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Objective: The aim of this meta-analysis was to assess the impact of e-health

interventions on disease management in patients with CHF.

Methods: Six databases including Embase, Web of Science, Scopus, PubMed,

Cochrane, and EBSCO were searched by computer. The search time is

before May 1, 2022. Odds ratios (OR) were used for binary categorical data

and weighted mean di�erences (WMD) for continuous variables. The 95%

confidence intervals (CI) were used to express the e�ect sizes for both count

andmeasurement data. RevMan 5.4 and Stata 16.0were employed to complete

this meta-analysis.

Results: The study included 22 research studies and 5,149 patients. e-health

intervention can e�ectively reduce all-cause mortality [OR = 0.801, 95%CI:

(0.650, 0.987), P < 0.05], all-cause hospitalization rate [OR = 0.66, 95%CI:

(0.46, 0.95), P < 0.05] and heart failure related hospitalization rate [OR =

0.750, 95%CI: (0.632, 0.891), P < 0.05]. e-health intervention is also e�ective

in improving the quality of life [WMD = 2.97, 95%CI: (1.54, 4.40), P < 0.05] and

the self-management ability of patients [WMD=−2.76, 95%CI: (−5.52,−0.11),

P < 0.05].

Conclusion: e-health interventions can reduce all-cause mortality, all-cause

hospitalization, and heart failure-related hospitalization in patients with CHF.

Furthermore, it can improve the health-related quality of life of patients.

KEYWORDS

quality of life, self-management, Internet, e-health, CHF

Introduction

Chronic Heart Failure (CHF) is a serious, potentially life-threatening condition with

an increasing prevalence. As a result, a number of medical and economic problems have

been associated with it. Worldwide, the incidence of heart failure is predicted to rise by

46% by 2030 due to an aging population (1). In spite of advancements in heart failure

treatment, mortality and health-related quality of life remain unimproved. Also, the

cost of disease management for CHF patients is ∼1–2% of total healthcare costs and
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is mainly associated with repeated hospitalizations (2). Yet,

multidisciplinary health care management has been effective in

reducing CHF-related mortality and hospitalizations. Because

of geographical barriers, and socioeconomic reasons, not

all patients are able to participate in these treatments

(3). Consequently, digital health interventions have become

increasingly critical in recent years, particularly during the

ongoing COVID-19 pandemic (4). Patients with CHF and other

chronic diseases are evolving from the traditional face-to-face

follow-upmodel toward a proactive, real-time technologymodel

that helps patients self-manage (5).

In the healthcare sector, the use of e-health and m-health

tools is increasing. e-health include any type of electronic system

used in medical practice to monitor or improve their health

status (6). While e-health typically involves computer-based

online or offline telemedicine, mHealth refers to cell phone

applications. These services can stimulate positive changes

in health behavior. They can help patients live a healthier

lifestyle, or support the diagnosis and treatment of disease

by remotely monitoring and managing patients with CHF

when needed. The goal of managing CHF is to enhance the

patient’s quality of life and minimize the risk of mortality.

This requires close monitoring of vital signs and an effective

working relationship between the patient and the health care

professional (7).

Overall, the available evidence suggests that e-health

interventions have the potential to improve health outcomes

in patients with CHF, but the extent of the impact is

uncertain owing to the mixed outcomes reported in the

available systematic reviews. The literature already contains

several systematic reviews on e-health interventions and

CHF. Therefore, we can pool evidence from all reviews to

report on effect evaluation. We conducted a meta-analysis of

randomized controlled trials to assess the evidence for the

effectiveness of e-health interventions for the management

of CHF.

Materials and methods

Literature search

Meta-analysis was conducted according to the Preferred

Reporting Items for Systematic Reviews and Meta-analyses

(PRISMA) guidelines. The search databases included Scopus,

Embase, Web of Science, PubMed, Cochran and EBSCO

database. The articles were published after inception and

before June 1, 2022, and were related to the impact of

electronic interventions on patients with CHF. Our search

strategy encompasses a combination of the following keywords:

Abbreviations: CHF, chronic heart failure; COVID-19, Corona Virus

Disease 2019.

“eHealth” or “e-health” or “e-therapy” or “m-health” or

combined with “Chronic heart failure” or “chronic cardiac

failure” or “Cardiac Failure” or “Congestive Heart Failure.”

In the selection process, only studies involving humans were

considered. All databases were searched using similar strategies.

We searched PubMed and other databases using “all the fields”,

“titles”, and “keywords”.

Eligibility criteria

Types of participants

Inclusion criteria: (1) The study subjects were aged ≥18

years; (2) The study subjects were patients diagnosed with

CHF, with a cardiac function class II-III and a left ventricular

ejection fraction (LVEF) <45%; (3) The study subjects were

capable of taking care of themselves and had no communication

impairment; (4) All literature involved RCTs on the effects of

e-health interventions on patients with CHF.

Interventions

The experimental group intervention was any form of e-

health interventionmodel: (1) m-Health, in the form of a mobile

device-enabled clinical intervention; (2) Telemedicine, which

usually entails the use of telephone or electronic technology

to facilitate telemedicine or education. The control group

intervention was the usual model of care (which did not include

any form of e-health).

Outcome indicators

Primary outcome indicators: all-cause mortality (total

number of deaths at the end of study follow-up), all-cause

hospitalization rate (calculated as the proportion of participants

who were hospitalized at least once during follow-up), and heart

failure-related hospitalization rate (calculated as the proportion

of participants who were hospitalized for heart failure at least

once during follow-up).

Secondary outcome indicators: health-related quality of life

(The primary instrument is the SF-36, and the higher the score

the better the quality of life for patients with heart failure.

And the Minnesota Malfunctional Heart Quality of Life Scale

(MLHFQ), with higher scores indicating poorer quality of

life in heart failure patients). Self-care behavior [The primary

instrument was the European Heart Failure Self-Care Behavior

Scale (EHFSB)].

Exclusion criteria

Meta-analyses must exclude any study that meets: (1)

Literature with incomplete data reporting. (2) Studies with

Frontiers inCardiovascularMedicine 02 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1053765
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Ding et al. 10.3389/fcvm.2022.1053765

insufficient data to allow interpretation of results. (3) Reviews, in

vitro studies, case reports, meeting abstracts, and studies related

to animal trials.

Data extraction and management

Two researchers used document management software to

remove duplicate studies by importing all filtered titles and

literature abstracts after searching the database. Screening of

literature that failed to qualify for inclusion and review of full

texts to select literature that meets the criterion. Researchers

should consult relevant experts or discuss discrepancies with

third-party research if discrepancies exist in the literature

screening process. When several papers are presented in the

same study, only the ones with the most complete data

and those that must adhere to the inclusion criteria should

be included. All selected literature meeting the inclusion

criteria was classified and analyzed through office software:

study author, publication year, study design, intervention

methods, follow-up time, patient numbers, and patient gender.

When some information is lacking from the study, the

original author is contacted by phone or email to obtain the

relevant data.

Literature quality assessment

The risk of bias in the selected literature was assessed

according to the methods recommended in the Cochrane

Handbook for the Systems Review of Interventions 5.1.0.

Among the contents assessed are the randomization method,

the allocation concealment design, the blinding methods used,

the reporting of research results, the existence of other sources

of bias, and any selective reporting of research results, etc.

Following are the results: “Yes” indicates correct methodology or

complete data, indicating a low risk of bias; “unclear” indicates a

medium risk of bias; and “No” indicates incorrect methodology

or incomplete data, indicating a high risk of bias. Lastly, data was

entered into the Revman 5.4 software, and risk of bias assessment

plots were exported.

Statistical analysis

STATA 16.0 version (Stata Corporation, College Station,

TX, USA) was utilized to conduct data analyses. Continuous

variables are expressed as the weightedmean difference (WMD),

while categorical data are expressed as odds ratios (OR).

The effect of counting data and the measurement data was

expressed using a confidence interval (CI) of 95%. For the

heterogeneity test, when statistics for the data I2 < 50%, the

high homogeneity of the research results can be considered,

therefore a fixed-effect model is utilized. When the statistics

I2 ≥ 50%, there may be heterogeneity between the results,

so a random effect model was used. If there was evidence

that a study differed significantly from other studies in terms

of methodology or findings, sensitivity analyses were then

carried out exclude these studies from the meta-analysis.

Sensitivity analyses were performed if there was evidence

that a study differed significantly from other studies in

terms of methodology or findings. The re-meta-analysis of

the data after sequential deletion of individual studies and

comparison of the deleted results with the original results

was performed. We conducted subgroup analyses of primary

outcome indicators to determine the effects of patient age,

e-health intervention model, and region. In addition, to assess

the side effects of drug treatment in more detail, subgroup

analyses were performed according to different adverse events.

To examine publication bias, Begg’s and Egger’s tests were

performed; P > 0.05 was considered statistically significant

unless otherwise stated.

Results

Search results

The search approach is mainly displayed through

Supplementary material S1. Figure 1 shows the study selection

diagram for the meta-analysis. The PRISMA checklist is shown

in the Supplementary Table S2. In the initial search of the

database, 920 citations were found (Web of science: 153; Scopus:

262; EBSCO:35; Embase: 21; Cochrane: 78; PubMed: 371;).

A total of 642 records remained after removing duplicates,

and 583 of them were delegated after titles and abstracts were

excluded. Furthermore, the complete texts of 57 articles were

read, with 35 being rejected. Finally, 22 studies were included in

the meta-analysis.

Study characteristics and quality
assessment

A total of twenty-two articles were included in this

meta-analysis. Table 1 describes the characteristics of the

eligible studies. The risk of bias assessment is shown in

detail in Figures 2, 3. Fifteen studies’ randomization was

handled correctly, and thirteen studies dealt with allocation-

sequence concealment adequately. Details about participants

and personnel blinding were provided in eleven studies, while

outcome assessor blinding was reported in twelve more.

Each article provided the cause and number of withdrawals

and dropouts.
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FIGURE 1

Flow chart of the study selection process.

Primary outcomes

All-cause mortality

Twelve (9, 11–14, 16, 20–24, 26) studies involving a total

of 4,059 patients assessed all-cause mortality. Due to the high

homogeneity of the included studies (I2 = 0%, P = 0.46), the

fixed effect model was used. There were statistically significant

differences in the pooled odds ratios of all-cause mortality

between patients treated with e-health and the control group

(OR 0.801, 95% CI 0.65–0.98, P < 0.05), and meta-analysis

showed that e-health interventions can significantly reduce all-

cause mortality among patients (Figure 4). Subgroup analysis

was performed based on the region of use, patient age, and

the intervention model studied. There were no significant

differences between the e-health intervention and usual care

after subgrouping, as detailed Figure 5.

All-cause hospitalization rate

Eight (8, 13, 14, 16, 20, 21, 25, 26) studies involving

2279 patients reported findings on all-cause hospitalization

rate. Due to the high heterogeneity, the random effects model

was used in this study (I2 = 67.5%, P = 0.00). All-cause

hospitalization rates were statistically significantly different

between e-health patients and their control counterparts

(OR 0.66, 95%CI 0.46–0.95, P < 0.05). According to our

findings, e-health interventions can significantly improve all-

cause mortality in patients with CHF (Figure 6). Sensitivity

analysis using continuous omissions from individual studies had

no significant effect on the overall combined OR, indicating that

the combined OR was stable and valid. The subgroup analysis

by population suggested that e-health intervention reduced all-

cause hospitalization rates among under 60 years old CHF

patients, but uncertainty exists for this outcome among over
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TABLE 1 Characteristics of included studies.

Included in
the study

Country Sample size
(experimental
group / control

group)

Age (experimental
group / control

group)

Intervention measures of
experimental group

Intervention
measures of
control
group

Outcome
measures

Hale et al. (8) America 11/14 68.4± 11.8/74.4± 10.4 Use the drug monitoring system to ensure that the

patient takes the medicine according to the

regulations.

Usual care ②

Ding et al. (9) Australia 67/82 69.5± 12.3/70.8± 12.4 Use of remote Internet for weight monitoring,

structured telephone support, and rehabilitation of

patients.

Usual care ①

Liu2 et al. (10) China 30/30 53.27±7.1/55.27± 6.01 Use of mobile phone app to guide patients in

home cardiac exercise rehabilitation.

Usual care ⑤

Frederix et al. (11) Belgium 80/80 78(71-83)/77(71-83) Patients use telemonitoring for daily

self-assessment and transfer of data to the

responsible telemedicine center.

Usual care ①,③

Koehler et al. (12) Germany 765/73 70± 11/70± 10 Use of telemedicine platforms and wearable

devices for self-monitoring and self-assessment of

health status.

Usual care ①–③

Koehler et al. (13) Germany 354/356 66.9± 10.8/66.9± 10.5 Use of telemedicine platforms and wearable

devices for self-monitoring and self-assessment of

health status.

Usual care ①

Scherr et al. (14) Australia 66/54 65(62-76)/66(62-72) Using telemedicine systems for communication

and wearable devices for self-monitoring (blood

pressure, heart rate, weight).

Usual care ①,②

Athilingan et al. (15) America 9/9 53.06± 4.02 Self-monitoring with mobile applications Usual care ⑥

Chen et al. (16) China 252/260 62± 14/62± 15 Use cell phone text alerts and phone calls to

remind patients.

Usual care and

health education

①–③,⑤

Dang et al. (17) America 36/16 53.0± 9.4/60.3± 9.0 Use cell phone text alerts and phone calls to

remind patients.

Usual care ④–⑥

Seto et al. (18) Canada 50/50 55.1± 13.7/32.3± 13.7 Using a smartphone for remote monitoring of

weight and blood pressure automatically sent to a

cell phone via Bluetooth.

Usual care ⑤

Melin et al. (19) Sweden 42/40 75± 8 Using tablets to provide prognostic care

knowledge, including medication guidance,

lifestyle, health education, condition monitoring.

Usual care ④,⑥

(Continued)
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TABLE 1 (Continued)

Included in
the study

Country Sample size
(experimental
group / control

group)

Age (experimental
group / control

group)

Intervention measures of
experimental group

Intervention
measures of
control
group

Outcome
measures

Dendale et al. (20) Belgium 80/80 76± 10 Use the Internet to monitor the condition, provide

health education, diet guidance and exercise

suggestions.

Usual care ①–③

Villani et al. (21) Italy 40/40 58.3± 11.6/57.9± 11.9 Use remote monitoring technology for disease

monitoring (such as heart rate, body weight, blood

pressure, electrocardiogram).

Usual care ①,②

Vuorinen et al. (22) Finland 47/47 58.3± 11.6/57.9± 11.9 Use mobile apps for disease monitoring and

symptom self-assessment.

Usual care ①,③,⑥

Cichosz et al. (23) Denmark 145/154 70(59.5-77)/69(61-76) Use of tablets and wearable devices to collect

disease-specific data (blood pressure, pulse and

weight), medication monitoring and dietary

guidance, and rehabilitation training.

Usual care ①,④

Johnson et al. (24) America 16/15 62.4± 23.4/60.7± 15.0 Use the Internet to provide educational videos and

daily tips to patients.

Usual care ①

Schmaderer et al.

(25)

America 25/26 53.6± 14.2 Using mobile health apps to provide health

education, self-monitoring to patients.

Usual care ②

Völler et al. (26) Germany 319/241 63.0± 11.5 Use the telemedicine platform motiva and

wearable devices to provide prognosis care for

patients, including measuring vital signs (blood

pressure, heart rate and body weight).

Usual care and

health diary

①–③

Yanicelli et al. (27) Argentina 90/90 50.0± 10.6 Use the Home Remote Monitoring System

application to collect collect weight, blood

pressure, heart rate and list of symptoms (swollen

ankles, swollen legs, shortness of breath, etc.) and

provide health education to patients.

Usual care ⑥

Piotrowicz et al. (28) America 377/391 62.2± 10.0/62.1± 10.2 Patients underwent either an HCTR program (1

week in the hospital [initial stage] and 8 weeks at

home; exercise training 5 times per week).

Usual care ④

Saleh et al. (29) Jordan 69/67 67(61-72)/65(62-72) Tele group patients were asked to measure vital

parameters (blood pressure, heart rate, body

weight) on a daily basis at the same time.

Usual care ④

①All-cause mortality, ②All-cause hospitalization rate, ③Heart failure related hospitalization rate, ④SF-23, ⑤MLHFQ, ⑥Self-care behavior.
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FIGURE 2

Risk of bias graph.

FIGURE 3

Risk of bias summary.

60 years old patients. And subgroup analysis by region showed

that the e-health intervention had a more significant effect on

all-cause hospitalization rates in North American states. There

was no significant difference between e-health intervention and

usual care on all-cause mortality after the intervention model

grouping, as detailed Figure 7.

Heart failure-related hospitalities

Six (12, 13, 16, 20, 22, 26) studies involving 3,635 patients

reported findings of heart failure-related hospitalization rate.

Statistical heterogeneity was not present in these studies and

therefore fixed effects model were used (I2 = 0.0%, P =

0.47). Meta-analysis showed that there was significant difference

in heart failure-related hospitalization rate between e-health

treatment group and the control group in pregnant women

with hyperthyroidism (OR 0.750, 95%CI: 0.632–0.891, P < 0.01)

(Figure 8). We found a reduced risk of heart failure-related

hospitalizations in patients using the e-health intervention.

Subgroup analysis showed no significant difference between the

e-health intervention and usual care after grouping, as detailed

Figure 9.

The secondary outcome

Healthy life-related quality

Five (17, 19, 23, 28, 29) studies involving 1,337 patients

reported healthy life-related quality using the SF-36 scale. There

was no statistical heterogeneity among the studies (I2 = 25.9%,

P = 0.249), so the fixed effect model was adopted. In patients

with chronic heart failure, SF-36 scores were significantly

higher, with the e-health treatment group outperforming the

control group (WMD 2.97, 95%CI: 1.54 – 4.40, P < 0.05)
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FIGURE 4

Forest plots showing the e�ects of all-cause mortality.

FIGURE 5

Subgroup analysis for outcome of all-cause mortality.

(Figure 10). Four (10, 16–18) studies (704 patients) reported

healthy life-related quality using the Minnesota Lifestyle Heart

Failure Questionnaire (MLHFQ) and there was no statistical

heterogeneity between studies (I2 = 0.0%, P = 0.765) so the

fixed effect model was adopted. In the four individual trials

using the MLHFQ, the results showed a significant difference

between the e-health intervention and usual care (WMD−2.25,

95%CI: −3.91 – −0.59, P < 0.05) (Figure 11). According to

the study, quality of life was improved in patients with e-

health interventions.

Self-care behaviors

Six (15, 17–19, 22, 27) studies involving 386 patients

reported findings on self-care behaviors. There was relatively

large heterogeneity in the results (I2 = 57.0%, P = 0.04),
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FIGURE 6

Forest plots showing the e�ects of all-cause hospitalization rate.

FIGURE 7

Subgroup analysis for outcome of all-cause hospitalization rate.

so a random effects model was used. There were statistically

significant differences in self-care behaviors between patients

treated with e-health and the control group (WMD −2.76,

95%CI:−5.52−0.11, P < 0.05) (Figure 12).

Publication bias

To assess the study’s quality and bias risk, we used funnel

plots and Begg’s and Egger’s tests. In the study of CHF

patients, all-cause mortality showed a clear symmetric funnel

plot (Figure 13). The results of Egger’s (P = 0.77) and Begg’s (P

= 0.87) tests also confirmed that a relatively small study bias.

Discussion

e-health interventions are based on the concept of mobile

health care, where patient information data is uploaded to a

monitoring platform or managed for patients with CHF via

a home teleportation monitoring system, such as a wireless

device or sensor worn on the patient to obtain vital signs, ECG
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FIGURE 8

Forest plots showing the e�ects of heart failure related hospitalization rate.

FIGURE 9

Subgroup analysis for outcome of heart failure related hospitalization rate.

and exercise data (30). In this Meta-analysis, the prognostic

effect of e-health interventions on patients with CHF was

brought up to date and the analysis included a total of twenty-

two randomized controlled trials comparing the impact of e-

health interventions (mobile devices and telemedicine care) with

usual care on health outcomes in patients with CHF. Overall,

e-health interventions were beneficial for all-cause mortality and

quality of life in patients with CHF. Home-based electronic

health interventions providing monitoring systems are highly

effective in improving clinical outcomes, particularly in

reducing all-cause mortality and all-cause hospitalization rates.

Further subgroup analyses showed no significant differences

between the two types of eHealth intervention models in

all-cause mortality, all-cause hospitalization rates, and heart

failure-related hospitalization rates.

Of the twelve studies that evaluated the relationship between

e-health interventions and mortality, nine showed that e-health

interventions significantly reduced all-cause mortality in

patients with CHF, similar to the results of the meta-analysis by

Kraijkamp et al. (31). e-health interventions can reduce all-cause

mortality by providing real-time counseling and education to

CHF patients and their families, monitoring daily patient weight,
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FIGURE 10

Forest plots showing the e�ects of SF-36.

FIGURE 11

Forest plots showing the e�ects of MLHFQ.

blood pressure and heart rate, fluid intake and observing edema

in low hanging areas of the body, and by remote monitoring or

professional guidance from health care professionals (32). Also,

studies have shown significantly reduced all-cause mortality

with more frequent vital sign measurements (more than twice

a week). All-cause hospitalization rates and heart failure-related

hospitalization rates are critical health economic indicators

of patient discharge, transfer and post-discharge follow-up
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FIGURE 12

Forest plots showing the e�ects of self-care behaviors.

FIGURE 13

Funnel plot of all-cause mortality.

outcomes, and are helpful in assessing the prognosis of patients

with CHF (33). The results of this study found that the e-

health intervention group was able to significantly reduce all-

cause hospitalization and heart failure-related hospitalization

rates, with statistically significant differences. A subgroup

analysis of all-cause hospitalization rates showed that the

eHealth intervention was effective for CHF patients of all ages

and regions. Almost all of the e-health interventions in this

meta-analysis supported that monitoring heart failure-specific

indicators (e.g., weight, blood pressure, and heart failure

symptoms) may reduce heart failure-associated hospitalization

rates. In addition, they can recognize exacerbations associated

with other chronic diseases (e.g., chronic kidney disease or

diabetes) or other types of cardiovascular disease, and electronic

health interventions with remote monitoring and clinical

feedback may provide alerts or draw attention to other acute

diseases, which may reduce all-cause readmission rates for

patients. e-health visits increased exponentially during the New

Coronary Pneumonia pandemic. Current evidence supports

the use of e-health interventions instead of post-discharge in-

person visits. e-health interventions range in complexity from

low to high and should be matched to the patient’s risk profile.

Regardless of the type of e-health intervention platform, it

should be integrated with clinical practice to optimize healthcare

delivery (34).

The report also examined the impact of e-health

interventions on quality of life and self-management in patients

with CHF. The current meta-analysis showed that patients

with CHF who received e-health interventions had improved

self-behavior management compared to usual care, which is

consistent with the findings of Romano (35). Recent studies

have found that telemedicine and mobile health interventions

for patients with chronic heart failure also significantly

improve self-management, medication adherence, and cognitive

performance, as well as poor lifestyle and negative patient mood

(36). In addition, e-health enables physicians to interact with

patients by monitoring changes in their condition, offering
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immediate guidance, and collaborating with patients. All of these

elements are consistent with the principles of self-management

(37, 38). The positive effects of modern e-health could explain

the immediate and short-term benefits of e-health based self-

management behaviors in patients with chronic heart failure.

Notably, there is inadequate evidence to determine whether

these effects can be sustained in the medium or long term, and

the quality of evidence obtained in the medium-term follow-up

is low. Therefore, more clinical trials are needed to determine

long-term effects.

Limitations of the study

Statistical heterogeneity was excluded before pooling the

data, but changes in the quality of intervention or routine

care may introduce conceptual heterogeneity that cannot

be fully explained in any meta-analysis. For example, e-

health education interventions may differ in terms of goal

setting, logbook use and other strategies that affect patient

adherence or outcomes. Another limitation is that each type

of intervention cannot account for the high or low quality of

care provided.

Conclusion

This meta-analysis included randomized controlled trials

from different countries (China, USA, UK, Sweden, Australia,

etc.) and suggests that e-health interventions may be applicable

to populations in different countries and different healthcare

systems. In conclusion, the results of this meta-analysis

support the use of e-health interventions to improve the

prognosis of patients with heart failure. e-health interventions

reduce mortality, all-cause hospitalization and heart failure-

related hospitalization rates, and improve quality of life in

CHF patients.
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