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Abstract 

Background/Rationale: Working in non-standard shifts (i.e. nights, evenings) can disrupt circadian 

function, and this disruption can influence hormone levels that may affect ovarian cancer risk. Few 

studies have examined the relationship between shift work and ovarian cancer risk, thus, more research is 

required in this area. The association between shift work exposure and epithelial ovarian cancer (EOC) 

risk, as well as risk according to tumour behaviour (borderline, invasive) and invasive cancer type (Type 

I, Type II) was investigated.  

Methods: In a population-based case-control study conducted in Montreal, Canada (2011-2016), lifetime 

occupational histories for 496 incident EOC cases and 906 controls were collected in a face-to-face 

interview. Controls were identified from the Quebec Electoral List and frequency-matched to cases on 

five-year age groups and electoral district. Shift work exposure for each participant was assessed using 

three metrics: cumulative exposure, night shift frequency, and night shift intensity. Multivariable 

unconditional logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals 

(CIs) for the association between shift work exposure metric categories and overall EOC risk. 

Multivariable polytomous logistic regression was used to estimate associations by EOC subgroup. 

Associations were also examined for potential effect modification by chronotype and menopausal status. 

Results: Over half of cases (53.4%) and controls (51.7%) ever worked shifts that included evenings 

and/or nights during their lifetime. There was no strong evidence of an association between shift work 

exposure metrics and overall EOC risk, or by EOC subgroups, where the OR for the highest cumulative 

exposure tertile vs. never working shifts was 1.20 (95% CI: 0.89-1.63) for overall EOC risk. Tests for 

multiplicative interaction were not significant for chronotype or menopausal status, however, associations 

were suggested to vary among chronotypes. Additional analyses regarding cumulative exposure to 

specific shift timings or schedules indicated no strong association with EOC risk.  
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Conclusions: Study findings do not provide support for the relationship between shift work exposure and 

EOC risk. As only three epidemiological studies have been published looking at this association, further 

investigation is warranted. 
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Chapter 1 

Introduction 

1.1 Background and Rationale  

Ovarian cancer is the seventh most common cancer among women worldwide, and the leading 

cause of death among cancers of the female reproductive system
1
. In 2016, 2,800 new cases of ovarian 

cancer were diagnosed in Canada, with over 1,750 deaths attributed to this disease
2
. Epithelial carcinomas 

account for 90% of all ovarian cancer cases, and this heterogeneous group of tumours is commonly 

classified according to histological type (serous, endometrioid, mucinous, clear cell) and tumour 

behaviour (borderline, invasive)
3
. A recent dualistic classification has been proposed for invasive cancer 

types, differentiating two main types of tumours with distinct morphologic and molecular genetic 

features
4
. Type I tumours are slow growing and genetically stable, while Type II tumours are fast growing 

and highly aggressive
4
. Furthermore, Type II tumours account for 75% of all epithelial ovarian cancers 

and have lower survival rates due to presentation at an advanced stage
4
.   

Established protective factors for ovarian cancer are increasing parity and duration of oral 

contraceptive use, while the only notable risk factor is family history
5
. Despite advances in the 

understanding of ovarian cancer histomorphology, the etiology of ovarian cancer remains poorly 

understood. Due to the lack of effective population-level screening programs, and since 70-90% of cases 

present at an advanced stage
6,7

, the identification of modifiable risk factors for ovarian cancer is crucial 

for primary prevention efforts. Evidence from migrant studies has suggested that occupational and 

lifestyle factors may play a role in ovarian cancer risk
8–11

, and one such potential risk factor is exposure to 

shift work.  

In 2007, the International Agency for Research on Cancer (IARC) classified shift work involving 

circadian disruption as a probable carcinogen (Group 2A), based on sufficient evidence in experimental 

animals and limited evidence in humans
12

. This classification was based on studies observing an increased 



 

2 

 

risk of breast, prostate, colorectal, and endometrial cancer associated with shift work exposure
12

. To date, 

the majority of shift work research has been focused on breast cancer, where two meta-analyses reported 

a 20-50% increase in risk of breast cancer with exposure to long-term night shift work
13,14

, and another 

study estimated that 5.7% of all breast cancers could be attributed to night shift work
15

. The melatonin 

hypothesis is the most widely studied mechanism linking shift work and cancer, and it postulates that 

exposure to light at night as a consequence of shift work disrupts the circadian rhythm and alters 

melatonin production cycles
16–18

. As melatonin is a key regulator of other hormone cycles, disruption to 

its production patterns has been hypothesized to increase circulating levels of estrogen among shift 

workers, leading to the development of carcinomas in breast and endometrial tissue
19–21

. Evidence from 

laboratory, animal, and epidemiological studies has supported the melatonin hypothesis
19,22,23

, and even 

suggests that this pathway may extend to other hormonally-sensitive cancers like ovarian cancer
24,25

.  

Only three epidemiological studies have been published on the relationship between shift work 

and ovarian cancer. One case-control study reported a positive association between ever night shift work 

and borderline and invasive tumours
26

, while a prospective cohort study observed an increased risk of 

fatal ovarian cancer with ever rotating shift work
27

. In contrast, another prospective cohort study found no 

association between increasing cumulative exposure to rotating night shift work and invasive ovarian 

cancer
28

. As with other studies on shift work and cancer risk, these three ovarian cancer studies are 

affected by methodological inconsistencies which make it difficult to draw any conclusive inferences
29

. In 

particular, the lack of a standardized definition of ‘shift work’ has led to dissimilar definitions across 

studies, which encompass only some shift patterns, and not others. This heterogeneity in exposure 

definition complicates the interpretation of the current evidence
30

. Studies have also combined 

experiences in different shift work patterns under one aggregate measure, which incorrectly assumes that 

cancer risks from all shift work patterns are the same. There is suggestive evidence that more frequent and 

intense shift schedules may lead to a higher degree of circadian disruption, and in the long-term, to a 

higher cancer risk
30

. However, previous studies have only examined shift work using cumulative exposure 
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metrics or crude ever/never assessments, which does not consider how variation in shift work patterns 

may contribute to risk.   

Other factors that may modify the relationship between shift work and cancer have been rarely 

investigated in the current literature
31

. Chronotype is defined as an individual’s biological preference for 

morning or evening periods, and research suggests that certain chronotypes may tolerate the disruptive 

effects of shift work better than other chronotypes
32

. There is a growing body of evidence indicating that 

chronotype is a potential effect modifier for the relationship between shift work and cancer
33–37

, however, 

chronotype has only been considered in one shift work and ovarian cancer study
26

. As shift work may 

indirectly lead to increased levels of circulating estrogen in female shift workers, and studies have 

suggested that postmenopausal women with higher levels of estrogen have an increased risk of 

hormonally-sensitive cancers
38,39

, menopausal status should also be considered as an effect modifier for 

the relationship between shift work and ovarian cancer. No study to date has investigated if ovarian 

cancer risk differs among premenopausal and postmenopausal women in relation to shift work exposure, 

and further investigation is required.  

Thus, the primary objectives of this thesis were to determine the relationship between shift work 

exposure and overall epithelial ovarian cancer (EOC) risk, as well as risk by tumour behaviour 

(borderline, invasive) and invasive cancer type (Type I, Type II), using comprehensive exposure 

measurements that consider the frequency and intensity of shift work patterns. The secondary objectives 

of this thesis were to investigate chronotype and menopausal status as potential effect modifiers for the 

relationship between shift work exposure and overall EOC risk.  

1.2 Overview of PROVAQ Study Design 

The Prevention of OVArian Cancer in Quebec (PROVAQ) study
40

 included women aged 18 to 79 

who were Canadian citizens and residents of the metropolitan area of Montreal. Cases were recruited 

from hospital-based tumour registries and gynaecology-oncology units at seven Montreal hospitals, where 

eligible cases had newly-diagnosed histologically-confirmed EOC between 2010 and 2016. Eligible 
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population controls (women with at least one intact ovary and no history of ovarian cancer) were recruited 

from the Quebec Electoral List and frequency-matched to cases on five-year age categories and electoral 

district. A total of 652 eligible cases and 1,634 eligible population controls were contacted, with response 

rates of 78% for cases (n=507) and 56% for controls (n=908).  All study participants provided written 

informed consent, completed a self-administered questionnaire, and participated in an in-person 

interview.  

1.3 Thesis Objectives 

1. To evaluate the association between cumulative exposure to all shift work (i.e. all types of shift 

work patterns) and overall epithelial ovarian cancer (EOC) risk, and risk by tumour behaviour 

(borderline, invasive) and invasive cancer type (Type I, Type II).  

2. To examine the association between night shift frequency (i.e. number of night shifts per month) 

and night shift intensity (i.e. number of consecutive night shifts) among night shift workers in 

relation to overall EOC risk. 

3. To investigate chronotype as a potential effect modifier of the relationship between cumulative 

exposure to all shift work and overall EOC risk.  

4. To investigate menopausal status as a potential effect modifier of the relationship between 

cumulative exposure to all shift work and overall EOC risk.  

1.4 Thesis Organization 

This is a manuscript-based thesis that conforms to the regulations outlined by the Queen’s 

University School of Graduate Studies and Research. The second chapter of this thesis consists of a 

literature review of the current knowledge regarding ovarian cancer risk factors; the relationship between 

shift work and ovarian cancer; hypothesized mechanisms for shift work carcinogenicity; chronotype and 

menopausal as a potential effect modifier; and, existing evidence on shift work and cancer. The third 
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chapter provides detailed information on data collection methods, exposure assessments, and analysis 

strategies used in this thesis. The fourth chapter contains a draft of a manuscript for publication of this 

research. The fifth chapter describes additional results not found in the manuscript, specifically, results 

from additional analyses and sensitivity analyses. The final chapter provides a general discussion of 

findings from the fourth and fifth chapters, as well as overall conclusions and future research directions. 

Supplementary material may be found in the appendices.  

1.5 Research Contribution 

As there are only three published epidemiological studies on this association, this thesis 

contributes to the knowledge of the relationship between shift work and ovarian cancer risk. Due to rising 

social and economic demands, participation in shift work is becoming increasingly common
41

. In some 

professions, exposure to shift work is not easily modifiable, however, research that specifically identifies 

which dimensions of shift work (i.e. cumulative exposure, shift work pattern, frequency, and intensity)
30

 

may be contributing to cancer risk can help implement workplace policies that act to improve the 

organization of the shift work schedule and the long-term health of shift workers.   

Through the use of a comprehensive exposure assessment of night and evening shift work, this 

research estimated ovarian cancer risks for lifetime cumulative exposure to specific shift work patterns, 

elucidating which shift timings and shift schedules are associated with cancer risk. Frequency and 

intensity of shift work patterns have never been investigated in terms of ovarian cancer risk and have 

rarely been considered for other tumour sites. The consideration of chronotype and menopausal status as 

potential effect modifiers in the shift work and ovarian cancer relationship may aid in the understanding 

of how biological characteristics influence the adaption and tolerance to shift work. Finally, as little is 

known about the etiology of ovarian cancer, the identification of modifiable risk factors contributes to the 

improvement of primary prevention efforts, with the overarching goal of reducing the overall disease 

burden.  
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Chapter 2 

Literature Review 

2.1 Ovarian Cancer Ovarian Cancer 

2.1.1 Descriptive Epidemiology 

Ovarian cancer is the seventh most common cancer among women worldwide
1
, and the leading 

cause of death among the female reproductive system cancers
2
. In 2012, there were approximately 

240,000 incident ovarian cancer cases, and 150,000 deaths attributed to this disease worldwide
1
. The 

highest incidence rates are observed in developed regions, where the overall age-standardized incidence 

rate of ovarian cancer (cases per 100,000 people) in Europe is 9.9, Northern America is 8.1, and the 

lowest incidence rates are found in Asia at 5.0 and Africa at 4.8
1
. Similar to trends in geography, 

incidence differs by ethnic group, where in the United States, Caucasians have the highest incidence rates 

(14.3 cases per 100,000), while the lowest rates are observed among Black (10.1 cases per 100,000) and 

Asian ethnicities (9.7 cases per 100,000)
3
.   

In Canada, the age-standardized incidence rate in 2016 was 13.8 cases per 100,000 women, 

making it the eighth most commonly diagnosed cancer among Canadian women, translating to 

approximately 2,800 new cases
4
. With a relatively low five-year age-standardized survival rate of 44%, 

ovarian cancer is the fourth most common cause of cancer death among Canadian women, with 

approximately 1,750 deaths attributed to this disease in 2016
4
. In 2016, Ontario had the largest absolute 

burden of ovarian cancer with 1150 incident cases and 680 deaths, followed by Quebec with 700 incident 

cases and 420 deaths
4
.  

2.1.2 Pathogenesis and Ovarian Cancer Subgroups 

Ovarian cancer has been previously referred to as a homogenous disease; however, it is in fact a 

heterogeneous group of malignant neoplasms with distinct histologies, morphologies, etiologies, and 

prognoses
5
.  There are three main groups of ovarian cancers based on origin in the ovary

6
. Ninety percent 
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of all ovarian cancers develop in the surface epithelial cells of the ovary, while the two types of non-

epithelial ovarian cancers develop in germ cells and stromal cells of the ovary
6
. Epithelial ovarian cancers 

(EOC) can be classified according to histological subtype (serous, endometrioid, clear cell, mucinous), as 

well as according to tumour behaviour (borderline, invasive)
7
. Borderline tumours used to be referred to 

as EOCs with “low malignant potential” as they possess microscopic features of malignancy but do not 

invade the surrounding stroma of the ovary
3
. In comparison to individuals with fully invasive EOCs, 

individuals with borderline EOCs have a younger mean age of diagnosis and a more favourable 

prognosis
3
. Invasive tumours are the most common and fatal

6,7
 as early diagnosis of invasive tumours is 

difficult. Approximately 75% of invasive EOCs are diagnosed at stage III
7
, which has a five-year survival 

rate of 25%
8
.  

Recently, a new dualistic model has been proposed for the classification of invasive EOCs, which 

distinguishes between Type I and Type II invasive tumours
9
. Due to variations in morphologic and 

genetic features, Type I and Type II tumours are thought to possess different etiologies
9
. Type I tumours 

consist of low-grade serous, endometrioid, clear cell, mucinous and Brenner carcinomas, while Type II 

tumours consist of high-grade serous, endometrioid and undifferentiated carcinomas, as well as malignant 

mixed mesodermal tumours
9
.  Type I tumours possess a better prognosis as they often develop from 

known precursor lesions and are characteristically slow growing and less aggressive
8
. Type II tumours are 

fast growing and highly aggressive, and make up 75% of all EOCs
9
. As Type II tumours typically present 

at an advanced stage, the majority of women are diagnosed when the cancer has already metastasized to 

other areas, leading to poor prognoses and low survival rates
8
.  

 Despite increased knowledge about the histology and morphology of ovarian cancer, little is 

known about its pathogenesis. Contrary to previous hypotheses, recent evidence suggests that the majority 

of ovarian cancers originate outside the ovary, specifically, from the cells of the fallopian tube and 

endometrium
9
. It is postulated that during ovulation, when surface epithelial cells of the ovary undergo 

continuous damage and repair, cells from the fallopian tube or endometrium travel to the ovary and 

implant on the surface epithelium. It is during this disruption of the surface epithelium that malignancies 
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in the ovary may develop
8,9

. This mechanism is supported by the incessant ovulation theory, which 

hypothesizes that women with a high number of ovulations are at an increased risk of developing ovarian 

cancer
10

, as a greater number of ovulations lead to a higher probability of disruption to the surface 

epithelium and the formation of ovarian malignancies.   

2.1.3 Risk Factors for Ovarian Cancer 

Family history of ovarian cancer is the most notable risk factor for ovarian cancer, where 7-10% 

of all ovarian cancers are attributed to a hereditary element
5,11

. Approximately 90% of hereditary ovarian 

cancers are due to mutations in BRCA1 or BRCA2 genes, where the lifetime risk of developing ovarian 

cancer is 30-44% in women with BRCA1 mutations and 27% in women with BRCA2 mutations
12

.  

Ethnicities with a higher frequency of mutations in the BRCA1 or BRCA2 genes, such as Ashkenazi 

Jews, have an elevated risk of developing hereditary ovarian cancer
13

. However, the lifetime risk of 

ovarian cancer varies significantly among women with BRCA1 or BRCA2 mutations, which suggests that 

other genetic or environmental factors may influence risk
12

. Age is also a risk factor, where the 

probability of developing ovarian cancer increases with age, with 80% of all ovarian cancers occurring 

among women aged 45 and above
3
. The lowest incidence rates are observed in the under 40 age group, 

but incidence rapidly increases after menopause, where the highest incidence rates are exhibited in the 80-

84 age group
14

.  

Established protective factors of ovarian cancer are increasing parity, duration of oral 

contraceptive use, and breastfeeding duration. Studies have shown that one pregnancy decreases risk by 

up to one-third
12

, while each additional pregnancy contributes to a reduction in ovarian cancer risk by 16-

22%
13

. Strong evidence exists for the protective effect of oral contraceptive use, where at increasing 

durations of use at four, eight, and twelve years, women can experience a reduction in risk of 40%, 54%, 

and 60%, respectively
13

. Further, the protective effect due to oral contraceptive use is suggested to last for 

at least 15-20 years after cessation of usage
15

. Other studies indicate that breastfeeding for longer 

durations reduces the risk of ovarian cancer
12

. In one study, for example, women who breastfed 18 
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months or more had a 34% decrease in risk compared to women who never breastfed
16

. The reduction in 

risk by these factors may be related to the incessant ovulation hypothesis, where increasing parity and oral 

contraceptive use reduce the number of ovulations, leading to a decrease in risk
10

.    

Epidemiological research on other risk factors is inconsistent; however, it is suggested that factors 

such as infertility, ethnicity, use of hormone replacement therapy, obesity, smoking, and endometriosis 

are linked to an increased ovarian cancer risk
12

. Surgical procedures such as tubal ligation may lead to a 

67% reduction in risk of ovarian cancer
13

. The majority of established risk factors for ovarian cancer are 

non-modifiable, and due to the lack of effective population-level screening programs and the fact that 

most cases present at an advanced stage, there is a need to identify potentially modifiable risk factors for 

ovarian cancer. Evidence from migrant studies suggests that environmental, including occupational, and 

lifestyle factors play a role in ovarian cancer risk
17–20

. Some researchers have hypothesized that circadian 

disruption from working at night can alter hormone production cycles, contributing to an increased 

ovarian cancer risk
21–23

, and more research is required in this understudied area.   

2.2 Shift Work 

According to the International Agency for Research on Cancer (IARC), shift work refers to “any 

arrangement of daily working hours other than the standard daylight hours of 7/8am – 5/6pm”
24

. This 

definition encompasses a diverse range of shift work patterns with variations in shift timings, shift 

schedules, shift frequency (number of shifts per month), and shift intensity (number of consecutive 

shifts)
25

.  Shift work is a common exposure and prevalence substantially differs across countries, where 

36.1% of all employees in China participate in shift work, while only 17.7% of all employees in Europe 

are engaged in a shift work setting
26

. It is estimated that in any given time, 20% of the Canadian 

workforce aged 19-64 are engaged in some form of shift work, and when looking at the type of shift 

work, it is found that 36.3% of all shift workers were engaged in rotating shifts, followed by irregular 

shifts (31.4%), fixed evening shifts (11.5%), and fixed night shifts (8.1%)
27

.  
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2.2.1 Shift Work and Circadian Rhythm Disruption 

In 2007, IARC classified shift work involving circadian rhythm disruption as a ‘probable’ 

carcinogen to humans (Group 2A) based on sufficient evidence in experimental animals and limited 

evidence in humans
24

. The circadian rhythm is a physiologic system that synchronizes the body’s 

functions to an approximate 24-hour diurnal period and is responsible for sequential changes in hormonal, 

metabolic, and behavioural processes where it is “normal” to be awake during the day and asleep at 

night
28

. This internal clock is governed by both intrinsic and extrinsic factors, where the master oscillator 

called the suprachiasmatic nucleus (SCN) follows a 24-hour period,
28

 requiring constant re-adjustment to 

the external environment through a process called entrainment (Figure 2.1). Environmental time cues 

called zeitgebers (e.g., light-dark cycles, the timing of meals) entrain the internal circadian rhythm to the 

appropriate phase
29

. Once the body interprets a zeitgeber, a signal is sent to the SCN to synchronize 

downstream peripheral and cellular oscillators to the external environment by triggering physiological 

processes
30

.   

2.3 Mechanisms for Shift Work Carcinogenicity  

2.3.1 Melatonin Suppression from Light at Night  

 Melatonin is the main sleep hormone. In a period of darkness, melatonin is secreted by the pineal 

gland and travels around the body to inform cells, tissues, and organs of the change in day and to prepare 

for a sleep period
31

. Light is the most important zeitgeber in the synthesis of melatonin, and in its absence 

or presence, the SCN will inform the pineal gland to either express or suppress the production of 

melatonin
32

. Inter-individual variation in melatonin production patterns is attributed to differences in age, 

sex, and chronotype. In general, melatonin rhythms are synchronized to a normal 24-hour day, where 

production is minimal during the day and reaches its zenith during the early morning (~4am)
33

.    

Melatonin production is highly dependent on the presence of light, where a dose-response 

relationship has been observed in studies with varying light intensities
28,34

. Melatonin is hypothesized to 

modulate the endocrine and immune system to slow down the development of tumours; laboratory studies 
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have well documented its direct oncostatic properties through its antiproliferative, antioxidant, 

immunostimulant, and pro-apoptotic effects on tumour cells
35–38

.  Experimental studies have shown that 

melatonin administration decreases cell proliferation, reducing the incidence and curbing the development 

of breast, prostate, and colon tumours among animals
39

. Studies have also demonstrated that when the 

pineal gland, which is responsible for the production of melatonin, is removed from rats, there is a marked 

increase in the incidence of mammary carcinomas
40,41

. 

The most widely studied mechanism for shift work carcinogenicity is the melatonin hypothesis, 

which relates to the suppression of melatonin production due to exposure to light at night (LAN) during 

shift work hours. The melatonin hypothesis postulates that melatonin suppression as a consequence of 

LAN exposure during shift work engenders increased circulating levels of estrogen among shift workers, 

and in the long-term, this disrupted state leads to increased risk of breast and endometrial cancer 
42–44

. 

Multiple studies investigating hormone levels among female shift workers have supported the melatonin 

hypothesis, and suggest that as shift work alters estrogen production cycles, this mechanism may be 

related to other cancers that are sensitive to changes in hormone levels
43,52

. 

Studies comparing shift workers to day workers have found lower levels of melatonin among 

shift workers during the night, and these levels remain low when shift workers sleep at night on non-shift 

work days
45,46

. However, higher levels of melatonin among shift workers, or no differences with day 

workers, have also been observed in other studies; thus, the epidemiological evidence remains 

inconsistent 
47–49

. Despite the fact that current epidemiological evidence is inconclusive on the effects of 

shift work on melatonin, more recent studies with more precise exposure and outcome assessments have 

shown that shift work specifically delays and modifies the peak of melatonin production during the night 

when comparing shift workers to day workers
50,51

.  

There is also research suggesting that cancer risk may vary by shift work pattern, where some 

shift timings (evening, night) and shift schedules (rotating, fixed) may lead to a higher degree of circadian 

disruption and changes to melatonin production patterns
42

. As the body’s circadian rhythm is 

synchronized to daylight hours, exposure to LAN during shift work hours engenders the entrainment of 
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the circadian rhythm, where physiological processes related to sleep periods (i.e. melatonin production) 

are delayed, ensuring that the shift worker will remain ‘awake’ during work hours. The re-adjustment of 

the circadian rhythm in individuals participating in night shifts compared to evening shifts is expected to 

be more severe, as greater divergences from the ‘normal’ circadian rhythm contributes to a higher degree 

of circadian disruption
53

 and consequently, more pronounced alterations to melatonin production patterns. 

Fixed night shifts as opposed to rotating shifts is postulated to be less disruptive, where the circadian 

rhythm of shift workers in a consistent schedule will eventually adapt to the specific work hours
54

. 

However, the circadian rhythm of rotating shift workers is constantly re-adjusting to the change in shift 

timing
54

. The degree of circadian disruption in rotating shift workers also depends on many other factors 

such as the frequency (i.e. number of night shifts in a row) and duration of restorative period (i.e. rest-

days after night shifts)
25

. Therefore, not only does shift work exposure contribute to circadian disruption 

but it is also important to consider the severity of circadian disruption with specific shift work patterns.   

2.3.2 Other Mechanisms 

 Four additional mechanisms have been suggested for the relationship between shift work and 

cancer: phase shift, sleep disruption, lifestyle disturbance, and lower levels of vitamin D
55

. The phase shift 

hypothesis suggests that specific clock gene polymorphisms, which are responsible for the regulation of 

the circadian rhythm, possess oncostatic properties
55

. The process of phase shifting to shift work hours 

may cause changes in the expression of certain clock genes, which in turn may affect the regulation of 

cell and tissue production and contribute to tumourigenesis
54

.  

 Sleep disruption and shift work have not been thoroughly investigated regarding immune 

function. In observational studies, individuals with poor sleep quality exhibit a suppression in their 

immune system and this condition may increase the risk of cancer
56

. This mechanism may also extend to 

shift workers who have a disrupted sleep schedule.   

 The lifestyle disturbance mechanism is more concerned with how the shift work schedule affects 

the personal habits of workers. In studies comparing shift workers to non-shift workers, shift workers 
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exhibit a higher prevalence of unhealthy lifestyle factors which are associated with an increased cancer 

risk, such as poor diet, tobacco use, physical inactivity, and obesity
55,57

.  

The fourth hypothesis is also related to the lifestyle disturbance aspect of shift work, where night 

shift workers are hypothesized to receive less sun exposure during the day as it is their main sleep 

period
58

. Vitamin D is involved in many processes at the cellular level, and evidence from animal studies 

suggest that vitamin D may reduce the occurrence of cancers when exposed to known carcinogens
59

. It is 

postulated that shift workers with decreased sun exposures will have lower levels of vitamin D, which 

will increase the risk of cancer pathogenesis
55

.   

2.4 Shift Work and Ovarian Cancer 

Research on female shift workers suggests that shift work is associated with irregularities in 

menstrual function, reproductive disturbances and has implications on fertility, pregnancy, and 

reproductive cycles
60,61

. The modulation of estrogen is important in the etiology of ovarian cancer where 

factors that increase the number of ovulations and exposure to estrogen in a woman’s lifetime, such as 

nulliparity and never use of oral contraceptive, are associated with an increased risk of ovarian cancer
11

. 

On the other hand, factors that decrease the number of ovulations and exposure to estrogen in a woman’s 

lifetime, such as increasing parity, duration of oral contraceptive use, and breastfeeding duration, are 

associated with a decreased risk of ovarian cancer
11

. Possible risk factors for ovarian cancer also involve 

factors that influence hormone cycles such as infertility and hormone replacement therapy
11

. Furthermore, 

there is evidence suggesting that melatonin has a direct impact on ovarian function, as melatonin 

receptors are found in the ovary
62

. A proposed factor for many reproductive tract conditions such as 

ovarian cancer, endometriosis, and polycystic ovary syndrome, is the presence of pro-inflammatory 

cytokines, which are regulated by free radicals
63

. Melatonin may lead to an increase in pro-inflammatory 

cytokines, which in the long-term could disrupt ovarian function and increase the risk of 

tumourigenesis
12

. Animal studies have looked at the impact of melatonin on ovarian carcinomas, where 

one study used hens with ovarian tumours and exposed them to varying durations of light over an 
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extended period, and found that shorter exposures to light, when more melatonin is synthesized, were 

associated with tumour regression
64

.  

2.4.1 Epidemiological Evidence 

Despite the established biological plausibility of the melatonin hypothesis for ovarian cancer, 

only three studies have been published looking at shift work and ovarian cancer. In a population-based 

case-control study in Washington State, where 1502 cases were ascertained from the Cancer Surveillance 

System and 1849 controls were recruited from random-digit dialing, night shift work was associated with 

increased risk of both borderline (OR = 1.48, 95% CI: 1.15-1.90) and invasive EOC (OR = 1.24, 95% CI: 

1.04-1.49) among women aged 50 and over
21

. The strengths of this study are a large sample size, 

comprehensive data collection of night shift history, and analysis of chronotype as a potential effect 

modifier. Limitations of this study mainly lie in the night shift work exposure assessments, where a broad 

definition of ‘night shifts’ (duration of job included hours between midnight and 4am) was used to 

calculate participation in ever night shift work and the cumulative night shift work variable. Participants 

with shifts that partially cover the duration between midnight and 4am would not be considered a night 

shift worker, which may introduce exposure misclassification and underestimation of shift work exposure. 

Also, irregular or rotating shift work schedules involving night shifts could not be assessed accurately as 

this information was not collected. 

 The second study analyzed work schedules of participants in the Cancer Prevention Study-II, 

which was a large nationwide prospective mortality cohort that followed men and women for 28 years
23

. 

This study found a significantly elevated risk of fatal ovarian cancer (RR = 1.27, 95% CI: 1.03-1.56) 

among women working rotating shifts in 1982 compared to fixed day workers
23

. The strengths of this 

study are found in its design, where participants were prospectively followed for over 28 years, and the 

sample size was large enough to capture 1289 deaths from ovarian cancer
23

. A limitation was that 

exposure to rotating shift work was only evaluated using ever/never assessments and for baseline job, 

which lacks the precision to determine if varying exposures to shift work contribute to an increased 
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cancer risk, as a participant with less than one year of exposure would be considered the same as a 

participant with over 30 years of exposure. In addition, the assessed outcome was fatal ovarian cancer 

where factors related to survival may influence effect estimates. As well, ovarian cancer was not analyzed 

by subtype and other shift schedules involving evening shifts and fixed schedules were not considered.  

The third study analyzed 718 incident invasive ovarian cancer cases in the Nurses’ Health Study 

and Nurses’ Health Study II, which were two large prospective cohort studies that followed 181,548 US 

female registered nurses. This study did not find an association between duration of rotating night shift 

work and ovarian cancer, where the hazard ratio for 15-19 years of rotating night shift work was 1.28 

(95% CI: 0.84-1.94) and for ≥20 years was 0.80 (95% CI: 0.51-1.23)
22

. The strengths of this study are its 

large sample size and prospective data collection. However, information on rotating night shift exposure 

was not collected through an assessment of a full occupational history but through self-report in a single 

question at baseline, which may not be an accurate ascertainment of the duration of exposure to rotating 

night shift work. Furthermore, fixed or irregular night shift schedules were not assessed, which may lead 

to the underestimation of cumulative exposures to rotating night shift work.  

2.4.2 Other Cancers  

Several epidemiologic studies have reported that shift work is associated with an increased risk of 

breast, prostate, colorectal, and endometrial cancer
65–68

. To date, research on shift work and breast cancer 

is the most abundant, where two meta-analyses have reported 20-50% increase in breast cancer risks 

among female shift workers
69,70

, and another study calculated an estimated population attributable risk of 

5.7% for breast cancer associated with night shift work 
71

. There is also evidence that long-term shift 

workers with more frequent (number of shifts per month) and more intense (number of consecutive shifts) 

schedules have an increased breast cancer risk, where one study found that shift workers working more 

than five years in a rotating pattern with at least six consecutive nights have an 80% increase risk of 

breast cancer compared to never night shift workers
72

. Similar to the shift work literature for ovarian 

cancer, there are a limited number of epidemiological studies investigating the relationship between shift 
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work and other tumour sites of prostate, colon, rectum and endometrium
65,73–75

. Furthermore, few studies 

utilized detailed lifetime occupational information and comprehensive exposure assessments to accurately 

determine a participant’s exposure to shift work.  

2.5 Potential Effect Modifiers 

2.5.1 Chronotype 

Chronotype refers to a person’s diurnal preference to morning or evening time periods, where 

their circadian rhythm is synchronized to be more active during specific hours. Chronotype may act as a 

potential effect modifier for the relationship between shift work and cancer, as certain chronotypes may 

be more tolerant to the effects of circadian disruption as a consequence of shift work
76

. Individuals who 

are more active during the evening have later melatonin peaks and may adapt more rapidly to shift work 

by phase shifting their circadian rhythm; however, individuals who are more active during the morning 

may find adaption to shift work much more difficult
77–80

.  

Chronotype is commonly measured through self-report using questionnaires, such as the morning-

eveningness questionnaire (MEQ)
81

, which inquires about preferred sleep and activity periods, and daily 

behaviour relative to others to determine chronotype. There have been criticisms concerning the precision 

of the MEQ, which are mainly based on the lack of consideration of important factors that affect 

chronotype: temporal preferences on work and non-work days, specific sleep and activity times, and 

outdoor light exposure
81

. Thus, more studies are now using the Munich ChronoType Questionnaire 

(MCTQ) to ascertain an individual’s chronotype as it takes into account actual sleep-wake times, sleep 

efficiency, and other sleep characteristics on work and non-work days
82

. The MCTQ has been validated 

based on correlations to sleep-logs, actimetry data, and melatonin and cortisol rhythms
81

. As the original 

MCTQ was targeted to those working on a standard schedule, an extended version of the MCTQ has been 

developed for shift workers by further considering the impact of non-standard hours, irregular or rotating 

shifts on sleep behaviour, and provides an accurate determination of chronotype among shift workers
83

.  
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Only one published study considered chronotype as an effect modifier for the relationship 

between shift work and ovarian cancer
21

, where chronotype was measured through self-report using a 

single question that asked participants if they were morning persons, evening persons, or other. In this 

study, morning chronotypes exhibited statistically significant increased risk of borderline and invasive 

ovarian cancer, while non-significant negative associations were observed among evening chronotypes
21

. 

However, the ORs among evening chronotypes were attenuated suggesting that evening chronotypes had 

a lower risk of ovarian cancer compared to morning chronotypes
21

.  

When looking at other cancer sites, a study in Denmark reported that the association between 

breast cancer and night shift work varied among different chronotypes when the analysis was restricted to 

shift workers
84

. Specifically, an elevated risk of breast cancer was observed among those with morning 

chronotypes in the analysis of participants with ≥884 cumulative night shift work vs. never night shift 

workers
84

. In addition, the only study published including chronotype in a study of prostate cancer among 

shift workers found that among morning chronotypes, shift workers with a lifetime cumulative duration of 

night work of more than 28 years had a higher relative risk compared to never shift workers
85

.  

2.5.2 Menopausal Status 

Menopausal status refers to whether a woman is premenopausal or postmenopausal, which is 

marked by the end of menstruation or the permanent termination of ovulation
86

. Although menopause 

does not cause cancer, menopausal status is an important risk factor for hormonally-sensitive cancers, 

where differences in the hormone profile of women may contribute to varying cancer risks
87

. A meta-

analysis analyzing reproductive information of 118,964 women from 117 epidemiological studies found 

that among women of the same age, a higher risk of breast cancer was observed in premenopausal women 

compared to postmenopausal women
87

. It is hypothesized that a longer lifetime exposure to estrogen 

increases the risk of breast cancer, inferring that women with late menopause are subject to an increased 

risk of breast cancer
88

. In relation to the melatonin hypothesis, shift work exposure may indirectly lead to 
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increased levels of circulating estrogen, where one breast cancer study has observed an increased risk of 

breast cancer among night shift working premenopausal women but not postmenopausal women
89

. 

 In the broad ovarian cancer literature, analysis of ovarian cancer risk has been rarely performed 

according to menopausal status as the majority of the established risk factors for ovarian cancer relate to 

activity in a woman’s reproductive years
90

. Among the three studies that assess the relationship between 

shift work exposure and ovarian cancer, the influence of menopausal status on cancer risk has not been 

considered. Therefore, further investigation is warranted to examine if menopausal status is a potential 

effect modifier for the relationship between shift work exposure and ovarian cancer risk.  

2.6 Confounders 

In the assessment of the relationship between shift work and ovarian cancer, there are several 

factors that should be considered as confounders, as they are independently associated with shift work and 

ovarian cancer, and do not fall on the causal pathway.   

2.6.1 Age 

Age is an established risk factor for ovarian cancer, where increasing age is associated with an 

increased risk of ovarian cancer and 80% of all ovarian cancers occur in women aged 45 and above
3
. Age 

also influences shift work participation, where a study of US female nurses found that women were more 

likely to be involved in a full-time rotating night shift schedule at younger ages compared to older ages
91

. 

In an analysis of shift work in the Canadian workforce, the average age of a full-time shift worker is 38 

which is younger compared with the average age of a full-time day worker at 41
92

. It is suggested that 

older women are less likely to be engaged in shift work due to the demanding schedule and conflicts with 

work-life balance
92

.  
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2.6.2 Parity 

Parity is an established protective factor for ovarian cancer, where studies have shown that each 

additional pregnancy is associated with a decrease in risk
15

. The presence of children at home, especially 

young children, influences a woman’s working schedule. Families with traditional gender-role 

expectations often assign homemaking and childcare responsibilities to women, and participation in the 

labour force to men
93

; thus, in these families, women with children may be less likely to be night shift 

workers. Parity can also affect the duration of exposure to shift work, where female shift workers with 

children are more likely to work part-time compared to female shift workers without children
94

.  

2.6.3 Education 

Education level is not an established risk factor for ovarian cancer, however, through the complex 

interplay of factors that influence socioeconomic status (SES), education may indirectly affect ovarian 

cancer risk. In one case-control study, African-American women with a high school education or less had 

an increased risk of ovarian cancer compared to women with a higher level of education
95

. Education 

level may also indirectly impact shift work participation through SES, where two studies reported that 

ever night shift workers were more likely to be from lower SES, and women in lower SES were more 

likely to participate in night shift work for longer durations
96–98

.   

2.7 Other Assessed Factors 

As previously mentioned, duration of oral contraceptive use and breastfeeding duration are 

established protective factors for ovarian cancer, where studies have shown that increasing durations of 

oral contraceptive use and breastfeeding duration are associated with a reduction in risk of ovarian cancer 

12,13
. Other possible risk factors for ovarian cancer are infertility, tubal ligation, ethnicity, hormone 

replacement therapy, BMI, smoking history, and history of endometriosis. 
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2.8 Summary of Rationale 

Of the three studies investigating the specific relationship between shift work and ovarian cancer, 

the results are inconsistent. Further, these studies are afflicted by common methodological inconsistencies 

that are also present in other studies of shift work and cancer that may explain the heterogeneity of the 

results. Previous studies have had considerable variation in the methods of shift work exposure 

assessment, stemming from the lack of a standard definition of shift work, leading to analyses of specific 

shift work patterns or combining experiences from different shift work patterns into one summary 

measurement. Shift characteristics like frequency and intensity of shifts have not been studied for ovarian 

cancer: these shift characteristics may relate to an increased cancer risk, as evidence suggests that shift 

workers with schedules that are more frequent (several nights per month) and more intense (several 

consecutive nights) experience a higher degree of circadian disruption
25

. There is not only a need for more 

studies to assess shift work and ovarian cancer risk, but also for studies with a consistent rigorous 

methodology that accurately and precisely defines exposure to shift work through the consideration of 

shift timing, shift schedules, shift frequency, and shift intensity
25

. Finally, few studies have considered 

potential effect modification by chronotype or menopausal status.   

This thesis investigates the relationship between shift work exposure and EOC risk using a 

comprehensive exposure assessment strategy that includes the examination of cumulative exposure to 

shift work and specific shift patterns, as well as shift frequency and shift intensity. As EOC subgroups 

possess distinct histomorphological features and risk factors, EOC risk was examined overall, as well as 

by tumour behaviour (borderline, invasive) and invasive cancer type (Type I, Type II). Further, 

chronotype and menopausal status were evaluated as potential effect modifiers for the relationship 

between shift work exposure and overall EOC risk, to explore how risk may differ among specific groups 

of women.  

 

 



 

24 

 

2.9 References 

1.  GLOBOCAN. Estimated cancer incidence, mortality and prevalence worldwide in 2012. 

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx. Published 2012. 

2.  Gilks CB, Prat J. Ovarian carcinoma pathology and genetics: recent advances. Hum Pathol. 

2009;40(9):1213-1223. doi:10.1016/j.humpath.2009.04.017. 

3.  Wark PA, Peto J. Cancer Epidemiology. Cancer Res. 2008;472:416-424. doi:10.1007/978-1-

60327-492-0. 

4.  Statistics Canada. Canadian Cancer Statistics Special topic : Skin cancers. Can Cancer Soc. 

2016;2016:1-132. doi:0835-2976. 

5.  Meinhold-Heerlein I, Hauptmann S. The heterogeneity of ovarian cancer. Arch Gynecol Obstet. 

2014;289(2):237-239. doi:10.1007/s00404-013-3114-3. 

6.  Nagle CM. Ovarian Cancer Epidemiology. In: Encyclopedia of Cancer. Vol 1. Berlin Heidelberg: 

Springer; 2011:2686-2689. doi:10.1016/B0-12-227555-1/00151-9. 

7.  Prat J. New insights into ovarian cancer pathology. Ann Oncol. 2012;23(SUPPL. 10). 

doi:10.1093/annonc/mds300. 

8.  Kroeger PT, Drapkin R. Pathogenesis and heterogeneity of ovarian cancer. Curr Opin Obstet 

Gynecol. 2016;29(1):1. doi:10.1097/GCO.0000000000000340. 

9.  Kurman RJ, Shih I-M. The origin and pathogenesis of epithelial ovarian cancer: a proposed 

unifying theory. Am J Surg Pathol. 2010;34(3):433-443. doi:10.1097/PAS.0b013e3181cf3d79. 

10.  Fleming JS, Beaugi CR, Chenevix-trench G, Tan OL. Incessant ovulation , inflammation and 

epithelial ovarian carcinogenesis : Revisiting old hypotheses. 2006;247:4-21. 

doi:10.1016/j.mce.2005.09.014. 

11.  Brekelmans CTM. Risk factors and risk reduction of breast and ovarian cancer. Curr Opin Obstet 

Gynecol. 2003;15(1):63-68. doi:10.1097/01.gco.0000051560.77832.3b. 

12.  Hunn J, Rodriguez GC. Ovarian cancer: etiology, risk factors, and epidemiology. Clin Obstet 

Gynecol. 2012;55(1):3-23. doi:10.1097/GRF.0b013e31824b4611. 

13.  Holschneider C, Berek J. Ovarian cancer: epidemiology, biology, and prognostic factors. Semin 

Surg Oncol. 2000:3-10. doi:10.1002/1098-2388(200007/08)19:1<3::AID-SSU2>3.0.CO;2-S. 

14.  Edmondson RJ, Monaghan JM. Ovarian Cancer The Epidemiology of Ovarian Cancer. Int J 

Gynecol Cancer. 2001;11:423-429. 

15.  La Vecchia C. Epidemiology of ovarian cancer: a summary review. Eur J Cancer Prev. 

2001;10(2):125-129. doi:10.1097/00008469-200104000-00002. 

16.  Hecht JL, Rosner BA, Colditz GA, Hankinson SE. Breastfeeding and risk of ovarian cancer in two 

prospective cohorts. 2007:517-523. doi:10.1007/s10552-007-0130-2. 



 

25 

 

17.  Haenszel W, Kurihara M. Studies of Japanese Migrants. I. Mortality From Cancer and Other 

Diseases Among Japanese in the United States. J Natl Cancer Inst. 1968;40(1):43-68. 

18.  Herrinton LJ, Stanford JL, Schwartz SM, Weiss NS. Ovarian cancer incidence among Asian 

migrants to the United States and their descendants. J Natl Cancer Inst. 1994;86(17):1336-1339. 

19.  Maxwell Parkin D. Cancers of the breast, endometrium and ovary: Geographic correlations. Eur J 

Cancer Clin Oncol. 1989;25(12):1917-1925. doi:10.1016/0277-5379(89)90373-8. 

20.  Kliewer E V, Smith KR. Breast cancer mortality among immigrants in Australia and Canada. 

JNatlCancer Inst. 1995;87(0027-8874 SB-M SB-X):1154-1161. 

21.  Bhatti P, Cushing-Haugen KL, Wicklund KG, Doherty JA, Rossing MA. Nightshift work and risk 

of ovarian cancer. Occup Environ Med. 2013;70(4):231-237. doi:10.1136/oemed-2012-101146. 

22.  Poole EM, Schernhammer ES, Tworoger SS. Rotating night shift work and risk of ovarian cancer. 

Cancer Epidemiol Biomarkers Prev. 2011;20(5):934-938. doi:10.1158/1055-9965.EPI-11-0138. 

23.  Carter BD, Ryan Diver W, Hildebrand JS, Patel A V., Gapstur SM. Circadian disruption and fatal 

ovarian cancer. Am J Prev Med. 2014;46(3 SUPPL. 1):S34-S41. 

doi:10.1016/j.amepre.2013.10.032. 

24.  International Agency for Research on Cancer. Painting, firefighting, and shiftwork. IARC Monogr 

Eval Carcinog Risks Hum. 2010;98:9-764. 

25.  Stevens RG, Hansen J, Costa G, et al. Considerations of circadian impact for defining “shift work” 

in cancer studies: IARC Working Group Report. Occup Environ Med. 2010;68(2):154-162. 

http://oem.bmj.com/content/68/2/154.abstract %3CBR%3E. 

26.  International Labour Office. Working Time Around the World. Corp Gov. 2007:239. 

doi:10.4324/9780203945216. 

27.  Health I for W&. A summary of research on shift work and health: Update. 2012:1-11. 

http://www.iwh.on.ca/topics/shift-work. 

28.  Arendt J. Shift work: Coping with the biological clock. Occup Med (Chic Ill). 2010;60(1):10-20. 

doi:10.1093/occmed/kqp162. 

29.  Buttgereit F, Smolen JS, Coogan AN, Cajochen C. Clocking in: chronobiology in rheumatoid 

arthritis. Nat Rev Rheumatol. 2015;11(6):349. 

30.  Schibler U. Chapter 16: Circadian time keeping: the daily ups and downs of genes, cells, and 

organisms. Prog Brain Res. 2006;153(December 2005):271-282. doi:10.1016/S0079-

6123(06)53016-X. 

31.  Scheer FAJL, Czeisler CA. Melatonin, sleep, and circadian rhythms. Sleep Med Rev. 2005;9(1):5-

9. doi:10.1016/j.smrv.2004.11.004. 

32.  Zawilska JB, Skene DJ, Arendt J. Physiology and pharmacology of melatonin in relation to 



 

26 

 

biological rhythms. Pharmacol Reports. 2009;61(3):383-410. doi:10.1016/S1734-1140(09)70081-

7. 

33.  Åkerstedt T. Shift work and disturbed sleep/wakefulness. Occup Med (Chic Ill). 2003;53(2):89-94. 

doi:10.1093/occmed/kqg046. 

34.  Brainard GC, Sliney D, Hanifin JP, et al. Sensitivity of the human circadian system to short-

wavelength (420-nm) light. J Biol Rhythms. 2008;23(5):379-386. 

doi:10.1177/0748730408323089. 

35.  Stevens RG, Davis S. The melatonin hypothesis: Electric power and breast cancer. Environ Health 

Perspect. 1996;104(SUPPL. 1):135-140. doi:10.1289/ehp.96104s1135. 

36.  Srinivasan V, Spence DW, Pandi-Perumal SR, Trakht I, Cardinali DP. Therapeutic Actions of 

Melatonin in Cancer: Possible Mechanisms. Integr Cancer Ther. 2008;7(3):189-203. 

doi:10.1177/1534735408322846. 

37.  Pawlikowski M, Winczyk K, Karasek M. Oncostatic action of melatonin: facts and question 

marks. Neuro Endocrino Lett. 2002;23(1):24-29. 

38.  Vijayalaxmi, Thomas CR, Reiter RJ, Herman TS. Melatonin: From basic research to cancer 

treatment clinics. J Clin Oncol. 2002;20(10):2575-2601. doi:10.1200/JCO.2002.11.004. 

39.  Stevens RG. Electric power use and breast cancer: a hypothesis. Am J Epidemiol. 

1987;125(4):556-561. doi:3548332. 

40.  Shah PN, Mhatre MC, Kothari LS. Effect of melatonin on mammary carcinogenesis in intact and 

pinealectomized rats in varying photoperiods. Cancer Res. 1984;44(8):3403-3407. 

41.  Tamarkin L, Cohen M, Roselle D, Reichert C, Lippman M, Chabner B. Melatonin inhibition and 

pinealectomy enhancement of 7, 12-dimethyl- benz(a)anthracene-induced mammary tumors in the 

rat. Cancer Res. 1981;41:4432-4436. 

42.  Haus EL, Smolensky MH. Shift work and cancer risk: Potential mechanistic roles of circadian 

disruption, light at night, and sleep deprivation. Sleep Med Rev. 2013;17(4):273-284. 

doi:10.1016/j.smrv.2012.08.003. 

43.  Viswanathan AN, Schernhammer ES. Circulating melatonin and the risk of breast and endometrial 

cancer in women. Cancer Lett. 2009;281(1):1-7. doi:10.1016/j.canlet.2008.11.002. 

44.  Stevens RG. Circadian Disruption and Breast Cancer. Epidemiology. 2005;16(2):254-258. 

doi:10.1097/01.ede.0000152525.21924.54. 

45.  Stevens RG, Schernhammer E. Epidemiology of urinary melatonin in women and its relation to 

other hormones and night work. Cancer Epidemiol Biomarkers Prev. 2005;14(2):551; author reply 

551-551; author reply 551. 

46.  Davis S, Mirick DK, Chen C, Stanczyk FZ. Night shift work and hormone levels in women. 



 

27 

 

Cancer Epidemiol Biomarkers Prev. 2012;21(4):609-618. doi:10.1158/1055-9965.EPI-11-1128. 

47.  Garde AH, Hansen Å̊ M, Hansen J. Sleep length and quality, sleepiness and urinary melatonin 

among healthy Danish nurses with shift work during work and leisure time. Int Arch Occup 

Environ Health. 2009;82(10):1219-1228. doi:10.1007/s00420-009-0419-4. 

48.  Touitou Y, Motohashi Y, Reinberg A, et al. Effect of shift work on the night-time secretory 

patterns of melatonin, prolactin, cortisol and testosterone. Eur J Appl Physiol Occup Physiol. 

1990;60(4):288-292. doi:10.1007/BF00379398. 

49.  Grundy A, Tranmer J, Richardson H, Graham CH, Aronson KJ. The influence of light at night 

exposure on melatonin levels among Canadian rotating shift nurses. Cancer Epidemiol Biomarkers 

Prev. 2011;20(11):2404-2412. doi:10.1158/1055-9965.EPI-11-0427. 

50.  Leung M, Tranmer J, Hung E, Korsiak J, Day AG, Aronson KJ. Shift Work, Chronotype, and 

Melatonin Patterns among Female Hospital Employees on Day and Night Shifts. Cancer 

Epidemiol Biomarkers Prev. 2016;25(5):830-838. doi:10.1158/1055-9965.EPI-15-1178. 

51.  Papantoniou K, Pozo OJ, Espinosa A, et al. Circadian variation of melatonin, light exposure, and 

diurnal preference in day and night shift workers of both sexes. Cancer Epidemiol Biomarkers 

Prev. 2014;23(7):1176-1186. doi:10.1158/1055-9965.EPI-13-1271. 

52.  Papantoniou K, Pozo O, Espinosa A, et al. Increased and mistimed sex hormone production in 

night shift workers. Cancer Epidemiol Biomarkers Prev. 2015;24(May):854-864. 

doi:10.1158/1055-9965.EPI-14-1271. 

53.  Drake CL, Roehrs T, Richardson G, Walsh JK, Roth T. Shift work sleep disorder: prevalence and 

consequences beyond that of symptomatic day workers. Sleep. 2004;27(8):1453-1462. 

doi:10.4088/JCP.10062ah1. 

54.  Haus E, Smolensky M. Biological clocks and shift work : circadian dysregulation and potential 

long-term effects. Cancer Causes Control. 2014;17(4):489-500. doi:10.1007/sl0552-005-9015-4. 

55.  Fritschi L, Glass DC, Heyworth JS, et al. Hypotheses for mechanisms linking shiftwork and 

cancer. Med Hypotheses. 2011;77(3):430-436. doi:10.1016/j.mehy.2011.06.002. 

56.  Bovbjerg DH. Circadian disruption and cancer: sleep and immune regulation. Brain Behav Immun. 

2003;17 Suppl 1:S48-S50. doi:10.1016/S0889-1591(02)00066-1. 

57.  Boniol M, Autier P. Prevalence of main cancer lifestyle risk factors in Europe in 2000. Eur J 

Cancer. 2010;46(14):2534-2544. doi:10.1016/j.ejca.2010.07.049. 

58.  Kimlin MG, Tenkate TD. Occupational exposure to ultraviolet radiation: the duality dilemma. Rev 

Env Heal. 2007;22(1):1-37. doi:10.1515/REVEH.2007.22.1.1. 

59.  Khan QJ, Kimler BF, Fabian CJ. The relationship between vitamin D and breast cancer incidence 

and natural history. Curr Oncol Rep. 2010;12(2):136-142. doi:10.1007/s11912-010-0081-8. 



 

28 

 

60.  Lawson CC, Whelan EA, Lividoti Hibert EN, Spiegelman D, Schernhammer ES, Rich-Edwards 

JW. Rotating shift work and menstrual cycle characteristics. Epidemiology. 2011;22(3):305-312. 

doi:10.1097/EDE.0b013e3182130016. 

61.  Labyak S, Lava S, Turek F, Zee P. Effects of shiftwork on sleep and menstrual function in nurses. 

Health Care Women Int. 2015;23(6-7):703-714. doi:10.1080/07399330290107449. 

62.  Tamura H, Nakamura Y, Korkmaz A, et al. Melatonin and the ovary: physiological and 

pathophysiological implications. Fertil Steril. 2009;92(1):328-343. 

doi:10.1016/j.fertnstert.2008.05.016. 

63.  Agarwal A, Gupta S, Sikka S. The role of free radicals and antioxidants in reproduction. Curr 

Opin Obstet Gynecol. 2006;18(3):325-332. doi:10.1097/01.gco.0000193003.58158.4e. 

64.  Moore CB, Siopes TD. Spontaneous ovarian adenocarcinoma in the domestic turkey breeder hen 

(Meleagris gallopavo): Effects of photoperiod and melatonin. Neuroendocrinol Lett. 2004;25(1-

2):94-101. 

65.  Viswanathan AN, Hankinson SE, Schernhammer ES. Night shift work and the risk of endometrial 

cancer. Cancer Res. 2007;67(21):10618-10622. doi:10.1158/0008-5472.CAN-07-2485. 

66.  Schernhammer ES, Speizer FE, Walter C, et al. Night-shift work and the risk of colorectal cancer 

in the nurses’ health study. J Natl Cancer Inst. 2003;95(11):825-828. doi:10.1093/jnci/95.11.825. 

67.  Grundy A, Richardson H, Burstyn I, et al. Increased risk of breast cancer associated with long-

term shift work in Canada. Occup Environ Med. 2013;70(12):831-838. doi:10.1136/oemed-2013-

101482. 

68.  Schernhammer ES, Laden F, Speizer FE, et al. Rotating night shifts and risk of breast cancer in 

women participating in the nurses’ health study. J Natl Cancer Inst. 2001;93(20):1563. 

69.  Megdal SP, Kroenke CH, Laden F, Pukkala E, Schernhammer ES. Night work and breast cancer 

risk: a systematic review and meta-analysis. Eur J Cancer. 2005;41(13):2023-2032. 

doi:10.1016/j.ejca.2005.05.010. 

70.  Jia Y, Lu Y, Wu K, et al. Does night work increase the risk of breast cancer? A systematic review 

and meta-analysis of epidemiological studies. Cancer Epidemiol. 2013;37(3):197-206. 

doi:10.1016/j.canep.2013.01.005. 

71.  Purdue MP, Hutchings SJ, Rushton L, Silverman DT. The proportion of cancer attributable to 

occupational exposures. Ann Epidemiol. 2015;25(3):188-192. 

doi:10.1016/j.annepidem.2014.11.009. 

72.  Lie JAS, Kjuus H, Zienolddiny S, Haugen A, Stevens RG, Kjærheim K. Night work and breast 

cancer risk among norwegian nurses: Assessment by different exposure metrics. Am J Epidemiol. 

2011;173(11):1272-1279. doi:10.1093/aje/kwr014. 



 

29 

 

73.  Wang F, Yeung KL, Chan WC, et al. A meta-analysis on dose-response relationship between night 

shift work and the risk of breast cancer. Ann Oncol. 2013;24(11):2724-2732. 

doi:10.1093/annonc/mdt283. 

74.  Rao D, Yu H, Bai Y, Zheng X, Xie L. Does night-shift work increase the risk of prostate cancer? 

A systematic review and meta-analysis. Onco Targets Ther. 2015;8:2817-2826. 

doi:10.2147/OTT.S89769. 

75.  Wang X, Ji A, Zhu Y, et al. A meta-analysis including dose-response relationship between night 

shift work and the risk of colorectal cancer. Oncotarget. 2015;6(28):25046-25060. 

doi:10.18632/oncotarget.4502. 

76.  Bhatti P, Mirick DK, Davis S. The impact of chronotype on melatonin levels among shift workers. 

Occup Environ Med. 2014;71(3):195-200. doi:10.1136/oemed-2013-101730. 

77.  Erren TC. Shift work and cancer research: can chronotype predict susceptibility in night-shift and 

rotating-shift workers? Occup Environ Med. 2013;70(4):283-284. doi:10.1136/oemed-2012-

100984. 

78.  Richter K, Acker J, Kamcev N, Bajraktarov S, Piehl A, Niklewski G. Recommendations for the 

prevention of breast cancer in shift workers. EPMA J. 2011;2(4):351-356. doi:10.1007/s13167-

011-0126-6. 

79.  Juda M, Vetter C, Roenneberg T. Chronotype modulates sleep duration, sleep quality, and social 

jet lag in shift-workers. J Biol Rhythms. 2013;28(2):141-151. doi:10.1177/0748730412475042. 

80.  Saksvik IB, Bjorvatn B, Hetland H, Sandal GM, Pallesen S. Individual differences in tolerance to 

shift work - A systematic review. Sleep Med Rev. 2011;15(4):221-235. 

doi:10.1016/j.smrv.2010.07.002. 

81.  Roenneberg T, Kuehnle T, Juda M, et al. Epidemiology of the human circadian clock. Sleep Med 

Rev. 2007;11(6):429-438. doi:10.1016/j.smrv.2007.07.005. 

82.  Zavada A, Gordijn MCM, Beersma DGM, Daan S, Roenneberg T. Comparison of the Munich 

Chronotype Questionnaire with the Horne-Östberg’s Morningness-Eveningness score. Chronobiol 

Int. 2005;22(2):267-278. doi:10.1081/CBI-200053536. 

83.  Juda M, Vetter C, Roenneberg T. The Munich ChronoType Questionnaire for Shift-Workers 

(MCTQ 
Shift

 ). J Biol Rhythms. 2013;28(2):130-140. doi:10.1177/0748730412475041. 

84.  Hansen J, Lassen CFF. Nested case-control study of night shift work and breast cancer risk among 

women in the Danish military. Occup Environ Med. 2012;69(8):551-556. doi:10.1136/oemed-

2011-100240. 

85.  Papantoniou K, Castano-Vinyals G, Espinosa A, et al. Night shift work, chronotype and prostate 

cancer risk in the MCC-Spain case-control study. Int J Cancer. 2015;137(5):1147-1157. 



 

30 

 

doi:10.1002/ijc.29400. 

86.  Phipps AI, Ichikawa L, Bowles EJA, et al. Defining menopausal status in epidemiologic studies: A 

comparison of multiple approaches and their effects on breast cancer rates. Maturitas. 

2010;67(1):60-66. doi:10.1016/j.maturitas.2010.04.015. 

87.  Hamajima N, Hirose K, Tajima K, et al. Menarche, menopause, and breast cancer risk: Individual 

participant meta-analysis, including 118 964 women with breast cancer from 117 epidemiological 

studies. Lancet Oncol. 2012;13(11):1141-1151. doi:10.1016/S1470-2045(12)70425-4. 

88.  Surakasula, A., Nagarjunapu, G. C., & Raghavaiah K V. A comparative study of pre-and post-

menopausal breast cancer: Risk factors, presentation, characteristics and management. J Res 

Pharm Pract. 2014;3(1):12. 

89.  Cordina-Duverger E, Koudou Y, Truong T, et al. Night work and breast cancer risk defined by 

human epidermal growth factor receptor-2 (HER2) and hormone receptor status: A population-

based case–control study in France. Chronobiol Int. 2016;0(0):1-5. 

doi:10.3109/07420528.2016.1167709. 

90.  Moorman PG, Calingaert B, Palmieri RT, et al. Hormonal risk factors for ovarian cancer in 

premenopausal and postmenopausal women. Am J Epidemiol. 2008;167(9):1059-1069. 

doi:10.1093/aje/kwn006. 

91.  Ramin C, Devore EE, Wang W, Pierre-Paul J, Wegrzyn LR, Schernhammer ES. Night shift work 

at specific age ranges and chronic disease risk factors. Occup Environ Med. 2015;72(2):100-107. 

doi:10.1136/oemed-2014-102292. 

92.  Williams C. Work-life balance of shift workers. Stat Canada. 2008;Catalogue(75):5-16. 

93.  Dubeck P, Borman KM. Women and Work: A Handbook. Taylor & Francis; 1996. 

94.  Boivin DB, Tremblay GM, James FO. Working on atypical schedules. Sleep Med. 2007;8(6):578-

589. doi:10.1016/j.sleep.2007.03.015. 

95.  Alberg AJ, Moorman PG, Crankshaw S, et al. Socioeconomic Status in Relation to the Risk of 

Ovarian Cancer in African-American Women: A Population-Based Case-Control Study. Am J 

Epidemiol. 2016;184(4):274-283. doi:10.1093/aje/kwv450. 

96.  Wang XS, Travis RC, Reeves G, et al. Characteristics of the million women study participants 

who have and have not worked at night. Scand J Work Environ Heal. 2012;38(6):590-599. 

doi:10.5271/sjweh.3313. 

97.  Schernhammer ES, Feskanich D, Liang G, Han J. Rotating night-shift work and lung cancer risk 

among female nurses in the United States. Am J Epidemiol. 2013;178(9):1434-1441. 

doi:10.1093/aje/kwt155. 

98.  Dunifon R, Kalil A, Crosby D, Su JH. Mothers’ Night Work and Children’s Behavior Problems. 

Dev Psychol. 2013;49(10):1874-1885. doi:10.1038/jid.2014.371. 



 

31 

 

2.10 Figures  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Process diagram describing the entrainment of the circadian rhythm 
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Chapter 3 

Methods 

3.1 Thesis Objectives 

1. To evaluate the association between cumulative exposure to all shift work (i.e. all types of shift 

work patterns) and overall epithelial ovarian cancer (EOC) risk, and risk by tumour behaviour 

(borderline, invasive) and invasive cancer type (Type I, Type II).  

2. To examine the association between night shift frequency (i.e. number of night shifts per month) 

and night shift intensity (i.e. number of consecutive night shifts) among night shift workers in 

relation to overall EOC risk. 

3. To investigate chronotype as a potential effect modifier of the relationship between cumulative 

exposure to all shift work and overall EOC risk.  

4. To investigate menopausal status as a potential effect modifier of the relationship between 

cumulative exposure to all shift work and overall EOC risk.  

3.2 PROVAQ Study: Design and Population 

The PRevention of OVArian Cancer in Quebec (PROVAQ) study is a population-based case-

control study conducted in Montreal, Canada (2011-2016)
1
. Study participants were women aged 18 to 79 

who were Canadian citizens, residents of the metropolitan area of Montreal, and able to communicate in 

French or English. Eligible cases were newly diagnosed with histologically-confirmed borderline or 

invasive EOC, including primary peritoneal and fallopian tube cancer, between 2010 and 2016.  Cases 

were recruited from hospital-based tumour registries and gynaecology-oncology units at seven Montreal 

hospitals. After an eligible case was identified and physician consent was obtained, the study coordinator 

mailed an introductory letter to the patient. A total of 652 women with histologically-confirmed EOC 

were eligible and contacted for an interview, and 78% (n = 507) gave consent to participate.  
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The PROVAQ study aimed to recruit population controls based on a 2:1 ratio compared to cases. 

Eligible population controls (women with at least one intact ovary and no history of EOC) were identified 

from the Quebec Electoral List and frequency-matched to cases on five-year age categories and electoral 

district. In a process that was similar to cases, an introductory letter was sent to eligible controls, which 

was followed by a phone call to obtain preliminary consent for the interview. Of a total of 1,634 eligible 

potential controls, 56% (n=908) agreed to an interview.  

3.3 PROVAQ Study: Outcome Assessment  

Confirmation of EOC diagnosis and categorization of EOC into subgroups were conducted prior 

to this thesis
1
, and assessment procedures are briefly described. For participating cases, a gynecologic 

pathologist reviewed pathology reports to confirm cancer diagnosis and abstract information on tumour 

site, histology, grade, stage, and tumour behaviour. EOC cases were classified by tumour behaviour 

(borderline, invasive) and invasive cancer type (Type I, Type II) based on histology and grade. Upon 

examination of the pathology reports, nine cases were excluded as their ovarian cancers were non-

epithelial or metastatic.  

3.4 PROVAQ Study: Data Collection Procedures 

Data were collected through an in-person interviewer-administered questionnaire (Appendix A) 

that ascertained sociodemographic characteristics, medical history, medication use, reproductive 

information, anthropometric measurements, and other lifestyle factors. A life events calendar was used 

during the in-person interview to aid recall. Factors such as pregnancy information and residential history 

were assessed in a self-administered questionnaire (Appendix B). Starting in 2013, a short questionnaire 

was given to women who did not consent to study participation to compare characteristics of participants 

to non-participants (Appendix C). 

The PROVAQ questionnaire collected detailed lifetime occupational history for each participant. 

For each job, volunteer activity, and full-time graduate study held for at least six months, information was 
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recorded on position duration, position title, status (part-time, full-time), and work pattern of fixed days 

(6pm-6am), fixed evenings (6pm-12am), fixed nights (12am-6am), rotating (alternating day shift with 

either evening shift or night shift), or other. For work pattern, participants had the option to select ‘other’ 

and provide a short statement describing their unique pattern for a specific position. Participants were also 

able to submit general comments pertaining to their entire occupational history in order to give more 

information or clarify details that they felt were pertinent. For positions with work patterns that involve 

night shifts, defined to be working three or more hours between midnight and 5am, further information 

was collected on the number of night shifts per month (night shift frequency), and the number of 

consecutive night shifts per month (night shift intensity). Shift work-specific questions in the PROVAQ 

questionnaire were derived from another Canadian-based shift work study
2
.  

3.5 Shift Work Exposure Assessment 

Using lifetime occupational history information collected by the PROVAQ study, shift work 

exposure for each participant was assessed for this thesis. Prior to exposure assessment, extensive data 

cleaning of the occupational history section was performed as part of this thesis project. A total of 325 

‘other’ statements for the work pattern question were categorized into one of the predefined questionnaire 

work patterns using specific criteria (Table 3.1). General section comments were also reviewed and 

sorted, and 32 comments were identified as pertinent to shift work patterns and were cross-checked with 

recorded occupational history for consistency. Lifetime work histories were examined for inconsistencies 

and dealt with on a case-by-case basis using information from general comments, ‘other’ statements, and 

previous positions. Duration of homemaking experience was recorded, and these experiences were 

classified as having a fixed day work pattern. A total of eight participants, who were all students aged 25 

and younger at recruitment, reported no prior occupational history and were subsequently classified as 

having a fixed day work pattern from age 19 to their referent age (age at diagnosis for cases, age at 

interview for controls). Two controls and two invasive cases were excluded from all analyses due to 
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incomplete or missing lifetime occupational history, giving a final study population total of 496 EOC 

cases and 906 population controls.  

Shift work is defined as “any arrangement of daily working hours other than the standard daylight 

hours of 7/8am-5/6pm”
3
, which encompasses the PROVAQ questionnaire work patterns of fixed 

evenings, fixed nights, and rotating shifts. Exposure to shift work was assessed using three metrics: 

cumulative exposure, night shift frequency, and night shift intensity. Cumulative exposure was evaluated 

for all shift work (i.e. all types of shift work patterns) and for specific shift work patterns.  

3.5.1 Cumulative Exposure to All Shift Work 

The cumulative exposure to all shift work metric summed up the total number of years engaged in 

a shift work setting, in any type of shift work pattern. The following formula was used to calculate 

cumulative exposure to all shift work across a participant’s occupational history:   

Cumlative Exposure =  ∑(𝐷1 × 𝐹1)

𝑘

𝑛=1

+ (𝐷2 × 𝐹2) +. . . + (𝐷𝑘 × 𝐹𝑘) 

where Cumulative Exposure is the lifetime cumulative exposure to all shift work experiences measured in 

years, Dk is position duration in years, and Fk is part-time or full-time equivalency (0.5 for part-time and 

1.0 for full-time). Each participant received a single value for cumulative exposure, where ever shift 

workers had a cumulative exposure>0 and never shift workers had a cumulative exposure=0. The 

cumulative exposure to all shift work variable was presented as categorical, where exposure categories 

were created by calculating approximate tertiles of cumulative exposure to all shift work based on the 

distribution among ever shift working controls (<5, 5-12, >12 years). The decision to present the variable 

as categorical as opposed to continuous was based on the fact that the assumption of linearity could not be 

made for the relationship between cumulative exposure to all shift work and EOC risk. In the broad shift 

work literature, cumulative exposure to long-term shift work (>20 years) has been associated with an 

increased risk in other cancer sites, indicating that a threshold may exist. Therefore, the use of a 

continuous variable could incorrectly characterize a non-linear association between long-term cumulative 

exposure to shift work and EOC risk.  
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3.5.2 Cumulative Exposure to Shift Work Groups 

All shift work exposure was categorized according to two shift work domains
4
, shift timing and 

shift schedules (Figure 3.2), to determine how different patterns of shift work affect EOC risk. Shift 

timing refers to the time period in which the shift work took place such as evening hours (6pm-12am) or 

night hours (12am-6am). “Ever” shift workers were classified based on their ever exposure to night shift 

work only, evening shift work only, and both night and evening shift work. Based on these exposure 

categories, two groups were created: “Ever night shift work” and “Evening shift work only”. Participants 

with any shift work experience involving night shifts, whether they also had jobs involving evening shifts, 

were classified into the ever night shift work group. On the other hand, participants with any shift work 

experience involving evening shifts only (i.e. never worked night shifts), were classified into the evening 

shift work only group. The decision to analyze ever night shift work exposure using participants with 

exposure to night shift work only and both night shift work and evening shift work was based on sample 

size, as very few participants reported ever working night shifts only, and even fewer participants 

reported working night shifts only for longer durations.  

Shift schedule refers to the pattern of shifts, namely fixed schedules (working specific hours 

consistently) or rotating schedules (working in an alternating pattern with day shift and either evening 

shift or night shift). Ever shift workers were classified based on their ever exposure to fixed shift work 

only, rotating shift work only, and both fixed and rotating shift work. Based on these exposure categories, 

two groups of exposure were created: “Fixed shift work only” and “Rotating shift work only”. 

Participants with shift work experiences involving fixed schedules only were classified into the fixed shift 

work only group, while participants with shift work experience involving rotating schedules only were 

classified into the rotating shift work only group. Participants with shift work experiences involving both 

rotating schedules and fixed schedules were excluded from the analyses. 

 Ever shift working women were assigned to one shift timing group (ever night shift work, 

evening shift work only) and one shift schedule group (rotating shift work only, fixed shift work only), 

however, the four shift work groups were not mutually exclusive. For example, a woman with experience 
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involving night shifts in a rotating schedule only would be assigned to one shift timing group of ever 

night shift work, as well as one shift schedule group of rotating shift work only. The analysis of the four 

shift work groups with overall EOC risk was performed using the metric of cumulative exposure. For a 

participant who was classified into the ever night shift work group, the duration of all positions involving 

night shifts in that participant’s occupational history was summed into one cumulative exposure value. 

For a participant who was classified into the evening shift work only group, the duration of all positions 

involving evening shifts was summed into one cumulative value, and this method was also used to 

determine cumulative exposure to fixed shift work only and rotating shift work only. Cumulative 

exposure to each shift work exposure group was dichotomized at the median among shift working 

controls in each respective shift work group, in order to ascertain two cumulative exposure categories 

(Table 3.2).  

3.5.3 Night Shift Frequency and Night Shift Intensity 

For a position involving night shifts, night shift frequency is a measure of the number of night 

shifts per month, while night shift intensity is a measure of the number of consecutive night shifts per 

month. Analysis of shift frequency and shift intensity was restricted to those in the ever night shift work 

group, as this information was not collected for other shift work patterns. Furthermore, the night shift 

intensity question was added after the study began; thus, participants enrolled prior to the addition of the 

question were excluded from this analysis (25 controls, 15 cases). 

 For an ever night shift worker, a single night shift frequency value was calculated by taking an 

average of the number of night shifts per month in all positions involving night shifts. No previous study 

on shift work and EOC has analyzed night shift frequency or night shift intensity, and cut-offs for shift 

frequency and shift intensity vary among the few shift work and breast cancer studies
5–8

. To retain an 

adequate sample size in the night shift frequency exposure groups, night shift intensity was dichotomized 

at the median among ever night shift working controls (<12, ≥12 night shifts per month). Night shift 

intensity exposure groups were determined by a similar method to produce two exposure categories (<4, 

≥4 consecutive night shifts) 
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3.6 Covariates 

3.6.1 Confounders 

Confounders were identified using an approach that combined directed acyclic graph (DAG) 

methods and change-in-estimate (CIE) procedures
9
. DAGs utilize information from existing evidence and 

graphically display assumed causal relationships between variables, and based on the structure of the 

causal network, confounders can be identified for the relationship between exposure and outcome. On the 

other hand, CIE procedures analyze patterns in the data and identify confounders based on relative 

changes in the effect estimate. The combination of both methods enables the identification of biologically 

plausible confounders that are also empirically observed in the data. Through this hybrid approach 

(Appendix F), a final DAG was created (Figure A.2) for the relationship between shift work and EOC, 

where confounders were identified as highest attained education and parity. These variables were 

included in all regression models as well as age, which was a frequency matching variable.  

3.6.2 Potential Effect Modifiers 

Chronotype, which refers to an individual’s preference for morning or evening activity, has been 

suggested to modify the relationship between shift work and EOC based on evidence from shift work and 

cancer studies
10,11

. Chronotype was obtained using participants’ self-classified chronotype during the in-

person interview using a single question asking if participants considered themselves a morning person, 

more morning than evening, more evening than morning, or an evening person. In the analyses, 

chronotype was presented as a categorical variable (morning, intermediate [collapsed categories of ‘more 

morning than evening’, ‘more evening than morning’], evening).  

Although no previous research has investigated menopausal status as an effect modifier for the 

relationship between shift work and EOC, there is evidence suggesting that postmenopausal and 

premenopausal shift working women have different breast cancer risks
12

. In addition, there is a biologic 

rationale to investigate how ovarian cancer risk differs according to menopausal status in relation to shift 

work exposure, as the melatonin hypothesis postulates that shift work leads to increasing levels of 
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circulating estrogen and many of ovarian cancer risk factors involve the modulation of ovulation cycles 

and level of sex hormones. The assignment of menopausal status in the PROVAQ study has been 

previously described
1
. In summary, the menopausal status of participants was determined based on 

whether participants reported menstruating two years prior to study participation. As many factors impact 

menstruation, history of medical treatment, contraceptive use, and surgery were taken under consideration 

in the classification. Fourteen participants were classified as postmenopausal due to medical treatment 

(i.e. radiation, chemotherapy). Women who did not report menstruating due to a previous hysterectomy, 

endometrial ablation, or use of a progestin-releasing intrauterine device may still have been producing 

estrogen two years before study participation, and thus, based on hormonal profile, would not be 

postmenopausal. Menopausal status of these women was imputed based on the distribution of age at 

natural menopause among population controls, where the median age at menopause was 50 years. 

Therefore, women who were not menstruating due to a hysterectomy, endometrial ablation, or use of a 

progestin-releasing intrauterine device, were considered premenopausal if they were younger than 50 

years at referent date, and postmenopausal if they were over the age of 55 years at referent date. For 

participants who were re-classified as postmenopausal, their age at menopause was considered missing. 

For women aged 50 to 55 years two years before study participation, their menopausal status was 

classified as unknown. To conclude, 32.1% (n=291) of controls and 32.5% (n=161) of the full case group 

were premenopausal, 65.0% (n=589) of controls and 65.1% (n=323) of the full case group were 

postmenopausal, and 2.9% (n=26) of controls and 2.4% (n=12) of the full case group were classified as 

unknown.  

3.6.3 Evaluation of Descriptive Characteristics 

Using information assessed from the self-administered questionnaire and in-person interviewer-

administered questionnaire, the study population was described through these characteristics: age (<45, 

45 to <55, 55 to <65, 65 to <75, ≥75 years), BMI two years prior to referent date (<18.5, 18.5-24.9, 25-

29.9, ≥30 kg/m
2
), family history of cancer (none, ovarian or breast), self-reported ethnicity (French 

Canadian, other European ancestry, other/mixed ancestry), highest attained education (<high school, high 
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school, college/technical, University undergraduate, University graduate), household financial situation 

(middle or less, fairly comfortable, very comfortable), menopausal status (premenopausal, 

postmenopausal, unknown), oral contraceptive use (never, 0 to <2, 2 to <10, ≥10 years), parity 

(nulliparous, 1, 2, ≥3 full-term births), smoking history (never, 5 to <25, ≥25 pack-years), shift work 

(never, ever), shift work groups (ever night shift work, evening shift work only, fixed shift work only, 

rotating shift work only), and chronotype (morning, intermediate, evening).  

3.7 Statistical Analysis 

3.7.1 Descriptive Analyses 

Descriptive statistics were used to compare health and work characteristics of controls, cases, and 

cases classified according to EOC subgroups (borderline, invasive, Type I, and Type II). All descriptive 

variables were displayed as categorical variables, and all statistical analyses were performed on SAS 

Version 9.4 (SAS Institute, Cary Inc.).  

3.7.2 Objective 1 

Multivariable unconditional logistic regression was used to estimate odds ratios (ORs) and 95% 

confidence intervals (CIs) for the relationship between cumulative exposure to all shift work (<5, 5-12, 

>12 years) and overall EOC risk. In all analyses, the same reference group of never shift workers (i.e. 

participants who were strictly day shift workers) was used. The regression model was adjusted for the 

frequency matching variable, age (continuous), and confounders identified using the hybrid approach with 

DAG methods and CIE procedures: highest attained education (<high school, high school, 

college/technical, University undergraduate, University graduate), and parity (nulliparous, 1, 2, ≥3 full-

term births). The p-value for trend across cumulative exposure categories was calculated by considering 

the exposure category ranks as a continuous variable in the multivariable regression model and evaluating 

the Chi-square test statistic with one degree of freedom to determine if cumulative exposure to all shift 

work had a linear effect on the logit of the probability of EOC.   
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For the analysis of risk by tumour behaviour, multivariable polytomous logistic regression was 

used to estimate the ORs and 95% CIs for cumulative exposure to all shift work on the risk of borderline 

vs. invasive EOC. Heterogeneity tests were conducted to determine if invasive or borderline EOC effect 

estimates were different using likelihood ratio tests comparing two regression models, where in one 

model, ORs were forced to be equal in the two outcomes, while the other model, ORs were allowed to 

differ
13

. Covariates were allowed to vary across both models. For the analysis by invasive cancer type 

(Type I vs. Type II), associations between cumulative exposure categories and Type I and Type II EOC 

were estimated using multivariable polytomous logistic regression. Tests for trend in cumulative exposure 

categories and heterogeneity tests for Type I vs. Type II effect estimates were also calculated using the 

same methods comparing borderline vs. invasive effect estimates.   

3.7.3 Objective 2 

For night shift frequency, multivariable unconditional logistic regression was used to estimate 

ORs and 95% CIs comparing <12 and ≥12 night shifts per month among night shift workers to never shift 

workers in relation to overall EOC risk. Multivariable unconditional logistic regression was used to 

generate ORs and 95% CIs for the association between night shift intensity exposure categories (<4, ≥4 

consecutive night shifts) and overall EOC risk among night shift workers. Information was missing for 

the night shift intensity variable for eight controls and three cases, and these participants were excluded 

from the analysis.  

3.7.4 Objective 3 & 4 

Modification of the ORs for the relationship between cumulative exposure to all shift work and 

overall EOC risk by chronotype was examined by stratifying by chronotype (morning, intermediate, 

evening), in order to compare the magnitude and direction of effect estimates among strata. A test for 

multiplicative interaction was produced by using likelihood ratio tests to compare regression models with 

and without product terms for cumulative exposure to all shift work and chronotype. A test for trend 

across cumulative exposure categories was also calculated for overall EOC risk among chronotype strata. 
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Modification of ORs for the relationship between cumulative exposure to all shift work and overall EOC 

risk by menopausal status (premenopausal, postmenopausal) was evaluated using a similar approach. 

3.7.5 Sensitivity Analyses 

In the main analysis, shift work experiences up until the referent age were included in the 

calculations of cumulative exposure to all shift work. However, as the referent age for cases is the age at 

diagnosis, the biological onset of EOC would have started prior to the referent age. Thus, shift work 

experiences occurring during the latent period between disease onset and diagnosis should not be 

accounted for due to potential reverse causation, with the contention that symptoms of EOC prior to 

official diagnosis may impact participation in shift work jobs. To ensure that shift work experiences 

occurring during the biologically effective time window of exposure does not impact associations, 

sensitivity analyses were performed for the association between cumulative exposure to all shift work and 

overall EOC risk, where separate models were run with the exclusion of two, five, and ten years of 

occupational history in the cumulative exposure to all shift work calculations. 

 As there are no established cumulative exposure to all shift work cut-offs in the literature, and 

exposure categories for Objective 1 were based on the exposure distribution among controls, sensitivity 

analyses utilizing different categorizations of cumulative exposure were performed. Ever and never 

exposure to shift work is a common categorization in existing shift work literature, thus, ever shift 

workers were compared to never shift workers in relation to overall EOC risk. In addition, it is postulated 

that shift work may impact the risk of hormonally-sensitive cancers in a similar mechanism
14,15

. To date, 

the majority of shift work studies are focused on breast cancer, whereby an increased breast cancer risk 

has been found for long-term duration of exposure to shift work
16

. In comparison to studies investigating 

shift work and breast cancer, the main analysis assessed relatively short-term cumulative exposure to shift 

work in relation to EOC risk. Therefore, a sensitivity analysis utilizing long-term shift work and breast 

cancer exposure categories for cumulative exposure to all shift work (<15, 15-29, >29 years) was 

conducted
16

.  
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3.8 Additional Analyses 

3.8.1 Shift Work Exposure Groups 

In the calculation of the cumulative exposure to all shift work variable, exposure to different shift 

work groups was weighted the same. However, overall EOC risk may differ according to different shift 

timing or schedules; thus, shift work experience was considered in the original four shift work groups of 

ever night shift work, evening shift work only, fixed shift work only, and rotating shift work only. 

Separate multivariable unconditional logistic regression models were produced for cumulative exposure 

in each group compared to the referent category of never shift workers, using the same adjustment 

variables as previous models. A test for trend across exposure categories for each shift work group was 

calculated.  

3.8.2 Potential Effect Modification in Specific Shift Work Patterns 

The variable for cumulative exposure to all shift work combines all shift work experiences in a 

summary measurement; however, the combination of experiences with different timing or schedule of 

shifts may dilute risks specific to a shift work group in terms of chronotype or menopausal status effect 

modification. Additional analysis was performed to investigate the modification of ORs by chronotype 

and the modification for ORs by menopausal status for the relationship between evening shift work only 

and overall EOC risk, as well as rotating shift work only and overall EOC risk. Effect modification was 

explored only in the associations for evening shift work only and overall EOC risk, and rotating shift 

work only in overall EOC risk due to limited sample size in other shift work exposure groups. The same 

analysis strategy was conducted as in Objective 3 & 4.  

3.9 Ethical Considerations 

The PROVAQ study was approved by the Research Committee of the Centre de recherche du 

CHUM (CRCHUM) and participating Montreal hospitals (Appendix D). All participants provided written 

informed consent prior to study enrollment. The protocol for this thesis received expedited ethical 

approval from the Health Sciences Research Ethics Board at Queen’s University in the student’s name 
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(Appendix E). All paper questionnaires and consent forms are stored in a secured, locked office at 

CRCHUM, and all electronic data are stored anonymized on a secured network at CRCHUM.  

3.10 Student Contribution 

Under the guidance of Drs. Anita Koushik and Kristan Aronson, the candidate was responsible 

for formulating study objectives, conducting a literature review, conceptualizing confounder assessment, 

developing a DAG, performing statistical analysis, interpreting results, and writing of the thesis. With 

input from Dr. Koushik and Dr. Anne Grundy, a Research Associate on Dr. Koushik’s team, the 

candidate was responsible for cleaning lifetime occupational history data in the PROVAQ study dataset 

and creating all shift work exposure variables.  
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3.12 Figures 

 
 

Figure 3.1 Deconstruction of the all shift work exposure into four shift work groups (shaded) 
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3.13 Tables  

Table 3.1 Inclusion criteria for the assignment of 'other' comments  

Work pattern  Inclusion criteria 

Fixed days 

(6am-6pm) 

 

 

 

 

 

Fixed evenings 

(6pm-12am) 

 

Fixed nights 

(12am-6am) 

 

 

Rotating  

with nights 

 

 

 

 

 

with evenings 

 

 

- Working at least 50% of shift within 6am – 6pm timeframe 

- Shift hours are split equally between fixed day and fixed evening timeframes 

- Students or young participants with no prior occupational history 

- Jobs held within the home (i.e. homemaker)  

- Statements involving keywords: ‘mornings, ‘afternoons’, ‘weekends’, ‘weekdays’, ‘variable     

  days’, ‘sunrise to sunset’, ‘business hours’ and ‘at home’ 

 

- Working at least 50% of shift within 6pm – 12am timeframe 

- Statements involving keyword: ‘evenings’ 

 

- Working at least 3 hours or more between 12am – 6am  

- Shift hours satisfy fixed evening and fixed night criteria  

- Statements involving keyword: ‘nights’ 

 

 

- Rotational pattern alternating between day shifts and night shifts  

- Participants who selected a ‘Rotating’ work pattern and reported working at least one night 

shift per month 

- Statements involving keywords: ’24 hours’, and combination of ‘nights’ with either ‘mornings’  

  or ‘days’ 

 

- Rotational pattern alternating between day shifts and evening shifts 

- Participants who selected a ‘Rotating’ work pattern and reported working no night shifts per 

month 

- Statements involving keywords: ‘irregular’, ‘flexible’, ‘variable’, ‘at all times’, ‘on call’, and 

the combination of ‘evenings’ either with ‘days’ or ‘afternoons’ 

 

Table 3.2 Shift work groups based on shift timing and shift schedules 

Domain 
Shift work 

group 
Definition 

Cumulative exposure 

calculation for a participant 

Dichotomized 

cumulative exposure 

categories  

Shift 

timings 

Ever night 

shift 

Ever shift workers with shift 

work experiences involving 

night shifts, in addition to 

evening shift experience 

Sum of duration of all 

positions involving night 

shifts  

<5.5, ≥5.5 years 

Evening shift 

only 

Ever shift workers with shift 

work experiences involving 

evening shifts only, and never 

night shifts 

Sum of duration of all 

positions involving evening 

shifts  

<3, ≥3 years 

Shift 

schedules 

Fixed shift 

work only  

Ever shift workers with shift 

work experiences involving 

fixed schedules only, and never 

rotating schedules  

Sum of duration of all 

positions involving fixed 

schedules  

<3.5, ≥3.5 years 

Rotating shift 

work only  

Ever shift workers with shift 

work experiences involving 

rotating schedules only, and 

never fixed schedules   

Sum of duration of all 

positions involving rotating 

schedules  

<3, ≥3 years 

 

 



 

49 

 

Chapter 4 

Shift work patterns and epithelial ovarian cancer risk 
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4.2 Abstract 

Background/Rationale: Shift work causing circadian disruption is a “probable” carcinogen 

according to the International Agency for Research on Cancer, but there are few studies of shift 

work and ovarian cancer. Circadian disruption has been shown to influence hormone levels, 

which may affect ovarian cancer risk. In this study, the association between shift work exposure 

and epithelial ovarian cancer (EOC) risk was investigated, as well as risk by tumour behaviour 

(borderline, invasive), invasive cancer type (Type I, Type II), and the potential effect modifiers of 

chronotype and menopausal status. 

Methods: In a population-based case-control study conducted in Montreal, Canada (2011-2016), 

496 incident EOC cases were ascertained from seven Montreal hospitals/clinics (response rate 

78%) and frequency-matched on age and electoral district to 906 population controls identified 
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from the Quebec Electoral List (response rate 56%).  Lifetime occupational histories with shift 

timing and shift schedule information were used to calculate shift work exposure for each 

participant using three metrics: cumulative exposure, night shift frequency, and night shift 

intensity. Multivariable unconditional logistic regression estimated odds ratios (ORs) and 95% 

confidence intervals (CIs) for the relationship between shift work exposure metrics and overall 

EOC risk. Multivariable polytomous logistic regression estimated ORs (95% CIs) for associations 

by EOC subgroups. Likelihood ratio tests comparing regression models with and without product 

terms evaluated interactions by chronotype and menopausal status.  

Results: Over half of cases (53.4%) and controls (51.7%) ever worked shifts that included 

evenings and/or nights. There was no strong evidence for an association between shift work 

exposure metrics and overall EOC risk, or risk by EOC subgroups, where the OR for the highest 

cumulative exposure tertile vs. never working shifts was 1.20 (95% CI: 0.89-1.63) for overall 

EOC risk. Tests for multiplicative interaction were not significant for chronotype or menopausal 

status; however, associations were suggested to vary among chronotypes. Additional analyses 

regarding cumulative exposure to specific shift work patterns indicated no strong association with 

EOC risk. 

Conclusions: This study does not provide strong support for the relationship between shift work 

exposure and EOC risk, nor risk by EOC subgroups. As only three epidemiological studies have 

been published looking at this association, further investigation is warranted. 

4.3 Introduction 

Several epidemiological studies suggest that shift work is associated with an increased 

cancer risk at multiple sites
1
, with the majority of research on breast cancer

2–5
. In 2007, the 

International Agency for Research on Cancer classified shift work involving circadian disruption 

as a probable carcinogen (Group 2A) based on sufficient evidence in experimental animals and 

limited evidence in humans
6
.  The mechanism involving melatonin suppression due to exposure 
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to light at night (LAN) may explain the relationship between shift work and cancer risk
7,8

, where 

LAN exposure can disrupt the circadian rhythm, leading to altered melatonin production patterns 

such as a delay in peak melatonin production and a reduced amount of melatonin secreted
8–10

. The 

‘melatonin hypothesis’ postulates that melatonin suppression increases circulating levels of 

estrogen among female shift workers, and in the long-term, this disrupted state contributes to the 

development of carcinomas in breast and endometrial tissue
11–13

. Strong experimental evidence 

has supported this mechanism and suggests that this pathway may extend to other hormonally-

sensitive cancers, like epithelial ovarian cancer (EOC)
14,15

.  

EOC is a highly fatal cancer
16

, as 70-90% of cases present at an advanced stage
17,18

 and 

treatment success is limited. Given a current lack of effective population-level screening 

programs
19

, the identification of modifiable risk factors for EOC are crucial for primary 

prevention efforts. To date, only three epidemiological studies have been published looking at the 

association between shift work and EOC
20–22

. In a population-based case-control study conducted 

in Washington, US,  exposure to night shift work was calculated for 1502 borderline and invasive 

cases and 1849 controls
20

. Study results indicated a positive association between ever working 

night shift and borderline and invasive ovarian cancer. However, there was no evidence of a dose-

response association between increasing cumulative exposure to night shift work and risk of 

borderline or invasive ovarian cancer
20

.  Furthermore, an American prospective mortality cohort 

study analyzed ever exposure to shift work schedules among 1289 women, who had died of 

ovarian cancer, and found an elevated risk of fatal ovarian cancer among women working rotating 

shifts compared to women working fixed day shifts
21

. In contrast, the third study analyzed 718 

incident invasive ovarian cancer cases in the Nurses’ Health Study and Nurses’ Health Study II, 

and did not find an association between duration of rotating night shift work and invasive ovarian 

cancer risk
22

.  

The study of shift work may be influenced by differences in exposure measurement 

stemming from a lack of a standard definition of ‘shift work’
23

, or the aggregation of experiences 
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from different shift work patterns under one summary measurement
7
. The frequency (number of 

shifts per month) and intensity (number of consecutive shifts) of shift work patterns have been 

rarely studied; however, one study has suggested that shift workers working more frequent and 

intense schedules experience a higher degree of circadian disruption
23

. In addition, very few 

studies haven taken under consideration potential effect modification by chronotype
24

, which 

refers to an individual’s preference to be a “morning” or “night” person, or somewhere in 

between. Research has shown that individuals with evening chronotypes may be more tolerant to 

shift work
25

, as their circadian rhythms are synchronized to evening time periods, and they have 

later melatonin production peaks, which may allow them to adapt more rapidly to shift work 

hours
26–29

. Only one shift work and ovarian cancer study analyzed associations by chronotype, 

and found evidence suggesting that evening chronotypes have a lower risk of ovarian cancer 

compared to morning chronotypes. Also, studies have shown that postmenopausal women with 

higher levels of estrogen have an increased risk of breast cancer,
30

 and in relation to the melatonin 

hypothesis, circadian disruption due to shift work may increase levels of circulating estrogen 

among female shift workers, which suggests that EOC risk may be higher among postmenopausal 

women compared to premenopausal women
31

. No study to date has investigated potential effect 

modification by menopausal status on the relationship between shift work and EOC, and further 

investigation is warranted.  

 In this population-based case-control study, we investigated the relationship between shift 

work exposure and EOC risk using a comprehensive exposure assessment that characterized 

exposure using three metrics: cumulative exposure, night shift frequency, and night shift 

intensity. Associations were examined for overall EOC risk and risk by tumour behaviour 

(borderline, invasive), and invasive cancer type (Type I, Type II). We also evaluated associations 

for potential interactions with chronotype and menopausal status. 
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4.4 Materials and Methods 

4.4.1 Study Population 

The PRevention of OVArian Cancer in Quebec (PROVAQ) study is a population-based 

case-control study conducted in Montreal, Canada (2011-2016)
32

. Study participants were women 

aged 18 to 79 who were Canadian citizens, residents of the metropolitan area of Montreal, and 

able to communicate in French or English. Cases were recruited from seven Montreal 

hospitals/clinics, where eligible women were newly diagnosed with borderline or invasive EOC, 

including primary peritoneal and fallopian tube cancer, between 2010 and 2016. A total of 652 

women with histologically-confirmed EOCs were eligible, of which 78% (n = 507) gave consent 

to participate. After the examination of pathology reports, nine participants were excluded as their 

ovarian cancers were non-epithelial or metastatic, to give a total of 498 cases. EOC cases were 

classified by tumour behaviour (borderline, invasive) and invasive cancer type (Type I, Type II) 

based on histology and grade
33

.  

Population controls were identified from the Quebec Electoral List and were frequency-

matched to cases on five-year age categories and electoral district. Out of a total of 1,634 eligible 

controls, 56% (n=908) agreed to participate. The PROVAQ study was given ethics approval from 

the Research Committee of the Centre de Recherche du CHUM, participating Montreal 

hospitals/clinics, and all study participants provided written informed consent.  

4.4.2 Data Collection Procedures 

Data were collected through an in-person interviewer-administered questionnaire that 

ascertained sociodemographic characteristics, detailed lifetime occupational history, medical 

history, medication use, reproductive information, anthropometric measurements, and other 

lifestyle factors. Self-reported chronotype was collected during the in-person interview using the 

question: “Do you consider yourself to be a morning person, more morning than evening, more 
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evening than morning, or an evening person?” Information pertinent to the determination of 

menopausal status was collected during the in-person interview such as menstrual patterns, 

history of medical treatment, contraceptives us, and surgical procedures. A life events calendar 

was used during the in-person interview to aid recall. Some factors were assessed in a self-

administered questionnaire such as pregnancy history and residential history.  

4.4.3 Shift Work Assessment 

Shift work exposure was determined using data collected in the assessment of lifetime 

occupational history. For each job, volunteer activity, and period as full-time graduate student 

held for at least six months, information was recorded on position duration, position title, status 

(part-time, full-time), work pattern [fixed days (6am-6pm), fixed evenings (6pm-12am), fixed 

nights (12am-6am), rotating (alternating day shifts with night shifts or evening shifts), or other], 

night shift frequency (number of nights shifts per month), and night shift intensity (number of 

consecutive night shifts). For work patterns reported as ‘other’, participants provided a short 

statement describing their unique work pattern for a specific job. A total of 325 ‘other’ statements 

were recorded and categorized into one of the predefined questionnaire work patterns using 

specific criteria (Table 4.1).  Periods reported as being a homemaker were classified as having a 

fixed day work pattern. A total of eight participants, who were all students aged 25 and younger, 

reported no prior occupational history and were classified as having a fixed day work pattern 

from age 19 to their referent age (age at diagnosis for cases, age at interview for controls), under 

the assumption that they had no prior exposure to shift work. Two controls and two cases were 

excluded from all analyses due to incomplete or missing occupational history, giving a final study 

population total of 496 EOC cases and 906 population controls. 

Shift work is defined as “any arrangement of daily working hours other than the standard 

daylight hours of 7/8am-5/6pm”
6
, which encompasses the PROVAQ questionnaire work patterns 

of fixed evenings, fixed nights, and rotating. In this study, shift work exposure was analyzed 
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using three metrics: cumulative exposure, night shift frequency, and night shift intensity. 

Cumulative exposure was calculated for all shift work and for specific shift work patterns 

according to domain, where ever shift workers were classified based on their exposure to certain 

shift timings (ever night shift work, evening shift work only) and shift schedules (rotating shift 

work only, and fixed shift work only) (Figure 4.1). The ever night shift work exposure group 

included participants exposed to night shifts only, as well as those exposed to both evening and 

night shifts. We were unable to include a group restricted to shift working participants with only 

night shift work experience due to a small number of participants. The following formula was 

used to calculate cumulative exposure to all shift work (i.e. all types of shift work) and specific 

shift work patterns: 

C =  ∑(𝐷1 × 𝐹1)

𝑘

𝑛=1

+ (𝐷2 × 𝐹2) +. . . + (𝐷𝑘 × 𝐹𝑘) 

where C is lifetime cumulative exposure, Dk is position duration in years, and Fk is part-time or 

full-time equivalency (0.5 for part-time, 1.0 for full-time). For example, to calculate cumulative 

exposure to all shift work, each participant received a single value, where ever shift workers had a 

C>0 and never shift workers had a C=0. C was categorized into tertiles based on the distribution 

among ever shift working controls. For cumulative exposure to specific shift work patterns, each 

participant received a single value, where ever shift workers with experiences in that specific 

exposure group had a C>0 and shift workers without exposure to a specific exposure group had a 

C=0. Duration categories for C among shift work patterns were dichotomized at the median 

cumulative exposure among controls within that exposure group. Night shift frequency and night 

shift intensity were assessed among ever night shift workers as the questionnaire did not collect 

frequency and intensity information for other shift work patterns. Furthermore, the night shift 

intensity question was added shortly after the study began. Thus, participants prior to the addition 

of the question were excluded from the night shift intensity analysis (25 controls, 15 cases). A 
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single night shift frequency value was given to a night shift worker by taking an average of the 

number of night shifts per month in all positions involving night shifts. The night shift frequency 

variable was dichotomized at the median among ever night shift working controls, producing two 

exposure categories. Night shift intensity values and exposure categories were produced using the 

same method.  

4.4.4 Variable Definitions 

Shift work exposure metrics were presented as categorical variables; cumulative 

exposure: all shift work (<5, 5-12, >12 years), ever night shift work (<5.5, ≥5.5 years), evening 

shift work only  (<3, ≥3 years), rotating shift work only (<3.5, ≥3.5 years), and fixed shift work 

only (<3, ≥3 years); night shift frequency (<12, ≥12 night shifts per month); and night shift 

intensity (<4, ≥4 consecutive night shifts).  

4.4.5 Statistical Analysis 

Multivariable unconditional logistic regression was used to estimate odds ratios (ORs) 

and 95% confidence intervals (CIs) for the relationship between cumulative exposure to all shift 

work and overall EOC risk. Analyses of overall EOC risk according to cumulative exposure to 

specific shift work patterns, night shift frequency, and night shift intensity, were performed using 

the same analysis strategy. In all analyses, the same reference group of never shift workers was 

used. Separate models were run for the analysis of cumulative exposure to all shift work and shift 

work patterns, night shift frequency, and night shift intensity. All models were adjusted for the 

frequency-matching variable, age (continuous), and confounders identified a priori using a hybrid 

approach combining directed acyclic graphs (DAG) and a change-in-estimate (CIE) procedures
34

, 

which were highest attained education (<high school, high school, college/technical, University 

undergraduate, University graduate) and parity (nulliparous, 1, 2, ≥3 full-term births). The p-

value for trend across exposure categories for shift work exposure metrics was calculated by 
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considering the exposure category ranks as a continuous variable in the regression model, and 

evaluating the Wald Chi-square test statistic with one degree of freedom to test for a linear effect 

on the logit of the probability of overall EOC risk or EOC subgroup risk.   

Multivariable polytomous logistic regression was used to estimate ORs and 95% CIs for 

cumulative exposure to all shift work and shift work patterns and risk by tumour behaviour 

(borderline vs. invasive). Heterogeneity in the associations by borderline vs. invasive EOCs was 

tested using likelihood ratio tests comparing a model where ORs for shift work were constrained 

to be equal for borderline and invasive EOCs, to a model where the ORs were allowed to differ 

for borderline and invasive EOCs
35

. Using the same analysis procedures, ORs were estimated for 

the associations according to invasive cancer types (Type I vs. Type II).  

 Modification of ORs for the relationship between cumulative exposure to all shift work 

and overall EOC risk by chronotype (morning, intermediate, evening) was examined through a 

stratified analysis. P-values for multiplicative interaction were produced using likelihood ratio 

tests to compare regression models with and without product terms for cumulative exposure to all 

shift work and chronotype. Modification of ORs for the relationship between cumulative 

exposure to all shift work and overall EOC risk by menopausal status (premenopausal, 

postmenopausal) was evaluated using similar analysis methods as for chronotype. Additional 

analysis was conducted to investigate the modification of ORs by chronotype and menopausal 

status for the relationship between two shift work patterns (evening shift work only, rotating shift 

work only) and overall EOC risk, using the same analysis strategy.  

Occupational history up until referent age (age of diagnosis for cases, age at interview for 

controls) was used to determine shift work exposure. However, the biological onset of EOC may 

have started prior to the age of diagnosis. Thus, three sensitivity analyses were performed where 

the calculation of shift work exposure excluded occupational history two, five, and ten years, 

respectively, prior to referent date. In addition, as there are no established cut-offs in the literature 

for cumulative exposure to all shift work and exposure categories were based on the exposure 
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distribution among population controls, a sensitivity analysis was performed where all shift work 

exposure was categorized as ever vs. never, and another using categories from studies of shift 

work and breast cancer (<15, 15-29, >29 cumulative years). All statistical analyses were 

conducted using SAS Version 9.4 (SAS Institute, Cary NC).  

4.5 Results 

Characteristics of the study population are shown in Table 4.2. Similar distributions were 

observed in controls and the full case group for the majority of characteristics, except a greater 

proportion of cases had no or fewer children and a shorter duration of oral contraceptive use. 

Among EOC subgroups, in comparison to controls, borderline cases were younger, less educated, 

had more pack-years of smoking, and more likely to be postmenopausal, while Type II cases were 

older, more likely to be postmenopausal and more likely to have a family history of ovarian or 

breast cancer. Regarding shift work experience (Table 4.2), just over half of both cases and 

controls ever participated in all shift work, and similar distributions were observed for ever 

participation in the four shift work patterns.  

Table 4.3 shows associations for cumulative exposure to shift work exposure groups and 

overall EOC risk, as well as risk by tumour behaviour. For overall EOC risk, cases were more 

likely than controls to participate in all shift work for >12 years and <5 years; however, no strong 

association was observed between cumulative exposure to all shift work or specific shift work 

patterns and risk. There was no difference in effect estimates for the association between 

cumulative exposure to all shift work and overall EOC risk when occupational history was 

excluded for two, five, and ten years prior to referent date (results not shown). When different 

categorizations of exposure to all shift work were applied in a sensitivity analysis, the OR (95% 

CI) for overall EOC risk was 1.00 (0.99-1.01) for ever exposure vs. never shift work, and 0.96 

(0.75-1.23) for <15 years vs. never shift work, 1.26 (0.87-1.82) for 15-29 years vs. never shift 

work, and 1.20 (0.72-2.01) for >29 years vs. never shift work.   
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When looking at risk by tumour behaviour (Table 4.3), associations for borderline and 

invasive cancer did not differ from each other, nor from what was seen overall.  Among invasive 

cancer types (Table 4.4), associations for all shift work were not significantly different between 

Type I and II EOC. For specific shift work patterns, statistically significant heterogeneity by type 

was observed for evening shift work only, where an inverse association was observed for Type I 

EOC, but no association for Type II EOCs.  

In the analysis of night shift frequency among night shift workers in relation to overall 

EOC risk, the OR (95% CI) for overall EOC risk was 0.91 (0.58-1.43) for working <12 nights per 

month vs. never shift work, and 1.06 (0.70-1.61) for working ≥12 nights per month vs. never shift 

work. For night shift intensity, the OR (95% CI) of overall EOC risk for night shift workers 

working ≥4 consecutive night shifts per month vs. never shift workers was 1.24 (0.77-2.00), while 

the OR (95% CI) for night shift workers working <4 consecutive nights per month vs. never shift 

workers was 0.92 (0.55-1.53).  

Associations between cumulative exposure to all shift work and overall EOC risk were 

not statistically significant for interaction by chronotype or menopausal status (Table 4.5). 

Among chronotype strata, morning chronotypes were suggested to have increased overall EOC 

risks, especially in the highest cumulative exposure category (OR=1.64, 95% CI: 1.01-2.65), and 

evening chronotypes were suggested to have decreased overall EOC risks, where reduction in risk 

was most pronounced in the highest cumulative  exposure category (OR=0.37, 95% CI: 0.15-

0.88). However, differences observed between chronotypes were not statistically significant. 

Additional analyses (results not shown) examined associations by chronotype for the relationships 

between cumulative exposure to evening shift work only and overall EOC risk, and rotating shift 

work only and overall EOC risk. For both shift work exposure groups, evening chronotypes were 

suggested to have reductions in risk, while the pattern of increased risks was not observed among 

morning chronotypes. On the other hand, associations did not vary among premenopausal women 
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and postmenopausal women for the relationships between cumulative exposure to all shift work, 

evening shift work only, rotating shift work only and overall EOC risk.  

4.6 Discussion 

In this population-based case-control study, no strong association between shift work 

exposure and EOC was observed when assessed according to cumulative exposure (all, specific 

shift work patterns), night shift frequency, and night shift intensity. For cumulative exposure to 

all shift work, there was some suggestion of a U-shaped pattern of risk between exposure 

categories and overall EOC risk, and risk by tumour behaviour and invasive cancer type, where a 

statistically significant reduced risk was seen for cumulative exposure to all shift work in the 

middle tertile and invasive EOC risk. Among night shift workers, working ≥4 consecutive nights 

per month was suggested to have an increased overall EOC risk, but this was not statistically 

significant. There was no statistically significant interaction by chronotype or menopausal status 

for the association between cumulative exposure to all shift work and overall EOC risk. There 

was some suggestion that morning chronotypes had an increased overall EOC risk, while evening 

chronotypes had a reduced overall EOC risk. This pattern of risk was also observed in the 

additional analyses examining cumulative exposure to evening shift work only and rotating shift 

work only and overall EOC risk among chronotype strata. However, differences in risk among 

chronotypes were not statistically significant.  

 To date, only three published studies investigated the relationship between shift work and 

ovarian cancer
20–22

. One case-control study reported increased risks for borderline and invasive 

tumours and ever exposure to night shift work
20

, which was inconsistent with our lack of findings 

in ever/never (results not shown) and cumulative exposure assessments of ever night shift work 

among borderline and invasive tumours. For rotating shift work, our findings contrasted with one 

study that reported an elevated risk of fatal ovarian cancer with ever exposure to rotating shift 
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work
21

, but aligned with another study that reported no association with invasive ovarian cancer 

risk in ever/never or cumulative exposure assessments
22

.  

No previous shift work and ovarian cancer study has differentiated risk among invasive 

cancer types. In our results, there was some evidence suggesting that in relation to cumulative 

exposure to shift work exposure groups, risk varies among invasive cancer types, where 

cumulative exposure to all shift work was associated with an increased risk among Type II 

tumours but not Type I tumours in the highest cumulative exposure category. In addition, 

associations among invasive cancer types for cumulative exposure to evening shift work only 

were significant for heterogeneity, as a negative association was suggested for Type I tumours 

while a positive association was suggested for Type II tumours. Contrasting risks may be due to 

differences between Type I and Type II tumours, which vary in morphologic and genetic 

features
36

. However, due to the few number of participants with invasive EOCs, cautious 

interpretation of suggestive trends in risk is warranted as effect estimates possessed wide 

confidence intervals that include 1.0.    

As the current literature on shift work and ovarian cancer is limited, and this is the first 

study to examine cumulative exposures to specific shift work patterns, night shift frequency, night 

shift intensity, and menopausal status as a potential effect modifier, our results may be compared 

with other shift work and cancer studies.  

Exposure to specific shift work patterns may contribute to a lesser or greater degree of 

circadian disruption, and may even impact cancer risk. For example, rotating schedules involving 

evening/night shifts may lead to a greater degree of circadian disruption compared to fixed 

schedules, as the circadian rhythm of shift workers alternating between day shifts and 

evening/night shifts would be constantly re-adjusting to the change in shifts
11

. Thus, it is not only 

important to examine if participants have had shift work experience, but also the type of shift 

work experience in terms of the timing (evening vs. night) and schedule (rotating vs. fixed) of 

shifts. Study results for ever night shift work and rotating shift work only exposure groups were 
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generally discordant with other studies, which reported positive associations with cumulative 

exposure to night shift work for breast and endometrial cancer
37–39

, and to rotating shift work for 

breast, prostate and colorectal cancer
40,41

. Very few studies assessed cancer risks associated with 

evening shift work schedules; however, our results are consistent with two breast cancer studies 

reporting no association with evening shift work
42,43

. Limited information exists for fixed shift 

work as it is common for studies to combine rotating and fixed shift work experiences involving 

night shifts. That being said, our results were consistent with a recent colorectal cancer study 

reporting no association with fixed shift work
41

, and were inconsistent with a prostate cancer 

study reporting a positive association with long-term cumulative exposure to fixed shift work
44

.  

Frequency and intensity of shifts have only been analyzed for night shift work in terms of 

breast cancer risk, where two studies reported that night shift workers working more intense and 

frequent schedules have elevated breast cancer risks
45,46

. Despite our analyses being limited by 

sample size, ever night shift workers with ≥4 consecutive night shifts were suggested to have an 

increased overall EOC risk, and null findings were seen with increasing night shift frequency. 

Modification of ORs by menopausal status for the relationship between shift work and overall 

EOC risk has never been investigated before; our results found that overall EOC risk did not 

differ between premenopausal and postmenopausal women. Extending to the shift work literature, 

our results were consistent with one study reporting no differences in breast cancer risk among 

premenopausal and postmenopausal women working night shifts
47

, and contrasted with results 

from another study that observed positive associations of night work and receptor-positive breast 

cancer in premenopausal women, but not postmenopausal women
48

. 

Despite a growing body of evidence for chronotype, the current literature remains 

discordant
44,45,49

. Study results were consistent with the only other study investigating chronotype 

as an effect modifier for the relationship between shift work and EOC, where a suggestive 

decrease in EOC risk among evening chronotypes compared to morning chronotypes was 

observed. In other cancer sites, our results were inconsistent with one study finding no differences 
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in breast cancer risk among different chronotypes
49

, and consistent with other studies reporting 

either increased or decreased risks for morning and evening chronotypes in relation to shift work 

and different cancer risks
44,45,50

.  

One of the strengths of this study is the collection of detailed lifetime occupational 

history with shift timing and shift schedule information, which enabled the analysis of cumulative 

exposure to specific shift work patterns. Previous studies that have examined different shift work 

patterns in one summary exposure measurement may dilute risks associated with specific shift 

work patterns. Despite our analyses being limited in power, a second key strength is the 

examination of how the frequency and intensity of night shift work schedules influence ovarian 

cancer risk, which has not been analyzed in previous shift work and ovarian cancer studies and 

has rarely been investigated in the shift work literature. The consideration of other exposure 

metrics, such as frequency and intensity, helps to identify which dimensions of shift work may be 

contributing to a greater disruption of circadian rhythms, and consequently, cancer risk. Another 

strength of this study lies in the investigation of menopausal status as a potential effect modifier, 

which elucidates how women with different hormone profiles may be differentially affected by 

the exposure to shift work. In addition, the analysis of effect modification by chronotype 

addresses how variation in diurnal preferences may contribute to a greater or lesser degree of 

adaptation and tolerance to shift work. Furthermore, analyzing risk by tumour behaviour 

(borderline, invasive) and invasive cancer type (Type I, Type II), which has not been done in 

previous studies, provides insight on how risk factors such as shift work may play a role in the 

etiology of different EOCs. Finally, a priori confounders such as parity and education were 

identified through a hybrid approach combining directed acyclic graphs and change-in-estimate 

procedures, which lead to the adjustment of confounders that were biologically relevant and 

statistically observed in the data.  

One limitation of this is study is limited sample size, where we lacked the power to 

interpret trends seen in study results. Despite the participation of 496 cases, and the fact that a 
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large proportion of the PROVAQ study population was ever exposed to shift work, exposure to 

long-term shift work was rare for all shift work and specific shift work patterns. Thus, our 

cumulative exposure analyses were restricted to shorter-term exposure categories, which limited 

our ability to detect an association, if one exists, as it has been reported with long-term shift work 

and breast cancer risk
51

. A second limitation is the measurement of chronotype, which was 

determined using a participant’s self-classified chronotype. As there are many factors that need to 

be taken under consideration in the ascertainment of chronotype, other studies have utilized 

validated tools such as the Munich ChronoType Questionnaire (MCTQ), which takes into account 

temporal preferences on work and non-work days, specific sleep and activity times, and outdoor 

light exposure
52

, to accurately determine an individual’s chronotype. Suggestive trends in the 

effect modification analyses involving chronotype should not be over interpreted due to the use of 

a relatively basic measure. However, it has been demonstrated that self-classified chronotype is 

highly correlated to the determination of chronotype using a validated questionnaire
53

. Another 

limitation of this study is the possibility of selection bias due to the low response rate of 56% 

among controls and that information collected from eligible non-participating controls indicated 

they were older and had a lower level of education. For selection bias to affect study results, the 

exposure distribution among study controls must differ from the exposure distribution among the 

population where the cases arose from. In comparison to another Canadian shift work study
51

, a 

smaller proportion of the PROVAQ study controls reported ever working night shift work. Thus, 

if the general Montreal population were more likely to have shift work exposure compared to 

study controls, then it is possible that our results may overestimate the magnitude of association 

between shift work and ovarian cancer. A common criticism of case-control study designs is the 

retrospective method of data collection, where recall of exposures may be affected by recall bias 

and recall error. However, it is unlikely that recall bias influenced our results as shift work 

exposure was calculated from occupational history, study objectives were not directly 

communicated to participants, and a wide variety of factors were assessed during the interview. In 
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addition, difficulty in recounting past occupational history would affect cases and controls 

equally, and we had intended to minimize this by use of a life events calendar during the in-

person interview to aid recall.  Finally, a combination of DAG methods and CIE procedures were 

used to assess confounders, however, it is possible that residual bias from unidentified 

confounders may have impacted the study results.  

In summary, this study does not provide strong support for the association between shift 

work exposure and overall EOC risk, and risk among EOC subgroups, based on the analysis of 

cumulative exposure to shift work patterns, night shift frequency, and night shift intensity.  Due 

to differences in exposure assessments in the shift work literature, our study results were 

consistent with some studies and inconsistent with others As shift work is a prevalent exposure, 

there is a need for more epidemiological research that would investigate how specific shift work 

patterns with varying frequencies and intensities influence EOC risk.  
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4.9 Tables and Figures 

Table 4.1 Inclusion criteria of PROVAQ questionnaire work patterns 

Work pattern  Inclusion criteria 

Fixed days 

(6am-6pm) 

 

 

 

 

 

Fixed evenings 

(6pm-12am) 

 

Fixed nights 

(12am-6am) 

 

 

Rotating  

with nights 

 

 

 

 

 

 

 with evenings 

 

 

- Working at least 50% of shift hours within 6am – 6pm timeframe 

- Shift hours are equally split between fixed day and fixed evening timeframes 

- Students or young participants with no prior occupational history 

- Positions held within the home (i.e. homemaker, guardian, personal support)  

- Statements involving keywords: ‘mornings, ‘afternoons’, ‘weekends’, 

‘weekdays’, ‘variable     

  days’, ‘sunrise to sunset’, ‘business hours’ and ‘at home’ 

 

- Working at least 50% of shift hours within 6pm – 12am timeframe 

- Statements involving keyword: ‘evenings’ 

 

- Working at least 3 hours or more between 12am – 6am  

- Working hours satisfy fixed evening and fixed night criteria  

- Statements involving keyword: ‘nights’ 

 

- Rotational pattern involving fixed day shifts and fixed night shifts  

- Participants who selected ‘Rotating’ and reported working at least one fixed 

night shift per month 

- Statements involving keywords: ’24 hours’, and combination of ‘nights’ with 

either ‘mornings’  

  or ‘days’ 

 

- Rotational pattern involving fixed day shifts and fixed evening shifts 

- Participants who selected ‘Rotating’ and reported working 0 fixed night shifts 

per month 

- Statements involving keywords: ‘irregular’, ‘flexible’, ‘variable’, ‘at all 

times’, ‘on call’, and  

  combination of ‘evenings’ either with ‘days’ or ‘afternoons’ 
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Figure 4.1 Deconstruction of the all shift work experience into four shift work patterns (shaded)  
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Table 4.2 Descriptive characteristics of the PROVAQ study population 

  
Controls 

(N=906) n (%) 
  

Full case group 

(N=496) n (%) 
  

Borderline cases 

(n=134) n (%)  

Type I cases 

(n=102) n (%) 
  

Type II cases 

(n=260) n (%) 

Age (years) 

         
<45  116 (12.8) 

 

  63 (12.7) 

 

37 (27.6) 

 

18 (17.6) 

 

  8 (3.1) 

45 to <55  212 (23.4) 

 

129 (26.0) 

 

32 (23.9) 

 

28 (27.5) 

 

69 (26.5) 

55 to <65  294 (32.5) 

 

162 (32.7) 

 

40 (29.9) 

 

33 (32.4) 

 

89 (34.2) 

65 to <75  197 (21.7) 

 

103 (20.8) 

 

19 (14.2) 

 

19 (18.6) 

 

65 (25.0) 

≥75    87 (9.6) 

 

  39 (7.9) 

 

  6 (4.5) 

 

  4 (3.9) 

 

29 (11.2) 

BMI (kg/m2) 

         <18.5   36 (4.0) 

 

  25 (5.0) 

 

  8 (6.0) 

 

  5 (4.9) 

 

  12 (4.6) 

18.5 – 24.9 423 (46.7) 

 

218 (44.0) 

 

57 (42.5) 

 

46 (45.1) 

 

115 (44.2) 

25-29.9 277 (30.6) 
 

139 (28.0) 
 

39 (29.1) 
 

25 (24.5) 
 

  75 (28.8) 

≥30 170 (18.8) 
 

114 (23.0) 
 

30 (22.4) 
 

26 (25.5) 
 

  58 (22.3) 

Family history of cancera, b  

         None 719 (81.6)  381 (78.1)  115 (87.8)  86 (85.1)  180 (70.3) 

Ovarian or breast 162 (18.4) 

 

107 (21.9) 

 

  16 (12.2) 

 

15 (14.9) 

 

  76 (29.7) 

Self-reported ethnicityb 

         French Canadian 607 (67.0) 

 

337 (68.1) 

 

93 (69.4) 

 

75 (73.5) 

 

169 (65.3) 

Other European ancestry 216 (23.9) 

 

115 (23.2) 

 

30 (22.4) 

 

16 (15.7) 

 

  69 (26.6) 

Other/mixed ancestry   82 (9.1) 

 

  43 (8.7) 

 

11 (8.2) 

 

11 (10.8) 

 

  21 (8.1) 

Highest attained education 

         <High school   83 (9.2) 

 

  51 (10.3) 

 

11 (8.2) 

 

  8 (7.8) 

 

32 (12.3) 

High school 198 (21.8) 

 

140 (28.2) 

 

46 (34.3) 

 

26 (25.5) 

 

68 (26.2) 

College/technical 277 (30.6) 
 

144 (29.0) 
 

37 (27.6) 
 

31 (30.4) 
 

76 (29.2) 

University, undergraduate 244 (26.9) 
 

112 (22.6) 
 

23 (17.2) 
 

29 (28.5) 
 

60 (23.1) 

University, graduate  104 (11.5) 
 

  49 (9.9) 
 

17 (12.7) 
 

  8 (7.8) 
 

24 (9.2) 

Household financial situationb 

         Middle or less 311 (34.4) 

 

171 (34.5) 

 

45 (33.6) 

 

40 (39.2) 

 

  86 (33.2) 

Fairly comfortable 446 (49.3) 

 

238 (48.1) 

 

67 (50.0) 

 

42 (41.2) 

 

129 (49.8) 

Very comfortable 148 (16.3) 

 

86 (17.4) 

 

22 (16.4) 

 

20 (19.6) 

 

  44 (17.0) 

Menopausal statusb, c 

         Premenopausal 291 (32.1) 

 

161 (32.5) 

 

56 (41.8) 

 

44 (43.1) 

 

  61 (23.5) 

Postmenopausal 589 (65.0) 

 

323 (65.1) 

 

74 (55.2) 

 

55 (53.9) 

 

194 (74.6) 

Unknown   26 (2.9) 

 

  12 (2.4) 

 

  4 (3.0) 

 

  3 (2.9) 

 

    5 (1.9) 
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Oral contraceptive use (years)b 

         Never  172 (19.0) 

 

107 (21.7) 

 

17 (12.9) 

 

22 (21.6) 

 

  68 (26.1) 

0 to <2 158 (17.4) 

 

  94 (19.0) 

 

29 (22.0) 

 

23 (22.6) 

 

  42 (16.2) 

2 to <10  334 (36.9) 

 

195 (39.5) 

 

49 (37.1) 

 

38 (37.3) 

 

108 (41.5) 

≥10 242 (26.7) 

 

98 (19.8) 

 

37 (28.0) 

 

19 (18.6) 

 

  42 (16.2) 

Parity (full-term births) 

         Nulliparous 197 (21.8) 
 

166 (33.5) 
 

52 (38.8) 
 

53 (52.0) 
 

61 (23.5) 

1 160 (17.7) 
 

102 (20.6) 
 

25 (18.7) 
 

18 (17.6) 
 

59 (22.7) 

2 354 (39.1) 
 

156 (31.4) 
 

41 (30.6) 
 

26 (25.5) 
 

89 (34.2) 

≥3 194 (21.4) 
 

  72 (14.50 
 

16 (11.9) 
 

  5 (4.9) 
 

51 (19.6) 

Smoking history (pack-years)b 

         Never  423 (47.1) 
 

197 (41.0) 
 

42 (33.1) 
 

47 (47.0) 
 

108 (42.7) 

<5 143 (15.9) 

 

  79 (16.5) 

 

20 (15.7) 

 

19 (19) 

 

  40 (15.8) 

5 to <25 161 (17.9) 

 

110 (22.9) 

 

29 (22.8) 

 

20 (20) 

 

  61 (24.1) 

≥25 172 (19.1) 

 

  94 (19.6) 

 

36 (28.3) 

 

14 (14) 

 

  44 (17.4) 

Shift work  

         
Never shift work 437 (48.2) 

 

231 (46.6) 

 

60 (44.8) 

 

50 (49.0) 

 

121 (46.5) 

Ever shift work  469 (51.8) 

 

265 (53.4) 

 

74 (55.2) 

 

52 (51.0) 

 

139 (53.5) 

Shift work patternsd 

         Ever night shift work  149 (31.8) 
 

  78 (29.4) 
 

22 (29.7) 
 

16 (30.8) 
 

40 (28.8) 
Evening shift work  

only  320 (68.2) 

 

187 (70.6) 

 

52 (70.3) 

 

36 (69.2) 

 

99 (71.2) 

Rotating shift work only  265 (56.5) 

 

155 (58.5) 

 

40 (54.1) 

 

29 (55.8) 

 

86 (61.9) 

Fixed shift work only    89 (19.0) 

 

  48 (18.1) 

 

14 (18.9) 

 

  9 (17.3) 

 

25 (18.0) 

Chronotypeb 

         Morning 379 (41.8) 
 

203 (41.0) 
 

47 (35.1) 
 

48 (47.0) 
 

108 (41.7) 

Intermediate 367 (40.5)  214 (43.2)  62 (46.3)  38 (37.3)  114 (44.0) 

Evening 160 (17.7)     78 (15.8)   25 (18.6)   16 (15.7)     37 (14.3) 
a Family history of cancer in first-degree female relatives 
b Missing information: family history of cancer (25 controls, 8 cases), self-reported ethnicity (1 control, 1 case), household financial situation (1 control, 1 case), oral contraceptive use (2 cases), smoking  

  history (7 controls, 16 cases), and chronotype (1 case) 
c Menopausal status was imputed for 103 controls, 12 borderline cases, 8 Type I cases and 26 Type II cases 
d Among ever shift workers  
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Table 4.3 Multivariable ORs (95% CIs) for the relationship between cumulative exposure to all shift work and four shift work patterns and overall, 

borderline, and invasive EOC 

Cumulative years of 

exposure 

Controls 
(N=906) 

  Full case group (N=496)   Invasive cases (n=362)   Borderline cases (n=134)   phet
c 

 n (%)a    n (%)a ORb (95% CI)    n (%)a ORb (95% CI)    n (%)a ORb (95% CI)     

All shift work  

           Never 437 (48.3) 

 

231 (46.6) 1.00 (ref) 

 

171 (47.2) 1.00 (ref) 

 

60 (44.8) 1.00 (ref) 

 

0.65 

< 5  146 (16.1) 

 

  93 (18.8) 1.21 (0.88-1.67) 

 

  66 (18.2) 1.22 (0.86-1.73) 

 

27 (20.1) 1.19 (0.71-1.98) 

  5 – 12 168 (18.5) 

 

  67 (13.5) 0.74 (0.53-1.03) 

 

  44 (12.2) 0.67 (0.46-0.99) 

 

23 (17.2) 0.92 (0.54-1.56) 

  > 12  155 (17.1) 

 

105 (21.2) 1.21 (0.89-1.63) 

 

  81 (22.4) 1.25 (0.90-1.74) 

 

24 (17.9) 1.10 (0.65-1.86) 

  ptrend
d 

   
0.75 

  
0.72 

  
0.88 

  Ever night shift work  
           

Never 437 (74.6) 

 

231 (74.8) 1.00 (ref) 

 

171 (75.3) 1.00 (ref) 

 

60 (73.2) 1.00 (ref) 

 

0.48 

< 5.5    73 (12.4) 

 

  40 (12.9) 1.07 (0.70-1.64) 

 

  31 (13.7) 1.14 (0.71-1.83) 

 

  9 (11.0) 0.85 (0.39-1.84) 

  ≥ 5.5    76 (13.0) 

 

  38 (12.3) 0.88 (0.58-1.36) 

 

  25 (11.0) 0.80 (0.50-1.32) 

 

13 (15.9) 1.12 (0.58-2.18) 

  ptrend
d 

   
0.69 

  
0.56 

  
0.85 

  Evening shift work only 

           Never 437 (57.7) 

 

231 (55.3) 1.00 (ref) 

 

171 (55.9) 1.00 (ref) 

 

60 (53.6) 1.00 (ref) 

 

0.96 

< 3  122 (16.1) 

 

  82 (19.6) 1.27 (0.92-1.77) 

 

  56 (18.3) 1.25 (0.86-1.80) 

 

26 (23.2) 1.33 (0.79-2.25) 

  ≥ 3  198 (26.2) 

 

105 (25.1) 0.98 (0.73-1.31) 

 

  79 (25.8) 0.98 (0.72-1.36) 

 

26 (23.2) 0.96 (0.58-1.58) 

  ptrend
d 

   
0.92 

  
0.92 

  
0.97 

  Rotating shift work only  

         Never 437 (62.2) 

 

231 (59.8) 1.00 (ref) 

 

171 (59.8) 1.00 (ref) 

 

60 (60.0) 1.00 (ref) 

 

0.38 

< 3.5  132 (18.8) 

 

  77 (19.9) 1.12 (0.81-1.56) 

 

  60 (21.0) 1.23 (0.85-1.76) 

 

17 (17.0) 0.86 (0.48-1.56) 

  ≥ 3.5  133 (19.0) 

 

  78 (20.2) 1.06 (0.76-1.47) 

 

  55 (19.2) 1.01 (0.70-1.45) 

 

23 (23.0) 1.19 (0.70-2.02) 

  ptrend
d 

   
0.64 

  
0.75 

  
0.64 

  Fixed shift work only 

         Never 437 (83.1) 

 

231 (82.8) 1.00 (ref) 

 

171 (83.4) 1.00 (ref) 

 

60 (81.1) 1.00 (ref) 

 

0.49 

< 3    31 (5.9) 

 

  25 (9.0) 1.50 (0.86-2.63) 

 

  19 (9.3) 1.63 (0.89-2.98) 

 

  6 (8.1) 1.19 (0.46-3.04) 

  ≥ 3   58 (11.0) 

 

  23 (8.2) 0.73 (0.44-1.23) 

 

  15 (7.3) 0.64 (0.35-1.17) 

 

  8 (10.8) 1.01 (0.45-2.27) 

  ptrend
d       0.53     0.41     0.90     

a Percentages are based on total number of participants for each shift work exposure group  
b Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, University undergraduate, University graduate) and parity (never, 1, 2, ≥3 full-term births) 
c p-value for heterogeneity between borderline and invasive EOCs  
d p-value for trend across exposure categories 
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Table 4.4 Multivariable ORs (95% CIs) for the analysis between cumulative exposure to all shift 

work and four shift work patterns and Type I and Type II EOC 

Cumulative years of 
exposure 

Controls 
(N=906) 

  Type I cases (n=102)   Type II cases (n=260)   phet
c 

n (%)a   n (%)a ORb (95% CI)   n (%)a ORb (95% CI)     

All shift work 
         Never 437 (48.3) 

 
50 (49.0) 1.00 (ref) 

 
121 (46.5) 1.00 (ref) 

 
0.82 

<5  146 (16.1) 

 

21 (20.6) 1.27 (0.72-2.23) 

 

  45 (17.3) 1.23 (0.83-1.83) 

  5 – 12  168 (18.5) 

 

11 (10.8) 0.57 (0.28-1.13) 

 

  33 (12.7) 0.73 (0.47-1.12) 

  ≥12  155 (17.1) 
 

20 (19.6) 1.08 (0.61-1.90) 
 

  61 (23.5) 1.35 (0.94-1.94) 
  ptrend

d 

   
0.68 

  
0.41 

  Ever night shift work  
       

 Never 437 (74.6) 
 

50 (75.8) 1.00 (ref) 
 

121 (75.2) 1.00 (ref) 
 

0.44 

< 5.5    73 (12.4) 

 

  7 (10.6) 0.78 (0.33-1.84) 

 

  24 (14.9) 1.34 (0.80-2.26) 

  ≥ 5.5    76 (13.0) 

 

  9 (13.6) 0.92 (0.43-2.00) 

 

  16 (9.9) 0.80 (0.45-1.43) 

  ptrend
d 

   
0.72 

  
0.77 

  Evening shift work only  

        Never 437 (57.7) 

 

50 (58.1) 1.00 (ref) 

 

121 (55.0) 1.00 (ref) 

 

<0.0001 

< 3  122 (16.1) 

 

25 (29.1) 1.98 (1.15-3.43) 

 

  31 (14.1) 0.99 (0.63-1.56) 

  ≥ 3  198 (26.2) 
 

11 (12.8) 0.47 (0.24-0.94) 
 

  68 (30.9) 1.19 (0.84-1.68) 
  ptrend

d 

   
0.17 

  
0.34 

  Rotating shift work only  

      Never 437 (62.2) 
 

50 (63.3) 1.00 (ref) 
 

121 (58.5) 1.00 (ref) 
 

0.45 

< 3.5 132 (18.8) 

 

17 (21.5) 1.20 (0.66-2.19) 

 

  43 (20.8) 1.26 (0.84-1.90) 

  ≥ 3.5  133 (19.0) 

 

12 (15.2) 0.73 (0.37-1.44) 

 

  43 (20.8) 1.16 (0.77-1.73) 

  ptrend
d 

   
0.52 

  
0.35 

  
Fixed shift work only  

      Never 437 (83.1) 
 

50 (84.7) 1.00 (ref) 
 

121 (82.9) 1.00 (ref) 
 

0.07 

< 3    31 (5.9) 

 

  8 (13.6) 2.30 (0.95-5.58) 

 

  11 (7.5) 1.40 (0.68-2.90) 

  ≥ 3    58 (11.0) 

 

  1 (1.7) 0.15 (0.02-1.09) 

 

  14 (9.6) 0.83 (0.45-1.56) 

  ptrend
d       0.21     0.79     

a Percentages are based on total number of participants for each shift work patterns in controls, Type I tumours and Type II tumours 
b Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, University undergraduate, 

University graduate) and parity (never, 1, 2, ≥3 full-term births) 
c p-value for heterogeneity between Type I tumours and Type II tumours 
d p-value for trend across exposure categories 
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Table 4.5 Modification of ORs by chronotype and menopausal status for the relationship between 

cumulative exposure to all shift work and overall EOC risk 

Cumulative exposure to all 
shift work 

Controls 

(N=906)  
n (%)a 

  
 
Full case group (N=496)   Interactionc 

  n (%)a ORb (95% CI)   

All shift work  

      Never 437 (48.2) 

 

231 (46.6) 1.00 (ref) 

  < 5  146 (16.1) 
 

  93 (18.7) 1.21 (0.88-1.67) 
  5 – 12  168 (18.6) 

 
  67 (13.5) 0.74 (0.53-1.03) 

  > 12  155 (17.1) 

 

105 (21.2) 1.20 (0.89-1.63) 

  ptrend
d 

   
0.75 

  Chronotype 

     
p=0.29 

Morning  

      Never 207 (54.6) 
 

101 (49.8) 1.00 (ref) 
  < 5    55 (14.5) 

 
  36 (17.7) 1.43 (0.87-2.34) 

  5 – 12    66 (17.4) 

 

  24 (11.8) 0.82 (0.48-1.39) 

  > 12    51 (13.5) 

 

  42 (20.7) 1.64 (1.01-2.65) 

  ptrend
d 

   
0.16 

  Intermediate 

      Never 190 (47.9) 
 

99 (44.6) 1.00 (ref)  

 < 5    70 (17.6) 
 

44 (19.8) 0.82 (0.42-1.61)   

 5 – 12    75 (18.9) 

 

36 (16.2) 1.04 (0.52-2.11)  

 > 12    62 (15.6) 

 

43 (19.4) 0.74 (0.38-1.45)  

 ptrend
d 

   
0.47 

  Evening 

      Never 40 (30.8) 
 

30 (42.8) 1.00 (ref) 
  < 5  21 (16.1) 

 
13 (18.6) 0.56 (0.21-1.51) 

  5 – 12  27 (20.8) 

 

  7 (10.0) 0.36 (0.12-1.10) 

  > 12  42 (32.3) 

 

20 (28.6) 0.37 (0.15-0.88) 

  ptrend
d 

   
0.02 

  Menopausal status 

     
p=0.67 

Premenopausal 
      Never 129 (44.3) 

 
67 (41.6) 1.00 (ref) 

  < 5    62 (21.3) 

 

45 (28.0) 1.45 (0.89-2.39) 

  5 – 12   67 (23.0) 

 

25 (15.5) 0.67 (0.38-1.16) 

  > 12    33 (11.4) 
 

24 (14.9) 1.32 (0.71-2.45) 
  ptrend

d 

   
0.97 

  Postmenopausal 
      Never 294 (49.9) 

 
161 (49.8) 1.00 (ref) 

  < 5    81 (13.8) 

 

  46 (14.2) 0.71 (0.37-1.35) 

  5 – 12    96 (16.3) 

 

  38 (11.8) 0.12 (0.55-2.25) 

  > 12  118 (20.0) 
 

  78 (24.2) 0.87 (0.43-1.76) 
  ptrend

d       0.80     
a Percentages are based on total number of participants for each strata for chronotype and menopausal status 
b Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, University undergraduate, 
University graduate) and parity (never, 1, 2, ≥3 full-term births) 
c Interaction p-value generated using the likelihood ratio test to compare regression models with and without interaction terms  
d p-value for trend across exposure categories 
e Chronotype information missing for one invasive case 
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Chapter 5 

Additional Results 

This chapter presents summary results for Objective 2 and results from sensitivity 

analyses and additional analyses that were not included as tables or explicit results in the 

manuscript of chapter 4.  

5.1 Summary of results for Objective 2 

Among ever night shift working participants, information was available on night shift 

frequency (number of night shifts per month) and night shift intensity (number of consecutive 

night shifts per month). For Objective 2, we investigated the association between night shift 

frequency and overall EOC risk among night shift workers, and night shift intensity and overall 

EOC risk among night shift workers (Table 5.1). The results do not provide support that working 

schedules with more night shifts per month and more consecutive night shifts is associated with 

an increased overall EOC risk among night shift workers. There was suggestive evidence that 

working ≥4 consecutive night shifts per month was associated with an elevated overall EOC risk 

(OR=1.24, 95% CI: 0.77-2.00). However, interpretation of these results is limited due to wide 

confidence intervals that include an OR of 1.0.  

5.2 Sensitivity Analyses 

5.2.1 Exclusion of Occupational History  

Lifetime occupational history up until the referent age (i.e. age at diagnosis for cases and 

age at interview for controls) was used in the calculation of cumulative exposure to all shift work 

in Objective 1. It is highly likely that the biological onset of EOC would have started prior to 

official diagnosis and it is possible that early symptoms may have appeared in the latent period. 

Therefore, any shift work experience occurring in the latent period should not be taken under 
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consideration as the symptoms of EOC may influence participation in a shift work job. A 

sensitivity analysis was performed to ensure that effect estimates in the main analysis were not 

affected by reverse-causality bias resulting from the inclusion of the latent period in the exposure 

definition. Occupational history in the two, five, and ten years prior to the referent date was 

excluded in the calculation of cumulative exposure to all shift work. The results of these 

sensitivity analyses (Table 5.2) are similar to the results of the main analysis, indicating that shift 

work experiences occurring within the latent period did not bias effect estimates.  

5.2.2 Ever vs. Never Categorizations 

As there is no established threshold for cumulative exposure to all shift work and EOC 

risk in the existing literature, exposure categories were based on exposure tertiles exhibited 

among controls which represented the exposure distribution in the study base. However, these 

categories do not reflect cut-offs seen in the literature on shift work and other cancer outcomes, 

where one common categorization is ever vs. never exposure to shift work or a shift work 

pattern
1
. Thus, a sensitivity analysis was performed to assess associations based on ever exposure 

to shift work or a shift work pattern and overall EOC risk, as well as according to tumour 

behaviour (Table 5.3) and invasive cancer type (Table 5.4). In these analyses, ever exposure to 

shift work or any shift work pattern was not associated with overall EOC risk, or risk by tumour 

behaviour (borderline, invasive) and invasive cancer type (Type I, Type II); as all effect estimates 

were near the null value.   

5.2.3 Shift Work and Breast Cancer Literature Categorizations  

As the majority of shift work studies have been focused on breast cancer, there is 

evidence suggesting that specific long-term cut-offs of cumulative exposure to all shift work 

exhibit a threshold effect on breast cancer risk
2
. As shift work may impact risk of breast cancer 

and EOC through a similar pathway, a sensitivity analysis was performed utilizing shift work and 
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breast cancer literature categorizations (<15, 15-29, >29 years) for the relationship between 

cumulative exposure to all shift work and overall EOC risk (Table 5.5). Analysis of risk by 

tumour behaviour or invasive cancer risk or exposure according to shift work pattern was not 

conducted due to small numbers. The results of this sensitivity analysis did not provide 

conclusive evidence that increasing cumulative exposure to all shift work is strongly associated 

with an increased overall EOC risk, which is consistent with the main analysis. Even with the 

consideration of longer-term cumulative exposures to shift work, our results do not provide strong 

support for an association between shift work exposure and overall EOC risk.  

5.3 Additional Analyses 

5.3.1 Effect Modification by Chronotype  

There is evidence suggesting that different chronotypes may tolerate and adapt more 

rapidly to shift work as well as specific shift schedules
3
. Thus, chronotype may modify ORs for 

the relationship between specific shift work patterns and overall EOC risk. Additional analysis on 

the modification of ORs by chronotype was performed for the association between two shift work 

patterns (evening shift work only, rotating shift work only) and overall EOC risk (Table 5.6). 

Other shift work patterns were not analyzed due to limited sample size. There was no statistically 

significant interaction by chronotype for the relationship between evening shift work only or 

rotating shift work only and overall EOC risk. For both shift work pattern exposure groups, there 

was suggestive evidence that morning chronotypes had an increased risk of overall EOC and 

evening chronotypes had a decreased risk of overall EOC, but differences among chronotypes 

were not statistically significant. ue to small numbers seen among chronotype strata, especially 

evening chronotypes, trends in effect estimates should be interpreted with caution.   
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5.3.2 Effect Modification by Menopausal Status 

It is hypothesized that postmenopausal women have an increased cancer risk compared to 

premenopausal women in relation to shift work exposure
4
. For Objective 4, the modification of 

ORs for the relationship between cumulative exposure to all shift work and overall EOC risk by 

menopausal status was investigated, however, cumulative exposure to all shift work was a 

summary measurement of different shift timings and shift schedules. Additional analysis on the 

modification of ORs for the association between two shift work patterns (evening shift work only, 

rotating shift work only) and overall EOC risk (Table 5.7) was conducted. Similar to the 

additional analysis of chronotype, other shift work patterns were not analyzed due to small 

numbers. For both shift work pattern exposure groups, there was no statistically significant 

interaction by menopausal status.  
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5.5 Additional Results Tables 

Table 5.1 Multivariable ORs (95% CIs) for associations between night shift frequency and overall 

EOC risk, and night shift intensity and overall EOC risk, among night shift workers 

 

a Number of night shift workers differs for night shift intensity and night shift frequency as not all night shift workers 

worked consecutive nights 
b Adjusted for age (continuous), education level (<high school, high school, college/technical, university undergraduate, 

university graduate), and parity (never, 1, 2, ≥3 full-term births) 
c 25 controls and 15 cases were excluded in the analysis as the night shift intensity question was added after study 

participation. 8 controls and 3 cases had missing information for night shift intensity  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exposure metrics 
Controls (n=586) Cases (n=309) 

ORb (95% CI) 
na (%) na (%) 

Night shift frequency    
Never shift work 437 (75.3) 231 (75.3) 1.00 (ref) 

<12 nights per month 70 (12.1) 33 (10.7) 0.91 (0.58-1.43) 

≥12 nights per month 73 (12.6) 43 (14.0) 1.06 (0.70-1.61) 

    

Night shift intensityc 

 
  Never shift work 437 (79.0) 231 (79.3) 1.00 (ref) 

<4 consecutive nights 60 (10.8) 26 (8.9) 0.92 (0.55-1.53) 

≥4 consecutive nights 56 (10.2) 34 (11.6) 1.24 (0.77-2.00) 
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Table 5.2 Sensitivity analysis examining multivariable ORs (95% CIs) for the relationship 

between cumulative exposure to all shift work and overall EOC risk, with two, five, and ten years 

of occupational history excluded 

Cumulative exposure to all 

shift work 

Controls  

(N=906) 

 Full case group 

(N=496) 

 
ORa (95% CI) 

n (%)  n (%)    

No exclusion 

 

 

 

 

 Never 437 (48.3)  231 (46.6)  1.00 (ref) 

< 5 years 146 (16.1)  93 (18.7)  1.21 (0.88-1.66) 

5 - 12 years 168 (18.5)  67 (13.5)  0.74 (0.53-1.03) 

> 12 years 155 (17.1)  105 (21.2)  1.20 (0.89-1.63) 

2 year exclusion 

 

 

 

 

 Never 444 (49.0)  233 (47.0)  1.00 (ref) 

< 5 years 150 (16.6)  94 (19.0)  1.18 (0.86-1.61) 

5 - 12 years 163 (18.0)  64 (12.9)  0.73 (0.52-1.02) 

> 12 years 149 (16.4)  104 (21.1)  1.25 (0.92-1.69) 

5 year exclusion 

 

 

 

 

 Never 453 (50.0)  245 (49.4)  1.00 (ref) 

< 4.5 years 140 (15.6)  84 (16.9)  1.15 (0.83-1.58) 

4.5 - 12 years 176 (19.4)  71 (14.3)  0.75 (0.54-1.03) 

> 12 years 137 (15.0)  96 (19.4)  1.25 (0.90-1.70) 

10 year exclusion 

 

 

 

 

 Never 477 (52.6)  263 (53.0)  1.00 (ref) 

< 4 years 122 (13.5)  70 (14.1)  1.12 (0.80-1.58) 

4 - 11 years 170 (18.8)  74 (14.9)  0.81 (0.59-1.12) 

> 11 years 137 (15.1)  89 (18.0)  1.15 (0.84-1.59) 

a Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university 

undergraduate, university graduate), and parity (nulliparous, 1, 2, ≥3 full-term births) 
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Table 5.3 Sensitivity analysis looking at multivariable ORs (95% CIs) for associations between cumulative exposure to all shift work and overall 

EOC risk, and risk according to four shift work groups and EOC tumour behaviour using ever/never categorizations 

Exposure  

Controls 

(N=906) 
  

Full case group 

(N=496) 
  

Invasive cases  

(n=362) 
  

Borderline cases  

(n=134) 

 n (%)    n (%) ORa (95% CI)    n (%) ORa (95% CI)    n (%) ORa (95% CI) 

All shift work  

          Never 437 (48.2) 

 

231 (46.6) 1.00 (ref) 

 

171 (27.2) 1.00 (ref) 

 

60 (44.8) 1.00 (ref) 

Ever 469 (51.8) 

 

265 (53.4) 1.00 (0.99-1.01) 

 

191 (52.8) 1.04 (0.81-1.33) 

 

74 (55.2) 1.06 (0.73-1.54) 

Ever night shift work  
          

Never 437 (74.6) 

 

231 (74.8) 1.00 (ref) 

 

171 (75.3) 1.00 (ref) 

 

60 (73.2) 1.00 (ref) 

Ever 149 (25.4) 

 

78 (25.2) 0.97 (0.70-1.34) 

 

56 (24.7) 0.96 (0.67-1.38) 

 

22 (26.8) 1.00 (0.58-1.71) 

Evening shift work only 

         Never 437 (57.7) 

 

231 (55.3) 1.00 (ref) 

 

171 (55.9) 1.00 (ref) 

 

60 (53.6) 1.00 (ref) 

Ever 320 (42.3) 

 

187 (44.7) 1.09 (0.85-1.39) 

 

135 (44.1) 1.08 (0.82-1.42) 

 

52 (46.4) 1.11 (0.74-1.66) 

Rotating shift work only  

         Never 437 (62.3) 

 

231 (59.8) 1.00 (ref) 

 

171 (59.8) 1.00 (ref) 

 

60 (60.0) 1.00 (ref) 

Ever 265 (37.8) 

 

155 (40.2) 1.09 (0.84-1.41) 

 

115 (40.2) 1.11 (0.83-1.48) 

 

40 (40.0) 1.03 (0.66-1.60) 

Fixed shift work only  

         Never 437 (83.1) 

 

231 (82.8) 1.00 (ref) 

 

171 (83.4) 1.00 (ref) 

 

60 (81.1) 1.00 (ref) 

Ever 89 (16.9)   48 (17.2) 1.00 (0.68-1.48)   34 (16.6) 0.97 (0.63-1.51)   14 (18.9) 1.07 (0.57-2.03) 

a Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university undergraduate, university graduate), and parity (nulliparous, 1, 

2, ≥3 full-term births) 
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Table 5.4 Sensitivity analysis looking at multivariable ORs (95% CIs) for associations between 

cumulative exposure to all shift work and overall EOC risk, and risk according to four shift work 

groups and invasive EOCs using ever/never categorizations 

Exposure  

Controls 

(N=906) 
  

Type I cases 

(n=102) 
  

Type II cases 

(n=260) 

 n (%)    n (%) ORa (95% CI)    n (%) ORa (95% CI) 

All shift work  

       Never 437 (48.2) 

 

50 (49.0) 1.00 (ref) 

 

121 (46.5) 1.00 (ref) 

Ever 469 (51.8) 

 

52 (51.0) 0.95 (0.63-1.45) 

 

139 (53.5) 1.09 (0.83-1.45) 

Ever night shift work  
       

Never 437 (74.6) 

 

50 (75.8) 1.00 (ref) 

 

121 (75.2) 1.00 (ref) 

Ever 149 (25.4) 

 

16 (24.2) 0.86 (0.47-1.58) 

 

40 (24.8) 1.05 (0.70-1.59) 

Evening shift work only  

      Never 437 (57.7) 

 

50 (58.1) 1.00 (ref) 

 

121 (55.0) 1.00 (ref) 

Ever 320 (42.3) 

 

36 (41.9) 1.00 (0.63-1.60) 

 

99 (45.0) 1.12 (0.83-1.53) 

Rotating shift work only  

      Never 437 (62.3) 

 

50 (63.3) 1.00 (ref) 

 

121 (58.5) 1.00 (ref) 

Ever 265 (37.8) 

 

29 (36.7) 0.95 (0.58-1.56) 

 

86 (41.5) 1.21 (0.88-1.67) 

Fixed shift work only  

      Never 437 (83.1) 

 

50 (84.8) 1.00 (ref) 

 

121 (82.9) 1.00 (ref) 

Ever 89 (16.9)   9 (15.32) 0.87 (0.40-1.89)   25 (17.1) 1.02 (0.63-1.68) 

a Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university 

undergraduate, university graduate), and parity (nulliparous, 1, 2, ≥3 full-term births) 
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Table 5.5 Sensitivity analysis looking at multivariable ORs (95% CIs) for the association between 

cumulative exposure to all shift work and overall EOC risk utilizing breast cancer literature 

categorizations 

Cumulative exposure to all 

shift work  

Controls 

(N=906)   

Full case group 

(N=496) 

n (%)   n (%) ORa (95% CI) 

Original categorizations         

Never 437 (48.2) 

 

231 (46.6) 1.00 (ref) 

< 5 years 146 (16.1) 

 

93 (18.8) 1.21 (0.88-1.66) 

5 - 12 years 168 (18.5) 

 

67 (13.5) 0.74 (0.53-1.03) 

> 12 years 155 (17.1) 

 

105 (21.2) 1.20 (0.89-1.63) 

ptrend 

   

0.75 

Breast cancer literature categorizations 

   Never 437 (48.2) 

 

231 (46.6) 1.00 (ref) 

<15 years 341 (37.6) 

 

175 (35.3) 0.96 (0.75-1.23) 

15-29 years 86 (9.5) 

 

61 (12.3) 1.26 (0.87-1.82) 

> 29 years 42 (4.6) 

 

29 (5.8) 1.20 (0.72-2.01) 

ptrend       0.31 

a Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university 

undergraduate, university graduate), and parity (nulliparous, 1, 2, ≥3 full-term births) 
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Table 5.6 Additional analysis examining the modification of multivariable ORs (95% CIs) by chronotype for the relationship between cumulative 

exposure to all shift work, evening shift work only, rotating shift work only and overall EOC risk 

Cumulative exposure 

(years) 

Full study population  

(N=1402)   

Morning chronotype  

(n=582)   

Intermediate chronotype 

(n=619)   

Evening chronotype  

(n=200)   

Interaction ncontrols/ncases
a ORb (95% CIs)   ncontrols/ncases ORb (95% CIs)   ncontrols/ncases ORb (95% CIs)   ncontrols/ncases ORb (95% CIs)   

All shift work  

            Never 

 

437/231 1.00 (ref) 

 

207/101 1.00 (ref) 

 

190/99 1.00 (ref) 

 

40/30 1.00 (ref) 

 

p=0.29 

<5 

 

146/93 1.21 (0.88-1.67) 

 

55/36 1.43 (0.87-2.34) 

 

70/44 0.82 (0.42-1.61) 

 

21/13 0.56 (0.21-1.51) 

  5 - 12 

 

168/67 0.74 (0.53-1.03) 

 

66/24 0.82 (0.48-1.39) 

 

75/36 1.04 (0.52-2.11) 

 

27/7 0.36 (0.12-1.10) 

  >12 

 

155/105 1.20 (0.89-1.63) 

 

51/42 1.64 (1.01-2.65) 

 

62/43 0.74 (0.38-1.45) 

 

42/20 0.37 (0.15-0.88) 

  ptrend 

  

0.75 

  

0.16 

  

0.47 

  

0.02 

  Evening shift work only  

            Never 

 

437/231 1.00 (ref) 

 

207/101 1.00 (ref) 

 

190/99 1.00 (ref) 

 

40/30 1.00 (ref) 

 

p=0.14 

<3 

 

122/82 1.27 (0.92-1.77) 

 

41/36 2.05 (1.58-3.44) 

 

60/36 0.51 (0.35-1.04) 

 

21/10 0.30 (0.17-0.84) 

  ≥3 

 

198/105 0.98 (0.73-1.31) 

 

79/41 1.04 (0.83-1.64) 

 

83/46 0.98 (0.71-1.85) 

 

36/18 0.63 (0.40-1.52) 

  ptrend 

  

0.92 

  

0.49 

  

0.69 

  

0.18 

  Rotating shift work only  

            Never 

 

437/231 1.00 (ref) 

 

20/101 1.00 (ref) 

 

190/99 1.00 (ref) 

 

40/30 1.00 (ref) 

 

p=0.26 

<3 

 

132/77 1.12 (0.81-1.56) 

 

50/35 1.55 (0.94-3.44) 

 

60/34 0.68 (0.34-1.39) 

 

22/8 0.30 (0.10-0.90) 

  ≥3 

 

133/78 1.06 (0.76-1.47) 

 

52/27 1.07 (0.63-1.82) 

 

53/36 1.08 (0.52-2.25) 

 

28/15 0.67 (0.26-1.77) 

  ptrend     0.64     0.47     0.91     0.23     

a Chronotype information is missing for 1 case 
b Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university undergraduate, university graduate), and parity (nulliparous, 1, 

2, ≥3 full-term births) 
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Table 5.7 Additional analysis examining the modification of multivariable ORs (95% CIs) by menopausal status for the relationship between 

cumulative exposure to all shift work, evening shift work only, rotating shift work only and overall EOC risk 

Cumulative exposure 

(years) 

  

Full study population  

(N=1402)   

Premenopausal women 

(n=452)   

Postmenopausal women 

(n=912)   

Interaction ncontrols
a/ncases

a ORb (95% CIs)   ncontrols/ncases ORb (95% CIs)   ncontrols/ncases ORb (95% CIs)   

All shift work  

         Never 

 

437/231 1.00 (ref) 

 

129/67 1.00 (ref) 

 

294/161 1.00 (ref) 

 

p=0.67 

<5 

 

146/93 1.21 (0.88-1.67) 

 

62/45 1.45 (0.89-2.39) 

 

81/46 0.71 (0.37-1.35) 

  5 - 12 

 

168/67 0.74 (0.53-1.03) 

 

67/25 0.67 (0.38-1.16) 

 

96/38 1.12 (0.55-2.25) 

  >12 

 

155/105 1.20 (0.89-1.63) 

 

33/24 1.32 (0.71-2.45) 

 

118/78 0.87 (0.43-1.76) 

  ptrend 

  

0.75 

  

0.97 

  

0.86 

  Evening shift work only  

         Never 

 

437/231 1.00 (ref) 

 

129/67 1.00 (ref) 

 

294/161 1.00 (ref) 

 

p=0.69 

<3 

 

122/82 1.27 (0.92-1.77) 

 

51/39 1.46 (1.12-1.91) 

 

69/40 0.75 (0.53-1.05) 

  ≥3 

 

198/105 0.98 (0.73-1.31) 

 

51/29 1.04 (0.79-1.38) 

 

142/73 0.89 (0.64-1.24) 

  ptrend 

  

0.92 

  

0.64 

  

0.56 

  Rotating shift work only  

         Never 

 

437/231 1.00 (ref) 

 

129/67 1.00 (ref) 

 

294/161 1.00 (ref) 

 

p=0.96 

<3 

 

132/77 1.12 (0.81-1.56) 

 

56/33 1.15 (0.68-1.96) 

 

75/43 0.93 (0.47-1.83) 

  ≥3 

 

133/78 1.06 (0.76-1.47) 

 

40/23 1.02 (0.55-1.86) 

 

89/53 1.04 (0.50-2.15) 

  ptrend     0.64     0.84     0.99     

a Menopausal status information is missing from 26 controls and 12 cases 
b Adjusted for age (continuous), highest attained education (<high school, high school, college/technical, university undergraduate, university graduate), and parity (nulliparous, 1, 

2, ≥3 full-term births) 
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Chapter 6 

General Discussion 

6.1 Summary of Main Findings 

6.1.1 Cumulative Exposure to All Shift Work and EOC Risk 

For Objective 1, the association between cumulative exposure to all shift work (i.e. all types of shift 

work patterns) and overall epithelial ovarian cancer (EOC) risk, and risk by tumour behaviour (borderline, 

invasive) and invasive cancer type (Type I, Type II) was evaluated. A greater proportion of the case group 

was in the highest and lowest cumulative exposure to all shift work category compared to controls; 

however, the results of the main analysis did not provide support for a strong association between 

cumulative exposure to all shift work and overall EOC risk. There was some suggestion of a U-shaped 

pattern of risk among cumulative exposure categories, and this pattern persisted when looking at risk 

according to tumour behaviour and invasive cancer type, where a statistically significant reduced overall 

EOC risk was observed for the middle cumulative exposure category. No linear trend in risk was 

observed across cumulative exposure categories among EOC subgroups and there was no heterogeneity 

between borderline and invasive EOC or Type I and Type II EOC effect estimates.   

Sensitivity analyses excluding lifetime occupational history two, five, and ten years prior to 

referent age (age of diagnosis for cases, age of interview for controls) in the calculation of cumulative 

exposure to all shift work, observed no differences in pattern of risk. Sensitivity analyses utilizing 

different exposure categorizations found no associations between ever vs. never exposure to all shift work 

in all EOC subgroups, and even with the consideration of longer-term exposure categories for cumulative 

exposure to all shift work as seen in breast cancer literature, the results did not provide conclusive 

evidence for an association between shift work exposure and EOC risk. In additional analyses, shift work 

exposure was decomposed into ever exposure to specific shift work patterns, where four additional 

exposure groups were formed based on shift timing (ever night shift work, evening shift work only) and 
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shift schedule (rotating shift work only, fixed shift work only). Cumulative exposure to the four specific 

shift work pattern groups was assessed in relation to overall EOC risk, and risk by tumour behaviour and 

invasive cancer type. Despite the observation of some statistically significant associations in the main 

analysis, cautious interpretation of results is required as chance cannot be ruled out. For Objective 1, 55 

comparisons were made to estimate associations and the probability of making at least one Type I error in 

this analysis: 1-(1-0.05)
55

 ≈ 94%
1
. In addition, as the majority of effect estimates in this analysis had wide 

confidence intervals that included 1.0, inference of results is limited.  In summary, cumulative exposure 

to all shift work or specific shift work patterns did not appear to be strongly associated with overall EOC 

risk, and EOC subgroup risk.  

Only three published studies have previously investigated the relationship between shift work and 

ovarian cancer
2–4

. No shift work and ovarian cancer studies to date has included evening shift work 

experiences in the calculation of exposure to shift work, and no previous study has examined shift work 

exposure according to specific shift work patterns in relation to ovarian cancer risk, as other studies only 

focused on one shift work pattern.  In this study, results for cumulative exposure to ever night shift work 

were consistent with one other study
2
, which reported that increasing cumulative exposure to night shift 

work was not related to an increased risk of EOC and that an increase in risk of ovarian cancer in the 

highest exposure category was not observed. Cumulative exposure to rotating schedules involving nights 

only was not specifically analyzed in our study, as because of small numbers the rotating shift work only 

exposure group included experiences with rotating schedules involving nights and/or evenings. Our 

results for the analysis on rotating shift work only and EOC risk were discordant with one prospective 

cohort study that found an elevated risk of ovarian cancer among women who reported ever working a 

rotating schedule
4
, and concordant with a cohort study that did not find an association between rotating 

night shift work and ovarian cancer risk
3
. Cumulative exposure to evening shift work only or fixed shift 

work only has never been assessed in relation to ovarian cancer risk.  

As this is the first shift work and ovarian cancer study to examine cumulative exposure to specific 

shift work patterns, night shift frequency, night shift intensity, and menopausal status as an effect 
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modifier, some of our results are not comparable to the previous literature. Therefore, comparisons were 

made with the results of shift work studies focused on other cancer sites. The results for the analysis of 

ever night shift work and rotating shift work only in relation to EOC risk generally conflicted with other 

shift work studies, which reported positive associations between cumulative exposure to night shift work 

and risk of breast and endometrial cancer
5–7

, and cumulative exposure to rotating shift work and risk of 

breast, prostate, and colorectal cancer
8,9

. Although very few shift work studies have assessed how evening 

shift work affects cancer risk, the analysis of evening shift work only and EOC risk produced results 

consistent with two breast cancer studies that reported no association with evening shift work 

exposure
10,11

.  Limited information exists for the association between fixed shift work only and cancer 

risk, as it is common for studies to aggregate experiences involving rotating and fixed shift work. Our 

study findings were in agreement with a recent study investigating fixed shift work and colorectal cancer 

which found no association
9
 but were inconsistent with results from another study that found a positive 

association between long-term cumulative exposure to fixed shift work and prostate cancer risk
12

.  

Differences in our results compared to previous shift work and ovarian cancer studies may be 

attributed to varying definitions used in the assessment of exposure to shift work or specific shift work 

patterns, analysis of ovarian cancer risk vs. fatal ovarian cancer risk, and different exposure 

categorizations used to estimate risk. Inconsistency between our results and shift work literature for other 

tumour sites is understandable as other cancers have different etiologies, pathologies, and risk factors
13

. In 

addition, methodological differences in exposure measurement in the shift work literature such as the use 

of different definitions of shift work, other exposure metrics, and longer-term exposure categorizations, 

may also contribute to inconsistencies seen in our results compared to other studies.  

6.1.2 Night Shift Frequency & Night Shift Intensity 

For Objective 2 the association between night shift frequency (number of night shifts per month) 

and night shift intensity (number of consecutive night shifts per month) among ever night shift workers in 

relation to overall EOC risk was examined and no strong associations were observed. Although night shift 
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workers in the highest category of night shift intensity were suggested to have an increased overall EOC 

risk, wide confidence intervals that included an OR of 1.0 limit any conclusive inferences. No previous 

study on shift work and ovarian cancer investigated the effects of night shift frequency or night shift 

intensity on risk. In the shift work literature, night shift frequency and night shift intensity have only been 

analyzed in relation to breast cancer risk. Some breast cancer studies have also found no association with 

night shift frequency and breast cancer risk
14,15

 similar to our EOC results, while one breast cancer study 

did observe a dose-response relationship between the frequency of night shifts and breast cancer risk
10

. 

Only one study has evaluated the association between night shift intensity and breast cancer risk
15

, where 

increased breast cancer risk was observed for nurses working more than five years in a rotational pattern 

with a schedule involving at least four consecutive night shifts. However, in our results, increased risk of 

EOC in the highest night shift intensity category was only suggested.  

Our results on night shift frequency differed from one shift work and breast cancer study
10

  and this 

may be due to the analysis of different categorizations of exposure to night shift frequency. For both 

exposure metrics, our analysis may have been underpowered as our study population had a small 

proportion of ever night shift workers, and among ever night shift workers, very few were in the highest 

exposure categories of night shift frequency and intensity. The ability to detect associations between night 

shift intensity and overall EOC risk was further limited by missing information, exclusion of participants, 

and the fact that not every night shift worker reported working consecutive night shifts.  

6.1.3 Effect Modification by Chronotype 

For Objective 3, chronotype was investigated as a potential effect modifier for the relationship 

between cumulative exposure to all shift work and overall EOC risk. For this analysis, there was no 

statistically significant interaction by chronotype. There was some suggestion of variation among 

chronotype strata, especially in the highest cumulative exposure category, where morning chronotypes 

were suggested to have an increased overall EOC risk and evening chronotypes were suggested to have a 

decreased overall EOC risk, but these differences were not statistically significant. In the additional 
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analysis examining the modification of ORs by chronotype for the relationship between cumulative 

exposure to two shift work patterns (evening shift work only, rotating shift work only) and EOC risk, the 

same patterns were observed, where morning chronotypes were suggested to have an increased risk and 

evening chronotypes were suggested to have a decreased risk. Conclusive inferences should not be made 

based on these results due to small sample size and that effect estimates had wide confidence intervals 

that included 1.0.  

Our results are consistent with the only other study examining chronotype as a potential effect 

modifier for the relationship between night shift work and EOC risk, where evening chronotypes 

exhibited a suggestive reduction in risk compared to morning chronotypes
2
. It is hypothesized that shift 

working morning chronotypes experience a greater degree of circadian disruption as their internal clock is 

more aligned to morning hours, leading to higher risks of cancer in relation to shift work compared to 

other chronotypes
16

. For breast cancer, our results were in accordance with one study that reported higher 

risks of breast cancer among morning chronotypes with history of night shift work compared to other 

chronotypes. However, three breast cancer studies
17–19

 and one prostate cancer study
12

 observed higher 

cancer risks in intermediate chronotypes or evening chronotypes with night shift work history.  

Differences in our results compared to other studies may be due to the determination of chronotype 

using different methods, where some studies ascertained chronotype through a single question based on a 

participant’s self-classified chronotype
2,10,19

, like our study, while others used more precise and accurate 

assessments involving validated questionnaires such as the Munich ChronoType Questionnaire
12,17 

or the 

Horne-Ostberg questionnaire
18

. Studies also investigated different exposures to night shift work ranging 

from ever exposure, cumulative exposure to night shifts, and exposure to specific shift schedules (fixed 

vs. rotating) which may contribute to differences seen in risk across chronotypes.  

6.1.4 Effect Modification by Menopausal Status  

For Objective 4, menopausal status was investigated as a potential effect modifier for the 

relationship between cumulative exposure to all shift work and overall EOC risk. Based on results, there 
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was no evidence of interaction by menopausal status. Established and possible risk factors for ovarian 

cancer are all factors that are related to reproductive function, and although menopause does not cause 

cancer, conducting separate analyses on women who are ovulating or not helps to examine how exposure 

to shift work may affect the modulation of hormone levels. The assessment of menopausal status as a 

potential effect modifier has never been conducted in previous shift work and ovarian cancer studies, but 

evidence found in breast cancer literature suggests that postmenopausal women with high levels of 

circulating estradiol exhibit an increased risk of breast cancer
20

. As shift work involving circadian 

disruption is postulated to alter the hormones levels among female shift workers, the impact of shift work 

on cancer risk in postmenopausal women may be different from premenopausal women. Evidence for 

menopausal status acting as a potential effect modifier in the shift work and breast cancer literature is 

discordant, where one study found elevated risks of breast cancer among postmenopausal night shift 

workers
21

, while another study reported an increased risk of breast cancer in premenopausal night shift 

workers
18

.   

6.2 Strengths 

A defining strength of this study is the use of detailed lifetime occupational history collected by 

the PROVAQ study, which included high-quality information related to work patterns such as shift 

timings, shift schedules, and the frequency and intensity of night shifts. Participants were also able to 

describe their unique work pattern for each job in a short statement which enabled the consideration of 

diverse work patterns in the exposure assessment of shift work. Using work pattern information, shift 

work exposure could be measured using three metrics of cumulative exposure, night shift frequency, and 

night shift intensity, which may explain which aspects of shift work contributed most to risk. Previous 

studies have commonly characterized shift work exposure in crude ever/never measurements, which may 

lead to diluted cancer risk estimates compared to more detailed measurements that consider durations of 

shift work exposure. The influence of frequency and intensity measures among ever night shift workers 

has not been considered in previous studies of shift work and ovarian cancer, and this study provides an 



 

95 

 

example of how these configurations of shift work could contribute to EOC risk. In addition, the wealth 

of information collected on shift work patterns enabled the analysis of cumulative exposure to specific 

shift work patterns to determine how different shift timings and schedules affect risk.  

Another strength of this study is the consideration of potential effect modifiers for the relationship 

between shift work and EOC risk. Looking at associations by chronotype may help elucidate how 

biological characteristics, such as diurnal preferences, may modulate risk among women exposed to the 

same amount of shift work. As established risk factors for ovarian cancer related to reproductive function, 

the investigation of menopausal status examines how exposure to shift work impacts ovarian cancer risk 

among two major subgroups of women according to whether or not they are ovulating. As only one other 

study investigated effect modification by chronotype, and no other study has examined menopausal status 

as an effect modifier, the results from this study are a novel contribution to the knowledge on the 

relationship between shift work and ovarian cancer.  

This study also utilized a hybrid approach combining directed acyclic graphs (DAGs) with 

change-in-estimate (CIE) procedures to conduct a complete assessment of confounders. Confounding is 

an important issue, where one of the reasons why the International Agency for Research on Cancer 

classified shift work studies on humans (as of 2007) as probable was due to the unsystematic 

identification and control of confounders
22

. In the previous shift work and ovarian cancer studies, a wide 

range of variables were controlled for such as known and suspected risk factors for ovarian cancer, factors 

associated with ovarian cancer, and only significant risk factors for ovarian cancer
2–4

. The unnecessary 

adjustment for variables that are not true confounders, namely risk factors for ovarian cancer that are not 

associated with shift work exposure, affects the precision of the model and may introduce bias in the 

analyses
23

. Using a DAG, a causal network incorporating factors that affect shift work exposure and 

ovarian cancer can be displayed, and the appropriate selection of confounders that are biologically 

relevant can be made. On the other hand, CIE procedures examine how confounders and non-confounders 

in the DAG change effect estimates to ensure that confounders selected for adjustment are also 

empirically observed in the data.  
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Finally, the remaining strengths of this study are related to the PROVAQ study. As the PROVAQ 

study is a population-based case-control study, a wide variety of jobs involving shift work were 

considered in the exposure calculations. Most shift work studies are based on occupational cohorts, 

namely nurses or flight attendants, which limits the generalizability of results as the main critique of the 

current literature is that cancer risks may be associated with another aspect of work in these populations 

as opposed to exposure to shift work. As well, occupational cohorts have been shown to be healthier than 

the general population
24

, indicating that the results produced from previous studies are not easily 

generalizable. In addition, there was very few missing or incomplete information on participants, which 

was attributed to the collection of participant’s data through a rigorous in-person interview-administered 

questionnaire. Furthermore, the differentiation of EOC cases by tumour behaviour (borderline, invasive) 

and invasive cancer type (Type I, Type II), helps to provide insight on how potential risk factors such as 

shift work may play a role in the etiology of different EOC subgroups and these comparisons have not 

been performed in previous studies for Type I and Type II EOCs.  

6.3 Limitations 

One limitation of the study is the possibility of selection bias due the low response rate of 56% 

among population controls and that information collected from eligible non-participating controls 

indicated they were older and a lower level of education compared to study controls. Selection bias would 

only influence results if the exposure distribution among study controls differed from the exposure 

distribution among the population where the cases arose from. When comparing exposure to night shift 

work among the study population to another Canadian-based shift work study
25

, a smaller proportion of 

PROVAQ study controls reported ever night shift work. If study controls were less likely to have shift 

work exposure compared to the general Montreal population, our results would be an overestimation of 

the association between shift work and ovarian cancer.  

Another limitation lies in the case-control study design, where the retrospective method of data 

collection may have been affected by recall bias and recall error. Recall bias would only influence effect 
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estimates if cases and controls recalled their exposure to shift work differentially, which may lead to 

higher exposure misclassification in one group compared to the other.  However, it is unlikely that recall 

bias influenced our results as shift work exposure was calculated from occupational histories, this study 

objective was not directly communicated to participants, and a wide variety of factors were assessed 

during the interview. Further, in the minds of the participants, it is highly unlikely that they would report 

their occupational histories in such a way that higher levels of shift work would be calculated. Recall 

error in self-reported occupational history is common in case-control studies
26

, however, an argument 

could be made that shift work is a relatively uncommon exposure and due to the demanding requirements 

of shift work, participants are more likely to remember their shift work experiences, thus improving the 

accuracy of reporting shift work. A recent study investigated the validity of self-reported exposure to shift 

work and found that in comparison to pay-roll data, questions on ‘shift work involving night shifts’ 

demonstrated high sensitivity (>90%) and specificity (>92%)
27

. Questions on ‘shift work without night 

shifts’ showed low sensitivity (62%) and moderate specificity (87%)
27

, however this would affect cases 

and controls equally and would non-differentially bias effect estimates. Also, a life events calendar was 

used during the in-person interview to aid recall.  

Chronotype was determined using self-report in a single question. In comparison to validated 

questionnaires which take into account multiple factors that may affect the circadian rhythm such as sleep 

times, sleep latency, sleep inertia, and how chronotype changes with age
28

, a single question may have 

lacked the precision or consideration of other factors to accurately determine a participant’s chronotype. 

However, it has been demonstrated that self-classified chronotype is highly correlated to the 

determination of chronotype using a validated questionnaire
29

. In addition, our results suggested patterns 

in risk that were consistent with other shift work studies.  

Despite the participation of 496 cases, our analyses were limited in sample size, where we lacked 

the statistical power to interpret trends seen in our data. While the all shift work exposure was prevalent 

in the PROVAQ study population, few participants had long-term cumulative exposure to all shift work, 

and even fewer participants had long-term cumulative exposure to specific shift work groups. Our results 
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did not provide evidence for the strong association between relatively shorter-term cumulative exposures 

to shift work and EOC risk. If the carcinogenic impact of shift work was present in longer-term 

cumulative exposures, which has been seen with other cancer sites
8
, then this study would not have had 

enough statistical power to detect this association. 

Another limitation is that for some analyses chance could not be ruled out, especially for 

Objective 1, which evaluates the association between cumulative exposure to all shift work and specific 

shift work patterns for overall EOC risk, and risk by tumour behaviour and invasive cancer type. This 

analysis had 55 comparisons, and the probability of observing at least one false positive in the results is 

94%. As we did not make any conclusive inferences based on some statistically significant effect 

estimates observed in the analysis, the over interpretation of results is unlikely. In addition, the current 

literature on shift work and ovarian cancer is limited, and the investigation of specific shift work patterns 

and risk of EOC subgroups may generate new hypotheses for future studies on this association.  

A hybrid approach combining DAGs and CIE procedures were used to identify confounders for 

control in the regression models. The DAG incorporated evidence from the current literature to form a 

causal network for the association between shift work and EOC. The accurate identification of 

appropriate confounders using the DAG is based on the quality of evidence found in the current literature, 

and it should be noted that the epidemiological evidence on shift work and ovarian cancer is limited and 

only a few risk factors have been established for ovarian cancer. However, the use of CIE procedures 

helped ensure that confounders identified using the DAG were also empirically observed in the data. Due 

to limitations in the literature, it is also possible that residual confounding from unidentified confounders 

may have distorted associations seen in the results.  

It should be acknowledged a small proportion of women from other ethnic groups besides French 

Canadian or other European ancestry were included in the PROVAQ study. Incidence rates of ovarian 

cancer vary globally, and may vary by ethnicity, where in one US study, the highest incidence rates are 

observed among Caucasians, and the lowest incidence rates are observed among Black and Asian 

ethnicities
30

. However, the biologic mechanism linking shift work exposure and ovarian cancer risk is not 
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expected to vary by ethnic group, as ovarian cancer risk attributed to shift work exposure has not been 

differentially reported by ethnic group in other studies
2–4

. Thus, it is likely that our results are 

generalizable to Canadian women aged 18-79 who have no history of cancer and who are residents of 

areas similar to Montreal.  

6.4 Future Directions 

As this is only the fourth study to look at the specific relationship between shift work exposure 

and ovarian cancer risk, more research is required in this understudied area. Future studies should collect 

detailed occupational information that enables the analysis of different configurations of shift work such 

as work patterns, shift timings, shift schedules, shift frequency, and shift intensity. The consideration of 

other exposure metrics such as rate of rotational pattern and direction of rotation may elucidate how 

changes from one shift timing to another may contribute to ovarian cancer risk. Shift work exposure 

should also be comprehensively assessed using cumulative exposure measurements as opposed to 

ever/never categorizations, as interpretations can be made on the magnitude, direction, and trend of risk 

with increasing durations of shift work.  

A growing body of evidence suggests that cancer risk in relation to shift work exposure may be 

differentially associated with chronotype. Thus, future studies should consider chronotype as a potential 

effect modifier for this specific relationship. An individual’s chronotype should also be accurately 

determined using validated questionnaires (Munich-ChronoType Questionnaire, Horne-Ostberg) 
28

. Also, 

this is the first study to investigate menopausal status as a potential effect modifier for the relationship 

between shift work and EOC risk, and future investigation on potential effect modification by menopausal 

status is required to determine if premenopausal and postmenopausal shift workers have different risks.   

Although information was available on a wide variety of jobs, shift work exposure was not 

qualitatively or quantitatively analyzed by occupation/industry in this study. As specific occupations may 

be related to certain shift timings and shift schedules, exposure to shift work and specific shift work 

patterns may be more prevalent for some occupations than others. For example, healthcare occupations 
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such as nurses or doctors are not only more likely to be exposed to shift work but also have shift work 

exposures with predetermined shift hours, rotational patterns, direction of rotation, shift frequency, and 

shift intensity, in comparison to non-healthcare occupations with a more consistent schedule such as 

teachers or secretaries. Industry types have also been investigated as a potential effect modifier for the 

relationship between shift work and breast cancer risk
25

, where it is hypothesized that shift work exposure 

in conjunction with other occupational exposures related to a specific occupation may contribute to an 

increased cancer risk. Future studies should compare effect estimates for the relationship between shift 

work and ovarian cancer by occupation or industry. 

6.5 Contribution of Research and Conclusions 

This thesis found inconclusive evidence for the relationship between shift work exposure, 

assessed according to cumulative exposure, night shift frequency, and night shift intensity, and overall 

EOC risk, and risk by tumour behaviour and invasive cancer type. Interaction by chronotype and 

menopausal status was not observed, and only differential EOC risks were suggested among chronotypes. 

In comparison to shift work and ovarian cancer literature, the results from this study were consistent with 

one study
3
 and inconsistent with two studies

2,4
, mainly due to heterogeneity in exposure assessments.  

This study is the fourth study to examine the impact of shift work exposure on ovarian cancer 

risk, and the results from this study contribute to the knowledge on potential risk factors for EOC. In this 

study, comprehensive exposure assessments enabled the deconstruction of shift work exposure into 

specific shift work patterns based on shift timings and shift schedules, which has never been done in the 

shift work and ovarian cancer literature and has been rarely seen in other shift work and cancer studies. 

This is also the first shift work and ovarian cancer study to investigate night shift frequency and night 

shift intensity, consider menopausal status as an effect modifier, and analyze risk according to invasive 

cancer types.  

With the movement to a 24-h society to appease social and economic demands, participation in 

shift work is expected to become more prevalent among the labour force
31

. Although exposure to shift 
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work is not easily modifiable in some professions, research has suggested that some shift work 

characteristics may contribute to a greater cancer risk, such as cumulative exposure, timing of shifts, 

schedule of shifts, shift frequency, and shift intensity
32

. Therefore, there is a need for more comprehensive 

epidemiological research that would investigate which dimensions of shift work influence EOC risk to 

inform workplace policies that will regulate and implement appropriate organizations of the shift work 

schedule.  
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Appendix A 

PROVAQ Interviewer-Administered Questionnaire 
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Appendix B 

PROVAQ Self-Administered Questionnaire 
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Appendix C 

PROVAQ Refusal and Non-Eligible Questionnaire 
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Appendix D 

CRCHUM PROVAQ Study Ethics Clearance 
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Appendix E 
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Appendix F 

Identification of confounders using directed acyclic graphs and change-in-

estimate procedures 

This novel approach for the identification of confounders combines directed acyclic graphs 

(DAGs) and change-in-estimate (CIE) procedures
1
. DAGs utilize information from existing evidence and 

graphically display assumed causal relationships between variables. Based on the structure of the causal 

network, confounders can be identified for the relationship between exposure and outcome
2
. On the other 

hand, CIE procedures identify empirical confounders by evaluating the confounding influence of a 

theoretical list of confounders on effect estimate
3
. Empirical confounders are based on the 

epidemiological conceptual idea of a confounder that confounders are independently associated with both 

exposure and outcome, and the inclusion of these variables in the regression models should meaningfully 

change effect estimates
3
. Therefore, the combination of both methods enables the identification of 

biologically plausible confounders that are also empirically observed in the study data
1
. The step-by-step 

method for the approach combining DAGs and CIE procedures has been previously described
1
; thus, a 

brief overview is given.  

Using information from existing literature, a baseline DAG is drawn including factors associated 

with shift work and epithelial ovarian cancer (EOC): age, highest attained education, parity; established 

risk factors for EOC: duration of oral contraceptive use, breastfeeding duration, family history of ovarian 

cancer; and possible risk factors for EOC: endometriosis, infertility, ethnicity, tubal ligation, BMI, 

smoking, and hormone replacement therapy use (Figure A.1). It is noted that infertility was included in 

the DAG based on information from the literature, however, this variable was not directly measured in the 

PROVAQ study. A priori adjustment of age was considered in the DAG as population controls were 

frequency-matched to EOC cases based on five-year age categories. The minimally sufficient adjustment 

set includes specific confounders identified by Dagitty
4
 based on the structure of the DAG. And if these 

specific confounders were controlled for in the regression model, it would be minimally sufficient to 
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remove confounding bias when estimating the total effect of the exposure on the outcome.  For all DAGs, 

the odds ratio (OR) was estimated for highest tertile of cumulative exposure to all shift work vs. never 

shift work for overall EOC risk, while adjusting for the minimally sufficient adjustment set (original 

model). Separate models were run to re-calculate the OR while deleting each variable in the minimally 

sufficient adjustment set (minus-one pattern). Separate models were also run including the minimally 

sufficient adjustment set, and each variable included in the DAG but not part of the minimally sufficient 

adjustment set (add-one pattern). The minus-one and add-one pattern OR results were compared to the 

OR results of the original model. If confounders identified by the DAG were also empirical confounders, 

it is expected that a minus-one procedure would produce meaningfully different ORs, and an add-one 

procedure would not produce meaningfully different ORs compared to the OR results of the original 

model. A meaningful difference was defined to be a 5% change in minus-one and add-one ORs in 

comparison to OR from the original model.   

From the results in Table A.1, the deletion of parity from the adjustment set led to a more than 

5% change from the OR in original model, indicating that parity is both a confounder based on the DAG 

and an empirical confounder based on the CIE method. The deletion of highest attained education did not 

engender a meaningfully different OR compared to the original model, indicating that highest attained 

education is a confounder based on the DAG but not an empirical confounder based on the CIE method. 

No meaningful differences in ORs were observed in the add-one pattern variables, which confirm that 

these variables are not confounders as identified by the DAG nor empirical confounders based on the CIE 

methods.  

The next step in the process would be to reconsider the position and relationships of variables in 

the DAG that did not follow the expectations of the minus-one and add-one pattern. Based on the results, 

highest attained education should not be considered as an empirical confounder for the relationship 

between shift work and EOC. However, information collected from non-participating controls indicated 

that in comparison to study controls, non-participating controls were older and had a lower level of 

education. The education level of population controls may have impacted participation in the PROVAQ 
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study, and thus, controlling for highest attained education in the analyses would have reduced the impact 

of a potential selection bias. Therefore, the highest attained education variable was included in all 

regression models as a covariate. In summary, the minimally sufficient adjustment set was identified to be 

age, highest attained education, and parity.   
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Figures and Tables  

Table A.1 Multivariable ORs for the association between the highest exposure category of cumulative 

exposure to all shift work vs. never shift work using different adjustment sets 

Model ORs   Percent change (%) 

Original
a 

1.20 

 

ref 

Minus-one procedure 

   Parity
b
 1.29 

 

7.50 

Highest attained education
c
 1.21 

 

0.83 

Add-one procedure
d 

   Ethnicity
 

1.19 

 

0.83 

Duration of oral contraceptive use
 

1.22 

 

1.67 

Smoking
 

1.20 

 

0.00 

BMI
 

1.19 

 

0.83 

Family history
 

1.22 

 

1.67 

Breastfeeding duration
 

1.21 

 

0.83 

Endometriosis
 

1.20 

 

0.00 

Tubal ligation 1.21 

 

0.83 

Hormone replacement therapy use 1.21   0.83 
a
 Adjusted for minimally sufficient adjustment set: age, highest attained education, and parity 

b
 Adjusted for age, highest attained education 

c
 Adjusted for age, parity 

d
 Adjusted for minimally sufficient adjustment set (age, highest attained education, parity) and factors 

listed below in separate models 
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Figure A.1 Baseline DAG for the relationship between shift work exposure and EOC
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Figure A.2 Final DAG for the relationship between shift work exposure and EOC 

 


