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ABSTRACT
Background: Poor mental health among university students remains a pressing
public health issue. Over the past few years, digital health interventions have been
developed and considered promising in increasing psychological wellbeing among
university students. Therefore, this umbrella review aims to synthesize evidence on
digital health interventions targeting university students and to evaluate their
effectiveness.
Methods: A systematic literature search was performed in April 2021 searching
PubMed, Psychology and Behavioural Science Collection, Web of Science, ERIC, and
Scopus for systematic reviews and meta-analyses on digital mental health
interventions targeting university students. The review protocol was registered in the
International Prospective Register of Systematic Reviews PROSPERO
[CRD42021234773].
Results: The initital literature search resulted in 806 records of which seven
remained after duplicates were removed and evaluated against the inclusion criteria.
Effectiveness was reported and categorized into the following six delivery types: (a)
web-based, online/computer-delivered interventions (b) computer-based Cognitive
Behavior Therapy (CBT), (c) mobile applications and short message service (d)
virtual reality interventions (e) skills training (f) relaxation and exposure-based
therapy. Results indicated web-based online/computer delivered-interventions were
effective or at least partially effective at decressing depression, anxiety, stress and
eating disorder symptoms. This was similar for skills-training interventions,
CBT-based intervention and mobile applications. However, digital mental health
interventions using virtual reality and relaxation, exposure-based therapy was
inconclusive. Due to the variation in study settings and inconsistencies in reporting,
effectiveness was greatly dependent on the delivery format, targeted mental health
problem and targeted purpose group.
Conclusion: The findings provide evidence for the beneficial effect of digital mental
health interventions for university students. However, this review calls for a more

How to cite this article Harith S, Backhaus I, Mohbin N, Ngo HT, Khoo S. 2022. Effectiveness of digital mental health interventions for
university students: an umbrella review. PeerJ 10:e13111 DOI 10.7717/peerj.13111

Submitted 19 October 2021
Accepted 22 February 2022
Published 31 March 2022

Corresponding authors
Insa Backhaus,
InsaLinnea.Backhaus@med.
uni-duesseldorf.de
Selina Khoo, selina@um.edu.my

Academic editor
Bob Patton

Additional Information and
Declarations can be found on
page 18

DOI 10.7717/peerj.13111

Copyright
2022 Harith et al.

Distributed under
Creative Commons CC-BY 4.0

http://dx.doi.org/10.7717/peerj.13111
mailto:InsaLinnea.Backhaus@�med.uni-duesseldorf.de
mailto:InsaLinnea.Backhaus@�med.uni-duesseldorf.de
mailto:selina@�um.edu.my
https://peerj.com/academic-boards/editors/
https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.13111
http://www.creativecommons.org/licenses/by/4.0/
http://www.creativecommons.org/licenses/by/4.0/
https://peerj.com/


systematic approach in testing and reporting the effectiveness of digital mental health
interventions.

Subjects Psychiatry and Psychology, Public Health, Mental Health
Keywords Digital intervention, Digital health, Mental health, mHealth, Young people, University
students, Undergraduate

INTRODUCTION
The prevalence of mental health problems amongst university and college students
remains a pressing and urgent issue. In 2018, the World Health Organization reported that
approximately one-third of first-year university students from 19 universities (13,948
respondents) across eight countries (Australia, Belgium, Germany, Mexico, Northern
Ireland, South Africa, Spain, and United States) screened positive for at least one common
DSM-IV anxiety, mood, or substance disorder (Auerbach et al., 2018). Similar results
have been found in another international study of 12 countries in Europe (Albania,
Germany, Italy, Kosovo, Switzerland), Asia (Malaysia, Oman, South Korea, Taiwan), Latin
and North America (Brazil, United States), and Australia with 48% of students presenting
clinically relevant depressive symptoms (Backhaus et al., 2020). Due to the recent
COVID-19 pandemic, an increased prevalence of mental health problems amongst
university students have been reported, which may have exacerbated this pressing issue
(Hamza et al., 2021; Li et al., 2021; Wathelet et al., 2020).

For students, university years position themselves during a pivotal development
transition towards emerging adulthood (Sussman & Arnett, 2014). This represents a
period that encompasses the bearing of greater responsibilities and identity exploration
centered within a new social context, which is not necessarily stable (Auerbach et al., 2018;
Sussman & Arnett, 2014). Life as a university student can be filled with unpredictability,
including constant changes to social groups and academic-related choices that ultimately
can cause a greater amount of stress and reduce social support, which are contributing
factors to mental health problems (Slavich & Auerbach, 2018). Karyotaki et al. (2020)
found that the majority of students (93.7%) reported at least some stress in six life areas
(financial situation, health, love life, relationship with family, relationship at work/school,
problems experienced by loved ones).

In the US, a national survey reported that the most common problems affecting
academic performance during university were stress, anxiety, and depression (American
College Health Association, 2017). This can cause detrimental consequences such as
termination of education, poor academic performance, subsequently reducing
employment prospects in adulthood. Furthermore, other bio-psychosocial stressors
such as living away from family, concerns over future employment (Pan et al., 2016),
financial conditions (Richardson et al., 2017), psychological conditions such as poor
resiliency, academic pressures, competitive environment, and interpersonal relationships
(Waqas et al., 2015) and low levels of cognitive and behavioral social capital (Backhaus
et al., 2020) were found to be associated with depressive symptoms amongst students.
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Current efforts to alleviate these mental health problems include supporting on-
campus facilities such as health centers equipped to provide mental health support to
nurture their students’ wellbeing (Xiao et al., 2017). This may include counselling sessions
and organized activities. However, concerns have been voiced about structural and
psychological barriers such as understaffed facilities and timetable constraints (Xiao et al.,
2017) as well as stigmatization to seek assistance, lack of motivation and discomfort of
visiting a therapist (Hadler et al., 2021). These barriers may hinder students in need
from seeking psychological assistance. Consequently, to increase facility capacity and to
provide mental health counselling to all students in need, universities across the globe
have started to implement digital mental health interventions. Digital mental health
interventions have been widely acknowledged to have the potential to alleviate some of
these accessibility barriers, which have been exhibited across various populations i.e., older
adults and children (Liverpool et al., 2020; Seifert, Reinwand & Schlomann, 2019).

Digital mental health interventions are mental health support that is delivered via
web-based or mobile-based platforms, which further denotes itself as eHealth and mHealth
interventions (WHO, 2016). This includes successfully adapted web-or mobile-based
delivery of evidence-based psychotherapies such as cognitive-behavioural trials. Studies
have reported that digital mental health interventions can effectively treat depression,
anxiety, sleep, stress, alcohol use disorders, post-traumatic stress disorders and eating
disorders amongst college students (Hadler et al., 2021). Young people are considered one
of the most connected groups due to their exposure to digital communications (Winther,
Livingstone & Saeed, 2019). They have also reported a preference for the internet as a
source of seeking health-related information to address or solve personal health problems
and concerns (Burns et al., 2010; Stellefson et al., 2011).

The effectiveness of digital mental health interventions among university students is a
growing field of research, with more publications focusing on the efficacy for improving
symptoms of various mental health problems and enhancing psychological wellbeing,
being published each year. Thus, the main objective of this umbrella review is to critically
evaluate, synthesize, and summarize available reviews and meta-analyses investigating the
effectiveness of various digital mental health interventions amongst university students.

MATERIALS AND METHODS
This umbrella review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021), which helps review
authors to improve the reporting of their systematic review and/or meta-analysis and
guidelines developed by Aromataris et al. (2020), which outline how to conduct an
umbrella review. A detailed protocol for the review has been registered with the
International Prospective Register of Systematic Reviews PROSPERO [CRD42021234773].

Search strategy and selection criteria
The included reviews were identified through searching the following online databases:
PubMed, Psychology and Behavioural Science Collection, Web of Science, ERIC, and
Scopus. The publication date was limited from January 1, 2000, till February 26, 2021, due
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to the increased use of digital interventions amongst developed and developing nations
which began in the early 2000s (WHO, 2016). The search strategy can be found in
Supplemental Material 1. All search fields were considered regardless of the language of
publication. The type of publications was limited to reviews.

Four independent reviewers (SK, HY, SH and NM) performed the search strategy.
To reduce bias and subjectivity article search, article selection and data extraction was
performed in duplicate and independently. More specifically, two reviewers (SK and HY)
independently performed the literature search through the selected databases. Another two
reviewers (SH and NM) conducted the title and abstract screening. Disagreements were
resolved by a third reviewer (IB). The full text of relevant reviews was then independently
evaluated by two reviewers (SH and NM) to finalize its eligibility. Disagreements between
the reviewers were resolved during a consensus session with a third reviewer (IB).

Inclusion and exclusion criteria
This umbrella review included reviews that (a) explored interventions that aimed to
improve an individual’s psychological wellbeing (b) were delivered via a digital platform
(c) specifically available for university students, irrespective of gender, ethnicity, age, or
any other social demographic characteristics. Both eHealth and mHealth interventions
were included. eHealth refers to the use of information and communication technologies
to support health support services, typically online and offline computer-based
interventions (WHO, 2016). mHealth is the use of mobile devices to support medical
and public health practices (WHO, 2016). This umbrella review included systematic
reviews, meta-analyses, scoping reviews, and rapid reviews. Observational studies (cohort
and case-control studies), Randomized Controlled Trials (RCT), Controlled Trials (CT)
studies, reviews that incorporated theoretical studies or published opinion, and
non-systematic or narrative reviews were excluded. Publications were not limited by
language.

Data extraction
To minimize the risk of error and bias, the data extraction followed a two-step approach
and was done by two independent reviewers (SH & NM). As a first step, a first reviewer
(SH) independently extracted the data using a pre-defined extraction table, followed
by a second reviewer (NM), who thoroughly checked the data entry to ensure that nothing
was missed. Disagreements between the reviewers were resolved during a consensus
session with a third reviewer (IB).

The following study characteristics were extracted:

a) study background information,

b) intervention-related information,

c) outcome-related information,

d) overall quality and risk of bias assessments of primary studies, and

e) funding of the study.

Harith et al. (2022), PeerJ, DOI 10.7717/peerj.13111 4/22

http://dx.doi.org/10.7717/peerj.13111/supp-2
http://dx.doi.org/10.7717/peerj.13111
https://peerj.com/


Quality assessment
Two reviewers (IB and SH) independently evaluated the methodological quality of the
included reviews utilizing the AMSTAR-2, which is a recognized critical appraisal tool
used for systematic reviews and meta-analyses on healthcare interventions (Shea et al.,
2017). Results were compared and there were no disagreements in the assessment.

Data synthesis
We narratively synthesized evidence from systematic reviews and meta-analyses due to
the great heterogeneity of digital mental health interventions and effect sizes provided
investigated in the systematic reviews and meta-analyses. Furthermore, to organize the
amount of information provided in the systematic reviews and meta-analyses, we have
categorised the interventions in two main ways; (a) type of intervention and (b) technology
delivery method.

RESULTS
Search results
The literature search resulted in 806 records of which 739 remained after removing
duplicates. Initial screening of title and abstracts excluded another 727 citations and the
remaining (n = 12) were included for full-text evaluation. Of these 12 citations, a total of
seven met the inclusion criteria and were selected for this review. The included reviews
were either systematic reviews (n = 3), meta-analysis (n = 2) or both (n = 2). Figure 1
shows the PRISMA flowchart of the selection process. A list of excluded studies and
reasons for exclusion can be found in Supplemental Material S2.

Characteristics of included reviews
The characteristics of the included reviews are shown in Table 1. The reviews analysed
various primary studies of RCT (Bolinski et al., 2020; Conley et al., 2016; Davies, Morriss &
Glazebrook, 2014; Farrer et al., 2013; Harrer et al., 2019), randomized (Conley et al., 2016;
Farrer et al., 2013; Lattie et al., 2019), non-randomized (Lattie et al., 2019) and
quasi-experimental design (Conley et al., 2016). The majority of reviews focused on
undergraduates and postgraduates of 4-year colleges, graduate schools and various degree
courses. Given the great heterogeneity of the studies, we did not conduct a statistical
analysis of the data but described the results narratively.

Quality assessment and risk of bias assessment
Using the AMSTAR-2 guidance to assess the quality of the manuscripts, three were
classified as critically low (Conley et al., 2016; Farrer et al., 2013; Rith-Najarian, Boustani &
Chorpita, 2019) and four were of moderate quality (Bolinski et al., 2020; Davies, Morriss &
Glazebrook, 2014; Harrer et al., 2019; Lattie et al., 2019). AMSTAR-2 items most
poorly reported include, mentioning the sources of funding of the primary studies (item
10) and stating an a priori establishment of methods prior to the review or registered
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protocol (item 2). Furthermore, most reviews (n = 6) listed general reasons for exclusion in
their methods section but failed to report the specific reasons for excluding studies
(item 7). Apart from that, all systematic reviews and meta-analyses used a comprehensive
electronic literature search to identify potential articles, adequately discussed included
studies, reported on heterogeneity, and any potential conflict of interest. The exact
AMSTAR-2 judgement for each AMSTAR-2 domain can be found in Supplemental
Material S3.

The quality ratings of the respective primary studies and the risk of bias assessment are
reported in Table 1. The majority of the review authors used the Cochrane Collaboration
risk of bias tool, and rated the primary studies as high (Bolinski et al., 2020), moderate
(Davies, Morriss & Glazebrook, 2014; Lattie et al., 2019), and low (Harrer et al., 2019).
One review (Farrer et al., 2013) used the Cochrane Effective Practice and Organization
Care Group risk of bias criteria, which rated the primary studies a mean rating of 4.42 out
of a possible 9. Two reviews did not assess the bias at all (Conley et al., 2016; Rith-Najarian,
Boustani & Chorpita, 2019). Further, four reviews reported heterogeneity of included
studies, of which three were high (Bolinski et al., 2020; Davies, Morriss & Glazebrook, 2014;
Lattie et al., 2019), one moderate (Harrer et al., 2019), one low (Conley et al., 2016) and two
were not reported (Farrer et al., 2013; Rith-Najarian, Boustani & Chorpita, 2019).

Figure 1 PRISMA flowchart. Full-size DOI: 10.7717/peerj.13111/fig-1
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Type of digital mental health interventions
The included reviews reported on a wide range of interventions delivered via digital
platforms for various targeted purpose groups and mental health issues. Detailed
information can be found in Table 1. The most reported type of intervention was
internet-based Cognitive Behaviour Therapy (CBT) programs, which a total of six reviews
investigated (Bolinski et al., 2020; Conley et al., 2016; Davies, Morriss & Glazebrook, 2014;
Farrer et al., 2013; Harrer et al., 2019; Lattie et al., 2019). Other common interventions
included forms of skills training (Conley et al., 2016; Harrer et al., 2019), mindfulness
(Conley et al., 2016; Davies, Morriss & Glazebrook, 2014), and stress-related interventions
(Davies, Morriss & Glazebrook, 2014; Farrer et al., 2013). The most common delivery
format investigated by the reviews was internet-based, however also delivered across
various digital platforms and devices such as emails, computerized programs, and virtual
reality. Two reviews included mobile applications (Harrer et al., 2019, Lattie et al., 2019).

With regard to psychological outcomes, most systematic reviews and meta-analyses
included in this umbrella review focused on depression (Conley et al., 2016;Davies, Morriss
& Glazebrook, 2014; Farrer et al., 2013; Harrer et al., 2019; Lattie et al., 2019), anxiety
(Bolinski et al., 2020; Conley et al., 2016; Davies, Morriss & Glazebrook, 2014; Farrer et al.,
2013;Harrer et al., 2019; Lattie et al., 2019; Rith-Najarian, Boustani & Chorpita, 2019), and
stress (Conley et al., 2016; Davies, Morriss & Glazebrook, 2014; Farrer et al., 2013; Harrer
et al., 2019; Lattie et al., 2019; Rith-Najarian, Boustani & Chorpita, 2019). Other
interventions focused on mood (Bolinski et al., 2020), substance misuse (Bolinski et al.,
2020), psychological wellbeing (Davies, Morriss & Glazebrook, 2014; Harrer et al., 2019;
Lattie et al., 2019), eating disorders (Harrer et al., 2019), and sleep (Harrer et al., 2019).
Certain reviews included interventions for specific stress and anxiety problems such as
psychological distress (Conley et al., 2016; Davies, Morriss & Glazebrook, 2014; Farrer
et al., 2013; Lattie et al., 2019), post-traumatic disorder (Farrer et al., 2013), examination
anxiety (Davies, Morriss & Glazebrook, 2014; Farrer et al., 2013), social anxiety (Davies,
Morriss & Glazebrook, 2014; Farrer et al., 2013), computer-related anxiety (Farrer et al.,
2013), and generalized anxiety disorder (Farrer et al., 2013).

The majority of reviews categorized the type of intervention based on the framework by
Mrazek & Haggerty (1994) of targeted purpose groups, which are universal, selective, and
indicated. Universal interventions are available for all, and no screening is required;
selected interventions are for selected individuals who are at risk of a mental health
condition, and indicated interventions are for those displaying symptoms of a given mental
health condition. Based on these target groups, this would determine whether the
intervention was for preventive or treatment purposes. Three reviews included all three
intervention targeted purpose groups (Davies, Morriss & Glazebrook, 2014; Farrer et al.,
2013; Rith-Najarian, Boustani & Chorpita, 2019), one review included universal and
indicated interventions (Conley et al., 2016), one review included universal and treatment
interventions (Lattie et al., 2019), one review classified as prevention and treatment
interventions (Harrer et al., 2019) and one was unspecified (Bolinski et al., 2020).
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Effectiveness
The included reviews reported various digital mental health interventions. Due to great
variation in reporting styles, we have categorised the interventions in two main ways; (a)
type of intervention and (b) technology delivery method. To reiterate, reported
effectiveness are interventions that were digitally delivered, and categories are not mutually
exclusive. Overall, we found favourable evidence for the effectiveness of web-based online
and computer delivered-interventions in reducing depression, anxiety, stress, and
eating disorder symptoms (Davies, Morriss & Glazebrook, 2014; Harrer et al., 2019; Lattie
et al., 2019, Rith-Najarian, Boustani & Chorpita, 2019; Bolinski et al., 2020). Similarly,
positive results were found for skills-training interventions (Conley et al., 2016; Farrer
et al., 2013) and CBT-based interventions (Davies, Morriss & Glazebrook, 2014; Farrer
et al., 2013). The effectiveness for each delivery format is summarized below.

Technology delivery method
Web-based, online/computer delivered-interventions
The review by Rith-Najarian, Boustani & Chorpita (2019) examined outcome-producing
programs that targeted depression, anxiety, and/or stress and focused on interventions that
were either group-based, self-administered, or delivered online. The effect sizes only
slightly differed by delivery type such as the effect size were 0.69 (95% CI [0.58–0.81]) for
group, 0.65 (95% CI [0.50–0.81]) for self-administered, and 0.52 (95% CI [0.41–0.63])
for online/computer-delivered interventions. However, analyses on the impact of
publication bias on effect sizes did suggest the data is biased.

The review by Lattie et al. (2019) explored web-based intervention programs and found
that the majority of digital health interventions were either effective or at least partially
effective in producing beneficial changes in the psychological well-being of university
students. Specifically, out of 71 studies that included web-based interventions, 30 were
reported to be effective and 25 were partially effective. However, eight studies were not
effective in improving psychological wellbeing and an additional eight, effectiveness
analyses could not be performed. Due to the high heterogeneity of the data, a meta-analysis
was not conducted.

The review by Bolinski et al. (2020) examined e-mental health interventions outcomes
on depression and anxiety symptoms. The authors found that e-mental health
interventions had a small and statistically significant effect on depression (g = −0.24,
95% CI [−0.46 to −0.03]) and anxiety (g = −0.2, 95% CI [−0.3 to −0.09]) when compared to
inactive controls. Heterogeneity for this review was reported as high and results should be
interpreted with caution.

The review by Harrer et al. (2019) explored the efficacy of internet interventions and
found significant small-to-moderate effects on various mental health outcomes. More
specifically, small significant effect were found for depression (g = 0.18, 95% CI
[0.08–0.27]), anxiety (g = 0.27, 95% CI [0.13–0.40]), and stress (g = 0.20, 95% CI
[0.02–0.38]). Further, significant moderate effects were detected for eating disorder
symptoms (g = 0.52, 95% CI [0.22–0.83]). However, the authors noted heterogeneity was
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moderate to high for most of its analyses and after adjusting for publication bias, anxiety
effects were not significant.

The review by Davies, Morriss & Glazebrook (2014) analyzed trials of web-based and
computer-delivered interventions to mental wellbeing. Specifically, the authors analyzed
seven trials on anxiety, nine trials on depression, two trials on psychological stress and
three trials on general stress. The authors determined that the interventions can improve
anxiety (pooled standardized mean difference [SMD] −0.56; 95% CI [−0.77 to −0.35]),
depression (pooled SMD −0.43; 95% CI [−0.63 to −0.22]), and stress (pooled SMD −0.73;
95% CI [−1.27 to −0.19]).

Comparison interventions included a web-based stress management intervention, a
face-to-face version of the intervention, another computer-based CBT program, and an
online support group. Of the five trials, only four trials were extracted for analysis and all
reported depression and anxiety outcomes, two of which were trials of MoodGym, a
web-based CBT mobile application. For anxiety, neither interventions nor comparisons
favored each other (n = 198, 4 RCTs, pooled SMD −0.10, CI [−0.39 to 0.18]). This was the
same for depression outcomes as neither condition was favored (n = 198, 4 RCTs, pooled
SMD 0.33, 95% CI [−0.43 to 1.09]). Heterogeneity for these analyses was reported as high.

Mobile applications and short message service
Lattie et al. (2019) included eight studies assessing the effectiveness of interventions
delivered viamobile phones such as app-based programs and short message service-based
programs. The authors found that most programs were effective in improving mental
wellbeing.

Virtual reality interventions

Results concerning the effectiveness of virtual reality interventions were mixed. Lattie et al.
(2019) emphasized that out of three studies investigating virtual reality programs targeting
anxiety outcomes, one was effective and two were not.

The review by Farrer et al. (2013) analyzed the effectiveness of virtual reality
interventions targeting anxiety symptoms, stress, and phobias. While the authors found
that virtual reality interventions were not effective in reducing general anxiety symptoms
and stress, positive outcomes were detected for spider phobia and acrophobia. Here
virtual reality interventions were associated with significant reductions relative to a control
group.

Types of intervention
Computer-based or online delivered CBT
The review byDavies, Morriss & Glazebrook (2014) explored depression, anxiety and stress
outcomes. More specifically, the authors analyzed these mental health outcomes in three
subgroups comparing: (1) the intervention to an inactive control, (2) the intervention
to active control, and (3) the intervention to another comparison intervention. The authors
found that the web-based and computer-delivered interventions were only effective when
compared to inactive controls (i.e., first subgroup), but not effective when compared to
active controls (i.e., second subgroup) and comparison interventions (i.e. third subgroup).
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This finding was anticipated by the authors as they argue that participants in subgroup
2 and subgroup 3 were already actively involved in mental health counselling (e.g., face-to-
face CBT).

The review by Farrer et al. (2013) explored technology-based intervention, in which
approximately half of the included interventions were CBT. Mixed-effects were reported
for depression and anxiety symptoms. Of the six CBT-based interventions, three were
associated with a significant time × group interaction favoring the intervention group on
both depression and anxiety symptoms outcomes. The remaining three CBT interventions
only found effects for anxiety symptoms at post-intervention. Further, online CBT
intervention was found to be effective for symptoms of examination anxiety and treating
social anxiety disorder. The mean rating on the quality of studies was 4.42 out of 9.

Digitally delivered skills training

The review by Farrer et al. (2013) analyzed two relationship skills training interventions
(RST) for their effectiveness on depression and anxiety symptoms. One RST had a
significant interaction for depression symptoms at post-test, whilst another RST found
anxiety symptoms after 10 months of follow-up.

The review by Conley et al. (2016) found that universal skill-training interventions were
associated with a significant positive effect (effect size = 0.21, 95% CI [0.11–0.31]) while
non-skill training programs were not effective (effect size = 0.15, 95% CI [−0.03 to 0.33]).
However, these intervention types did not significantly differ from each other on a study
level. Such universal skill-training interventions yielded significant effects for depression,
anxiety, stress, and interpersonal relationships, whilst non-skilled training programs only
showed significance for anxiety and health. Indicated skill-training interventions (effect
size = 0.39, 95% CI [0.29–0.50]) and non-skill training programs were associated positive
effects (effect size = 0.25, CI [0.01–0.49]) and did not differ from one another. Indicated
skill training interventions yielded significant effects for depression, anxiety, stress, health,
self-perception, interpersonal relationships. It also produced a significant effect on
spirituality, but it was negative. On the other hand, indicated non-skilled programs only
showed significant outcomes for depression and interpersonal relationships.

Digtially delivered relaxation and exposure-based therapy

Farrer et al. (2013) reported mixed effects for relaxation and exposure-based therapy.
Two exposure-based interventions were effective for reducing anxiety relative to a control
condition. Similarly, video and audio relaxation were associated with a significant
within-group decline in anxiety symptoms although another study reported its
ineffectiveness. Further, a study that examined exposure therapy and audio relaxation
found computer-based delivery equivalent to group-based therapy. The mean quality
rating for the study on examination anxiety was 3.67. Farrer et al. (2013) did note that one
stress inoculation intervention did not provide sufficient data.

Associated factors with effectiveness
Several of the included reviews had recognized factors that were associated with the
effectiveness of interventions, including (a) program prevention level (Conley et al., 2016;
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Rith-Najarian, Boustani & Chorpita, 2019), (b) recruitment (Harrer et al., 2019;
Rith-Najarian, Boustani & Chorpita, 2019), (c) available support (Conley et al., 2016),
(d) adherence (Davies, Morriss & Glazebrook, 2014; Lattie et al., 2019; Harrer et al., 2019)
and (e) user satisfaction (Davies, Morriss & Glazebrook, 2014). This review will provide a
narrative analysis as follows.

Program Prevention Level
The review by Conley et al. (2016) found that the overall effectiveness of both universal and
indicated interventions differed significantly from zero, with indicated interventions
(effect size = 0.37, 95% CI [0.27–0.47]) yielding greater significant means effects than
universal interventions (effect size = 0.19, 95% CI [0.11–0.28]). Effects at follow-up were
significantly positive for both interventions (universal: effect size = 0.30, CI [0.06–0.54];
indicated: effect size = 0.49, CI [0.31–0.67]). The review by Rith-Najarian, Boustani &
Chorpita (2019) noted that prevention programs were significantly more likely to be
online/computer-delivered, which may have played a factor for the differing effect sizes at
each prevention level (universal, g = 0.69; selective, g = 0.73; indicated, g = 0.53).

Recruitment
The review by Harrer et al. (2019) also noted that type of recruitment was a significant
effect moderator for depression and stress outcomes, suggesting that effects were lowest
when participants were recruited through a study subject pool (depression; g = 0.04, 95%
CI [−0.10 to 0.17]; stress: g = −0.22, 95% CI [−0.70 to 0.27]). Effects were higher for
web-based recruitment (depression: g = 0.30, 95% CI [0.25–0.57]; stress: g = 0.63, 95% CI
[−0.05 to 1.31]). In addition, effects were higher in studies in which no compensation
was provided (g = 0.31, 95% CI [0.18–0.45]) compared with studies that compensated
participants (g = 0.08, 95% CI [−0.05 to 0.20]), although the effect size was not significant
for studies with compensation. However, this differs from the review by Rith-Najarian,
Boustani & Chorpita (2019) which found that the highest full completion rates were for
studies with greater incentives.

Available support
The influence of available support remains mixed. The review by Conley et al. (2016) found
that support available significantly moderated effects for indicated interventions yielding
greater effects (effect size = 0.55, CI [0.37–0.72]) than self-administered indicated
interventions (effect size = 0.28, CI [0.14–0.40]). However, such results differed from the
findings of Harrer et al. (2019) review which suggested that support present during
intervention did not affect intervention effectiveness (p ≥ 0.05).

Adherence
The review by Conley et al. (2016) suggested that how much of the intervention was
completed by participants (i.e., dosage) moderated effects for 12 universal interventions.
This showed that a higher percentage of intervention completers demonstrated better
outcomes (p = 0.023). However, this was not the same for indicated interventions
(p = 0.242).
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The review by Davies, Morriss & Glazebrook (2014) noted that studies that adopted
shorter interventions were associated with increased engagement and retention of
participants. Further, one review showed that lower depressive symptoms were positively
associated with increased adherence. However, in two trials there were no associations
found between adherence and their level of post-intervention improvements on mental
health.

The review by Lattie et al. (2019) found that studies that examined usability were
generally favorable. However, many did report high rates of attrition and low rates of
sustained program use. Although a direct comparison between studies cannot be
conducted, a pattern emerged that module-based intervention usage dropped over an
individual’s time spent in the study.

The review by Harrer et al. (2019) found that for interventions that focused on
depression, effects were highest when interventions were between 4 and 8 weeks in
duration (g = 0.31, 95% CI [0.13–0.49]) compared with shorter (g = 0.09, 95% CI [−0.02 to
0.21]) or longer (g = 0.13, 95% CI [−0.43 to 0.69]) programs.

User satisfaction
Davies, Morriss & Glazebrook (2014) found that studies administering participant
evaluations to examine satisfaction were highly useable, satisfactory, credible, and were
moderately-to-highly useful and helpful.

DISCUSSION
The present systematic umbrella review aimed to synthesize the literature on digital mental
health interventions and to identify their effectiveness for improving psychological
wellbeing among university students. Exploring seven systematic reviews and meta-
analyses, we found evidence for the effectiveness of digital mental health interventions,
particularly web-based online/computer delivered-interventions were effective or at least
partially effective at decreasing depression, anxiety, stress, and eating disorder symptoms
(Davies, Morriss & Glazebrook, 2014; Harrer et al., 2019; Lattie et al., 2019; Rith-Najarian,
Boustani & Chorpita, 2019; Bolinski et al., 2020). Similarly, effectiveness was found for
skills-training interventions (Conley et al., 2016; Farrer et al., 2013) and CBT-based
interventions (Davies, Morriss & Glazebrook, 2014; Farrer et al., 2013). Although
supported by only one review, mobile applications appeared to be effective in improving
mental wellbeing (Lattie et al., 2019). For digital mental health interventions using virtual
reality and relaxation, exposure-based therapy evidence was inconclusive (Farrer et al.,
2013; Lattie et al., 2019). It is important to note that effectiveness was greatly dependent
on the delivery format and mental health problems being studied. Furthermore, variations
in study design, interventions, measures, and comparators, made it challenging to
determine effectiveness accurately.

In addition, reviews also noted the presence of other influencing factors that were
associated with intervention effectiveness. These include program prevention level,
recruitment, available support, adherence, and user satisfaction. Differing effects have been
found for prevention levels (Rith-Najarian, Boustani & Chorpita, 2019), with universal and
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indicated interventions producing an effect at post-intervention and follow-up (Conley
et al., 2016).

Completion of intervention (i.e., dosage) influenced effectiveness, whereby participants
that completed higher percentages of the intervention showed better outcomes (Conley
et al., 2016). This could be affected by the duration of programs as shorter interventions
were associated with better engagement and retention of participants (Davies, Morriss &
Glazebrook, 2014;Harrer et al., 2019; Lattie et al., 2019). Available support provided during
interventions and type of recruitment process may have contributed to intervention
effectiveness, but this remains inconclusive due to mixed results (Harrer et al., 2019;
Rith-Najarian, Boustani & Chorpita, 2019). Lastly, overall satisfaction of interventions
may be associated with the effectiveness of interventions (Davies, Morriss & Glazebrook,
2014).

Despite the supporting evidence on digital mental health effectiveness, scholarly work
within this area appears to be of moderate to critically low quality, according to the
AMSTAR-2 assessment. This was due to not including a registered protocol or a priori and
failure to report reasons for excluding studies and the source of funding. The included
reviews also pointed out limitations such as substantial heterogeneity, varying sample sizes,
intervention measures, and study and intervention design.

Overall, the findings of this umbrella review support previous findings on the beneficial
effect of digital mental health interventions. Effectiveness has been determined amongst
patients in Swedish clinical trials of internet-delivered CBT (Andersson, Carlbring &
Rozental, 2019), veterans (Boykin et al., 2019), and older adults (Seifert, Reinwand &
Schlomann, 2019). Reviews investigating digital mental health interventions amongst
young people have found small effects in reducing depression and anxiety symptoms
(Garrido et al., 2019), with specific effectiveness of computer-based CBT interventions
(Lehtimaki et al., 2021). Nevertheless, within the context of young adults, who represent
one of the most connected groups, digital mental health interventions are a promising
tool and can help overcome structural and psychological barriers that university
students may face when seeking mental health counselling. Moreover, students have
reported that digital mental health services are convenient and easy to use (Hadler et al.,
2021). Digital mental health interventions have helped to overcome issues of scheduling
conflicts, waitlist, inaccessibility, and added expenses (Cohen, Graham & Lattie, 2020).
Additionally, it allows individuals to avoid stigmatization of seeking mental health
care by giving them a sense of ownership with their respective issues and facilitating
help-seeking behaviours (Cohen, Graham & Lattie, 2020). However, evidence also
points to concerns among students when it comes to digital mental health interventions.
These include, for instance, concerns about privacy, developer credibility, and lack of
guidance with digital mental health interventions. Acknowledging that user engagement
could play a role in effectiveness, many studies have yet to assess this, which has been
supported as future directions by other reviews (Bergin et al., 2020). Conceptualizing user
experiences can enhance the personalization of digital mental health interventions,
which has been shown to improve uptake, retention, and outcomes (Patel et al., 2020).
Indeed, digital mental health interventions have been recognized to be attractive and
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relatable for younger populations (Garrido et al., 2019; Pretorius, Chambers & Coyle,
2019); however, challenges remain in determining adherence rates and attrition rates. This
can be an important factor in determining intervention effectiveness, as reflected in our
findings and others (Garrido et al., 2019; Becker & Torous, 2019). As suggested, digitally
delivered interventions can improve participants engagement and retention amongst
college students by providing opportunities for prompt reminders to ensure follow-up and
completion (Hadler et al., 2021).

Strength and limitations
Our review has several strengths and limitations that must be noted. The validity of our
results depends on the quality of primary studies included in the systematic review and
meta-analyses. According to our AMSTAR-2 assessment, the overall methodological
quality of the review needs improvement. Certain AMSTAR-2 criteria were poorly
addressed such as the prior protocol and list of excluded studies with the justification of
exclusion. Hence, the overall confidence in the results of the systematic review and
meta-analysis were of moderate or critically low quality. Thus, in line with most review
authors, we emphasize the need to practice caution when interpreting the results as many
had a high risk of bias. Similarly, review authors reported substantial heterogeneity.
As previously reported in a review on internet- and computer-based interventions for
depression, it has been suggested that eligibility criteria can play an important role as
great variation in the symptomology of included participants may affect the overall
power of the included interventions (Richards & Richardson, 2012). Additionally, the
effectiveness of interventions was limited to accessible data. Review authors have noted the
challenge in determining the sources of intervention effects such as elements that are
responsible for driving larger effect sizes and moderating factors, and this is due to
limited methods of assessments. For instance, only one review had reported on mobile
applications, making it challenging to determine their true efficacy. Further, the variation
in study settings, comparators, and inconsistencies in reporting, has proven to be a
challenge for our umbrella review and others (Pretorius, Chambers & Coyle, 2019;
Liverpool et al., 2020; Lehtimaki et al., 2021). Thus, this review calls for a more
systematic approach to testing and reporting the effectiveness of digital mental health
interventions.

Despite these limitations, the present umbrella review provides a detailed overview of
the evidence of the beneficial effect of digital mental health interventions for university
students. To the best of our knowledge, this umbrella review provides the first systematic
synthesis of systematic reviews and meta-analyses on digital mental health interventions
amongst university students. Prioritizing systematic reviews allowed us to synthesize a
large amount of research evidence covering a wide variety of strategies, while at the same
time narrowing it down to a particular interest group: university students. Nevertheless,
our review has recognized a niche population with pressing issues and has brought light to
research gaps within this research field to determine effectiveness holistically. This includes
the need to assess adherence and completion rates amongst university samples by
implementing separate and objective means to monitor usage as concluded to be an
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important issue in determining the efficacy of digital mental health support (Melville,
Casey & Kavanagh, 2010). This can provide supporting evidence on the effectiveness and
enhance understanding of program uptake and adoption specific to university students
and campus communities. Furthermore, scholars should continue to examine and identify
moderating effects for effectiveness, as suggested by our findings. Additionally,
investigating digital mental health interventions within low-middle income countries
(LMIC) would be important as students from LMICs are vulnerable to stressors that differ
from the general population and those from higher-income countries. This includes
limited access to healthcare services, poor diagnostic and treatment-seeking practices, and
public and self-stigma associated with it. Thus, putting them in greater risk of mental
health problems (Akhtar et al., 2020; Evans-Lacko & Thornicroft, 2019). Despite
geographical and socio-economic disparities that are associated with digital access, it is
reported that at least 43% of people from LMICs use the internet (International
Telecommunication Union, 2019). Hence, this can be a promising approach in dealing with
the prevalence rates of mental health issues amongst low-resource settings and provide
greater generalizability of digital mental health interventions and conceptualization of
university students mental wellbeing.

CONCLUSIONS
This review supports the potential of digital mental interventions in overcoming the
pressing mental health problems present amongst university students who actively use the
interventions. Digital mental health interventions could be an effective alternative in
dealing with current challenges and barriers faced by university students when seeking
assistance with their mental health problems. Future studies should investigate user
engagement and retention rates amongst university students to ensure sustainable effects
and appropriate implementation of interventions.
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