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Abstract

Purpose Over the past few decades, the incidence of cancer among adolescents and young adults (AYA) has been increas-
ing. The impact of behaviors, such as physical activity (PA) and nutrition, on disease progression, prognosis, and overall
health and quality of life for AYA cancer survivors is of significant importance. This systematic review aims to evaluate the
effectiveness of PA and diet interventions for AYA cancer survivors and to critically evaluate existing literature, gaps, and
limitations.

Methods A search of literature was conducted in PubMed, Science Direct, Scopus, and Google Scholar following the
PRISMA guidelines. Twenty-two studies were included from online databases from 2012 to 2022, 13 of which were rand-
omized controlled trials.

Results Most interventions were related to PA, with only four studies including nutrition or Diet interventions. The interven-
tions were generally feasible and acceptable to AYA cancer survivors, and digitally based PA interventions were commonly
used. PA interventions mainly comprised aerobic and resistance training and were individualized. Overall, this review found
various PA and diet interventions for AYA cancer survivors that were feasible and well-accepted, but gaps in knowledge
and design still exist.

Conclusions This systematic review underscores the importance of conducting more research on diet interventions for YCS.

Prospero registration https://www.crd.york.ac.uk/prospero/#aboutregpage

Keywords Adolescent young adult cancer survivors - Diet - Physical activity - Intervention

Introduction

The incidence of cancer in the adolescent and young adult
(AYA) age group has been on an upward trend in recent
decades (National Cancer Institute (NCI), 2023a). AYAs
cancer survivors are recognized as a distinct subgroup
among oncology patients and are defined as individuals
with cancer diagnosis between the ages of 15 and 39 years
[1],NCI, 2023b), encompassing mid- and late adolescence
(15-17 years), emerging adulthood (18-25 years), and
young adulthood (25-39 years) [2]. AYAs cancer survivors
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also face serious medical, psychosocial, and behavioral late
effects associated with cancer and its treatment, such as
risk of cardiovascular disease, diabetes, cancer recurrence,
fatigue, obesity, weight gain due to treatment, and psycho-
logical distress [3—7]. Behavioral factors, such as physical
activity and nutrition, are strongly related to disease progres-
sion and prognosis [8, 9] late adverse effects of treatment,
overall health, and quality of life of AYAs (DeNysschen,
Panek — Shirley & Zimmerman, 2021 [10],).

The World Health Organization (WHO) defines physi-
cal activity as “any bodily movement produced by skeletal
muscles that requires energy expenditure” and is consid-
ered an effective intervention and health promotion tool
for AYAs cancer survivors (World Health Organization:
WHO, 2022). The protective role of PA in health is well
established and is associated with numerous health benefits,
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such as health-related fitness and quality of life [11, 12],
disease-free survival rates, cardiovascular fitness, wellbe-
ing, and decreased all-cause cancer mortality [9, 12—-14].
However, PA often is followed by physical inactivity [12,
15], with research findings suggesting that around 60% of
young adults with cancer do not meet the recommended PA
guidelines (150 min of moderate to vigorous PA per week
(Cambell et al., 2019,[16]. Furthermore, considering their
specific clinical, developmental, physical, and psychosocial
needs, adolescent and young adult cancer survivors expe-
rience various physical and psychosocial challenges [5]
such as fatigue [17, 18], significant weight loss or gain, and
chronic conditions like diabetes and obesity [19] alongside
psychological and social distress [20], and finally a negative
body image [21]. These parameters are negatively associ-
ated with the adoption, re-engagement, and commitment
to an active lifestyle through PA and exercise after cancer
treatment [12, 22] which is particularly important given that
more than 80% of AYAs will survive more than 5 years after
the onset of their cancer diagnosis (Close et al., 2019 [14],).

Diet is among the behavioral immunogens along with PA
[23] and an important health behavior for the entire trajec-
tory of cancer survivorship [24]. The side effects and symp-
toms of cancer treatment related to a survivor’s diet such as
changes in sense of taste, intestinal disorders, and difficulty
in chewing and swallowing still occur [25]. Metabolic dis-
ruptions are a common side effect of cancer treatment for
AYA, while a healthy eating pattern may reduce the likeli-
hood and risk of metabolic comorbidities [26, 27]. There
is a strong correlation between diet and cancer mortality.
Research indicates that many adolescents and young adults
who have survived cancer have inadequate dietary habits,
with approximately 80% of them not consuming enough
fruits and vegetables, still, despite their low intake, their
consumption of fruits and vegetables is similar to that of the
general population [28]. A diet rich in fiber, fruits, and vege-
tables, like the Mediterranean diet, has been shown to reduce
cancer mortality [29, 30], the risk of cardiovascular disease,
diabetes, and obesity [7, 31]. Studies focusing on interven-
tions that seek to improve nutrition education have found
that making healthy nutrition choices and understanding
how to read and to identify saturated fats can be enhanced
after a Diet intervention program targeting AYA cancer sur-
vivors but with no apparent significant difference in dietary
intake [11]. Providing nutrition education to young cancer
survivors enhances their understanding of dietary choices,
yet the adoption of healthier eating habits may vary depend-
ing on factors such as age, level of independence, and the
intensity of educational sessions [11].

There are guidelines for cancer survivors and for AYA
cancer survivors focusing on weight management, PA, and
dietary patterns which highlight the potential impact on
the risk of recurrence and overall survival after a cancer
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diagnosis [7]. Considering that in the last decade, there has
been an increase in cases of adolescents and young adults
with cancer. Hence, a systematic approach aiming to inves-
tigate effective interventions that address both physical
activity and nutrition among AYA cancer survivors could
enhance the existing knowledge of health behaviors in this
population and frame their needs holistically.

The purpose of this systematic review was to identify
interventions between 2012 and 2022 regarding physical
activity and diet and their effectiveness for adolescent and
young adult cancer survivors. To the best of our knowl-
edge, this represents the first extensive review covering
both physical activity and diet interventions for adult and
young adult cancer survivors.

Materials and methods

This systematic review was conducted in accordance
with the guidelines outlined in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) recommendations to ensure that best practice in this
area is followed [32]. The current review protocol was
registered in the PROSPERO database on record (Reg:
CRD42024531628).

Search strategy

A systematic literature search was conducted between
September 2022 and February 2023 using four databases:
PubMed, Science Direct, Scopus, and Google Scholar.
Original studies examining the effects of physical activ-
ity and diet interventions in adolescent and young adult
(AYA) cancer survivors were screened. The search con-
sisted of the medical subject headings (MeSH) and text
words (a) concerning target group and condition, “adoles-
cent,” “young adult,” “young adult cancer,” “young adult
cancer survivors,” “AYA cancer survivors,” “cancer,”
“survivors,” “survivorship”; (b) concerning intervention,
“health behaviors,” “lifestyle,” “diet,” “nutrition,” “physi-
cal activity,” “exercise,” and “intervention.” One example
of the full electronic database search for one database with
all additional filters can be found in the Electronic sup-
plementary material.

A secondary search was conducted by manually review-
ing the reference sections of relevant studies including only
those with available full texts. The authors were contacted
for unavailable full texts; however, studies were excluded if
authors were unresponsive or unable to provide the complete
text. The search queries were set to include the above terms
in the article title.
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Eligibility criteria

Upon completion of the title screening, a set of inclusion and
exclusion criteria were applied during the abstract screening
as well as in all full-text sections.

Papers were considered eligible for review if they met
the following criteria: (1) they were published in a peer-
reviewed journal, (2) they focused on survivors of any type
of cancer who were diagnosed and treated during adoles-
cence (15-18 years) or young adulthood (19-39 years) and
included an intervention that targeted physical activity and/
or diet, (3) they were written in English, (4) they were pub-
lished within the last decade (2012-2022), as the aim of the
review is to present the most recent data in this field, and
(5) they did not necessarily need to include a healthy control
group. In contrast, papers were ineligible if they employed
a summative measure of multiple health behaviors with-
out providing individual behavior results, presented solely
qualitative data, involved patients who were still receiving
treatment, or were literature reviews and case studies. Stud-
ies were additionally excluded if most participants did not
fall within the selected age range or if they were childhood
and/or older cancer survivors. Articles that did not provide
a clear number of cases or covered only a partial period that
did not align with our systematic review as well as expert
opinions, hand-searched sources, conference proceedings,
articles, and letters to the editor were excluded.

Study selection

All results obtained from the database search were com-
piled in EndNote (Clarivate Analytics, PA, USA). Dupli-
cate articles were first removed from the software and then
manually checked by the two independent reviewers (MV
and ZA). In the initial phase of the study, the two independ-
ent reviewers assessed the titles, abstracts, and keywords to
determine whether the studies met the criteria for inclusion.
All abstracts that did not meet the inclusion criteria were
rejected. Any study that was considered relevant or provided
incomplete information (as reviewed by the abstracts) was
included in the articles for full-text review. A third reviewer
(AV) followed the same procedure and assessed study eli-
gibility using the same standardized approach. After the
third reviewer independently agreed with the results, any
differences were discussed and resolved among all authors,
resulting in a final consensus.

Data extraction and quality assessment process
and items

Two authors (MV and ZA) independently reviewed 123
full-text articles screened for eligibility and then extracted
data for the included studies, including author, year of

publication, country of study, sample size, age of partici-
pants, and type of cancer. Subsequently, to achieve our main
objective, i.e., to compile the PA and diet interventions in
AYA cancer survivors and their qualitative characteristics,
we extracted the following: study design, intervention type
and duration, main objectives, and detailed descriptions of
intervention content. Data from each study was summarized
and aggregated. Meta-analysis was deemed not possible
because of the wide variation of outcome measures used
within the included studies.

The Cochrane risk of bias (RoB) assessment was con-
ducted using the Cochrane RoB 2 tool specifically designed
for Randomized Controlled Trials (RCTs) [33]. The assess-
ment of each domain involved categorizing it as having “low
RoB,” “some concerns,” or “high RoB.” After individual
domain assessments, studies with only one out of five risk
domains receiving a “some concerns” judgment were clas-
sified as having “low RoB.” Studies with two or more “some
concerns” judgments were designated as having an overall
assessment of “some concerns.” Studies with one domain
assessed as “high RoB” were categorized as having an over-
all assessment of “high RoB.” The risk of bias (RoB) for
each study was evaluated by two authors, with any discrep-
ancies resolved through negotiation.

Results
Study selection

Figure 1 for the PRISMA flow diagram of the study selec-
tion process. The search strategy initially identified 1334
records, and 22 were included in the final review.

Table 1 for an overview of the study characteristics of
included studies and Table 2 for characteristics of interven-
tion types and outcomes. Most studies (20/22) were pub-
lished between 2015 and 2022, with one study published in
2014 and one in 2013. The sample size ranged from 7 to 280
participants. Typically, participants were between 30 and
34 years of age. However, there was one study that recruited
adolescent cancer survivors younger than 18 years of age.
The three most common cancer diagnoses were lymphomas
14%, breast cancer 13%, and leukemia 10%. One study spe-
cifically recruited hematopoietic cell transplantation (HCT)
survivors. A summary of the distribution of cancer types
from the articles included in this review can be accessed in
Table 1. Thirteen studies were randomized controlled trials,
five were pre-post studies, one prospective descriptive sin-
gle cohort study, one observational prospective two-group
parallel study, one longitudinal prospective study, and one
mixed-method study.

Most studies included in this review sought to explore
the feasibility and acceptability of physical activity (PA)
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o Records identified through Records found through
8 database (PubMed, Scopus, other sources (n =0)
< 3
S Google Scholar, Science
% Direct) searching (n =1334)
S
Records after duplicates removed (n
=1035)
g
=
8
3
175)
Records screened (n =1035) Records excluded (n = 912)
Full-text article excluded with reasons (n = 101)
= Adult cancer survivors = 18
= Full-text articles assessed for Childhood cancer survivors = 15
B eligibility (n = 123) Children and AY As in treatment = 10
= No PA or Diet intervention = 28
Review paper or Study protocol = 11
Conference Abstracts =1
Not within 2012 - 2022 =3
Qualitative data only = 2
Thesis =9
NR age =2
o — : - Experts’ opinion = 2
& Studies included in review
é (n=22)

Fig. 1 Flow diagram of the screening process

interventions in adolescent and young adult cancer survi-  objective, studies examined the effects of PA as well as diet
vors (AYAs). Dietary interventions were combined with  interventions on health-related outcomes such as quality
PA interventions; however, none of the included studies  of life, fatigue, physical and mental health, and physical
involved exclusively diet as an intervention. As a secondary  functioning.
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Table 1 Overview of included studies

Number
of stud-
ies

Characteristics Categories

[O%}

Country USA
Norway
Canada
Australia
Germany
Year of publication 2013
2014
2015
2016
2017
2019
2021
2022
Sample size <25
26-50
51-75
76-100
>101
Age <18
18-24
25-29
30-34
35-39
Breast cancer

—_ W = N R = OO W00 W= = =N RN =

—_ -
) w

Cancer type

—_

Lymphomas
Leukemia

Testes cancer

Head and neck cancers
Gynecological
Colorectal cancer
Gastric cancer
Hematologic malignancies
Thyroid cancer
Ovarian cancer
Sarcoma

Solid tumors

Soft tissue sarcoma
Rhabdomyosarcoma

Biphasic peritoneal mesothelioma

NN NN NN W WA U i 9 0 0 O —

Osteosarcoma

Risk of bias assessment

RoB evaluations for every study are summarized in Fig. 2.
Overall, the judgments exhibited a “low” risk of bias. The
designation of “some concerns” was assigned only to two
studies [54],Wurz et al. 2019).

PA and diet interventions

Physical activity (PA) interventions were mainly aerobic and
resistance training and were individualized interventions.
A high number of PA and diet interventions occurred in-
person or in combination with online sessions, some studies
involved exclusively online PA sessions too. In designing
PA interventions, some studies employed health-behavior
theories [52, 54],Lynch et al., 2016; [48] such as Social Cog-
nitive Theory, while others [35, 36, 39] used a theoretical
framework based on self-determination theory.

Diet interventions

A small minority of these studies comprised both diet and
PA interventions. To explore both the feasibility as well as
the motivational processes underlying Fruit and Vegetable
consumption (FV) and physical activity, Price and Bru-
net designed a 12-week telehealth behavior change inter-
vention for rural-living young adult cancer survivors [35,
39]. Participants met once a week with a health coach via
teleconferencing,in both studies, a semi-structured inter-
view took place post-intervention. Participants self-reported
higher engagement with an increase in minutes of moderate-
to-vigorous intensity PA (MVPA) per week post-interven-
tion than pre-intervention and higher FV consumption per
day post-intervention than pre-intervention [39]. In the sub-
study, qualitative analysis demonstrated that the intervention
enabled autonomous motivation and behavioral persistence
in this population of young cancer survivors [35]. Simi-
larly to these studies, Lynch et al. [46] tested the feasibility,
efficacy, and safety of a 1-year long web-based weight loss
intervention in young adult cancer survivors. The interven-
tion compromised an exercise component, a healthy compo-
nent with an introduction to dietary and lifestyle changes,
and health lessons with various topics such as how to follow
a healthy habit [46]. Upon completion of this web-based
weight loss intervention, a 5.3% clinically significant loss in
body weight was observed at 12 months [46]. Following the
same combination of PA and Diet interventions, but with a
different format, DeNysschen et al. [11] explored an 8-week
in-person exercise and nutrition education program for AYA
cancer survivors. With the goal of enhancing various areas
of health-related fitness (i.e., cardiovascular endurance),
wrist-based activity trackers were used, and QoL, fatigue,
and physical activity self-efficacy were assessed at baseline
and post-intervention too. Nutrition education sessions were
also led by a Registered Dietician (RD) [11]. Significant
improvement in fatigue, QoL, and areas of health-related fit-
ness were observed, and additionally, significant differences
in nutritional knowledge were observed post-intervention,
but not in dietary intake [11].
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Fig. 2 Risk of bias assessment
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PA interventions and rehabilitation

Drawing from rehabilitation research, Smith et al. [44]
designed an 8-week, group-based, goal-oriented rehabili-
tation program (ReActivate) and tested its feasibility and
its effect on physical and mental health, physical function-
ing, and occupational performance in AYA cancer survi-
vors. The program consisted of 1 h of supervised PA per
week followed by 1 h of education or self-management ses-
sions and peer support. The results revealed a significant
increase in physical functioning, health-related quality of
life, program evaluation, and self-perception of performance
and satisfaction. Similarly, Hauken et al. developed a com-
plex rehabilitation program that involved 3 weeks of resi-
dential rehabilitation with 1-week follow-up visits after 3
and 6 months to examine the health-related quality of life
(HRQOL) and physical capacities of YACS [51, 53]. Dur-
ing the PA intervention, the individual workout sessions
were supervised by a physiotherapist, whereas the strength
based-sessions, physical fitness, coordination, body aware-
ness, and relaxation took place in a group [51]. Equally as
Smith et al., health-related quality of life revealed a signifi-
cant increase in overall HRQOL post-intervention. In addi-
tion, functional dimensions were also significantly better and
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fatigue significantly decreased [51]. Hauken et al. [53], with
the use of the same rehabilitation program, explored whether
this intervention would increase AYA cancer survivors’ par-
ticipation and documented their experiences and thoughts
regarding this goal-oriented experience. Participation did
increase when considering rehabilitation programs for young
cancer survivors, and coping and control were believed to be
an important factor during the goal-oriented process [53].

Social media networking sites (SNS)-based and eHealth PA
interventions

Valle et al. (2023) proposed the IMproving Physical Activity
after Cancer Treatment (IMPACT) trial, where they assessed
a mobile 6-month PA intervention on total PA minutes/week
as well as MVPA, light PA, steps, and sedentary (ST) behav-
iors in YACS. The difference between the intervention group
(IMPACT) and the self-help group was that the former along
with a series of digital tools and an individual video ses-
sion additionally received a 6-month program that included
behavioral lessons, Facebook prompts, tailored feedback
and text messages, and adaptive goal setting (Valle et al.,
2023). The intervention did not produce significant differ-
ences in total, between PA groups; however, an increase in



Supportive Care in Cancer (2024) 32:342

Page130f 19 342

MVPA in favor of the IMPACT group was detected (Valle
et al., 2023). Another Facebook-related PA intervention was
developed by Johnson et al. [36], with the aim of increasing
daily steps. Researchers created a 12-week Fitbit Flex and
Facebook study,the intervention group received a PA tracker
(Fitbit Flex), weekly individualized goal setting (conducted
by text (primarily) or phone), access to a Facebook group for
reflection and discussion, the option to choose a PA “buddy,”
and finally text messages to fulfill basic psychological needs
[36]. Findings revealed a significant reduction in mean
ST behavior from baseline to follow-up between the two
groups. Moreover, participants who were “very engaged”
on Facebook had an average lower minutes per day of ST
in comparison with the “not engaged” ones [36]. Staying
on social media networking sites (SNS)-based PA interven-
tions, Valle et al. designed a 12-week Facebook (FITNET)
intervention to enhance levels of MVPA in YACS and inves-
tigated whether changes in social cognitive theory constructs
(self-efficacy, social support, and self-monitoring) will act
as mediators between the intervention and the changes in
PA [48, 52, 54]. An increase in MVPA was found albeit
non-significant for the FITNET group, and social support
from friends and self-monitoring and changes in moderate-
to-vigorous PA were positively associated for both groups
[52, 54]. Taking into consideration the observed high level
of Facebook engagement, with over 84% of participants
engaged to some degree, and the lower levels of ST behavior
in Johnson et al., along with the potential increases in MVPA
in Valle et al., reveal that social media-based PA intervention
can potentially facilitate improvements in health behavior
and change among AYA cancer survivors.

Similarly to Valle et al., another study that was included
used Fitbit and created an eHealth intervention with charity-
based incentives to raise PA levels among young adult can-
cer survivors [40]. Both groups (PA alone and PA + Char-
ity) had to accomplish a specified number of daily steps,the
PA + Charity group could additionally earn money to spend
on charities of their choosing every time they reached their
step goal [40]. The PA + Charity group was significantly
more motivated to exercise, more satisfied with the pro-
gram, and demonstrated a significant increase in daily steps
in comparison to the PA-alone group [40].

Outdoor and indoor PA interventions

A Green Exercise program was developed by Miller et al.
[41] to compare physical activity and fatigue levels through-
out indoor and outdoor exercise sessions in AYA cancer sur-
vivors, and this was a RCT crossover group trial,one group
finished first with the indoor sessions and then started the
outdoor sessions, whereas the other group started with out-
door followed by indoor sessions. Findings revealed a signif-
icantly higher intensity in exercise during outdoor sessions

compared to indoor sessions among AYAs. As for fatigue,
exercise motivation, and physical activity measures, there
were no statistically significant differences in the weeks fol-
lowing indoor exercises in comparison with outdoor sessions
[41]. Outdoor activities were also used in Grill et al. (2016)
during a 7-day adventure therapy camp to improve PA lev-
els in young adult cancer survivors; sedentary behavior and
PA correlates such as PA variety, exercise self-efficacy, and
perceived barriers to exercise were used. After 1 week and
during the 3-month follow-up, the camp group demonstrated
a significant increase in physical activity levels compared to
controls; they also spent significantly less time sitting and
watching television when measured after 1 week but not at
follow-up (Grill et al., 2016). Considering PA correlates, a
significant decrease in perceived barriers was spotted, and
for instance, a small but significant reduction in excuses was
revealed for the camp group after 1 week but once again not
at follow up (Grill et al., 2016).

Resistance training for hematopoietic cell transplant
survivors (HCT)

A 12-week combined in-person and remote study by Ketterl
et al. [43] explored a resistance training (RT) intervention
for hematopoietic cell transplant survivors (HCT) during the
early post-HCT period. This intervention primarily aimed
at enhancing lean body mass (LBM) deficits and metabolic
fitness in HTC survivors,a progressive program where
participants had to exercise for 2 to 3 days per week [43].
Findings indicated that LBM was either stable or increased
at 12 weeks, and at the 1-year follow-up, participants also
reported that the intervention was enjoyable and that they
would recommend it to a friend or an HCT survivor [43].

Other PA interventions

A population of AYA cancer survivors who have recently
completed their cancer treatment participated in a 10-week
exercise program consisting of progressive aerobic and
resistance exercise with the aim of enhancing their cardi-
orespiratory fitness (VO2,.,,), levels of fatigue, and quality
of life [37]. There was indeed a significant enhancement in
VO2,,, at 10 weeks for the intervention group compared to
controls, but this did not continue at 6 months follow-up thus
fatigue and quality of life did not present significant changes
between groups [37]. Researchers inferred that this exercise
program can potentially accelerate improvement in cardi-
orespiratory fitness following cancer treatment,however, to
sustain this effect, a maintenance program might be helpful
[37]. Moving on to another PA intervention, Salchow et al.
[38] examined the effect of a counseling-based PA program
focusing on improving vigorous physical activity behavior
among AYAs. Sixty-minute individualized PA interviews
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were conducted (intervention group), and the primary goal
was defined as > 9 MET hours per week of vigorous activ-
ity [38]. The results did not indicate a significant difference
between the intervention and the control group on >9 MET
hours per week of vigorous activity; hence, the researchers
concluded that this counseling-based PA program did not
have a significant impact on PA levels among AYAs [38].

Furthermore, Wurz et al. (2019) investigated the impact
of a 12-week PA intervention with four weekly PA sessions
focusing on aerobic and strength training; the aerobic train-
ing was unsupervised, whereas the strength training was
supervised by a certified exercise physiologist during the
first 6 weeks and unsupervised for the final 6 weeks. Partici-
pants were faced with challenges in integrating PA into their
daily lives for instance, due to busy schedules or difficulties
in planning. Furthermore, the transition from supervised to
unsupervised training was deemed difficult for them (Wurz
et al., 2019). Rabin [47] also explored potential barriers that
survivors come to face when considering daily exercise.
They inferred that 27% of barriers are categorized as either
schedule-related, health-related, psychological, or weather-
related barriers among AYA survivors. As a result, PA inter-
ventions should be adjusted in overcoming challenges if they
are to improve physical activity in this targeted population
(Wurz et al., 2019). For instance, Rabin et al. [50] combined
exercise with meditation and found a significant increase
in PA post-treatment for the intervention group, along with
enhanced fitness levels and better mood.

Executive functioning tasks and PA intervention

Waurz et al. [42] conducted a proof-of-concept sub-study and
explored executive functioning tasks (EF) and neural activity
changes upon completion of a PA intervention in AYA can-
cer survivors. Their findings suggest that PA may potentially
lead to better neural activity in areas of the brain that are
responsible for working memory, planning complex move-
ments, cognitive control, motor control, response inhibition,
and decision making [42]. This is the only study included in
this review that paired neural activity and PA activity among
AYA cancer survivors as well as their suggested implications
for this population.

Feasibility and acceptability of PA and Diet
interventions

Overall, studies included in this systematic review demon-
strated that PA and diet interventions were both feasible and
acceptable among adolescent and young adult cancer sur-
vivors. The high retention rates of each study showed that
most participants accepted the interventions. For example,
the retention rate was 59% at 6 and 49% at 12 months in
Lynch et al. [46], 94% in Wurz et al. (2019), and 77% in

@ Springer

Rabin et al. [50]. Moreover, there was only a 10% attrition
for the primary outcome assessment at 10 weeks in Atkin-
son et al. [37], and 89% of participants in Ketterl et al. [43]
completed the weekly coaching phone calls and reportedly
did a median of two exercise sessions per week. In terms of
satisfaction, participants reported that they would recom-
mend this RT intervention to a friend or a HCT survivor
and shared that they enjoyed the intervention [43]. Addi-
tionally, the eHealth intervention by Keadle et al. [40] was
acceptable and was deemed satisfying by both groups with
the PA 4 Charity group being sig. more satisfied with the
program compared to PA alone. In Price and Brunet [39],
the subjects believed that the duration of the intervention
was sufficient for developing habits and routines for PA and
FV consumption. Certain barriers were also reported by
participants that can potentially hinder their daily physical
activity. Rabin [47] identified the following barriers: com-
peting family or work demands (62.5%), a general lack of
time (50%), health issues (43.8%), and pain (28.1%). Grill
et al. (2016) found that after a 7-day adventure therapy camp
experience, the perceived barriers presented a significant
decrease for the intervention group and participants made
significantly less excuses, and still, this effect did not persist
at the 3-month assessment. Considering goal setting, AYAs
reported difficulty in setting realistic and specific PA goals
and prioritizing them. Nevertheless, the authors reported that
the structure of the rehabilitation program facilitated and
helped participants during this process [53]. In Wurz et al.
(2019), participants felt that the transition from supervised
to unsupervised training sessions was challenging. Hence,
taking into careful consideration the specific methods used
in these interventions is ultimately a necessary step before
they are deemed feasible and acceptable (Wurz et al., 2019).

Discussion

The aim of the present review was to study in a systematic
way the interventions around PA and diet and their effective-
ness for AYAs cancer survivors, to reveal the knowledge
regarding the essence of health behaviors such as PA and
diet in this distinct subgroup among oncology patients, and
also to critically evaluate the existing literature, the gaps,
and its limitations. For this reason, a systematic review of
the existing literature was carried out seeking data to identify
and map PA and diet and nutrition interventions in the target
group of AYA cancer survivors and secondarily to exam-
ine their qualitative characteristics. The studies included
in this review focused mainly on examining the feasibility
and acceptability of physical activity (PA) interventions for
adolescent and young adult (AYA) cancer survivors while
also exploring the potential impact of these interventions on
health-related outcomes as a secondary objective.
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Regarding the first aim, we identified studies that exam-
ined a type of PA and/or diet intervention among AYA
cancer survivors. Considering PA interventions, the stud-
ies exhibit a high degree of heterogeneity which is consist-
ent with the findings of the earlier systematic review by
Munsie et al. [15] and the scoping review of Caru et al.
[55]. These reviews noted that PA intervention studies
conducted among AYA cancer survivors exhibit a wide
range of variations in factors such as study design, types
of PA interventions used, and primary goals. This lack
of uniformity makes it difficult to make direct compari-
sons among these studies. Nonetheless, drawing from the
included studies certain patterns did arise. For instance,
in terms of the modality of the interventions, most of the
studies included in this review used at least one form of
digitally based PA interventions (Facebook-based, telecon-
ferencing, mobile app, Fitbit trackers, mHealth interven-
tion). One advantage in the use of digitally based inter-
ventions is that they provide an accessible and easy way
of applying health behavior change, particularly, among
rural-living young cancer survivors [35, 39]. Furthermore,
when social media networking sites (SNS)-based PA inter-
ventions were combined with charity-based incentives,
greater physical activity was observed in AYA cancer sur-
vivors [40]. Valle et al. (2017) additionally inferred that
by examining the ways in which AYAs interact with each
other during a SNS-based PA intervention can inform us
about the shared experiences that these young people face
and facilitate improvements in health behavior change.
These types of interventions might be designed to pro-
vide information to prompt adherence to intervention, to
connect AYA survivors with peer support, and to replace
face-to-face counseling. Their role widely varies, there-
fore deciding beforehand the targeted research areas is a
crucial step in the design of digital health interventions
[56]. When evaluating outdoor and indoor PA sessions,
Grill et al. (2016) demonstrated that after spending 5 to
7 h in an outdoor adventure activity, there was a signifi-
cant reduction in sedentary behavior and an increase in
PA levels for the camp group. Analogously, Miller et al.
[41] revealed a higher PA intensity when AYAs exercised
outdoors compared to indoors. Another common theme
was that nearly half of the included studies consisted of
follow-up assessments, as was signified in Hauken et al.
[51], consistent follow-up assessments are crucial in reha-
bilitation programs after cancer treatment. In adopting a
follow-up assessment, researchers can observe whether
the early positive effects continued in the long-run and
were adopted by AYA cancer survivors as a more perma-
nent healthy way of living. Social support was found to
be potentially linked to enhanced PA outcomes. Drawing
from Social Cognitive Theory (Badura, 1986), Valle et al.
[54] found positive associations for both groups (FITNET

and self-help group) between social support from friends
and self-monitoring and changes in MVPA. Likewise, as
participants in a telehealth intervention built their confi-
dence levels, feelings of connection and engagement in
physical activity with others appeared [35]. Henceforth,
competence is related to feelings of sharing the same goal.
The gaps in the existing literature are even greater regard-
ing diet interventions for this specific group of cancer
survivors. More specifically, only few studies used in this
systematic review examined nutrition or diet among AYA
cancer survivors [46],De Nysschen et al., 2021; [35, 39],
with nutrition being formally part of the overall interven-
tion. However, their results were quite promising showing
a significant weight loss post-intervention [46, 54] and
significant differences in nutrition knowledge through
healthy choices, a better understanding of nutrition labels,
and detecting of saturated fat (De Nysschen et al., 2021).
Similarly with the previous results, Campbell et al. [57]
also demonstrated the efficacy of a lifestyle intervention
based on the Diabetes Prevention Program and found an
average weight loss of 3.8 +5.0 kg and a decrease in body
mass index, percent body fat, and waist and hip circum-
ferences at 24 weeks among early-stage breast cancer sur-
vivors. Reflecting on these findings, evidence shows that
childhood cancer survivors experience excessive weight
gain early in treatment and risk developing cardiovascular
diseases,hence, Zhang, Kelly, and Must [58] emphasized
the importance of healthy lifestyle choices starting as early
as cancer treatment begins, to try and diminish these risks.

Included studies in this systematic review examined
potential barriers that AYA cancer survivors come to face in
their effort to increase PA activity. For example, Grill et al.
(2016) observed a significant decrease in perceived barriers
(i.e., excuses) for the intervention group compared to con-
trols; nonetheless, this slight reduction did not emerge when
conducting the follow-up assessment. Wurz et al. (2019) also
discovered that the participants’ busy schedules or difficul-
ties in planning were seen as obstacles in the integration of
PA into daily living. Similarly, Rabin [47] who evaluated
barriers to exercise experienced by young adult cancer sur-
vivors inferred that 27% of barriers were schedule-related,
health-related, psychological as well as weather-related bar-
riers. Previous studies such as Wu et al. [59] have found that
facilitators of exercise and healthy eating included social
relationships or cognitive motivators, whereas factors that
hindered participation were lack of resources, negative
thoughts and feelings, and negative social and environmental
influences. They also underlined the importance of taking
into consideration the desire for social support when devel-
oping interventions for young cancer survivors [59]. Having
been diagnosed with cancer as a young individual (adoles-
cent and young adult) can potentially create a distance from
other people when one must deal with a series of challenging
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events from diagnosis to treatment and then to rehabilitation,
and for this reason, social support can justifiably facilitate
better health outcomes during PA and Diet interventions.
One of the strengths of this systematic review was the
inclusion of high-quality research articles (n =13 RCTs)
which provided the opportunity for an in-depth qualitative
analysis of findings and the emergence of helpful themes in
PA and diet interventions among AYA cancer survivors. As
far as we know, this is also the first review that systemati-
cally identified and synthesized the most current and updated
PA and diet interventions for this target group within the
chosen time range. At the same time, due to the heterogene-
ity between the characteristics of the interventions included
in this review, a meta-analysis was deemed not possible, and
consequently, a statistical synthesis of the included findings
was not conducted. Another limitation of this review is the
specific time range (2012-2022); it is possible that by having
an unlimited time range scientifically interesting patterns
might have arisen. Some limitations regarding these stud-
ies were the high number of female participants as opposed
to male, the high number of certain types of cancer (i.e.,
breast cancer), the lack of control groups in certain studies,
the lack of diversity in terms of location (the majority were
conducted in the USA), and finally the small samples sizes.

Conclusion

The current systematic review has shown the diverse spec-
trum of physical activity (PA) and diet interventions that
have been conducted in adolescent and young adult cancer
survivors (AYA) during the selected time frame. These were
deemed feasible, acceptable, and well-adhered by AYAs.
There are still large gaps in knowledge in the designing
and implementation of these types of interventions. Higher
recruitment and retention rates, bigger sample sizes with
diverse ethnic groups, and various cancer diagnoses should
be implemented in the design of these interventions. Social
support and ways to overcome barriers faced by AYAs will
enable more active participation in physical activity. The
utmost goal is a formal PA and Diet intervention plan for
AYA survivors, but to succeed in this, more research needs
to be conducted to fill in the existing gaps.
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