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Abstract

cancer risk.

statistical analyses were done by Stata version 11.2.

Background: The International Agency for Research on Cancer (IARC) has classified shift work as a possible human
carcinogen. The results of systematic on this topic is contradictory. This systematic review and meta-analysis, there-
fore, aimed to update the current evidence regarding the relationship between night-shift work duration and breast

Methods: PubMed, Web of Science, and Scopus as well as reference list of included studies were searched until
December 19, 2020. Observational case—control or cohort studies investigating the relationship between the dura-
tion of night-shift work and breast cancer in women were included, which all quantified night-shift work exposure. All

Results: Our literature search was resulted in retrieval of 4854 publications from which 26 eligible studies with
1,313,348 participants were included in the meta-analyses. The pooled relative risk (RR) and 95% confidence intervals
(Cls) of breast cancer for short-term night-shift workers (< 10 years) was 1.13 (95% Cl 1.03-1.24, p=0.008, I’=71.3%),
and for long-term night-shift workers (> 10 years) was 1.08 (95% Cl 0.99-1.17, p=0.09, I> = 42.2%), with moderate to
substantial statistical heterogeneity observed in both analyses. The results of subgroup analysis showed that flight
attendants with long overnight flights were at an elevated risk of breast cancer, but unmeasured confounders limited
these results. The risk of breast cancer in case control studies, adjusted for reproductive factors and family history of
breast cancer as well as studies with high quality was increased in both short term and long term night-shift workers.

Conclusions: This systematic review found a positive statistical relationship between night work and breast cancer
risk in short-term night-shift workers but no increase was observed in the long-term night-shift workers.
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Background

The most widely identified invasive cancer among women
is breast cancer (BC), afflicting one in eight women
[1]. 25% of all cancers and 15% of deaths in women are
related to BC [2]. Not all women run the same risk of
BC during their lives, but specific factors, called risk
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factors, increase their chances of contracting the disease.
The proportion of diseases that could be prevented by
decreased exposure to modifiable risk factors, can help
to recognize where and for whom such preventative dis-
ease-specific strategies need to be dedicated [3]. Research
found that around half of the global cancer burden is the
consequence of some modifiable factors including diet,
obesity, sedentary lifestyle as well as endocrine disrupt-
ing chemicals and can thus be prevented [4].

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-1353-8358
http://orcid.org/0000-0001-7594-0097
http://orcid.org/0000-0001-6358-0207
http://orcid.org/0000-0002-2911-7005
http://orcid.org/0000-0002-7718-5387
http://orcid.org/0000-0002-1438-8822
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12905-021-01233-4&domain=pdf

Manouchebhri et al. BMC Women’s Health (2021) 21:89

Khakbazan et al. [5] reported that the increase in life
expectancy along with the propensity to adopt a west-
ern lifestyle has changed BC into a growing public health
concern in many developing countries.

An issue taken into account in numerous epidemiologi-
cal studies over the past decade is the effect of shifts on
BC [6]. Shift work refers to a work schedule that is out-
side the standard 9 am to 5 pm, including evening or
night shifts, early morning shifts, and rotating shifts [7].
According to a 2009 IARC working group, a night-shift
is described as >3 h of work between midnight and 5 am
[8].

Shift work exists in many industries and factories such
as the oil industry, power plants, and iron and steel indus-
tries, fields related to medicine, midwifery, and nursing,
and fire department, law enforcement, and water, elec-
tricity, and telephone services [9]. This type of work can
lead to disturbed circadian rhythm, diminished mela-
tonin hormone, and sleep disturbances that affect hun-
dreds of metabolic and physiological processes, including
synthesis of hormones, apoptosis, and cell cycle life and
trigger tumors such as BC in the human body [10, 11].
According to the data collected in 2015, in the sixth EU
Survey on Working Conditions, 14% of the female work-
ing population reported working during the night [12].

The disruption in the circadian rhythm following expo-
sure to light at night (LAN) has long been considered as
a possible cause of BC [13, 14]. The shift work, in addi-
tion to exposure to LAN, results in irregularities in eating
as well as social and familial relationships [15]. Possible
mechanisms for carcinogenesis of LAN are suppressed
melatonin hormone, reduced immune system following
sleep disorder, confusion in the body circadian system,
and irregularity in cell proliferation [16].

In 2019, the IARC re-assessed night-shift work (NSW)
and described it as a "probable" carcinogen (IARC Group
2A) [17]. However, the results of the systematic reviews
and meta-analyses on the relationship between night-
shift work and BC have been contradictory [18, 19] and
articles are increasingly being published with opposing
results in this regard [20-22]. According to a meta-analy-
sis on cohort studies (2015), rotating NSW increased the
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incidence of BC by 8.9%, and a positive dose—response
relationship was found between NSW and breast tumor
incidence [23]. It was found by Wang et al. in a meta-
analysis that the risk of female BC would increase by 3%
following each 5-year increase in NSW exposure [24],
which is supported by some other meta-analyses [25-27].
But in other systematic reviews and meta-analyses this
relationship has not been reported [19, 28-30]. Kam-
dar et al. in a meta-analysis of 15 observational stud-
ies reported weak evidence to support the association
between NSW with increased BC risk [29].

Moreover, the duration of NSW has not been consid-
ered by some meta-analyses [31]. Due to the growing
worldwide prevalence of shift work, the great economic
burden of BC, and the large number of articles with
inconsistent results, the present review aimed to investi-
gate the relationship of night-shift work and its duration
with BC risk through a systematic review and meta-anal-
ysis of the existing observational studies. In addition, in
the present study, the subgroup analysis for selected vari-
ables, and a review of past meta-analyses is carried out.

Methods

Search strategy

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were adopted for
reporting this systematic review and meta-analysis. Pub-
Med, Web of Science, Google Scholar, and Scopus were
browsed up to December 19, 2020. There was no limit on
the initial date applied. The key words employed to iden-
tify the studies were: "shift work" OR "night work" OR
"night-shift work" OR "rotating-shift work" AND "breast
cancer” OR "breast carcinoma” OR "breast neoplasm".
Boolean operators (AND, OR), truncation, and MeSH
terminology were used appropriately for the systematic
identification of data (Table 1).

Inclusion and exclusion criteria

Studies were included in the review if they had the fol-
lowing criteria (1) were peer-reviewed case—control,
observational nested case—control, or cohort studies
(2) quantified NSW in all job categories including work

Table 1 Strategy for systematic searches of the published literature

Search Most recent queries

#1 Search "Breast cancer"[All Fields] OR "Breast neoplasm"[MeSH Terms] OR "breast
carcinoma"[All Fields] OR "breast tumor"[All Fields]"

#2 "night shift work"[All Fields]) OR "night work"[All Fields] OR "shift work"[All Fields])

#3 #1 AND #2

#4 #3 AND published up to December 19, 2020
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on domestic and/or intercontinental overnight flights),
(3) provided risk ratios, odds ratios, hazard ratios, and
95% CIs for BC incidence confirmed by histopathol-
ogy or through data available from Cancer Registry in
females aged at least 18 years old. There was no restric-
tion regarding country, race, publication language, and
date. Excluded studies were (1) studies that reported the
duration of night-shift work as “ever vs never” (2) those
involving nighttime light exposure that was involuntary
or non-work related, sleep duration, or subjects included
with recurrent BC, and (3) studies that their full texts
were not accessible. Identified studies using the Endnote
X8.1 software were retrieved and managed.

Study selection

At first, the titles and abstracts and then, the full texts
of the studies were reviewed, separately, by two authors,
and any inconsistency was discussed by a third author.
There was only one case of disagreement regarding the
inclusion of articles with the same population (entry of
the most recent articles or articles with a larger popula-
tion). Hand searching was carried out to identify further
relevant studies.

Outcome variable

The outcome variable of this study was breast cancer,
which was defined as having positive diagnosis of BC
based on the medical records or through data available
from cancer registry.

Quality (risk of bias) assessment

Two researchers (EM and an assistant) independently
evaluated the methodological quality of individual stud-
ies using the Newcastle-Ottawa Quality Assessment
Scale. Newcastle-Ottawa Scale (NOS) was examined
for Cohort and case—control studies in terms of inter-
rater reliability and construct validity in a previous study
which reported a high degree of agreement across its
domains [32]. The star system with a maximum of nine
stars (scoring 0 to 9) was adopted by NOS, which was
categorized into three parts: participant selection, com-
parability of study groups, exposure assessment/outcome
evaluation [33]. The stars were classified as follows: 7—9
stars showed high quality, 4—6 stars meant a medium
quality and 0-3 stars indicated a low quality [34].

Data extraction

Relevant variables included the first author’s name, year
of publication, geographic location of participants, type
of study (nested case—control, case—control or cohort
studies), occupation of participants, years of follow up,
source of data about outcome and exposure, defini-
tion of exposure, number of BC cases and controls (for
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case—control studies), cohort size (for cohort studies),
risk estimates and 95% ClIs for BC incidence and night-
shift work duration category, source of funding and con-
founders for which risk estimates were adjusted. Data
extraction was done separately by two researchers (EM
and an assistant) using duplicate spreadsheets for vali-
dating the data extraction process. "Night shift work"
was the main exposure variable, and the absence of night
work was the preferred control group.

Quantification and categorization of NSW

The duration of NSW exposure was reported in the
studies included in this systematic review as an open
(> 30 years) or closed (15-29 years) time periods. Using
the midpoint for closed time periods and the minimum
points for open time periods, single numeric values
was assigned to each one. According to the assumption
that a longer duration of NSW may be correlated with
a higher incidence of BC, NSW exposure was divided
into two groups: short-term (<10 years) and long-term
(>10 years) NSW. After rounding the median of all allo-
cated range values, the cutoff point between short-term
and long-term NSW of 10 years was obtained [29].

Subgroup analyses

Subgroup analyses were carried out by study type (nested
case—control, case—control or cohort), occupation
(nurses, flight attendants, or others), geographical area
(Europe, North America, Asia and, Oceania), adjustment
of studies for reproductive factors (yes or no), as well as
a family history of BC (yes, no), quality category (high
or moderate) and reporting the source of funding (yes
or no) regarding short-term and long-term exposures
separately.

Statistical methods

To test the relationship between NSW and BC, risk
ratios (RRs) were used. Adjusted risk assessments were
preferred over crude measures where available. Then,
pooled risk estimates were determined using random-
effect models for the short-term and long-term NSW
groups that were used due to substantial heterogeneity
(p<0.05) present in some studies. In studies that have
reported multiple RRs for NSW duration, if there was
more than one stratification in each short- or long-term
category, we used the method of combining effect sizes
across multiple comparisons within individual studies
introduced by Borenstein et al. [35]. Using the x 2 and
12 statistics, statistical heterogeneity between studies
was assessed. Heterogeneity was considered to be high
if the I? statistic was greater than 50% [36]. In order to
further investigate the risk ratio in the study popula-
tion, subgroup analysis was performed. We used funnel
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plots, Egger [37] and Begg [38] tests for assessing the  Results

publication bias. Statistical significance was considered  Selection of studies

as p<0.05. All analyses were conducted using Stata ver-  Details of the literature review and study selection pro-

sion 11.2 (StataCorp, College Station, Texas). cess are shown in Fig. 1. The search yielded 4872 arti-
cles, of which 1888 were duplicate records. We included
all the articles in previous meta-analyses [18, 25, 29] in

'
Records identified through database . .
g searching {\dd1t.1onal studies
'E Google scholar=4050, Scopus=80, Web identified through
& of Science=610, PubMed=114 other sources
‘B (n=18)
= N=4854
°
—
'
Records after duplicates removed
0 (n=12984)
=
c
o |
v Records excluded on title and
(%] .
n v abstract screening
(n=2924)
Records screened . .
— - Genetic studies
- Invitro studies
n=2984
( ) - LAN exposure
/7\ | - Comments on other
\ publications
> v - Letters to the editor
-
E Full-text articles assessed for
%o eligibility Full-text articles excluded,
(n=60) I after applying inclusion
L ) ‘ criteria
l (n=17)
Studies included in
' . .
systematic review
(n=43)
- -Records excluded because
3 reporting on the same
T:J - . population
£ (N=4)
— - -Records that reported the
Studies mcludefi In meta- duration of night-shift work as
—_J analysis “‘ever VS. never”’
13 case-control, 6 nested case- (N=13)
control, 7 cohort
(n=26)
Fig. 1 PRISMA Flowchart of the study selection process
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the present study. After review of abstracts 2924 studies
were excluded for the following reasons: being focused
on genetic issues, being conducted as In vitro study,
and reporting LAN exposure. Also, comments on other
publications and letters to the editor were excluded. We
reviewed 60 full-text articles, of which 17 were excluded
from the study because they did not meet the inclu-
sion criteria, while 43 satisfied all the inclusion crite-
ria. Regarding cohorts with several reports, we used
data from the publication with the longest follow-up,
hence the exclusion of four articles [6, 39—-41]. 13 stud-
ies reported the duration of NSW exposure as “ever”
also were excluded [42-54]. The present meta-analysis
included 26 studies: six nested case—control [20, 21, 55—
58] (Table 2), 13 case—control [16, 22, 59—69] (Table 2)
and seven cohort [28, 70-75] studies (Table 3).

Identification and description of studies

Overall, the nested case—control studies included a total
of 3574 BC cases and 10,530 controls, the case—control
studies comprised a total of 18,275 BC cases and 19,341
controls, and the cohort studies consisted of a total of
23,492 BC cases from an at-risk population of 1,261,628
individuals. The study population included individu-
als pulling rotating or overnight shifts, including nurses
[40, 41, 58, 67, 68, 73], flight attendants [56, 57], military
employees [20], textile workers [21], radio and telegraph
operators [55] and women in different public and private
companies [16, 22, 59-66, 69-72, 74, 75]. Geographically,
17 of the 26 studies belonged to European countries [16,
20, 28, 55-59, 61, 64—68, 70-72], five to the USA [60, 62,
63, 73, 75], three to Asia [21, 69, 74] and one to Oceania
[22] (Table 4). One or more BC risk factors were adjusted
in all but one study [57] (Table 2). All articles were pub-
lished during 1996-2020, and most were published in
2013 [22, 59, 62, 66, 68]. All included articles were writ-
ten in English and we did not find any article in another
language.

Quality assessment

Twenty one studies had "high" quality assessment scores
[16, 20, 22, 28, 58-70, 72-75] and 5 [21, 55-57, 71] arti-
cles had moderate quality assessment scores (Table 4).
The quality of studies ranged from 6 to 8 points, with a
median of 7 (Additional file 1: Appendix). The weakest
part of the articles according to the NOS tool was the
exposure/outcome domain. Three articles (11.5%) in the
exposure/outcome domain had a high risk of bias [70, 73,
75]. The researchers gave similar scores to the articles.

Exposure measurement
Measurement and stratification of NSW exposure dura-
tion varied substantially between the studies. Twenty six
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studies provided risk estimates with a median exposure
duration of 5 years (IQR 4-6) falling under the short-
term NSW group (<10 years) [16, 20-22, 28, 55-75].
Seventeen studies provided risk estimates in the long-
term NSW group (>10 years), with a median exposure
duration of 17.5 years (IQR, 15-23) [20-22, 28, 55, 58,
62, 64—66, 69-75]. We produce a single pooled short-
or long-term risk estimate for the 22 studies with mul-
tiple risk estimates that fall under either the short- or
long-term exposure categories [16, 20-22, 28, 55, 58—60,
62-68, 70-75]. Regarding the two studies that considered
intercontinental flight hours as night time work [56, 57],
we considered 5,000 flight hours equivalent to almost
5 years of NSW, based on published labor reports [76].
Also in another study, years of work on a ship and cross
time zones were considered as NSW [55].

Primary BC risk analyses

In the cases of short-term NSW (< 10 years), BC risk was
significantly increased (RR=1.13, 95% CI 1.03-1.24,
p=0.008, I’=71.3% and p<0.001) (Fig. 2; Table 4) but
the increase was not significant in the cases of long-term
NSW (> 10 years) (RR=1.08, 95% CI 0.99-1.17, p=0.09,
=42.2% and p=0.03) (Fig. 3; Table 4), with moderate
to significant statistical heterogeneity observed in both
groups.

Subgroup analyses

The association of NSW with BC was assessed in sub-
groups including study type (nested case-control, case-
control or cohort), occupation (nurses, flight attendants,
or others), geographical area (Europe, North America,
Asia and Oceania), adjustment of studies for reproductive
factors (yes or no), as well as family history of BC (yes,
no) , quality category (high or moderate) and reporting
the source of funding (yes or no) regarding short-term
and long-term exposures separately. In some of the sub-
groups, a significantly increased BC risk was observed in
women involved in NSW (Table 4).

For short-term versus never NSW the results were as follows

A statistically significant association was found between
short-term NSW and risk of BC in the case—control sub-
group (RR=1.25, 95% CI 1.08-1.44). In flight attendants,
the short-term NSW increased the risk of BC (RR =3.94,
95% CI 1.42-10.91). There was no significant association
identified between short-term NSW and risk of BC in
North America (Table 4). The subgroup analysis showed
a significant association between short-term NSW and
BC risk in the subgroups adjusted for the status of repro-
ductive (RR=1.15, 95% CI 1.05-1.27) and family history
(RR=1.11, 95% CI 1.03-1.2). A significant relationship
was further observed between short-term NSW and BC
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Table 4 Pooled risk estimates for breast cancer and heterogeneity analysis from adjusted risk estimates
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Factors stratified

Short-term (< 10 years) versus never night-shift work

Long-term (> 10 years) versus never night-shift work

No. of studies RR (95% Cl) 2,% Pvalue No.of studies RR (95% Cl) 2, 9% Pvalue
All studies 26 (16,20-22,28,55-75)  1.13(1.03-1.24) 734 0.001 17 (20-22,28,55,58,62,  1.08(0.99-1.17) 422 0.028
64-66, 69-75)

Study type

Nested case—control 6 (20, 21,55-58) 140 (0.9-2.19) 66.2 0011 4(20,21,55,58) 1.5(0.86-2.66) 847 0.001

Case-control 13 (16, 22, 59-69) 1.25(1.8-144) 598 0003  6(22,62,64-66,69) 1.22(1.02-146) 0 0819

Cohort 7(28,70-75) 1.02 (0.97-1.06) 0 0.636 7(28,70-75) 1.01 (0.95-1.07) 0 0.706

Occupation

Flight attendants 2(56,57) 394 (142-1091) 0 0.806 0 - - -

Nurses 4(58,67,68,73) 1.14(099-13) 716 0007  2(58,73) 1.25(0.92-1.70) 81.6 0.004

Other 19 (16, 20-22, 50, 55, 1.09 (0.97-1.22) 688 0.001 14 (20-22, 28, 55,62, 1.03(0.95-1.11) 179 0248
59-66,69-72,74,75) 64-66,69-72, 74, 75)

Geographic area

Europe 17 (16, 20, 28,55-59,61,  1.19(1-1.41) 729 0.001 10 (20, 28, 55,58, 64-66,  1.21(1.02-144) 544 0.016
64-68, 70-72) 70-72)

North America 5(60, 62,63,73,75) 1.04 (0.96-1.13)  39.1 0.145 3(62,73,75) 1.05(0.94-1.16) 0 0417

Asia 3(21,69,74) 1.04(093-1.17) 0 0.7 3(21,69,74) 094 (0.84-1.07) 162 0303

Oceania 1(2) 1.25(1.01-155) - - 1(22) 1.05(0.78-141) - -

Adjusted for reproductive

variables

Yes 24(16,20-22,28,55-71, 1.15(1.05-1.27) 726 0.001 15(20-22,28,55,58,62, 1.1 (1-1.21) 479 0.015
73,74) 64-66,69-71,73,74)

No 2(72,75) 0.94(0.75-1.17) 19 0.266 2(72,75) 0.95(0.76-1.19) 0 0.899

Adjusted for family Hx

Yes 18 (16, 22, 28, 58-60, 1.11(1.03-1.2) 48.7 0.009 12(22,28,58,62,64-66, 1.1(1-1.2) 40.2 0.059
62-69,71,73-75) 69, 71,73-75)

No 8(20,21,55-57,61, 70, 1.16(0.83-162) 835 0.001 5(20,21,55,70,72) 1.06 (0.84-134) 441 0.128
72)

Adjusted for confounders

Yes 25(16,20-22, 28, 55, 1.13(1.03-1.23) 719 0.001 17 (20-22,28,55,58,62, 1.08(0.99-1.17) 422 0.028
57-75) 64-66, 69-75)

No 1(57) 3.27 (0.54-19.85) - - 0 - - -

Quality category

High 21(16,20,22,28,58-70, 1.15(1.04-1.26) 738 0.001 14(20, 22, 28, 58,62, 1.1(0-1.21) 414 0.042
72-75) 64-66, 69, 70, 72-75)

Moderate 5(21,55-57,71) 1.05(0.78-140) 502 0.09 3(21,55,71) 1.01(0.82-1.24) 453 0.161

Source of funding

Low risk 22 (16,20-22,28,56-60, 1.08(1.01-1.17)  50.2 0.003 15 (20-22, 28, 58, 62, 1.09 (1-1.2) 46 002
62,64-73,75) 64-66, 6973, 75)

Unclear 4(55,61,63,74) 1.36(0.97-191) 799 0.002 2(55,74) 1.02 (0.66-1.58) 16.7 0.273

Cl confidence interval

P values represent heterogeneity

risk in high quality studies (RR=1.15, 95% CI 1.04—1.26)

(Table 4).

In regard to long-term versus never NSW, the results were

as follows

occupation revealed that there was no significant rela-
tionship between long-term NSW and risk of BC
(RR=1.03, 95% CI 0.95-1.11). As far as the geographic
area is concerned, the association between long-term
NSW and risk of BC was significant only in Europe

(RR=1.21, 95% CI 1.02—1.44) (Table 4). Also, there was
a significant association between long-term night-shift
work and BC risk in the subgroups adjusted for the status

There was a significant association between long-term
NSW and BC risk in case—control studies (RR=1.22,
95% CI 1.02-1.46). Stratification of the studies by



Manouchehri et al. BMC Women'’s Health

(2021) 21:89

Page 11 of 16

NOTE: Weights are fom random e flects analysis

Study %
D ES (95% Cl) Weight
'
Hansen and Lassen (2012) —0—:— 0.90 (0.44, 1.86) 1.28
Hansen and Stevens (2012) ) ——— 1.86 (1.26, 2.76) 3.14
Li (2015) — 0.99 (0.84, 1.17) 6.10
Tynes et al (1996) - 098 (0.27,350) 0.47
Linnersjo et al (2003) - 3.27 (0.54, 19.85) 0.24
Rafnsson (2003) ! 430 (1.25,14.78) 0.49
Hansen et al (2001) 1 170(1.48,1.95) 660
Fritschi L. et al (2013) —— 1.25(1.01, 1.55) 538
Menegaux F et al (2013) —— 1.25(0.93, 1.67) 425
Grundy A et al (2013) —— 129 (1.00,1.66) 4.79
Pesch et al (2010) - 077 (0.40,1.47) 154
O'Leary et al (2006) 1 0.49(0.22,1.07) 1.12
Davis et al (2001) d 1.49(0.77,2.90) 147
Papantoniou K et al (2016) — 117 (0.87,157) 425
Lando L. J. Koppes (2014) — 0.81(058,1.13) 376
Pronk et al (2010) — 1.10(0.92, 1.31) 6.00
7kerstedt T et al (2015) - 0.85(0.58,1.26) 3.14
Lani R Wegrzyn (2016) - 1.01(0.96,1.07) 759
Truong T et al (2014) — 142(1.08,1.87) 451
Lie JAS et al (2013) I 182(1.03,322) 189
Rabstein et al (2013) —_——t 0.77 (0.40,1.47) 154
Santi S et al (2015) L — 1.31(0.80,214) 235
Jones M et al (2019) —— 0.88(0.70, 1.11) 508
Travis RC. Et al.(Million) (2016) == 1.04(0.87,1.24) 6.00
Wegrzyn LR 2016_NHS2 (2016) - 1.04(0.96,1.13) 7.35
Pham (2019) — 1.05(0.81,1.36) 479
Sweeney (2020) — 1.03(0.80,132) 488
Overall (I-squared = 71.3%, p = 0.000) 1.13(1.03,1.24) 100.00
NOTE: Weights are from random effects analysis H
T I T
0504 1 198
Fig. 2 Forest plot showing risk of breast cancer for short-term (< 10 years) versus never night shift workers
Study %
D ES (95% CI) Weight
T
Hansen and Lassen (2012) ‘—*—} 1.90 (1.03, 3.48) 172
Hansen and Stevens (2012) — 2.00 (1.35,2.96) 364
Li (2015) - 0.91 ©.81,1.03) 13.14
Tynes et al (1996) —_——— 1.97 ©.54,7.20) 0.41
Frischi L. etal (2013) —— 1.05 ©.78,1.41) 558
Grundy A et al 2013) , 1.46 (0.84,253) 206
i
Pesch etal (2010) - 1.51 0.65, 3.50) 0.94
Papantoniou K et al (2016) —— 121 0.88,1.65) 510
Lando L. J. Koppes (2014) —— 0.93 067, 1.30) 467
Pronk et al (2010) —— 0.95 (0.78, 1.16) 9.00
Zkerstedt T et al 2015) —— 1.14 ©0.70, 1.86) 251
LaniR. Wegrzyn (2016) - 1.00 ©.87,1.15) 12.02
Rabstein et al (2013) —_—— 151 0.65,3.50) 0.94
Jones M et al @019) —— 1.13 0.89, 1.43) 7.40
Travis RC. Et al (M illion) (2016) - 1.00 (0.92, 1.08) 15.34
Travis RC. Et al @PIC-Oxford) (2016) < = 0.22 0.03, 1.62) 017
Wegrzyn LR 2016_NHS2 2016) — 115 0.93, 1.43) 816
Pham 2019) —t 1.44 0.82,254) 194
Sweeney 2020) —— 0.96 071, 1.30) 527
Overall (-squared = 42.2%, p = 0.028) 1.08 ©.99,1.17) 100.00

T
0298

336

Fig. 3 Forest plot showing risk of breast cancer for long-term (> 10 years) versus never night shift workers
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of reproductive factors (RR=1.1, 95% CI 1-1.21) and
positive family history of BC (RR=1.1, 95% CI 1-1.2). A
significant relationship was also observed between short-
term night-shift work and BC risk in high quality studies
(RR=1.1, 95% CI 1-1.21) (Table 4).

Heterogeneity analysis
To evaluate heterogeneity between included studies the
X? and I” statistics were used. Overall, the heterogeneity
in the short-term NSW was high (I°=73.4%). Also, het-
erogeneity was observed in six subgroup analyses (i.e.,
case-control studies, other occupations, adjustment for
reproductive factors and confounders, high quality stud-
ies and, low risk studies for source of funding) (Table 4).
The heterogeneity in the long-term NSW was low
(I?=42.2%). In the long-term NSW group, the heteroge-
neity was removed in case-control studies, cohort studies
and, the studies from North America (12=0.0%). In this
group, heterogeneity was observed in three subgroup
analyses (i.e., nested case-control studies, nurses and,
European countries.)

Publication bias

Egger and Begg tests and the funnel plot for short-term
(Additional file 1: Appendix) did not provide significant
evidence on the publication bias in the short NSW expo-
sure group (Egger: p=0.56; Begg: p=0.35). However,
Egger and Begs tests (Egger: p=0.003; Begg: p=0.09)
and the funnel plot for long-term (Additional file 1:
Appendix) provided evidence for the publication bias.
For further assessment on publication bias in long-term
night-shift workers, we ran trim and fill method [77,
78]. This technique enables us to investigate the poten-
tial effect of publication bias. It employs an algorithm to
impute potentially missing studies for the reason of publi-
cation bias and generates a funnel plot that includes both
the observed studies and the imputed studies, so that
when the imputed studies are included, the researcher
can see how the effect size changes. This approach does
not require any assumptions about the process leading to
publication bias, provides an estimation of the number of
missing studies, and also, based on the filled studies, pro-
vides an ’adjusted’ estimated impact for the publication
bias [77, 78]. In this imputation method on our study, five
hypothetically missing studies were imputed, as square
shapes, in funnel plot (Additional file 1: Appendix). Based
on the results of trim and fill imputation method the
‘adjusted’ point estimate is almost close to the (RR=1.02,
95% CI0.91-1.15). It is worth noting that despite the lack
of publication bias in short-term night-shift workers, we
ran trim and fill method, and obviously no missing study
was imputed (Additional file 1: Appendix).
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Discussion

Using a comprehensive literature review, this systematic
review and meta-analysis presented a significant update
on the relationship between NSW duration and risk of
BC. Based on the overall evaluation of the twenty six
articles, in the short-term night-shift workers, the risk
of BC was increased (RR=1.13, 95% CI: 1.03—-1.24), but
the increase did not observe in the long-term night-shift
workers (RR=1.08, 95% CI1 0.99-1.17).

Previous meta-analysis of NSW and BC

The first meta-analysis in this regard was reported in
2005 on six studies, revealing an increase in the risk of
BC among night workers (RR=1.51; 95%, CI: 1.36—1.68)
[18]. Erren et al. [31] concluded that the risk of BC in
the shift workers increases by 40%. Following IARC
evaluation in 2007, four meta-analyses on BC and NSW
were published in 2013 [24, 26, 29, 79]. The results of
these studies were contradictory in regards to the effect
of NSW on BC. Jia et al. found an overall positive cor-
relation of 1.20 (95% CI 1.08-1.33; 13 studies) between
the risk of BC and NSW (never versus ever) [26], which
is also consistent with the study of Wang et al. [24] and
Jjaz et al. [79]. But another review in the same year [29]
obtained contradictory results and found no significant
association between NSW with increased risk of BC.

Jjaz et al. [79] observed a 9% risk increase per five years
of NSW exposure in case—control studies (RR=1.09,
95% CI: 1.02-1.20), a finding that was not reported in
cohort studies [6, 39, 46, 49, 74]. Jjaz et al., due to the
low incidence of BC, took both odds ratios (OR) and
risk ratios (RR) as valid estimates of the relative risk. So,
they reported their results as RR, which can be seen in
the original article. Travis et al. [28] concluded that NSW,
including long-term NSW, has no effect on BC incidence,
which is in line with the results of the current study. But
He et al. [25] and in later years Yuan et al. [27] reported
a significantly positive association between NSW and BC
risk. A recent meta-analysis by Dun et al. did not find an
overall association between NSW and the risk of BC [30].

However, in Wang et al. study [24], the meta-regression
showed a rise of BC risk with the duration of NSW and
cumulative night work (pooled RR=1.03, 95% CI 1.01-
1.05; Pheterogeneity <0.001). In accordance with Wang
et al,, Yuan et al. mete-analysis showed that the risk of BC
is higher in long-term night-shift workers (OR=1.316;
95% CI1.196-1.448) [27]. These divergent results might
be attributed to the different articles included in these
meta-analyses. Yuan et al. [27] in their meta-analysis
incorporated some articles regarding the effect of LAN
and/or sleep disruption on BC. However, the systematic
review carried out by Kolstad [19], stated inadequate
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evidence to support the association between NSW and
BC, which is inconsistent with the findings of Hansen
et al. [80] and Lee et al. [81]. As observed, the results of
previous meta-analyses are quite contradictory. Accord-
ing to the results of the present meta-analysis, the risk of
BC increases in short-term NSW, while this increase is
not obvious in the long-term NSW group. This result dif-
fers from studies that reported an increased risk of BC as
the years of NSW increased [24, 27, 79]. It seems that this
inconsistency is due to the fact that some meta-analyses
have considered ever vs. never NSW, but in the present
study, the duration of NSW has been considered.

According to the results of the subgroup meta-analysis,
employment in NSW (as short term and long term) do
not increase the risk of BC risk. According to our results
and the meta-analyses by Dun et al. [30] and Travis et al.
[28], among the groups of nurses, NSW does not increase
the risk of BC, which are inconsistent with some previ-
ous studies [24, 25, 27]. Significant heterogeneity was
observed in our results and some other meta-analyses
[25, 27, 29, 79]. Generally, the heterogeneity observed in
the findings of epidemiological studies can be partially
assigned to the large differences in the NSW definition,
design of the study, duration of the follow-up period, left-
truncation in cohort studies, lack of chronotype infor-
mation, social jet lag, and differences in the menopausal
status of the population under study as well as subtypes
of BC.

Similar to the findings of previous meta-analyses, we
also found in the subgroup analysis that the risk of BC
increases in flight attendants, with long or overnight
flights [18, 25, 29, 31]. However, the role of cosmic radia-
tion as a confounder should not be ignored in this occu-
pational group. Erren et al. suggested a 70% increase in
the risk of BC in flight attendants [31]. Due to the dearth
of studies in relation to this occupational group, further
research is needed for more accurate and robust results.

If the analyses were stratified by the study design, the
risk of BC was increased in case—control studies but no
increase was seen in cohort studies which is in line with
the results reported by Dun et al. [30], He et al. [25] and
Jjaz et al. [79]. But our results are inconsistent with the
findings of a pooled analysis of case—control studies
proposed that BC risk did not increase with the lifetime
duration of night work or with the duration of night shifts
in both pre-and post-menopausal women; moreover, the
risk might decrease after the cessation of exposure [82].
As a common concern in case—control studies, during
the evaluation of night work, recall bias may have been
incorporated into our research. This bias is a significant
challenge to the validity of self-reported questionnaires
when the participants were examined. To remove possi-
ble recall bias arising from previous case—control studies
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on the relationship between NSW and BC, We examined
the findings of cohort studies in which effective control
of recall bias was possible. There was not an insignifi-
cant relationship again. Our subgroup analysis revealed
that NSW is related with increasing BC risk in European
countries that is in line with some other meta-analyses
[25, 30]. The most important risk of bias in the studies
included in the meta-analysis was measurement of expo-
sure which is reported in other studies [79].

The lack of association between long-term NSW and
BC could be due to the healthy worker effect. A healthy
worker effect is a special form of selection bias com-
mon to occupational cohort studies that occurs because
healthy individuals are less likely to be unemployed than
are unhealthy individuals [83, 84]. The main mechanisms
for the healthy worker effect in this study are health-
based differential losses to follow up (healthy worker
survivor effect), health-based selection of workers in
long-term NSW (healthy hire effect) [84].

Strengths and limitations

One of the strengths of our systematic review and meta-
analysis was that in the present study, due to an updated
literature search, some recent publications, that were not
included in previous meta-analyses, were reviewed [28,
69, 71, 75]. From those one study published in 2019 [71]
was a large cohort study, and the other reported the find-
ings of three large cohort studies in England [28], which
included two cohort reports (one of them only reported
"ever" versus "never" NSW). Therefore, we included three
cohort studies in two articles. We also incorporated
seven studies published from 2013 to 2020 from differ-
ent countries, one study on nurses [73] with 24 years of
follow up (which reported two cohort study: NHS and
NHS2), a large cohort study (sister study) that has pub-
lished recently [75] and four population-based case—con-
trol studies [22, 62, 64, 69]; to our knowledge, this is the
first time that such studies are included in a meta-analy-
sis based on the duration of NSW. Although the general-
izability of our results was enhanced by studies involving
larger and more diverse populations, but they adversely
increased between-study heterogeneity, which resulted
in pooled RRs that were not consistent with previous
studies, and more difficult to interpret. Second, several
subgroup analyzes were performed to discover whether
stratification by study type, occupation, geography, and
study design (adequate adjustment for confounders,
reproductive factors and family history of BC), article’s
quality category and to report the source of funding are
able to minimize the heterogeneity of pooled analyses
and suggest expressive associations for the current and
future research. Some of the previous meta-analyses
incorporated articles concerning the effect of LAN and/
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or sleep disturbances on BC [25, 27]. In these meta-
analyses [25, 27], no classifications were done based on
the duration of NSW; however, in the present study, the
NSW was classified into two categories: short-term and
long-term night-shifts. Third, we used several methods
(funnel plots, Begg’s and Egger’s test, trim and fill test) to
investigate the publication bias in short-term and long-
term exposure groups, separately. The previous meta-
analyses did not include the risk of bias assessment [85].

Our study had several limitations. Firstly, considerable
variability of study design,, study population, sample size,
definition of NSW, mode of exposure quantification, risk
estimates, and adjustment for pertinent confounders,
may restrict the generalizability of our findings to spe-
cific populations. Secondly, our included studies showed
various rates of bias, specifically the recall bias associated
with self-reported exposures, as seen in many obser-
vational studies. Certain included studies (69%) were
designed as (nested) case—control, hence particularly
susceptible to recall bias, which can lead to heterogene-
ity and contradictory results between papers. However,
in every study, the authors apply different methods in
order to reduce the recall bias, as mentioned previously..
Finally, we might have missed some studies in local
languages.

Accordingly, in future studies, exposure must be meas-
ured with an objective scale in cohorts with long follow
up. In addition, for common confounders, not all studies
are obtained or adjusted, further reducing the strength
of the exposure-outcome association. It is also recom-
mended that authors focus on the quality of report-
ing of different sections of articles (especially exposure/
outcome details) and report their articles on the basis of
quality assessment tools.

Conclusion

The present meta-analysis showed a positive statisti-
cal relationship between NSW and BC risk in short-
term night-shift workers but no increase was observed
in the long-term night-shift workers. Night-shift work-
ers including flight attendants were associated with
increased BC risk. Our subgroup analysis revealed that
flight attendants with long overnight flights were at an
elevated risk of BC. In this case, however, more studies
are needed for more robust results. Also, according to the
results of the subgroup analysis, the risk of BC in case—
control studies adjusted for reproductive factors and
family history of BC, as well as studies with high quality
were increased in both short term and long term NSW.
We recommend that, BC screening services should be
integrated to the routine care for women with night-shift
jobs. We suggest further studies with adequate informa-
tion and exact definition regarding NSW and its duration.
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