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Abstract

Objective  Existing information regarding the impact of
physical activity after a cancer diagnosis on all-cause
mortality is limited. We examined the association between
different types of physical activity (domestic, walking,
sports) and mortality in 293 participants (65.5% women)
with a cancer registration prior to the baseline assessment.
Methods Participants were drawn from the Scottish
Health Surveys (1995, 1998, 2003) that were linked to
a national database of cancer registrations and deaths. The
main outcome was all-cause mortality during a mean
follow-up period of 5.9 + 3.2 years. Cox proportional
hazards models were used to estimate the risk of all-cause
mortality by levels of physical activity.

Results There were 78 deaths during follow-up. The
lowest risks for all-cause mortality were seen in sports
activity groups [multivariable-adjusted hazard ratio (HR)
for any compared with groups of no sports: 0.47, 95% CI
0.23-0.96, p = 0.039] although light and moderate activity
such as domestic activity (HR = 1.04, 0.60-1.80) and
regular walking (HR = 0.95, 0.57-1.56) did not confer
protection.

Conclusion Participation in an average of more than three
sessions of vigorous exercise per week for at least 20 min/
session was associated with the lowest risks of all-cause
mortality following a cancer diagnosis. Vigorous physical
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activity could therefore be a more important determinant of
survival than duration or total volume of exercise in cancer
Survivors.
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Introduction

Continued advances in early-detection and effective treat-
ments have resulted in the hope for a longer survival and
even cure for many cancer patients. Despite an increase in
UK cancer incidence in the 10-year period between 1994
and 2003, overall mortality from cancer decreased [1].
Overall, 2.1% of the general population of men and 2.9%
of women in Scotland are recovering from curative cancer
treatment, and for patients diagnosed during 2001-2004,
42% of male and 51% of female patients survived to five
years after diagnosis relative to the life expectancy of the
general population [2]. With the increasing aging popula-
tion, the number of elderly cancer survivors is expected to
double over the next 50 years [3], which means that dis-
ease-free survival is becoming an increasingly important
issue in the management of cancer patients.

Studies have shown that physical activity is associated
with higher levels of physical functioning and cardiore-
spiratory fitness, reduced feelings of fatigue, and improved
health-related quality of life in cancer patients [3-6].
Hence, a physically active lifestyle is now considered an
important factor for promoting overall health, quality of
life, and longevity during recovery from cancer treatment
[7]. Cancer survivors are encouraged to engage in at least
30 min of moderate-to-vigorous physical activity, and
preferably 45-60 min of intentional physical activity
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(above usual activities), for five or more days per week [7].
These recommendations, however, are largely based on
guidelines for cancer prevention and are similar to UK
physical activity recommendations for the primary pre-
vention of the chronic disease [8]. Evidence that they are
relevant to disease-free survival and mortality in cancer
survivors is very limited.

Currently, the amount of physical activity required to
promote improved survival after cancer treatment is
unclear. Recently published studies of breast [9, 10] and
colorectal cancer [11, 12] patients show that physical
activity after a cancer diagnosis can reduce the risk of
cancer-specific and all-cause mortality. A further study of
colorectal cancer patients showed that low physical activity
levels before diagnosis were associated with poorer overall
and disease-specific survival [13]. In these studies, the
volume and intensity of physical activity that was associ-
ated with decreased risk of mortality were quite different.
Thus, there is a conflicting evidence regarding the optimal
exercise prescription for promoting improved survival after
a cancer diagnosis.

The aim of the present study was to examine the asso-
ciation between different types of physical activity
(domestic, walking, sports) and mortality in men and
women after a cancer diagnosis over 5.9 years of follow-
up. We hypothesized that vigorous sporting activity would
provide the greatest protection against mortality risk.

Materials and methods
Participants

The Scottish Health Survey (SHS) is a periodic survey
(typically every 3-5 years) that draws a nationally repre-
sentative sample of the general population living in
households. The sample was drawn using multistage
stratified probability sampling with postcode sectors
selected at the first stage and household addresses selected
at the second stage. Different samples were drawn for each
survey. The present analyses combined data from the 1995,
1998, and 2003 SHS. Participants gave full informed
consent to participate in the study, and ethical approval was
obtained from the London Research Ethics Council.

Baseline assessment

Survey interviewers visited eligible households and col-
lected data on demographics, personal characteristics, and
health behaviors. On a separate visit, nurses collected infor-
mation on medical history (doctor-diagnosed conditions),
and took anthropometric variables. Detailed information
on the survey method can be found elsewhere [14].
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Physical activity

Physical activity interviews inquired about participation in
the four weeks prior to the interview (1998 and 2003) or
during a typical week (1995). Frequency of participation (for
at least 20 min/occasion) was assessed across three domains
of activity: leisure time sports (e.g., cycling, swimming,
running, aerobics, dancing, and ball sports such as football
and tennis), walking for any purpose, and domestic physical
activity (e.g., heavy housework, home improvement activ-
ities, manual and gardening work). The criterion validity of
these questions is supported by the results of a recent study
on 106 British adults from the general population (45 men)
where the output of accelerometers (worn for two non-
consecutive weeks over a month period) was compared
against the questionnaire output (unpublished observations,
manuscript under preparation). The questionnaire appeared
to be a valid measure of time spent in moderate-to-vigorous
physical activity; correlation coefficients were 0.47 in men
(»p = 0.03) and 0.43 in women (p = 0.02). In terms of test—
retest reliability, the coefficients of time spent in moderate-
to-vigorous physical activity were 0.89 for men (p < 0.001)
0.76 in women (p < 0.001).

Cancer diagnosis and outcome

The surveys were linked to the Scottish Cancer Registry
(Information Services Division [ISD] Scotland [2]) that
receives notification of cancer from hospital systems,
including discharges, radiotherapy, oncology, hematology
and pathology records, and prospective audit datasets. The
ISD database has demonstrated high levels of accuracy and
completeness when samples of computerized records from
the Scottish national database are compared with the original
patient casenotes [2]. Information on deaths between base-
line measurement and September 2006 was ascertained from
the General Registrar Office for Scotland. Classification of
the underlying cause on the death is based on information
collected on the medical certificate of cause of death toge-
ther with any additional information provided subsequently
by the certifying doctor. The present analyses consisted of
293 participants (65.5% women, aged 64.1 £ 10.5 years)
with a cancer registration before the baseline examination.
The mean time since cancer diagnosis was 4.9 + 1.5 years.
Among these participants, 47.8% were diagnosed with
breast cancer, 21.2% with bowel cancer, 12.6% with bladder
cancer, and the rest with cancer of the lung/trachea (3.8%),
prostate (9.2%), stomach (1.7%), and ovaries (3.8%).

Statistical analysis

Cox proportional hazards models were used with months as
the timescale to estimate the risk of all-cause mortality by
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levels of physical activity. The participants who survived
the data were censored to September 2006. Physical
activity variables were frequency-based and were expres-
sed as number of weekly episodes lasting for at least 20
continuous minutes. Participation in different types of
physical activity was converted into two categories (none
versus any reported activity). We also devised a combined
recreational activity group consisting of walking and sports
that was categorized into three groups (<1, 1-3, >3/week).
The proportional hazards assumption was examined by
comparing the cumulative hazard plots grouped on expo-
sure, although no appreciable violations were noted. In
multivariate models, we adjusted for age, gender, socio-
economic group using the Registrar General Classification
(professional/intermediate, skilled nonmanual, skilled
manual, part-skilled/unskilled), marital status (single/never
married, married, widowed, separated/divorced), body
mass index category (underweight <18.5 kg/m?, normal
weight 18.5-25.0 kg/m?, overweight 25.01-30.0 kg/m?,
obese >30.0 kg/mz), smoking (never, ex-smoker, current
smoker), alcohol intake (number of units consumed in the
last seven days), doctor-diagnosed diabetes and hyperten-
sion, hospital admissions for cardiovascular events, type of

cancer diagnosis, number of cancer recurrences, and survey
year. We used chi-square tests to examine univariable
relationships of the confounders with the exposure and
outcome variables. All analyses were performed using
SPSS (version 14), and all tests of statistical significance
were based on two-sided probability.

Results

Participants reported an average weekly participation rate
of 4.7 &+ 2.4 sessions of any type of physical activity
lasting at least 20 min. In general, walking was the most
popular form of activity, with 40% of the sample reporting
any walking of at least 20 min in comparison with a 21%
participation rate in any sports and exercise, and 32% in
any domestic activity. Table 1 presents characteristics of
the sample in relation to physical activity behavior. The
physically inactive group were older, contained a relatively
higher proportion of men, were of lower socioeconomic
status, and were more likely to be smokers, although there
were no differences in any co-morbidities. Levels of rec-
reational physical activity in the highest activity group

Table 1 Descriptive

. .. Variable (mean £ SD)
characteristics of participants

Physical activity group (freq/week)

at baseline according <l/week 1-3/week >3/week p-value
to recreational physical n =150 n = 81 n=62
activity groups
Age (years) 65.3 + 10.3 64.6 + 11.5 60.8 + 9.0 0.016
No. of walks of 20 min+/week 0 2.6 £ 0.5 1.9 £ 09 0.001
No. of sports sessions of 20 min+/week 0 0 3.6 +3.7 0.001
Men (%) 36.7 37.0 25.8 0.001
Marital status (married, %) 58.0 63.0 58.1 0.507
Social class (professional, %) 22.0 30.9 45.2 0.001
Body mass index (kg/m?) 284 + 5.1 269 + 45 277 + 43 0.108
Current smokers (%) 32.7 22.2 14.5 0.001
Alcohol intake (units/week)
Men 104 £ 16.9 153 £ 213 12.3 £ 13.1 0.491
Women 4.2 + 8.1 57 +385 43 +£50 0.521
Hospitalized for CV event (%) 12.7 11.1 9.7 0.817
Hypertension (%) 34.0 32.0 29.0 0.781
Diabetes (%) 4.7 74 6.5 0.678
Ist Cancer registration
Lung/trachea (%) 4.7 4.9 0 0.216
Bowel (%) 24.7 18.5 16.1 0.402
Prostate (%) 6.7 11.1 12.9 0.433
Bladder (%) 14.0 11.1 11.2 0.772
Stomach (%) 1.3 3.7 0 0.211
Breast (%) 45.3 46.9 54.8 0.447
Ovarian (%) 33 3.7 4.8 0.872
No. of cancer registrations 1.3+ 0.6 1.3 +£0.5 1.2 +0.5 0.761
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equated to approximately three to four sessions of sport and
two sessions of walking per week of at least 20 min in
duration, whereas in the medium activity group walking
was the predominant activity with no sports (see Table 1).

There were a total of 78 deaths (49 from neoplasms and
11 from cardiovascular causes) over an average follow-up
period of 5.9 + 3.2 years. There was an inverse associa-
tion between recreational physical activity and all-cause
mortality and adjustments for covariates strengthened these
associations (see Table 2). In particular, greater than
3 sessions/week of recreational activity was associated
with a 52% reduction in risk of death. When we examined
specific activities, in models mutually adjusted for activity
type, there was no association between all-cause mortality
and domestic activity or walking when comparing any
activity with none (referent group). In further analysis, we
also categorized these activities into tertiles, although no
associations were evident in the highest exposure groups.
There was, however, a 53% reduction in the risk of death
associated with participating in any sports activity after
adjustment for potential confounders.

Given that lower physical activity levels among cancer
survivors might reflect occult cancer recurrence or
impending death, we excluded eight deaths that had
occurred in the first year of follow-up, although this did not
appreciably alter the results for sports participation
(HR = 0.49, 95% CI 0.24-1.00, p = 0.053). In addition,
we explored the possibility that lower physical activity
might be related to recent cancer treatment. When we
excluded participants who had a cancer diagnosis within
12 months prior to the baseline assessment (n = 54,
deaths = 19), the association between sports participation
and all-cause mortality was attenuated (fully adjusted
HR = 0.62, 0.29-1.31), although the point estimate was
less reliable, which possibly reflected a reduction in

statistical power. However, there was no difference in
physical activity levels between participants with a cancer
diagnosis less than and greater than one year prior to
baseline, thus partly excluding the possibility of reverse
causality. Approximately 50% of the participants had their
first cancer diagnosis more than five years prior to baseline.
Because many cancers have the highest risk of recurrence
within the first five years, we also examined whether there
were any notable differences in physical activity or other
baseline characteristics between participants diagnosed
with cancer less than and greater than five years prior to
baseline, but there was none. Cancer recurrence was,
however, a significant independent predictor of mortality
(HR = 2.09, 1.26-3.45).

Discussion

We have demonstrated an inverse association between
physical activity and mortality in cancer survivors followed
up over an average of 5.9 years. This association was lar-
gely explained by engaging in vigorous activities such as
sports and not by light and moderate activities that included
walking and domestic activity. This is an important finding
and suggests that the current minimum physical activity
recommendations for cancer survivors maybe inappropriate
for reducing the risk of all-cause mortality.

A limited number of prospective studies have investi-
gated the association between physical activity participation
and all-cause mortality in cancer survivors. Some of these
studies have quantified physical activity in terms of a
composite measure of duration and intensity (MET-
h week '), but have not independently examined associa-
tions with vigorous physical activity. In breast cancer
survivors, the Nurses Health Study reported optimal risk

Table 2 Cox regression
models for physical activity
and all-cause mortality

Deaths/n

Total = 78/293

Age and sex adjusted
HR (95% CI)

Fully adjusted
HR (95% CI)

in cancer survivors ] . ]
Domestic activity sessions

None 53/200
Any 25/93
Walking activity sessions

Additior.lal adjustmen.ts: social None 49/173
economic group, marital status,
smoking, alcohol, body mass Any 29/120
index, doctor-diagnosed Sports activity sessions
hypertension and diabetes, None 67/231
hospital admissions for Any 11/62

cardiovascular events, type of
cancer, number of cancer

recurrences, survey year, and <l/week 44/150
mutual adjustment for activity 1-3/week 23/81
types

>3/week 11/62

* p < 0.10; #* p < 0.05

1.00
0.88 (0.54-1.43)

1.00
1.04 (0.60-1.80)

1.00
0.87 (0.55-1.37)

1.00
0.95 (0.57-1.56)

1.00
0.57 (0.30-1.09)*

1.00
0.47 (0.23-0.96)**

Combined walking and sports activity

1.00
0.90 (0.55-1.50)
0.55 (0.28-1.07)*

1.00
0.87 (0.50-1.50)
0.48 (0.24-0.99)**
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reduction for cancer-specific and all-cause mortality in the
intermediate physical activity category (equivalent of
walking 3-5 h/week at an average pace), although when
walking and vigorous exercise were compared, lower risks
were observed in women who undertake any vigorous
exercise [9]. In contrast, Holick et al. [10] reported a dose—
response association between total recreational physical
activity and mortality in breast cancer survivors but there
was no association for vigorous physical activity. In stage
I-1IIT colon cancer patients, the equivalent of 6 h of mod-
erate intensity physical activity was associated with a
49-57% risk reduction for mortality [11, 12]. Evidence from
two other large cohort studies [15, 16] shows that partici-
pation in the equivalent of 6-8 h/week of moderate physical
activity or 4-5 h of vigorous physical activity is associated
with a 31-67% reduction in the risk of advanced or
aggressive prostate cancer, suggesting that this amount of
physical activity is necessary to slow disease progression
and have a tangible impact on prostate cancer mortality.
Considered together, evidence from these studies suggests
that current recommendations for minimal levels of physi-
cal activity in cancer survivors (30 min of moderate
intensity physical activity on five or more days per week) [7]
may be insufficient for reducing the risk of all-cause mor-
tality in some cancer groups. Furthermore, our data suggest
that at least three weekly bouts of vigorous recreational
activity are required for improved survival.

Although body mass index was similar across physical
activity tertiles and did not independently predict mortality,
physical activity might have influenced all-cause mortality
through its effects on insulin sensitivity or body composi-
tion, particularly central adiposity, and the impact this can
have on putative risk factors for cancer, including circu-
lating levels of sex steroid hormones, adipokines, and
insulin-like growth factors [17, 18]. Being overweight at
the time of diagnosis and weight gain after diagnosis has
been linked with poorer outcome in breast, colorectal, and
prostate cancer patients [13, 19-22]. The amount of
estrogen produced via aromatase activity is larger in obese
than the leaner postmenopausal women [23] and may
explain the increased risk of breast cancer recurrence in
overweight postmenopausal women. Elevated levels of
adipokines such as leptin, interleukin-6 and tumor necrosis
factor-alpha, and the inflammatory mediator C-reactive
protein, as well as reduced levels of adiponectin are also
associated with adiposity [17, 24] and can be modified by
weight-loss interventions involving physical activity [25].

Participation in vigorous sports activities may have also
influenced cardiovascular mortality in our patient cohort,
which accounted for 14% of deaths. Physical activity
evokes improvements in cardiovascular fitness in cancer
patients and survivors [6], and higher intensity exercise is
associated with greater risk reduction for coronary heart

disease (CHD) in middle-aged men and postmenopausal
women [26, 27]. Vigorous exercise which promotes
improvements in CHD risk profile could be particularly
important in patients receiving androgen deprivation ther-
apy for localized prostate cancer, as this treatment has been
associated with increased risk of cardiovascular mortality
[28]. Other possible mechanisms underpinning the
observed inverse association between physical activity and
all-cause mortality include improvements in the function-
ing of immune cells [29], an increased antioxidant defense
capacity [30], and exercise-induced alterations in gene
function or apoptosis [31, 32]. Although lines of evidence
exist for all these putative mechanisms, prospective inter-
vention studies are needed to more firmly establish
biological plausibility for this association and to provide
the evidence of causality needed to inform optimal exercise
prescription.

Strengths and weaknesses

This is the first study, to our knowledge, that has assessed
the impact of physical activity on all-cause mortality fol-
lowing a cancer diagnosis in a representative sample from
the UK. Physical activity data for the SHS have been
validated using accelerometry, which overcomes some of
the limitations of self-reported physical activity, and high
levels of accuracy and completeness have been demon-
strated for the ISD database. In addition, we were able to
demonstrate the independent effects of sports participation
(a surrogate measure of vigorous exercise) on the associ-
ation between physical activity and all-cause mortality,
which has not always been considered in previous cohort
studies.

A number of study limitations should be considered. The
present study was not sufficiently empowered to examine
causes of death and specific cancer sites; thus we are
unable to comment on the association between physical
activity and cancer mortality. The design of our study did
not permit us to collect physical activity data before cancer
diagnosis or during follow-up; thus we cannot exclude the
possibility that changes in physical activity behavior over
time could have influenced our results. Given that lower
levels of physical activity among cancer survivors could
reflect occult cancer recurrence, impending death, or side-
effects from cancer treatment, we cannot discount reverse
causality. We did, however, attempt to examine these
potential biases by performing various sensitivity analyses.
The exclusion of deaths in the first year of follow-up did
not appreciably alter the results. When we removed par-
ticipants with a cancer diagnosis in the first year prior to
baseline, the association between sports participation and
risk of death was slightly attenuated, albeit with a reduced
statistical power. However, we found no evidence for
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reduced levels of physical activity in participants with a
recent cancer diagnosis, thus partly refuting the possibility
of reverse causality.

Future research and conclusions

Our analysis is consistent with other recent reports showing
an inverse association between physical activity and all-
cause mortality after a cancer diagnosis, although further
studies with larger sample sizes are required to replicate
and extend our findings. In addition, well-controlled
intervention studies are now needed to provide more robust
data on the frequency, intensity, duration, and type of
physical activity which confers the greatest risk reduction
in relation to disease-free survival and mortality in patients
recovering from different cancer treatments. A number of
primary prevention trials are investigating the biological
mechanisms which could underpin the observed inverse
associations between physical activity and cancer risk [33].
Similar trials in cancer survivors would help to further
elucidate biological mechanisms which underpin the
observed associations between physical activity and all-
cause mortality following a cancer diagnosis and treatment.

In summary, our data show that cancer survivors who
participated on average in more than three sessions of
vigorous exercise per week for at least 20 min/session
demonstrated the lowest risks of all-cause mortality. This
suggests that vigorous physical activity could be a more
important determinant of survival than duration or total
volume of exercise in cancer survivors.
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