
I. Introduction

The benefits of physical exercise for breast cancer (BC) pa-
tients and survivors are widely recognized. A recent meta-
analysis revealed that physical activity (PA) can reduce both 
BC mortality and overall mortality rates. Notably, women 
with BC who engage in high levels of recreational activities 
have a lower risk of all-cause mortality and BC-related death 
than those who participate in lower levels of activity [1]. 
Consistent participation in PA can help to maintain and en-
hance cardiopulmonary function, muscle strength, and can-
cer-related fatigue. It can also improve quality of life (QoL) 
and other aspects of psychological health in cancer survivors 
[2,3].
	 Since the advent of telemedicine in the 2000s, the wide-
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spread use of the internet and smartphones has spurred the 
rapid expansion of mobile health [4]. The recent coronavirus 
disease 2019 pandemic has further heightened the demand 
for digital health technologies.
	 Digital health interventions (DHIs) are defined as the use 
of technologies, including text messaging, emails, mobile 
applications, videoconferencing, social media, websites, and 
online portals, for the purpose of promoting health promo-
tion or treatment adherence [5]. The impact of DHIs has 
been widely investigated due to their immense potential in 
areas such as efficacy, cost-effectiveness, safety, and scalabil-
ity [6]. DHIs have been implemented to boost medication 
adherence, foster smoking cessation, and encourage PA [7,8]. 
They also aim to improve health outcomes for long-term 
conditions and offer remote access to treatment for individu-
als grappling with mental health and somatic issues [9,10]. 
	 Although studies have explored the effects of DHIs, the 
findings regarding their effect on increasing PA are often 
inconsistent. Roberts et al. [5] found that DHIs targeting PA 
and diet significantly increased moderate and vigorous PA 
per week and reduced body mass index (BMI) among cancer 
survivors, irrespective of the type of cancer. More recently, 
Singleton et al. [11] carried out a systematic review and 
meta-analysis on health interventions using electronic tech-
nologies for BC patients. However, only three studies focus-
ing on PA-related patient-reported outcomes were included 
in the review. It has been reported that these individuals are 
at risk of maintaining sedentary behaviors following a BC di-
agnosis and often do not adhere to the appropriate PA level 
recommended by expert-developed health behavior guide-
lines [12]. Despite this, research findings suggest that PA is 
beneficial for BC patients undergoing active treatments and 
for survivors who have completed treatments [2,3]. Given 
the importance of improving PA to maximize treatment ef-
fects and various aspects of positive health outcomes, it is 
crucial to gain a clear understanding of the impact of digital 
PA interventions. Therefore, this study conducted a system-
atic review and meta-analysis to evaluate the effects of digital 
PA interventions provided for BC patients and survivors on 
improving PA and QoL.

II. Methods

This systematic review and meta-analysis adhered to the 
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) 2020 guidelines [13].

1. Eligibility Criteria
Studies were considered eligible for inclusion if they satisfied 
the following criteria: (1) the subjects were patients or sur-
vivors over the age of 18 who were either undergoing or had 
completed active treatments such as surgery, chemotherapy, 
and/or radiotherapy following a BC diagnosis; (2) the study 
compared digital PA interventions in BC patients or survi-
vors with a contemporaneous control group (which could 
include conventional or no intervention). Digital PA inter-
ventions were defined as those utilizing the internet, mobile 
applications, text messaging, email, videoconferencing (e.g., 
Skype), social media, websites, or online patient portals to 
encourage PA; (3) the study was a randomized controlled trial 
(RCT) or employed a quasi-experimental design, and was 
published in English or Korean in a peer-reviewed journal; (4) 
the study’s outcomes of interest were PA-related outcomes (e.g., 
PA, physical function, and QoL). However, pilot and feasibil-
ity studies, conference proceedings, and studies that includ-
ed patients with other types of cancer were not included.

2. Information Sources and Searches
Two independent authors conducted the search, employing 
identical methodologies. They searched eight electronic da-
tabases, including PubMed, CINAHL, Embase, Scopus, Web 
of Science, Cochrane Library, Korean RISS, and DBpia, from 
their inception until December 31, 2022. The search was 
completed by February 1, 2023. The primary search terms 
were “breast neoplasms,” “internet,” “smartphone,” “mobile 
applications,” “text messaging,” “telemedicine,” “electronic 
mail,” “physical activity,” “exercise,” and “quality of life,” along 
with their respective synonyms. These terms were combined 
to formulate a search strategy. The sample search strategy for 
PubMed, used in this review, is presented in Supplement A.

3. Literature Selection Process
In the initial screening, two authors (HK and MM) inde-
pendently reviewed the titles and abstracts to assess the eli-
gibility of the studies. The full texts were also independently 
evaluated by these two authors. They engaged in discussions 
and sought consensus regarding the inclusion and exclusion 
of studies at each stage.

4. Data Extraction
Using a structured protocol, both authors extracted data 
from the selected studies (Supplement B). This data included 
study characteristics such as the author, year, and study de-
sign, as well as the study population, components and dura-
tion of the intervention, and outcomes related to PA.
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5. Risk of Bias
The two authors independently evaluated the risk of bias 
(RoB) in the included studies using the Cochrane collabora-
tion’s RoB tools. These tools included the revised Cochrane 
risk-of-bias tool for randomized trials (RoB2) for RCTs and 
the RoB assessment tool for non-randomized studies (Ro-
BANS) for quasi-experimental studies [14]. Each study’s RoB 
was assessed as either low, raising some concerns, or high in 
the following domains: the randomization process, devia-
tion from intended interventions, missing outcome data, 
measurement of the outcome, and selection of the reported 
result. Any disagreements between the authors were resolved 
through discussion until a consensus was reached.

6. Statistical Analysis
The meta-analyses for PA levels, as measured by the Inter-
national Physical Activity Questionnaires (IPAQ) [15] and a 
7-day physical activity recall (PAR) [16], as well as function-
al capacity as assessed by the 6-minute walk test (6MWT), 
were conducted using Stata version 17.0 (Stata Corporation, 
College Station, TX, USA). QoL was evaluated using the 
EORTC QLQ-C30 [17], EORTC QLQ-BR23 [18], FACT-B 
[19], FACT-ES [20], and WHO QoL-BREF [21]. The stan-
dardized mean difference (SMD, Hedges’ g) over time and 
the corresponding 95% confidence interval (CI) were calcu-
lated using a random-effect model for both PA duration and 

QoL. This approach was chosen due to the use of different 
scales to measure the same outcome across separate studies, 
and the varying characteristics of the studies. For the pooled 
functional capacity results, a fixed-effect model was selected 
to provide an accurate estimate, given the limited number 
of studies. Statistical heterogeneity was assessed using the I2 
statistic and chi-square test, and the p-value was also evalu-
ated. A forest plot was used for visual inspection. Addition-
ally, a subgroup analysis was conducted specifically for PA 
duration. 

III. Results

1. Search Results
As depicted in Figure 1, the initial search of eight databases 
yielded 1,618 records. Once 341 duplicates were eliminated, 
1,277 titles remained for review, leaving 605 records for ab-
stract review. Following the exclusion of 497 records post-
abstract review, 108 full-text articles were obtained. Out of 
these, 90 records were excluded as they failed to meet the 
inclusion and exclusion criteria, leaving 18 studies for con-
sideration. Three studies (A3a,b, A7a,b, A15a,b) were published 
in two or more journals with different variables, and we only 
included journal articles published with PA- or QoL-associ-
ated outcomes.
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Figure 1. ‌�Preferred Reporting Items for 
Systematic reviews and Me­
ta-Analyses (PRISMA) diag­
ram. PA: physical activity, 
RCT: randomized controlled 
trial.
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2. Characteristics of the Included Studies
Among the 18 selected studies, 16 were RCTs and two 
were quasi-experimental studies (Table 1). All studies were 
conducted after 2010. Specifically, 10 studies took place be-
tween approximately 2013 and 2019, while the remaining 
eight studies were conducted from 2020 to 2022. In terms 
of geographical distribution, three studies were conducted 
in the United States, three in South Korea, and two each in 
Australia, Spain, and Turkey, with the remaining studies tak-
ing place in Canada, China, Germany, Japan, and Taiwan. 
The total number of participants across all studies was 1,703. 
The duration of the interventions ranged from 3 weeks to 12 
months. However, the majority of the studies (72%, n = 13) 
had an intervention period of 12 weeks. 
	 Approximately 50–100 participants were involved in 12 of 
the studies, while four studies had more than 100 partici-
pants, and two studies had fewer than 50 participants. The 
average age of the participants ranged from 41.5 to 62 years. 
In terms of BC stages, 12 studies included participants in 
stages 0–III or those without metastasis, two studies included 
participants with metastasis (A4, A16), and four studies did 
not consider the cancer stage as a criterion for inclusion (A1, 
A9, A14, A17). Studies that included only participants with 
metastasis aimed to improve QoL (A4, A16) or reduce the 
side effects of chemotherapy (A4) by promoting PA, rather 
than increasing the duration of PA or functional capacity. All 
participants were women, but only 50% (n = 9) of the studies 
specified female sex as an inclusion criterion. Additionally, 
some studies included criteria such as limited moderate-to-
vigorous physical activity (MVPA) (A2, A7b, A8, A10, A16, 
A18) or a BMI of ≥23 kg/m2 (A10, A12, A15).

3. Quantitative Analysis of PA Outcomes
1) PA duration
Five studies (A1, A9, A10, A14, A17) reported pre- and post-
treatment PA duration using IPAQ and the PAR data, which 
could be combined for meta-analysis; these studies included 
41% of participants in the systematic review. Follow-up data 
were excluded from the analysis due to the significant varia-
tion in follow-up periods across the studies. The total PA 
time from each study was aggregated using a random effects 
model with Hedges’ g. The meta-analysis results comparing 
the intervention and control groups are illustrated in Figure 
2A. The overall effect size was 0.71 (95% [CI], 0.25–1.18), 
indicating a significant improvement in PA duration with 
substantial heterogeneity (I2 = 86.64%). 
	 The results for the subgroup analysis according to whether 
there was feedback or monitoring for participants’ perfor-

mance (monitoring vs. no-monitoring) are presented in 
Figure 2B. The monitoring group showed a significant im-
provement in PA duration (SMD = 0.88; 95% CI, 0.45–1.32; 
I2 = 72.12%), whereas the effects of the interventions without 
monitoring were not statistically significant.

2) Physical function
Three (A3b, A5, A18) of 18 studies (6% of participants) 
evaluated functional capacity using the 6MWT. These three 
studies were pooled in a fixed-effect meta-analysis. A signifi-
cant improvement was observed in the intervention group 
compared with the control group (SMD = 0.38; 95% CI, 
0.10–0.66; I2 = 14.36%) (Figure 2C).

3) Quality of life 
Nine studies (A3a, A4, A7b, A8, A11, A13, A14, A16, A17) 
were included in the meta-analysis of QoL. Using data from 
57.4% of the total participants, there was a significant pooled 
improvement in QoL (SMD = 0.45, 95% CI, 0.22–0.69; I2 = 
65.55%) (Figure 2D).

4. Qualitative Analysis of PA and QoL Outcomes
1) PA-related outcomes
The outcome measures related to PA in digital PA interven-
tions included the duration of PA in daily life and the level 
of functional capacity. Seven studies (39%) utilized instru-
ments or questionnaires to measure self-reported PA dura-
tion. These included the PA recall (A1), the IPAQ (A9, A10, 
A14, A17), global PA questionnaires (A18), or the weekly 
duration of MVPA (A2). Only two studies (A8, A15a,b) em-
ployed wearable devices, such as an actigraph, to objectively 
measure the duration of PA. Most studies reported that the 
intervention groups significantly increased their PA duration 
compared to the control groups. However, two studies (A14, 
A15a,b) did not observe any significant differences between 
the groups.
	 In addition to PA duration, functional capacity was evalu-
ated by measuring the 6MWT, 2MWT, and muscle strength 
of the abdomen, upper, or lower limbs, or grip strength (A3a,b, 
A5, A6, A18). Significant between-group effects were noted 
in some or all variables. Four studies (A5, A8, A10, A12) 
evaluated anthropometrics, including BMI and waist and hip 
circumferences, and the intervention effects were inconsis-
tent between studies.

2) QoL outcomes
QoL was measured in 14 studies, of which 11 observed sig-
nificant intervention effects (A2–A4, A6, A9, A11, A13–17). 
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Of these studies, 64.3% (n = 9/14) used cancer- or BC-specific 
measurements, including the EORTC QLQ-C30 [17] (A2, 
A3a, A11, A17), EORTC QLQ-BR23 [18] (A9, A11), FACT-
B [19] (A7b, A8, A16), and FACT-ES [20] (A13). The other 
studies used global QoL or health-related QoL measures, 
including WHO QoL-BREF [21] (A4, A14), SF-12 [22] (A8), 
SF-36 [22] (A6), PROMIS Global Health Scale [23] (A15a), 
and EQ-5D (A18). One study (A8) used both BC-specific 
and global QoL measurements.

5. Components of Digital PA Interventions 
As shown in Table 2, a substantial majority of the studies 
(83.3%) employed multi-component interventions. These 
primarily included (1) training or encouraging PA, (2) mon-
itoring participants’ performance either by the research team 

or through self-monitoring, and (3) offering feedback or 
peer support. The application of digital technologies varied 
in the delivery of these interventions.
	 - �Mobile applications: Half of the studies (A4, A6, A8, A10–

A13, A17, A18) utilized mobile applications or games to 
deliver disease-related education (A4, A6, A11–A13), PA 
training (A13, A17, A18), monitor PA participation (A8), 
and provide peer support (A10). The intervention group 
demonstrated a significant increase in PA in all studies, 
with the exception of the study by Ochi et al. (A18). 

	 - �Websites or internet modules: Three studies (A2, A3a,b, 
A5) employed websites to offer individualized exercise 
programs and monitor PA participation (A12). Addition-
ally, one study (A14) utilized Internet modules to provide 
information on health behaviors, including PA. 

Study SMD with 95% CI Weight (%)A

B

C
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Hatchett (2013)
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Park (2019)

Holtdirk (2021)
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Figure 2. ‌�Forest plots of the effects 
of digital physical activ­
ity (PA) interventions: (A) 
PA duration, (B) subgroup 
analysis for PA duration, (c) 
functional capacity, and (D) 
quality of life.
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	 - �Emails: Two studies (A1, A18) used email messages as a 
means to encourage PA. 

	 - �Telephone or text messages: Telephone calls or text mes-
sages were used in studies A7, A9, and A13 to provide 
counseling or follow-up on PA participation, and in stud-
ies A15 and A16 for PA training. 

	 - �Wearable devices: Five studies (A7a,b, A8, A15a,b, A16, 
A18) incorporated wearable devices, such as activity 
trackers or pedometers, into their interventions to moni-
tor participants’ PA levels. 

	 All studies except for three studies (A4, A11, A14) imple-
mented interventions using a combination of two or more 
technologies.

6. �Retention and Sustainability and Theories for  
Intervention Development

The overall retention rates were high, ranging from 67.7% to 
100%. No serious intervention-related adverse events were 
reported. Four studies (A3a,b, A8, A14, A15a,b) measured the 
sustained between-group effects of digital PA interventions 
at 24 weeks (A8), 6 months (A3a,b, A14), and 18 months 
(A15a,b). The intervention effects were maintained in three 
studies (A3a,b, A14, A15a,b); however, in one study (A8), the 
intervention effects declined and became non-significant 
between the groups. Attrition was minimal at follow-up in 
three studies (A3a,b, A8, A15a,b); however, one study (A14) re-
ported that the attrition rates increased from 15.7% to 25.7% 
at the 6-month follow-up. 
	 Six studies applied theories associated with health behavior 
promotion, including the social cognitive theory (A1, A10, 
A15a,b, A16, A18) and the transtheoretical model [24] (A2). 
Three (A1, A2, A10) studies explicitly described theoreti-
cal underpinnings and how the theory was used to develop 
the interventions and measured the main constructs such 
as self-efficacy (A1, A2, A10), stage of change (A2), or mo-
tivation (A10). Two studies (A1, A2) significantly increased 
the self-efficacy for exercise, and Lee et al. (A2) reported a 
significant increase in the stage of change in the intervention 
groups. The other studies (A15a,b, A16, A18) provided a brief 
explanation about the major concepts of theories; their inter-
ventions were grounded and did not measure the theoretical 
construct.

7. RoB Assessment
Among 16 RCTs, 2 (A7a,b, A17) had concerns in the ran-
domization domain since they did not clearly describe the 
randomization process and allocation concealment (Figure 3). 
Owing to the nature of the studies, no studies blinded the 

participants and only some blinded the assessors. This fact 
increased the risk of bias in the measurement of the outcome 
domain since 44% of studies (A8, A9, A12–A17) used self-
report outcome measures, for which the assessment of the 
outcome could be potentially skewed based on the partici-
pants’ knowledge of their group assignment status.

8. Publication Bias
The results of the Egger regression test to assess the publi-
cation bias for studies with functional capacity (p = 0.28) 
and QoL (p = 0.93) showed no evidence of publication bias. 
However, publication bias for the studies with total PA times 
was observed (p < 0.001) and corrected using the trim-and-
fill method [25]. 

IV. Discussion 

The findings of this study showed that digital PA interven-
tions significantly improved the PA and functional capacity 
of BC patients and survivors. The meta-analysis of pooled 
data from fivve studies (A1, A9, A10, A14, A17) showed that 
digital PA interventions significantly increased PA duration 
with a medium effect size (SMD = 0.71; 95% CI, 0.25–1.18) 

First author (year)

Hatchett (2013)

Lee (2013)

Gallian-Castillo (2016) (2017)

Kim (2018)

Ariza-Graracia (2019)

Dong (2019)

McNeil (2019)

Hou (2020)

Santa-Maria (2020)

Lynch (2019), Vanllance (2020)

Cinar (2021)

Holtdirk (2021)

Sheean (2021)

Changizi (2022)

Ochi (2022)

Reeves (2021), Terranova (2022)

OverallD1 D2 D3 D4 D5

D1 Randomization process
D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome
D5 Selection of the reported result

Low risk
Some concerns
High risk

Figure 3. �Risk of bias graph for included randomized controlled 
trials.
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and high heterogeneity (I2 = 86.64%). The qualitative analy-
sis of the other included studies also showed significant 
intervention effects, demonstrating that digital PA inter-
ventions are promising interventions that actually improve 
exercise participation among patients with BC. The result 
regarding PA duration agrees with a previous study conduct-
ed by Roberts et al. [5] who reported that DHIs for cancer 
survivors significantly increased MVPA, with considerable 
heterogeneity (effect size = 41.5, I2 = 81.3%).
	 Among the five studies included in the meta-analysis of PA 
duration, only the study by Holtdirk et al. (A14) observed 
no significant between-group effects. This study’s interven-
tion components differed from the other three studies that 
did demonstrate significant between-group effects. The 
intervention in this study did not involve any interaction or 
feedback with providers during the study period. In contrast, 
the other three studies included regular interactions with the 
research team via text messages (A17), phone calls (A8), or 
self-monitoring (A9) as key elements of their interventions. 
However, another study (A15a,b), not included in the meta-
analysis, involved consistent interaction with participants 
through phone calls and optional texts. Despite a relatively 
long intervention period (12 months), this study reported 
non-significant findings for PA-related outcomes. Therefore, 
additional research is required to determine which compo-
nent would effectively contribute to improving PA in this 
population. 
	 Various combinations of digital technologies, including 
mobile applications, telephone, text messages, and websites, 
have been used to deliver digital interventions. Furthermore, 
these digital technologies were applied to different roles, 
such as PA training or encouragement (A1, A2, A3a,b, A5, 
A13, A15a,b, A16, A17, A18), disease- or treatment-related 
education (A4, A6, A11–A13), monitoring PA performance 
(A7a,b, A8, A12, A15a,b, A16, A18), and/or feedback or peer 
support (A7, A9, A10, A13). The specific subtypes or dosage 
of interventions did not seem to significantly impact the im-
provement of PA duration. For instance, the use of a single 
mode such as email messages (A1), as well as the combined 
use of multiple technologies like mobile applications, tele-
phone calls, and/or text messages (A8, A12, A13), led to a 
significant increase in PA, despite the relatively small sample 
size. However, determining the most effective combination 
of digital technologies to enhance PA in this population proved 
challenging. Further research is required to compare the effects 
of PA interventions that utilize different technologies.
	 A meta-analysis of the 6MWT with three studies (A3b, A5, 
A18) showed that digital PA interventions effectively increased 

functional capacity with a medium effect size (SMD = 0.38; 
95% CI, 0.10–0.66; I2 = 14.36%). This finding is supported 
by previous studies reporting that exercise training improved 
exercise capacity and endothelial function [26]. Functional 
capacity is linked to the ability to carry out activities primar-
ily under aerobic conditions, which involves the integra-
tion of the cardiovascular, pulmonary, and skeletal muscle 
systems [27,28]. Consequently, the improvement in PA ob-
served after participating in interventions could lead to an 
increase in functional capacity.
	 A meta-analysis of QoL using pooled data from nine stud-
ies showed a significant intervention effect (SMD = 0.45; 
95% CI, 0.22–0.69; I2 = 65.55%). This finding suggests that 
digital interventions promoting PA effectively improved the 
QoL of BC survivors and patients. Conversely, a prior meta-
analysis conducted by Roberts et al. [5] did not identify a 
significant improvement in cancer-specific QoL following 
the implementation of DHIs for cancer survivors. However, 
a direct comparison is not feasible since the study by Roberts 
et al. [5] only incorporated five studies in their review, which 
included both RCTs and pre-post designs, and did not limit 
the types of cancer. 
	 The overall retention rate of the included studies was high; 
however, there was insufficient evidence regarding sustain-
ability. Only four studies (A3a,b, A8, A14, A15a,b) examined 
sustained effects post-intervention, with three of these stud-
ies reporting that the intervention effects were maintained. 
Kabore et al. [29] identified several barriers to the sustained 
effects of DHIs, including user integration with the technol-
ogy, lack of staff and expertise, and barriers related to age, 
language, myths, and misconceptions. Given the rapid ad-
vancement of digital health technology and the high preva-
lence of BC, there is an urgent need to examine the long-
term effects of digital PA interventions for this demographic. 
	 This study had some limitations. First, the majority of par-
ticipants in the chosen studies were in their 40s or 50s. Given 
the rising prevalence of BC in older age groups, the findings 
of this study may not be broadly applicable to older indi-
viduals with BC. Second, the RoB assessment results suggest 
that evaluating the effects of interventions could be challeng-
ing, primarily due to the reliance on patient-reported out-
come measurements for PA. Given the nature of the studies, 
where blinding participants was not feasible, the subjectivity 
of these measurements could impede an accurate estima-
tion of PA changes, thereby complicating the interpretation 
of the impact of digital PA interventions. Lastly, the meta-
analysis of the pooled effect of PA duration demonstrated a 
high degree of heterogeneity stemming from variations in 
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the intervention, the intervention group, or the data analysis 
method [30]. A high level of heterogeneity is problematic 
as it can render the efficacy of interventions unpredictable 
when applied to new participants [30]. Conducting RCTs 
to investigate the effects of interventions with similar deliv-
ery modes and employing objective measures could aid in 
comparing and identifying the most effective PA-promoting 
intervention. Despite these limitations, this study holds sig-
nificance as it offers the most recent evidence and current 
understanding of the effects of digital PA interventions, by 
selecting relatively high-quality studies for BC patients and 
survivors. 
	 In conclusion, this systematic review and meta-analysis 
demonstrated that digital PA interventions for BC patients 
and survivors effectively increased daily PA duration, func-
tional capacity, QoL compared to usual care. A variety of 
digital technologies were employed to deliver PA training, 
disease-related education, and feedback or reminders from a 
third party or for self-monitoring, all of which effectively in-
creased PA. Moreover, the high overall retention and compli-
ance rates suggest that this population may encounter mini-
mal barriers when participating in digital PA interventions. 
Further research is needed to explore the long-term effects 
of digital PA interventions and to conduct studies with older 
BC patients and survivors.
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