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Screening and selection process 
All search results were downloaded into Clarivate 
EndNote, a reference management software, in which 
duplicates were identified and removed. First, two 
reviewers (IR and LK) independently reviewed all article 
titles and abstracts based on the inclusion and exclusion 
criteria. Then, full texts were examined by the same 
reviewers. Any disagreements between the two reviewers 
in the title and abstract stage or the full-text stage were 
resolved through consensus-based discussion with a 
third reviewer (TDC).

Eligibility criteria 
This systematic review includes randomised controlled 
trials of digital mental health interventions for adults 
older than 50 years for their depressive or anxiety 
symptoms. The reason for this younger age cut-off for 
this population is because there are few studies that 
include the older population when looking at digital or 
technology-based health interventions. By lowering the 
age eligibility criteria, we hope to gather as much evidence 
as possible for the older population. We have included 
interventions using smartphones, enterprise digital 
assistants, personal digital assistants, portable media 
players, video game consoles (including virtual or 
augmented reality headsets), computers, laptops, tablets, 
and e-readers. Studies were included if the sample 
population completed pre-intervention and post-
intervention anxiety or depression questionnaires. Only 
randomised controlled trial studies were included to 
minimise bias and confounding factors and provide 
statistical reliability.21 Peer-reviewed papers were not 
excluded based on language or country of origin. The 
exclusion criteria included non-peer-reviewed articles, 
conference proceedings, case reports, editorials, opinion 
papers, letters, and studies that focus on children or 
young adults. Additionally, we included studies in which 
depression and anxiety were measured as secondary 
outcomes to ensure that all evidence of digital mental 
health interventions for depression and anxiety for this 
population were included.

Risk of bias assessment 
The risk of bias of each study was assessed using the 
revised Cochrane risk-of-bias tool for randomised trials 
(RoB 2, version 2).20 Risk of bias was evaluated for each 
bias domain listed in the RoB 2 assessment tool, which 
covers bias arising from the randomisation process, 
deviations from intended interventions, due to missing 
outcome data, in the measurement of the outcome, and 
in the selection of the reported result.

Narrative synthesis 
A systematic narrative framework was used to synthesise 
the data.22 Due to the high degree of heterogeneity in 
outcomes and measurement in the studies, a 
meta-analytic approach was not appropriate; therefore, 

the results of included studies were narratively 
synthesised rather than meta-analysed.

The results were organised by types of digital mental 
health interventions that were commonly found in all 
the eligible articles (eg, digitally-delivered cognitive 
behavioural therapy [iCBT], online courses, and physical 
activity programmes delivered digitally, and computer 
programs). Within each type of digital mental health 
intervention, characteristics of the interventions and 
their effectiveness in alleviating depressive and anxiety 
symptoms were discussed.

Results 
A total of 1202 article titles and abstracts were reviewed, 
and 58 full-text articles were reviewed for inclusion. All 
full-text studies were written in English. Among these 
full-text articles, 17 studies were included in the 
systematic review for data extraction (figure 1). 

All 17 studies that were included are randomised 
controlled studies.23–39 Out of all the studies, seven studies 
were conducted in the USA,23–29 three in Sweden,30–32 two 
in Australia,33,34 and the remainder took place in 
Germany,35 the Netherlands,36 China,37 Brazil,38 and 
Russia.39 Two of the studies were pilot studies.37,38 
12 studies had completed at least one follow-up study 
within 12 months after the completion of the initial 
study.23,26–28,30–32,35–37,39

Three of the studies used iCBT,23,25,35 whereas others 
investigated online courses and computer lessons,33,34 
digitally-delivered exercise courses to promote physical 
activity (exer-gaming),26,28,29,36,38,39 neuroplasticity-based 
comput erised cognitive remedi ation,21 online speed of 
processing training,27,28 and technology-based rehabilitation 
programme
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adults with major depressive disorder and used a 
control group that underwent in-person CBT.23 Egede 
and colleagues23 found that the technology-based 
method resulted in outcomes similar to in-person 
delivery. Another study25 used a treatment-as-usual 
control group and found that 84·6% of the intervention 
group participants no longer met the criteria for major 
depressive disorder versus only 50% in the control 
group. The third study focused on online writing 
assignments in their iCBT program for veterans with 
post-traumatic stress disorder.35 The study compared 
the intervention group against a waiting list control 
group and found no significant improvement of Brief 
Symptom Inventory-18 (BSI-18) scores after the 
follow-up. However, the participants stated that the 
visual anonymity provided by iCBT allowed them to talk 
about their mental health concerns freely.35 These 
results have determined that iCBT treatments can 
provide the same information and teach the same skills 
as traditional face-to-face CBT for participants without 
mental health multimorbidity (table 2).23,25

Online courses and computer lessons 
Two studies looked at or created online courses for older 
adults.33,34 One study provided a course that focused on 
managing stress and anxiety, and used an active control 
group (ie, a group who received the course in a self-
guided format).33 Their analysis indicated greater 
proportions of reliable improvement and recovery on the 
Generalised Anxiety Disorder Assessment  (GAD-7) and 
the Patient Health Questionnaire-9 (PHQ-9) in the 
treatment group than in the control group.33 Another 
study administered a customised computer platform with 
a simplified touch-screen interface and accompanying 
broadband infrastructures to older adults with sufficient 
cognitive ability to engage in computer training.34 They 
found that participants in the intervention group (those 
who received training to use social media) experienced 
slightly better mental health than the care-as-usual 
control participants.34 The intervention performed in this 
study yielded positive changes in depression and anxiety 
scales. However, the authors determined that the changes 
in depression and anxiety scales were contributed from 
other variables (such as the participants’ competence with 
technology and previous social networking activity), and, 
therefore, hard to attribute to the training (table 2).34

Physical activity interventions 
Six studies looked at using physical activity interventions 
to alleviate depressive and anxiety symptoms. 
Two studies26,38 used video game consoles as means to 
deliver their physical activity interventions. Two physical 
activity interventions were delivered via robot 
assistance,29,39 and another two were digitally-delivered.28,36 
The control groups included active control groups and 
waiting list control groups. Five of the six physical activity 
digital mental health intervention studies found that 

intervention groups showed improvement in depressive 
symptoms and only slight differences were found between 
treatment and active control groups.28,29,36,38,39 These results 
indicate that physical activity can alleviate depressive and 
anxiety symptoms; however, delivering these programs 
via gaming consoles, robots, and computers does not yield 
better psychological outcomes than face-to-face or 
in-person physical activities.29,38,39 One unsuccessful digital 
mental health intervention used virtual reality hardware 
to deliver a physical activity intervention to their 
participants.26 They found that their participants expressed 
safety concerns  due to the novelty of the device and no 
supervision during the intervention (table 2).

Online cognitive training 
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Mean age, yearsParticipantsFemale, %Male, %Inclusion criteriaControlTreatmentControlTreatmentControlTreatmentControlTreatment
Dear et al (2015)3365·3965·51353767%54%33%46%Aged over 60 years and assessed by a general practitioner or specialist to rule out any physical cause for anxiety

Egede et al (2015)23
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mental health interventions, and, at times, neglected to 
use the intervention completely.45,46 Additionally, a 
systematic review of unguided digital mental health 
interventions found that trial settings have a large effect 
on user engagement with unguided interventions, and, 
consequently, on the generalisability of the findings to the 
real world.47

Many of the successful digital mental health inter-
ventions included in this systematic review have targeted 
populations or groups of older adults who share a specific 
condition. Therefore, the interventions themselves have 
been designed to alleviate a common problem that their 
target population shares. For example, some studies 
looked at using technologies to deliver rehabilitation 
programmes for older adults with hearing impairments, 
including programmes to improve hearing and hearing-
related issues.30–32 Other studies examined digital mental 
health interventions for stroke survivors,29,39 older adults 
with Parkinson’s disease,38 and individuals with major 
depressive disorder.23 Ultimately, each intervention was 
tailored to a specific problem that participants shared due 
to their disability or disease. Creating specific and tailored 
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