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ABSTRACT

Objectives Sedentary behaviour (SB) is associated with
increased risks of breast, colorectal, endometrial, ovarian
and rectal cancers. However, the number of cancer cases
attributable to SB in Germany and the associated costs are
unknown.

Setting Numbers and proportions (population-attributable
fractions, PAF) of new cancer cases attributable to SB with
published risk estimates for Germany for the years 2024,
2030 and 2040.

Participants Sex-specific and age-specific population
projections, national cancer incidence and exposure data.
Primary and secondary outcome measures: new cancer
cases attributable to SB and healthcare costs associated
with cancer cases attributable to SB in Germany for the
year 2024.

Results Estimated numbers of cancers attributable to SB
are projected to be up to 7612 cases (6% of total cancer
cases) in 2024, up to 7899 cases (6%) in 2030 and up

to 8245 cases (6%) in 2040. The PAF attributable to SB

in women is 3% for breast cancer, 8% for colon cancer,
9% for both endometrial and ovarian cancers and 2%

for rectal cancer. In men, the PAF is 9% for colon cancer
and 3% for rectal cancer. In 2024, the estimated costs of
SB-attributable cancers are €270 million for colon cancer,
€51 million for rectal cancer, €234 million for breast
cancer and €242 million for female genital cancers.
Gonclusions A considerable number of cancer cases can
be attributed to SB, which also imposes a large health
economic burden. Implementing effective prevention
measures, such as workplace, school or commuting
interventions, is needed to reduce the incidence of cancer
attributable to this modifiable risk factor.

INTRODUCTION

Western lifestyles are characterised by
prolonged sedentary behaviour (SB). SB is
defined as any waking behaviour character-
ised by an energy expenditure of <1.5 meta-
bolic equivalents of task while in a sitting,
reclining or lying posture.1 Worldwide, adults
spend more than 6 hours per day engaged in
SB,? with even more time observed in high-
income countries like Germany, where 70%
of adults spend 4hours or more per day in
sedentary behaviours.” High levels of SB are

1,4

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study relied on sedentary behaviour prevalenc-
es from a broad German population survey.

= Insights into confounding factors are limited due to
the non-availability of such measures in German
cancer registry data.

= The study assumed constant cancer incidence rates
and SB prevalences, potentially underestimating the
future cancer burden.

associated with increased risks of various
chronic diseases, including cardiovascular
disease, type 2 diabetes and cancer.™™

Specifically, high levels of SB are associated
with increased risks of developing breast,
colorectal, endometrial, ovarian and rectal
cancers.” Globally, when focusing on these
cancer types for both sexes combined, breast
cancer is the most common, accounting for
15% of cancer cases, followed by colon (6%),
rectum (4%) endometrial (2%) and ovarian
(2%) cancers.® In Germany, cancer is the
second leading cause of death, responsible
for 230292 deaths in 2023, representing 22%
of all deaths.” Given the high prevalence of
SB and its associations with chronic diseases,
the WHO has included specific recommenda-
tions to reduce SB in its latest guidelines on
physical activity and SB."

Given the positive association between SB
and cancer, previous studies have estimated
country-specific cancer incidence attribut-
able to SB, such as the UK and Canada.!' 2
In Germany, previous studies have calculated
the proportion of cancer cases attributable
to various lifestyle habits, including smoking,
alcohol consumption, overweight, physical
inactivity and unhealthy diet."”” '* However,
the number of cancer cases attributable to
SB has not yet been calculated for Germany.
Moreover, the extent to which this cancer
burden contributes to healthcare costs in
Germany is unknown.
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In the present study, we estimate the proportion and
number of cancer cases attributable to SB in Germany for
the years 2024, 2030 and 2040 among adults aged 35-84.
Additionally, we estimate the direct healthcare costs asso-
ciated with SB-related cancers in Germany.

METHODS

Prevalence of sedentary behaviour in Germany

We obtained data on SB prevalence from national
surveys.” Among the German adult population, 69.7%
reported sitting for 4hours or more per day, 36.3% for
6hours or more and 19.5% for 8hours or more. In our
analyses, we used SB prevalence rates of 67.0%, 32.8%
and 16.7% for women who sat for >4 hours, >6 hours and
=8 hours per day, respectively. For men, the SB prevalence
rates were 72.5%, 39.9% and 22.3% for sitting times of
>4 hours, 26 hours and =8 hours per day, respectively. To
further assess the number of cancer cases attributable to
SB, we additionally assessed mutually exclusive SB prev-
alences (women: 33.1%, 50.3%, 16.7%; men: 27.5%,
50.2%, 22.3%, for <4hours, 4-8 hours and >8 hours of SB,
respectively).

Cancer risk

To assess the association between SB and cancer risk, we
referred to a 2022 umbrella review and meta-analysis,”
which found that high SB levels were associated with a

25% higher risk of colon cancer and a 7% higher risk of
rectal cancer. We used gender-combined risk ratios, as the
analysis reported no significant heterogeneity by sex.” For
female-specific cancers, the study reported an 8% higher
risk of breast cancer and a 29% higher risk of both endo-
metrial and ovarian cancers.

Estimation of incident cancer cases

To estimate the number of cancer cases attributable to SB,
we used 2018 data from the German Cancer Registry'” for
cancers of the colon, rectum, breast, endometrium and
ovary. The crude incident rates for both genders and each
cancer type were obtained. To estimate the age-specific
and gender-specific population sizes up to 2040, we used
population projection variants from the Federal Statis-
tical Office. We assumed moderate birth rates, life expec-
tancy and migration balance, using the model ‘variant 2’
(G2-L.2-W2)."°

Estimation of costs attributable to sedentary behaviour

Healthcare costs for cancers were obtained from the
Federal Statistical Office of Germany for the year 2020."
In that year, the total annual healthcare costs in Germany
were €412 341 million. We estimated the costs attribut-
able to SB for specific cancers for 2020, assuming that
the proportion of cancer costs attributable to SB in 2020
corresponds to the percentage of cases attributable to SB
in 2024. However, for female-specific cancers, cost data

Table 1 Estimated cancer cases attributable to sedentary behaviour for 2024
Group Men Women
Sedentary behaviour time >4 hours >6 hours >8hours >4 hours >6 hours >8hours
Prevalence 72.5% 39.9% 22.3% 67.0% 32.8% 16.7%
Colon (C18-C20) 4787 2839 1656 3140 1654 880
PAF 15.3% 9.1% 5.3% 14.4% 7.6% 4.0%
Percentage of the population 0.0268% 0.0289% 0.0302% 0.0180% 0.0193% 0.0202%
Rectum (C21) 36 20 12 63 32 17
PAF 4.9% 2.7% 1.6% 4.5% 2.2% 1.2%
Percentage of the population 0.0002% 0.0002% 0.0002% 0.0004% 0.0004% 0.0004%
Breast (C50) 3259 1612 816
PAF 5.1% 2.5% 1.3%
Percentage of the population 0.0187% 0.0188% 0.0187%
Endometrium (C54-C55) 1670 892 471
PAF 16.2% 8.7% 4.6%
Percentage of the population 0.0096% 0.0104% 0.0108%
Ovary (C56) 1055 563 297
PAF 16.2% 8.7% 4.6%
Percentage of the population 0.0060% 0.0066% 0.0068%
All above cancer cases combined 4823 2859 1668 9188 4753 2481
PAF 10.1% 5.9% 3.4% 11.3% 5.9% 3.1%
Percentage of the population 0.0270% 0.0291% 0.0304% 0.0526% 0.0556% 0.0570%

Cancer types were classified according to International Classification of Diseases (ICD)-10.

PAF, population-attributable fraction.
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Figure 1 Estimated number and population-attributable fraction (PAF) of site-specific incident cancer cases attributable
to sedentary behaviour among women in Germany for the year 2024, by different levels of sedentary behaviour prevalence
(>4 hours, >6hours, >8hours). Cancer types were classified according to International Classification of Diseases (ICD)-10.

were only available for breast cancer and a combined
category of all gynaecological cancers (excluding cervical
cancer). Therefore, the costs related to endometrial
and ovarian cancers are summarised and approximated
in our study. Total annual costs in Germany in 2020
were €1818million, €1099million, €4423 million and
€1439million related to cancers of the colon, rectum,
breast and gynaecological cancers, respectively. All costs
are reported in euros (€).

Statistical analysis

We calculated the population-attributable fractions
(PAFs) to estimate the number of cancer cases attrib-
utable to SB among men and women aged 35-84 in
Germany. The PAF provides a summary measure of the
extent to which the incidence or prevalence of a disease
could be reduced if a specific risk factor were eliminated
in a given population. We applied the commonly used
Levin’s formula for calculating the PAF':

_ Z(px x ERRx)
PAF = I'5 (px x ERRx)

In this formula, p_represents the proportion of the
population with exposure level x (ie, the prevalence of
SB) and ERR is the excess relative risk associated with
exposure level x, calculated as relative risk minus one.

We report results separately for population groups
with different levels of SB, that is, >4 hours, >6 hours and
=8 hours, for both men and women as well as proportions
of cancer cases relative to the population size of those
groups. Additionally, we estimate the number of cancer
cases attributable to SB for the years 2024, 2030 and 2040.

Lastly, healthcare costs for 2024 were estimated by
multiplying the PAFs with the total cancer-specific health-
care costs in Germany.

All calculations were performed using Microsoft Excel
(Microsoft, Redmond, Washington, USA) and RV.4.2.3.18

Patient and public involvement
Neither patients nor the public were involved in this study.

RESULTS
We estimated 135598 cancer cases among adults aged
35-84 years in Germany in 2024, of which 14010 were
attributable to SB of >4hours per day. Specifically, we esti-
mated 9188 cancer cases attributable to SB (PAF=11.3%)
among women and 4823 cases (limited to colon and rectal
cancers, PAF=10.1%) among men (table 1, figures 1 and 2).
Similar patterns were noted for longer durations of
SB, with lower numbers of cancer cases due to the lower
prevalence of extended SB. However, the proportion of
cases at the population level increased with extended SB.
For example, considering >8hours of SB, 4149 cancer
cases were estimated (men: n=1668, PAF=3.4%; women:
n=2481, PAF=3.1%) (table 1). For 2024, we estimated
the cancer cases attributable to mutually exclusive preva-
lences of SB separately for men and women (table 2). For
example, 50.2% of men were in the group of 4-8 hours of
daily SB which resulted in a total of n=3520 attributable
cancer cases (PAF=7.3%). With a prevalence of 50.3% of
women in the same group of daily SB, a total of n=7074
cancer cases (PAF=8.8%) were attributable to SB. We
also projected cancer cases for the years 2030 and 2040,
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Figure 2 Estimated number and population-attributable fraction (PAF) of site-specific incident cancer cases attributable to
sedentary behaviour among men in Germany for the year 2024, by different levels of sedentary behaviour prevalence (>4 hours,
>6hours, >8 hours). Cancer types were classified according to International Classification of Diseases (ICD)-10.
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noting a slight increase in numbers. For example, based
on >4hours of SB, we estimated 5066 total cancer cases
for men and 9461 for women in 2030, and 5386 for men
and 9756 for women in 2040 (table 3).

Specific cancer risk
Based on a prevalence of 24 hours of SB, we estimated 7927
colon cancer cases (PAF=5.8%) and only 99 rectal cancers
(PAF=0.1%) for 2024. Estimates for colon cancer were
higher for men (n=4787, PAF=15.3%) than for women
(n=3140, PAF=14.4%), while the estimates for rectal
cancer were fairly low (men: n=36, PAF=4.9%; women:
n=63, PAF=4.5%). For breast cancers associated with
>4hours of SB, we estimated 3259 cases (PAF=5.1%) for
2024. Although more endometrial cancer cases (n=1670)
were estimated than ovarian cancer cases (n=1055), the
PAFs were equally high at 16.2%.

Similar patterns were noted for longer durations of
SB (table 1, figures 1 and 2). For example, with 28 hours

of SB, 2536 colon cancer cases were estimated (men:
n=1656, PAF=5.3%; women: n=880, PAF=4.0%).

Regarding projections for 2030 and 2040, the estimated
number of cancer cases has increased. For example, with
>4hours of SB, colon cancer cases were projected to
increase to 5029 for men and 3263 for women in 2030,
and further to 5349 for men and 3481 for women in 2040
(table 3).

Healthcare costs

We estimated the total cancer-specific costs attributable
to SB. For cancers attributable to SB (>4 hours), the costs
were €270 million for colon cancer, €51 million for rectal
cancer, €234 million for breast cancer and €242 million
for female genital cancers (excluding cervical cancer).
These costs represent 0.2% of the total annual healthcare
costs. Detailed estimates for all levels of SB are provided
in table 4.

Table 2 Estimated cancer cases attributable to mutually exclusive prevalences of sedentary behaviour for 2024

Group Men Women
Sedentary behaviour time <4hours 4-8hours >8hours <4hours 4-8hours >8hours
Prevalence 27.5% 50.2% 22.3% 33.1% 50.3% 16.7%
Colon (C18-C20) 2016 3495 1656 1673 2443 880
PAF 6.5% 11.2% 5.3% 7.7% 11.2% 4.0%
Rectum (C21) 12 25 12 32 48 17
PAF 1.6% 3.4% 1.6% 2.2% 3.4% 1.2%
Breast (C50) 1612 2447 816
PAF 2.5% 3.8% 1.3%
Endometrium (C54-C55) 900 1310 471
PAF 8.8% 12.7% 4.6%
Ovary (C56) 569 827 297
PAF 8.8% 12.7% 4.6%
All above cancer cases combined 2028 3520 1668 4786 7074 2481
PAF 4.0% 7.3% 3.4% 6.0% 8.8% 3.1%

Cancer types were classified according to International Classification of Diseases (ICD)-10.

PAF, population-attributable fraction.
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Table 3 Gender-specific estimated cancer cases attributable to sedentary behaviour and population attributional fractions

(PAF) for 2030 and 2040

Men (cases/PAF)

Women (cases/PAF)

>4 hours >6 hours >8 hours >4 hours 26 hours >8hours
(72.5%) (39.9%) (22.3%) (67.0%) (32.8%) (16.7%)
2030

Colon (C18-C19) 5029 (15.3%) 2983 (9.1%) 1740 (5.3%) 3263 (14.4%) 1719 (7.6%) 914 (4.0%)
Rectum (C20-21) 36 (4.6%) 20 (2.7%) 12 (1.6%) 64 (4.5%) 32 (2.2%) 17 (1.2%)
Breast (C50) 3337 (5.1%) 1651 (2.5%) 836 (1.3%)
Endometrium (C54-C55) 1711 (16.2%) 913 (8.7%) 482 (4.6%)
Ovarian (C56) 1086 (16.2%) 580 (8.7%) 306 (4.6%)
All cancer cases combined 5066 (10.1%) 3004 (5.9%) 1752 (3.4%) 9461 (11.3%) 4895 (5.9%) 2556 (3.1%)

2040
Colon (C18-C19)
Rectum (C20-21)
Breast (C50)
Endometrium (C54-C55)
Ovarian (C56)
All cancer cases combined

5349 (15.3%)

37 (4.9%) 21 (2.7%)

5386 (10.1%)

3173 (9.1%)

3194 (5.9%)

1851 (5.3%)
12 (1.6%)

3481 (14.4%)
65 (4.5%)
3354 (5.1%)
1733 (16.2%)
1123 (16.2%)
9756 (11.3%)

1834 (7.6%)
32 (2.2%) 17 (1.2%)
1659 (2.5%) 840 (1.3%)
925 (8.7%) 488 (4.6%)
600 (8.7%) 317 (4.6%)
5051 (5.9%) 2638 (3.1%)

976 (4.0%)

1863 (3.4%)

Cancer types were classified according to International Classification of Diseases (ICD)-10.

DISCUSSION
To the best of our knowledge, the incidence of cancer
attributable to SB has not been previously investigated
for Germany. Our study revealed that in 2024, more than
10% of cancer cases in Germany will be attributable to
SB, which underscores the significant contribution of SB
to the growing cancer burden in the country. Specifically,
we estimated that 15% of male and 14% of female colon
cancers, 5% of male and female rectal cancers, 16% of
endometrial cancers, 16% of ovarian cancers and 5% of
breast cancers were attributable to at least 4hours of SB
daily. Moreover, we estimated that at least 4hours of SB
per day is associated with cancer-specific healthcare costs
of €797million, representing 0.2% of total health expen-
diture in Germany.

Our results are broadly consistent with findings from
other countries, but there are notable differences for
specific cancer types. For example, the Canadian Cancer

Table 4 Estimated costs in Euro in millions for sedentary
behaviour (SB)-attributable cancers for Germany for 2020

>4 hours of >6hours of >8hours of
SB (69.7%) SB (36.3%) SB (19.5%)

Colon (C18-C19) 269.8 151.3 84.5
Rectum (C20-21) 51.1 27.2 14.8
Breast (C50) 233.6 124.8 67.9
Gynaecological 242.0 137.1 77.0
cancers

Gynaecological cancers were classified according to International
Classification of Diseases (ICD)-10 codes C51-C52, C54-C58.

Society published data in 2015 on cancers attributable
to SB, reporting population-attributable risks of 7% for
colorectal cancer, 10% for endometrial cancer, 12% for
ovarian cancer and 3% for breast cancer.'' Their estimates
for ovarian and colorectal cancers are lower than those
in our study. Similarly, a study in the UK estimated that
9% of colon cancers and 8% of endometrial cancers were
attributable to SB, accounting for 0.6% of the total expen-
diture of the National Health Service in 2016/2017." In
contrast, our cost estimates were higher; for example, we
estimated approximately €151 million in healthcare costs
attributable to SB for colon cancer, compared with the
€35 million reported in the UK study. These differences
may be due to variations in SB estimates, relative risks,
reference years, inflation and the generally higher level
of health expenditures in Germany compared with the
UK. As a result, direct comparisons may not be appro-
priate. Nevertheless, our findings show that SB-attribut-
able, and therefore potentially preventable, cancer cases
contribute significantly to healthcare costs in Germany.
Although we assumed constant cancer incidence rates
and SB prevalences, demographic changes, including an
ageing population, are expected to lead to an increase
in SB-attributable cancer cases. Consequently, the health-
care system in Germany must prepare for a growing SB-as-
sociated cancer burden and its related costs.

There is a growing body of evidence that identifies the
potential molecular mechanisms linking SB with increased
cancer risk." These mechanisms include slowed metabo-
lism, which can lead to higher body weight, obesity and
an increased proportion of body fat. SB is also positively
associated with insulin resistance and altered levels of
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growth factors (eg, insulin-like IGF-1 and VEGF), steroid
hormones (eg, oestrogens and oestrogen metabolite)
and adipokines (eg, leptin or adiponectin).*” *' These
changes can modulate the immune system, resulting
in chronic low-grade inflammation, which may cause
higher pain levels and reduced motivation to be physi-
cally active.”” Additionally, prolonged sitting can alter
blood flow to the organs, particularly in the pelvic area.”
Several pathways associated with SB are thought to
contribute to oxidative stress, DNA methylation, telomere
length alterations, immune function changes and shifts
in the gut microbiome.** Importantly, adiposity may serve
as an intermediate variable linking sedentary behaviour
to cancer through several of the above-mentioned biolog-
ical mechanisms."” Notably, our risk estimates are slightly
stronger or comparable compared with cancer risk esti-
mates for adiposity or physical activity. However, the effect
directions are largely comparable; only ovarian cancer is
more strongly related to SB than to adiposity or physical
activity.” 2°

Policy implications

The findings of the present study highlight the impor-
tance of policy measures aimed at reducing the preva-
lence of SB from both a health promotion and economic
perspective. Consistent with the WHO 2020 guidelines on
physical activity and SB, it is crucial to limit the amount of
time spent sedentary across all age groups and replace it
with physical activity of any intensity.'” The WHO specif-
ically recommends reducing SB in various contexts,
including occupational, educational, home and commu-
nity settings, and transportation.

In the occupational context, while ergonomics has
been a focus in workplace health promotion in Germany,
SB has not been adequately addressed. A comprehen-
sive umbrella review showed that workplace interven-
tions, such as height-adjustable desks, could reduce SB
by nearly 90 min per day.?” However, most workplaces in
Germany are not equipped with height-adjustable desks
as standard.

The same concerns apply to the education system.
While Kkindergartens are generally more activity-
promoting environments, primary, secondary and tertiary
educational institutions are predominantly characterised
by sedentary activities. International recommendations
exist for addressing school-related SB among children
and youth.”® # According to these guidelines, a healthy
school day should include both scheduled and unsched-
uled movement breaks to interrupt periods of SB, incor-
porate different types of movement into homework and
replace sedentary learning activities with movement-
based ones. Specifically, school-related screen time should
be limited and interrupted at least once every 30 min.*
The Sedentary Behaviour Research Network also offers
recommendations for educators, school administrators,
policymakers, parents/guardians, caregivers, physicians
and healthcare providers on how to implement these
school-related SB guidelines.*’

In contrast to occupational and educational settings,
addressing SB in the home environment requires more
individual knowledge and initiative, particularly during
leisure time or while working from home. Information
campaigns about the negative health effects of SB and
specific strategies for reducing it could help raise aware-
ness at both the individual and population levels.

For community settings and transportation, the WHO’s
‘Global action plan on physical activity 2018-2030: more
active people for a healthier world’ provides guidance on
reducing SB and promoting physical activity.”’ In the trans-
portation sector, replacing SB during personal motorised
transportation with active modes of transportation (eg,
walking or cycling) would not only benefit human health
but also positively impact the environment, contributing
to sustainable development and planetary health.”' **

The high prevalence of SB in Germany, along with the
associated cancer cases and healthcare costs, underscores
the need for cross-sectoral prevention and health promo-
tion strategies. Although SB is a lifestyle factor that signifi-
cantly affects health and the healthcare sector, effectively
addressing this risk factor requires coordinated efforts
across multiple sectors.

Strengths and limitations

To our knowledge, this is the first study to present esti-
mates of cancer cases attributable to SB and the associ-
ated healthcare costs in Germany. By using realistic SB
prevalences, we provided results that closely reflect the
actual situation in Germany. Additionally, we calculated
the attributable cancer cases for multiple years and
considered different scenarios based on varying SB prev-
alences. Moreover, we relied on published risk estimates
from studies that accounted for various confounding
factors such as body mass index, smoking and physical
activity.

Our study has some limitations. We relied on SB
prevalences derived from self-reported survey data,
which can introduce various types of bias. However,
the German Health Update (GEDA) is generally
considered representative of the population in
Germany.33 Moreover, we cannot draw any conclu-
sions about dose-response relationships between SB
and cancer cases because our SB prevalences were not
mutually exclusive. While we reported sex-specific
results, we were unable to account for additional
confounding factors, such as genetic characteristics,
previous illnesses or sociodemographic factors, due
to the lack of stratified data in the German cancer
registries as well as the lack of corresponding risk esti-
mates in the literature. We assumed constant cancer
incidence rates and SB prevalences in our projection
due to a lack of corresponding estimates, which may
have led to an underestimation of the future cancer
burden attributable to SB. Lastly, it is important to
acknowledge that SB is not a behaviour that can
be completely avoided. Effective coping strategies
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are needed, and our study provides some potential
avenues to address this issue.

CONGCLUSION

We estimated the number of cancer cases attribut-
able to SB for breast, colon, rectal, endometrial and
ovarian cancers in women and men aged 35-84 years
in Germany. Our analysis suggests that over 14000
new cancer cases in 2024 are attributable to SB,
leading to significant costs for the German healthcare
system. These findings underscore that SB is a major
contributor to the cancer burden in Germany, high-
lighting the urgent need for cross-sectoral prevention
strategies.
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