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Introduction
About 30–50% of cancer cases are attributable to 
modifiable risk factors and are thus preventable (1). 
This figure varies by country, mostly according to the 
prevalence of exposure to different risk factors (2,3). 
According to a recent study, half of male cancer cases and 
a quarter of female cancer cases in Tunisia in 2012 were 
considered preventable (4). 

Insufficient physical activity is a risk factor for 
several noncommunicable diseases including cancer. 
Strong evidence exists that an adequate level of physical 
activity is associated with a lower risk of colorectal, 
postmenopausal breast and endometrial cancer (5).

In 2018, breast cancer was the leading cancer type 
among Tunisian women in terms of incidence and the 
second most common cause of cancer-related deaths 
(6). The breast cancer burden in Tunisia is projected 
to rise substantially by 2030 in the absence of control 
interventions (7). Colorectal cancers had the fourth highest 
incidence (6) and an increasing trend was predicted 
mainly because of the epidemiological transition and 
the prevailing risk factors, namely physical inactivity, 
unhealthy diets, overweight and obesity (8).

The World Health Organization (WHO) estimates 
that 6% of annual global deaths are attributable to 
insufficient physical activity, making it the fourth 
leading risk factor for death after hypertension, tobacco 
smoking and high blood sugar (9). WHO recommends a 
minimum of 150 minutes of moderate physical activity 
a week or an equivalent regular activity (9). According 
to the Tunisian Health Examination survey, 57.7% of 
the Tunisian population aged 15 years and older did not 
do enough physical activity and only 8.7% engaged in 
moderate or vigorous intensity leisure-time physical 
activity (10). Estimating the burden of cancer attributable 
to insufficient physical activity is essential to evaluate 
the need for health promotion and primary prevention 
interventions to reduce this burden. Of the cancer cases 
in women attributable to preventable risk factors in 
the WHO Eastern Mediterranean Region in 2012, two 
thirds were attributable to insufficient physical activity 
and infections (4). This study used data from various 
sources to estimate the prevalence of exposures but did 
not provide age-specific and site-specific population 
attributable fractions (PAF) by country (4). Attributable 
deaths and years of life lost were also not considered (4). 
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The aim of our study was to estimate: (i) the number 
and proportion of incident cancer cases and cancer-
related deaths attributable to insufficient physical 
activity among Tunisian population aged 35 years and 
older in 2019 and (ii) the attributable fraction of burden in 
terms of disability-adjusted life years (DALYs).

Methods
Data sources
To estimate the burden of cancers attributable to 
insufficient physical activity, the following data 
elements were required: age-specific cancer incidence, 
mortality rates and DALYs by sex; prevalence estimates 
for different levels of physical activity by age and sex; 
and relative risk (RR) estimates for insufficient physical 
activity by cancer site. Because of the lack of recent 
nationwide data from the cancer surveillance system and 
exhaustive national causes of death statistics in Tunisia, 
we used age-specific incidence data, mortality data and 
DALYs by sex and cancer site for Tunisia in 2019 obtained 
from the Global Burden of Disease study estimates for 
Tunisia in 2019 (11). These estimations were based on 
data from north and central Tunisia cancer registries. 
These registries record all confirmed new primary 
invasive cancer cases diagnosed among residents of 
north and central Tunisia, excluding non-melanoma skin 
cancers. Cancer diagnosis is based on clinical, biological, 
radiological and histopathological examinations. 

We defined insufficient physical activity as low 
or moderate levels of recreational physical activity 
performed during a week. Prevalence estimates of the 
different levels of physical activity among the Tunisian 
population by age and sex were derived from the Tunisian 
Health Examination Survey carried out in 2016 (10). In 
this study, recreational physical activity levels were 
classified as vigorous or moderate using a standardized 
questionnaire administered by an interviewer. 

Vigorous or moderate intensity activities were 
defined as performing recreational physical exercises that 
cause a large or small increase in heart and respiratory 
rates respectively for at least 10 minutes continuously. 
The participants self-reported achieving those levels of 
physical activity, the number of days they performed 
vigorous or moderate intensity sports in a typical week 
and the duration of the activity in hours or minutes in a 
typical day. 

Levels of recreational physical activity were based on 
the overall duration of leisure physical activity in a typical 
week and its intensity. Energy expenditure estimation 
was predicated on the assumption that 60 minutes of 
moderate intensity physical activity equated 6 metabolic 
equivalents hours (METs-h), one MET being the resting 
energy expenditure (4.184 J/kg) (12). We accounted for 
the higher level of energy expenditure in vigorous 
intensity activities by multiplying by a weighting factor 
(× 2) compared with the moderate intensity level (12). 
We classified levels of recreational physical activity 

based on the weekly energy expenditure as: high (≥ 15 
METs-h a week); moderate (7.5–14 METs-h a week); or low 
(< 7.5 METs-h a week) (13,14). Therefore, high-intensity 
recreational physical activity corresponded to at least 
30 minutes a day of moderate intensity activities or 15 
minutes a day of vigorous intensity activities, 5 days 
a week or any equivalent activity in terms of energy 
expenditure.

The RR for cancer sites with strong or probable 
evidence of causal association with insufficient physical 
activity were estimated from meta-analyses and 
comprehensive reports of the World Cancer Research 
Fund. The RR for postmenopausal breast cancer, 
endometrial cancer and colon cancer were obtained from 
the World Cancer Research Fund continuous update 
project (15). The RR for rectal, lung, bladder, renal, gastric 
and oesophageal cancers were extracted from recent 
meta-analyses (16–20) (Table 1). 

Data analysis
We calculated age-specific PAFs by sex to account for 
the proportion of cases that would be avoided with an 
optimal level of recreational physical activity using the 
following equation (13).

PAF = 

where Px is the prevalence of the category of exposure 
x and RRx is risk of cancer for the exposure level x relative 
to the reference category of exposure.

Age-weighted PAFs were calculated as the sum of the 
numbers of attributable cases, deaths or DALYs in each 
associated cancer site related to the total number of cases, 
deaths or DALYs respectively (in all cancer sites or in 
associated cancer sites). 

We used SPSS version 24 for the estimation of weekly 
energy expenditure and the prevalence of insufficient 
physical activity. PAFs were calculated using Microsoft 
Excel 2019. 

Ethical considerations
Ethical approval was not required for this study because 
data from the Global Burden of Disease study and the 
Tunisian Health Examination Survey were anonymized.

Results
Leisure-time physical activity
The prevalence of insufficient physical activity – defined 
as low or moderate levels of recreational physical 
activity – among Tunisian adults aged 35 years and 
older in 2016 was 95.6%. The prevalence of high-level 
recreational physical activity was significantly lower 
among women (2.6%) than men (6.1%; P < 0.001). The 
prevalence of high-level recreational physical activity in 
both sexes decreased significantly with age, from 5.2% 
in the age group 35–44 years to 2.6% in individuals aged 
≥ 65 years (P < 0.001; Table 2). 
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Inadequate physical activity and cancer
Incident cases

In Tunisia in 2019, of the 16 890 estimated incident cancer cases 
among adults aged ≥ 35 years, 1334 cases were attributable 
to inadequate physical activity, accounting for a PAF of 7.9% 
(8.9% in men and 6.7% in women). This proportion was 19.7% 
for endometrial cancer, 12.2% for colorectal cancer and 10.5% 
for post-menopausal breast cancer. The PAFs for lung, gastric, 
kidney, bladder and oesophageal cancers ranged from 11.5% to 
20.3% (Table 3). For cancer sites that are known to be associated 
with inadequate physical activity, 14.6% of incident cancer cases 
were attributable to insufficient physical activity: 16.2% in men 
and 12.6% in women (data not shown in tables).

Deaths

Among an estimated 9368 cancer-related deaths, 922 (9.8%) were 
attributable to insufficient physical activity (10.6% in men and 
8.5% in women). Inadequate physical activity contributed to 431 
deaths related to lung cancer, 141 deaths related to colorectal 
cancer and 101 deaths related to post-menopausal breast cancer 
with PAFs of 17.2%, 12.3% and 12.9% respectively (Table 4). 
Regarding associated cancer sites, the PAF was 15.7% of deaths: 
16.5% in men and 14.3% in women (data not shown in tables).

DALYs

Of 230 900 DALYs related to cancer in 2019, 22 855 were 
attributable to insufficient physical activity, giving a PAF of 
9.9% (10.9% in men and 7.1% in women). For all associated cancer 
sites together, 15.6% of DALYs were attributable to insufficient 
physical activity (14.2% in women and 16.4% in men). Cancer sites 
with the highest PAF for DALYs due to low or moderate levels 
of recreational physical activity were oesophageal cancer (20.1 
%) and endometrial cancer (19.7%) followed by bladder, stomach, 
lung and colorectal cancers (Table 5). The highest attributable 
burden in terms of DALYs was for lung cancer, 10426 DALYs 
(Table 5). 

PAFs for incident cases, deaths and DALYs attributable to 
insufficient physical activity increased with increasing age.

Discussion 
Our study showed that about 7.9% of incident cancer cases, 9.8% 
of cancer deaths and 9.9% of DALYs from cancer among Tunisian 
adults aged 35 years and older in 2019 could be attributed to 
insufficient physical activity. These proportions were 14.6%, 
15.7% and 15.6% for cancer sites known to be associated with 
insufficient physical activity for new cases, deaths and DALYs, 
respectively. 

Prevalence of insufficient physical activity
Despite limitations because of our method of assessing physical 
activity (self-reported), our results are similar to results from a 
repeated Canadian cross-sectional population survey conducted 
between 2007 and 2017, that used accelerometer-measured 
physical activity data, showing that 83.6% of adults aged 18–79 
years did not meet the recommended levels of physical activity 
(21). The prevalence of insufficient recreational physical activity 
among Canadian adults in 2003 was 74.2% according to an 
interview-based population survey (13). These discrepancies Ta
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between self-reported and measured physical activity 
may be because respondents tend to overestimate their 
actual energy expenditure (22). Similarly, we could have 
underestimated the prevalence of insufficient physical 
activity, resulting in an underestimation of the burden of 
attributable cancer. 

However, despite different methods, our estimations 
are considerably higher than average estimations 
worldwide. In fact, the global age-standardized 
prevalence of insufficient physical activity was estimated 
at 27.5% in 2016 and varied by country and world region 
(23). The crude prevalence of insufficient physical 
activity was consistently higher among women across 
different age groups and increased with age as was 
also observed in the 2016 Tunisian Health Examination 
Survey (10,23). In line with the increase in the prevalence 
of insufficient physical activity with increasing age, 
PAFs slightly increased across age groups in both sexes. 
Economic development was associated with lower levels 
of adequate physical activity as a result of urbanization, 
industrialization and greater use of motorized vehicles. 
These findings warrant the promotion of recreational 
physical activity to counter the lack of transportation and 
occupational activities, especially in urban communities 
(23).

Association of cancer with insufficient physical 
activity
We assumed a causal association of 8 cancer sites 
with insufficient physical activity based on the latest 
meta-analyses and biological plausibility through 
various pathways. Indeed, the preventive effect of 
physical activity on cancer risk may be explained by 
different mechanisms, including: reduction in levels 
of circulating hormones and growth factors which 
promote cell proliferation and carcinogenesis; improved 
insulin sensitivity which promotes lean body mass and 
thus reduces the metabolic effects of excess adiposity; 
decreased levels of pro-inflammatory cytokines, 

which stimulate cellular immunity; enhanced DNA 
repair processes; and shorter exposure time of the 
gastrointestinal mucosa and lungs to foodborne and 
airborne carcinogenic agents by accelerating digestive 
transit and increasing pulmonary ventilation (24–26). 

Our findings are similar to PAF estimates in Alberta, 
Canada in 2012 where 7.2% of all new cancer cases and 
13.8% of site-specific cancer cases were attributable to 
insufficient physical activity (27). These figures were 
lower in Canada in 2015 as 4.9% of all cancer cases and 
10.6% of site-specific associated cancer cases were 
attributable to insufficient recreational physical activity 
(13). Studies on cancer risk attributable to insufficient 
physical activity in France in 2015 reported a PAF of 0.8% 
for all cancer cases and 4.1% for site-specific associated 
cancer cases (28). Studies in the United Kingdom of 
Great Britain and Northern Ireland and Australia in 
2010 reported PAFs of 1.0% and 1.6% respectively out of 
all cancers and PAFs of 4.0% and 6.6% of site-specific 
associated cancers attributable to insufficient physical 
activity (12,14). In the United States, the PAF was 2.9% of 
new cancer cases in 2014 (29).

These lower PAFs may be explained by the lower 
prevalence of suboptimal levels of physical activity 
depending on sex and country (12–14,28). Most studies 
took account of the total energy expenditure including 
all types of physical activity, while we considered only 
recreational physical activity. The RRs were expressed as 
a function of the deficit in MET-hours per week (12,13,28), 
which gave more precise PAF estimations. We included, 
based on recent meta-analyses, additional cancer sites 
compared with the studies in France, United Kingdom 
and Australia (12,14,28). 

Although two of the cancer sites associated with 
insufficient physical activity were specific to females 
and the prevalence of insufficient physical activity was 
slightly higher among women, PAFs for men were higher 
than for women. This finding may reflect the high burden 
of lung cancer among men as this cancer contributed to 

Table 2 Prevalence of level of recreational recreational physical activity by age and sex, Tunisia, 2016

Sex Age (years) Level of physical activity, %

High Moderate Low
Men 35–44 7.7 2.1 90.2

45–64 6.4 1.3 92.3

≥ 65 4.0 0.7 95.3

Total 6.1 1.4 92.5

Women 35–44 3.3 1.2 95.5

45–64 2.9 0.7 96.4

≥ 65 0.9 1.3 97.8

Total 2.6 1.0 96.4

Both sexes 35–44 5.2 1.6 93.2

45–64 4.7 1.0 94.3

≥ 65 2.6 0.9 96.5

Total 4.3 1.2 94.5
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more than 20% of the total incident cancer 
cases among Tunisian men in 2018, with 
incidence rates being 10 times higher than 
among women (6), reflecting the higher 
national prevalence of tobacco smoking 
among men (10). 

In the Eastern Mediterranean region, 
the estimated PAFs attributable to 
insufficient physical activity for breast 
cancer and colon cancer were reported to 
be 14.1% and 13.8%, respectively, and to be 
10.5% and 10.6% in Tunisia (30). Similarly, 
we estimated that 10.5% of postmenopausal 
breast cancer cases and 12.2% of colorectal 
cancer cases were attributable to 
insufficient physical activity. 

PAFs for postmenopausal breast cancer 
varied considerable by country, from 3.4% 
to 9.0% (12–14,28,29,31). In Brazil, physical 
inactivity accounted for 12% of breast 
cancer deaths as well as years of life lost 
in 1990 and 2015 (32). As for colon cancer, 
PAFs ranged from 3.6% to 16.3% (12–14,29). 
Globally, insufficient physical activity 
contributed to 10.1% of the breast cancer 
burden and 10.4% of the colon cancer 
burden in 2008 (30). We estimated a PAF 
of 17.1% for lung cancer. A lower PAF was 
reported in Canada (11.7%) but a higher PAF 
was found in Europe (21.8%) (13,24).

As for oesophageal and gastric 
cancers, we estimated PAFs at 20.3% 
and 17.4%, respectively. PAFs in Canada 
for these cancers were 14.2% and 11.9%, 
respectively (13). We had a higher exposure 
to insufficient physical activity than 
the Canadian study. Besides,  we did not 
consider the effect of modification of 
cancer histological subtype on the RR of 
cancer.In fact, the Canadian study only 
considered oesophageal adenocarcinoma 
as an associated cancer site. Our approach 
was based on evidence of significant 
reduction in gastro-oesophageal cancer 
incidence regardless of subtypes as the 
protective effect of physical activity was 
based on the same mechanisms (5,20).

We estimated that 921 deaths and 22 855 
DALYs would be preventable with optimal 
levels of recreational physical activity. If 
such optimal levels were achieved, it is 
estimated that there would be a median 
gain of 0.64 year, 0.95 year and 0.69 year 
in life expectancy in Tunisia, the Eastern 
Mediterranean region and the world, 
respectively (30).Ta
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Strengths and limitations of the study
To our knowledge, our study is the first to consider 
incidence, mortality and years of life lost to estimate the 
burden of cancer attributable to insufficient physical 
activity in Tunisia. Our findings clearly show the 
significant impact insufficient physical activity has on 
cancer risk, which are higher than previous estimates in 
2012 that found that only 0.3% of new cancer cases among 
men and 2.5% among women in Tunisia were attributable 
to insufficient physical activity (4).

The main limitation of our study is that we assessed 
only leisure-time physical activity. This may overestimate 
the prevalence of insufficient physical activity, especially 
in rural settings where occupational and transportation 
physical activity is common (23). However, recreational 
physical activity may be more suitable for the estimation 
of PAFs. In fact, a meta-analysis of cohort studies 
demonstrated independent, strong or moderate inverse 
associations between recreational physical activity and 
the risk of cancer for 10 cancer sites (16). 

The assessment of physical activity was self-reported, 
which may have caused recall and selection bias. Self-
reporting could have resulted in an underestimation 
of the prevalence of insufficient physical activity as 
people tend to overestimate their physical activity level 
and respondents in health surveys may be more active 
than non-respondents. These limitations call for the 
standardization of the measure of physical activity in 
population surveys. 

We used prevalence data from the Tunisian Health 
Examination Survey conducted in 2016 because of the 
lack of earlier prevalence data. Therefore, our estimation 
could not consider the 10-year latency period from 
exposure to diagnosis of cancer assumed in other studies 

(12,14,28), based on evidence that insufficient physical 
activity is a promotor rather than an initiator of cancer 
(28). However, this lag time could be assumed, as the 
prevalence of exposure in 2016 could be used as a proxy 
for prevalence data in 2009. This assumption is possible 
because trends of insufficient physical activity were 
relatively steady worldwide from 2001 to 2016, especially 
in the Middle East and North Africa (23). 

Conclusion
Our study showed that insufficient physical activity 
is an important modifiable risk factor of cancer 
contributing to about 10% of the cancer burden in 
Tunisia in 2019. Reaching optimal physical activity levels 
would considerably reduce the burden of all cancer sites 
associated with this risk factor in Tunisia in the long run. 

Tunisia integrated the promotion of physical activity 
as a key factor in the National Strategy for Prevention 
and Control of Obesity (33). However, actions need to be 
strengthened to overcome several barriers such as the 
lack of safe environments to engage in physical activity 
in terms of personal security and road safety, and the lack 
of affordable and appropriate programmes (34). Thus, safe 
settings suitable for engaging in regular physical activity 
and equitably accessible to the population regardless 
of age, sex and abilities need to be created (34). Our 
findings can be used as an advocacy tool for decision-
makers to support more efficient and population-wide 
implementation of these coordinated interventions to 
reduce the burden of cancer attributable to insufficient 
physical activity.
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Charge du cancer attribuable à une activité physique insuffisante en Tunisie
Résumé
Contexte : Le manque d'activité physique est un facteur de risque pour plusieurs types de cancer. Par conséquent, 
l'estimation de la charge du cancer attribuable à une activité physique insuffisante est essentielle pour évaluer l'effet 
des interventions de promotion de la santé et de prévention.
Objectifs : Nous avons estimé le nombre de cas incidents de cancer, de décès et d'années de vie ajustées sur 
l'incapacité (DALY) imputables à une activité physique insuffisante dans la population tunisienne âgée de 35 ans et 
plus en 2019. 
Méthodes : Nous avons évalué les fractions attribuables dans la population (FAP) selon l'âge, par sexe et site de 
cancer pour estimer la proportion de cas, de décès et de DALY qui pourraient être évités grâce à des niveaux optimaux 
d'activité physique. Nous avons utilisé des données sur l'incidence du cancer, la mortalité et les DALY provenant des 
estimations de l'étude sur la charge mondiale de morbidité pour la Tunisie en 2019, et des données sur la prévalence 
de l'activité physique issues d'une enquête en population tunisienne réalisée en 2016. Nous avons eu recours à des 
estimations du risque relatif spécifique aux sites provenant de méta-analyses et de rapports complets.
Résultats : La prévalence du manque d'activité physique était de 95,6 %. En 2019, les estimations indiquaient que 
16 890 cas incidents de cancer, 9368 décès liés au cancer et 230 900 DALY dues au cancer sont survenus en Tunisie. 
Selon nos estimations, 7,9 % des cas incidents de cancer, 9,8 % des décès et 9,9 % des DALY liés au cancer étaient 
attribuables à une activité physique insuffisante. En ce qui concerne les sites de cancer connus pour être associés à 
une activité physique inadéquate, 14,6 % des cas de cancer, 15,7 % des décès et 15,6 % des DALY étaient attribuables à 
une activité physique insuffisante. 
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Conclusion : Le manque d'activité physique a contribué à près de 10 % de la charge du cancer en Tunisie en 2019. 
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عبء السرطان الناجم عن عدم كفاية النشاط البدني في تونس
ريم ملاخ، هيام خياري، ألفة حمايي، محمد حصايري

الخلاصة
يُعد عدم كفاية النشاط البدني عامل خطر يرتبط بأنواع عديدة من السرطان. ومن ثم، فإن تقدير عبء السرطان الناجم عن عدم كفاية  الخلفية:  

لات الرامية إلى تعزيز الصحة والوقاية. النشاط البدني أمرٌ ضروري لتقييم أثر التدخُّ
الأهداف: هدفت هذه الدراسة الى تقدير عدد حالات الإصابة بالسرطان والوفيات وسنوات العمر الـمُصحّحة باحتساب مُدَد الإعاقة الناجمة عن 

عدم كفاية النشاط البدني لدى مجموعة من السكان في تونس تبلغ من العمر 35 عامًا فأكثر في 2019. 
ة إلى عدم كفاية النشاط البدني ضمن مجموعة سكانية محددة العمر، وقسمنا النسب حسب نوع الجنس وموضع  رنا النسب المعزوَّ طرق البحث: قدَّ
بها في حالة التمتع  حة باحتساب مُدَد الإعاقة التي يمكن تجنُّ الإصابة بالسرطان، لتقدير نسب الإصابة بالسرطان والوفيات وسنوات العمر الـمُصحَّ
مُدَد  باحتساب  حة  الـمُصحَّ العمر  وسنوات  والوفيات  بالسرطان  الإصابة  معدلات  عن  بيانات  واستخدمنا  البدني.  النشاط  من  مثلى  بمستويات 
الإعاقة مستقاة من تقديرات دراسة العبء العالمي للأمراض الخاصة بتونس لعام 2019، وبيانات عن معدل انتشار النشاط البدني من مسح سكاني 

أُجريَ في تونس في عام 2016. واستخدمنا تقديرات للمخاطر النسبية الخاصة بمواضع إصابة محددة مستقاة من تحليلات تلوية وتقارير شاملة.
النتائج: بلغ معدل انتشار عدم كفاية النشاط البدني 95.6%. وفي عام 2019، تشير التقديرات في تونس إلى حدوث 16890 حالة إصابة بالسرطان، 
رنا أن ما نسبته  و9368 حالة وفاة مرتبطة بالسرطان، و230900 حالة صُححت سنوات عمرها باحتساب مدد الإعاقة المرتبطة بالسرطان. وقدَّ
الإعاقة  باحتساب مدد  المصححة  العمر  السرطان، و9.9% من سنوات  الناجمة عن  الوفيات  بالسرطان، و9.8% من  7.9% من حالات الإصابة 
المرتبطة بالسرطان يُعزَى إلى عدم كفاية النشاط البدني. وفي مواضع الإصابة بالسرطان المعروفة بارتباطها بعدم كفاية النشاط البدني، كان ما نسبته 
14.6% من حالات الإصابة بالسرطان، و15.7% من الوفيات، و15.6% من الحالات التي صُححت سنوات عمرها باحتساب مُدَد الإعاقة يُعزَى 

إلى عدم كفاية النشاط البدني. 
الاستنتاجات: عدم كفاية النشاط البدني تسبَّبَ في 10% تقريبًا من عبء السرطان في تونس في عام 2019. ومن شأن الوصول إلى مستويات النشاط 

البدني المثلى أن يقلل إلى حد كبير من عبء السرطانات المرتبطة بعدم كفاية النشاط البدني على المدى الطويل.



118

Research article EMHJ – Vol. 29 No. 2 – 2023

11. Global burden of disease results tool [Internet]. Seattle, WA: Institute of Health Metrics and Evaluations; 2020 (http://ghdx.
healthdata.org/gbd-results-tool, accessed 30 October 2020).

12. Olsen CM, Wilson LF, Nagle CM, Kendall BJ, Bain CJ, Pandeya N, et al. Cancers in Australia in 2010 attributable to insufficient 
physical activity. Aust N Z J Public Health. 2015;39:458–63. https://doi.org/10.1111/1753-6405.12469

13. Friedenreich CM, Barberio AM, Pader J, Poirier AE, Ruan Y, Grevers X, et al. Estimates of the current and future burden of cancer 
attributable to lack of physical activity in Canada. Prev Med. 2019;122:65–72. https://doi.org/10.1016/j.ypmed.2019.03.008 

14. Parkin DM. Cancers attributable to inadequate physical exercise in the UK in 2010. Br J Cancer. 2011;105:S38–41. https://doi.
org/10.1038/bjc.2011.482

15. World Cancer Research Fund. Diet, nutrition, physical activity and cancer: a global perspective [Internet]. Washington, DC: 
American Institute for Cancer Research; 2018 (https://www.wcrf.org/dietandcancer, accessed 20 October 2020).

16. Moore SC, Lee I-M, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, et al. Association of leisure-time physical ac-
tivity with risk of 26 types of cancer in 1.44 million adults. JAMA Intern Med. 2016;176:816. https://doi.org/10.1001/jamaint-
ernmed.2016.1548

17. Brenner DR, Yannitsos DH, Farris MS, Johansson M, Friedenreich CM. Leisure-time physical activity and lung cancer risk: a 
systematic review and meta-analysis. Lung Cancer Amst Neth. 2016;95:17–27. https://doi.org/10.1016/j.lungcan.2016.01.021

18. Keimling M, Behrens G, Schmid D, Jochem C, Leitzmann MF. The association between physical activity and bladder cancer: 
systematic review and meta-analysis. Br J Cancer. 2014;110:1862–70. https://doi.org/10.1038/bjc.2014.77 

19. Behrens G, Leitzmann MF. The association between physical activity and renal cancer: systematic review and meta-analysis. Br 
J Cancer. 2013;108:798–811. https://doi.org/10.1038/bjc.2013.37

20. Behrens G, Jochem C, Keimling M, Ricci C, Schmid D, Leitzmann MF. The association between physical activity and gastroe-
sophageal cancer: systematic review and meta-analysis. Eur J Epidemiol. 2014;29:151–70. https://doi.org/10.1007/s10654-014-9895-
2 

21. Clarke J, Colley R, Janssen I, Tremblay MS. Accelerometer-measured moderate-to-vigorous physical activity of Canadian adults, 
2007 to 2017. Health Rep. 2019;30(8):3–10. https://www.doi.org/10.25318/82-003-x201900800001-eng

22. Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-reported versus accelerometer-measured physical activi-
ty. Med Sci Sports Exerc. 2014;46:99–106. https://doi.org/10.1249/MSS.0b013e3182a0595f 

23. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient physical activity from 2001 to 2016: a pooled analysis 
of 358 population-based surveys with 1.9 million participants. Lancet Glob Health. 2018;6:e1077–86. https://doi.org/10.1016/S2214-
109X(18)30357-7

24. Friedenreich CM, Neilson HK, Lynch BM. State of the epidemiological evidence on physical activity and cancer prevention. Eur J 
Cancer. 2010;46:2593–604. https://doi.org/10.1016/j.ejca.2010.07.028

25. Schottenfeld D, Beebe-Dimmer JL, Buffler PA, Omenn GS. Current perspective on the global and United States cancer burden 
attributable to lifestyle and environmental risk factors. Annu Rev Public Health. 2013;34:97–117. https://doi.org/10.1146/an-
nurev-publhealth-031912-114350

26. Cannioto R, Etter JL, LaMonte MJ, Ray AD, Joseph JM, Al Qassim E, et al. Lifetime physical inactivity is associated with lung 
cancer risk and mortality. Cancer Treat Res Commun. 2018;14:37–45. https://doi.org/10.1016/j.ctarc.2018.01.001

27. Brenner DR, Poirier AE, Grundy A, Khandwala F, McFadden A, Friedenreich CM. Cancer incidence attributable to inadequate 
physical activity in Alberta in 2012. CMAJ Open. 2017;5:E338–44. https://doi.org/10.9778/cmajo.20160044

28. Touillaud M, Arnold M, Dossus L, Freisling H, Bray F, Margaritis I, et al. Cancers in France in 2015 attributable to insufficient 
physical activity. Cancer Epidemiol. 2019;60:216–20. https://doi.org/10.1016/j.canep.2019.02.009

29. Islami F, Goding Sauer A, Miller KD, Siegel RL, Fedewa SA, Jacobs EJ, et al. Proportion and number of cancer cases and deaths 
attributable to potentially modifiable risk factors in the United States: potentially preventable cancers in US. CA Cancer J Clin. 
2018;68:31–54. https://doi.org/10.3322/caac.21440

30. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity on major non-communicable 
diseases worldwide: an analysis of burden of disease and life expectancy. Lancet. 2012;380:219–29. https://doi.org/10.1016/S0140-
6736(12)61031-9

31. Park S, Kim Y, Shin H-R, Lee B, Shin A, Jung K-W, et al. Population-attributable causes of cancer in Korea: obesity and physical 
inactivity. PLoS One. 2014;9:e90871. https://doi.org/10.1371/journal.pone.0090871

32. Silva DAS, Tremblay MS, Souza MFM, Guerra MR, Mooney M, Naghavi M, et al. Mortality and years of life lost due to breast 
cancer attributable to physical inactivity in the Brazilian female population (1990–2015). Sci Rep. 2018;8:11141. https://doi.
org/10.1038/s41598-018-29467-7

33. Stratégie Nationale de Prévention et de Lutte contre l’Obésité [National Strategy for Prevention and Control of Obesity] [Inter-
net]. Tunis: Institut National de Nutrition et de Technologies Alimentaires; 2016 (http://www.institutdenutrition.rns.tn/?p=754, 
accessed 25 October 2020). 

34. Global action plan on physical activity 2018–2030: more active people for a healthier world. Geneva: World Health Organization; 
2018 (https://apps.who.int/iris/handle/10665/272722, accessed 25 October 2020).


