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Summary / résumé

Abstract

Objective: Night shift work may increase breast cancer incidence, but evidence is inconclusive.
We aimed to investigate the effect of night shift work on breast cancer incidence, considering
night shift work characteristics across the life course and the influence of sleep and menopausal
status.

Methods: We analyzed two UK Biobank cohorts, using Cox proportional hazards regression
models. The first cohort included 20,860 participants and investigated the effect of night shift
work on breast cancerincidence (688 cases) from baseline (2006-2010) to the end of follow-up in
2022, stratified by sleep patterns and menopausal status. The second cohort included 64,539
participants and investigated night shift work characteristics (duration, frequency, length,
consecutive shifts, rest days) and breast cancer incidence (4,455 cases), using retrospective data
spanning from participants’ first job to the end of follow-up.

Results: No effect of night shift work on breast cancer incidence was observed in the first cohort
(hazard ratio (HR) 0.95, 95% CI: 0.85-1.06) or in the second cohort (HR 1.05% CI: 0.96-1.13).
Stratification by sleep patterns and menopausal status showed no modifying effect. In addition,
no night shift work characteristics were linked to breast cancer incidence.

Discussion: Our findings suggest no effect of night shift work on breast cancer incidence, even
when considering sleep patterns, menopausal status, and detailed life course characteristics.



Résumé

Objectif : Le travail de nuit pourrait augmenter Uincidence du cancer du sein, mais les données
actuelles demeurent non concluantes. Nous avons examiné leffet du travail de nuit sur
Uincidence du cancer du sein, en considérant diverses caractéristiques de travail de nuit tout au
long de la vie ainsi que de Uinfluence du sommeil et du statut ménopausique.

Méthodes : Nous avons analysé deux cohortes issues de la UK Biobank a 'aide de modéles de
régression de Cox arisques proportionnels. La premiere cohorte comprenait 20’860 participantes
et portait sur Ueffet du travail de nuit sur Uincidence du cancer du sein (688 cas) entre la période
de recrutement (2006-2010) et la fin du suivi en 2022, avec une stratification selon les
caractéristiques de sommeil et le statut ménopausique. La seconde cohorte comprenait 64’539
participantes et analysait les caractéristiques du travail de nuit (durée d’exposition, fréquence,
durée d’une nuit, nombre de nuits consécutives, jours de repos) en lien avec lincidence du
cancer du sein (4’455 cas), a partir de données rétrospectives couvrant la période allant du
premier emploi a la fin du suivi.

Résultats : Aucun effet du travail de nuit sur Uincidence du cancer du sein n’a été observée pour
la premiere cohorte (rapport de risques (HR) 0,95 ; IC a 95 % : 0,85-1,06), ni pour la seconde
cohorte (HR 1,05 ; IC 4 95 % : 0,96-1,13). La stratification selon les caractéristiques de sommeil
et le statut ménopausique n’a révélé aucun effet modérateur. De plus, aucune caractéristique de
travail de nuit n’a été associée a U'incidence du cancer du sein.

Discussion: Nos résultats suggerent 'absence d’effet du travail de nuit sur Uincidence du cancer
du sein, méme en tenant compte des profils de sommeil, du statut ménopausique et des
caractéristiques détaillées du travail de nuit au cours de la vie.
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Introduction

Breast cancer is the most common cancer among women, with a global lifetime risk of 12% (1).
Established risk factors include reproductive factors such as nulliparity and late menopause (2,3),
lifestyle factors including alcohol consumption and sedentary behavior (4,5), along with genetic
mutations (6). Recent research has also identified disturbances in circadian rhythms, particularly
those caused by night shift work, as an emerging risk factor for breast cancer (7-9). In many
countries, night shift work has become increasingly prevalent due to the demands of a 24/7
economy, with 14% of women working night shifts in the European Union in 2020 (10).

Estrogen dysregulation due to melatonin desynchronization is a proposed mechanism linking
night shift work to breast cancer. Melatonin not only regulates the sleep-wake cycle but also has
well-documented anti-estrogenic and anti-tumor effects (11,12). When melatonin production is
disrupted due to irregular sleep patterns (13), it may result in an imbalance of estrogen levels, a
known risk factor for breast cancer (14,15). Factors such as sleep duration, sleep quality, and
chronotype can influence how the body adapts to night shifts, thereby modulating the risk of
estrogen-related breast cancer (16-19). Finally, the impact of night shift work on hormonal
regulation may differ between premenopausal and postmenopausal women, as estrogen levels
naturally vary between these groups, potentially influencing breast cancer incidence (7,20,21).

In 2019, the International Agency for Research on Cancer (IARC) classified night shift work,
defined as work during the typical sleeping hours of the general population, as a probable human
carcinogen. This classification was based on evidence from experimental animal studies and
mechanistic insights, although direct human evidence remains limited (22). Indeed, the current
evidence on the association between night shift work and breast cancer shows inconsistent
results, even across meta-analyses (20,23-29). Case-control studies tend to report a positive
association between night shift work and breast cancer incidence (16,21,30-32), while cohort
studies do not support this link (33-36). The 2011 Canadian Burden of Occupational Cancer study
estimated that between 2% and 5% of breast cancer cases in Canada can be attributable to night
shift work (37).



Arecurring limitation in the literature is the binary classification of night shift work, which typically
compares breast cancer incidence between night shift workers and non-night shift workers at a
single timepoint. This approach fails to consider the dynamic nature of night shift work
characteristics throughout the working life course, such as monthly exposure frequency, number
of consecutive night shifts, and rest periods (38). Few studies have examined those
characteristics in detail, but those that have done so reported conflicting results regarding the
effect of duration (24,25,39), frequency (20,21) and number of consecutive nights worked (40,41).
Furtherresearchis required that takes into account the specific characteristics of night shift work
over the course of an individual's entire career (42).

Our goal was to assess the effect of night shift work on breast cancer incidence in women, using
data from a large population-based cohort study. Specifically, we examined (1) the effect of night
shift work on breast cancer incidence, and whether this effect was moderated by (2) sleep
patterns (duration, quality, and chronotype) and (3) menopausal status. Additionally, we
investigated (4) whether night shift work characteristics across the life course (duration,
frequency, number of consecutive night shifts worked, shift length and rest periods) were
associated with breast cancer incidence.

Methods

Study design and population

We used data from the UK Biobank, a large-scale biomedical database and research resource in
the United Kingdom (UK). All individuals aged 40-69 years, registered with the UK’s National
Health Service, and residing within 40 km of one of 22 assessment centers in England, Wales, and
Scotland, were invited. Over 500,000 participants underwent baseline assessment (2006-2010),
yielding a 5.5% participation rate. Individuals were repeatedly invited to complete touchscreen
questionnaires, detailed interviews, and to provide physiological measurements, multimodal
imaging, and biological samples.

The flow chart (Figure 1) describes exclusion of participants for the current analyses in detail. Men
(n=229,067) and women lost to follow-up (n =691) were excluded from the full cohort.

To prospectively assess the effect of night shift work and breast cancer incidence (Aim 1) and the
moderation effect of sleep patterns and menopausal status (Aims 2 and 3), we used data from a
first cohort (Baseline Cohort). This Baseline Cohort consisted of women without a breast cancer
diagnosis at baseline (according to cancer registries or based on self-reported diagnosis), who
were in the labor force at baseline, with available data on their shift work pattern at baseline.
Follow-up for the Baseline Cohort started at baseline and ended on May 13, 2022, the date of the
last update of the UK Biobank via linkage with cancer registries, before data extraction.

To assess the effect of various night shift work characteristics and breast cancer incidence (Aim
4), we used data from a second cohort (Lifecourse Cohort) consisting of women with an available
job history questionnaire, which detailed the entire working life course, including information on
the characteristics of night shift work. Women with a breast cancer diagnosis before starting their
first job were excluded. Breast cancer cases were assessed from the reported year of start of the
first job in the job history until May 13, 2022.
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Figure 1: Selection of the participants who were included in the analyses

Exposure assessment

Night shift work

Employment details were collected through a touchscreen questionnaire. For the Baseline
Cohort, participants were grouped into day workers or night shift workers based on their response
to the baseline question: “Does your main job involve night shifts?”. Night shifts were defined as
“a work schedule that involves working through the normal sleeping hours, for instance working
through the hours from 12 am to 6 am”. Participants who answered “Never” or “Rarely” were
categorized as day workers, while those who answered “Always,” “Usually,” or “Sometimes” were
classified as night shift workers.




For the Lifecourse Cohort, we used a job history questionnaire, which documented the entire
working life course. For each position held, participants reported the start and end years of
employment and specified whether the job involved night shift work (defined in this questionnaire
as “at least 3 hours of work between midnight and 5 am”). In this cohort, we categorized
participants as either “ever night shift workers” if they reported at least one job involving night shift
work in their job history, or “never night shift workers” if they reported none. If night shifts were
reported, participants provided additional details, including: the length of a night shift in hours,
the number of night shifts worked in a month, the number of nights worked in a row before a rest
day, and the number of rest days after a block of night shifts. Participants were instructed to
answer based on the most common night shift patterns for each position held. As the questions
for each night shift characteristic allowed participants to provide specific numbers or lengths, we
recoded them into categories, based on the most common night shift work policies (43-45) and
relevant studies on the subject (20,21). This was done to enable comparisons between our results
and existing studies.

We computed five life course night shift characteristics: lifecourse duration, monthly frequency,
number of consecutive night shifts, length of each night shift, and number of rest days after a
block of night shifts. Using the recorded start and end years for night shift jobs, we calculated the
total duration of night shift exposure over the participants' working life course. This lifecourse
exposure duration was grouped into three categories: <5 years, 5-10 years and >10 years of
exposure. If night shift work periods overlapped, the overlap time in years was calculated and
divided by 2, then added to the non-overlapping duration of each period to avoid overestimating
the exposure duration. We calculated the average frequency of night shifts per month over the
participants’ working life course, accounting for the duration of each job in years. Each job’s
duration was used as a weight to ensure an accurate estimation. Based on the calculated average,
participants were then categorized into three groups: <10, 10-20 and >20 night shifts per month.
The average frequency of night shifts per month was calculated using the following formula:

. . Duration of each job involving night shifts in yearsxFrequency of night shifts for that job|
Average frequency of night shift = Z ! Sl Y quency o e io0)

Total duration of exposure to night shifts in years

We employed similar weighting methods to determine the length of individual night shifts, the
number of consecutive night shifts and number of rest days after a block of night shifts. The length
of individual night shifts was grouped into 0-7 hours, 8-12 hours, or >12 hours, reflecting common
night shift patterns, particularly 8- and 12-hour shifts. The number of consecutive night shifts was
grouped into 1-4 or >4 consecutive nights. To examine recovery time after night shifts, we
categorized the number of rest days following a block of night shifts into 3 groups: 1 rest day, 1-3
rest days, and >3 rest days. These categories were based on findings from studies addressing
recovery needs after night shifts (46,47).

Sleep

We used self-reported baseline information on sleep traits, including sleep duration and quality,
along with information on chronotype.

Sleep duration was assessed with the question: "About how many hours of sleep do you get in
every 24 hours? (please include naps)". We recoded participants’ answers into 2 categories : 7-9
hours, which corresponds to the recommendations (48), and < 7 or > 9 hours, which both are
linked to poor health outcomes, including breast cancer, although the evidence regarding the
impact of sleeping more than 9 hours on breast cancer remains mixed (49-51).



Sleep quality was assessed based on participants’ answers to four questions: “Do you have
trouble falling asleep at night or do you wake up in the middle of the night?”, “How likely are you
to doze off or fall asleep during the daytime, when you don’t mean to?”, “How easy do you find
getting up in the morning?”, and “Do you have a nap during the day?”. If participants answered yes
to at least one of these questions, their sleep quality was considered poor. Otherwise, their sleep
quality was considered good.

Chronotype was reported by participants, who selected their type from several options ranging
from morning person to evening person. For our analyses, we categorized participants into two
categories: ‘morning chronotype’, if participants considered themselves “Definitely a ‘morning’
person” or “More a ‘morning’ than an ‘evening’ person”, and ‘evening chronotype’ if participants
reported considering themself “Definitely an ‘evening’ person” or “More an ‘evening’ than a
‘morning’ person”.

Menopausal status

Baseline data on menopausal status were obtained from participants in the Baseline Cohort
through the question: “Have you had your menopause (periods stopped)?”. Women who
answered “Yes” were classified as postmenopausal, those who answered “No” as
premenopausal, and women who selected “Prefer not to answer,” “Not sure, had a hysterectomy,”
or “Not sure, other reason” were classified as missing.

Outcome assessment: breast cancer

Incident breast cancer cases were identified through linkage with cancer registries, using the
International Classification of Diseases (ICD) codes: ICD-10 (code C50) and ICD-9 (code 174). If
a participant received multiple breast cancer diagnoses during her life course, only the first
diagnosis was retained for outcome assessment.

Covariates

Within a causal framework, we selected the set of covariates using a directed acyclic graph (DAG)
for all aims (Figure 2 for a simplified DAG and Supplemental Figure 1 for the full DAG). The minimal
sufficient adjustment set for estimating the effect of night shift work on breast cancer incidence
comprised four variables assessed at baseline: age, ethnicity, education, and parity. Ethnicity was
assessed using the question “What is your ethnic group?” and then categorized as White, Asian,
Black and Mixed (52). Education was measured based on the question “Which of the following
qualifications do you have? (You can select more than one)”, and grouped into College, A levels,
O levels/GCSEs, CSEs or equivalent, and Compulsory (53). Parity was assessed with the question
“How many children have you given birth to? (Please include live births only)” and categorized as
0, 1, or 2 2 children (54). We excluded women with missing data on any of those variables from
the analyses (see Figure 1).
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Figure 2: Simplified Directed Acyclic Graph for night shift work and breast cancer incidence.

Statistical analyses

Baseline characteristics were reported as means and standard deviations for continuous
variables, or as counts and percentages for categorical variables.

In the Baseline Cohort, we used Cox proportional hazard regression to estimate multivariable-
adjusted hazard ratios (HR) and 95% confidence intervals (95% CIs) to assess the effect of night
shift work at baseline on breast cancer incidence (Aim 1). Analyses were performed with
adjustment for age at baseline only as well as with adjustment for the final set of covariates.

In the same cohort, stratified analyses explored whether sleep quality, quantity, or chronotype
modified the night shift work-breast cancer relationship (Aim 2). We compared sleep duration,
quality, and chronotype among night shift workers, allowing us to identify potential subgroups
with differing risks of breast cancer related to night shift work. A further stratified analysis
assessed whether menopausal status (premenopausal versus postmenopausal) at baseline
modified the association between night shift work and breast cancer (Aim 3).

We used the Lifecourse Cohort, to assess the effect of night shift work on breast cancerincidence,
and more specifically the effect of various night shift characteristics (durations, frequencies,
consecutive nights worked, and rest periods) on breast cancer incidence (Aim 4).

We verified the assumptions for Cox models through visual inspection of residual and statistical
tests and no violations were detected. We also performed a sensitivity analysis in the Baseline
Cohort by reclassifying participants who answered “Sometimes” as day workers instead of night
shift workers.

R version 4.3.1 (2023-06-16 ucrt) - 'Beagle Scouts', was used to conduct the analyses.

Results

Participant Characteristics

The Baseline Cohort included 20,680 breast cancer-free women who were in the labor force at
baseline, with data on shift patterns and covariates. The Lifecourse Cohort comprised 64,539
women who were breast cancer-free before starting their first job, completed a detailed job
history questionnaire with at least one period of employment in the labor force, and with data on
all covariates.

Table 1 presents the descriptive characteristics of the cohorts at baseline. All detailed
characteristics corresponding to the variables used for the creation of the full DAG, with their
distribution across the two cohorts, are presented in Supplemental Table 1. For the Baseline
Cohort, the mean age at baseline was 51.7 years old. For the Lifecourse Cohort, the mean age at
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baseline was 55.6 years old. Most participants were of white ethnicity, had attended college, and
had given birth to two or more children.

Table 1: Participant Characteristics at Baseline: Comparison by Baseline Shift Patterns (Baseline Cohort) and Night Shift Worker Status (Lifecourse
Cohort)

Baseline Cohort Lifecourse Cohort
Shift work at baseline (2006-2010) Night shift worker status based on job history
Day workers Night shift workers Full cohort Nevernight shift  Evernightshift o\, 1 ort
worker worker
n=11,996 n = 8,864 n=53,698 n=10,841
(57.5%) (42.5%) n=20,860 (83.2%) (16.8%) n=64,539
/Age at baseline 52.3(6.8) 51.1(6.6) 51.7 (6.8) 55.9 (7.6) 54.0(7.6) 55.6 (7.6)
(mean (SD))
Education
College 3,205 (27%) 2,212 (25%) 5,417 (26%) 24,778 (46%) 4,950 (46%) 29,728 (46%)
Alevels 1,474 (12%) 1,111 (13%) 2,585 (12%) 7,835 (15%) 1,550 (14%) 9,385 (14%)
O levels/GCSEs [2,988 (25%) 2,166 (24%) 5,154 (25%) 11,531 (21%) 2,347 (22%) 13,878 (22%)
CSEs or 2,946 (25%) 2,662 (30%) 5,608 (27%) 6,364 (12%) 1,389 (13%) 7,753 (12%)
equivalent
Compulsory 1,383 (11%) 713 (8%) 2,096 (10%) 3,190 (6%) 605 (6%) 3,795 (6%)
Ethnic background
White 11,133 (93%) 7,844 (89%) 18,977 (91%) 52,829 (98%) 10,527 (97%) 63,356 (98%)
Mixed 113 (1%) 121 (1%) 234 (1%) 247 (1%) 89 (1%) 336 (0.5%)
Asian 393 (3%) 298 (3%) 691 (3%) 389 (1%) 109 (1%) 498 (1%)
Black 357 (3%) 601 (7%) 958 (5%) 233 (0,4%) 116 (1%) 349 (0.5%)
Parity
0 child 2,424 (20%) 1,882 (21%) 4,306 (21%) 12,051(22%) 2,570 (24%) 14,621 (23%)
1 child 1,656 (14%) 1,258 (14%) 2,914 (14%) 6,686 (13%) 1,402 (13%) 8,088 (12%)
2 children or 7,916 (66%) 5,724 (65%) 13,640 (65%) 34,961 (65%) 6,869 (63%) 41,830 (65%)
more

Data are shown as n (%) unless otherwise indicated.

The participants of the Lifecourse Cohort had between 1 and 20 different work periods throughout
their careers, with an average of 4 distinct jobs per participant over their working life course. These
work periods began between 1949 and 2015. In the ever night shift worker subgroup, participants
held between 1 and 11 jobs involving night shifts. The median duration of night shift work was 10
years (first quartile: 4 years; third quartile: 27 years). Additionally, 100 participants had
overlapping night shift work periods during their careers.

Night shift work and breast cancer incidence

In the Baseline Cohort, the median follow-up duration was 14 years, during which 688 breast
cancer cases were diagnosed, resulting in an incidence rate of 236 cases per 100,000 person-
years. The adjusted HR for breast cancer incidence in relation to being a night shift worker at
baseline was 0.95 (95% CI: 0.85-1.06) (Table 2). The sensitivity analysis, in which participants who
answered 'Sometimes' were reclassified as day workers instead of night shift workers, did not alter
the results.

Table 2: Cox regression hazard ratios for shift work pattern at baseline?®, with breast cancer incidence, Baseline Cohort

Breast cancer Breast cancer incidence
Participants diagnosis Age-adjusted HR (95% Cl) Fully adjusted HR®(95% CI)
(n=20,860) (n=688)
Work pattern at baseline®
Day workers 11,996 391 1.00 (Ref) 1.00 (Ref)
Night shift workers 8,864 297 0.97 (0.87-1.08) 0.95 (0.85-1.06)

HR Hazard Ratio, C/ Confidence Interval
“Participants were separated into Day workers or Night shift workers depending on the answer to the question “Does your main job involve night

» o«

shifts” at baseline. Participants answering “Never/rarely” were defined as day workers, participants answering “Always”, “Usually” or “Sometimes”
were defined as night shift workers.

"HR adjusted for: Age at baseline, Ethnicity (White, Mixed, Asian, Black), Education (College, A levels, O levels/GCSEs, CSEs or equivalent,
Compulsory), Parity (0, 1, 2 or more children)

In the Lifecourse Cohort, the median follow-up duration was 50 years, during which 4,455 cases
of breast cancer were diagnosed, corresponding to an incidence rate of 138 cases per 100,000
person-years. The adjusted HR for breast cancer incidence in relation to being a night shift worker
over the working life course was 1.04 (95% CI: 0.96-1.13) (Table 3).
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The duration of exposure to night shift work (in years) over a woman's working life course was not
associated with an increased incidence of breast cancer. Specifically, compared to women who
never worked in jobs involving night shifts, the total duration of night shift work was not associated
with breast cancerincidence for those with less than 5 yearsin jobs involving night shifts (HR 0.98;
95% CI: 0.84-1.14), 5 to 10 years (HR 1.10; 95% CI: 0.91-1.32), nor more than 10 years (HR 1.06;
95% ClI: 0.95-1.18).

The mean monthly frequency of night shift work was not associated with breast cancer incidence,
with fully adjusted HRs of 1.07 (95% CI: 0.97-1.19) for women working less than 10 nights a month,
1.01 (95% CI: 0.88-1.16) for women working between 10 and 20 nights a month, and 0.84 (95% CI:
0.55-1.29) for women working more than 20 nights a month.

The length of a typical night shift showed no effect on breast cancer incidence, with fully adjusted
HRs of 1.25 (95% CI: 0.96-1.63) for women working night shifts lasting <7 hours, 1.03 (95% ClI:
0.95-1.13) for women working night shifts lasting between 7 and 12 hours, and 0.97 (95% CI: 0.75-
1.27) for women working night shifts lasting more than 12 hours.

The mean number of consecutive night shifts worked also showed no effect on breast cancer
incidence, with fully adjusted HRs of 1.03 (95% CI: 0.92-1.14) for women working between 1 to 4
nights in a row, and 1.07 (95% CI: 0.95-1.20) for women working more than 4 nights in a row.

The number of rest days following a block of night shifts was not related to the risk of developing
breast cancer, with fully adjusted HRs of 1.03 (95% CI: 0.88-1.20) for women getting 1 rest day
after a block of night shifts, 1.06 (95% CI: 0.94-1.18) for women getting 2 to 3 rest days after a
block of night shifts, and 1.04 (95% CI: 0.90-1.20) for women getting more than 3 rest days after a
block of night shifts.
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Table 3: Cox regression hazard ratios for night shift worker status according to job history?, by life course exposure duration,

monthly frequency, length of each night shift, number of consecutive night shifts, and number of rest days after a block of night

shifts, Lifecourse Cohort

Participants
(n =64,539)

Night shift worker status according to job history®

Never night shift worker
Ever night shift worker

Night shift work characteristics according to job history

Life course duration of night shift
work in years

Never night shift worker

Less than 1 yearto 5 years

5-10years

>10years
Mean monthly frequency of night
shifts

Never night shift worker

<10

10-20

>20
Mean length of each night shiftin
hours

Never night shift worker

0-7

8-12

>12
Mean number of consecutive night
shifts

Never night shift worker

1-4

>4
Mean number of rest days after
block of night shift

Never night shift worker

1

1-3

>3

53,698 (83%)
10,841 (17%)

53,698 (83%)
3,072 (5%)
1,910 (3%)
5,859 (9%)

53,698 (83%)
7,744 (12%)
2,868 (4%)
229 (0.4%)

53,698 (83%)
833 (1%)
9,205 (14%)
803 (1%)

53,698 (83%)
6,894 (11%)
3,947 (6%)

53,698 (83%)
2,825 (4%)
4,959 (8%)
3,057 (5%)

Breast cancer
diagnosis
(n=4,455)

3,780 (7%)
675 (6%)

3,780 (7%)
194 (6%)
114 (6%)
367 (6%)

3,780 (7%)
444 (6%)
210 (7%)
21 (9%)

3,780 (7%)
57 (7%)
562 (6%)
56 (7%)

3,780 (7%)
395 (6%)
280 (7%)

3,780 (7%)
168 (6%)
321 (7%)
186 (6%)

Breast cancer incidence
Fully adjusted
HRP (95% Cl)

Age-adjuste
HR (95% ClI)
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1.03(0.95-1

.00 (Ref)
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1.00 (Ref)
1.06 (0.96-1
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.00 (Ref)
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.02 (0.78-1
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-
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.02(0.88-1
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.12)

.15)
.32)
14)

17)
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.34)

51)
11)
.33)
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.20)

.21)
.15)
18)

1

.00 (Ref)

1.04(0.96-1.13)

1
0
1
1

.00 (Ref)

.98 (0.84-1
.10(0.91-1
.06 (0.95-1

.00 (Ref)
.07 (0.97-1
.01(0.88-1
.84(0.55-1

.00 (Ref)

.25 (0.96-1
.03 (0.95-1
.97 (0.75-1

.00 (Ref)
.03 (0.92-1
.07 (0.95-1

.00 (Ref)

.03 (0.88-1
.06 (0.94-1
.04(0.90-1

14)
.32)
.18)

19)
.16)
.29)

.63)
13)
.27)

14)
.20)

.20)
.18)
.20)

HR Hazard Ratio, C/ Confidence Interval
Data are n (%) unless indicated.

2Night shift worker status: Participants were considered “ever night shift worker” if they reported at least 1 job involving night shift in their employment

history

"HR adjusted for: Age at baseline, Ethnicity (White, Mixed, Asian, Black), Education (College, A levels, O levels/GCSEs, CSEs or equivalent,

Compulsory), Parity (0, 1, 2 or more children)

Moderation of sleep, chronotype and menopausal status

Using the Baseline Cohort, we stratified the risk of breast cancer in relation to night shift worker
status at baseline by sleep duration, sleep quality, and chronotype. In this cohort, 18,977 women
had available data on sleep duration, sleep quality and chronotype. No associations or
interactions were found for any of these factors (Table 4).

Further analysis by menopausal status at baseline also revealed no associations or interactions
on the relationship between night shift work and breast cancer incidence (Table 5).
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Table 4. Incidence of breast cancer associated with shift work pattern at baseline?, stratified by sleep duration, sleep quality and
chronotype, Baseline Cohort (participants with available data on sleep duration, sleep quality and chronotype only)

Breast cancer Breast cancerincidence
Participants diagnosis Age-adjusted HR (95% ClI) Fully adjusted HR® (95% CI)
(n=18,977) (n=628)
Work pattern at baseline®
Day workers 10,968 (58%) 360 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 8,009 (42%) 268 (3%) 0.95 (0.85-1.06) 0.95 (0.85-1.06)
Sleep duration at baseline®
Sleep 7-9 hours /24 hours
Day workers 7,804 (41%) 258 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 5,260 (28%) 178 (3%) 0.90 (0.79-1.04) 0.91(0.79-1.04)
Total 13,064 (69%) 436 (3%)
Sleep <7 or >9 hours/24
hours
Day workers 3,164 (17%) 102 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 2,749 (15%) 90 (3%) 1.07 (0.87-1.32) 1.06 (0.86-1.32)
Total 5,913 (31%) 192 (3%)
p for interaction 0.20
Sleep quality at baseline®
Good sleep quality
Day workers 1,096 (6%) 30 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 715 (4%) 27 (4%) 1.28(0.88-1.90) 1.35(0.87-2.09)
Total 1,811(10%) 57 (3%)
Poor sleep quality
Day workers 9,872 (52%) 330 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 7,294 (38%) 241 (3%) 0.92(0.82-1.04) 0.92(0.82-1.04)
Total 17,166 (90%) 571 (3%)
p for interaction 0.07
Chronotype at baseline®
Morning chronotype
Day workers 6,768 (36%) 221 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 4,380 (23%) 123 (3%) 0.96 (0.82-1.12) 0.93(0.79-1.10)
Total 11,148 (59%) 344 (3%)
Evening chronotype
Day workers 4,200 (22%) 139 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers 3,629 (19%) 145 (4%) 0.90 (0.76-1.06) 0.88(0.74-1.04)
Total 7,829 (41%) 284 (4%)
p for interaction 0.54

HR Hazard Ratio, C/ Confidence Interval

Data are n (%) unless indicated.

?Participants were separated into Day workers or Night shift workers depending on the answer to the question “Does your main job involve night
shifts” at baseline. Participants answering “Never/rarely” were defined as day workers, participants answering “Always”, “Usually” or “Sometimes”
were defined as night shift workers.

"HR adjusted for: Age at baseline, Ethnicity (White, Mixed, Asian, Black), Education (College, A levels, O levels/GCSEs, CSEs or equivalent,
Compulsory), Number of live births (0, 1, 2 or more)

°Sleep duration: "About how many hours sleep do you get in every 24 hours? (please include naps)"

dAssessment of sleep quality was based on the questions: “Do you have trouble falling asleep at night or do you wake up in the middle of the night?”,
“How likely are you to doze off or fall asleep during the daytime, when you don’t mean to?”, “How easy do you find getting up in the morning?”, and
“Do you have a nap during the day?” If participants reported having trouble falling asleep, staying awake during the day, getting up, or needing to nap,
their sleep quality was considered poor.

¢Chronotype: morning chronotype if the participant reported considering themself “Definitely a ‘morning’ person” or “More a ‘morning’ than an
‘evening’ person”, and evening type if the participant reported considering themself “Definitely a ‘evening’ person” or “More a ‘evening’ than an
‘morning’ person”.
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Table 5. Incidence of breast cancer associated with shift work pattern at baseline?, stratified by menopausal status at baseline,
Baseline Cohort (participants with available data on menopausal status at baseline only)

Breast cancer Breast cancer incidence
Participants diagnosis Age-adjusted HR (95% ClI) Fully adjusted HRP (95% ClI)
(n=17,233) (n=563)
Work pattern at baseline®
Day workers 9,912 (58%) 321 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers = 7,321 (42%) 242 (3%) 0.98(0.87-1.10) 0.98(0.87-1.10)
Menopausal status at baseline®
Premenopausal
Day workers 4,267 (25%) 131 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers = 3,565 (21%) 109 (3%) 0.96 (0.80-1.15) 0.98(0.81-1.18)
Total 7,832 (45%) 240 (3%)
Postmenopausal
Day workers 5,645 (33%) 190 (3%) 1.00 (Ref) 1.00 (Ref)
Night shift workers = 3,756 (22%) 133 (4%) 0.99 (0.85-1.16) 0.95(0.81-1.11)
Total 9,401 (55%) 323 (3%)
p for interaction 0.74

HR Hazard Ratio, C/ Confidence Interval
#Participants were separated into Day workers or Night shift workers depending on the answer to the question “Does your main job involve night

» o«

shifts” at baseline. Participants answering “Never/rarely” were defined as day workers, participants answering “Always”, “Usually” or “Sometimes”
were defined as night shift workers.

"HR adjusted for: Age at baseline, Ethnicity (White, Mixed, Asian, Black), Education (College, A levels, O levels/GCSEs, CSEs or equivalent,
Compulsory), Parity (0, 1, 2 or more children)

°Menopausal status: "Have you had your menopause (periods stopped)?" (yes/no)

Discussion

Our large prospective study provides robust evidence on the effect of night shift work on breast
cancer incidence, exploring lifecourse characteristics of night shift work while accounting for
sleep habits, chronotype, and menopausal status. Specifically, we examined (1) whether night
shift work was associated with breast cancer incidence, whether this association was modified
by (2) sleep characteristics and (3) menopausal status, and (4) whether detailed working life
course characteristics of night shift work (such as duration, frequency, number of consecutive
night shifts worked, shift length, and rest periods) were linked to breast cancer incidence.

Night shift work and breast cancer

We found no effect of night shift work on breast cancer incidence. Our findings align with previous
cohort studies (34,35), including the 2016 UK Biobank study by Travis et al., which also reported
no association (33). However, our study improves on prior UK Biobank analyses by using updated
follow-up data (through 2022) and on our use of a DAG to identify confounders for minimal
adjustment.

In contrast, the positive association observed in case-control studies (16,21,30-32) may be
misleading due to a higher risk of bias inherent in their design. Several meta-analyses (9,39,55-
57) have reinforced the null findings from cohort studies. Taken together, the consistency of null
findings across multiple well-designed cohort studies, including ours with relatively long follow-
up time, strongly suggests that night shift work does not have an effect on breast cancer
incidence.

Sleep and chronotype

We found no evidence that sleep duration, sleep quality and chronotype modifies the association
between night shift work and breast cancer. This aligns with the 2016 UK Biobank study by Travis
et al., which reported no impact of the number of hours of sleep and the diurnal preference on
breast cancer incidence (33). Similarly, the IARC’s 2019 evaluation concluded that there is no
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evidence regarding the interaction of diurnal preference with the association between night shift
work and breast cancer (22).

The classification of participants into good or poor sleep quality merits caution. Indeed, in our
study, nap-taking was used as a proxy for poor sleep quality, but it may also reflect sleep
fragmentation — a common occurrence after night shifts — rather than restorative naps, which
could be part of the natural adaptation to disrupted sleep cycles following night shifts.

Menopause

Some studies suggested that postmenopausal women could have a lower incidence of breast
cancer compared with premenopausal women when working night shifts (7,20,21). This could be
explained considering that premenopausal women could experience more estrogen
dysregulation due to circadian rhythm disruption (7,20,21). In our study, we did not find a
modifying effect of menopausal status and a null association was observed both in
premenopausal and postmenopausal women.

Night shift work across the entire working life course and breast cancer

Although we found no association between night shift work and breast cancer incidence, current
evidence remains limited due to a lack of detailed assessments of night shift work characteristics
across the entire working life course. Addressing this gap, our study used a bi-directional design
— which combines a prospective approach (Baseline Cohort) with retrospective data collection
(Lifecourse Cohort) —to provide a more comprehensive assessment of night shift work across the
entire working life course. Our results showed that key characteristics of night shift work over the
working life course — including exposure duration, monthly frequency, shift length, number of
consecutive night shifts, and rest days after night shift blocks — were not associated with an
increased incidence of breast cancer.

To our knowledgeg, this is the first study to evaluate such a comprehensive range of night shift work
characteristics, particularly rest days and consecutive night shifts, while accounting for exposure
across the entire working life course. Unlike traditional carcinogens, where risk is typically linked
to cumulative exposure duration and dose-response relationships, night shift work over the life
course does not appear to follow this type of cumulative risk mechanism.

Several studies have suggested an increased risk of breast cancer among women with long-term
exposure to night shift work. For example, two meta-analyses based on both cohort and case-
control studies found a positive association between long-term night shift work and breast cancer
incidence (with statistically significant increases observed after 10, 20, and 30 years of exposure)
(20,28). Some studies and meta-analyses even reported a dose-response relationship, with
breast cancer incidence increasing with the number of years of night shift work (27,28,58,59). Our
results contradictthese findings and are more consistent with those of the meta-analysis by Travis
et al. (2016), which included the first UK Biobank study on this topic and reported no association
between long-term night shift work (>20 years) and breast cancer incidence (33), and those of a
recent dose-response meta-analysis (23). One possible explanation lies in differences in
exposure assessment. In our study, night shift work was quantified as a cumulative duration
based on the participant’s entire job history, whereas many other studies have focused on night
shift work during the follow-up period only. Our approach provides a more realistic estimate of
lifetime exposure. However, it assumes a linear dose-response relationship and may overlook the
existence of sensitive periods or threshold effects, such as heightened vulnerability to circadian
disruption during specific life stages.
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Regarding frequency of night shift work, a meta-analysis conducted by Hong et al. found that high-
frequency night shift work (>5 shifts/week) is a risk factor to develop breast cancer (20), which
aligns with the results of the 2018 pooled case-control study of Cordina-Duverger et al. finding a
positive association for premenopausal women working at least 3 night shifts per week (21).
Notably, these studies assessed night shift work on a weekly basis, whereas our study used a
weighted monthly average frequency, calculated from the entire job history of each participant.
This offers a more accurate measure of long-term exposure and its potential cumulative impact.
Since cancer is a disease with a long latency period, it is essential to capture prolonged and
repeated exposures over time.

Finally, the analysis of consecutive night shifts and rest periods between shifts revealed no
association with breast cancer incidence. These findings do not support the hypothesis that
insufficient recovery time exacerbates breast cancer incidence. It is important to note that in
recentyears, especially during the follow-up of the Lifecourse Cohort, work schedule policies has
evolved to limit consecutive night shifts, allowing for more rest days between shifts, for example
due to the 1998 Working Time Regulations or the 2003 European Parliament Directive (45,60,61).
However, our study was not designed to evaluate the impact of these policies. Further studies
considering contemporary policies about night shift work are needed to evaluate theirimpact and
if further adjustments are necessary.

Strengths and limitations

A key strength lies in the complementary design of the two cohorts. The Baseline Cohort provided
data on night shift work that minimized recall bias, while the Lifecourse Cohort enabled analyses
of detailed night shift work characteristics across the entire working life course. Combining these
approaches enhanced the reliability of our findings. Both cohorts had a relatively long follow-up
and had large sample sizes, with sufficient cases for analyzing the main effects of night shift work.
In both cohorts, the exposure chronologically preceded the outcome, and the outcome was
based on registry data. Additionally, detailed data on other potential risk factors and the use of a
DAG strengthened our methodology by clarifying the minimal sufficient adjustment set of
confounding factors.

Despite these strengths, our study has several limitations. First, it relies on self-reported data for
exposure assessment and covariates, which may introduce biases. Night shift work definition
differed between our two analytical cohorts, potentially contributing to heterogeneity in findings,
a known issue in prior studies (13). In the Lifecourse Cohort, job histories were based on
retrospective self-reports, requiring participants to recall detailed work characteristics over their
entire working life course, potentially leading to recall bias. Self-reported data on sleep patterns
and chronotype may have introduced measurement errors, and we did not account for changes
in sleep patterns and menopausal status during follow-up, potentially leading to
misclassification.

Second, it has been shown that the UK Biobank population is not representative of the general UK
population (62). Therefore, selection bias may affect our results and compromise their external
validity (63). Furthermore, we applied strict exclusion criteria due to the lack of data on night shift
work, which led to a reduced sample size in our analytical cohorts compared to the original
dataset. This may have introduced an additional selection bias and limited the generalizability of
our results.

Third, survivor bias is inherent to the UK biobank’s design, which recruited participants aged 40-
69 years. This may limit the generalizability of our findings to populations who survived to the
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study period. However, the survivor bias may likely be limited, as the probability of dying from
cancer before the age of 40 is low (64). On the other hand, the average follow-up of 14 years may
have been insufficient to capture the development of all breast cancers in the sample.

Fourth, in the UK Biobank, information on whether participants emigrated or withdrew from the
study was only available until 2017. We estimated that censoring may not have been accurately
recorded beyond this date for approximately 470 individuals in our study. Given the small number
of affected participants, any resulting bias is likely minimal.

Fifth, complete cancer incidence data for participants were not available until the end of follow-
up: complete data from Wales were available only up to 2017, from England up to 2021, and from
Scotland up to 2022 (65). This incomplete follow-up may have led to some underestimation of
breast cancer cases in this subgroup, potentially affecting the accuracy of our findings.

Finally, our study also did not distinguish between consistent and intermittent night shift workers,
nor did it address factors like workplace light exposure or other environmental exposures. Future
research should incorporate these variables for a more comprehensive understanding.

Future perspectives

Our findings alleviate concerns about the overall risks of night shift work for breast cancer
incidence. However, night shift work is associated with poor health behaviors and chronic stress,
both recognized as carcinogenic risk factors (66). Additionally, night shift workers often face
socio-economic disparities and limited access to healthcare (67). Therefore, it is crucial to
maintain working time regulations, optimize shift schedules, and provide resources to help
workers manage the health risks linked to disrupted circadian rhythms. In addition, future
research should integrate genetic, hormonal, and lifestyle factors, along with objective and long-
term measures of light exposure and circadian markers, to clarify the biological mechanisms
linking night shift work and breast cancer as suggested by the IARC (22) and the US National
Toxicology Program (68).

Conclusion

In conclusion, this study indicates that there is no effect of night shift work on breast cancer in
the examined population. This adds to the current knowledge base on night shift work and breast
cancer, suggesting the relationship may be more nuanced than previously thought. The lack of a
direct association highlights the importance of exploring individual variability in response to night
shift work. Future research should continue to address these complexities to provide clearer
guidance for public health interventions and workplace policies.
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Supplemental tables
Supplemental table 1: Participant Characteristics at Baseline: Comparison by Baseline Shift Patterns (Baseline Cohort) and Night Worker Status
(Lifetime Cohort)
Baseline Cohort Lifetime Cohort
Shift work at baseline (2006-2010) Night shift worker status based on job history
Day workers  [Night shift Full cohort Never night Ever night shift Full cohort
workers shift worker  worker
N =11,996 N = 8,864 P value N =20,860 N = 53,698 N=10,841 Pvalue |N=64,539 P value
(57.5%) (42.5%) (83.2%) (16.8%)
/Age at baseline (mean [52.3(6.8) 51.1(6.6) <0.01 [51.7(6.8) 55.9(7.6) 54.0 (7.6) <0.01 [55.6(7.6) <0.01
(SD))
\Weight in kg in 2014 72.6 (15.0) 74.0 (15.6) <0.01 [73.2(15.3) 70.1(13.2) 72.1(14.6) <0.01 [70.5(13.5) <0.01
(mean (SD))
Missing 50 (1%) 40 (0.4%) 90 (0.4%) 88 (0.2%) 19 (0.2%) 107 (0.2%)
Height in cmin 2014 162.8 (6.3) 162.8 (6.4) 0.31 162.8 (6.3) 163.4 (6.1) 163.9 (6.2) <0.01 [163.5(6.1) <0.01
(mean (SD))
Missing 40 (0.3%) 34 (0.4%) 74 (0.4%) 62 (0.1%) 9(0.1) 71(0.1%)
BMI at recruitment 27.4 (5.4) 27.9(5.7) <0.01 [27.6(5.5) 26.3(4.8) 26.8 (5.3) <0.01 [26.4(4.9) <0.01
(mean (SD))
Missing 50 (0.4%) 44 (0.5%) 94 (0.5%) 98 (0.2%) 20 (0.2%) 118 (0.1%)
\Waist to hip ratio at 0.82(0.07) 0.82(0.07) 0.28 0.82(0.07) 0.81(0.07) 0.81(0.07) <0.01 10.81(0.07) <0.01
recruitment (mean
(SD))
Missing 43 (0.4%) 30 (0.3%) 73 (0.3%) 65 (0.1%) 12 (0.1%) 77 (0.1%)
MET at recruitment
<500 1,177 (10%)  [737 (8%) <0.01 [1,914 (9%) 6,643 (12%)  [1,211(11%) |<0.01 [7,854(12%) [<0.01
500-5000 6,023 (50%) 4,183 (47%) <0.01 [10,206 (49%) (33,202 (62%) 16,584 (61%) 0.03 39,786 (62%) [<0.01
>5000 1,950 (16%) 1,643 (19%) <0.01 (3,593 (17%) 4,684 (9%) 1,299 (12%) <0.01 5,983 (9%) <0.01
Unknown* or 2,846 (24%) 2,301 (26%) <0.01 [5,147 (25%) 9,169 (17%) 1,747 (16%) 0.02 10,916 (17%) [<0.01
missing
Education
College 3,205 (27%) 2,212 (25%) <0.01 [5,417 (26%) 24,778 (46%) 14,950 (46%) 0.36 29,728 (46%) [<0.01
Alevels 1,474 (12%) 1,111 (13%) 0.61 2,585 (12%) 7,835 (15%) 1,550 (14%) 0.43 9,385 (14%) <0.01
O levels/GCSEs 2,988 (25%) 2,166 (24%) 0.44 5,154 (25%) 11,531 (21%) 2,347 (22%) 0.64 13,878 (22%) [<0.01
CSEs or equivalent 2,946 (25%) 2,662 (30%) <0.01 [5,608(27%) 6,364 (12%) 1,389 (13%) <0.01 |7,753 (12%) <0.01
Compulsory 1,383 (11%) 713 (8%) <0.01 [2,096 (10%) 3,190 (6%) 605 (6%) 0.15 3,795 (6%) <0.01
Ethnic background
White 11,133 (93%) 7,844 (89%) <0.01 |[18,977(91%) [52,829(98%) [10,527(97%) [<0.01 63,356 (98%) [<0.01
Mixed 113 (1%) 121 (1%) <0.01 [234 (1%) 247 (1%) 89 (1%) <0.01 [336(0.5%) <0.01
Asian 393 (3%) 298 (3%) 0.76 691 (3%) 389 (1%) 109 (1%) <0.01 498 (1%) <0.01
Black 357 (3%) 601 (7%) <0.01 [958 (5%) 233 (0,4%) 116 (1%) <0.01 [349(0.5%) <0.01
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/Alcohol consumption
at recruitment

Never 656 (5%) 630 (7%) <0.01 [1,286 (6%) 1,880 (4%) 363 (3%) 0.45 2243 (3%) <0.01
Previous 426 (4%) 320 (4%) 0.85 746 (4%) 1,392 (3%) 374 (3%) <0.01 [1,766 (3%) <0.01
Current 10,907 (91%) 7,905 (89%) <0.01 [18,812(90%) [50,408 (93%) [10,099 (93%) [<0.01 60,507 (94%) [<0.01
Unknown or missing |7 (0.1%) 9 (0.1%) 1.00 16 (0.1%) 18 (0.1%) 5 (<0.1%) 0.72 23 (0.1%) 0.02
Smoking status at
recruitment
Never 6,804 (57%) 5,019 (57%) 0.90 11,823 (57%) [34,120 (64%) 6,244 (58%) <0.01 40,364 (62%) [<0.01
Previous 3,615 (30%) 2,413 (27%) <0.01 16,028 (29%) 16,736 (31%) 3,763 (35%) <0.01 [20,499 (32%) [<0.01
Current 1,542 (13%) 1,407 (16%) <0.01 [2,949 (14%) 2,764 (5%) 817 (7%) <0.01 [3,581 (6%) <0.01
Unknown or missing [35 (0.3%) 25 (0.3%) 1 60 (0.3%) 78 (0.1%) 17 (0.2%) 0.88 95 (0.1%) <0.01
Parity
0 child 2,424 (20%) 1,882 (21%) 0.07 4,306 (21%) 12,051(22%) [2,570 (24%) <0.01 [14,621(23%) [<0.01
1 child 1,656 (14%) 1,258 (14%) 0.43 2,914 (14%) 6,686 (13%) 1,402 (13%) 0.17 8,088 (12%) <0.01
2 children or more (7,916 (66%) 5,724 (65%) 0.04 13,640 (65%) |34,961(65%) 6,869 (63%) <0.01 41,830 (65%) [0.13
IAge at first live birth
<350r=35 7,763 (65%) 5,576 (63%) <0.01 |[13,339(64%) (33,899 (63%) 6,629 (61%) <0.01 40,528 (63%) [<0.01
>35 136 (1%) 135 (1%) <0.01 271 (1%) 1,051 (2%) 237 (2%) 0.13 1,288 (2%) <0.01
Nullipara 2,424 (20%) 1,882 (21%) 0.07 4,306 (21%) 12,051(22%) [2,570 (24%) <0.01 [14,621(23%) [<0.01
Unknown or missing [1,673 (14%) 1,271 (14%) 0.43 2,944 (14%) 6,697 (13%) 1,405 (13%) 0.16 8,102 (12%) <0.01
/Age at menarche
<12 or=12years 4,485 (37%) 3,186 (36%) 0.03 7,671 (38%) 20,755 (39%) 14,216 (39%) 0.65 24,971 (39%) [<0.01
>14 years 7,164 (60%) 5,433 (61%) 0.02 12,597 (60%) [31,665 (59%) 6,437 (59%) 0.41 38,102 (59%) [<0.01
Unknown or missing [347 (3%) 245 (3%) 0.61 592 (3%) 1,278 (2%) 188 (2%) <0.01 [1,466 (2%) <0.01
Menopause at
recruitment
Yes 4,267 (36%) 3,565 (40%) <0.01 (9,401 (38%) 13,717 (26%) 2,762 (26%) 0.90 16,479 (26%) [<0.01
No 5,645 (47%) 3,756 (42%) <0.01 [7,832(45%) 31,904 (59%) 16,430 (59%) 0.85 38,334 (59%) [<0.01
Unknown or missing [2,084 (17%) 1,543 (17%) 0.96 3,627 (17%) 8,077 (15%) 1,649 (15%) 0.66 9,726 (15%) <0.01
/Age at menopause (n
(%))
<51o0r=51years 3,549 (30%) 2,508 (28%) 0.04 6,057 (29%) 18,003 (33%) 3,643 (34%) 0.88 21,646 (36%) [<0.01
>51 1,867 (16%) 1,106 (12%) <0.01 [2,973(14%) 12,327 (23%) (2,496 (23%) 0.89 14,823 (26%) <0.01
Premenopausalor 5,645 (47%) 3,756 (42%) <0.01 (7,832 (45%) 13,717 (26%) 2,762 (25%) 0.89 16,479 (26%) [<0.01
unknown
Unknown or missing (935 (8%) 1,494 (17%) <0.01 [3,998 (12%) 9,651 (18%) 1,940 (18%) 0.85 11,591 (18%) [<0.01
Use of contraception
pill at recruitment
Ever 1,675 (14%) 1,249 (14%) 0.81 2,904 (14%) 7,852 (15%) 1,356 (13%) <0.01 9,208 (14%) 0.21
Never 10,293 (86%) 7,592 (86%) 0.77 17,885 (86%) 145,781 (85%) 9,473 (87%) <0.01 |55,254(86%) [0.66
Unknown or missing [28 (0.2%) 23 (0.3%) 0.81 51 (0.2%) 65 (0.1%) 12 (0.1%) 0.90 77 (0.1%) <0.01
Use of HRT at
recruitment
Ever 8,391 (70%) 6,434 (73%) <0.01 [14,825(71%) (34,608 (64%) |7,055 (65%) 0.23 41,663 (65%) [<0.01
Never 3,550 (29%) 2,392 (27%) <0.01 [5,942 (29%) 19,001 (35%) 3,769 (35%) 0.22 22,770 (35%) [<0.01
Unknown or missing 55 (1%) 38 (0.4%) 0.83 93 (0.4%) 89 (0.2%) 17 (0.2%) 0.94 106 (0.2%) <0.01
Family history of breast
cancer (mother,
siblings) at
recruitment
Breast cancerin 1254 (10%) 856 (10%) 0.06 2,110 (11%) 6,067 (11%) 1,272 (12%) 0.20 7,339 (11%) <0.01
family history
Other cancerthan (10,557 (88%) [7,846 (88%) 0.27 18,403 (88%) 146,948 (87%) 9,441 (87%) 0.33 56,389 (87%) [<0.01
breast cancerin
family history
Missing or no cancer [185 (2%) 162 (2%) 0.12 347 (0.2%) 683 (1%) 128 (1%) 0.47 811 (1%) <0.01
reported in family
history
History of benign
breast lesion at
recruitment
Yes 874 (7%) 589 (7%) 0.08 1,463 (7%) 5,255 (10%) 1,185 (11%) <0.01 58,099 (90%) [<0.01
Not reported 11,122 (93%) 8,275 (93%) 0.08 19,397 (93%) 148,443 (90%) 9,656 (89%) <0.01 16,440 (10%) <0.01
Participation in
mammography
screening at
recruitment)
Yes, in the last 6 7,567 (63%) 5,088 (57%) <0.01 [12,655(61%) [41,065 (76%) |7,487 (69%) <0.01 [1275(2%) <0.01
years
Yes, but not since >6 (338 (3%) 258 (3%) 0.72 596 (3%) 981 (2%) 294 (3%) <0.01 48,552 (75%) [<0.01
years
No or not regularly 4,091 (34%) 3,518 (40%) <0.01 [7,609 (36%) 11,652 (22%) 3,060 (28%) <0.01 [14,712(23%) [<0.01

Data are n (%) unless indicated.
BMI Body Mass Index, MET Metabolic Equivalent Task, HRT hormone replacement therapy
“Unknown” means that the answer given by the participant was either “Do not know”, “Do not remember” or “Prefer not to answer”
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