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Abstract

Background—This study compares young adult survivors of childhood cancer (YASCC) and
young adults without a history of serious illness/injury on physical activity levels and examines
psychological predictors of physical activity in survivors over a two month period.

Procedure—YASCC participants (7= 117) and healthy controls (1= 148), ages 18-30, recruited
during cancer survivorship clinic or primary care clinics completed self-report measures of
physical activity, health problems, psychological distress, and health beliefs (Health Perceptions,
Satisfaction with Healthcare, Cognitive Competence, Autonomy). Survivorship providers
completed ratings of health problems and treatment intensity for survivors.

Results—Survivors had significantly lower levels of physical activity than controls. Family
income, survivor-reported health problems and less positive health beliefs were associated with
lower rates of physical activity. Provider-reported survivor health problems and ratings of cancer
treatment intensity were not related to survivor physical activity. Less positive survivor beliefs
about their cognitive competence predicted survivor physical activity two months later after
accounting for other pertinent demographic, medical and psychological variables.

Conclusions—YASCC were significantly less active than healthy controls. YASCC with more
self-identified health problems and negative beliefs about their cognitive competence were less
physically active. Beliefs about their health and cognitive competencies may be viable areas for
assessment and intervention in order to promote increased engagement in physical activity.
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With childhood cancer survival rates exceeding 80% [1], there is greater emphasis on
survivor long-term health and wellbeing. Data from the Childhood Cancer Survivor Study
(CCSS) indicate that the majority of young adult survivors of childhood cancer (YASCC)
experience at least one significant health condition [2], including cardiovascular
problems[2-4] and obesity [5], and are at risk for subsequent cancers in adulthood [6]. This
increased risk for health problems highlights the importance of health-promoting behaviors.
Regular physical activity, in particular, may mitigate the severity of late effects and enhance
quality of life [7].

Increasing evidence, however, suggests that YASCCs do not adequately take responsibility
for their health and that young adults in general engage in suboptimal levels of health-
promoting behaviors. Similar to the typical age-related trajectory of physical activity [8],
survivor physical activity declines in late childhood and young adulthood [9,10]. In general,
YASCCs do not meet physical activity recommendations and exercise less than controls
[11,12]. However, the current literature on YASCC physical activity is limited by studies
with small sample sizes [e.g., 4,13,14], no control group [e.g., 15,16,17] or the lack of a non-
sibling control group [e.g., 9]. For example, a study from the CCSS found that 52% of
survivors did not meet CDC activity guidelines and were more likely to be inactive than
sibling controls [9]. Although this finding provides foundational evidence for physical
activity deficits in YASCCs, additional studies are needed that compare survivor physical
activity against non-sibling, healthy controls since physical activity among siblings is
positively correlated due to known family influences on exercise [18]. Studies using sibling
controls may underestimate the impact of a history of childhood cancer on physical activity
levels in young adulthood since the magnitude of difference between survivors and siblings
may be reduced due to shared family factors that influence physical activity. The only study
comparing YASCC physical activity to healthy controls found similar rates of physical
activity among groups, but was limited by a small sample [14].

Research exploring predictors of YASCC physical activity has identified demographic,
medical, and psychosocial factors in cross-sectional studies. Younger survivor age, higher
socioeconomic status (SES), and male gender [9] are related to higher rates of physical
activity. Cancer type and treatment-related variables (e.g., cranial radiation) also have been
associated with YASCC physical activity [9]. Late effects, including fatigue and cancer-
related pain, have been cited as significant barriers to physical activity [19].

Investigations also have found strong associations between psychological variables and
YASCC physical activity. Cancer-related anxiety, negative affect [19], and depression [9]
have been associated with inactivity. Social withdrawal and antidepressant use during
adolescence also has been related to increased risk of survivor inactivity in adulthood [20].

Oeffinger [21] proposed that examining the health beliefs of YASCC may offer a clinically
useful framework for understanding the health behaviors of this vulnerable population. The
health belief model [22] conceptualizes engagement in health promoting behaviors as, in
part, the result of beliefs related to perceived vulnerability to health problems, perceived
benefits and costs associated with the health behavior, and self-efficacy and locus of control.
Consistent with this model [22], more positive beliefs about ability to engage in physical
activity and fewer perceived negatives associated with exercise have been positively related
with YASCC physical activity [15]. Few studies have examined YASCC psychological
functioning and beliefs as predictors of physical activity while accounting for demographic
and medical variables. Such research is important in order to establish these factors as viable
targets for exercise-promoting interventions as demographic and medical variables are not
readily modifiable.
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Given the limitations of the existing studies on YASCC physical activity, specifically the
lack of non-sibling comparisons and the absence of prospective studies, additional research
is needed that addresses these shortcomings. The objectives of this study were to compare
levels of physical activity in YASCC and healthy controls two months after (Time 2) a
medical appointment (Time 1) and to identify the psychological and belief factors associated
with physical activity in YASCC over this two-month period. The two-month period is
relevant given evidence for this length of time in forming and maintaining health-promoting
habits such as exercise [23]. Specific hypotheses were: 1) YASCC participants would have
lower levels of physical activity than the comparison group at Time 2; 2) within the YASCC
group, medical factors, cancer treatment intensity and survivor health problems, will have
individual negative associations with physical activity at Time 2; and 3) increased
psychological distress and less adaptive beliefs at Time 1 would predict lower rates of
YASCC physical activity at Time 2 after adjusting for demographic and medical variables.

The present study is a secondary analysis of data collected for an institutional review board-
approved study of adolescent and young adult long-term survivors of childhood cancer and
healthy comparison young adults [24]. The current sample includes 117 YASCCs and 148
comparison group participants between the ages of 18 and 30 (M= 21.91, SD=2.78).
YASCC younger than 18 were excluded due to potential developmental influences on
physical activity (e.g., younger children and teenagers more influenced by parents [25]).
YASCC inclusion criteria included cancer diagnosis occurring before age 21 and at least 5
years prior to study participation, completing cancer treatment at least 2 years prior, English-
speaking, and being able to read independently at the fifth grade level. Survivors of brain
tumors or those with severe cognitive impairment were excluded. YASCC diagnoses
included leukemias (43%), solid tumors (37%) and lymphomas (20%). YASCCs were on
average 12.3 years (SD = 4.91) from diagnosis and 25.6% of YASCC participants self-
reported receiving cranial radiation as part of their cancer treatment. Inclusion criteria for
the comparison group were no history of a chronic or life-threatening illness or injury,
English-speaking, and reading at the fifth grade level. Comparison group participants were
excluded if they had a history of a psychiatric hospitalization or were currently pregnant.

YASCC participants were recruited during survivorship clinic appointments at a large
pediatric medical center. Comparison group participants were recruited from an urban
family practice office, an adolescent medicine clinic, or a university student health center.
Recruitment of the comparison group was targeted to the anticipated demographic
characteristics of the survivor population. Participants provided consent and completed
study measures during their clinic appointment (Time 1) and again 2 months later via mail
(Time 2; see Figure I).

Demographic Information—~Participants completed a basic demographic questionnaire.
This questionnaire assessed participant race, educational achievement, and family income.

Physical Activity—The Godin Leisure-Time Exercise Questionnaire [GLTEQ); 26] is a
valid and reliable measure [27] of physical activity during a “typical 7-day period.” The
GLTEQ has been used in a variety of populations, including survivors of breast [28] and
ovarian cancer [29] and adults treated for brain tumors [30]. Each participant reported the
average number of times he/she engages in at least 15 minutes of activity across three
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exercise categories: vigorous (e.g., running, swimming), moderate (e.g., dancing, fast
walking), and mild(e.g., yoga, fishing). Responses to the three categories are weighted and
summed to create a modified Leisure Score Index (LSI). The LSI score served as the
measure of physical activity for each time point.

Health Status and Treatment Intensity—YASCC and comparison group participants
completed the self-report version of The Health Knowledge Inventory [HKI; 31], which lists
35 different health problems. Health problems may be either organic/major (l.e., related to
an organ or a significant late effect) or constitutional/other (i.e., unspecific symptoms, such
as fatigue/pain, or less severe problems). The total number of health problems endorsed is
summed. Cancer survivorship providers also completed the provider-version of the HKI for
YASCC participants.

The Intensity of Treatment Rating Scale 2.0 [ITR-2; 32] was used to classify YASCCs’
cancer treatment intensity on a four-point scale based on data abstracted from the medical
record related to diagnosis, stage, and treatment modality. Inter-rater reliability for the entire
YASCC sample is r=0.96 [24]. Due to the limited number of survivors whose treatments
were classified into the lowest level, the four levels of treatment intensity were collapsed
into two levels (least/moderate intensity and very/most intensity).

Psychological Distress—The Brief Symptom Inventory 18 [BSI-18; 33] is an 18-item
self-report measure of psychological distress. The Global Severity Index (GSI) score, which
has demonstrated reliability and validity, was used as a global measure of psychological
distress.

The Posttraumatic Stress Checklist — Civilian Version [PCL-C; 34] is a valid 17-item self-
report questionnaire that assesses DSM-1V symptoms of posttraumatic stress disorder
(PTSD) [35]. The total scale of the PCL-C was used for the current study.

The Brief Mood Rating Scale [BMRS; 36] lists adjectives describing positive (happy, joyful,
enjoyment/fun, pleased) and negative affect (depressed/blue, unhappy, angry/hostile,
frustrated, worried/anxious). Participants rated how well the adjectives described them
during the previous week. Only the negative affect subscale was used in analyses.

Belief Measures—The selected measures of beliefs assess relevant aspects of the health
belief model [22], including perceived health vulnerability, locus of control and self-
efficacy. The Health Competence Beliefs Inventory [HCBI; 37] is a 21-item measure of
beliefs about health and well-being. The HCBI has four factors: 1) Health Perceptions
measures beliefs about health vulnerabilities (e.g., | have a reason to worry about my
health); 2) Satisfaction with Healthcare assesses beliefs about satisfaction with and
confidence in healthcare providers (e.g., My doctor understands my concerns); 3) Cognitive
Competence addresses beliefs about one’s ability to concentrate, remember and learn
information (e.g., I learn new things as easily as other people); and 4) Autonomy examines
beliefs related to independence in one’s healthcare and in general (e.g., | feel comfortable
going to the doctor by myself). HCBI factors are associated with relevant psychological
outcomes including posttraumatic stress symptoms and quality of life [37].

The Perceived Health Competence Scale [PHCS; 38] is an 8-item instrument assessing
perceived ability to carry out health behaviors and influence personal health outcomes. The
PHCS has strong psychometric properties and validity [38].

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 February 01.
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Statistical Analyses

Results

Measures of central tendency, variability and association were computed for all variables,
with an emphasis on physical activity and psychological variables. Comparisons were
conducted on relevant demographic and psychological distress variables at Time 1 using
two-sample £tests and chi-square analyses, to estimate the equivalence of the groups.
Survivor HCBI Cognitive Competence was compared between survivors with and without a
history of cranial radiation using two-sample t-tests due to its potential impact on
neurocognitive functioning [39]. Due to the non-normality of Time 2 physical activity
scores, a new Time 2 physical activity variable was derived using a Box-Cox transformation
exponent of 0.60, for which normality was achieved.

The first hypothesis, that YASCC would have lower levels of physical activity than the
comparison group, was examined using a regression-based analysis of covariance model
after adjusting for physical activity at Time 1, family income and race based on group
differences obtained during baseline comparisons. The second hypothesis, that medical
factors would have negative associations with YASCC Time 2 physical activity levels, was
assessed two ways. Physical activity levels were compared within survivors based on
whether they received more or less intense cancer treatment regimens using a regression-
based analysis of variance model. Second, the association between survivor-reported health
problems and Time 2 physical activity levels and between provider-reported health problems
and Time 2 physical activity levels, individually, were specified and tested using two
separate simple linear regression models.

The third hypothesis, that Time 1 distress and belief variables would significantly predict
Time 2 YASCC physical activity after adjusting for baseline physical activity, demographic
and medical variables, was tested using a multiple linear regression model. To identify the
most influential covariates to include in the model, a series of nine adjusted single covariate
regression models were specified and tested. Covariates with p values < 0.15 were entered
into the multiple regression model. Due to the strong intercorrelations among the
psychological distress variables, only global distress, as measured by the BSI GSI, was
included in the subsequent model. Models were tested for survivors only due to this paper’s
focus on survivors. Effect sizes were calculated using Cohen’s £. Model assumptions were
tested prior to analysis with no substantive violations identified. The criterion for statistical
significance was set at a = 0.05 for all analyses. All data were analyzed using SPSS version
19 (IBM Inc., Armonk, NY).

Descriptive Analyses

Demographic characteristics are presented in Table I. The two groups did not differ in age,
gender or education level at Time 1. However, the comparison group had more African-
American participants and more participants from the lowest income group. Therefore,
comparisons of physical activity between YASCC and comparison group participants
controlled for race and family income. YASCC and comparison group participants did not
differ in global psychological distress, symptoms of posttraumatic stress or negative affect at
Time 1. Associations between levels of physical activity and the psychological variables are
presented in Table Il for YASCC participants. Although not hypothesized, increased levels
of psychological distress were significantly related to lower rates of physical activity in
YASCC participants but not for the comparison group. There were no differences on HCBI
Cognitive Competence between survivors with and without a history of cranial radiation,
#(136) = -0.06, p = 0.95.

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 February 01.
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Comparing Physical Activity by Group (Hypothesis 1)

As predicted, YASCC participants reported significantly lower levels of physical activity
than comparison group participants at Time 2 when controlling for Time 1 physical activity,
race and family income A5, 185) = 5.46, p = 0.02. YASCC participants reported engaging
in moderate-to-vigorous physical activity 2.1 fewer times per week than comparison group
participants at Time 2 (Table I11).

Examining group differences by sex reveals similar results. Male YASCC participants had
significantly lower rates of physical activity than comparison group participants at Time 2
when controlling for Time 1 physical activity A3, 81) = 4.23, p < 0.05. For female
participants, there were not any significant differences between groups at Time 2 when
controlling for Time 1 physical activity levels.

Medical Factors Associated with YASCC Physical Activity (Hypothesis 2)

There were no differences in physical activity based on treatment intensity A1, 90) = 1.72, p
=0.19. More survivor-reported A1, 91) =5.73, p = 0.02, but not provider-reported A1, 85)
=1.17, p = 0.28, health problems were significantly associated with less physical activity.

Psychological Factors Associated with YASCC Physical Activity (Hypothesis 3)

Within the single covariate regressions adjusting for Time 1 YASCC physical activity
(Table 1), more positive HCBI Cognitive Competence (p < 0.01) was associated with
higher levels of Time 2 exercise. Based on their p values in the adjusted single covariate
models, the following predictors were included in the multiple regression model examining
YASCC Time 2 physical activity: Time 1 physical activity, family income, overall survivor
distress and HCBI Cognitive Competence. This model accounted for a significant amount of
variance in Time 2 YASCC physical activity [A4, 81) = 12.00, p < 0.001, Cohen’s £ =
0.59]. In addition to higher levels of Time 1 physical activity (184] = 4.73, p < 0.001), more
positive beliefs about one’s cognitive abilities at Time 1 was significantly related to higher
Time 2 exercise levels while accounting for the other variables ([84] = 2.46, p = 0.02).

Discussion

Despite the potential benefits of physical activity to offset medical late effects in cancer
survivors (e.g., cardiovascular disease, obesity), YASCCs had lower levels of physical
activity than comparison group participants. Differences in cancer treatment intensity did
not distinguish YASCCs in terms of their exercise rates and provider ratings of health
problems were not associated with physical activity. Higher levels of self-reported health
problems were associated with lower rates of survivor physical activity. Survivors’ beliefs
about their cognitive capabilities significantly predicted survivor physical activity two
months later when accounting for other pertinent variables.

Consistent with previous studies of YASCC physical activity [9,11,12], young adult
survivors in this study were less physically active than controls. These results underscore the
increased risk for chronic health problems in childhood cancer survivors. While the CCSS
found higher levels of survivor inactivity compared to sibling controls [9], the participants
were older than the present sample, with many patients and siblings, respectively, over age
30 (59%, 65%) or age 40 (17%, 27%). The current study contributes to the literature by
focusing on young adults and documenting their lower activity levels in comparison to
healthy controls and provides further evidence for their developmental vulnerabilities as
they assume greater responsibility for their health.

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 February 01.
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The findings regarding the medical variables provide insight into areas for assessment to
identify survivors at greater risk for physical inactivity. In contrast to some studies showing
associations between physical activity and treatment-related factors [9], provider ratings of
the intensity of cancer treatment were not related to survivor physical activity, possibly due
to the restricted range of treatment intensities in the current sample (e.g., few treatments
were classified as least intense). Increased levels of survivor-reported health problems were
significantly associated with lower levels of exercise while provider ratings of survivor
health problems were not associated with YASCC physical activity. These discrepant
findings may be due to differences in awareness regarding constitutional symptoms on the
HKI, such as fatigue or pain, and suggests the importance of assessing YASCCs’
perceptions of their health problems.

More positive YASCC beliefs about cognitive abilities (e.g., perceptions of one’s
concentration, memory, learning) as measured by the HCBI at baseline emerged as the only
significant predictor of higher levels of physical activity at follow-up when adjusting for
baseline levels of exercise and demographic and psychological variables. This study did not
address whether HCBI Cognitive Competence reflects actual neurocognitive functioning.
Since these beliefs did not differ based on cranial radiation history, they are likely distinct
from actual function. Such beliefs may be the result of an interaction between survivors’
actual cognitive abilities and their self-efficacy or confidence in their cognitive abilities.
YASCCs who feel more positive about their cognitive abilities may more effectively
incorporate regular physical activity into their routines. Surprisingly, survivor’s perceptions
regarding their likelihood of future illness and health uncertainty (HCBI Health Perception)
and their self-efficacy for engaging in health-promoting behaviors (PHCS) were not
associated with physical activity. These factors are key components of the health belief
model and have been related to physical activity in both adolescent and young adult
survivors[15,40].

An interesting incidental finding was the differential nature of the associations between
baseline levels of psychological distress and physical activity for the YASCC and
comparison group participants. Consistent with previous studies [9,19], there were strong
independent associations between higher survivor psychological distress and lower levels of
physical activity. This association was not apparent for comparison group participants
despite there being no differences between groups on these psychological variables.
However, the influence of psychological distress on YASCC physical activity faded when
also accounting for survivor beliefs. This may be because it is the negative effects of
psychological distress on self-efficacy for cognitive functions that is responsible for the
decreased levels of physical activity. Future research should more carefully explore the
interactions between beliefs and psychological distress and this potential vulnerability of
YASCCs to the detrimental effects of psychological distress on health behaviors.

This study is one of the first to compare YASCC physical activity with a non-sibling control
group and to prospectively examine predictors of physical activity. The findings are
concerning for YASCC long-term health and quality of life and indicate areas for clinical
and research efforts. Results suggest that assessing beliefs may provide an innovative and
critical avenue for understanding and promoting YASCC engagement in health behaviors.
Health care providers should regularly assess survivors’ physical activity levels and screen
for potential cognitive factors that may negatively influence engagement in exercise, such as
survivor beliefs about cognitive competence and self-efficacy. Due to the modifiable nature
of beliefs, interventions that seek to enhance survivor beliefs about cognitive abilities may
benefit many facets of survivor functioning, including levels of physical activity. Such
interventions also could address survivors’ potentially overly-negative perceptions about
their health given the association between survivor-reported, but not provider-reported,

Pediatr Blood Cancer. Author manuscript; available in PMC 2014 February 01.
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health problems and exercise. Future research should examine whether positive intervention-
related changes in survivor beliefs regarding cognitive competence or their health mediate
increases in survivor physical activity.

Despite the strengths of this study, there are some limitations. First, although this study’s
measure of physical activity is widely-used and validated, it relies on self-report and recall
of participants’ rates of physical activity. Second, YASCC participants in this study were
seeking survivorship care and may not be representative of the larger population of
survivors.

Overall, this study contributes to the literature on YASCC physical activity by addressing
two limitations of previous investigations. The findings underscore the need for increased
YASCC engagement in physical activity and highlight the importance of beliefs and
perceptions in health-promoting behaviors of young adult survivors.
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Survivors
Approached for participation (n=224)
+ Consented to study (n=191)
+ Did not consent to study (n=33)

+ Not enough time (n=19)

+ Did not want to participate (n=14)
+ Completed questionnaires (n=167)

+Excluded — under age 18 (n = 47)
+Excluded — incomplete exercise data
(n=23)
+ Total evaluable participants (n = 117)

Comparison Participants

Approached for participation (n=255)

+ Consented to study (n=197)

+ Did not consent (n=58)
+ Not enough time (n=41)
+ Did not want to participate (n=10)
+ Will not be in country at Time 2 (n=4)
«+ Did not feel well (n=3)

+ Completed questionnaires (n=182)
+Excluded — under age 18 (n = 34)

«+ Total evaluable participants (n = 148)

Lost to follow-up (h = 17)
(Did not return packets)
+ Completed questionnaires (n=99)
+Excluded — incomplete exercise data
(n=4)
+ Total evaluable participants (n = 95)

Lost to follow-up (n = 32)
(Did not return packets)
+ Completed questionnaires (n=116)
+Excluded — incomplete exercise data
(n=14)
+ Total evaluable participants (n = 102)

Figure 1.
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