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Abstract Treatment advances have led to a growing
population of childhood cancer survivors. Many are at risk
for developing treatment-related late effects. Diet and
physical activity may affect levels of health risk. A number
of papers have examined these behaviors in childhood
cancer survivors. The purpose of this study was to provide
a review and summary of the published studies in the areas
of diet, physical activity, and related interventions among
childhood cancer survivors. A systematic search was
conducted for studies published prior to October 2009.
Descriptive and intervention studies that included survivors
of childhood cancers and a measurement of diet and/or
physical activity were reviewed. Twenty-six manuscripts
met criteria: ten addressed diet; 20 addressed physical
activity, and six included intervention studies. Results
suggest that childhood cancer survivors engage in health-
promoting activities at rates comparable to the general
population. Behavioral interventions have mostly targeted
physical activity. Results, overall, are not encouraging, due
primarily to difficulties recruiting and retaining participants.
Although more rigorous studies are needed, recommenda-
tions for health-promoting behaviors should be a regular
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topic of discussion between health care providers and their
childhood cancer survivor patients.
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Introduction

In 2010, approximately 12,000 children will be diagnosed
with cancer in the USA [1, 2]. Fortunately, advances in
treatment have led to dramatic improvements in survival,
and over 75% of children with pediatric cancers survive
disease-free for more than 5 years [3]. It is estimated that,
as of January 1, 2005, there were 328,652 survivors of
childhood cancer in the USA [4]. By 2010, it is expected
that one in every 250 adults between the ages of 16 and
44 years will be a survivor of a childhood cancer [5].
Despite advances in treatment, numerous studies have
documented the morbidity-related costs or late effects
associated with childhood cancer treatments [6-8]. In a
recent report from the Childhood Cancer Survivor Study,
62.3% of 10,387 survivors (mean age=26.6 years; range,
18.0 to 48.0) reported having at least one chronic health
condition, of which 27.5% considered the condition to be
severe and/or life-threatening [9]. In addition, 37.6%
reported having at least two chronic health conditions, and
23.8% reported having three or more conditions [9]. In
contrast, only 36.8% of siblings of survivors reported
having one chronic health condition, of which 5.2%
described it as severe or life-threatening; 13.1% reported
having at least two conditions, and 5.4% reported having
three or more conditions [9]. The most common chronic
conditions were cardiovascular disease, renal dysfunction,
severe musculoskeletal problems, second cancers, and



ann. behav. med. (2010) 39:232-249

233

endocrine abnormalities [9]. Of note, the incidence of
chronic conditions in survivors did not appear to plateau
but continued to increase over time [9].

Late effects are known to be associated with the type of
cancer a survivor experienced in addition to the treatment
type and treatment intensity received. Increasingly, the
role of genetics and lifestyle are being explored as
contributors to late effects. Specifically, some treatment-
related late effects are believed to be exacerbated by high-
risk health behaviors such as high-fat diets and physical
inactivity [10-14]. There is empirical support for these
relationships. For example, Hoffman et al. reported that
decreased physical activity levels were associated with the
development of metabolic syndrome among long-term
survivors of pediatric sarcomas [10]. In a cross-sectional
study of various cancer types, van der Sluis and colleagues
identified calcium-deficient diets and lack of regular
physical activity as important contributors to poor bone
mass density and increased risk for osteoporosis [15].
Tillmann et al. reported that physical inactivity was related
to lower lumbar bone mineral density and higher percent
fat mass in survivors of acute lymphoblastic leukemia
(ALL) [16].

Recognizing the risks and potential benefits associated
with lifestyle, a number of studies have assessed health
behaviors and/or examined the efficacy of health behavior
interventions in long-term childhood cancer survivors.
Four reviews have summarized some of these data [17—
20]. One focused on smoking, alcohol use, recreational
drug use, unsafe sex, and self-care [17]. A second
reviewed health behaviors among cancer survivors in
general, offering limited information on childhood cancer
survivors [18]. The third summarized the results of a
series of studies that were conducted by the Childhood
Cancer Survivor Study (CCSS) regarding alcohol and
tobacco use, smoking cessation, and physical activity
[20]; and the fourth examined physical activity in children
being treated for cancer, as well as childhood cancer
survivors [19]. The current manuscript goes beyond any
previous papers by providing a review and summary of
the literature to date in the areas of diet, physical activity,
and related interventions among childhood cancer survi-
vors. The rationale for focusing on these behaviors is their
direct contribution to the development or exacerbation of
many of the long-term and late effects of childhood cancer
treatment including: obesity, cardiovascular disease, oste-
oporosis, diabetes, hypertension, and second cancers. The
purposes of this review are to provide investigators with a
comprehensive overview and to describe the limitations of
the current literature so as to inform the future develop-
ment of rigorous research agendas that can address health
behaviors and health promotion in childhood cancer
survivors.

Data Sources

A systematic search was conducted for studies published
any time prior to October 2009, in three databases:
PubMed, Medline, and PsychInfo. The search consisted of
the medical subject headings (MeSH) and text words:
“childhood cancer” or “pediatric cancer” in combination
with each of the following: “health behaviors,” “lifestyle,”
“diet,” “nutrition,” “physical activity,” “exercise,” and
“intervention.” All search results were limited to the
English language. A secondary search was conducted by
manually reviewing the reference sections of each identi-
fied manuscript.

" <

Screening Criteria

Papers were selected for review if they met three inclusion
criteria: (1) were published in a peer-reviewed journal; (2)
included survivors of childhood cancer of any age; and (3)
addressed diet and/or physical activity. Both descriptive and
intervention studies were included in the review. Papers
were excluded if they: (1) used a summative measure of
multiple health behaviors without individual behavior
results; (2) presented only qualitative data; (3) involved
patients on treatment; or (4) were literature reviews or case
studies.

The computer-based literature search in the three data-
bases identified 327 papers that mentioned one or more of
the MeSH headings or text words. An initial review of titles
and abstracts narrowed the field to 72 papers that appeared
to meet the three screening criteria described above. If an
abstract was not available or did not contain sufficient
information to assess initial eligibility, the manuscript was
accessed and reviewed. A review of the full manuscripts for
the 72 papers yielded 26 articles that met all inclusion and
exclusion criteria. A search of these papers' reference
sections did not identify any new manuscripts. Data from
the final 26 studies were abstracted onto a word table
including: authors/year and country, study design and
sample characteristics, outcome variables and/or description
of intervention, and results.

Results

Study Designs and Samples

Research addressing health behaviors in childhood cancer
survivors has largely relied upon cross-sectional designs
and targeted cohorts of survivors who are pre-adolescent/

adolescent (9-18 years) or young adults (18+). These
groups may be important to distinguish because they reflect

@ Springer
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different developmental stages and may also differ in the
influences and societal norms that shape their health
behaviors. This review addresses research with childhood
cancer survivors regardless of age, recognizing that, across
all age groups, there is limited empirical research.

Samples from the majority of reviewed studies were
primarily white non-Hispanic, middle to upper income, and
included mixed cancer diagnoses with varying times of
survival. Only one study focused on racial/ethnic minorities
[21], three studies considered race/ethnicity in their analy-
ses [14,22,23], and six considered differences across
diagnostic groups [22—27]. The consideration of diagnostic
group could be important given that different treatment
protocols affect risk for late effects and thus may impact
decisions about health behaviors. The majority of studies
excluded central nervous system (CNS) tumor survivors,
contributing to the dearth of information about this
particularly vulnerable subgroup.

Of the 26 studies, 18 were conducted in the USA, four in
Europe (UK, Germany, and The Netherlands) [16,28-30],
three in Canada [27,31,32], and one in Australia [26]. One
of the US studies recruited via the Internet [33] and 12
recruited at individual hospitals [23-25,34—42]. Of these,
four were conducted with patients from the St. Jude's
Children's Research Hospital, three of which were con-
ducted within the hospitals after completion of therapy
(ACT) clinic [34,37,38,40]. Studies conducted at St. Jude's
do not necessarily include the same cohort of patients and
are not longitudinal in nature.

Five studies were based on data from participants in the
CCSS [14,21,22,43,44]. The CCSS is a multi-institutional,
longitudinal study of individuals ages 18 years and older
who survived a childhood cancer that was diagnosed before
the age of 21 years [45]. All CCSS participants were
diagnosed between the years 1970 to 1986, at one of 26
participating medical institutions. Baseline data were
collected from over 10,000 survivors from 1994-1998;
subsequent questionnaires were mailed out in 2000 and
2003, and there have also been ancillary studies with
subgroups of the CCSS cohort [22,44].

Diet

Lifestyles that include high-calorie, high-fat, and low-fiber
diets contribute to the development and maintenance of
obesity, cardiovascular disease (CVD), and some cancers
[46—49]. Furthermore, diets that are insufficient in key
nutrients such as calcium and vitamin D are associated with
the development of osteoporosis [11]. There are ten
published studies that examine diet in childhood cancer
survivors [16,24-26,28,37-40,43]. Results reflect the cur-
rent culture of the USA with a common observation of
unhealthful diets across al/l age groups (see Table 1). Of

@ Springer

particular concern are low fruit and vegetable intake, low
calcium intake, and high fat intake [16,24-26,38,39,43].
One study that used a validated measure of dietary intake
reported that 84% of their adolescent and adult sample ate
more than the recommended 30% of calories from fat; 21%
ate the recommended five or more daily servings of fruits
and vegetables, and less than 45% of adolescent survivors
and 25% of adult survivors met guidelines for calcium
intake [24]. Further description of dietary behaviors was
offered in an ancillary study of the CCSS cohort that
considered how the diets of adult survivors of ALL
compared with the USDA Food Guide, the Dietary
Approaches to Stop Hypertension (DASH) diet, and the
2007 World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) guidelines [25]. Average
scores were 3.0 out of 8 for the USDA Food Guide, 3.6 out
of 11 for the DASH diet, and 2.9 out of 7 for WCRF/AICR
with lower scores reflecting poorer eating habits [25].

In comparison to adults, two studies suggested that pre-
adolescents/adolescents survivors consume more healthful
diets than adult survivors [24,38,40]. For example,
Demark-Wahnefried reported that younger survivors were
more likely than adult survivors to meet calcium guidelines
and eat 5+ daily servings of fruits and vegetables [24].
Additionally, Mulhern et al. reported that nearly 60% of
their pre-adolescent/adolescent sample ate balanced meals
most of the time, compared with 48% of young adults [38].
It is not clear, however, if these results were due to positive
parental influence, or, in fact, to biased parental reporting
[38].

Correlates A number of investigators explored predictors
or correlates of dietary patterns, including age group, BMI,
smoking status, cancer type, treatment, quality of life,
health protection beliefs (defined as: compared with most
other [children] young adults, how important do you think
it is to keep [your son or daughter] as healthy as possible?),
socioeconomic status, perceived vulnerability, and health
locus of control [24,25,38,40]. Only younger-age, health
protection beliefs, and higher SES were predictive of
healthier eating patterns [24,38,40]. One small study of
ALL survivors found that those treated with cranial
radiation therapy (CRT) reported lower caloric intake than
those who did not receive CRT [28].

Limitations of the Current Literature Overall, the dietary
research with childhood cancer survivors is methodologi-
cally weak. All studies were cross-sectional and only one
included a control group. Only three used standardized
measures of dietary intake [24,25,39], with others relying
on single non-standardized items some of which queried
about regular consumption of “nutritious diets” or “bal-
anced meals” [37,38,40]. These terms were not operation-
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ally defined and thus were left to the interpretation of the
respondent. Most studies had small samples, and thus
results related to predictors and correlates may be inaccu-
rate. No studies considered dietary intake among minority
survivors. Future studies should address these deficits and
broaden their scope to consider additional mediators and
moderators.

Physical Activity

Physical activity, like diet, contributes to energy balance
and thus is strongly related to weight status. In addition,
there is a substantial body of evidence to support that
participation in regular moderate-intensity physical activity
can be protective against obesity, CVD, osteoporosis,
diabetes, hypertension, and some cancers [50,51]. Twenty
studies addressed physical activity [14,16,21-28,31,33,36—
41,43,44]. Most found low levels of physical activity
among survivors, particularly among adult survivors. On
average, survivors were less likely to be active than non-
cancer controls with reports of less than 50% of the adult
samples engaging in regular physical activity or meeting
guidelines for regular physical activity [14,21,22,24,25,37,
38,40]. In comparisons to the 2003 Behavior Risk Factor
Survey Study (BRFSS) data, Ness et al. reported that 52.1%
of CCSS participants did not meet CDC guidelines of
20 min vigorous activity at least 3 days a week or 30 min
moderate activity at least 5 days a week, and 22.7% were
inactive, compared with 47.3% and 20.0% of BRFSS
participants, respectively [22]. A second CCSS report of
physical activity across racial/ethnic groups found that
Hispanic males were less likely to meet CDC guidelines
and more likely to be inactive as compared with non-
Hispanic white males. No other differences across racial/
ethnic groups were noted [21]. These CCSS data came from
the 2003 follow-up survey.

Some studies report more healthful patterns among
survivors. In a Web-based study, Finnegan et al. [33] found
that over 80% of their well-educated, young adult sample
reported that they met the CDC guidelines for physical
activity. Similarly, data from an ancillary study of a
subsample of the CCSS indicated that over 70% of their
young adult sample exercised at least 30 min on at least
5 days per week [44].

In studies of adolescents, results were similarly incon-
sistent. Several studies reported that less than 50% of their
samples were active [23,24,37], while others reported that
75% to 80% of their samples engaged in regular physical
activity [38,40,41]. Although most studies of adolescents
did not include control groups, Tillmann et al. reported
lower levels of activity among survivors as compared with
controls [16]. Of further note are the results of one study

@ Springer

that examined activity across the cancer experience (pre-
diagnosis, during treatment, and post-treatment); most
adolescents reported that they decreased their physical
activity after their diagnosis, and a significant subset did
not return to their pre-diagnosis level of physical activity.
Not surprisingly, adolescents who were inactive prior to
their diagnosis remained inactive following treatment [27].
These results highlight the need for timely interventions to
support activity in formerly active survivors, as well as
those who are chronically inactive.

Correlates A number of studies examined correlates of
physical activity including demographics, BMI, diagnosis,
treatment, other health behaviors, and cognitive and
psychological factors. For other demographic variables,
higher levels of activity among adult and adolescent
survivors were associated with being male, of a younger
age, being non-Hispanic white, and having more than a
high school education [14,21-24,33,40]. In one small study,
adequate insurance coverage was related to an increased
likelihood of being involved in organized sports [23].

BMI and physical activity were inconsistently associat-
ed. In the overall CCSS sample, underweight and over-
weight were associated with inactivity and not meeting
CDC guidelines for physical activity [22]. Similarly, obese
ALL survivors in CCSS were less likely than normal
weight ALL survivors to meet CDC guidelines [14].
However, a small study of adolescent survivors found no
association between BMI and participation in organized
sports [23].

A few studies considered the impact of specific cancer
type or treatment modality received. Three studies found
inactivity was more common among survivors of CNS
tumors and osteosarcomas than other cancer types [22,24,
26]. Similarly, CRT or amputation was associated with
higher levels of inactivity in the CCSS [14,22]. Inconsistent
results have been reported in ALL with one study finding
that survivors treated with radiation plus chemotherapy had
lower levels of physical activity than those not receiving
radiation [28], and a smaller study of ALL survivors
finding no physical activity differences across treatment
modalities [39].

Health behaviors such as diet and smoking have also
been related to physical activity. In the CCSS, smokers
were less likely than non-smokers to meet CDC guidelines
for physical activity [22]. Additionally, in a study of
adolescents and young adults, diet and physical activity
were positively correlated for both age groups [38].

Cognitive and psychological variables related to physical
activity have been explored in several studies. Constructs
among adult survivors have included self-efficacy [33],
autonomous motivation [33], physical activity cons [33],
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depression [22,41], belief that one's primary care physician
was familiar with cancer-related problems [44], fears
regarding future health [44], perceived stamina [44], and
fatigue [44]. Among adolescents, parent—child conflict [41]
and psychosocial well-being were related to physical
activity [31]. Results for perceived vulnerability were
inconsistent. Mulhern et al. [38] reported a significant
relationship among pre-adolescents/adolescents (as reported
by their parents), but not for the young adults, and Tyc et al.
[40] found no association between perceived vulnerability
and physical activity in a sample of 10-18-year-old
survivors. Certainly, the influence of parental report must
be considered in evaluating the inconsistency between these
two studies.

Limitations of the Current Literature The most significant
limitation in the physical activity research conducted with
childhood cancer survivors to date is the lack of objective
physical activity measures. Although some studies used
standardized measures of physical activity [39] or stan-
dardized items from the BRFSS/Youth Risk Behavior
Surveillance System [14,21,23,33,37,38,40,41,43], only
two studies used objective measures of physical activity
such as accelerometers or pedometers [16,30]. Subjective
self-report outcomes included hours/minutes of activity
performed each week [38,40,43], time and intensity of
activity [16,27,28], participation in aerobic activity (yes/
no), participation in organized sports (yes/no) [23], and
whether the participant was inactive, exercised regularly, or
met current physical activity guidelines [14,22,24,31,33,
39,41,44]. It is also important to note that physical activity
guidelines or definitions of regular physical activity or
“inactivity” differed between studies. In some, regular
physical activity or inactivity followed CDC guidelines
(moderate physical activity for at least 30 min on at least
5 days a week or vigorous physical activity for at least
20 min on at least 3 days a week) [14,21,22,33,41,44,52],
while others used Department of Health and Human
Services guidelines [43] (moderate physical activity for at
least 30 min on at least 5 days per week) [53] or the
surgeon general's guidelines [24] (>1 h a day on most days
of the week for adolescents and >30 min a day on most
days of the week for adults) [54].

In addition to the lack of objective measurement of
physical activity, other methodological limitations include:
lack of non-cancer comparison groups, cross-sectional
designs with a mix of diagnostic groups, and predominantly
non-Hispanic white samples. There were exceptions;
however, Oeffinger et al. (2001) and Florin et al. (2007)
looked exclusively at adult survivors of childhood ALL
[14,39]. Demark-Wahnefried et al. [24] examined physical
activity levels between different diagnostic groups (central

nervous system, lymphoma, and leukemia). In addition,
Castellino et al. [21] focused on minority CCSS partic-
ipants, while two other CCSS reports [14,22] considered
race/ethnicity in their analyses of CCSS survivors.

Further limitations include the lack of studies that
consider mode of activity especially across age and
diagnostic groups. This information would be important to
inform the development of interventions. Finally, certain
subgroups of survivors are at higher risk for inactivity (i.e.,
osteosarcoma and CNS tumor survivors) and face unique
barriers; thus, it will be important to understand more about
their patterns and needs.

Diet and/or Physical Activity Interventions

Although health behavior interventions are common in non-
cancer populations, it is only in the last two decades, as
survival rates have improved, that efforts have widened to
include cancer patients and survivors [24,55-57]. Six
intervention studies target childhood cancer survivors: five
target physical activity [29,30,32,35,42] and one addresses
multiple health behaviors [37].

The physical activity interventions ranged from 10 to
16 weeks in length. Two were conducted at a hospital [35,
42], one in the community [29], one at a university [32],
and one was home-based [30]. Three of the five studies [30,
35,42] targeted adult survivors, while two targeted pre-
adolescents and /or adolescents [29, 32]. Outcomes varied
across studies. Sharkey et al. focused on a number of
cardiovascular-related variables including peak oxygen
uptake, ventilator anaerobic threshold, as well as total
exercise time and perceived exercise tolerance [42]. Takken
et al. considered a number of fitness outcomes such as
muscle strength, exercise capacity, and functional mobility
[29]. Most studies relied on self-report measures of physical
activity participation, although one used a pedometer to
record steps per day [30]. Four studies included measures
of fatigue [29,30,32,35]. The interventions typically in-
volved once or twice weekly sessions that were 60—90 min
in length. With the exception of the home-based interven-
tion [30], these sessions were supervised. Aerobic training
was the primary activity; however, two interventions also
included strength and flexibility training [29,32]. Keats et
al. also included an educational component for the first
8 weeks of their 16-week intervention [32]. Although the
majority of interventions lacked any theoretical framework,
Keats et al. based their intervention on the tenets of the theory
of planned behavior, while Blauuwbroek et al. used goal-
setting theory, as well as stages of change theory [30,32].

Overall, results of the physical activity interventions
suggest only moderate success. Three of the five studies
reported significant, yet modest, increases in physical
activity post-intervention [30,32,42]; however, in the one
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study that included a 3-month follow-up, this increase was
not maintained. The two studies that reported null findings
struggled with participant attendance and retention [29,35].
All studies reportedly struggled with participant recruit-
ment. Barriers to recruitment and retention included
boredom, trouble maintaining the programs with other
activities, fatigue, and for younger participants, parental
support due to their concerns about pushing their children
to do things that were unpleasant or challenging.

Perhaps one of the original interventions studies to be
conducted with childhood cancer survivors, Hudson and
colleagues initiated a multi-behavior education intervention
based on the Health Belief Model at St. Jude's ACT clinic
[37]. Efficacy of the intervention was evaluated in a
randomized controlled study (the Protect Study) with 266
adolescent survivors (age 12—18years). The intervention
included modules for each health behavior (smoking, sun
protection, self-examination, diet, or exercise) that
addressed attitudes, problem solving, and committing to a
behavior for 1 year [37]. Survivors chose one behavior on
which to focus. One-year results reflected no significant
differences between the standard care and intervention
groups in health knowledge, perceived susceptibility and
seriousness, barriers to and benefits of health behaviors, or
health behaviors (assessed by a summative measure of
smoking, sun protection, self-examination, diet, and exer-
cise). Noting the limitations of using a summative measure
in this study, Cox and colleagues [34] re-examined
intervention effects on individual health behaviors. In these
analyses, the treatment group exhibited a significant
increase in health knowledge, a decrease in junk food
consumption and former smokers/non-smokers maintained
smoking abstinence [34].

Limitations

The most prominent limitation of the diet and physical
activity intervention literature in childhood cancer survivors
is the lack of interventions that have been conducted and
evaluated, particularly those that address diet. Additionally,
the modest results and poor recruitment and retention rates
are also concerning. Interventions that were not sufficiently
intensive may partially explain the modest results. Howev-
er, small sample sizes may also be a contributor. It did not
appear from the published intervention studies that any
formative work, such as focus groups, was completed to
help inform the interventions. Including survivors in the
intervention planning phases may be important to consider
when developing future interventions.

A final limitation is the absence of theoretical models in
three of the interventions to provide a framework for the
intervention content. In sum, the intervention literature is
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limited in quantity and quality, and thus little is known
about the ideal content, duration, setting, mode of delivery,
and timing of interventions to meet the needs of various age
cohorts and also the needs of minority survivors.

Discussion

This paper summarizes the literature to date on the diet and
physical activity patterns of childhood cancer survivors, as
well as related interventions. This topic is of particular
importance given the burden of late effects for many adult
survivors of childhood cancers. Health promotion behaviors
such as eating a healthy diet and participating in regular
physical activity could offset some of the risks associated
with these late effects of treatment [10—14]. Unfortunately,
the evidence thus far suggests that childhood cancer
survivors are no more likely to engage in health-
promoting activities than individuals in the general popu-
lation. Overall, few childhood cancer survivors consume
diets that are “nutritious” or ‘“balanced,” low fat, and
include sufficient fruits and vegetables and adequate
calcium intake [24,25,38]. In addition, many do not engage
in regular physical activity that would include at least
30 min of moderate activity at least 5 days a week or
20 min of vigorous physical activity 3 days a week [22,24,
38-40,43]. Similar to healthy populations, the best pre-
dictors of eating a healthy diet and getting regular physical
activity are socio-demographic variables including: younger
age, female gender for diet, male gender for physical
activity, higher education and socioeconomic status, and
being non-minority.

This review highlights several limitations in the existing
literature on diet and physical activity in childhood cancer
survivors. Most notably, the strongest data come from one
source—the Childhood Cancer Survivor Study. The
strengths of the CCSS include its large sample, the breadth
of topics addressed in the surveys, and the ability to track
outcomes over time. Limitations include: reliance on mail-
based surveys, no measure of dietary patterns; a sample
drawn from academic institutions; limited representation of
minorities; biased results given that only survivors who
continue to complete the mail surveys are represented; and
use of a sibling comparison group which controls for cancer
treatments, but not necessarily the cancer experience or
family influence on health behaviors. Overall, the research
that has been conducted to date relies upon cross-sectional
designs, small samples, no comparison groups, and subjec-
tive or non-standardized outcome measurement. Survivors
of CNS tumors, osteosarcoma, and ethnic minority survi-
vors are poorly represented in the literature. Finally, much
of the research was conducted without the guidance of any
theoretical framework. In addition, familial, community, or
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environmental variables that likely influence health behav-
iors were excluded from consideration.

Intervention research with childhood cancer survivors is
in its infancy. Results thus far are discouraging with
significant barriers to recruitment and retention and lack
of any positive results. Future interventions could learn
from these studies and address issues during the develop-
ment stage. For example, obtaining parental support and
addressing their concerns is critical to a successful
intervention with children and adolescents. As with all
interventions, they must be designed so they fit into the
daily activities of the target population and hold their
interest [29,35,58]. All intervention efforts thus far have
targeted adolescent survivors, so little is known about the
feasibility and impact with other age groups. There is also
no information on the value of tailoring interventions to fit
risk profiles related to different diagnostic groups and/or
treatment histories. Survivors of CNS cancers and osteo-
sarcomas are in particular need of tailored physical activity
interventions. Optimal timing for interventions is still
unclear. However, given that health behaviors are often
established early in life, early intervention could lay an
important foundation for health promotion practices. The
need for repeated intervention as survivors pass through
different developmental phases also may be an important
consideration. Methodological issues of the intervention
studies are similar to those for the descriptive studies:
biased samples in that they were recruited from specialized
childhood cancer follow-up clinics, self-report measures,
and lack of representation of diverse racial and ethnic
groups. Ideally, future interventions will address these
limitations, as well as include broader models of health
behavior which consider familial, community, and environ-
mental barriers and influences [59].

Limitations should be noted when considering the results
of this review. First, the sample of manuscripts was limited
to those that were published in peer-reviewed journals,
were written in English, contained the searched key words,
and were listed in the accessed databases. A second
limitation is the potential for biased reporting by the
authors. Although our intent was to present an unbiased
view of study results, it is possible that unconscious bias
ensued. Finally, the review is qualitative, with no inclusion
of quantitative analyses or results. Despite these limita-
tions, this review goes beyond the current literature and
provides a comprehensive review of studies that have
examined diet and physical activity in childhood cancer
survivors.

Although further research on health behaviors and
related interventions is needed, this should not preclude
healthcare providers from assessing and making recom-
mendations for health behaviors among childhood cancer
survivors. Interest in survivors' health behaviors can

communicate the value of practicing a healthy lifestyle
and reflect providers' support of making efforts to this end.
A number of private organizations [60,61] and federal
agencies [62,63] provide guidelines for diet and physical
activity that can promote health and decrease risk of
chronic disease. At the very least, providers might
encourage survivors to consume a predominantly plant-
based diet that is low in fat, contains a variety of fruits and
vegetables, and is sufficient in calcium intake [61]. They
might also advise survivors to engage in regular physical
activity such that they accumulate at least 30 min of
moderate activity most days of the week [60]. Ideally,
health care providers will regularly check in with patients
about these behaviors, noting that they are an integral part
of comprehensive survivorship care. As noted in the
Institute of Medicine report “From Cancer Patient to
Cancer Survivor, Lost in Transition,” all patients completing
treatment “should be provided with a comprehensive care
summary and follow-up plan that is clearly and effectively
explained...with recommendations regarding preventive
practices and how to maintain health and well-being” [64].
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