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Background: A healthy lifestyle following a cancer diagnosis may improve long-term outcomes. No studies have examined health
behaviour change among UK cancer survivors, or tracked behaviours over time in survivors and controls. We assessed smoking,
alcohol and physical activity at three times (0–2 years before a cancer diagnosis, 0–2 years post-diagnosis and 2–4 years post-
diagnosis) and at matched times in a comparison group.

Methods: Data were from waves 1–5 of the English Longitudinal Study of Ageing; a cohort of older adults in England. Behavioural
measures were taken at each wave. Generalised estimating equations were used to examine differences by group and time, and
group-by-time interactions.

Results: Of the 5146 adults included in the analyses, 433 (8.4%) were diagnosed with cancer. Those with a cancer diagnosis were
less likely to be physically active (Po0.01) and more likely to be sedentary (Po0.001). There were no group differences in alcohol
or smoking. Smoking, alcohol and activity reduced over time in the whole group. Group-by-time interactions were not significant
for smoking (P¼ 0.17), alcohol (P¼ 0.20), activity (P¼ 0.17) or sedentary behaviour (P¼ 0.86), although there were trends towards a
transient improvement from pre-diagnosis to immediately post-diagnosis.

Conclusion: We found little evidence that a cancer diagnosis motivates health-protective changes. Given the importance of
healthy lifestyles, strategies for effective support for behaviour change in cancer survivors need to be identified.

Advances in early detection and treatment of cancer have led to
steady increases in survival (Jemal et al, 2008). However, there is
growing evidence that cancer survivors are at greater risk than the
general population of a range of conditions including cardiovas-
cular disease, diabetes and osteoporosis as well as second primary
cancers (Brown et al, 1993; Travis et al, 2006). These conditions are
all linked with behaviours such as smoking, diet and physical
activity (Hu et al, 2001; Mokdad and Ford, 2003; US Department
of Health and Human Services, 2004; Warburton et al, 2006);
stimulating interest in promoting healthier lifestyles to improve
long-term outcomes. Trials have shown that interventions are
effective in achieving behaviour change in cancer survivors
(Demark-Wahnefried et al, 2007; Morey et al, 2009).

Evidence from some early surveys and qualitative studies has
indicated that some cancer survivors make positive lifestyle
changes following diagnosis, including increasing physical
activity (Hounshell et al, 2001; Blanchard et al, 2003; Patterson
et al, 2003) and eating more healthily (Hounshell et al, 2001;
Maskarinec et al, 2001; Maunsell et al, 2002; Salminen et al, 2002;
Patterson et al, 2003), although interpretation of these results is
limited by small sample sizes, the possibility of retrospective bias,
and the absence of a control group. However, the observation of
health behaviour changes has led to the suggestion that a cancer
diagnosis could be a ‘teachable moment’, in which individuals are
motivated to adopt risk-reducing health behaviours’ (e.g., McBride
et al, 2003).
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In contrast to the qualitative studies, larger scale prevalence
studies typically find that levels of smoking, alcohol consumption
and physical activity in cancer survivors are similar to the general
population (Bellizzi et al, 2005; Coups and Ostroff, 2005; Eakin
et al, 2007; Blanchard et al, 2008; Courneya et al, 2008; Grimmett
et al, 2009; Smith et al, 2011). However, it is possible that pre-
diagnostic lifestyles are less healthy in the cancer samples, and
therefore parity with the general population post-diagnosis
constitutes improvement.

There have now been a number of longitudinal studies. Two
studies have used data from the Health and Retirement Study
(HRS), a population-based cohort of older adults in the United
States. One analysed data only on smokers and found significantly
higher odds of quitting in the 2 years after a cancer diagnosis
compared with smokers without any serious diagnosis (Keenan,
2009). The other examined the full HRS sample and found a
significantly greater reduction in smoking rates among those who
had received a diagnosis of cancer within the previous 2 years
(from 23.7% to 16.1%) than those without any new serious
diagnosis (22.8 to 20.8%), but there was no significant group
difference in alcohol intake, and a greater reduction in physical
activity in the cancer group (Newsom et al, 2012a). However,
because the comparison groups in these analyses were not only free
of cancer, but also free of heart disease, diabetes, stroke or lung
disease, it is difficult to determine the specific influence of a
diagnosis of cancer.

In men from the Diet, Cancer and Health Study in Denmark
(Karlsen et al, 2012), a cancer diagnosis was associated with
significantly reduced tobacco consumption from pre- to post-
cancer diagnosis (an average of 6 years), compared with the rest of
the sample, although there were no differences in alcohol use or
weight. Results from the same study for women with breast cancer
showed no evidence of differential change in body mass index,
tobacco or alcohol (Bidstrup et al, 2013). In a Canadian sample
(Newsom et al, 2012b), a cancer diagnosis was associated with a
greater reduction in smoking rates (from 17.2% to 13.5%) 2 years
after a cancer diagnosis than in the healthy comparison group (23
to 21%), but no significant group differences in diet, alcohol or
physical activity.

All previous studies have been limited to two time points. The
primary aim of the present study was therefore to examine the
effect of a cancer diagnosis on changes in health behaviours across
three times (0–2 years before a cancer diagnosis, 0–2 years post-
diagnosis and 2–4 years post-diagnosis) using data from a
population-based sample in the United Kingdom.

MATERIALS AND METHODS

Design and participants. Data were from waves 1–5 of the
English Longitudinal Study of Ageing (ELSA), which were
collected biennially between 2002 and 2010. ELSA is a popula-
tion-based cohort of adults aged X50 years drawn from
participants in the Health Survey for England (HSE) in 1998,
1999 or 2001. It is a ‘sister’ study to the HRS and has a partly
harmonised data collection protocol (Steptoe et al, 2012). The
initial core sample size at wave 1 was 11 391, of whom an average
of 47% have taken part in all biennial examinations.

The cancer survivor group comprised respondents who reported
a new cancer diagnosis in waves 2, 3 or 4. A cancer diagnosis was
defined as answering ‘yes’ to the question: ‘Have you ever been told
by a doctor or other health professional that you had cancer or any
other kind of malignancy’. The first wave in which they responded
‘yes’ became their ‘peri-diagnosis’ point (T1), the previous wave
was their pre-diagnosis point (T0), and the subsequent wave was
their post-diagnosis point (T2). Individuals reporting a cancer

diagnosis at wave 1 or a new diagnosis at wave 5 were excluded
from the analysis because of the absence of pre- or post-diagnosis
data, respectively. Data from waves 2, 3 and 4 were used as T0, T1
and T2, respectively, for the comparison group, which comprised
all individuals who had not received a cancer diagnosis in any
wave. This was favoured over a completely healthy control group
as it enabled us to determine the specific influence of a cancer
diagnosis independent of other chronic diseases. For both samples,
we only included individuals with data available from three
consecutive waves for at least one variable of interest.

Measures. Age and gender were included as control variables,
with household non-pension wealth used as an indicator of
socioeconomic status (SES), because it has been identified as
particularly appropriate to this age group (Banks et al, 2003).

Smoking status was based on the answer to the question ‘Do you
smoke cigarettes at all nowadays’ (yes/no).

In wave 1, alcohol consumption was assessed with the question
‘In the past 12 months have you taken an alcoholic drink (twice a
day or more/daily or almost daily/once or twice a week/once or
twice a month/special occasions only/not at all)’. Those who
responded ‘twice a day or more’ or ‘daily or almost daily’ were
classified as daily alcohol drinkers. In waves 2 to 5, alcohol
consumption was assessed with the question ‘On how many days
out of the last seven did you have an alcoholic drink’ with response
options of one to seven. Those who responded ‘five’, ‘six’ or ‘seven’
were classified as daily alcohol drinkers. For the present analyses,
we compared daily alcohol drinkers with all other categories
combined.

Physical activity and sedentary behaviour were assessed with
three questions adapted from the Whitehall II study: ‘Do you take
part in any sports that are (vigorous/moderately energetic/mildly
energetic) with response options of (more than once a week/once a
week/one to three times a month/hardly ever or never)’ (Marmot
et al, 1991). For the present analyses, participants were divided into
those who did moderate or vigorous activity at least once a week
(active) vs less than this (non-active), and as sedentary if they
hardly ever or never participated in even mildly energetic activity.

Statistical analyses. Demographic characteristics of the two
groups were compared using t-tests for continuous variables and
w2 for categorical variables. Generalised estimating equation (GEE)
models were used to examine main effects of group (overall group
differences in prevalence of smoking, daily alcohol consumption,
physical activity and sedentary behaviour independent of time),
main effects of time (changes in behaviours over time independent
of group), and group-by-time interactions (differences in beha-
viour change over time between groups). Age, sex and wealth were
entered as covariates for all analyses.

RESULTS

The analysed sample (n¼ 5146) comprising individuals with a new
cancer diagnosis in waves 2–4 (n¼ 433) and individuals with no
cancer diagnosis in any wave (n¼ 4173) and data on at least one
health behaviour for three consecutive waves are shown in Table 1.
The cancer diagnosis group was older (69.9 vs 66.5 years;
Po0.001), and had a more equal gender balance than the
comparison group, but the groups did not differ in wealth
(P¼ 0.935). The analysed sample was slightly younger, wealthier
and had slightly better health behaviours (were less likely to smoke
and were more active), than the full ELSA sample (data not
shown).

Smoking. Figure 1 shows the proportion of smokers in each group
at each time. There was no significant group effect, indicating that
the proportion of smokers was not significantly different overall
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between groups (P¼ 0.34). There was a significant effect of time,
with the proportion of smokers decreasing over time independent
of group (Po0.001). Between T0 and T1, smoking rates dropped
from 12.0% to 9.4% in the cancer group and 10.2% to 9.0% in the
comparison group. Between T1 and T2, smoking rates increased
from 9.4% to 9.9% in the cancer group and dropped from 9.0% to
8.3% in the comparison group. The group-by-time interaction was
not statistically significant (P¼ 0.17).

Daily alcohol consumption. Figure 2 shows the proportion of
daily alcohol drinkers in each group at each time. The group
difference was not statistically significant (P¼ 0.49). There was a
borderline significant effect of time, with the proportion of daily
drinkers decreasing over time independent of group (P¼ 0.06).
Between T0 and T1, daily alcohol consumption dropped from
22.9% to 19.2% in the cancer group and from 22.4% to 22.0% in
the comparison group. Between T1 and T2, daily alcohol
consumption rose from 19.2% to 20.1% in the cancer group and
dropped from 22.0% to 21.6% in the comparison group. However,
the group-by-time interaction was not significant (P¼ 0.20).

Physical activity. Figure 3 shows the results for being moderately
or vigorously active at least once a week. The cancer group was less
physically active than the comparison group overall (Po0.01). The
proportion of respondents who were physically active reduced over
time independent of group (Po0.05). The pattern of results
suggested a greater change between T0 and T1 in the group getting
a cancer diagnosis (13.2 to 9.4% vs 15.9 to 15.1% in the comparison
group) while between T1 and T2, physical activity increased from

9.4% to 9.9% in the cancer group and dropped from 15.1% to
14.4% in the comparison group. However, the group-by-time
interaction was not statistically significant (P¼ 0.17).

Sedentary behaviour. Figure 4 shows the results for being
sedentary (no mild, moderate or vigorous activity). The cancer
group was more sedentary than the comparison group indepen-
dent of time (Po0.001), and the proportion of participants who

Table 1. Demographic characteristics of sample – percentage (n), mean
(s.d.)

Characteristics
Cancer group

(n¼433)
Comparison group

(n¼4713) P

Age 69.92 (9.67) 66.52 (8.97) 0.000

Sex

Male 49.6% (207) 43.7% (2061)
Female 50.4% (210) 56.3% (2652) 0.020

Wealth quintiles

1 (lowest) 17.9% (77) 18.7% (862)
2 18.6% (80) 18.6% (861)
3 22.6% (97) 21.0% (969)
4 20.3% (87) 20.1% (927)
5 (highest) 20.5% (88) 21.6% (998) 0.935
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Figure 1. The proportion of each group who smoked at each time
point (adjusted for age, sex and wealth).
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Figure 2. The proportion of each group who drank alcohol daily at
each time point (adjusted for age, sex and wealth).
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Figure 3. The proportion of each group who were moderately or
vigorously active Z1 per week at each time point (adjusted for age,
sex and wealth).
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Figure 4. The proportion of each group who were sedentary at each
time point (adjusted for age, sex and wealth).
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were completely sedentary increased over time independent of
group (Po0.001). Between T0 and T1, sedentary behaviour
increased from 5.1% to 8.6% in the cancer group and 3.2% to
4.9% in the comparison group. Between T1 and T2, sedentary
behaviour increased from 8.6% to 11.0% in cancer group and 4.9%
to 6.9% in the comparison group. The group-by-time interaction
was not statistically significant (P¼ 0.86).

Pattern of changes in health behaviours. Although the planned
analysis tested group-by-time interactions across the three waves
and were all non-significant, the pattern of results suggested there
may be non-linearity in the cancer group for smoking, alcohol and
activity, with a trend towards slightly greater changes from T0 to
T1 in the cancer group, followed by a small rebound from T1 to
T2. We tested for this using a linear-by-linear association test and
failed to confirm linearity for smoking, alcohol and activity in the
cancer group. Because this could have affected the analyses over
the three time points, we repeated the analyses to examine group-
by-time interactions specifically for the T0 to T1 transition. These
results showed consistent, near-significant, trends towards the
cancer group making greater changes than the comparison group
from T0 to T1: smoking (P¼ 0.11), alcohol (P¼ 0.07) and physical
activity (P¼ 0.07). Interactions over the T1 to T2 transition were
not significant for smoking (P¼ 0.14), alcohol (P¼ 0.55) or
activity (P¼ 0.56).

DISCUSSION

This longitudinal study investigated the impact of a cancer
diagnosis on health behaviour change in a population-based
sample of older adults living in England. In comparison with
participants not receiving a cancer diagnosis, we saw no evidence
that a cancer diagnosis was associated with sustained improve-
ments in lifestyle from before diagnosis to at least 2 years after
diagnosis.

In both groups, the overall pattern of health behaviour change
over the 4-year period indicated beneficial trends for smoking and
alcohol consumption (declining rates), and adverse trends on
sedentary behaviour (increasing) and vigorous physical activity
(declining). Across the three time points, there were no overall
significant group differences in alcohol or smoking, but individuals
who received a cancer diagnosis were less active and more
sedentary overall.

Although a cancer diagnosis was not associated with significant
differential change across the three time points in any of the
behaviours, there was a difference in the pattern of the results, with
approximately linear time trends in the comparison group, but
non-linear time trends in the cancer group. A slightly larger
proportion of participants receiving a cancer diagnosis had quit
smoking and reduced their alcohol intake by the first assessment
after diagnosis, but this was followed with a slight rebound by the
next follow-up. The activity effect – albeit indicating adverse
changes – showed a similar pattern. We therefore tested the effects
separately for each time transition. From T0 to T1, the group-by-
time interactions approached significance for all three health
behaviours (P¼ 0.07, 0.07, 0.11). The T1 to T2 difference did not
approach statistical significance, but nonetheless diminished the
health behaviour differences that had emerged immediately post-
diagnosis. The consistency of this pattern across the three
behaviours suggests that with a larger sample size, we might have
seen significant ups and downs in health behaviours associated
with a cancer diagnosis compared with steadier time trends in the
comparison group.

Previous research has found evidence for higher rates of
smoking cessation following a cancer diagnosis (Falba, 2005;
Keenan, 2009; Karlsen et al, 2012; Newsom et al, 2012a). For two of

the studies, this could be because the comparison group was not
only free of a cancer diagnosis, but also free from heart disease,
diabetes, stroke and lung disease, and these conditions could also
contribute to the motivation to change (Keenan, 2009; Newsom
et al, 2012a). All three of the other samples (from the United States,
Canada and Denmark) had higher smoking rates, especially the
Danish men, than were observed in ELSA. This may be partly
because UK adults get excellent quitting advice, but it could also
mean any remaining smokers among UK adults are a relatively
‘hard core’ group (Jarvis, 2003). Either way, the observation that
75% of smokers with a cancer diagnosis failed to quit suggests that
a cancer diagnosis is an underused opportunity for intervention.
The need for assistance to quit smoking has been reported by
patients following heart disease and may apply equally following a
cancer diagnosis (Wilkes and Evans, 1999).

None of the previous studies, either longitudinal (Karlsen et al,
2012) or cross-sectional (Bellizzi et al, 2005; Coups and Ostroff,
2005; Eakin et al, 2007), have found evidence that a cancer
diagnosis is associated with significant change in alcohol intake,
and the overall effect in this study was also non-significant.
However, the possibility of a transient acute effect was indicated by
the post hoc analyses, and may have been missed in studies
assessing alcohol consumption longer after the diagnosis.

The sample as a whole had low levels of activity, and those who
received a cancer diagnosis were even less active; consistent with
findings from cross-sectional studies (Grimmett et al, 2009; Smith
et al, 2011). We did not see evidence of differential change in
physical activity except for the non-significant trend for an acute
worsening immediately post-diagnosis. This result gives no support
to the idea that individuals who get a cancer diagnosis make
positive activity changes either immediately after diagnosis or in
the subsequent 2 years. A similar pattern was found for sedentary
behaviour, with a larger proportion of the cancer diagnosis group
being sedentary from before they received their diagnosis and no
improvement after diagnosis. The finding that the whole sample
became progressively more sedentary over time highlights the need
for interventions to increase activity and reduce sedentary time
among older adults. Specific advice on being more active in the
context of a cancer diagnosis could also contribute to improved
long-term outcomes.

Overall, our findings provide little evidence that a cancer
diagnosis is associated with spontaneous positive lifestyle changes
over and above lifestyle trends in the older adult population. There
were encouraging downward trends over time in smoking and
alcohol regardless of diagnosis. The slightly higher smoking rates
among those who got a cancer diagnosis dropped to match the
comparison group over time, but the differential change was not
statistically significant in this sample. Participants in both groups
became steadily more sedentary, and there was no sign that cancer
survivors became more active either immediately post-diagnosis or
2 years after that.

Given that life events such as a cancer diagnosis have been
hypothesised to motivate positive lifestyle change (Rabin, 2009), it
is surprising that our results provided little evidence of such
change. One explanation may be that cancer survivors make some
immediate, but short-lived, changes. However, it is also possible
that cancer patients in the United Kingdom are not receiving
adequate support and advice on lifestyle change. This would be
consistent with findings from UK surveys indicating that fewer
than half of cancer specialists routinely discuss exercise with their
patients (Daley et al, 2008; Macmillan Cancer Support/ICM, 2011).
Cancer survivorship has been on the agenda in the United States
since the 1990s, whereas it really only rose to prominence in the
United Kingdom following the Cancer Reform Strategy in 2007
(Department of Health, 2007), so there are likely to be
improvements in the UK statistics. We have shown that the
friends and relatives of patients with a cancer diagnosis are
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supportive of them receiving lifestyle advice (Williams et al, 2013)
and it would be timely to establish patient preferences for format
and timing.

This study had a number of limitations. Cancer data were self-
reported and diagnoses of non-melanoma skin cancer were not
excluded. We did not have the exact date of diagnosis, which could
have been any time from just after T0 or just before T1 (a range of
2 years). It is therefore possible that more participants made short-
lived changes in smoking and alcohol consumption that were not
picked up. However, even if this were the case, the lack of longer
term maintenance highlights an opportunity for intervention. The
questions assessing frequency of alcohol consumption were
changed after wave 1, but the prevalence of drinking alcohol at
all was very similar across waves, so it is unlikely that the
measurement issues biased this finding. The ELSA data set did not
include a direct measure of sedentary behaviour so we used lack of
physical activity. The activity measure itself did not map directly
onto the current physical activity guidelines, but we used the
closest available cut points; and overall levels were extremely low.
To examine changes over multiple time points, our analyses were
restricted to cases with three consecutive waves of data; excluding
those who died, dropped out or did not answer the cancer
diagnosis question. This reduced the sample size to B45% of the
initial 11 391 sample in wave 1. Compared with the total ELSA
sample, the analysed sample was slightly younger, wealthier and
had slightly better health behaviours; consistent with retention in
other longitudinal studies (Mendes de Leon, 2007). The results
may therefore give a conservative estimate of health behaviour
change. The sample size was not large enough to analyse by cancer
site and there may be differences between sites. Finally, with a
larger sample, the small group differences in smoking immediately
post-diagnosis (T0–T1) might have been significant, but it seems
unlikely that without more intervention, cancer survivors will
achieve lower smoking rates than the general population.

In conclusion, our results provide little evidence that a cancer
diagnosis is a stimulus for health-protective changes, with only
modest reductions in smoking rates and an increase in sedentary
behaviour, both broadly similar to age-related changes in the
general population. The growing evidence that healthier lifestyles
are important for long-term cancer outcomes highlights the need
to identify effective support for health behaviour change in cancer
survivors.
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