers (the light-dark cycle in particular) with
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subsequent disturbances of the normal circadian rhythms of
physiological functions (13). This phenomenon is connected
with short-term effects ‘jet lag’ syndrome and long-term
health effects such as alterations in lipid metabolism (14-17),
carbohydrate metabolism and insulin resistance (16,18),
growth hormone (19) and corticosteroid secretion patterns
and blood concentration (20,21).

First, it was hypothesized that the rising risk of breast
cancer in industrialized areas was partly due to the increased
use of electric light during night time (22). The mechanism
underlying this hypothesis has evolved from merely a question
of suppression of melatonin output to a question of disruption
of circadian rhythm and interaction with clock genes (23). In
the last 15 years, several studies have focused on the relation-
ship between shift work and breast cancer risk. However,
these studies remain controversial. In fact, Megdal ef al in
a meta-analysis of 13 studies showed that night shift work
increases the risk of breast cancer by 48% (24). In contrast,
only a limited evidence for a causal association between night
shift work and breast cancer has been described by Kolstad in
a critical review published in 2008 (25).

In the present study an update of the literature on the
shift work and breast cancer risk, by examining all previous
published studies, is carried out. Potential mechanisms by
which night shift work exposure may be responsible for cancer
development are also discussed.

2. Methods

In the present study a computerized search in PubMed was
conducted in October 2011. Search terms included ‘night
work’, ‘night shift’ or ‘shift work’, ‘circadian rhythm’ or
‘circadian disruption’ and ‘cancer’ and risk terms (breast,
breast cancer, risk and breast cancer risk). Night shift work
was defined as any shift schedule that included overnight
work. All of the abstracts were reviewed and the final set of
studies was decided upon. Only original epidemiologic studies,
specifically analyzing night or shift work and the risk of breast
cancer, were included. Any restrictions with regard to place of
origin or race of the women were not placed. Animal studies,
reviews, and studies that did not provide separate risk analyses
for breast cancer were excluded. Any study that did not separate
women from men was also excluded. Epidemiologic studies
of pilots, flight attendants, physician, radiologist, military and
police employees, fire fighters, or police and law enforcement
personnel that have been included in previous review articles
were not included since these studies did not specifically
include any information about night shift work for the study
participant (26,27). According to our inclusion criteria, 12
studies were identified. Of these, 8 were retrospective and 4
prospective (Tables I and II).

3. Case-control studies analyzing the relationship between
breast cancer risk and shift work exposure

Table I shows 8 case-control studies describing the relation-
ship between breast cancer risk and shift work exposure. A
positive correlation between shift work and breast cancer risk
was described in 6 out of 8 studies (28-35). Below are reported
in detail the results from each study.
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Tynes et al (28) conducted a nested case-control register-linked
study among 2619 women, radiotelegraph operators, who had
worked on merchant ships. The source of outcome informa-
tion was the Cancer Registry of Norway where 50 cases of
breast cancer were identified and 259 age-matched controls
were drawn from within the study population. Job histories
of the operators were obtained from the seamen register. Shift
work (categories 0, 1, 2, and 3) and travel through time zones
(categories 0 and 1) were classified for each ship mentioned
in the job histories by a shipping journalist and a researcher
with detailed knowledge of the recent history (1945-90) of
Norwegian merchant ships. ‘Shift work’, in this classification,
reflected frequent presence in the radio room both at night and
during the day. The longest exposure assessed by the study
was >3.1 years. The total work history since certification was
considered as exposure period. The index obtained by the
multiplication of the shift work variable with the number of
years employed in each category was used together with the
duration of employment to perform the analyses. For partici-
pants born in 1935 or later the analyses were adjusted for a
fertility variable (no children, years at birth of first child) but
the information was incomplete for participants >50 years,
whereas they were apparently complete for women <50 years.
Among those aged >50 years, an odds ratio of 5.9 (95% CI) was
observed when the group of operators in the highest category
(employed for >3.1 years) was compared with operators never
undertaking night shift work. Further, in women aged >50
years a significant exposure-response relationships were found
for duration of employment (P=0.02) and shift work (P=0.01).
For the operators who were not yet 50 years old there was no
excess of risk. In conclusion the study showed a possible asso-
ciation between breast cancer and shift work mostly in women
above 50 years of age.

In the USA, a study conducted by Davis et al (29), patients
were represented by 813 women aged 20-74 years with a diag-
nosis of breast cancer (ICD-O site codes 174.0-174.9) between
November 1992 and March 1995 and were identified by the
SEER (Surveillance, Epidemiology and End Results of the
NCI); control subjects were 793 woman, aged 20-74 years with
no history of breast cancer selected to be equal in number to
the case patients and frequency matched according to 5-year
age groups. An in-person interview was used to determine
information on known or suspected risk factors for breast
cancer, to obtain information on sleep patterns and habits in
the 10 years before the diagnosis and to ascertain lifetime
occupational history including any job lasting 6 months or
longer. For each job was defined the percentage of time worked
during the day, the evening and on the graveyard shift (defined
as ‘beginning work after 19.00 and leaving work before 9.00°).
Nine variables were characterized to define various aspects of
a subject's exposure to light at night via sleep habits, bedroom
lighting environment and shift work. Inter alia for the ten years
prior to a diagnosis three variables further characterized the
graveyard shift: i) ever worked during the graveyard shift, ii)
hours per week worked during the graveyard shift, and iii)
number of years worked at least one graveyard shift per week
(one shift was considered 8 h). The reported results stated that
women who worked the graveyard shift at least once in the 10
years before diagnosis are at an approximately 60% increased
risk (OR, 1.6; 95% CI, 1.0-2.5) for breast cancer compared with
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those who did not work the graveyard shift. The risk increased
by number of hours per week on the graveyard shift (OR, 1.06
for each hour; 95% CI, 1.01-1.13) and by the number of years
working at least one graveyard shift per week (OR, 1.13 for
each year; 95% CI, 1.01-1.27). Considering hours per week as
categorical variable it was found a trend of increase risk with
more hours per week of graveyard shift work (P=0.03). These
analyses were adjusted for some breast cancer risk factors as
oral contraceptive use, hormone replacement therapy, parity
and family history.

The study conducted by Hansen (30) comprised 7,565
cases of women with confirmed primary breast cancer, aged
30-54 years at the time of the diagnosis and identified in the
Danish Cancer Registry. Information on past employment
was reconstructed by record linkage with the files of the
Danish nationwide pension found that retains computerized
information about each job held from 1964. Of the breast
cancer patients 7% (530 women) have no employment records
(mainly housewives and assisting farmers' wives), leaving
7,035 female breast cancer patients who had an employment
history. Individually matched controls on year of birth and
gender were obtained from the file of the Central Population
Registry. The employment histories of the control subjects
were retrieved from the files of the pension found in the
same way as for cases. A nationwide interview-based survey
on living and working environment conditions showed that
the highest prevalence of female workers with night time
schedules (64-71%) were employed in the manufacture of
beverages, in land transport services, in catering and in air-
transport services (36). The same 1978 survey showed that
the average number of alcoholic drinks consumed was 3-6
times the median value for all female employees in the four
high prevalence night shift work trades (36). Women were
considered to work predominantly at night if they had been
employed for at least half a year in one or more of the trades
in which at least 60% of the female responders had night time
schedules. Trades with 40-59% female night time workers
were excluded from the analyses. From the Danish Central
Population Registry Hansen calculated the mother's age at the
time her first and last child were born. The adjusted odds ratio
for breast cancer among women employed for >6 months in
trades with predominantly (>60%) night work was in the range
1.1-1.9 in comparison with women employed in all other trades
with <40% night work. For all night work combined the OR
was 1.5 (95% CI, 1.3-1.7). Furthermore, it was affirmed that
the relative risk tended to increase with increasing duration of
night work, but only the results for women employed for >6
years in the specific trades were presented (OR, 1.7; 95% CI,
1.3-1.7). Controlled covariates were number of children, age at
birth of first child and age at birth of last child and current job
title. Hansen described a 1.5-fold increase in risk for primary
breast cancer among women who had worked for least half a
year in any trade with predominantly night work. Furthermore,
the relative risk tended to increase with increasing duration of
night work.

In a Norwegian study, Lie et al (31) conducted a nested
register-linked case-control study within a cohort of 44,853
women included in a national register of nurses. The registry,
established in 1949, included all nurses who had graduated
from a Norwegian nursing school between 1914 and 1980 and
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were alive in 1949 or born later. A total of 537 first occur-
rence breast cancer cases from 1960 to 1982 were identified
by linkage to The Cancer Registry of Norway. For each case,
four controls (alive and without breast cancer at the time
the cases were diagnosed) were randomly drawn from the
cohort and individually matched by year of birth for a total
of 2,143 controls. The sources of exposure information were
the Norwegian Board of Health's registry of nurses and census
data from 1960, 1970 and 1980. First year of employment
until termination of the last employment, date of diagnosis of
the case, or the 67th birthday, whichever came first were the
criteria to calculate the numbers of working years in the cohort.
The first source was made by nurse's self-reported information
and included job's beginning and end dates, work place, and to
some extent, department or ward, but the last regular update
was performed in 1968 and thereafter only sporadically. These
data were integrated with the above mentioned census infor-
mation by individual record linkage if the census' work code
was ‘nursing’ or ‘nursing and other care work’ or the industry
code was ‘health work’. All work at infirmaries, was assumed
to include night work, except for managerial jobs, teaching,
and work at physiotherapy or outpatients' departments.

An odds ratio of 2.21 (95% CI, 1.10-4.45; P=0.01), adjusted
for parity and total employment time as a nurse, was found
among nurses who worked nights for 30 years or more
compared with those who had not worked at night after gradu-
ation from nursing school. A 2-fold non-significant increase of
risk (adjusted for total employment time as a nurse and parity)
was found among 50 years and older nurses who worked
nights for 30 or more years, but a statistically significant trend
was observed (P=0.02). An elevated risk estimate after 15 or
more years of night work, but no significant trend, was seen for
nurses younger than 50 years. A similar pattern was found if
the last 20 years of employment were disregarded. The conclu-
sions reported in the study stated that for all ages combined,
and for nurses aged 50 years or older, an increase of risk was
observed in those who worked at night for 30 or more years,
compared with those with no night work after graduation from
nursing school. The increase was statistically significant for all
ages, and borderline significant for women 50 years or older.
For nurses younger than 50 years, a non-significant increase in
risk was seen after 15 years of night work.

More recently, in 2011, a positive correlation between
breast cancer risk and night shift work was highlighted by
Hansen er al (32) and Lie et al (33). In contrast, a negative
correlation was described by O'Leary et al (34) and Pesch et al
(35) in the 2 remaining case-control studies.

The association between breast cancer and light-at-night
exposures from both shift work and at home was evaluated
by O'Leary ef al (34). The study is based on data from the
Electromagnetic Fields and Breast Cancer on Long Island
Study (EBCLIS) part of the Long Island Breast Cancer Study
Project (LIBCSP) (37). The study population included 467
breast cancer cases and 509 controls enrolled through an
articulated procedure. The cases were diagnosed with first
primary in situ or invasive breast cancer between 1996-1997.
The exposure information were collected by interviews
including location, start and end dates for each job held during
the 15-year period prior to the reference date (date of diag-
nosis for cases or identification for controls). The frequency,
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duration, and type of shift work were determined for each of
these jobs. Evening shifts were defined as a shift started in the
afternoon and ended as late as 2:00 a.m., while an overnight
shift was described as a shift starting as early as 7:00 p.m. and
continuing until the following morning. The referent group
for these analyses included women who had never held jobs
involving shift work. Statistical analyses demonstrated a nega-
tive association among any overnight shift work and breast
cancer with an odds ratio, adjusted for age, parity, family
history, education and previous benign breast disease, of 0.55
(95% CI, 0.32-0.94). The aOR for overnight shift work but no
evening shift work was 0.64 (95% CI, 0.28-1.45). Findings
were similar for pre- and postmenopausal women, for women
<65 years of age, for invasive cases, and by estrogen receptor
status. No association was found between breast cancer and
increasing number of years working one or more overnight
shift per week with an OR of 0.32 (95% CI, 0.12-0.83) for
the longest exposure category (=8 years). When considering
overall shift work (evening or overnight shifts), they found
no association with breast cancer risk. However, when they
considered evening and overnight shift work separately, there
was a negative association with overnight shift work, with no
significant results for evening shift work.

Pesch et al (35) showed the risk estimates of night work
for breast cancer in German women from the GENICA (Gene
Environment Interaction and Breast Cancer) study. GENICA
was a German population-based case-control study that
enrolled 1143 incident breast cancer cases and 1,155 popula-
tion controls between 2000 and 2004. Cases were enrolled
from the major hospitals of the region and were women with
histopathologically confirmed breast cancer diagnosed within
six months before enrolment. Controls were ascertained as
a random sample from the population registries of the study
region and frequency matched to cases by age in 5-year
classes. Night shift work was defined as fulltime period work
between 24.00-05.00 hours according to the International
Labor Organization (ILO) convention (www.ilo.org/ilolex/
cgi-lex/convde.pl?C171). Risk was assessed by: i) having ever
done night work for =1 year, ii) its duration, iii) the cumula-
tive number of night shifts, iv) age at first incidence of night
work, and v) time since last night work. The final statistical
analysis was performed on 857 GENICA cases and 892
controls that derived from the original population through
a more detailed interview concerning their use of hormone
and shift work status. The group calculated risk estimates
as odds ratios (OR) with 95% confidence intervals (95% CI)
adjusted for several potential confounders: menopausal status,
education, breast cancer in mother or sister, parity, age at first
birth, duration of oral contraceptive and hormone therapy
use, BMI, smoking, number of mammograms until two years
before interview, and lifetime breastfeeding in months. The
results showed that, compared to women employed in day
shifts only, both shift and night work were not associated with
breast cancer risk (OR, 0.96; 95% CI, 0.67-1.38 and OR, 0.91;
95% CI, 0.55-1.49, respectively). Some positive associations
were found during the analyses but they were not statistically
significant. Furthermore, no significant trend for a cuamulative
number of night shifts (P=0.14), years in night shift (P=0.16),
and time since last night shift (P=0.09) were found. In this
study, having ever done night shift work was not associated
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with an increased breast cancer risk. Cases experienced on
average about 800 night shifts in comparison to 300 among
controls. Long-term night work was found to be associated
with a modestly increased breast cancer risk although this was
statistically not significant.

In the most recent study, Hansen et al (32) provided further
evidence that night shift-work increases the risk of breast
cancer as the odds ratio increased with duration and cumula-
tive overnight shifts; furthermore, the largest impact on risk is
associated with the most disruptive shifts. The analysis of risk
was performed among Danish nurses through an interview-
based case-control study nested within a cohort of 91,140
women members of the Danish Nurses Association (38). The
final cohort was restricted to the 58,091 members, free of
breast cancer, who were born between 1933 and 1970 and alive
in 2001, to better assess detailed information on shift-work
and potential confounders. A total of 310 cases of histological
confirmed primary breast cancer were recognized between
2001 and 2003. Telephone interviews were conducted to collect
individual information on occupational and non-occupational
exposure leading to a further reduction of the cohort to 267
patients and 1,035 controls. Work's characteristics were defined
with an accurate approach through the collection of specific
information for each job held at least 1 year and through a
classification of the job according to the most frequent occur-
ring rotating shift system in Danish nurses. To characterise the
shift-work in each job two partly overlapped variables were
used: type of shift (permanent day, rotating day-evening, day-
night, day-evening-night, other rotating and permanent night),
with calculated lifetime duration of each shift system weighted
by hours worked per week; and number of shifts after midnight
per month (‘graveyard shifts’, beginning after 19 and ending
before 9), with calculated lifetime cumulative numbers of such
shifts based on the duration and number per month. The odds
ratios were adjusted for age, weight regularity, use of hormone
replacement therapy, age at menarche, menstrual regularity,
menopausal status, age at birth of first child, breast cancer in
mother or sister, total duration of lactation. The authors found
a significantly increased odds ratio for breast cancer when
work after midnight was compared with permanent day work.
Among nurses having ever had permanent night shifts in addi-
tion to rotation night shifts the aOR was 2.9 (95% CI, 1.1-8.0)
and for after midnight shifts without permanent night shifts it
was 1.8 (95% CI, 1.2-2.8). The highest odds ratio associated
with rotating shift type (long-term day-night shift work) was
2.6 (95% CI, 1.8-3.8). This study had an innovative point of
view analysing the risk according to different shift systems,
including permanent night shifts. The results provided further
evidence that night shift-work may increase the risk for breast
cancer, the odds ratio tended to increase with duration and
cumulative overnight shifts the largest impact on risk is asso-
ciated with the most disruptive shifts.

In agreement, Lie ef al (33) in another study confirmed
the positive association between breast cancer risk and night
shift work throughout a nested case-control study within a
cohort of 49,402 Norwegian nurses. The cohort, established
in 2004, was represented by nurses graduated from a nursing
school between 1914 and 1985, on the basis of the Norwegian
Board of Health's registry of nurses. Cases were included if
diagnosed with a primary breast cancer in the period 1990
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and 2007, aged 35-74 years at diagnosis and alive by February
2009; furthermore, cases were grouped into eight 5-year age
strata. Controls were nurses in the cohort without breast cancer
prior to 2007 and alive by 2009. They were frequency matched
within 5-year age stratum for each diagnostic year and for each
diagnostic year 50% more controls than cases were selected
in each age stratum. Overall 699 primary breast cancer cases
identified and alive and 895 controls were interviewed and
included in the study. In the study, if nothing else was stated,
the term ‘night work’ included working periods from rotating,
as well as permanent, night schedules and included the work
of permanent night workers. The odds ratios for risk of breast
cancer were estimated in relation with different exposure
metrics: i) duration of employment in hospitals or other institu-
tions; ii) duration of work schedules including >3 night shifts
per month; iii) duration of work in schedules including night
work; iv) cumulative no. of lifetime night shifts; v) lifetime
average no. of night shifts per month; vi) duration of work
schedules including a minimum of 3-7 consecutive night
shifts. The analyses were adjusted for potential confounders:
age, period of diagnosis, parity, and family history of breast
cancer in mother or sister and frequency of alcohol consump-
tion at time of diagnosis. Non-significant increased risks
were observed for exposure to =30 years in hospitals or other
institutions (aOR, 1.1; 95% CI, 0.6-2.0), for exposure to =12
years in schedules including night work (aOR, 1.3; 95% ClI,
0.9-1.8), 21,007 night shifts during the lifetime (aOR, 1.2; 95%
CI,0.9-1.7), and lifetime average number of =4 night shifts per
month (aOR, 1.2; 95% CI, 0.8-1.6). Non-significant increased
risks of breast cancer were observed in nurses who worked
=5 years with =4 (aOR, 1.4; 95% CI, 0.9-1.9) and =5 (aOR,
1.6; 95% CI, 1.0-2.4) consecutive night shifts. Significantly
increased risks were seen in nurses who worked =5 years with
=6 consecutive night shifts (aOR, 1.8; 95% CI, 1.1-2.8). In the
new study, Lie et al suggests that breast cancer risk is related
to number of consecutive nightshifts (33).

4. Cohort studies analyzing the relationship between
breast cancer risk and shift work exposure

Four prospective epidemiological studies, describing the
relation between shift work and breast cancer, are reported
in Table II (39-42). Schernhammer et al performed two large
prospective cohort studies to assess the risk of breast cancer
among nurses following their rotating nightshift work (39,40).
In the first study the authors analyzed a population of 78,562
nurses derived from the United States Nurses' Health Study
(43,44) to assess the risk of breast cancer among night shift
worker in 10 years from 1988 to 1998. Night shift work was
defined as ‘rotating night shifts with at least three nights per
months in addition to days or evenings’. The exposure infor-
mation was collected by periodical questionnaire. Outcome
information were reported by nurses themselves and confirmed
by medical records, furthermore, the National Death Index was
used to identify deaths among the non-respondents. At the end
of the observation period 2,441 cases of breast cancer were
confirmed between 1988 and 1998. The analysis of the rela-
tionship between total years on rotating night shift and breast
cancer showed an adjusted relative risk (aRR) of 1.36 (95%
CI, 1.04-1.78) for those women who had worked 30 or more
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years on rotating night shifts compared with never workers.
Higher duration of working shift work was modestly associ-
ated with an increased breast cancer risk (P=0.02). In analyses
stratified by menopausal status, the relation of the duration
of highest night shift group and breast cancer was slightly
different in premenopausal (aRR, 1.66; 95% CI, 0.81-3.40)
and postmenopausal (aRR, 1.36; 95% CI, 1.04-1.78) women;
in the latter group the test for trend was statistically significant
(P=0.05). In the premenopausal women group also a modest
association (RR, 1.23; 95% CI, 0.97-1.55) was observed among
those who had worked 1-14 years on rotating night shifts. The
relative risk was adjusted for several potential confounders:
age, age at menarche, age at menopause, parity, age at first
birth, weight change between age 18 years and menopause (for
menopausal women only), body mass index at age 18 years,
current alcohol consumption, height, oral contraceptive use,
use of postmenopausal hormones, menopausal status, benign
breast disease and family history of breast cancer. In conclu-
sions, in this prospective study the risk of breast cancer was
statistically significantly elevated in postmenopausal women
who worked for 30 or more years on rotating night shifts,
compared with those who never worked rotating night shifts
and among premenopausal women an increased breast cancer
risk of 23% after 1-14 years of shift work.

In the second study, Schernhammer et al (40) analyzed
the relation between night shift work and breast cancer risk
in a cohort of premenopausal nurses, highlighting that this
was the first study analyzing the risk of breast cancer in this
type of cohort. The Nurses' Health Study II began in 1989 and
enrolled 115 022 nurses aged 25-42 years as study population.
The assessment of night shift work status was carried out
through self-reported information on the questionnaires filled
out in 1989, 1991, 1993 and 1997. In 2001, the participants
were queried, retrospectively, for the time periods 1993-1995
and 1997-1999, due to a lack of night work information in the
1995 and 1999 questionnaires. Night shift work was defined as
in the previous study of the group (39). Questions were asked
regarding both the amount of month working in rotating night
shift (six categories: 0, 1-4, 5-9, 10-14, 15-19 and 20 or more)
and permanent night shifts for 6 or more months. A total of
1,352 breast cancer cases, occurred between 1989 and 2001,
were identified by self-reports confirmed by medical records
and the National Death Index. In the analyses women were
classified by the lifetime total numbers of years they had
worked rotating night shift until the date of diagnosis. Other
analyses were equivalent with the procedures of the previous
Nurses' Health Study including the potential confounders (39).
The multivariate-adjusted RR was 1.79 (95% CI, 1.06-3.01)
for women who had worked for 20 or more years on rotating
night shift compared with woman who had never worked this
schedule with a P-value for trend of 0.65. No results were
presented for permanent night shift work. Overall, in this study
the risk of breast cancer was found to be modestly elevated in
women who worked for 20 or more years on rotating night
shifts compared with those who never worked rotating night
shifts.

Incontrast,different results were reported by Schwartzbaum
et al (41). The authors performed a register-based cohort study
covering all members of the Swedish population who were
gainfully employed (working at least =20 h per week) and who
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were included in both the 1960 and 1970 population censuses.
These workers were followed from 1971 through 1989 or to the
date of their death, whichever came first. Information about
date of death was obtained from the Swedish Cause of Death
Register. All of the cases of cancer that occurred within the
study were identified from the nationwide Swedish Cancer
Register. Based on data obtained by an annual survey conducted
by Statistics Sweden during 1977-1981, the 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 (any hour between 01:00 and
04:00) at least 1 day during the week preceding the interview’.
Finally they ‘calculated the percentage of shift workers in
each combination of job title and industry in the survey’. The
final definition of shift worker people used in the analyses was
‘people working in job-title and industry combinations with
at least 40% shift workers’ but analyses were made also on
those working in occupation-industry combinations in which
at least 70% of the participants were shift workers. The cancer
incidence among the exposed persons was compared with that
of people in occupation-industry combinations in which less
than 30% stated that they were shift workers. Overall 3% of
the men (69,759) and 0.3% of the women (3,057) worked in
occupations in which at least 40% was shift workers. Among
them, 6,792 newly diagnosed cancer cases were identified
in the national cancer register during the follow-up period.
Standardized incidence ratios (SIR) were used to compare the
adjusted cancer incidence rates for shift workers with those for
non shift workers. The SIR for breast cancer was 0.94 (95%
CI, 0.74-1.18) and overall the number of breast cancer cases
observed was close to the expected. Similar results were found
when analyzing workers of jobs with >70% shift workers. No
evidences were found for an association between shift work and
breast cancer incidence rates. Results were adjusted for poten-
tial confounding by age, socioeconomic status, occupational
position (employed manager, other employee, self-employed
with employees, self-employed without employees) and county
of residence.

In agreement with the overall findings reported by
Schwartzbaum (41), Pronk et al did not show any association
between night shift work and breast cancer risk in a cohort
study of Chinese women (42). This prospective population-
based cohort study of females was conducted among 73,049
women (recruited out of 81,170 between 1996 and 2000)
without prevalent cancer at baseline and that had held at least
one job outside the home. A biennial in-person interviews
(2000-2002; 2002-2004; 2004-2007) and an annual record
linkage to the Shanghai Cancer Registry and the Shanghai
vital statistics database were the source of outcome infor-
mation. A job exposure matrix classification of night-shift
work, developed by a Chinese industrial hygienist, was used
to calculate lifetime cumulative exposure. Night shift work
was described ‘as starting work after 10 pm at least 3 times a
month for over 1 year’. Data on the average number of night
shifts worked per week, the duration of shift work (years),
and the years of starting and ending shift work were also
collected. Hazard ratios (95% CI) obtained by statistical
analyses were adjusted for age, education, family history of
breast cancer, number of pregnancies, age at first birth, and
occupational physical activity. During a 9-year follow-up
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period 717 women were newly diagnosed with an invasive
malignant neoplasm of the breast. No statistical significance
was reached by any risk estimated in the analyses and no
consistent dose-response patterns were observed. Women
in the highest categories of duration (adjusted Hazard
Ratio, 0.8; 95% CI, 0.5-1.2) and cumulative night shift work
(adjusted Hazard Ratio, 0.7; 95% CI, 0.4-1.1) and women who
started night shift work after age 30 years (adjusted Hazard
Ratio, 0.7; 95% CI, 0.5-1.2) showed the greatest reductions in
comparison with women who had never worked night shifts
(P=<0.05 for all 3 associations).

5. Discussion

Breast cancer risk among night shift workers represents an
important topic of study among researchers interested in occu-
pational medicine, oncology and epidemiology. In 2007, the
International Agency on Research on Cancer (IARC) classi-
fied ‘shift work that involves circadian disruption’ as ‘probably
carcinogenic to humans’ (Group 2A) on the basis of ‘limited
evidence in humans for the carcinogenicity of shift work that
involves night work’, and ‘sufficient evidence in experimental
animals for the carcinogenicity of light during the daily dark
period (biological night)’ (45).

The two most recent studies, conducted by Hansen et al (32)
and Lie et al (33), emphasize that night shift work represents a
concrete risk of breast cancer because in both studies the main
TARC indications have been developed. However, the Achilles
heel of previous studies is represented by different reasons: 1)
the number of studies is still limited and not homogeneous,
ii) the risk achieved, although significant, is too moderate; iii)
the definition of night shift exposure is very rough, including
the different duration of shift work exposure reported in the
studies; iv) shift workers, during their working life, often
change their shift schedules; v) the uncertain assessment of
concurrent risk factors, confounders, or mediating factors
(age at menarche, smoking and body mass index, menopause,
number of children, age at birth of first child, parity, family
history of breast cancer, oral contraceptive use, hormonal
replacement therapy, benign breast diseases, and socioeco-
nomic status, total duration of lactation).

To make order on this matter the IARC working group
believes that several factors should be investigated for future
epidemiological cancer studies: shift system (start time of
shift, number of hours per day, rotating or permanent, speed
and direction of a rotating system, regular or irregular); years
on a particular non-day shift schedule and cumulative expo-
sure to the shift system over the subject's working life; shift
intensity (time off between successive work days on the shift
schedule) (45). These factors are based in part on the biological
considerations that workers on rotating or mixed night shift
should have the highest cancer risk because they do not retrain
to an altered circadian risk and adaptation speed can occur
with different speed in relation to a phase delay or a phase
advance shift (46-48).

The most valid hypotheses on the causal relation of shift
work and breast cancer were connected to the alteration of the
circadian system and to the idea that exposure to light-at-night
during night shift work is related to a reduction of melatonin
output (23).
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In the mammalian organism, the circadian system is
organized in a hierarchical way so that a master oscillator
in the suprachiasmatic nuclei (SCN) in the hypothalamus
regulates the downstream peripheral oscillators via humoral,
endocrine, and neural signals (49,50) into a coherent time
organization favouring optimal function (47,51). Circadian
rhythms in cell and organ physiology are driven and
controlled by an autoregolatory transcription-translation
feedback loop that regulates the expression of clock and
clock-related genes, which are present in all metabolizing,
nucleated cells of the body in a time-specific manner (52-54).
Circadian clock genes control numerous cell cycle-related
genes, cell cycle check points and tumor-suppressor genes
and modulate transcription factors such as cyclin Bl, Cdc2
kinase and cell division (55-57). Endocrine target tissues,
such as breast cancer, appear to be especially prone to
tumor development after circadian disruption from LAN,
a process in which the suppression of melatonin may play
an important role (31,40). But also non-endocrine tumors in
rodents were found to exhibit accelerated development after
repeated phase shift suggesting circadian cell cycle related
mechanism of carcinogenesis and or promotion (58,59). It has
been demonstrated that in vivo pharmacological inhibition
of light-induced MAPK pathway activation blocked RSK-1
phopshorylation, indicating that RSK-1 activity is regulated
by the MAPK pathway. The authors identified RSK-1 as a
light- and clock-regulated kinase and raised the possibility
that it contributes to entrainment and timing of the circa-
dian pacemaker (60). Of note, MAPK pathway is involved
in development of many cancers including breast cancer (61)
also known as an endocrine-associated cancer (62,63).

Melatonin may act on initiation, promotion and progres-
sion of tumors. A decrease of melatonin production favours
an upregulation of the gonadal axis, as demonstrated among
shift workers who had an increase in circulating estrogen
after prolonged exposure to shift work (64). Prolonged
exposure and or increased cellular response to estrogens
during a woman's lifetime are a well-known risk factor for
breast cancer (65,66). Moreover, melatonin acts as a free
radical scavenger directly or indirectly via activation of
the glutathione antioxidative pathways (67-69). Melatonin
acts as a response modifier to estrogens: i) exerts an anti-
estrogenic effect with interaction with ERa (70,71); ii)
counteracts the effect of estradiol on breast cancer cell
proliferation, invasiveness and telomerase activity (72-76);
iii) downregulates both the expression of protein growth
factors and the proto-oncogenes stimulated by estrogens
(71,78); and iv) downregulates the epidermal growth factor
receptor 2 (HER2/neu) (79).

Overall, the results of the present study suggest that there
is still a need to reduce the incidence of cancer by analyzing
the cancer risk factors; one of these might be the night shift
work that is growing in the industrialized countries. On
these bases, our research group has recently designed a case-
control study with the aim to better understand if night shift
work may be considered a true risk factor for breast cancer.
Moreover, breast cancer biopsy specimens from patients with
night shift work exposure will be analyzed to investigate if
bio-molecular characteristics may be associated with night
work exposure.
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