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Introduction

Nearly 84,000 young adults, ages 18–39, are diagnosed with 
cancer in the US annually [1, 2], and there is high demand 
for physical activity (PA) interventions among young adult 
cancer survivors (YACS) [3, 4]. Given the benefits of regu-
lar PA for cancer survivors, including improved fitness and 
health-related quality of life (HRQOL) [5], it is critical to 
address these needs among YACS who may face several 
decades at risk for long-term and late effects of cancer 
[6]. Yet few PA interventions have been designed for and 
evaluated among YACS [4, 7]. Most have been short-term 
pilot studies among small samples and demonstrated mixed 
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Abstract
Purpose  This study explored whether sociodemographic and health-related characteristics moderated mHealth PA interven-
tion effects on total and moderate-to-vigorous physical activity (MVPA) at 6 months, relative to a self-help condition among 
young adult cancer survivors (YACS).
Methods  We conducted exploratory secondary analyses of data from a randomized controlled trial among 280 YACS. All 
participants received digital tools; intervention participants also received lessons, adaptive goals, tailored feedback, text 
messages, and Facebook prompts. Potential moderators were assessed in baseline questionnaires. PA was measured at base-
line and 6 months with accelerometers. Linear model repeated measures analyses examined within- and between-group PA 
changes stratified by levels of potential moderator variables.
Results  Over 6 months, the intervention produced MVPA increases that were ≥ 30 min/week compared with the self-help 
among participants who were males (28.1 vs. -7.7, p = .0243), identified with racial/ethnic minority groups (35.2 vs. -8.0, 
p = .0006), had baseline BMI of 25–30 (25.4 vs. -7.2, p = .0034), or stage III/IV cancer diagnosis (26.0 vs. -6.8, p = .0041). 
Intervention participants who were ages 26–35, college graduates, married/living with a partner, had a solid tumor, or no 
baseline comorbidities had modest MVPA increases over 6 months compared to the self-help (ps = .0163-.0492). Baseline 
characteristics did not moderate intervention effects on total PA.
Conclusions  The mHealth intervention was more effective than a self-help group at improving MVPA among subgroups of 
YACS defined by characteristics (sex, race, BMI, cancer stage) that may be useful for tailoring PA interventions.
Implications for cancer survivors  These potential moderators can guide future optimization of PA interventions for YACS.
ClinicalTrials.gov identifier  NCT03569605.
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effects [8–13], and there is limited evidence to inform the 
development and optimization of PA interventions that are 
tailored to YACS’ unique contexts and preferences [7]. 
There is a need to identify moderators of PA intervention 
effects, which can guide intervention tailoring for YACS 
[13] and expand our understanding of subgroups of YACS 
for whom, and under what conditions, various intervention 
approaches may be effective.

Previous studies examining moderators of exercise 
training effects among cancer survivors have focused on 
HRQOL [14–19] and exercise training outcomes (e.g., aero-
bic fitness, body composition) [16–18, 20, 21], older popu-
lations [14], and patients in treatment [16, 17, 22]. Most of 
these studies evaluated supervised exercise interventions 
and have yielded inconsistent findings. Variables previously 
identified as moderators of exercise intervention effects on 
HRQOL have included age [16, 17, 20, 23], ethnicity [19], 
marital status [14, 16, 17], time since diagnosis [14, 24], and 
history of chemotherapy [23]. To date, limited research has 
explored moderators of PA interventions among cancer sur-
vivors [24–26], and little is known about sociodemographic 
and health-related characteristics of YACS that may moder-
ate response to PA behavior change interventions [4].

Technology has enabled delivery of theory-based 
mHealth PA interventions, which are responsive to YACS’ 
preferences and enhance potential for scalability. Few stud-
ies have examined moderators of theory-based PA interven-
tions aimed at promoting behavior change and adherence to 
PA among cancer survivors [23, 24, 27–30]. These studies 
primarily have focused on breast cancer survivors and have 
reported age [23, 28], marital status [24, 27, 28], time since 
diagnosis [24, 27], cancer stage [27, 28], cancer treatments 
[23, 24, 27], and psychosocial factors [28–30] as modera-
tors of interventions effects on PA behaviors [24, 28–30] 
and HRQOL outcomes [23, 24, 27]. Interventions have 
demonstrated greater benefits on moderate-to-vigorous PA 
(MVPA) among breast cancer survivors who were older 
[28], married [24, 28], further from diagnosis [24], and had 
a lower cancer stage [28]. Overall, there is limited evidence 
regarding moderators of digital PA intervention effects in 
cancer survivors, and these have yet to be examined among 
YACS.

We previously reported that both a theory-based mHealth 
PA intervention and self-help group improved accelerome-
ter-measured MVPA over 6 months in a nationwide sample 
of YACS [31]. Although findings indicated no between-
group differences in total PA changes at 6 months (primary 
outcome), intervention participants increased MVPA by 
twice as much as self-help participants (24.7 vs. 11.4 min/
week), and baseline MVPA was a moderator of intervention 
effects, such that intervention effects on MVPA were more 
pronounced among those starting with low levels of MVPA 

(i.e., 1–30 min/week) [31]. As we were interested in identi-
fying other potential moderators of intervention effects, the 
purpose of this study was to explore whether intervention 
effects on post-intervention outcomes over 6 months (total 
and MVPA) differed across sociodemographic (e.g., age, 
sex, race) and health-related variables (e.g., cancer treat-
ment, time since diagnosis). To our knowledge, this is the 
first study to explore moderators of PA intervention effects 
among YACS. Given the exploratory aim of the current 
study, we examined sociodemographic and health-related 
variables based on previous research indicating that they 
moderated intervention effects on adherence to PA behav-
iors [24, 28].

Methods

Study design

We conducted a secondary exploratory analysis using data 
from the IMproving Physical Activity after Cancer Treat-
ment (IMPACT) trial, a 12-month randomized controlled 
trial of an mHealth PA intervention among YACS. Details 
on the study protocol and interventions have been pub-
lished [31–33]. The primary aim of the intervention was 
to increase accelerometer-measured total PA minutes/week 
at 6 months, and a secondary aim was to increase MVPA. 
Comparisons of study groups on total PA and MVPA at 6 
and 12 months were previously reported [31, 33]. The cur-
rent study explored whether baseline characteristics mod-
erated intervention effects on accelerometer-measured total 
PA and MVPA at 6 months (primary timepoint post-inter-
vention) relative to the self-help condition.

Participants and procedures

A total of 280 YACS were recruited from around the US. 
Baseline characteristics of the sample and details on recruit-
ment approaches were previously reported [31, 32, 34]. 
All participants were YACS, ages 18–39, diagnosed with 
cancer ≤ 10 years, post-treatment, and engaging in less 
than recommended levels of PA for cancer survivors (i.e., 
< 150 min/week of MVPA; measured by accelerometer). All 
participants provided informed consent via an online ques-
tionnaire. Following completion of baseline assessments of 
sociodemographic, health-related and PA measures, partici-
pants were randomized to either an intervention or self-help 
condition. Participants completed additional PA assess-
ments at 6 months. All study procedures were reviewed and 
approved by the Oncology Protocol Review Committee and 
Institutional Review Board of the University of North Caro-
lina at Chapel Hill.
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Study interventions are detailed elsewhere [31, 32]. 
Briefly, all participants received digital tools (i.e., activity 
tracker (Fitbit, San Francisco, CA), smart scale (BodyTrace, 
New York, NY)), an individual videochat session, and 
access to arm-specific closed Facebook group. Addition-
ally, over the study period, intervention group participants 
had access to a mobile website with weekly activity goals 
that adapted to individuals’ recent PA behaviors, behavioral 
lessons (weekly in months 1–3, biweekly in months 4–6, 
bimonthly in months 7–12), tailored feedback (weekly in 
months 1–6, bimonthly in months 7–12), and publicly avail-
able web resources. Intervention participants also received 
text messages (5 per week in months 1–6, 1 per week in 
months 7–12) and prompts to engage within the arm-spe-
cific Facebook group (≤ 5 per week).

Measures

Minutes/week of total and MVPA were assessed at base-
line and 6 months with accelerometers (ActiGraph GT3X+, 
Pensacola, FL) as described previously [31, 32]. YACS were 
asked to wear accelerometers continuously for 7 days; wear 
was valid if the participant had ≥ 4 days with ≥ 10 h of wear 
and at least one weekend day [35]. Accelerometer-measured 
minute-level total (light, moderate, or vigorous intensity) 
and MVPA data were used to derive ≥ 10-minute bouts using 
a standard algorithm [36, 37], and total and MVPA minutes/
week were calculated [(5*weekday average) + (2* weekend 
day average)]. We used bouts as pre-specified in our study 
protocol [32], which was established prior to PA guidelines 
that removed the 10-minute bout requirement [38]. Data on 
sociodemographic and health-related variables were col-
lected during screening or in baseline questionnaires.

Moderators

Sociodemographic variables collected through online 
screening questionnaires included date of birth (used to 
calculate baseline age:18–25, 26–35, 36–<40), sex, race, 
ethnicity, and residence (rural/urban). Participant zip codes 
were used to classify urbanization level of residence using 
2013 Rural-Urban Continuum Codes (RUCC; 1–3 rural, 
4–9 urban). Marital status (married/living with partner vs. 
other), educational attainment (≤some college vs. ≥college 
graduate), and number of children living in their home (≥ 1 
vs. 0) were collected in online baseline questionnaires.

Health-related variables. Single-item questions during 
telephone screening asked about time first diagnosed with 
cancer, cancer type, and cancer stage. Data on cancer treat-
ments and time since end of treatments were collected in 
the baseline questionnaire (“Have you ever received any of 
the following treatments for your cancer?” chemotherapy, 

radiation, surgery, bone marrow transplant/stem cell trans-
plant, other;“When did you finish treatment for your can-
cer?”). Treatment variables were dichotomized (yes vs. no). 
Number of comorbid conditions were derived from baseline 
questions about health conditions (e.g., high blood pressure, 
diabetes, depression, thyroid disorder) and dichotomized 
as (0 vs. ≥1). Self-reported height and objective weight 
at baseline were collected through a single-item question 
and smart scales (Body Trace, New York, NY; average of 3 
weights), respectively, and used to derive body mass index 
(kg/m2) categories (underweight/normal: <25; overweight: 
25-<30; obesity: ≥30). HRQOL was assessed at baseline 
with the Medical Outcomes Study 36-Item Short Form 
(SF-36) [39, 40], which includes 36 items with 8 subscales 
(physical functioning, role limitations-physical, role limi-
tations-emotional, social functioning, pain, mental health, 
vitality, general health). Subscale components were calcu-
lated, transformed to scores from 0 to 100 (higher scores 
indicate more positive outcomes), and summed to derive 
Physical Component Summary (PCS) and Mental Com-
ponent Summary (MCS) scores. Subscale and component 
summary scores were dichotomized (< 50 vs. ≥50). The 
SF-36 has been used with YACS [8, 41] and demonstrated 
reliability and validity among cancer survivors (α > 0.70 for 
subscales) [40].

Statistical analyses

Descriptive statistics were used to summarize baseline par-
ticipant characteristics. To examine whether any of these 
characteristics moderated the effects of the intervention 
relative to the self-help group, we stratified the analyses 
by levels of the potential moderators. Within each level of 
the potential moderator, we conducted repeated measures 
analyses using generalized estimating equation (GEE) 
analyses to compare the effects of the intervention and self-
help groups on total PA and MVPA outcomes. Each model 
included the time effect, the intervention effect, and the 
interaction between the time and intervention effect; out-
comes were adjusted for accelerometer wear time. For par-
ticipants within each level of the moderator, we estimated 
PA changes over time from baseline to 6 months within 
groups, as well as differences between groups, in changes 
over time from baseline to 6 months. We chose to stratify 
the levels of the moderators instead of fitting models with 
three-way interactions to improve the interpretability of the 
results. In the results, we focus on reporting the quantity of 
these estimates and between-group differences in changes 
over time that were clinically meaningful at ≥ 30 min/week 
[42, 43], because analyses were exploratory, and this study 
was not powered a priori to detect group-time interaction 
effects within subgroups.
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(+21.6 vs. +4.3; mean difference (95% CI): +17.2 (2.1, 
32.4); p = .0254) and participants with no baseline comor-
bid conditions (+33.5 vs. +13.5; mean difference (95% CI): 
+20.0 (1.0, 39.1); p = .0395). When exploring effects by 
HRQOL variables, the intervention had greater effects on 
MVPA, compared with self-help, for participants reporting 
higher baseline scores on role limitations-physical (+29.6 
vs. +11.5; mean difference (95% CI): +18.1 (1.3, 34.9); 
p = .0346). There were within-group MVPA increases in 
the intervention group, but not the self-help, in both cat-
egories of MCS and PCS (i.e., < 50, ≥50) (between-group 
ps = .1022–.4433). Having a child at home, years since diag-
nosis, time since end of treatment, history of chemotherapy, 
history of radiation, and SF-36 subscales (role limitations-
emotional, vitality, general health) were not moderators of 
intervention effects on MVPA over 6 months.

Discussion

This study is one of the first to explore baseline sociode-
mographic and health-related characteristics as moderators 
of mHealth intervention effects on PA outcomes in YACS, 
providing evidence to enhance tailoring and optimization of 
future PA interventions for YACS. While baseline charac-
teristics did not moderate intervention effects on total PA, 
the intervention produced differential effects on MVPA over 
6 months relative to the self-help condition among specific 
subgroups. Among YACS who were males, identified as 
having an underrepresented racial/ethnic background, had a 
BMI of 25–30, or stage III/IV cancer at baseline, the inter-
vention was more favorable for promoting clinically mean-
ingful MVPA increases relative to the self-help condition. 
Additionally, those who were ages 26–35, college gradu-
ates, married/partnered, reported having a solid tumor, or 
no comorbid conditions at baseline achieved more MVPA 
when receiving the intervention compared with self-help. 
Overall, these findings indicate potential subgroups of 
YACS who may benefit from receiving digital tools alone, 
and others that may require more support from a compre-
hensive theory-based mHealth PA intervention integrating 
digital tools to achieve meaningful health benefits.

Few studies have reported on the effects of mHealth PA 
interventions among YACS. To our knowledge, one study 
has explored heterogeneity in PA intervention effects on 
outcomes by baseline PA levels among YACS. Belanger 
and colleagues [8] reported differential effects of targeted 
print materials among YACS self-reporting ≤ 300 PA min-
utes/week at baseline; YACS who received print materials 
reported significantly more PA minutes/week at 3 months 
(+ 90) compared with a control group that only received 
national PA guidelines. There are no studies of mHealth 

Results

Two-hundred eighty participants were randomized to the 
intervention (n = 140) or self-help (n = 140) group from 
August 2018-October 2019 [31, 32, 34]. The CONSORT 
diagram was presented previously [31]. At baseline, par-
ticipants were aged 33.4 (SD = 4.8) years and had been 
diagnosed 3.7 (SD = 2.4) years prior to enrollment. Most 
participants reported being females (82%), non-Hispanic 
White (77%), college graduates (71%), and married/liv-
ing with a partner (62%). Nearly half reported a stage I/II 
cancer diagnosis (49%) and having ≥ 1 comorbid condi-
tions (39%). Participants reported history of cancer treat-
ments as follows: chemotherapy (61%), radiation therapy 
(46%), and surgery (86%). Since most participants resided 
in urban locations (89%), had a history of surgery (86%), 
and endorsed more favorable health states on most SF-36 
subscales (i.e., ≥ 50; 95% physical functioning, 93% social 
functioning, 85% mental health, 83% pain), we exclude 
results related to these potential moderator variables due to 
inadequate sample sizes for each moderator subgroup.

No variables moderated intervention effects on total PA 
(Supplementary Table). Moderators of intervention effects 
on MVPA are presented in Table 1. Figure 1 displays esti-
mated change in MVPA minutes/week over 6 months for 
each group separately by potential moderator variables. 
Intervention effects on MVPA were more favorable com-
pared with the self-help group, with between-group differ-
ences ≥ 30  min/week, among males (intervention: +28.1 
vs. self-help: -7.7; mean difference (95% CI): +35.8 (4.7, 
67.0); p = .0243), participants who identified as American 
Indian/Alaska Native, Black, Asian, Hispanic or of mixed 
race/ethnicity (+35.2 vs. -8.0; mean difference (95% CI): 
+43.7 (16.5, 71.0); p = .0006), and participants with base-
line BMI of 25–<30 (+25.4 vs. -7.2; mean difference (95% 
CI): +32.7 (10.8, 54.5); p = .0034). Intervention effects 
on MVPA minutes/week were also more favorable, with 
smaller between-group differences compared with the self-
help, among participants who were ages 26–35 (+26.7 
vs. +7.8; mean difference (95% CI): +18.9 (3.1, 34.7); 
p = .0193), college graduates (+29.3 vs. +12.2; mean dif-
ference (95% CI): +17.0 (0.1, 34.0); p = .0492), or married/
living with a partner (+30.4 vs. +8.7; mean difference (95% 
CI): +21.7 (4.0, 39.4); p = .0163).

When considering baseline health-related characteristics, 
the intervention had more favorable effects on MVPA min-
utes/week, compared with the self-help group, among par-
ticipants diagnosed with stage III/IV cancer (+26.0 vs. -6.8; 
mean difference (95% CI): +32.9 (10.4, 55.3); p = .0041). 
Additionally, the intervention appeared more effective than 
the self-help group, though with smaller between-group 
differences, among participants with a solid tumor type 
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Fig. 1  Changes in accelerometer-
measured MVPA over 6 months 
by group stratified by moderators 
at baseline. Abbreviation: MVPA, 
moderate-to-vigorous physical 
activity. A Stratified by sex. B 
Stratified by race and ethnicity 
(White (non-Hispanic) vs. Ameri-
can Indian or Alaska Native, 
Asian, Black or African Ameri-
can, White (Hispanic), Multiple 
races, Other. C Stratified by body 
mass index (< 25 vs. 25-<30vs. 
≥ 30). D Stratified by cancer 
stage (I/II vs. III/IV vs. other/no 
stage). E Stratified by baseline 
age groups (18–25 vs. 26–35 vs. 
36–<40). F Stratified by educa-
tion (≤ some college vs. ≥ college 
degree). G Stratified by marital/
partner status (not partnered vs. 
married or living with partner). H 
Stratified by cancer type (not solid 
vs. solid). I Stratified by comorbid 
conditions (0 vs. ≥1 or more)
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previous trial of a PA behavior change intervention among 
breast cancer survivors [24], whereas we found that YACS 
with a college degree or higher achieved more MVPA in 
response to the intervention compared with self-help par-
ticipants. It has been established that lower education lev-
els are associated with lower PA among cancer survivors 
[48–50], with limited evidence corroborating this relation-
ship among AYAs [44, 51]. Taken together, as individuals 
with lower education levels, males, and individuals from 
racial/ethnic minority groups have been underrepresented 
in studies of PA behavior among YACS [7, 52] and in 
behavior change intervention trials in cancer survivors in 
general [53], mHealth strategies show potential to improve 
PA among these subgroups and future interventions should 
work to address the unique needs and preferences of these 
subgroups. Disparities in MVPA attainment among AYAs 
by educational attainment, race, and BMI point to the need 
for PA interventions focused on subgroups potentially 
at risk for lower MVPA (e.g., those with lower education 
levels, identify as Black, increased BMI) [44]. Future PA 
interventions should consider mHealth strategies that are 
specifically tailored to address disparities among these sub-
groups of YACS who could potentially derive greater ben-
efits from MVPA and mHealth strategies. Strategies such as 
embedding theory-based components that leverage existing 
digital tools and connected health data to provide adaptive 
PA goals, personalized feedback, or text messages that are 
tailored to individuals’ characteristics and behavioral con-
texts may be warranted.

Our study identified age and marital status as poten-
tial moderators. Although a greater intervention effect on 
MVPA among participants ages 26–35 was observed, most 
participants were in this age subgroup, thereby increasing 
statistical power to detect an effect. The sample included 
fewer emerging adults, ages 18–25; more research is needed 
to identify effective intervention strategies for YACS in this 
age range, as they are less commonly represented in behav-
ioral intervention trials [54]. Previous studies have shown 
that age may moderate the effects of PA interventions among 
breast cancer survivors, with some interventions indicating 
more benefits for older participants in improving physical 
functioning (> 57 years) [23] and strength and health scores 
(> 50 years) [20], while another showed stronger effects 
on aerobic fitness among younger participants (< 50 years) 
[16]. MVPA outcomes were more favorable among YACS 
who were married/partnered, which is consistent with pre-
vious studies of PA behavior change interventions among 
breast cancer survivors [24, 28]. This is not unexpected 
given that social relationships and social support have 
been identified as facilitators of PA in YACS [55, 56], and 
research has shown a positive association between social 
support and PA among AYAs [57].

PA interventions in YACS, nor studies with accelerometer-
measured PA outcomes in YACS, to directly compare our 
results.

Our findings provide evidence that sex and racial/eth-
nic background may be moderators of MVPA outcomes 
in response to an mHealth behavior change intervention 
designed for YACS. In the current study, YACS who iden-
tified as female or non-Hispanic White increased MVPA 
in both conditions, while males and those identifying with 
underrepresented racial/ethnic groups increased MVPA if 
they received the intervention. Most studies of PA among 
adolescents and young adults (AYAs) with cancer have 
included samples of predominantly women, with limited 
power to detect intervention effects by subgroups [7]. Con-
sistent with a large cross-sectional survey of a diverse sam-
ple of AYAs which showed that several PA preferences (e.g., 
sports participation, program delivery, exercise modalities) 
differed by sex [4], our results suggest that tailoring future 
PA interventions for YACS by sex could be beneficial. Dieli-
Conwright and colleagues have shown Hispanic ethnicity to 
be a moderator of the effects of an aerobic and resistance 
training exercise intervention, such that Hispanic breast can-
cer survivors experienced greater benefits on several mea-
sures of metabolic syndrome, physical fitness, and HRQOL, 
compared with non-Hispanic breast cancer survivors [19, 
21]. Given documented disparities in reported MVPA levels 
among AYA survivors by racial and ethnic groups [44], our 
findings show the potential for mHealth intervention strate-
gies to promote MVPA among YACS identifying with racial 
or ethnic minority backgrounds.

Notably, the intervention increased MVPA relative to the 
self-help group among participants in the overweight range 
(i.e., BMI 25–<30), suggesting that the strategies used may 
have successfully addressed some PA barriers in this sub-
group, but not among those with higher BMI. Participants 
with lower BMI demonstrated MVPA improvements in both 
conditions, while those with higher BMI did not increase 
MVPA regardless of condition and may have needed addi-
tional or alternate intervention enhancements and support. 
Baseline BMI has been shown to moderate adherence to 
prescribed exercise sessions among breast cancer survivors 
randomized to various supervised exercise regimens dur-
ing chemotherapy [45], and to moderate the effects of exer-
cise training on HRQOL among lymphoma patients [17]. 
Additionally, higher BMI has been associated with lower 
reported MVPA among AYAs [44], and both lower educa-
tional level and higher BMI have been identified as barriers 
to PA among adults with cancer [46, 47]. To our knowledge, 
other PA behavior change interventions among cancer survi-
vors have not demonstrated moderation of MVPA outcomes 
by baseline BMI or educational attainment. Education level 
was not a moderator of accelerometer-measured MVPA in a 
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This study contributes to the emerging literature iden-
tifying moderators of response to PA interventions among 
cancer survivors. Study strengths include the randomized 
controlled design, large sample size and longer duration rel-
ative to previous studies in YACS, and accelerometer-mea-
sured outcomes. These findings demonstrate the potential 
for mHealth strategies among subgroups of YACS under-
represented in research (i.e., males, racial/ethnic minority 
groups) and identified baseline characteristics for which 
further tailoring and adaptations in future PA interventions 
may be warranted. Given this was an exploratory study, 
there are several limitations. Like most previous work, 
our analyses did not account for combinations of modera-
tors that may identify subgroups who responded favorably 
to the intervention. The study had limited power to detect 
group-time interaction effects within subgroups due to large 
sample size imbalances for some moderator variables (e.g., 
baseline HRQOL scores). Our measures of cancer stage and 
comorbidities were self-reported. Finally, findings may not 
be generalizable to subgroups of YACS not represented in 
the sample, including non-English speakers or those with-
out internet access.

In conclusion, our findings on potential moderating 
variables indicate that considering baseline sex, race and 
ethnicity, BMI, and cancer stage when tailoring future PA 
interventions for YACS may be warranted. Additionally, 
further intervention enhancements or alternate strategies 
may be needed to facilitate improved PA behaviors among 
subgroups where none were observed (e.g., lower educa-
tion) as a result of the current intervention. Overall, these 
results demonstrate the potential of mHealth interventions 
to promote increased MVPA among subgroups of YACS and 
underscore the need for more highly tailored and adaptive 
interventions that are matched to participant characteristics.
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The intervention had a stronger effect on MVPA than 
the self-help condition among YACS who reported hav-
ing stage III/IV cancer. This is contrary to an evaluation 
of a PA behavior change intervention among breast cancer 
survivors, which reported no moderation of accelerometer-
measured MVPA by cancer stage [24]. We are aware of one 
previous trial that reported cancer stage as a moderator of PA 
behavior change intervention effects, with better outcomes 
on lower extremity pain and physical dysfunction among 
breast cancer survivors with lower- versus higher-stage dis-
ease [27]. However, previous studies in breast cancer and 
lymphoma patients found that supervised exercise training 
was more favorable than usual care for improving lean body 
mass among those with higher-stage, but not lower-stage 
disease [16, 17]. It is possible the intervention effects among 
YACS with stage III/IV cancer relate to better response to 
mHealth intervention strategies, which were designed to 
address PA barriers and support PA adaptations, over and 
above the digital tools available to the self-help group. This 
is notable since a systematic review demonstrated the health 
benefits of PA for advanced-stage cancer patients and the 
need for more randomized trials focused on exercise in this 
population [58]. Given our exploratory analyses and the 
smaller subgroup of participants with stage III/IV cancer, 
future replication of these findings and consideration of can-
cer stage in optimizing PA interventions may be warranted.

Greater MVPA increases, though of smaller magnitudes 
compared with self-help participants, were observed among 
intervention participants with no baseline comorbidities or 
a solid tumor type. These findings differ from a PA behav-
ior change intervention in breast cancer survivors in which 
comorbidities did not moderate effects on MVPA [24]. In 
a study of PA determinants among YACS, those reporting 
no comorbidities were more likely to report meeting PA 
guidelines [51], so it is plausible that intervention effects 
were stronger among this subgroup in the current study. 
Other studies of moderators of PA intervention effects have 
focused on survivors of individual cancer types, which lim-
its evaluation by subcategories of solid or non-solid tumors. 
A recent systematic review of 118 studies including 15 can-
cer types found that reported PA barriers, such as comorbid-
ities, vary across cancer types [59]. Overall, more research 
is needed to understand how PA intervention effects may 
vary by cancer type, treatment history, and comorbidities. 
These may be important variables to consider in future PA 
interventions for YACS as side effects, comorbidities, and 
PA barriers related to cancer type and treatments may vary 
more frequently over time. More precisely tailored and 
highly adaptive intervention strategies, such as just-in-time 
adaptive interventions that offer support only during times 
of need, could potentially address this heterogeneity.
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