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Effectiveness of mobile health
in symptom management of
prostate cancer patients:
a systematic review and
meta-analysis

Hai Shan Chen*, Hua He, Hai Hang Lin, Yuan Zhang, Nu Li and

Ya Mei Li*

Department of Urology, The Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, China

Background: Mobile health (mHealth) is an accessible strategy to deliver health

information and is becoming increasingly popular as a form of follow-up among

medical staff. However, the effects of mobile health on the physical and mental

health outcomes of patients with prostate cancer after discharge from the

hospital remain unclear. This meta-analysis evaluated the current evidence

regarding the effects of mHealth interventions on the outcomes of patients

with prostate cancer.

Methods: Four databases (PubMed, Cochrane Central electronic database,

EMBASE, and Web of Science) were searched from inception to 8 November

2024 for randomized controlled trials (RCTs) comparing the effects of mobile

health vs. usual care on the outcomes of patients with prostate cancer.

Pooled outcome measures were determined using random effects models.

Results: In total, 11 RCTs, including 1,368 patients, met the criteria for inclusion

in this meta-analysis. The meta-analysis revealed a significant effect of mHealth

interventions on long-term bowel function outcomes (standard mean

difference = 0.19, 95% confidence interval = 0.01–0.37, P= 0.04, I2= 0.00%)

compared with the usual standard care or no mHealth. However, no

significant differences were observed in the following outcomes: short-term

and long-term effects on anxiety, depression, self-efficacy, psychological

distress, and urinary and hormonal function, and short-term effects on

bowel function.

Conclusions: mHealth interventions can significantly improve long-term bowel

function outcomes. However, more research is needed to confirm other

physical and mental health outcomes.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,

PROSPERO (CRD420250651320).
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1 Introduction

Prostate cancer (PC) is the second-most prevalent cancer in

men worldwide (1). GLOBOCAN 2020 estimates reported

1,414,259 new cases of prostate cancer globally in 2020, with a

higher prevalence in developed countries (2). During active

treatment (prostatectomy, chemotherapy, radiotherapy, and/or

hormone therapy) and the years after (survivorship), many

patients experience symptom distress, including physical (urinary

symptoms, bowel symptoms, sexual dysfunction, hormonal

imbalance symptoms, etc.), psychological (anxiety, depression,

etc.), and social aspects (stigma, social alienation, etc.), which can

negatively affect quality of life (QOL) (3–5). Studies have shown

that the incidence of urinary incontinence among localized

prostate cancer was 4%–31%, the incidence of fecal incontinence

was 4%–10%, and the incidence of sexual dysfunction was 11%–

87%. These symptoms can even last as long as 10 years (6–9).

Compared to men with localized disease, men with advanced

prostate cancer experience greater pain and fatigue, higher levels

of psychosocial distress, increased risk of suicide, and poorer

health-related quality of life (10–12). Many of these symptoms

persist for years, even after treatment is completed. As a result,

many patients suffer from socioeconomic loss, resulting in

significant life changes. Therefore, a strategy to reduce symptom

distress during treatment or after discharge is of great clinical value.

Mobile health (mHealth) is an accessible strategy for delivering

health information and has been widely used during the COVID-

19 pandemic (13, 14). A recent meta-analysis revealed that

mHealth interventions may provide an acceptable and feasible

strategy to deliver continuity of health support to patients

between medical appointments (15). Moreover, these

interventions offer a convenient way to support self-management

of cancer-related symptoms (16). Whether an individual receives

treatment for PC upon diagnosis or is actively monitored over

time, mHealth applications offer great opportunities for men to

receive personalized, timely, high-quality, and evidence-based

care (17). However, patients with prostate cancer have multiple

and complex symptoms during and after treatment, with a long

recovery period. After discharge, patients still need continuous

and comprehensive interventions and nursing for rehabilitation

training, prevention of complications, psychology, and other

aspects (18). Therefore, mHealth interventions offer patients with

PC an alternative form of medical care through a variety of

communication technologies, including telephone, mail, remote

video, or mobile applications, to treat patients at a distance.

However, the short-term and long-term effects of remote

interventions on symptom management in patients with PC are

unclear, and less attention has been paid to the long-term effects

of the interventions. A newly published scoping review has

shown that the current application of mHealth interventions in

PC survivorship care pathways remains poor, with 10 mHealth

apps identified and only one still in use, and the long-term

effects of these apps are currently unknown (18). This research

highlights the benefits of mHealth among patients with PC and

shows long-term (12-month) improvements in urinary irritation,

bowel function, hormonal function, and depression scores (19).

However, a randomized controlled trial from Australia revealed

that 12 months of telephone intervention was not accompanied

by overall improvements in QOL or psychological distress (20).

A literature review found that most studies on the impact of

mHealth on symptom management for patients with prostate

cancer have evaluated the long-term effects of the intervention

by following up patients for 3 months after the intervention

(20–22). Therefore, this study focused on the short- and long-

term effects of the intervention at a node of 3 months. Given

these findings, it is necessary to update meta-analyses to

comprehensively analyze the impact of mHealth interventions on

symptom management of patients with PC.

2 Methods

2.1 Protocol registration

This meta-analysis was performed in accordance with the

Preferred Reporting Items for Systematic review and Meta-

Analyses (PRISMA) guidelines (23). The protocol was registered

with the International Prospective Register of Systematic Reviews

(PROSPERO) (Registration ID: CRD420250651320; available at:

https://www.crd.york.ac.uk/prospero/).

2.2 Study selection

The PubMed, Cochrane Central electronic database, EMBASE,

and Web of Science were searched from inception to 8 November

2024 using a series of keywords related to mobile health and

prostate cancer. The details of the search strategy are presented

in the Supplementary Appendix. To avoid missing any relevant

studies, manual searches of the reference lists of all included

articles were also performed, as were searches of the reference

lists of previous related meta-analyses or systematic reviews.

The inclusion criteria for studies were as follows:

(1) population: adults (age > 18 years) with a prostate cancer

diagnosis who were undergoing or completed active prostate

cancer treatment (surgery, chemotherapy, and/or radiotherapy);

(2) intervention: mHealth interventions including but not limited

to smartphone apps, SMS, or wearable devices targeting

symptom monitoring or self-management; (3) control group

comprised of those receiving the usual care (e.g., standard

follow-up) or non-digital interventions (e.g., paper diaries);

(4) primary outcomes: mental (depression, anxiety, and distress)

or physical (urinary function, sexual function, bowel function,

and hormonal function) health outcomes based on standardized

scales with a secondary outcome of quality of life; (5) study

design: randomized controlled trials (RCTs). This meta-analysis

focused on the short-term and long-term effects of the

Abbreviations

PRISMA, Preferred Reporting Items for Systematic review and Meta-Analyses

guidelines; RCTs, randomized controlled trials; PC, prostate cancer; QOL,

quality of life.
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intervention at the node of 3 months. The short-term effect

was measured after the end of the intervention, and the

measured outcome indicators were followed up for ≤3 months.

The long-term effect was measured after the end of the

intervention, and the measured outcome indicators were followed

up for >3 months (we selected the longest time point as the

data outcome).

Studies were excluded from this meta-analysis according to the

following exclusion criteria: (1) publication in any language other

than English or (2) presentation of incomplete data or

duplicated data.

EndNote X9 (Clarivate Analytics, https://www.endnote.com)

was used to manage references. Two authors (HSC and HH)

independently examined titles and abstracts to select eligible

trials. In cases of discrepancies between the two authors’

selections, a third author (YML) was consulted to resolve the

differences. Full-text articles were then retrieved and reviewed

using the same method to determine which trials met the

inclusion criteria for this study.

2.3 Data extraction

Two authors (HH and HHL) independently extracted data

from the included trials using a data extraction table that

included general information (title, first author, publication date,

and study location), trial characteristics (sample size, method of

randomization, allocation, blinding method, incomplete outcomes

data, selective reporting, and other), subject characteristics

(country, neoplasm staging, treatment condition, and age),

intervention (type of intervention, intervention and follow-up

durations, frequency of mHealth use, intervener, and theoretical

framework), and outcomes (outcome measures). Discrepancies

between authors were resolved through consultation with a third

author (HSC).

2.4 Risk of bias assessment

In this study, two reviewers (HSC and HH) assessed the quality

of the included studies using the Risk of Bias 2 (RoB 2) tool, as

recommended by the Cochrane Handbook (24). This tool

evaluates the risk of bias in five domains: bias arising from the

randomization process, bias due to deviations from intended

interventions, bias due to missing outcome data, bias in the

measurement of the outcome, and bias in the selection of the

reported result. An overall risk of bias assessment was also

conducted for each study. Disagreements with respect to the

methodological quality were resolved by discussion and mutual

consultation (YML).

2.5 Statistical analysis

The effects of mHealth on the outcomes of patients with PC

were evaluated on the basis of the included studies. Continuous

variables were evaluated and combined using mean difference

(MD) when units of measurement were consistent across studies

or could be converted to a common scale. When the units could

not be directly compared or converted, the standardized mean

difference (SMD) was used (24). The statistical parameter I2 was

used to examine the heterogeneity of the effect sizes, with values

higher than 50% indicating substantial heterogeneity (24). In this

study, considering the existence of clinical heterogeneity (e.g.,

mode of intervention, participant characteristics), we employed

the DerSimonian and Laird random effects model for our meta-

analysis (24). A sensitivity analysis was conducted by removing

the RCTs that included interventions that relied entirely on

mHealth, those that included interventions that were delivered by

peer support volunteers, or those that included a theory or

framework referenced across the studies to detect the stability of

the results. If the number of included studies for the outcome

indicators was more than 10, a funnel plot and Egger’s test were

used to detect publication bias. The level of statistical significance

was set at P < 0.05 and all statistical tests were two-sided.

Statistical analyses were performed using STATA version 17.0

(Stata Corp LP, College Station, TX, USA).

3 Results

3.1 Study identification and selection

The initial search identified 6,302 articles. After screening of

titles and abstracts, 6,273 articles were excluded, including 1,507

duplicates, and 4,766 articles that did not meet the inclusion

criteria. The full texts of 29 articles were reviewed, and 18 of

these articles were excluded due to incomplete data (N = 6)

(25–29), content that did not conform to our study (PICOS)

(N = 11) (30–40), or being a conference abstract (N = 1) (37).

Finally, 11 RCTs were included in the present meta-

analysis (Figure 1).

The characteristics of the included RCTs are summarized in

Table 1. The 11 RCTs included two studies (18%) conducted in

Australia, Canada, the UK, the USA, and Korea, and one (9%)

study conducted in Germany. All RCTs were published in

English and conducted between 2013 and 2022. A total of 1,368

patients diagnosed with prostate cancer were included. Among

the 11 included RCTs, the study of Galvão et al. (20) had the

largest sample size with 463 individuals. Except for two RCTs,

which used an Internet intervention, all other mHealth

interventions were performed over the telephone. Interventions

ranged from 6 weeks to 6 months in duration, and the studies

were delivered by professional technical personnel (including

clinical psychologists, clinicians, physicians, clinical nutritionists,

nurses, and research assistants) (n = 10) and peer support

volunteers (n = 1). Most interventions were delivered by health

and social care professionals, and only one relied entirely on

mHealth. One theory or framework was referenced across studies

(21). The control group received the usual care, ethical care,

guidelines for patients with prostate cancer, or health promotion.
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3.2 Risk of bias assessment

The Cochrane Collaboration RoB tool was used to assess the

RoB of the included studies. The domains for assessment

included selection bias, including sequence generation and

allocation sequence concealment; performance or detection bias

via blinding of participants, personnel, and outcome assessors;

attrition bias via incomplete outcome data; and reporting bias via

selective outcome reporting. The criteria for low, unclear, and

high RoB within and across the studies followed the Cochrane

Handbook for Systematic Reviews of Interventions. RoB was

independently assessed by authors HSC (five articles), HH (three

articles), and HHL (three articles). YML reviewed all RoB

assessments to confirm accuracy. In addition, data integrity and

selective reporting were both assessed as low risk. The results are

presented in Figure 2.

FIGURE 1

Inclusion screening flow chart.
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TABLE 1 Characteristics of the included articles.

Study Country Design Neoplasm staging Treatment condition No. of

participants

Mean age ± SD Type of intervention Theory or

framework

Outcome

(years)

Trial

control

Trial control Trial control

Davis et al. (41) USA RCT, two arms Early-stage PC survivors RP, RT, ADT,

watchful waiting

49 45 61.9 ± 7.0 62.0 ± 8.1 Form: telephone Usual care NA General health-related

quality of life

(HRQOL), cancer-

specific HRQOL,

prostate cancer–specific

HRQOL, Post-visit

ratings (PVR)

Content: symptom

monitoring plus

feedback

Frequency: —

Time: three telephone

interviews

Intervenor: research

assistant (RA)

Hunter et al. (42) UK RCT, two arms Localized (50%), locally

advanced (19%), and

metastatic cancer (31%)

ADT 33 35 67.97 ± 7.65 69.71 ± 7.9 Form: a booklet, CD,

and telephone contact

Usual care NA Hot flushes and night

sweats (HFNS)-Hot

Flush Rating Scale

(HFRS), Hospital

Anxiety and

Depression Scale

(HADS), health-related

quality of life

Content: guided self-

help cognitive

behavioural therapy

(CBT)

Frequency: —

Time: 6 weeks

Intervenor: clinical

psychologist (ES)

Chambers et al. (22) Australia RCT, three arms Localized prostate

cancer

RP 61 64 NA NA Form: telephone Usual care NA Sexual function,

sexuality needs, sexual

self-confidence,

masculine self-esteem,

marital satisfaction or

intimacy

Content: nurse

counseling

Frequency: —

Time: —

Intervenor: prostate

cancer nurse

64 64 NA NA Form: telephone Usual care NA

Content: peer support

Frequency: —

Time: —

Intervenor: peer

support volunteers

(Peers)

Lambert et al. (43) Canada RCT, two arms Diagnosed in the

past 4 months

RP, RT, ADT, watchful

waiting or active

surveillance

23 19 64.3 ± 7.7 63.1 ± 5.6 Form: telephone Minimal ethical

care (MEC)

NA Anxiety (HADS-A),

depression (HADS-D),

self-efficacy, quality of

life, relationship

satisfaction, dyadic

coping (DCI), Illness

appraisal, individual

coping (Brief COPE)

Content: coping

together (CT), i.e., self-

directed coping skill

intervention for couples

facing cancer

Frequency: fortnightly

Time: 2 months

Intervenor: clinicians

Lange et al. (44) Germany RCT, 2 arms — Prostatectomy 18 26 60.53 ± 6.70 62.77 ± 6.10 Form: telephone German S3 guideline

for prostate

cancer patients

NA Distress, anxiety,

depression, anger, need

for help, QOL, fear of

progression (FoP) and

coping with cancer

Content: five group

sessions in three

different chat groups

Frequency: weekly

Time: each session

lasted 60–90 min

(Continued)
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TABLE 1 Continued

Study Country Design Neoplasm staging Treatment condition No. of

participants

Mean age ± SD Type of intervention Theory or

framework

Outcome

(years)

Trial

control

Trial control Trial control

Intervenor:

psychologist

Galvão et al. (20) Australia RCT, two arms Localized prostate

cancer

Have undergone

or are currently

undergoing

PC treatment

232 231 NA NA Form: telephone, web Usual care NA Health-related QOL,

disease-specific QOL,

EPIC
Content: peer-led

intervention, self-

management materials,

and monthly

telephone-based group

peer support

Frequency: monthly

Time: 6 months

Intervenor: peer, PC

nurse counselor

McCaughan et al. (46) UK RCT, two arms Localized prostate

cancer

Post-surgical or

post-radiotherapy

treatment with or

without hormone

treatment

26 8 NA NA Form: telephone Usual care NA Self-efficacy; quality of

life, symptom distress,

communication,

uncertainty and illness

benefits

Content: five

intervention sessions

Frequency: —

Time: 9 weeks

Intervenor: facilitator-

led

Saengryeol et al. (45) Korea RCT, two arms Advanced PC ADT 11 10 66.0 (61.0–71.0) 67.0 (59.5–73.0) Form: motivational text

messages

Usual care NA QOL, life satisfaction,

anxiety and depression

Content: structured

lifestyle intervention

Frequency: 2

supervision visits (week

4 and week 8) and one

main tenance visit

(week 12)

Time: 3–8 weeks

Intervenor: —

Park et al. (47) Korea RCT, two arms — ADT 86 86 66.3, 65.0 (±6.8) 66.5, 66.0 (±8.2) Form: Android-based

smartphone, a

smartphone

application, a web-

based platform, and a

smartband (Neofit

band, KT, Korea)

Usual care NA Vital sign

measurements, physical

measurements,

cardiorespiratory

endurance, physical

strength, self-reported

physical activity, QOL

Content: The Smart

After-Care (SAC)

service

Frequency: weekly

Time: 12 weeks

Intervenor: physicians,

clinical nutritionists,

and exercise therapists

(Continued)
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3.3 Meta-analysis of primary outcomes

Six RCTs (20, 21, 42–45) (n = 687 participants) reported the

short-term effect of the intervention on anxiety, and the meta-

analysis demonstrated no significant difference between the

mHealth intervention group and the control group

[SMD =−0.07, 95% confidence interval (CI) =−0.43 to 0.29,

P = 0.70, I2 = 63.30%] (Table 2). The long-term effects of the

interventions on anxiety were measured in two studies (n = 419

participants) (20, 42), and the meta-analysis demonstrated no

significant difference between the mHealth intervention group

and the control group (SMD =−0.11, 95% CI =−0.30 to 0.08,

P = 0.26, I2 = 0.00%) (Table 3).

Six RCTs (20, 21, 42–45) (n= 589 participants) reported the short-

term effect of the intervention on depression, and the meta-analysis

demonstrated no significant difference between the mHealth

intervention group and the control group (SMD=−0.08, 95%

CI =−0.40 to 0.24, P = 0.63, I2= 54.23%) (Table 2). The long-term

effects of the interventions on depression were measured in three

studies (19, 20, 42) (n = 446 participants), and the meta-analysis

demonstrated no significant difference between the mHealth

intervention group and the control group (SMD=−0.18, 95%

CI =−0.49 to 0.13, P = 0.25, I2 = 26.09%) (Table 3).

Two RCTs (43, 46) (n = 46 participants) reported the short-term

effect of the interventions on self-efficacy, and the meta-analysis

demonstrated no significant difference between the mHealth

intervention group and the control group (SMD=−0.02, 95%

CI =−0.84 to 0.44, P = 0.54, I2 = 0.00%) (Table 2).

Four RCTs (21, 43, 44, 46) (n = 134 participants) reported the

short-term effect of the interventions on psychological distress, and

the meta-analysis demonstrated no significant difference

between the mHealth intervention group and the control group

(SMD =−0.01, 95% CI =−0.52 to 0.50, P = 0.96,

I2 = 45.39%) (Table 2).

Two RCTs (20, 47) (n = 539 participants) reported the short-

term effect of the interventions on urinary function, and the

meta-analysis demonstrated no significant difference between the

mHealth intervention group and the control group (SMD = 0.22,

95% CI =−0.05 to 0.50, P = 0.12, I2 = 54.45%) (Table 2). The

long-term effects of the interventions on urinary function were

measured in three studies (19, 20, 41) (n = 529 participants), and

the meta-analysis demonstrated no significant difference

between the mHealth intervention group and the control

group (SMD = 0.06, 95% CI =−0.11 to 0.23, P = 0.51,

I2 = 0.00%) (Table 3).

Two RCTs (20, 47) (n = 539 participants) reported the short-

term effect of the interventions on bowel function, and the meta-

analysis demonstrated no significant difference between the

mHealth intervention group and the control group

(SMD = 0.21, 95% CI = −0.14 to 0.57, P = 0.24, I2 = 71.41%)

(Table 2). The long-term effects of the interventions on bowel

function were measured in three studies (19, 20, 41) (n = 473

participants), and the meta-analysis demonstrated a significant

difference between the mHealth intervention group and the

control group (SMD = 0.19, 95% CI = 0.01–0.37, P = 0.04,

I2 = 0.00%) (Figure 3).T
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The long-term effects of the interventions on hormonal

function were measured in two studies (19, 20) (n = 512

participants), and the meta-analysis demonstrated no significant

difference between the mHealth intervention group and the

control group (SMD = 0.11, 95% CI =−0.06 to 0.28, P = 0.21,

I2 = 0.00%) (Table 3).

The long-term effects of the interventions on sexual function

were measured in four studies (19, 20, 22, 41) (n = 737

participants), and the meta-analysis demonstrated no significant

difference between the mHealth intervention group and the

control group (SMD =−0.05, 95% CI =−0.67to 0.56, P = 0.86,

I2 = 93.82%) (Table 3).

FIGURE 2

Risk of bias summary.

TABLE 2 The short-term effect of mHealth interventions on anxiety, depression, self-efficacy, psychological distress, urinary function, and bowel
function outcomes from randomized controlled trials.

Outcome Studies No. of
participants

Heterogeneity
test I2(%)

Effect size

Trial Control SMD 95% CI P

Anxiety 6 283 306 63.30 −0.07 −0.43 0.29 0.70

Depression 6 283 306 54.23 −0.08 −0.40 0.24 0.63

Self-efficacy 2 31 15 0.00 −0.02 −0.84 0.44 0.54

Psychological

distress

4 70 64 45.39 −0.01 −0.52 0.50 0.96

Urinary function 2 259 280 54.45 0.22 −0.05 0.05 0.12

Bowel function 2 259 280 71.41 0.21 −0.14 0.57 0.24

The short-term effect was measured after the end of the intervention, and the measured outcome indicators were followed up for ≤3 months.

TABLE 3 The long-term effect of mHealth interventions on anxiety, depression, urinary function, bowel function, hormonal function and sexual
function outcomes from randomized controlled trials.

Outcome Studies No. of
participants

Heterogeneity
test I2(%)

Effect size

Trial Control SMD 95% CI P

Anxiety 2 208 211 0.00 −0.11 −0.30 0.08 0.26

Depression 3 221 225 26.09 −0.18 −0.49 0.13 0.25

Urinary function 3 255 274 0.00 0.06 −0.11 0.23 0.51

Bowel function 3 228 245 0.00 0.19 0.01 0.37 0.04

Hormonal

function

2 245 267 0.00 0.11 −0.06 0.28 0.21

Sexual function 4 389 348 93.82 −0.05 −0.67 0.56 0.86

The long-term effect was measured after the end of the intervention, and the measured outcome indicators were followed up for >3 months.
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3.4 Meta-analysis of secondary outcomes

As for the secondary outcomes (Table 4), the meta-analysis

demonstrated no significant differences in the short-term effects

of the interventions on quality of life, mental health, and

physical health. Three health-related QOL (HRQOL) measures,

validated in patients with prostate cancer, were used: the

physical and mental scales of the Assessment of Quality of

Life-8 Dimensions (AQoL-8D) (43), the 8-item Short Form

Health Survey (SF-8) (44), and the 12-item Short Form Health

Survey (SF-12) (21).

Three RCTs (19, 20, 41) reported that the mHealth interventions

were delivered by professional technical personnel, and one RCT

(22) reported that the mHealth intervention was delivered by peer

support volunteers. In the sensitivity analyses (Table 5), after

removing the RCT of Chambers et al. (22), the sexual function

differences became statistically significant. However, since only

three studies were included, further research is needed to explore

these findings. Subgroup analysis was conducted on data of tumor

stage and intervention type (Figure 4). Relevant hypothesis tests

indicated no significant differences.

3.5 Publication bias

Fewer than 10 articles were included for each outcome, and

thus, an assessment of publication bias could not be conducted.

4 Discussion

This meta-analysis included 11 RCTs involving 1,368

participants and provided evidence that mHealth interventions

significantly improve long-term bowel function outcomes.

Moreover, in the sensitivity analyses, the sexual function

differences became statistically significant. However, mHealth

interventions did not significantly reduce symptom distress

(anxiety, depression, self-efficacy, psychological distress, urinary

function, bowel function, and hormonal function outcomes) or

improve quality of life.

Our findings are consistent with previous systematic literature

reviews (48), which concluded that technology-based interventions

(TBIs) cannot improve health outcomes (anxiety, depression, and

HRQOL) among patients with prostate cancer. However, the

present meta-analysis included more patient outcomes, such as

self-efficacy, psychological distress, urinary function, bowel

function, and hormonal function, to further explore the short-

term and long-term effects of mHealth interventions.

The mHealth interventions did not improve anxiety,

depression, or psychological distress symptoms. This result may

be due to a floor effect, whereby participants’ baseline anxiety,

depression, and psychological distress symptom scores were

within the healthy range. The incidence of anxiety, depression,

and psychological distress among patients with prostate cancer

ranges from 15% to 22% (49, 50), 14.7% to 65.9% (51, 52), and

21% to 28% (53, 54), respectively. The studies in this review did

FIGURE 3

Forest plot of the long-term effect of mHealth interventions on bowel function.

TABLE 4 Meta-analysis of secondary outcomes.

Outcome Studies No. of
participants

Heterogeneity
test I2(%)

Effect size

Trial Control SMD 95% CI P

Quality of life 3 207 219 43.58 0.10 −0.44 0.64 0.71

Mental health 3 58 62 0.00 −0.11 −0.47 0.25 0.56

Physical

health

3 58 62 0.00 −0.13 −0.49 0.23 0.48

The short-term effect of mHealth interventions on quality of life, mental health, and physical health outcomes from randomized controlled trials.
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not recruit patients with anxiety or depression. In primary care,

some evidence suggests that mHealth interventions can decrease

anxiety, depression, and psychological distress symptoms, and

there is growing evidence of their benefits in cancer care (16, 55).

However, more research is needed to evaluate their effectiveness

in patients with prostate cancer experiencing anxiety, depression,

and psychological distress.

The present study did not find that mHealth interventions can

significantly improve patients’ urinary, bowel, and hormonal

function outcomes, probably due to the small number of

included studies (only two or three RCTs) or the fact that the

included population did not comprise patients with advanced

prostate cancer. Moreover, the content and frequency of mHealth

interventions may not have been standardized across studies, as

FIGURE 4

Subgroup analysis.

TABLE 5 Sensitivity analysis of intervention heterogeneity.

All studies Omitted Chambers (22) Omitted Saengryeol (45) Omitted Lambert (21)

Sexual function −0.05 (−0.67 to 0.56) 0.24 (0.06 to 0.43) — —

SMD (95% CI)

Depression −0.08 (−0.40 to 0.24) — 0.11 (−0.31 to 0.10) −0.17 (−0.49 to 0.15)

SMD (95% CI)

Anxiety −0.07 (−0.43 to 0.28) — −0.09 (−0.26 to 0.07) —

SMD (95% CI)

Quality of life 0.10 (−0.44 to 0.64) — 0.02 (−0.17 to 0.22) −0.01 (−0.47 to 0.44)

SMD (95% CI)

Psychological distress −0.01 (−0.52 to 0.50) — — −0.05 (−0.81 to 0.70)

SMD (95% CI)

SMD, standardized mean difference. — indicates that the trial was not included in this outcome and a sensitivity analysis could not be performed.

Studies with peer support volunteers or interventions that relied entirely on mHealth were excluded.
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latest RCTs indicate that targeting a web-based intervention to

recipients most likely to benefit patients with elevated levels of

symptom burden and can improve urinary irritation, bowel

function, hormonal function, and depression symptoms in men

with PC (19). For the symptoms mentioned above, data from the

studies incorporated were inconsistent, making conclusions

regarding their management through mHealth interventions

difficult to draw. However, the long-term effects of mHealth

interventions on bowel function had a significant positive impact.

Several hypotheses could explain why we observed improvements

over time in these conditions. First, we hypothesize that the

“attention” provided to participants (60–90 min/session in the

intervention group and 0–60 min/session in the control group)

by the study staff could have played a role in the improvement

of symptoms over time in these conditions. Second, participation

bias (e.g., participants’ desire to reduce their stress) may also

partially explain why individuals in these conditions improved

their outcomes. Finally, we also hypothesize that improvement in

bowel function across conditions could be attributed to the

overlapping content presented (e.g., education component,

attention, and social support). This is consistent with previous

work that showed mHealth interventions as a possible method

for reducing the severity of participants’ irritable bowel syndrome

symptoms (56), and a review that concluded that mHealth

interventions were associated with significant reductions in bowel

symptoms and improvement in quality of life that tended to

continue up to 12 months of follow-up (57). More research is

needed to elucidate and disentangle the effects of mHealth

interventions on symptom-related quality of life among prostate

cancer survivors.

Quality of life is related to physical health, psychological

conditions, social relationships, and environment (58). mHealth

interventions likely cannot improve quality of life and self-efficacy

because mHealth interventions fail to improve the symptom-related

distress and psychological distress of patients with prostate cancer.

This result may be due to the quality of life and the self-efficacy of

these men already being at normative levels at baseline, and they

may not have needed an intervention. However, a recent review

found that mHealth interventions are promising for improving the

QOL of patients with cancer, and the strongest evidence exists for

physical activity interventions, followed by mindfulness and

cognitive behavioral therapy (59). This meta-analysis only included

two articles on physical activity interventions and one article on

cognitive behavioral therapy interventions, thus, robust conclusions

cannot be drawn from the available evidence.

The latest studies show that cancer survivors benefit variably

from mHealth tools (15, 16, 60). To maximize the effects of such

tools, future research should consider the following aspects. First,

positive associations have primarily been demonstrated between

mHealth/digital literacy levels and the utilization of the Internet

as part of information-seeking related to healthcare and prostate

cancer; however, PC survivors’ mHealth literacy levels were likely

to be at a novice level. Therefore, it is necessary for us to reliably

measure mHealth literacy, improve our ability to identify low-

literacy target groups, and develop and test interventions to effect

change (61). Second, another research study found that mHealth

intervention personalization improves engagement and efficacy

(62). Future studies should consider using the technology

acceptance model to codesign mHealth interventions with end-

users and analyze end-user personalization regarding engagement

and health outcomes (15). Third, a retrospective study

demonstrated that utilizing mobile Internet management for the

ongoing care of patients who have undergone radical

prostatectomy yields significant benefits because the invasive

nature of radical prostatectomy often induces psychological

stress (63). Future research could start with the treatment

methods adopted by patients and analyze whether different

treatment approaches have an impact on the physical and mental

outcomes of patients. Fourth, future mobile health interventions

should be based on patients’ unique needs and preferences,

considering critical factors for implementing mHealth

interventions, including perceived utility, ease of use, and

resolving technical barriers such as privacy, cost, and security, as

well as the remote monitoring of patients’ progress. Importantly,

intervention measures designed jointly with end-users can

enhance participation.

The present meta-analysis had several limitations. First,

due to the limited number of included articles, we could not fully

evaluate publication bias, which resulted in low statistical

efficiency. Second, most interventions were delivered over a

relatively short period, typically ranging from 6 to 10 weeks; most

frequently, the interventions were provided weekly. However, the

lack of data prevented the comparison of mHealth interventions

by length or frequency of the intervention. In the same way,

evidence was insufficient to enable comparison by neoplasm

staging and perform subgroup analyses, which would have been

useful because an RCT suggests that different forms of

interventions may be more or less effective according to disease

stage (64). Finally, different instruments were used to assess

patient outcomes, which made a comparison of the results difficult.

5 Conclusions

The results of this systematic review and meta-analysis indicate

that patients with prostate cancer benefit less from mHealth

interventions both mentally (anxiety, depression, self-efficacy,

psychological distress, and quality of life) and physically (urinary

function and hormonal function). However, mHealth

interventions significantly improved long-term bowel function

outcomes. Further, we need studies with sufficient statistical

power and length of follow-up to generate much-needed

definitive evidence concerning the efficacy of mHealth

interventions for the management of symptoms in patients with

prostate cancer.
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