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Abstract

Objective—To evaluate concurrent and longitudinal associations between psychosocial
functioning and physical activity in adolescent and young adult survivors of early childhood
cancer.

Methods—Adolescent survivors of early childhood cancer (diagnosed before age four)
participating in the Childhood Cancer Survivor Study completed the Coping Health and Iliness
Profile—Adolescent Edition (CHIP-AE; n=303; mean age at survey 17.6 years). A subset of these
survivors (7=248) completed a follow-up survey an average of 6.0 years later (range: 4-10).
Logistic regression identified associations between psychosocial functioning in adolescence and
physical activity levels in adolescence and young adulthood.

Results—Survivors reported low physical activity as adolescents (46.1% scored below CHIP-AE
cut-point) and young adults (40.8% below CDC guidelines). Poor physical activity during
adolescence was associated with female sex (OR=2.06, 95%CI=1.18-3.68), parents with less than
a college education (OR=1.91, 95%CI 1.11-3.32), previous treatment with cranial radiation
(OR=3.35, 95%CI=1.69-6.88), TV time (OR=1.77, 95%CI=1.00-3.14), and limitations of activity
due to health or mobility restrictions (OR=8.28, 95%C1=2.87-30.34). Poor diet (OR=1.84,
95%CI1=1.05-3.26) and low self-esteem (OR=1.80, 95%CI1=0.99-3.31) during adolescence were
associated with lower odds of meeting CDC physical activity guidelines in young adulthood.
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Conclusion—These findings provide targets for future interventional studies to improve physical
activity in this high-risk population.

Keywords
physical activity; psychological functioning; childhood cancer; survivors

Background

Improvements in treatment for childhood cancer over the past decades have led to
improvements in five-year survival rates and late mortality among survivors.1:2 Maximizing
quality of life and minimizing late-effects after cancer therapy are central in promoting long-
term health and development among survivors. Previous research has shown some childhood
cancer survivors are at risk for poor physical fitness and physical inactivity.3-7 This is
important as poor physical activity is a recognized risk factor for numerous health problems,
including cardiovascular disease and osteoporosis in the general population,8° and may
exacerbate late-effects of treatment among childhood cancer survivors.19 Reports from the
Childhood Cancer Survivor Study (CCSS) cohort demonstrate high rates of insufficient
activity among adult survivors of childhood cancer (42-72% in different subgroups).11-13
Factors associated with inactivity among adult survivors of childhood cancer include female
sex, black race, older age at study, lower educational attainment, higher body mass index,
smoking, depression, diagnosis of medulloblastoma or osteosarcoma, and treatment with
cranial radiation or amputation.14

Very few studies have examined correlates of physical activity in adolescent survivors of
childhood cancer. Family and peer support for physical activity are associated with higher
survivor-reported physical activity during adolescence.1® Adolescent survivors of childhood
cancer who report higher self-esteem are more physically active during and after treatment.
16 Higher physical activity has been associated with better health-related quality of life and
lower cancer worry among this group.1” However, there remains a gap in understanding
whether and how adolescent characteristics influence adult physical activity levels among
childhood cancer survivors. This understanding can inform development of targeted
interventions to improve activity and health in long-term survivors of childhood cancer.
Given that vigorous exercise is associated with lower risk of cardiovascular events,
independent of treatment-related factors, in adult survivors of childhood cancer,18 early
intervention is warranted. Focusing on adolescence may be particularly powerful, as health
behaviors acquired during this time are likely carried into adulthood,’1? yet intervening
during the time of transition from adolescence to young adulthood can be challenging. The
findings from this study will in part lay the foundation for identifying targets for intervention
among this group of childhood cancer survivors.

The goals of this study were to identify factors associated with physical activity in
adolescent survivors of childhood cancer and to examine longitudinal associations between
adolescent factors (psychosocial, family involvement, behavioral) and future physical
activity in young adulthood. Using the CCSS cohort we focused on survivors of early
childhood cancers (diagnosed ages 0 to 3), who, because of their young age at treatment, are
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at higher risk for late-effects and mortality.20-22 Additionally, these survivors underwent
treatment prior to the development of leisure-time activity patterns. Factors associated with
concurrent and future physical activity among siblings of survivors were also examined.

The CCSS is a large, multi-institutional cohort study of long-term survivors of childhood
cancer (IRB# FWAQ00004775). The original CCSS cohort consisted of 14,357 individuals
diagnosed 1970-1986 who were under 21 years of age at diagnosis and five or more years
post-diagnosis at recruitment.23:24 Eligible diagnoses included leukemia, CNS malignancies,
Hodgkin lymphoma, non-Hodgkin lymphoma, kidney tumor, neuroblastoma, soft tissue
sarcoma, or bone cancer. The current study examined data from a subset of CCSS
participants who completed the Teen Health Survey, administered as an ancillary study
between 2001 and 2003.25 Any survivor aged 15-19 years who had been diagnosed prior to
age 4 and had parental permission to contact was mailed a survey. Any sibling age 15-19
with parental permission to contact was mailed a survey. Surveys were mailed to 444
survivors; 307 (69%) responded, and the final sample was 303 (see Mertens et al. for more
details?®). For longitudinal analyses examining physical activity during young adulthood,
only survivors who completed the Teen Health Survey and the CCSS Follow-up 4
questionnaire, administered 2007-11, were included (/7=248, 81.8%). Average time between
surveys was 6.0 years (range 4.6—7.9). Siblings who completed the Teen Health Survey
(m7=96) and those who completed both the Teen Health Survey and Follow-up 4 (7=73) were
included to evaluate similarity of models between groups. Average time between surveys for
siblings was 6.5 years (range 5.4-8.0). Given the small sibling sample size and that
treatment variables were not applicable for siblings, we did not run multivariable models
evaluating survivor status (survivor vs. sibling) as a predictor.

The Teen Health Survey consisted of the Child Health and IlIness Profile-Adolescent Edition
(CHIP-AE26:27), a self-report survey designed to evaluate health and quality of life. The
CHIP-AE yields six health domains (satisfaction with health, resilience, physical and
emotional discomfort, risk behaviors, school and work achievements, and health disorders).
Within these broad domains, 20 subdomains representing scales/indices of satisfaction and
health-protective or risky behaviors can be scored. Each subdomain is standardized to a
mean of 20 and standard deviation of 5.27 Higher scores indicate better functioning, and cut-
points of 0.6 SD above/below the mean are used to categorize health as poor (<17), average
(17-23), or excellent (>23).27:28 Validity and reliability of the CHIP-AE have been
demonstrated in large studies of ethnically and racially diverse urban and rural youth.2?
Validity has been supported through demonstrations of differences in outcomes between
adolescents with and without chronic health conditions.28:30 Reliability was demonstrated
by acceptable Cronbach’s alphas (>.70) for all scales across multiple samples and adequate
test-rest intraclass correlations (>.60) for indices of behaviors like physical activity.?? In this
study, only the physical activity index and subdomains hypothesized to be relevant to
physical activity were analyzed (i.e., self-esteem, emotional discomfort, family involvement,
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and items from the home and health safety index about TV/video time and dietary intake
behaviors).

Demographic/Medical predictors—Demographic variables (age, sex, race, and parental
education, used as a proxy for socioeconomic status) were obtained from the CHIP-AE.
Medical treatment information, including diagnosis, age at diagnosis, and chemotherapy and
cranial radiation, were abstracted from medical records for participants with a signed
medical release.23 For analytic purposes, receipt of chemotherapy, radiation, and cranial
radiation were dichotomized as yes/no.

Psychological predictors—Adolescent psychological predictors included two
subdomains from the CHIP-AE. Self-esteem is the average of five items of self-concept and
satisfaction with self (e.g., “I have a lot of good qualities™) using a four-point scale from do
not agreeto completely agree. Emotional discomfort is a 14-item scale of frequency of
emotional feelings and symptoms (e.g., days depressed or nervous in the past four weeks,
with response options on a 5-point scale from 15-28 daysto no days).

Family predictors—The seven-item family involvement CHIP-AE subdomain measured
adolescents’ reports of family activities and family support (e.g., “days family spent time
with you” from 15-28 daysto no daysand “there is an adult you could turn to for help if
you have a real problem” with yesor no response options).

Behavioral predictors

Adolescent TV time and limitations of activity: Time spent watching TV or videos, a
proxy for sedentary time, was measured using the CHIP-AE item “the amount of time spent
watching TV/videos on an average school day in the past four weeks,” with responses
ranging from noneto 4 or more hours. We dichotomized this variable into 0-2 hours or 3 or
more hours based on the American Academy of Pediatrics recommendation.3! The seven-
item CHIP-AE limitations of activity subdomain was used to assess restrictions in attending
school or completing activities of daily living due to health problems (e.g., “days missed
school” with five-point response option from 15-28 daysto no days).

Adolescent diet behavior: Intake of healthy and unhealthy foods was derived as
recommended in the CHIP-AE manual?’ using items from the home safety and health index.
Healthy diet behaviors were averaged from four items measuring the frequency of fruit/
vegetable, lean meat, lowfat dairy, and whole grain intake within the past four weeks, on a
five-point scale ranging from rarely or neverto more than once a day. Unhealthy diet
behaviors were averaged across three items measuring fast food, salty food, and sweets eaten
within the past four weeks, responses ranging from Z=rarely or neverto 5=more than once a
aay. We dichotomized healthy and unhealthy diet behaviors into average or excellent (>3 for
healthy, <3 for unhealthy) or poor (<3 for healthy, >3 for unhealthy) categories.

Physical activity outcomes

Adolescent physical activity: The self-reported physical activity index of the CHIP-AE is
the average score across four items about activity during the past four weeks (i.e., number of
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days exercised for 20 minutes or more, number of sit-ups, distance walked without resting or
getting tired, and distance ran) and one item about frequency of sports team involvement in
the past year (never, once or twice, several times). Per the manual,?” standard scores were
used and we dichotomized the primary outcome as poor (score <17) vs. average/excellent
(score =17).

Young adult physical activity: Young adults reported the number of days per week and
minutes per day they completed vigorous (e.g., running) and moderate physical activities
(e.g., brisk walking) using six items in Follow-up 4. Total minutes were used to determine if
young adults met Centers for Disease Control (CDC) established recommendations for
physical activity (i.e., 2150 weekly minutes of moderate or =75 weekly minutes of vigorous
aerobic activity).

Statistical analyses

Results

Descriptive statistics were calculated for survivor and sibling characteristics. Bivariate
associations between predictors, covariates (i.e., demographic and medical factors), and
outcomes (either adolescent or young adult physical activity) were examined (Supplemental
Table 1). Variables that were significantly associated with these outcomes in univariate
logistic regression analyses or variables that were determined a priorito be important (e.g.,
sex), were included in the preliminary multivariable logistic regression models; subsets of
these candidate variables were selected for final models by assessing goodness of fit and
parsimony using Akaike Information Criterion (AIC). Multivariable logistic regression
models were generated to evaluate associations between demographic/medical,
psychological, family, and behavioral factors and: (1) adolescent physical activity (poor
versus average/excellent), and (2) young adult physical activity at follow-up (did not meet
versus met CDC recommendations). Odds ratios (OR), 95% confidence intervals (Cls), and
two-sided p values are reported. Impairment on predictors and outcomes were compared
between survivors and siblings, and then separate models were run to compare the impact of
predictors on outcomes for survivors and siblings. The multivariable logistic regression
sibling analyses were conducted to provide a comparison population when evaluating non-
medical predictors and physical activity outcomes, and the size of the odds ratios can be
compared to the survivors. These sibling results are reported in supplemental tables. All
analyses were run in SAS 9.4 (SAS Institute, Cary NC).

Participant characteristics

Survivor and sibling demographic and treatment characteristics are provided in Table 1.
Mean (SD) age of survivor diagnosis was 1.5 (1.0) years. Survivors were 17.6 (1.1) years at
the Teen Health Survey and 23.6 (1.1) years at Follow-up 4; siblings were 16.9 (1.4) years at
the Teen Health Study and 23.6 (1.3) years at Follow-up 4. Siblings were younger than
survivors at the Teen Health Survey (p<0.001). There were no significant differences
between survivors who completed both surveys and those who completed only the Teen
Health Survey with two exceptions — a greater percentage of survivors who completed only
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the Teen survey received chemotherapy (92.5% vs. 79.3%, £=0.03) and reported poor
physical activity (63% vs. 42%, p=0.005).

Adolescent Predictors and Physical Activity

Descriptive statistics for adolescent predictors and odds of poor outcomes (Supplemental
Table 2) showed no significant differences between survivors and siblings except for a trend
for lower frequency of healthy foods in diet, such as fruits and vegetables, in survivors

(p=0.07).

One hundred thirty-seven survivors (46.1%) reported poor adolescent physical activity. In
multivariable analyses, female sex (OR=2.06, C1=1.18-3.68), having parents without a
college degree (OR=1.91, Cl=1.11-3.32), cranial radiation (OR=3.35, CI=1.69-6.88), high
TV/video time (OR=1.77, C1=1.00-3.14), and significant activity limitations due to health
conditions (OR=8.28, CI=2.87-30.34) were associated with poor physical activity during
adolescence (Table 2). Twenty-nine (30.2%) siblings reported poor physical activity during
adolescence. For siblings, high TV/video time (OR=2.97, C1=1.12-8.04) and poor self-
esteem (OR=3.94, Cl=1.41-11.4) were associated with poor physical activity during
adolescence (see Supplemental Table 3).

Young Adult Physical Activity

Ninety-eight survivors (40.8%) reported not meeting CDC recommendations for physical
activity at Follow-up 4. In multivariable analyses, female sex (OR=1.83, C1=1.04-3.14) and
reporting low healthy diet behaviors during adolescence (OR=1.84, Cl=1.05-3.26) were
associated with increased risk of not meeting CDC recommendations during young
adulthood (Table 3). For siblings, high TV/video time (OR=3.46, Cl=1.02-12.64) and
average to excellent scores on emotional discomfort (OR=4.19, C1=1.15-19.15) were
associated with increased risk of not meeting CDC guidelines (Supplementary Table 4).

Changes in Physical Activity Status from Adolescence to Adulthood

Among survivors, 39.8% reported adequate physical activity in adolescence and young
adulthood (Figure 1). A smaller but substantial number (22.5%) reported low physical
activity levels at both times. Similar numbers of survivors reported poor physical activity at
only one time point, with similar numbers of survivors reporting decline or improvement in
physical activity from adolescence to young adulthood (18.2% and 19.5%, respectively).
Among siblings, 51.4% reported adequate physical activity and 12.5% reported low physical
activity at both time points, 19.4% reported improvement and 16.7% reported decline from
adolescence to adulthood (Figure 1). There were no statistically significant differences
between survivors and siblings in any group.

Discussion

In this longitudinal study of survivors of childhood cancer, we found inadequate levels of
physical activity in 46% of adolescent survivors and 41% of young adult survivors, similar
to previous cross-sectional reports of insufficient activity among child, adolescent, and
young adult survivors of childhood cancer.1532:33 This study found demographic and
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medical predictors (i.e., female sex, lower parental education, cranial radiation) that can be
used to identify adolescent childhood cancer survivors at risk of poor physical activity and
potentially modifiable behavioral targets (TV/video time, healthy diet behaviors) for
intervention.

Of particular interest was the opportunity to examine changes in physical activity over time.
Nearly one quarter of this childhood cancer survivor sample remained insufficiently active as
they aged. Previous data from the CCSS indicate female sex, lower educational attainment,
higher body mass index and chronic musculoskeletal conditions are associated with
declining physical activity levels during adulthood.13 Identifying factors associated with
changing levels of physical activity during the transition period from adolescence to young
adulthood is an area for future research. Developmentally-sensitive interventions are needed
to help adolescents adopt healthy lifestyle behaviors in the midst of the complex transition
from pediatric to adult healthcare.34

Consistent with the general population,3-37 adolescent TV/video time, a proxy for
sedentary behavior, was associated with lower adolescent physical activity for both survivors
and siblings (and also with adult physical activity for siblings only). High sedentary
behavior could reflect few opportunities for physical activity and more opportunities for high
caloric intake, upsetting energy balance. Reducing sedentary time may be an important
target to improve activity levels and could positively impact body mass index, as reducing
sedentary time has been shown to reduce energy intake and increase physical activity for
normal weight adolescents.38

Low healthy diet behaviors during adolescence were risk factors for poor physical activity as
young adults. An unhealthy diet may be an indicator of poor lifestyle habits including
insufficient activity, rather than a cause of inactivity. Future research would benefit from
examining energy balance (calorie intake, energy expenditure) as relevant factors.

In contrast to previous work!S there were no significant associations between positive family
involvement and concurrent or future physical activity. Based on a social-ecological
framework, we expected adolescent health behaviors to be influenced by family members.3?
However, our measure was not specific to family support for physical activity, which may be
more proximally related to activity levels than general family support.

The associations between female sex, low socioeconomic status, and low physical activity in
adolescence were consistent with previous work in healthy adolescents.*? The pattern of
results for demographic factors was similar but not significant in our small sibling sample,
suggesting many of the risk factors associated with insufficient physical activity are not
specific to cancer survivors, but relevant to adolescents from families affected by early
childhood cancer.

Despite being one of the first studies to examine associations between childhood cancer
survivors’ self-reported psychological functioning during adolescence and future physical
activity as young adults, this study had limitations. First, this sample of childhood cancer
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survivors is relatively small with a limited age range at diagnosis (0 to 3 years), so results
may not generalize to survivors diagnosed beyond early childhood. Second, our choice of
risk factors was limited to those available on the CHIP-AE, which is a validated tool for
adolescents but not a comprehensive measure of all constructs of interest, including dietary
habits and sedentary behaviors. Third, the use of self-report measures of physical activity
may overestimate physical activity compared to objective measures. Fourth, the sample of
siblings included in the Teen Health Survey was small, precluding the ability to directly
compare survivors and siblings in the same statistical model and limiting the number of risk
factors considered in multivariable models. Relatedly, survivors who had chemotherapy and
those with poorer adolescent physical activity were less likely to complete surveys, possibly
suggesting that survivors with poorer health habits do not remain engaged over time and
biasing our results towards underestimating effects. Finally, we did not have adequate
longitudinal data to use path analysis to evaluate causal relationships between baseline
psychological and behavioral variables and young adult physical activity.

Clinical Implications

Adolescent survivors of childhood survivors who are female, from low SES backgrounds,
with cranial radiation exposure, with physical limitations, and who regularly spend more
than 2 hours watching TV per day are at risk for poor physical activity during adolescence.
Decreasing sedentary time and improving healthy diet behaviors during adolescence may
help increase future physical activity in young adulthood. Behavioral interventions focused
on decreasing time spent in sedentary activities, improving diet, or increasing participation
in physical activities may be fruitful avenues for research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Survivors’ and siblings’ physical activity status in adolescence and young adulthood
Note. PA=physical activity; Adol=Adolescent; YA=Young Adult. Poor adolescent physical

activity = CHIP-AE subdomain score <17. Poor young adult physical activity = not meeting
CDC physical activity guidelines. There were no significant differences between survivors
and siblings in any group, p=0.07, 0.99, 0.76, and 0.09, respectively.
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Multivariable assessment of risk factors for poor physical activity during adolescence

Table 2

OR 95%CI p

Sex Female 206 1.18-3.68 0.01
Male 1.00

Parent College Graduate  No 191 1.11-3.32 0.02
Yes 1.00

Cranial Radiation Yes 335 1.69-6.88 <0.01
No 1.00

TVIVideo Hours 3 or more 1.77 1.00-3.14 0.049
0-2 hours 1.00

Limitations of Activity Poor (<17) 8.28 2.87-30.34 <0.01
Average/Excellent (217)  1.00

Note. Poor adolescent physical activity was defined as CHIP-AE subdomain score <17. The preliminary multivariable model included the

Page 14

following predictors: sex, parental education, cranial radiation, self-esteem, emotional discomfort, family involvement, TV/video hours, healthy
diet behaviors, unhealthy diet behaviors, and limitations of activity. Predictors were selected for the final model by assessing goodness of fit and

parsimony using AlC.
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Table 3

Multivariable assessment of risk factors during adolescence associated with failure to meet CDC physical
activity guidelines in young adulthood

OR 95%CI p

Sex Female 1.83 1.04-3.14 0.03
Male 1.00

Self-esteem Poor (<17) 1.80 0.99-3.31 0.05
Average/Excellent (217)  1.00

Healthy Diet Behaviors ~ Poor (< 3) 184 1.05-3.26 0.03

Average/Excellent (>3) 1.00

Note. Failure to meet CDC physical activity guidelines was <150 weekly minutes of moderate-intensity or <75 weekly minutes of vigorous-
intensity aerobic activity. The preliminary model included the following adolescent predictors: sex, self-esteem, emotional discomfort, family
involvement, healthy diet behaviors, and limitations of activity. Predictors were selected for the final model by assessing goodness of fit and
parsimony using AlC.
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