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The aim of this study was to examine the relation between chronotype and breast cancer risk. We analyzed the
association between chronotype (definite morning type, probable morning type, probable evening type, definite
evening type, or neither morning nor evening type) and breast cancer risk among 72 517 women in the Nurses’
Health Study II (NHS II). Chronotype was self-reported in 2009, and 1834 breast cancer cases were confirmed among
participants between 1989 and 2007; a 2-yr lag period was imposed to account for possible circadian disruptions
related to breast cancer diagnosis. Age- and multivariable-adjusted logistic regression was used to estimate odds
ratios (ORs) and 95% confidence intervals (CIs). Participants who self-reported as neither morning nor evening type
had a 27% increased risk of breast cancer (multivariable-adjusted OR¼ 1.27, 95% CI¼ 1.04–1.56), compared with
definite morning types. None of the other chronotypes were significantly associated with breast cancer risk
(multivariable-adjusted OR¼ 0.99, 95% CI¼ 0.87–1.12 for probable morning versus definite morning types; OR¼ 0.96,
95% CI¼ 0.84–1.09 for probable evening versus definite morning types; and OR¼ 1.15, 95% CI¼ 0.98–1.34 for definite
evening versus definite morning types). Overall, chronotype was not associated with breast cancer risk in our study. A
modestly increased risk among neither morning nor evening types may indicate circadian disruption as a potentially
underlying mechanism; however, more studies are needed to confirm our results.
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INTRODUCTION

Circadian rhythms refer to the endogenous 24-h oscil-

lation patterns in humans, which are produced by the

suprachiasmatic nuclei (SCN) of the brain and entrained

by the light-dark cycle. These rhythms are observable in

various physiological and behavioral functions, includ-

ing hormone production, sleep-wake behavior, digestive

secretion, and immune response (Fu & Lee, 2003;

Savvidis & Koutsilieris, 2012). An individual’s circadian

rhythms may be influenced by chronotype, which refers

to an individual’s preference for behavioral timing,

particularly the timing of sleep and waking.

Chronotype may indicate susceptibility to circadian

disruption because individuals with an evening prefer-

ence or those without a strong morning or evening

preference (i.e., the ‘‘neither’’ chronotype) may have

frequent changes in sleep-wake patterns compared with

morning types due to social constraints and/or work

schedules. In addition, chronotype may affect adapt-

ability and tolerance to rotating-shift work, and thereby

increase circadian disruption—which has been linked to

a number of adverse health outcomes.

Indeed, growing evidence suggests that circadian

disruption may lead to an increased risk of breast

cancer. Multiple studies have found night-shift work—a

prime disruptor of circadian rhythms—to be associated

with elevated breast cancer risk (Hansen & Lassen, 2012;

Lie et al., 2011; Schernhammer et al., 2001, 2006; Tynes

et al., 1996). A recent report also found that chronotype
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was associated with a higher risk of breast cancer

(Hansen & Lassen, 2012)—an association that needs to

be evaluated in additional studies. Moreover, there is

evidence that chronotype may be associated with

shiftwork tolerance (Gamble et al., 2011; Saksvik et al.,

2011; Saksvik-Lehouillier et al., 2012; Smith et al., 2005),

and therefore it is important to examine whether

chronotype influences breast cancer risk after account-

ing for a history of night-shift work. To address these

issues, we examined the association between chron-

otype and breast cancer risk among 72 517 women in

the Nurses’ Health Study II (NHS II).

MATERIALS AND METHODS

NHS II is an ongoing prospective cohort comprised of

116 434 female registered nurses, aged 25–42 yrs and

living in 14 US states at baseline—California,

Connecticut, Indiana, Iowa, Kentucky, Massachusetts,

Michigan, Missouri, New York, North Carolina, Ohio,

Pennsylvania, South Carolina, and Texas. Cohort mem-

bers completed a baseline questionnaire in 1989 and

subsequent questionnaires have been mailed every 2 yrs

to obtain updated information on lifestyle factors,

medical history, and newly diagnosed disease. Initial

participation and follow-up rates have been approxi-

mately 90% (Schernhammer et al., 2011). This study was

approved by the institutional review board (IRB) of

Brigham and Women’s Hospital and Harvard School of

Public Health (Boston, Massachusetts, USA) and con-

forms to international ethical standards (Portaluppi

et al., 2010).

Assessment of Chronotype
In 2009, participants were asked about their chronotype

with the question, ‘‘One hears about morning and

evening types of people. Which ONE of these types do

you consider yourself to be?’’ Response categories were

given as ‘‘definitely a morning type,’’ ‘‘more of a

morning than an evening type,’’ ‘‘more of an evening

than a morning type,’’ ‘‘definitely an evening type,’’ and

‘‘neither’’ (in that order). Chronotype has typically been

assessed with questionnaires composed of a series of

questions, such as the Horne-Ostberg morningness-

eveningness questionnaire (MEQ) (Horne & Ostberg,

1976). This is a validated questionnaire consisting of 19

questions about preferred times to do different types of

activities during the day, and its scoring follows a Likert-

type response format. The answers to the 19 questions

are summed to determine chronotype in one of five

categories, although the response to item 19 (upon

which our question was based) has been shown to be

correlated with overall chronotype determined from all

19 questions (Roenneberg et al., 2007).

Assessment of Rotating Night-Shift Work
Detailed information on the assessment of rotating

night-shift work has been previously described

(Schernhammer et al., 2011). Briefly, total years during

which the nurse had worked on rotating night-shifts was

available from the 1989 questionnaire, with updates in

1991, 1993, 1997, 2001, 2005, and 2009. The 1991 and

1993 questionnaires collected information about total

number of months during which the nurse had worked

rotating night shifts with at least three nights per month,

in addition to days or evenings in that month (since June

1989 and 1991, respectively). In addition, in 2001, gaps

were filled by asking for number of months worked on

rotating night shifts between 1995 and 1997, as well as

between 1997 and 1999.

Documentation of Breast Cancer Cases and Death
Study participants were asked if they had been previ-

ously diagnosed with breast cancer in the initial ques-

tionnaire in 1989, and they were asked in each follow-up

questionnaire, from 1991 to 2009, if they had been

diagnosed with breast cancer within the past 2 yrs. If

newly diagnosed breast cancer was reported, permission

to access medical records was obtained and diagnosis

was confirmed by the participant’s doctor, medical

records, or pathology reports. Breast cancer was add-

itionally reported during death follow-up when family

members, postal service, or the National Death Index

informed the study that a participant was deceased.

After each follow-up cycle, the National Death Index

was also reviewed for study participants who were

unresponsive, and if death was confirmed, the death

certificate was used to identify the cause of death.

Population for Analysis
In total, 90 480 women completed the NHS II question-

naire in 2009. Of these, we excluded 665 cases of breast

cancer in situ, and 4783 cases of other cancer (except for

nonmelanoma skin cancer), occurring between baseline

in 1989 and 2007. In addition, 12 515 women were

excluded because they did not answer the chronotype

question (i.e., an 85% response rate among women who

answered the 2009 questionnaire). Thus, the base

population for this analysis was composed of 72 517

women from NHS II. Participants who provided chron-

otype information generally were similar to those who

did not provide chronotype information (mean

age¼ 52.9 versus 52.7 yrs, mean body mass index for

both groups¼ 27.5 kg/m2).

Statistical Analysis
We used multivariable-adjusted logistic regression

models to estimate odds ratios (ORs) and 95% confi-

dence intervals (CIs) of breast cancer across five

categories of chronotype (definite morning type, prob-

able morning type, probable evening type, definite

evening type, and neither morning nor evening type).

Definite morning type was used as the referent group

because it represented the largest group of women in

our study and we assumed that this group would

experience the least circadian disruption. We imposed
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a 2-yr lag period to ensure that breast cancer cases

occurred at least 2 yrs prior to chronotype reporting,

because we were concerned that factors related to

diagnosis (e.g., treatment effects) might alter a

woman’s perception of her usual chronotype. We

calculated age-adjusted estimates, and additionally

adjusted for the following potential confounding factors:

family history of breast cancer (yes, no), age at menar-

che (512, 12, 13, �14), history of rotating night-shift

work in years (never, 1–9, �10), smoking status (never

smoker/past smoker, current smoker525 cigarettes per

day, current smoker �25 cigarettes per day), body mass

index (BMI) in kg/m2 (518.5, 18.5–19.9, 20.0–22.4. 22.5–

24.9, 25.0–29.9, �30), alcohol intake in g/day (nondrin-

kers, 55, 5–9.9, 10–19.9, and �20), physical activity in

metabolic equivalent (MET)-hours/week (quintiles),

history of benign breast disease (yes, no), oral contra-

ceptive use (never, ever), menopausal status (premeno-

pausal, postmenopausal), age at menopause in years

(548, 48, 49, �50), parity and age at first birth (nullipar-

ous; age at first birth525, 1–2 children; age at first birth

25–29, 1–2 children; age at first birth �30, 1–2 children;

age at first birth525, �3 children; age at first birth �25,

�3 children), and postmenopausal hormone use (never,

ever). All covariates were determined in 2007.

We conducted several secondary analyses. First, we

stratified by history of rotating night-shift work status

(never, 1–9, �10 yrs) to evaluate whether the association

between chronotype and breast cancer risk was similar

among women with different histories of rotating night-

shift work. Second, we examined whether the associ-

ation between chronotype and the risk of breast cancer

was stronger among women with body mass index

�25 kg/m2 compared with women with body mass

index 525 kg/m2, as previous research has suggested

that chronotype may be associated with dietary habits

(Kanerva et al., 2012). Likelihood-ratio tests (LRTs) were

used to test for interaction in both of these analyses.

All p values were based on two-sided tests and were

considered statistically significant if p50.05. We used

SAS software, version 9 (SAS Institute, Cary, NC, USA)

for all statistical analyses.

RESULTS

We documented a total of 1834 prevalent cases of

invasive breast cancer between 1989 and 2007. The

chronotype distribution in this sample was as follows:

34% definite morning types, 26% probable morning

types, 23% probable evening types, 12% definite evening

types, and 5% neither morning nor evening types. The

distribution of chronotype in our study was comparable

to that of similar populations (Bhatti et al., 2013; Hansen

& Lassen, 2012), yet assessment of chronotype cate-

gories may vary across studies and it remains difficult to

compare distributions without standardized chronotype

categories. Overall, qualitatively, individuals in the

chronotype groups were fairly similar in terms of their

age and age-standardized characteristics, although our

large sample size led to statistically significant differ-

ences in some characteristics when these differences did

not appear to be qualitatively meaningful (shown in

Table 1). Still, definite evening types were more likely to

be obese and smoke, consumed less alcohol, and had

lower physical activity levels compared with morning

types. Probable evening types were also less physically

active than morning types. Moreover, definite evening

and neither types appeared to be more likely to engage

in long-term rotating night-shift work, compared with

morning types.

Table 2 shows age-adjusted and multivariable-

adjusted associations between chronotype and breast

TABLE 1. Age and age-standardized characteristics in 2007 across categories of chronotype among 72 517 women in the Nurses’ Health

Study II*.

Characteristics

Definitely

morning type

N¼ 25 038

(34%)

More of a

morning than

an evening type

N¼ 18 892

(26%)

More of an

evening than

a morning type

N¼ 16 343

(23%)

Definitely

evening

type

N¼ 8542

(12%)

Neither

morning nor

evening type

N¼ 3702

(5%) p Value

Age, in years, mean 53.2 52.8 52.7 52.9 53.1 50.0001

Family history of breast cancer, % 16 17 17 17 16 0.42

Age at menarche, % �14 yrs 18 18 18 18 18 0.22

History of rotating night-shift work,

in years, % �10 yrs

8 8 10 13 12 50.0001

Smoking status, % never or past 94 94 93 90 95 50.0001

Body mass index, % �30 kg/m2 23 27 32 38 27 50.0001

Alcohol intake, % nondrinkers 41 40 44 48 48 50.0001

Physical activity, in MET-h/wk, mean 23.9 20.9 18.3 17.8 20.7 50.0001

History of benign breast disease, % 54 55 56 54 52 0.54

Oral contraceptives, % ever used 88 89 89 88 87 0.31

Menopausal status, % premenopausal 37 38 37 36 38 0.02

Parity, % nulliparous 19 18 19 23 21 50.0001

Postmenopausal hormone use, % ever used 30 31 32 31 29 0.14

*Percentages are of nonmissing values.
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cancer risk; we present multivariable-adjusted results

only because results were very similar to the unadjusted

results. In multivariable models, adjusting for a variety

of possible confounding factors, probable morning and

probable evening types were not associated with breast

cancer risk (OR¼ 0.99, 95% CI¼ 0.87–1.12 for probable

morning versus definite morning types, and OR¼ 0.96,

95% CI¼ 0.84–1.09 for probable evening versus definite

morning types). Women who reported being neither

morning nor evening types had a 27% increased risk of

breast cancer, compared with women who were definite

morning types (multivariable-adjusted OR¼ 1.27, 95%

CI¼ 1.04–1.56). In addition, definite evening types had a

15% increased risk of breast cancer (multivariable-

adjusted OR¼ 1.15, 95% CI¼ 0.98–1.34), but this was

not statistically significant. Results did not differ accord-

ing to estrogen receptor status of the breast tumors

(data not shown).

We found no evidence that the association between

chronotype and breast cancer risk differed accord-

ing to history of night-shift work (LRT statistic¼
1.075�2

1 df¼ 3.84, p¼ 0.30). Among women without a

history of rotating night-shift work, those who classified

themselves as neither morning nor evening types had a

46% increased risk of breast cancer compared with

definite morning types (number of cases¼ 534; multi-

variate-adjusted OR¼ 1.46, 95% CI¼ 1.01–2.12); among

women with neither chronotype who had 1–9 yrs of

shiftwork history, the relative risk of breast cancer was

increased by 26% above definite morning types (number

of cases¼ 1119; multivariable-adjusted OR¼ 1.26, 95%

CI¼ 0.97–1.64); and among women with neither chron-

otype and �10 yrs of shiftwork history, breast cancer risk

decreased by 8% when compared with women with

definite morning type (number of cases¼ 170; multi-

variable-adjusted OR¼ 0.92, 95% CI¼ 0.45–1.86). When

we stratified analyses by BMI category, the association

between women with neither chronotype and breast

cancer risk was somewhat stronger among women with

a body mass index �25 kg/m2 (number of cases¼ 999;

multivariable-adjusted OR¼ 1.40, 95% CI¼ 1.07–1.83

comparing neither versus definite morning types) than

among women with a body mass index 525 kg/m2

(number of cases¼ 738; multivariable-adjusted

OR¼ 1.13, 95% CI¼ 0.81–1.58 comparing neither

versus definite morning types). However, the interaction

term was not significant in multivariable-adjusted

models (LRT statistic¼0.195�2
1 df¼ 3.84, p¼ 0.66).

DISCUSSION

In this study, we observed an elevated risk of breast

cancer among women with neither morning nor evening

chronotype, compared with definite morning chrono-

type, after adjustment for possible confounders.

Although there was a marginally increased risk of

breast cancer in definite evening types compared with

definite morning types, this association was not signifi-

cant. Results were similar when analyses were restricted

to participants without a history of shiftwork.

A recent nested case-control study of cumulative

night-shift work on breast cancer risk included an

analysis by self-reported chronotype (morning, evening,

and neither preference) among a cohort of 18 551

women in the Danish military (Hansen & Lassen,

2012). The authors reported an increased breast cancer

risk among women who had an evening preference

compared with those with morning preference

(OR¼ 1.8, 95% CI¼ 1.2–2.9) as well as those with neither

preference compared with those with morning prefer-

ence (OR¼ 1.6, 95% CI¼ 1.0–2.7). Even though the

Danish cohort differed from ours in terms of how

chronotype was assessed, we too observed an increased

risk of breast cancer among the neither chronotype

group in our analysis and a marginally increased risk

(although not statistically significant) of breast cancer

among definite evening types.

TABLE 2. The association of chronotype and breast cancer risk among 72 517 women in the Nurses’ Health Study II.

Chronotype Number of cases

Age-adjusted OR

(95% CI)

Multivariable-adjusted OR

(95% CI)*

Definite morning typey 647 1.00 1.00

More morning than evening type 456 0.97 (0.86–1.09) 0.99 (0.87–1.12)

More evening than morning type 376 0.92 (0.81–1.05) 0.96 (0.84–1.09)

Definite evening type 238 1.11 (0.95–1.29) 1.15 (0.98–1.34)

Neither morning nor evening type 117 1.24 (1.02–1.52) 1.27 (1.04–1.56)

Total 1834 – –

*Odds ratios adjusted for age (continuous), family history of breast cancer (yes, no), age at menarche (512, 12, 13, �14),

history of rotating night-shift work in years (never, 1–9, �10), smoking status (never smoker/past smoker, current

smoker525 cigarettes per day, current smoker �25 cigarettes per day), body mass index in kg/m2 (518.5, 18.5–19.9,

20.0–22.4. 22.5–24.9, 25.0–29.9, �30 kg/m2), alcohol intake in g/day (nondrinkers,55, 5–9.9, 10–19.9, and �20 g/day),

physical activity in MET-h/wk (quintiles), history of benign breast disease (yes, no), oral contraceptive use (never,

ever), menopausal status (premenopausal, postmenopausal), age at menopause in years (548, 48, 49, �50), parity and

age at first birth (nulliparous; age at first birth525, 1–2 children; age at first birth 25–29, 1–2 children; age at first birth

�30, 1–2 children; age at first birth525, �3 children; age at first birth �25, �3 children), and postmenopausal

hormone use (never, ever).

yReference category in all analyses.

1184 C. Ramin et al.

Chronobiology International

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

D
C

 I
nf

or
m

at
io

n 
C

en
te

r 
on

 0
5/

12
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Despite the lack of a significant association between

evening chronotype and breast cancer risk in our

analysis, the increased risk among neither chronotype

is intriguing. One possible explanation is that our

findings are due to chance given the small number of

neither chronotypes in our sample. Further, the neither

types could represent individuals who misclassified

themselves due to misunderstanding the chronotype

question (Randler & Vollmer, 2012). Alternatively, our

results may indicate that the neither types (just like the

neither types in the Danish study) may have less

regulated circadian rhythms, leading to a higher risk

for circadian disruption. Recently, the possibility of an

additional chronotype that represents a bimodal circa-

dian pattern has been suggested (Martynhak et al., 2010;

Randler & Vollmer, 2012). Bimodal chronotypes are

described as having traits that are consistent with both

morning and evening types, hypothesized to be due to a

dual morning and evening oscillator (Martynhak et al.,

2010). When taking Likert-type surveys to assess morn-

ingness-eveningness, bimodal chronotypes will answer

some questions with a morning-type response and other

questions with an evening-type response. This results in

their overall responses being summed up as a neither-

type score even though their individual responses to the

questions do not fall in the middle between morning-

and evening-type responses, as do those of more typical

neither types (Randler & Vollmer, 2012). It is possible

that neither chronotypes in our analysis may be bimodal

types, and we hypothesize that such individuals may be

at higher risk for breast cancer due to their bimodal

circadian rhythms, which may increase susceptibility to

circadian disruption. However, this hypothesized link

between bimodal circadian rhythms and circadian

disruption has not been demonstrated. Nonetheless,

our findings, together with those from the study of

Hansen and Lassen (2012), warrant further investigation

of the association between neither chronotype and

breast cancer risk, and better understanding of bimodal

chronotypes.

There are several limitations to our analysis. First, the

assessment of chronotype was self-reported after the

occurrence of breast cancer, and hence was collected

retrospectively. Chronotype has been documented to

change towards morningness as age increases

(Roennenberg et al., 2007; Taillard et al., 2004), thus it

is possible that women who were evening/neither types

at the time of breast cancer incidence might have rated

themselves as morning types on the subsequent

chronotype assessment in 2009. As a result, associations

may be harder to detect with evening/neither types and

may have biased our result toward the null. Future

studies should assess the association between chron-

otype and breast cancer prospectively (i.e., with chron-

otype assessment conducted prior to occurrence of

breast cancer cases), and evaluate chronotype at various

points in the life span, to account for possible changes

in chronotype that might influence the association.

Second, chronotype was measured with one question

instead of a series of questions, such as the MEQ (Horne

& Ostberg, 1976). Although it is somewhat difficult to

determine how this might have influenced our findings,

results from a one-question assessment, such as the one

we used, have been shown to correlate well with

chronotype classifications derived from a more detailed

questionnaire. Specifically, correlation between chron-

otype derived from the MEQ score compared with one

question used to assess chronotype in the Munich

Chronotype Questionnaire (MCTQ) has a reported

magnitude of 0.80 (Roenneberg et al., 2007). In addition,

chronotype assessed by question 19 of the MEQ correl-

ates well with the overall MEQ score (r¼ 0.72) (Megdal

et al., 2007) and question 19 of the MEQ in a reduced

version of the MEQ correlates well with the total score

derived from the complete MEQ questionnaire (r¼ 0.88)

(Chelminski et al., 2000). Despite the strength of correl-

ation, self-assessment of chronotype with one question

may result in a less accurate assessment compared with

the MEQ score. Third, this is an observational study and

therefore we cannot rule out the possibility of residual

confounding. However, we accounted for well-estab-

lished breast cancer risk factors and adjustment for

these risk factors did not substantially change our

estimates. Fourth, NHS II is a cohort of health profes-

sionals with a high percentage of rotating- and night-

shift workers, which could limit the generalizability of

our findings. However, when we excluded night-shift

workers from our analysis, this did not change the

association between chronotype and breast cancer risk.

Lastly, despite the long survival after breast cancer

diagnosis, there were 158 women with a breast cancer

diagnosis who died prior to chronotype assessment in

2009. To ensure that the inclusion of prevalent cases still

alive in 2009 did not bias our estimates (i.e., women had

to be alive in 2009 to answer the chronotype question

and be included in our study), we compared the tumor

histopathology of cases in our analyses versus cases that

were excluded because they did not have information on

chronotype. The breast tumors of cases in our study

were largely comparable to tumors of women who had

died prior to 2009, although they tended to be slightly

better differentiated and a larger proportion of them

were estrogen receptor (ER) positive. However, the

association between chronotype and breast cancer was

not different among women with ER positive versus

negative or more versus less differentiated tumors in our

sample. Nonetheless, although it appears unlikely that

chronotype is associated with breast cancer survival, we

cannot entirely rule out the possibility that the associ-

ation between chronotype and breast cancer risk was

different among women who died prior to chronotype

assessment. Finally, recall bias appears unlikely in our

prevalent cases because, to our knowledge, the public

does not perceive chronotype as carcinogenic.

In conclusion, we observed an increased risk of breast

cancer among women with self-reported chronotypes
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that were neither morning nor evening type. There is a

lack of research on neither chronotypes, and further

research is warranted to understand this population and

the underlying mechanisms that may be driving the

increased risk of breast cancer.
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