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A B S T R A C T

Telehealth-based exercise intervention as a non-pharmacological intervention has gradually emerged in breast
cancer (BC),which shows feasibility andhigh levels of patient satisfaction.This systematic reviewaims to identify the
effect of telehealth-based exercise interventions on the physical activity (PA) of patients with BC. We searched
CENTRAL, CINAHL, PsycINFO, EMBASE, PubMed, Web of Science, ClinicalTrials.gov, CNKI, Wanfang, VIP, and
SinoMed. Study selection and quality appraisal were performed independently by two reviewers. The review pro-
tocol was registered in PROSPERO (CRD42022326484). Nine studies, which included 1127 patients with BC, were
identified. Comparedwith usual care, the telehealth-based exercise interventionhad a significantly positive effect on
PA (Standardized mean difference (SMD) ¼ 0.26, 95% confidence interval (CI) 0.09 to 0.43, P ¼ 0.003), aerobic
capacity (SMD¼ 0.20, 95%CI 0.03 to 0.38, P¼ 0.02), upper body function (Mean difference (MD)¼�4.56, 95%CI
�7.66 to �1.47, P ¼ 0.004), upper muscle strength (SMD ¼ 0.26, 95% CI 0.09 to 0.42, P ¼ 0.002), lower muscle
strength (SMD ¼ �0.95, 95% CI �1.27 to �0.62, P < 0.00001), abdominal muscle strength (MD ¼ 23.85, 95% CI
13.84 to 33.86, P< 0.000,01), fatigue (SMD¼ 0.56, 95% CI 0.13 to 1.00, P¼ 0.01), and quality of life (SMD¼ 0.26,
95% CI 0.04 to 0.49, P ¼ 0.02). Conversely, anthropometric and body composition and pain did not differ signifi-
cantly between the two groups. Telehealth-based exercise intervention improved PA, physical performance, fatigue,
and quality of life of patients with BC compared with routine care, which should be promoted clinically as a
comprehensive treatment for BC.
Introduction

Breast cancer (BC) is common in women; approximately 2.26 million
new BC cases were diagnosed in 2020 worldwide.1 Effective cancer
screening, early diagnosis, and advanced treatment have increased the
survival rate of women with BC.2,3 However, the diagnosis and treatment
of BC impose physical and psychological burdens on patients. After
completing primary cancer treatment, patients with BC can continuously
experience late and long-term treatment-related side effects such as pain,
fatigue, obesity, limited movement in the upper limbs, muscle strength
loss, lymphedema, and menopausal symptom.4–7 Based on the available
literature, 7%–52% of patients with BC have severe fatigue symptoms,
and the strength in lower and upper extremities was reduced by 25% and
12%–16% compared with healthy women.8,9 In addition, 68% and 74%
of patients with BC gained weight and body fat within 1–3 years after
diagnosis.10
sevier Inc. on behalf of Asian On
-nd/4.0/).
Non-pharmacological interventions such as cognitive-behavioral in-
terventions, acupuncture needling, art therapy, and exercise play an
increasingly important role in BC therapy.11,12 Notably, exercise is an
effective non-pharmacological interventions to increase physical activity
(PA) and reduce treatment-related side effects in patients with BC.13

After diagnosis, PA is strongly associated with low recurrence rate and
improved survival for patients with BC.14–16 Current exercise programs
for BC intervention studies are primarily based on the amount of ex-
ercise recommended by the Physical Activity Guidelines of the U. S.17

The 2018 Consensus statement from International Multidisciplinary
Roundtable indicated that cancer survivors should perform 150 min of
moderate–intensity (at least three times per week, each lasting at least
30 min) or 75 min of vigorous–intensity aerobic exercise two times a
week, along with resistance and flexibility exercises.18 Based on a recent
systematic review, resistance exercise had positive effects on lymphe-
dema,19 and another meta-analysis of patients with BC, who are
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receiving hormone therapy, revealed that aerobic plus resistance exer-
cise had positive effects on cardiorespiratory function and pain.20

Moreover, the positive intervention effect of stretching, yoga, qigong,
and Pilates on the quality of life (QoL), body composition, pain, lym-
phedema, and psychological status was confirmed in a systematic re-
view.21 However, traditional face-to-face exercise interventions, such as
regular group exercise rehabilitation in hospitals or gyms and private
coaching, may increase patients’ financial burden and reduce long-term
adherence because of traffic congestion or personal time conflicts.22

Furthermore, traditional healthcare services may be more challenging to
implement in rural and remote areas because access to medical services
might vary by geographical region.23

Telehealth is the remote delivery of healthcare through various
telecommunication tools, including telephones, smartphones, and mo-
bile wireless devices (with or without video connectivity),24 which can
address geographical barriers to clinical service delivery to patients.25

Compared with the traditional medical service, telehealth has higher
medical accessibility because of its cross-territory connectivity and
cross-temporal interaction, and it shows excellent application potential
in optimizing medical resource allocation.26 The COVID-19 pandemic
has boosted telemedicine in medical care visits, and the widespread use
of telehealth has become an inevitable trend in the post-epidemic
era.27,28 Telehealth-based exercise interventions are easy to implement,
flexible, and not limited by location, and they have gradually emerged.
At present, various types of telehealth-based exercise could improve the
treatment of physical and psychological symptoms and the QoL of pa-
tients with BC, which indicate their feasibility and high levels of patient
satisfaction.29,30 Therefore, exploring the specific effectiveness of
telehealth-based exercise interventions in patients with BC is necessary.

Although similar previous systematic reviews have synthesized evi-
dence on eHealth and mHealth interventions for patients with BC, this
study has several differences compared with current works. With regard
to intervention type, previous systematic reviews includedmultiple types
of interventions, such as cognitive behavioral therapy, psychological
education, diet, and exercise. By contrast, this systematic review
included randomized controlled trials (RCTs) that only included exercise
interventions to explore the role of exercise interventions in patients with
BC. In addition, most existing systematic reviews address one form of
eHealth interventions, such as mobile applications. This study did not
restrict telehealth intervention forms to fully compare the effects of
multiple telehealth-based exercise interventions. Furthermore,
telehealth-based interventions may maximize patients’ benefit to over-
come geographical barriers, particularly in the context of the COVID-19
pandemic. However, the effectiveness of telehealth-based exercise in-
terventions on the PA of patients with BC remains unclear. Therefore, this
systematic review and meta-analysis of RCTs aimed to (1) evaluate the
effectiveness of telehealth-based exercise interventions, (2) summarize
different types of telehealth interventions, and (3) provide a scientific
basis for the clinical application of personalized telehealth-based exercise
interventions on BC.

Methods

Inclusion criteria

We established the following inclusion criteria using the acronym
PICOS. P (population) includes women aged above 18 years diagnosed
with BC. I (intervention) and C (comparison) include telehealth-based
exercise intervention compared with waitlist control, standard educa-
tion, and usual care. Telehealth-based exercise intervention should be
delivered by smartphones, mobile apps, wearable monitors, video,
email, web portals, and games, which can overcome the barriers of time
and distance to provide aerobic and resistance exercises, yoga, Pilates
intervention, and cognitive-behavioral therapy for patients.24,31 Usual
care refers to basic healthcare services, such as regular hospital visits for
face-to-face healthcare and traditional health education about BC. O
2

(outcomes) includes PA, anthropometric and body composition, aerobic
capacity, body function, muscle strength, treatment-related side effects,
and QoL. S (study design) only includes RCTs. The exclusion criteria
were as follows: case reports, reviews, non-RCTs, duplicate reports, and
studies without interesting data.

Outcomes

The primary outcome is PA, measured by standardized questionnaires
(eg., Active Australia Survey, a 7-day PA recall) or other measures re-
ported by studies (eg., sedentary behavior).

The secondary outcomes are as follows:

� Anthropometric and body composition were defined on the basis of
each study and measured by diastolic blood pressure; systolic blood
pressure; pressure and pulse rate; waist, arm, and hip circumferences;
weight; body fat; lean mass; body mass index (BMI).

� Aerobic capacity was measured using standardized tests (eg., 6 min
walk test or 3 min step test) or other measures reported by studies
(eg., VO2 max).

� Upper body function was measured using a standardized question-
naire (the disability of the arm, shoulder, and hand).

� Muscle strength, including upper, lower, and abdominal muscle
strength, was measured by standardized tests (eg., lifting test and
multiple sit-to-stand test) or other measures reported by studies (eg.,
digital dynamometers).

� Treatment-related side effects, including fatigue and pain, were
measured by standardized questionnaires (eg., revised Piper Fatigue
Scale and Neuropathic Pain Scale).

� QoL was measured using standardized questionnaires (eg., 36-item
Short Form Health Survey and the Functional Assessment of Cancer
Therapy-Breast).

Information sources and search strategy

Searches were performed in English and Chinese databases, such as
PubMed, Embase, MEDLINE, CENTRAL, PsycINFO, CINAHL, and Clin-
icalTrials.gov for English literature and CNKI, Wanfang, VIP, and
SinoMed for Chinese literature.

The search strategy aimed to locate published and unpublished
studies. In this review, a three-step search strategy was utilized and was
conducted in consultation with a health science librarian. First, an initial
limited search of PubMed was performed, followed by the analysis of text
words contained in the title and abstract, and index terms were used to
describe the articles. Second, the search strategy, including all identified
keywords and index terms, was adapted for each included information
source and performed on January 23, 2022. Full-search strategies are
provided in Supplementary Table 1. Finally, the reference list of all
studies selected for critical appraisal was screened for additional studies.

Study selection

All identified citations were collated and uploaded into the Endnote X9
library, and duplicates were removed after the search. Titles and abstracts
were screened by two independent reviewers (PY and LZ) based on the
inclusion criteria for review. The full-text of selected citations was assessed
in detail based on the inclusion criteria by two independent reviewers (PY
and ZK) in the Endnote X9 library. Full-text studies that did not meet the
inclusion criteria were excluded. Any disagreements between the reviewers
were resolved through discussion or with a third reviewer (ZK).

Assessment of methodological quality

The researchers used the Cochrane Collaboration's tool to assess the
risk of bias in the selected studies.32 The tool assesses the selection bias,
performance bias, detection bias, attrition bias, and reporting bias,



Y. Peng et al. Asia-Pacific Journal of Oncology Nursing 9 (2022) 100117
including random sequence generation and allocation concealment,
blinding of participants or personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting. “Low risk of bias,”
“High risk of bias,” or “Unknown risk of bias” were assigned to represent
the risk of bias of included studies.
Data extraction

Researchers’ designed forms were used to extract relevant data from
the included studies. The data included the first author and year of
publication, country, study design, purpose, subject, sample size, the
intervention of experimental and control groups, duration, outcomes and
instruments. Double data entry was used to record results and minimize
the risk of errors. In case of missing data in the studies, attempts to
contact the authors were made. Cross-tabulation was used to summarize
and simplify the retrieved data.
Data synthesis

Studies were pooled in a statistical meta-analysis using RevMan V5.3
(Copenhagen: The Nordic Cochrane Center, Cochrane) to assess PA
and other secondary outcomes based on available extracted data. Effect
sizes, expressed as odds ratios and their 95% confidence intervals
(CIs), were calculated for analysis. Heterogeneity was assessed
statistically using standard chi-squared and I2 tests. For other outcomes
where statistical pooling was not possible, the findings were presented in
narrative form, including tables, to aid in data presentation.

Results

Description of studies

A total of 7638 relevant studies matched the inclusion criteria during
the database search. Of these studies, 1713 were excluded for either
duplication. After a review of the title and abstract, 5895 studies were
Fig. 1. Search results and study se

3

excluded.Only30 studieswere included for full-text reading, one ofwhich
was a pilot study. Three studies were found to involve participants irrel-
evant to this study. Nine studies were eliminated for ineligible interven-
tion. Another two studies were eliminated because they failed to meet the
selection criterion of being an RCT. In addition, three abstracts were
excluded as they could not provide a complete picture of their studies, and
two studies were repetitive. In total, nine studies that met the selection
criteria were included in this review. Fig. 1 shows the flow diagram of the
selection process of this study.
Study characteristics

The included studies were conducted in Australia,33–35 China,36,37

Spain,38,39 the USA,40 and Korea,41 published between 2012 and 2021.
Sample sizes varied from 60 to 356, with four studies having a sample
under 80 participants, two studies between 80 and 100 participants, and
three studies over 100. The mean participant age was 52 years (range ¼
47–62years).All the included studies featuredpatientswithBC in the total
sample or at least one of the experimental groups and at least one control
group and intervention.

Regarding telehealth technology, the reviewed studies confirmed that
such a category could include a variety of technologies and systems.
Among the included studies, three used an online system or soft
media,36,38,39 two telephone,33,34 one email,40 two portable technologies
(e.g., for wearable technology activity monitor and pedometer),35,41 and
one motion capture technology.37

The key characteristics of these studies are presented in Table 1.
Methodological quality

The Cochrane Collaboration's tool was used to assess the risk of bias in
RCTs. The overall risk of bias in RCTs was evaluated as “B” except for the
study by Eakin et al.33 , which was rated as “A” (Table 2 for full method-
ological quality assessment). All studies were determined as low bias risk
in the random sequence generation. Seven studies34,36,37,40–42 were rated
lection and inclusion process.



Table 1
Key data from the included studies.

Author/
Year

Study design Purpose Participants Telehealth-based exercise intervention Intervention
Duration

Control groups Outcomes
instruments

Ariza-
Garcia,
2019

A two-arm,
assessor-blinded,
parallel, efficacy
RCT

To evaluate the effectiveness of a Web-
based exercise program (e-
CuidateChemo) and mitigate the side
effects of chemotherapy on the physical
being, anthropometric aspects, and body
composition

68 patients with BC
undergoing chemotherapy
(Spain)

The e-CuidateChemo Intervention (a
telerehabilitation program that uses an online
system):
Three sessions per week (on non-consecutive
days). Each session was organized into a
warm-up, a main, and a cool down part.
(1) Resistance exercises: self-supporting and

elastic bands.
(2) A communication system between

patients and research staff through an
internal service.

8 weeks Usual care 1. Anthropometric and body
composition: a plastic tape
measure, bioelectrical
impedance

2. Aerobic capacity: 6 MWT
3. Muscle strength: the patient

lying on their back and
their knees bent, the
multiple sit-to-stand test,
dynamometers

Dong X,
2019

A randomized
single-blinded
controlled trial

To investigate the effects of the combined
exercise intervention based on Internet
and social media software (CEIBISMS) on
postoperative patients with BC by
evaluating the QoL, muscle strength, and
cardiorespiratory capacity

60 patients with BC at phase I
to III who have finished
postoperative radiotherapy/
chemotherapy within 4
months to 2 years (China)

The combined exercise intervention based on
Internet and social media software
(CEIBISMS):
(1) Muscle training: muscle strength, muscle

endurance, and muscle function training.
(2) Cardiorespiratory capacity training.
(3) Postoperative BC rehabilitation

knowledge.

12 weeks Traditional treatment
and rehabilitation
based on daily
specifications of the
hospital

1. QoL: SF-36
2. Aerobic capacity: VO2 max
3. Muscle strength: the stand-

up and sit-down chair test
and arm lifting test

Eakin,
2012

An RCT To evaluate the feasibility and
effectiveness of a telephone-delivered,
mixed aerobic, and resistance exercise
intervention for non-urban Australian
women with BC

143 women with a first
diagnosis of invasive BC aged
20–69 years (Australia)

Telephone-delivered exercise intervention:
aerobic-based (moderate-to-vigorous
intensity) exercise (such as brisk walking)
each session and strength-based exercise at
least two times a week.

8 months Usual care 1. QoL: FACT-Bþ4
2. PA: the Active Australia
Survey
3. Upper body function: DASH
4. Treatment-related side

effects: FACIT
Galiano-
Castillo,
2016

A two-arm,
assessor-blinded,
parallel,
randomized
controlled efficacy
trial

To investigate the effectiveness of a
telehealth system for improving adverse
effects after an 8 week intervention and
its maintenance after 6 months of follow-
up in BC survivors

81 patients with BC at phases I
to III (Spain)

The e-CUIDATE system online intervention:
three sessions were delivered online, which
contained a battery of specific exercises that
were divided into three sections: (1) warm-
up, (2) resistance and aerobic exercise
training, and (3) cool down.

8 weeks Usual care 1. QoL: EORTC QLQ-C30
2. Muscle strength: a distance

of 0.30 m between heels
and buttocks, the multiple
sit-to-stand test,
dynamometers

3. Treatment-related side
effects: R-PFS, CBD

Hatchett,
2013

An RCT To evaluate a social cognitive theory
(SCT)-based email intervention designed
to influence PA of sedentary patients
recovering from BC

74 patients diagnosed with BC
(America)

The social cognitive theory-based email
Intervention:
For the first 6 weeks of the intervention,
participants were assigned to the intervention
group to receive messages weekly; from
weeks 7–12, participants received messages
every other week and had access to an e-
counselor.

12 weeks Usual care 1. PA: a 7-day PAR

Hayes,
2013

An RCT To compare the effectiveness of the face-
to-face (FtF) and telephone-delivered
exercise intervention on the QoL and
patient-reported and clinically measured
function and treatment-related side
effects

194 patients diagnosed with
invasive BC (Australia)

The pragmatic, translational exercise
intervention via telephone:
16 scheduled sessions (in person or via
telephone) with a designated exercise
physiologist, starting weekly and tapering to
monthly contacts after 4 months.

8 months Usual care 1. QoL: FACT-B þ4
2. Anthropometric and body

composition: analog
SecaTM scales

3. PA: the Active Australia
Survey

4. Aerobic capacity: the 3 min
step test

5. Upper body function: DASH
6. Treatment-related

symptoms: FACIT, the
Greene Climacteric Scale,
the Neuropathic Pain Scale,
BIS

(continued on next page)
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Table 1 (continued )

Author/
Year

Study design Purpose Participants Telehealth-based exercise intervention Intervention
Duration

Control groups Outcomes
instruments

Lynch,
2019

An RCT To determine the efficacy of a wearable
technology-based intervention for
increasing moderate-to-vigorous physical
activity (MVPA) and reducing sedentary
behavior among postmenopausal BC
survivors

83 postmenopausal patients
with BC at phases I to III
(Australia)

The ACTIVity And TEchnology (ACTIVATE)
intervention:
(1) Behavioral feedback and goal setting

session.
(2) Wearable technology activity monitor.
(3) Telephone-delivered behavioral

counseling.

12 weeks Waitlist control 1. PA: Actigraph GT3Xþ, an
activPAL

Uhm, 2017 A prospective,
quasi-randomized
multicenter trial

To investigate and compare the effects of
mobile health (mHealth) and pedometer
with a conventional exercise program
using a brochure on physical function and
QoL

356 patients diagnosed with
BC aged 20–70 years (Korea)

The home-based program of aerobic and
resistance exercises with a pedometer:
(1) Resistance exercises: lateral raise, biceps

curl, and scapular retraction.
(2) A smartphone exercise application called

Smart After Care and an InBodyBand
pedometer.

12 weeks The home-based
program of aerobic
and resistance
exercises with a
brochure

1. QoL: EORTC QLQ -C30,
EORTC QLQ-BR23

2. Anthropometric and body
composition: BMI, SBP,
DBP, pulse rate, arm
circumference

3. PA: IPAQ-SF
4. Aerobic capacity: 2 MWT

Ye, 2021 An RCT To explore the effect of applying an online
rehabilitation program based on
markerless motion capture technology to
home-residing post-surgical patients with
BC

68 patients diagnosed with BC
after operation (China)

The online rehabilitation exercise program
based on markerless motion capture
technology:
(1) Pre-recording hundreds of videos of

different people doing post-breast cancer
rehabilitation exercises in different
backgrounds wearing different clothes to
construct a parametric human model for
training.

(2) Capture the changing appearance of
patient's limbs in the corresponding
frames from the video cut-frame images.

(3) Compare the corresponding frames of
captured patient movements using the
standardized model.

3 months Usual care 1. Upper body function: DASH
2. Muscle strength: a hand-

muscle developer

6 MWT, 6 min walk test; BIS, bioimpedance spectroscopy; BMI, body mass index; CBD, the Spanish version of the Brief Pain Inventory; DASH, the Disability of Arm, Shoulder and Hand; DBP, diastolic blood pressure; EORTC
QLQ-BR23, the Quality of Life Questionnaire Breast Cancer Module 23; EORTC QLQ-C30, the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; FACIT, the Functional
Assessment of Chronic Illness Therapy–Fatigue Scale; FACT-Bþ4, the Functional Assessment of Cancer Therapy-Breast; IPAQ-SF, the International Physical Activity Questionnaire-Short Form; PAR, physical activity recall;
QoL, quality of life; R-PFS, the Piper Fatigue Scale-revised; RCT, randomized controlled trial; SBP, systolic blood pressure; SF-36, the 36-item Short Form Health Survey; VO2max, maximal oxygen uptake.
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Table 2
Critical appraisal results for randomized controlled trials.

Author, Year Random
sequence
generation

Allocation
concealment

Incomplete
outcome
data
addressed
adequately

Blinding of
participants

Blinding of
outcomes

Selective
outcome
reporting

Other
bias

Final
evaluation

Ariza-Garcia, 2019 L L U U H L L B
Dong X, 2019 L U U L L L L B
Eakin, 2012 L L L L L L L A
Galiano-Castillo,
2016

L L U L L L L B

Hatchett, 2013 L U U U L L L B
Hayes, 2013 L U U U L L L B
Lynch, 2019 L L U U L L L B
Uhm, 2017 L U U U L L L B
Ye, 2021 L U U U L L L B

H, high risk of bias; L, low risk of bias; U, unclear risk of bias.

Fig. 2. Results of risk of bias analysis.

Fig. 3. Summary of the results of the risk of bias.
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as showing unclear bias risk as the allocation concealment was not clas-
sified. Blinding information inmost studieswas insufficiently described to
allow reviewers to determine whether subjects and interventions were
actually blinded, except for one study.33 This latter case was evaluated as
having low bias risk. Three studies33,36,39 had insufficient information for
the blinding of the outcome assessment, which showed low bias risk. For
attrition bias, one study38 was rated as high bias risk because of the
increased loss ratio of follow-up. All studies reported relevant outcome
indicators, which were evaluated as low bias risk similar to other biases.
Figs. 2 and 3 show the results of the risk of bias analysis.
Effects of interventions

Physical activity as the primary outcome
Four studies, encompassing 521 patients, reported the result of PA,

which was measured on the basis of the moderate-to-vigorous physical
activity, the International Physical Activity Questionnaire-Short Form
(IPAQ-SF),41 and a 7-day PA recall.40 Given the between-study homo-
geneity (P ¼ 0.15, I2 ¼ 43%), we used a fixed-effect model to calculate
the standardized mean difference (SMD) effect size. The result showed
that telehealth could increase patients’ PA, with statistical difference
(SMD ¼ 0.26, 95% CI 0.09 to 0.43, P ¼ 0.003; Fig. 4).

Only one study compared sedentary behavior between telehealth-
based exercise intervention and convention intervention.35 A statisti-
cally significant decrease was observed in total sitting time (P ¼ 0.01)
and prolonged bouts (� 20 min) of sitting (P ¼ 0.04).
Fig. 4. Forest plot of the effect of telehealth-based ex

Fig. 5. Forest plot of the effect of telehealth-base

Fig. 6. Forest plot of the effect of telehealth-base

7

Other secondary outcomes

Anthropometric and body composition
Two studies incorporating 378 participants defined as body

composition as the BMI, which was measured on the basis of bioelec-
trical impedance. Given the between-study homogeneity (P ¼ 0.92, I2

¼ 0%), we used a fixed-effect model to calculate the mean difference
(MD) effect size. The result revealed that BMI did not differ between
intervention and control groups (MD ¼ �0.11, 95% CI �0.78 to 0.56, P
¼ 0.75, Fig. 5).

Only one study compared systolic blood pressure, diastolic blood
pressure, pulse rate, and arm circumference between telehealth-
based exercise intervention and convention intervention.41 All
changes did not show a statistically significant difference between the
two groups.

In addition, only one study compared waist and hip circumferences
between telehealth-based exercise intervention and convention inter-
vention.38 No significant difference was observed between the two
groups.

Aerobic capacity
Three studies incorporating 512 participants were included in the

meta-analysis of aerobic capacity. Aerobic capacity was measured by
using the 2 min walk test,41 3 min step test,34 and 6 min walk test.38

We used a fixed-effect model to calculate the SMD effect size because
of between-study homogeneity (P ¼ 0.18, I2 ¼ 42%). The result
revealed that telehealth could increase patients’ aerobic capacity, with a
ercise intervention on PA. PA, physical activity.

d exercise intervention on body composition.

d exercise intervention on aerobic capacity.
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statistical difference (SMD ¼ 0.20, 95% CI 0.03 to 0.38, P ¼ 0.02;
Fig. 6).

Only one study compared VO2max between telehealth-based exercise
intervention and traditional intervention.36 No significant difference was
observed between the two groups (P ¼ 0.149).

Upper body function
Three studies, encompassing 329 patients, reported upper body

function, which was measured by using the Disability of Arm, Shoulder
and Hand (DASH) questionnaire.33,34,37 Given the between-study ho-
mogeneity (P ¼ 0.93, I2 ¼ 0%), we used a fixed-effect model to calculate
the MD effect size. The result revealed that telehealth could improve
patients’ upper body function, with a statistical difference (MD ¼ �4.56,
95% CI �7.66 to �1.47, P ¼ 0.004; Fig. 7).

Muscle strength

Upper muscle strength
Five studies incorporating 572 participants defined upper muscle

strength as hand grip strength. Upper muscle strength was measured by
using the arm lifting test,36 digital dynamometers,38,39,41 and a
hand-muscle developer.37 We used a random-effect model to calculate
the SMD effect size because of between-study homogeneity (P ¼ 0.52,
I2 ¼ 0%). The result revealed that telehealth could improve patients’
upper muscle strength, with a statistical difference (SMD ¼ 0.26, 95%
CI 0.09 to 0.42, P ¼ 0.002; Fig. 8).
Fig. 7. Forest plot of the effect of telehealth-based

Fig. 8. Forest plot of the effect of telehealth-based

Fig. 9. Forest plot of the effect of telehealth-based

8

Lower muscle strength
Three studies incorporating 165 participants were included in the

meta-analysis of lower body strength. Lower muscle strength was
measured by using the multiple sit-to-stand test38,39 and the stand-up and
sit-down chair test.36 Given the between-study homogeneity (P ¼ 0.76,
I2 ¼ 0%), we used a fixed-effect model to calculate the SMD effect size.
The result revealed that telehealth could improve patients’ lower muscle
strength, with a statistical difference (SMD ¼ �0.95, 95% CI �1.27 to
�0.62, P < 0.000,01; Fig. 9).

Abdominal muscle strength
Two studies encompassing 115 participants reported abdominal

strength. Abdominal muscle strength was measured by patients lying on
their back and their knees bent.38,39 Given the between-study homo-
geneity (P ¼ 0.99, I2 ¼ 0%), we used a fixed-effect model to calculate
the MD effect size. The result revealed that telehealth-based exercise
intervention could improve patients’ abdominal muscle strength, with a
statistical difference (MD ¼ 23.85, 95% CI 13.84 to 33.86, P < 0.00001;
Fig. 10).

Treatment-related side effects

Fatigue
Three studies incorporating 346 participants reported fatigue. Fa-

tigue was measured by using the Functional Assessment of Chronic
Illness Therapy–Fatigue Scale (FACIT)33,34 and the Piper Fatigue
exercise intervention on upper body function.

exercise intervention on upper muscle strength.

exercise intervention on lower muscle strength.



Fig. 11. Forest plot of the effect of telehealth-based exercise intervention on fatigue.

Fig. 10. Forest plot of the effect of telehealth-based exercise intervention on abdominal muscle strength.
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Scale-revised -.39 Given the between-study homogeneity (P ¼ 0.02, I2 ¼
74%), we used a random-effect model to calculate the SMD effect size.
The result revealed that telehealth could alleviate patients’ fatigue, with
a statistical difference (SMD ¼ 0.56, 95% CI 0.13 to 1.00, P ¼ 0.01;
Fig. 11).

Pain
Two studies, which encompassed 210 participants, reported pain.

Pain was measured by using the Brief Pain Inventory and the Neuropathic
Pain Scale.34,39 Given the between-study homogeneity (P ¼ 0.003, I2 ¼
89%), we used a random-effect model to calculate the SMD effect size.
The result revealed that pain did not differ between intervention and
control groups (SMD ¼ �0.28, 95% CI �1.13 to 0.57, P ¼ 0.51; Fig. 12).

Quality of life
Five trials involving 742 participants reported the outcome of QoL.

The scales used in these trials can be categorized into the cancer-specific
QoL scale (eg., EORTC QLQ-C30),39,41 BC-specific QoL scale (eg., the
Functional Assessment of Cancer Therapy-Breast [FACT-Bþ4] question-
naire),33,34 and general QoL scale (eg., the 36-item Short Form Health
Fig. 12. Forest plot of the effect of teleheal

Fig. 13. Forest plot of the effect of teleheal

9

Survey).36 The effect measure (SMD) was selected because of the
different measurement scales used in these studies. Moderate heteroge-
neity was found among the studies (P ¼ 0.09, I2 ¼ 51%). Thus, we used
the random-effect model to summarize the mean effect size. The result
showed that telehealth-based exercise intervention could significantly
increase the QoL score related to BC (SMD¼ 0.26, 95% CI 0.04 to 0.49, P
¼ 0.02; Fig. 13).

Discussion

This systematic review and meta-analysis synthesized existing litera-
ture on BC telehealth-based exercise intervention and provided a
comprehensive overview of the effects of interventions that could be used
as a foundation for a personalized telehealth exercise intervention in
clinical practice. To our knowledge, this systematic review and meta-
analysis is the first to examine the effect of telehealth-based exercise
intervention in patients with BC. Nine RCTs (n ¼ 1127) were included in
the review. Based on the main findings, telehealth-based exercise inter-
vention is effective, particularly in improving PA, aerobic capacity, upper
body function and muscle strength, fatigue, and QoL. However, certain
th-based exercise intervention on pain.

th-based exercise intervention on QoL.
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evidence of heterogeneity is observed among studies. The effect of tele-
health technology characteristics on intervention delivery and effective-
ness warrants further consideration.

Methodological quality of included studies

Only RCTs were included to improve the quality of this meta-analysis,
and quality assessment was performed in accordance with the Cochrane
risk of bias tool. All included studies were determined with a low risk of
bias in allocation concealment, selective reporting, and other bias
because allocation concealmentmethods and outcomemeasure reporting
were described in detail. Five studies were graded as unclear risk of bias
because they did not comprehensively report the randomization methods
in random sequence generation. As for incomplete outcome data, most
studies were graded as low risk of bias and low dropout rates, and only
one study had incomplete outcome data because the attrition rate was
more than 30%.38 However, of the nine trials, only one study met the
criterion of the blinding of participants and personnel indicating low risk
of bias, which may overestimate the intervention effect.33 For blinding
outcome assessment, six studies exhibited an unclear risk of bias because
of indistinct designs. Inadequate blindingmay differ the measured results
from the actual value and detected bias. Based on these findings, the
methodological quality of the summarized evidence ranged from low to
moderate. Consequently, in further research, the creation of random
sequence generation and blinding of participants, personnel, and re-
searchers should emphasize outcome assessment to reach plausible
conclusions.

Working mechanisms of exercise interventions

Existing studies have shown the mechanisms of exercise intervention
through the following points: First, sex steroid hormones have a powerful
mitogenic and proliferative effect on breast tissue, and elevated estrogen
levels in the circulation stimulate the growth of BC cells. In addition, PA
can reduce the conversion capacity of androgens to estrogens and lower
the estrogen levels in the circulation.43,44 Second, anabolic insulin and
insulin-like growth factor promote tumor growth by stimulating cell
growth and inhibiting apoptosis via the insulin receptor in breast tissue.
Regular PA can reduce insulin and insulin resistance, thereby decreasing
the BC relapse risk.44

Effect of telehealth-based exercise interventions

In this systematic review andmeta-analysis, nine RCTs were included.
These included studies provided telehealth-based exercise intervention
for patients with BC, and the pooled results demonstrated that telehealth-
based exercise intervention was associated with higher PA level, more
robust aerobic capacity, upper body function and muscle strength, less
fatigue, and higher QoL scores compared with waitlist control, standard
education, and usual care.

With improvedmedical treatment, long-term survival with cancer has
become the everyday life of patients with BC, but they still face physical,
psychological, QoL, and other challenges. Regular PA can reduce mor-
tality and BC recurrence risk, manage symptoms, and improve QoL,
which was consistent with previous studies.45,46 However, from
pre-diagnosis to post-treatment in women with BC, PA could reduce by
an average of 2 h per week.47 Based on our findings, telehealth-based
exercise intervention could remarkably increase the PA level of pa-
tients with BC, which was consistent with a previous similar systematic
review.48 This result may cause patients' high compliance and satisfac-
tion because telemedicine provides an opportunity to break down the
constraints of time and distance between healthcare providers and pa-
tients, which has a vivid form, efficiency, and convenience.49–52 Through
literature review, we found that the wearable technology-based inter-
vention remarkably changed the sedentary behavior of patients with BC
probably because wearable technology monitor can monitor patients’
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activities in real time. In addition, sedentary behavior could increase the
risk of cancer.53 Preliminary evidence suggests that being sedentary may
be negatively associated with obesity, fatigue, and QoL in BC
survivors.54–56 Considering that only one study was included, the result
could not be synthesized; thus, further research is necessary.

In addition, our study showed that telehealth-based exercise inter-
vention was effective in improving aerobic capacity, muscle strength, and
upper body function. This result may be due to the increased PA, thereby
improving physical performance. Aerobic physical activities can increase
aerobic capacity (e.g.,walking, jogging, cycling, and swimming), andnon-
aerobic physical activities can improve muscle strength, elasticity, and
endurance.57 Lu et al.58 revealed that appropriate resistance training could
also alleviate adverse muscles or bone symptoms. Furthermore, some
patients with BC suffer from cancer therapeutics-related cardiac
dysfunction because of the utilization of an antineoplastic drug. Gilchrist
et al.59 suggested that short-term aerobic and resistance exercise could
improve aerobic capacity in cancer survivors, thereby reducing cardio-
vascular complication incidence and all-cause mortality. A series of
enhanced physical conditions has also led to better QoL for patients with
BC. In addition, telehealth-basedexercise interventions relieve fatigueand
positively affect QoL. This result was consistent with the study of Keikha
et al.48 Telehealth-based exercise intervention is a new program that
directly improvenot onlyPA levelsbut also thephysical condition, thereby
reducing treatment-related side effects and increasing QoL scores.

Although no significant difference in anthropometric and body
composition was found between the two groups, telehealth-based exer-
cise intervention tended to lower BMI (MD ¼ �0.11, 95% CI �0.78 to
0.56, P ¼ 0.75), which was inconsistent with a study in the USA.60 This
result was due to the following reasons: first, the included studies had a
short follow-up and low-to-moderate level of exercise; second, the body
composition cannot be changed within a short period. Pagola et al.61

showed that a training program, including high-intensity exercises, could
shorten waist circumference; therefore, a high-intensity exercise program
is necessary to improve central adiposity. In addition, although our study
indicated no significant difference in pain between the two groups,
telehealth-based exercise intervention tended to relieve pain (SMD ¼
�0.28, 95% CI�1.13 to 0.57, P¼ 0.51); this result was inconsistent with
a previous study performed by Fu et al.62 Nevertheless, musculoskeletal
pain could be relieved in patients with BC by a 12-month remotely
delivered exercise intervention.63 Patients with BC experienced
treatment-induced chronic pain to a large extent.64 Therefore, RCTs with
a long-period intervention are necessary to confirm the effectiveness.

Forms of telehealth-based exercise interventions

With the development of electronic communication, various tele-
health interventions have emerged. Nevertheless, our results demon-
strated that the widely studied type of telehealth intervention in patients
with BC was Internet-based telehealth, followed by telephone-based,
which was in agreement with the result of Chen et al.65 Previous
research indicates that about 50% of patients with BC already use the
Internet for information seeking; therefore, Internet-based telemedicine
is feasible and prospering.66 The web-based online system can provide an
informative and professional communication platform for healthcare
providers and patients. On the one hand, healthcare staff can monitor the
changes in patients’ conditions and analyze data; on the other hand,
patients can receive timely and personalized exercise guidance and care
messages. As another finding of this study, multiple communication
technologies were used to combine motion interventions, such as
Internet combined with social media software and motion capture
technology, telephone combined with a pedometer, and wearable tech-
nology. Therefore, we should focus on the fundamental role of the
Internet and telephone in information delivery while not neglecting the
part of other emerging technologies in data monitoring and analysis. In
the future, researchers may consider innovative ways to integrate mul-
tiple technologies for interventions, thereby increasing compliance and
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improving effectiveness.
Compared with previously published studies,67,68 we have observed

the unique superiority of wearable devices and motion capture technol-
ogy in telehealth-based exercise interventions. Wearable remote devices
are important to achieve remote medical monitoring, which has good
biocompatibility and accessibility, and it can be applied in various en-
vironments.69 Motion capture technology can capture patient's body
movements and perform quantitative analysis and evaluation, which is
beneficial for healthcare professionals to view individual's exercise
completion and rehabilitation on time to give appropriate guidance.70

Based on markerless motion capture technology, patients are not sub-
jected to experimental equipment, and they demonstrate their natural
behavior, which is an advantage that wearable technology does not
have.71 With the booming technology, we can explore more emerging
technologies for telehealth applications, such as virtual reality and
interactive voice response systems.72,73 Given the limited number of
included studies and non-uniform outcome indicators, our study did not
perform subgroup analysis that would allow us to determine the effective
form of intervention. This inadequacy must be refined in future studies.

Limitations

Some strengths are identified in this systematic review. First, we used
a combination of MeSH terms and keywords that covered BC, telehealth,
and exercise intervention to search 11 primary electronic databases and
minimize the possibilities of publication bias. Second, only RCTs were
included in our study. Despite these positive aspects, the present study
has some limitations. First, the methodological quality of the included
studies was not optimal, and most studies had risks of performance, se-
lection, and detection bias. Second, studies varied in sample sizes and
components, duration, and delivery approaches of telehealth-based ex-
ercise intervention, leading to high heterogeneity. Third, although we
used a comprehensive search strategy, the data for some studies were
incomplete, and we could not find the full-text of some studies. More-
over, some unpublished articles might not be included. Fourth, only
studies published in English and Chinese were considered, which in-
dicates that relevant studies published in other languages were excluded.

Implications for nursing practice and further research

The treatment and recovery of BC is a long-term and dynamic process,
and patients will have diverse care needs during the prolonged treatment
and recovery process. Based on our findings, the telehealth-based exercise
intervention positively and significantly affects patients’ PA, physical per-
formance, fatigue, and QoL. Exercise intervention is based on telehealth
technology, which is convenient, accessible, interactive, and efficient.
Therefore, telehealth-based exercise intervention is worthy of clinical use,
and it should be regarded as a crucial component of comprehensive treat-
ment for patients with BC. Meanwhile, nursing practitioners should pay
attention to data security in the practical telehealth application.

Several recommendations for further research must be addressed
with care: (1) Future research should focus on finding the optimal
telehealth-based exercise intervention approach for patients with BC
with different characteristics. (2) Future studies should explore the ef-
fects of telehealth-based exercise interventions on sedentary behavior
and other body movements in patients with BC. (3) Future research
should explore and determine effective and acceptable type of in-
terventions based on different forms of telehealth interventions, partic-
ularly emerging technologies. (4) Future studies should conduct
cost–benefit analysis to consider vital factors determining whether
telehealth-based interventions can be fully promoted.

Conclusions

Telehealth-based exercise intervention is superior to usual care in
patients with BC to improve PA, aerobic capacity, body function, muscle
11
strength, and QoL, with less fatigue. Although these findings should be
recognized cautiously because of between-study heterogeneity, further
RCTs of telehealth-based exercise intervention are warranted. Further-
more, telehealth-based exercise intervention can overcome travel re-
strictions caused by the COVID-19 pandemic and promote accessibility to
health services in rural and remote areas, thereby promoting its great
application potential.
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