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Abstract

Purpose—Sleep disruption and shift work have been associated with cancer risk, but 

epidemiologic evidence for prostate cancer remains limited. We aimed to prospectively investigate 

the association between midlife sleep- and circadian-related parameters and later prostate cancer 

risk and mortality in a population-based cohort of Finnish twins.

Methods—Data were drawn from the Older Finnish Twin Cohort and included 11,370 twins 

followed from 1981 to 2012. Over the study period, 602 incident cases of prostate cancer and 110 

deaths from prostate cancer occurred. Cox regression was used to evaluate associations between 

midlife sleep duration, sleep quality, chronotype, and shift work with prostate cancer risk and 

prostate cancer-specific mortality. Within-pair co-twin analyses were employed to account for 

potential familial confounding.

Results—Compared to “definite morning” types, “somewhat evening” types had a significantly 

increased risk of prostate cancer (HR 1.3; 95% CI: 1.1, 1.6). Chronotype significantly modified the 

relationship between shift work and prostate cancer risk (p-interaction < 0.001). We found no 

significant association between sleep duration, sleep quality, or shift work and prostate cancer risk 

in the overall analyses and no significant association between any sleep- or circadian-related 

parameter and risk in co-twin analyses. Neither sleep- nor circadian-related parameters were 

significantly associated with prostate cancer-specific mortality.
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Conclusions—The association between sleep disruption, chronotype, and shift work with 

prostate cancer risk and mortality has never before been studied in a prospective study of male 

twins. Our findings suggest that chronotype may be associated with prostate cancer risk and 

modify the association between shift work and prostate cancer risk. Future studies of circadian 

disruption and prostate cancer should account for this individual-level characteristic.

INTRODUCTION

The circadian system plays a critical role in synchronizing genetic, physiologic, and 

behavioral rhythms in the body. Sleep disruption and shift work may desynchronize this 

system, resulting in adverse health outcomes via a variety of biologically plausible 

mechanisms [1]. While the impact of sleep disruption and shift work on cancer risk is 

attracting increased research attention, most of the epidemiologic literature to date has 

focused on breast cancer risk [2, 3] and evidence for prostate cancer remains sparse [4].

Some studies suggest that shorter sleep duration and increased sleep disruption may be 

associated with increased prostate cancer risk [5–8], although the evidence remains 

inconsistent [9, 10]. Evidence for an association between shift work and prostate cancer also 

remains inconclusive. Recent case-control [11–13] and cohort [14, 15] studies have reported 

associations between rotating and night shift work and prostate cancer risk, while some 

cohort studies have reported no association [5, 16, 17]. Individual-level characteristics that 

may modify the association between working time and cancer risk have been largely 

understudied, which has potentially contributed to the heterogeneous findings across studies. 

Chronotype, characterized by an individual’s preference for morning or evening activity, 

may influence adaptability to various work schedules and thereby act as a unique marker of 

susceptibility to sleep and circadian disruption [18]. In fact, men with earlier (morning) 

chronotypes experience higher sleep and circadian misalignment during night shifts than do 

later (evening) chronotypes, while later (evening) chronotypes experience higher sleep and 

circadian misalignment during morning shifts than do earlier (morning) chronotypes [18]. 

Such findings highlight the importance of looking beyond the cancer risk associated with 

working or sleeping in a particular time window to a more personalized examination of the 

risk associated with working in a time window that is not compatible with one’s diurnal 

preference. Investigators have therefore recently begun to incorporate measures of 

chronotype into studies of breast [19–21] and prostate [12] cancer, as well as studies of shift 

work and melatonin levels [22, 23].

We aimed to investigate the influence of midlife sleep duration, sleep quality, chronotype, 

and shift work on prostate cancer risk later in life among men in the Older Finnish Twin 

Cohort, a population-based cohort of twins with 30 years of follow-up data. In addition to 

examining the risk of prostate cancer diagnosis, we explored the risk of prostate cancer-

specific mortality, which reflects the most clinically aggressive disease. We further explored 

potential interactions between chronotype and shift work. These associations have never 

before been examined in a prospective study of male twins – a setting that allows for the 

application of powerful analytic methods to control for potential familial confounding 

(genetics and shared early environment). We hypothesized that shorter sleep duration, poorer 
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sleep quality, and misalignment of chronotype and work type would be associated with an 

increased prostate cancer risk.

MATERIAL AND METHODS

Study population

This study was nested within the Older Finnish Twin Cohort, consisting of all Finnish same-

sex twin pairs born before 1958 with both co-twins alive in 1975. Twin pairs were selected 

from the Central Population Registry of Finland in 1974, and twin zygosity was determined 

by a validated questionnaire shown to accurately classify >93% of twin pairs as 

monozygotic (MZ) or dizygotic (DZ) [24]. Questionnaires were mailed to participants in 

1981 with a response rate of 84%. They contained questions on sleep patterns and 

chronotype in addition to comprehensive questions on socio-demographic, occupational, 

psychosocial, health, and lifestyle factors. The present study includes the 11,370 male twin 

individuals who responded to the 1981 questionnaire, were free of prostate cancer at that 

time, and who had data on at least one sleep- (sleep duration, sleep quality) or circadian-

related exposure (chronotype, shift work). This study population includes 2,580 

monozygotic (MZ) and 5,716 dizygotic (DZ) twins from pairs in which both brothers met 

the inclusion criteria. In addition, there were 456 MZ and 1,312 DZ twins without their co-

twin and 1,306 twins of uncertain zygosity included in the study. The mean age (± standard 

deviation) of the participants at the time of study entry was 40.0 years (± 12.1).

The study was approved by the ethical committee of the Hjelt Institute, Faculty of Medicine, 

University of Helsinki. Permission for linkage of the cancer registry data was provided by 

the National Institute for Health and Welfare, Helsinki, Finland. Informed consent was 

obtained from all individuals.

Exposure assessment

Given the long latency of prostate cancer, we were interested in the influence of midlife 

sleep- and circadian-related exposures on prostate cancer risk and mortality later in life. 

Information on sleep duration and quality, chronotype, and shift work was obtained in the 

1981 questionnaire. Sleep duration was obtained by asking: “How many hours do you 

usually sleep per 24 hours?” (9 response categories: ≤6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5, and ≥10 

hours). Sleep duration data were sparse at extreme values and so were collapsed into 3 

categories: <7, 7–8, and >8 hours. The sleep quality question was: “Do you usually sleep 

well?” (5 response categories: “well,” “fairly well,” “fairly poorly,” “poorly,” and “cannot 

say”). Sleep quality data were similarly collapsed into 3 categories: well, fairly well, and 

fairly poorly/poorly. “Cannot say” responses were incorporated into a missing data category 

for this variable. The question assessing chronotype (“Will you try to estimate to what extent 

you are a morning or an evening person?”) was similar to that asked in the Horne and 

Østberg morningness-eveningness questionnaire (MEQ) [25]. The response categories for 

chronotype included: “I am clearly ‘a morning person’ (morning spry and evening sleepy),” 

“I am to some extent ‘a morning person,’” “I am to some extent ‘an evening person’ 

(morning sleepy and evening spry),” “I am clearly ‘an evening person’”). We classified 

chronotype data into 4 categories: definite morning type, somewhat morning type, somewhat 
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evening type, and definite evening type. Data on shift work were obtained by assessing the 

respondent’s current or latest work type and were classified into 4 categories: fixed days, 

fixed nights, rotating shift, and not recently working. Rotating shift work refers to work that 

rotated through morning, evening, or night shifts in either a 2-shift or 3-shift pattern.

Outcome ascertainment

Data on prostate cancer incidence (ICD code 185) was obtained through record linkage to 

the Finnish Cancer Registry, where 100% of registered cases are histologically verified. Data 

on prostate cancer-specific mortality came from the cause-of-death register at Statistics 

Finland. All of those who died from prostate cancer had a diagnosis prior to death in the 

Finnish Cancer Registry. Data on emigration and vital status were obtained through linkage 

to the Population Register Center of Finland. Data from all registries were linked to Finnish 

Twin Cohort data using unique personal identity codes assigned to every permanent resident 

of Finland.

Statistical analysis

Descriptive analyses were performed to characterize the study population and examine 

differences across chronotypes, with means and standard deviations presented for continuous 

variables and counts and percentages for categorical variables (Table 1). For each sleep- and 

circadian-related exposure, Cox proportional hazard models were used to estimate age-

adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) for the outcomes of 

prostate cancer diagnosis and prostate cancer-specific mortality. Age was the underlying 

time metameter. Each subject’s date of entry was defined as his exact age when the 1981 

questionnaire was returned. Participants were followed prospectively through December 31, 

2012 for the occurrence of prostate cancer, death, or emigration. Log-log plots of survival 

curves of the sleep- and circadian-related exposure categories were used to verify that the 

curves were parallel and the proportional-hazards assumption was not violated. Due to the 

dependent nature of this sample of twin pairs, standard errors and CIs were adjusted for 

possible within-pair correlations using robust variance estimators.

To assess the association between chronotype and shift work with prostate cancer risk and 

prostate cancer-specific mortality, we conducted Cox proportional hazards regression, 

mutually adjusting for chronotype and shift work. Cox regression was also conducted to 

evaluate the association between sleep duration and quality and prostate cancer risk and 

mortality, mutually adjusting for sleep duration and quality. Our final multivariable models 

were adjusted for potential confounding variables, based on subject-matter knowledge: 

education (<6 years, 6 years, middle school, high school or more), BMI (kg/m2), physical 

activity (sedentary, occasional exerciser, conditioning exerciser), social class (upper white 

collar, lower white collar, skilled worker, unskilled worker, farmer, other), smoking status 

(never, occasional, former, current), alcohol use (deciles of number of drinks per week, with 

one standard drink defined as 12 grams of alcohol), snoring (never, sometimes, often, nearly 

always), and zygosity (MZ, DZ, XZ). Construction of a polychoric correlation matrix for 

these predictor variables showed all correlations to be generally low; only 4 correlations 

were greater than 0.2. The highest inter-correlation was between smoking status and 

education (r=0.42). Missing values of categorical variables were handled by creating a 
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missing data indicator for inclusion in the models, and missing values of continuous 

variables were imputed using the mean value for that variable. We had complete data on 

participant age from registry linkage. Only 78 men (0.69%) were missing data on BMI and 

required mean imputation for this variable.

We also examined whether chronotype modified the association between work type and 

prostate cancer risk by creating product terms between chronotype and work type categories 

and estimating likelihood ratio tests. We similarly explored interactions between chronotype 

and sleep duration or quality.

We further performed co-twin analyses to assess the association between sleep- and 

circadian-related exposures and prostate cancer risk within twin pairs discordant for prostate 

cancer. These Cox models were stratified on twin pairs, allowing each twin pair to have its 

own baseline hazard. This serves as a powerful approach to account for potential familial 

confounding (genetics and shared family environment) when assessing twins discordant for 

sleep- and circadian-related exposures and prostate cancer outcomes. All statistical analyses 

were performed using Stata version 13.1 (Stata Corporation, College Station, TX, USA).

RESULTS

Over a median of 30 years of follow-up, 11,370 men contributed 289,714 person-years at 

risk for prostate cancer. During this time, 602 incident cases of prostate cancer and 110 

deaths from prostate cancer occurred. The mean age (± standard deviation) of participants at 

the time of prostate cancer diagnosis was 69.9 years (± 8.9).

Baseline characteristics of participants are displayed in Table 1 by chronotype. The 

chronotype distribution in this study population was as follows: 28% definite morning type, 

29% somewhat morning type, 33% somewhat evening type, and 10% definite evening type. 

Definite morning types were older, less educated, and had a higher BMI than other 

chronotypes. Definite evening types were more likely to report shorter sleep duration and 

poorer sleep quality, and be a current smoker, heavy drinker, and night or rotating-shift 

worker compared to those in other chronotype categories.

In analysis of the overall population, somewhat evening types had a 1.3-fold higher risk of 

prostate cancer compared to definite morning types (HR 1.3; 95% CI: 1.1, 1.6) in 

multivariable models (Table 2). No other chronotype was significantly associated with 

prostate cancer risk. In analyses conducted within twin pairs discordant for chronotype and 

prostate cancer outcome, we found no association between chronotype and prostate cancer 

risk (somewhat morning types [HR 1.1; 95% CI: 0.7, 1.6), somewhat evening types [HR 1.0; 

95% CI 0.6, 1.5], definite evening types [HR 1.0; 95% CI, 0.5, 1.9]; reference = definite 

morning types).

No significant associations between sleep duration, sleep quality, or shift work and prostate 

cancer risk were found in the overall (Table 2) or within-pair co-twin analyses (data not 

shown). In addition, we found no significant associations between any sleep- or circadian-

related parameter and prostate cancer-specific mortality (Table 2). Estimates were 
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unchanged when models for shift work and chronotype were also adjusted for sleep duration 

and quality (data not shown).

We found a highly significant interaction between chronotype and work type for the 

outcome of prostate cancer incidence in the overall study population (p-interaction < 0.001) 

(Figure 1a). Somewhat evening type day workers were at a 1.3-fold higher risk of prostate 

cancer compared to definite morning type day workers (HR 1.3; 95% CI: 1.1, 1.7). Also at a 

suggestively increased risk were somewhat morning type day workers (HR 1.1; 95% CI: 0.9, 

1.4), somewhat evening type rotating-shift workers (HR 1.5; 95% CI: 1.0, 2.2), and definite 

evening type rotating-shift workers (HR 1.5; 95% CI: 0.8, 2.9). At a suggestively decreased 

risk of prostate cancer were somewhat morning type rotating-shift workers (HR 0.5; 95% 

CI: 0.3, 1.0). Examination of an interaction between chronotype and night work was 

precluded by a limited number of prostate cases among night-workers (n=2). Chronotype by 

work type interactions were not significant for the outcome of prostate cancer-specific 

mortality, although power was lower for these analyses (p-interaction=0.55) (Figure 1b). 

Magnitudes of risk for the outcome of mortality were comparable to those obtained from 

incidence analyses, but no significant associations were detected perhaps due to low case 

counts in cross-tabulated categories. In addition, no significant interactions between 

chronotype and sleep duration or quality were found (data not shown).

DISCUSSION

In this prospective, population-based cohort study of Finnish male twins, we found that 

somewhat evening types were at a significantly higher risk of prostate cancer than definite 

morning types. We also found a significant interaction between chronotype and shift work. 

Compared to definite morning types in day work, we observed a significantly increased risk 

of prostate cancer among somewhat evening types in rotating-shift and day work as well as a 

decreased risk among somewhat morning types in rotating-shift work. Sleep duration, sleep 

quality, and shift work were not significantly associated with prostate cancer risk in the 

overall or co-twin analyses, and no significant association was found between any sleep- or 

circadian-related exposure and prostate cancer-specific mortality. Altogether, our data 

support the hypothesis that chronotype may interact with work type to influence prostate 

cancer risk, but, similar to some prior studies [9, 10], they do not support the hypothesis that 

sleep duration or sleep quality are associated with prostate cancer risk.

Chronotype has been evaluated in one prior study of shift work and prostate cancer risk [12]. 

Similar to the findings of this study [12], our analyses conducted within the overall study 

population revealed that somewhat evening types were at a significantly higher risk for 

prostate cancer than definite morning types. However, we found that this association 

disappeared when the relationship between chronotype and prostate cancer risk was 

analyzed within twin pairs discordant for chronotype and prostate cancer outcome. This 

result might suggest that the significant association observed in the overall study population 

could have been driven by an unaccounted for shared genetic or shared environment factor, 

and the possibility of a factor influencing both chronotype and prostate cancer could be 

further explored. An earlier report from the Finnish Twin Cohort estimated that genetic 

factors account for approximately half of the inter-individual variability in diurnal type, with 
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the remainder accounted for by non-shared environmental factors [26], while the heritability 

of liability to prostate cancer is also estimated to be about 50% [27]. Alternatively, this may 

be a chance finding due to the smaller numbers and thus lower power of the discordant twin 

pair analysis.

Previous evidence suggests that rotating shift workers may be particularly susceptible to 

circadian disruption as their biologic clock is frequently at odds with substantially displaced 

bouts of activity over the 24-hour time span [28]. Our findings did not consistently align 

with this suggestion: rotating-shift work was associated with a significantly increased risk of 

prostate cancer among somewhat evening types, but with a significantly decreased risk 

among somewhat morning types.

We further assessed chronotype as an effect modifier of the relationship between work type 

and prostate cancer risk. We hypothesized that the inconsistent or null findings of former 

studies of shift work and prostate cancer risk [5, 16, 17] may be partially rooted in a lack of 

consideration of chronotype as an important modifier of this association. Indeed, qualitative 

effect modification was noted in our study, whereby the direction of prostate cancer risk 

associated with each work type differed across chronotypes.

It has been proposed that shift work may increase prostate cancer risk through mechanisms 

of sleep reduction/disruption, circadian disruption, and/or light-induced suppression of 

melatonin secretion [4, 29]. Recent evidence suggests that chronotype may modify the 

degree of sleep and melatonin disruption that accompanies various shift patterns [18, 22, 

23]. It is biologically plausible that chronotype may modify the association between shift 

work and cancer along several of these proposed pathways. Later chronotypes have a later 

subjective, internal night and exhibit a later peak in melatonin compared to earlier 

chronotypes [30]. Day work is expected to coincide, at least partially, with the biological 

night of later chronotypes and therefore may be more disruptive to patterns of sleep, 

circadian rhythm, and melatonin secretion among these individuals. In line with this 

hypothesis, we found that somewhat evening types in day work were at a significantly higher 

risk of prostate cancer than definite morning types in day work. In contrast, definite evening 

types in day work were not found to be at an increased risk, despite likely engaging in 

activity during periods that have even greater overlap with their biologic night. However, 

there were a small number of participants in this strata and this finding may be due to a lack 

of power or chance.

In the present study, we found no significant association between reported sleep duration or 

quality and prostate cancer incidence or prostate cancer-specific mortality. Few prior studies 

have evaluated associations between sleep and prostate cancer, and the epidemiologic 

evidence that does exist has been inconsistent. Some studies examining this association have 

reported shorter, more disrupted sleep to be associated with an increased risk of total 

prostate cancer [6, 7], advanced or metastatic prostate cancer [6, 7], and prostate cancer 

mortality [5] in healthy baseline populations. However, two recent prospective cohort studies 

of baseline healthy populations of men in Sweden [9] and the U.S. [10] similarly found no 

association between sleep duration or quality and risk of prostate cancer (total, advanced, or 

lethal).
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Important strengths of our study include its prospective design, long duration of follow-up, 

population-based sample, complete and reliable outcome data obtained through registry 

linkage, high questionnaire response rate (84%), detailed questionnaire data on socio-

demographic, lifestyle, and sleep factors, and use of within-family analyses with a twin-co-

twin design to explore the associations of interest while controlling for potential 

confounding by familial factors (genetics and shared early environment).

However, several limitations should be noted. First, chronotype was assessed with a single 

question rather than a series of questions, as in the Horne and Østberg MEQ [25]. However, 

it has been shown that answers to a similar self-classification of diurnal preference question 

are highly correlated with chronotype classifications derived from more comprehensive 

validated questionnaires [31]. In addition, a broad definition of shift work measured at a 

single time point prohibited exploration of detailed shift systems, duration of shift work, or 

shift intensity. Further, while we did not have data on family history of prostate cancer, the 

unique nature of this twin population permitted within-pair co-twin analysis – a powerful 

approach to account for confounding by both genetics and shared early environment. 

Although we adjusted for a variety of potential confounders, it is not possible to rule out 

residual confounding by an unobserved risk factor uniquely related to the exposures of 

interest. Finally, we cannot rule out the possibility that the incidence findings might be 

partially explained by prostate-specific antigen (PSA) testing. It is unlikely that PSA testing 

would vary by chronotype or sleep behavior, although there could be an association between 

work type and PSA testing. We would expect that the low-cost and universal health care 

available in Finland allowed for widespread access to healthcare across all socioeconomic 

groups in our study population. Moreover, routine PSA testing among asymptomatic men 

was not common in Finland during the study period [32], and prostate cases in Finland tend 

to be more aggressive at diagnosis than in the U.S. [33, 34]. Cases are thus expected to be 

clinically relevant. We further examined risk associated with prostate cancer-specific 

mortality, which reflects the most aggressive prostate tumors. The relative risks for mortality 

were not consistently stronger or weaker than those obtained for incidence, and thus do not 

suggest confounding due to PSA testing.

CONCLUSION

In this prospective, population-based cohort study of Finnish male twins, we found some 

suggestion that chronotype may be associated with prostate cancer risk and may modify the 

association between shift work and prostate cancer risk. Future studies exploring the impact 

of circadian disruption on prostate cancer risk should account for this individual-level 

characteristic. The possibility of a shared genetic or environmental factor influencing both 

chronotype and prostate cancer should also be explored.
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Figure 1. 
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Figure 1a. Cross-tabulation between chronotype and work type, and prostate cancer risk (HR 

and 95% CI), Older Finnish Twin Cohort, 1981–2012 (583 cases)
aHazard ratios for product terms between chronotype and work type categories. Reference = 

definite morning type in day work.
bNote: Examination of an interaction between chronotype and night work was precluded by 

a limited number of prostate cancer cases among night workers (n=2).

Figure 1b. Cross-tabulation between chronotype and work type, and prostate cancer-specific 

mortality (HR and 95% CI), Older Finnish Twin Cohort, 1981–2012 (105 cases)
aHazard ratios for product terms between chronotype and work type categories. Reference = 

definite morning type in day work.
bNote: Examination of an interaction between chronotype and night work was precluded by 

a limited number of prostate cancer-specific death cases among night workers and no cases 

among definite evening type rotating shift workers.
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