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A B S T R A C T

Purpose: Childhood cancer survivors are at risk of treatment late-effects. Physical activity represents a necessary
complementary therapy and modifiable risk-factor across all ages for many cardio-metabolic late-effects. This
study assessed perceived physical activity in Australian and New Zealander childhood cancer survivors.
Methods: We recruited parents of survivors aged<16 years, and adult survivors of childhood cancer aged≥16 years,
≥5 years since diagnosis, with age-matched controls for comparison. We compared perceived moderate-vigorous
physical activity between survivors and controls, using regression to identify associations with physical activity.
Results: We recruited 914 participants (570 childhood cancer survivors and 344 age-matched controls). Parents
of survivors perceived more moderate-vigorous physical activity than child controls (248 ± 218, 95%
Confidence Interval (CI)= 218–280 vs 185 ± 214min/week, 95% CI=144–225, p= 0.036), with no per-
ceived difference between adult survivors and controls (125 ± 152, 95% CI= 108–140 vs 160 ± 201min/
week, 95% CI= 132–187, p=0.477). Twenty-seven percent of child survivors (vs. 14.5% controls) and 30% of
adult survivors (vs. 39.4% controls) met recommendations. Adult survivors who received radiotherapy
(OR=0.585, 95% CI= 0.343–0.995, p= 0.048) or not completed university (OR=1.808, 95%
CI=1.071–3.053, p= 0.027) were less likely to meet recommendations.
Conclusions: Over two-thirds of Australian and New Zealander childhood cancer survivors across all ages are
perceived to not meet physical activity recommendations. Adult survivors who had radiotherapy or did not
complete university appeared at-risk for low physical activity.
Practical implications: Physical activity is important for everyone, but critical among childhood cancer survivors
due to increased late cardio-metabolic risks. Monitoring survivors’ perceived but also objectively measured
physical activity as complementary to routine care is warranted, to provide education and motivate survivors to
take control of their health.

1. Introduction

Advances in cancer treatment and supportive care have contributed
to increasing survival rates among childhood cancer survivors (CCS),

with over 80% becoming five-year survivors.1 Late-effects of treatment
are common, with nearly all CCS experiencing at least one chronic
health condition in adulthood.2 Up to 20% of CCS develop cardio-
myopathy 15–20 years after anthracycline treatment.3 Survivors of
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childhood cancer treated with radiotherapy over the heart are twice as
likely to develop cardiac morbidity compared with the general popu-
lation.4 In addition, 34% of adult CCS experience metabolic syndrome,5

with a recent study reporting the incidence of overweight and obesity at
37% in adult female and 61% in adult male CCS.6 Cancer treatment and
co-morbidities can contribute to 5–15 times increased risk of devel-
oping cardiovascular disease compared with the general population.7

This is concerning given that cardiovascular disease is the leading non
cancer-related cause of morbidity and mortality among CCS.8

In the general population, physical activity is a strong predictor for
cardiovascular disease, cancer and mortality.9 Among adult cancer
survivors, participation in physical activity can reduce cancer recur-
rence risk and mortality.10 Survivors of adult cancers who exercise
experience improved physical well-being, psychological function, and
quality of life compared with survivors who did no physical activity.11

Evidence among CCS suggests young survivors who exercise regularly
after treatment may improve their cardiorespiratory fitness,12 body
composition,13 muscular strength,14 and flexibility.14 These changes
may mitigate risks associated with developing metabolic syndrome and
cardiovascular disease, compared with survivors who do less physical
activity.15–18,6

Based on this evidence surrounding physical activity, the Australian
Government recommends children (420min) and adults (150min)
achieve sufficient moderate-vigorous physical activity (MVPA) each
week.19 Despite the importance of maintaining physical activity during
survivorship, there is limited research investigating physical activity
among Australian and New Zealander CCS. Concerningly, this could be
further compounded as healthy Australian and New Zealander children
reported less physical activity (D- rating) compared with children from
other high-income countries (C- average rating).20 Adult CCS appear
less likely to meet physical activity recommendations than their healthy
siblings,21 with treatment-related side-effects including fatigue com-
monly reported barriers to initiating or maintaining physical activity.22

Reduced physical activity among acute lymphoblastic leukemia survi-
vors contributed to increased body-fat percentage and reduced cardi-
ovascular fitness.23 Childhood cancer survivors may experience de-
creased ability to exercise due to their accumulating burden of
treatment late-effects. The late-effects burden on younger and older
CCS may differ due to the evolution of treatment protocols over time
impacting on future cardiometabolic risk due to exposure to different
agents.24

Increased understanding of the associations with physical activity
could allow doctors and exercise professionals to educate individuals
who are at increased risk of not meeting these recommendations. A
review focusing on child and adult CCS showed younger white males,
with an education above high-school level were more likely to ex-
ercise.25 However, survivors who were overweight or underweight,
smoked, and had poor diets were less likely to meet physical activity
recommendations.25 Further, survivors who have been shown to have a
fear of recurrence are more likely to engage in positive rather than
negative lifestyle changes.26 While this data is useful, there is a dearth
of literature on the levels and predictors of perceived physical activity
across the CCS population, especially across age groups covering early
through to very long-term survivorship. There is also minimal data on
perceived physical activity levels in child and adult Australian and New
Zealander CCS.

We therefore aimed to 1) assess perceived physical activity levels in
long-term Australian and New Zealander CCS across all ages and es-
tablish whether these levels differed compared with age-matched con-
trols, and 2) investigate whether perceived physical activity differed
across age groups. We finally aimed to 3) investigate the impact of
clinical and sociodemographic associations for whether survivors met
the Australian Government’s physical activity recommendations.

2. Methods

2.1. Participants

We recruited CCS diagnosed with any cancer ≤16 years, ≥5 years
after diagnosis, completed treatment, and in remission for the larger
ANZCHOG Survivorship Study27, with data extracted for this research
paper. Participants’ ≥18 years at the time of the study completed
questionnaires themselves, whilst parents of children aged< 16 parti-
cipated on their behalf. For participants aged 16–18 years, invitation
letters were addressed to themselves and their parents, with the deci-
sion of who participated made by the family. We recruited a control
group where participants chose to ‘opt-in’, which was randomly group
matched to the CCS group on age and rurality, including adults aged
≥16 years and parents with a child aged 7–16 years. Exclusion criteria
for all participants was not being proficient in English. Exclusion cri-
teria for the control group included caring for a child with a history of
cancer (for parents) and being a survivor of childhood cancer (for
adults).

We identified eligible participants through medical records of 11
paediatric hospitals in Australia and New Zealand. We mailed consent
forms, information sheets, questionnaires, and reply-paid envelopes, or
gave participants the option to complete the questionnaire online. We
followed up non-respondents with a phone call after four weeks, for a
maximum of four attempts. We recruited community participants as
controls online, advertising the study online (Pureprofile Pty. Ltd.),
who were reimbursed approximately $5AUD for participating. Control
recruitment was ‘opt-in’, which excluded the possibility for calculating
the control response rate.

The study was approved by human research ethics committees for
each hospital and UNSW Sydney (HREC/12/POWH/345), which was
endorsed by Australian and New Zealand Children’s Haematology
Oncology Group. Informed consent was obtained from all participants.

2.2. Measures

2.2.1. Physical activity measures
We used the International Physical Activity Questionnaire28 to

quantify perceived physical activity. We modified the questionnaire to
ask participants in a single-item, ‘over the past week, how much time
did you spend doing moderate or vigorous exercise?’. A single-item
physical activity questionnaire has been shown to perform as well as
short questionnaires in terms of reliability and concurrent validity.29

We categorized participants into two groups: currently meeting phy-
sical activity recommendations, or not, according to The Department of
Health (Australian Government; ≥420min per week (min/week) of
MVPA for children<18 years old; and ≥150min/week of MVPA for
adults ≥18 years old).19

2.2.2. Clinical measures
Parents and survivors’ self-reported initial cancer diagnosis, (cate-

gorized into hematological, solid, and brain tumours), treatment com-
pletion date, and treatment history (chemotherapy, radiotherapy, sur-
gery and/or bone marrow transplantation). Previous history of cardiac
issues was self-reported. We calculated body mass index (BMI, kg/m2)
from self-reported height (m) and weight (kg).

2.2.3. Socio-demographic measures
We asked parents and adult survivors to report the survivor’s age

and sex. We obtained residential postcode to determine rurality status
using the Accessibility/Remoteness Index of Australia lookup tool30 and
Statistics New Zealand Data Service.31 Rurality status was classified as
major city, inner regional, outer regional, remote, and very remote,
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dichotomized into major city and regional/rural. Adult survivors and
parents of survivors reported their annual household income and edu-
cation, dichotomized to above or below $60,000 AUD and completing
university, respectively.

2.2.4. Health status
We asked adult survivors to complete a single-item regarding mo-

bility from the EuroQol EQ-5D-5 L quality of life survey.32 Assessed on a
5-point scale, we assessed mobility (no problems, slight problems,
moderate problems, severe problems, unable to walk), dichotomized
into ‘no problems’ versus ‘problems’ in accordance with the EuroQol
EQ-5D-5 L scoring instructions if the number of reported problems was
low.32 We asked parents and adult participants whether they worried
about late-effects and cancer recurrence on a 5-point scale (‘not at all’ to
‘a great deal’), dichotomized into ‘not worrying’ versus ‘worrying’.

2.3. Data management and statistical analyses

We aligned reporting with the ‘Strengthening the Reporting of
Observational Studies in Epidemiology’ (STROBE) statement for cross-
sectional research. We performed statistical analyses using SPSS Version
24.0 (IBM Corp., New York). For question 1, we compared child and adult
survivor participants with control and non-participant demographics using
Chi-squared tests for categorical and independent sample t-tests for con-
tinuous variables. We truncated perceived physical activity data at
1260min/week, according to the International Physical Activity
Questionnaire.28 We controlled for significant differences in demographic
and outcome data when comparing perceived physical activity in survi-
vors and controls. For question 2, we examined differences in perceived
physical activity across different age groups (i.e. puberty phases and young
adulthood) by conducting a two (cancer x control) by six (ages
7–11×12–16×16–20×21–30×31–40x≥41) analysis of variance
with mean physical activity as the outcome. Post-hoc contrasts were
conducted using Bonferroni correction. We used simple regression to de-
termine mean differences in perceived physical activity between age
groups when there was a significant group interaction. For question 3, we
used binary logistic regression to identify clinical (cancer type, treatment,
time since treatment), socio-demographic (age, sex, income, education,
rurality) and outcome (mobility, past cardiac issues, BMI, health status,
worry about late-effects and recurrence) associations for whether child
and adult survivors met physical activity recommendations. Variables with
p < 0.2 in the univariate analysis were included in the multivariable
model. Variables with p < 0.05 in the multivariable model were con-
sidered significant. We used backwards stepwise regression to eliminate
coefficients that did not contribute significantly to the model. We excluded
cases with missing data from the regression analysis, and missing physical
activity data from all analyses.

3. Results

3.1. Participant characteristics

We invited 2590 survivors (735 parents, 1855 adult survivors) and
had 344 controls opt-in (111 parents, 233 adults) between May 2013
and February 2016. We were unable to contact 432 survivors, while
1320 received the questionnaire but did not complete it, 18 were in-
eligible, and 3 were reported as deceased. Of the remaining 709 eligible
survivors, 108 declined for a total of 570 CCS included (Supplementary
Fig. 1; response rate of contactable parents of child survivors and adult
survivors= 80%, with an overall response rate= 27%). The final
sample for analysis included 914 participants (Table 1). The four par-
ticipant groups included:

1) 192 parents of CCS (child mean age=12.9 ± 2.3 years, age at
diagnosis= 4.5 ± 1.9 years, 8.5 ± 2.7 years since treatment;
Table 2), 2) 378 CCS (mean age=26.2 ± 7.6 years, age at diag-
nosis= 9.2 ± 5.0 years, 17.0 ± 7.9 years since treatment), 3) 111

parents of child controls (child mean age=12.3 ± 2.7 years), and 4)
233 adult controls (mean age= 27.2 ± 8.8 years)

Among child survivors, participants and non-participants did not
differ by sex (43.8% vs. 49.2% female, p= 0.210), age at study
(12.9 ± 2.3 vs. 12.8 ± 2.3 years, p= 0.527), time since diagnosis
(10.4 ± 2.3 vs. 10.1 ± 2.3 years, p= 0.782), or diagnosis
(p= 0.667). Among adult CCS, participants were more likely to be
female (55.9% vs. 48.7%, p=0.015), older (26.1 ± 7.6 vs.
24.3 ± 6.2 years, p < 0.001), and further from diagnosis (19.2 ± 8.1
vs. 17.6 ± 6.8 years, p < 0.001) compared with non-participants, but
did not differ by diagnosis (p= 0.551).

Parents’ reports showed that child survivors and controls did not
differ by sex, mobility and BMI, with no difference in parental income
(Table 1). Parents of child survivors had higher education levels than
parents of controls (p= 0.032). Parents reported that child survivors
had history of cardiovascular abnormalities (p= 0.009) compared with
controls. Adult survivors of childhood cancer and controls did not differ
by sex, education level, or BMI. Adult CCS had lower household income
(p < 0.001), reduced mobility (p < 0.001), and history of cardio-
vascular abnormalities (p=0.003) compared with controls.

3.2. Perceived physical activity levels of Australian and New Zealander
survivors

Parents reported that child survivors participated in higher MVPA
than controls (248.4 ± 217.6, 95% Confidence Interval
(CI)= 218–280 vs 184.8 ± 213.6min/week, 95% CI=144–225,
p=0.036; Fig. 1A). More child survivors met physical activity re-
commendations compared with controls (26.6%, 95% CI= 20–33, vs
14.5%, 95% CI= 8–21, p= 0.016; Fig. 1B).

Adult survivors did not differ in MVPA compared with controls
(125.3 ± 151.8, 95% CI=108–140 vs 160.5 ± 200.7min/week,
95% CI=132–187, p= 0.477; Fig. 1C), meeting recommendations at a
similar rate (30.4%, 95% CI=26–35, vs 39.4%, 95% CI= 33–46
p=0.804; Fig. 1D).

3.3. Investigating perceived physical activity levels across age groups

With a 2-way ANOVA, there was no effect of group on perceived
physical activity (p= 0.965), however there was an age effect
(p < 0.001), and a significant interaction (p= 0.010) (Fig. 2).
Therefore, we conducted two post-hoc contrasts to compare children vs
adults (ages 7–16 vs> 16) and the child age groups (7–11 vs 12–16)
across physical activity. Mean perceived physical activity was lower in
adults compared with children (p=0.001), however the magnitude of
this difference was greater for CCS (p=0.006). Perceived physical
activity was lower in all adolescents compared with younger children
(p= 0.015), however after Bonferroni correction, this was not sig-
nificant. There was no interaction between cancer survivors and con-
trols (p= 0.137), suggesting an absence of differences in physical ac-
tivity between child and adolescent survivors and controls. Taken
together, these results suggest that the high perceived physical activity
level achieved in childhood by survivors (ages 7–11=289.8 ± 257.9,
ages 12–16= 233.4 ± 199.9min/week), compared with controls, was
reduced in older survivors (ages 16–20=148.4 ± 206.5, ages
21–30=125.4 ± 133.7, ages 31–40= 104.1 ± 107.7, ages
≥41=84.8 ± 99.9min/week). A follow-up analysis for each decade
of increasing age revealed that CCS reduced their perceived physical
activity by 68min/week/decade (p < 0.001), however there was no
interaction for the physical activity reduction with age in controls
(p= 0.194).

3.4. Associations for whether survivors met physical activity
recommendations

At the univariate level, cancer type did not influence whether child
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(χ2=2.49, p=0.535; Fig. 3A) and adult (χ2= 0.33, p=0.847;
Fig. 3B) survivors met physical activity recommendations. Among child
survivors, there was no difference in meeting physical activity

recommendations by treatment, including surgery (χ2=0.84,
p=0.435), chemotherapy (χ2= 2.08, p=0.561), radiotherapy
(χ2=1.41, p=0.237) and bone marrow transplant (χ2=0.64,
p=0.424; Fig. 3C). Adult survivors who received radiotherapy
(χ2=6.94, p= 0.008) or bone marrow transplant (χ2=4.47,
p=0.035) were less likely to meet the recommendations, whereas
surgery (χ2=0.03, p= 0.859) or chemotherapy (χ2=1.40,
p=0.236; Fig. 3D) had no impact.

Among child survivors, the multivariable model for associations for
meeting physical activity recommendations was significant (r2= 0.043,
p=0.019). The model included the non-significant association of
parental worry about recurrence (Supplementary Table 1; OR=6.91,
95% CI=0.87–54.55, p=0.067). Among adult survivors of childhood
cancer, the multivariable model was significant (r2= 0.075,
p=0.001). The model included history of radiotherapy (OR=0.585,
95% CI=0.343-0.995, p= 0.048) and completing university
(OR=1.808, 95% CI=1.071–3.053, p= 0.027). The final factor in
the model, receiving bone marrow transplant did not reach significance
(OR=0.489, 95% CI=0.223–1.070, p=0.073).

4. Discussion and conclusions

4.1. Discussion

In this study, we established that the majority of both child and
adult survivors of childhood cancer from all paediatric oncology centres
around Australia and New Zealand did not meet the Australian
Government’s physical activity recommendations. Parents perceived
that child survivors participated in more physical activity than healthy
age-matched controls. The low perceived physical activity achieved
among adult CCS were not significantly different compared with con-
trols. We found that the higher perceived physical activity level

Table 1
Demographic and outcome differences using Chi-squared and independent sample t-tests between child and adult survivors of childhood cancer and age-matched
controls.

Children (parent-proxy) Adults (self-reported)

Variable Survivors Control p-value Survivors Control p-value

Sex, female n(%) 84 (43·8) 57 (51·4) 0·201 212 (56·1) 133 (57·1) 0·809
Age, n(%) 0·621 0·456
7-11 52 (27·1) 33 (29·7)
12-16 140 (72·9) 78 (70·3)
16-30 287 (75·9) 183 (78·5)
≥30 91 (24·1) 50 (21·5)
Annual household incomea, n(%) 0·063 0·000
<$59,999 43 (22·4) 34 (30·6) 200 (52·9) 77 (33·0)
> $60,000 132 (68·7) 62 (55·9) 117 (31·0) 105 (45·1)
Prefer not to answer 16 (8·3) 15 (13·5) 53 (14·0) 51 (21·9)
Missing 1 (0·5) 8 (2·1)
Highest education levelb, n(%) 0·032 0·770
No university 110 (57·3) 78 (70·3) 238 (62·9) 153 (65·7)
University degree 80 (41·7) 33 (29·7) 131 (34·7) 80 (34·3)
Missing 2 (1·0) 9 (2·4)
Ruralityc, n(%) 0·182 0·193
Urban 134 (69·8) 91 (82·0) 277 (73·3) 194 (83·3)
Rural 44 (22·9) 20 (18·0) 74 (19·6) 39 (16·7)
Missing 14 (7·3) 27 (7·1)
Current mobility issues, n(%) 0·000
No problems 276 (73·0) 200 (85·8)
Slight to severe problems 102 (27·0) 33 (14·2)
Past cardiac issues, n(%) 18 (9·4) 2 (1·8) 0·009 50 (13·2) 14 (6·0) 0·003
Missing 7 (3·6) 13 (3·4)
Body Mass Index (kg/m2), mean (SD) 20·4 (5·5) 20·3 (4·9) 0·793 24·47 (5·1) 24·32 (6·5) 0·754
Missing/self-report error 56 8 36 2

Chi-square value for categorical data, with t-value for continuous data.
a Parent’s income.
b Parent’s education level.
c Rurality status dichotomized into urban and rural (inner regional, outer regional, remote and very remote).

Table 2
Clinical information among child and adult survivors of childhood cancer.

Variable Child survivors
(parent-reported)

Adult survivors (self-
reported)

Cancer Type, n(%)
Hematological tumours 110 (57·3) 217 (57·4)
Solid tumours 71 (37·0) 109 (28·8)
Brain tumours 9 (4·7) 48 (12·7)
Missing 2 (1·0) 4 (1·1)
Treatmenta, n(%)
Chemotherapy (yes/no) 182 (95·3) 339 (89·4)
Missing 1 (0·5) 11 (2·9)
Radiotherapy (yes/no) 50 (26·6) 182 (48·0)
Missing 22 (11·5) 33 (8·7)
Surgery (yes/no) 78 (41·1) 173 (45·3)
Missing 13 (6·8) 39 (10·3)
Bone Marrow Transplant (yes/

no)
36 (18·7) 66 (17·4)

Missing 24 (12·5) 56 (14·8)
Years since treatment

completion, mean (SD)
8·45 (2·7) 16·99 (7·9)

Missing 8 29b

Worry about late-effects? Yes, n
(%)

174 (90·6) 269 (71·7)

Missing 1 (0·5) 5 (1·3)
Worry about recurrence? Yes, n

(%)
170 (88·5) 260 (68·8)

Missing 2 (0·5)

a Treatments are not mutually exclusive.
b Missing data due to participants being unable to recollect the month/year

of their cancer treatment.
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observed in young survivors was lower in older age groups. We did not
identify any predictors of physical activity among child survivors. Adult
CCS who received radiotherapy, and who had not completed university
were less likely to meet physical activity recommendations, high-
lighting two groups who may benefit from receiving education on the
importance of improving their lifestyle.

Our study reported a smaller proportion of CCS meeting physical
activity recommendations (27% of child and 30% of adult survivors)

compared with 55% of child and 44% of adult survivors of childhood
cancer in America, with the investigators also indicating the need for
lifestyle interventions among the CCS population.33 Our control cohort
was representative of the general population in terms of socio-demo-
graphics, with a similar proportion achieving recommended re-
commendations compared with other Australian adolescents (28%)34

and adults (43%).35 Due to the higher risk of late-effects experienced by
CCS compared with the general population, it is imperative for

Fig. 1. (A) Moderate-vigorous physical activity
weekly minutes (mean, 95% confidence in-
terval) in child survivors of childhood cancer
and age-matched controls. Grey line denotes
physical activity recommendations according
to guidelines (≥420min/week). (B) The pro-
portion of the entire cohort of child survivors
of childhood cancer meeting the recommended
physical activity guidelines compared with
controls (bars indicate 95% confidence in-
terval). Child data controlled for significant
differences in education and cardiac co-mor-
bidity history. (C) Moderate-vigorous physical
activity weekly minutes (mean, 95% con-
fidence interval) in adult survivors of child-
hood cancer and age-matched controls. Grey
line denotes physical activity recommenda-
tions according to guidelines (≥150min/
week). (D The proportion of the entire cohort
of adult survivors of childhood cancer meeting
recommended physical activity guidelines
compared with controls (bars indicate 95%
confidence interval). Adult data controlled for
significant differences in income, mobility, and
cardiac co-morbidity history. All graphs dis-
play means and 95% confidence interval.

Fig. 2. Moderate-vigorous physical activity weekly minutes (mean, 95% confidence interval) in all childhood cancer survivors and controls. The lines at 420min/
week and 150min/week represent the child and adult physical activity guidelines, respectively.
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survivors to be active as complementary to their usual care. Hence,
survivors need to be educated appropriately to address this deficit.

Our study identified higher perceived physical activity achieved in
childhood by survivors compared with controls. This finding was sur-
prising given the potential cardiometabolic and neuromuscular im-
pairments experienced by survivors, although could also be explained
by the general population experiencing a screen-time and obesity epi-
demic.36 Although parents of survivors may take a protectionist ap-
proach and over-perceive their child’s ability simply because they are
thriving post-treatment. The decline by 68min/week/decade among
CCS saw the high physical activity in childhood drop below the control
data from age 16 onwards, suggesting a potential intervention point.
There are several explanations for the reduced perceived physical ac-
tivity among our adult survivors such as study, employment and family
commitments. However, older survivors may experience more late-ef-
fects due to increasing incidence of mild-severe chronic health condi-
tions as they age.37 Further, older survivors may have been exposed to
more intensive therapy regimens, with a smaller percentage of child
survivors treated with radiotherapy in our cohort due to clinical prac-
tice changes (50.9% adults vs 29.6% children). These changes may
consequently lead to a reduction in cardiovascular and metabolic risk
factors for those who received cranial, thoracic or total body radio-
therapy.5,4 Although not investigated in our study, the impact of field-
specific radiotherapy on physical activity warrants investigation due to
differences in late-effects that may impact survivors’ ability to exercise.
As cranial and total body irradiation is shown to have higher risk for
developing metabolic5 or cardiac dysfunction,4 these co-morbidities
could negatively contribute to CCS capacity to regularly exercise.

Radiotherapy or lower education was associated with not meeting
physical activity recommendations in adult survivors in our study. If
survivors and parents can be educated and motivated early in

survivorship to adopt healthy behaviours, they may bridge this lifestyle
gap into survivorship. Identifying survivors at-risk for low physical
activity will allow medical teams to educate, monitor and refer these
survivors into programs earlier. This is vital to increase the proportion
of survivors meeting recommendations, thereby minimising the risk of
developing particular late-effects that may be intensified by inactivity.
Our findings support previous research which indicated that older
survivors have lower physical activity than younger survivors,21 with
survivors from a lower socio-economic status and treated with cranial
irradiation likely to have lower physical activity.38 We dichotomised
income by ± AUD$60,000 (USD$43,000) which is the approximate
median Australian salary,39 yet socio-economic status may have dif-
ferent implications on physical activity around the world. Unlike the
Ness study, we did not find obesity was a contributing factor.21 The
Ness study was substantially larger than our cohort, however their re-
sults emphasise the broad range of clinical, socio-demographic and
contextual differences across countries affecting physical activity. Fur-
ther, our identification of adult survivors who have not completed
university being at-risk of low physical activity was similarly identified
in the general population in the Netherlands.40 Finally, we found that
parents worrying about cancer recurrence did not appear to motivate
increasing physical activity in child survivors, although this has been
found to promote health behaviour change in adult cancer survivors.26

Although this neared significance, there was little variability in the
outcome (i.e. over 90% were worried) that associations were atte-
nuated.

In our cohort, both adult and child survivors self-reported a higher
incidence of cardiac issues compared with controls. With known risks of
late-effects among CCS, and the majority of our cohort not meeting
physical activity recommendations, strategies are needed to increase
regular physical activity participation. Issues such as cardiovascular

Fig. 3. The proportion of the survivor cohort meeting physical activity guidelines by tumour type in (A) children and (B) adults, and by treatment type in (C) children
and (D) adult survivors of childhood cancer compared with controls (95% confidence interval). BMT=bone marrow transplant, * denotes p < 0·05.

D. Mizrahi, et al. Complementary Therapies in Medicine 44 (2019) 196–203

201



disease, cancer recurrence and early mortality have been shown to be
minimized with increased physical activity across many adult can-
cers.41 However, it is uncertain whether physical activity can prevent
the onset of cardiac late-effects induced by treatment in CCS, despite
the emerging positive benefits. Consideration to monitor and motivate
survivors without additional hospital visits is required, which would be
especially useful for the substantial group in our cohort who lived ru-
rally. Increasing use of technology has shown that health promotion
interventions to improve physical and psychological health can be de-
livered away from the hospital setting, using telephone and internet to
connect health professionals with survivors.42 This guidance may
minimise the 68min/week/decade reduction seen in our cohort with
increasing age, whilst mitigating the risk of developing late-effects.37

4.2. Limitations and strengths

Our study was limited by relying on perceived parent or self-re-
ported, cross-sectional data, preventing clear causality conclusions,
whilst control data were self-invited and may induce selection-bias.
Perceived parent and self-reported physical activity allows for intensity
misinterpretation also considering we did not provide examples of
different intensity activities.43 Further, it is also plausible that social-
desirability or over-reporting induces bias,44 whilst parents of survivors
could over-perceive how active their child is compared with parents of
children without history or cancer based on their child thriving post-
treatment. To overcome this, future research should investigate at what
age CCS can self-report on their own physical activity levels accurately.
These potential biases could be eliminated by using objective measures
(i.e. accelerometers). Our physical activity survey combined moderate
and vigorous physical activity intensities, making direct comparisons to
other studies separating these intensities difficult. The physical activity
guidelines used in our study vastly differed in duration between chil-
dren (420min/week) and adults (150min/week). Future guidelines
should aim at addressing these limitations and investigate the possibi-
lity of a transition phase during adolescence (e.g. progressively de-
creasing to 150min/week). Our study was over-represented with leu-
kemia survivors (57% vs 34%) and under-represented with brain
tumour survivors (10% vs 23%) compared with the general Australian
survivor population,45 whilst the response rate (27%) may limit gen-
eralisability of the findings. The strengths of this study include con-
taining the largest sample assessing perceived physical activity across
survivors of all paediatric oncology centres in Australia/New Zealand.
We also compared to an age- and gender-matched control group. Fi-
nally, we investigated both young survivors and older survivors to
obtain data and specific challenges that survivors may experience in the
formative years and later in life. We believe these strengths outweigh
the limitations in providing informative information to identify survi-
vors at-risk of not achieving physical activity recommendations.

4.3. Conclusions

We established that the majority of Australian and New Zealander
survivors of childhood cancer do not meet the Australian Government’s
physical activity recommendations. While parents perceived child sur-
vivors participate in more physical activity than controls, this ad-
vantage appears to be reduced when survivors perceive their physical
activity in adulthood. Adult survivors who received radiotherapy, or
have not completed university are at increased risk of not being suffi-
ciently active, suggesting the need for closer assessment of their phy-
sical activity during clinic visits. This provides opportunities for mon-
itoring, education and motivation to help survivors work towards
recommended guidelines. Due to increased risk of late-effects including
obesity, metabolic syndrome and cardiovascular disease, it is more
critical for survivors to participate in physical activity as a com-
plementary therapy compared with the general population. To ensure
the highest likelihood that a healthy lifestyle will be maintained long-

term, medical teams and exercise professionals should educate survi-
vors at each opportunity about how to safely exercise, with the im-
portance for long-term health.
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