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Abstract

Purpose Circadian rhythm disruptors (e.g., night-shift work) are risk factors for breast cancer, however studies on their
association with prognosis is limited. A small but growing body of research suggests that altered sleep patterns and eating
behaviours are potential mechanistic links between circadian rhythm disruptors and breast cancer. We therefore systemati-
cally summarised literature examining the influence of circadian rhythm disrupting behaviours on cancer outcomes in women
with breast cancer.

Methods A systematic search of five databases from inception to January 2021 was conducted. Original research published
in English, assessing the relationship between post-diagnosis sleep patters and eating behaviours, and breast cancer outcomes
were considered. Risk of bias was assessed using the Newcastle-Ottawa Assessment Scale for Cohort Studies.

Results Eight studies published original evidence addressing sleep duration and/or quality (k=7) and, eating time and
frequency (k=1). Longer sleep duration (>9 h versus [referent range] 6-8 h) was consistently associated with increased
risk of all outcomes of interest (HR range: 1.37-2.33). There was limited evidence to suggest that measures of better sleep
quality are associated with lower risk of all-cause mortality (HR range: 0.29-0.97). Shorter nightly fasting duration (<13 h
versus > 13 h) was associated with higher risk of all breast cancer outcomes (HR range: 1.21-1.36).

Conclusion Our review suggests that circadian rhythm disrupting behaviours may influence cancer outcomes in women
with breast cancer. While causality remains unclear, to further understand these associations future research directions have
been identified. Additional well-designed studies, examining other exposures (e.g., light exposure, temporal eating patterns),
biomarkers, and patient-reported outcomes, in diverse populations (e.g., breast cancer subtype-specific, socio-demographic
diversity) are warranted.
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Introduction progression and mortality [3]. Breast cancer is a hetero-

geneous disease, with a broad range of factors influencing

Breast cancer is the most prevalent cancer and the leading
cause of cancer-related mortality in women worldwide [1].
Due to advancements in cancer screening and treatments,
the number of breast cancer survivors are steadily rising
[2]. Despite improvements in longer term prognosis, breast
cancer survivors remain at an increased risk of disease
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prognosis [4]. In addition to well-established clinical char-
acteristics [5—7] and demographic factors [8—10], modifi-
able behaviours such as diet and physical activity have been
related to breast cancer outcomes [2]. While research on
these established risk factors continue to grow, disruptions
to circadian rhythms [11-13] due to night-shift work [14]
and light at night [15, 16] have recently been suggested as
potential risk factors for breast cancer.

The International Agency for Research on Cancer (IARC)
classified circadian-disrupting night-shift work as a prob-
able carcinogen for breast cancer (Group 2A) [17]. Addi-
tionally, outdoor light at night that disrupts an individual’s
circadian rhythm is also associated with an increased risk
of breast cancer [13]. An expert panel review suggested that
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electric light acted as an effector and enabler of behaviours
that may lead to circadian disruption, including inconsistent
sleep-wake patterns and night-shift work [18]. Furthermore,
late night eating (> 9:30PM) was related to a 48% increased
risk of breast cancer (versus <9:30PM; HR 1.48, 95%CI
1.02-2.17) in the French NutriNet-Santé cohort [19], while
another study reported that people who skipped breakfast
had a 52% increased risk of cancer-related mortality (HR
1.52, 95%CI 1.06-2.18) compared to those who consumed
breakfast regularly [20].

Given this potential role in breast cancer incidence, there
is emerging research on the potential mechanistic behaviours
linking circadian rhythm disruptors—sleep patterns (e.g.,
duration, quality, disturbance) and eating behaviours (e.g.,
frequency of meals, mealtimes)—and disease outcomes fol-
lowing a breast cancer diagnosis. Evidence from the general
non-cancer populations suggest, that sleep duration, nightly
fasting duration, and timing of eating, are associated with
metabolic (glucose, insulin) and inflammatory (C-Reactive
Protein) markers [21-24]—pathways that have been impli-
cated in breast cancer progression [25], further support-
ing the need to examine these behaviours in breast cancer
survivors.

Sleep duration is the most commonly studied circadian
rhythm disrupting behaviour in relation to cancer survivor-
ship. A recent meta-analysis of sleep duration and cancer
mortality in all cancer survivors reported that long sleep
duration (=9 h versus referent [ranging from 5-8 h]) in
studies assessing either pre- or post-diagnosis was not
associated with breast cancer mortality (RR=1.11, 95%CI
0.74-1.67) [26]. However, strong associations were evident
in the small number of studies assessing post-diagnosis long
sleep duration (>9 h) only with breast cancer specific mor-
tality (RR=1.49, 95%CI 1.18-1.89) and all-cause mortality
(RR=1.38, 95%CI 1.16-1.64) [26]. This finding that the
effect of sleep duration differs by timing of exposure assess-
ment, suggests that pre- and post- diagnosis measures of
behaviours reflective of circadian rhythm disruption need
to be considered separately. Nevertheless, this meta-analy-
sis was limited to sleep duration and mortality and did not
review studies of sleep quality or other cancer outcomes
such as recurrence and progression-free survival. To the
best of our knowledge, no study has comprehensively sum-
marised available evidence on the effects of post-diagnosis
behaviours that underpin circadian rhythm disruptors on
cancer outcomes in breast cancer survivors. Therefore,
this systematic review aimed to examine the associations
between the behaviours underpinning circadian rhythm dis-
ruption and breast cancer outcomes.
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Methods

In accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[27], a systematic search of CINAHL, Embase, MED-
LINE, PubMed, and Web of Science from inception to
13 January 2021 was conducted. The search strategy was
developed in collaboration with a specialist librarian fol-
lowing the PICOS (Population—Intervention/Exposure—
Comparator—Outcome—Study) format and included key
terms for breast cancer, prognosis, and circadian disrupt-
ing behaviours (see Online Resource 1). For the purpose
of this review, circadian rhythm disruption is characterised
by behavioural misalignment, defined as the misalignment
of eating/fasting cycle, or sleep and wake, with the endog-
enous central clock [14]. No publication date or language
restrictions were applied. Key author searches and manual
searches of retrieved full-text articles were conducted for
additional publications.

Study selection

Using Covidence Systematic Review software (Veritas
Health Innovation, Melbourne, Australia) [28], duplicates
were excluded, and articles were screened against a pre-
determined eligibility criteria. Eligible studies (see Online
Resource 2) included original research published in Eng-
lish, assessing the relationship between post-diagnosis
behaviours reflective of circadian rhythm disruption (e.g.,
sleep duration, sleep quality, night-time fasting) and breast
cancer outcomes (i.e., all-cause mortality, breast cancer-
related mortality, breast cancer recurrence, progression-
free survival). Study titles, abstracts, and full texts were
screened independently by two reviewers. Conflicts were
resolved through discussion, and a final decision was made
through a process of deliberation and consensus.

Data extraction and evaluation of study quality

Data from eligible studies were extracted into a formatted
database independently by one author (K.D.) and reviewed
by three co-authors (M.M.R., Y.P., M.M.P.) to ensure
accuracy. Data extracted included study population char-
acteristics, exposure of interest, ascertainment of exposure
(mode, timing, and method), outcome(s) assessed, associa-
tions, and covariates adjusted in models. The quality of
each study was appraised against the Newcastle-Ottawa
Assessment Scale for Cohort Studies [29]. Studies were
scored ‘Yes (Y)’, ‘Probably Yes (PY)’, ‘No (N)’, ‘Probably
No (PN)’, ‘No Information (NI)’ against each criterion to
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inform risk of bias, and considered as either good, fair,
and poor [30]. Due to the heterogeneity in exposures and
outcomes assessed, meta-analysis could not be performed.
Therefore, a critical assessment of eligible studies was
conducted descriptively.

Results
Characteristics of included studies

A total of 3,476 records were retrieved across the five data-
bases, of which 1981 duplicates were removed. From the
remaining articles (k [number of studies] =1495), 1,479
were excluded based on title and abstract, and eight were
excluded based on full-text review. Ultimately, eight studies
met the eligibility criteria and were included in this review
(Fig. 1). Sleep duration [31-33], sleep quality [32, 33], sleep
disorders [34], and eating behaviours [35] were examined in
relation to all-cause and breast cancer mortality. The asso-
ciations of sleep duration and eating behaviours with breast
cancer recurrence [31, 35] and sleep duration and sleep qual-
ity with progression-free survival [36-38] were reported in
these studies.

Characteristics of the studies included are detailed in
Online Resource 3. The majority of studies were conducted
in the United States (k=5) [31-33, 35, 38] with the remain-
ing studies in the United Kingdom [34], China [37], and
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Fig.1 PRISMA flow diagram of included studies [27]

Brazil [36]. All eight studies were observational in design.
Sample size varied greatly between studies, ranging from
85 [38] to 6,566 [34] (Median: n=1996) breast cancer
survivors. Mean age ranged from 46 to 65 years, with four
studies recruiting predominantly post-menopausal women
[31, 32, 35, 38]. The majority of studies followed-up
women > 5 years post breast cancer diagnosis (k=6) [31-35,
38].

Risk of bias

The risk of bias assessment of included studies is presented
in Table 1. Overall, the quality of study methodology and
reporting were heterogeneous. With respect to sampling,
studies received a lower quality score for selecting cohorts
with particular clinical or demographic characteristics, not
representative of the overall population of interest [33, 36,
38]. Methodological bias was present in studies that assessed
exposures of interest via validated self-reported instruments
[31, 32, 35-38], with only two studies receiving high-qual-
ity scores for assessing exposures via objective sleep data
(actigraphy)[33] and clinician diagnosed sleep disorders
[34]. Comparability bias was identified for one study with
inadequate assessment for potential confounders [36]. Over-
all, all studies were allocated high-quality rating with respect
to outcome assessment, with only one study receiving a low
quality score for insufficient follow-up time [36].

Sleep patterns

Seven of the eight studies evaluated the effects of sleep pat-
terns on breast cancer outcomes with the majority reporting
on sleep duration (k=5) [31-33, 36, 37] followed by sleep
quality (k=4) [32, 33, 36, 37]. Sleep disorders [34], habitual
daytime napping [37], and bedtime misalignment [38] were
also examined (Table 2). Five of seven studies examining
sleep-related exposures, ascertained sleep characteristics
subjectively through self-reported data collected either via
a single-item question (k=2) [31, 37] or validated question-
naires (k=3) [32, 36, 37]. One study used a combination of
sleep logs and objectively measured wrist actigraphy data
[33] and the other, a clinical diagnosis from a health data-
base [34].

Studies that examined the associations with sleep dura-
tion, reported increased risk consistently across all outcomes
(HR range: 1.37-2.33) for long sleep duration (=9 h versus
[referent range] 6-8 h), but not short (<6 h) [31, 32, 37].
Additionally, in the single study that examined time-varying
sleep duration, both consistently and inconsistently sleep-
ing longer (versus consistently sleeping 7-8 h) was associ-
ated with all outcomes of interest, however, stronger and
statistically significant associations were observed for incon-
sistently sleeping longer [31]. Poor sleep quality [36, 37]
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Table 1 Quality assessment of included studies using ‘Newcastle-Ottawa Quality Assessment Form for Cohort Studies’ [29]

First author, year of publication, country, study name [ref] Selection® Comparability* Outcome?®
1 2 3 4 1 1 2¢ 3
Sleep patterns (k=7)
Bach, 2020, UK [34] PY Y Y PN Y Y Y Y
Liang, 2019, China, Guangzhou Breast Cancer Study [37] PY Y PY;PN PN Y PY PY Y
Mansano-Schlosser, 2017, Brazil [36] PN Y PY PN PN Y N Y
Marinac, 2017, USA, WHEL [31] PY Y PN PN Y Y Y Y
Trudel-Fitzgerald, 2017, USA, NHS [32] PY Y PN PN Y Y Y Y
Hahm, 2014, USA [38] PN Y PY N Y Y Y Y
Palesh, 2014, USA [33] PN Y Y N Y Y Y Y
Eating behaviours (k=1)
Marinac, 2016, USA, WHEL [35] PY Y PY PN Y Y Y Y

Selection (1. Representativeness of the exposed cohort, 2. Selection of the non-exposed cohort, 3. Ascertainment of exposure, 4. Demonstration
that outcome of interest was not present at start of study); Comparability (1. Comparability of cohorts based on the design or analysis controlled
for confounders); Outcomes (1. Assessment of outcome, 2. Was follow-up long enough for outcomes to occur, 3. Adequacy of follow-up of

cohorts)

The criterion for absence of outcome at the start of the study was considered met if the cohort excluded those with stage IV/metastatic disease

“Age or menopausal status, breast cancer stage or grade, and breast cancer treatment were identified as the key confounders to be considered in

analysis

including difficulty (falling asleep or staying asleep) [32],
were inconsistently associated with reported outcomes (i.e.,
all-cause mortality, breast cancer mortality, progression-free
survival). There was also limited evidence to suggest that
sleep efficiency (= 85%), less time awake after sleep onset,
and shorter/fewer wake episodes [33] were associated with
lower risk, and sleep disorders [34] were associated with
increased risk of all-cause mortality.

Eating behaviours

Only one study assessed eating patterns, evaluating the
effects of nightly fasting duration, eating episodes per day,
and eating after 8PM on breast cancer outcomes (Table 2)
[35]. Eating behaviours were estimated using time stamped
dietary intake collected via multiple 24-h dietary recalls col-
lected by phone [35]. A small but consistent increased risk
was observed with shorter night-time (< 13 h) fasting across
all outcomes (HR range: 1.21-1.36) [35]. Associations for
eating occasions and eating after 8 pm were suggestive of
no association with any of the outcomes [35].

Discussion

This review provides a comprehensive summary on the lim-
ited evidence available on post-diagnosis behaviours that
underpin circadian rhythm disruptors and breast cancer
outcomes. Our updated search on sleep duration and breast
cancer survival did not retrieve any additional studies and

@ Springer

found that longer sleep duration (>9 h) was associated with
increased risk of breast cancer outcomes, which is consist-
ent with the results of the meta-analysis by Stone and col-
leagues [26]. Similarly, among the general population, long
sleep duration (> 8 h versus 6-8 h) has been associated with
increased risk of mortality, incident diabetes mellitus, car-
diovascular disease, and obesity [39].

Findings from our systematic review also suggest that
sleep quality including sleep difficulty is associated with all-
cause mortality and possibly poor progression-free survival.
Gottfried and colleagues reported similar results whereby,
poor sleep quality (i.e., frequent arousals at night) deter-
mined via a self-reported questionnaire (standard practice
on ward admission) was highly related to overall survival
amongst lung cancer survivors (versus no sleep problems:
HR 2.04, 95%CI 1.37-3.05) [40]. Chronically poor sleep
is also associated with patient-reported outcomes and
poor cancer prognosis such as fatigue, poor quality of life,
impaired immune function, and development of comorbidi-
ties [32, 33].

Of importance to note, the observational design of the
included studies makes them susceptible to reverse cau-
sation and potential confounding biases. It is currently
unclear whether long sleep duration and disrupted sleep
are caused by progressing or recurrent underlying disease,
rather than sleep behaviour directly affecting cancer pro-
gression. In the studies that examined sleep duration across
clinical cancer characteristics at diagnosis, those with more
advanced disease (stage III) were only slightly more likely to
report longer sleep duration (>9 h) [31, 32], and all studies
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Table 2 (continued)

&

References

(371

Exposure: HR (95%CI)

0.94 (0.61-1.44)

Progression-free survival
3.18 (1.32-7.61)

Breast cancer mortality Breast cancer recurrence
References Exposure: HR (95%CI) References

Exposure: HR (95%CI)

Refernces

All-cause mortality
Exposure: HR (95%CI)

Springer

Habitual day time napping

[38]

Bedtime misalignment ¢

(35]
[35]
(35]

<13 h: 1.36 (1.05-1.76)

0.97 (0.87-1.08)

[35]
[35]
[35]

<13 h: 1.21 (0.91-1.60)

[35]
1.00 (0.89-1.13)

<13 h: 1.22 (0.95-1.56)

0.99 (0.89-1.10)

Nightly fasting

[35]

Eating episodes per day
Eating after 8PM

Yes: 0.97 (0.76-1.24)

[35] Yes: 0.98 (0.74-1.28)

Yes: 0.97 (0.76-1.24)

2TIB Time In Bed; WASO Wake After Sleep Onset; TST Total Sleep Time; WE Wake Episodes

Changes in sleep duration from pre-post-diagnosis by either >1 h more (increase) or >1 h less (decrease), versus no change

“Measured relative risk

9Defined as misalignment of preferred (assessed via Morningness-Eveningness Questionnaire) and habitual bedtime [38]

reporting detrimental associations with long sleep duration
were independent of tumour stage at diagnosis—a measure
of disease severity associated with recurrence risk [31, 32,
37].

Poor sleep quality can be explained in part by the side-
effects of cancer treatment, including the occurrence or
exacerbation of menopausal symptoms (e.g., hot flashes) and
fatigue [41, 42]. Poor sleep quality and sleep disturbance
remain prevalent problems years after cancer treatment com-
pletion [43]. All but two studies [34, 36] examining sleep
duration and sleep quality, controlled for cancer treatments
(receipt of chemotherapy, radiotherapy, hormone therapy)
in their analyses [31-33, 37, 38], reporting that long sleep
duration and poor sleep quality were associated with cancer
outcomes in women with a breast cancer diagnosis, inde-
pendent of the type of treatment received. However, none
of the included studies adjusted for side-effects like fatigue,
commonly experienced during chemotherapy and radiation
treatment [44]. Additionally, in the studies included in this
review, the timing of collection of sleep data with respect
to commencement of cancer treatment varied, ranging from
pre-chemotherapy treatment [38] to seven years post diagno-
sis [32]. Despite attempts to examine independent associa-
tions of these behaviours, the included observational stud-
ies are likely to have residual confounding by unmeasured
confounders or imprecisely measured confounders (e.g.,
fatigue, depression, physical activity), which may attenuate
or overestimate the strength of an association.

In the single study examining meal timing, a statistically
significant association was observed between short nightly
fasting duration (< 13 h) and breast cancer recurrence, with
small suggestive associations for all-cause and breast can-
cer mortality [35]. Although light is the most dominant
zeitgeber (German for ‘timekeeper’) for the master clock
in the suprachiasmatic nucleus, which maintains circadian
rhythms, eating and activity schedules play a key role in
entraining peripheral clocks located throughout our body,
including all organs [45]. The potential role of eating behav-
iours in breast cancer progression is supported by research
on the association of time restricted eating (a dietary
approach in which all caloric intake is consolidated into a set
period during the active phase of the day, without necessar-
ily altering diet patterns) [46] and biomarkers implicated in
breast cancer. For example, in adult women without a history
of breast cancer and diabetes, time restricted eating regi-
mens were associated with improved glucoregulation [47],
lower glycated haemoglobin (HbA ) levels [24], and lower
C-reactive protein (CRP) levels [23]. Similar influence of
eating behaviours reflective of circadian rhythm disruption
are observed in other hormonal cancers. For example, in a
sample of adults without a cancer diagnosis at baseline, tim-
ing of the last eating episode (>9:30PM versus < 9:30PM)
was associated with increased risk of prostate cancer [19].
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Our systematic review is not without limitations, inherent
to the design of included studies. The results of this study
are based on predominantly white, postmenopausal breast
cancer survivors, limiting generalizability to ethnically
diverse and younger breast cancer survivors. Additionally,
all eligible studies are observational and predominantly ret-
rospective in nature, whereby causality is not made clear.
Furthermore, although most studies measured exposures
using validated questionnaires and single-item questions,
self-reported responses are subjective and less accurate than
those using objective measurements (e.g., activity monitors)
— but studies using objective measurements of these behav-
iours could still be prone to reverse causality bias. Lastly, the
small number of significantly heterogeneous eligible studies
limited our ability to conduct a meta-analysis to estimate the
pooled effect across included studies.

Our review, although narrative, comprehensively syn-
thesizes the association between post-diagnosis behaviours
reflective of circadian rhythm disruption and breast can-
cer outcomes, and has identified opportunities for future
research. Available evidence has largely viewed women
with breast cancer as a homogenous population. However,
breast cancer is a heterogeneous disease characterized by
different cell types and molecular subtypes [4]. Therefore,
future studies need to explore the associations of circadian-
disrupting behaviours and cancer outcomes by breast can-
cer subtypes and in more diverse breast cancer populations
(including race/ethnic, age, and socio-demographical diver-
sity), which will inform recommendations for breast cancer
survivors. Additionally, while studies to date have primarily
focused on sleep patterns and breast cancer outcomes, fur-
ther studies are needed that examine other circadian rhythm
disrupting behaviours such as light at night, and temporal
eating patterns on breast cancer outcomes. Furthermore,
while possible, the literature is yet to fully examine [35] the
joint effects and mutually independent associations of sleep
patterns and eating behaviours on breast cancer outcomes.
This is of particular interest given the significant positive
association between sleep duration and nightly fasting dura-
tion [35]. Future studies therefore need to consider both the
independent and joint effects of circadian rhythm disrupting
behaviours on breast cancer outcomes. In addition to under-
standing associations with hard cancer endpoints, an under-
standing of the association between circadian-disrupting
behaviours and biomarkers implicated in breast cancer pro-
gression as well as patient-reported outcomes such as treat-
ment-related side-effects like fatigue, will provide a deeper
understanding of the biological mechanisms involved in
these associations. Longitudinal studies collecting repeated
measures of both circadian-disrupting behaviours as well as
early cancer progression biomarkers may also help to eluci-
date the direction of causality between circadian rhythm and
cancer progression. Other methodological approaches, such

as mendelian randomisation and Directed Acyclic Graphs
(DAGs), may also be useful in helping to establish tempo-
rality and appropriately control for confounding. Several
single nucleotide polymorphisms (SNPs) have been associ-
ated with chronotype, sleep duration and insomnia, and have
been shown to be associated with breast cancer risk, however
no such SNPs exist for eating patterns [48]. Future studies
should also consider the use of DAGs to ensure that all key
variables are measured and appropriately accounted for in
analyses to minimise residual confounding.

As the number of breast cancer survivors continue to rise
worldwide, the implications of circadian rhythm disrupting
behaviours on breast cancer outcomes are of growing inter-
est. This review summarized the limited literature avail-
able, suggesting post-diagnosis sleep patterns and eating
behaviours reflective of circadian rhythm disruption may
have adverse effects on cancer outcomes in breast cancer
survivors.
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