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Abstract

Background: Animal and experimental studies suggest circadian disruption increases colorectal 

cancer risk, but evidence in humans is limited. We examined night shift work, chronotype, and 

residential position within a time zone, proxies for circadian disruption, in relation to colorectal 

cancer risk.

Methods: Participants in the Black Women’s Health Study, a prospective cohort of 59,000 Black 

American women established in 1995, reported history of night shift work and chronotype on 

follow-up questionnaires. Residential position within a time zone was estimated using participant 

addresses at each questionnaire cycle. Number of colorectal cancer cases and follow-up duration 

varied by analysis depending on timing of exposure assessment, ranging from 204 over the 2005–

2018 night shift work study period to 452 over the 1995–2018 residential position study period. 

Cox proportional hazards regression was used to estimate multivariable-adjusted hazard ratios 

(HR) and 95% confidence intervals (CI).

Results: Compared to never having worked a night shift, working a night shift for ≥10 years was 

associated with increased colorectal cancer risk (HR=1.64, 95% CI 1.01–2.66). However, shorter 

duration was not. The HR for evening vs. morning chronotype was 0.96 (95% CI 0.73–1.27). 

Westward position of residence within a time zone was not associated with colorectal cancer risk 

(HR per 5-degree longitude increase: 0.92, 95% CI 0.82–1.03).
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Conclusions: Our findings suggest a possible increased risk of colorectal cancer associated with 

long duration night shift work; however, results require confirmation in larger studies.

Impact: Circadian disruption from long-term night shift work may contribute to colorectal cancer 

development in Black women.
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INTRODUCTION

Humans have an internal circadian rhythm, roughly 24-hours in length, that plays a critical 

role in human functioning, regulating cellular, physiological, and behavioral processes such 

as cell cycle progression, DNA repair, and sleep/wake and feeding/fasting timing.1 External 

cues, such as sunlight, help synchronize the endogenous circadian clock to the 24-hour day.1 

When an individual’s internal circadian rhythm and external cues do not align, circadian 

disruption or misalignment can occur. This disruption can increase inflammation, cellular 

stress, DNA damage, and immune and metabolic dysfunction.2 In both animal and human 

studies, circadian disruption has been linked to chronic diseases, including cancer.1,3–6 

Because the circadian system regulates cellular and physiological processes in the large 

bowel,7,8 circadian disruption has been studied as a potential risk factor for colorectal 

cancer, the third most commonly diagnosed cancer in the United States (US).

Circadian disruption can be exemplified in many ways. A commonly studied exemplification 

is night shift work.1 Based on experimental, animal, and human evidence, the International 

Agency for Research on Cancer (IARC) declared night shift work as a Group 2A probable 

carcinogen in 2019.9 However, IARC acknowledged that the human evidence linking night 

shift work to cancer incidence was limited and inconsistent, particularly for colorectal 

cancer. In line with their assessment, an early meta-analysis reported positive associations 

between ever having worked a night shift, longer duration of night shift work, and colorectal 

cancer incidence,10 but an updated meta-analysis reported no association.11

In addition to night shift work, seemingly innocuous factors may also lead to misalignment 

relevant to human health. For instance, a late chronotype (preference for evening activities 

rather than morning activities) is often incompatible with early work/school schedules and 

could lead to misalignment. Additionally, residing in the western part of a time zone, where 

the sun rises and sets at a later time compared to the eastern part of the time zone, can lead 

to misalignment between one’s internal circadian rhythm and the defined clock/social time, 

leading to chronic circadian disruption.12 Chronotype13–15 and residential position in a time 

zone5,16,17 have been associated with increased risk of some cancers, but their relationship 

with colorectal cancer remains unclear. No prior study, to our knowledge, has examined the 

relation of chronotype with colorectal cancer risk. In an ecologic study of White Americans, 

a 5-degree longitude increase in westward position of residence within a time zone was 

associated with an increased risk of colorectal cancer.16 However, the authors were unable to 

prospectively assess the association, control for individual-level confounding, or account for 

changes in residential location.
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Given the limited, inconsistent evidence and methodological limitations of prior studies, 

further research is needed to understand the impact of circadian disruption on colorectal 

cancer incidence. Moreover, associations should be assessed among underrepresented racial/

ethnic groups who may have greater susceptibility to circadian disruption, such as Black 

Americans who tend to have shorter endogenous circadian periods,18 sleep less,19 and often 

have less flexible work schedules.20

In the present study, we examined the relation of circadian disruption, measured as night 

shift work, chronotype, and residential position within a time zone, with risk of colorectal 

cancer within a large prospective study of Black American women with over 20 years of 

follow-up.

MATERIALS AND METHODS

Study Population and Design

Approximately 59,000 self-identified Black women from across the US were enrolled 

in the Black Women’s Health Study (BWHS) in 1995 upon receipt of a completed self-

administered baseline questionnaire. Since 1995, BWHS participants have been followed 

through biennial questionnaires to collect data on lifestyle and behavioral factors and disease 

diagnoses. Participant follow-up is complete for 85% of potential person-years. Because of 

the timing of exposure assessment (see below), three separate analytic populations, each 

with distinct starts of follow-up, were defined (Supplemental Figures S1–S3).

Follow-up began in 2005 for the night shift work analysis. After excluding women who 

did not answer the 2005 questionnaire (n=15,845), had a prior cancer diagnosis (except 

non-melanoma skin cancer; n=2,520), or were missing data on night shift work (n=6,214), 

34,421 BWHS participants remained in the analytic sample.

In the chronotype analysis, participants were considered for inclusion if they completed 

the 2015 questionnaire, which asked about chronotype (n=37,119). Available evidence 

indicates that chronotype is partly genetically determined,21 but is also influenced by other 

factors including geographic location,22 sex, and age.23 Chronotype can change with age, 

particularly during childhood and adolescence.24 During adulthood, chronotype tends to 

become earlier with increasing age. However, in women, chronotype changes relatively little 

after age 34.23 Therefore, in analyses that evaluated chronotype as the exposure variable, 

follow-up began either in 1995 or at age 35, when chronotype is expected to be more 

stable.23,24 Thus, BWHS participants who were ≥35 years old at study enrollment entered 

the chronotype analytic sample in 1995, while women who were younger than 35 at study 

enrollment entered into the analytic sample upon turning 35. Excluded were participants 

who had received a cancer diagnosis prior to 1995 or prior to turning age 35 (n=791) or who 

were missing data on chronotype (n=2,630). After exclusions, 33,698 women remained for 

analysis.

For the time zone analysis, follow-up began in 1995. Participants were excluded if 

they had a cancer diagnosis prior to 1995 (n=1,499) or if they were missing data on 
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residential position at every questionnaire cycle (e.g., unable to be geocoded; n=1,098). 

After exclusions, 56,403 participants remained in the analytic sample.

Exposure Assessment

On the 2005 questionnaire, participants reported ever working a night shift (yes, no), as well 

as frequency (“Never”, “Once a year”, “A couple times a year”, “Once a month”, “Every 

week”) and duration (years) of night shift work. We collapsed categories “Once a year”, 

“A couple times a year”, and “Once a month” in frequency of night shift work analyses. 

Duration of night shift work was assessed in four categories (never, <5, 5–9, ≥10 years) in 

primary analyses and three categories (never, <5, ≥5 years) in stratified analyses.

Participants reported their chronotype in categories on the 2015 questionnaire: “Definitely 

a morning type”, “More of a morning type”, “Definitely an evening type”, “More of an 

evening type”, “Neither a morning nor evening type”. The two morning and two evening 

categories were collapsed to create a three-level categorical variable. Because evidence 

suggests that chronotype is partly determined by genetics21 and changes little after age 35 

for women,23,24 we assumed chronotype assessed in 2015 reflected participants’ chronotype 

throughout adulthood.

Residential position within a time zone was defined as the geodesic distance, the shortest 

distance between two points on a sphere, between the time zone meridian and a participant’s 

place of residence in degrees longitude. Participants’ address at each questionnaire cycle 

was obtained from mailings of baseline and follow-up questionnaires and was geocoded. 

Using a geographic information system and the Vincenty formula,25 which accounts for 

the Earth’s ellipsoid shape and variations in latitude as one moves north or south of the 

equator, we calculated the geodesic distance between participants’ geocoded address and 

the meridian of the time zone in which they lived. The Eastern, Central, Mountain, and 

Pacific time zone meridians are located at −75 degrees, −90 degrees, −105 degrees, and 

−120 degrees longitude, respectively (Figure 1). Residential positions that were located 

west of the specified time zone meridian were assigned a positive geodesic distance 

value, while residential positions located east of the time zone meridian were assigned a 

negative value. Therefore, the progression from negative to positive distance values within 

a time zone represented an east to west gradient. Residential position was updated at each 

biennial questionnaire cycle. Assessment of restricted cubic splines showed no evidence of 

non-linearity. Thus, we evaluated residential position as a continuous variable per 5-degree 

longitude increment in distance from the time zone meridian following an east to west 

gradient. ArcGIS Pro 2.7.0 (Esri) was used to conduct all spatial analyses.

Outcome Ascertainment

Incident colorectal cancer was the outcome of interest. The International Classification 

of Diseases 10 (codes C18.0–C18.9 and C26.0 for colon and C19.9 and C20.0 for 

rectum) was used to define colon and rectal cancer. Participants self-reported colon or 

rectal cancer diagnoses on baseline and follow-up questionnaires. Diagnoses were also 

identified through linkage to state cancer registries and the National Death Index. Once 

participants were identified as having a colorectal cancer diagnosis, consent was obtained to 
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access participants’ medical records and pathology reports. Diagnoses were confirmed and 

information on date of diagnosis and cancer subsite (colon, rectum) was collected through 

review of pathology reports and cancer registry data by trained study personnel who were 

blinded to exposure status.

Statistical Analysis

Cox proportional hazards regression was used to estimate age- and multivariable-adjusted 

hazard ratios (HR) and 95% confidence intervals (CI) for the separate associations of night 

shift work, chronotype, and residential position within a time zone with risk of colorectal 

cancer, overall and according to cancer subsite. Regression models in each analysis were 

stratified by age in one-year increments at the particular questionnaire cycle and time period, 

such that age was the underlying timescale.

In the night shift work analysis, participants began accruing follow-up time in 2005. In the 

chronotype analysis, each participant accrued follow-up time beginning in 1995 or upon 

turning age 35, whichever came last. In the time zone analysis, follow-up time accrual 

began in 1995. In all analyses, follow-up ended at the time of colorectal cancer diagnosis or 

diagnosis of another cancer, death, or end of the study period in 2018, whichever occurred 

first.

To control for potential confounding, we adjusted for the following established or suspected 

colorectal cancer risk factors in multivariable regression models: family history of colorectal 

cancer (yes, no), body mass index (BMI; <25, 25–29, 30–34, ≥35 kg/m2), smoking status 

(never, past, current), alcohol consumption (non-current, current 1–6, current ≥7 drinks/

week), vigorous exercise (none, <5, ≥5 hours/week), and processed meat consumption 

(grams/day in quartiles). Education, red meat consumption, fiber intake, geographic region, 

neighborhood socioeconomic status, urbanicity, and sleep duration were also assessed as 

candidate covariates, but ultimately excluded from final regression models due to negligible 

changes in model estimates upon their inclusion. All covariates were updated at each 

questionnaire cycle. In stratified analyses, only age-adjusted results are presented because 

age- and multivariable-adjusted estimates were nearly identical, suggesting little evidence of 

confounding by covariates included in multivariable models.

Since Black Americans are more likely than other racial/ethnic groups to be diagnosed with 

early-onset colorectal cancer,26 we examined effect measure modification by age (<50, 

≥50 years) in each analysis. Additionally, we investigated effect measure modification 

by US Census geographic region (Northeast, South, Midwest, West)27 in chronotype and 

residential position analyses since circadian disruption may vary by geography.22 We also 

examined effect measure modification by chronotype (morning, evening, neither a morning 

nor evening type) in the night shift work analysis, by BMI (<30, ≥30 kg/m2) and night shift 

work (never, ever) in the chronotype analysis, and by latitude (≤39, >39 degrees, median) in 

the time zone analysis.

Barber et al. Page 5

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data availability

The data underlying this article cannot be shared publicly due to protection of Black 

Women’s Health Study participants’ privacy. The data will be shared on reasonable request 

to the corresponding author.

RESULTS

Table 1 displays baseline characteristics of the study population in the residential position 

within a time zone analysis (our largest analytic sample). The average residential position 

within a given time zone was 1.80 (standard deviation=4.1) degrees longitude west of the 

time zone meridian at study entry. The majority of participants lived in the Eastern time 

zone (63%). Participants were an average age of 39 years and an average BMI of 28.0 

kg/m2 at study entry. None of the assessed covariates varied across quartiles of position of 

residence within a time zone (Supplemental Table S1). In Supplemental Table S2, baseline 

characteristics of the night shift work analytic sample are displayed. Approximately 43% of 

participants reported ever working a night shift. Of the night shift workers, 60% worked a 

night shift every week and 12% worked a night shift for ≥10 years. At study entry in 2005, 

women who ever worked a night shift were more likely to have a higher BMI, have twelve 

or fewer years of education, be a current smoker, and receive six or fewer hours of sleep. 

In the chronotype analysis, 56%, 31% and 13% of participants reported having a morning, 

evening, or neither morning nor evening chronotype, respectively. Population characteristics 

at study entry generally did not vary across chronotype categories (Supplemental Table S3).

Night Shift Work

During the 2005–2018 study period, 204 colorectal cancer cases (150 colon, 46 rectal, 

8 subsite unknown) were diagnosed among 34,421women. In both age- and multivariable-

adjusted regression models, night shift work duration of ≥10 years was associated with 

an increased risk of colorectal cancer (multivariable-adjusted HR=1.64, 95% CI 1.01–2.66; 

Table 2) compared to never working a night shift. Estimates were similar for colon and rectal 

cancer. In contrast, compared to never working a night shift, ever having worked a night 

shift was not associated with overall colorectal cancer risk (multivariable-adjusted HR=1.13, 

95% CI 0.86–1.50). Multivariable-adjusted HRs were 1.31 (95% CI 0.95–1.82) and 0.74 

(95% CI 0.41–1.36) for colon and rectal cancer, respectively. There was no apparent trend 

for increased frequency of night shift work. The HR for working a weekly night shift for ≥5 

years, a measure of exposure intensity, in relation to colorectal cancer risk was 1.47 (95% CI 

0.94–2.28). Neither age nor chronotype modified the associations (Table 3).

Chronotype

During the 1995–2018 study period, 264 incident colorectal cancer cases (200 colon, 

54 rectal, 10 subsite unknown) were reported among 33,698 women. Chronotype was 

not associated with risk of colorectal cancer in age- or multivariable-adjusted models: 

multivariable-adjusted HR=0.96, 95% CI 0.73–1.27 for evening vs. morning chronotype and 

HR=0.77, 95% CI 0.52–1.14 for neither morning nor evening vs. morning chronotype (Table 

4). Multivariable-adjusted HRs for evening compared to morning chronotype were 0.90 

(95% CI 0.65–1.24) and 1.48 (95% CI 0.85–2.59) for colon and rectal cancer, respectively. 

Barber et al. Page 6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There was no evidence of an association between chronotype and colorectal cancer risk 

within strata defined by age, geographic region, BMI, or night shift work (Supplemental 

Table S4); however, sample sizes were small for some strata and estimates were imprecise.

Residential Position within a Time Zone

Over follow-up from 1995 through 2018, 452 incident colorectal cancer cases occurred 

among 56,403 women. Of these, 343 were colon cancers, 99 were rectal cancers, and 

10 were of unknown cancer subsite. There was no association between position of 

residence within a time zone and risk of colorectal cancer in age- or multivariable-adjusted 

regression models (multivariable-adjusted HR per 5-degree longitude increase in westward 

position=0.92, 95% CI 0.82–1.03; Table 5). A similar null association was found for risk of 

colon cancer (multivariable-adjusted HR=0.98, 95% CI 0.86–1.11). In contrast, a 5-degree 

longitude increase in residential position toward the western border of a time zone was 

associated with a 24% reduced risk of rectal cancer (multivariable-adjusted HR=0.76, 95% 

CI 0.59–0.98). In analyses stratified by chronotype, a 5-degree longitude increment in 

westward position of residence within the time zone was associated with an increased risk 

of colorectal cancer among women identifying as neither a morning nor evening chronotype 

(age-adjusted HR=1.58, 95% CI 1.01–2.47; Supplemental Table S5), but was not associated 

with colorectal cancer among morning or evening chronotypes. There was no evidence of 

effect modification by age, geographic region, or latitude.

DISCUSSION

In this study of circadian disruption and colorectal cancer incidence in a cohort of Black 

women, longer duration of night shift work was associated with an increased risk of 

colorectal cancer. Risk estimates were elevated for both colon and rectal cancer, but were 

imprecise due to small numbers of cases. In addition, there was evidence of a positive 

association between ever having worked a night shift and risk of colon, but not rectal 

cancer. We found no association between chronotype and risk of colorectal cancer, overall 

or by subsite. Residential position within a time zone was not associated with overall 

colorectal cancer risk. However, we observed an unexpected inverse association between 

residential position and risk of rectal cancer. In contrast, westward position of residence 

was associated with an increased risk of colorectal cancer only among women with no 

chronotype preference.

Biological evidence suggests a potential role of circadian disruption in carcinogenesis. 

Acting through a core group of clock genes, the circadian system regulates a number of 

cellular, physiological, and behavioral processes in the body, including cell cycle control 

and DNA repair.8 Circadian clock genes also promote cell apoptosis by upregulating tumor 

suppressor genes in response to DNA damage and cellular stress.8 The circadian system 

also plays a role in immune system functioning28 and regulation of the sleep/wake and 

feeding/fasting cycles.29,30 Further, activity in the gastrointestinal tract, such as digestive 

enzyme expression, gut physiology, colonic motility, metabolism, and cellular processes, 

exhibits diurnal patterns, indicating that the large bowel is under circadian control.7,31 

In an experimental study, knocking down circadian clock proteins resulted in reduced 

Barber et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 January 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



apoptosis and accelerated cell proliferation and tumor growth in colon cancer cell lines.6 

In a mouse model, circadian disruption led to dysregulation of the immune system, 

creating a pro-inflammatory environment.32 This may be important as inflammation has 

been implicated in colorectal carcinogenesis.33 Finally, disruption of the feeding/fasting34 

or sleep/wake cycles17,35 could lead to immune system dysregulation, changes in gut 

microbiota, chronic inflammation,28 and obesity,4 all of which may play a role in colorectal 

cancer development.36

Despite biological evidence, prior research examining the association between circadian 

disruption, represented by shift work, and colorectal cancer in humans has provided 

conflicting results. For example, null,37,38 positive (2-fold increase in risk),39 and inverse 

(20% reduction in risk)40 associations have been reported in studies of night shift work 

and duration of night shift work in relation to colorectal cancer risk. Prior studies assessing 

rotating shift work, which includes night shifts, have similarly produced mixed findings, 

with some showing that rotating shift work,40 especially for long durations40,41 is associated 

with an approximately 20–35% increased risk of colorectal cancer, and others indicating 

no association.38,42,43 Furthermore, it is unclear whether night or rotating night shift work 

differentially impacts colorectal cancer risk by subsite, since positive associations have been 

reported for rectal cancer only44,45 and for both colon and rectal cancer.39 In the present 

analysis, we were unable to distinguish between permanent and rotating night shift work, 

the latter of which is hypothesized to be more disruptive, as individuals are unable to adapt 

their circadian rhythms to their ever-changing work schedules.46 However, we found that 

having worked a night shift for ≥10 years was associated with an increased risk of colorectal 

cancer, while ever having worked a night shift was associated with an elevated risk of colon 

cancer only. Given inconsistencies in prior literature, further research is needed to confirm 

our findings.

Chronotype has been hypothesized to be an indicator of susceptibility to circadian 

disruption,35 leading some to examine it as a potential cancer risk factor. For example, 

having an evening chronotype has been associated with an increased risk of breast,14,15,47 

prostate,13 and endometrial cancer48 in some, but not all49 studies. To our knowledge, 

chronotype has not been previously examined with respect to colorectal cancer. The null 

association observed in the present study may suggest that chronotype is not a risk factor 

for colorectal cancer. An alternative explanation is exposure misclassification, as chronotype 

was ascertained at only a single timepoint and that single measurement was assumed to 

be reflective of chronotype throughout adulthood. Other potential explanations are limited 

study power, which may have hindered the ability to observe an association, and the 

possibility that chronotype may only be an indicator of susceptibility to circadian disruption, 

rather than an independent cause of circadian disruption.35

Findings from previous studies suggest that residential position may be a risk factor for 

cancer, as increasing westward residential position within a time zone has been positively 

associated with overall,16 breast,16,17,50 liver,5,16 and other cancer types.16 In a US study, 

a 5-degree longitude increase in residential position toward the western border of a time 

zone was associated with a 4% increased risk of colorectal cancer among women.16 In 

another study, living in areas with later sunset times was suggestively associated with 
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an increase in colorectal cancer incidence.17 Overall results from the present analysis do 

not support previous evidence of a positive association between residential position and 

colorectal cancer. Differences in study design and lower statistical power may partially 

explain the divergence in findings. Another possibility is that residential position within a 

time zone may not be an adequate measure of circadian disruption in this study population. 

The apparent inverse association with rectal cancer was unexpected and may represent a 

chance finding.

There are some limitations to the present study. First, statistical power was limited in 

some analyses, particularly rectal cancer-specific models, due to a relatively small number 

of cases. Second, we did not have data on type of night shift work (e.g., permanent 

vs. rotating) or job type, which may influence intensity of circadian disruption exposure. 

Third, exposure misclassification is possible since chronotype was ascertained once in 2015 

and applied to earlier timepoints. Fourth, given the retrospective nature of the chronotype 

analysis, there is a potential for recall bias. However, chronotype is not a known risk 

factor for colorectal cancer, so recall bias may be unlikely. Fifth, the analysis may be 

susceptible to survival bias because participants had to survive long enough to report their 

chronotype in 2015. Examination of covariate distributions at baseline among those included 

vs. excluded from the analysis did not reveal appreciable differences, suggesting that the 

two populations are similar. To further examine the potential for survival bias, we assessed 

characteristics of colorectal cancer cases included in the chronotype analysis (n=264) vs. 

cases who were excluded due to missing data on chronotype (n=306). There was a similar 

proportion of tumors located in the colon and rectum among cases included vs. excluded. 

As expected, excluded cases were older at diagnosis (mean age: 58.9 vs. 56.8 years) and 

were more likely to have late stage disease (percentage of stage 4 cancers: 20.6% vs. 3.8%) 

compared to included cases. If chronotype was associated with later stage disease, and hence 

colorectal cancer survival, failure to include these cases may result in a downward bias, 

which could explain the observed lack of association. Given that we cannot determine the 

relationship between chronotype and colorectal cancer risk among those excluded from the 

present analysis, we cannot rule out the potential for survival bias. However, the likelihood 

that chronotype impacted colorectal cancer survival seems small. Sixth, in the time zone 

analysis, place of residence may not be indicative of where participants spend most of their 

time. Thus, residential position within a time zone may not accurately reflect exposure 

to circadian disruption. Lastly, we were unable to assess associations by colorectal cancer 

molecular subtype, which may be an important consideration given that colorectal cancer 

risk factors can vary by molecular subtype.51

Despite some limitations, there are important strengths of this study. First, this study was 

conducted in a large prospective cohort of Black women, who are often underrepresented in 

scientific research. Analyses included incident medically confirmed colorectal cancer cases. 

Detailed data obtained from biennial questionnaires permitted the assessment and control of 

individual-level covariates. By using residential position within a time zone, we were able 

to objectively measure circadian disruption. Moreover, the association between residential 

position and colorectal cancer risk was prospectively assessed by measuring residential 

position prior to cancer diagnosis. Lastly, we comprehensively assessed circadian disruption 

in multiple ways, rather than using a single measurement.
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In summary, in this study of circadian disruption in Black women, long-duration night 

shift work was associated with an increased risk of colorectal cancer, and colon cancer in 

particular, although the estimate of association was imprecise. Chronotype and residential 

position within a time zone were not associated with colorectal cancer risk. Given biological 

plausibility and limited epidemiologic investigation, further research on circadian disruption 

markers presented in this study, as well as other markers, is needed to elucidate the role of 

circadian disruption in colorectal cancer incidence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Residential position of BWHS participants in the continental US, according to time 
zone.
This map of the continental US depicts the four time zones (Eastern in green, Central in 

purple, Mountain in peach, and Pacific in blue) and the geocoded residential position of 

BWHS participants (purple dots) within the time zones at baseline in 1995. BWHS, Black 

Women’s Health Study; US, United States.
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Table 1.

Age-standardized characteristics of the study population for the residential position within a time zone 

analysis at baseline in 1995, N=56,403.a

N

Mean (SD)

Age 56,403 39.0 (10.8)

Body mass index, kg/m2 54,727 28.0 (6.7)

%

Years of education: ≤12 years 10,721 19

Family history of colorectal cancer 5,185 9

Smoking status: Current 8,725 15

Alcohol consumption: Current, ≥7 drinks/week 3,778 7

Vigorous exercise: ≥5 hours/week 7,273 13

Red meat consumption: Highest quartile 12,650 22

Processed meat consumption: Highest quartile 12,689 22

Total fiber intake: Highest quartile 12,857 23

Geographic region:

 Northeast 15,493 27

 South 17,203 31

 Midwest 13,273 24

 West 10,432 18

Sleep duration (ascertained in 2009): ≤6 hours 16,958 45

Night shift work (ascertained in 2005):

 Never 18,616 49

 Ever 13,648 36

Chronotype:

 Morning 18,568 33

 Evening 10,434 18

 Neither morning nor evening 4,266 8

a
Values are means (SD) or percentages and are standardized to the age distribution of the study population.
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