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Abstract

Background—Physical activity has been associated with longer chronic disease-free life 

expectancy, but specific cancer types have not been investigated. We examined whether leisure-

time moderate-to-vigorous physical activity (LTPA) and television (TV) viewing were associated 

with life expectancy cancer-free.

Methods—We included 14,508 participants without a cancer history from the Atherosclerosis 

Risk in Communities (ARIC) study. We used multistate survival models to separately examine 

associations of LTPA (no LTPA, < median, ≥ median) and TV viewing (seldom/never, sometimes, 

often/very often) with life expectancy cancer-free at age 50 from invasive colorectal, lung, 

prostate, and postmenopausal breast cancer. Models were adjusted for age, gender, race, ARIC 

center, education, smoking, and alcohol intake.

Results—Compared to no LTPA, participants who engaged in LTPA ≥ median had a greater life 

expectancy cancer-free from colorectal (men-2.2 years (95% confidence interval (CI) 1.7, 2.7), 

women-2.3 years (95% CI 1.7, 2.8)), lung (men-2.1 years (95% CI 1.5, 2.6), women-2.1 years 

(95% CI 1.6, 2.7)), prostate (1.5 years (95% CI 0.8, 2.2)), and postmenopausal breast cancer (2.4 

years (95% CI 1.4, 3.3)). Compared to watching TV often/very often, participants who seldom/

never watched TV had a greater colorectal, lung, and postmenopausal breast cancer-free life 

expectancy of ~1 year.

Conclusion—Participating in LTPA was associated with longer life expectancy cancer-free from 

colorectal, lung, prostate, and postmenopausal breast cancer. Viewing less TV was associated with 

more years lived cancer-free from colorectal, lung, and postmenopausal breast cancer.
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Impact—Increasing physical activity and reducing TV viewing may extend the number of years 

lived cancer-free.

Introduction

Cancer contributes significantly to years lived with disability and to the risk of mortality.(1) 

In the United States (US), 16.9 million men and women have a cancer history and an 

estimated 1.8 million cases are projected to occur in 2020.(2) Prostate, breast (pre- and 

postmenopausal), lung and bronchus, and colorectal cancer are the most frequently 

diagnosed cancers in the US.(2) The number of years lived without cancer can be estimated 

with health expectancy outcomes, a measure that combines incidence and mortality to 

estimate life expectancy lived with and without disease.(3) Health expectancy outcomes can 

complement population-based measures, such as life expectancy, by estimating years of life 

lived in good health and lost to poor health.(3)

Physical activity has been associated with a lower risk of many types of cancer,(4–6) longer 

survival after cancer diagnosis,(6–8) and longer life expectancy.(9) Recent studies on 

physical activity and health expectancy outcomes have observed that greater amounts of 

physical activity were associated with longer life expectancy disease-free from 

cardiovascular disease (CVD),(10–14) diabetes,(15) and chronic disease (definitions varied 

by study but have included composite measures of coronary heart disease, stroke, diabetes, 

lung disease, cancer, asthma, and arthritis)(16–20) but no studies have separately examined 

specific cancer types. Sedentary behavior, conversely, has been associated with an increased 

risk of incident cancer(21) and all-cause mortality.(22) To date, sedentary behavior has not 

been examined in relation to cancer health expectancy outcomes.

Given the large population burden of cancer, we sought to understand how two health 

behaviors, physical activity and less sedentary behavior, could extend the years lived cancer-

free. Therefore, we examined how physical activity and television (TV) viewing, a common 

type of sedentary behavior, were associated with life expectancy cancer-free at age 50 from 

four leading types of cancer - colorectal, lung, prostate, and postmenopausal breast cancer, 

in a population-based cohort of adults from the Atherosclerosis Risk in Communities 

(ARIC) study.

Methods

Study population

We used data from the ARIC study, a prospective cohort of 15,792 mostly White and 

African-American adults. Participants, age 44 – 66 years at Visit 1, were enrolled from four 

geographic areas in the US (Forsyth County, North Carolina; Jackson, Mississippi; 

Washington County, Maryland; and Minneapolis, Minnesota). ARIC study cohort members 

have participated in interviews, clinical examinations, and annual (semi-annual from 2012) 

telephone follow-up interviews over seven examination visits (Visit 1 1987–89, Visit 2 

1990–92, Visit 3 1993–95, Visit 4 1996–98, Visit 5 2011–13, Visit 6 2016–17, and Visit 7 

2018–19).(23) All participants provided informed written consent at each study visit. The 

ARIC study was approved by the Institutional Review Boards at all participating institutions.
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For this analysis, we excluded participants who did not consent to non-cardiovascular 

disease research (n=149), those with a history of any type of cancer at baseline (n=902), and 

those who experienced cancer (colorectal, lung, prostate, or breast) or death within the first 

year of follow-up to reduce the likelihood of reverse causation (n=130). Due to small 

numbers of race/ethnic groups at ARIC sites, we also excluded Asian and American Indian/

Alaskan Indian participants (Forsyth County n=21, Minnesota n=15, Washington County 

n=12) and African-American participants in Minnesota (n=22) and Washington County 

(n=33). After exclusions, 14,508 (92%) participants were included in analysis for colorectal 

and lung models, 6,582 men for prostate models, and 7,849 postmenopausal women for 

postmenopausal breast models (77 women were not included in breast cancer models 

because they died or developed breast cancer before reaching menopause).

Physical activity and sedentary behavior

Participants reported engaging in sport or exercise activities in the past year with the Baecke 

questionnaire at Visits 1 and 3.(24, 25) Participants could report up to four leisure-time 

physical activities. For each activity, participants were asked to report the number of hours/

week and months/year they engaged in the activity. A metabolic equivalent of task (MET) 

value was assigned to each activity based on the Compendium of Physical Activities.(26) 

Activities with a MET ≥ 3 were classified as moderate-to-vigorous intensity.(27) MET hours 

per week (MET-h/week) spent in leisure-time moderate-to-vigorous physical activity (LTPA) 

at Visits 1 and 3 was categorized as none, < median (0.1 – <13.2 MET-h/week), and ≥ 

median (13.2+ MET-h/week). The cut point was based on the Visit 1 median value of MET-

h/week among those reporting any LTPA. In a supplemental analysis, to further enhance the 

translation of our results, we classified participants as meeting the 2018 US physical activity 

guidelines of participating in at least 150 minutes/week of moderate intensity activity, or 75 

minutes/week of vigorous intensity activity, or an equivalent combination.(27) We classified 

participants as no LTPA participation, LTPA less than guidelines (0.1 - < 7.5 MET-h/week), 

met guidelines (7.5 – < 15.0 MET-h/week), and doubled guidelines (15.0+ MET-h/week).

Sedentary behavior, any waking behavior that expends little energy expenditure (≤ 1.5 MET) 

while in a sitting or reclining posture,(28) was estimated with a question on TV viewing. 

Participants reported at Visit 1 how often they viewed TV and were classified as never/

seldom, sometimes, and often/very often, due to small numbers in some categories.

Cancer and all-cause mortality outcomes

We focused on four leading types of cancer - colorectal, lung, prostate, and postmenopausal 

breast, that accounted for 59% of cancer diagnoses in ARIC. First primary invasive cancer 

diagnoses were ascertained by linkage with statewide cancer registries from 1987 through 

December 31, 2012 and supplemented by abstraction of medical records and hospital 

discharge codes. In addition to the cancer registry linkage, participants who self-reported a 

cancer diagnosis at an annual/semi-annual interview or at an ARIC study visit were 

contacted for further information and their medical records were abstracted to confirm a 

cancer diagnosis and tumor characteristics. Some of the state cancer registries were not 

complete or established at the start of the ARIC study, and for this time period, cancer cases 

were identified by surveillance of hospital discharge summaries in the ARIC study regions 

Cuthbertson et al. Page 3

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



supplemented with medical record abstraction.(29) The ARIC Cancer Coordinating Center 

adjudicated all potential cases of colorectal, lung, prostate, and postmenopausal breast 

cancers.(29) For the purpose of exclusions, participants were considered to have prevalent 

cancer at Visit 1 if they said a doctor told them that they had cancer of any type.

Deaths were ascertained from Visit 1 until December 31, 2012 through active surveillance of 

vital status and by linkage with the National Death Index.(23, 30)

Covariate assessment

Confounders were selected based on a priori knowledge of the relationship of physical 

activity and sedentary behavior with cancer incidence and all-cause mortality.(5, 21, 31–35) 

Covariates measured at Visit 1 included age (continuous), gender (male, female), race by 

ARIC center (African-American Forsyth county, White Forsyth County, African-American 

Jackson, White Minneapolis, White Washington County), education (≤high school, 

vocational school, some college/college degree, graduate/professional), daily servings of red 

meat intake (continuous), and smoking pack-years (continuous) (Supplementary Methods). 

Time-varying covariates that were assessed at Visits 1 – 4 included: smoking status (current 

smoker, past smoker, never smoker), alcohol intake (not current drinker, ≤ 100 grams, > 100 

grams), body mass index (BMI) (underweight/normal <25.0 kg/m2, overweight 25.0 - < 30 

kg/m2, obese ≥ 30.0 kg/m2), diabetes (yes, no), and in women, use of menopausal hormone 

therapy (MHT) (never users, former users of any MHT type, current users of unopposed 

estrogen, current users of estrogen plus progestin) and postmenopausal status 

(premenopausal, postmenopausal) (Supplementary Methods).

For the analysis on postmenopausal breast cancer, we included only postmenopausal 

women. Women were considered postmenopausal at the ARIC visit in which they reported 

the following: 1) having both ovaries removed, or 2) if both ovaries had not been removed, 

they were not taking hormones and had not had a hysterectomy, then they were considered 

menopausal when they reported reaching menopause or having no periods in the past two 

years, or 3) if both ovaries had not been removed but women reported taking hormones, or 

had a hysterectomy, or did not know their menopause status, then they were considered 

menopausal when they reached the average cohort race- and smoking status- specific age 

when menopause was reached (White: never-48.3, former- 47.3 current-46.6; African 

American: never-47.8, former-47.0, current-45.6 years).

Statistical analysis

We used multistate Markov survival models to estimate how participants moved between 

health (state 1), disease (state 2), and all-cause mortality (state 3) states (Figure 1, 

Supplementary Methods and Supplementary Table S1). This model had three possible 

transitions – health to disease (T1), health to all-cause mortality (T2), and disease to all-

cause mortality (T3). All participants started in the health state, free of cancer, and could 

move to the disease state (T1) or to death from any cause (T2). Participants who developed 

cancer could move from the disease state to the death state (T3). Separate models were 

specified with different disease states: colorectal, lung, prostate, and postmenopausal breast 

cancer. Transition-specific (T1, T2, T3) hazard ratios (HR) and 95% confidence intervals 
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(CI) were estimated with the msm R package.(36, 37) The time scale for all models was age; 

participants started contributing time to the study at the age they entered at Visit 1. For 

breast cancer analyses, women started contributing time at the age of their first visit in which 

they were considered postmenopausal. Follow-up continued until death or end of study 

(December 31, 2012). For time-varying covariates, information from the visit closest in time 

preceding each type of transition was used for the specific transition. Exposures and 

covariates were used on all transitions (T1, T2, T3) and did not vary by type of transition.

Life expectancy, the expected average number of remaining years of life in health and 

disease states conditional on reaching age 50 and regardless of health status at age 50, was 

estimated with the R package Estimating Life Expectancies in Continuous Time (ELECT).

(38) The ELECT package uses model parameters estimated from the multistate models. 

Total life expectancy was divided into life expectancy with and without disease. Confidence 

intervals were estimated using 1000 bootstrap samples. We focused on life expectancy 

cancer-free, which was derived from the T1 and T2 transitions from the multistate models 

and accounted for time from age 50 until incident cancer diagnosis, death, or end of study, 

whichever occurred first. We estimated life expectancy at age 50 in order to compare to 

studies on physical activity and life expectancy disease-free that all estimated life 

expectancy at age 50.(10–13, 15–18, 20) Across models, life expectancies were estimated at 

each level of LTPA (no LTPA, LTPA < median, and LTPA ≥ median) and TV viewing (often/

very often, sometimes, seldom/never) while specifying other covariates used in analytic 

models to the baseline covariate distribution levels of the analytic cohort.

First, we specified models that separately examined LTPA and TV, and then specified 

models that included both LTPA and TV. For all models, we adjusted for age, gender, race 

by ARIC center, education, smoking, and alcohol intake. We conducted sensitivity analyses 

(Supplementary Methods) that included further adjustment for BMI (all models), MHT 

(breast cancer LTPA model), red meat intake (colorectal LTPA model), diabetes (colorectal 

LTPA model), smoking pack-years (lung LTPA model), restriction to never smokers 

(colorectal, prostate, and breast cancer LTPA models, lung cancer models would not 

converge possibly due to the small number of lung cancer cases among never smokers 

(n=10)), and exclusion of cases that occurred within 5 years of baseline (lung LTPA model).

Missing exposure and covariate data that occurred at each visit were imputed with Multiple 

Imputation by Chained Equations (Supplementary Methods).(39, 40) All analyses were 

carried out with SAS Version 9.4 (Cary, North Carolina) and R Version 3.3.2. Analyses were 

approved by the Institutional Review Board at the University of North Carolina at Chapel 

Hill.

Results

At baseline, the average age of the 14,508 participants was 54 years (SD 5.7), 55% were 

female, 28% were African-American, 56% had a high school education or less, most 

participants were not current smokers or current drinkers, and 89% of women were 

postmenopausal (Table 1). Over 60% of participants reported any LTPA and the median 
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amount of LTPA at baseline was 13.2 MET-h/week. Close to half of participants reported 

watching TV sometimes.

Over a median 23.6 years of follow-up, 2,360 (16.3%) participants had a diagnosis of 

incident invasive first primary colorectal, lung, prostate, or postmenopausal breast cancer 

and 5,054 (34.8%) deaths from all causes occurred in the full analytic cohort. The mean age 

at cancer diagnosis was 68.8 years (SD 7.5) for colorectal, 69.7 years (SD 7.3) for lung, 68.6 

years (SD 6.3) for prostate, and 66.7 years (SD 7.3) for postmenopausal breast cancer. HRs 

for LTPA and TV viewing with each transition (T1, T2, T3) are in Supplementary Tables 

S2–S3.

LTPA and life expectancy cancer-free

On average, participants could expect to live more than 20 years cancer-free given they were 

alive at age 50 and for each cancer type, life expectancy cancer-free was greater for women 

than men at each level of LTPA. Participation in LTPA showed a positive dose-response 

relationship with greater life expectancy cancer-free (Figure 2). Participants who engaged in 

LTPA < median had ~1 year greater life expectancy cancer-free from colorectal, lung, and 

breast cancer compared to participants who reported no LTPA. At LTPA ≥ median compared 

to none, participants had a greater life expectancy cancer-free of over 2 years from colorectal 

(men-2.2 years (95% CI 1.7, 2.7), women-2.3 years (95% CI 1.7, 2.8)), lung (men-2.1 years 

(95% CI 1.5, 2.6), women-2.1 years (95% CI 1.6, 2.7)), and breast cancer (2.4 years (95% 

CI 1.4, 3.3)), and over 1 year for prostate cancer (1.5 years (95% CI 0.8, 2.2)). Compared to 

no LTPA, life expectancy cancer-free was greater by ~1 year for LTPA less than the 

guidelines, ~1.4 years for meeting physical activity guidelines, and by ~2.4 years for 

doubling the guidelines for most cancers (Supplementary Table S4).

TV viewing and life expectancy cancer-free

Life expectancy cancer-free was longer for viewing TV sometimes and seldom/never 

compared to often/very often for colorectal, lung, and breast cancer and was greater for 

women than men for each cancer type (Figure 3). Compared to often/very often viewing TV, 

viewing TV seldom/never was associated with a greater life expectancy cancer-free of ~1 

year from colorectal (men-1.2 years (95% CI 0.5, 1.9), women-1.2 years (95% CI 0.6, 1.9)), 

lung (men-1.4 years (95% CI 0.7, 2.0), women-1.4 years (95% CI 0.7, 2.1)), and breast 

cancer (women-1.4 years (95% CI 0.4, 2.4)). However, for prostate cancer, seldom/never 

watching TV compared to often/very often was not associated with longer life expectancy 

cancer-free (0.5 years (95% CI −0.4, 1.3).

Combined LTPA and TV viewing with life expectancy cancer-free

For all types of cancer, participating in more LTPA and viewing less TV were associated in a 

dose-response fashion with life expectancy cancer-free (Figure 4). For colorectal, lung, and 

breast cancer, life expectancy cancer-free was greater by ~3 years for engaging in LTPA ≥ 

median and seldom/never viewing TV compared to the referent group of no LTPA and often/

very often viewing TV (colorectal: men-3.2 years (95% CI 2.4, 4.0), women-3.3 years (95% 

CI 2.4, 4.1), lung: men-3.3 years (95% CI 2.5, 4.1), women-3.4 years (95% CI 2.5, 4.2), 

breast: 3.5 years (95% CI 2.2, 4.8)). For prostate cancer, the life expectancy cancer-free was 
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2 years longer for LTPA ≥ median and seldom/never viewing TV (1.9 years (95% CI 0.9, 

3.0)) compared to the referent group of no LTPA and often/very often viewing TV.

Sensitivity analyses

Life expectancy cancer-free was similar or modestly lower when further adjusting for BMI 

(all models), red meat or diabetes status (colorectal LTPA model), MHT (breast cancer 

LTPA model), smoking pack-years (lung cancer LTPA model), restricting to never smokers 

(colorectal, prostate, breast cancer LTPA models), or when excluding cases diagnosed within 

5 years of baseline (lung cancer LTPA model) (Supplementary Tables S5–S8).

Discussion

In this population-based cohort of White and African-American adults, participation in any 

LTPA and viewing less TV were associated with extended life expectancy cancer-free from 

major common cancers. Participation in LTPA showed a positive dose-response relationship 

with life expectancy cancer-free, such that at each level of LTPA participation life 

expectancy cancer-free was greater by approximately one year. Compared to no LTPA 

participation, at LTPA < median and ≥ median life expectancy cancer-free was 

approximately one and two years greater, respectively. Viewing TV sometimes or seldom/

never compared to often/very often was associated with a longer life expectancy cancer-free, 

but the magnitude of associations was more modest than those observed for LTPA. Life 

expectancy cancer-free findings were similar in magnitude for colorectal, lung, and breast 

cancer but the years lived disease-free were lower for prostate cancer compared to the other 

cancers.

Our findings are consistent with those of other studies on physical activity and chronic 

disease-free life expectancy. Higher levels of physical activity compared to lower levels or 

none have been associated with a greater life expectancy disease-free of 2–3 years for CVD,

(10–12) 4 years for diabetes,(15) and 1 to 6 years for chronic disease.(16–18, 20) Similar to 

other reports,(10, 11, 13–16, 18, 20) life expectancy disease-free by level of physical activity 

was higher for women than men. Our work complements these studies by examining four 

leading cancer types. For colorectal, lung, and breast cancer, at LTPA < median, life 

expectancy cancer-free was approximately 1 year greater, compared to no LTPA 

participation. Also, for the same cancers, at LTPA ≥ median, the life expectancy estimates 

were 2 years greater compared to no LTPA. Physical activity is hypothesized to lower cancer 

risk by reducing adiposity, enhancing immune function, lowering levels of sex hormones, 

improving insulin sensitivity, and for colorectal cancer, by reducing bowel transit time.(41, 

42)

We specified LTPA as MET-h/week to enhance the translation of our findings. One can reach 

13.2 MET-h/week (the median level of LTPA in our sample) by taking a brisk walk (at 3.3 

METs) for 48 minutes/day for 5 days of the week. Additionally, life expectancy cancer-free 

was greater by ~1.4 years for meeting the 2018 US physical activity guidelines and by ~2.4 

years for doubling the guidelines for most cancers compared to no LTPA. One can reach the 

guidelines (7.5 MET-h/week) by taking a brisk walk for 28 minutes/day for 5 days of the 

week. Even at activity levels less than the guidelines, we observed greater life expectancy 
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cancer-free of ~1 year, suggesting that physical activity levels lower than the 

recommendations were associated with more years lived cancer-free. According to a recent 

analysis with 2003–2006 NHANES data, the average MET-h/week of self-reported LTPA 

was 14.2 MET-h/week, but only 64% of adults age 40 and older reported participating in any 

LTPA.(43) Similar to the NHANES prevalence of engaging in any LTPA, 61% of our 

analytic sample reported participating in any LTPA. Based on our observational findings, it 

is likely that if population levels of physical activity increased, that more years of life would 

be spent in health rather than managing the morbidity related to certain cancer diagnoses.

For colorectal, lung, and post-menopausal breast cancer, viewing TV sometimes or seldom/

never was associated with ~1 year gain in life expectancy cancer-free compared to often/

very often watching TV. To our knowledge, no other studies on life expectancy disease-free 

have examined sedentary behavior, but the direction of our associations of TV viewing with 

cancer incidence and all-cause mortality are consistent with existing findings.(21, 44–50) 

Additionally, we found that life expectancy cancer-free was increased by ~3.5 years for 

seldom/never viewing TV and engaging in LTPA greater than or at the median compared to 

those who did no LTPA and often/very often viewed TV for most cancers. This finding 

suggests that engagement in multiple health promoting behaviors can further extend the 

years lived cancer-free.

Our study has a number of strengths, most importantly we used health expectancy metrics to 

examine how health behaviors influenced years lived cancer-free.(3) Presenting the number 

of years one is expected to live healthy, free of cancer, is likely to be of interest to many 

people and may be an effective motivational tool for behavior change. To estimate health 

expectancies, we used multistate survival models, which allow participants to move between 

multiple health states and handle the competing risk of disease events and death. 

Additionally, we observed the results from multiple sensitivity analyses to be robust to 

adjustment for many factors. We used time-varying exposures and covariates to update 

behaviors as they changed throughout follow-up and addressed missing exposure and 

covariate data with multiple imputation techniques. Although we used a time-varying 

measure of physical activity and a baseline measure of TV viewing, it is possible these 

behaviors changed after the last measurement of each.

Despite the strengths of our study, limitations should be considered. We did not account for 

physical activity from travel, occupation, and housework and it is possible that the strength 

of observed associations would be greater if activity from multiple domains were included. 

Additionally, our measure of sedentary behavior, TV viewing, does not include time spent 

sitting for work or commuting. Moreover, the TV question assessed frequency of viewing 

but not the number of hours. Both LTPA and TV viewing were self-reported; LTPA may be 

overestimated by self-report, however, the Baecke questionnaire has good to excellent 

reliability and acceptable validity.(51, 52) We may have selected a healthy cohort because all 

participants had to be free of prevalent cancer to be included in analysis. Cancer often 

develops at older ages and the older participants who were cancer-free and included in our 

analysis may have been healthier than participants who were excluded.
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We have presented one of the few analyses on how physical activity and sedentary behavior 

are associated with years lived cancer-free, and future research in this area could extend our 

approach. We included self-reported physical activity and sedentary behavior from one 

domain each (leisure-time physical activity and TV viewing), but future research could be 

enhanced by including physical activity and sedentary behavior that occurs from multiple 

domains (transport, housework, and occupation). Furthermore, use of accelerometers would 

capture total time spent over the course of a day in physical activity and sedentary behavior. 

Although we examined the leading types of cancer, more cancer sites could be examined by 

pooling multiple cohort studies or conducting analysis among cancer consortiums in effort to 

increase the number of rare cancers. Our analysis was conducted with the ARIC cohort, 

which is one of the few studies on life expectancy disease-free that included a diverse 

population from four regions in the US. Prior to our analysis, the majority of findings on 

lifestyle behaviors with life expectancy disease-free were mostly from the Framingham 

Heart Study(11, 13, 15) and from European cohorts.(10, 14, 16, 17) Recent findings have 

included more cohorts from the US(18, 20) but future analysis should be conducted in 

diverse cohorts according to race/ethnicity, socioeconomic status, and geography to improve 

generalizability of findings. Finally, many prospective cohort studies could contribute to 

research on how lifestyle behaviors influence life expectancy cancer-free, as many studies 

have the necessary data (cancer incidence, mortality, and risk factors) and statistical methods 

to estimate life expectancy cancer-free are widely available.(18, 20, 36, 38)

Conclusion

Participating in LTPA and viewing less TV were associated with longer life expectancy 

cancer-free. Findings were similar for colorectal, lung, and postmenopausal breast cancer, 

but weaker for prostate cancer. Our results suggest that participating in more LTPA and 

viewing less TV may contribute to living more years free of colorectal, lung, prostate, and 

postmenopausal breast cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Three state multistate models used for analysis. Four sets of models were estimated 

separately for each cancer site – colorectal, lung, prostate, and postmenopausal breast 

cancer. In each type of model all participants started in the health state (free of cancer) and 

could move to state 2 if they developed the cancer under analysis or could move to state 3, 

death from any cause. Those who developed cancer could move from the cancer state to all-

cause mortality from the cancer state. The arrows indicate transitions between each state and 

are labeled T1 (transition from state 1 to state 2), T2 (transition from state 1 to state 3), and 

T3 (transition from state 2 to state3). Once a participant entered a state they remained in that 

state until they experienced a transition or were censored at the end of study follow-up. The 

number of participants who experienced each type of transition for each of the four models 

is in parentheses.

Abbreviations: T= transition
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Figure 2. Life expectancy (years, 95% CI) cancer-free from four cancer types and life expectancy 
differences at age 50 by LTPA among ARIC participants (1987–2012).
LTPA categories included none, < median (0.1 - < 13.2 MET-h/week), and ≥ median (13.2+ 

MET-h/week). Models were specified separately for each type of cancer (colorectal cancer 

and lung cancer models N=14,508, prostate cancer models N=6582, and postmenopausal 

breast cancer models N=7849). Models were adjusted for age, gender, race by ARIC center, 

education, smoking status, and alcohol intake. Prostate and breast models did not include 

gender. Abbreviations: CI = confidence interval, CRC= colorectal cancer, LE= life 

expectancy, LTPA=leisure-time moderate-to-vigorous physical activity, MET= metabolic 

equivalent of task

Cuthbertson et al. Page 14

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Life expectancy (years, 95% CI) cancer-free from four cancer types and life expectancy 
differences at age 50 by TV viewing among ARIC participants (1987–2012).
Models were specified separately for each type of cancer (colorectal cancer and lung cancer 

models N=14,508, prostate cancer models N=6582, and postmenopausal breast cancer 

models N=7849). Models were adjusted for age, gender, race by ARIC center, education, 

smoking status, and alcohol intake. Prostate and breast models did not include gender. 

Abbreviations: CI = confidence interval, CRC= colorectal cancer, LE= life expectancy, 

TV=television
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Figure 4. Life expectancy (years, 95% CI) cancer-free from A) colorectal cancer, B) lung cancer, 
C) prostate cancer, and D) postmenopausal breast cancer and life expectancy differences at age 
50 by LTPA and TV viewing among ARIC participants (1987–2012).
LTPA categories included none, < median (0.1 - < 13.2 MET-h/week), and ≥ median (13.2+ 

MET-h/week). TV categories included high TV (viewing often/very often), some TV 

(sometimes viewing), and low TV (seldom/never viewing TV). Models were specified 

separately for each type of cancer (colorectal cancer and lung cancer models N=14,508, 

prostate cancer models N=6582, and postmenopausal breast cancer models N=7849). 

Models were adjusted for age, gender, race by ARIC center, education, smoking status, and 
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alcohol intake. Prostate and breast models did not include gender. Abbreviations: CI = 

confidence interval, CRC= colorectal cancer, LE= life expectancy, LTPA=leisure-time 

moderate-to-vigorous physical activity, MET= metabolic equivalent of task, TV=television.
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