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Background: Life expectancy free of cancer (LEFC) is a novel measure that considers both morbidity and mortality and could be
a useful metric for disease surveillance and risk communication. We aimed to examine the association between physical activity
and LEFC in British adults. Methods: This was a prospective cohort study of 292,559 apparently healthy UK Biobank
participants (mean [SD] age, 56.0 [8.1] y, 51% women). Participants were categorized based on self-reported physical activity
as “no activity” (0 min/wk), “insufficiently active” (10-599 metabolic equivalent-min/wk), “active” (600—1199 metabolic
equivalent-min/wk), and “very active” (>1200 metabolic equivalent-min/wk). Hazard ratios from multistate models for
transitions between 3 states (cancer-free, cancer diagnosis, and all-cause mortality) were used to calculate differences in
predicted remaining LEFC across physical activity levels for men and women at ages 45 and 65 years. Results: During a median
follow-up of 11.0 years, we recorded 13,143 cancer cases for men and 10,255 for women, and 6488 deaths for men and 3739 for
women. At age 45, “insufficiently active,” “active,” and “very active” had a higher LEFC by 2.35, 2.46, and 2.76 years compared
with “no activity,” and by 1.44, 1.62, and 1.84 years at age 65. In women, the “insufficiently active,” “active,” and “very active”
had a higher LEFC by 1.09, 1.42, and 1.59 years at age 45, and by 1.25, 1.54, and 1.71 years at age 65. Conclusions: Engaging in
physical activity, even below recommended levels, appears to extend cancer-free years of life. Promoting physical activity is an
important strategy for cancer prevention.

Keywords: morbidity, mortality, chronic disease, public health, health behavior

Key Points

» Physical activity, even below recommended levels, was associated with higher life expectancy free of cancer, with men
gaining up to 2.76 years and women up to 1.59 years at age 45, and up to 1.84 and 1.71 years, respectively, at age 65,
compared to those who were inactive.

* Promoting physical activity, even at low levels, may be useful for extending cancer-free years and enhancing cancer
prevention strategies.

Cancer is a leading cause of death! and an economic burden
worldwide.? It is estimated that 30% to 50% of all cancer cases
could be prevented.? Physical activity is increasingly regarded as a
key component for cancer prevention in the general population*>
and it plays a critical role in improving physical functioning,
quality of life, and potential survival in cancer patients.®

With a lifetime risk of cancer above 50%,” epidemiological
research should not only consider occurrence of cancer, but also the
age of occurrence, and years lived after diagnosis. Multistate
models simultaneously take into account various disease states,
such as illness, and death and have been increasingly applied to
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cancer research.® Furthermore, interpreting statistics, such as haz-
ard ratios (HRs), can be challenging for the general population. Life
expectancy free of cancer (LEFC) is a novel measure that takes into
account both morbidity, and mortality, and could be a useful metric
for disease surveillance and risk communication. As a novel
indicator, LEFC was only applied by a small number of studies
recently.®!0 In this study, we examined the association between
physical activity and LEFC in British adults.

Methods

Data are from the UK Biobank, a large population-based cohort
study. Between 2006 and 2010, 502,632 participants aged 37-82
were recruited throughout the United Kingdom for baseline assess-
ment. Ethical approval was obtained from the North-West Research
Ethics Committee and details about the cohort have been previously
published.!! We followed the Strengthening the Reporting of
Observational Studies in Epidemiology reporting guidelines (see
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Supplementary Table S1 in Supplementary Material [available
online]).

Physical activity (including work, transport, domestic, and
leisure-time activities) was measured at baseline (2006-2010)
using the short version of the International Physical Activity
Questionnaire, which has established reliability and validity.!?
Following the International Physical Activity Questionnaire pro-
tocol,!3 we summed metabolic equivalent (MET) of walking
(3.3 METs), moderate-intensity (4 METSs), and vigorous-intensity
(8 METs) physical activity that lasted for at least 10 minutes, and
categorized participants into “no activity” (0 min/wk), “insuffi-
ciently active” (10-599 MET-min/wk), “active” (600—1199 MET-
min/wk), and “very active” (1200+ MET-min/wk) according to the
World Health Organization’s Guidelines on Physical Activity and
Sedentary Behavior.'4 Total malignant cancer incidence (exclud-
ing nonmelanoma skin cancer) was ascertained from registries
incorporating diagnoses from diverse sources, including hospitals
and treatment centers. The date of death was ascertained from death
certificates held by the National Health Service. Participants were
censored on February 29, 2020 for England and Wales and January
31, 2021 for Scotland.

We used nonrecoverable multistate models to estimate how
participants transitioned between the following states: free of
cancer (state 1), cancer diagnosis (state 2), and all-cause mortality
(state 3). We used a Markov semiparametric model and a Weibull
distribution to estimate the HRs and 95% confidence intervals (Cls)
associated with each of the 3 possible transitions: from states 1 to 2
(transition 1), 1 to 3 (transition 2), and 2 to 3 (transition 3). We did
not allow for backward transitions from states 2 to 1. After
excluding individuals with preexisting poor health, underweight,
pregnant, or unable to walk at baseline, and with less than 2 years of
follow-up (see Supplementary Figure S1 in Supplementary
Material [available online]), we adjusted our models for age;
education; ethnicity; postcode-level deprivation; marital status;
smoking; alcohol consumption; diet; body fat percentage; screen
time; and preexisting depression, diabetes, or hypertension. For
women, models were additionally adjusted for age at menarche,
parity, oral contraceptive use, menopause, and hormone replace-
ment therapy use. We then used these adjusted transition-specific
HRs to predict and compare the expected number of remaining
years of life free of cancer by physical activity level, conditional of
reaching 100 years of age.!® We presented the results as differences
in predicted remaining LEFC across physical activity levels for
men and women at ages 45 and 65 years. We left truncated the first
2 years of follow-up, and modeled men and women separately, and
set the alpha at .05. We conducted a sensitivity analysis limiting
cancer outcomes to the types for which there was a strong link to
physical activity based on recent evidence reviews for physical
activity guidelines.'*!> An additional sensitivity analysis exclud-
ing the first 5 years of follow-up to reduce the risk of reverse
causality was also conducted.'¢ Statistical analyses were conducted
in Stata (StataCorp LP).

Results

Final analyses were conducted in 292,559 apparently healthy
participants with complete data on physical activity, outcomes,
and covariates (see Supplementary Figure S1 in Supplementary
Material [available online]) and without the following conditions/
attributes at baseline: cancer, cardiovascular disease, chronic
widespread pain, psychiatric problems, eating disorders, chronic
neurological conditions, liver failure, and chronic obstructive

pulmonary disease. In addition, we excluded participants who
were underweight, pregnant, or unable to walk at baseline, as well
as those with less than 2 years of follow-up. For both men and
women, those who reported no physical activity were less likely to
have a university degree, live with a partner, drink 3+ times a week,
have a quality diet, and they were more likely to be a current
smoker, have higher body fat percentages, and report more than
5 hours of screen time per day. They were also more likely to have a
baseline diagnosis of hypertension, diabetes, and depression, and
women with no reported physical activity were less likely to have
had menopause, and more likely to use hormone replacement
therapy (see Supplementary Tables S2 and S3 in Supplementary
Material [available online]).

During a median follow-up of 11.0 years, 13,143 cancer cases
were documented for men (9.2%, incidence density: 8.6/1000
person-years) and 10,255 for women (6.8%, 6.3/1000 person-years),
6488 deaths were recorded for men (4.5%, 4.1/1000 person-years)
and 3739 for women (2.5%, 2.3/1000 person-years). Among men,
the most common type of cancer was those in male genital organs
(43.9%) and the most common type for women was breast cancer
(40.8%). Physical activity related cancers accounted for 18.9% of all
cancers in men and 46.7% in women (see Supplementary Table S4 in
Supplementary Material [available online]).

For men, being in the “active” (600-1199 MET-min/wk) and
“very active” (1200+ MET-min/wk) categories had a significant
and inverse association with the transition from cancer-free to
cancer (transition 1) and any nonzero level of physical activity was
significantly associated with lower hazard of transitioning from
cancer-free to death (transition 2). For women, any nonzero
physical activity level was significantly associated with transition
2, but none of the physical activity levels was significantly
associated with transition 1. None of the physical activity catego-
ries was associated with the transition from cancer to death
(transition 3) in men or women (Table 1). The sensitivity analysis
restricting to physical activity-related cancers revealed similar
magnitudes of associations for women and weaker for men,
particularly in transitions 1 and 3 (see Supplementary Table S5
in Supplementary Material [available online]).

LEFC at age 45 and 65 years was significantly higher in those
who reported some physical activity than those who reported none
(Table 2). At age 45, compared with men reporting no activity,
those who were “insufficiently active,” “active,” and “very active”
had a higher LEFC of 2.35 (1.01, 3.69), 2.46 (1.11, 3.81), and 2.76
(1.46, 4.06) years. These estimates were 1.44 (0.63, 2.25), 1.62
(0.81, 2.43), and 1.84 (1.06, 2.61) years for men at age 65. For
women, compared with those who reported no activity, women
who were “insufficiently active,” “active,” and “very active” had a
higher LEFC of 1.09 (-0.21, 2.39), 1.42 (0.12, 2.72), and 1.59
(0.32,2.86) years at age 45 and 1.25 (0.31, 2.19), 1.54 (0.61, 2.48),
and 1.71 (0.80, 2.63) at age 65. Sensitivity analysis restricted
to known physical activity-related cancers revealed similar
magnitudes of associations (see Supplementary Table S6 in
Supplementary Material [available online]). The sensitivity analy-
sis excluding the first 5 years of follow-up also yielded similar
estimates, with slightly weaker magnitude of associations for men,
and stronger for women (see Supplementary Table S7 in
Supplementary Material [available online]).

Discussion

Based on a large sample of men and women from the UK Biobank
study, we found that doing physical activity equivalent to the
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Table 1 Associations Between Physical Activity and Each Transition Based on Malignant Neoplasms?
HR (95% CI) for transition 1: HR (95% CI) for transition 2: HR (95% CI) for transition 3:
cancer-free to cancer cancer-free to death cancer to death
Men®

Total n/n events

No activity (0 METs-min/wk)

Inactive (<600 METs-min/wk)

Active (600-1200 METSs-min/wk)

Very active (>1200 METs-min/wk)
Women®

Total n/n events

No activity (0 METs-min/wk)

Inactive (<600 METs-min/wk)

Active (600-1200 METs-min/wk)

Very active (>1200 METs-min/wk)

142,787/13,143
1 (reference)
0.91 (0.79 to 1.03)
0.87 (0.76 to 0.99)
0.85 (0.74 to 0.96)

149,772/10,255
1 (reference)
0.92 (0.79 to 1.09)
0.89 (0.76 to 1.05)
0.88 (0.75 to 1.03)

142,787/3253

1 (reference)
0.70 (0.56 to 0.86)
0.70 (0.56 to 0.86)
0.67 (0.54 to 0.82)

149,772/1552

1 (reference)
0.51 (0.38 to 0.68)
0.45 (0.33 to 0.60)
0.40 (0.30 to 0.52)

13,098/3191

1 (reference)
1.02 (0.79 to 1.33)
0.96 (0.74 to 1.24)
0.87 (0.69 to 1.14)

10,232/2165

1 (reference)
0.87 (0.63 to 1.21)
0.81 (0.59 to 1.11)
0.87 (0.64 to 1.18)

Abbreviations: CI, confidence interval; HR, hazard ratio; MET, metabolic equivalent.
aMalignant neoplasms do not include nonmelanoma skin cancer, benign neoplasms, in situ neoplasms, and neoplasms of uncertain or unknown behavior. "Models adjusted
for age, deprivation, education, ethnicity, marital status, alcohol status, diet, smoking status, body fat, depression, diabetes, hypertension, and screen time. “Models adjusted
for age, deprivation, education, ethnicity, marital status, alcohol status, diet, smoking status, body fat, depression, diabetes, hypertension, screen time, parity, hormone

therapy replacement, menopause, age period, and oral contraceptive.

Table 2 Predicted LEFC by Physical Activity Category

At 45y old At 65y old
Marginal LEFC Difference, y Marginal LEFC Difference, y
(95% CI) (95% CI) (95% CI) (95% CI)
Men
No activity (0 METs-min/wk) 30.14 (27.29 to 33.30) Reference 18.46 (17.34 to 19.65) Reference

Insufficiently active (<600 METSs -min/wk)

Active (600-1200 METs-min/wk)

Very active (>1200 METs-min/wk)
Women

No activity (0 METs-min/wk)

Insufficiently active (<600 METSs-min/wk)

Active (600-1200 METs-min/wk)

Very active (>1200 METs-min/wk)

32.49 (29.43 to 35.88)
32.61 (29.51 to 36.01)
32.91 (29.80 to 36.35)

44.16 (42.84 to 45.55)
45.26 (44.66 to 45.87)
45.60 (45.02 to 46.19)
45.76 (45.26 to 46.28)

2.35 (1.01 to 3.69)
2.46 (1.11 to 3.81)
2.76 (1.46 to 4.06)

Reference
1.09 (-0.21 to 2.39)
1.42 (0.12 to 2.72)
1.59 (0.32 to 2.86)

19.90 (18.87 to 20.99)
20.08 (19.03 to 21.18)
20.30 (19.26 to 21.39)

22.24 (21.27 to 23.26)
23.58 (23.17 to 24.00)
23.89 (23.50 to 24.29)
24.07 (23.75 to 24.40)

1.44 (0.63 to 2.25)
1.62 (0.81 to 2.43)
1.84 (1.06 to 2.61)

Reference
1.25 (0.31 to 2.19)
1.54 (0.61 to 2.48)
1.71 (0.80 to 2.63)

Abbreviations: CI, confidence interval; LEFC, life-expectancy free of cancer; MET, metabolic equivalent. Note: Predictions are conditional on reaching 100 years of age

and made at the mean/median value for covariates included in the models.

amounts recommended by physical activity guidelines (150—
300 minutes of weekly moderate-intensity physical activity)'# was
associated with nearly 2 more years of LEFC in women and more
than 2 years in men. Even activities lower than the recommended
levels were associated with a significant improvement in LEFC,
and doing more than recommended levels was associated with a
slight incremental improvement.

Our findings echo a recent smaller study on physical activity
and LEFC which found similar LEFC estimates for selected cancer
types.® Together, these studies reinforce the importance of physical
activity in cancer prevention. The overall pattern of the association
between physical activity and LEFC was similar to that identified
for other health outcomes, such as all-cause mortality, where
sizeable risk reduction is observed when moving people from
“doing nothing” to “doing something.”!> Compared with other
typical statistics reported, such as HRs, LEFC has the advantages
of incorporating both morbidity with mortality and is a more
interpretable statistic for the general public. Previous studies!'’

calculating HRs for the associations between leisure-time physical
activity and the risk of different cancer types have suggested
generally modest effect sizes, similarly to our HRs, and that high
amounts of physical activity may be needed to achieve significant
risk reductions. Our findings, however, when using a multistate
approach, suggest that the modest HRs may translate into relevant
sufficient gains in LEFC, even at low amounts of physical activity.
Nonetheless, the comparability of our findings with this prior
evidence is limited, as our outcome was a composite of multiple
cancer types. How the magnitude and pattern of associations
between physical activity and LEFC vary across different cancer
types warrants further investigation.

This study is subject to several limitations. Self-reported
physical activity measured at one point in time is likely to bias
the associations toward the null. Residual confounding due to
unmeasured confounders or measurement errors could bias the
associations in either direction. Additionally, our modeling
approach, conditional on survival to 100 years, may be limited
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by the relatively short follow-up period and age of the sample at the
end of the follow-up, which was below the average UK life
expectancy of 79 years for men and 83 years for women.!? Finally,
the low participation rate of the UK Biobank study (<6%)'! and
missing data could lead to selection biases. However, it has been
suggested that the lack of representativeness in the UK Biobank
may not materially affect the associations of physical activity with
disease incidence and mortality outcomes.!®-20

Conclusions

Physical activity, even when performed below the recommended
levels, adds cancer-free years to life. Considering the disease, and
the social, and economic burden of cancer, physical activity should
be promoted as an important strategy for cancer prevention.
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