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Breast and prostate cancers have been associated with circadian disruption. Some previous studies
examined associations of sleep duration and breast or prostate cancer risk though findings remain
inconsistent. This study examines associations of a range of detailed sleep characteristics and breast
and prostate cancerrisk in a large-scale population-based case—control study, MCC-Spain. A total

of 1738 incident breast cancer cases, 1112 prostate cancer cases and frequency matched controls
(n=1910, and 1493 respectively) were recruited. Detailed data on habitual sleep duration, quality,
timing, and daytime napping (“siesta”) were collected at recruitment. Additional data on sleep habits
during both the previous year and at age 40 years were also subsequently captured. Adjusted odds
ratios (ORs) and 95% confidence intervals (Cl) were estimated. There were no associations of habitual
sleep duration (h), timing of sleep, or any or specific sleep problems, and either breast and prostate
cancer risk. There was a significant positive association of ever taking habitual siestas at recruitment
and breast cancer risk (OR=1.22, 95% Cl 1.06-1.42), which strengthened with increased frequency

or duration. There were also significant positive associations observed for both breast and prostate
cancer, among those reporting recent sleep problems, but not sleep problems at age 40 years, in a
subsequent circadian questionnaire. Adverse associations with siesta and disturbed sleep during the
previous year likely reflect symptoms of developing/diagnosed cancer and comorbidities. Overall,
there was no clear association between various sleep characteristics and breast or prostate cancer risk
observed.

!Barcelona Institute for Global Health (ISGlobal), Doctor Aiguader, 88, 08003, Barcelona,
Spain. 2Universitat Pompeu Fabra (UPF), Barcelona, Spain. 3CIBER Epidemiologia y Salud Publica (CIBERESP),
Madrid, Spain. “Department of Epidemiology, Center of Public Health, Medical University of Vienna, Vienna,
Austria. *Epidemiology Section, Public Health Division, Department of Health of Madrid, Madrid, Spain. éIMIM
(Hospital del Mar Medical Research Institute), Barcelona, Spain. “Faculty of Medicine, University of Cantabria,
Santander, Spain. 8IDIVAL, Santander, Spain. Ministry of Health of the Basque Government, Sub Directorate
for Public Health and Addictions of Gipuzkoa, San Sebastian, Spain. °Biodonostia Health Research Institute,
Epidemiology of Chronic and Communicable Diseases Group, San Sebastian, Spain. *Navarre Public Health
Institute, Pamplona, Spain. YInstituto de Biomedicina, Universidad de Ledn, Ledn, Spain. *Cancer and Public
Health Area, FISABIO-Public Health, Valencia, Spain. ¥Centro de Investigacion en Recursos Naturales, Salud y
Medio Ambiente (RENSMA), Universidad de Huelva, Campus Universitario de El Carmen, Huelva, Spain. **Cancer
Epidemiology Research Programme, IDIBELL Institut Catala d’Oncologia L'Hospitalet de Llobregat, Barcelona,
Spain. IUOPA, University of Oviedo and ISPA (Health Research Institute of Asturias), Oviedo, Spain. YInstituto
de Investigacion Biosanitaria ibs. GRANADA, Granada, Spain. ¥Departamento de Medicina Preventiva y Salud
Publica, Universidad de Granada, Granada, Spain. °Research Group on Statistics, Econometrics and Health
(GRECS), University of Girona, Girona, Spain. Genetic Descriptive, Genetic and Prevention Epidemiology Group,
Biomedical Research Institute of Girona (IDIBGI), Girona, Spain. 2!School of Medicine, University of Girona (UdG),
Girona, Spain. 2Epidemiology Unit and Girona Cancer Registry, Oncology Coordination Plan, Department of
Health Government of Catalonia, Catalan Institute of Oncology, Girona, Spain. 2National Center for Epidemiology,
Instituto de Salud Carlos Ill, Madrid, Spain. *email: michelle.turner@isglobal.org

Scientific Reports|  (2022) 12:21807 | https://doi.org/10.1038/s41598-022-25789-9 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-022-25789-9&domain=pdf

www.nature.com/scientificreports/

Abbreviations

BMI Body mass index

CI Confidence interval

ER Estrogen receptor

ICD-10 International Classification of Diseases 10

HER Luminal human epidermal growth factor receptor
MET Metabolic equivalent

PR Progesterone receptor

OR Odds ratio

RRR Relative risk ratio

There is growing public health concern surrounding insufficient sleep with increasing proportions of the adult
population reporting sleeping less than the recommended 7-8 h per night'. In addition, poor sleep quality and
insomnia symptoms affect large proportions of adults®. Insufficient sleep has been associated with a range of
adverse physical and mental health outcomes including various neurological, cardiovascular and metabolic,
reproductive, and immune-related effects'. There are also concerns surrounding long sleep duration and adverse
health"**. Recent meta-analyses of sleep duration and total mortality reported U-shaped associations, with
increased risks of mortality for those sleeping either less than, or greater than 7 h/day>*.

Some epidemiological studies have examined associations of sleep duration and cancer risk, including breast
and prostate cancer. Breast and prostate cancers are among the most commonly diagnosed cancers, and lead-
ing causes of cancer death worldwide, share some common hormonal and etiological features, and have been
associated with circadian disruption®®. Previous studies are generally inconsistent and have reported differing
associations of both short’-! and long'*!*"? sleep duration, and breast or prostate cancer risk'*"'”. Recent meta-
analyses have reported no clear evidence of associations of either short or long sleep duration and breast or
prostate cancer risk!®-2.

Some other studies have examined different indices of sleep problems and breast or prostate cancer risk. Some
adverse associations of poor sleep quality, disturbed sleep, inappropriate timing of sleep, or sleep disorders were
observed*-?°. In one study, men reporting greater than 1 h of regular social jetlag (difference in waking time
between weekdays and weekend) had a significantly increased risk of incident prostate cancer”. There is also a
growing literature on obstructive sleep apnea and breast and prostate cancer risk**-*°.

Limitations of previous studies include that they typically have had limited data to characterise sleep and have
often considered few measures of sleep, usually with a single question for a single point in time*"*?. Additional
large-scale, population-based studies, with detailed data on different dimensions of sleep (e.g. duration, quality,
timing) are needed to better understand potential associations with both breast and prostate cancer risk®*2. This
study seeks to examine associations of a range of detailed personal sleep characteristics, including sleep duration,
sleep quality, timing of sleep, and daytime napping (“siesta”), and other relevant circadian data, and both breast
and prostate cancer risk in the large-scale MCC-Spain study.

Methods
Study population. MCC-Spain is a population-based case-control study of five common cancers (breast,
prostate, colorectal, gastro-oesophageal, chronic lymphocytic leukemia) conducted from 2008 to 2013. The
study methods and objectives are described elsewhere®. Incident cases of invasive and non-invasive breast can-
cer (International Classification of Diseases 10 (ICD-10) C50, D05.1, D05.7) identified in all public reference
hospitals in 10 regions of Spain (Asturias, Barcelona, Cantabria, Girona, Guipuzcoa, Huelva, Leon, Madrid,
Navarra, and Valencia) and prostate cancer (ICD-10 C61, D07.5) in seven regions (Asturias, Barcelona, Can-
tabria, Granada, Huelva, Madrid, and Valencia) were recruited as rapidly as possible following diagnosis®. For
inclusion in the study, cases were aged from 20 to 85 years, confirmed histologically, and had lived for at least
6 months in the study area prior to diagnosis. Exclusion criteria included having either a communication dif-
ficulty or a prohibitive physical condition. A total of 1738 female breast cancer cases and 1112 prostate cancer
cases were recruited into the study. Responses rates for breast and prostate cancer cases varied by study centre
and were 71% and 72% overall respectively. A variety of clinical data were obtained from medical records.
Controls were randomly selected from the rosters of general practitioners from public primary health centres
located within the included hospital catchment areas and were frequency-matched to the entire distribution
of all cancer cases included in the MCC-Spain study by sex and age (5-year groups). The same control set was
used for all five cancer cases in the study. A total of 1910 eligible female controls and 1493 eligible male controls
were recruited among the relevant regions here, with response rates of 52% and 56% overall respectively, among
those contacted. The study was reviewed and approved by the ethics committees of all participating institutions.
The study was conducted in accordance with the ethical standards of each research committee, and with the
1964 Helsinki Declaration and its later amendments or comparable ethical standards. The protocol of MCC-
Spain was approved by each of the ethics committees of the participating institutions (Ethical Committee of
Clinical Research of Barcelona, Cantabria, Girona, Granada, Gipuzkoa, Huelva, Leon, Principado de Asturias,
Madrid, Navarra and Valencia). The database was registered in the Spanish Agency for Data Protection, number
2102672171. Study participants provided written informed consent prior to enrolment.

Data collection. Detailed data were collected in face-to-face interviews at recruitment by trained person-
nel on a range of habitual nighttime and daytime sleep-related characteristics in the main study questionnaire
including: the average number of hours slept per night; if the participant has ever experienced a long period (at
least 1 year) with sleeping problems and if so, the type of sleeping problems (problems falling asleep, waking up
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in the middle of the night, taking medication to fall asleep, other) and the age at which the sleeping problems
began and ended; if the participant has ever experienced a long period (at least 1 year) with frequent changes
in the time they usually go to sleep, and if so, the reason for the frequent changes (night shift work or other);
and the number of days per week and average duration (min) of daytime napping (“siesta”). For participants
reporting going to sleep at approximately the same time during the past 10 years, the time the participant usually
goes to sleep was captured. Interviews with cancer cases were scheduled as shortly as possible following cancer
diagnosis.

A subsequent supplementary questionnaire on an expanded range of circadian-related topics was also later
administered by telephone, with all breast and prostate cancer cases and controls willing to be re-contacted
invited to participate (68.2% and 70.0% of breast cancer cases and controls, and 74.5% and 71.9% of prostate
cancer cases and controls respectively), collecting further retrospective information on a range of personal sleep
habits experienced either during the (1) previous year or (2) at age 40 years including: the number of nights per
week and number of times per night the participant wakes up during sleep (and if the reason for waking up is to
go to the bathroom); self-reported level of rest during sleep (from 1-10); the time the participant usually turns
off the lights to go to sleep and the time the participant usually wakes up, both during work days and days off (at
age 40 years only). Information on chronotype was also captured (Munich Chronotype Questionnaire)*. The
supplementary circadian questionnaire was administered a mean (SD) of 3.0 (0.9) and 3.1 (0.7) years following
the main face-to-face recruitment interview among breast cancer and prostate cancer cases respectively and 3.0
(1.1) and 2.9 (0.9) years for controls.

Data on a range of sociodemographic and lifestyle factors were collected in the main study interview including
age, education, socioeconomic status (score constructed using information on the participant education level
(range 0-3) and occupation (range 0-2), and parental education level (range 0-2)), cigarette smoking status
(1 year prior to interview), family history of breast and prostate cancer in first degree relatives, body mass index
(BMI), physical activity level (metabolic equivalent (METs) h/week during the past 10 years), diet and alcohol
consumption. Among women, additional hormonal and reproductive data were also collected, including parity,
age at first child, oral contraceptive use, hormone replacement therapy use, age at menarche, and menopausal
status. Occupational history data were obtained for all jobs held for more than 1 year. Data collected included
job title, tasks, start and stop dates, and information on shifts worked (time schedule, hours per day, percentage
of time worked in the morning, evening or night). Ever night shift workers were defined as those having worked
either partly or entirely between the hours of 24:00 to 06:00 at least three nights per month®*7.

Statistical analysis. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for associations of
various personal habitual sleep characteristics captured at recruitment in the main study questionnaire including
sleep duration, sleep quality, timing of sleep, and siesta and incident breast or prostate cancer risk were estimated
using multivariable unconditional logistic regression models. Generalized additive models were used to examine
the shape of associations of sleep duration and breast and prostate cancer risk. Sensitivity analyses were con-
ducted with mutual adjustment for other sleep characteristics as well as with exclusion of those reporting any
sleep problem in the past 5 years. Potential effect modification of associations of sleep characteristics by other
sleep variables (sleep duration (<7 h vs 7 vs>8 h), ever sleep problems, timing of sleep (<00 h vs>00 h), ever
siesta) was assessed with two-sided p values assessed according to the likelihood ratio statistic. Potential effect
modification of associations of sleep characteristics by other personal factors including age group (<60 years
vs 260 years), BMI (<25 kg/m? vs 225 kg/m?), menopausal status (pre/peri vs post), night shift work history
(never, ever, housewife), chronotype (morning, neither, evening), and residence outdoor blue light spectrum
(participants in Barcelona and Madrid only) (< median vs > median) was also examined®®. Analyses were con-
ducted according to disease subphenotypes (receptors for breast cancer) or aggressiveness of disease (Gleason
score for prostate cancer) using multinomial logistic regression models. Finally, associations of additional sleep
characteristics captured using the supplementary circadian questionnaire, including the number of nights per
week and number of times per night the participant wakes up during sleep (and if the reason for waking up is to
go to the bathroom), self-reported level of rest during sleep, sleep duration and timing of sleep on both weekdays
and weekends, and social jetlag, during both the previous year and at age 40 years were also estimated in a subset
of participants. Statistical analysis was conducted using R version 3.5%.

Ethics approval and consent to participate. The study was reviewed and approved by the ethics committees
of all participating institutions. Study participants provided written informed consent prior to enrolment.

Results
A total of 1581 breast cancer cases and 1609 controls were retained for analysis following exclusion of participants
with missing data on habitual sleep variables, key covariates, or had reported a previous personal history of can-
cer. Similarly, a total of 1013 prostate cancer cases and 1179 controls were retained. Table 1 presents the distribu-
tion of selected participant characteristics among breast and prostate cancer cases and control participants. Breast
cancer cases had a slightly lower mean (SD) age (56.0 (12.5) years) than controls (58.3 (13.3)). Madrid, Barcelona,
and Leon contributed the largest number of breast cancer cases and Barcelona, Madrid, and Cantabria the largest
number of prostate cancer cases. Breast cancer cases were more likely to be of postmenopausal status and have
a family history of breast cancer than controls. Prostate cancer cases had a somewhat lower level of educational
attainment and socioeconomic score than controls, as well as a greater previous family history of prostate cancer.
Supplemental Table 1 presents the distribution of selected participant characteristics among breast cancer
controls by categories of sleep duration (h) and siesta. Some participant characteristics varied by categories of
sleep duration including among women reporting sleeping <6 h or 9 + h per night being of greater mean age, as
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Breast cancer Prostate cancer

Breast cancer cases | controls Prostate cancer cases | controls

n=1581 n=1609 n=1013 n=1179

% % pvalue | % % p value
ggg)(years)’ mean 56.0 (12.5) 58.3 (13.3) <0.001 |65.9(7.3) 66.4 (8.3) 0.10
Centre <0.001 <0.001
Asturias 4.2% 7.1% 1.6% 7.3%
Barcelona 16.6% 14.4% 35.0% 30.1%
Cantabria 8.3% 11.2% 15.6% 14.2%
Girona 2.9% 3.4% - -
Granada - - 5.9% 9.6%
Guipuzcoa 12.1% 12.9% - -
Huelva 5.6% 4.2% 4.6% 7.0%
Leon 13.8% 11.6% - -
Madrid 19.9% 21.0% 29.5% 25.6%
Navarra 13.0% 10.1% - -
Valencia 3.7% 4.0% 7.7% 6.2%
Education 0.16 <0.001
<Primary 14.6% 16.6% 23.2% 18.9%
Primary 32.9% 31.6% 39.5% 34.9%
Secondary 32.7% 30.3% 21.8% 27.6%
University 19.8% 21.6% 15.5% 18.7%
Socioeconomic score 0.21 0.005
Low (0-2) 30.9% 31.9% 42.6% 36.6%
Medium (3-5) 52.9% 49.0% 47.2% 47.4%
High (6-7) 16.1% 17.3% 10.2% 13.7%
Cigarette smoking 0.05 0.67
Never 55.2% 59.2% 29.0% 27.5%
Former 19.7% 19.4% 47.7% 49.4%
Current 24.5% 21.3% 22.8% 22.8%
Family history of
breast/prostate <0.001 <0.001
cancer
None 82.3% 87.8% 80.2% 88.2%
Any 15.1% 8.6% 15.9% 6.1%
BMI (kg/m?) 0.41 0.69
<25 48.4% 50.2% 25.9% 24.5%
25-<30 33.9% 31.7% 51.0% 51.1%
30 17.7% 18.1% 23.1% 24.3%
Physical activity 0.83 0.86
Inactive 41.9% 40.6% 40.4% 40.9%
Slightly active 17.8% 18.3% 13.3% 12.3%
Moderately active 12.7% 12.3% 11.8% 11.4%
Very active 27.7% 28.8% 34.5% 35.5%
ﬁ(l)c;‘hol consump- 0.41 035
<Median 42.7% 44.1% 42.0% 43.5%
> Median 45.1% 43.6% 45.8% 43.4%
Parity 0.07
Nulliparous 20.6% 19.3%
1-2 children 57.3% 55.1%
3+ children 21.9% 25.3%
Age at first child 0.69
Nulliparous 20.6% 19.3%
<20 years 4.4% 4.0%
20-24 years 23.3% 24.2%
25-29 years 30.3% 32.0%
30+ years 20.6% 19.9%
Age at menarche 0.17

Continued
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Breast cancer Prostate cancer

Breast cancer cases | controls Prostate cancer cases | controls

n=1581 n=1609 n=1013 n=1179

% % pvalue | % % p value
<12 years 20.2% 18.7%
12-13 years 25.7% 23.4%
14 + years 52.8% 55.4%
Ssrea.l contraceptive 0.83
Never 52.0% 51.6%
Ever 47.8% 48.3%
Hormone replace- 081
ment therapy )
Never 91.0% 89.6%
Ever 6.8% 7.0%
Menopausal status 0.002
Premenopausal 63.8% 69.0%
Postmenopausal 36.2% 31.0%
Night shift work <0.001 0.07
Never 76.1% 71.0% 70.4% 72.3%
Ever 13.0% 11.1% 29.4% 25.3%
Housewife 8.7% 13.3% - -
Chronotype 0.23 0.74
Morning 29.9% 32.5% 42.3% 39.7%
Neither 31.6% 32.0% 27.7% 28.2%
Evening 19.5% 17.7% 10.9% 10.3%
g;;t;}gg;‘;l“e light 0.003 <0.001
<Median (0.15) 43.2% 32.6% 35.9% 47.5%
>Median (0.15) 43.0% 48.4% 51.8% 47.3%

Table 1. Distribution of participant characteristics, breast and prostate cancer cases and controls, MCC-Spain,
2008-2013. Note in some cases the sum does not equal the total due to missing data. *“Median=1.63 ethanol g/
day in women and 18.8 ethanol grams/day in men. "Participants in Barcelona and Madrid only, n=491 breast
cancer cases and n=467 breast cancer controls, n =574 prostate cancer cases and n =623 controls, current
address.

well as having a lower level of education, a lower socioeconomic status, being a never smoker, having a higher
BM]I, a lower alcohol consumption, having a greater number of children, never using oral contraceptives, being
of premenopausal status, and lifetime housewives. Women reporting ever taking siestas were of somewhat greater
mean age, having greater alcohol consumption, and being nulliparous. Supplemental Table 2 presents the dis-
tribution of selected prostate cancer control characteristics by categories of sleep duration (h) and siesta. Some
participant characteristics varied by categories of sleep duration with men reporting sleeping<6 h or 9+ h per
night also being of somewhat greater mean age, as well as having a lower level of education and socioeconomic
status. Men reporting ever working night shifts reported a greater sleep duration. Men reporting ever taking
siestas were more likely former or current smokers.

Associations of various habitual sleep characteristics captured at recruitment in the main study questionnaire
and incident breast and prostate cancer risk are presented in Table 2. For breast cancer, there was no association
with categories of sleep duration (h) (see also Fig. 1a). There was also no association among women report-
ing ever having a long period (at least 1 year) with sleep problems, or according to duration (years) of sleep
problems, timing of sleep problems (last 5 years), or timing of sleep. There was no association among women
reporting specific sleep problems or frequent changes in the time they go to sleep (Supplemental Table 3). There
was however, a significant positive association among women reporting ever taking siestas (OR=1.22, 95% CI
1.06-1.42), which strengthened among those reporting siestas of greater frequency (3-5 or 6-7 days per week)
or duration (30-59 or 60 + min) (p’s for trend =0.004 and 0.001 respectively).

For prostate cancer, there was also no association with categories of sleep duration (h) (Fig. 1b). There was no
association among men reporting ever having a long period (at least 1 year) with sleep problems, or according
to duration (years) of sleep problems, timing of sleep problems (last 5 years), or timing of sleep. Some inverse
associations were observed in categories of later timing of sleep. There was no association observed among men
reporting specific sleep problems, or frequent changes in the time they go to sleep (Supplemental Table 3). There
was no association among men reporting ever taking siestas (OR=1.11, 95% CI 0.92-1.35) or according to their
frequency or duration (p’s for trend =>0.05).
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Breast cancer cases Breast cancer controls Prostate cancer cases Prostate cancer controls

n=1543 n=1560 OR* LCI UCI n=1008 n=1150 OR® LCI UCI
Sleep duration (h)
<6 178 206 0.92 0.72 1.18 139 149 111 0.83 1.49
6 290 304 0.96 0.78 1.19 203 233 1.05 0.81 1.35
7 483 479 1.00 - - 288 347 1.00 - -
8 452 432 1.02 0.84 1.23 270 293 1.17 0.92 1.49
9+ 140 139 1.01 0.76 1.33 108 128 1.06 0.77 1.47
Per1h 1.01 0.95 1.06 1.01 0.95 1.08
Ever sleep problems
No 938 891 1.00 - - 758 840 1.00 - -
Yes 620 669 0.95 0.82 1.11 250 310 0.92 0.75 1.12
Duration of sleep problems (years)
None 923 891 1.00 - - 758 840 1.00 - -
<10 309 315 0.95 0.79 1.15 106 122 0.96 0.72 1.29
10-19 105 120 0.93 0.69 1.24 38 50 0.94 0.59 1.48
20+ 76 82 1.12 0.79 1.58 32 47 0.97 0.60 1.56
Ever sleep problems in past 5 years
No 923 891 1.00 - - 758 840 1.00 - -
Yes 453 462 0.99 0.83 1.17 159 188 1.03 0.81 1.32
Timing of sleep
Sleep before 23 h 187 182 1.00 | - - 186 149 1.00 - -
Sleep at 23-00 h 440 429 0.99 0.77 1.28 288 328 0.70 0.53 0.94
Sleep at 00-01 h 595 593 0.96 0.75 1.23 321 436 0.61 0.46 0.81
Sleep after 01 h 48 69 0.62 0.40 0.97 37 50 0.63 0.38 1.05
Siesta
Never 761 844 1.00 - - 316 381 1.00 - -
Ever 782 716 1.22 1.06 1.42 692 769 1.11 0.92 1.35
Frequency of siesta (days per week)
Never 761 844 1.00 - - 316 381 1.00 - -
<3 163 159 1.05 0.82 1.35 108 94 1.25 0.90 1.75
3-5 135 104 1.41 1.06 1.87 64 79 1.08 0.74 1.59
6-7 484 453 1.25 1.05 1.48 520 596 1.09 0.89 1.34
Duration of siesta (min)
Never 761 844 1.00 - - 316 381 1.00 - -
<15 115 124 1.09 0.82 1.44 82 91 1.06 0.74 1.50
15-29 163 172 1.08 0.85 1.38 141 157 1.09 0.82 1.45
30-59 233 201 1.27 1.02 1.58 191 219 1.08 0.84 1.40
60 + 271 219 1.37 1.11 1.70 278 302 1.17 0.92 1.48

Table 2. Associations of various habitual sleep characteristics and breast and prostate cancer risk, MCC-
Spain, 2008-2013. Note the sum does not equal the total due to missing data. “Models adjusted for age, centre,
education, socioeconomic status, cigarette smoking status, family history of breast cancer in first degree
relatives, BMI, physical activity, alcohol consumption, parity, age at first child, oral contraceptive, hormone
replacement therapy, age at menarche, menopausal status. Categories for missing values were created for family
history of breast cancer in first degree relatives, alcohol consumption, and hormone replacement therapy.
"Models adjusted for age, centre, education, socioeconomic status, cigarette smoking status, family history of
prostate cancer in first degree relatives, BMI, physical activity, alcohol consumption. Categories for missing
values were created for family history of prostate cancer in first degree relatives and alcohol consumption.

Results of sensitivity analysis of main findings with mutual adjustment for other sleep characteristics were
virtually unchanged. Findings for ever siesta, siesta frequency or duration were unchanged with adjustment for
sleep duration, sleep problems, or timing of sleep (Supplemental Table 4). Similarly, findings for sleep duration,
sleep problems, and timing of sleep were unchanged with adjustment for siesta (not shown). Findings were
unchanged upon exclusion of participants reporting any sleep problem in the past 5 years (not shown). There
was no significant effect modification of associations of habitual sleep characteristics and either breast or prostate
cancer risk by other sleep variables (sleep duration, ever sleep problems, timing of sleep, ever siesta) (results not
shown, p’s>0.05), though there was a tendency for associations with ever siesta to strengthen somewhat with
increasing nighttime sleep duration for breast cancer and to a lesser extent for prostate cancer (Supplemental
Table 5).
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Figure 1. General additive models of associations of habitual sleep duration (h) and (a) breast and (b) prostate
cancer risk, MCC-Spain, 2008-2013.

There was no evidence for effect modification of associations of sleep characteristics and either breast or
prostate cancer risk according to a range of personal factors including age group, BMI, menopausal status (Sup-
plemental Table 6), night shift work history or chronotype (Supplemental Tables 7 and 8) (p’s > 0.05). In analysis
by residence outdoor blue light spectrum (participants in Barcelona and Madrid only), ORs of 1.25 (95% CI
0.80, 1.96) and 0.64 (95% CI 0.42-0.95) for breast cancer risk for timing of sleep after > 00 h were observed with
lower vs greater residence outdoor blue light spectrum, p=0.03.

Adverse associations for ever siesta were somewhat stronger for triple-negative breast cancer (estrogen recep-
tor (ER)-, progesterone receptor (PR)- and luminal human epidermal growth factor receptor (HER) 2-) (relative
risk ratio (RRR) =1.69, 95% CI 1.15-2.49) (p value heterogeneity =0.28) (Table 3). Findings for prostate cancer
were similar according to Gleason score (Table 4).

Finally, in analysis of additional sleep characteristics captured using a subsequent supplementary circadian
questionnaire in a subset of participants, there were no clear associations of any sleep characteristics around the
age of 40 years including sleep duration or timing of sleep on weekdays or weekends, social jetlag, waking up at
night or level of rest during sleep and either breast or prostate cancer risk (Table 5, Supplemental Table 9). How-
ever, for sleep characteristics in the previous year, there were significant positive associations for both breast and
prostate cancer among participants reporting that they usually wake up at night (ORs=1.35, 95% CI 1.10-1.65
and 1.71, 95% CI 1.28-2.27 respectively), including to urinate (ORs=1.44, 95% CI 1.16-1.78 and 1.71, 95% CI
1.28-2.28), with somewhat stronger findings with increasing frequency per night for prostate cancer (Table 5).
There was also a significant positive association among men reporting a low compared to a high level of rest
during sleep in the previous year (OR=1.55, 95% CI 1.19-2.02).

Discussion

Overall, there was no clear association of habitual sleep duration, sleep quality, or timing of sleep, and either
breast or prostate cancer risk. There was however, a significant adverse association for breast cancer risk among
women reporting ever taking siestas, which strengthened among those reporting siestas of greater frequency or
duration, as well as for triple-negative disease. There was no clear association among men reporting ever taking
siestas or according their frequency or duration. There were also significant positive associations in a subse-
quent supplementary questionnaire of usually waking up at night during the previous year with both breast and
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RRR*
ER+or PR+ | ER+ or PR+ RRR*
Controls | and HER2- and HER2- HER2+ | HER2+vs Triple- | RRR? Triple— p value
n=1560 | n=1018 vs control LCI |UCI |N=270 | control LCI |UCI |n=119 | vscontrol LCI | UCI | heterogeneity
Sleep duration (h)
<6 206 132 1.08 082 | 143 | 20 0.53 031 |089 | 6 0.41 017 |1.02 |o0.01
6 304 191 1.00 079 | 127 | 52 0.89 0.61 | 130 |27 1.24 072 |2.15 |0.62
7 479 309 1.00 - - 90 1.00 - - 32 1.00 - - -
8 432 299 1.06 086 | 132 | 74 0.85 061 | 120 |42 1.43 0.88 234 [0.23
9+ 139 87 0.98 071 | 135 | 34 1.26 079 |201 |12 1.14 0.56 |2.36 |0.67
Per 1 h 0.98 092 | 1.04 1.10 099 | 121 1.15 099 | 133 |0.05
Ever sleep problems
No 891 603 1.00 - - 167 1.00 - - 74 1.00 - - -
Yes 669 415 0.96 081 | 114 |103 0.87 0.66 | 1.15 |45 0.87 0.59 | 130 |0.80
Timing of sleep
;l;ip before | g, 130 1.00 - - 34 1.00 - - 11 1.00 - - -
ggefgoa}tl 429 297 0.96 073 | 128 | 67 0.90 0.57 | 143 |40 1.42 070 |2.88 |0.56
ggfgla}tl 593 384 0.87 066 | 115 |116 1.16 075 | 179 |44 1.14 0.56 | 232 |0.50
glf‘;'lp after 69 33 0.60 0.36 | 098 | 10 0.77 035 | 170 | 2 0.42 0.09 |201 |0.76
Siesta
Never 844 505 1.00 - - 133 1.00 - - 51 1.00 - - -
Ever 716 513 1.20 1.02 | 141 [137 1.24 095 | 1.62 |68 1.69 115 249 028

Table 3. Associations of selected habitual sleep characteristics and breast cancer risk by sub-phenotype,
MCC-Spain, 2008-2013. Note the sum does not equal the total due to missing data. *“Models adjusted for age,
centre, education, socioeconomic status, cigarette smoking status, family history of breast cancer in first degree
relatives, BMI, physical activity, alcohol consumption, parity, age at first child, oral contraceptive, hormone
replacement therapy, age at menarche, menopausal status. Categories for missing values were created for family
history of breast cancer in first degree relatives, alcohol consumption, and hormone replacement therapy.

prostate cancer, as well among men reporting a low compared to a high level of rest during sleep in the previous
year (but not at age 40 years).

Findings here are similar to those of previous studies reporting no clear association of either short or long
sleep duration and breast or prostate cancer risk'®2°. A meta-analysis reported a RR of 1.00 (95% CI 0.94-1.08)
for breast cancer risk among those with the shortest sleep duration (ranging from <5 to <6.5 h per night) com-
pared with medium sleep duration, and of 1.02 (95% CI 0.92-1.12) for the longest sleep duration (ranging
from>7 to =10 h per night)**. Results when combining findings from previous studies of prostate cancer were
0.95 (95% CI 0.86-1.04) and 0.75 (95% CI 0.54-1.05) respectively. Results of Mendelian randomisation studies
in contrast reported adverse effects of genetic variants associated with increased sleep duration and incident
oestrogen receptor positive and oestrogen receptor negative breast cancer risk, suggesting that further research
using objectively measured metrics of sleep duration, including biological metrics (as opposed to questionnaire
data), maybe useful***!.

We observed no clear associations among participants reporting having any habitual or specific types of sleep
problems, with timing of sleep, or frequent changes in the timing of sleep and either breast or prostate cancer
risk. Although there are fewer studies of sleep problems, the California Teachers Study reported significant
trends of increasingly poor sleep quality, sleep latency, frequency of sleep disturbance, use of sleep medication,
and a global sleep index and postmenopausal breast cancer risk, but not of sleep duration®?. In the U.S. Sister
Study cohort, there was no association of sleep duration and breast cancer risk, though there was a significant
positive association among women reporting having difficulty sleeping >4 nights per week (HR=1.32, 95% CI
1.09-1.61)%. The Trondelag Health Study reported a significantly elevated risk of breast cancer among women
reporting several insomnia symptoms simultaneously (HR=2.38, 95% CI 1.11-5.09)*. Greater than 1 h of
regular social jetlag was associated with a significantly increased risk of prostate cancer, particularly among
men with an early chronotype, suggesting adverse effects of even mild circadian misalignment in one study?’.
In our study, there was no clear association of categories of social jetlag and either breast or prostate cancer risk
(including by categories of chronotype (not shown)). Results of some studies of obstructive sleep apnea suggest
elevated breast and prostate cancer risk in clinical cohorts**. Gao et al.*® reported associations of genetically
determined obstructive sleep apnea and breast cancer risk. We had no data on sleep apnea here. Further studies
with comprehensive and improved measures of sleep problems and sleep quality, captured over time are needed.

Disturbed sleep may result in melatonin suppression due to increased light at night exposure, as well as
immune suppression, enhanced inflammation and cell proliferation, and alterations in oestrogen homeostatis®*.
There may also be indirect influences on cancer risk, with bidirectional relationships between poor sleep and
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Gleason (6 or 7 RRR* Gleason (=8 or 7 RRR*

Controls | (3+4)) Gleason (6 or 7 (4+3)) Gleason (=8 or 7 p value

n=1150 n=735 (3+4)) vs control LCI | UCI | n=251 (4+3)) vs control LCI | UCI | heterogeneity
Sleep duration (h)
<6 149 97 1.07 0.78 | 1.48 41 1.34 085 |2.11 |0.43
6 233 151 1.05 0.80 |1.39 45 1.00 0.65 |1.54 |0.85
7 347 217 1.00 - - 63 1.00 - - -
8 293 198 1.19 092 | 1.54 66 1.17 0.79 | 1.73 |0.95
9+ 128 72 0.99 0.69 |1.41 36 1.40 086 |2.28 |0.25
Per 1h 1.01 0.94 | 1.08 1.02 093 |1.13 |0.81
Ever sleep problems
No 840 554 1.00 - - 191 1.00 - - -
Yes 310 181 0.90 072 | 1.13 60 0.90 064 |1.24 |0.97
Timing of sleep
Sleep before 23 h 149 136 1.00 - - 49 1.00 - - -
Sleep at 23-00 h 328 210 0.69 0.50 |0.93 67 0.69 044 | 1.07 |0.98
Sleep at 00-01 h 436 235 0.60 0.44 |0.82 80 0.62 040 |0.96 |0.89
Sleep after 01 h 50 30 0.66 038 | 1.14 5 0.37 0.13 | 1.00 | 0.31
Siesta
Never 381 229 1.00 - - 79 1.00 - - -
Ever 769 506 1.14 093 | 141 |172 1.07 0.79 | 145 |0.72

Table 4. Associations of selected habitual sleep characteristics and prostate cancer risk by sub-phenotype,
MCC-Spain, 2008-2013. Note the sum does not equal the total due to missing data. *“Models adjusted for age,
centre, education, socioeconomic status, cigarette smoking status, family history of prostate cancer in first
degree relatives, BMI, physical activity, alcohol consumption. Categories for missing values were created for
family history of prostate cancer in first degree relatives and alcohol consumption. Significant values are in
italics.

increased engagement in risk behaviours*’. Longer sleep may be related with metabolic dysfunction as well as
other comorbidities'>*.

We observed a significant adverse association among women reporting ever taking siestas and breast cancer
risk, which strengthened among those reporting siestas of greater frequency or duration, as well as for triple-
negative disease (ER—, PR— and HER2-), though numbers of women here were small. Results for siesta were
similar when stratified according to other sleep variables, though the greatest OR for siesta was observed among
women also reporting longer habitual sleep duration. In the Million Women Study, daytime napping was also
adversely associated with breast cancer risk though only in the first 4 years of follow-up, suggesting daytime
napping as a marker of pre-clinical disease®. In the Western New York Exposures and Breast Cancer Study there
was greater self-reported pre-diagnostic sleep disturbance among women with ER— and PR disease which was
greatest among women with triple negative disease, suggesting greater sleep disturbances with more aggressive
disease. Triple negative breast cancer is an aggressive disease with poor survival?’. Adverse associations with
siesta observed here may therefore reflect symptoms of developing/diagnosed cancer and comorbidities. More
detailed data on timing of siestas and siestas over the life course was not available. A previous analysis in MCC-
Spain also reported significant adverse associations of both frequent and long daytime naps with both colorectal
and gastric cancer risk, particularly among those ever working night shift work*.

Among men, there was no clear association of ever taking siestas and prostate cancer risk. The REDUCE
study reported an inverse association of daytime sleepiness and low-grade prostate cancer risk®. They noted their
findings may be biased by biopsy compliance. Analysis in the UK Biobank reported a lower prostate cancer risk
among men reporting usually having a nap>. Additional studies with data on tumour characteristics, capturing
detailed information on both daytime and nighttime sleep are needed. The importance of management of sleep
disorders in cancer patients has been described®’.

In this study, there were significant adverse associations with both breast and prostate cancer among par-
ticipants reporting in a subsequent supplementary questionnaire that during the previous year (but not around
age 40 years) they usually wake up at night, as well among men reporting a low level of rest during sleep in the
previous year. Nocturia is a well established symptom of prostate cancer and related with poor sleep*®*’. Complex
bidirectional relationships of sleep and cancer have been described®.

There was no clear evidence for interactions of sleep characteristics with chronotype here. In the California
Teachers Study, some evidence of interaction of sleep deficiency and chronotype was observed®. A recent analysis
in the EPICAP study reported adverse associations of sleep deprivation and prostate cancer risk among men with
an evening chronotype®?. Further research including information on chronotype and other circadian-related
factors is needed.

Strengths of this study include its large-scale population-based design with detailed data on a range of habit-
ual daytime and nighttime sleep characteristics including sleep duration, sleep quality, timing of sleep, and
siesta, addressing limited data on sleep characteristics in previous studies which have focussed mainly on sleep
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Breast cancer cases Breast cancer controls Prostate cancer cases Prostate cancer controls
n=1052 n=1093 OR* |LCI UCI n=751 n=827 OR® |LCI UCI
Around age 40 years
Usually wake up at night
No 827 845 1.00 - - 590 674 1.00 -
Yes 225 248 0.87 0.7 1.08 161 153 1.20 0.92 1.56
If yes
<3 nights/wk 10 17 0.54 0.24 1.23 19 22 0.94 0.49 1.81
>3 nights/wk 215 231 0.89 0.71 1.12 142 131 1.24 0.94 1.64
<2 times/night 111 125 0.89 0.67 1.19 111 111 1.16 0.86 1.57
>2 times/night 114 125 0.85 0.64 113 50 42 1.30 0.83 2.02
To urinate only
No 61 79 0.76 0.53 1.10 36 33 1.23 0.73 2.06
Yes 159 166 0.92 0.71 1.18 123 117 1.20 0.90 1.61
Level of rest during sleep
6-10 (High) 945 978 1.00 - - 681 749 1.00 - -
1-5 (Low) 107 115 0.89 0.66 1.18 70 78 0.90 0.63 1.28
In the previous year
Usually wake up at night
No 255 310 1.00 - - 107 171 1.00 - -
Yes 797 783 1.35 1.10 1.65 644 656 1.71 1.28 2.27
If yes
<3 nights/wk 36 29 1.25 0.73 2.14 28 38 1.19 0.67 2.10
>3 nights/wk 761 754 1.35 1.10 1.66 616 618 1.75 1.31 2.33
<2 times/night 318 313 1.35 1.06 1.72 265 308 1.43 1.05 1.94
>2 times/night 479 470 1.35 1.08 1.68 379 348 2.05 1.50 2.79
To urinate only
No 156 177 1.08 0.81 143 47 46 1.62 0.99 2.67
Yes 636 602 1.44 1.16 1.78 595 609 1.71 1.28 2.28
Level of rest during sleep
6-10 (High) 769 824 1.00 - - 576 692 1.00 - -
1-5 (Low) 283 269 1.10 0.90 1.34 175 135 1.55 1.19 2.02

Table 5. Associations of sleep characteristics at either around age 40 years or in the previous year and

breast and prostate cancer risk, supplemental questionnaire, MCC-Spain, 2008-2013. Note the sum does

not equal the total due to missing data. *Models adjusted for age, centre, education, socioeconomic status,
cigarette smoking status, family history of breast cancer in first degree relatives, BMI, physical activity, alcohol
consumption, parity, age at first child, oral contraceptive, hormone replacement therapy, age at menarche,
menopausal status. Categories for missing values were created for family history of breast cancer in first degree
relatives, alcohol consumption, and hormone replacement therapy. "Models adjusted for age, centre, education,
socioeconomic status, cigarette smoking status, family history of prostate cancer in first degree relatives, BMI,
physical activity, alcohol consumption. Categories for missing values were created for family history of prostate
cancer in first degree relatives and alcohol consumption.

duration®"*2, Detailed data on potential confounding factors, disease subtypes, as well as on other interrelated

factors including night shift work, chronotype, and outdoor light at night were also captured here.

Limitations include the self-reported retrospective nature of data captured on habitual sleep characteristics.
Although there was limited information available to examine reporting of retrospective sleep habits due to
differences in questions and questionnaires used to capture sleep data for different points in the lifetime, com-
parison of agreement of habitual hours of sleep duration (<7, 7,28 h) reported in the main study questionnaire
at recruitment to that in the subsequent supplemental circadian questionnaire for age 40 years (weekdays) was
generally poor (% agreement 41-45%, Cohen’s kappa 0.11-0.14) (note sleep duration was assessed differently
in the two questionnaires (see above)). Agreement for timing of sleep (before 00 h vs after 00 h) was fair (%
agreement 45-57%, Cohen’s kappa 0.20-0.32). Further studies with prospectively measured data are needed”'.
Other metrics of sleep have also been suggested including indices of lifetime sleep or objectively measured sleep
fragmentation for example.

It is also unclear to what extent potential selection biases may have affected findings here, participation rates
were moderate for the main interview, and were reduced further for completion of the later subsequent sup-
plemental circadian questionnaire. There was a tendency for participants with a lower level of education to be
less likely to complete the supplemental circadian questionnaire (19.11% of female and 29.8% of male partici-
pants had a less than primary school education among those who did not complete the supplemental circadian
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questionnaire vs 15.1% and 20.4% of total participants). There were also multiple comparisons performed and
some findings maybe due to chance.

Conclusions

There was no clear association of various personal habitual sleep characteristics and either breast or prostate
cancer risk. Although there were some adverse associations observed with some sleep characteristics including
siesta, or waking up at night and a low level of rest during sleep in the previous year, they likely reflect symptoms
of developing/diagnosed disease. Further research with prospective and validated markers of sleep is needed.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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