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Objectives The potential mechanisms that link night-shift work with breast cancer have been extensively
discussed. Exposure to light at night (LAN) depletes melatonin that has oncostatic and anti-estrogenic properties
and may lead to a modified expression of estrogen receptor (ER) o.. Here, we explored the association between
shift work and breast cancer in subgroups of patients with ER-positive and -negative tumors.

Methods GENICA (Gene-ENvironment Interaction and breast CAncer) is a population-based case—control study
on breast cancer with detailed information on shift work from 857 breast cancer cases and 892 controls. ER status
was assessed by immunohistochemical staining. Associations between night-shift work and ER-positive and -nega-
tive breast cancer were analyzed with conditional logistic regression models, adjusted for potential confounders.

Results ER status was assessed for 827 cases and was positive in 653 and negative in 174 breast tumors.
Overall, 49 cases and 54 controls were “ever employed” in shift work including night shifts for 21 year. In total,
“ever shift work” and “ever night work” were not associated with an elevated risk of ER-positive or -negative
breast tumors. Night work for >20 years was associated with a significantly elevated risk of ER-negative breast
cancer [odds ratio (OR) 4.73, 95% confidence interval (95% CI) 1.22-18.36].

Conclusions Our case—control study suggests that long-term night-shift work is associated with an increased
risk of ER-negative breast cancers. Further studies on histological subtypes and the analysis of other potentially
relevant factors are crucial for discovering putative mechanisms.

Key terms case—control study; circadian disruption; Germany; health; occupation; shift work.

Shift work causes circadian disruption and was classi-
fied as “probably carcinogenic” (Group 2A) to humans
by the International Agency for Research on Cancer
(IARC) in 2007 (1). Approximately 25% of German
employees are currently involved in schedules of shift
work (2). Six percent of employed German women
work in night shifts on a frequent basis (3). The putative
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mechanisms that link shift work and cancer have been
extensively discussed for several cancer sites (4), in par-
ticular for breast cancer. With an estimated 1.4 million
incident breast cancer cases worldwide in 2008 (5) and
rising incidences in Western countries during the last
decades, the hypothesis of light exposures during night
(LAN) work influencing the circadian rhythm and the
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hormonal balance has emerged as a relevant research
topic (6, 7).

Under normal conditions without night work, the
endogenous circadian pacemaker located in the supra-
chiasmatic nuclei (SCN) synchronizes circadian rhythms
to the regular 24-hour light—dark cycle. The retinohypo-
thalamic tract mediates information about the light—dark
cycle. Via inhibitory neuronal activity, the SCN controls
the production of the neurohormone and indoleamine
melatonin (N-acetyl-5-methoxytryptamine). During the
daytime, the pineal synthesis of melatonin is almost
negligible (8).

Shift work as well as lifestyle may lead to altered
sleep habits, sleep deprivation, and circadian disruption
and is thought to interact with the circadian regulation
of hormones that may be also relevant to cancer devel-
opment. This is supported by the observational study
of Flynn-Evans and colleagues (9) where blind women
with no perception of light showed a reduced breast can-
cer risk compared to blind women with light perception.
Garland and colleagues (10) hypothesized that lack of
sunlight on the skin and consequent inadequate vitamin
D production might be another carcinogenic mechanism.
Furthermore, it has been argued that LAN also disrupts
cortisol rhythms, which might also have an effect on
breast cancer risk (11).

In animal models, exposure to LAN decreases the
secretion of neurohormones such as melatonin (12).
In cell lines and xenografts of human breast cancer,
melatonin has antiproliferative properties that are prob-
ably mediated through a major mechanism involving
the activation of the melatonin receptor MT1 (13).
Melatonin is thought to inhibit the growth of human
breast cancer xenografts via MT1-mediated suppression
of cAMP leading to a blockade of linoleic acid uptake
and its metabolism to the mitogenic signaling molecule
13-hydroxyoctadecadienoic acid (13-HODE). Other
putative oncostatic mechanisms include antioxidant
effects as a potent free radical scavenger, inhibition
of telomerase activity, metastasis and angiogenesis,
stimulation of cell differentiation, and activation of the
immune system (14). In the avian hypothalamus, mela-
tonin induces gonadotropin-inhibitory hormone (GnlH),
a neuropeptide that inhibits gonadotropin synthesis and
release, as well as GnlH expression, thus inhibiting
plasma LH concentrations and consequently influencing
estrogen production (15).

Tamarkin and colleagues (16) suggested an inverse
association between nocturnal melatonin levels and
estrogen receptor (ER) expression in breast tumors.
Melatonin is considered to be involved in the regulation
of the ER expression (14). ER exerts various cellular
functions and interacts with transcription factors (17).
It has been suggested that ER has a carcinogenic effect
by increasing the rate of cell divisions and therefore the
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number of random DNA mutations. Melatonin seems to
inhibit the binding of the E,-ER complex to the estrogen
response element in regulatory gene regions (18). Fur-
thermore, melatonin down-regulates the hypothalamic-
pituitary reproductive axis and acts as a selective estro-
gen receptor modulator (SERM) and selective estrogen
enzyme modulator (SEEM) via altered ER action on the
tumor cell level.

The association between shift schedules, melatonin
concentrations, and the development of breast cancer
subtypes is part of ongoing studies. In the Nurses’
Health Study (NHS), Schernhammer et al (19) found
an inverse association between melatonin levels and
breast cancer risk in postmenopausal women and in
a subgroup analyses of women with ER-positive and
-negative tumors.

To explore associations of night-shift work and
ER status of breast tumors, we embarked on a more
detailed analysis of the data of the GENICA (Gene—
ENvironment Interaction and breast CAncer) study
and extended the analyses from Pesch et al (20) to
subgroups of ER status. We hypothesized that long
duration of night-shift work promotes the risk of ER-
positive breast tumors.

Methods

Study population and breast cancer risk factors

A population-based case—control study was conducted
in the Greater Region of Bonn, Germany, as previ-
ously described (21). In brief, 1143 incident breast
cancer cases and 1155 population controls were enrolled
between 2000-2004 with response rates of 88% and
67%, respectively. Cases were enrolled from the major
hospitals of the region. Controls were ascertained as
random sample from the population registries of the
study region and frequency-matched to cases by age
in 5-year classes. Inclusion criteria comprised age <80
years and being of European descent. Incident cases
were women with histopathologically confirmed breast
cancer diagnosed within six months before enrolment.
Data on known and suspected risk factors, includ-
ing a detailed occupational history, were obtained by
in-person interviews (hereafter referred to as “core
interview”). All participants gave written informed
consent. The ethics committee of the University of Bonn
approved GENICA.

In order to assess more detailed information on shift
work and hormone replacement therapy (HRT) (22-24),
subsequent telephone interviews were performed for 857
GENICA cases and 892 controls on hormone prescrip-
tions between 2004-2007. In addition, shift work infor-
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mation was assessed for GENICA women, including
having ever or never worked in shift or night work for
>1 year with the corresponding time frames. Among 247
GENICA women reporting shift work, 223 women (104
cases, 119 controls) could be reached for another tele-
phone interview to collect detailed shift-work informa-
tion for each occupational period (hereafter referred to
as “shift interview”). Comprehensive plausibility checks
were applied to assess night work and lifetime exposure
to night shifts. Variables on shift and night-shift work
were similar to those of our previously published study
on shift work and breast cancer (20). Shift work was
defined as ever having worked in shift work for >1
year. Night work was defined as ever having worked in
night shifts for >1 year and working the fulltime period
between 24:00-05:00 hours. Duration of shift work and
other temporal information was truncated at the date of
the core interview.

Determination of receptor status

For determination of ER expression, paraffin-embedded
tissue specimens were stained immunohistochemically
by a monoclonal nuclear antibody (25). Evaluation of
receptor status followed the German Immuno Reactive
Score as it is routinely used for evaluation of hormonal
receptor expression for estrogen (26). The number of
positive cells was multiplied by the intensity of nuclear
staining. The following score levels were used: 0=0%,
1=1-10%, 2=11-50%, 3=51-80%, 4=>80% positive
cells and O=negative, 1=weak, 2=moderate, 3=strong
intensity of staining. The maximum score level was 12
for hormonal receptors corresponding to strong stain-
ing and >80% positive cells. Score levels of >2 were
defined as positive expression. In addition, to enhance
the number of subjects in subgroup analyses,receptor
status was classified as positive or negative by reference
pathology when either percentage or intensity of staining
was missing in the dataset. In 30 cases, no information
on ER status was available.

Statistical analysis

The association of night work with breast cancer was
investigated with logistic regression models conditional
on age (2044, 45-49, 50-54, 55-59, 6064, 65-69, >70
years) among 857 breast cancer cases and 892 controls
with information on shift status. The PHREG procedure
in SAS software, version 9.2 (SAS Institute Inc, Cary,
NC, USA) was used to calculate risk estimates as OR
with 95% CI.

The set of potential confounders comprised meno-
pausal status (pre- or postmenopausal), education, breast
cancer in mother or sister, parity (nulliparous, 1-2, >3
children), age at first birth (nulliparous, <25, 25-<30,
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>30 years), duration of oral contraceptive use and dura-
tion of menopausal HRT use (never, >0—<10, > 10 years),
body-mass index (BMI) (<22.5, 22.5-<25, 25-<30, >30
kg/m?), smoking status (current, former, never), number
of mammograms until two years before interview, and
lifetime breastfeeding in months. Women were con-
sidered premenopausal if they reported bleedings in
the year of interview and no bilateral oophorectomy.
Education was categorized as low=no occupational
qualification and <8 years at school, high=university
degree, and medium=other. For model building, night
work was forced into the statistical model and potential
confounder variables were added one at a time. Con-
founder variables were included in the final model if the
respective risk estimate reached a significance level of
15%. Confounder variables are family history of breast
cancer, HRT use, and number of mammograms. Local
P-values <0.05 were declared as significant.

The reference group for shift work was defined as
women employed in day work only. Never employed
women were classified as a separate group. Risks were
estimated for ever having done night work (“ever night
work”™), duration of night work, cumulative number of
night shifts with and without the condition of >3 night
shifts per month using the corresponding 3" quartile
among controls as cut-off (807 and 1056 nightshifts,
respectively). Subgroup analyses for cases with ER-
positive and -negative tumors were performed.

Results

The distributions of risk factors for breast cancer are
presented in table 1. Comparing receptor status, younger
cases more often had ER-negative tumors (age <50
years: 35.1% versus 21.9% among controls), reflected
also by a higher prevalence of premenopausal women.
Use of HRT for >10 years was associated with a higher
prevalence of ER-positive tumors (30.1% in ER-pos-
itive, 19.3% in ER-negative, and 20.8% in controls).
A history of familial breast cancer was related to both
positive and negative tumors (13.2% and 12.1%, respec-
tively, versus 7.0% in controls). Other reproductive
or lifestyle factors showed no significant differences
among patients with ER-positive or -negative status.
Table 2 presents the distribution of potential risk fac-
tors for breast cancer by employment and shift status in
the GENICA study population in relation to the ER sta-
tus. Age-adjusted OR were calculated by logistic regres-
sion conditional on age, adjusted for family history
of breast cancer, HRT, and number of mammograms.
Women who were never employed were different in
age, lifestyle and reproductive factors (data not shown).
Therefore, we chose “employed women” and “employed
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Table 1. Potential breast cancer risk factors in participants of the GENICA study. [ER=estrogen receptor]

Factor 2 All cases ER-positive cases ER-negative ER-missing Controls
(N=857) (N=653) cases (N=174) cases (N=30) (N=892)
N % N % N % N % N %

Age (years)

<50 199 23.2 132 20.2 61 35.1 6 20.0 195 21.9

50—<60 268 31.3 203 3141 56 322 9 30.0 276 30.9

60-<70 288 33.6 239 36.6 41 23.6 8 26.7 304 341

70-80 102 11.9 79 121 16 9.2 7 23.3 17 13.1
Menopausal status

Pre 218 25.8 148 23.0 62 35.8 8 28.6 207 235

Post 627 74.2 496 77.0 111 64.2 20 7.4 673 76.5
Education ®

High 116 13.5 90 13.8 24 13.8 8 26.7 142 15.9

Median 634 74.0 480 735 134 77.0 20 66.7 642 72.0

Low 107 12.5 83 12.7 16 9.2 2 6.7 108 121
Parity

Nulliparous 147 17.2 108 16.5 34 19.5 5 16.7 157 17.6

1-2 children 527 61.5 398 61.0 115 66.1 14 46.7 538 60.4

>3 children 183 214 147 225 25 14.4 1 36.7 196 22.0
Age at first birth (years)

Nulliparous 147 17.2 108 16.6 34 19.5 5 16.7 157 17.6

<25 341 39.8 254 39.0 73 42.0 14 46.7 360 404

25-<30 241 28.2 189 29.0 43 24.7 9 30.0 253 284

>30 127 14.8 101 15.5 24 13.8 2 6.7 121 13.6
Oral contraceptive use (years)

Never 274 321 219 33.6 46 26.6 9 30.0 291 32.7

1-<10 283 33.1 218 334 59 34.1 6 20.0 280 315

>10 298 349 215 33.0 68 39.1 15 50.0 319 35.8
Hormone replacement therapy (years)

Never 415 48.7 299 45.9 101 59.1 15 50.0 445 50.0

>0-<10 203 23.8 157 241 37 21.6 9 30.0 260 29.2

>10 235 27.6 196 301 33 19.3 6 20.0 185 20.8
Packyears (years)

0 483 60.4 384 63.1 82 50.6 17 58.6 487 58.6

>0-<15 155 19.4 110 18.1 41 25.3 4 13.8 17 20.6

>15 162 20.3 115 18.9 39 24.1 8 27.6 173 20.8
Body-mass index (kg/m?)

<22.5 266 31.0 209 32.0 54 31.0 3 10.0 274 30.8

22.5-<25 218 254 162 24.8 45 25.9 1 36.7 216 24.2

25-<30 246 28.7 192 294 46 26.4 8 26.7 269 30.2

>30 127 14.8 90 13.8 29 16.7 8 26.7 132 14.8
Breast cancer in mother or sisters

No 747 87.2 567 86.8 153 87.9 27 90.0 830 93.1

Yes 110 12.8 86 13.2 21 12.1 3 10.0 62 7.0
Number of mammograms ¢

None 120 14.0 80 12.3 37 214 3 10.0 134 15.0

1-<10 551 64.4 425 63.2 108 62.4 18 60.0 599 67.2

>10 184 215 147 22.6 28 16.2 9 30.0 158 17.7

2 Sums may differ because of missing values.
b Low education if no occupational qualification and <8 years at school, high education if university degree, otherwise categorized as medium.
¢ Lifetime number of diagnostic mammograms until two years before interview.

women without shift work™ as reference groups. When
using employed women as a reference, never employed
women showed an elevated risk estimate for ER-positive
breast cancer (OR 1.72, 95% CI 1.02-2.92). Ever shift
or night-shift work was not associated with a significant
increase in risk for ER-positive or -negative breast can-
cer when compared to women “employed, but never in
shift work” (OR 0.98, 95% 0.63—1.50 and OR 1.16, 95%
0.62-2.18, respectively).

Results for night-shift workers with respect to
ER-positive and -negative subgroups are presented in
table 3. Breast cancer patients had worked more night

shifts during their lifetime than controls (median 791,
interquartile range (IQR) 360-1440, versus median
318, IQR 180-807). A high cumulative number of night
shifts (>806 lifetime night shifts or >1055 lifetime
night shifts for shift systems with >3 nights per month)
was associated with an increased, but statistically not
significant risk for ER-negative tumors (OR 2.34,
95% CI 0.89-6.14 and OR 2.11, 95% CI 0.76-5.90,
respectively). Also, night-shift work for >20 years
resulted in an OR of 4.73 (95% CI 1.22-18.36) for
ER-negative breast cancer (based on 5 controls and 4
ER-negative cases).
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Table 2. Association of employment status and breast cancer in the GENICA study. [ER=estrogen receptor; OR=0dds ratio; 95% Cl=95%

confidence interval]

Factor2 Controls Cases ER-positive cases ER-negative

(N=892) (N=857) (N=653) cases (N=174)

N % N % OR® 95%Cl N % OR®  95%Cl N % OR®  95%Cl
Current or last occupation
Employee 699 78.6 647 76.1 1 496 76.3 1 136 79.0 1
Worker 71 80 69 81 112 0.78-159 52 80 1.07 0.73-1.57 11 83 097 0.50-1.91
Others © 89 100 94 111 123 0.89-1.68 68 105 1.15 0.82-1.62 19 105 127 0.74-2.18
Never employed 30 34 40 47 160 097-266 34 52 172 1.02-2.92 4 23 093 031-2.77
Shift work
Employed, but never in shift work 740 83.2 698 82.1 1 539 82.9 1 134 78.8 1
Ever in shift work 119 134 112 132 098 074-129 77 119 0.89 0.65-1.22 32 188 136 0.87-2.11
Never employed 30 34 40 47 154 093-254 34 52 1.66 0.98-2.80 4 24 095 0.32-2.83
Night-shift work
Employed, but never in shift work 740 92.7 689 92.7 1 539 93.3 1 134 90.5 1
Ever in night-shift work 56 70 55 73 1.01 068150 39 6.8 098 0.63-1.50 14 95 116 0.62-2.18

aNumbers may differ because of missing values in ER status and confounders.

bLogistic regression conditional on age, adjusted for family history of breast cancer, hormone replacement use, and number of mammograms.
¢QOther employment included self-employed women, women helping the partner in business, and women in educational programs.

Table 3. Association of shift characteristics and breast cancer in GENICA women with detailed shift-work information. [ER=estrogen

receptor; OR=0dds ratio; 95% C1=95% confidence interval]

Factor @ Controls ® Cases ® ER-positive cases ® ER-negative cases ®
N % N % ORec 95%Cl N % OR, 95%ClI N % ORy  95%Cl
Cumulative number of lifetime night
shifts
Employed, but never in shift work 740 93.3 698 93.6 1 539 94.2 1 134 91.2 1
<807 night shifts 40 50 25 34 066 039-1.11 18 3.2 0.66 037-1.16 6 41 0.71 0.29-1.75
>807 night shift 13 16 23 31 1.78 089358 15 2.6 156 0.73-333 7 48 2.34 0.89-6.14

Cumulative number of lifetime night

shifts for shift systems with more

than three nights per month

Employed, but never in shift work 740 94.3 698 93.9 1
<1056 night shifts 33 42 25 34 080
>1056 night shifts 12 15 20 27 166

Duration of night-shift work (years)

Employed, but never in shift work 740 93.3 698 93.6 1
>1-<5 25 32 15 20 064
5-<10 12 15 11 15 093
10-<20 11 14 10 13 091
>20 5 06 12 16 249

0.34-124 10
041-215 8
0.38-218 8
087-718 7

539 94.7 1 134 912 1
047-1.36 17 3.0 0.74 041136 7 438 1.02 0.44-2.40
0.80-346 13 23 146 065-328 6 4.1 211 0.76-5.90
541 94.3 1 134 912 1
1.7 058 027-1.22 4 27 0.89 0.30-2.64
14 096 039240 3 20 0.98 0.26-3.64
14 1.04 041-264 2 20 058 0.1--2.72
1.2 181 056-5683 4 27 4.73 1.22-18.36

2Numbers may differ because of missing values in ER status and confounders.

®Numbers refer to employed women that never worked in shift work and women with night-shift work.
¢Logistic regression conditional on age, adjusted for family history of breast cancer, hormone replacement use and number of mammograms.

Discussion

In this study, we assessed the effects of night work in
subgroups of patients with ER-positive and -negative
breast tumors. Our results suggest that the role of chro-
nobiological mechanisms might be more relevant to
the development of ER-negative breast cancers. Work-
related subgroup analysis showed that women working
night shifts for >20 years were associated with a statisti-
cally significant 4.7-fold increased risk of ER-negative
breast cancer and non-significant 1.8-fold increased risk
of ER-positive breast cancer.

Due to the IARC classification (1), the possible
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health effects of shift work in relation to the develop-
ment of breast cancer have become a particular public
health concern. Until now, many possible mechanisms
for cancer development have been discussed, of which a
prominent one is the misalignment of circadian rhythms
possibly caused by artificial LAN and sleep disruption.
As one hypothesis for general tumorigenesis, regulatory
rhythms such as the nocturnal production and blood
concentrations of the neurohormone melatonin are
disturbed, which might influence other hormones (27).

Breast cancer is a heterogeneous disease with regard
to different clinical, pathologic, and molecular char-
acteristics and etiology. Stratified analyses by hor-
mone receptor subgroups may reveal associations that



may otherwise be masked (28). The occurrence of ER-
positive breast tumors correlates with increasing age.
Tumors that lack expression of the ER are associated
with more aggressive disease, higher histological grade,
and poor survival rates (29). ER-positive compared to
-negative tumors exhibit better clinical responses to
endocrine treatment like SERM leading to a better prog-
nosis and a longer survival of cancer patients.

In our case—control study, compared to ER-positive
breast cancer, ER-negative breast cancer had a stronger
association with long-term night-shift work. In 2001,
Schernhammer et al (30) found a moderate increase
in risks for ER-positive cancer after longer duration
in rotating night shifts. The risk of ER-negative breast
tumors was not elevated. The NHS and GENICA differ
with respect to some characteristics of the study popu-
lation, in particular menopausal status. In the NHS, a
relatively low number of premenopausal cases were
analyzed with respect to shift work (218 premenopausal
women in GENICA and 309 premenopausal women in
NHS). In addition, cut-off points for the categories of
long duration of night-shift work differed. In the NHS,
long duration of night-shift work was defined as work-
ing night shifts >30 years. For premenopausal women,
the highest category was defined as a duration of >15
years. In GENICA, the analyses of duration of night-
shift work were more detailed for <20 years of night-
shift work. The cut-off point for the highest exposure
category was 20 years. In addition, GENICA women
with ER-negative tumors were younger than women
with ER-positive tumors. The timing of night-shift
work was also addressed in Menegaux et al’s recent
case—control study (31). However, they did not find an
association of shift work with ER tumor subgroups. As
a limitation, animal and in vitro studies have provided
a large number of putative biological mechanisms, but
epidemiological studies have even failed to demonstrate
whether specific shift schedules may cause continuous
reductions in melatonin concentrations, which then lead
to raised estrogen levels favoring the development of
breast cancer. Therefore, the undergoing population-
based large-scale studies should consider the putative
influence of lifestyle and shift work on molecular char-
acteristics of breast cancer.

The MT1-mediated anti-proliferative effects of the
neurohormone melatonin signal are crucial for can-
cer prevention by endogen melatonin levels produced
during the dark period. Zhu and colleagues (32) dis-
cussed the existence of two independent pathways of
tumorigenesis to explain the origin of ER-positive and
-negative tumors, but independently the carcinogenic
effects of melatonin depletion seem to affect both can-
cer pathways. The additional anti-estrogenic effect of
melatonin might imply a higher preventive effect on the
cancer development of ER-positive breast tumors. The
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predominant role of MT 1-mediated effects might be one
explanation for the higher prevalence of ER-negative
tumors among night-shift workers as found in our study.
Recently, the role of core circadian genes in breast
tumorigenesis has been extensively discussed. Circadian
genes may function as oncogenes or tumor suppressors
at the systemic, cellular, and molecular levels due to
their involvement in cell proliferation, apoptosis, cell
cycle control, and DNA damage response (33). Surpris-
ingly, Hoffman and colleagues (34), who analyzed single
nucleotide polymorphisms of the CLOCK gene and
status of ER and progesterone receptor (PR), observed
the strongest associations between variations of the
CLOCK gene and breast cancer risk within the group of
ER/PR-negative tumors (34). Moreover, CLOCK gene
expression was significantly higher in tissue extracted
from patients with ER/PR-negative tumors relative to
those with ER/PR-positive cancers suggesting that chro-
nobiological mechanisms might be even more relevant
in ER/PR-negative breast cancers.

Postmenopausal women are underrepresented in
our study, and — in subgroup-analysis — long-term shift
working breast cancer patients were on average 53
years of age (data not shown). ER-negative cases were
younger and more often younger at the time of first night
shift. The frequency of women who started working in
night shift when they were <20 years was much higher
in ER-negative than ER-positive cases (38.4% versus
27.3%, data not shown). However, controls had an even
higher frequency of women with first night shifts at <20
years of age (52.8%, data not shown). The women with
ER-negative tumors and >20 years of night shift were
all postmenopausal but <60 years old. Further analysis
of potential confounders showed that women working
night shifts differed from the reference group regarding
reproductive and hormonal factors (data not shown).
They were more frequently nulliparous, and younger,
and HRT use was less common, which might favor
breast cancers with a tendency for ER-negative status, as
recently published (35). However, our results were simi-
lar when comparing statistical models including only
age with models additionally adjusting for hormonal and
other factors, or full models, and consecutively do not
provide evidence for potential confounding.

Although the risk estimates for long duration of
night-shift work were based on only 11 cases and 5
controls, they were robust with regard to adjustment for
potential confounders. Additionally, we found that never
employed women showed a statistically significant 1.7-
fold risk for ER-positive breast cancer when compared
to employed women. However, it is well known that
never employed women differ from the general working
population in lifestyle behavior and many reproductive
(eg, more frequent and earlier births) and hormonal fac-
tors. These factors might favor the increased risk for ER-
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positive breast tumors (36) although statistical analysis
was conditional on age and adjusted for family history
of breast cancer, HRT and number of mammograms.
However, all never employed women in our study were
postmenopausal (data not shown), a status when ER-
positive breast cancers are more likely to be prevalent.

Due to the low prevalence of especially long-term
night-shift work in the general population, the study
had limited power for the assessment of an association
between night-shift work and ER status in breast cancer
cases. Another weakness is the analysis of subgroups
of ER status that adds to the small numbers in expo-
sure categories. However, ER status could be reliably
assessed in almost all cases. Exposure misclassification
is a potential source for bias. We performed compre-
hensive plausibility checks comparing the details of
occupational history with the shift work information in
the subsequent interviews. A particular strength of this
study is the detailed exposure assessment not only for
shift work, but also for various potential occupational
and non-occupational confounders. Our study supports
the relevance of further mechanistic research addressing
the interaction of circadian disruption with sex hormone
levels and related receptors.

In conclusion, our results confirm the potential role
of night-shift work in breast cancer development. Shift
work may affect carcinogenesis and could favor ER-neg-
ative tumors. Further studies on histological subtypes
and the analysis of other potentially relevant factors,
such as sleep quality or light-exposure, are crucial for
discovering putative mechanisms.
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