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ABSTRACT 

With the growing number of cancer survivors worldwide, it has become 

increasingly important to create non-pharmacological approaches that support 

long-term health and promote better survival outcomes. While physical activity 

(PA) is widely recognised for its health benefits, and sedentary behaviour (SB) is 

known for its detrimental effects in the general population, evidence on their 

independent and especially joint associations with health-related quality of life 

(HRQoL) and survival outcomes in cancer survivors has been limited. This 

literature review examines findings from recent prospective cohort studies and 

systematic reviews, drawing on a nationally representative sample of US cancer 

survivors, as well as specific populations by cancer type. The review highlights that 

both prolonged sitting and lack of leisure-time physical activity (LTPA) 

independently increase mortality risks among cancer survivors. Their combined 

occurrence is linked to the greatest risk of both overall and cancer-specific mortality. 

At the same time, engaging in regular physical activity—even at modest levels—has 

been shown to improve HRQoL, reduce cancer-related fatigue, and enhance 

physical fitness in various groups of cancer survivors. The findings highlight the 

importance of promoting LTPA and reducing SB as key elements of cancer 

survivorship care, with meaningful implications for clinical practice and public 

health guidelines. 
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1. INTRODUCTION  

Around the world, rising cancer rates have created an ever-expanding group of 

survivors (Cao et al., 2022; Ha et al., 2021). In the United States, nearly 18.6 million 
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adults are living with the disease today. This number is expected to grow steadily, with some estimates predicting it will exceed 22 

million by 2035. Improved survival rates are largely linked to progress in diagnostic timeliness and the development of more effective 

therapeutic interventions. Despite these advances, the vast majority of patients continue to experience chronic health problems 

attributable to the primary disease or its treatment, frequently persisting well beyond the conclusion of therapeutic care (Li et al., 2022). 

They include increased mortality and morbidity, impaired cardiorespiratory fitness (CRF), neuropathy, frailty, cancer-induced fatigue, 

reduced psychological well-being, as well as various psychosocial deficits (Ha et al., 2021; Lavery et al., 2024; Cao et al., 2023; Cannioto 

et al., 2021; Spei et al., 2019; Jung et al., 2019). Consequently, there is an urgent need to find practical strategies for enhancing the long-

term health of this vulnerable population. 

Engagement in physical activity (PA) has been proposed to improve oncological outcomes through diverse biological and clinical 

mechanisms. Included among these are regulation of tumor proliferation and dissemination, reduction of adverse sequelae from 

therapy, increased adherence to treatment regimens, and augmentation of treatment effectiveness (Li et al., 2022; Siegel et al., 2021; 

Miller et al., 2019). The recommendation of sustained physical activity (PA) for health promotion by institutions such as the World 

Health Organization (WHO) and the American College of Sports Medicine (ACSM) explicitly encompasses populations with chronic 

conditions, including cancer (Bull et al., 2020; Piercy et al., 2018; Patel et al., 2019; Ekelund et al., 2016; Yang et al., 2021). 

The recommendations of the ACSM specify that cancer survivors should engage in moderate-intensity aerobic activity on at least 

three occasions per week, lasting approximately 30 minutes per session. The ACSM recommends that cancer survivors perform 

moderate aerobic exercise for at least 150 minutes per week, spread over a minimum of three sessions. In addition, survivors are 

encouraged to complete resistance training twice weekly, performing each exercise for 8–15 repetitions at about 60% of their one-

repetition maximum (1RM) (Lavery et al., 2024; Thorsen et al., 2023; Rock et al., 2022). 

Despite these recognised benefits, levels of PA remain critically low among cancer survivors. SB, defined as any waking behaviour 

with an energy expenditure of 1.5 metabolic equivalent of task (MET) or less in a sitting, reclining, or lying posture, has become 

increasingly prevalent in modern times (Li et al., 2022; Stamatakis et al., 2019). Prolonged sitting has been associated with a range of 

adverse health outcomes, which include an elevated risk of cardiovascular disease, diabetes, cancer, and all-cause mortality, 

particularly among individuals with low levels of PA (Li et al., 2022; Lavery et al., 2024; Thorsen et al., 2023; Friedenreich et al., 2020). 

Evidence on the independent roles of PA and SB continues to accumulate; however, research addressing their joint influence on 

health outcomes among cancer survivors is still limited (Li et al., 2022; Ficarra et al., 2022; Cao et al., 2023) A 2019 roundtable report 

from the ACSM identified the lack of epidemiological data connecting SB with cancer survival outcomes as a critical area requiring 

further research (Cao et al., 2022). This suggests a need for more research to inform specific SB guidelines from ACSM for this 

population. Cancer survivors are often more sedentary than the cancer-free population due to comorbidities or deconditioning 

associated with their disease and treatment (Li et al., 2022). Gaining insight into the relationship between PA and SB is key to 

developing quantitative recommendations and interventions that support survival and quality of life in this growing population. This 

review explores these critical topics through an analysis of findings from recent large-scale research. 

 

2. REVIEW METHODS 

This review examines what is currently known about how PA and SB together influence mortality and other health outcomes in cancer 

survivors. The goal was to summarize existing evidence, highlight areas where research is lacking, and suggest directions for future 

studies. To gather relevant information, we conducted a thorough search of the PubMed and Google Scholar databases (Figure 1). 

 

Inclusion criteria: 

Sources considered for this work comprised randomized controlled trials, intervention-based clinical research, meta-analytical studies, 

and review literature published from Jan 2005 to Apr 2025, with most evidence published between Jan 2015 and Apr 2025. Relevant 

search terms included the following keywords: “leisure-time physical activity“, “physical exercise“, “sedentary behaviour“, “cancer“, 

and “survivorship“, among others. 

 

Exclusion criteria: 

Studies with various methodological weaknesses, such as insufficient sample sizes, the absence of control groups, and unsatisfactory 

statistical analysis, were excluded. We also excluded articles published in languages other than English. 
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Every study included in this review followed established ethical guidelines, with research involving patients approved by the 

relevant institutional review boards. 

 

 
Figure 1: Prisma consort chart. 

  

3. RESULTS 

Prevalence of Inactivity and Sedentary Behaviour 

High levels of PA and prolonged SB are widely observed among cancer survivor populations, presenting a substantial public health 

challenge (Cao et al., 2022; Bull et al., 2020) (Table 1). In a prospective cohort investigation conducted by Cao et al., (2022), more than 

half (56.8%) of a nationally representative sample of U.S. cancer survivors (n = 1535) were identified as physically inactive, reporting no 

engagement in LTPA over the course of a week. Only a minority (27.6%) were categorised as sufficiently active, engaging in 150 

minutes or more of LTPA per week, while 15.6% were insufficiently active (LTPA less than 150 minutes per week but more than 0). 

Regarding SB, most cancer survivors (60.3%) reported sitting for more than 6 hours per day (h/d). Among the participants, 35.4% 

reported sitting for 6 to 8 hours per day, while 24.9% reported sitting for more than 8 hours per day. Alarmingly, 35.8% of these cancer 

survivors engaged in no LTPA and also reported sitting for over 6 hours per day. High levels of SB combined with minimal PA have 

been reported as “highly prevalent,” indicating that overall activity among cancer survivors remains “critically low” (Cao et  al., 2022) 

(Table 1). In a 2021 cross-sectional study, Ha et al., (2021) examined 614 US lung cancer survivors and found that just over half (51.5%) 
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engaged in LTPA, leaving nearly half (48.5%) without any LTPA in the preceding 30 days. The authors observed that this proportion of 

inactivity in lung cancer survivors was "higher than those reported in previous studies".  

In the study by Jiménez et al., (2022) high percentages, specifically between 50% and 80%, of inactivity or low activity were reported 

among ovarian cancer survivors. Interestingly, despite most not achieving WHO-recommended activity levels, there was a high 

expressed interest in PA programmes in this group (Table 1). In the study by Cao et al., (2023) among a nationally representative 

sample of US skin cancer survivors aged 50 years or older, nearly half (46.3%) reported no LTPA (inactive). Over half of this group 

reported sitting for more than 6 h/d, with 38.1% sitting 6-8 h/d and 22.1% sitting over 8 h/d. The combination of no LTPA and sitting for 

more than 6 h/d was reported by 29.6% of skin cancer survivors. The patterns of LTPA and sitting time in skin cancer survivors were 

noted to be similar to those in non-cancer adults (Cao et al., 2023). 

 

Table 1: Prevalence of Physical Activity (PA) and Sedentary Behaviour (SB) in Cancer Survivors. 

Domain Findings Key Metrics / Statistics Source(s) 

Inactivity High prevalence of inactivity 
56.8% inactive; 27.6% ≥ 150 min/wk; 

15.6% insufficient 
Cao et al., 2022 

 
Lung cancer survivors: nearly 

half inactive 
48.5% no LTPA Ha et al., 2021 

 
Ovarian cancer survivors: 50-

80% low activity 
High interest in PA programs Jiménez et al., 2022 

 
Skin cancer survivors: nearly 

half inactive 

46.3% inactive; 29.6% inactive + sit >6 

h/d 
Cao et al., 2023 

Sedentary 

Behaviour (SB) 
Prolonged sitting common 

60.3% sit >6 h/d; 35.8% inactive + sit >6 

h/d 
Cao et al., 2022 

 Skin cancer survivors 38.1% sit 6-8h/d; 22.1% sit >8 h/d Cao et al., 2023 

 

Independent Associations of Physical Activity with Mortality 

Participating in PA was consistently associated with a reduced risk of mortality across various cancer survivor populations. For US 

cancer survivors generally, being physically active (≥150 min/wk LTPA) was linked to a significantly lower risk of all-cause mortality 

(Hazard Ratio [HR], 0.34; 95% Confidence Interval [CI], 0.20-0.60) and cancer-specific mortality (HR, 0.32; 95% CI, 0.15-0.70) compared 

with being inactive (Cao et al., 2022) (Table 2). Non-cancer mortality also showed a reduction (HR, 0.36; 95% CI, 0.19-0.68). In a large, 

nationally representative prospective cohort of US adult cancer survivors, engagement in LTPA was associated with a lower risk of all-

cause mortality (Li et al., 2022). Relative to inactive individuals, survivors who participated in increasing levels of PA experienced 

progressively greater reductions in mortality risk. Specifically, hazard ratios (HR) and 95% confidence intervals (CI) were as follows: 10 

minutes to 1 hour per week, HR = 0.75 (95% CI, 0.67–0.85); 1–2.5 hours per week, HR = 0.72 (95% CI, 0.67–0.78); 2.5–5 hours per week, 

HR = 0.66 (95% CI, 0.60–0.72); 5–7.5 hours per week, HR = 0.63 (95% CI, 0.56–0.70); 7.5–13.3 hours per week, HR = 0.53 (95% CI, 0.47–

0.61); and 13.3–24 hours per week, HR = 0.57 (95% CI, 0.49–0.66), demonstrating a clear dose-response relationship between PA and 

survival (Li et al., 2022) (Table 2). These inverse associations with increasing PA were also observed for cancer and cardiovascular 

disease (CVD) mortalities. This study also indicated a nonlinear association with a threshold effect at 1 hour/week; increasing PA by 1 

hour/week demonstrated a 30% decrease (HR = 0.70; 95% CI, 0.66–0.75) in all-cause mortality for those performing less than 1 

hour/week, with a smaller 2% decrease for those above this threshold. With each one-hour increase in PA the risk of all-cause mortality 

was reduced by 5% in fully adjusted models (Li et al., 2022) (Table 2).  

Among long-term testicular cancer survivors, regular and maintained PA was associated with a significant reduction in overall 

mortality risk of at least 50% (Thorsen et al., 2023). About 20 years after treatment, survivors classified as Low-Active (2–6 MET-

h/week), Active, or High-Active (≥20 MET-h/week) had at least a 60% lower mortality risk than Inactive. Active participants (10–18 
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MET-h/week) showed a 51% reduction in overall mortality (HR 0.49, 95% CI: 0.29–0.84). Participants who took part in PA at ≥10 MET-

h/week at both Survey 1 and Survey 2 experienced a 51% lower risk of mortality compared with those who remained inactive (<10 

MET-h/week at both time points) (HR 0.49, 95% CI: 0.30–0.82) (Thorsen et al., 2023) (Table 2). 

A meta-analysis of breast cancer survivors found that women engaging in the highest levels of recreational PA after diagnosis had a 

42% lower risk of death from any cause (HR=0.58, 95% CI: 0.45–0.75) and a 40% lower risk of breast cancer–specific death (HR=0.60, 

95% CI: 0.36–0.99) compared with those reporting the lowest activity levels (Spei et al., 2019). Among high-risk breast cancer patients, 

recurrence risk was lower but did not reach statistical significance (HR = 0.79; 95% CI, 0.60–1.05). Compliance with the Physical Activity 

Guidelines for Americans (PAGAs) both prior to diagnosis and one year post-diagnosis was associated with significant reductions in 

recurrence (HR = 0.59) and mortality (HR = 0.51). These associations were even stronger at 2-year follow-up (recurrence HR=0.45, 

mortality HR=0.32) (Spei et al., 2019) (Table 2). 

 

Table 2: Associations of Physical Activity (PA) and Sedentary Behavior (SB) with Mortality. 

Domain Findings Key Metrics / Statistics Source(s) 

Physical Activity (PA) 

& Mortality 

Higher PA reduces all-

cause & cancer-specific 

mortality 

≥ 150 min/wk LTPA: HR all-cause = 0.34; 

cancer-specific = 0.32 
Cao et al., 2022 

Dose-response 

relationship 

HR decreases progressively with more PA; 

threshold at 1 h/wk 
Li et al., 2022 

Testicular cancer 

survivors 

Active (10-18 MET-h/wk): HR = 0.49; Low-

Active ≥60% lower mortality than inactive 
Thorsen et al., 2023 

Breast cancer survivors HR all-cause = 0.58; HR breast cancer 0.60 Spei et al., 2019 

Sedentary Behaviour 

(SB) & Mortality 

Prolonged sitting 

increases mortality 

Sit ~8 h/d: HR all-cause = 1.81; cancer 2.27; +7-

9% per extra hour 
Cao et al., 2022 

Skin cancer survivors 
Sit ~8 h/d: HR all-cause = 1.72; non-cancer 

1.76; +8% per extra hour 
Cao et al., 2023 

Joint PA & SB Effects 

Inactivity + prolonged 

sitting = highest 

mortality risk 

Sit >8h/d + inactive: HR all-cause = 5.38; HR 

cancer 4.71 

Cao et al., 2022; 

Cao et al., 2023 

Female skin cancer 

survivors 

No LTPA + sit >6 h/d: 4-fold increase in all-

cause mortality 
Cao et al., 2023 

Dose-Respone & 

Activity Levels 

Greatest benefit at 

lower PA; plateau at 

high PA 

10 min-1 h/wk reduces all-cause mortality by 

~25% 

Li et al., 2022; 

Albrecht & Taylor 

2012 

 

Independent Associations of Sedentary Behaviour with Mortality 

Prolonged sitting was found to be independently associated with higher mortality risk. Among cancer survivors in the United States, 

those who spent more than 8 hours per day sitting had greater risks of both overall mortality (HR=1.81; 95% CI: 1.05–3.14) and cancer-

specific mortality (HR=2.27; 95% CI: 1.08–4.79) compared with individuals who sat fewer than 4 hours daily (Cao et al., 2022) (Table 2). 

Each additional hour of daily sitting was associated with a 7% higher risk of death from any cause, a 9% higher risk of cancer-related 

death, and a 5% higher risk of non-cancer-related death (Cao et al., 2022) (Table 2). Skin cancer survivors who reported sitting for about 

8 hours per day faced notably higher overall (HR = 1.72; 95% CI: 1.11–2.67) and non-cancer mortality (HR = 1.76; 95% CI: 1.07–2.92) 
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compared with those who sat for under 6 hours per day. A dose–response pattern was also observed: each additional hour of sitting 

raised the risk of both all-cause and non-cancer mortality by 8%. In contrast, sitting time did not appear to be linked with cancer-

specific mortality in this group (Cao et al., 2023). 

 

Joint Associations and Synergistic Impact of PA and SB 

The combination of extended sitting and insufficient PA was common and associated with the highest risk of all-cause mortality (Cao et 

al., 2022) (Table 2). Crucially, the excess risk linked to SB was largely confined to cancer survivors who did not engage in adequate 

levels of activity (Cao et al., 2022). The highest overall and cancer-specific mortality risks were observed in inactive and insufficiently 

active survivors who reported sitting more than 8 h/d. Specifically, these individuals had the highest overall mortality risk (HR, 5.38; 

95% CI, 2.99-9.67) and cancer-specific mortality risk (HR, 4.71; 95% CI, 1.60-13.9). These risks were compared to active survivors who 

sat for less than 6 hours per day. For individuals who were insufficiently active or inactive, spending more time sitting was related to 

higher risks of all-cause (HR per 1-h increase, 1.08) and cancer (HR per 1-h increase, 1.09) mortality in a dose-response manner (Table 

2). Cancer survivors who were insufficiently active or inactive and sat for more than 8 hours per day faced up to a fivefold higher risk 

of death from all causes, including both cancer and non-cancer. Cancer survivors who were least active—sitting 8 hours or more per 

day and engaging in less than 150 minutes of LTPA per week—faced about a 5.5-fold higher risk of death compared with those who 

were most active, sitting less than 4 hours per day and achieving at least 150 minutes of LTPA per week (Table 2).  

Among cancer survivors who were sufficiently active, longer sitting times were not associated with higher mortality. Inactive skin 

cancer survivors sitting more than 8 h/d had the highest mortality risks from all-cause (HR=2.26; 95% CI: 1.28 to 4.00) and non-cancer 

(HR=2.11; 95% CI, 1.10 to 4.17) mortality. This combined behaviour led to a two-fold increase in all-cause mortality risk. The association 

of the combination of lack of LTPA and prolonged sitting with elevated mortality was more noticeable in female skin cancer survivors. 

Female skin cancer survivors with no LTPA and sitting >6 h/d had as much as a four-fold increase in the risk of all-cause mortality 

compared to those with any LTPA and sitting <6h/d. The associations of LTPA and sitting time with all-cause and cause-specific 

mortality did not significantly differ between skin cancer survivors and non-cancer adults (Cao et al., 2023), (Table 2). 

 

4. DISCUSSION 

Evidence indicates that PA and SB are strongly associated with health outcomes in cancer survivors (Cao et al., 2022; Ha et al., 2021; Li 

et al., 2022; Cannioto et al., 2021; Jiménez et al., 2022; Siegel et al., 2021). Across multiple studies, more than 50% of survivors did not 

engage in LTPA. Almost two-thirds engaged in SB for over six hours per day (Li et al., 2022). High SB combined with low PA was 

linked to the largest increases in all-cause and cancer-specific mortality, highlighting their combined impact on survivor health (Cao et 

al., 2022; Ha et al., 2021). 

Independent Associations: In cancer survivors, regular PA is clearly linked to meaningful health benefits, while prolonged SB tends 

to correspond with worse outcomes (Cannioto et al., 2021; Holmes et al., 2005; Swain et al., 2020; D’Silva et al., 2018; Dunstan et al., 

2021). Even low volumes of PA are linked to meaningful reductions in both all-cause and cancer-specific mortality. Notably, engaging 

in as little as 10 minutes to 1 hour of PA per week can lower all-cause mortality risk by approximately 25% (Cannioto et al., 2021). The 

findings emphasize the need to limit inactivity and promote the highest achievable levels of PA, since even modest participation is 

associated with meaningful improvements in survival and overall health among this population (Cannioto et al., 2021). For instance, 

physically active cancer survivors benefit from a significantly lower risk of death in comparison to inactive individuals, with reductions 

up to 66% in some cancer types (Li et al., 2022; Albrecht & Taylor, 2012). Engagement in prolonged sitting independently contributes to 

higher risks of death, including those from non-cancer as well as all causes. Each successive hour of sitting accumulated per day has 

been shown to raise the likelihood of mortality in a dose–response fashion (Li et al., 2022; Spei et al., 2019). This association remains 

when differences in activity levels are accounted for, indicating that SB produces unique adverse health effects (Li et al., 2022). 

Joint Associations: Perhaps the most crucial insight from the reviewed literature is the detrimental joint association of prolonged 

sitting with a lack of PA. Studies consistently show that cancer survivors who are both inactive or insufficiently active and spend 

extensive time sitting (e.g., >8 hours/day) are associated with the highest risks of cancer-specific and all-cause mortality. Perhaps the 

most crucial insight from the reviewed literature is that cancer survivors who engage in little or no PA and spend extended periods of 

time sitting face significantly higher mortality risks, which are many times greater than those observed in individuals who remain 

active and minimise SB (Li et al., 2022; Cao et al., 2023; Spei et al., 2019). Cancer survivors who are able to meet the recommended levels 
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of PA benefit from a reduction in the increased mortality associated with prolonged SB (Cao et al., 2022; Li et al., 2022; Cao et al., 2023; 

Lavery et al., 2024). These results support interventions that both encourage PA and limit SB. 

Dose-Response and Activity Levels: The studied evidence points to a nonlinear dose–response relationship between PA and health 

outcomes (Cao et al., 2022; Li et al., 2022; Cao et al., 2023; Cannioto et al., 2021; Swain et al., 2020), although guidelines generally 

recommend at least 150 minutes of moderate-intensity PA per week (Bull et al., 2020; Piercy et al., 2018; Patel et al., 2019; Ekelund et al., 

2016; Campbell et al., 2019). The greatest benefits are observed in individuals with low levels of physical activity. Incremental benefits 

diminish or plateau as activity increases (Swain et al., 2020; Albrecht & Taylor, 2012). For example, in testicular cancer survivors, 

engaging in moderate levels of PA was associated with a significant reduction in mortality, while very high activity levels did not 

provide further decreases beyond those seen at moderate intensities (Albrecht & Taylor, 2012). For cancer survivors, understanding this 

trend is key to setting realistic PA goals, as many are limited by comorbidities or the side effects of treatment (Li et al., 2022; Jung et al., 

2019). 

Specific Cancer Types: Across multiple cancer populations—including breast, lung, testicular, and skin malignancies—health-

promoting behaviors have been linked to improved survival, with patterns generally mirroring those observed in adults without cancer 

(Cao et al., 2022; Li et al., 2022; Cao et al., 2023; Spei et al., 2019; Schmid & Leitzmann, 2014; Holmes et al., 2005). In populations of skin 

cancer survivors, declines in mortality are chiefly associated with non-cancer causes, emphasizing the critical public health importance 

of addressing lifestyle-related chronic conditions, which have a greater impact on survival than the primary cancer. In certain cohorts, 

the relationship between LTPA and mortality benefits was more pronounced in females. This suggests that individualised approaches 

may be necessary (Cao et al., 2023; Spei et al., 2019). 

 

Limitations of Current Research 

Since PA and SB are often assessed via self-report, there is a potential for recall bias and overestimation compared to objective methods, 

such as accelerometry. This limitation suggests that the actual prevalence of SB among cancer survivors could potentially be even 

higher than the reported figures. Future studies using objective, device-based measures are needed. Many studies assess PA and SB at a 

single time-point, which may not reflect changes in behaviour during long follow-up periods. Longitudinal studies using repeated 

measurements are critical. Finally, the potential for reverse causation—where reduced activity results from poorer health or more 

advanced disease rather than causing adverse outcomes—cannot be completely excluded, although sensitivity analyses are frequently 

used to address this issue. 

 

5. CONCLUSION 

Elevated all-cause and cancer-specific mortality in survivors is independently linked to low PA and prolonged SB, with the greatest 

risk when both are present. Even modest PA offsets these effects, improving survival, HRQoL, fatigue, and cardiovascular health. 

Integrating dual recommendations—promoting PA and reducing SB—into survivorship care remains essential, while further work 

should refine dose–response estimates through rigorous designs. 
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