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Health Behavior Change Interventions for Teenage
and Young Adult Cancer Survivors:
A Systematic Review

Purpose: It is important that teenage and young adult (TYA) cancer survivors adopt a healthy lifestyle, since
health vulnerabilities associated with their diagnosis and treatment may be exacerbated by poor health behaviors. This review aims to synthesize the current literature on health behavior change interventions created
specifically for TYA-aged cancer survivors.
Method: MEDLINE, EMBASE, PsycINFO, and CINAHL databases were searched for studies investigating
interventions targeting one or more health behaviors, including: physical activity, diet, smoking cessation, and
alcohol consumption. Studies were eligible for review if the study population were defined as TYA cancer
survivors and the mean age of the sample was younger than 30 years of age.
Results: Twelve studies were identified, of which nine were randomized controlled trials. Physical activity was
the most commonly targeted health behavior. Six of the 12 interventions included within this review were
successful in changing health behavior. Due to the heterogeneity of intervention characteristics, the relationship
between intervention efficacy or outcome and intervention content, delivery mode, or theoretical framework
was not discernible. Nevertheless, trends emerged relating to the delivery and content of health behavior
interventions designed specifically for TYA cancer survivors.
Conclusion: More research is required to identify the most effective means of promoting health behavior
change among the TYA cancer survivor population. Specifically, future research should focus on providing
evidence of the efficiency and feasibility of interventions that use online technologies to facilitate remote
intervention delivery and peer support.
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However, such comorbidities are often progressive and
strongly influenced by a myriad of factors, including lifestyle.7 Positive health behaviors such as being physically
active, adopting a healthy diet, not smoking, and limiting
alcohol intake may prevent the onset and development of late
effects and reduce the incidence of cancer recurrence within
this population.5,6,8–10 Evidence from the St. Jude Lifetime
Cohort Study has shown that long-term adult survivors of
childhood and adolescent malignancies who did not follow
physical activity and diet guidelines set out by the World
Cancer Research Fund and American Institute for Cancer
were more likely to have metabolic syndrome with a relative
risk of 2.2 (95% CI 1.6–3.0) among males and 2.4 (95% CI
1.7–3.3) among females.11 In addition, a recent cross-sectional
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he number of teenage and young adult (TYA)aged cancer survivors is rising. At the end of 2010, approximately 16,500 TYAs were living with and beyond
cancer within the United Kingdom.1 This figure is only set to
increase given advances in long-term survival rates in this
age group.2 However, young people often face long-term
consequences as a result of their diagnosis and treatment. Not
only do TYA-aged cancer survivors face a heightened risk of
cancer recurrence, evidence suggests that around 60% will
suffer from at least one additional chronic health condition
within their lifetime.3,4 The long-term and latent effects of
treatment such as cardiovascular disease, endocrine dysfunction, osteoporosis, stroke, and kidney failure pose a significant
burden to survivors throughout their life course.5,6
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Selection criteria

N

survivor* AND aerobic* or exercis* or fitness or gym* or
physical* or sport* or diet* or energy intake or food* or fruit*
or nutrition* or veg* not VEGF or drink* or cigarette* or
alcohol or smok* or tobacco* AND random* or RCT or trial
or intervention AND Teen* or Adolescen* or TYA or AYA
or Young Adult. The search strategy was developed in consultation with a research librarian at University College
London. Authors of studies selected for review were contacted to enquire as to whether they knew of any additional
health behavior interventions targeting TYA cancer survivors
conducted as a randomized controlled trial (RCT) or otherwise, which were either published or unpublished.
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comparison that aimed to explore the relationship between
physical activity levels and cardiovascular risk factors among
TYA-aged cancer survivors and their siblings reported that
survivors (N = 319; Mage = 14.6 years) who were more
physically active had a better cardiovascular risk profile than
those who were not active. Combined, these findings suggest
that physical activity and healthy lifestyle among young
cancer survivors may reduce cardiovascular risk and improve
long-term health by the same mechanisms observed in older
adult cancer survivors and age-matched healthy population
controls.12,13
However, although evidence is limited, surveys suggest
that a significant proportion of TYA-aged cancer survivors
fail to meet diet and physical activity recommendations14–17
and engage in multiple risky health behaviors such as
smoking and drinking.18,19 A cross-sectional survey of 74
young adult cancer survivors (Mage = 22.9 years) found that
only 48.7% of the sample met physical activity guidelines
and that more than half retrospectively rated their current
fitness as ‘‘much worse’’ or ‘‘not quite as good’’ compared
with pre-diagnosis. However, in total, 85% of participants
surveyed indicated a desire for information about exercise.20
Likewise, in a recent study of 170 TYA survivors (Mage =
17.7 years) in the United States, 75% were interested in
participating in weight-control programs, with 84% indicating an interest in more information on healthy eating.14
Combining this level of interest, the fact that cancer diagnosis
and treatment is often viewed as a ‘‘teachable moment’’7,21
and that teenage and early adult periods are key developmental stages for behavioral intervention,22 efforts to support
TYA-aged cancer survivors to adopt healthy lifestyle behaviors are therefore urgently required.
The efficacy of health behavior intervention in long-term
childhood cancer survivors and adult cancer survivors has
been reviewed previously.23–25 However, until very recently,
TYA-aged cancer survivors have been largely neglected within
health behavior research. As a result, very little is currently
understood about the best setting and timing to initiate lifestyle intervention among young people affected by cancer.
Identifying common characteristics of successful interventions is an important step in informing the development of
health behavior interventions designed specifically for this
unique cohort of cancer survivors.
The aim of this systematic review was therefore to synthesize the literature published to date on health behavior
interventions targeting physical activity, dietary, smoking,
and/or alcohol consumption behaviors among TYA-aged
cancer survivors.

N

Methods

A search was conducted in May 2015 for studies written in
English and published in peer-reviewed journals describing
the outcome of an intervention targeting health behavior
change in TYA cancer survivors.
Search strategy

Health behaviors of interest were physical activity, diet,
tobacco use (smoking), and alcohol consumption (and all
permutations of these behaviors). The following search terms
were applied to CINAHL PLUS, Embase, Medline, and
PsyhInfo bibliographic databases: cancer patient* or cancer

As this systematic review was part of a program of research aiming to develop a health behavior intervention for
TYA-aged cancer survivors, it was necessary that the principal summary measure reported within included manuscripts was health behavior change (i.e., magnitude of
increase or decrease in the frequency of targeted health behaviors). Participants of interest were those between 13 and
24 years of age defined as a teenager, adolescent, or young
adult cancer survivor. However, given inconsistencies in the
TYA age bracket between countries, and in order to capture
all relevant literature, studies wherein (i) participants were
described as TYA cancer survivors and (ii) the mean age of
the participant group fell below 30 years were also included
for review. Given the lack of behavioral research within this
area, intervention studies wherein the mean age of participants fell slightly above or below the lower and upper ends of
this criterion bracket were also included for review. In addition, no studies were excluded based upon participants’
treatment status or position upon the cancer care continuum.
This is in alignment with the National Cancer Institute, World
Cancer Research Fund, and American Institute of Cancer
Research definition of cancer survivor as anyone who has had
a cancer diagnosis from the time point of diagnosis until the
end of life: this includes those who are undergoing treatment
and those who have recovered from the disease.26–28
Data collection

As shown in Figure 1, 1311 studies were identified within
the initial search. The titles and abstracts of all articles were
individually screened by the first author to assess eligibility
for inclusion. Full-text versions of articles that potentially met
the inclusion criteria were subsequently retrieved and screened
to assess eligibility for inclusion. After independent screening,
included and excluded studies were reviewed by G.P. and A.F.,
and any discrepancies were resolved by discussion. A total of
12 intervention studies, comprising 13 articles, were included
for full review. The data and information regarding sample
characteristics, intervention design methodology, and intervention outcomes pertaining to health behavior change were
extracted from the original studies using predesigned extraction forms. Data from each study were summarized and aggregated. Meta-analysis was not possible due to the wide
variation of outcome measures used within studies.
Study quality

The methodological quality of the included RCT studies
was measured using the Cochrane Collaboration risk of bias
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HEALTH BEHAVIOR INTERVENTIONS SYSTEMATIC REVIEW

FIG. 1.

Flow diagram of literature search and reasons for exclusion.

O

tool,29 which allows evaluation of study quality based on six
key criteria: random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting, and other sources of bias. Each study was rated low
risk, unclear, or high risk for each category of bias. Within
this review, a study was considered to have a high risk of bias
if two thirds or more of the criteria were scored as high risk.

N

Results

Characteristics of included studies are summarized in
Table 1. Of the 12 studies included, 75% (n = 9) were twoarmed RCTs, with the remainder being either one-armed
feasibility trials (n = 2)30,31 or repeated-measures longitudinal designs (n = 1).32 The majority of studies (n = 9; 75%)
were conducted in the United States,31–40 with the remaining
three studies (25%) being conducted in Canada,41 China,42
and Finland.30
In total, 1209 participants (n = 509 male, n = 700 female)
were recruited across all studies. The smallest sample included
10 participants,32 and the largest 266.33,37 Typically, partici-

pants were between 13 and 18 years of age. However, three
studies specifically recruited young adult participants older
than 18 years of age.31,40,41 All studies included both female
and male participants, with most studies successfully recruiting
more females than males. Ten of the 12 studies included reported details of ethnicity. In these, exact numbers were generally not given, but the majority of participants recruited were
reported to be white/Caucasian, with the remainder of participants being African American, Latino, Hispanic, or Asian.
Cancer survivors of hematological malignancies were the
most commonly recruited, with two studies30,36 specifically
recruiting acute lymphoblastic leukemia (ALL) survivors
(n = 55). Within studies wherein time since diagnosis, time
since treatment, or age at diagnosis was reported, it could be
inferred that the majority of participants across the included
studies were diagnosed with cancer during their childhood
before the age of 12 years.
The primary aim of the majority of studies was to establish
the feasibility and efficacy of novel interventions promoting
health behavior change among TYA-aged cancer survivors.
Five intervention studies solely aimed to change physical
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One-arm
feasibility
trial

RCT

Valle et al., 2013

RCT

Belanger et al.,
2014

Berg et al., 2014

RCT

Study design

Huang et al., 2014

Author

PA

N = 86
Mage = 30.8 years
Mean time since
diagnosis: 58.2
months

PA

N = 212
Age: 18–39 years
18–29 years: N = 55
(25.9%)

Multiple health
behavior change
(PA, smoking
behavior, and
alcohol
consumption)

Multiple health
behavior change
(diet and PA)

N = 38
Median age: 13
years
Median age at
diagnosis: 5 years

N = 24
Mage = 23.38 years
Mean time since
diagnosis: 10.71
years

Target behavior

Participants, N, age

Web-based intervention
involving 6 weeks of biweekly
emails encouraging reporting
of health behaviors. Following
input of health behavior,
participants were routed to
tailored graphical depictions
of their health behavior habits
and video messages.
Participants were also offered
incentives for participating in
the intervention.
FIT-NET. Facebook-based
intervention, including goal
setting, self-monitoring
content, and social support

Targeted PA guidance, including
advice about how to engage in
PA, tips on how to make PA
enjoyable, how much PA is
recommended, how to
determine PA intensity,
guidance to recognize PA
opportunities, and information
about goal setting

Weight maintenance intervention
tailored for cancer survivors
providing weekly nutritional
and PA goals and skills

Intervention

Table 1. Description of Health Behavior Interventions

N

Facebook-based selfhelp comparison.
Lower level of
intervention with no
feedback, goals
setting, or
progression
tracking.

N/A

One-page leaflet of
Canadian physical
activity guidelines
(CPAG)

Lower-intensity
general weight
management
intervention

Control
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(continued)

PA: Godin leisure time exercise
questionnaire
Change in min/week of MVPA,
light PA, total PA, and body
weight were significantly
greater in FIT-NET
intervention group versus
comparison control

PA: Actigraph accelerometers
Diet: Youth adolescent
questionnaire
Non-significant improvements
in weight or weight-related
behavior
PA: Godin leisure time exercise
questionnaire
Targeted PA guidance had no
significant effect on PA min/
week at 3-month follow-up
Exploratory analysis revealed
that among those achieving
>300 min/week PA at
baseline, the targeted physical
activity guidance had a
significant effect on PA
at 3-month follow-up
PA: 7-day PA recall
Smoking and alcohol: 7-day
recall
Frequency of PA, smoking, and
drinking (days) did not
significantly improve at
12-week follow-up. Frequency
of binge drinking was
significantly reduced at
6-week follow-up, but was
not maintained at 12 weeks.

Health behavior outcome
measures results
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One-armed
feasibility
trial

RCT

Repeated
measures
longitudinal
design

Mays et al., 2011

Keats and CulosReed, 2008

RCT

Hollen et al., 2013

Jarvela et al., 2012

RCT

N = 10
Age: 14–18 years
Mage = 16.2 years
Mean time since
diagnosis: 62.5
months
PA

Diet

PA

Smoking and alcohol
consumption

N = 243
Age: 14–19 years
Mean age at
diagnosis: 5.1 years

N = 17
Age: 16–30 years
Time since
diagnosis: 15.9
years
N = 75
Age: 11–21 years
Mage = 14.2 years

PA

Target behavior

N = 71
Age: 9–16 years
Mage = 12.7
Majority of
participants were
6–24 months post
treatment

Participants, N, age

90-minute educational and
exercise session once a week
for 16 weeks, 8 weeks exercise
and education, 8 weeks
exercise only

A group-based bone health
behavioral intervention
involving a half day
interactive workshop that
included messages and skill
building exercises addressing
relevant risk reducing and
health-promoting behaviors

Illustrated home-based exercise
program followed up by 2week telephone counselling
and motivation

Individually tailored risk
behavior counselling,
including modules on decision
making, smoking, alcohol use,
an interactive substance use
module, and a health status
module

4-day integrated adventure-based
training and health education
program. Educational talks
included discussing the
benefits of PA, exploring how
to overcome barriers to PA,
and creating a personal PA
action plan with the guidance
of healthcare professionals.

Intervention

N/A

N

Control waiting list

N/A

Intentional control
group received
standard care and a
sham CD-ROM
related to study
skills at baseline.

Same amount of time
and attention as
intervention but no
PA educational
content. Invited to
attend 4 days of
leisure activities.

Control
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Study design

Li et al., 2013

Author

Table 1. (Continued)

(continued)

Diet: Bone health behaviors
comprising of milk
consumption frequency and
24-hour calcium recall
In comparison to control, milk
consumption frequency and
past were significantly greater
at follow-up in intervention
group
PA: Godin leisure time exercise
questionnaire
Significant increase in PA from
baseline to mid-program but
not maintained post-program
or at 3-month follow-up

PA: The Chinese University of
Hong Kong: Physical Activity
Rating for Children and Youth
(CUHK-PARCY)
Intervention group reported
significantly higher levels of
PA and higher PA selfefficacy than baseline at 9
months and in comparison to
controls
Smoking and alcohol: periodic
assessment of drug use among
youth, the decision-making
quality scale (DMSQ), and
risk motivation questionnaire
(RMQ).
Substance use risk behavior was
not reported. The intervention
resulted in a significant effect
between treatment groups for
total risk motivation score for
alcohol.
PA: Non-specified questionnaire
Intervention program was not
effective in significantly
increasing PA index

Health behavior outcome
measures results
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RCT

RCT

Tyc et al., 2003

Hollen et al., 1999

Multiple health
behavior change
(PA, diet, smoking,
and alcohol
consumption)

Smoking behavior

Smoking and alcohol
consumption

N = 266
Age: 12–18 years
Mean age of
intervention group:
15.09 years
Intervention group
time from diagnosis:
10.95 years

N = 103
Age: 10–18 years
(10–13 years,
N = 40;
14–18 years, N = 63)

N = 64
Age: 13–21 years
44% of the sample
was diagnosed
before the age of 6
years

Intervention

Integrated information specific to
cancer survivors workshop
detailing info specific to
survivorship, decision-making
skills, risk behaviors, and
social support from peers and
healthcare professionals.
Educational component lasted
1 day, and the social
component lasted overnight.

Health behavior training in health
goal chosen by the survivor
and encouragement to make a
commitment to a health goal
for ensuing year. Health
behavior training session
included a review of the
advantages and disadvantages
of the health behavior, an
explanation of how to engage
in the health behavior,
problem solving of potential
barriers, and an encouraged
commitment to engage in the
health behavior. Participants
were also given reinforcement
at 3 and 6 months via
telephone.
Risk counselling intervention
providing late-effects
counselling, educational
video, goal setting, physician
feedback, tobacco literature,
and follow-up telephone
counselling at 1 and 3 months
by a research nurse

RCT, randomized controlled trial; PA, physical activity; MVPA, moderate vigorous physical activity.

RCT

Target behavior

Participants, N, age

Table 1. (Continued)

N

Standard care

Brief tobacco risk
advice counselling
that is commonly
incorporated into
routine medical care
(Standard Care)

Lower-intensity
intervention: selfexamination
teaching, targeted
late-effects
screening, clinical
assessment
(physician/nurse
practitioner) and
late-effects risk
counselling

Control
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Study design

Cox et al., 2005;
Hudson et al.,
2002

Author

N

Smoking: Knowledge-perceived
vulnerability, intentions, and
perceived positive effects of
tobacco use subscales
Significant increase in
knowledge-perceived
vulnerability, and lower
intention to smoke scores at 12
months. No significant
difference at 6 months across
all measures. No change in
smoking status.
Smoking and alcohol: Periodic
assessment of drug use among
youth
The effect of the intervention for
improving smoking behavior
and alcohol behavior was not
significant at 1-, 6-, or
12-month follow-up post
intervention. Significant effect
on decision making and
motivation.

PA and diet: Health practice
frequency subscale
Significant decrease in junk food
consumption in the
intervention group. Smoking
abstinence remained
unchanged. No effect on
physical activity or alcohol
use.

Health behavior outcome
measures results
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Valle et al.,
2013

Belanger et al.,
2014
Berg et al.,
2014

Huang et al.,
2014

Study

Daily amount of MVPA

187.6 min/week

Total physical activity

5.42
1.37
1.32
165.1 min/week

397.7 min/week

232.6 min/week

—
—
—

1.21

78.3 min/week

—

1.74

Light physical activity

—

5.55
0.91
1.95
2.68

5.00
1.64
2.55

109 min/week

—
—
—
—

1.39

1.00

Baseline:
118.4 min/week
Follow-up:
164.4 min/week
Baseline:
81 min/week
Follow-up:
101.5 min/week
Baseline:
199.3 min/week
Follow-up:
265.9 min/week

—

—

1.74

1.74

Baseline: 44 min/day
Follow-up:
59 min/day
Baseline:
1775 kcal/day
Follow-up:
1784 kcal/day
—
—
—

Control group

240 min/week
285 min/week
2.61

1748 kcal/day

87 min/day

Follow-up score

215 min/week
228 min/week
2.57

2002 kcal/day

76 min/day

Total physical activity
Total physical activity
Days of moderate
cardio exercise
Days of vigorous cardio
exercise
Days of strength
training
Days of drinking
Days of binge drinking
Days of smoking
Days of moderate
cardio exercise
Days of vigorous cardio
exercise
Days of strength
training
Days of drinking
Days of binge drinking
Days of smoking
MVPA

Diet

Baseline scores

Mean change

3 months

3 months

+97.8 min/week

+178.5 min/week

N

12 weeks
12 weeks
12 weeks
3 months

12 weeks

12 weeks

6 weeks
6 weeks
6 weeks
12 weeks

6 weeks

6 weeks

1 month
3 months
6 weeks

4 months

4 months

Outcome measure
(measurement
point)

—
—
—
+67.9 min/week

—

—

—
—
—
—

—

—

+25 min/week
+58 min/week
—

—
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Intervention
component

N
Table 2. Intervention Outcomes

(continued)

0.004

0.007

0.59
0.86
0.25
0.005

0.99

0.21

0.51
0.03
0.46
0.62

0.35

0.99

0.19*
0.81*
0.90

0.24*

0.65*

Significant
change
(p-value)

8

Keats and
Culos-Reed,
2008

—

—

—

—

1263.7 mg

955.4 mg

—

—

Physical activity

16.1 h/week

—

34.1 h/week

40.8 h/week

—

3.36

3.1

—

14.45

5.1

23.70 MET h/week

—

—

18.36 MET h/week

—

5.3

3.9

3.1

Follow-up score

—

2.7

Baseline scores

Physical activity

Dietary calcium intake
after adjusting for
changes in
knowledge and selfefficacy
Physical activity

Mean number of days
with calcium
supplementation
Milk consumption
frequency
Dietary calcium intake

Substance use risk
behavior
Decision-making
quality scale
Risk motivation—
smoking
Risk motivation—
alcohol
Physical activity

Hollen et al.,
2013

Jarvela et al.,
2012
Mays et al.,
2011

Physical activity level

Li et al., 2013

Study

—

—

—

Baseline: 2.8
Follow-up: 2.93
Baseline: 1027.5 mg
Follow-up:
1152.1 mg
—

Baseline: 2.5
Follow-up: 3.03

—

—

—

Baseline: 2.8
Follow-up 3
months: 2.9
Follow-up 6 months:
2.9
Follow-up 9 months:
3.0
—

Control group

Table 2. (Continued)

-0.4

-6.7 (MET h/week)

N

+24.6 (MET
h/week)
+18 (MET h/week)

—

—

—

-0.44 (MET
h/week)
—

—

—

—

—

-2.6

8 weeks (midprogram)
16 weeks (postprogram)
8–16 weeks

1 month

1 month

1 month

1 month

16 weeks

6 months

6 months

6 months

—

9 months

6 months

3 months

Mean change

-1.2

Outcome measure
(measurement
point)
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Intervention
component

N

(continued)

0.29

0.12

0.02

0.04*

0.58*

0.03*

<0.001*

0.09

0.017*

0.23*

0.77*

—

<0.001

<0.001

<0.001

Significant
change
(p-value)
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1.04

2.57

1.10

Smokeless tobacco

Exercise (aerobic)

Alcohol use

—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—

Decision making

Alcohol use

0.8

0.8

Perceived positive
effects of tobacco
Smoking status
Smoking behavior

7.8

8.6

35.9

24.0

1.09

2.71

1.06

1.08

4.79

2.49

2.39

Follow-up score

Intention to smoke

32.8

1.04

Smoking

Perceived vulnerability

4.80

Smoking abstinence

22.3

2.48

Junk food consumption

Knowledge

2.38

Nutrition

Baseline scores

Baseline: 2.44
Follow-up: 2.34
Baseline: 2.45
Follow-up: 2.32
Baseline: 4.80
Follow-up: 4.89
Baseline: 1.09
Follow-up: 1.14
Baseline: 1.05
Follow-up: 1.03
Baseline: 2.70
Follow-up: 2.65
Baseline: 1.10
Follow-up: 1.11
Baseline: 21.9
Follow-up: 22.7
Baseline: 31.6
Follow-up: 32.5
Baseline: 9.9
Follow-up: 10.0
Baseline: 1.0
Follow-up: 1.0
—
—
—
—
—
—
—
—
—
—

Control group

—
—
—
—
—
—
—
—
—
—

—

—

—

—

—

—

—

—

—

—

N

Mean change

12 months
1 month
6 months
12 months
1 month
6 months
12 months
1 month
6 months
12 months

12 months

12 months

12 months

12 months

—

—

—

—

12 months

12 months

—

Outcome measure
(measurement
point)

>0.10
0.27*
0.08*
0.22*
0.27*
0.74*
0.12*
0.02*
0.10*
0.001*

>0.10*

0.033*

0.011*

0.018*

—

—

—

—

0.088

0.052

—

Significant
change
(p-value)

*Significance calculated between treatment groups.
MET h/week, Physical Activity Index calculated as a multiple of the resting metabolic rate (MET) by multiplying the mean frequency, duration and intensity of weekly leisure time physical
activity.

Hollen et al.,
1999

Tyc et al.,
2003

Cox et al.,
2005
(Reanalysis
of Hudson
et al., 2002)

Study

Table 2. (Continued)
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Intervention
component

N
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activity,30,32,40–42 one study addressed diet and nutrition,38
one addressed smoking and tobacco use,39 and five addressed
multiple health behaviors in unison.33–37 Of the five studies
that addressed multiple health behaviors, one targeted physical activity and diet,36 two addressed smoking and alcohol
consumption,34,35 and two addressed physical activity, diet,
smoking and alcohol health behaviors.31,33,37
Table 2 displays the outcomes of all included interventions.
Of the 12 included studies, all were deemed to be practical and
feasible methods of promoting behavior change among young
people who had been diagnosed with cancer. However, only six
(50%) were successful in significantly changing target health
behavior.31–33,38,40,42 Reported mean change in health behavior
from baseline or difference between intervention group and
control was typically small. Three intervention studies, although not achieving significant behavior change, did have a
significant effect on mediators of health behavior.34,35,39
Table 3 outlines component features and delivery methods
of included interventions. There was wide variation in the
combination of component features used within the interventions contained within this review. As a result, collectively reviewing the content and component features of all
studies was difficult, given the heterogeneity of intervention
characteristics and outcome measures. Nevertheless, patterns
and trends relating to intervention delivery emerged.
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N

Half (n = 6) of all included studies promoted health behavior change remotely, meaning the intervention was delivered without face-to-face interaction with the researchers
conducting the intervention. Within five30,33,34,36,37,39 studies, phone calls were used as a means to provide additional
counselling or motivation to intervention participants at various time points throughout the intervention. A third (n = 4) of
the interventions were computer based and delivered online
via specifically designed Websites,31 CD-ROMs,35 existing
social networking Websites,40 or email reminders. Only one
intervention used text messaging to deliver intervention reminders.36 Four interventions included day-long workshops
that aimed to facilitate health behavior change by facilitating
informed decision making,34 creation of an action plan,42 and
skill-building exercises.38,42 Printed materials were often
used to support information received during workshops or
counselling sessions.
Ten of the 12 interventions incorporated an aspect of
emotional or social support, in the form of one-to-one contact
with a research nurse,34,35,39 facilitated group sessions,38,42
or the opportunity to interact with other young people who
have also had a diagnosis of cancer.40 Only one study targeted health behavior change with the support of the family.36 Half (n = 6) of the interventions31,33,35,36,39,42 provided
individually tailored information to the participant in the
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Mays et al., 2011

Jarvela et al., 2012

3

Hollen et al., 2013 a

Valle et al., 2013

3

Li et al., 2013

Berg et al., 2014
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Intervention delivery
Online/internet
Paper-based materials
Day-based workshop
Social and emotional support
Peer group
One to one
Telephone
Intervention components
Goal setting
Self-monitoring
Action planning (skills building)
Late effects and risk counselling
Incentives
Theoretical model
Trans-Theoretical Model
Theory of Planned Behavior
Theory of Reasoned Action
Social Cognitive Theory
Experimental Learning Theory
Theory of Decision Making
Classic Change Theory
Health Belief Model
Precede–Proceed Model
Conflict Model of Decision Making
Cognitive Theory

Belanger et al., 2014

Studies

Huang et al., 2014

Table 3. Component Features of All Included Studies
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Studies underlined are those that were successful in changing one or more health behavior.
a
Studies that had a significant effect on mediators of health behavior.
b
Peer-group support was delivered using an online social networking Website. No face-to-face communication took place.
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N

Due to heterogeneity between intervention characteristics,
no clear relationship could be drawn between intervention efficacy or outcome and intervention content, delivery, theoretical design, or duration. However, of the interventions that
significantly changed behavior, five out of six included social
support in the form of peer group interaction, one-to-one
counselling, or telephone support from a nurse, health coach, or
member of the research team conducting the intervention. Interventions that were successful in achieving significant behavior change were also heavily incentivized. Within studies
where participant evaluation was reported, most interventions
were generally received positively by young people.
A breakdown of the methodological quality classifications
for each included RCT is displayed in Table 4. Only one
RCT42 was deemed to be at low risk of bias, with the remaining being deemed to be at moderate risk of bias.
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form of personalized behavioral counselling, feedback, or
motivation. Online platforms (e.g., private Facebook groups)
were utilized as novel methods of incorporating aspects of
social support into the intervention.40
The content and format of four interventions had been
developed and designed by the researchers working in consultation with young people.31,36,38,41 The intervention content of one study was guided by a specially commissioned
advisory group.42 A range of theoretical models were used as
a basis for behavior change in many of the interventions
(Table 3). One third (n = 4) of the intervention studies34,36,38,39 included within this review provided education
and personalized risk counselling regarding the latent effects
of cancer diagnosis and treatment to participants.
The duration of interventions ranged from a single halfday group session to 12 months where intervention materials
were delivered at scheduled time points. The number of
contacts (including delivery of intervention, baseline, and
follow-up measures) made by the research team to the participant also varied across studies, but was not associated
with the duration of the intervention study. Interventions
that were delivered remotely using modern communication
technologies such as the internet or telephone typically had
more information delivery contact points than interventions
delivered by other methods.

11

Discussion

The findings of this systematic review highlight the novel
and diverse range of intervention design and delivery methods used to promote health behavior change among TYAaged cancer survivors. Six of the 12 interventions included
within this review were successful in changing health behavior. However, the relationship between intervention

Table 4. Scores for Risk of Bias Assessment (Cochrane Collaboration Tool)
for All Included RCT Health Behavior Interventions (n = 9)
Low risk of bias

Random sequence
generation

Allocation concealment

Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Li et al., 2013; Hollen et al.,
2013; Tyc et al., 2003
Li et al., 2013

Li et al., 2013

Incomplete outcome data

Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Hollen et al., 2013; Mays
et al., 2011; Cox et al., 2005;
Hudson et al., 2002; Li et al.,
2014
Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Mays et al., 2011; Cox et al.,
2005; Hudson et al., 2002; Li
et al., 2014; Tyc et al., 2003
Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Mays et al., 2011; Cox et al.,
2005; Hudson et al., 2002; Li
et al., 2014; Hollen et al.,
2013; Tyc et al., 2003

N

O

Blinding of outcome
assessors

Selective reporting

Other sources of bias

Unclear risk of bias

High risk of bias

Mays et al., 2011; Cox et al.,
2005; Hudson et al., 2002

Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Hollen et al., 2013; Tyc et al.,
2003; Mays et al., 2011; Cox
et al., 2005; Hudson et al.,
2002
Huang et al., 2014; Belanger
et al., 2014; Valle et al., 2014;
Hollen et al., 2013; Tyc et al.,
2003; Mays et al., 2011; Cox
et al., 2005; Hudson et al.,
2002
Tyc et al., 2003

Hollen et al., 2013
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years, family and peer support for physical activity was found
to be a significant predictor of time spent in moderate to
vigorous physical activity. Conversely, only family physical
activity levels and family support for physical activity were
found to be predictors of physical activity among younger
cancer survivors aged 8–12 years.54 Having friends with poor
diets has also previously been cited as a barrier to healthy
eating by young people who have experienced cancer.44 As in
healthy adolescent and young adult population groups, as a
young person who has had a diagnosis of cancer transitions
from adolescence to adulthood, family influence upon behavior decreases, and young people often seek direct and
indirect support from close friends or peers. Efforts to deliver
health information and support to TYA-aged cancer survivors should take into account this transitional phenomenon
and potentially target social groups as mediators of behavior
change.
The incorporation of personalized risk counselling regarding the latent effects of cancer diagnosis and treatment
into the health education component of the intervention was a
common feature in several studies. Explicitly emphasizing
health risk and long-term consequences of cancer diagnosis
and treatment has been identified as alternative means of
promoting health behavior change among young adult survivors,55 as greater understanding of risk may motivate young
people to adopt healthier lifestyles.56 Such interventions that
support the development of autonomous motivation and
decision making may be more effective in promoting health
behavior change among TYA cancer survivors than strategies and theories that take a more directive approach to
changing knowledge and beliefs.57 Future intervention
studies should aim to quantify the impact of risk counselling
upon participants motivation and self-efficacy to health behavior change.
A large proportion of studies included within this review
addressed physical activity as a health behavior. However,
more insight is required in relation to smoking, alcohol consumption, and, specifically, dietary health behavior change
among TYA cancer survivors. It is important that future intervention studies also discriminate between health protective behaviors (such as physical activity and diet) and
harmful health behaviors (such as smoking), and establish if
different approaches must be taken to address these individual behaviors.
Although there is evidence that theory-based health promotion interventions may help improve intervention outcome,58,59 this review could not demonstrate a link between
the theoretical basis and the outcome of any included studies.
Nevertheless, interventions that were designed in consultation with young cancer survivors showed promising results.
The inclusion of TYA cancer survivors within research design is an important step in advocating patient centered care
that supports and respects young people’s autonomy and independence.60
This review highlights the diverse range of health behavior
interventions that are practical and viable ways of promoting
a healthy lifestyle among young people who have had a
cancer diagnosis. No studies included within this review reported any adverse outcomes. Many intervention studies included within this review reported promising results,
suggesting that if the intervention was replicated with sufficient power, significance could be achieved. Although some
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efficacy or outcome and intervention content, delivery mode,
or theoretical design was undiscernible due to the heterogeneity of intervention characteristics. Although the number of
eligible studies identified was limited due to the lack of research within this area, trends emerged relating to the delivery and content of health behavior interventions designed
specifically for TYA-aged cancer survivors.
Half of interventions were delivered remotely. The majority
of remotely delivered interventions were either computer
based or involved a mail out of paper-based intervention materials. This is in keeping with previous studies investigating
the intervention preferences of TYA-aged cancer survivors.14,15,43 Remote intervention delivery within this population may be especially beneficial, given that TYA cancer
survivors often have time consuming obligations (e.g., studying and working) and physical limitations (e.g., chronic fatigue) that may limit their engagement and interest in health
promotion activities.44–46
Two intervention studies included within this review used
online features of pre-existing social network websites and
specifically designed websites to deliver the health behavior
intervention to young people. The reach of the internet in
communicating health information to young people is vast
and online platforms of communication are increasingly becoming an effective means of facilitating social support in
efforts to promote healthy lifestyle behaviors among this
hard to reach population.47,48 Websites and mobile applications (apps) have emerged as promising and innovative approaches to remote intervention delivery. Previous studies of
the internet features most desired by TYA cancer survivors
found that young people want websites that contain both age
appropriate cancer specific information and opportunities to
communicate with other cancer survivors.49 Specifically
designed lifestyle websites and mobile phone apps which
create an easily accessible and enriched information environment (e.g. additional videos, links, or testimonials),
facilitate behavior tracking, tailor feedback, and provide an
aspect of peer support are worth further investigation within
this context. In addition utilization of online recruitment
strategies may overcome the recruitment and adherence
challenges typically faced by researchers within this
area.50,51
Nevertheless, although interventions delivered remotely
are emerging as promising strategies to lifestyle promotion
among this age group, social, emotional, and instrumental
support from healthcare professionals, friends, and family
has been identified as a major feature of health behavior
change among adolescents and young adults.52 Ten out of 12
studies contained at least one aspect of social support. Although the variation in social support formats between interventions meant social support could not be attributed to
intervention efficacy or outcome, support in the form of peer
interaction or counselling delivered either in person or via the
telephone was a key feature of many health behavior interventions included within this review.
It is important to note lifestyle choice is a multidimensional construct with many interpersonal, intrapersonal, and
environmental factors influencing an individual’s health behavior.53 Previous studies support this notion and have found
social influences to be independent predictors of health behavior and lifestyle choice among TYA-aged cancer survivors. In one study of adolescents cancer survivors aged 12–16
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used within this review may in fact refer to TYA-aged
childhood cancer survivors. Care has been taken where
necessary to emphasize this.
Conclusion

N

Adopting a healthy lifestyle is central to improving the
health and quality of life of young people who have had a
cancer diagnosis. Supporting and encouraging TYA-aged
cancer survivors to lead a healthy lifestyle may help reduce
the impact of treatment late effects upon both their current
and their long-term health. While several interventions
designed specifically for TYA cancer survivors have shown
promising results, further work is required to evaluate how
best to promote health behavior change to young people
who have had a cancer diagnosis. Equally, evaluation of the
impact of behavior change on TYA cancer survivors’ longterm health as they continue into adulthood is also required.
Future interventions should explore the use of e-health
technologies to support behavior change and provide further insight into the feasibility and acceptability of such
interventions. Development of such interventions should
occur in partnership with both TYA cancer consumer
groups and TYA cancer professionals in order to ensure
that interventions are developed and designed to have the
greatest impact.
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studies35,40 reported that compliance to the intervention
protocol was low, this was typically anticipated, and strategies such as incentives were used to maximize participant
attrition. In one particular intervention study, despite a third
of participants not complying fully with the booster features
of the intervention, 90% rated all evaluation criterion positively.35 Overall, participant enthusiasm and engagement
with the intervention studies was high. This is reflective of the
interest young people have previously reported in health
behavior information.14,20
Cancer diagnosis and treatment are often viewed as a
‘‘teachable moment’’ for behavior change because of the
unique impact diagnosis and treatment have upon an individual’s motivation to learn about, adopt, and maintain positive health behaviors.59,61 However, in practice, there is little
evidence in adult populations that cancer survivors spontaneously adopt healthier lifestyles post diagnosis without intervention.62 Very little is currently understood about
whether the ‘‘teachable moment’’ is also a point in TYA
survivorship and if this point is related to stage of treatment,
age, or individual. Further investigation into the information
and support preferences of young people who have had a
cancer diagnosis is required to establish at what time point
within the cancer journey health behavior intervention should
be delivered. Equally, further investigations into the efficacy
and feasibility of promoting lifestyle change among TYAaged cancer survivors is required to clarify the practicality of
delivery modes and intervention contents that are easy to
disseminate, cost-effective, and offer age appropriate advice
to young people who have had a diagnosis of cancer. In turn,
this will provide evidence of the most effective means of
promoting health behavior change among TYA-aged cancer
survivors.
Several limitations in intervention study design and reporting of results must be addressed. Brief descriptions of
intervention design within studies limited the stratification
of potential effective components of the intervention and
limited the interpretation of methodological quality, with
few studies proving clear information of the randomization
procedure or blinding at outcome assessment. When considering the results of the interventions as a collective, it is
important to note the small sample size and variable adherence rates that limit the power to detect significant effects
in analyses within several studies. The generalizability of
the reported outcome is also limited, as hematological malignancies, although common, only account for a small
amount of the variety of cancer diagnoses in TYA cancer
survivors. In addition, few studies followed had a long-term
follow-up of health behavior changes, making it unrealistic
to draw conclusions about the long-term efficacy of these
interventions to produce durable health behavior changes. In
addition, most behavior change outcomes were measured
subjectively, suggesting that results should be interpreted
with caution, considering evidence that young people are
proxy to high levels of response bias, specifically during the
self-report of smoking and alcohol behaviors. A small
number of potentially informative studies may also have
been excluded from analysis, despite including young people between 13 and 24 years of age, as the mean age of the
sample may have been older than 30 years. Specific research
into the health behaviors and lifestyle choices of TYA
cancer survivors is limited, and hence many of the citations
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