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Effectiveness of digital health interventions on unintentional injury, violence, and suicide: Meta-analysis 

Abstract 

Digital technologies are increasingly used in healthcare delivery and are being introduced into work to prevent unintentional injury, violence, 

and suicide to reduce mortality. To understand the potential of digital health interventions (DHIs) to prevent and reduce these problems, we 

conduct a meta-analysis and provide an overview of their effectiveness and characteristics related to the effects. We searched electronic 

databases and reference lists of relevant reviews to identify randomized controlled trials (RCTs) published in or before March 2020 evaluating 

DHIs on injury, violence, or suicide reduction. Based on the 34 RCT studies included in the meta-analysis, the overall random effect size was 

0.21, and the effect sizes for reducing suicidal ideation, interpersonal violence, and unintentional injury were 0.17, 0.24, and 0.31, respectively, 

which can be regarded as comparable to the effect sizes of traditional face-to-face interventions. However, there was considerable heterogeneity 

between the studies. In conclusion, DHIs have great potential to reduce unintentional injury, violence, and suicide. Future research should 

explore DHIs’ successful components to facilitate future implementation and wider access.  
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Effectiveness of digital health interventions on unintentional injury, violence, and suicide: Meta-analysis 

Introduction 

External causes of injury, including unintentional injuries, homicide and injuries inflicted by others, and suicide and self-inflicted injuries, are a 

leading cause of mortality worldwide. More than five million people worldwide die from unintentional or intentional injuries each year, 

accounting for 9% of deaths (WHO, 2014). Thus, the World Health Organization (WHO) has identified the prevention of violence and injury is 

an important global public health strategy. Unintentional injuries include those sustained from road traffic accidents, falls, drowning, fire-related 

burns, and poisonings. In the United States, unintentional injuries were the third leading cause of death and the overall annual incidence rate was 

5.2 per one million in 2017 (Kochanek, Murphy, Xu, & Arias, 2019). They remain the leading cause of death among children and teens, even 

though the death rate has declined dramatically in the last two decades (Dellinger & Gilchrist, 2017). Intentional injuries, caused by 

interpersonal acts of violence (homicide) or self-inflicted violence (suicide), also make significant contributions to death rates. It is estimated 

that over 1.6 million people die every year from violence, including homicide, suicide, and war-related violence (Krug, Mercy, Dahlberg, & Zwi, 

2002). Unintentional injuries, homicide, and suicide are the first three biggest causes of death for people aged 15 to 34 in the US (Grinshteyn & 

Hemenway, 2016). Besides the most serious consequence of unintentional and violent injuries – death – there are also a number of non-fatal 

short- and long-term health consequences that lead to diminished quality of life for victims, and to high medical expenditure and productivity 

loss for both individuals and society (Sattin & Corso, 2007).  
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Injuries and violence are preventable. The development of information and communication technologies (ICT) has created new 

possibilities to reduce unintentional injury, violence, and suicide and provided more opportunities for accessing the intervention services. Digital 

health interventions (DHIs) have been increasingly used and can have considerable potentials. Developing and testing interventions are an 

important stage of public health approach. Thus, it is a priority to examine whether the DHIs are effective in comparison with other treatment 

statuses or methods and explore what components contribute to the effectiveness. In the present paper, after a brief review of traditional face-to-

face interventions, we introduce DHIs in to reducing unintentional injuries, violence, and suicide. Then we present a meta-analysis to synthesize 

evidence regarding the effectiveness of DHIs and discuss the implications for research, practice, and policy. 

Traditional Intervention Approaches 

In addition to traditional legislative and regulatory methods used to change physical environment and individuals’ behaviors, many 

public health strategies have been implemented to prevent injuries and violence and to provide treatment and rehabilitation (Doll, Saul, & Elder, 

2007). According to meta-analyses, face-to-face interventions aiming at knowledge enhancement, cognition, and behavioral change to reduce the 

risk of unintentional injuries are effective. For example, parenting programs (e.g., home visitation) are effective in reducing child injury risk (RR 

= 0.82; Kendrick, Barlow, Hampshire, Stewart-Brown, & Polnay, 2008), and home safety interventions provided to children or families are 

effective in enhancing thermal injury prevention practices (ORs ranging from 1.35 to 1.83; (Kendrick et al., 2009). Multiple interventions 

targeting different participants are also used to prevent violence of different types and provide robust evidence of effectiveness. Cognitive 

behavioral therapy (CBT) and advocacy interventions have been found effective in reducing physical (d = 0.13) and psychological (d = 0.19) 
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intimate partner violence (IPV) against women (Tirado-Muñoz, Gilchrist, Farré, Hegarty, & Torrens, 2014). Parenting programs, including home 

visitation and parent education, have been found to be effective in preventing child maltreatment, reducing related risk factors and enhancing 

protective factors (d = 0.3; Chen & Chan, 2016). School-based anti-bullying programs effectively reduce bullying perpetration (OR = 1.31) and 

victimization (OR = 1.24; Gaffney, Ttofi, & Farrington, 2019), and increase bystanders’ intervention (Hedge’s g = 0.2; Polanin, Espelage, & 

Pigott, 2012). With regard to suicide prevention, CBT has an overall positive effect on reducing suicidal ideation with effect sizes ranging from 

0.24 (Leavey & Hawkins, 2017) to 0.39 (Tarrier, Taylor, & Gooding, 2008). Interventions to prevent repeat suicidal behavior are also effective 

but with a smaller effect size (RR = 0.83; Inagaki et al., 2015). Though the above effective interventions have characteristics that could 

contribute to potential positive impacts (e.g., theory-driven, sufficient dosage, well-trained staff, varied teaching methods, build positive 

relationships, etc.), the mechanisms of risk reduction remain to be explored. 

Digital Health Approaches 

The use of digital health technologies in violence and injury prevention has the potential to produce effects comparable to traditional 

face-to-face interventions on risk reduction, as several successful characteristics can be maintained or enhanced. For example, these novel 

solutions can also be theory-driven. Web-based or computerized CBT has been widely used to improve psychological well-being and reduce 

internalizing problems (Davies, Morriss, & Glazebrook, 2014; Reyes-Portillo et al., 2014). In addition, multiple methods can be used to provide 

instruction and skills training, including email, text messages, video clips and online modules, and these teaching methods can be either 

interactive or non-interactive. DHIs can also offer an inexpensive alternative to face-to-face interventions. Online resources can often be 
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accessed repeatedly during intervention intervals or even after intervention at flexible times. Furthermore, some specific characteristics enable 

interventions to meet the increasing demand of public health services. For example, using VR technology, interventions can create a more 

realistic and immersive risky situation so that participants can “experience” it for themselves (Rowe, Jouriles, & McDonald, 2015). Service users 

can receive personalized information and services tailored by computer algorithms (Omaki et al., 2017). Confidential access to internet-based 

resources can ensure the anonymity and privacy of users who are at risk of violence or mental health problems and encourage them to use 

services (Anderson et al., 2019; Hollis et al., 2017). Another advantage is that DHI users can access these health services anytime and anywhere 

to avoid disruption of ongoing interventions caused by pandemics or other crisis scenarios, and also to benefit people who are unable to come to 

the clinic or service sites. In particular, during the COVID-19 outbreak, provision of online services is safe and can facilitate the delivery of 

emergency interventions (Liu et al., 2020).  

However, the differences in Internet and digital use can lead to the unequal access to DHIs. Scholars use the term digital divide to 

describe “inequalities in access to and the use of ICT” (Scheerder, van Deursen, & van Dijk, 2017, p. 1608). The digital divide exists across 

many countries, which is highly associated with the unequal economic development (Park, Choi, & Hong, 2015). The limited funding for DHIs 

and poor infrastructure for maintaining the technology can severely limit the application of DHIs in low to middle income countries (LMICs). 

There is also individual-level digital divide and sociodemographic and socioeconomic (SES) factors are common determinants of ICT use 

(Scheerder et al., 2017). In addition to the limited access to ICT, people of low SES may not have the proficiency with using ICT (Baker, 

Sanders, & Morawska, 2017). Technical and computer literacy issues can affect the likelihood of use of DHIs among older adults and people of 
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low SES status (Watkins & Xie, 2014). Privacy and security are another concern using DHIs. Some medical apps can compromise user safety 

and can pose a significant risk for users’ privacy (Lewis & Wyatt, 2014). The hacker may intentionally acquire private or sensible information 

and figure out users’ identity, which account for security threats (Arora, Yttri, & Nilse, 2014).  

Nevertheless, given their obvious strengths, DHIs focusing on conveying tailored information and behavioral change are increasingly 

applied in the prevention of violence and injury. For example, parents receiving tailored safe information from a computer kiosk at the pediatric 

emergency department reported greater knowledge gain and positive behavioral changes regarding the prevention of dog bites and using child 

safety seats, compared with those receiving generic information from the kiosk (Shields et al., 2013; Shields, McDonald, Stepnitz, McKenzie, & 

Gielen, 2012). Multiple approaches have also been developed to screen and prevent problems of violence. The findings of RCTs suggest that 

women using computer-assisted self-administered screening (Klevens, Sadowski, Kee, Trick, & Garcia, 2012) or video doctors are more likely 

to disclose their exposure to partner violence (Humphreys, Tsoh, Kohn, & Gerbert, 2011). Thus, DHIs can be a promising approach to involving 

the victims of violence in interventions. In suicide prevention, innovative approaches have also been applied to predicting and reducing suicidal 

behavior (Torous et al., 2018). Despite some key methodological limitations of the evaluation of programs (e.g., small sample size, lack of a 

control group, subjective measurements of effectiveness), previous systematic reviews have summarized the evidence of the feasibility, 

acceptability, and usability of DHIs (Anderson et al., 2019; Franco-Martín et al., 2018; Omaki et al., 2017). A meta-analysis has shown evidence 

that digital interventions can reduce suicidal ideation, in particular interventions directly targeting suicidality (Torok et al., 2020). Though a 

growing body of evidence suggests that DHIs are effective in reducing suicide, it is important to provide a holistic picture of the overall 
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usefulness of DHIs in reducing external causes of injury. Thus, the scope of such review should be wide, which is not limited to the reduction of 

suicide and self-inflicted injuries, but also include unintentional injuries and injuries inflicted by others.  

Study Objectives 

Digital technologies, such as computers, the Internet, mobile devices, and virtual reality (VR), are increasingly being used to develop and 

deliver preventive interventions to reduce violence and injury. To ensure the widespread adoption of DHIs, it is important to provide evidence of 

their effectiveness. Therefore, based on rigorous evaluations using RCTs, the first objective of the present meta-analysis is to examine the 

effectiveness of DHIs in preventing unintentional injuries, violence, and suicide. The second objective was to investigate factors related to 

program effectiveness, including method of delivery, method of evaluation, and user characteristics. This review aims to develop 

recommendations for future applications of DHIs in reducing suicide, injury, and violence and have implications for practice and policy. 

Methodology 

Search Method 

This meta-analysis was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines. Electronic databases were systematically searched for all relevant studies published in or before March 2020. The databases were 

Sociological Abstracts, Social Services Abstracts, PsycINFO, PsycARTICLES, ERIC, CINAHL, and PubMed. We used the following search 

term combinations for titles, key words, and abstracts of articles: (a) internet-based, web-based, computer-based, computerized, technology-

based, use of technology, m-Health, e-Health, social network, social media, smartphone, mobile phone, mobile device, VR, Twitter, Facebook, 
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WhatsApp, WeChat; (b) violence, bully*, abuse, self-harm, suicide, suicidal ideation, injury, burn, bite, sting, cut, fell, pedestrian, suffocate; (c) 

intervention, treatment, prevention, therapy, education, program; and (d) experiment, trial. In addition to electronic searches, we manually 

searched through the reference lists of relevant recent review articles to identify other potentially relevant studies.    

Inclusion and Exclusion Criteria 

We included studies that met the following criteria: (a) evaluated interventions on injury, violence, or suicide; (b) used a digital health 

method to deliver services, such as computer- or web-based interventions and smartphone apps; (c) aimed at direct health outcomes, such as the 

reduction of suicidal ideation or the enhancement of knowledge or skills; (d) used an RCT design to evaluate intervention programs’ 

effectiveness; (e) reported sufficient posttest data to calculate effect size; and (f) published in English.  

Studies were excluded if they (a) were aimed at training health workers to identify problems; (b) used qualitative evaluation methods or 

evaluated client satisfaction only; (c) the control group also received technology-based services that aimed to reduce the same problem; or (d) 

provided insufficient or duplicate data.  

Coding of Studies and Data Extraction 

The selected articles and their protocols were reviewed for systematic coding based on a standardized coding form. In each study, 

publication information (author(s), year, and country), methodological characteristics (study design, recruitment method, sample size, subgroup, 

control group intervention, use of clinical or community sample, and quality score), participant characteristics (gender, age, major inclusion 

criteria, at-risk status, and type of informants), intervention characteristics (name, type of technology, content, number of sessions, and duration), 
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and outcomes and measurements were coded. For each outcome, the descriptive pretest-posttest data (e.g., mean, SD, SE, event rate, sample 

size) and effect size data (e.g., standard mean difference and odds ratio) were extracted. Each outcome was classified into one of three types: 

suicide reduction, violence reduction, or injury reduction. In addition to the above major types, intervention characteristics (types of outcomes; 

type of intervention; whether the DHI directly addressed suicide, violence, or injury reduction; type of technology used in the intervention; and 

intervention length), methodology characteristics (sample size, type of sample, and any intervention provided to control group), and participant 

age group(s) were used as moderator variables. To ensure reliability, each study was coded by two raters independently. The raters typically 

achieved high interrater agreement on coding. Discrepant codes were discussed until issues were resolved. 

Quality Assessment 

To ensure that the meta-analysis was based on high-quality evidence, we appraised the methodological quality of each included study. A 

methodological quality checklist was devised, comprising nine items from the CONSORT checklist (Moher, 1998): trial design, participant 

eligibility, settings and locations, description of interventions, outcome descriptions, sample size calculation, randomization method, blindness, 

and statistical methods. In addition, we added three items specifically related to the current review: whether the objective was examined in the 

primary outcomes, whether the measures were reliable, and whether technology was used as the main service delivery method. The highest 

possible total score of the 12-item checklist was 12, and a cut-off score of 8 was considered satisfactory. The two raters also evaluated the 

methodological quality of each study independently. In cases of disagreement, consensus was reached through discussion with all the authors. 
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Statistical Analysis 

We performed statistical analyses using the Comprehensive Meta-Analysis (CMA) 3.0 program. The effect size of each intervention was 

represented by the Cohen’s d statistic, which was calculated as the difference in the change between intervention and control conditions divided 

by the pooled standard deviation. When the descriptive data (i.e., mean and SD) were not available, Cohen’s d was calculated based on event 

rate (or number of events) at posttest or the existing effect size data (e.g., Odds ratio, d) from the studies. A positive effect size indicated a lower 

risk of the target problems (e.g., suicidal ideation and violence) and improvement in safety knowledge of the participants in the intervention 

group relative to the control group. An effect size of zero or negative value indicated that the intervention had no effect or produced worse 

outcomes in the intervention group.  

In the first step, we calculated the effect size of each study. For the studies producing more than one outcome score, or using subgroups, 

in order to handle dependency between these effect sizes, we assumed a correlation of 1 between outcomes within a study and used the average 

of the multiple effect sizes. For Doss et al. (2020), Franklin et al. (2016), Schwebel and McClure (2014), which used a multi-arm RCT or 

involved several studies evaluating the effects of different interventions, we assumed that effect sizes were independent. In the second step, 

because of the different participant profiles, intervention targets, and types of technologies used, we used the random effects model to calculate 

the overall size of the pooled effect of the selected studies. In addition to overall effectiveness, we specifically analyzed the effectiveness of three 

major outcomes: the reduction of suicidal ideation and related behaviors, the reduction of interpersonal violence, and the reduction of the risk of 

unintentional injury. A forest plot was used to present the pooled effect sizes with 95% confidence intervals. 
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The Q statistic was used to examine heterogeneity between studies. In addition, the I2 statistic was calculated based on the Q statistic to 

measure the proportion of observed variance across studies. Moderator analyses were performed to examine the effects of categorical moderator 

variables by grouping studies and calculating between-group Q scores. Furthermore, to examine the relationship between effect size and 

continuous covariates, univariate meta-regression analyses were performed. We investigated the potential for publication bias by visually 

assessing funnel plot asymmetry. Sensitivity analysis was also performed to explore the source of heterogeneity or publication bias.  

Results 

Study Selection and Methodological Characteristics 

Figure 1 presents the process for selecting studies in accordance with the PRISMA guidelines. The electronic search yielded a total of 3,144 

studies. In addition, we retrieved 62 studies through manual searches of the references of relevant reviews. After removing duplicates, a total of 

1,522 studies were screened using titles and abstracts. Ultimately, 211 full articles were retrieved and accessed for eligibility. Following 

application of the selection criteria, 34 articles were included in this meta-analysis. Reasons for exclusion are shown in Figure 1. 

All of the studies were published after 2012, demonstrating the rapid development and wider application of technology-based 

intervention for suicide, violence, and injury prevention in recent years. Of the 34 selected studies, 17 (50%) were conducted in the United 

States, 14 (41%) were conducted in developed countries (Australia, Belgium, Canada, Germany, New Zealand, Sweden, Switzerland, the 

Netherlands, and the United Kingdom), and three (9%) studies were developed and implemented in developing countries (China and Sri Lanka). 
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Sample sizes varied greatly between studies, from 38 (DiSimplicio et al., 2020) to 3,901 (Levesque, Johnson, Welch, Prochaska, & Paiva, 2016). 

The mean sample size was 509 participants. 

The main characteristics of each included study are summarized in Table 1. All of the studies were RCTs. They reported most 

methodological characteristics and their quality scores ranged from 8 to 12 points, indicating satisfactory to high methodological quality and low 

risk of bias. Therefore, none of the studies were excluded on the basis of methodological quality.  

Intervention Characteristics 

The selected studies used a range of interventions: universal interventions aimed at the general population, selective interventions targeted at 

those who were at risk, and indicated interventions targeted at those presenting symptoms of suicide (e.g., depression and anxiety) or victims of 

violence and abuse. Different technological approaches were applied in the interventions, including iCBT, VR, smartphone apps, and other 

multimedia technologies (e.g., videos, computer games, web-based intervention, SMS, etc.). Eighteen studies examined the effectiveness of 

direct or indirect DHIs for reducing suicide and ten were online interventions based on modules for CBT. However, seven were indirect 

interventions for suicide prevention which primarily focused on depression. 

Seven studies examined the effectiveness in preventing penetration, burn and other unintentional injuries, and improving parents’ safety 

behavior and knowledge, based on different interventions using video games (Arbogast et al., 2014), VR or video training (Morrongiello, 

Corbett, Beer, & Koutsoulianos, 2018; Schwebel & McClure, 2014), web-based interventions (Schwebel, Li, McClure, & Severson, 2016; 
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vanBeelen, Beirens, denHertog, vanBeeck, & Raat, 2014), and app-based interventions (Burgess, Watt, Kimble, & Cameron, 2018; Ning et al., 

2019). One study (Schwebel & McClure, 2014) included both VR and video treatment conditions.   

Nine studies examined effectiveness in preventing intimate partner and dating violence (Doss et al., 2020; Gilbert et al., 2016, 2015; 

Hesser et al., 2017; Levesque et al., 2016; Zlotnick, Tzilos Wernette, & Raker, 2019), sexual victimization (Jouriles, McDonald, Rosenfield, & 

Sargent, 2019; Rowe et al., 2015), and bullying (Sanchez, Brown, Kocher, & DeRosier, 2017). Among the nine studies, one used iCBT (Hesser 

et al., 2017), one used VR (Rowe et al., 2015), one used a computerized game (Sanchez et al., 2017), one used an intervention video (Jouriles et 

al., 2019), and the rest used computerized interventions to provide information and training.  

The lengths of other interventions varied from a single session of under an hour to online resources and mobile apps that can be 

accessible for months. The iCBT programs generally followed modules and lasted four to eight weeks. The participants in the control groups 

were mostly in the waitlist condition, received information and treatment as usual (TAU) or placebo intervention. In addition, three studies used 

dialectical, face-to-face interventions with control groups (Arbogast et al., 2014; Gilbert et al., 2015; Wagner, Horn, & Maercker, 2014). 

Participant Characteristics 

The participants were recruited using multiple methods, including through websites, social media, and the distribution of flyers, and via clinics, 

schools, and community correction sites and other resources. However, none of the sampling was representative.  

Of the 34 selected studies, eight (23.5%) recruited participants from schools, 19 (55.9%) recruited from community settings, and seven (20.6%) 

from clinical settings. Participants in the suicide intervention programs were mostly adults with depressive symptoms and suicidal ideation, 
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followed by people who were admitted to clinical settings after attempting self-harm or experiencing suicidal thoughts (DiSimplicio et al., 2020; 

Franklin et al., 2016; Kennard et al., 2018; Marasinghe, Edirippulige, Kavanagh, Smith, &J iffry, 2012) and medical interns and high school 

students receiving universal interventions (Guille et al., 2015; Whittaker et al., 2017). Participants of violence prevention programs included 

women at risk (Gilbert et al., 2016, 2015), pregnant women (Zlotnick et al., 2019), low-income couples (Doss et al., 2020), and students and 

children (Jouriles et al., 2019; Levesque et al., 2016; Rowe et al., 2015; Sanchez et al., 2017). Participants of injury prevention programs were 

mostly children (Arbogast et al., 2014; Morrongiello et al., 2018; Schwebel & McClure, 2014), and also included their parents, who were proxy 

informants (Burgess et al., 2018; vanBeelen et al., 2014). 

Because of the different purposes of the intervention programs, the mean age of the participants also varied. Twelve (35.3%) studies 

involved children and adolescents only, six (17.6%) focused on young adults under 30, and 16 (47.1%) focused on adults over 30. With regard to 

gender, five violence prevention programs (Burgess et al., 2018; Gilbert et al., 2016, 2015; Rowe et al., 2015; Zlotnick et al., 2019) were 

provided exclusively for females.  

Program Effectiveness 

The forest plot in Figure 2 demonstrates the pooled effect sizes for individual studies at post-intervention or the shortest follow-up. Most of the 

selected studies had positive effects, with seven exceptions (Arbogast et al., 2014; Bush et al., 2017; Franklin et al., 2016, Study 2; Gilbert et al., 

2016; Ning et al., 2019; Perry et al., 2017; Wagner, Horn, & Maercker, 2017). In addition, Gilbert et al. (2015), Franklin et al. (2016) Study 1, 

and Whittaker et al. (2017) demonstrated that the effect sizes were very small for some interventions. The overall random effect size was 0.21 (p 
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< .001), which is considered small (Cohen, 1992). This overall effect size means that about 58% of the participants in the intervention group 

benefited more than the participants in the control group. Because the studies involved participants with different characteristics and aimed at 

different outcomes, there was great heterogeneity among them (Q = 111.36, I2 = 66.77, p < .001). It was estimated that approximately 67% of the 

variance was due to this heterogeneity. Therefore, the factors accounting for heterogeneity need further analyses.  

 Thirteen studies evaluated the effects at multiple follow-ups (including post-intervention). The longest follow-up was 12 months from the 

baseline test. The overall effect size pooled by different time points, subgroups, and the outcomes of each study was also 0.21 (p < .001), 

indicating that the effect was generally maintained throughout the follow-ups (Appendix A). There was also a significant heterogeneity among 

the studies (Q = 111.1, I2 = 66.7, p < .001). 

The effect size of the 18 studies that evaluated the effectiveness of DHIs in reducing suicide, based on 20 interventions, was 0.17 (p 

< .001; Q = 22.22, I2 = 14.5, p = .27). Though the effect size is regarded as small, as indicated by the insignificant Q value and small I2 value, 

there was no significant heterogeneity between the interventions. The effect size of the nine studies that examined the effectiveness of DHIs in 

reducing violence, based on ten interventions, was 0.24 (p < .001; Q = 9.86, I2 = 8.68, p = .36). As with the studies on suicide reduction, there 

was no significant heterogeneity between the interventions on violence. The effect size of the seven studies that examined the effectiveness of 

DHIs in reducing unintentional injury, based on eight interventions, was 0.31 (p = .06; Q = 76.79, I2 = 90.88, p < .001). However, the significant 

Q value and large I2 value indicate that there was significant heterogeneity between the studies on unintentional injury. 
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Associations between Effect Sizes and Categorical and Continuous Variables 

We examined factors that could be associated with intervention effectiveness. Moderator analyses were first performed for categorical variables, 

including the main outcome of the intervention, methodological, intervention, and participant characteristics. However, as shown in Table 2, 

only the type of control group was a significant moderator of the effect size (Qb = 10.5, p = .005). According to the subgroup analysis, the 

interventions did not report significant reduction compared with control groups receiving face-to-face services (d = -0.09, p = .34), but there 

were positive effects when comparing with control groups receiving placebo treatment (d = 0.25, p = .07) and control groups waitlisted or 

receiving TAU (d = 0.22, p = .16). Types of outcomes (Qb = 5.66, p = .06) and whether the intervention directly aimed at reduction of the 

problems (Qb = 1.97, p = .16) also tended to moderate the effect size. Given heterogeneity was not remarkable in the studies on suicide reduction 

or violence reduction, we did not conduct subgroup analyses but calculated the effect sizes after grouping studies (Appendices B–C). As 

significant heterogeneity between studies on injury reduction was found, we tested the moderator effects of the outcome of injury reduction. 

However, we did not identify any significant moderator (Appendix D).  

Meta-regression analyses were performed to examine the impacts of participants’ mean age and the percentage of female participants. 

However, the relationships between effect size, participants’ mean age, and the percentage of female participants were not statistically 

significant (Appendix E). Significant relationships were not found in the three major outcomes either. 
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Examination of Publication Bias 

As shown in Figure 3, the funnel plot was asymmetric, which indicates that there could be publication bias. An outlier was the study of 

Morrongiello et al. (2018), in which children received intensive training in the intervention group, including instant tailored feedback and were 

given more elaborations and immersive experiences if they made a mistake in the trials throughout the VR training; in comparison, the 

comparison group received no pedestrian training. In an additional sensitivity analysis, we removed each study one at a time and calculated the 

effect size based on the remaining studies. The effect sizes ranged from 0.17 to 0.22, which demonstrates that the single outlier did not have a 

significant influence on the overall effect size. However, for injury reduction, the pooled effect sizes ranged from 0.11 to 0.38, which indicates a 

publication bias for studies on injury reduction. 

Discussion 

The public health approaches to preventing unintentional injury, violence, and suicide are undergoing massive expansion and 

improvement with the rapid development of ICT. This exploratory meta-analysis discussing the potential of DHIs in reducing suicide, violence, 

and injury found a small overall effect size (d = 0.21) for reducing these public health problems based on the evidence from 34 RCT studies, 

which demonstrates that digital technology-based approaches are promising.   

For injury reduction, the overall effect size was 0.31, comparable to the effect sizes identified in previous meta-analyses of traditional 

interventions (Kendrick et al., 2008, 2009). Individual effect sizes of the selected studies ranged from -0.1 (Arbogast et al., 2014) to 1.9 

(Morrongiello et al., 2018), with significant heterogeneity found between studies. The heterogeneity could be due to differences of program 
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components, delivery methods, program durations, and comparison groups, etc. However, no significant moderators of the effect size were found 

due to the small number of studies included. Our meta-analysis showed evidence that DHIs are a promising approach to preventing unintentional 

injuries – the leading cause of unintentional injury-related deaths among children. 

In terms of injuries from interpersonal violence, the selected studies demonstrated small but positive effect sizes at posttest or the shortest 

follow-ups – except for the study by Gilbert et al. (2016), which demonstrated that computerized self-paced prevention modules had a very small 

effect (d = -0.06) at six months post-intervention but a small to moderate positive effect (d = 0.37) at 12 months post-intervention when 

compared with a normal health promoting intervention. In another study by Gilbert et al. (2015), when compared with a control group receiving 

the same service delivered by a case manager, the effect was almost zero. There was insignificant heterogeneity between the selected studies. 

However, children and adolescents and younger adults (under 30) tended to benefit more from the interventions. Generally speaking, the positive 

overall effect size highlights the promise of interventions aimed at preventing IPV, sexual victimization, and bullying. The effect size is not 

substantially different from those identified in previous meta-analyses on traditional face-to-face interventions (Gaffney et al., 2019; Polanin et 

al., 2012; Tirado-Muñoz et al., 2014). 

As the leading cause of death in high-income countries (WHO, 2014), suicide prevention is the aim of a number of technology-based 

intervention programs. Based on 20 RCTs, the present study found that there was a small overall effect size favoring DHIs. The effect size was 

smaller, but not substantially different from the effect sizes of traditional interventions identified in previous meta-analyses (Inagaki et al., 2015; 

Leavey & Hawkins, 2017; Tarrier et al., 2008). In addition, we found that only a very small percentage of variation in effect sizes across the 
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selected studies was due to heterogeneity, which indicates that the performance of DHIs was relatively stable for reducing suicidal ideation and 

behaviors. 

While DHIs can meet the increasing demand for injury prevention and have enormous potential to reduce unintentional injury, violence, 

and suicide, the characteristics that contributed to their effects remains unclear, based on the moderator analyses under the different major 

outcome categories. In addition, the major outcome category was not significantly associated with the overall effect size. We further examined 

the moderator effects of methodological factors, intervention characteristics, and participant profiles. We found that the type of service received 

by the control groups contributed to the effect difference between the studies. The effects were most evident in the studies with waitlist control 

groups or those receiving placebo treatment or TAU. The interventions did not report a significant reduction when compared with face-to-face 

services. This indicates that the effect of DHIs was not substantially different from face-to-face interventions, but more research is needed to 

confirm this preliminary finding. We also found that DHIs tended to be more effective in knowledge and skill building, rather than the reduction 

of problems. DHIs directly targeting suicide or violence tended to produce more beneficial effects than those indirectly targeting these problems 

and this finding is consistent with Torok et al. (2020). Meta-regression analyses did not show any significant correlation between participants’ 

mean age, the percentage of female involvement, and DHI effectiveness, which indicates that DHIs have the potential to be widely applicable to 

different populations.   
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Limitations 

This meta-analysis has several limitations. First, it is possible that some relevant studies meeting the included criteria were not included, notably 

those not published in English. Articles that are not abstracted with the search key words could have been missed during the initial search, even 

though we also reviewed the references of related review studies. Second, though multiple types of technology-based approaches have been used 

in prevention programs, we did not include studies using technology-based methods to screen for problems and victims. Nor did we include 

studies where the comparison group also used DHIs to prevent the same problems. With this meta-analysis, we aimed to provide evidence 

regarding the effectiveness of DHIs on reducing suicide, injury, or violence in comparison with other approaches. 

Implications for Research 

First, even though multiple technological-based approaches have been used in public health prevention programs, from basic screening to 

providing tailored services with promising effects, they can vary widely in terms of design, delivery method, content, and mechanisms (Hollis et 

al., 2017). Therefore, the reasons for the significant heterogeneity between the studies warrant further exploration. A better understanding of the 

underlying mechanisms and what worked in the prevention programs are needed to facilitate future implementation.  

Second, DHIs can be sustainable and cost-effective in terms of time, resources, and manpower. Future research may consider working on 

the cost benefit of using DHIs compared to face-to-face interventions. DHIs have the potential for wider application if more evidence on cost 

effectiveness can be provided. 
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Third, though DHIs have the potential to reduce health disparities, computer literacy may affect the likelihood of use and/or adherence to 

DHIs. The extent to which the effectiveness of DHIs is affected by computer literacy is unknown. Future research should examine the influence 

of computer literacy and the minimum level of eHealth literacy that is needed for interventions. 

Implications for Practice 

The studies included in this meta-analysis were mainly conducted in developed countries, which reflects the wide digital divide among countries. 

Though DHIs can be cost-effective and more accessible than traditional prevention programs to reduce unintentional injury, violence, and 

suicide, it can be still difficult to integrate these promising approaches into the services in LMICs. However, with available supporting resources 

and Internet infrastructure, it would be meaningful to implement DHIs in LMICs and collect and accumulate evidence about the feasibility and 

effectiveness of the interventions. While maintaining the benefits of using DHIs, developers, practitioners and users should pay more attention to 

the security of DHIs. Developing priori practices and principles is very important before using DHIs (Arora et al., 2014). Though most DHIs 

allow users to continue use anytime and anywhere, adherence to the programs is still very important. It is important for practitioners to explore 

ways to improve participants’ adherence in large-scale interventions. 

Implications for Policy 

Despite the growing awareness of the deleterious consequences of unintentional and intentional injury and all the progress that has been made, 

new strategies for preventing these public health problems are still needed. As public health aims to benefit the largest number of people, 

programs that can reach and engage a wide segment of the population are needed. The findings of this meta-analysis highlight the potential 
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benefit of developing and using DHIs in future prevention programs. There could be significant population impact with the widespread adoption 

of DHIs, despite their small effects (Torok et al., 2020). As suggested by WHO (2018), DHIs can be used in different ways to support health 

system needs, as they not only benefit clients, but facilitate healthcare providers and resource managers in service delivery and support a wide 

range of activities related to data collection and use.  

 Because of the widening digital divide among the countries, it is important to mitigate the gap and establish a supporting infrastructure 

for the implementation of DHIs. Scholars have suggested that higher tertiary education enrollment and public expenditure on education can 

reduce the digital gap (Park et al., 2015). To increase the accessibility of DHIs, policy makers should also make more efforts to improve people’s 

digital literacy. 

Conclusion 

This meta-analysis examined the effectiveness of DHIs by synthesizing the findings of 34 RCTs studies. Though they use different designs, 

technologies, and delivery methods, DHIs have the potential to reduce unintentional injury, violence, and suicide among at-risk populations. 

However, more work is needed to gain a better understanding of what works, and how it works, in a successful intervention.  

References 

Anderson, E. J., Krause, K. C., Meyer Krause, C., Welter, A., McClelland, D. J., Garcia, D. O., …Koss, M. P. (2019). Web-based and mHealth 

interventions for intimate partner violence victimization prevention: A systematic review. Trauma, Violence, & Abuse, 1524838019888889. 

https://doi.org/10.1177/1524838019888889 



 23 

Arbogast, H., Burke, R.V, Muller, V., Ruiz, P., Knudson, M. M., & Upperman, J. S. (2014). Randomized controlled trial to evaluate the 

effectiveness of a video game as a child pedestrian educational tool. Journal of Trauma and Acute Care Surgery, 76(5). 

https://doi.org/10.1097/TA.0000000000000217 

Arora, S., Yttri, J., & Nilse, W. (2014). Privacy and security in mobile health (mHealth) research. Alcohol Research : Current Reviews, 36(1), 

143–151. https://pubmed.ncbi.nlm.nih.gov/26259009 

Baker, S., Sanders, M. R., & Morawska, A. (2017). Who uses online parenting support? A cross-sectional survey exploring Australian parents’ 

Internet use for parenting. Journal of Child and Family Studies, 26(3), 916–927. https://doi.org/10.1007/s10826-016-0608-1 

Burgess, J., Watt, K., Kimble, R. M., & Cameron, C. M. (2018). Combining Technology and Research to Prevent Scald Injuries (the Cool 

Runnings Intervention): Randomized Controlled Trial. J Med Internet Res, 20(10), e10361. https://doi.org/10.2196/10361 

Chen, M., & Chan, K. L. (2016). Effects of parenting programs on child maltreatment prevention: A meta-analysis. Trauma, Violence, & Abuse, 

17(1), 88–104. https://doi.org/10.1177/1524838014566718 

Davies, E. B., Morriss, R., & Glazebrook, C. (2014). Computer-delivered and web-based interventions to improve depression, anxiety, and 

psychological well-being of university students: A systematic review and meta-analysis. J Med Internet Res, 16(5), e130. 

https://doi.org/10.2196/jmir.3142 

Dellinger, A., & Gilchrist, J. (2017). Leading causes of fatal and nonfatal unintentional injury for children and teens and the role of lifestyle 

clinicians. American Journal of Lifestyle Medicine, 13(1), 7–21. https://doi.org/10.1177/1559827617696297 



 24 

DiSimplicio, M., Appiah-Kusi, E., Wilkinson, P., Watson, P., Meiser-Stedman, C., Kavanagh, D. J., & Holmes, E. A. (2020). Imaginator: A 

Proof-of-Concept Feasibility Trial of a Brief Imagery-Based Psychological Intervention for Young People Who Self-Harm. Suicide and 

Life-Threatening Behavior, n/a(n/a), e12620. https://doi.org/10.1111/sltb.12620 

Doll, L. S., Saul, J. R., & Elder, R. W. (2007). Injury and violence prevention interventions: An overview. In L. S.Doll, S. E.Bonzo, D. A.Sleet, 

&J. A.Mercy (Eds.), Handbook of Injury and Violence Prevention (pp. 21–32). https://doi.org/10.1007/978-0-387-29457-5_2 

Doss, B. D., Knopp, K., Roddy, M. K., Rothman, K., Hatch, S. G., & Rhoades, G. K. (2020). Online programs improve relationship functioning 

for distressed low-income couples: Results from a nationwide randomized controlled trial. Journal of Consulting and Clinical Psychology, 

88(4), 283–294. https://doi.org/10.1037/ccp0000479 

Franco-Martín, M. A., Muñoz-Sánchez, J. L., Sainz-de-Abajo, B., Castillo-Sánchez, G., Hamrioui, S., & dela Torre-Díez, I. (2018). A systematic 

literature review of technologies for suicidal behavior prevention. Journal of Medical Systems, 42(4), 71. https://doi.org/10.1007/s10916-

018-0926-5 

Franklin, J. C., Fox, K. R., Franklin, C. R., Kleiman, E. M., Ribeiro, J. D., Jaroszewski, A. C., …Nock, M. K. (2016). A brief mobile app 

reduces nonsuicidal and suicidal self-injury: Evidence from three randomized controlled trials. Journal of Consulting and Clinical 

Psychology, Vol. 84, pp. 544–557. https://doi.org/10.1037/ccp0000093 

Gaffney, H., Ttofi, M. M., & Farrington, D. P. (2019). Evaluating the effectiveness of school-bullying prevention programs: An updated meta-

analytical review. Aggression and Violent Behavior, 45, 111–133. https://doi.org/https://doi.org/10.1016/j.avb.2018.07.001 



 25 

Gilbert, L., Goddard-Eckrich, D., Hunt, T., Ma, X., Chang, M., Rowe, J., …Shaw, S. A. (2016). Efficacy of a computerized intervention on HIV 

and intimate partner violence among substance-using women in community corrections: A randomized controlled trial. American Journal 

of Public Health, 106(7), 1278–1286. https://doi.org/10.2105/AJPH.2016.303119 

Gilbert, L., Shaw, S. A., Goddard-Eckrich, D., Chang, M., Rowe, J., McCrimmon, T., …Epperson, M. (2015). Project WINGS (Women 

Initiating New Goals of Safety): A randomised controlled trial of a screening, brief intervention and referral to treatment (SBIRT) service to 

identify and address intimate partner violence victimisation among substance-using women re. Criminal Behaviour and Mental Health, 

25(4), 314–329. https://doi.org/10.1002/cbm.1979 

Grinshteyn, E., & Hemenway, D. (2016). Violent death rates: The US compared with other high-income OECD countries, 2010. The American 

Journal of Medicine, 129(3), 266–273. https://doi.org/10.1016/j.amjmed.2015.10.025 

Guille, C., Zhao, Z., Krystal, J., Nichols, B., Brady, K., & Sen, S. (2015). Web-Based Cognitive Behavioral Therapy Intervention for the 

Prevention of Suicidal Ideation in Medical Interns: A Randomized Clinical Trial. JAMA Psychiatry, 72(12), 1192–1198. 

https://doi.org/10.1001/jamapsychiatry.2015.1880 

Hesser, H., Axelsson, S., Bäcke, V., Engstrand, J., Gustafsson, T., Holmgren, E., …Andersson, G. (2017). Preventing intimate partner violence 

via the Internet: A randomized controlled trial of emotion-regulation and conflict-management training for individuals with aggression 

problems. Clinical Psychology & Psychotherapy, 24(5), 1163–1177. https://doi.org/10.1002/cpp.2082 

Hollis, C., Falconer, C. J., Martin, J. L., Whittington, C., Stockton, S., Glazebrook, C., &Davies, E. B. (2017). Annual research review: Digital 



 26 

health interventions for children and young people with mental health problems – a systematic and meta-review. Journal of Child 

Psychology and Psychiatry, 58(4), 474–503. https://doi.org/10.1111/jcpp.12663 

Humphreys, J., Tsoh, J. Y., Kohn, M. A., & Gerbert, B. (2011). Increasing discussions of intimate partner violence in prenatal care using video 

doctor plus provider cueing: A randomized, controlled trial. Women’s Health Issues, 21(2), 136–144. 

https://doi.org/10.1016/J.WHI.2010.09.006 

Inagaki, M., Kawashima, Y., Kawanishi, C., Yonemoto, N., Sugimoto, T., Furuno, T., …Yamada, M. (2015). Interventions to prevent repeat 

suicidal behavior in patients admitted to an emergency department for a suicide attempt: A meta-analysis. Journal of Affective Disorders, 

175, 66–78. https://doi.org/https://doi.org/10.1016/j.jad.2014.12.048 

Jouriles, E. N., McDonald, R., Rosenfield, D., & Sargent, K. S. (2019). Increasing bystander behavior to prevent adolescent relationship 

violence: A randomized controlled trial. Journal of Consulting and Clinical Psychology, 87(1), 3–15. https://doi.org/10.1037/ccp0000355 

Kendrick, D., Barlow, J., Hampshire, A., Stewart-Brown, S., & Polnay, L. (2008). Parenting interventions and the prevention of unintentional 

injuries in childhood: systematic review and meta-analysis. Child: Care, Health and Development, 34(5), 682–695. 

https://doi.org/10.1111/j.1365-2214.2008.00849.x 

Kendrick, D., Smith, S., Sutton, A. J., Mulvaney, C., Watson, M., Coupland, C., & Mason-Jones, A. (2009). The effect of education and home 

safety equipment on childhood thermal injury prevention: meta-analysis and meta-regression. Injury Prevention, 15(3), 197 LP – 204. 

https://doi.org/10.1136/ip.2008.020677 



 27 

Kennard, B. D., Goldstein, T., Foxwell, A. A., McMakin, D. L., Wolfe, K., Biernesser, C., …Brent, D. (2018). As Safe as Possible (ASAP): A 

Brief App-Supported Inpatient Intervention to Prevent Postdischarge Suicidal Behavior in Hospitalized, Suicidal Adolescents. American 

Journal of Psychiatry, 175(9), 864–872. https://doi.org/10.1176/appi.ajp.2018.17101151 

Klevens, J., Sadowski, L., Kee, R., Trick, W., & Garcia, D. (2012). Comparison of screening and referral strategies for exposure to partner 

violence. Women’s Health Issues, 22(1), e45–e52. https://doi.org/https://doi.org/10.1016/j.whi.2011.06.008 

Kochanek, K. D., Murphy, S. L., Xu, J., & Arias, E. (2019). Deaths: Final data for 2017. National Viatal Statistics Reports, 68(9). 

Krug, E. G., Mercy, J. A., Dahlberg, L. L., & Zwi, A. B. (2002). The world report on violence and health. The Lancet, 360(9339), 1083–1088. 

https://doi.org/https://doi.org/10.1016/S0140-6736(02)11133-0 

Leavey, K., & Hawkins, R. (2017). Is cognitive behavioural therapy effective in reducing suicidal ideation and behaviour when delivered face-

to-face or via e-health? A systematic review and meta-analysis. Cognitive Behaviour Therapy, 46(5), 353–374. 

https://doi.org/10.1080/16506073.2017.1332095 

Levesque, D. A., Johnson, J. L., Welch, C. A., Prochaska, J. M., & Paiva, A. L. (2016). Teen dating violence prevention: Cluster-randomized 

trial of Teen Choices, an online, stage-based program for healthy, nonviolent relationships. Psychology of Violence, Vol. 6, pp. 421–432. 

https://doi.org/10.1037/vio0000049 

Lewis, T. L., & Wyatt, J. C. (2014). mHealth and mobile medical Apps: A framework to assess risk and promote safer use. Journal of Medical 

Internet Research, 16(9), e210. https://doi.org/10.2196/jmir.3133 



 28 

Marasinghe, R. B., Edirippulige, S., Kavanagh, D., Smith, A., & Jiffry, M. T. M. (2012). Effect of mobile phone-based psychotherapy in suicide 

prevention: a randomized controlled trial in Sri Lanka. Journal of Telemedicine and Telecare, 18(3), 151–155. 

https://doi.org/10.1258/jtt.2012.SFT107 

Moher, D. (1998). CONSORT: An evolving tool to help improve the quality of reports of randomized controlled trials. Consolidated Standards 

of Reporting Trials. JAMA, 279(18), 1489–1491. https://doi.org/10.1001/jama.279.18.1489 

Morrongiello, B. A., Corbett, M., Beer, J., & Koutsoulianos, S. (2018). A pilot randomized controlled trial testing the effectiveness of a 

pedestrian training program that teaches children where and how to cross the street safely. Journal of Pediatric Psychology, 43(10), 1147–

1159. https://doi.org/10.1093/jpepsy/jsy056 

Ning, P., Cheng, P., Schwebel, D. C., Yang, Y., Yu, R., Deng, J., …Hu, G. (2019). An App-Based Intervention for Caregivers to Prevent 

Unintentional Injury Among Preschoolers: Cluster Randomized Controlled Trial. JMIR Mhealth Uhealth, 7(8), e13519. 

https://doi.org/10.2196/13519 

Omaki, E., Rizzutti, N., Shields, W., Zhu, J., McDonald, E., Stevens, M. W., & Gielen, A. (2017). A systematic review of technology-based 

interventions for unintentional injury prevention education and behaviour change. Injury Prevention, 23(2), 138 LP – 146. 

https://doi.org/10.1136/injuryprev-2015-041740 

Park, S. R., Choi, D. Y., & Hong, P. (2015). Club convergence and factors of digital divide across countries. Technological Forecasting and 

Social Change, 96, 92–100. https://doi.org/10.1016/j.techfore.2015.02.011 



 29 

Polanin, J. R., Espelage, D. L., & Pigott, T. D. (2012). A Meta-Analysis of School-Based Bullying Prevention Programs’ Effects on Bystander 

Intervention Behavior. School Psychology Review, 41(1), 47–65. https://doi.org/10.1080/02796015.2012.12087375 

Reyes-Portillo, J. A., Mufson, L., Greenhill, L. L., Gould, M. S., Fisher, P. W., Tarlow, N., & Rynn, M. A. (2014). Web-based interventions for 

youth internalizing problems: A systematic review. Journal of the American Academy of Child & Adolescent Psychiatry, 53(12), 1254-

1270.e5. https://doi.org/10.1016/j.jaac.2014.09.005 

Rowe, L. S., Jouriles, E. N., & McDonald, R. (2015). Reducing sexual victimization among adolescent girls: A randomized controlled pilot trial 

of My Voice, My Choice. Behavior Therapy, 46(3), 315–327. https://doi.org/10.1016/j.beth.2014.11.003 

Sanchez, R., Brown, E., Kocher, K., & DeRosier, M. (2017). Improving Children’s Mental Health with a Digital Social Skills Development 

Game: A Randomized Controlled Efficacy Trial of Adventures aboard the S.S. GRIN. Games for Health Journal, 6(1), 19–27. 

https://doi.org/10.1089/g4h.2015.0108 

Sattin, R. W., & Corso, P. S. (2007). The dpidemiology and costs of unintentional and violent injuries. In L. S.Doll, S. E.Bonzo, D. A.Sleet, &J. 

A.Mercy (Eds.), Handbook of Injury and Violence Prevention (pp. 3–19). https://doi.org/10.1007/978-0-387-29457-5_1 

Scheerder, A., van Deursen, A., & van Dijk, J. (2017). Determinants of Internet skills, uses and outcomes. A systematic review of the second- 

and third-level digital divide. Telematics and Informatics, 34(8), 1607–1624. https://doi.org/10.1016/j.tele.2017.07.007 

Schwebel, D. C., Li, P., McClure, A. L., & Severson, J. (2016). Evaluating a Website to Teach Children Safety with Dogs: A Randomized 

Controlled Trial. International Journal of Environmental Research and Public Health, Vol. 13. https://doi.org/10.3390/ijerph13121198 



 30 

Schwebel, D. C., & McClure, L. A. (2014). Training Children in Pedestrian Safety: Distinguishing Gains in Knowledge from Gains in Safe 

Behavior. The Journal of Primary Prevention, 35(3), 151–162. https://doi.org/10.1007/s10935-014-0341-8 

Shields, W. C., McDonald, E. M., McKenzie, L., Wang, M.-C., Walker, A. R., & Gielen, A. C. (2013). Using the pediatric emergency 

department to deliver tailored safety messages: Results of a randomized controlled trial. Pediatric Emergency Care, 29(5), 628–634. 

https://doi.org/10.1097/PEC.0b013e31828e9cd2 

Shields, W. C., McDonald, E. M., Stepnitz, R., McKenzie, L. T., & Gielen, A. C. (2012). Dog bites: An opportunity for parent education in the 

pediatric emergency department. Pediatric Emergency Care, 28(10), 966–970. https://doi.org/10.1097/PEC.0b013e31826c6c13 

Tarrier, N., Taylor, K., & Gooding, P. (2008). Cognitive-behavioral interventions to reduce suicide behavior: A systematic review and meta-

analysis. Behavior Modification, 32(1), 77–108. https://doi.org/10.1177/0145445507304728 

Tirado-Muñoz, J., Gilchrist, G., Farré, M., Hegarty, K., & Torrens, M. (2014). The efficacy of cognitive behavioural therapy and advocacy 

interventions for women who have experienced intimate partner violence: A systematic review and meta-analysis. Annals of Medicine, 

46(8), 567–586. https://doi.org/10.3109/07853890.2014.941918 

Torok, M., Han, J., Baker, S., Werner-Seidler, A., Wong, I., Larsen, M. E., & Christensen, H. (2020). Suicide prevention using self-guided 

digital interventions: a systematic review and meta-analysis of randomised controlled trials. The Lancet Digital Health, 2(1), e25–e36. 

https://doi.org/https://doi.org/10.1016/S2589-7500(19)30199-2 

Torous, J., Larsen, M. E., Depp, C., Cosco, T. D., Barnett, I., Nock, M. K., & Firth, J. (2018). Smartphones, sensors, and machine learning to 



 31 

advance real-time prediction and interventions for suicide prevention: A review of current progress and next steps. Current Psychiatry 

Reports, 20(7), 51. https://doi.org/10.1007/s11920-018-0914-y 

vanBeelen, M. E. J., Beirens, T. M. J., denHertog, P., vanBeeck, E. F., & Raat, H. (2014). Effectiveness of web-based tailored advice on parents’ 

child safety behaviors: Randomized controlled trial. J Med Internet Res, 16(1), e17. https://doi.org/10.2196/jmir.2521 

Wagner, B., Horn, A. B., & Maercker, A. (2014). Internet-based versus face-to-face cognitive-behavioral intervention for depression: A 

randomized controlled non-inferiority trial. Journal of Affective Disorders, 152–154, 113–121. 

https://doi.org/https://doi.org/10.1016/j.jad.2013.06.032 

Watkins, I., & Xie, B. (2014). eHealth Literacy Interventions for Older Adults: A Systematic Review of the Literature. J Med Internet Res, 

16(11), e225. https://doi.org/10.2196/jmir.3318 

Whittaker, R., Stasiak, K., McDowell, H., Doherty, I., Shepherd, M., Chua, S., …Merry, S. (2017). MEMO: an mHealth intervention to prevent 

the onset of depression in adolescents: a double-blind, randomised, placebo-controlled trial. Journal of Child Psychology and Psychiatry, 

58(9), 1014–1022. https://doi.org/10.1111/jcpp.12753 

WHO. (2014). Injuries and violence: The facts 2014. Geneva, Switzerland. 

WHO. (2018). Classification of digital health interventions v1.0. Geneva, Switzerland. 

Zlotnick, C., Tzilos Wernette, G., & Raker, C. A. (2019). A randomized controlled trial of a computer-based brief intervention for victimized 

perinatal women seeking mental health treatment. Archives of Women’s Mental Health, 22(3), 315–325. https://doi.org/10.1007/s00737-



 32 

018-0895-1 

 

  



 33 

Table 1 
Study characteristics and moderator variables 

Study Country Sample size at baseline 
(intervention/control) 

Mean age of 
participants 

Percent of 
female 
participants 

Moderator 
variables  
(a/b/c/d/e/f/g/h/i/j) 

Methodological 
quality score 

Arbogast et al. (2014) United States 168/180 - 54.02 1/2/1/1/1/2/1/3/1/1 8 
Burgess et al. (2017) Australia 262/236 - 100 1/2/1/1/2/2/2/2/1/3 11 
Bush et al. (2017) United States 58/60 47.6 31.36 3/1/3/1/3/2/2/1/2/3 12 
Christensen et al. (2016) Australia 574/575 42.73 73.54 3/1/3/2/2/1/2/2/1/3 10 
De Jaegere et al. (2019)  Belgium 365/359 35.7 59.39 3/1/3/1/3/1/2/2/1/3 11 
Di Simplicio et al. (2020) United Kingdom 19/19 19.5 81.57 3/1/3/1/3/2/2/2/2/2 11 
Doss et al. (2020) – ePREP United States 494/494 33.19 52.5 2/1/2/1/3/2/2/2/1/3 9 
Doss et al. (2020) – OR United States 496/494 33.19 52.5 2/1/2/1/3/2/2/2/1/3 9 
Franklin et al. (2016) – Study 1 United States 55/59 23.2 80.7 3/1/3/1/2/2/2/2/2/2 10 
Franklin et al. (2016) – Study 2 United States 62/69 22.91 74.05 3/1/3/1/2/2/2/2/2/2 10 
Franklin et al. (2016) – Study 3 United States 75/84 24.5 59.89 3/1/3/1/2/2/2/2/2/2 10 
Gilbert et al. (2015) United States 94/97 34.2 100 2/1/3/1/1/2/1/1/2/3 9 
Gilbert et al. (2016) United States 103/102 41.3 100 2/1/3/1/2/2/1/1/1/3 12 
Guille et al. (2015) United States 100/99 25.15 49.75 3/2/1/2/2/1/1/3/2/2 12 
Hesser et al. (2017) Sweden 32/33 36.9 56.9 2/1/3/1/3/1/2/2/2/3 11 
Hetrick et al. (2017) Australia 26/24 14.7 82 3/1/3/1/3/1/2/3/2/1 11 
Hill & Pettit. (2019) United States 41/39 16.93 68.8 3/1/2/1/2/1/1/2/2/1 9 
Jouriles et al. (2019)  United States 85/80 15.7 51.5 2/2/1/1/2/2/1/3/2/1 9 
Levesque et al. (2016) United States 2000/1901 - 53.49 2/3/1/1/2/2/2/3/1/1 9 
Li et al. (2019) China 150/150 27.5 7.7 3/1/3/2/3/2/2/1/1/2 10 
Marasinghe et al. (2012) Sri Lanka 34/34 31.15 50 3/1/3/1/3/2/2/1/2/3 9 
Moritz et al. (2012) Germany 105/105 38.57 78.55 3/1/3/2/3/1/2/2/1/3 8 
Morrongiello et al. (2018) Canada 95/47 8.77 50.2 1/2/1/1/2/2/1/2/2/1 11 
Ning et al. (2019) China 1510/1410 32 68.99 1/1/1/1/2/2/2/3/1/3 12 
Perry et al. (2017) Australia 242/298 16.7 63.15 3/1/1/2/2/2/2/3/1/1 11 
Rowe et al. (2015) United States 47/36 15.63 100 2/1/1/1/3/2/1/3/2/1 10 
Sanchez et al. (2017) United States 33/36 8.9 40.43 2/1/1/2/3/2/2/2/2/1 9 
Schure et al. (2019) United States 181/162 42.9 85 3/1/3/2/3/1/2/2/1/3 9 
Schwebel & McClure (2014) – VR United States 59/58 8 57 1/2/1/1/3/2/1/2/2/1 9 
Schwebel & McClure (2014) – Multi-media United States 57/58 8 57 1/2/1/1/3/2/1/2/2/1 9 
Schwebel et al. (2016) United States 35/34 5 52 1/2/1/1/2/2/1/2/2/1 9 
Tighe et al. (2017)  Australia 31/30 26.25 63.93 3/1/3/1/3/2/1/2/2/2 10 
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van Beelen et al. (2014) Netherlands 696/687 32.22 93.58 1/1/3/1/3/2/2/1/1/3 9 
van Spijker et al. (2014) Netherlands 116/120 40.93 66.1 3/1/1/1/2/1/2/2/1/3 10 
Wagner et al. (2014) Switzerland 32/30 37.97 64.51 3/1/3/2/1/1/2/2/2/3 9 
Whittaker et al. (2017) New Zealand 426/429 14.3 68.3 3/1/1/2/2/1/2/3/1/1 11 
Wilks et al. (2018) United States 30/29 38 64.49 3/1/3/1/3/2/2/2/2/3 10 
Zlotnick et al. (2019) United States 28/25 27.64 100 2/1/3/1/2/2/2/1/2/2 9 

Note. a. Major outcome (1 = injury reduction 2 = violence reduction, 3 = suicide reduction); b. Outcome type (1 = reduction of problem, 2 = 
knowledge or skill building, 3 = both); c. Intervention type (1 = universal, 2 = selective, 3 = indicated); d. Direct intervention or not (1 = yes, 2 = 
no); e. Control group type (1 = face-to-face intervention, 2 = placebo, 3 = TAU/waitlist); f. Type of technology (1 = iCBT, 2 = VR, apps, and 
multimedia [videos, computer games, web-based interventions, SMS, etc.]); g. Length (1 = short-term [four weeks or less], 2 = long-term [over 
four weeks]); h. Type of sample (1 = clinical sample, 2 = community sample, 3 = school sample); i. Sample size (1 = large sample [200 and 
over], 2 = small sample [below 200]); j. Age group (1 = children and adolescents, 2 = young adults [19–30 years], 3 = adults [over 30]). 
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Table 2 
Moderator variable analyses 

Moderator  Subgroup k ES LL UL #p Q(within) Qb ^p 

Major outcome 

 

Injury reduction 8 0.31 -0.01 0.64 0.06 76.79*** 1.92 .38 

Violence reduction 10 0.24 0.17 0.32 < .001 9.86   

Suicide reduction 20 0.17 0.08 0.26 < .001 22.22   

Outcome type 

 

Reduction of problem 29 0.17 0.1 0.24 < .001 35.07*** 5.66* .06 

Knowledge/skill building 8 0.34 -0.03 0.71 0.07 70.38***   

Both 1 0.31 0.21 0.42 < .001 0   

Intervention type Universal 15 0.26 0.07 0.45 0.007 83.55*** 0.55 0.76 

Selective 3 0.19 0.1 0.28 < .001 0.76   

Indicated 20 0.18 0.09 0.28 < .001 26.45   

Direct intervention Direct intervention 29 0.23 0.13 0.34 < .000 103.95*** 1.97 0.16 

Indirect intervention 9 0.12 0.01 0.23 0.027 4.72   

Control group Face-to-face intervention 3 -0.09 -0.26 0.09 0.34 0.39 10.5 0.005 

Placebo 17 0.25 0.07 0.42 0.006 85.37***   

TAU/waitlist 18 0.22 0.16 0.28 < .001 13.97   

Type of technology 

 

iCBT 11 0.22 0.14 0.31 <.001 9.09 0.01 .92 

VR, apps, multimedia (videos, computer 
games, web-based interventions, SMS, 
etc.) 

27 0.22 0.1 0.33 < .001 102.13***   

Length 

 

Short-term (four weeks or less) 12 0.25 -0.04 0.54 0.096 66.76*** 0.1 .76 

Long-term (over four weeks) 26 0.2 0.13 0.28 < .001 44.13***   

Type of sample 

 

Clinical sample 7 0.17 -0.02 0.36 0.08 11.05 1.99 .37 

Community sample 22 0.26 0.13 0.38 < .001 77.29***   

School sample 9 0.11 -0.07 0.28  .24 20.49**   
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Sample size 

 

Large (over 200) 16 0.18 0.1 0.26 < .001 33.67** 0.75 .39 

Small sample (200 or below) 22 0.27 0.07 0.47 0.008 76.87***   

Age group Children and adolescents 13 0.29 0.05 0.52 0.02 70.07*** 0.97 0.62 

Young adults (19–30 years) 8 0.13 -0.07 0.33 0.19 9.04   

Adults (over 30) 17 0.19 0.11 0.28 < .001 29.14*   

Note. ES = effect size, k = number of studies, LL = lower limit, UL = upper limit, # p = p value for effect size, ^ p = p value for between-group 
heterogeneity, * = p < .05, ** = p < .01, *** = p < .001.   
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Table 3  
Summary of critical findings 
 

Category Critical findings 

Overall effectiveness of 
DHIs 

• Based on the 34 RCT studies included in the meta-
analysis, the overall random effect size was 0.21 at 
postintervention.  

• The effect was generally maintained throughout the 
follow-ups. 

Effectiveness of major 
outcomes 

• The effect sizes for reducing suicidal ideation, 
interpersonal violence, and unintentional injury were 0.17, 
0.24, and 0.31, respectively. 

• The effect sizes can be regarded as comparable to the 
effect sizes of traditional face-to-face interventions. 

Moderator of effect size • Only the type of control group was a significant 
moderator of the effect size. The effects were most 
evident in the studies with waitlist control groups or those 
receiving placebo treatment or TAU. 

• DHIs directly targeting suicide or violence tended to 
produce more beneficial effects than those indirectly 
targeting these problems.  

• DHIs tended to be more effective in knowledge and skill 
building, rather than the reduction of problems. 
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Table 4  
Implications for practice, policy, and research 
 

Category Implications 

Research • The reasons for the significant heterogeneity between the 
studies warrant further exploration. 

• Future research may consider working on the cost benefit 
of using DHIs compared to face-to-face interventions. 

• Future research should examine the influence of computer 
literacy and the minimum level of eHealth literacy that is 
needed for interventions. 

Pratice  • With available supporting resources and Internet 
infrastructure, it would be meaningful to implement DHIs 
in LMICs and collect and accumulate evidence about the 
feasibility and effectiveness of the interventions.  

• Attention should be paid to the security of using DHIs. 
Developing priori practices and principles is suggested. 

• It is important for practitioners to explore ways to 
improve participants’ adherence in large-scale 
interventions. 

Policy • It is important to develop and use DHIs in future 
prevention programs, as they can be used in different 
ways to support health system needs. 

• It is important to mitigate the digital divide and establish a 
supporting infrastructure for the implementation of DHIs. 

• It is also important to improve computer and eHealth 
literacy and to ensure that DHIs are accessible to all 
populations. 
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Figure 1 Flow diagram of study selection  
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Figure 2 Effect sizes of each study and overall effect size at posttest 
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Figure 3 Funnel plot of effect sizes 

 
 




