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Background: Solid evidence has been published in support of a strong association between physical
inactivity and enhanced risk of colorectal and breast cancers. This article aims to objectively assess the
worldwide epidemiology of physical inactivity-related burden of colorectal and breast cancers.

Methods: An clectronic search was performed in the Global Health Data Exchange (GHDx) registry,
a large database of health-related data, using the keywords “low physical activity” in the category “risk”,
combined with “colon and rectum cancer” AND “breast cancer” in the category “cause”. The output of
the electronic search was downloaded in comma-separated values (CSV), imported into an Excel file and
analyzed.

Results: The contribution of physical inactivity on the current burden of disability-adjusted life years
(DALYs) and mortality is estimated at 3.44% and 3.64% for colorectal cancer, and at 1.43% and 1.54%
for breast cancer, respectively. The impact of physical inactivity on the epidemiologic burden of colorectal
cancer is constantly higher in women than in men, whilst it also increases in parallel with the socio-
demographic index (SDI) in both types of cancer. The effect of physical inactivity on DALYs and deaths
caused by these two malignancies remains substantially stable up to the age of 50 years, but then linearly
increases, peaking in the elderly. In multivariable analysis, physical inactivity-related DALYs and deaths
for colorectal cancer were independently associated with female sex, older age and higher SDI. Physical
inactivity-related DALYs and deaths for breast cancer were also independently predicted by older age and
higher SDI.

Conclusions: The contribution of physical inactivity to the current burden of colorectal and breast cancer
seems higher in the elderly, in people living in middle-to-high SDI countries, and in the female sex as

regards colorectal cancer.
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Introduction

According to the World Cancer Research Fund (WCRF)
and the American Institute for Cancer Research (AICR)
physical activity, defined as movements using skeletal
muscles and needing more energy than resting, plays
a substantial role in attenuating the risk of developing
cancer (1). The Third Joint WCRF/AICR Expert Report
recently summarized the currently available evidence on
the relationship between physical activity and cancer (1),
concluding that “strong” evidence exists on the association
between physical inactivity and enhanced risk of colorectal
or breast cancer, whilst “limited” evidence supports
the association between physical inactivity and other
malignancies such as esophagus, lung and liver cancers.
More reliable evidence would then be needed before
concluding that physical activity may influence the risk of
developing many other malignant diseases (1).

The firm statements endorsed by the WCRE/AICR are
supported by a large amount of reliable epidemiologic data
garnered during decades of research in this field. Shaw ez a/.
recently published the results of a large meta-analysis,
encompassing 20 articles covering 18 study populations, and
concluding that the relative risk (RR) of colorectal cancer
is decreased by 28% [RR, 0.72; 95% confidence interval
(CI), 0.39-1.32] and 44% (RR, 0.56; 95% CI, 0.39-0.80)
in subjects with or without a first-degree family history of
colorectal cancer, respectively (2). In another recent meta-
analysis of 38 cohort studies and totaling 68,416 breast
cancer cases, Chen et 4l. concluded that being physically
active reduces by nearly 13% the risk of developing breast
cancer [odds ratio (OR), 0.87; 95% CI, 0.84-0.90] (3).

One of the most effective strategies for reducing the
potential impact of physical inactivity on the risk of
developing (and dying for) cancer, as well as on the risk
of many other human pathologies such as cardiovascular
disease (4), diabetes (5) and osteoporosis (6), entails a
reinforced dissemination of public health recommendations
for appropriate changes in activity levels, especially in
those population subgroups that are most vulnerable to
physical inactivity-related risk (7). Since little is known on
this last aspect to the best of our knowledge, this article
aims to provide an objective assessment of the worldwide
epidemiology of physical inactivity-related cancer, focused
on the two types of malignancies (i.e., colorectal and
breast) in which the possible benefits of physical activity are
considered stronger by the WCRE/AICR.
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Methods

We performed an electronic search in the Global Health
Data Exchange (GHDx) registry, a large database of health-
related data maintained by the Institute for Health Metrics
and Evaluation (8), using the keywords “low physical
activity” in the category “risk” combined with “colon and
rectum cancer” and “breast cancer” in the category “cause”.
The theoretical minimum-risk exposure level of physical
activity has been defined by the Global Burden of Disease
(GBD) study group as performing 3,000-4,500 metabolic
equivalent (MET)-min/week (9). The disability-adjusted
life years (DALYs) has been considered as an indicator of
disease-or risk factor-attributable health loss. The database
searches for physical inactivity and the two types of cancer
was then combined with the epidemiologic variables “year”,
“sex”, “age” and “location” (using “SDI regions”, where
SDI stands for socio-demographic index). The 2017 is the
last searchable year in the GHDx registry, and was hence
selected for reporting updated information on physical
inactivity-related cancer. The impact of physical inactivity
on cancer was reported as percentage of physical inactivity-
related DALYs or deaths on the total amount of DALYs or
deaths caused by colorectal and breast cancers.

The output of the electronic search was downloaded in
comma-separated values (CSV), imported into an Excel
file (Microsoft, Redmond, WA, US) and analyzed with
Analyse-it (Analyse-it Software Ltd, Leeds, UK) and
MedCalc statistical software (MedCalc Software, Ostend,
Belgium). Simple (Pearson’s correlation) and multiple
linear regression analyses were used for assessing potential
associations (and their relative 95% CI) among different
epidemiologic measures, whilst the risk was expressed as
OR and relative 95% CI. The study was performed in
accordance with the Declaration of Helsinki and under the
terms of relevant local legislation. Ethics board approval
is unnecessary at the local institution (University Hospital
of Verona) for articles based on free scientific databases
searches.

Results

According to the last searchable GDHx period (i.e.,
year 2017), the contribution of physical inactivity on the
current burden of disability-adjusted life year (DALYs)
and mortality is currently estimated at 3.44% and 3.64%
for colorectal cancer, and at 1.43% and 1.54% for breast
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Figure 1 Age-dependent effect of physical inactivity-related
DALYs and deaths caused by colorectal and breast cancers. DALYs,
disability-adjusted life years.

cancer, respectively. Regarding the sex distribution of
physical inactivity-related colorectal cancer, the impact
on DALYs (3.54% versus 3.35%; OR, 1.06 and 95% CI,
1.05-1.07; P<0.001) and deaths (3.77% versus 3.54%; OR,
1.07; 95% CI, 1.04-1.09; P<0.001) was found to be slightly
more prevalent in women than in men. The age-dependent
effect of physical inactivity-related DALYs and deaths
caused by colorectal and breast cancers is summarized in
Figure 1. The effect of physical inactivity-related on DALYs
and deaths caused by the two cancers remains substantially
stable, around 2.9% for colorectal cancer and 1.2% for
breast cancer, up to 50 years of age, but then displays a
virtually linear increase after that age (r=0.98 and 95%
CI, 0.88-1.00 for colorectal cancer; r=0.98 and 95% CI,
0.90-1.00 for breast cancer; both P<0.001). A substantial
relationship can be observed between the contribution of
physical inactivity to the epidemiologic burden of colorectal
and breast cancers, whereby the impact of sedentary life
on the risk of these malignancies grows in parallel with the
SDI (Tuble 1). Countries with the highest level of SDI are
those where the impact of physical inactivity on the risk of
colorectal and breast cancers is considerably higher.

In univariate analysis, physical inactivity-related DALYs
and deaths caused by colorectal cancer were significantly
associated with female sex (r=0.20; 95% CI, 0.04-0.35;
P=0.017), advanced age (r=0.82; 95% CI, 0.76-0.87;
P<0.001) and higher SDI (r=0.38; 95% CI, 0.23-0.52;
P<0.001). These associations remained statistically
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significant also in multiple linear regression analysis (all
P<0.01). Physical inactivity-related DALYs and deaths
caused by breast cancer were then significantly associated
with advanced age (r=0.80; 95% CI, 0.70-0.87; P<0.001)
and higher SDI (r=0.51; 95% CI, 0.32-0.66). Also, these
associations remained statistically significant in multiple
linear regression analysis (all P<0.01). The cumulative effect
of age, sex and SDI explained 93 % of all physical inactivity-
related DALYs and deaths caused by colorectal cancer,
whilst the combination of age and SDI explained 94% of
all physical inactivity-related DALYs and deaths caused by
breast cancer.

Discussion

Colorectal and breast cancers are severe and highly
prevalent human pathologies, affecting millions of
subjects worldwide (10). The most recent statistic of the
World Health Organization (WHO) attests that breast
(2.08 million cases) and colorectal (1.80 million cases)
malignancies are the second and the third most frequent
forms of cancer around the world, preceded only by
lung cancer (2.09 million cases) (11). Altogether these
two cancers account for 1.49 million worldwide deaths
each year. Notably, in its recent report the WHO also
emphasizes that nearly one-third of all cancer deaths may be
attributable to five major risk factors, i.e., high body mass
index, low consumption of fruits and vegetables, tobacco,
alcohol and—Ilast but not least—physical inactivity (11).
The potential association between low levels of physical
activity and the risk of developing cancer is ancient. In
1945, for example, Harold Morris postulated that “ample”
physical exercise may be an effective strategy for fostering
cancer prevention (12). Since then, an enormous volume
of evidence-based information has been garnered for
supporting the concept that muscular exercise produces
a kaleidoscope of beneficial effects on several biological
pathways, targeting specific endocrinologic, immunologic
and metabolic processes which actively interplay with
the pathogenesis of several forms of cancer. Being more
physically active and reducing the amount of sedentary time
has hence become a healthcare mantra, for expectations
to lower the worldwide burden of malignant diseases (1).
Although evidence is strongly emerging that the favorable
effects of physical activity may not be certainly limited to
colorectal and breast cancers (13), the joint WCRE/AICR
Expert Report has recently recognized that the overall
evidenced for other malignancies is limited, either in
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Table 1 Impact of low physical activity on the worldwide epidemiology of colorectal and breast cancer according to the SDI

Colorectal cancer

Breast cancer

SDI
DALYs (%) OR Deaths (%) OR DALYs (%) OR Deaths (%) OR

Global 3.44 - 3.64 - 1.43 - 1.54 -

Low 3.16 - 3.39 - 1.23 - 1.31 -

Low to 3.21 1.01 (95% Cl, 3.43 1.01 (95% Cl, 1.27 1.03 (95% Cl, 1.36 1.04 (95% Cl,

middle 1.00-1.03; 0.95-1.08; 1.02-1.05; 0.95-1.14;
P=0.022) P=0.706) P<0.001) P=0.393)

Middle 3.23 1.02 (95% ClI, 3.45 1.02 (95% Cl, 1.29 1.05 (95% Cl, 1.39 1.06 (95% ClI,
1.01-1.03; 0.96-1.07; 1.03-1.07; 0.97-1.16;
P=0.001) P=0.542) P<0.001) P=0.167)

Middle 3.62 1.14 (95% Cl, 3.78 1.12 (95% Cl, 1.53 1.24 (95% Cl, 1.61 1.24 (95% Cl,

to high 1.13-1.16; 1.06-1.18; 1.22-1.26; 1.13-1.35;
P<0.001) P<0.001) P<0.001) P<0.001)

High 3.95 1.25; (95% 4.11 1.21 (95% Cl, 1.79 1.46 (95% Cl, 1.88 1.44 (95% Cl,

Cl, 1.24-1.26; 1.15-1.28; 1.44-1.48; 1.33-1.56;

P<0.001) P<0.001) P<0.001) P<0.001)

SDI, socio-demographic index; DALYs, disability-adjusted life years; OR, odds ratio; Cl, confidence interval.

volume or for methodological flaws (1). These conclusions
have then been endorsed by the WHO (14), the European
Union (15), the US National Institute of Cancer (16) and
the HK-based WCREF (17). Therefore, dissemination of
public health recommendations for appropriate changes
in activity levels becomes crucial, especially in population
subgroups more vulnerable to physical inactivity-related
cancer risk.

Taken together, the results of our analysis on the GDHx
registry would contribute to define a clear picture of the
physical inactivity-related risk of colorectal and breast
cancers, which appears to grow in parallel with age and
SDI, and seems also higher in women concerning colorectal
cancer.

Genetics is one of the most reasonable explanations for
the age-dependent impact of physical inactivity on colorectal
and breast cancer risk. Both these cancers include some
relatively frequent hereditary forms, which are typically
characterized by early onset, usually before 45-50 years of
age (18,19). Such a strong impact of genetic abnormalities
and pathogenic mutations on the risk of developing these
two malignancies would ultimately render the contribution
of physical inactivity less relevant before the middle age.
Another potential mechanism calls for a gradual decline of
the physically active lifestyle that accompanies ageing (20),
so that the impact of an inactive lifestyle on the overall risk
of health loss, including developing cancer and dying for it,
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becomes progressively higher in the elderly.

A second important aspect that has emerged from our
analysis is that women are more likely to develop physical
inactivity-related colorectal cancer than men. This can be
perhaps explained with the worldwide evidence that women
less frequently met the currently recommended physical
activity thresholds (21,22), so that the impact of physical
inactivity on the risk of developing this type of cancer may
be ultimately amplified in the female sex.

The relationship between physical inactivity-related
cancer risk and SDI deserves special scrutiny. Notably, we
found that the risk of physical inactivity-related DALYs
and deaths was over 1.20-fold higher for colorectal cancer
and over 1.40-fold higher for breast cancer when subjects
living in high SDI countries were compared with those
residents in low SDI countries (Table 1). This would
actually imply that the impact of physical inactivity on
the risk of developing cancer is magnified in countries
with higher socioeconomic status. A probable explanation
can be that the burden of insufficient physical activity is
more than double in high-income than in low-income
countries (21), whilst the recommended levels of physical
activity is more frequently met in middle-to-low SDI
countries (23). This would finally lead us to conclude
that people living in middle-high and high SDI countries
exercise less and, therefore, would be at enhanced risk of
developing physical inactivity-related colorectal and breast
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cancers.

In conclusion, our analysis shows that the contribution
of physical inactivity to the current burden of colorectal and
breast cancer is seemingly higher in the elderly, in people
living in middle-to-high SDI countries, and in the female
sex for colorectal cancer.
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