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• Cohort of 2,619 female radio and telegraph operators at sea, 
certified from 1920–1980

• Shift work categories (0,1,2,3) classified for each ship

• Potential exposure to light at night, radiofrequency fields, 
extremely low frequency fields

• Linkage to Cancer Registry 1961–1991



IARC (2007); Tynes et al. (1996)

• Future epidemiological studies should address the possible
relationship between chrolonogical disturbances and breast cancer

• Environmental factors, such as shift work in combination with light 
at night or EMF, are of particular interest



Shiftwork that involves circadian 
disruption is probably
carcinogenic to humans 

(Group 2A) 

Sufficient evidence in 
experimental animals for the 

carcinogenicity of light during the 
daily dark period (biological night)

Limited evidence in humans for the 
carcinogenicity of shift-work that 

involves night work (breast cancer)



Animal Carcinogenicity Data

• Major patterns of light–dark environments that have an 
impact on cancer development and/or growth:

– constant light exposure (two + of three studies, five + of six initiation–
promotion studies, five + of five tumour growth studies)

– dim light during darkness (five + of five studies) 

– experimental chronic jet lag (two + of two studies)

– circadian timing of carcinogens (four + of four studies)

– no association in light pulse during the dark period (two of two 
studies), and constant darkness (two of two studies)



Human Carcinogenicity Data

• Evidence for an association with breast cancer consistent in 
studies designed to address this question (six + of eight 
studies, particularly in long-term night shiftworkers)

• Studies of cabin crews provided additional support

• Questions remaining:

– Limited number of studies 

– Most focused on a single profession, i.e. nurses

– Some potential for confounding by unknown risk factors

– Inconsistent and inaccurate exposure assessments of shiftwork

– Potential detection bias among female cabin crew, potential 
confounding by reproductive factors and cosmic radiation

– Few studies at other cancer sites





Night Shift Work

18-25% of the population works on

shift-schedules including night

(♂ : 21.9% , ♀: 10.7%)

7% works permanently at night

4th EU Survey on Working Conditions (2005)



Circadian Misalignment

Shift work
Travel jetlag
Social jetlag



Circadian Rhythms
Autonomous processes

Hormone excretion

Gene expression

Bass et al. (2012); Kai-Florian Storch et al. (2002); Maury et al. (2010)

About 30% of genes 
have been shown to 
follow a circadian 

expression pattern





27 scientists from 16 countries



Night shiftwork is 
probably carcinogenic to humans 

(Group 2A) 

Sufficient evidence of cancer in 
experimental animals

Limited evidence of cancer in humans 
(breast cancer, prostate cancer, 

colorectal cancer)



Largest case-control study, >6,000 cases from 5 countries





Limited evidence of cancer humans:

Breast cancer
• Inconsistent findings
• Differences in exposure assessment quality
• Inclusion of mainly post-menopausal 

women in cohort studies

Prostate and colorectal cancer
• Few studies
• Inconsistent findings

Mechanistic evidence limited in exposed 
humans



Hormonit Study

• Objective: To evaluate the effects of circadian disruption due to night shift 
work on the production and timing of sex steroid hormones, the 
transcriptional pattern and genetic variates in candidate genes and 
systemic adaptation to night shift work

• To provide evidence on molecular and hormonal mechanisms to explain 
the increase of cancer in night shift workers



• 50 male rotating workers, sampled twice (all workers are 

rotating so we are comparing each worker to himself)

• end of 3 weeks night shift, 

• end of 3 weeks day shift 

• Blood samples before and after work, 4 samples per 

person, total approx. 200 samples: immune response and 

RNAseq

• All urine voids 24 hr (approx. 750 samples): melatonin, 

steroid hormones and metabolites

• Personal light measurements (HOBO), actigraph, ELF-EMF 

(EMDEX-II), questionnaires, chronotype, diaries (sleepiness)

Within Subjects Study on Shift Work 

(Barcelona - Major Car Factory)



HORMONIT - Sleep

Slide with results of sleep shown.



Melatonin at end of 3 weeks night shift and 
end of 3 weeks day shift. Cosinor model

Slide with results of melatonin shown.



Night vs day

Steroid hormones (51 hormones/metabolites) in night vs 
day shift (same worker comparison) in 50 workers. 

Difference in peak levels (acrophase). 

Slide with results of steroid hormones shown.



Individual chronotype is a human 
attribute with genetic basis that 
reflects the circadian phase of 
entrainment

https://www.bioinfo.mpg.de/mctq/core_w
ork_life/core/core.jsp?language=eng



Sleep-and-light schedule for night-shift work to align circadian 
rhythms with the sleep schedule enough to move the 

temperature minimum (Tmin red triangles) to within sleep 

Smith & Eastman (2012)



Other Recommendations

• Rapidly rotating shifts including both night and day shifts

– very common but should be avoided

– very difficult to reduce circadian misalignment 

– associated with various performance, safety, and health problems 

• Slowly rotating three-shift system in the delaying direction 
(eg, 2 weeks days, 2 weeks evenings, 2 weeks nights, …)

– circadian misalignment could be practically eliminated 

Smith & Eastman (2012)



Patterns of Daily Food Consumption

Mattson et al. (2014), Abele et al. (2009)



Effect of mistimed eating on breast and prostate 
cancer risk. Association with time between 

dinner (last main meal) and sleep. MCC-Spain. 

Breast Prostate

Kogevinas et al. (2018)



Sleep and Cancer – Epidemiological Studies

• Twelve studies on sleep and 
breast cancer - Mixed results

• Six studies on sleep and 
prostate cancer - Mixed results

• Limitations:
– Exposure assessment (limited 

information on sleep, usually a 
single question on duration)

– Lack of information on sleep 
medication use

Samuelsson et al. (2018); Wendeu-Foyet et al. (2017)



Fragmented sleep and 
intermittent hypoxia may 
promote changes in multiple 
signalosomes and transcription 
factors that can not only initiate 
malignant transformation, 
but will also alter the tumor 
microenvironment, disrupt 
immunosurveillance, and thus 
hasten tumor proliferation 
and increase local and 
metastatic invasion. 



Detailed sleep questionnaire: Sleep
duration, sleep problems, problems to fall
asleep, problems to wake up, sleep
medication use, changes in sleep patterns, 
siesta

Turner et al.

Slide with results of 
sleep shown.



International Space Station Night Image 
(https://eol.jsc.nasa.gov) of Barcelona 2013

Garcia-Saenz et al. (2018)

https://eol.jsc.nasa.gov/SearchPhotos


Garcia-Saenz et al. (2018)

Breast cancer high vs low tertile blue light
OR=1.5 (95%CI 1.0-2.2)

Prostate cancer, high vs low tertile blue light
OR=2.1 (95%CI 1.4-3.0)

Adjusted: age, centre, educational level, SES score, urban 
vulnerability index (UVI), body mass index (BMI), 
tobacco, family history of breast/prostate cancer, 
chronotype, menopausal status (breast cancer) and 

mutual adjustment for other light exposures.



Network on the Coordination and Harmonisation
of European Occupational Cohorts (OMEGA-NET) 

• Goal: To create a network to optimize the coordination and use of 
occupational, industrial, and population cohorts at the European 
level to inform evidence-based interventions and policy

• Timeframe: October 2017-October 2021

• Funding: EU Framework Programme Horizon 2020 European 
Cooperation in Science and Technology (COST Action)

• Budget: 520,000+€ for networking tools 



OMEGA-NET Countries

• >150 participants from 37 countries

• 32 COST countries and COST 
cooperating states

• Near Neighbour Countries (NNC)
• Belarus, Morocco, the Palestinian 

Authority

• International Partner Countries (IPC)
• Australia, the United States

• International Organisations
• the International Agency for Research 

on Cancer (IARC) 





Working Groups

• WG1. Inventory of Occupational Cohorts

• WG2. Harmonisation of Existing Occupational Exposure and 
Outcome Information

• WG3. Standardised Protocols for New Occupational Data Collection

• Task 3.1 Healthy ageing and work participation
• Task 3.2 Working hours
• Task 3.3 Employment patterns in the young including young employed mothers
• Task 3.4 Occupational skin diseases
• Task 3.5 Work-related psychosocial determinants on mental health
• Task 3.6 Precarious work

• WG4. Science Communications, Dissemination and Training





www.omeganetcohorts.eu

@OMEGANET_COST

#OMEGANET



Exposome Project for Health and Occupational
Research (EPHOR)

• Goal: To develop the working-life exposome, defined as all 
occupational and related non-occupational exposure factors, to lay the 
groundwork for evidence-based and cost-effective preventive actions 
to improve working life health and reduce the burden of NCDs

• Timeframe: 2020-2024

• Funding: Horizon 2020 SC1-BHC-28-2019: The Human Exposome
Project: a toolbox for assessing and addressing the impact of 
environment on health

• Budget: €11,981,860

Figure 1.1.1: Taking an exposome approach to the working life: a fundamental shift from studying one occupational

exposure in relation to one defined health effect, to mapping the complex picture of several interrelated exposures in relation

to inherent biological pathways, key body functions and health, identifying also vulnerable individuals, groups or life stages.



EPHOR: Work Packages



Conclusions

• Circadian disruption and night shift work associated with
acute and chronic health effects including cancer

• Few recommendations for better adaptation to circadian
disruption due to night shift work are based on solid evidence

– Importance of evaluating circadian rhythms in studies on diet and 
cancer (and developing recommendations for prevention not only 
focusing on type and quantity of food intake)

– Importance of blue-light spectrum which has rapidly increased both in 
public and private places (massive use of LED, tablets, smartphones)



August 31st – September 3rd 2020

Visit epicoh2020.org

Updates: epicoh2020@irsst.qc.ca
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