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Abstract 

Introduction and Objective: Physical activity is any movement using skeletal muscles. It can 

be classified into four main categories: occupational, household, transport and recreational. 

These activities can also vary in intensity. This article aims to describe how physical activity 

affects cancer prevention, survival rates and recovery. 

 

Review and Methods: Review and summary of studies and meta-analysis of studies available 

in open-source format on Google Scholar and PubMed. 

 

State of Knowledge: Extensive research shows that regular physical activity reduces the risk 

of several cancers, particularly breast, colon, and endometrial cancers. Epidemiological studies 

consistently find that more active individuals have a lower incidence of certain cancers. 

Physical activity is also a useful adjunct to treatment, alleviating its negative effects. The 

protective effect of physical activity is believed to be dose-dependent, with greater benefits 

from higher frequencies, durations, and intensities. Recent studies suggest that physical activity 

may also improve survival rates in cancer patients, particularly for prostate, colorectal, and 

breast cancers. 

 

Conclusions: The current data strongly supports the inclusion of regular physical activity as a 

key component of cancer prevention strategies. It may also be beneficial for cancer patients to 

enhance their chances of survival. Public health guidelines stress the importance of exercise to 

lower cancer risk and improve overall health. 

 

Keywords: Physical Activity, Cancer, Survival, Exercise, Prevention 

 

Introduction 

In 2020, it was assessed that there were approximately 193 million new cancer cases and nearly 

10 million cancer-related deaths worldwide [21]. In 2024, the American Cancer Society 

estimated that there will be 2,001,140 new cases of cancer and 611,720 cancer-related deaths 

in the USA [1]. The widespread adoption of early screening and advances in medical 

technology have led to higher cure and survival rates among cancer patients. This shows a trend 

that more and more of society will live and struggle with this issue.  
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Many years of epidemiological research have identified a physically active lifestyle as 

protective against the occurrence of several common cancers. In many studies, participants were 

given a list of common activities, such as walking, running, or cycling, and were asked to report 

the frequency and duration of their engagement in these activities. Others were asked more 

general questions about time spent on moderate - or vigorous - intensity activities. The majority 

of studies focused on recreational activities, while some also included occupational activities, 

and a few included housework. 

It is estimated that about 35% annual cancer deaths worldwide are linked to preventable 

lifestyle-related risks [2]. Modifying unfavorable risk factors that elevate the likelihood of 

developing cancer is crucial. Primary prevention through changes in behavior and environment 

is a cost-effective strategy to reduce the significant impact of cancer on societies globally [2].  

Moreover, physical movement is a key measure for the rehabilitation of many chronic diseases 

(including cancer), improving quality of life and reducing mortality [22,23]. Additionally, 

physical activity has a positive impact on anxiety, depression, fatigue, and the decline in quality 

of life caused by cancer or its treatment [24]. Therefore, it is recommended that 

multidisciplinary cancer teams should promote exercise among patients. 

In this article, we want to summarize information regarding the relationship between physical 

activity and cancer risk as well as cancer mortality. We also want to present the important role 

of exercise in the rehabilitation of cancer survivors. 

 

Types of Cancer Linked to Physical Activity 

Over the past years, there's been a significant increase in evidence suggesting that physical 

activity can play a key role in cancer prevention. In 2008 the American College of Sports 

Medicine (ACSM) held the first Exercise and Cancer Roundtable which mainly concentrated 

on the impact of exercise on cancer survivorship [17].  

At that point, there was strong evidence linking physical movement to a reduced risk of only 

breast and colon cancer and limited evidence for a reduced risk of five other cancers [3] (tab.1). 

Ten years later the Physical Activity Guidelines Advisory Committee (PAGAC) provided 

strong evidence that sports lower the risk for seven types of cancer, including colon, breast, 

kidney, endometrial, bladder, and stomach cancers, as well as esophageal adenocarcinoma. 

There was also moderate evidence suggesting a reduced risk of lung cancer [4]. 

Parallel to the publication of the PAGAC, an analysis for the second ACSM Roundtable was 

conducted. This time the scope was broadened to include a review and summary of both 

biological and epidemiological evidence regarding the role of physical activity in the entire 

spectrum of cancer prevention and control. Both publications independently reached similar 

conclusions. Additionally, 2018 ACSM Roundtable determined that there is more limited 

evidence supporting a protective effect of exercise on hematologic cancers, cancers of the head 

and neck, pancreas, prostate, and ovary. However, the associations with the last three 

types of cancer are more uncertain (tab. 2). 

Another difference between the reports is the finding that exercise may also reduce the risk of 

liver cancer.  
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Based on 10 prospective cohorts and 1,384 cases of this cancer, it was shown that a high level 

of physical movement was associated with a 27% lower risk of liver cancer compared to low 

levels of activity [20]. The PAGAC report did not include a meta-analysis for this type of 

cancer.  

Additionally, it was discovered that physical activity might increase the risk of a severe form 

of skin cancer, melanoma. After evaluating twelve cohorts comprising a total of 12,438 

melanoma cases, it was found that a high level of sport activity was associated with a 27% 

greater risk of developing this cancer compared to low physical movement. Considering the 

clear evidence that sun exposure is a cause of melanoma, it is highly likely that this association 

can be attributed to the increased amount of time physically active individuals spend outdoors 

[19]. However, further research is needed to directly address outdoor physical movement to 

confirm this hypothesis. 

It has also been shown that the relationship between physical activity and lung cancer is difficult 

to determine. The cause of this is the strong association between smoking and the risk of this 

cancer. However systematic reviews showed no clear association between exercise and lung 

cancer risk in never smokers. It is uncertain whether sport activity truly lowers lung cancer risk 

after adjusting for the confounding effects of smoking. Therefore, further research is necessary 

to clarify this issue.  

Similarly, as in the above case there is some evidence indicating that the link between physical 

activity and the risk of endometrial cancer might be influenced by body weight.  

More studies are needed to clarify the role of body weight in the connection between physical 

activity and endometrial cancer, as it is crucial for accurately interpreting the conclusions 

regarding endometrial cancer risk. 

All of the above shows that the potential protective effects of physical activity extend to a 

broader range of cancers than previously believed.  

 

Tab.1 The level of evidence linking physical activity with lower risk of cancer in 2008   

Cancer Physical activity and lower risk, 2008 

Colon strong 

Breast strong 

Kidney limited 

endometrial limited 

lung limited 

prostate no effect 

ovary limited 
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Tab. 2 The level of evidence linking physical activity with lower risk of cancer in 2018  

Cancer Physical activity and lower risk, 2018 

Colon strong 

Breast strong 

Kidney strong 

endometrial strong 

lung moderate 

prostate limited 

ovary limited 

bladder strong 

esophageal strong 

stomach strong 

hematologic limited 

head and neck limited 

pancreas limited 

brain not assignable 

 

Physical Activity in Cancer Patients 

In light of the promising research results on the relationship between physical activity and the 

risk of developing cancer, the question arises - is there also a connection between physical 

activity and an increased chance of survival in patients after a diagnosis? Emerging evidence 

indicates that there is a correlation, particularly for certain types of cancer. Among these, 

prostate cancer, colorectal cancer and breast cancer have the most robust evidence supporting 

the beneficial effects of exercise on patient survival [12]. Research suggests that regular 

exercise can potentially improve treatment efficacy, reduce disease progression, and lead to a 

better overall prognosis. 

Recent studies suggest that physical activity may improve prognosis and survival rate in 

prostate cancer patients. For instance, research by Kenfield et al. [42] found that vigorous 

exercise after diagnosis was linked to a remarkable 61% reduction in the risk of death from 

prostate cancer among men with non-metastatic disease [11]. Additionally, a 2016 meta-

analysis encompassing cohort studies indicated that physical activity was associated with a 38% 

decrease in prostate cancer-specific mortality [10].  
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Furthermore, both aerobic and resistance training have been shown to alleviate fatigue related 

to radiation therapy in prostate cancer patients [11]. As a result, exercise is recommended to 

counteract the negative effects of androgen deprivation therapy and to support both physical 

and psychological well-being. 

There are studies indicating that physical activity may also influence the progression and 

outcomes of colorectal cancer [12]. For example, an analysis of 13 prospective observational 

studies revealed that both high and moderate levels of physical activity were associated with 

notably improved survival rates [13]. Furthermore, according to a different research, a 2016 

meta-analysis, which integrated data from seven cohort studies found that the highest levels of 

activity were associated with a 42% reduction of all-cause mortality among survivors compared 

to the lowest levels of physical activity [12,14]. Further reinforcing these findings, another 2016 

meta-analysis of six cohort studies showed that post - diagnosis physical activity was linked to 

a 38% reduction in the risk of colorectal cancer-specific mortality [10,12]. 

These studies highlight the substantial impact of physical activity on overall and cancer-specific 

survival, particularly important in light of the high prevalence of colorectal cancer, which is 

one of the most common cancers in both men and women. 

Results from various meta-analyses indicate an inverse relationship between amount of physical 

activity and mortality among breast cancer survivors [12]. One of the studies, a 2015 meta-

analysis encompassing data from eight cohorts, researchers found that engaging in physical 

activity was associated with a 48% reduction in risk for mortality [15]. Different research, 2016 

meta-analysis of ten cohorts, found that physical activity lowered the risk of breast cancer-

specific mortality by 38% [10]. Additionally, another prospective cohort study demonstrated 

that participating in at least 2.5 hours of brisk walking per week improved overall survival by 

up to 32% compared to lower activity levels. Comparing individuals who engaged in physical 

activity to patients who did not exercise, there was observed a 44% reduction in mortality risk 

[16]. 

The link between physical activity and cancer survival remains an area of active research, with 

early findings indicating a notable 40-50% reduction in mortality risk for breast, colon, and 

prostate cancers [12]. While these results are promising, they primarily come from 

epidemiologic studies and lack support from clinical trials focused on improving survival rates 

in cancer patients. Moreover, many of these studies did not adequately account for other 

illnesses, different types of cancer treatment, and the diverse ways in which these factors can 

influence physical activity levels [12]. These variables can greatly influence the results and 

interpretations of the research. Therefore, it is clear that further research is necessary to explore 

this topic in greater depth. 

 

Biologic Mechanisms 

The progression from normal cells to cancerous tumor is a highly complex, multi-step process 

influenced by various factors [5]. These factors can be broadly categorized into exogenous 

elements, such as dietary patterns and lifestyle choices like tobacco smoke, and endogenous 

factors, which include hormonal levels and genetic mutations.  
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From a molecular perspective, cancer development is driven by genomic instability (e.g. 

mutations and epigenetic alterations) that affect critical regulatory genes. These include proto-

oncogenes, which promote cell division, and tumor suppressor genes that prevent uncontrolled 

cell growth [6]. 

Preclinical animal studies have provided evidence that physical activity can significantly slow 

tumor growth in various cancer types [7,8]. Many of those reports reductions in tumor growth 

ranging from 31% to 67% due to exercise [7,8]. This beneficial effect could be attributed to 

several mechanisms: physical movement  has been shown to hinder cell proliferation, activate 

tumor suppressor genes such as p53, and improve apoptosis in cancerous tissue [9]. 

Additionally, exercise has the potential to enhance angiogenesis in tumors. This improvement 

in vascularization may improve the delivery and efficacy of chemotherapy drugs. Physical 

activity has demonstrated effects on immune function in humans, with several studies indicating 

that interleukin-6 may assist in mobilizing natural killer cells and improving immune cell 

infiltration into tumors [7]. 

Comprehending the mechanisms of metastasis and its prevention is essential, given that 

metastatic disease accounts for 90% of cancer-related fatalities [5]. It is theorized that enhanced 

tumor vasculature, due to exercise, might prevent the release of cancer cells from the primary 

tumor. Improved cytotoxic immune response, induced by exercise, could diminish cancer cell 

survival and reduce the development of metastatic lesions [7]. 

Initial findings from available research suggest that incorporating exercise into cancer care may 

improve survival rate by enhancing the effectiveness of treatments and inducing systemic 

changes [6]. While further research is required to fully understand the exact mechanisms by 

which physical movement affects cancer risk and survival, several plausible biological 

mechanisms suggest that exercise provides substantial benefits for cancer prevention and 

management. 

 

Intensity and Types of Physical Activity 

While the most extensive evidence pertains to activities like sports and exercise, which 

demonstrate to lower cancer risk by 10 to 20% when comparing high to low activity levels, 

some data also exist for other types of physical activities, such as transportation and household 

tasks [6]. For example, a 2015 meta-analysis found that individuals who engaged in the highest 

levels of household physical activity had a 16% lower risk of developing cancer compared to 

those who participated in the lowest levels of household activity [18]. While these findings 

appear to be encouraging, it is important to note that they are based on a relatively modest 

number of studies, indicating the need for further investigation. 

Research examining the independent effects of low, moderate, and high levels of physical 

activity on cancer risk is somewhat limited. Nevertheless, the majority of available evidence 

suggests that moderate to vigorous physical activity is the most effective for cancer prevention 

across a variety of cancer types [6]. Despite this, a precise minimum amount of daily physical 

activity required to reduce cancer risk has not been established [6]. Current recommendations 

advise engaging in 150 to 300 minutes of moderate intensity aerobic activity per week, or an 

equivalent amount of high intensity aerobic activity - 75 to 150 minutes per week [4]. 
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Cancer development is often a slow process, suggesting that long-term engagement in physical 

activity may be particularly beneficial for cancer prevention. Studies have measured physical 

activity over various time frames, including recent months or years, as well as past activities 

(e.g. in childhood or several years ago). The findings from these studies indicate that recent 

physical activity is associated with a reduced risk of renal cancer, whereas sustained physical 

activity over many years is linked to a lower risk of esophageal cancer. Additionally, exercise 

in various periods throughout a patient's life was connected to a reduced chance of developing 

bladder and gastric cancers [6]. 

Different types and intensities of physical activity appear to have varying effects on cancer risk. 

For instance, vigorous activities, such as running or intense aerobic exercise, are often 

associated with a greater reduction in risk compared to moderate activities like brisk walking. 

Furthermore, the type of activity, whether occupational, household, transport, or recreational, 

can also influence outcomes. Recreational activities are most commonly studied in relation to 

cancer prevention, likely due to their more measurable nature. However, additional data is 

required to definitively determine which types and intensities of physical activity are most 

beneficial for preventing specific types of cancer. 

 

The role of physical activity in the recovery of cancer survivors 

Physical activity is a crucial component of rehabilitation for cancer survivors. These 

interventions help manage physical and psychological side effects associated with cancer and 

its treatments. Exercise enhances quality of life and reduces mortality rates. Sport activity 

diminishes fatigue, enhances mood, and improves cardiovascular health. Physical movement 

also helps in weight management, which is particularly important as obesity can be a risk factor 

for cancer recurrence. 

Aerobic and resistance exercises are safe, feasible, and effective for cancer patients during and 

after adjuvant therapy [25, 26]. According to exercise guidelines for cancer patients, they should 

gradually resume daily activities post-surgery and aim for at least 150 minutes of aerobic 

exercise along with 2-3 sessions of resistance training per week [24]. Nevertheless, few patients 

achieve these targets. A year-long study of women with breast cancer by Arem et al. [27] found 

that only 33% of patients reached 150 minutes of weekly exercise. This indicates that patients’ 

physical activity levels decline during treatment and remain low in later stages of care. 

It is important for exercise programs to be tailored based on the type of cancer, the treatments 

received, and the current physical condition of the survivor. For instance, high-impact activities 

should be avoided by individuals with bone metastases due to the risk of fractures. Supervised 

exercise sessions are recommended initially to ensure proper technique and to adapt the 

program to the survivor's specific needs. It is also recommended to the intensity of the exercises 

was increased gradually 

Many reviews showed significant positive effects on physical activity outcomes for cancer 

patients. Studies also indicate that electronic interventions, like activity trackers and 

pedometers, effectively increase exercise levels, especially moderate-intensity activities 

[28 - 33]. eHealth tools, including counseling and behavioral change techniques (BCTs), often 

support these interventions. BCT in combination with activity trackers shows great potential to 

increase physical movement [34]. 
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Despite the benefits of exercise, cancer survivors often encounter challenges that can make it 

difficult for them to participate in physical activity. The main barriers include side effects of 

treatment, lack of time and fatigue [35]. The latter is a common problem among cancer patients, 

especially those undergoing chemotherapy or radiotherapy [36,37]. Therefore, it is particularly 

important to increase the level of physical activity of patients through appropriate interventions. 

A study by Machado et al. [38] showed that physical training is an effective method for reducing 

cancer-related fatigue, especially in patients undergoing chemotherapy. As research indicates 

[39-41], by providing patients with guidance on time management, offering effective, time-

efficient, and personalized exercise programs, and supporting relevant electronic equipment 

and online platforms, patients can be encouraged to engage in physical activity. However, more 

evidence is needed to determine how to improve physical movement levels in cancer patients 

undergoing treatment, as most reviews focus on participants in the post-treatment phase. 

 

Conclusions 

Evidence indicates that engaging in physical activity can significantly reduce the risk of 

developing various types of cancer. Studies have shown that individuals who maintain an active 

lifestyle have a lower incidence of cancer compared to those who are sedentary. The benefits 

of physical activity extend beyond prevention; exercise has been shown to potentially improve 

survival rates, especially among patients with prostate, colorectal, and breast cancer. 

Additionally, research has shown that physical movement is instrumental in the rehabilitation 

of cancer survivors. Regular exercise significantly enhances both their mental and physical 

well-being, aiding in recovery and improving the quality of life. 

The integration of regular physical activity into cancer care plans could offer substantial 

benefits, providing a non-invasive, cost-effective strategy to complement traditional treatments. 

However, ongoing research is necessary to refine these guidelines and fully harness their 

therapeutic potential. 

Determining the most effective types and intensities of exercise for cancer prevention and 

treatment is challenging due to the variations across different cancer types. Nonetheless, 

numerous studies consistently conclude that moderate to vigorous exercise is generally the most 

beneficial. This level of activity has been associated with significant health improvements and 

a reduction in cancer risk. 

Understanding how exercise influences genetic, hormonal, and immune pathways could 

provide deeper insights into its protective effects against cancer. Although there is a preliminary 

understanding of the molecular mechanisms by which physical activity may affect cancer 

development, further research is needed to thoroughly elucidate these processes.  

 

 

 

 

 

 

 

 



  

10 

Disclosure 

Author's contribution 

Conceptualization, Michalina Dubińska, and Wiktoria Paduch-Jakubczyk; methodology, 

Urszula Ciułek and Wiktoria Zduńczyk; software, Urszula Ciułek; check, Michalina Dubińska, 

Anna Dobosz and Wiktoria Bilska; formal analysis, Michalina Dubińska; investigation, 

Wiktoria Bilska; resources, Anna Dobosz and Wiktoria Zduńczyk; data curation, Anna Dobosz; 

writing - rough preparation, Wiktoria Paduch-Jakubczyk, Wiktoria Bilska and Anna Dobosz; 

writing - review and editing, Michalina Dubińska, Wiktoria Zduńczyk and Urszula Ciułek; 

visualization, Wiktoria Bilska; supervision, Wiktoria Paduch-Jakubczyk and Urszula Ciułek; 

project administration, Wiktoria Paduch-Jakubczyk and Wiktoria Zduńczyk; receiving funding, 

no specific funding. 

 

All authors have read and agreed with the published version of the manuscript. 

 

Funding statement 

This research received no external funding. 

 

Institutional Review Board Statement 

Not applicable. 

 

Informed Consent Statement 

Not applicable. 

 

Data Availability Statement 

Not applicable. 

 

Conflict of interest Statement 

The authors deny any conflict of interest 

 

References 

1. Cancer statistics, 2024 Rebecca L Siegel, Angela N Giaquinto,  Ahmedin Jema.  

DOI: https://doi.org/10.3322/caac.21820 

2. Weiderpass E. Lifestyle and cancer risk. J Prev Med Public Health. 2010;43(6):459–471. 

DOI: https://doi.org/10.3961/jpmph.2010.43.6.459 

3. 2008 Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines 

Advisory Committee Scientific Report. In: Services DoHaH, editor. Washington, D.C: 2008. 

4. 2018 Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines 

Advisory Committee Scientific Report. In: Services DoHaH, editor. Washington, D.C.2018.  

5.Lambert AW, Pattabiraman DR, Weinberg RA. Emerging Biological Principles of 

Metastasis. Cell. 2017;168(4):670–91  

DOI: https://doi.org/10.1016/j.cell.2016.11.037 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Siegel+RL&cauthor_id=38230766
https://doi.org/10.3322/caac.21820
https://doi.org/10.3961/jpmph.2010.43.6.459
https://doi.org/10.1016/j.cell.2016.11.037


  

11 

6.American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary 

Behavior, and Cancer Prevention and Control Alpa V. Patel,Christine M. Friedenreich, Steven 

C. Moore, Sandra C Hayes, Julie K Silver, Kristin L Campbell, Kerri Winters-Stone, Lynn H. 

Gerber, Stephanie M George, Janet E. Fulton, Crystal Denlinger, G. Stephen Morris, Trisha 

Hue, Kathryn H. Schmitz, and Charles E. Matthews  

DOI: https://doi.org/10.1249/MSS.0000000000002117 

7.Hojman P, Gehl J, Christensen JF, Pedersen BK. Molecular Mechanisms Linking Exercise to 

Cancer Prevention and Treatment. Cell metabolism  

DOI: https://doi.org/10.1016/j.cmet.2017.09.015 

8.Figueira ACC, Cortinhas A, Soares JP, Leitao JC, Ferreira RP, Duarte JA. Efficacy of 

Exercise on Breast Cancer Outcomes: A Systematic Review and Meta-analysis of Preclinical 

Data. International journal of sports medicine. 2018  

DOI: https://doi.org/10.1055/s-0044-101149 

9.Ruiz-Casado A, Martin-Ruiz A, Perez LM, Provencio M, Fiuza-Luces C, Lucia A. Exercise 

and the Hallmarks of Cancer. Trends in cancer. 2017  

DOI: https://doi.org/10.1016/j.trecan.2017.04.007 

10.Friedenreich CM, Neilson HK, Farris MS, Courneya KS. Physical Activity and Cancer 

Outcomes: A Precision Medicine Approach. Clinical cancer research : an official journal of the 

American Association for Cancer Research. 2016  

DOI: https://doi.org/10.1158/1078-0432.CCR-16-0067 

11.Exercise and prostate cancer: From basic science to clinical applications. Christian Campos, 

Paula Sotomayor, Daniel Jerez, Javier González, Camila B Schmidt, Katharina Schmidt, 

Winfried Banzer, Alejandro S Godoy  

 DOI: https://doi.org/10.1002/pros.23502 

12.Physical Activity in Cancer Prevention and Survival: A Systematic Review 

Anne McTiernan, Christine M. Friedenreich, Peter T. Katzmarzyk, Kenneth E. Powell, Richard 

Macko,David Buchner,  Linda S. Pescatello, Bonny Bloodgood, Bethany Tennant, Alison 

Vaux-Bjerke, Stephanie M. George, Richard P. Troiano, and Katrina L. Piercy, 2018 Physical 

Activity Guidelines Advisory Committee  

DOI: https://doi.org/10.1249/MSS.0000000000001937 

13.Exercise and colorectal cancer survival: an updated systematic review and meta-analysis 

Kay T. Choy, Kenneth Lam, and Joseph C. Kong  

DOI: https://doi.org/10.1007/s00384-022-04224-5 

14.Wu W, Guo F, Ye J, Li Y, Shi D, Fang D, et al. Pre- and post-diagnosis physical activity is 

associated with survival benefits of colorectal cancer patients: a systematic review and meta-

analysis. Oncotarget. 2016 DOI: https://doi.org/10.18632/oncotarget.10603 

15.Lahart IM, Metsios GS, Nevill AM, Carmichael AR. Physical activity, risk of death and 

recurrence in breast cancer survivors: A systematic review and meta-analysis of 

epidemiological studies. Acta Oncol 2015  

DOI: https://doi.org/10.3109/0284186X.2014.998275 

16.Physical activity and survival in breast cancer Gunn Ammitzbøl , Karen Søgaard, Randi V 

Karlsen, Anne Tjønneland, Christoffer Johansen, Kirsten Frederiksen, Pernille Bidstrup  

DOI: https://doi.org/10.1016/j.ejca.2016.07.010 

https://doi.org/10.1249/MSS.0000000000002117
https://doi.org/10.1016/j.cmet.2017.09.015
https://doi.org/10.1055/s-0044-101149
https://doi.org/10.1016/j.trecan.2017.04.007
https://doi.org/10.1158/1078-0432.CCR-16-0067
https://doi.org/10.1002/pros.23502
https://doi.org/10.1249/mss.0000000000001937
https://doi.org/10.1249/MSS.0000000000001937
https://doi.org/10.1007/s00384-022-04224-5
https://doi.org/10.18632/oncotarget.10603
https://doi.org/10.18632/oncotarget.10603
https://doi.org/10.3109/0284186X.2014.998275
https://doi.org/10.1016/j.ejca.2016.07.010


  

12 

17. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvão DA, Pinto BM, 

et al. American college of sports medicine roundtable on exercise guidelines for cancer 

survivors. Medicine and Science in Sports and Exercise. 2010;42(7):1409–26.  

DOI: https://doi.org/10.1249/MSS.0b013e3181e0c112 

18.Household physical activity and cancer risk: a systematic review and dose-response meta-

analysis of epidemiological studies Yun Shi, Tingting Li, Ying Wang, Lingling Zhou, Qin Qin, 

Jieyun Yin, Sheng Wei, Li Liu, and Shaofa Nie  

DOI: https://doi.org/10.1038/srep14901 

19. Lai JK, Lucas RM, Armstrong M, Banks E. Prospective observational study of physical 

functioning, physical activity, and time outdoors and the risk of hip fracture: a population-based 

cohort study of 158,057 older adults in the 45 and up study. Journal of bone and mineral 

research : the official journal of the American Society for Bone and Mineral Research. 

2013;28(10):2222–31. Epub 2013/04/24. DOI: https://doi.org/10.1002/jbmr.1963 

20. Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, et al. 

Association of Leisure-Time Physical Activity With Risk of 26 Types of Cancer in 1.44 Million 

Adults. JAMA internal medicine. 2016;176(6):816–25.  

DOI: https://doi.org/10.1001/jamainternmed.2016.1548 

21. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 

2021;71(3):209–249. DOI: https://doi.org/10.3322/caac.21660 

22. Posadzki P, Pieper D, Bajpai R, et al. Exercise/physical activity and health outcomes: an 

overview of Cochrane systematic reviews. BMC Public Health. 2020;20(1):1724.  

DOI: https://doi.org/10.1186/s12889-020-09855-3 

23. Momma H, Kawakami R, Honda T, et al. Muscle-strengthening activities are associated 

with lower risk and mortality in major non-communicable diseases: a systematic review and 

meta-analysis of cohort studies. Br J Sports Med. 2022;56(13):755–763.  

DOI: https://doi.org/10.1136/bjsports-2021-105061 

24.  Segal R, Zwaal C, Green E, et al. Exercise for people with cancer: a clinical practice 

guideline. Curr Oncol. 2017;24(1):40–46. DOI: https://doi.org/10.3747/co.24.3376 

25. Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise Guidelines for Cancer 

Survivors: Consensus Statement from International Multidisciplinary Roundtable. Med Sci 

Sports Exerc.2019;51(11):2375–2390. DOI: https://doi.org/10.1249/MSS.0000000000002116 

26. Singh B, Spence RR, Steele ML, et al. A Systematic Review and Meta-Analysis of the 

Safety, Feasibility, and Effect of Exercise in Women With Stage II+ Breast Cancer. Arch Phys 

Med Rehabil. 2018;99(12):2621–2636. DOI: https://doi.org/10.1016/j.apmr.2018.03.026 

27. Arem H, Sorkin M, Cartmel B, et al. Exercise adherence in a randomized trial of exercise 

on aromatase inhibitor arthralgias in breast cancer survivors: the Hormones and Physical 

Exercise (HOPE) study. J Cancer Surviv Res Pract. 2016;10(4):654–662.  

DOI: https://doi.org/10.1007/s11764-015-0511-6 

28. Dorri S, Asadi F, Olfatbakhsh A, et al. A Systematic Review of Electronic Health (eHealth) 

interventions to improve physical activity in patients with breast cancer. Breast Cancer (Tokyo, 

Japan) 2020;27(1):25–46. DOI: https://doi.org/10.1007/s12282-019-00982-3 

https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.1038/srep14901
https://doi.org/10.1002/jbmr.1963
https://doi.org/10.1001/jamainternmed.2016.1548
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s12889-020-09855-3
https://doi.org/10.1136/bjsports-2021-105061
https://doi.org/10.3747/co.24.3376
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1016/j.apmr.2018.03.026
https://doi.org/10.1007/s11764-015-0511-6
https://doi.org/10.1007/s12282-019-00982-3


  

13 

29.  Roberts A, Fisher A, Smith L, et al. Digital health behaviour change interventions targeting 

physical activity and diet in cancer survivors: a systematic review and meta-analysis. J Cancer 

Surviv. 2017;11(6):704–719. DOI: https://doi.org/10.1007/s11764-017-0632-1 

30. Haberlin C, O'Dwyer T, Mockler D, et al. The use of eHealth to promote physical activity 

in cancer survivors: a systematic review. Support Care Cancer. 2018;26(10):3323–3336.  

DOI: https://doi.org/10.1007/s00520-018-4305-z 

31. Ester M, Eisele M, Wurz A, et al. Current Evidence and Directions for Future Research in 

eHealth Physical Activity Interventions for Adults Affected by Cancer: Systematic Review. 

JMIR Cancer. 2021;7(3):1–27. DOI: https://doi.org/10.2196/28852 

32.  Khoo S, Mohbin N, Ansari P, et al. mHealth interventions to address physical activity and 

sedentary behavior in cancer survivors: A systematic review. Int J Environ Res Public Health. 

2021;18(11):5798. DOI: https://doi.org/10.3390/ijerph18115798 

33. Cheung AT, Li WHC, Ho LLK, et al. Physical activity for pediatric cancer survivors: a 

systematic review of randomized controlled trials. J Cancer Surviv Res Pract. 2021;15(6):876–

889. DOI: https://doi.org/10.1007/s11764-020-00981-w 

34.  Finne E, Glausch M, Exner A-K, et al. Behavior change techniques for increasing physical 

activity in cancer survivors: a systematic review and meta-analysis of randomized controlled 

trials. Cancer Manag Res. 2018;10:5125–5143. DOI: https://doi.org/10.2147/CMAR.S170064 

35.  Clifford BK, Mizrahi D, Sandler CX, et al. Barriers and facilitators of exercise experienced 

by cancer survivors: a mixed methods systematic review. Support Care Cancer. 

2018;26(3):685–700. DOI: https://doi.org/10.1007/s00520-017-3964-5 

36. Bower JE. Cancer-related fatigue–mechanisms, risk factors, and treatments. Nat Rev Clin 

Oncol. 2014;11(10):597–609. DOI: https://doi.org/10.1038/nrclinonc.2014.127  

37. Bower JE, Ganz PA, Desmond KA, et al. Fatigue in breast cancer survivors: occurrence, 

correlates, and impact on quality of life. J Clin Oncol. 2000;18(4):743–753.  

DOI: https://doi.org/10.1200/JCO.2000.18.4.743 

38. Machado P, Morgado M, Raposo J, et al. Effectiveness of exercise training on cancer-

related fatigue in colorectal cancer survivors: a systematic review and meta-analysis of 

randomized controlled trials. Support Care Cancer. 2022;30(7):5601–5613.  

DOI: https://doi.org/10.1007/s00520-022-06856-3 

39. Fox L, Wiseman T, Cahill D, et al. Barriers and facilitators to physical activity in men with 

prostate cancer: A qualitative and quantitative systematic review. Psychooncology. 

2019;28(12):2270–2285.DOI: https://doi.org/10.1002/pon.5240 

40. Michael M, Goble J, Hawk M, et al. Reported Barriers Impeding Adherence to a Physical 

Exercise Program in Patients With Breast Cancer: A Systematic Review. Rehabil Oncol. 

2021;39(2):88–102. DOI: https://doi.org/10.1097/01.REO.0000000000000220 

41. Lavallee JF, Abdin S, Faulkner J, et al. Barriers and facilitators to participating in physical 

activity for adults with breast cancer receiving adjuvant treatment: A qualitative metasynthesis. 

Psychooncology. 2019;28(3):468–476. DOI: https://doi.org/10.1002/pon.4980 

42. Physical Activity and Survival After Prostate Cancer Diagnosis in the Health Professionals 

Follow-Up Study Stacey A. Kenfield, Meir J. Stampfer, Edward Giovannucci, and June M. 

Chan DOI: https://doi.org/10.1200/JCO.2010.31.5226 

https://doi.org/10.1007/s11764-017-0632-1
https://doi.org/10.1007/s00520-018-4305-z
https://doi.org/10.2196/28852
https://doi.org/10.3390/ijerph18115798
https://doi.org/10.1007/s11764-020-00981-w
https://doi.org/10.2147/CMAR.S170064
https://doi.org/10.1007/s00520-017-3964-5
https://doi.org/10.1038/nrclinonc.2014.127
https://doi.org/10.1200/JCO.2000.18.4.743
https://doi.org/10.1007/s00520-022-06856-3
https://doi.org/10.1002/pon.5240
https://doi.org/10.1097/01.REO.0000000000000220
https://doi.org/10.1002/pon.4980
https://doi.org/10.1200/JCO.2010.31.5226

