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Abstract
Objectives: This systematic review and meta-analysis aimed to assess sedentary 
work's contribution to breast cancer risk quantitatively using thorough research 
articles.
Methods: We performed a meta-analysis using a registered protocol in PROSPERO 
(registration number: CRD42020204629). Literature from PubMed, Embase, and 
Cochrane involving sedentary work and breast cancer risk was reviewed. We cal-
culated the overall pooled risk ratios (RRs) and 95% CI with a random-effect model 
from the included studies. Furthermore, we performed stratified analyses by charac-
teristics of studies.
Results: Thirty-one studies (13 cohort studies and 18 case-control studies) were in-
cluded in the analysis. The overall effect of the pooled analysis was an RR of 1.16 
(95% CI 1.08-1.23). The results were 1.20 (95% CI 1.10-1.30) and 1.12 (95% CI 
1.02-1.23) for cohort and case-control studies. The effect of sedentary work did not 
seem to be consistently attenuated by controlling body mass index, menopausal sta-
tus, or experience of hormone replacement therapy.
Conclusion: The results from this meta-analysis suggest that sedentary behavior 
within the occupational domain was associated with a 15.5% increased risk of breast 
cancer. It is essential to reduce the sedentary time spent at work and to secure time 
for leisure-time physical activity among sedentary workers as a primary preventive 
measure.
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1  |   INTRODUCTION

Breast cancer is one of the most common cancers and the 
leading cause of cancer-related deaths in women worldwide. 
There were 2.93 million incident cases and an estimated 0.63 
million deaths from breast cancer globally in 2018, which 
significantly burdened the public health system.1 Although 
early detection and screening techniques have improved grad-
ually, breast cancer incidence has been stable since 2004.

Previous epidemiological studies have shown that the in-
cidence of breast cancer is associated with various risk fac-
tors, such as diet, obesity and weight gain, alcohol intake, 
tobacco smoke, prolonged hormone therapy after meno-
pause, and use of oral contraceptives.2 The aging world's 
population, a marked increase in life expectancy, and a rapid 
tendency to adopt a Westernized lifestyle, including low 
fertility rates, sedentarism, and short breastfeeding periods, 
contribute to the accumulation of risk factors known to be 
associated with breast cancer. These factors contribute to 
the continual increase in the global burden of this cancer.3 
Therefore, a public health priority is to identify environ-
mental or lifestyle factors whose modifications could reduce 
breast cancer incidence.

An increase in sitting time accompanied by a decrease in 
physical activity levels in adults. Sedentary behavior is more 
widespread in modern life, and hence, people spend 50%-
60% of their waking time (7.7 h) sitting every day, and this 
number may continue to rise.4 Over the past decade, health 
consequences have been of increasing interest to the pub-
lic. For example, it has been suggested that increased sitting 
time in daily life is associated with the risk of weight gain,5 
obesity,6 Type 2 diabetes, coronary heart disease,7 and even 
cancer.8

Breast cancer is an obesity-related type of cancer, and sed-
entary behavior and physical inactivity are known risk factors 
for it. The results of a meta-analysis integrated from 21 ob-
servational studies with 34 reports showed that sedentary be-
havior was found to increase the risk of breast cancer (pooled 
odds ratio [OR] with a 95% confidence interval [CI] of 1.08 
and 1.04-1.13).8 However, this meta-analysis only identified 
12 studies on sedentary behavior in the occupation domain, 
and the evidence related to it has not been thoroughly as-
sessed. Because the relatively larger proportion of time spent 
for occupation by working-aged adults, it is important to as-
certain if and by how much sedentary behavior in occupa-
tional domains influence the risks of breast cancers. Given 
the missing studies in the previous meta-analysis and addi-
tional recent literature, an improved analysis needs a clear 
understanding of the effect of sedentary work on breast can-
cer risk. Therefore, this systematic review and meta-analysis 
aimed to assess the contribution of sedentary work to breast 
cancer risk quantitatively.

2  |   MATERIALS AND METHODS

The protocol for this systematic review with meta-analysis 
was registered in PROSPERO a priori. The review itself 
was conducted in accordance with the PRISMA statement 
guidelines.9

2.1  |  Searching and selection of studies

Three authors (JL, JYL, MYK) and a trained librarian searched 
the literature in PubMed, Embase, and Cochrane Library on 
January 11, 2020, using the following keywords: (“occupa-
tional physical activity,” “occupational physical inactivity,” 
“sedentary work,” “occupational sitting time,” “light work,” 
“occupational energy expenditure”) AND (“cancer,” “tu-
mour,” “malignant,” “neoplasm,” “carcinoma”). Among the   
preliminary results, articles reporting the effects of breast 
cancer in English were used in this study. Two authors (JL 
and JYL) screened eligible studies per titles and abstracts. 
Furthermore, they selected available studies using the fol-
lowing inclusion criteria by reviewing all the articles' full 
texts. Three authors (JL, JYL and MYK) also examined the 
articles' reference lists from retrieved studies; studies not in-
cluded in the preliminary search results were also included in 
the analysis.

2.2  |  Inclusion criteria

We included cohort and case-control studies on breast cancer 
reporting effect sizes and 95% CI of “sedentary work” as an 
exposure variable. All studies with different study popula-
tions, for example, articles of postmenopausal women only 
or carcinoma in situ, were also included.

2.3  |  Extraction of data

From the included articles, we extracted the study name 
(first author and publication year), study design, country, 
the total number of participants, number of cases, seden-
tary work definition, comparison group definition, and ef-
fect sizes (odds ratios for case-control studies and relative 
risks/hazard ratios for cohort studies) with 95% CI. Most 
of the studies used multiple levels of occupational physi-
cal activity. The basic principle to select effect sizes was to 
compare the least active group with the most active group. 
Some studies reported effect sizes of the occupationally ac-
tive group compared with the sedentary group. In this case, 
we used reciprocal numbers of the effect sizes and confi-
dence intervals of the comparison.
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2.4  |  Quality assessment

The Newcastle-Ottawa Scale is a tool widely used in the 
quality assessment of the meta-analysis of observational 
studies.10 Three authors independently estimated the quality 
score using the Newcastle-Ottawa Scale. Afterward, they re-
solved disagreements by discussion. Studies were classified 
into two categories: fine (six stars or more) and coarse (five 
stars or less).

2.5  |  Statistical analysis

We calculated the overall pooled risk ratios (RRs) and 95% 
CI with a random-effect model from the included studies. 
Furthermore, we performed stratified analyses by publica-
tion year, study location, quality assessment, sedentary work 
definition, and adjusted variables, including body mass index 
(BMI), recreational or leisure-time physical activity (LTPA), 
and experience of hormone replacement therapy (HRT). 
Some studies have reported divided results by menopausal 
status, estrogen/progesterone receptor, or stage (in situ vs 
invasive). We also performed subgroup meta-analyses using 
these stratified results.

The heterogeneity among the studies was assessed by 
I2 statistics following these criteria: I² of <25%, 25%-50%, 
and <75% was set to low, moderate, and high, respectively. 
Begg's and Egger's tests were used to evaluate publication 
bias.11,12 A visual inspection was conducted using a fun-
nel plot. We used R software (Vienna, Austria) with its 
“meta” package.13 All statistical tests were two-sided. A 
P-value of 0.05 and a 95% CI were considered statistically 
significant.

3  |   RESULTS

3.1  |  Study selection

Overall, we found 5381 studies regarding (occupational) 
physical activity and cancer by preliminary searching. We 
collected 136 studies eligible for the analysis between sed-
entary work and cancer after the removal of duplicates and 
screening of the abstract. Among them, 34 studies (16 cohort 
studies14-29 and 18 case-control studies30-47) met our inclu-
sion criteria. Because three and two studies were from the 
same cohort (European Prospective Investigation into Cancer 
[EPIC]20,27,29 and Black Women's Health Study,24,27 respec-
tively), we selected studies that could represent the overlapped 
population.24,29 Finally, 31 studies (13 cohort studies and 18 
case-control studies) were included in the analysis (Figure 1).

3.2  |  Characteristics of the studies

Most of the selected studies did not use the same definition 
for sedentary work. Three main types of definitions were 
used: types of work, sitting time at work, and the metabolic 
equivalent of task (MET). We assessed five cohort studies 
and seven case-control studies of fine quality. Studies with 
fine quality tended to have fewer participants. However, this 
tendency was not absolute (Table 1).

3.3  |  Overall analysis

The overall pooled estimates were an RR of 1.16 (95% 
CI 1.08-1.23). The effects were 1.20 (95% CI 1.10-1.30) 

F I G U R E  1   Flow diagram of processes for study selection in the meta-analysis
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and 1.12 (95% CI 1.02-1.23) for cohort and case-control 
studies, respectively (Figure  2). The pooled estimates 
were almost the same between the two design groups, 
as no difference was observed between them (P for dif-
ference  =  0.31). The overall I2 score was 68%, which 
showed high heterogeneity (P  <  .01). The I2 scores by 
study design were 69% and 53% for cohort studies and 
case-control studies, respectively, with high heterogene-
ity (P < .01).

The visual inspection of the funnel plot showed asym-
metry (Figure 3). The P-values for Begg's and Egger's tests 
were 0.03 and 0.04, respectively. This publication bias was 
diluted in the sensitivity analysis limited to the studies of 
high quality, although visual asymmetry was still seen in the 
sensitivity analysis limited to fine-quality studies (Figure 4). 
However, the P-values for Begg's and Egger's tests were 0.78 
and 0.96, respectively. Because of the differences in study 
design, we also generated funnel plots by study design (co-
hort and case-control, Figures S1 and S2). The P-values for 
Begg's and Egger's tests were 0.46 and 031, respectively, 
for cohort studies and 0.16 and 0.34, respectively, for case-
control studies.

3.4  |  Subgroup analysis

All the studies assessed sedentary work using the following 
three methods (Table 2): classifying types of work, assessing 
daily sitting time at work, and calculating METs. Studies that 
assessed the type of work and METs showed significantly 
increased RRs (1.18 95% CI [1.09-1.27] and 1.21 95% CI 
[1.04-1.40], respectively). However, studies with sitting time 
did not (RR, 1.07; 95% CI, 0.91-1.25). Studies with METs, 
which were all case-control designs, showed low heterogene-
ity (I2 = 30.7%, P = .22).

All studies from Europe and Asia showed significantly 
increased RRs (1.17 95% CI [1.03-1.32] and 1.21 95% CI 
[1.03-1.42], respectively). However, studies from America 
did not (RR, 1.08; 95% CI, 0.95-1.23). All pooled RRs by 
publication year showed significant RRs (1.19 95% CI [1.11-
1.28] and 1.12 95% CI [1.00-1.25], respectively). Pooled RR 
from coarse-quality studies showed significant RR (1.20 95% 
CI [1.11-1.30]), while the RR did not meet statistical signifi-
cance among fine-quality studies (1.08 95% CI [0.97-1.20]).

All studies that adjusted BMI, LTPA, or HRT showed sig-
nificant RRs. However, results from the subgroup analyses 

F I G U R E  2   Forest plot of risk ratios between sedentary work and breast cancer, divided by study design
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based on menopausal status (n = 10 for premenopausal and 
n = 11 for postmenopausal) or cancer characteristics (n = 3 
for carcinoma in situ only, n = 2 for estrogen receptor-positive 
only, and n = 2 for estrogen receptor-negative only) did not 
yield significant results at all. The pooled result from stud-
ies that have not mentioned about menopausal status showed 
significantly increased risk (RR, 1.21 95% CI [1.14-1.29]).

4  |   DISCUSSION

In this study, we quantitatively reviewed the existing obser-
vational epidemiologic evidence on the relationship between 

sedentary work and breast cancer risk. Compared with the 
previous meta-analysis,8 we included 19 additional stud-
ies and explored the influence of the occupational domain 
of sedentary behavior in more depth. The findings from this 
systematic review and meta-analysis suggest that sedentary 
behavior within the occupational domain was associated with 
a 15.5% increased risk of breast cancer, while previous meta-
analysis reported only showed 10% increased risk of breast 
cancer associated with occupational sedentary behavior.8 
This may be because recently published studies have pro-
duced relatively higher risk estimates.16,18,19,21,24,47

Several plausible biological mechanisms have been pro-
posed to explain how sedentary behavior increases the risk 
of breast cancer, including the possible effect of sedentarism 
on adiposity, insulin resistance, systemic inflammation, sex 
hormones, and breast density. These are thought to contrib-
ute to the development and progression of breast cancer.8 
Most of the available evidence implies the role of reducing 
energy expenditure with weight gain over time, leading to 
cancer development. Adiposity can promote carcinogene-
sis through several pathways, including elevated estrogen in 
postmenopausal women, insulin resistance, perturbation of 
the insulin-like growth factor axis, and low-grade systemic 
inflammation.48 In our meta-analysis, however, the effect of 
sedentary work did not seem to be consistently attenuated by 
controlling BMI. Accumulating epidemiological evidence 
suggests that higher physical activity levels may lower the risk 
of certain types of cancers independent of BMI.49 For exam-
ple, Reeves et al reported that overweight, the most apparent 
consequence of sedentary behavior, was an independently-
related breast cancer risk in postmenopausal women, sug-
gesting that fat accumulated through sedentary behavior is 
an independent contributor to breast cancer and a mediator 
in other pathways.50 Nevertheless, the impact of sedentary 
behavior on cancer incidence, especially obesity-related can-
cer, does not seem to be entirely adiposity-independent to 
date. The potential role of the adiposity-independent path-
way on this association requires further clarification, as this 
knowledge can help provide a better interpretation of current 
knowledge in this specific area of interest.

Sex hormones, including estrogens, are associated with an 
increased risk of pre- and postmenopausal breast cancer.51 
Sedentary behavior and physical inactivity have been hypoth-
esized to influence the endogenous production of sex steroid 
hormones by altering menstrual cycle patterns and increasing 
body fat.52 However, adjustments for menopausal status or 
HRT did not significantly attenuate the association between 
sedentary work and breast cancer in our subgroup analyses, 
suggesting that sedentary work does not wholly exert its bio-
logical effects hormonal mechanisms.

We noted that the positive association between seden-
tary work and breast cancer was less pronounced among 
fine-quality studies than others. The stronger association in 

F I G U R E  3   Funnel plot for the studies between sedentary work 
and breast cancer

F I G U R E  4   Funnel plot for the studies between sedentary work 
and breast cancer, fine-quality studies only
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low-quality studies could arise from biases, such as selec-
tion bias, recall bias, misclassification, and confusion, which 
may have obliterated the true relationship in those studies. 
However, pooled estimates were almost the same between 
cohort and case-control studies (1.20 and 1.12, respectively), 
although prospective cohort studies are less prone to healthy 

worker selection bias and recall bias than case-control stud-
ies. In addition, we could not find statistical differences by 
assessment for comparison, publication year, and meno-
pausal status. Likewise, the difference by study region was 
statistically insignificant, but studies from Asian countries 
showed slightly stronger associations of breast cancer risk 

Subgroup
Number of 
studies included Pooled RR I2

P-value for 
heterogeneity

Assessment for comparison

Type of work 18 1.178 [1.090; 1.273] 70.0% <.0001

Sitting time 8 1.069 [0.914; 1.250] 60.1% .0143

MET 5 1.208 [1.042; 1.402] 30.7% .2168

P value for subgroup difference = .4789

Region

Europe 15 1.168 [1.030; 1.324] 55.1% <.0001

America 12 1.079 [0.945; 1.231] 61.7% .0025

Asia 4 1.207 [1.029; 1.416] 0.0% .5572

P value for subgroup difference = .2427

Publication year

Before 2010 19 1.187 [1.105; 1.275] 53.8% .0026

After 2010 12 1.120 [1.004; 1.249] 61.6% .3389

P value for subgroup difference = .3814

Quality assessmenta 

Fine 12 1.081 [0.974; 1.200] 51.6% .0192

Course 19 1.202 [1.113; 1.297] 65.1% <.0001

P value for subgroup difference = .1092

Adjustment of confounderb 

BMI 18 1.114 [1.025; 1.210] 54.0% .0034

LTPA 14 1.163 [1.068; 1.267] 68.9% <.0001

HRT 10 1.144 [1.033; 1.267] 61.8% .0051

Menopausal status

Premenopausal 10 1.099 [0.968; 1.247] 10.7% .3444

Postmenopausal 11 1.105 [0.968; 1.263] 67.8% .0006

Not mentioned 19 1.212 [1.138-1.290] 47.6% .0113

P value for subgroup difference = .9487

Cancer characteristics

Carcinoma in 
situ only

3 1.045 [0.959; 1.139] 0.0% .9527

Estrogen 
receptor 
positive

2 1.102 [0.971; 1.252] 0.0% .8435

Estrogen 
receptor 
negative

2 1.162 [0.843; 1.602] 42.5% .1874

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; LTPA, leisure-time physical 
activity; MET, metabolic equivalent of task.
aThe cutoff value for quality assessment with Newcastle-Ottawa Scale was six stars: fine (six stars or more) 
and coarse (five stars or less).
bSubgroups of studies that had used confounders listed in the table were analyzed independently.

T A B L E  2   Pooled risk of breast cancer 
according to sedentary work derived from 
subgroup analysis
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with sedentary work, compared with that from American 
regions. We assumed that most of the population within 
these areas are of similar race and ethnicity. There may be 
inequities regarding social ort, cultural norms, or economic 
obligations across the study region. Based on the above find-
ings, we propose that race and ethnicity should be considered 
important effect modifiers in the analysis while investigating 
the associations between risk of breast cancer and sedentary 
work in future studies.

This systematic review and meta-analysis on the relation-
ship between sedentary work and breast cancer risk is ex-
tensive and comprehensive. All existing scientific evidence 
from 31 epidemiological studies was included. Therefore, 
the results of meta-analyses provide sufficiently reliable es-
timates of breast cancer risk associated with sedentary work. 
However, some methodological limitations of this study must 
be considered. First, there were variations across studies in the 
methods used to ascertain sedentary work as exposure, and 
categorization of sedentary work was highly heterogeneous; 
therefore, it was difficult to make direct comparisons between 
the included studies. Moreover, there are concerns regarding 
the validity and reliability of job title-based and self-reported 
engagement in sedentary work, which was likely to cause a 
recall bias and exposure misclassification. A recent Japanese 
research demonstrated that without real-time feedback of in-
dividuals' current activity levels, subjective sedentary time 
might be underestimated compared with objective measure-
ment of sedentary time.53 Hence, it is expected that these pos-
sibilities would bias the results toward the null. Even though 
there was moderate heterogeneity throughout the study, our 
subgroup analysis of study characteristics identified some 
causes of this heterogeneity, such as publication year and study 
region. Second, due to the limited number of studies reporting 
information for potential confounding factors (eg gene, race/
ethnicity, following a healthy diet, having regular medical 
check-ups, and hormone receptor status), we were unable to 
perform subgroup analyses based on most of these factors. 
Third, because we used the extreme categories of highest and 
lowest sedentariness levels as exposure measures, we were not 
able to investigate a dose-response relationship. Finally, it is 
suspected that the associations observed in the meta-analysis 
of published studies may suffer from publication bias because 
studies with null results tend not to be published. However, 
contour-enhanced funnel plots showed that many insignificant 
results were included in our meta-analysis, and there was no 
evidence for a separate test by study design and sensitivity 
analysis limited to fine-quality studies. Furthermore, we only 
selected literature written in English, which may have resulted 
in a language or cultural bias.

In summary, this systematic review and meta-analysis of 
observational epidemiologic studies with the most up-to-date 
evidence showed that sedentary work is significantly associ-
ated with breast cancer risk. This finding indicates that it is 

essential to reduce the sedentary time spent at work and to 
secure time for LTPA among sedentary workers as a primary 
preventive measure.
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