
1 3

Int Arch Occup Environ Health (2015) 88:533–547
DOI 10.1007/s00420-014-0986-x

REVIEW ARTICLE

Circadian disrupting exposures and breast cancer risk:  
a meta‑analysis

Chunla He · Sonia Taj Anand · Mark H. Ebell · 
John E. Vena · Sara Wagner Robb 

Received: 30 March 2014 / Accepted: 16 September 2014 / Published online: 27 September 2014 
© Springer-Verlag Berlin Heidelberg 2014

BrCA was 1.19 (95 % CI 1.08–1.32) for shift work, 1.120 
(95 % CI 1.119–1.121) for exposure to light at night, 1.56 
(95 % CI 1.10–2.21) for employment as a flight attendant, 
and 0.96 (95 % CI 0.86–1.06) for short sleep duration. A 
dose–response analysis showed that each 10-year incre-
ment of shift work was associated with 16 % higher risk of 
BrCA (95 % CI 1.06–1.27) based on selected case–control 
studies. No significant dose–response effects of exposure 
to light at night and sleep deficiency were found on BrCA 
risk.
Conclusions Our meta-analysis demonstrates that circa-
dian disruption is associated with an increased BrCA risk 
in women. This association varied by specific sources of 
circadian disrupting exposures, and a dose–response rela-
tionship remains uncertain. Therefore, future rigorous pro-
spective studies are needed to confirm these relationships.

Keywords Circadian disruption · Breast cancer · Meta-
analysis

Introduction

Breast cancer is an important public health problem and a 
major cause of morbidity and mortality in women interna-
tionally (Ferlay et al. 2010; Jemal et al. 2011). The devel-
opment of breast cancer has been attributed to multiple risk 
factors including the disruption of circadian rhythms due to 
shift work, short sleep duration, exposure to light at night, 
and specific occupations that may alter circadian rhythms, 
such as employment as a flight attendant.

The association between shift work and breast cancer 
risk in women has been extensively studied since the begin-
ning of the twenty-first century. The potential mechanisms 
of night shift work and breast cancer include increased 
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likelihood of light exposure at night and decreased length of 
sleep, both of which influence the circadian rhythm (Haus 
and Smolensky 2013). Previous studies on the association 
of shift work with breast cancer were primarily based on 
the assumption that shift work could lead to the suppres-
sion of melatonin, a hormone capable of regulating the ini-
tiation, promotion and progression of cancer (Blask 2009; 
Blask et al. 2005). These hypotheses have been supported 
by laboratory animal models demonstrating an increased 
breast cancer risk resulting from simulated rotating shift 
work (Filipski et al. 2004, 2005), and by human studies 
indicating an inverse association of breast cancer risk with 
urinary 6-sulfatoxy melatonin levels (Schernhammer et al. 
2008, 2010; Schernhammer and Hankinson 2009).

Sleep deficiency, which may be a surrogate for expo-
sure to light at night, is common among shift workers, 
especially in night workers. According to a meta-analysis 
of 36 studies, permanent night workers slept an average 
6.6 h compared to 7.0 h by day-shift workers (Pilcher et al. 
2000). The popularity of round-the-clock service in modern 
society places an increasing number of persons at risk of 
being exposed to artificial light at night. Night shift work, 
short sleep duration, and exposure to light at night, all may 
reduce melatonin secretion by the pineal gland, thereby 
affecting the circadian rhythm. Despite this, a limited num-
ber of studies thus far have been conducted to examine the 
impact of either short sleep duration or exposure to light 
at night on the risk of breast cancer. In addition, no study 
has assessed the combined effect of exposure to shift work, 
sleep deficiency, and light at night on breast cancer risk in 
women.

Employment as a flight attendant is considered a com-
mon occupation that may require night work. A meta-
analysis by Buja et al. found an elevated breast cancer risk 
among female flight attendants (Buja et al. 2006). Some 
authors tend to include individuals who are employed 
in these types of occupations in their estimates of the 
effect of night shift work on breast cancer (Megdal et al. 
2005). However, there is evidence suggesting that airline 
cabin crew members are occupationally exposed to twice 
the amount of ionizing radiation as compared to the gen-
eral population (Bartlett 2004; Pukkala et al. 2012). Ion-
izing radiation is a potential risk factor for breast cancer, 
given its ability to damage DNA in cells (Haldorsen et al. 
2001). As a consequence, the inclusion of this subgroup of 
employees may cause an overestimation of the association 
between shift work and the risk of breast cancer. Therefore, 
isolating the effect of employment as a flight attendant is 
important in obtaining an accurate assessment of the influ-
ence of shift work on breast cancer incidence.

A dose–response relationship between the duration of 
shift work and breast cancer risk has been considered in the 
literature, but has shown conflicting results. For example, 

according to Wang et al., a five-year increase in exposure 
to night shift work increased the risk of female breast can-
cer by 3 % (Wang et al. 2013). However, Ijaz et al. (2013) 
failed to identify a significant dose–response effect of 
night shift work on breast cancer risk among cohort stud-
ies (RR = 1.01, 95 % CI 0.97–1.05). In addition, no stud-
ies have investigated the dose–response effect of exposure 
to light at night or sleep deficiency on breast cancer risk 
among women.

In consideration of the potential connections among shift 
work, short sleep duration, employment as a flight atten-
dant, and exposure to light at night, coupled with the limi-
tations of previous meta-analyses, we performed a series 
of meta-analyses to quantitatively assess (1) the combined 
effect of exposure to different sources of circadian disrup-
tion on breast cancer risk in women and (2) the independ-
ent effect of exposure to shift work, employment as a flight 
attendant, light at night or sleep deficiency on breast cancer 
risk in women. Finally, we investigated the dose–response 
relationship between exposure to shift work, light at night 
and sleep deficiency, and female breast cancer risk.

Materials and methods

The meta-analysis was conducted in accordance with the 
checklist of the Meta-analysis of Observational Studies in 
Epidemiology (MOOSE) (Stroup et al. 2000). The MOOSE 
checklist was developed by a group of experts in clinical 
practice, trials, statistics, epidemiology, social sciences, 
and biomedical editing. It contains specifications on how 
to report background, search strategy, methods, results, dis-
cussion, and conclusion for the meta-analysis of observa-
tional studies in epidemiology (Appendix I).

Search strategy

A PubMed search of the literature was conducted to 
identify manuscripts published from inception to Janu-
ary 2014. A comprehensive search strategy was used to 
retrieve relevant publications. Search terms included [shift 
work OR night work OR rotating shift OR shiftwork OR 
evening shift OR night time shift OR night shift work] 
OR [light at night OR light exposure OR artificial light 
OR electric light] OR [flight attendant OR cabin crew OR 
airline crew] OR [sleep deficiency OR sleep duration OR 
sleep disturbance] OR [circadian disrupt OR circadian dis-
ruption OR circadian rhythm OR chronobiology disruption 
OR chronobiology disrupt] AND [breast cancer OR breast 
neoplasm OR endometrial cancer OR mammary cancer]. 
Relevant articles were also selected based on the refer-
ence lists of publications identified in the original PubMed 
search.
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Study selection

All references obtained from PubMed were imported 
into EndNote c version X6 reference database. Dupli-
cate articles were automatically identified and excluded 
by EndNote. At the first stage of analysis, article titles 
were screened for relevance (e.g., observational studies). 
Abstracts of relevant articles were then reviewed to identify 
eligible papers (e.g., quantified analyses between exposure 
to shift work, light at night, short sleep duration, employ-
ment as a flight attendant, and risk of breast cancer). There-
after, full-text versions of potentially eligible articles were 
obtained and assessed.

Studies had to fulfil the following criteria for inclusion 
in the meta-analysis: (1) were observational studies (e.g., 
cohort study or case–control study); (2) evaluated the asso-
ciation of breast cancer risk among women exposed to any 
type of circadian disruption (e.g., shift work and/or expo-
sure to light at night and/or sleep disruption and/or employ-
ment as a flight attendant); and (3) presented hazard ratio 
(HR), odds ratio (OR), relative risk (RR), or standardized 
incidence ratio (SIR) estimates with 95 % confidence inter-
vals (CI). For studies with more than one article based 
on the same study population, inclusion was limited to 
the one with (1) the most recent publication date; (2) the 
biggest sample size; and/or (3) adjustment for potential 
confounders.

Quality assessment

The quality of the eligible studies was assessed using the 
Newcastle-Ottawa Scale (NOS) (Wells et al.). A star sys-
tem (maximum of nine stars) is employed by the NOS scale 
to assess observational studies on three domains: partici-
pant selection (maximum of four stars), comparability of 
study groups (maximum of two stars), and ascertainment 
of exposures or assessment of outcome (maximum of three 
stars).

For participant selection, we focused on the represent-
ativeness of the study cases and cohorts and the selection 
of controls. One star was awarded to studies that utilized 
a random-digit-method to recruit free-of-cancer controls. 
For comparability of study groups, we examined the fol-
lowing six confounding variables: age, age at menarche, 
body mass index (BMI), family history of breast cancer, 
parity (e.g., number of children and age at the first birth), 
and alcohol consumption. One star was assigned to studies 
that adjusted for at least four out of these six variables in 
the risk estimate. An extra star was awarded to studies that 
adjusted for additional variables, such as hormone therapy 
and smoking. Regarding assessment of exposures, one 
star was assigned to studies with either quantitative clas-
sification of exposures (e.g., studies containing stratified 

analyses according to the duration of exposure) or objective 
assessment of exposures (e.g., exposure status was ascer-
tained through shift schedules). Moreover, we evaluated 
the follow-up/response rate in the selected studies. Stud-
ies with ≤80 % follow-up/response rate received no star. 
Finally, cohort studies with the maximum follow-up time 
of greater than 8 years received one star.

Data extraction

A data extraction form was developed, piloted, and 
assessed by CH, SWR, and STA. Information including 
the first author’s last name, year of publication, geographic 
location, study design, number of cases, total sample size, 
follow-up/response rate, covariates, exposure assessment, 
exposure categories, quality score, measure of associa-
tion, and corresponding 95 % CI were extracted. All data 
were extracted by one investigator (CH) and validated by 
the second investigator (STA) for key study characteristics 
such as study design, study setting, and measures of associ-
ation. Consensus was reached by discussions or resolutions 
by the third investigator (SWR).

Statistical analysis

Standard errors (SEs) for ORs, RRs, or HRs were derived 
from the formula SE = (log(upper limit of 95 % confidence 
interval (CI)/lower limit of 95 % CI))/(2 × 1.96), while 
standard errors for SIRs were calculated as SE =

√

O/E2 
(O denotes the observed number of cases and E denotes the 
expected number of cases). RR was used to summarize the 
measure of association between circadian disruption and 
breast cancer risk among women. Distinctions between var-
ious measures of association (e.g., OR, RR, HR, and SIR) 
were ignored based on the assumption that breast cancer 
is a rare disease, which indicates that the RR and OR are 
approximately equivalent (Greenland and Thomas 1982).

The heterogeneity of RRs across studies was tested using 
Cochran’s Q statistic and I2 statistic (Higgins et al. 2003). 
A P value less than 0.1 from the Q statistic was considered 
to be indicative of statistically significant heterogeneity. The 
I2 statistic was calculated to express the fraction of varia-
tion between studies that was due to heterogeneity (Hig-
gins et al. 2003). The pooled RR was estimated based on 
the fixed effects model when no significant heterogeneity 
was detected. Otherwise, a random effects model was used 
(DerSimonian and Laird 1986). To explore heterogene-
ity among various circadian disrupting exposures, separate 
analyses were carried out based on studies concerning shift 
work, employment as a flight attendant, exposure to light 
at night, or short sleep duration. To explore heterogeneity 
among selected studies, we conducted subgroup analyses 
over a number of key study characteristics including study 
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design (cohort or case–control design), measures of asso-
ciation (OR, RR, HR, or SIR), geographic location (Europe, 
USA, or other countries), study quality (quality score ≤7 or 
quality score >7), and follow-up/response rate (follow-up/
response rate <80 % or follow-up/response rate ≥80 %). 
Moreover, subgroup analyses were carried out on the basis 
of cross-classification (i.e., double-stratification according 
to two factors) of follow-up/response rate and quality score, 
and of follow-up/response rate and study design. Heteroge-
neity between subgroups was tested with meta-regression. 
Finally, we performed sensitivity analyses omitting one 
study at a time to determine whether the pooled effect size 
was unduly influenced by a specific study.

For the dose–response meta-analysis, we used the gen-
eralized least squares for trend (GLST) method to compute 
study-specific slopes (linear trends) and 95 % CIs from the 
natural logs of the RRs and CIs across categories of vari-
ous sources of circadian disruption, as described by Green-
land (Greenland and Longnecker 1992) and Orsini (Orsini 
and Greenland 2006). This method requires information 
regarding the number of cases, person-time, or non-cases 
for at least three quantitative exposure categories in order 
to derive the dose–response trend. For studies that reported 
the circadian disruption by ranges, we used the midpoint 
of the lower and upper bound in each category as the aver-
age dose of exposure. The width of the open-ended interval 
was assumed to be the same as that of the adjacent interval 
if the highest category did not have an upper bound. The 
lower bound was set to be zero if the lowest category did 
not have a lower bound. The pooled RRs for dose–response 
effects were obtained based on three factors: (1) increments 
of 10 years of shift work (reference group: never exposed 
to shift work); (2) increments of 8 times/month an indi-
vidual turned on a light while sleeping (reference group: 
no light turned on while sleeping); or (3) decrement of 1 h 
of sleep per night (reference group: slept 7–8 h per night). 
For comparability, conversion was carried out based on the 
assumption that there are 28 days in a month (i.e., 2 times/
week = 8 times/month).

Finally, potential publication bias was examined using a 
funnel plot and Egger’s test (Egger et al. 1997). All analy-
ses were performed in either STATA 12 (StataCorp, College 
Station, TX, USA) or SAS 9.3 for Windows (SAS Institute, 
Inc., Cary, NC). P values <0.05 were considered statistically 
significant for all analyses except heterogeneity tests.

Results

Search results

A total of 2,112 citations were retrieved from the PubMed 
database. Of these, 598 were initially discarded by EndNote 

reference database due to duplications. From the remain-
ing citations, the majority were excluded based on titles 
or abstracts, primarily because they were molecular stud-
ies, clinical trials, or lacked exposure or outcome informa-
tion. Sixty-three articles were eligible for full-text review. 
After close examination, 35 publications were excluded 
because they used the same study population source, were 
literature reviews, or had no clear definition of exposures. 
Ultimately, a total of 28 studies met our inclusion crite-
ria and were included in the meta-analysis (Bauer et al. 
2013; Davis et al. 2001; Fritschi et al. 2013; Girschik et al. 
2013; Grundy et al. 2013; Hansen 2001; Hansen and Las-
sen 2012; Hansen and Stevens 2012; Kakizaki et al. 2008; 
Kloog et al. 2011; Knutsson et al. 2013; Kojo et al. 2005; 
Li et al. 2010; Lie et al. 2011; McElroy et al. 2006; Men-
egaux et al. 2012; O’Leary et al. 2006; Pesch et al. 2010; 
Pinheiro et al. 2006; Pronk et al. 2010; Pukkala et al. 2012; 
Rafnsson et al. 2003; Reynolds et al. 2002; Schernhammer 
et al. 2001, 2006; Schwartzbaum et al. 2007; Verkasalo 
et al. 2005; Wu et al. 2008) (Fig. 1).

Characteristics of studies

Descriptive characteristics of the 28 studies, comprising 
1,728,237 participants that were selected for analysis are 
presented in Table 1. Overall, the meta-analysis included 18 
case–control and 10 cohort studies. Nine out of 10 (90 %) 
cohort studies reached a follow-up rate of 80 % or higher. 
The response rate for more than half of the case–control 
studies (61 %) was less than 80 %. The association between 
breast cancer risk and circadian disruption was primarily 
measured using ORs (n = 17) and HRs (n = 5). The rel-
evant studies were conducted in several regions: twelve in 
Europe, nine in the USA, and seven in other countries such 

Fig. 1  Flow diagram of the studies search and selection process
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as Australia, Canada, and China. The median quality score 
of selected studies was 7, with a range of 5–9. Eleven stud-
ies had a quality score >7.

Three studies evaluated the association between breast 
cancer and circadian disruption with more than one source 
of exposure. For example, the effects of both night shift 
work and exposure to light at night on breast cancer risk 
were assessed in Davis et al.’s, Fritschi et al.’s and O’Leary 
et al.’s studies (Davis et al. 2001; Fritschi et al. 2013; 
O’Leary et al. 2006). Fritschi et al.’s study also reported 
the risk estimate of sleep disruption. However, since the 
study population from Fritschi et al.’s (2013) and Girschik 
et al.’s (2013) studies (;) were the same and the latter study 
had a more detailed evaluation of sleep duration on breast 
cancer risk, the risk estimate from the latter study was the 
only one included in the analysis. In total, the relationship 
between shift work and breast cancer was investigated in 
15 studies (Davis et al. 2001; Fritschi et al. 2013; Grundy 
et al. 2013; Hansen 2001; Hansen and Lassen 2012; 
Hansen and Stevens 2012; Knutsson et al. 2013; Lie et al. 
2011; Menegaux et al. 2012; O’Leary et al. 2006; Pesch 
et al. 2010; Pronk et al. 2010; Schernhammer et al. 2001, 
2006; Schwartzbaum et al. 2007). Breast cancer risk esti-
mates were obtained in six studies concerning exposure to 
light at night (Bauer et al. 2013; Davis et al. 2001; Fritschi 
et al. 2013; Kloog et al. 2011; Li et al. 2010; O’Leary et al. 
2006), seven studies regarding sleep deficiency (Girschik 
et al. 2013; Kakizaki et al. 2008; Kojo et al. 2005; McEl-
roy et al. 2006; Pinheiro et al. 2006; Verkasalo et al. 2005; 
Wu et al. 2008), and three involving employment as a flight 
attendant (Pukkala et al. 2012; Rafnsson et al. 2003; Reyn-
olds et al. 2002).

Overall meta-analysis

Our meta-analysis was first performed over all selected 
studies regardless of the source of exposure, the type of 
study design, or any other potential confounders. Of note, 
only one measure of association (either the original esti-
mate or a pooled estimate generated from the fixed effects 
model) was obtained from each study for the overall meta-
analysis: for studies presenting breast cancer RRs stratified 
according to source of exposure, only the risk estimates 
pertaining to shift work was included in the overall meta-
analysis; for studies presenting several breast cancer risk 
estimates in terms of factors such as duration or frequency 
of exposure, a fixed effects model was carried out to obtain 
a pooled RR estimate. A sensitivity analysis was carried out 
by omitting study’s one at a time and assessing the impact 
on the pooled estimate of the effect of circadian disruption 
on risk of breast cancer, but no substantial difference was 
identified (data not shown). Visual examination of Fig. 2 
indicates an approximately symmetric funnel plot across all Ta
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included studies. The Egger’s test performed over all stud-
ies was not statistically significant (P = 0.548) indicating 
no publication bias. Significant heterogeneity was identi-
fied across all studies (P < 0.001, I2 = 77.5 %), and thus a 
random effects model was performed. Overall, we found a 
significant positive relationship between circadian disrup-
tion and breast cancer risk in women (RR = 1.14; 95 % CI 
1.08–1.21) (Fig. 3).

Subgroup analyses

A positive association between breast cancer risk and circa-
dian disruption was consistently found in almost all of the 
stratified analyses (Table 2). When stratifying studies by 
source of exposure, shift work (RR = 1.19, 95 % CI 1.08–
1.32) and exposure to light at night (RR = 1.120, 95 % CI 
1.119–1.121) appeared to have similar RR estimates. No 
substantial association was found between sleep deficiency 
and breast cancer risk (RR = 0.96; 95 % CI 0.86–1.06). The 
highest RR estimate was obtained among studies concern-
ing employment as a flight attendant and breast cancer risk 
(RR = 1.56; 95 % CI 1.10–2.21). An additional subgroup 
analysis, which included all studies except those focusing 
on flight attendants, yielded a slightly smaller RR estimate 
as compared to the overall meta-analysis result (RR = 1.12, 
95 % CI 1.05–1.19 vs. RR = 1.14, 95 % CI 1.08–1.21, 
respectively). Moreover, the magnitude of the effect of shift 
work on breast cancer risk increased slightly when consid-
ering studies including either shift work or flight attendants 
(compared to those studies looking at shift work only) (i.e., 
RR = 1.19, 95 % CI 1.08–1.32 for studies concerning shift 
work only; RR = 1.23, 95 % CI 1.11–1.36 for studies con-
cerning either shift work or employment as a flight attendant).

When the analyses were stratified by study design, the 
pooled RR was 1.21 (95 % CI 1.11–1.32) for case–con-
trol studies, and 1.04 (95 % CI 0.95–1.3) for cohort stud-
ies. When using 80 % follow-up/response rate as a cut-
off point, we found a lower RR estimate in studies with 
a follow-up/response rate ≥80 % (RR = 1.16; 95 % CI 
1.08–1.25). When subgroup analyses were stratified by 
quality score (quality score ≤7 or quality score >7), we 
found that studies with a lower quality score tended to have 
higher breast cancer risk estimates (RR = 1.16; 95 % CI 
1.08–1.25) as compared to studies with a higher quality 
score (RR = 1.14; 95 % CI 1.00–1.31). Cross-classifica-
tion of follow-up/response rate and quality score revealed 
the strongest RR estimate among studies with a follow-up/
response ≥80 % and a quality score >7 (RR = 1.20; 95 % 
CI 1.08–1.32). Cross-classification of follow-up/response 
rate and study design identified the lowest RR estimate 
across cohort studies with follow-up/response rate ≥80 % 
(RR = 1.03; 95 % CI 0.99–1.09). The lowest pooled RR 
estimate was obtained among studies measured with HRs 

(RR = 1.05, 95 % CI 0.88–1.26) while stratifying in terms 
of measure of association. When analyses were stratified 
according to geographic location, the highest pooled RR 
estimate was obtained among studies conducted in Europe 
(RR = 1.32; 95 % CI 1.12–1.56).

Meta-regression analysis was used to evaluate the influ-
ence of type of exposure, study design, geographic loca-
tion, follow-up/response rate, study quality, or measure of 
association on the heterogeneity across studies (Table 2). 
We failed to identify any substantial cause of heterogeneity 
in this study (P > 0.05). Based on Egger’s test, a significant 
publication bias was found among studies with less than 
80 % follow-up/response rate (P = 0.009), among stud-
ies with lower follow-up/response rate and higher study 
quality (P = 0.029), and among case–control studies with 
higher a follow-up/response rate (P = 0.016).

Dose–response analyses

Dose–response analyses were performed separately to ana-
lyze the pooled effect of shift work exposure on the risk 
of breast cancer in cohort studies, case–control studies, and 
an overall analysis. Nine case–control (Davis et al. 2001; 
Fritschi et al. 2013; Grundy et al. 2013; Hansen and Las-
sen 2012; Hansen and Stevens 2012; Lie et al. 2011; Men-
egaux et al. 2012; O’Leary et al. 2006; Pesch et al. 2010) 
and three cohort studies (Pronk et al. 2010; Schernham-
mer et al. 2006; Schernhammer et al. 2001) were included 
in the dose–response analysis for shift work. An incre-
ment of 10 years of shift work exposure was significantly 
associated with a 16 % increased risk of breast cancer 
(RR = 1.16; 95 % CI 1.06–1.27) based on case–control 
studies (Fig. 4a). However, no significant dose–response 
relationship between shift work and breast cancer risk was 
found in either cohort studies (Fig. 4b: RR = 1.03; 95 % CI 
0.95–1.11) or in the overall analysis (Fig. 4c: RR = 1.06; 
95 % CI 0.98–1.15). Two studies (Davis et al. 2001; 
O’Leary et al. 2006) presented breast cancer risk estimates 
according to the number of times/month a light was turned 
on during sleep, but no significant increase in risk was 
found (Fig. 4d). Similarly, no significant dose–response 
relationship was identified between sleep deficiency and 
breast cancer risk based on four selected studies (Fig. 4e) 
(Girschik et al. 2013; McElroy et al. 2006; Pinheiro et al. 
2006; Verkasalo et al. 2005).

Discussion

This meta-analysis included 28 observational studies and 
provided a comprehensive assessment of the associations 
of breast cancer risk in women with various sources of 
circadian disrupting exposures including shift work, short 
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sleep duration, exposure to light at night, and employment 
as a flight attendant. We found a significant increase in the 
risk of breast cancer in the combined meta-analysis, which 
aggregated all studies regardless of the source of circadian 
disruption (RR = 1.14; 95 % CI 1.08–1.21). Neither visual 
funnel plot nor Egger’s test showed evidence of publication 
bias across all studies.

Melatonin, a hormone produced by the pineal gland, 
regulates the circadian rhythm. Night work can disrupt the 
normal circadian rhythm through exposure to light at night 
and reduced sleep length. It is hypothesized that female 
shift workers have a higher risk of breast cancer. Some 
studies indicated a positive association between shift work 
and the risk of breast cancer in women (Davis et al. 2001; 
Hansen 2001; Hansen and Stevens 2012; Knutsson et al. 
2013; Schernhammer et al. 2001). Others, however, found 
a reverse association (Pronk et al. 2010; Schwartzbaum 
et al. 2007) or failed to observe any significant relation-
ship between shift work and breast cancer risk (Lie et al. 
2011; Menegaux et al. 2012; Pesch et al. 2010). Our meta-
analysis, which incorporated 15 articles on shift work only, 
found a substantially increased breast cancer risk among 
women (RR = 1.19; 95 % CI 1.08–1.32). This finding is 
consistent with previous meta-analyses on the topic (Ijaz 
et al. 2013; Jia et al. 2013). In addition, we found an aver-
age of a 16 % increased risk per 10 years of shift work 
exposure based on case–control studies (RR = 1.16; 95 % 
CI 1.06–1.27), but no significant increase in risk was found 
among cohort studies or in the overall analysis.

Some occupational exposure studies demonstrated 
an excess in breast cancer incidence among female flight 
attendants (Linnersjo et al. 2003; Lynge 1996; Pukkala et al. 
2012; Reynolds et al. 2002). The underlying mechanism is 
related to increased exposure to ionizing radiation and the 
hormonal alteration resulting from the circadian distur-
bance (Kojo et al. 2005). The separate meta-analysis based 
on three articles regarding employment as a flight atten-
dant suggested an elevated breast cancer risk (RR = 1.56; 
95 % CI 1.10–2.21). This is slightly higher than previous 
findings by Megdal et al. in 2005 (RR = 1.44; 95 % CI 
1.26 1.65) (Megdal et al. 2005) and by Buja et al. in 2006 
(RR = 1.40; 95 % CI 1.19–1.65) (Buja et al. 2006). Differ-
ences in the findings may be attributed to the distinctions in 
the inclusion criteria for data analysis. Two studies reported 
by Lynge et al. and Wartenberg et al. were excluded from 
the present analysis because of a lack of a clear description 
of the study population source (Lynge 1996; Wartenberg 
and Stapleton 1998). Data from Linnersjö et al.’s study 
(Linnersjo et al. 2003) were also removed from the present 
analysis because it was conducted in the same population 
as Pukkala et al.’s study (Pukkala et al. 2012).

Sleep duration may be a surrogate of an individuals’ 
exposure to light at night and the reduction in the number 

of hours of sleeping could therefore suppress the produc-
tion of melatonin via circadian disruption. This hypoth-
esis has been examined by a number of studies. There is 
evidence demonstrating a positive association between 
sleep duration at night and nocturnal blood melatonin lev-
els (Akerstedt et al. 1979; Wehr et al. 2001). However, 
the effect of sleep deficiency on the risk of breast cancer 
remains controversial. Similar to the recent meta-analysis 
by Qin et al. (Qin et al. 2014), the present study failed to 
identify a statistically significant association between short 
sleep duration and breast cancer in women (RR = 0.96; 
95 % CI 0.86–1.06). In addition, we did not find a substan-
tial dose–response relationship between breast cancer risk 
and sleep deficiency.

A potential mechanism for the elevated risk of breast 
cancer among female shift workers involves the increased 
likelihood of exposure to light at night (Haus and Smo-
lensky 2013). Exposure to light during sleeping can reset 
the circadian phase and reduce the secretion of melatonin 
by the pineal gland (Boivin et al. 1996; Haus and Smolen-
sky 2013). A large number of studies have investigated the 
relationship between night shift work and the risk of breast 
cancer in women. However, the effect of light at night on 
breast cancer risk is not frequently investigated. Our study 
is the first to summarize the risk estimate for exposure to 
light at night. Consistent with the hypothesis, we found an 
increased breast cancer risk among women who were ‘ever’ 
exposed to light during sleep (RR = 1.120; 95 % CI 1.119–
1.121). Nonetheless, no significant dose–response effect of 
light exposure at night was found on breast cancer.

As expected, flight attendants had a 37 % higher breast 
cancer risk than the average shift worker (RR = 1.56 vs. 
RR = 1.19, respectively). The indiscriminate combination 
of shift work and employment as a flight attendant tends 
to overestimate the effect of shift work on breast cancer 
risk. Consequently, apart from exposure to shift work, other 

Fig. 2  Funnel plot with pseudo 95 % confidence limit
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factors such as ionizing radiation may also be related to the 
elevated breast cancer risk among female flight attendants.

Our study has several strengths over previous reviews 
on the topic. To the best of our knowledge, this is the first 
comprehensive and quantitative assessment of the associa-
tion between circadian disruption and breast cancer risk. As 
mentioned previously, shift work, exposure to light at night, 
employment as a flight attendant, and short sleep duration, 
are all potential causes of circadian dysregulation and are 
highly interrelated. The combination of these exposures pro-
vides general evidence on the effect of circadian disruption 
on breast cancer risk in women. It is difficult to identify the 
potential differences in various sources of circadian disrupt-
ing exposures; therefore, separate meta-analyses were car-
ried out to assess the specific role of these exposures on the 
risk of breast cancer. This study found a higher breast can-
cer risk among female flight attendants than among other 
types of shift workers, which suggests that other mecha-
nisms apart from circadian disruption may contribute to 
the development of breast cancer among this occupational 
subset. Moreover, stratified analyses based on other key 
variables, such as study design and geographic location, 
were performed to investigate the potential sources of het-
erogeneity across studies. An additional strength is that, we 

excluded studies without a clear description of study partici-
pant selection or ascertainment of exposures to reduce bias 
among included studies. Finally, dose–response relation-
ships were explored according to the duration of night shift 
work, frequency of exposure to light at night during sleep, 
and duration of sleep deficiency. However, we were not able 
to perform a dose–response analysis for employment as a 
flight attendant because of lack of quantitative evidence.

Our study has several limitations. First, significant het-
erogeneity existed among studies, which may result from 
inconsistent definitions of exposure across studies. For 
example, night shift work was defined as working the full-
time period between 12:00 a.m. and 5:00 a.m. according to 
Pesch et al. (2010), as any work spanning the time period 
11:00 p.m.–5:00 a.m. according to Menegaux et al. (2012), 
as a shift that lasted from at least 12 p.m. until 6 a.m. 
according to Lie et al. (2011), and as a shift between 22:00 
p.m. and 6:00 a.m. according to Knutsson et al. (2013). 
Also, the substantial heterogeneity we observed over stud-
ies may have been caused by differences in study popula-
tion, or in the selection of covariates, among other differ-
ences. Random effects models may not have eliminated all 
sources of heterogeneity, therefore, the pooled risk estimate 
should be interpreted with caution.

Fig. 3  Meta-analysis of breast cancer risk across all studies
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Secondly, the present meta-analysis was performed over 
observational studies, which are vulnerable to a number of 
biases. Most of the included studies (64 %) were designed 
as case–control studies and were therefore particularly 
susceptible to recall bias. In addition, most of the studies 
did not employ standardized questionnaires to assess the 
exposure, which may have resulted in information bias. 
It should also be noted that it is not possible to identify 
the exact mechanisms and/or establish the cause-effect 

relationship between circadian disruption and breast cancer 
risk in women based on evidence aggregated from observa-
tional studies.

Finally, we did not differentiate the risk estimates for 
night shift work from those for shift work not including 
night. All of the selected studies on shift work (15 out of 
15) used ‘ever work at night shift’ as the reference group to 
some extent, which inhibited our analysis from making this 
type of differentiation. In addition, the effect of night shift 

Table 2  Subgroup analyses of association of breast cancer risk with circadian disruption

OR odds ratio, RR relative risk, HR hazard risk, SIR standardized incidence ratio

Stratified factor No. of 
studies

Pooled RR (95 % CI) Heterogeneity test Meta-regression (P 
value)

Publication bias 
(P value)

P value I2 (%)

Source of exposure

 Night shift work 15 1.19 (1.08–1.32) <0.001 76.1 0.085 0.260

 Flight attendants 3 1.56 (1.10–2.21) 0.091 58.3 0.511

 Light at night 6 1.120 (1.119–1.121) 0.151 38.3 0.968

 Sleep deficiency 7 0.96 (0.86–1.06) 0.078 47.1 0.194

Study design

 Case–control studies 18 1.21 (1.11–1.32) <0.001 81.6 0.109 0.159

 Cohort studies 10 1.04 (0.95–1.13) 0.034 50.2 0.643

Geographic location

 Europe 12 1.32 (1.12–1.56) <0.001 73.5 0.074 0.792

 USA 9 1.05 (0.97–1.14) <0.001 76.5 0.256

 Other countries 7 1.09 (0.98–1.20) 0.013 63.0 0.602

Measure of association

 OR 17 1.19 (1.09–1.30) 0.217 80.6 0.698 0.257

 RR 3 1.05 (0.99–1.12) 0.217 34.5 0.528

 HR 5 1.05 (0.88–1.26) 0.100 56.5 0.264

 SIR 3 1.28 (1.00–1.65) 0.017 66.9 0.333

Follow-up/response rate

 <80 % 12 1.20 (1.00–1.25) <0.001 82.7 0.758 0.009

 ≥80 % 16 1.16 (1.08–1.25) 0.006 58.3 0.420

Quality score

 ≤7 17 1.16 (1.08–1.25) <0.001 71.7 0.767 0.283

 >7 11 1.14 (1.00–1.31) <0.001 82.5 0.218

Cross-classification of follow-up rate and quality score

 Follow-up rate <80 % and score ≤7 8 1.08 (1.00–1017) 0.321 14.0 0.892 0.228

 Follow-up rate <80 % and score >7 4 1.20 (0.88–1.62) 0.002 80.2 0.029

 Follow-up rate ≥80 % and score ≤7 9 1.20 (1.08–1.32) <0.001 83.2 0.245

 Follow-up rate ≥80 % and score >7 7 1.13 (0.96–1.34) <0.001 84.1 0.622

Cross-classification of follow-up rate and study design

 Follow-up rate <80 % and case–control study 11 1.10 (0.98–1.23) 0.010 57.1 0.726 0.369

 Follow-up rate <80 % and cohort study 1 1.51 (0.98–2.32) – – –

 Follow-up rate ≥80 % and case–control study 7 1.37 (1.18–1.58) <0.001 90.2 0.016

 Follow-up rate ≥80 % and cohort study 9 1.03 (0.99–1.09) 0.057 47.1 0.992

Others

 Shift work and flight attendants 18 1.23 (1.11–1.36) <0.001 76.9 0.094

 Excluding studies concerning flight attendants 25 1.12 (1.05–1.19) <0.001 76.7 0.988
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works on breast cancer risk has been recently assessed by 
Jia et al. (2013). Their results suggested an elevated breast 
cancer risk among women who ‘ever worked at night’ 
(RR = 1.16, 95 % CI 1.06–1.27).

In conclusion, this comprehensive meta-analysis pro-
vides evidence to support a positive association between 
circadian disruption and breast cancer risk in women. How-
ever, the aggregate risk of circadian disruption can be either 
under- or overestimated due to distinctions between various 
sources of exposures. Shift work, exposure to light at night 
and employment as a flight attendant were consistently 
associated with elevated breast cancer risk. However, the 
effect of sleep deficiency on breast cancer remains uncer-
tain. Furthermore, this study provides insufficient evidence 
to support a dose–response relationship between breast 
cancer risk and shift work, exposure to light at night, or 
sleep deficiency. The temporal relationship between circa-
dian disruption and risk of breast cancer is crucial. Future 
rigorous prospective studies with relatively long follow-up 

periods, objective assessment of exposures, and extensive 
adjustment for confounding variables, should be conducted 
to confirm or refute the association between circadian dis-
ruption and breast cancer in women.
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