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Abstract

Background: The influence of social media among adolescent peer groups can be a powerful change agent.

Objective: Our scoping review aimed to elucidate the ways in which social media use among adolescent peers influences eating
behaviors.

Methods: A scoping review of the literature of articles published from journal inception to 2019 was performed by searching
PubMed (ie, MEDLINE), Embase, CINAHL, PsycINFO, Web of Science, and other databases. The review was conducted in
three steps: (1) identification of the research question and clarification of criteriausing the population, intervention, comparison,
and outcome (PICO) framework; (2) selection of articles from the literature using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines; and (3) charting and summarizing information from selected articles.
PubMed’'s Medical Subject Headings (MeSH) and Embase’s Emtree subject headings were reviewed along with specific keywords
to construct a comprehensive search strategy. Subject headings and keywords were based on adol escent age groups, social media
platforms, and eating behaviors. After screening 1387 peer-reviewed articles, 37 articleswere assessed for eligibility. Participant
age, gender, study location, social media channels utilized, user volume, and content themes related to findings were extracted
from the articles.

Results. Six articles met the final inclusion criteria. A final sample size of 1225 adolescents (aged 10 to 19 years) from the
United States, the United Kingdom, Sweden, Norway, Denmark, Portugal, Brazil, and Australiawere included in controlled and
gualitative studies. Instagram and Facebook were among the most popular social media platformsthat influenced healthful eating
behaviors (ie, fruit and vegetable intake) as well as unhealthful eating behaviors related to fast food advertising. Online forums
served as accessible channels for eating disorder rel apse prevention among youth. Social mediainfluence converged around four
central themes: (1) visual appeal, (2) content dissemination, (3) socialized digital connections, and (4) adolescent marketer
influencers.

Conclusions: Adolescent peer influence in social media environments spans the spectrum of healthy eating (ie, pathological)
to eating disorders (ie, nonpathological). Strategic network-driven approaches should be considered for engaging adolescentsin
the promotion of positive dietary behaviors.

(J Med Internet Res 2021;23(6):€19697) doi:10.2196/19697
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Introduction

Defining Social Media

Adolescent peer groups have been recognized to influence
individuals health behaviors, including diet [1]. During
adolescence, eating behaviors are influenced by peer impacts,
such as perceived social norms that can create unique peer
pressures [2,3]. Peer-to-peer influence on health behaviors has
been documented in face-to-face interactions[4]; however, few
have studied the influence of social media on eating behaviors
during adolescence.

Social media has been defined as any socia networking site
that enables interactive, user-generated content that allows
sharing of images, ideas, videos, music, or commentary on
internet forums (eg, Facebook), blogs and microblogs (eg,
Twitter), and photograph- or video-hosting platforms (eg,
Instagram, YouTube, or TikTok) [5]. Individuals or groups of
people can communicate, collaborate, and connect in real time
viatext, video, or phone anywherethat Wi-Fi isavailable. Socia
media channels, such as Facebook or YouTube, were initiated
in the early 2000s. However, the first website recognized as
being the first socia media platfform was called Sx
Degrees—short for Six Degrees of Separation—and it launched
in 1997. In 2018, YouTube, Instagram, and Snapchat were
identified asthe most popular online platforms utilized by teens
13 to 17 years of age [6]. User-generated content on these
channels may allow for autonomy, identity, and interpersonal
peer relationship development, a hallmark of adolescence [7].

Social media is an effective channel for engaging adol escents
[8], atarget population that has been hard to engage in public
hedlth practice. It can be used to influence, inform, and persuade.
Social media mobile apps have globa reach, use, and
engagement [9]. In an earlier global report, approximately 85%
of adolescents between the ages of 12 and 17 years across
Europe, Latin America, the United States, and South Korea
reported using asocial mediawebsite [10]. Among a sample of
4460 high school students from Turkey in 2019, 88% owned a
smartphone and 100% had a socid media account [11].
Contagion effect—the rapid communication of an ideathat has
gone viral among peers on social media platforms—has been
recoghized as an effective way to promote health behaviors
[12-15]. Behavior intent, increased knowledge, and increased
awareness are positive attributes of healthful food posts on
socia mediathat influence users[16-18]. Extensive social media
use, aong with other entertainment media use, has been
associated with consumption of unhealthy foods, mostly dueto
snacking behaviors. In particular, Albert found that social media
and other entertainment media use among a sample of mostly
Latino (68%) middle schoolers was negatively correlated with
fruit and vegetable consumption (r=—0.065) and was strongly
correlated with fast food and junk food intake (r<0.200) [19].
In arecent report, Chau et a concluded that social media was
a promising channel for obesity prevention in adolescents and
young adults [20]. Given that more recent research revealed
that 95% of teens 13 to 17 years of age own asmartphone, 51%
use Facebook, 69% use Snapchat, 72% use Instagram, and 85%
use YouTube[21], an examination of peer influence, viasocial
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media channels, on eating behaviorsiswarranted. However, no
review to date has demonstrated peer influence on eating
behaviors via social media networks among adol escents.

Social Media Influence and Eating Behaviors

A social network analysis of adult, in-person peer relationship
influencesindicated that mal adaptive eating behaviors (ie, eating
disorders) may beinfluenced by friendships[22]. Socia norms,
as well as rea and perceived socia support, may be
underpinning peer influences related to the practice of eating.
Peer groups and the type and degree of peer influence may shape
one'srelationship with food. Peer influence on eating behaviors
may extend from in-person influenceto social mediainfluence.
Findings from a US nationally representative sample of young
adults, 19 to 32 years of age, revealed an association between
a high volume and frequency of social media platform
engagement (ie, Facebook, Twitter, Googlet+, YouTube,
Linkedin, Instagram, Pinterest, Tumblr, Vine, Snapchat, and
Reddit) and eating concerns [23]. However, some of the most
popular social media channels have been noted to influence
maladaptive (ie, nonpathological) eating disorders as well as
adaptive (ie, pathological) healthy eating.

Socia mediaplatforms (ie, Facebook and YouTube) and mobile
gaming nutrition-intervention apps (eg, Food Hero) demonstrate
utility among young adult populations to raise awareness,
increase knowledge, influence intrinsic beliefs, and motivate
attitudes [23]. Social media channels, including Facebook,
YouTube, and Snapchat, have been recognized by adolescents
for providing peer-to-peer support in heathy eating through
sharing information and offering social support [24]. This
scoping review aimed to elucidate the role of peer influencevia
social media channels on eating behaviors among adol escents
between the ages of 10 and 19 years.

Methods

Databases

The following databases were searched in October 2017 and
updated in October 2019: PubMed (ie, MEDLINE), AgeLine,
BIOSIS Citation Index, CINAHL, the Cochrane Library,
Embase, ERIC (Education Resources Information Center), Food
Science and Technology Abstracts, Google Scholar, Inspec,
PubMed Central, PsycINFO, SciELO (Scientific Electronic
Library Online), and Web of Science. PubMed's Medical
Subject Headings (MeSH) and Embase’'s Emtree subject
headings were reviewed along with specific keywords to
construct a comprehensive search strategy. Grey literature was
searched for in The New York Academy of Medicine Grey
Literature Report and the OAlster database from the OCLC
(Online Computer Library Center). An extensive electronic
journal hand search was conducted in the following journals:
American Journal of Health Promotion, American Journal of
Preventive Medicine, Appetite, Childhood Obesity, Eating
Behavior, Ethnicity & Disease, Ethnicity & Hedlth, International
Journal of Eating Disorders, International Journal of Obesity
(London), Journal of the American Dietetic Association,
Pediatrics, Obesity (Silver Spring), and Public Health Nutrition.
In consultation with the first author (AC), a clinical librarian
(DV) trained in systematic literature reviews conducted the
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literature search and managed the information tools. The project
was conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [25]. A comprehensive search strategy of subject
headings and keywords included “obesity,” “nutrition,” “peer
behavior,” and “adolescents’ (see Multimedia Appendix 1 for
full set of terms).

Inclusion and Exclusion Criteria

Inclusion criteriafor articles to be included in the review were
as follows: study sample included adolescents 10 to 19 years
of age; study examined a socia media app; study had a
cross-sectional, qualitative, observational, and experimental
design; study had a social media component; study examined
adol escent peer communicationsin asocial mediaenvironment;
and study examined eating behaviors. Studieswere required to
bewritten in English and were published from journal inception
to October 2019. Conversely, studies related to the impact of
social media on body image, related to gastric bypass, or
conducted in anima models were excluded. EndNote X9
(Clarivate Analytics) was used to manage the bibliographic
data. All references were downloaded to Google Sheets for
screening. Full texts were retrieved and a Google Form was
created for data extraction.

Chung et a

Data Extraction

Two independent researchers (NT and AS) screened the articles,
assessed them for eligibility, and extracted the data from the
search results. The extracted data were exported to Microsoft
Exce 2016 for data analysis. Specifically, extracted data
included author names; year of publication; country of study;
study time frame; participant ages and genders; total number
of participants; total number of user accounts; racial and ethnic
groups, including percentage or whole number by group; study
design; type of socia media; behavior influence on food; and
primary study outcomes measured. Reviewer agreement was
reached through discussion with the senior author and review
of the abstracts. Reviews of the study titles, abstracts, and full
text, where needed, were completed to ensure agreement with
study inclusion parameters to confirm eligibility. Tiebreakers
were decided by DV.

Results

Overview

Figure 1 shows the PRISMA flowchart for the article selection
process for this review.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart for the articles that met the final inclusion
process. Grey literature includes The New York Academy of Medicine Grey Literature Report and the OAlster database from the OCLC (Online
Computer Library Center). ERIC: Education Resources Information Center; SciEL O: Scientific Electronic Library Online.
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A total of 1225 adolescents ranging in age from 10 to 19 years
who participated in studies across the United States, the United
Kingdom, Sweden, Norway, Denmark, Portugal, Brazil, and
Australiawere represented in the sample. Social mediaplatforms
included Facebook and Facebook Messenger, YouTube,
Instagram, Twitter, self-made blogs, school websites, and
researcher-moderated forums. Each study examined how youth
utilized such social media platforms to communicate ideas
regarding food and diet.

A total of 2074 articles were identified through electronic
databases and manua hand searching of articlesfrom systematic
review referencelists. After removing duplicates, 1412 articles
remained and were evaluated according to our inclusion criteria.
Of the 32 full-text articles that were reviewed further, 26 did
not meet the inclusion criteriaand were removed. A total of six
studies met the full inclusion criteria and were included in the
final sample (Figure 1). Table 1 shows the details of these six
studies [26-31].

Instagram and Facebook were among the most popular social
media platforms that influenced healthful eating behaviors (ie,
fruit and vegetable intake) as well as unhealthful eating
behaviorsrelated to fast food advertising. Online forums served
as accessible channels for eating disorder relapse prevention
among youth. However, self-made blogs on anorexia aso
promoted content about self-harming behavior in support of the
eating disorder.

https://www.jmir.org/2021/6/€19697
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Both positive and negative influences were found in eating
behavior content among adolescents. Holmberg et al [26,27]
were the only researchers to leverage a contemporary social
media platform (ie, Instagram) and identify positive eating
behaviors promoted among adolescents. Their study setting
across Sweden, Norway, and Denmark is aleading example of
the utility of social media to influence eating behaviors in a
positive way. Their engagement strategy with adolescents could
be leveraged for future studies that evaluate actual eating
behavior change. Food safety behaviors were the other positive
aspect of healthy eating promoted via social mediain the United
States, as identified by Quick et al [28]. Kenda et al [29]
described self-made blogs for relapse prevention of eating
disorders. Fast food advertising, asidentified by Thaichon and
Quach [30], and self-harming anorexic eating behavior content,
asidentified by Castro and Osorio [31], had negative influences
on adolescent eating behaviors (Table 1).

Thematically, results of the six studies included in the scoping
review revealed several corethemesrelated to engagement and
dissemination of food-related content in a socia media
environment among adolescent users across eight developed
countries. Social mediainfluence converged around four central
themes: (1) visua appeal, (2) content dissemination, (3)
socialized digital connections, and (4) adolescent marketer
influencers. Social media not only served as a communication
channel to a target cohort but also alowed for interaction
through aplatform that allowed for user autonomy on aspecific
topic.
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Table 1. Dataextraction of key variables from each of the six studies that met the final inclusion criteria.

Authors Age  Country of  Social media engagement and theme Main outcomes Participants
group  study setting
(vears)
Castroand  13-19 Portugal and 11 Portuguese-language blogs in Portugal and Brazil Theinternet isapowerful means 2 boysand 9
Osorio [31] Brazil Three categories analyzed: of supporting the proanorexic girls
t.
1. Sef-harming content mo-vemen ] )
2. Celebrities and fashion models as body image This contributes to consumption
“thinspiration” and production of problematic
3. Proanorexictestimonialsabout desling with parental, 0109 content.
peer, and other social and cultural offline pressure
Quicketa  11-13 United Facebook, YouTube, Oovvuu, and Skype Viewing the videosincreased per- 21 boysand
(28] States Theme: Food safety promotion videosto improve behay-  Seived susceptibility of food-borme - 23 girls
iorsamong American middle schoolerswere disseminated 11ness and increased seff-confi-
via peer social media networks dence in performing food safety
behaviors.
Kendal etal 10-19 UnitedKing- Engagement: 420 message postings Onlinediscussion forumwasused 119 unique
[29] dom 119 usernames; 97 threads to help manage eating disorders  usernames
Platform: if-made online f and overcome mal adaptive eating
atform: one self-made online forum behaviors.
Themes:
1. Mentorship
2. Onlineforum as a safe space
3. Friendship within the online forum
4. Fexiblehelp
5. Peer support for recovery and relapse prevention
Holmberg et 14 Sweden, Engagement: 3479 Instagram images Food images were found in most 1001 unique
a [26] Norway, and 1712 available accounts adolescent accounts. Instagram ac-
D k
enmar 1001 Instagram accountswith the hashtag #14 (pertaining F00d was often centrally placed counts
to age groups) and framed in a positive way.
Images of food with high calories
and low nutrients were framed as
advertisements.
Images depicting fruitsand vegeta-
bles were often zoomed in on,
similar to images found in cook-
books.
Thaichon 11-16 Austrdia Platforms: Facebook and Twitter Onlinemarketing viasocial media 15 boys and
and Quach Themes: sites had a strong impact on chil- 15 girls
[30] dren’s decisions to consume fast

Holmberget 13-16 Sweden
a [27]

1. Peer pressure: userstry to match their page through
like and share functions via social networks

2. Eating habits and intentions: children said that they
tend to change their eating habits after repeatedly
being exposed to adverti sements on social network-
ing sites

Platform: Instagram

Engagement: semistructured interviews that described
adolescent socia media engagement with food

Themes:

1.  Protecting self-esteem by not disclosing body weight,
body images, or unhealthy foods, to minimize the
risk of receiving hurtful comments

2. Propsand symbols that had positive associations
among their peers, which signified socid status, that
could generate likes and positive comments were
favored

food.

Depictionsof body imageandfood 11 girlsand 9
self-presentation in digital social  boys

media were the most prominent

influential imagery.
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Theme 1: Influence of Visually Appealing Imagery
and Endor sements

First, communicating eye-catching visual imagery of food,
fitness, and body ideals among adolescent peers played a
primary role of influence in severa modalities. Videos and
pictures alow for creative design feature elements that may
increase engagement. Entertaining videos with appealing
graphics, relatable scenarios, and music were employed
effectively in Quick et a’s development of food safety videos.
These videosincreased food safety practices (ie, handwashing)
among 332 preadol escent peer groupsin an experimental design
study within the United States [28]. Similarly, Holmberg and
colleagues [26] reported that shared images of food in social
media may reflect a lifestyle that adolescents admire or want
to promote. Positive framing of fruits and vegetables that were
colorful and aesthetically pleasing may beindicative of acertain
status worth sharing [26]. Sharing food images or videos that
were perceived as preferable by peersreflect endorsements and
may encourage the likelihood of behavior adoption.

Similarly, likes or other affirmative visual icons, such as hearts
and smiley emqjis, connote positive agreement and affirm
approval of what is depicted by a statement or image. Food
brands with positive associations among peers that signified
socia status and generated likes and positive comments were
viewed as favorable among teens in Sweden. In a qualitative
study with Swedish teens, one 14-year-old participant described
her reasoning for sharing a Starbucks image as follows:. “Even
if one has never had a Starbucks beverage or visited the place,
one still loves it, because one knows that everyone else loves
it" [27].

Peer group reinforcers may influence in both directions of the
pendulum. Findings of semistructured interviews with 20
Swedish adolescent boys and girlsenrolled in apediatric obesity
clinic revealed that they avoided posting unhealthy “fattening”
foods in fear of this behavior being viewed as unacceptable
from their peerswith the potential to elicit criticism and bullying
[27]. Posting visua images of healthy foods was used to portray
acceptability, as these foods would be viewed favorably and
positively by peers. Conversaly, Castro and Osorio [31] reported
that attractive imagery may aso influence aspirational ideals
toward thinness—or “thinspiration”—among teen bloggersin
Portugal and Brazil on proanorexic websites [31].

Theme 2: Social M edia Dissemination

Second, posting images and videoswith friends allowsfor quick
dissemination of health-related ideas, products, and practices.
Socia mediahasthe ability to be circulated worldwide instantly.
Rapid dissemination alows for contagion virality or viral
marketing of atopic faster than aformal broadcasting channel,
indicating the speed of dissemination by sharing unique,
entertai ning messages on one's pre-existing social network [28].
Quick communication uptakes may bypass mainstream media
channel dissemination and speed.

The emotion conveyed behind viral messages may influence
person-to-person well-being. Socia media dissemination of
harmful ideas may have negative consequences on adol escent
mental health, thereby influencing nonpathological eating
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disorders. Socia media contagion passed between individuals
may have mental health implications contributing to unique
social norms that affect anxiety levels due to viral messaging
of negative eating behaviors.

Theme 3: Socializing Digital Connections

Third, digital platforms facilitate peer-to-peer interactions in
ways that are quicker and more convenient than traditional
in-person support networks, potentially influencing peer social
norms. Social mediainteractions occur at a speed, engagement,
and influence level beyond in-person communication. Their
reach and scale could effectively influence adolescent beliefs,
attitudes, and norms around eating behaviors at a broad scale.
Digital communities have been leveraged by the food industry
asamarketing tool to advertisedirectly to consumers. Thaichon
and Quach [30] reported that food advertising to young
consumers associated a company’s product with community
and socialization. The authors found that fast food advertising
on social mediainfluenced adolescent views toward fast food,
eating habits, and purchasing likelihood [30].

Socialization of digital connections builds online community
relationships that connect individuals based on shared
experiences, including eating behaviors. Social media digital
communities have had positive and negative effects on eating
disorder behaviors among adol escents. Castro and Osdrio [31]
were able to engage adolescents in real time across 11
Portuguese-language blogsin Portugal and Brazil in challenges
with anorexia through shared cultural pressures and struggles
of living with an eating disorder [31]. Similarly, Kendal and
colleagues [29] were able to garner peer support in the form of
proactive self-care for relapse prevention of anorexic eating
behaviors through online forums among adolescents in the
United Kingdom [29]. Online access any time of day served as
an accessibleresource for peer support that allowed for flexible
support, friendship in a “safe environment,” and peer support
for relapse prevention [29].

Theme 4; Adolescent Influencer Marketer

Images shared by adolescents with one another may be more
influential than commercial advertising. Adolescent
user-generated food content on social mediawas presented and
received differently than food advertisements, but still mimicked
that of food advertisers. Holmberg et a [26] examined how
teenagers presented the food they posted online, analyzing trends
in food and drink items and how they were described. The
authors found most of the food images (68%) depicted
high-calorie, nutrient-poor foods, and only 22% of images
included fruits and vegetables. Topic engagement allows for
peers to relate to each other through common interest and
language. Onlinerelationship building is fostered regardless of
differences, such as weight status, which could be rendered
absent in a digital world of user self-generated content. In
comparison, Thaichon and Quach [30] analyzed how the
presence of fast food advertisements on social mediainfluenced
the dietary opinions of the adol escentswho viewed them. Their
exploratory qualitative data found that peer communication on
social media was a highly influential factor on purchasing
behavior, attitudestoward fast food, and eating behaviors. Table
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2 [26-31] shows the influences and eating behavior outcomes
related to various social media channels.

Thematic review of the selected articles also revealed a mixed
pattern of effect of peer influence on eating behavior of
adolescentsin social mediaenvironments. Social mediachannels
were found to be used as socia support for both positive and
negative eating patterns. Peer-to-peer support for overweight
or obese female adolescents who used Facebook Messenger
increased their positive perception about social support and,
thus, their online social interactions compared to a group that

Table 2. Influences and eating behavior outcomes by social media channel.

Chung et a

only received large-group face-to-face support [32]. Positive
outcomes were also noted in a moderated online forum for
adolescents with eating disorders [29]. The digital modality
offered assistance in ways that more traditional services could
not, such as by enhancing choice, privacy, and control.
Conversely, self-harming proanorexic online content was found
within asmall group of adolescent blogsin Portugal and Brazil.
Peer pressure, need for acceptance, and conflicts with parents
were social and cultural pressures that youth were grappling
with online [31].

Social media channel Influences and/or outcomes

Facebook and Twitter
[30].

Instagram

Fast food advertisements can influence young children by the promotion of fast food products and complimentary toys

Adolescents presented food images with lifestyle depiction intention in mind to their peers. Positive connotation of

fruits and vegetable posts were found. Conclusions were limited due to images not fully representing daily esting.

Various self-made blogs

Outcome: food items presented in adolescent social media content and how they were presented were measured [26].

How food items were presented (ie, still-life photos): 20% of food items were arranged as an exhibition, 37.2% were
branded food images, and 74.8% included positive adjectives and symbols.
What items were presented (ie, types of food): 67.7% of images contained high-calorie, low-nutrient foods and 21.8%

contained fruits, vegetables, and berries. Fruit and vegetableimages were generally depicted asmore visually appealing
based on camera zoom and captions.

Food items and props were used to protect body image and self-esteem [27].

Reading proanorexia, blogs had no effect on dietary consumption.

Content analysis of proanorexia blogs suggests that adol escents pursue harmful minimal food consumption as a result
of social and cultural body image, peer pressure and bullying, celebrity and fashion model “thinspiration,” and genera
exposure to thin-ideal imagery. The blogs themselves contain numerous proanorexia resources and “tips’ [31]. This

suggests that the internet and social media can serve to promulgate harmful and extreme dietary ideas, although actua

behavioral effects were not studied [29].

Online peer-networking eat-

ing behavior interventions  and food safety among adol escents [28].

Peer-created intervention materials have the potential to reinforce positive nutrition behaviors related to weight loss

Discussion

Principal Findings

The literature on peer-enhanced social media interventions for
eating behaviors is in its nascent stages. This scoping review
aimsto fill the gap in the literature and to review the evidence
on the influence of peer-to-peer enhanced social media
environments on eating behaviors among adol escent youth aged
10 to 19 years. Self-reported, user-generated eating behavior
content on social media, supplanted with image recognition,
food diaries, nutrient-intake mobile apps, or data synced to
wearable devices, such as cameras embedded in eyeglasses,
allows for passive data collection with minimal user burden;
this data could be integrated into social mediain order to build
medical evidence to support decision making. Our paper
demonstrates that peer socia media influence on dietary
behaviors warrants a robust amount of additional work to add
to the body of scientific medical evidence in the field.

Holmberg and colleagues [26] reported positive portrayals of
healthy eating promoted by adolescents. Fruit and vegetable
images that are zoomed-in on and focused on for a picture may
place emphasis on the food depicted, due to visual appeal and
positive attributes. Poelman et al provide an example of adigital
food tracking system that could be embedded into social media
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apps to understand how food choices are influenced by the
real-world food environment [33]. Another option isthe use of
digital food record mobile apps, such as FitNinja (Vibrent
Health), with image recognition software to collect nutrient
content; these have been found to be acceptabletoolsfor digital
food records of real-world food intake[34]. Additionally, shared
food posts, such as fruits and vegetables marked by peer likes
among user networks in social media environments, may
represent reinforcement of positive—or any valence—nutrition
behaviors as positive, well-liked behaviors [35].

Commercial advertising on Facebook and Twitter, as described
by Thaichon and Quach [30], may detract from adolescent
engagement, as teens may seek to declare their independence
outside of the mainstream; in addition, these platforms are
targeted to older age groups. Social mediaplatforms may allow
teens a digital environment for creative license, persona
identity, and autonomy during a time frame when they are
transcending into early adulthood and away from parental
influence[7]. In addition, Instagram and Snapchat, which were
launched in 2010 and 2011, respectively, are messaging apps
whose early adopters are nearly a generation younger than
Facebook users. Facebook may not be as relatable, given its
inception with a college cohort in 2004, a generation currently
approaching middle age.
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Peer influence via social media could be an effective channel
to engage this typically hard-to-reach population on health
topics, including health behaviors. Social medianetworkswere
aconsistent setting for engaging adolescentswith healthy eating
messages [36]. Visual appeal was a strong engagement
characteristic that influenced users both positively and
negatively. Unfortunately, fast food advertising isalso pervasive
and influential on social media channels targeting adol escents,
which could have negative consequences on weight status and
other chronic disease risks [37].

Facebook was the most common socia medianetwork reported,
despite the rising popularity of Instagram and Snapchat over
Facebook among adol escents[6]. Only one Swedish study [26]
analyzed adolescents' perception of food on Instagram. This
may be due to the time lag in research. One advantage to this
could be that as adolescents move away from Facebook, they
may be less exposed to the commercial fast food marketing
commonly reported on that social media channel.

Healthy eating posts may reflect an aspirational lifestyle change
among peoplein the contemplation phase toward healthy eating.
Kinard [38] and Holmberg et a [27] found that obese and
overweight adolescents and adults were more likely to engage
with healthy food posts than with unhealthy junk food posts on
Instagram and Facebook [38]. Similarly, Holmberg et a [25]
commented that fruits and vegetables were portrayed in a
favorable way that connoted palatability. Health promotion
marketing of healthy foods may aid to inspire healthful behavior
change as users are drawn to the visual appeal.

As socia norms are modified in a digital milieu, cautionary
monitoring of peer pressures may be needed. Social mediapeer
pressures may affect body image ideals [39] that could lead to
mal adaptive eating behaviors and poor well-being.

Healthful Social Media | nterventions for Adolescent
Eating Behaviors

Multipronged interventions with in-person and socia media
components have reported successful weight loss among
participants [40] and an increase in feelings of social support
in adolescent populations [32]. Kulik and colleagues [32]
reported that social networking builds peer social support for
weight loss in conjunction with an in-person intervention. Peer
support may offer teens safe space to share emotional
vulnerability, where they can relate to and confide in peers,
while also serving as a source of accountability for healthful
dietary goals. Similarly, significant weight loss was found as a
result of aweight loss intervention that used Facebook private
messaging and text messaging among adiverse group of college
students [41]. Additionally, Barragan et al found that social
mediaplatforms (ie, Facebook, Twitter, and YouTube) increased
knowledge on excess calorie intake from sugar-sweetened
beverages and increased self-reported intention to reduce
sugar-sweetened beverage consumption [16]. Additionally,
online discussion forums served as a source of mental health
support for eating disorder recovery and relapse prevention [29].

Nutrition information may rai se awareness and promote nutrition
literacy when content is verified. Mixed messagesin the media
on the healthfulness of certain foods may be misleading to the
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public [42]. Additionally, dietary information shared on social
mediais oftentimes misaligned with national dietary guidelines
and evidence-based dietary recommendations. Nutrition content
on socia medianeedsto be both accurate and engaging to avoid
increasing consumer confusion and skepticism of dietary advice
altogether [43]. Public health practitioners, nutrition educators,
and researchers need to partner with food industry advertisers,
social mediainfluencers, and social marketing leadersto ensure
that consumers are accurately informed, particularly for
vulnerable populations such as adol escents.

Negative Effects of Social M edia on Adolescent Eating
Behaviors

Social mediamay influence poor eating habits and mal adaptive
eating behaviors. Thaichon and Quach [30] reported an
association between overweight and obese Australian
adolescents and behavior intent toward eating fast food due to
advertisements viewed on Facebook. Incentive advertising
combined with fast food and soda endorsed by their peers may
reinforce the promotion of unhealthy food choices. Additionaly,
two European studies [29,31] engaged adolescents around
mal adaptive eating behaviors related to eating disorders. Users
provided each other with tips and strategies for bulimic or
anorexic eating behaviors, promulgating harmful eating
behaviors and extreme diets.

Limitations of the Current Literature

Unfortunately, these studies do not help in understanding the
role of social media influence or impact in real-world dietary
behavior change in adolescent peer groups. Measurements of
actual behavior change need to be studied in conjunction with
social media marketing campaigns (eg, purchasing behavior
and food intake). Hawkins et a [44] reported that perceived
normsand preferences around eating among asample of English
university students (mean age 22 years) on Facebook were
predictive of users’ actual food consumption [44]. Facebook
users perceived social norms were predictive of users actual
fruit and vegetable intake, and perceived social norms were
predictive of participants actual snack and sugar-sweetened
beverage consumption. Also, MySpace and Reddit were not
included as social media platforms in the search terms list.
Omission of MySpace may account for reduced representation
by Black and other racial and ethnic minority groups.

Future Directions

Future research should emphasize methodological rigor to
elucidate peer influence on dietary behavior change. An
extensive amount of research is needed in the field, including
objective measures of actual dietary intake with social media
interventions and social network analysis of peer influence
change agents on food behavior outcomes. In a pilot study that
examined whether promoting red peppers via a socia media
influencer on Instagram would increase actual vegetable intake
among adolescents in the Netherlands, no effect was found on
users actual dietary intake [45]. Additional work is needed to
understand the influence of peer-to-peer behavior transmission
and adoption in social media environments. The lack of
appropriate medical evidence to support decision making might
be resolved with more research studies utilizing social media
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channels alongside objective eating behavior measures. Social
media geographic location check-in tools could build off of this
approach.

Additionally, fact checking of user-generated content and use
of credible dietary sources on social mediamay be questionable.
Content verification of nutrition information [18] may also be
affected by perception of friendship ties[46]. Perceived degrees
of connection and measurement, or lack thereof, of health
outcomes are also limitations when understanding the utility of
social media use for adolescent health behaviors [46].

Future research may also include Snapchat and other novel
platforms that are now pervasively used by youth [6]. TikTok
isalso apopular social mediaplatform that wasrel eased in 2016
by ByteDance.com that isgaining popularity, particularly during
the COVID-19 global pandemic. This video sharing socia
networking service started in China and gained traction in the
United Statesin 2018 after merging with musical.ly. The social
media channel allows usersto create short lip sync, dance, and
comedic videos [47].

Racial and ethnic youth of color are underrepresented in studies
of this kind. Only Kulik et al, who conducted a study in the
United States, included minority youth; in their study of
Facebook as a complement to an in-person weight loss
intervention, 20% of the sample was African American and
21% were participants from other groups of color [32]. Since
non-Hispanic Black (22%) and Hispanic (26%) youth experience
obesity rates consistently higher than their White counterparts
(14%) [48], more research is needed to understand the impact
of social mediainfluence on eating behaviors in adol escents of
color.

Racial and ethnic health disparities experienced by people of
color give rise to a heightened need for targeted healthful
marketing via social media channels to engage youth. Racial
and ethnic minority youth are heavily targeted for fast food
marketing [49,50], and communities of color tend to be
inundated by food swamps (ie, an abundance of fast food
restaurants concentrated in a ZIP Code). Therefore, in order to
act against these high-cal orie, nutrient-poor advertising messages
[51], culturaly tailored approaches are needed to promote

Chung et a

healthful eating behaviors among this population [52]. In
addition, health literacy has been identified as a key social
determinant of health among adolescents [53]. Accurate
nutrition-related health literacy conveyed through photos, video
imagery, and text is critical to addressing diet-related
comorbidities among adolescent youths of color.

Future research should evaluate the role of social media
engagement with peer influencer change agents in dietary
behavior change interventions. The pervasiveness of social
media usage among adolescents calls attention to a
communication channel that cannot be ignored. Moreover, the
cell phone technology that allows touchscreen access to social
media may enhance the capacity of peer influencer change
agentsthat could be more powerful than prior print or television
media. In the social mediarealm, evidence from social network
analysis indicates that peer influencers are effective health
behavior change agents based on leadership styles by peers,
social network connectedness, and communication patterns
between the peer influencer change agent and end recipient
[54]. Even prior to the global popularity of social media, peer
influencers were highly regarded change agents. Peer educator
change agents were the most commonly used HIV prevention
framework, as peer change agents were more likely to be
recognized for their leadership qualities[55]. Gender differences
may also be explored in future research about adolescent
influence on eating behaviors in social media environments.
Constant cell phone engagement offers a technology medium
that could not only engage adol escents about eating behaviors
but could also support adoption of targeted change behaviors.

Conclusions

Social media offers the potentia of a hand-held change agent.
Social mediause on cell phones has become a globa mainstay
in contemporary culture, particularly for adolescents. Adolescent
youth can serve asdigital beacons of influence on health topics,
including eating behaviors. Drawing from influencer marketing
strategies in the digital landscape, tailored for culture and
audience, adol escents could have a significant influence on the
health behaviors of their peers. Health promation initiatives to
influence adolescent youth should consider the integration of
social media channels.
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Abstract

Background: Digital health interventions (DHIs) areincreasingly being adopted globally to address various public health issues.
DHIs can be categorized according to four main types of technology: mobile based, web based, telehealth, and electronic health
records. In 2006, Norman and Skinner introduced the eHealth literacy model, encompassing six domains of skills and abilities
(basic, health, information, scientific, media, and computer) needed to effectively understand, process, and act on health-related
information. Little is known about whether these domains are assessed or accounted for in DHIs.

Objective: Thisstudy aimsto explorehow DHIsassess and eval uate the eHealth literacy model, describe which health conditions
are addressed, and which technologies are used.

Methods: We conducted a scoping review of the literature on DHIs, based on randomized controlled trial design and reporting
the assessment of any domain of the eHealth literacy model. MEDLINE, CINAHL, Embase, and Cochrane Library were searched.
A duplicate selection and data extraction process was performed; we charted the results according to the country of origin, health
condition, technology used, and eHealth literacy domain.

Results: Weidentified 131 unique DHIs conducted in 26 different countries between 2001 and 2020. Most DHIswere conducted
in English-speaking countries (=81, 61.8%), delivered viathe web (n=68, 51.9%), and addressed i ssues related to noncommunicable
diseases (n=57, 43.5%) or mental health (=26, 19.8%). None of theinterventions assessed all six domains of the eHealth literacy
model. Most studies focused on the domain of health literacy (n=96, 73.2%), followed by digital (n=19, 14.5%), basic and media
(n=4, 3%), and information and scientific literacy (n=1, 0.7%). Of the 131 studies, 7 (5.3%) studies covered both health and
digital literacy.

Conclusions: Although many selected DHIs assessed health or digital literacy, no studies comprehensively evaluated all domains
of the eHealth literacy model; this evidence might be overlooking important factors that can mediate or moderate the effects of
these interventions. Future DHIs should comprehensively assess the eHealth literacy model while developing or evaluating
interventions to understand how and why interventions can be effective.

(J Med I nternet Res 2021;23(6):623473) doi:10.2196/23473
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Introduction

Digital Health Interventions

Inthelast 20 years, digital health or eHealth has emerged asan
important research field. At the intersection of medical
informatics, public health, and business, eHealth refers to the
use of “health services and information delivered or enhanced
through the Internet and related technologies’ [1]. Technologies
such as web based, mobile based, telehealth, and electronic
health records (EHRs) have become widely adopted in the
so-called digital health interventions (DHIs). DHIs can be
defined as “hedlth services delivered eectronicaly through
formal or informal care. DHIs can rangefrom electronic medical
records used by providersto mobile health (mHealth) apps used
by consumers’ [2]. The World Health Organization has recently
produced a classification of DHIs, identifying four main types:
clients, health care providers, health systems, and data services
[3]. On PubMed, as of August 3, 2020, the number of records
mentioning eHealth or DHIs in their title or abstract has
consistently increased over the past 20 years, starting from 65
in 2000 to 11,395 in 2019, reaching atotal of 6720.

Some systematic reviews and meta-anal yses have described the
effectiveness of DHIs in addressing various public health
problems, such as somatic diseases [4], or hedlth literacy and
health outcomes[5]. Nevertheless, it isstill unclear what makes
DHIs superior to nondigital interventions or what components
of these interventions facilitate positive outcomes reported [6].
In addition, it is unclear whether DHIs are effective because of
their content or the manner in which they are delivered.
Regarding the content of interventions, some systematic reviews
have focused on exploring the way people process and
understand information available on the internet [7,8]. In fact,
with so many resources and information available on the
internet, patients and usersenrolled in DHIsmay face challenges
in understanding and making sense of the information they
receive. Some research has focused on problems related to the
ability to processinformation derived from web-based sources
or delivered through technologies.

The eHealth Literacy Model

In 2006, Norman and Skinner [9] proposed a conceptual model
that encompasses six different domains of literacy required to
process information from technology sources: traditional
literacy, health literacy, information literacy, scientific literacy,
media literacy, and computer literacy. According to Norman
and Skinner [9], traditional or basic functional literacy includes
simple and primitive literacy skills, including the ability to read
and understand text and the ability to speak and writein acertain
language. Information literacy includesthe ability to know how
knowledge is structured and how information can be used in a
certain way that informs other people. Media literacy is the
capability to critigue a media subject and place information in
different contexts. Health literacy, coined in the 1970s, can be
generally defined as“the degree to which individual s can obtain,
process, understand, and communicate about health-related
information needed to make informed health decisions’ (as
reported by Berkman et al [10]). According to Norman and
Skinner [9], health literacy isthe ability to perform basic reading
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and numerical tasks required to function in the health care
environment; patients with adequate health literacy can read,
understand, and act on health care information. More recent
evolutions of the concept include avariety of competenciesand
skills, including knowledge, motivation, and competencies
related to accessing, understanding, appraising, and applying
health-related information in health care, disease prevention,
and health promotion settings[11]. Several systematic reviews
have analyzed the relationship between health literacy and a
variety of health outcomes, indicating that agood level of health
literacy is generally associated with positive health outcomes
in various health domains, such as vaccination [12],
noncommunicable diseases (NCDs) such as chronic kidney
disease or coronary artery disease, heart failure [13-15], oral
health [16], quality of life [17], and excess body weight [18].
Some other review evidence has shown how interventions
promoting critical health literacy [19] could be very beneficial
for the community [20] or among specific segments of the
population, such as adolescents [21] or older adults[22].

Strictly related to the concept of eHealth is computer or
technology literacy, which is the capability to use new
technologies and software and the ability to access electronic
health information [9]. Recent conceptualizations expand this
domain to look at the ability to process information, to engage
with patients’ own health, at the motivation and ability to engage
with digital devices, at feeling safe and in control, at having
access to health care and technological systems that work, and
at meeting digital services that suit individuals needs [23].
Norman and Skinner [24] have developed a scale to assess
eHealth literacy, called eHealth literacy scale (eHEALS), which
has been one of the most adopted and cited, with 449 citations
on the Journal of Medical Internet Research page and more
than 1320 results on Google Scholar (as of August 3, 2020).
Thelast domain of the eHealth literacy model, scientific literacy,
involves the ability to allocate health-related findings in the
right context by systematically understanding the “ nature, aims,
methods, applications, limitations, and politics’ of building
knowledge [9]. Several systematic reviews have analyzed the
relationship between health literacy in mHealth apps and
interventions [5,7,8,25,26], generally reporting positive
associations among health literacy, digital literacy, and health
outcomes. Other reviews have specifically examined how
technology can affect health literacy in health programs[27-29].

According to the devel opers of the eHealth literacy model, the
six domains can be grouped into two main categories: analytic
(traditional, media, and information) and context-specific
(health, scientific, and computer). The analytical category refers
to a set of competencies that can be applied to a wide range of
information sources, whereas context-specific categoriesinclude
competencies that can only be applied to a specific problem in
aspecific context [9]. For example, the ahility of apersonliving
with type 2 diabetes to process information related to diabetes
is different from their ability to process information related to
vaccines, mental health, or other chronic conditions. Similarly,
the ability to use a mobile phone to call someone does not
necessarily trandate into the ability to use amobile app, navigate
awebsite, or evaluate the information retrieved while searching
on the internet.
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Related Work and Study Aims

Arguably, researchersdevel oping DHIs should alwaystake into
account the domains of computer or technology literacy and
health literacy, asthese are potentia pathwaysfor more effective
and equitableinterventions[30]. Health literacy can be viewed
as both an outcome and amediator in interventionsintended to
improve health outcomes[31]. Technologies or delivery modes
can aso be seen as interacting or moderating factors [32],
depending on the type of technology used to deliver an
intervention on a specific health topic. DHIs can be devel oped
to improve hedlth literacy (outcome) or they can be developed
to improve clinical outcomesin which one or more dimensions
of the eHeadlth literacy model are considered as mediators or
moderators of the effects of the intervention. Researchers
developing DHIs could then assume that people enrolling in
these interventions should have good levels of functional,
scientific, media, and information literacy to understand how
to write or read information they are exposed to.

However, to what extent are these assumptionstenable? |n other
words, isthe eHealth literacy model purely conceptual or does
it find a concrete application in DHIs? To the best of our
knowledge, there are no systematic reviews that specifically
discuss the application of the complete eHealth literacy model
in DHIs. When we were developing the search strategies for
this project, we searched for existing systematic reviews in
PubMed and PROSPERO databases with the keyword eHealth
literacy and identified only four systematic reviews [33-36].
However, al these reviews have focused on the domain of
digital literacy, looking at specific health outcomes in specific
segments of the population, such as people living with HIV
[33], underserved populations in the United States [34], older
adults [35], or college students [36]. Therefore, this scoping
review aims to identify and describe DHIs that assess any
domain of the eHeadlth literacy model and to identify which
domains are assessed and evaluated the most. We considered
DHIsthat were developed to improve clinical outcomes or that
were aimed at different literacies, according to the eHealth
literacy model. In other words, we considered interventionsthat
looked at eHealth literacy either as an outcome or as a mediator
of intervention effects, as long as the domains of the eHealth
literacy model were assessed.

Methods

Overview

We followed the scoping review framework by Arksey and
O’ Malley [37], which encompassesfive stages: (1) identification
of the initial research questions; (2) identification of relevant
studies; (3) study selection; (4) charting the data; and (5)
collating, summarizing, and reporting the results. The stages
are described further in the following sections.

Stage 1: Identifying the Research Question

The main review question, based on the eHealth literacy model,
was “To what extent are DHIs assessing the 6 domains of the
eHealth literacy model?’ More specifically, we wanted to
answer the following research questions. What domains of the
eHealth literacy model (ie, computer, health, traditional, media,

https://www.jmir.org/2021/6/€23473

El Benny et d

information, and science literacy) are assessed and reported in
the literature? What health conditions have been investigated?
What technol ogies are used?

Stage 2: |dentifying Relevant Studies

We searched four electronic databases that cover most of the
medical and public health literature: MEDLINE, CINAHL,
Embase, and Cochrane Library.

We used a predefined search strategy, encompassing keywords
and medical subject headings to cover three main concepts:
eHealth literacy model, digital health, and the study design for
interventions. The eHealth literacy model concept entailed terms
such as health literacy, literacy, computer literacy, information
literacy, basic, functional, scientific, media, information,
computer, health, eHedlth, literacy, literate, illiteracy, and
illiterate. The second concept, digital health, expanded on the
above and entailed keywords, such as telemedicine, internet,
mobile, phone, digital, medium or media, mHealth, eHealth,
telemedicine, and computer, based on other systematic reviews
recently conducted by one of the authors [6,38,39]. The third
concept, that is, the research design, entailed a predefined set
of keywords and operands that Cochrane has developed to
identify randomized controlled trials (RCTs); this is because
we wanted to identify the best level of evidence available [40].
The search strategy used for MEDLINE is provided in
Multimedia Appendix 1. Database searches were completed,
and references were retrieved on January 24, 2020.

In addition, we used the reference list of identified systematic
reviewson thetopic to identify other potentially relevant studies.

Stage 3: Study Selection

We followed the Joanna Briggs Ingtitute's PCC
(Popul ation-Concept-Context) framework [41,42] to define our
inclusion criteria, asit appliesto scoping reviews. We included
studies that discussed DHIs (concepts) and reported the
assessment of at least one domain of the eHealth literacy model
(context). In this context, we conceived the dimensions of the
eHealth literacy model aseither outcomes or mediators of DHIs.
The assessment of the different types of literacy was considered
a sufficient indicator for DHIs considering such dimensions as
outcomes or mediators of intervention effects. We did not
restrict the resultsto any population, with theidea of inductively
categorizing the results according to health condition, hence
defining the population of referencein the analytical phase.

The screening process consisted of two stages: title and abstract
as well as full-text screening. The first stage involved 2
reviewers (MEB and MB) and one research assistant, who
independently screened all records identified by the searches.
This task was completed using a web-based application for
systematic reviews, Rayyan [43]. The interrater reliability was
excellent (agreement 96%; Cohen k=0.834; Gwet AC1=0.950).
All records with disagreement among the 3 reviewers were
automatically included in the full-text screening stage. The
full-text screening stage was completed by the first author with
the help of aresearch assistant and verified by the fourth author.
All disagreements were resolved through discussion.
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Stage 4: Charting the Data

For each retrieved record, 2 authors (MEB and MB) extracted
the following information into a Microsoft Excel spreadsheet:
first author name, year of publication, articletitle, journal, and
number of trial registry (if available), principal investigator
name (if available), country of thefirst author or of the principal
investigator (if available). Thisinformation was used to identify
and map articles pertaining to the same study. In the full-text
stage, we also extracted text to verify whether the record
included a digital component, was based on a randomized
controlled design, focused on specific health conditions, and
measured and reported results related to one of the domains of
theeHedlth literacy model (health, computer, basic or functiond,
information, media, and scientific literacy).

When multiple records were available for one study, we chose
the country of origin of the first author or of the principal
investigator listed in the study protocol; we chose the year of
publication of the first published article available.

Onthe basis of theinformation extracted, we categorized studies
according to the domains of the eHealth literacy modd (ie,
health, computer, basic or functional, information, media, and
scientific literacy). We aso inductively categorized the studies
according to the health conditions described. When multiple
conditions were reported, we categorized the study as having
multiple conditions. Finally, we inductively categorized the
interventions according to four main types of technology: (1)
mobile-based, including mobile apps, text messages, and
interactive voice response, exclusively designed for mobile or
other handheld devi ces; (2) web-based, including those designed
for being accessed via computer, explicitly labeled as web- or
internet-based, online, and e-learning, delivered through
bespoke websites or social media outlets, such as social
networking sites (eg, Facebook or Twitter)—social media are
web-based apps that can be accessed via different devices
connected to the internet, including smartphones [39,44,45];
(3) telehealth, comprising telerehabilitation, telemedicine, or
other interventions focused on distributing services and
information via electronic information and telecommunication
devices [46]; (4) EHRs, focusing on EHRs that are defined as
“a repository of patient data in digital form, stored and
exchanged securely, and accessible by multiple authorized
users’ [47]. Telehealth and EHR interventions use the internet
to connect various devices, including tabl ets and mobile phones,
yet they represent adifferent type of delivery mode and format:
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EHRs. We labeled interventions using a combination of the
modes described earlier, as reported in other studies [6,48].
When studies reported a combination of the abovementioned
categories, we categorized the study as a hybrid.

The first author and a research assistant independently
completed the classifications; in case of inconsistencies or
disagreements between the classifications, the fourth author
acted asathird reviewer and resolved the disagreementsthrough
discussion. All the authors agreed with the final categorization.

Stage 5: Collating, Summarizing, and Reporting the
Results

We performed a descriptive analysis of the characteristics of
the included papers and reported the results by year of
publication, the country of origin of the study authors, eHealth
literacy domain, health condition, and type of technology used.

Results

Search Results

The electronic database search yielded 4135 records. The
selection process is summarized in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
flow diagram shown in Figure 1. Briefly, after removing
duplicates, the titles and abstracts of 3138 records were
independently screened by 3 reviewers. During the title and
abstract screening, we excluded 2661 recordsthat were deemed
irrelevant. The remaining 477 records were assessed for
eligibility in the full text. Scanning the reference lists of two
relevant systematic reviews [5,49] allowed usto identify seven
other eligiblerecords. We evaluated the eligibility of 484 records
that were screened in full text. Of these, 326 records were
excluded for the following reasons; 48 did not discuss DHIs
(wrong context); 72 reported on digital interventions but did
not use an RCT or randomized clinical trial design (wrong study
design); 193 records discussed DHIsbut did not report any type
of literacy (no relevant outcome assessed or reported); 4 were
duplicate records; and for the remaining 9 records, we could
not retrieve a PDF file. The list of excluded references is
provided in Multimedia Appendix 2. Overall, we included 158
records: 79 records reported concluded interventions and 79
records reported protocol s of ongoing studies, without reporting
results. These were included because they described the
assessment of some domains of the eHealth literacy model. The
158 records described atotal of 131 unique studies.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. RCT: randomized controlled trial.
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Characteristics of the Included Studies

Publication Year and Geographic Distribution

As shown in Figure 2, most of the selected studies were
conducted in the last 4 years (86/131, 65.6%), followed by an
exponential trend, pesking in 2019 (30/131, 22.9%) and ranging
from 2001 to 2020.

The studies were conducted in 26 countries (Table 1). Most
studies were conducted across 3 countries (81/131, 61.8%),
including the United States (43/131, 32.8%), Australia (28/131,
21.3%), and the United Kingdom (10/131, 7.6%).
Approximately one-third of the studies (38/131, 29%) were
conducted in European countries such as the United Kingdom
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(10/38, 26%); Germany (8/38, 21%); Denmark (5/38, 13%);
Sweden (4/38, 11%); the Netherlands (3/38, 8%); Norway (2/38,
5%); and Belgium, Finland, Luxemburg, Ireland, Slovakia, and
Switzerland (1/38, 3% each). Asian countries were represented
by Iran (4/16, 25%); Turkey (3/16, 19%); Hong Kong (2/16,
13%); Singapore (2/16, 13%); Japan (2/16, 13%); and Jordan,
Malaysia, and Pakistan (1/16, 6% each). Overall, only 0.8%
(1/131) of studieswere conducted in Africa (South Africa) and
22.1% (29/131) in Oceania(New Zealand: 1/29, 3%; Australia:
28/29, 97%).

In thefollowing sections, we have reported the results according
to our research objectives, whereas a table with the detailed
characteristics of the selected studiesis provided in Multimedia
Appendix 3.
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Figure 2. Distribution of selected studies (N=131) by year of publication.
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Table 1. Distribution of included studies by country (N=131).

Country Studies, n (%)
United States 43(32.8)
Australia 28(21.3)
United Kingdom 10 (7.6)
Germany 8(6.1)
Denmark 5(3.8)
Sweden 4(3.1)
Iran 4(3.1)
Netherlands 3(22)
Turkey 3(2.2)
Brazil 2(15)
Canada 2(15)
Hong Kong 2(1.5)
Japan 2(15)
Norway 2(1.5)
Singapore 2(15)
Belgium 1(0.7)
Finland 1(0.7)
Ireland 1(0.7)
Jordan 1(0.7)
L uxemburg 1(0.7)
Malaysia 1(0.7)
New Zealand 1(0.7)
Pakistan 1(0.7)
Slovakia 1(0.7)
South Africa 1(0.7)
Switzerland 1(0.7)
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Domains of the eHealth Literacy Model Assessed

Figure 3 presentsthe years of publication of theincluded studies
grouped by domain of the eHealth literacy model. Intotal, 2.2%
(3/131) of the included studies were published before 2006,
when the semina publications of the eHealth literacy model
appeared [9,24]. These studies included an assessment of
computer literacy. Studies published in 2008 mostly reported
assessments of health literacy.

Of the 131 studies included, none assessed or measured all six
domains of the eHeadlth literacy model. Most of the studies

El Benny et d

(124/131, 94.6%) focused on one of the six domains of the
eHealth literacy model; only 5.3% (7/131) of studies reported
the assessment of two domains, namely health literacy and
digital or computer literacy. Most of the studies that reported
on one literacy domain (124/131, 94.7%) focused on health
literacy (95/124, 76.6%), followed by digital or computer
literacy (19/124, 15.3%), basic or functional literacy (4/124,
3.2%), medialiteracy (4/124, 3.2%), information literacy (1/124,
0.8%), and scientific literacy (1/124, 0.8%).

Figure 3. Distribution of studies (N=131) by eHealth literacy model domain.
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Health Conditions Addressed and Technologies Used
Table 2 provides asummary of the selected studies grouped by
technology category and health condition category.

A large number of studies (61/131, 46.5%) discussed
interventions addressing NCDs, such as hypertension, obesity,
end-stage kidney disease, type 2 diabetes, chronic kidney
disease, heart disease (vascular disease, cerebrovascular
disorders, ischemic heart disease, coronary artery disease, and
heart failure), fibromyalgia syndrome, and asthma. Of these 61
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NCD-focused studies, 3 (5%) also discussed mental health
topics, and 1 (2%) covered sexua and reproductive health. The
second most covered category of health conditions was mental
health (26/131, 19.8%), including depression, eating disorders,
mental and behaviora disorders, anxiety, and suicide prevention.
Other topics included health education (16/131, 12.2%), such
as health promotion, health communication, patient provider
communication and literacy, aging and maternal and infant
health (4/131, 3.0% of studies), sexual and reproductive health,
and substance use (3/131, 2.2% of studieseach). Theremaining
11.4% (15/131) studies covered a variety of health topics.
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Table 2. Number of studies by health condition category and type of technology used.

Health condition and technology used ~ Web based Mobile based

Telehealth Total (N=131),

EHRS (n=5), n Hybrid (n=8), n

(n=68),n (%) (n=40),n (%) (n=10), n (%) (%) (%) n (%)
NCDS 22 (32.4) 19 (47.5) 6 (60) 3(60) 6 (75) 56 (42.7)
NCDs—mental health 1(15) 2(5) 0(0) 0(0) 0(0) 3(2.3)
NCDs—sexua and reproductive health 0 (0) 0(0) 0(0) 0(0) 1(125) 1(0.8)
Mental health 21(30.9) 4(10) 1(10) 0(0) 0(0) 26 (19.8)
Aging 2(2.9 1(2.5) 1(10) 0(0) 0(0) 4(3.0)
Health education topics 9(13.2) 4(10) 1(10) 2 (40) 0(0) 16 (12.2)
Maternal and infant health 2(29 2(5) 0(0) 0(0) 0(0) 4(3.1)
Sexual and reproductive health 2(2.9) 1(2.5) 0(0) 0(0) 0(0) 3(2.3)
Substance use 2(2.9 1(2.5) 0(0) 0(0) 0(0) 3(2.3)
Other health topics 7(10.3) 6 (15) 1(10) 0(0) 1(125) 15 (11.5)

3EHR: electronic health record.
BNCD: noncommunicable disease.

With regard to the technologies used, most studies included
web-based interventions (68/131, 51.9%), followed by
mobile-based (40/131, 30.5%), tel ehealth (10/131, 7.6%) EHRs
(5/131, 3.8%), and hybrid interventions (8/131, 6.1%). Examples
of web-based technology included e-learning portals for
specialized training [50,51], experimental websites, and social
media platforms[52-54], which are used to deliver motivational
or informational campaigns. Mobile-based interventions
included health apps[55-57], SM Stext messaging or WhatsApp
[58], games [59,60], and interactive voice response [61,62].
Telehedlth interventions included rehabilitation programs
[63,64] or remote counseling [65]. Hybrid interventionsincluded
combinations of mobile apps and EHRs [55-57], SMS text
messaging and EHRs[66], or amix of web- and mobile-based
technologies [67].

Among web-based interventions (n=68), most focused on NCDs
(22/68, 32%), mental health (21/68, 31%), and health education
topics (9/68, 13%). Mobile-based interventions (n=40) followed
asimilar pattern, with approximately half of the studiesfocusing
on NCDs(19/40, 48%) or other health topics (6/40, 15%). Most
telehealth (6/10, 60%), EHR (3/5, 60%), and hybrid (6/8, 75%)
interventions focused on NCDs.

Discussion

Principal Findings

Thisis the first scoping review examining the extent to which
DHIs have assessed, accounted for, and reported any of the six
domains of the eHealth literacy model by Norman and Skinner
[9]. Weidentified asizableliterature discussing DHIs devel oped
in 26 countries, spanning two decades. The eHealth literacy
model [9] and eHEAL S[24] date back to 2006, but weincluded
3 studies that were published before that year and all assessed
computer literacy. This might indicate that attention toward the
ability to use technology was a research interest in the early
2000s. However, this interest has not grown exponentially and
concomitantly with the growth of DHIs. It is interesting to
observe that the assessment of digital literacy has grown only
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after 2015, but it has remained below the assessment of health
literacy, which was the domain assessed the most over time.
There is no clear explanation for these trends. A bibliometric
analysis of the studies cited in the seminal papers mentioned
above could revea the connections between publications and
demonstrate when the eHealth literacy model hasreceived more
citations.

Most of the evidence comesfrom the Global North, that is, from
English-speaking countries including the United States,
Australia, and the United Kingdom. A few studies have been
conducted in countries of the Global South, such as Africa,
Latin America, or South East Asia. This finding is consistent
with that reported in a recent scoping review on digital health
innovations[68] and in arecent bibliometric analysis of research
on mHealth apps[69], which showed a predominance of articles
published in the United States, the United Kingdom, Australia,
and Canada. Publication bias and limited evidence from
developing countries or the Global South has been previously
reported in the literature [70-72], yet there seems to be a lack
of evidence on DHIs from Africa, the Middle East, South
America, or Southeast Asia. There may be various reasons for
this absence of evidence. First, research on digital technologies
might not have reached an advanced stage to produce
interventions with the highest level of evidence (ie, RCTSs).
Second, the existing digital divide might persist in many
countries, both low- and high-income countries [30]; however,
mobile phones and telemedicine are becoming more widely
adopted [46,73]. Third, researchers based in low- and
middle-income countries (LMICs) may be published in
languages other than English or might have limited English
language proficiency, but this latter assumption does not seem
to be grounded in evidence [74,75]. Another reason might be
that researchersin LMICs might choose to publish in journals
that are not indexed in the databases we searched. Alternatively,
researchersin LMICs might not have the possibility to publish
their results because of a lack of funding for open access
publications or because editors demonstrate publication bias
[72]. Regardless of the reasons, we call for digital health
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researchers based in countries of the Globa South to publish
more study protocols and diffuse intervention results; we also
call the international community of editors and publishing
houses to incentivize or support research published from these
underrepresented countries, so that stronger conclusions can be
drawn from atruly global evidence base.

Domains of the eHealth Literacy M odel Assessed

Our findings showed that none of the 131 selected DHIs
conducted in the last 20 years accounted for or assessed all six
domains of the eHealth literacy mode. Although these
interventions were included because they assessed at least one
domain of themodel, only 5.3% (7/131) of studiesincluded the
assessment of more than one domain. These 7 studies assessed
only digital and health literacy. Our study also shows that most
DHIs have assessed and evaluated health literacy [19] among
intervention participants, which is an important factor that can
determine the health outcomes of a study [21,31,32]. Although
the focus on health literacy in DHIs is consistent with some
literature reviews combining the study of heath literacy
identified through our searches [5,22,26,34,3549], it is
somewhat surprising that none of the other four domains of the
eHealth literacy model were concomitantly addressed.

There are numerous explanations for these findings. First,
researchers specialized in DHIs might not be familiar with or
might have ignored the original model, even though the seminal
paper by Norman and Skinner [9] and the paper describing the
eHEAL S[24] are highly cited (as of October 17, 2020, Google
Scholar showed 1128 and 1450 citations, respectively). Second,
researchers might have decided to focus on other domains of
the model while making implicit or explicit assumptions about
thelevels of literacy in other domains. For example, the limited
evidence related to the assessment of the domains of scientific,
information, media, and functional literacy might be based on
the assumption that digital literacy instruments, such as the
popular eHEALS [24], include questions related to the use of
information on the internet as a medium of search information;
hence, these could be associated with media and information
literacy domains. However, there exist several instruments that
specifically assess media literacy [76,77], scientific literacy
[78,79], and information literacy [80,81]. Moreover, Norman
and Skinner [9] did not consider overlapping elements when
they devel oped the eHealth literacy model, which considersthe
six domains as distinct and separate.

Although intervention designers should aim to devel op content
that isunderstood by peoplewith low functional literacy [82,83],
this fact should be proven or verified by the same intervention
designers. One way to do so is to assess functional literacy or
to report the level of literacy rather than to just develop the
content of the intervention through formal readability and
usability testing. The fact that other domains of the eHealth
literacy model were not always conducted rai ses concerns about
the generalizability of such interventions across the eHealth
literacy spectrum. DHIs tend to attract tech-savvy, hedlthy
volunteers who have access to technol ogy and who might have
different sociodemographic and psychological profiles compared
with people who belong to vulnerable segments of the
population and do not have access to technology [30].
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Another important finding wasthat few identified DHI s assessed
digital literacy (n=26). Not assessing digital literacy is based
on the assumption that all participants are equally able to use
technology and are able to make sense of the information
delivered. This assumption might not betenablein all contexts,
and it does not alow researchers to understand whether
participants appropriately received the intervention. In other
words, health literacy is context-specific and varies according
to different situations and topics. Arguably, health and digital
literacy might act as moderators of intervention effects and not
including these factors might underestimate or overestimate
intervention effects [84].

The limited assessment of digital literacy in DHIs also raises
some ethical considerationsin terms of equity and social justice,
as these interventions tend to attract highly educated, healthy,
and digitaly literate individuals who have easy access to
technology, leaving out less-educated and poorer segments of
the population, who may be most in need of the interventions
themselves[30,85]. This selection biasisol ates segments of the
population that are traditionally difficult to reach [86,87], yet
it is important to acknowledge that the results of DHIs might
be less generalizable than interventions that do not use
technology.

Another reason for the absence of acomprehensive and accurate
assessment of the six domains of the eHealth literacy model
might be due to the fact that this assessment will be unfeasible
and daunting for the participants. Holding constant the basic or
functional literacy (ie, numeracy and ability to read), assessing
all six domainsusing existing scalesfor media, scientific, health,
digital, and information literacy would require longer
guestionnairesthat will take moretimeto complete, which might
discourage participation in these studies. For example, one of
the most used instruments to assess digital literacy is the
relatively short (8 items) eHEALS [24]. However, for
context-specific domains such as health literacy [9], there are
many more instruments available, which vary in length and
complexity [25,88]. A recent review identified 43 different
instruments [89], and the Health Literacy Toolshed database
included 200 measures [90]. Similar issues of measurement
pertain to the assessment of literacy in a digital world [91],
including media literacy [92]. Nevertheless, we urge digital
health researchers to find ways to assess and evaluate the
different domains of the eHealth literacy model, so that they
can gain a better understanding of the study participants
characteristics, abilities, and needs. If measuring all domains
might appear unfeasible, we suggest that DHI researchers
prioritize the assessment of digital literacy—using the short
eHEALS [24]—and health literacy, which is context specific,
according to the model by Norman and Skinner [9]. Once the
health topic or context is defined (mental health, breast cancer,
etc), the choice of ashort, yet valid instrument to assess health
literacy in that context would become easier. As digital health
and health literacy can change dueto the intervention itself, we
recommend assessing these constructs before and after the
intervention. Finally, media, scientific, and traditional literacy
areanalytical skillsthat are not specific to any context; it would
be easier for researchersto routinely assess these domains before
the start of any intervention.
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Health Conditions Addressed and Technologies Used

This scoping review showed that the selected DHIs published
inthelast 20 yearsfocused mostly on NCDs, delivered viaweb-
or mobile-based platforms. Thisis consistent with the findings
of afew recent scoping reviews focusing on research on DHIs
for behavior change [93,94] or in arecent bibliometric analysis
of mHealth apps[69]. Although most DHIs have covered NCDs
and mental health, there are many avenues for digital health.
Further systematic reviews could be developed to specifically
qualify and quantify the effectiveness of DHIs délivered via
web or mobile phones in reducing NCDs and mental health
issues. These systematic reviews could al o anticipate sensitivity
analyses based on the modes of delivery, length of the
interventions, or the assessment of eHealth literacy model
domains. This scoping review provides a valuable map of the
evidence and sets the research agenda for DHIs in the coming
years.

Strengths and Limitations

To the best of our knowledge, this is the first scoping review
that systematically examined evidence pertaining to the
application of the eHealth literacy model by Norman and
Skinner [9] in DHIs. We looked at the highest quality of
evidence, following a predetermined search strategy and a
systematic approach to appraisetheliterature, without restricting
our searchesto specific periods, populations, countries, or health
conditions. Nevertheless, this study has some limitations that

El Benny et d

are common to many other systematic or scoping reviews. These
limitationsincludethe fact that we looked only at peer-reviewed
articles available in English. It is possible that some evidence
on the use of the eHealth literacy model could have been
reported in non-peer-reviewed or gray literature. Another
limitation isrelated to the use of an RCT filter and focus on the
RCT study design. Although RCTs provide the highest level of
evidence, according to Grading of Recommendations
Assessment, Development and Evaluation standards [40], it
might be possible that some relevant research entailed the use
of other types of study designs.

Conclusions

This review suggests that future DHIs should focus more on
the assessment of the eHealth literacy domainswhen devel oping
a DHI, especially the domains that are assessed the least, such
asscientific, media, basic, and information literacy. Even though
assessing all domains of the eHeadlth literacy model might be
unfeasible, it would alow researchersto account for factorsthat
might moderate or mediate the effects of the interventions on
the targeted health outcomes.

Future systematic reviews should be conducted to examine the
effects of DHIs on various health outcomes identified in this
review by anticipating subgroup or sensitivity analyses
comparing different types of intervention, delivery modes, and
most importantly different levels of health literacy or digital

literacy.
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Abstract

Background: Supporters of the antivaccination movement can easily spread information that is not scientifically proven on
social media. Therefore, learning more about their posts and activities is instrumental in effectively reacting and responding to
the false information they publish, which isaimed at discouraging people from taking vaccines.

Objective: Thisstudy aimsto gather, assess, and synthesize evidence related to the current state of knowledge about antivaccine
social media users’ web-based activities.

Methods: We systematically reviewed English-language papers from 3 databases (Scopus, Web of Science, and PubMed). A
data extraction form was established, which included authors, year of publication, specific objectives, study design, comparison,
and outcomes of significance. We performed an aggregative narrative synthesis of the included studies.

Results: Thesearch strategy retrieved 731 recordsin total. After screening for duplicatesand eligibility, 18 articleswereincluded
in the qualitative synthesis. Although most of the authors analyzed text messages, some of them studied images or videos. In
addition, although most of the studies examined vaccines in general, 5 focused specifically on human papillomavirus vaccines,
2 on measles vaccines, and 1 on influenza vaccines. The synthesized studies dealt with the popularity of provaccination and
antivaccination content, the style and manner in which messages about vaccines were formulated for the users, arange of topics
concerning vaccines (harmful action, limited freedom of choice, and conspiracy theories), and the role and activity of botsin the
dissemination of these messagesin social media.

Conclusions:  Proponents of the antivaccine movement use a limited number of arguments in their messages, therefore, it is
possibleto prepare publications clarifying doubts and debunking the most common lies. Public health authorities should continuously
monitor social mediato quickly find new antivaccine arguments and then createinformation campaigns for both health professionals
and other users.

(J Med Internet Res 2021;23(6):€24564) doi:10.2196/24564

KEYWORDS
vaccination; social media; antivaccination movement; vaccination refusal; health communication; public health; vaccines

potential as a medium for disseminating health information.

Introduction

Background

From the time of its inception, the internet has provided
supporters of the antivaccine movement with unprecedented
possibilitiesto affect societies by nearly global communication
of their opinions and convictions. The internet has immense

https://www.jmir.org/2021/6/e24564

However, thisinformation can be unreferenced, incomplete, or
informal, and thus, it can be considered dangerous [1-5]. The
antivaccination messages on theinternet are far more unbridled
than in other media. For thisreason, theinternet is a source that
can lead to the risk of people making uninformed decisions
about vaccination [6]. Contemporary social mediais regarded
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asamajor communication tool for spreading information about
the antivaccination movement [7,8].

Early studies concerning the content shared on antivaccination
websites revealed that thisthematic areaincludes 3 main issues:
concerns about vaccine saf ety and effectiveness, concerns about
governmental abuses, and a preference for aternative health
practices [2,6,9,10]. First, a key aspect is the perceived risk of
severe and long-term side effects of vaccinating achild. Second,
mandatory vaccinations are perceived as an unacceptable breach
of the right to make independent decisions and as a limitation
of civil liberties. A mistrust also existsthat is expressed through
the belief that governmental supervision bodieskeep the reports
about the adverse reactions associ ated with vaccinations a secret
and collaborate with the pharmaceutical industry to profit from
vaccine sales. Third, alternative health practices are promoted
as being more natural than conventional medicine, and they are
believed to eliminate the need for vaccination once they are
properly followed.

The mgjority of the antivaccine arguments evoke negative
emotions such as fear [8]. In contrast, many provaccine
arguments and campaigns are grounded in the values of harm
and fairness [11]. Furthermore, the moral ideas of purity and
liberty are mostly associated with vaccine hesitancy. The people
for whom these values are of great significance will be
insensitive to the information on the positive aspects of
vaccinations[12]. Most of the arguments used by antivaccination
activists can be perceived as part of a broader phenomenon
called denialism. Denialism can be defined as*“ the empl oyment
of rhetorical arguments to give the appearance of a legitimate
debate where there is none, an approach that has the ultimate
goal of rejecting a proposition on which a scientific consensus
exists’ [13]. The European Center for Disease Prevention and
Control defines vaccine hesitancy as a“delay in acceptance or
refusal of vaccines despite availability of vaccination services”
[14]. Such a delay results from broader influences and should
aways be considered in the historical, political, and
sociocultural contexts in which vaccinations occur [15-17].
According to the World Health Organization, vaccine hesitancy
is a continuum with the people who are unsure about vaccines
or want to delay only some vaccinations being on one end and
people who refuse all vaccines being on the other [18].

The spread of negative information about vaccination on the
internet and social mediais considered to be the leading cause
of vaccine hesitancy [17]. Many studies have revealed the
negative impact of media controversies related to vaccination
safety on the level of vaccination coverage [19,20]. The
ubiquitous presence of antivaccination content on the World
Wide Web contributes to the prompt dissemination of rumors,
myths, and false opinions about vaccines, which subsequently
lowers vaccination coverage [4,10,21]. The results of a study
by Betsch et a [22] revealed that reading antivaccination
webpages for even approximately 5-10 minutes negatively
affects the perception of the risk related to vaccination. Dube
et al [23] and Smith et a [24] made similar observations. Glanz
et a [7] emphasized that exposure to antivaccine messages
through social mediamay intensify parents’ worriesand change
their intention to vaccinate their children.

https://www.jmir.org/2021/6/e24564
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Web 2.0 functions (such as those in Facebook, Twitter,
YouTube, and blogs and discussion groups) enable users to
develop and share content; thus, users can easily and quickly
share their personal experiences related to vaccination [21,25].
In this context, social media has become a platform where
intimate and emotionally loaded information is exchanged [ 26].
Here, one can al so find the support of peoplewith similar health
problems or doubts [27]. Some studies have revealed that
content related to vaccines can be found in all social mediaand
that the critical content generally correlated with the content
previously published on an antivaccination websites [28,29].
Several important claims on social media may have promoted
this phenomenon, including claims that social media is a big
business and is powerful, that the audience is poorly defined,
that fairnessisirrelevant, and that nothing istruly private [30].
These factors may affect people’'s decisions concerning
treatment and preventive health care, including preventive
vaccination.

Searching for health information on social media has become
increasingly popular [26,31]. Analyses revealed that 41% of
parents found antivaccination content through social media[32].
Nearly 16% of al internet users look for information about
vaccinations, and 70% of them confirmed that the information
they had found affected their decisions[33]. Evrony and Caplan
[8] emphasized the need for a more effective search and
criticism of the false information on vaccination published on
the internet. They highlighted that although every internet user
has a choice, spreading disinformation and distorting the facts
concerning vaccines is not a choice. Such activities should be
noted and effectively challenged. Therefore, itiscrucial tolearn
not only about antivaccine information but also about its
emotional load and to identify the content addressees. Such a
thorough analysiswill help to better understand the motivations
and emotions that accompany the information created by
antivaccinationists.

Currently, the literature is limited to review articles on the
potential role of social mediain influencing vaccination beliefs
and behavior [10,21,33]. Despite the growing number of papers
studying the content published by supporters of the
antivaccination movement in social media in recent years, no
systematic review analyzing these papers has been devel oped
sofar. Previousliterature reviews have analyzed disinformation
concerning health on social media[34] and health information
shared on YouTube [35]. They tackled the issue of vaccination
and antivaccination movements only on a fragmented basis, as
part of a broader topic. Catalan-Matamoros and Pefiafiel-Saiz
[36] published a systematic review investigating the
communication about vaccinations in traditional media,
excluding the content shared on the internet and social media.
Considering the activity of the antivaccination movement’s
supporters on social media and how easily they can
communicate their messagesthat are not scientifically confirmed
to a large number of recipients, it is crucia to learn and
understand their activities and messages. This knowledge will
help us react and respond effectively to the false information
they publish.
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Objectives

This study aims to gather, assess, and synthesize evidence
regarding the current state of knowledge about antivaccine socia
media users web-based activities. We checked 4 general
hypotheses about the features of antivaccine content on social
media that are often described in papers in the field of
vaccinology:

1. Antivaccine messages are more liked and shared than
provaccine content.

2. Antivaccine content is more user friendly than provaccine
content.

3. Antivaccine social media users describe vaccines as harmful
for health or ineffective.

4. Antivaccine social media users share conspiracy theories
or claims that are not scientifically proven.

In addition, we summarized the current knowledge on therole
of social mediabotsin the spread of antivaccine messages.

Methods

Design

We designed a systematic review that systematically searched,
appraised, and synthesized research evidence following the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [37].

Eligibility Criteria
We included papers based on the following inclusion criteria:

1. Papersbased only on original studies.

2. Papers analyzing the user-generated content available on
social media platforms (including Twitter, Facebook,
Instagram, Pinterest, YouTube, Linkedin, TikTok, Snapchat,
VKontakte, WhatsApp, WeChat, Tumblr, Qzone, Reddit,
and Sina Weibo).

3. Papersinwhich the authors extracted agroup of antivaccine
messages and conducted analyses that contained both
qualitative and quantitative elements.

The exclusion criteriawere as follows:

1. Papersnot written in English.
2. Papers in which vaccines were not the main topic of
research.

https://www.jmir.org/2021/6/e24564
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3. Methodological papers.
4. Conference abstracts.

Information Sources and Search Strategies

Our search strategy was guided by the following research
guestion: What are the existing data about antivaccine users
activity on social media? We conducted a scoping literature
search of papers published between January 1, 2015, and
December 31, 2019, on 3 databases (Scopus, Web of Science,
and PubMed), taking into account the PRISMA guidelines.
Overdll, 2 reviewers (DW and MP) independently screened the
databases using the same protocol. The search was conducted
in January 2020. We chose the last 5 years for two reasons.
First, in 2014, the social media market began to resemble the
one known today. The growth of the major platform Facebook
slowed, but the activity of usersincreased. Furthermore, smaller
platforms such as Twitter, Instagram, Pinterest, and LinkedIn
gained popularity [38]. Second, from our abstract analysis, we
found no articles published in 2014 that were potentially digible
for this systematic review; this suggests that the number of
papers analyzing negative messages on social media started to
grow in 2015.

The query used in the search engines of the databases is as
follows:

( ( “socia media® OR “Twitter” OR “Facebook” OR
“Instagram” OR “Pinterest” OR “YouTube” OR “LinkedIn”
OR “TikTok” OR “Snapchat” OR “VKontakte’ OR

“WhatsApp” OR “WeChat” OR “Tumblr’ OR “Qzone” OR
“Reddit” OR “SinaWeibo” )

AND

(“vaccin*” OR “immuni*” ) )

We also searched the reference lists of the previously retrieved
studies and literature reviews.

Study Selection

A 3-stage approach was used to include and exclude studiesin
the final review process. Initially, duplicate studies were
excluded; subsequently, a screening was performed based on
the (1) title, (2) abstract, and finally, (3) full text. Discrepancies
regarding article selection were resolved by a consensus within
the reviewing team (Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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Data Collection Process, Extraction, and Quality
Assessment

We found 599 articles from Scopus, 389 from Web of Science,
and 358 from PubMed. After removing duplicates, 731 articles
were analyzed further. In the next step, thetitles, abstracts, and
keywords were screened. At this stage, we removed papers
dealing with pharmacovigilance on social media, survey
research, theoretical mathematical models, interventions in
social media to increase vaccination coverage, and descriptive
analysiswithout the messages being extracted. Two researchers
(DW and MP) conducted a full-text analysis of the remaining
167 papers. A data extraction form was established, and it
included authors, year of publication, country, specific
objectives, study design, socia media platform, type of data
analyzed, number of messages studied, main objectives and
findings, and geographic focus. Standardized checklist tools
were not used to assessthe quality and risk of bias of individual
studies.

https://www.jmir.org/2021/6/e24564
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Synthesis of the Results

The outcomes of the 18 studies included in the final analysis
were heterogeneous. We performed an aggregetive narrative
synthesis of the included studies.

Results

Studies’ Characteristics

The number of articles analyzing antivaccination messages on
social media has increased over the last 5 years. This topic
became highly popular in 2019, during which 7 of the 18
included papers were published. Overall, 7 of the 18 papers
studied Twitter. YouTube was dlightly less popular and was
analyzed 6 times. The remaining articles studied Facebook,
Instagram, and Pinterest. Although most of the authors analyzed
text messages, some of them studied images or videos. The
number of analyzed messages varied from 123 to 1,793,690
acrossthe papers. The oldest messages were published in 2006.
Table 1 describes the general characteristics of the included
studies.
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Study Platform Type of data Number of messages Geographic focus  Main topic Time inter-
val

Basch and MacLean (2019) Instagram Text, image 150 Englishlanguage  ppy/2 2018

[39]

Blankenship et a (2018) Twitter Text 1626 English language  Not specified 2014-2015

[40]

Broniatowski et al (2018)  Twitter Text 1,793,690 Englishlanguage  Not specified 2014-2017

[41]

Covolo et a (2017) [42] YouTube Video 123 Italian language Not specified 2014-2015

Donzelli et al (2018) [43] YouTube Video 560 Italian language Not specified 2007-2017

Ekram et al (2019) [44] YouTube Text, video 35videoswithcomments English language  HPV 2014

Faasse et a (2016) [45] Facebook Text 1489 Englishlanguage  Not specified 2016

Guidry et a (2015) [46] Pinterest Images 800 English language  Not specified 2014

Harvey et a (2019) [47] Facebook Meme 234 Englishlanguage  Not specified Not speci-
fied

Kang et a (2017) [48] Twitter Text 26,389 United States Not specified 2015

Kearney et al (2019) [49] Instagram Text, image, video 360 English language HPV 2011-2018

Luo et a (2019) [50] Twitter Text 287,100 Englishlanguage HPV 2008-2017

Massey et a (2016) [51] Twitter Text 193,379 English language HPV 2014-2015

Mitraet a (2016) [52] Twitter Text 315,240 Englishlanguage  Not specified 2012-2015

Song and Gruzd (2017) [53]  YouTube Video 1984 Englishlanguage  Not specified Not speci-
fied

Venkatraman et a (2015)  YouTube Video 175 Englishlanguage  Not specified Not speci-

[54] fied

Yiannakoulias et a (2019)  YouTube Video 275 English language  Influenza, measles 2006-2018

[55]

Yuan et a (2019) [56] Twitter Text 669,136 Englishlanguage Measles 2015

8HPV: human papillomavirus.

There are differences in the methods used to extract the
messages. Most of the authors searched for general
vaccine-related queries [41,42,46-48,52] or the content of tags
[4Q]. Papers analyzing the human papillomavirus (HPV) vaccine
used both general terms (such as HPV, HPV vaccine, #HPV,
and #HPWvaccine) [39,44,49-51] and specific vaccine names
(Gardasil and Cervarix) [49,51]. Polarized opinions, both
positive and negative, were isolated using phrases containing
words connected to vaccination and autism [43,53,54]. As
Facebook does not allow for searching of posts using a search
engine, the authors analyzing this platform used more
sophisticated methods to extract messages. Faasse et al [45]
studied responses to a photograph that promoted vaccination
and was published by Facebook CEO Mark Zuckerberg. Harvey
et al [47] found 128 Facebook fan pages devoted to vaccination
and sampled up to 30 memes from each page. The papers
included content analyzed at different time intervals (Table 1).
Only 1 study used search criteria specifically related to the
outbreak of an infectious disease. Yuan et a [56] used Twitter
data from February 1 to March 9, 2015, to study the tweets

https://www.jmir.org/2021/6/e24564

published just after the measles outbreak in Disneyland,
Cadlifornia, in 2015.

Although most studies examined vaccinesin general, 5 focused
specifically on HPV vaccines, 2 on measles, and 1 oninfluenza.
Among the articles examining negative comments about the
HPV vaccine, 2 examined Twitter, 2 Instagram, and 1 YouTube.
These HPV-rel ated messages mention the side effects and risks
associated with vaccination [50,51] but often omit some
information [44]. Furthermore, HPV-related antivaccine
messages on Instagram used more sophisticated forms of
communication, including videos or text with images [49].
Provaccine content describing the HPV vaccine contained
information on protection against and prevention of cancer
[39,50,51] and the safety of the vaccine [44].

In Table 2, we have aggregated the research questions of the
included studies into 4 general hypotheses. In the next
paragraphs, we describe the results of the analyzed articlesin
terms of these hypotheses and we discuss bots' activities on
socia media
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Table 2. Results of the included studies.

Study Hypothesis 1: Antivaccine Hypothesis 2: Antivaccine users Hypothesis 3: Antivaccine Hypothesis 4: Antivaccine
messages are more liked  share more user-friendly content users describe vaccines as users share conspiracy theories
and shared than provaccine than provaccine users harmful for health or claims that are not scientifi-
content caly proven

Basch and Antivaccine messages N/A2 Antivaccine usersarelesslike-  N/A

MacL ean have more likes than ly to mention the protection

(2019) [39] provaccine content (P=.02) provided by the HPV® vaccine

(P<.001)
Blankenshipet  Antivaccine messages Most shared antivaccine-related N/A N/A

al (2018) [40]  have moreretweetsthan ~ URLslink to Twitter, YouTube, and
provaccine ones (P<.001) Facebook

Broniatowski et N/A Content polluters, which may have N/A N/A
a (2018) [41] been primarily created for market-

ing, spread more antivaccine content

than the average nonbot users

(P<.001)
Covolo et d Antivaccine messagesare  N/A Fear-related themesare present  Antivaccine content isless
(2017) [42] more liked (P<.001) and more often in the antivaccine  likely to have been developed
shared (P<.001) but are content than in the provaccine by health professionals than
less viewed (P<.001) than one. However, the differenceis provaccine contents (P=.002)
provaccine content not statistically significant
(P>.05)
Donzelli et a Antivaccine messages Antivaccine contentismainly repre-  N/A N/A
(2018) [43] have more likes, shares, sented in the categories “ People &
and views (P<.001) than  Blogs’ and “No-profit and activism”
provaccine content
Ekram et a Thereisno differencebe- N/A Antivaccine users are more Antivaccine users are more
(2019) [44] tween anti- and provaccine likely to excludeinformation  likely to report incorrectly
content in the number of about vaccine safety (P<.05)  (P<.001) or omit information
likes and views (P>.05) and efficacy (P<.05) (P<.01)
Faasse et d Antivaccine comments Antivaccine content usesmoreana-  Antivaccine users use more N/A
(2016) [45] have fewer likes than Iytical thinking (P<.001) and less  words related to health
provaccine comments tentative language (P=.055) (P<.001) and money (P=.03)
(P<.001)
Guidry et al N/A Antivaccine usersuse more narra-~ N/A 27.7% of the antivaccine con-
(2015) [46] tive than statistical information tent mentions conspiracy theo-
(P<.001) ries
Harvey et a Antivaccine messages get  Antivaccine content has stronger Antivaccine content appeals  Antivaccine content contains a
(2019) [47] more reactions (P<.001)  emotional appea (P<.001) moreto fear (P<.001) and more greater percentage of false
and shares (P<.001) than often usesthemes connecting  statements (P<.001) and more
provaccine content vaccineswith injuries, safety  often mentions conspiracy the-
issues, and autism (P<.001) ories (P<.01)
Kangetd N/A Antivaccine content 'addresa% a Central concept_s arethimeros-  central conceptsare CDCS, the
(2017) [48] broader range of topics compared @, mercury, autism, flushots,  \accine industry, mainstream
with provaccine content and vaccine ingredients media, doctors, mandatory
vaccines, and pharmaceutical
companies
Kearney et al Antivaccine messagesare  Antivaccine content uses more per- N/A Antivaccine content is less
(2019) [49] more liked (P<.001) than  sonal narratives than informational likely to have been created by
provaccine ones ones (P<.001). Videos or text with health-related users (P<.001)
images are more often used rather
than text or images alone (P<.001)
Luoeta (2019) N/A N/A Antivaccine usersmore often  N/A
[50] use words such as “death,”
“concern,” “kill,” “injured,’
“ gI:ety‘n “ adVer%," “ g:andal ’11
and “fraud”
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Study Hypothesis 1: Antivaccine Hypothesis 2: Antivaccine users Hypothesis 3: Antivaccine Hypothesis 4: Antivaccine
messages are more liked  share more user-friendly content users describe vaccines as users share conspiracy theories
and shared than provaccine  than provaccine users harmful for health or clamsthat are not scientifi-
content caly proven

Massey et d Negative messageshave ~ N/A Antivaccine users more often  N/A

(2016) [51] fewer retweets than mention side effects (P<.001)
provaccine onesdo but are and arelesslikely to discussthe
still more than neutral protection provided by HPV
(P<.001) vaccine (P<.001)

Mitraet al N/A More direct (P<.05) and certain Antivaccine users more often  The “evil government” topicis

(2016) [52] language (P<.05) isusedinantivac-  discuss death concerns often discussed (P<.001)

cine content (P<.001)
Songand Gruzd  Antivaccine messages Antivaccine content iseasier toac-  N/A N/A
(2017) [53] have ahigher like-to-dis-  cessthrough YouTube recommenda

like ratio (P=.001)

No differencewasnotedin
terms of likes (P=.86) and

Venkatraman et
a (2015) [54]

tions (centrality measures P<0.01).
It ismore likely to be found in the
categories “ People & Blogs’ and
“News & Politics” (P<.005)

Antivaccine users more often use
celebritiesin videos (P=.07)

Antivaccine users are more
likely to use personal storiesto

The links provided by antivac-
cine users less often lead to

views (P=.38) between an-
ti- and provaccine content

indicate the negative effects
caused by vaccinations

scientific articles (P=.01)

(P<.001)
Yiannakoulias  Antivaccine content is N/A Antivaccine content hashigher N/A
eta (2019) [55] moreliked than provaccine frequency of the words “ mer-
content is cury,” “syringe,” “chemical,’
and “toxic”
Yuan et a N/A Antivaccine usersprefer tocommu-  N/A N/A
(2019) [56] nicate with users of the same opin-

ion group

3N/A: not applicable.
PHPV: human papillomavirus.
®CDC: US Centers for Disease Control and Prevention.

Hypothesis 1: Popularity of Content

The authors used different measures to estimate the popularity
of antivaccine content. These measures depended on the
characteristics of the platforms. Each platform allows
researchersto assess user engagement in response to the content.
They measured retweets on Twitter [40,51]; likes and shares
on Facebook [45,47]; likes on Instagram [39,49]; and likes,
dislikes, or shares on YouTube [42-44,53-55]. In addition,
YouTube allows for the measurement of audience size by
providing information about the number of views, which was
also analyzed in a few papers [42-44,54]. In our data set, 12
studies evaluated whether antivaccine content is more popular
on social media than provaccine content. Overal, 8 of them
found that antivaccine content was more popular, 2 did not find
adifferencein popularity, and 2 found that provaccine messages
were more popular. The popularity of user-generated content
depends on the type of platform and can be expressed by likes,
reactions, shares, retweets, or views. On I nstagram, antivaccine
messages had more likes than provaccine messages [39,49].
YouTube videos with negative vaccine sentiments were more
appreciated by users (they had more likes, shares, or views)
[42,43,53,55]. However, 2 studies did not find statistically
significant differencesin the number of likes and views between
provaccine and antivaccine YouTube videos [44,54]. The
analysis of Twitter content did not show a clear link between
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sentiment and popularity. Blankenship et a [40] found that
antivaccine messages had more retweets than provaccine
messages, whereas Massey et a [51] found the opposite. The
results of the study on Facebook content were similarly
ambiguous. Harvey et al [47] found that antivaccine memes had
more likes and shares, whereas Faasse et al [45] showed that
provaccine Facebook comments had more likes. The results
suggest that although antivaccine messages are generally more
popular on social media, platform-dependent differences may
exist.

Hypothesis 2: User-friendly Content

Antivaccine users present content in away that tends to be user
friendly: it grabs the users’ attention and encourages them to
read the posts. Various methods are used to ensure this. The
messages contain personal narratives or stories [46,49,54] and
are connected with strong emotions and fear [42,47,52]. The
language used isalso different. Antivaccine articles use phrases
such as mandated vaccines and adverse effects, whereas
provaccine articles use required vaccines and side effects [48].
The language of antivaccine content is direct and certain [52]
not tentative [45]. This content is rarely created by health
professionals [42,49] but is well suited to the web-based
environment as it uses videos or text with images rather than
text or images alone [49]. Antivaccine videos also feature
celebrities more often than provaccine videos do [54]. On

JMed Internet Res 2021 | vol. 23 | iss. 6 |€24564 | p.44
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

YouTube, negative videos are mainly presented in lifestyle
categories such as People & Blogs [43,53]. All results show
that antivaccine users create their messages in a way that
effectively grabs the attention of their audience.

Hypothesis3: VaccinesAre Unhealthy or Do Not Work

Antivaccine users often describe vaccinations as harmful to
health. They connect them with serious but scientifically
unconfirmed injuries, safety issues, and side effects such as
autism or even death [44,47,51,54]. They refer to the use of
toxic ingredientsin vaccines, including mercury and thimerosal
[48,55].

Antivaccine messagestry to create theimpression that vaccines
do not protect against diseases. Not only do they present false
information about vaccines [47] but they also tend to omit
information about the safety and protection provided by vaccines
[39,44,51]. All papers indicated that antivaccine users try to
create an impression that vaccines are ineffective and dangerous
to health.

Hypothesis 4: Vaccines Are a Part of a Conspiracy

In the antivaccine discourse, vaccines are often described as
part of conspiracy theories [44,46,47]. Antivaccine concepts
are linked to the Centers for Disease Control and Prevention,
the Food and Drug Administration, and the pharmaceutical
industry hiding the truth about vaccines side effects or a
government using vaccines to obtain control over society or to
perform eugenic actions[45,48,50,52]. Antivaccine users view
mandatory vaccines as a threat to their civil liberties [46,47].
They believethat asvaccinations carry risks, patients’ informed
consent is necessary.

Bots' Activity

Using automated tools to spread vaccine-related information
can be an efficient and effective way of convincing social media
users. A total of 77% of the bots active on Twitter are
provaccine. They are hypersocial in retweeting, and they mainly
retweet from their opinion group [56]. Research on the activity
of bots and trolls in a vaccine debate on Twitter showed that
content polluters, which may have been primarily created for
marketing, share antivaccine messages at a higher rate than
average nonbot users do. Russian trolls post vaccine content at
a higher rate than nonbot users do, but they share an equal
number of provaccine and antivaccine messages because their
purpose is to promote discord in the vaccination debate [41].

Discussion

Principal Findings

Regardless of the social media platform, there are similarities
in the characteristics of antivaccine content. Most of the authors
found that vaccine-related messages with negative sentiments
had a higher number of positive reactionson social media (likes,
shares, and retweets). Thisrelationship was particularly evident
on YouTube and I nstagram, whereas the results from the studies
on Twitter and Facebook wereinconclusive. Thereason for this
ambiguity in the case of Facebook may lie in the sampling of
the analyzed messages. Harvey et a [47] studied the popularity
of memes published on 128 Facebook pages devoted to
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vaccinations and found that antivaccine messages received more
reactions than provaccine messages. Faasse et al [45] obtained
the opposite results after studying the comments posted in
responseto the photo uploaded by Mark Zuckerberg to promote
vaccines. However, the percentage of provaccine users
congtituting Mark Zuckerberg's profile followers may be higher
than the percentage of provaccine usersin the entire population.
On Twitter, Massey et al [51] found that negative messages
have fewer retweets than positive ones, but this study was
limited to HPV-related tweets. Future research should
investigate the popularity of antivaccine content on Twitter and
Facebook. The high number of likes on and shares of antivaccine
content poses the danger that ordinary users will find this
information more easily and consider it to be morereliable than
provaccine messages.

We aso found that antivaccine users create messages in a
user-friendly manner. They publish emotional personal stories
using direct language. Their content is not created by health
professionals, and they publish more often in the categories
under lifestyle than in those connected with medicine or science.
Psychological studies have shown that emotional events are
remembered more accurately and for alonger time than neutral
events[57]. Thus, the emotional communication of antivaccine
content may have contributed to the effectiveness of the
antivaccine movement. Antivaccine activists often use methods
that are commonly used in marketing. Emotional stories attract
the attention of neutral users [58], whereas the stirring up of
fear of vaccinations leads to the inaction of the audience [59].

The proponents of the antivaccine movement call vaccines
dangerousfor health and ineffective. The myth-busting research
pointing to vaccine safety [60,61] is hot stopping the spread of
falseinformation. Some people do not trust science, considering
it as atool in the hands of governments and pharmaceutical
companies [62]. Many parents believe that the risks of
vaccination outweigh its benefits [63]. In countries where
parents do not see children dying from infectious diseases, it is
easy to think that vaccines, and not the diseases they protect
against, are the problem. This phenomenon is perhaps being
magnified by the fact that fear-related sources automatically
attract attention [64].

Antivaccine messages often contain conspiracy theories.
Previous research indicates that a belief in at least one
conspiracy theory is common in society [65]. Contrary to
popular opinion, conspiracism is not a product of ignorance; it
can be explained by the human willingness to believe in the
unseen. In a study conducted by Jolley and Douglas [62],
participants who were exposed to antivaccine conspiracy
theories showed less intention to vaccinate than the control
group. Education can help solve this problem because
preexisting knowledge about vaccination may protect against
the negative effects of exposure to vaccine-related conspiracy
theories on the web [66]. Only a simple debunking of
misinformation can strengthen its persistence in the community
[67] or even increase the harmful activity of conspiracists[68].
Clarifying parental concerns and involving parentsin decisions
regarding their child’'s vaccination can reduce beliefs in
conspiracies [69].
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The analyzed papers show that bots on social media spread not
only antivaccine messages but also provaccine messages. The
literature differentiates between benign and maliciousbots[70].
Benign bots respond automatically, aggregate content, and
perform other useful actions. However, malicious bots are
designed with a purpose to harm. Their task is to manipulate,
mislead, and exploit to influence social mediadiscourse. Public
health authorities should not only monitor social media, detect
negative bots, and fight the spread of the antivaccine content,
but they should also use benign bots to communicate with the
public and dispel doubts about vaccinations.

Theresults of theincluded papers are generally consistent with
those of previous research examining antivaccine website
content [2,6,9,10]. Similar to websites, antivaccine users of
social media raise and discuss concerns about the safety and
effectiveness of vaccines. They describe vaccines as harmful
for health, present scientifically unconfirmed claims, and hide
information about the safety and effectiveness of vaccines to
strengthen their messages. This behavior can be explained by
a well-known cognitive phenomenon called motivated
reasoning, which is defined as a tendency to find argumentsin
favor of the conclusions we believe in, rather than those
supporting what we do not want to believe in [71]. Both
antivaccine websites and antivaccine social media users
presented two arguments concerning the government. They
believethat the government is cooperating with pharmaceutical
corporations to impose universal immunization programs and
is allowing these companies to profit. The second argument
does not suggest evil government plans but points to the
restriction of freedom of choice because of mandatory vaccines.
Unlike the content of antivaccine websites, negative posts on
social media do not promote alternative health practices; they
simply discourage vaccinations. This may be because short and
eye-catching content is preferred on social media, and this does
not allow for the explanation or discussion of complex issues.

We found that most included studies were based on Twitter
data. This is surprising because Facebook, YouTube, and
Instagram have many more active users [72]. The reason for
this disproportionate attention may lie in the simplicity of
gathering data from Twitter. Twitter enables the downloading
of thousands of postsusing itsofficial application programming
interface [73], whereas Facebook and Instagram closed their
application programming interfaces in 2018, thus preventing
the automatic downloading of publicly available datafrom these
platforms to protect users' data against inappropriate use [74].
This was in response to the Cambridge Analytica data misuse
scandal [75]. Moreover, Facebook allows for the creation of
closed and private groups whose content is not available to
scientists. YouTube provides researchers with easy access to
the content by providing automatically generated transcripts of
videos, thusfacilitating text analysis. Since 2019, Pinterest has
been hosting vaccine-related information only from reliable
sources to halt the spread of vaccine misinformation [76];
therefore, further research into the antivaccine user’s activity
on this platform since 2019 is pointless.

Web-based platforms differ in terms of how easily the
antivaccine content is spread through social media. Facebook
and Instagram have taken steps to stop the spread of vaccine
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misinformation by making it less prominent in search results;
however, such misinformation has not been completely removed
from these platforms [77]. Recent research shows that since
20186, interactionswith content contai ning misinformation have
reduced on Facebook but have continued to increase on Twitter
[78]. This suggests that misinformation on Twitter can become
a bigger problem than on Facebook. During the COVID-19
pandemic in 2020, Twitter started removing accounts spreading
health conspiracy theories [79] and tried to redirect users
searching for COVID-19—elated information to official
government sources [80].

YouTube facilitates the spread of misinformation to millions
of viewers. It has been found that 27.5% of the most-viewed
YouTube videos related to COVID-19 contained
misinformation, and these reached over 62 million viewers
worldwide [81]. About 17 million people subscribe to
antivaccine accounts on YouTube [82]. As YouTube content is
more difficult to create, it is probably less affected by bots
sharing video content. However, bots can spread disinformation
on YouTube through comments [83].

In the papers studied, the HPV vaccine was the second most
common topic, after thetopic of vaccinesin general. Thistopic
ispopular in the discourse on antivaccine movements. The HPV
vaccine has some specific features that make it vulnerable to
theories that discourage vaccinations. First, in many countries,
this vaccine is not mandatory; therefore, it can be more
effectively discouraged. Second, the minimum agefor receiving
the first dose is 9 years; thus, often both parents' consent and
the preteen or teenager’s acceptance arerequired. Finally, apart
from the ordinary antivaccination supporters, the HPV vaccine
has other opponents. Conservative religious groups suggest that
protection against sexually transmitted diseases encourages
licentious teen sex. As a result, religious young women are
undervaccinated and underinformed about the HPV vaccine
[84].

Future Research Propositions

Research conducted in languages other than Englishislimited.
In our data set, only 2 articles analyzed non-English messages,
which were in Italian [42,43]. We propose that a multilingual
comparative study be undertaken to explorethe similaritiesand
differences in the vaccine-related discourse on socia media
between countries.

Another issue is the classification of messages as provaccine
or antivaccine. Usually, this task is performed manually using
codebooks. As this method is not scalable, we need to employ
an automatic approach. Popularly, some of the messages are
hand-labeled using a codebook, and machine learning models
are applied to label the rest of the messages. We suggest that a
universal codebook or dictionary be designed to assesswhether
amessage has antivaccine sentiment. Such atool would enhance
the comparability of the research results.

Instagram is a socia media platform that is still gaining
popularity not only among users but also among scientists, as
shown by the 2 articles from 2019 [39,49] that we included in
our systematic review. However, previous Instagram studies
have only examined opinions regarding HPV vaccines.
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Analyzing data from private or secret Facebook groups [85] is
important, as they often contain valuable information about
users opinions and attitudes toward vaccinations. Although
messages posted in such groups potentially contain higher
quality information than publicly available data, they are not
easy to obtain.

It should also be mentioned that the articles analyzed picture
antivaccine messages related to specific words, phrases, and
themes. Further research on these topics can result in the creation
of effective tools to automatically detect fake news. This can
help suppress vaccine hesitancy, which is connected to the
spread of vaccine misinformation on social media [86].

Limitations

First, we restricted the analysis to studies published between
2015 and 2019. Asaresult, some papers describing antivaccine
messages on social mediamay not have been included. Second,
we studied only articles written in English. Thus, we may have
omitted articles published in other languages that analyzed
non-English messages on social media.
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Conclusions

Antivaccine users create content that gains more positive
reactions (likes, shares, retweets) on social media than
provaccine messages do. Their messages are user friendly and
well suited to the needs of users on socia media platforms.
Antivaccine users try to discourage vaccination using a few
main arguments. They describe vaccines as harmful, highlight
their side effects, and undermine the effectiveness of the
protection they offer. To support these statements, they usefalse
information and conspiracy theories, and gloss over or omit the
data about vaccine benefits.

Public health authorities should continuously monitor social
media to find new antivaccine arguments quickly and, based
on that, design information campaigns targeting health
professionals and ordinary users who are at a risk of being
misinformed. Social media platforms have a big responsibility
because they give millions of users access to misinformation.
Knowledge of the characteristics of antivaccine content can
help in the creation of tools that automatically tag false
information. A positivetrend in recent yearsisthat social media
platforms have attempted to stop the spread of vaccination
misinformation.

References

1.  Silberg WM, Lundberg GD, Musacchio RA. Assessing, controlling, and assuring the quality of medical information on the
internet: caveant lector et viewor--L et the reader and viewer beware. JAm Med Assoc 1997 Apr 16;277(15):1244-1245.

[Medline: 9103351]

2. WolfeRM, Sharp LK, Lipsky MS. Content and design attributes of antivaccination web sites. JAm Med Assoc 2002 Jun
26;287(24):3245-3248. [doi: 10.1001/jama.287.24.3245] [Medline: 12076221]

3. Wolfe RM, Sharp LK. Vaccination or immunization? The impact of search terms on the internet. J Health Commun 2005
Sep;10(6):537-551. [doi: 10.1080/10810730500228847] [Medline: 16203632]

4.  Zimmerman RK, Wolfe RM, Fox DE, Fox JR, Nowalk MP, Troy JA, et al. Vaccine criticism on the World Wide Web. J
Med Internet Res 2005 Jun 29;7(2):e17 [FREE Full text] [doi: 10.2196/jmir.7.2.€17] [Medline: 15998608]

5. Bean SJ. Emerging and continuing trends in vaccine opposition website content. Vaccine 2011 Feb 24;29(10):1874-1880.

[doi: 10.1016/j.vaccine.2011.01.003] [Medline: 21238571]

6. DaviesP, Chapman S, Leask J. Antivaccination activists on the world wide web. Arch Dis Child 2002 Jul;87(1):22-25
[FREE Full text] [doi: 10.1136/adc.87.1.22] [Medline: 12089115]

7.  Glanz M, Wagner NM, Narwaney KJ, Kraus CR, Shoup JA, Xu S, et al. Web-based social media intervention to increase
vaccine acceptance: arandomized controlled trial. Pediatrics 2017 Dec;140(6):- [FREE Full text] [doi:

10.1542/peds.2017-1117] [Medline: 29109107]

8.  Evrony A, Caplan A. The overlooked dangers of anti-vaccination groups' social media presence. Hum Vaccin Immunother
2017 Jun 3;13(6):1-2 [FREE Full text] [doi: 10.1080/21645515.2017.1283467] [Medline: 28406737]

9. KataA. A postmodern Pandora's box: anti-vaccination misinformation on the Internet. Vaccine 2010 Feb 17;28(7):1709-1716.
[doi: 10.1016/j.vaccine.2009.12.022] [Medline: 20045099]

10. KataA. Anti-vaccine activists, web 2.0, and the postmodern paradigm--an overview of tactics and tropes used online by
the anti-vaccination movement. Vaccine 2012 May 28;30(25):3778-3789. [doi: 10.1016/j.vaccine.2011.11.112] [Medline:
22172504]

11. AminAB, Bednarczyk RA, Ray CE, Melchiori KJ, Graham J, Huntsinger JR, et al. Association of moral valueswith vaccine
hesitancy. Nat Hum Behav 2017 Dec;1(12):873-880. [doi: 10.1038/s41562-017-0256-5] [Medline: 31024188]

12.  Benecke O, DeYoung SE. Anti-vaccine decision-making and measles resurgence in the United States. Glob Pediatr Health
2019;6:2333794X 19862949 [ FREE Full text] [doi: 10.1177/2333794X19862949] [Medline: 31384629]

13.

https://www.jmir.org/2021/6/e24564

Diethelm P, McKee M. Denialism: what is it and how should scientists respond? Eur J Public Health 2009 Jan;19(1):2-4.
[doi: 10.1093/eurpub/ckn139] [Medline: 19158101]

JMed Internet Res 2021 | vol. 23 | iss. 6 |€24564 | p.47
(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9103351&dopt=Abstract
http://dx.doi.org/10.1001/jama.287.24.3245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12076221&dopt=Abstract
http://dx.doi.org/10.1080/10810730500228847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16203632&dopt=Abstract
https://www.jmir.org/2005/2/e17/
http://dx.doi.org/10.2196/jmir.7.2.e17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15998608&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2011.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21238571&dopt=Abstract
https://adc.bmj.com/lookup/pmidlookup?view=long&pmid=12089115
http://dx.doi.org/10.1136/adc.87.1.22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12089115&dopt=Abstract
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=29109107
http://dx.doi.org/10.1542/peds.2017-1117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29109107&dopt=Abstract
http://europepmc.org/abstract/MED/28406737
http://dx.doi.org/10.1080/21645515.2017.1283467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28406737&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2009.12.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20045099&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2011.11.112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22172504&dopt=Abstract
http://dx.doi.org/10.1038/s41562-017-0256-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31024188&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2333794X19862949?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2333794X19862949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31384629&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/ckn139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19158101&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Wawrzuta et &

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Vaccine Hesitancy. European Centre for Disease Prevention and Control. URL: https://www.ecdc.europa.eu/en/

immuni sati on-vaccines/vaccine-hesitancy [accessed 2021-05-20]

Dubé E, Laberge C, Guay M, Bramadat P, Roy R, Bettinger J. Vaccine hesitancy: an overview. Hum Vaccin Immunother
2013 Aug;9(8):1763-1773 [FREE Full text] [doi: 10.4161/hv.24657] [Medline: 23584253]

Dubé E, Gagnon D, MacDonald NE, SAGE Working Group on Vaccine Hesitancy. Strategies intended to address vaccine
hesitancy: review of published reviews. Vaccine 2015 Aug 14;33(34):4191-4203 [FREE Full text] [doi:
10.1016/j.vaccine.2015.04.041] [Medline: 25896385]

Dubé E, Gagnon D, Ouakki M, Bettinger JA, Guay M, Halperin S, Canadian |mmunization Research Network. Understanding
vaccine hesitancy in Canada: results of a consultation study by the Canadian immunization research network. PLoS One
2016;11(6):e0156118 [FREE Full text] [doi: 10.1371/journal.pone.0156118] [Medline: 27257809]

Report of the Sage Working Group on Vaccine Hesitancy. World Health Organization. 2014. URL: https.//www.who.int/
immuni zation/sage/meetings/2014/october/1_Report WORKING GROUP _vaccine hesitancy final.pdf [accessed
2021-05-27]

Mason BW, Donnelly PD. Impact of alocal newspaper campaign on the uptake of the measles mumps and rubellavaccine.
JEpidemiol Community Health 2000 Jun;54(6):473-474 [EREE Full text] [doi: 10.1136/jech.54.6.473] [Medline: 10818125]
Smith A, Yarwood J, Salisbury DM. Tracking mothers' attitudes to MMR immunisation 1996-2006. Vaccine 2007 May
16;25(20):3996-4002. [doi: 10.1016/j.vaccine.2007.02.071] [Medline: 17395344]

Betsch C, Brewer NT, Brocard P, Davies P, Gaissmaier W, Haase N, et al. Opportunities and challenges of web 2.0 for
vaccination decisions. Vaccine 2012 May 28;30(25):3727-3733. [doi: 10.1016/j.vaccine.2012.02.025] [Medline: 22365840]
Betsch C, Renkewitz F, Betsch T, Ulshofer C. The influence of vaccine-critical websites on perceiving vaccination risks.
JHealth Psychol 2010 Apr;15(3):446-455. [doi: 10.1177/1359105309353647] [Medline: 20348365]

Dubé E, Bettinger JA, Halperin B, Bradet R, Lavoie F, Sauvageau C, et a. Determinants of parents' decision to vaccinate
their children against rotavirus: results of alongitudinal study. Health Educ Res 2012 Dec;27(6):1069-1080. [doi:
10.1093/her/cys088] [Medline: 22907535]

Smith PJ, Humiston SG, Marcuse EK, Zhao Z, Dorell CG, Howes C, et al. Parental delay or refusal of vaccine doses,
childhood vaccination coverage at 24 months of age, and the Health Belief Model. Public Health Rep 2011;126(Suppl
2):135-146 [FREE Full text] [doi: 10.1177/00333549111260S215] [Medline: 21812176]

Witteman HO, Zikmund-Fisher BJ. The defining characteristics of web 2.0 and their potential influence in the online
vaccination debate. Vaccine 2012 May 28;30(25):3734-3740. [doi: 10.1016/j.vaccine.2011.12.039] [Medline: 22178516]
Young SD. Social media as anew vital sign: commentary. JMed Internet Res 2018 Apr 30;20(4):e161 [FREE Full text]
[doi: 10.2196/jmir.8563] [Medline: 29712631]

Charalambous A. Social media and health policy. Asia Pac J Oncol Nurs 2019;6(1):24-27 [EREE Full text] [doi:
10.4103/apjon.apjon_60_18] [Medline: 30599012]

Schmidt AL, Zollo F, Scala A, Betsch C, Quattrociocchi W. Polarization of the vaccination debate on Facebook. Vaccine
2018 Jun 14;36(25):3606-3612. [doi: 10.1016/j.vaccine.2018.05.040] [Medline: 29773322]

Ward JK, Peretti-Watel P, Verger P. Vaccine criticism on the internet: propositions for future research. Hum Vaccin
Immunother 2016 Jul 2;12(7):1924-1929 [FREE Full text] [doi: 10.1080/21645515.2016.1146430] [Medline: 26900646]
Langenfeld SJ, Batra R. How can social media get usin trouble? Clin Colon Rectal Surg 2017 Sep;30(4):264-269 [FREE
Full text] [doi: 10.1055/s-0037-1604255] [Medline: 28924400]

Tan SS, Goonawardene N. Internet health information seeking and the patient-physician relationship: a systematic review.
JMed Internet Res 2017 Jan 19;19(1):e9 [FREE Full text] [doi: 10.2196/jmir.5729] [Medline: 28104579]

Moving the Needle: Promoting Vaccination Uptake across the Life Course. Royal Society for Public Health UK. URL:
https.//www.rsph.org.uk/our-work/policy/vaccinations/

moving-the-needl e-promoting-vaccination-uptake-across-the-life-course.html [accessed 2020-05-15]

Dredze M, Broniatowski DA, Smith MC, Hilyard KM. Understanding vaccine refusal: why we need social media now.
Am JPrev Med 2016 Apr;50(4):550-552 [FREE Full text] [doi: 10.1016/j.amepre.2015.10.002] [Medline: 26655067]
Wang Y, McKee M, Torbica A, Stuckler D. Systematic literature review on the spread of health-related misinformation
on social media. Soc Sci Med 2019 Nov;240:112552 [FREE Full text] [doi: 10.1016/j.socscimed.2019.112552] [Medline:
31561111]

Madathil KC, Rivera-Rodriguez AJ, Greenstein JS, Gramopadhye AK. Healthcare information on YouTube: a systematic
review. Health Informatics J 2015 Sep;21(3):173-194 [FREE Full text] [doi: 10.1177/1460458213512220] [Medline:
24670899

Catalan-Matamoros D, Pefiafiel-Saiz C. How is communication of vaccinesin traditional media: a systematic review.
Perspect Public Health 2019 Jan 7;139(1):34-43. [doi: 10.1177/1757913918780142] [Medline: 29877122]

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med 2009 Jul 21;6(7):€1000097 [EREE Full text] [doi: 10.1371/journal.pmed.1000097] [Medline:
19621072]

Duggan M, Lenhart A, Dimock M, Gross E, Tomlin R, Kohut A. Social Media Update. Pew Research Center. 2015. URL:
https://www.pewresearch.org/internet/2015/01/09/soci al -media-update-2014/ [accessed 2021-05-25]

https://www.jmir.org/2021/6/e24564 JMed Internet Res 2021 | vol. 23 | iss. 6 |e24564 | p.48

(page number not for citation purposes)


https://www.ecdc.europa.eu/en/immunisation-vaccines/vaccine-hesitancy
https://www.ecdc.europa.eu/en/immunisation-vaccines/vaccine-hesitancy
http://europepmc.org/abstract/MED/23584253
http://dx.doi.org/10.4161/hv.24657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23584253&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(15)00505-8
http://dx.doi.org/10.1016/j.vaccine.2015.04.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25896385&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0156118
http://dx.doi.org/10.1371/journal.pone.0156118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27257809&dopt=Abstract
https://www.who.int/immunization/sage/meetings/2014/october/1_Report_WORKING_GROUP_vaccine_hesitancy_final.pdf
https://www.who.int/immunization/sage/meetings/2014/october/1_Report_WORKING_GROUP_vaccine_hesitancy_final.pdf
https://jech.bmj.com/lookup/pmidlookup?view=long&pmid=10818125
http://dx.doi.org/10.1136/jech.54.6.473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10818125&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2007.02.071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17395344&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2012.02.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22365840&dopt=Abstract
http://dx.doi.org/10.1177/1359105309353647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20348365&dopt=Abstract
http://dx.doi.org/10.1093/her/cys088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22907535&dopt=Abstract
http://europepmc.org/abstract/MED/21812176
http://dx.doi.org/10.1177/00333549111260S215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21812176&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2011.12.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22178516&dopt=Abstract
https://www.jmir.org/2018/4/e161/
http://dx.doi.org/10.2196/jmir.8563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29712631&dopt=Abstract
http://www.apjon.org/article.asp?issn=2347-5625;year=2019;volume=6;issue=1;spage=24;epage=27;aulast=Charalambous
http://dx.doi.org/10.4103/apjon.apjon_60_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30599012&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2018.05.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29773322&dopt=Abstract
http://europepmc.org/abstract/MED/26900646
http://dx.doi.org/10.1080/21645515.2016.1146430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26900646&dopt=Abstract
http://europepmc.org/abstract/MED/28924400
http://europepmc.org/abstract/MED/28924400
http://dx.doi.org/10.1055/s-0037-1604255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28924400&dopt=Abstract
https://www.jmir.org/2017/1/e9/
http://dx.doi.org/10.2196/jmir.5729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104579&dopt=Abstract
https://www.rsph.org.uk/our-work/policy/vaccinations/moving-the-needle-promoting-vaccination-uptake-across-the-life-course.html
https://www.rsph.org.uk/our-work/policy/vaccinations/moving-the-needle-promoting-vaccination-uptake-across-the-life-course.html
http://europepmc.org/abstract/MED/26655067
http://dx.doi.org/10.1016/j.amepre.2015.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26655067&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0277-9536(19)30546-5
http://dx.doi.org/10.1016/j.socscimed.2019.112552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31561111&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458213512220?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458213512220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24670899&dopt=Abstract
http://dx.doi.org/10.1177/1757913918780142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29877122&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
https://www.pewresearch.org/internet/2015/01/09/social-media-update-2014/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Wawrzuta et &

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

Basch CH, MacLean SA. A content analysis of HPV related posts on Instagram. Hum Vaccin mmunother
2019;15(7-8):1476-1478 [FREE Full text] [doi: 10.1080/21645515.2018.1560774] [Medline: 30570379]

Blankenship EB, Goff ME, Yin J, Tse ZT, Fu K, Liang H, et al. Sentiment, contents, and retweets: a study of two
vaccine-related twitter datasets. Perm J2018;22:17-138 [FREE Full text] [doi: 10.7812/TPP/17-138] [Medline: 29911966]
Broniatowski DA, Jamison AM, Qi S, AlKulaib L, Chen T, Benton A, et al. Weaponized health communication: Twitter
bots and Russian trolls amplify the vaccine debate. Am J Public Health 2018 Oct;108(10):1378-1384. [doi:
10.2105/AJPH.2018.304567] [Medline: 30138075]

Covolo L, Ceretti E, Passeri C, Boletti M, Gelatti U. What arguments on vaccinations run through YouTube videosin Italy?
A content analysis. Hum Vaccin Immunother 2017 Jul 3;13(7):1693-1699 [FREE Full text] [doi:
10.1080/21645515.2017.1306159] [Medline: 28362544]

Donzelli G, PAlomba G, Federigi I, Aquino F, Cioni L, Verani M, et al. Misinformation on vaccination: a quantitative
analysis of YouTube videos. Hum Vaccin Immunother 2018 Jul 3;14(7):1654-1659 [FREE Full text] [doi:
10.1080/21645515.2018.1454572] [Medline: 29553872]

Ekram S, Debiec KE, Pumper MA, Moreno MA. Content and commentary: HPV vaccine and YouTube. J Pediatr Adolesc
Gynecol 2019 Apr;32(2):153-157. [doi: 10.1016/j.jpag.2018.11.001] [Medline: 30445163]

Faasse K, Chatman CJ, Martin LR. A comparison of language use in pro- and anti-vaccination comments in response to a
high profile Facebook post. Vaccine 2016 Nov 11;34(47):5808-5814. [doi: 10.1016/j.vaccine.2016.09.029] [Medline:
27707558]

Guidry JR, Carlyle K, Messner M, Jin Y. On pins and needles: how vaccines are portrayed on Pinterest. Vaccine 2015 Sep
22;33(39):5051-5056. [doi: 10.1016/].vaccine.2015.08.064] [Medline: 26319742]

Harvey AM, Thompson S, Lac A, Coolidge FL. Fear and derision: a quantitative content analysis of provaccine and
antivaccine internet memes. Health Educ Behav 2019 Dec;46(6):1012-1023. [doi: 10.1177/1090198119866886] [Medline:
31789076]

Kang GJ, Ewing-Nelson SR, Mackey L, Schlitt JT, Marathe A, Abbas KM, et al. Semantic network analysis of vaccine
sentiment in online social media. Vaccine 2017 Jun 22;35(29):3621-3638 [ FREE Full text] [doi:
10.1016/j.vaccine.2017.05.052] [Medline: 28554500]

Kearney MD, Selvan P, Hauer MK, Leader AE, Massey PM. Characterizing HPV vaccine sentiments and content on
Instagram. Health Educ Behav 2019 Dec;46(2_suppl):37-48. [doi: 10.1177/1090198119859412] [Medline: 31742459]
Luo X, Zimet G, Shah S. A natural language processing framework to analyse the opinions on HPV vaccination reflected
in twitter over 10 years (2008 - 2017). Hum Vaccin Immunother 2019;15(7-8):1496-1504 [FREE Full text] [doi:
10.1080/21645515.2019.1627821] [Medline: 31194609]

Massey PM, Leader A, Yom-Tov E, Budenz A, Fisher K, Klassen AC. Applying multiple data collection tools to quantify
human papillomavirus vaccine communication on Twitter. JMed Internet Res 2016 Dec 5;18(12):e318 [FREE Full text]
[doi: 10.2196/jmir.6670] [Medline: 27919863]

Mitra T, Counts S, Pennebaker JW. Understanding Anti-Vaccination Attitudesin Social Media. AAAL. 2016. URL : https:/
/www.aaai .org/ocs/index.php/| CWSM/I CW SM 16/paper/downl 0ad/13073/12747 [accessed 2021-05-25]

Song M, Gruzd A. Examining Sentiments and Popularity of Pro-and Anti-vaccination Videos on Youtube. In: International
Conference Proceeding Series. 2017 Presented at: ACM'17; April 12-17, 2017; New York, USA. [doi:
10.1145/3097286.3097303]

Venkatraman A, Garg N, Kumar N. Greater freedom of speech on web 2.0 correlates with dominance of views linking
vaccines to autism. Vaccine 2015 Mar 17;33(12):1422-1425. [doi: 10.1016/j.vaccine.2015.01.078] [Medline: 25665960]
Yiannakoulias N, Slavik CE, Chase M. Expressions of pro- and anti-vaccine sentiment on YouTube. Vaccine 2019 Apr
3;37(15):2057-2064. [doi: 10.1016/j.vaccine.2019.03.001] [Medline: 30862365]

Yuan X, Schuchard RJ, Crooks AT. Examining emergent communitiesand social botswithin the polarized online vaccination
debate in Twitter. Soc Med Soc 2019 Sep 4;5(3):205630511986546. [doi: 10.1177/2056305119865465]

Tyng CM, Amin HU, Saad MN, Malik AS. The influences of emotion on learning and memory. Front Psychol 2017;8:1454
[FREE Full text] [doi: 10.3389/fpsyq.2017.01454] [Medline: 28883804]

Bagozzi RP, Gopinath M, Nyer PU. The role of emotionsin marketing. J Acad Mark Sci 1999 Apr 1;27(2):184-206. [doi:
10.1177/0092070399272005]

Brennan L, Binney W. Fear, guilt, and shame appealsin social marketing. J Bus Res 2010 Feb;63(2):140-146. [doi:
10.1016/j.jbusres.2009.02.006]

Jain A, Marshall J, Buikema A, Bancroft T, Kelly JB, Newschaffer CJ. Autism occurrence by MMR vaccine status among
US children with older siblings with and without autism. JAm Med Assoc 2015 Apr 21;313(15):1534-1540. [doi:
10.1001/jama.2015.3077] [Medline: 25898051]

Ray P, Hayward J, Michelson D, Lewis E, Schwalbe J, Black S, Vaccine Safety Datalink Group. Encephal opathy after
whole-cell pertussis or measles vaccination: lack of evidence for acausal association in a retrospective case-control study.
Pediatr Infect Dis J 2006 Sep;25(9):768-773. [doi: 10.1097/01.inf.0000234067.84848.€1] [Medline: 16940831]

Jolley D, Douglas KM. The effects of anti-vaccine conspiracy theories on vaccination intentions. PLoS One 2014;9(2):e89177
[EREE Full text] [doi: 10.1371/journal.pone.0089177] [Medline: 24586574]

https://www.jmir.org/2021/6/e24564 JMed Internet Res 2021 | vol. 23 | iss. 6 |e24564 | p.49

(page number not for citation purposes)


http://europepmc.org/abstract/MED/30570379
http://dx.doi.org/10.1080/21645515.2018.1560774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30570379&dopt=Abstract
http://europepmc.org/abstract/MED/29911966
http://dx.doi.org/10.7812/TPP/17-138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29911966&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2018.304567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30138075&dopt=Abstract
http://europepmc.org/abstract/MED/28362544
http://dx.doi.org/10.1080/21645515.2017.1306159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28362544&dopt=Abstract
http://europepmc.org/abstract/MED/29553872
http://dx.doi.org/10.1080/21645515.2018.1454572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29553872&dopt=Abstract
http://dx.doi.org/10.1016/j.jpag.2018.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445163&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2016.09.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27707558&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2015.08.064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26319742&dopt=Abstract
http://dx.doi.org/10.1177/1090198119866886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31789076&dopt=Abstract
http://europepmc.org/abstract/MED/28554500
http://dx.doi.org/10.1016/j.vaccine.2017.05.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554500&dopt=Abstract
http://dx.doi.org/10.1177/1090198119859412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31742459&dopt=Abstract
http://europepmc.org/abstract/MED/31194609
http://dx.doi.org/10.1080/21645515.2019.1627821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31194609&dopt=Abstract
https://www.jmir.org/2016/12/e318/
http://dx.doi.org/10.2196/jmir.6670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919863&dopt=Abstract
https://www.aaai.org/ocs/index.php/ICWSM/ICWSM16/paper/download/13073/12747
https://www.aaai.org/ocs/index.php/ICWSM/ICWSM16/paper/download/13073/12747
http://dx.doi.org/10.1145/3097286.3097303
http://dx.doi.org/10.1016/j.vaccine.2015.01.078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25665960&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2019.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30862365&dopt=Abstract
http://dx.doi.org/10.1177/2056305119865465
https://doi.org/10.3389/fpsyg.2017.01454
http://dx.doi.org/10.3389/fpsyg.2017.01454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28883804&dopt=Abstract
http://dx.doi.org/10.1177/0092070399272005
http://dx.doi.org/10.1016/j.jbusres.2009.02.006
http://dx.doi.org/10.1001/jama.2015.3077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25898051&dopt=Abstract
http://dx.doi.org/10.1097/01.inf.0000234067.84848.e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16940831&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0089177
http://dx.doi.org/10.1371/journal.pone.0089177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24586574&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Wawrzuta et &

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

Kardfillakis E, Larson HJ, ADVANCE consortium. The benefit of the doubt or doubts over benefits? A systematic literature
review of perceived risks of vaccines in European populations. Vaccine 2017 Sep 5;35(37):4840-4850 [FREE Full text]
[doi: 10.1016/j.vaccine.2017.07.061] [Medline: 28760616]

Schmidt LJ, Belopolsky AV, Theeuwes J. Potential threat attracts attention and interferes with voluntary saccades. Emotion
2015 Jun;15(3):329-338. [doi: 10.1037/emo0000041] [Medline: 25527964]

Oliver JE, Wood TJ. Conspiracy theories and the paranoid style(s) of massopinion. Am JPol Sci 2014 Mar 5;58(4):952-966.
[doi: 10.1111/8jps.12084]

ChenL, Zhang Y, Young R, Wu X, Zhu G. Effects of vaccine-related conspiracy theories on Chinese young adults
perceptions of the HPV vaccine: an experimental study. Health Commun 2020 Apr 20:1-11. [doi:
10.1080/10410236.2020.1751384] [Medline: 32312084]

Chan MS, Jones CR, Jamieson K, Albarracin D. Debunking: a meta-analysis of the psychological efficacy of messages
countering misinformation. Psychol Sci 2017 Nov;28(11):1531-1546 [FREE Full text] [doi: 10.1177/0956797617714579]
[Medline: 28895452]

Zollo F, Bessi A, Del Vicario M, Scala A, Cadarelli G, Shekhtman L, et al. Debunking in aworld of tribes. PLoS One
2017;12(7):e0181821 [FREE Full text] [doi: 10.1371/journal.pone.0181821] [Medline: 28742163]

van Prooijen J, Acker M. Theinfluence of control on belief in conspiracy theories: conceptual and applied extensions. Appl
Cognit Psychol 2015 Aug 10;29(5):753-761. [doi: 10.1002/acp.3161]

Ferrara E, Varol O, Davis C, Menczer F, Flammini A. Therise of social bots. Commun ACM 2016 Jun 24;59(7):96-104.
[doi: 10.1145/2818717]

Kunda Z. The case for motivated reasoning. Psychol Bull 1990 Nov;108(3):480-498. [doi: 10.1037/0033-2909.108.3.480]
[Medline: 2270237]

Ortiz-Ospina E. The Rise of Social Media. Our World in Data. 2019. URL: https://ourworldindata.org/rise-of -social-media
[accessed 2020-04-10]

Campan A, Atnafu T, Truta T, Nolan J. Is Data Collection through Twitter Streaming APl Useful for Academic Research?
In: International Conference on Big Data. 2018 Presented at: IEEE'18; May 6-9, 2018; Seattle. Washington p. 3638-3643.
[doi: 10.1109/bigdata.2018.8621898]

Freelon D. Computational research in the post-APl age. Pol Commun 2018 Oct 25;35(4):665-668. [doi:
10.1080/10584609.2018.1477506]

Isaak J, Hanna MJ. User data privacy: Facebook, Cambridge analytica, and privacy protection. Computer 2018
Aug;51(8):56-59. [doi: 10.1109/mc.2018.3191268]

Ozomal l. Bringing Authoritative Vaccine Results to Pinterest Search. Pinterest Newsroom. 2019. URL : https://newsroom.
pinterest.com/en/post/bringing-authoritative-vaccine-results-to-pinterest-search [accessed 2020-04-14]

Matsakis L. Facebook Will Crack Down on Anti-Vaccine Content. Wired. 2019. URL : https.//www.wired.com/story/
facebook-anti-vaccine-crack-down/ [accessed 2021-05-21]

Allcott H, Gentzkow M, Yu C. Trends in the diffusion of misinformation on social media. Res Polit 2019;6(2):-. [doi:
10.3386/w25500]

Hawkins D. Twitter Bans Zero Hedge Account After It Doxxed a Chinese Researcher Over Coronavirus. Washington Post.
URL: https://www.washingtonpost.com/technol ogy/2020/02/01/twitter-zero-hedge-coronavirus/ [accessed 2020-05-01]
Toh M. Facebook, Google and Twitter Crack Down on Fake Coronavirus'Cures And Other Misinformation. CNN Business
Edition. URL: https://edition.cnn.com/2020/01/31/tech/facebook-twitter-googl e-coronavirus-misinformation/index.html
[accessed 2020-04-12]

Li HO, Bailey A, Huynh D, Chan J. YouTube as a source of information on COVID-19: a pandemic of misinformation?
BMJ Glob Health 2020 May;5(5):- [FREE Full text] [doi: 10.1136/bmjgh-2020-002604] [Medline: 32409327]

Burki T. The online anti-vaccine movement in the age of COV1D-19. Lancet Digit Health 2020 Oct;2(10):e504-e505 [FREE
Full text] [doi: 10.1016/S2589-7500(20)30227-2] [Medline: 32984795]

Hussain M, Tokdemir S, Agarwal N, Al-Khateeb S. Analyzing Disinformation and Crowd Manipulation Tactics on Youtube.
In: Proceedings of the 2018 IEEE/ACM International Conference on Advancesin Social Networks Analysis and Mining.
2018 Presented at: ASONAM'18; August 28-31, 2018; Barcelona, Spain p. 1092-1095. [doi: 10.1109/asonam.2018.8508766]
Bodson J, Wilson A, Warner EL, Kepka D. Religion and HPV vaccine-related awareness, knowledge, and receipt among
insured women aged 18-26 in Utah. PLoS One 2017;12(8):€0183725 [FREE Full text] [doi: 10.1371/journal.pone.0183725]
[Medline: 28841681]

Franz D, Marsh HE, Chen JI, Teo AR. Using Facebook for qualitative research: a brief primer. JMed Internet Res 2019
Aug 13;21(8):e13544 [FREE Full text] [doi: 10.2196/13544] [Medline: 31411143]

Carrieri V, Madio L, Principe F. Vaccine hesitancy and (fake) news: quasi-experimental evidence from Italy. Health Econ
2019 Nov;28(11):1377-1382 [FREE Full text] [doi: 10.1002/hec.3937] [Medline: 31429153]

Abbreviations

HPV: human papillomavirus

https://www.jmir.org/2021/6/e24564 JMed Internet Res 2021 | vol. 23 | iss. 6 |e24564 | p.50

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(17)30969-6
http://dx.doi.org/10.1016/j.vaccine.2017.07.061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28760616&dopt=Abstract
http://dx.doi.org/10.1037/emo0000041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25527964&dopt=Abstract
http://dx.doi.org/10.1111/ajps.12084
http://dx.doi.org/10.1080/10410236.2020.1751384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32312084&dopt=Abstract
http://europepmc.org/abstract/MED/28895452
http://dx.doi.org/10.1177/0956797617714579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28895452&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0181821
http://dx.doi.org/10.1371/journal.pone.0181821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28742163&dopt=Abstract
http://dx.doi.org/10.1002/acp.3161
http://dx.doi.org/10.1145/2818717
http://dx.doi.org/10.1037/0033-2909.108.3.480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2270237&dopt=Abstract
https://ourworldindata.org/rise-of-social-media
http://dx.doi.org/10.1109/bigdata.2018.8621898
http://dx.doi.org/10.1080/10584609.2018.1477506
http://dx.doi.org/10.1109/mc.2018.3191268
https://newsroom.pinterest.com/en/post/bringing-authoritative-vaccine-results-to-pinterest-search
https://newsroom.pinterest.com/en/post/bringing-authoritative-vaccine-results-to-pinterest-search
https://www.wired.com/story/facebook-anti-vaccine-crack-down/
https://www.wired.com/story/facebook-anti-vaccine-crack-down/
http://dx.doi.org/10.3386/w25500
https://www.washingtonpost.com/technology/2020/02/01/twitter-zero-hedge-coronavirus/
https://edition.cnn.com/2020/01/31/tech/facebook-twitter-google-coronavirus-misinformation/index.html
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=32409327
http://dx.doi.org/10.1136/bmjgh-2020-002604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32409327&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30227-2
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(20)30227-2
http://dx.doi.org/10.1016/S2589-7500(20)30227-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32984795&dopt=Abstract
http://dx.doi.org/10.1109/asonam.2018.8508766
https://dx.plos.org/10.1371/journal.pone.0183725
http://dx.doi.org/10.1371/journal.pone.0183725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28841681&dopt=Abstract
https://www.jmir.org/2019/8/e13544/
http://dx.doi.org/10.2196/13544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31411143&dopt=Abstract
http://europepmc.org/abstract/MED/31429153
http://dx.doi.org/10.1002/hec.3937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31429153&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Wawrzuta et &

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Edited by G Eysenbach; submitted 25.09.20; peer-reviewed by N Yiannakoulias, A Schmidt; comments to author 29.10.20; revised
version received 20.12.20; accepted 14.04.21; published 04.06.21.

Please cite as.

Wawr zuta D, Jaworski M, Gotlib J, Panczyk M

Characteristics of Antivaccine Messages on Social Media: Systematic Review
J Med Internet Res 2021;23(6):€24564

URL: https://mww.jmir.org/2021/6/€24564

doi: 10.2196/24564

PMID: 34085943

©Dominik Wawrzuta, Mariusz Jaworski, Joanna Gotlib, Mariusz Panczyk. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 04.06.2021. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and
license information must be included.

https://www.jmir.org/2021/6/e24564 JMed Internet Res 2021 | vol. 23 | iss. 6 |€24564 | p.51
(page number not for citation purposes)

RenderX


https://www.jmir.org/2021/6/e24564
http://dx.doi.org/10.2196/24564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34085943&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Shah et al

Review

Evaluation of the Effectiveness of Digital Technology Interventions
to Reduce Loneliness in Older Adults: Systematic Review and
Meta-analysis

Syed Ghulam Sarwar Shah?, MBBS, MA, MSc, PhD; David Nogueras®, MBA; Hugo Cornelis van Woerden*>®,
MBChB, MPH, PhD, FFPH; Vasiliki Kiparoglou™’, BSc, MSc, MBA, PhD

INIHR Oxford Biomedical Research Centre, Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom
2Radcliffe Department of Medicine, University of Oxford, Oxford, United Kingdom

SEvZein Limited, Holley Crescent, Headington, Oxford, United Kingdom

4Public Health Agency Northern Ireland, Belfast, United Kingdom

SDivision of Rural Health and Wellbei ng, University of the Highlands and Islands, Inverness, United Kingdom

8Institute of Nursi ng and Health Research, Ulster University, Belfast, United Kingdom

"Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, United Kingdom

Corresponding Author:

Syed Ghulam Sarwar Shah, MBBS, MA, MSc, PhD
NIHR Oxford Biomedical Research Centre

Oxford University Hospitals NHS Foundation Trust
John Radcliffe Hospital

Oxford, OX39DU

United Kingdom

Phone: 44 1865221262

Email: sarwar.shah@ouh.nhs.uk

Abstract

Background: Loneliness is a serious public health issue, and its burden is increasing in many countries. Loneliness affects
social, physical, and mental health, and it is associated with multimorbidity and premature mortality. In addition to social
interventions, a range of digital technology interventions (DTIs) are being used to tackle loneliness. However, there is limited
evidence on the effectiveness of DTIsin reducing loneliness, especially in adults. The effectiveness of DTIsin reducing loneliness
needs to be systematically assessed.

Objective: The objective of this study is to assess the effectiveness of DTIs in reducing loneliness in older adults.

Methods: We conducted electronic searches in PubMed, MEDLINE, CINAHL, Embase, and Web of Science for empirical
studies published in English from January 1, 2010, to July 31, 2019. The study selection criteriaincluded interventional studies
that used any type of DTIsto reduce lonelinessin adults (aged =18 years) with a minimum intervention duration of 3 monthsand
follow-up measurements at least 3 months after the intervention. Two researchers independently screened articles and extracted
datausing the PICO (participant, intervention, comparator, and outcome) framework. The primary outcome measure was |oneliness.
Loneliness scores in both the intervention and control groups at baseline and at follow-up at 3, 4, 6, and 12 months after the
intervention were extracted. Data were analyzed via narrative synthesis and meta-analysis using RevMan (The Cochrane
Collaboration) software.

Results: A total of 6 studies were selected from 4939 screened articles. These studies included 1 before and after study and 5
clinical trials (4 randomized clinical trialsand 1 quasi-experimental study). All of these studies enrolled atotal of 646 participants
(men: n=154, 23.8%; women: n=427, 66.1%; no gender information: n=65, 10.1%) with an average age of 73-78 years (SD 6-11).
Five clinical trials were included in the meta-analysis, and by using the random effects model, standardized mean differences
(SMDs) were calculated for each trial and pooled across studies at the 3-, 4-, and 6-month follow-ups. The overall effect estimates
showed no statistically significant differencein the effectiveness of DTIs compared with that of usual care or non-DTlsat follow-up
at 3 months (SMD 0.02; 95% Cl —0.36 to 0.40; P=.92), 4 months (SMD -1.11; 95% Cl -2.60 to 0.38; P=.14), and 6 months
(SMD -0.11; 95% CI —-0.54 to 0.32; P=.61). The quality of evidence was very low to moderate in these trials.
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Conclusions: Our meta-analysis shows no evidence supporting the effectiveness of DTIsin reducing lonelinessin older adults.
Future research may consider randomized controlled trialswith larger sample sizesand longer durationsfor both the interventions

and follow-ups.
International Registered Report Identifier (IRRID):

(J Med Internet Res 2021;23(6):€24712) doi:10.2196/24712
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Introduction

Background

Loneliness is a multifaceted public health problem [1]. The
burden of loneliness is high in some countries [2-9], and it is
increasing in many other countries[10]. Lonelinessis expected
to rise because of lockdowns, quarantine, self-isolation, and
socia distancing measures that are being enforced in several
countriesto tacklethe COVID-19 pandemic[11,12]. Therefore,
tackling loneliness is imperative, and digital technology could
play amajor role in addressing loneliness [13].

Loneliness refers to an individual’s subjective feelings of a
perceived discrepancy between actual and desired social
relationships [14,15]. Although loneliness affects people of all
ages[15,16], older, younger, and vulnerable peopl e are affected
more by it [7,17,18]. Risk factors of loneliness include
demographic characteristics, social factors, and physical
environments [17-19]. Loneliness enhances the risk of poor
physical and mental health [14,20-23], dementia[24], premature
mortality, and all-cause mortality [21], particularly in older
adults [23]. In addition, the implications of loneliness include
the high costs of health and well-being (eg, between £6429.00
[US $8074.80] and £9616.00 [US $12,077.70] per person per
year in the United Kingdom) [25] aswell aslost work days and
productivity (eg, costing up to £2.5 billion [US $3.14 billion]
per annum for employers in the United Kingdom) [26].
Therefore, it isimperative to tackle loneliness.

Loneliness is being addressed through a range of social [27]
and technological interventions [28]. The latter type of
interventions includes numerous and diverse types of digital
apps, web-based social networking tools, sensors, and robots
[29]. Although these tools use digital technology, they are
heterogeneous in many aspects, including the means they
provide to socially connect; the purposes for which they are
used; the ways and methods of their application; the frequency
of their use; and their users, who differ from each other in many
traits such as demographic, social, and economic characteristics,
and some may have physical and mental limitations. Therefore,
these digital technology tools need to be systematically
evaluated for their effectiveness in tackling loneliness.

Several published reviews have reported that digital technology
interventions (DTIs) are effectivein reducing loneliness[30-34].
However, some of these studies are weak and have a high risk
of bias [35], and other studies have used a few selected
technological interventions and covered literature published
over a short span, such as the 3-year period from January 2010
to January 2013 [31].

https://www.jmir.org/2021/6/e24712

There is limited evidence on the effectiveness of DTIs for
loneliness [36], and there are calls for further research [32,33]
to assess and identify the latest DTls that are effective in
reducing loneliness [34,36]. In addition, evaluation of the latest
evidence on the effectiveness of DTIsin reducing lonelinessis
imperative from the perspectives of patients and their families
and other stakeholders such as health and socia care providers
and health insurers [37].

Study Objectives
The primary objective of this study isto assessthe effectiveness

of DTIsin reducing lonelinessin adults. The secondary objective
istoidentify DTIsthat are used to reduce lonelinessin adults.

Review Questions
The main research question was “Are DTIs effective for

reducing loneliness in adults?’ The secondary question was
“What DTls are used for reducing loneliness in adults?’

Outcome M easures

The main outcome measure was loneliness. We extracted data
on loneliness measured at both the baseline (before the
intervention) and follow-ups (at least 3 months after the
intervention) for the intervention groups and control groups, if
any.

Methods

Study Design, Conduct, and Reporting

We undertook a systematic review and meta-anaysis as
suggested in the Cochrane Methods for Systematic Reviews of
Interventions[38]. We have reported the findingsin accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines[39].

Protocol Registration and Publication

We registered this systematic review and meta-analysis with
the PROSPERO database on June 10, 2019 (registration 1D:
CRD42019131524) [40], and we published our protocol [37]
before undertaking this study.

Patient and Public I nvolvement

A patient and public manager affiliated with our research center
reviewed the study protocol and provided suggestionsthat were
incorporated into the protocol. We had no access to any patient
diagnosed with loneliness; therefore, we could not include any
patients or members of the public in the design and conduct of
the study. However, the findings of this study will be
disseminated as an open access publication that will be freely
available to patients and everyone else globally.
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Definition of DTI

We define the term DTI as an intervention that applies digital
technology, that is, the technology, equipment, and apps that
process information in the form of numeric codes, usualy a
binary code [41].

Eligibility Criteria

We selected studies that met our predefined eligibility criteria
[37]. Study designsincluded interventional studies (randomized
and nonrandomized) that investigated the effects of DTIs on
loneliness. We included a range of DTIs, that is, computers,
computer tablets, iPads, internet, web-based videos,
communication, chatting, social groups, meetings, conferences
and messages, sensors, social robots, smart mobile phones,
social mediatools, and the World Wide Web. We set 3 months
as the minimum intervention duration and follow-up period.
The research participants were adults, both male and female,
aged 18 years or more. We included different settings, that is,
residential dwellings, including private residences and care or
nursing homes or centers in any country. The studies were
limited to journal articlesin English published from January 1,
2010, to July 31, 2019.

I nformation Sources and Keywords

We électronically searched PubMed, MEDLINE, CINAHL,
Embase, and Web of Science and covered the publication period
from January 1, 2010, to July 31, 2019. We used an apriori list
of keywords prepared in our preliminary literature searches
[37]. The keywords were of 2 categories: medical condition or
problem (ie, loneliness, lonely, isolation, aloneness, disconnect*,
solitude, singleness*, lonesomeness, solitariness, and
remoteness) and intervention or technology (ie, digital,
technolog*, sensor*, robot*, internet, social media, * phone*,
online, iPad*, tablet*, computer*, electronic, web, video, and
videoconference), as reported in our published protocol [37].

https://www.jmir.org/2021/6/e24712
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Literature Searches

First, we searched the keywords in the subject headings such
as MeSH major terms in PubMed or equivalent terms in other
databases (for detail ed search history, see Multimedia A ppendix
1). Thereafter, we searched for keywordsin thetitle and abstract
fieldsin the selected databases using 3 Boolean operators. “ OR,”
“AND,” and “NOT.” Inaddition, we hand searched the reference
lists of the shortlisted articles. We wrote emails to the authors
of 2 studies requesting for full copies of their research articles
[42,43], which were gratefully emailed to us. We contacted the
authors of 2 further studies for missing or additional data
[44,45]. We had a good response from the authors of both
studies, and datawere thankfully provided for 1 study only [45].
We sought support from an expert librarian at our library for
running literature searches.

Study Selection

Literature searches retrieved 4939 articles, of which 965
duplicate articles were removed (Figure 1). Two researchers
(SGSS and DN) independently screened the remaining articles
(n=3974) by title, which was followed by reading the abstracts
of 442 articles (Figure 1). This screening process led to the
exclusion of 3876 articles and identification of 98 articles for
full-text review. Three researchers (SGSS, DN, and VK)
independently read the full texts of these 98 articles.

When recommendations differed between reviewers at thetitle,
abstract, and full-text review stages, another reviewer (HCvW)
reviewed these articles, and his recommendations to either
include or exclude an article were final.

Finally, 92 articles were excluded, and the remaining 6 articles
were included in the data extraction (Figure 1). All these 6
studies were included in the narrative synthesis, whereas 5
studies—all clinical trials involving an intervention group and
a control group—were included in the meta-analysis (Figure
1). One study with apre- and postintervention design involving
only the intervention group was excluded from the
meta-analysis.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) study selection flow diagram.
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Data Collection Process

For datacollection, we used an apriori data extraction template
(Tables 1 and 2), which comprised several columns: authors,
year, and country of study; study aim or objectives; research
design; settings; participants characteristics (age, gender, and
ethnicity); health or medical condition; sampling method and
sample size; participant attrition (numbers and percentages);

https://www.jmir.org/2021/6/e24712

research methods and data collection tools; interventions (eg,
type and tool of digital technology); comparators (eg, aternative
intervention, placebo, or care as usual); intervention duration
(weeks or months); measurement stages (eg, baseline and
follow-up: weeks or months after the baseline); outcomes, result,
and findings (eg, loneliness scores, including statistics; eg, mean
values, SDs, SEs, and Cls); and study authors' conclusions[37].
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Table 1. Characteristics of included studies, participants, sampling methods and sizes, and data collection tools.

Study, Quality Research Settings Participants Main Sam- Samplesize Partici- Re-
coun- of evi- design heath  pling pant attri- search
try dence? or medi- method tion methods
(review- cal con- or data
ers as ditions collec-
sess- investi- tion
ment) gated tools
Age Gender Ethnicity Total Inter-  Con- Loneli-
(years) ven- trol ness
tion group scale
group used
Tsd et Medium Quasi-ex- Nursing Base-  Mae=24  Notreport- Loneli- Purpo- 57base- 24 33 8(5from ycLac
a perimen- home line: ex- (experimen- ed (proba nessand sive ling; 49 base- base-  control londli-
(2010) tal study perimen-  tal bly al Tai- depres- endof ling; line; groupand  pess
[46], (N RCTb) tal group=10; waneseor sion study 21fol- 28fol- 3from scale
Tai- group:  control Chinese) low-  low-  experi- [47)
wan average group=14); up up mental
age74.2 female=33 group);
(SD (experimen- attrition
10.18); td rate=14%

control  group=14;
group:  control
average group=19)

age

78.48

(sb

6.75)
van Low Before Older Base- Baseline:  Notreport- Loneli- Cowve 130 130 85=in- 45, attri- De
der and after  home line: av- male=26 ed nessand nience terven- tion Jong-
Heide study care erage (30.2%)), safety tion rae=346% Gierveld
eta (within- age73.2 femae=60 issues group loneli-
(2012) terven- (Sb (69.8%), at the ness
[48], tion 11.8), missing end of scale
The group on- range  values=44, study; (score
Nether- ly, no 32-90;  endof no range:
lands control endof  study: con- 0-11)

group) study: male=25 trol [49]
average (29.4%), group

age73.1 femae=60
(sb (70.6%),
11.2), missing
range  values=0
38-90

https://www.jmir.org/2021/6/e24712 JMed Internet Res 2021 | vol. 23 | iss. 6 |e24712 | p.56
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Shah et a

Study, Quality Research Settings Participants Main Sam- Samplesize Partici- Re-
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try dence® ormedi- method tion methods
(review- cal con- or data
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dom domicil- thecom- reported rae=21.6% [51]
iary, resi- - munity
den- (domicil-
tial)x2 iary
(time: care) or

baseline, residen-
follow- tial care
up) de- incare

sign homes
Jarvis High Random-  Inner- Mean Basdine:  Mostly Mal- Ran- Base 15 17 3(2inter- De
eta izedcon- cityres- 74.93 male=6 Asian (of  adaptive dom- line=32 base- base- vention  Jong-
(2019) trol study dentia; (SD (18.8%), Indianori- cogni-  ized (inter-  line; line; group, 1  Gierveld
[54], NGof  6.41); female=26 gin), num- tions vention 13fol- 16fol- control loneli-
South carefa- range (81.2%) bersnotre- and gop=15 low- low-  group); ness
Africa cilities 61-87 ported loneli- control  up up atrition  scale
for re- ness gap=17), rae=156% (score
source- find=29 range 0-
restrict- @i nte_r- 11) [49]
ed older vention
people gop=13
(aged control
260 gop-19
years)

3Quiality of evidence grades: high (we are very confident that the true effect lies close to that of the estimate of the effect), moderate (we are moderately
confident in the effect estimate: the true effect islikely to be close to the estimate of the effect, but there is a possibility that it is substantially different),
low (our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect), and very low (we
have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect).

PNRCT: nonrandomized clinical trial.
CUCLA: University of Cdifornia, Los Angeles.
9PRISM: Personal Reminder Information and Social Management.

Binder refers to a group of participants who received a notebook with printed content similar to the Personal Reminder Information and Social
Management System.

'NGo: nongovernmental organization.
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Table 2. Interventions, outcomes, measurements, results, and conclusions of included studies.
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Sudy Interven- Compara- Inter-  Fol- Outcomes: loneliness scores by measurement stages, mean (SD)  Resultsor find-  Conclusion
tions tors ven- low- ings by the au-
tion up du- thors of the
dura- ration study
tion
Baseline 3months 4 months 6months 12
months
Tsa  Videocon- Regular 3 3 Interven- Interven- Notmea= Notmea- Notmea Loneliness.inter- Videoconfer-
etal ferencing care months  months  tion tion sured sured sured vention group encing dlevi-
(@10 (using ei- goup=5058 gap4r3B mean: baseline  ates depres-
[46] ther (sb (sb 50.58 (SD 11.16), sive symp-
MSN& 11.16); 13.50); 1 week 49.75 tomsand
messen- control control (SD 11.79),and  lonelinessin
ger or goup=4655  gup468 3months47.33  older resi-
Skype) (SD9.07) (SD9.08) (SD 13.50); con- dentsin
trol group mean:  nursing
baseline 46.55 homes
(SD9.07),1
week 47.06 (SD
8.75),and 3
months 46.68
(SD 9.08); differ-
ences between
groups were
compared at 3
points (baseline,
1 week, and 3
months) using
multiple linear
regression of the
generalized esti-
mating equations.
Unadjusted or
fixed effect size
of effectiveness
of videoconfer-
encing interven-
tion (videoconfer-
ence vs control):
at 1 week was
B=-1.21, SE
0.50, x%=5.9,
P=.02and at 3
months 3=-2.84,
SE 1.28, x°=4.9,
P=.03
van CaeTV  Nocontrol 12 12 Interven- Notmea- Notmea- Notmea  Interven- Group-level total CaeTVinter-
der  including groupand months months tion sured sured sured tion loneliness: inclu-  vention de-
Hei- Caretdu- nocom- group=5.97 goup=402 sionstage: mean creased the
deet plex parator (SD 2.77); (SD 5.97 (SD 2.77), feding of
a video or no control 3.91); no end of study: lonelinessin
(A012) voicenet- group control mean 4.02 (SD  the partici-
[48] work group 3.91), P=.001; in- pants, howev-
dividual-level to- er, partici-
tal loneliness: to-  pantswere
tal lonelinessde-  feeling mod-
creased in54 out  erate loneli-
of 85 participants ness at the
(equally lonely  end of the
11, morelonely  study

20, and lesslone-
ly 54 individual
participants)
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Sudy Interven- Compara- Inter-  Fol- Outcomes: loneliness scores by measurement stages, mean (SD)  Resultsor find-  Conclusion
tions tors ven- low- ings by the au-
tion up du- thors of the
dura- ration study
tion
Baseline 3months 4 months 6 months 12
months
Las gp Asb, No com- 3 34 Group 1 Groupl Notmea 3months Notmea Percentage SIBA inter-
SN thatjs so- Paraorin-  months weeks (j/cC (c sured after cross  sured change between  ventions
etal g ativi- tervention (expo- gap=4553 g8 over: group time2andtime havethe po-
Q16 tjesvia  reported sure  (sp7.41); (SD 1(/C 1. group 1. mean tential tore-
[50]  social for 3 group 2 7.44); group, no score 0.07% (SD  duce experi-
websites months cnd group 2 interven- 0.07), P=.003; ences of
to B (chn tion)=42.0 group 2: mean lonelinessin
each ?s%%ﬁ?s JupISB (SD 7.34); score: 0.05% (SD socially vul-
group) : (SD 8.82) group 2 0.09), P=.049; nerableolder
(C/I group, percentage adults.
interven- change between
tion intro- time 3 and time
duoed)=3950 1: group 1: mean
(SD 10.42) score 0.08% (SD
0.08); group 2:
mean score
0.09% (SD 0.13);
comparison of
pre and postinter-
vention scores:
group 1, P=.003
and group 2,
P=.049
Cza pRrigv® A note- 12 12 Interven- Not mea- Notmea-  Interven- Interven- Baseline: loneli-  Technology-
jaet system book with  months months tion sured sured tion tion ness PRISM based apps
a printed (PRISM) (PRISM)  (PRISM) group: mean such asthe
(2018 content group=39.8 group=37.8 goup=369 score39.8 (SD PRISM sys-
[45] similar to (SD 9.7); (SD 9.54); (SD 9.7); Binder tem may en-
that within control control 9.16); group: mean hance social
the PRISM (Binder9) (Binder)  control  score40.2(SD  connectivity
(interven- group=40.2 group=40 (Binder) 10.3), follow-up and reduce
tion) (SD 10.3) (SD 10.62) gup=343 at 6 months: loneliness
group: in- (SD9.37) PRISM group among older
cluded a 37.8, Binder adults.
Lenovo Mi- group 39.6; fol-
ni Desktop low-up at 12
PC witha months: PRISM
keyboard, group 36.9,
mouse (or Binder group
trackball 38.3
for those
who were
unableto
control a
mouse), a
19" LcDf
monitor,
the PRISM
software
app, a
printer, and
internet
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Sudy Interven- Compara- Inter-  Fol- Outcomes: loneliness scores by measurement stages, mean (SD)  Resultsor find-  Conclusion
tions tors ven- low- ings by the au-
tion up du- thors of the
dura- ration study
tion

Baseline 3months 4months 6 months 12

months
Mor- EsfFC—a Careas 3 4 Interven- Not mea- Interven- Not mea= Notmea- Lonelinessscores Internet ac-
ton cus usual plus months months tion (train-  sured tion (train-  sured sured mean: interven-  cessand
eta tomized regular car- ing) group ing) group tion (training) training can
(A18 computer er visits (total of (total of group: residential  support the
[53] platform residential residential group: time self and so-
with a and domi- and domi- 1=1.95(SE0.16), cia connect-
simpli- ciliary ciliary time2=1.92 (SE ednessof
fied goups=192 goup=186 0.16), domiciliary  vulnerable
touch- (SE 0.10, (SE 0.10, group: time older adults
screenin- SD 0.73); SD 0.66); 1=1.89(SE0.13), and con-
terface control control time2=1.79 (SE tribute posi-
group (to- group (to- 0.13), total time ~ tively to
tal of resi- tal of resi- 1=1.92(SE0.10), well-being.
dential and dential and time 2=1.86 (SE
domiciliary domiciliary 0.10); control
gous)=208 gouxs)=212 group: residential
(SE0.12, (SE0.11, group: time
SD 0.80) SD 0.62) 1=2.13(SE0.18),
time 2=2.20 (SE
0.17), domiciliary
group: time
1=2.02 (SE 0.16),
time 2=2.05 (SE
0.15), total time
1=2.08 (SE 0.12)
and time 2=2.12
(SE0.112)
Javis LivingIn Usua care, 3 4 Not mea-  Interven- Interven- Notmea- Notmea Lonelinesslevels. Low-intensi-
etad Network- aseparate months months sured tion tion sured sured total=basdine-in- ty cognitive
(@19 Connect- WhatsApp goup=231 group=1.38 tervention on behavioral
[54] edCom- group(Liv- (SD (SD 1.33); time 1-interven-  therapy mo-
munities  ing In Net- 1.49); control tionontime2.;  bilehealth
What- work-Con- control group=4.0 X2:14-6; P=.001 support_ed by
SApp nected goup=247 (SD 1.32) the socia
group for - Communi- (sb21) networking
low-inten-  ties 2) platform of
sity cogni- WhatsApp
tive be- (Living In
havioral Network-
therapy Connected
Communi-
ties) showed
significant
improve-
mentsin
loneliness
and maladap-
tive cogni-
tions.

A SN: Microsoft Network.

bSIBA: social internet-based activi ty.

C1/C: intervention/control.

dc/1: controlfintervention.

®PRISM: Personal Reminder Information and Social Management.

fLCD: liquid-crystal display.

9Binder refers to a group of participants who received a notebook with printed content similar to the Personal Reminder Information and Social
Management System.

https://www.jmir.org/2021/6/e24712 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24712 | p.61
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

SGSS and DN independently extracted data from all included
studies (n=6) using the data extraction template (Tables 1 and
2) and resolved discrepancies in the extracted data with
discussion and agreement. Data extraction formswere compared
and contrasted, thereby avoiding biasand reducing errorsinthe
data extraction process [55]. We extracted aggregated data at
the study level as much as possible with respect to the
intervention, which is imperative for the reproducibility of
effective interventions [56,57]. Following suggestions for
reporting data once from studies with duplicate and multiple
publications[55], we extracted and reported data only once[50]
from aresearch study with multiple publications [50,58].

Data Synthesis and Reporting

We report both a narrative synthesis (narrative summary) and
a datistical (quantitative) synthesis (meta-analysis) of our
review, as suggested for reporting of a systematic review on
effectiveness [59]. In the narrative synthesis, we have included
al 6 studies and reported their characteristics, including the
study design, settings, sample sizes, data collection methods,
participants, interventions, comparators, outcome measurements,
and study conclusions.

In the meta-analysis, we have included 5 studies and pooled
extracted data on |oneliness measured by continuous|oneliness
scales, that is, the University of Cdlifornia, LosAngeles(UCLA)
loneliness scale [47,51] in 4 studies and the De Jong-Gierveld
loneliness scale [49] in 2 studies (Table 1). Loneliness scores
at baseline and follow-up were reported as the mean valuesand
SDs in 5 studies, whereas 1 study reported mean scores with
SEs. For the latter study, we calculated SDs from SEs using a
formula suggested in the Cochrane guidelines [60].

]

In meta-analysis, the standardized mean difference (SMD) as
a summary statistic for reporting continuous data has been
suggested for studies that assess the same outcome but use
different scales to measure the outcome [60]. In RevMan (The
Cochrane Collaboration), the SMD is the effect size known as
Hedges (adjusted) g, which is akin to Cohen d and includes an
adjustment for small sample size bias [60]. More importantly,
the generalizability of the SMD statistic is more than the mean
difference statistic in a meta-analysis [61].

In our review, the main outcome, that is, loneliness, was
measured using different loneliness scales, which included the
UCLA loneliness scale (score range 20-80) [47,51] and the De
Jong-Gierveld loneliness scale (scorerange 0-11) [49]. Although
these 2 loneliness scales have commonalities such as
self-reporting measures and focus on the functional dimension
of social relationship and the degree of subjectivity covering
perceived availability, adegquacy, and emotions or feelings, they
differ from each other in other aspects, such as the content and
formulation of items or questions included in the scales [62].
In addition, the 2 measures have different number of items or
guestions, rating options, scoring methods, total scores, and
scale versions (for details, refer to the studies by Russell [51]
and Russell et al [47] for the UCLA loneliness scale and the
studies by De Jong-Gierveld and Tilburg [49] and De

https://www.jmir.org/2021/6/e24712

Shah et a

Jong-Gierveld and Kamphuls [63] for the De Jong-Gierveld
loneliness scale).

The Cochrane guidelines for systematic reviews and
meta-analysis [60] suggest that different study designs should
not be combined in a meta-analysis because it can increase
heterogeneity, and studies with repeated measurements at
different follow-up periods cannot be combined without a unit
of analysis error.

We extracted data from 6 studies, which included 5 clinical
trials[45,46,50,53,54] and 1 pre-post study [48]. Therefore, we
included similar study designs, that is, clinical trials in the
meta-analysis, and conducted separate meta-analyses based on
the same follow-up measurement periods in the clinical trials.
Therefore, we performed a separate meta-analysis for each
follow-up, that is, measurements at 3, 4, and 6 months after the
intervention. In addition, we ran meta-analyseswhen therewere
at least two or more studies for the same outcome or the same
follow-up period [64]. Therefore, we did not conduct a
meta-analysisfor follow-up measurementsat 12 monthsreported
in 2 studies because they involved different study designs, that
is, a randomized controlled trial (RCT) with intervention and
control groups [45] and a pre- and postintervention study with
only intervention group [48]. Thiswas doneto avoid an increase
in the heterogeneity [60] and overestimation of the effect of
intervention in the absence of a control group [65] in the pre-
and postintervention study [48]. We did not perform a
meta-analysisfor the pre-post study [48] because meta-analysis
cannot be performed with only 1 study [60].

We calculated the SMDs from the extracted data, that is,
loneliness mean scores with SD and sample sizes in the
intervention and control groups at follow-up measurements at
3 months and beyond. For conducting meta-analysis, we used
the Cochrane Review Manager (RevMan) software, version
5.3.5 [66]. In the meta-analysis, we used the random effects
model asthe statistical model because we hypothesized that the
true effect sizes between studies would vary [67,68] due to
differences in the methodological and clinical characteristics
between studies [69], such as differences in the sample sizes,
participant numbers and characteristics, intervention types and
durations, and follow-up measurement times. We did not
conduct sensitivity analyses because of the small number of
studies in the meta-analyses at each follow-up point [64].

Assessment of Research Quality, Bias, and
Heterogeneity
We assessed the quality of research by applying the GRADE

(Grading of Recommendations A ssessment, Development and
Evaluation) approach [70].

We assessed the risk of bias by focusing on 5 domains: the
evaluation of sequence generation, allocation concealment,
blinding (outcome assessors), incomplete data, selective
outcome reporting, and assessing other biases using the
Cochrane guidelines [60]. In a meta-analysis, publication bias
can be assessed with a graphica method using funnel plots
[60,71] and statistical methods such as the Egger test [60];
however, both methods require at least 10 studies in the
meta-analysis [60]. When the number of studies is small, the
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Egger test has low power and failsto differentiate chance from
real asymmetry [60]. Similarly, assessing publication biasusing
funnel plots with fewer studies would be of very limited
usefulness because it would be difficult to spot the publication
bias. Aswe had a maximum of 3 studiesin ameta-analysis, we
could not check the publication bias with either method.

We checked heterogeneity, that is, variation in study outcomes
or intervention effect sizes between studies, by the Cochran Q
test with a significance level of p<0.10 [72,73] because of the
low power of the test in a meta-analysis with very few studies
or studies with small sample sizes [74]. We calculated 12
statistics to determine the magnitude of heterogeneity (ie, the
proportion of variance in the true effect sizes) between studies
[28]. We considered 1% values of 25%, 50%, and 75% as low,
moderate, and high heterogeneity between studies, respectively
[75].

Summary Measures

We report the findings of meta-analyses using SMDs with 95%
Clsasadtatistical summary, with the forest plots [60].

Results

Narrative Synthesis

Findings about the characteristics of the studies, including the
study designs, settings, participants, interventions, comparators,
sample sizes, participant attrition, and data collection methods
or tools used, are presented in Table 1. The interventions,
comparators, follow-up durations, outcomes or measurement
scores, results, and conclusions of theincluded studiesare given
in Table 2.

Study Selection

Searches of PubMed, MEDLINE, CINAHL, Embase, and Web
of Science generated atotal of 4939 articles (Figure 1), of which
6 studies met the predefined eligibility criteria. All 6 studies
were included in the narrative synthesis, 5 clinical trials with
the intervention and control groups were included in the
meta-analysis, and only 1 study with apre-post designinvolving
only the intervention group was excluded from the
meta-analysis.

Study Participants

The total number of participants enrolled in al 6 included
studies was 646 (mean 108, SD 102; median 77, IQR 32-130).
Studies varied in total sample sizes (mean 108, SD 102; range
30-300), and the sample sizes of the intervention and control
groups also varied a both the baseline and follow-up
measurements across the studies (Table 1). The attrition rate
also varied between studies (range 7%-35%; mean 19%, SD
10%).

Participants average age was between 73 and 78 years (SD
6-11). Tota enrolled participants included 66.1% (427/646)
women and 23.8% (154/646) men, whereasfor 10.1% (65/646)
of participants, no information about their gender was available.
Studiesvaried inthe proportion of male and femal e parti cipants
(female: mean 66%, SD 16%; range 46%-81%; male: mean
25%, SD 9%; range 19%-42%). Only 2 studies reported on
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participants’ ethnicity—White (54%) and non-Whites (46%)
in the US study [45] and mostly Asian Indians (no numbers
reported) in the South African study [54].

Study Characteristics

A total of 4 studies were RCTs [45,50,53,54], 1 study was a
nonrandomized clinical trial [46], and 1 was a pre- and posttest
(before and after) study with intervention group only (no control
group) [48] (Table 1).

Study Settings

A tota of 4 studies were conducted in developed countries,
namely, the Netherlands [48], the United Kingdom [53], the
United States [45], and Sweden [50]. Two studies were

undertaken in developing countries, namely, Taiwan [46] and
South Africa[54].

The settings included living in independent housing in the
community [45]; living in ordinary housing without any home
care services[50]; receiving carein their own home or supported
housing in the community (domiciliary care), or receiving care
inresidential care homes[53], residentia carefacilitiesfor older
people [54], nursing homes [46], and older home care [48].

Participants were selected by random sampling in 66.7% (4/6)
of studies[45,50,53,54], whereas the other 33.3% (2/6) studies
used purposive [46] and convenience [48] sampling each.

Digital Technology I nterventions

DTIs included social internet-based activities, that is, social
activities via social websites [50], videoconferencing [46],
customized computer platforms with simplified touch-screen
interfaces [53], persona reminder information and social
management systems [45], WhatsApp groups [54], and video
or voice networks [48].

Duration of the I ntervention and Measurement of the
Main Outcome Measure

The duration of the intervention was 3 months in 4 studies
[46,50,53,54] and 12 months in 2 studies [45,48]. The main
outcome measure, that is, loneliness, was measured at the
baseline and multiplefollow-up times, which included 3 months
in 3 studies [46,50,54], 4 monthsin 2 studies[53,54], 6 months
in 2 studies [45,50], and 12 monthsin 2 studies [45,48].

The loneliness measurement tools used were the UCLA
loneliness scale [47,51], which was applied in 4 studies
[45,46,50,53], and the De Jong-Gierveld loneliness scale [49,76],
whichwasusedin 2 studies[48,54]. Table 2 presents|oneliness
scores measured in the intervention and control groups, if any,
at baseline and follow-ups.

Narrative synthesis showed that there was a reduction in
lonelinessin the intervention groups at the foll ow-ups compared
with baseline (Table 2). A statistical summary of the loneliness
measurements in the intervention and control groups at the
follow-upsisreported in the Meta-analysis section.

Meta-analysis
We conducted 3 metaanalyses, 1 each for follow-up

measurements at 3, 4, and 6 months, involving 3, 2, and 2
studies, respectively.
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Meta-analysis for Follow-up at 3 Months

Three studies [46,50,54] involving 106 participants with
follow-up measurements at 3 months were entered into a
meta-analysis, which showed a very small reduction in

Shah et a

loneliness in favor of the control (SMD 0.02; 95% CI -0.36 to
0.40), but it was not statistically significant (Z=0.10; P=.92).
The heterogeneity between studies was not statistically

significant (1°=0.00; x%,=0.1; P=.95; 1°=0%; Figure 2).

Figure 2. Forest plot of standardized mean differences for loneliness at the 3-month follow-up (digital technology intervention vs control).

Intervention Control Std. Mean Difference §td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 85% ClI
Jarvis etal 2019 231 1.49 13 247 21 16 27.4% -0.08 [-0.82, 0.B4] I
Larssonetal 2016 4243 7.44 14 4183 8§82 14 267% 0.06 [0.68, 0.80] I
Tsaietal 2010 47.33 135 21 4668 9.08 28 4509% 0.06 [0.51,0.62]
Total {95% CI) 48 58 100.0% 0.02 [-0.36, 0.40] r
Heterogeneity; Tau®= 0.00; Chi*=0.10, di= 2 (P = 0.95); F= 0% |2 51 1 15 é

Test for overall effect Z=010{F=0592)

Meta-analysis for Follow-up at 4 Months

Two studies [53,54] involving 105 participants with 4 month
follow-up were entered into a meta-analysis, which revealed a
large reduction in lonelinessin favor of the intervention (SMD

Favours [Intervention] Favours [Control]

-1.11; 95% Cl -2.60 to 0.38), but it was not statistically
significant (Z=1.46; P=.14). Therewas astatistically significant
high heterogeneity between studies (1°=1.03; x?,=8.8; P=.003;
12=88%; Figure 3).

Figure 3. Forest plots of standardized mean differences for loneliness at the 4-month follow-up (digital technology intervention vs control).

Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Jarviz etal 2019 1.38 1.33 13 4 1,32 16 46.6% -1.82[-2.83,-1.02] ——
Morton et al 2018 1.86 066 44 212 062 32 53.4% -0.40 [-0.86, 0.08]
Total (95% CI) 57 48 100.0% -1.11 [-2.60, 0.38]
Heterageneity: Tauz=1.03; Chi*= 8.64, df=1 (P=0.003) F=28% 54 52 3 é ji

Testfor overall effect Z=1.46 (P =0.14)

Meta-analysis for Follow-up at 6 Months

A meta-anaysis involving 2 studies [45,50] with 280
participants with 6 month follow-up showed a very small
reduction inlonelinessin favor of theintervention (SMD -0.11;

Favours [Intervention] Favours [Contral]

95% Cl —0.54 to 0.32), but it was not statistically significant
(2=0.51; P=.61). There was moderate heterogeneity between

studies, but it was not statistically significant (1>=0.05; x*,=1.6;
P=.21; 1°=37%; Figure 4).

Figure 4. Forest plots of standardized mean differences for loneliness at the 6-month follow-up (digital technology intervention vs control).

Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Czajaetal 2017 378 954 134 4017 1062 118 TF53% -0.23[-0.48, 0.01] —-
Larsson et al 2016 42 T34 14 3948 1042 14 248% 0.27 [-0.48,1.01] e
Total (95% CI) 148 132 100.0% -0.11 [-0.54, 0.32]

Heterogeneity: Tau®=0.048; Chi*=1.58, df=1 (F=0.21), F=37%
Testfor overall effect Z= 051 (P =061}

Risk of Bias

Therisk of bias assessment, that is, the risk of bias graph and
risk of bias summary are presented in Figure 5 and Figure 6,
respectively. A high risk of bias was noted in the attrition bias
and other biases; an unclear risk of bias was detected in the
blinding of outcome assessment, allocation concealment, and
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Favours [Intervention] Favours [Contral]

blinding of participants and personnel; and a low risk of bias
was observed, especidly, in the random sequence generation
and selective reporting (Figure 6). In addition, most studies
reported only within-group changes and not between-group
comparisons of change, which may suggest a weak quality of
the reporting of results and the analysisin these studies (Table
2).
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Figure5. Risk of bias summary. Review authors’ judgments about risk of biasin included studies: Czgjaet a, 2017 [45], Tsai et a 2010 [46], Larsson
et al, 2016 [50], Morton et al, 2018 [53], and Jarvis et al, 2019 [54].
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Figure 6. Risk of bias graph. Review authors' judgments about each risk of biasitem are presented as percentages across al included studies.
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[45,50], with follow-up at 3, 4, and 6 months, respectively

Quiality of Evidence (Figure 7).

The quality of evidence was moderate, very low, and moderate
in meta-analysesinvolving 3[46,50,54], 2 [53,54], and 2 studies
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Figure 7. GRADE (Grading of Recommendations Assessment, Development and Evaluation) quality of evidence summary. DTI: digital technology
intervention; RCT: randomized controlled trial; SMD: standardized mean difference.

Should DTls vs usual care or non-DTls be used for reducing loneliness in adults (Outcome: Loneliness)

Certainty assessment Summary of findings
Number of | Risk of [Inconsistency| Indirectness | Imprecision | Publication Overall Study event rates Anticipated
participants | bias bias certainty of (%) absolute effects
(Number evidence |With usual| With | Risk difference
and type of care or DTls with DTls
studies) non-DTls
Follow up: 3 months
106 Serious | Not serious Not serious | Not serious None aep() 58 48 SMD 002 SD
(3 RCTs) [50] Moderate higher (0.36
lower to 0.4
higher)
Follow up: 4 months
105 Serious Serious Serious Serious Strongly 000 48 57 SMD 1.11 SD
(2 RCTs) [53] [53,54] [53,54] [53,54] suspected Very low lower
(2.6 lower to
0.38 higher)
Follow up: 6 months
280 Serious | Not serious | Notserious | Not serious None aep() 132 148 SMD 0.11 SD
(2 RCTs) [45,50] Moderate lower
(0.54 lower to
0.32 higher)

Quality of Evidence Grades: High (We are very confident that the true effect lies close to that of the estimate of the effect)
Moderate (We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different ), Low (Qur confidence in the effect estimate is limited: The true effect
may be substantially different from the estimate of the effect), Very low (We have very little confidence in the effect estimate:
The true effect is likely to be substantially different from the estimate of effect)

Discussion

Principal Findings

To determine whether DTIs are effective in reducing loneliness
in adults, we appraised peer-reviewed empirical research
involving the application of DTIsin adultswith loneliness. Our
systematic review provides a narrative summary (qualitative
synthesis) as well as a meta-analysis (statistical synthesis) of
the findings. The narrative summary of 6 studies included in
our review showed areduction in lonelinessin the intervention
groups at follow-up compared with baseline (Table 2). However,
our metaanalysis of 5 clinica trials with follow-up
measurements at 3, 4, and 6 months showed no statistically
significant pooled effect estimates as SMDs, the preferred
method for summarizing effects on continuous outcomes such
asloneliness. Although not statistically significant, the summary
effect size at the 4-month follow-up (Figure 3) was better than
the effect size at the 3-month follow-up (Figure 2) and the
6-month follow-up (Figure 4).

Our meta-analysis also revealed that Cls of the summary effects
of 2 studies, that is, the studies by Larsson et al [50] and Tsai
et a [46], were very wide, and the SMDs from these studies
were more in favor of the control group than the intervention
group (Figure 2). Thus, the wide range of Cls of the summary
effects in these studies leave room for uncertainty about the
beneficial effect of DTIs on measures of loneliness.

Overadll, the findings of our meta-analysis showed no evidence
supporting the effectiveness of DTIs in reducing lonelinessin
older adults.

Summary of Evidence

The quality of evidence of the included studies was very low
to moderate (Figure 7), and there was a high heterogeneity

https://www.jmir.org/2021/6/e24712
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between studies[53,54] (Figure 2). All theincluded studies had
ahigh proportion of female participants. Most notably, thetotal
number of participants waslow, especially in 2 studies[50,54],
and the sample sizeswere reduced further dueto ahigh attrition
rate in some studies [45,53]. The types and methods of DTls
varied between studies (Table 2), which were conducted in
diverse settings (Table 1). Studieswere conducted in 6 different
countries: the United States, the United Kingdom, Sweden, the
Netherlands (these four countries have individualistic cultures),
Taiwan, and South Africa (these two countries have collectivist
cultures; Table 1). In addition, despite our inclusion criteria of
age 18 years and above, the selected studies more commonly
involved older people with an average age of 70 years and
above.

Loneliness is influenced by culture [77-79], gender [78], and
age [5,78], and these factors could have contributed to the
pooled estimates being not statistically significant in our
meta-analysis. In addition, differencesin participants, especialy
in terms of age, gender, and culture as well as varied types of
DTls, could have contributed to the heterogeneity observed,
especiadly in the meta-analysis with the 4 month follow-up
involving 2 studies [53,54], which differed from each other on
different parameters, especialy the study designs, settings,
participants, interventions, and loneliness measurement scales
used (Tables 1 and 2).

There are limited published meta-analyses on technological
interventions for tackling loneliness, and afew existing studies
have covered literature published up to 2009 [28] and 2011 [30].
Our review and meta-analysis included the latest evidence
published between January 1, 2010, and July 31, 2019. We did
not replicate the findings of earlier meta-analyses that reported
evidence suggesting that technological interventions resulted
in decreased loneliness [28,30]. For example, a meta-analysis
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by Choi et a [30] reported statistically significant evidence
suggesting that the internet and computers reduce loneliness.
However, they [30] focused on older adults with depression and
included the internet and computers only as technological
interventions, whereasweincluded different typesof DTIs, and
our population of interest was adults of al age groups (=18
years). In addition, the meta-analysisby Choi et al [30] included
studies (n=5) with different follow-up periods (3-6 months),
but they did not report which follow-up measurements were
included in their meta-analysis. In our meta-analysis, we
conducted separate meta-analysesfor measurements at different
follow-up periods, that is, 3, 4, and 6 months, as suggested by
the Cochrane guidelines [60].

A meta-analysis by Mas et a [28] aso reported that
technological interventions reduce loneliness, which was more
in pre-post studies and nonrandomized studies than in RCTSs.
However, they included studies with technology and
nontechnology-based interventions [28], whereas we focused
on studies with DTIs only. In addition, Masi et a [28] did not
report how they analyzed measurements at different follow-up
periods, whereaswe did not combine measurements at different
follow-up times, as suggested by the Cochrane guidelines[60].
Nonetheless, Masi et a [28] concluded that technology is yet
to be capitalized for loneliness.

Interestingly, our findings provide new insights about DTIsand
loneliness. Our meta-analysis showed no statistically significant
reduction in loneliness in the intervention groups compared
with the control groups at the 3 -, 4-, and 6-month follow-ups.
Thus, our findings show no evidence supporting the
effectiveness of DTIs in reducing loneliness in older adults,
which goes beyond the findings of a recent Cochrane review
that reported no evidence of video calls being effective in
reducing lonelinessin older adults[73].

In addition, our findings refute and contradict acommonly held
view that digital technology can solve the problem of loneliness,
especiadly in older people. Nonetheless, digital technologies
provide tools and means that facilitate social connection [80],
which may help in reducing loneliness for a limited period
because the effects of DTIs are short-lived [81]. This may be
because digital technologies do not provide real human
interaction [80] and cannot replace human contact [45]; thus,
they do not reduce socia disconnectednessin real life [82] on
along-term basis.

Nonetheless, areview has reported that some nontechnol ogical
interventions are effective in reducing lonelinessin older people
[83], but these interventions require ameta-anal ytic eval uation.
In addition, a recent meta-analysis [84] reported moderate
evidence of the effectiveness of a range of social, emotional,
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and psychological interventions, delivered through technol ogical
and nontechnological means, in reducing loneliness in young
people aged 3-25 years; however, the analyzed studies had
limitations. Therefore, further research is required.

Limitations

Our study had some limitations:. the inclusion of only 6 studies
with heterogeneous sets of resultsand the minimum intervention
duration of 3 months, which could have resulted in theinclusion
of asmall number of studiesand possible exclusion of potential
studies that would have provided useful evidence.

In addition, we could not conduct subgroup and meta-regression
analyses due to the very limited number of studies (n=5) in the
meta-analysis and lack of data on loneliness by participants
demographic characteristics. In addition, our study might be
narrow because we excluded some studies [44,85-91], which
met the technology criterion such as the use of robots, sensors,
digital speakers, and apps but did not meet other selection
criteria. Thus, our study may be limited to studies about social
interactions and connectedness using digital technology tools.

Moreover, another limitation of our review could be the use of
ameta-analysis based only on follow-up data. For example, a
study by Tsai et a [46] inthe 3-month follow-up meta-analysis
had an SMD of 0.06 with a 95% CI of -0.8 to 0.65 (P=.03;
Figure 2), which may suggest that these studies may have had
higher power to show a difference compared with baseline
loneliness.

As recommendations for future research, we suggest that
researchers involved in trials agree on a common measure of
loneliness and consider reporting of results in a standardized
way, which will alow pooling of baseline-adjusted estimates
of the treatment effect rather than differences in follow-up
means.

Conclusions

Our meta-analysis showed no evidence supporting the
effectiveness of DTIs in reducing loneliness in older adults.
Therefore, there is a need for further research involving RCTs
[50] with larger sample sizes and longer duration of
interventions and follow-up measurement periods. Future
research may apply inclusive research designs using a
combination of digital apps, including robots, sensors, and social
connecting apps, by involving adults aged 45-65 years, asthis
segment of the population is more likely to be more technology
savvy and digital interventions might be more effective in this
age group. Future research might also target ethnic minority
communities and specific groups such asleshian, gay, bisexual,
and transgender people where loneliness is common [8,92].
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Abstract

Background: Older adults face growing health care needs and could potentially benefit from personal health information
management (PHIM) and PHIM technology. To ensure effective PHIM and to provide supportive tools, it is crucia to investigate
the needs, challenges, processes, and tools used by this subpopulation. The literature on PHIM by older adults, however, remains
scattered and has not provided a clear picture of what we know about the elements that play arolein older adults PHIM.

Objective: The goal of our review was to provide a comprehensive overview of extant knowledge on PHIM by older adults,
establish the status quo of research on this topic, and identify research gaps.

Methods: We carried out a scoping review of the literature from 1998 to 2020, which followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) framework. First, we executed a
broad and structured search. We then carried out a qualitative analysis of papers pertinent to the topic taking into consideration
the five elements of the patient work system as follows: (1) personal-level factors, (2) PHIM tasks, (3) tools used, (4) physical
settings of PHIM activities, and (5) socio-organizational aspects.

Results. Thereview included 22 studies. Consolidated empirical evidence wasrelated to all elements of the patient work system.
Multiple personal factors affected PHIM. Varioustypes of personal health information were managed (clinical, patient-generated,
and general) and toolswere used (el ectronic, paper-based, and others). Older adults PHIM wasintertwined with their surroundings,
and various individuals participated. The largest body of evidence concerned personal factors, while findings regarding the
physical environment of PHIM were scarce. Most research hasthus far examined ol der adults asa single group, and scant attention
has been paid to age subgroups.

Conclusions: Opportunitiesfor further PHIM studiesremain acrossall elements of the patient work system in termsof empirical,
design science, or review work.

(J Med Internet Res 2021;23(6):€25236) doi:10.2196/25236
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Introduction

Personal health information management (PHIM) is a process
that involves creating, seeking, organizing, and sharing personal
health information (PHI) of individuals to be engaged in their
lives and their health care [1-5]. Patients who can access and
manage their PHI may be more empowered to partner in their
care. Effective PHIM can facilitate, for instance, patients
knowledge of their conditions [6] or adherence to treatment
protocols [7]. However, PHIM is often challenging due to, for
instance, many sources of information, and although there are
tools designed to support PHIM, they differ in their level of
accessibility, advancement, and cost.

Health consumers who could greatly benefit from effective
PHIM to help support their health care and well-being are older
adults. Older adults represent a growing subpopulation with
approximately 52.5 million people aged 65 years or older in
2018 (35% increase from 2008) in the United States, and the
number is projected to almost double by 2060 [8]. For this
population, effective PHIM is of utmost importance as older
adults often exhibit high health care needs [9] and costs [10]
and may experience a decline in emotional well-being due to
their health status [11].

Differences exist among older adults in terms of their
experiences related to their health and their health care needs,
which may drive different PHIM requirements and digital
preferences among subgroups of older adults. These differences
often correspond to various age subgroups within the older adult
popul ation.

For instance, the lives of older adultsat midlife are oftenin flux
[12]. They are frequently caretakers within their family
dynamics (caring for spouses, children, parents, grandchildren,
and/or siblings) and thereby may be managing a large volume
of health information. As this group of people move into an
older adult phase, they may be working longer or undergoing
lifetrangitions, such asretiring, which requires changesin health
insurance coverage.

These transitioning ol der adults may differ from elderly people
in their adoption of health technologies [13,14]. Many older
adults have multiple health conditions, as comorbiditiesincrease
with age [15,16], and older adults with increasing health
challenges exhibit high health care utilization [17]. Theseissues
contributeto creating vast amounts of health-related information.
Further, the elderly subpopulation is often on a fixed income
and must closely manage health care costs. While elderly people
may have more time to focus on managing their health
information, their health conditions and potential cognitive
decline may interfere with their ability to handle PHIM [18].

To ensure effective PHIM, design functional PHIM technol ogy,
and enable policymakers to devise practice interventions for
older adults, we need to understand older adults PHIM
practices. The amount of effort and focus that a patient needs
to assign to treatment has been coined “ patient work” [19]. Such
work not only entails the specific activities performed, but also
includes and is shaped by the environmental and contextual
elements that surround those activities.

https://www.jmir.org/2021/6/€25236
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Extant research indicates that PHIM is a complex and
multidimensional phenomenon, as exemplified in the patient
work framework [20]. This framework, while integrating prior
models (the work system [21] and the SEIPS model [22]),
consolidatesthe elementsthat are embodied in or impact patient
work as follows: (1) person-related factors, (2) tasks carried
out, (3) factors related to the tools used and information
managed, (4) characteristics of the physical environment, and
(5) socio-organizational aspects[20]. Indeed, to fully understand
thelandscape of PHIM practices by older adults, research needs
to extend beyond one perspective or aspect of PHIM, asingle
technol ogy, a health condition, or asingle group of older adults.
Insights go beyond the findings of an isolated study.

While limited PHIM literature reviews that attempt to
consolidate extant knowledge on the topic do exist, with each
one from a different perspective [4,23-27], few have focused
on older adults (a previous study is an example of thisresearch
[28]). More so, those reviews did not provide a system view of
the various factorsthat play arolein older adults PHIM. Prior
reviews examining PHIM by older adults focused on their
patient portal use [28], but did not examine older adults’ PHIM
practices at a comprehensive general level. Other reviews
studied the literature on medication management from the
perspective of informal caregiversof older adults[29]. Literature
related to older adults thus remains fragmented, and there isa
need for an overview of extant empirical evidence on PHIM by
older adults, particularly inlight of the heterogeneity of PHIM.

The purpose of this review was thus to provide a synopsis of
knowledge on PHIM by older adults, determine the status quo
of this research, and identify gaps in it. This literature review
systematizes and consolidates current empirical evidence on
the needs and challenges older adults face, the current PHIM
practices they carry out, the tools and information that they use
for PHIM, the environment in which they manage their PHI,
and the different stakeholders with which they interact.
Furthermore, this study explores extant findingsin the literature
concerning PHIM differences among age subgroups of older
adults. In light of the growing importance of electronic PHIM
tools, we focused on PHIM literature published in the past two
decades.

Methods

Overview

Literature reviews are well-recognized for their potential
contributions. They have been shown to help establish the status
quo of theliterature, support theory testing, determine research
gaps, and develop theory [30]. Recently, research pointed out
the need for more literature review work in the information
systems discipline, noted its significance in the field, and
proposed suggestions on how rigorous and fruitful reviews may
be executed [30].

Scoping reviews are particularly effectivein answering broader
research questions, carrying out a wider literature search, and
providing an overview of research on a given topic [31-35].
They are a so useful when examining complex and heterogenous
phenomena[35]. To describe research on PHIM by older adults,
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we have thus carried out a scoping review of the literature on
this topic. We were guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) checklist [34].

Literature Search Strategy

Initially, we carried out severa preliminary literature search
processes, which enabled usto decide on a set of keywords and
databases for the search. Our study’s final literature search
process consisted of the following three parts. (1) systematic
search using online databases, (2) citation analysis of the full
papers found during the search, and (3) citation analysis of four
literature reviews published since 2009 related to PHIM. The
database search further consisted of the following two stages:
(1) the main search using generic PHIM keywords and (2) a
detailed search using keywords representing main PHIM tasks
identified through initial coding and review of the literature.
We aso carried out a citation analysis of articles identified
during the database search and citation analysis of previous
literature reviews by screening the papers cited by those studies
(forward citation using Google Scholar). This approach helped
us maximize the recall of the articles relevant to the study. We
performed the searches between October and November 2019,
with an update search conducted in December 2020 and January
2021. The update included Academic Search Complete
(replacing Academic Search Premier) and did not include
ABI/INFORM due to limited accessihility.

We followed search criteria (Multimedia Appendix 1)
established by us for a broad and structured search process to
ensure that articles relevant to our research objective and
research questions were included. The search criteria were
established to balance viability with breadth and
comprehensiveness [36]. We focused on research published
from 1998 to 2020 to cover the past two decades in order to
balance recency (particularly in light of the increasing role of
electronic PHIM tools) and comprehensiveness of empirical
findings. We began our work by examining research published
over two decades and continued to add literature as our work
emerged. Due to the nature of the phenomenon (ie, PHIM
encompasses multiple elements, such as actors, tools, and
technologies), we decided to review only literature that
examined PHIM among older adults without a focus on a
specific technology (personal health records[PHRS] or wearable
devices) or other actors (eg, caregivers).

Furthermore, to ensure the quality of the empirical evidence
found and to establish the status of the development of this
stream of research, we focused only on papers published in
peer-reviewed journals. However, in order to ensure we did not
miss any relevant recent findings, which could have been
presented at conferences but have not been published in journal
outlets, we aso looked for conference papersin the 2019-2020
period.

Two researchers determined the articles to be included for the
review to warrant their meeting of the inclusion criteria and
their cohesiveness. Any ambiguities concerning inclusion were
discussed and resolved.

https://www.jmir.org/2021/6/€25236
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Analysisof theLiterature

To review the literature identified during the search, we carried
out aqualitative analysis by adopting coding schemaaccording
to the patient work system [20] and using Dedoose. We proposed
the patient work framework [20] as a lens from which to
organize and connect findings of isolated tasks and tools
(technology and others) used by older adults into a system of
“patient work.” Carrying out our analysis from the perspective
of this framework enabled us to provide a comprehensive and
consolidated view of the research on older adults’ PHIM. The
lead author did al the coding.

Upon completing the analysis, we summarized (1) the
descriptive information about the eligible studies and (2)
significant findings extracted from the papers relevant to our
research questions.

For the review, we included five papers that also examined the
perspectives of older adults' caregivers. However, we only
incorporated findings from older adults’ responses. Discussions
of PHIM carried out by caregivers who were also older adults
were omitted if the participant’s age was not verifiable. Results
not clearly attributed to older adultsin the papers were also not
included in the review.

We also included papers that examined PHIM by older adults
even if they examined younger adults, but only if they aso
examined subgroups among older adults. We included only
findingsrelevant to older adults and the subgroups among them.
This search criterion was included owing to a small number of
papers specifically studying older adults aged 50 years or above
and carrying out a subgroup analysis.

Results

Literature Search Results

As aresult of the search, 87 papers were eligible for in-depth
examination, and we concluded the search with 22 papers
eligible for qualitative analysis. The flowchart indicating the
results of theliterature search processis presented in Multimedia
Appendix 2.

Study Characteristics

The majority (n=15) of papers were published since 2015.
Reviewed research has taken different directions and examined
the topic from various perspectives. The papers reviewed were
dightly dominated by studies adopting a qualitative approach
(13 papers), and eight papers undertook quantitative methods.
The studies primarily included interviews, focus groups, survey
guestionnaires, and other methods such as review of existing
patient portals or clinic appointment observations.

Most papers (n=17) examined these topicsexclusively fromthe
older adults' perspective, athough five studies also included
the point of view of older adults’ informal caregivers.

Most papers (n=16) focused on older adults as a single group
and did not distinguish across age subgroups. Details of the six
papers focusing on age subgroups are provided in the section
Older Adult Subgroup Study Findings.
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Overall, concerning the study’s purpose, the papers spanned
from PHIM behavior studies and older adults views of PHI
and use thereof to PHIM technol ogy use (such as patient portals)
by older adults.

The summary of key information for the reviewed papers is
provided in Multimedia Appendix 3.

PHIM by Older Adults

Below, we delineate the findings revealed in the literature
concerning the elements of the patient work model [20] that
play arolein older adults' PHIM.

Person-Related Factors That Drive or Challenge PHIM
Among Older Adults

The reviewed literature showed that the major personal factors
that drive or challenge older adults PHIM span across their

Kolotylo-Kulkarni et al

background and lifestyle. These factorsinclude attitude toward
PHIM [37], demographics[38], health status and behavior [39],
literacy [40], lifestyle and quality of life [41], and perceptions
of other stakeholders [42]. Many of these elements can vary in
their effect on PHIM, as the literature has demonstrated
differences and particular complexity when various aspects are
studied (or from multiple perspectives). These disparities are
exemplified, for instance, in the effects of gender, as some
findings have shown that women are more likely to adopt online
tools[43], while other findings have indicated that men exhibit
more confidence in PHR use [44].

Figure 1 delineates these factors, while Multimedia A ppendix
4 provides further details on them.

Figure 1. Person-related factors affecting personal health information management (PHIM) and PHIM tool use.
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PHIM Tasks Carried Out by Older Adults and Their
Characteristics

Managing persona health information involves multiple tasks
and is performed over many (not linear) stages.

Older adults search for, collect, or create information
[1,37,42,43,45-51]. They aso share their PHI with others
[1,39,42,43,45-49,51-53], make decisions concerning the storage

https://www.jmir.org/2021/6/€25236

and management of the information [1,43,45-47,51], and
evaluateinformation [42,43,47,48], for instance, by reconciling
conflicting information [47]. Importantly, PHIM tasks also
include planning health behaviors with one's PHI.

Planning health behaviors include medication planning, such
as filling pillboxes, purchasing medication, and planning how
to keep medication; disposing of old medication; and ordering
refills [41,48-50,52,54,55]. Another example is emergency
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planning, which has been noted as preparing or maintaining
information for emergency situations [45,46,51]. These
examples of planning as PHIM tasks particularly stand out
owing to their predominancein the literature and the contextual
nature of PHIM.

Figure 2 delineates the main PHIM tasks carried out by older
adults. Further detailed findings on the tasks are provided in
Multimedia Appendix 5 and Multimedia Appendix 6.

Kolotylo-Kulkarni et al

Figure 2 also shows the collective nature of PHIM tasks. First,
PHIM tasks are highly individual, for instance, to what extent
older adults are willing to share their PHI with others[39], and
they vary across adults. For example, not everybody engages
in various planning heath behaviors, such as preparing
emergency information [46].

Figure 2. Persona health information management (PHIM) tasks carried out by older adults.
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PHIM tasks are also often synergistic with the environment in
which they are executed. That is, tasks are intertwined and
aligned with the location. For instance, older adults place
pillboxesin various visible locations around the house to serve
as reminders to take medication as a planned health behavior
or choose to store their PHI record where it was originally
generated (such aswhere blood pressure measurement istaken)
[48]. Some older adults may choose to keep ther
nonprescription and prescription medication lists separate when
reconciling differences between the two medication types[47].

Lastly, tasks are also temporally arranged, that is, tasks are
entwined with one's routine and other life activities. For
instance, older adults may createinformation by checking their
weight as part of their morning routine [48].

Personal Health I nformation Managed by Older Adults
and the Types of Solutions or Tools That They Use to
Support Their PHIM

Older adults manage various types of persona heath
information spanning clinical data[1,37,42,43,46,47,49], such
as lab results [1,42,46,49]; patient-generated health data that
includesclinical information[1,42,43,46-48,50,51,56], such as
self-carelogs[1,43,48,51], and information related to logistics
and administration [1,42,46,51], such as emergency contact
information [46,51]; and general health and wellness data, such

https://www.jmir.org/2021/6/€25236
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as online information on medication side effects [42,47] and
health educational materials [51]. Detailed findings on the
information that older adults manage are shown in Multimedia
Appendix 7.

Tools, solutions, and technol ogies that are currently offered or
which older adults use to manage their PHI include electronic
approaches [1,37,40,42,43,46-49,51,52], such as computers or
laptops [42,46,51] and the internet [37,40,42-44,47-49,51,52];
paper-based approaches [1,37,41,42,46-48,51,54], such as
printouts[37,42] and calendars[51,54]; and medical, every day,
and other objects that include tangible objects
[41,46-48,50,51,54,55], such as portable file cabinets [47] and
pill boxes[41,48,50,51,54,55], and intangible objects[1,41,51],
such as memory [1,41,51].

Detailed findings on the tools and methods ol der adults use for
PHIM are provided in Multimedia Appendix 8 and Multimedia
Appendix 9.

Physical Environments That Older Adults Occupy
During PHIM and Their Characteristics

PHIM activities that are carried out by older adults occur in
one'shouse[1,46,55] and away from home[1,48]. Older adults
use multiple locationsin their homesfor PHIM purposes, such
as posting PHI on the back of their front door or fridge door
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[1,46]. PHIM also crosses boundaries, as older adults, for
instance, keep PHI at hand and carry it around (such asin their
wallets) [46].

Kolotylo-Kulkarni et al

Figure 3 presents the physical environment of older adults
PHIM, and MultimediaAppendix 10 provides detailed findings
in the literature on this aspect.

Figure 3. Physical environment of personal health information management by older adults. PHI: persona health information.
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Socio-Organizational Environment in PHIM Among
Older Adults: Stakeholders Involved

Many peopleareinvolved in older adults PHIM and collaborate
with them in different capacities to manage their PHI. These
stakeholders include persons in the older adult’'s immediate
circle (persona relationships), such as family, friends, and
neighbors [1,37,39,41-44,46,47,51,53-56], and health care
workers or retirement community staff, such as health care

Nonenvironment-based
(keeping PHI at hand)

Away from home
(eg,when traveling)

providers and professionals [1,37,42,43,46-48,50,56].
Sometimes, older adults particularly seek the help of their
friends or relatives who have medical knowledge or expertise
[42].

Figure 4 demonstrates the stakehol ders with whom ol der adults
interact during PHIM, and Multimedia Appendix 11 and
Multimedia Appendix 12 delineate detailed literature findings
on them.

Figure 4. Socio-organizational environment of older adult's personal health information management: stakeholders involved.
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Older Adult Subgroup Study Findings

Table 1 presents a summary describing the papers that carried
out an analysis based on age subgroups.

Six of the PHIM studiesinvestigated older adult age subgroups
(person factor) (Table 1). One examined a single older adult
subgroup [41] and five compared two or more older adult
subgroups [37,40,44,51,52]. As distinguishing among age
subgroupswas not their primary focus, two studiesonly reported
one finding each related to age subgroup differences [40,51].

The number of older adult subgroups (person factor) studied
and the age ranges of subgroups varied (5-year and 10-year
increments, generational, median split, and very old) acrossthe
six studies (Table 1). Nevertheless, the findings were relatively
consistent for the youngest and eldest of older adults regarding
PHIM tasks, tools, and socio-organizational environmental
factors. Physical environmental factors were notably absent
from age subgroup findings.

A medication study [41] and one of the medical record studies
[37] found that the eldest of older adults perceived the effective

Kolotylo-Kulkarni et al

management of clinical PHI tasks to be necessary for (1)
remaining in their homes [41], (2) communicating with their
providers [37], and (3) taking better care of their health [37].
At the same time, all but one [40] of the four medical record
studiesfound that the eldest of older adultsweretheleast likely
to use digital records and the least prepared to manage clinical
PHI using digital technologies[37,44,52].

The eldest of older adults were also more likely to perceive the
need for assistance from stakeholders and tools (digital and
nondigital). The eldest subgroups shared their medical records
to allow others to participate in their care [37] and relied on
personal and health community caregivers to help them plan
PHIM [51] and manage PHIM tools, that is, pill dispensers[41]
and digital health records[52].

In contrast, the youngest of older adultswere more likely to use
and be prepared to use digital records[37,44,52], but lesslikely
to use medical records to involve the family in their care [37]
and more likely to use medical recordsto carefor their children
[37]. The findings are mixed for the two studies that examined
middle older adult subgroups [37,52].

Table 1. Older adult personal health information management studies with age subgroup findings.

Authors, year published PHIM®focus Data collection Samplesize Number of  Age subgroups
subgroups

Period Source groug
Arcury et a, 2017 [40] ePortal® 2014-16  Interview 200 4 55-59, 60-64, 65-69, and =70 years
Gordon & Hornbrook, 2016 ePortal 2013-14 Admin; Sur- 231,084; 3 65-69, 70-74, and 75-79 years
(52 vey 3660°
Huvilaet a, 2018 [37] PHIM & paper medi- 2012 Survey 354 3 <52, 52-66, and =67 years

cal record.

Logue & Effken, 2012[44] gpyRd ~2009° Survey 38 2 65-77 and 78-93 years
Turner et d, 2021 [51] PHIM 5-yearpe- Interview; 88; ag" 4 60-69, 70-79, 80-89, and 90-99 years

riod? survey
Westerbotn et al, 2008 [41] PHIM & medication 2005 Interview 25 1 85-97 years

management

3PHIM: personal health information management.
beportal: electronic portal.

CAdministrative data from the patient ePortal used to determine portal use (n=231,084) and identify a sample for the survey (n=3660).

dePHR: electronic personal health record.

€Data collection period unspecified. It was inferred from a sentence in the manuscript.

FTurner et al, 2021 was published onlinein 2020.
9Exact timeframe unspecified.

hSubset of interview participants (n=88) willing to be contacted for the feedback survey (n=38).

Discussion

Implications of the Study

Research at large has recognized the peculiarities of midlifein
terms of physical health, cognitive function, and socia role
[12]. Accordingly, scholars recognize the disparities between
older adultsat midlife and elderly peoplein termsof information
behavior (eg, health information seeking [57]). However, the
literature that we reviewed has largely not considered these
differences. Only six papers carried out age subgroup analyses
and only one paper included in the review examined the

https://www.jmir.org/2021/6/€25236

differences in the PHIM practices of midlife and elderly older
adult subgroups.

Furthermore, the studies that recognized differences across age
subgroups among older adults (eg, older adults and elderly
people) adopted various cutoff ages among the subgroups. The
ambiguity in the cutoff age used to distinguish older adults and
elderly people in the reviewed studies suggests that thereis no
generally accepted cutoff age. Lack of a clear cutoff age for
these two subgroups challenges a systematic approach to
research on these two groups.
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While an absolute cutoff age for older population subgroups
creates some challenge, we need to look to the nature and
purpose of the study for a path forward and to connect the
literature. Underlying much of the PHIM literature that
recognizes different subgroups for an older population is
recognition that people typically have different generational
idiosyncrasies aswell as health needs at different stages of life.
Belonging to a given generation can, conceivably, affect the
socio-cultural  characteristics of heath consumers, thus
potentially influencing their practices and approachesto PHIM
technology. For example, research has acknowledged the
uniqueness of age subgroups among older adults. Specifically,
the literature has recognized that older adults at midlife are at
apivotal timein their life; hence, they have been referred to as
pivotal agers[58]. In our review, we sought an objective means
to consider subgroups among older adults; hence, we assumed
the cutoff as the retirement age. However, various factors
(generation, life experiences, etc) could be considered here.
Extant literature has shown various approaches, with some
research, for instance, driving the split by year of birth [37].

Our review corroborates the role that the various patient work
elements of the PHIM system play for health consumers, ashas
been suggested in prior research [20]. The patient work model
[20] has been shown to be valuable in observing the factors
from different life and environment areas. It is particularly useful
here in drawing more attention to socio-organizational aspects
that affect older adults PHIM. PHIM is affected by and
intertwined with one's personal life as well as physical and
socio-organizational environment. Thus, the factors involved
in or influencing PHIM should be considered together to create
a system, especially for those older adults who have
comorbidities, and should be customized to an adult’s unique
health status.

Our review also shows that older adults adopt avariety of tools
to support their PHIM, whereby not only electronic but also
paper-based solutions are still commonly used.

Extant research has shown the role of the various elements of
the patient work model [20]. However, the elements have
received differing levels of attention. Our findingsindicate that
most empirical evidence in the literature thus far concerns
person-related factors and the least evidence pertains to the
physical environment of PHIM.

The complex and multidimensional nature of PHIM caused the
nature of the search process to be quite challenging. Studies
were found in multiple academic domains, and it was difficult
to obtain a holistic perspective of which papers should be
included and excluded. Our evaluations of whether studies
should be included in the review were somewhat ambiguous
and challenging, and necessitated establishing clear and detailed
inclusion and exclusion criteria. Similar difficulties have been
reported previously [28]. Moreover, the lack of existence of
PHIM as a Medica Subject Headings (MeSH) term and the
inconsistent use of keywords across papers complicated the
discovery process.

Our review addsto the extant PHIM research. Our investigation
extends prior work, which discussed the challenges of PHIM
[23]. Our review also adds to previous literature reviews on

https://www.jmir.org/2021/6/€25236

Kolotylo-Kulkarni et al

PHIM tools [25,28], by examining the various types of PHIM
tools used by older adults and the information they manage. We
also extended the findings of earlier work [29] by corroborating
the role that caregivers and other stakeholders play in older
adults’ PHIM. We extended the results of prior work [4], which
also examined PHIM through the patient work model [20]. Our
review included findings through 2020 and took a distinct
perspective by focusing on older adults. Our findings are also
consistent with research on medication management by older
adults, which al so used the patient work framework perspective
[59].

Our review showcases several potential avenues for future
empirical or design science research related to the various patient
work elements that play arole in older adults’ PHIM. Further
research is needed to examine the idiosyncratic characteristics
and challenges of older adults at midlife and elderly people.
Additionally, it would be valuable to extend this research by
investigating specific PHIM tools and tailoring their design
toward different age subgroups among older adults. Furthermore,
scant evidence regarding the characteristics of PHIM tasks and
PHIM location suggests the need to inspect the nature (ie,
attributes) of PHIM activities carried out by older adults and
the physical environment of such activities.

PHIM research can also be extended by examining, for instance,
the nature of involvement of the socio-organizationa
environment in older adults’ PHIM practices. For example, this
may be accomplished by focusing on the viewpoint of other
stakeholdersinvolved in older adults’ PHIM, such as caregivers
and providers.

Limitations

Thelimitations of our review’sfindings pertain primarily to the
possibility of omitting relevant papers and the limited scope of
the findings presented.

First, limiting our review to research published in peer-reviewed
journals over the last 22 years and conference proceedings
published in the last 2 years could have resulted in omission of
relevant findings.

During the search, we did not include keywords such as those
reflecting all the different types of PHIM technologies (eg,
activity monitoring), as our focus was on older adults
characteristics and PHIM practices. It is conceivable, though,
that literature on specific PHIM tools, which were omitted this
way, could have aso included empirical evidence on older
adults’ PHIM. It is thus possible that not every tool type was
discovered in our review.

Lastly, the challenges of paper identification (caused by, for
instance, the complexity of the topic and the occurrence of
publications in many areas, as delineated above) could have
resulted in erroneous omission of papers.

Conclusions

This paper contributes to research by consolidating and
systematizing fragmented evidence from theliterature on PHIM
by older adults and establishing the status quo of research in
thisarea. Our review shows that older adults' PHIM constitutes
a system of patient work. Extant literature on this topic has so
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far focused largely on the personal characteristics of older adults,
and the least attention has been paid to the physical environment
of their PHIM. Most of the reviewed research did not
differentiated between midlife and el derly people. Additionally,
our review suggeststhat thisareaof research istill fairly recent.

Our review may be valuable for practitioners. Policymakers,
for instance, may take into account the personal factors and
older adults’ socio-organizational environment affecting PHIM
identified in our review to potentially pinpoint areas that
necessitate or could be facilitated by practice interventions or
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organizational support. Furthermore, policymakers may also
consider the use of paper-based and electronic tools by older
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Abstract

Background: Evidence on technology-based psychological interventions (TBIs) for the acute treatment of depression is rapidly
growing. Despite extensive research in this field, there is a lack of research determining effectiveness and acceptance of TBIs
considering different application formats in people with aformally diagnosed depressive disorder.

Objective: Thegoal of thereview wasto investigate the effectiveness and acceptance of TBIsin peoplewith diagnosed depression
with particular focus on application formats (stand-alone interventions, blended treatments, collaborative and/or stepped care
interventions).

Methods: Studies investigating adults with diagnosed unipolar depressive disorders receiving any kind of psychotherapeutic
treatment delivered (at least partly) by atechnical medium and conducted as randomized controlled trials (RCTs) were eligible
for inclusion. We searched CENTRAL (Cochrane Central Register of Controlled Trials; August 2020), MEDLINE, PsycINFO,
PSYNDEX, CINAHL (January 2018), clinical trial registers, and sources of grey literature (January 2019). Two independent
authors decided about study inclusion and extracted data. We performed random effects meta-analyses to synthesize the data.

Results: Database searchesresulted in 15,546 records of which 78 completed studieswereincluded. TBIsdelivered as stand-alone
interventions showed positive effects on posttreatment depression severity when compared to treatment as usual (SMD —0.44,
95% Cl -0.73 to —0.15, k=10; 12=86%), attention placebo (SMD —0.51, 95% Cl —0.73 to —0.30; k=12; 12=66%), and waitlist
controls (SMD —1.01, 95% CI —1.23 to —0.79; k=19; 12=73%). Superior long-term effects on depression severity were shown
when TBIs were compared to treatment as usual (SMD —0.24, 95% CI —0.41 to —0.07; k=6; 12=48%) attention placebo (SMD
—0.23, 95% Cl —0.40 to —0.07; k=7; 12=21%) and waitlist controls (SMD -0.74, 95% Cl —1.31 to —0.18; k=3; 12=79%). TBls
delivered as blended treatments (providing a TBI as an add-on to face-to-face treatment) yielded beneficial effects on posttreatment
depression severity (SMD -0.27, 95% CI —0.48 to —0.05; k=8; 12=53%) compared to face-to-face treatments only. Additionally,
TBIsdelivered within collaborative caretrialswere more effective in reducing posttreatment (SMD —0.20, 95% CI —0.36 to —0.04;
k=2; 12=0%) and long-term (SMD -0.23, 95% CI —0.39 to —0.07; k=2; 12=0%) depression severity than usual care. Dropout rates
did not differ between the intervention and control groups in any comparison (all P=.09).

Conclusions: We found that TBIs are effective not only when delivered as stand-alone interventions but also when they are
delivered as blended treatments or in collaborative care trials for people with diagnosed depression. Our results may be useful to
inform routine care, since we focused specifically on different application formats, formally diagnosed patients, and the long-term
effectiveness of TBIs.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42016050413;
https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42016050413
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Introduction

Depression is a common [1] and debilitating mental disorder
for affected individuals (eg, experiencing difficultiesin everyday
life) [2] and society (eg, burden of disease caused by depression)
[3]. There are many effective treatment options, especially
psychotherapeutic and pharmacological treatments, for people
diagnosed with unipolar depression [1,4]. Despite the high
prevalence, burden, and presence of many effective treatment
options, depression is still undertreated [5].

Technol ogy-based psychological interventions (TBIs) are seen
as promising tools to supplement mental health care [6]. TBIs
comprise a heterogeneous group of interventions [7] that can
be delivered in different clinical phases of depression
management (eg, acute treatment, relapse prevention); within
these phases, they can be distinguished concerning their
application format: stand-alone interventions, blended
treatments, collaborative and/or stepped care interventions. In
line with the German guideline for unipolar depression [1], we
defined acute treatment as the treatment of an acute/present
unipolar depressive episode aiming to reduce symptom burden
so that response or remission of patients may be achieved. This
clinica phase is differentiated from continuation and
maintenance treatment and relapse prevention, which aim to
further stabilize (responded or remitted patients of the acute
treatment) and prevent relapse (or recurrence of new episodes)
in the long term among people being at high risk. Additionally,
TBIs vay in technica aspects (eg, ddivery via
videoconferencing tools), amount of human support, and
theoretical background of the intervention [7]. Due to
considerable diversity among TBIs and extensive research
efforts capturing effectiveness and acceptance of TBIs for the
acute treatment phase[8-10], thereis need to addressimportant
neglected issues concerning TBIs.

First, TBIsin depression have already been widely researched
resulting in high-quality evidence [11], and certain moderators
influencing the success of treatment have been identified (eg,
guided TBIsresult in lower dropout rates than unguided TBIs)
[8]. However, guideline recommendations are still limited to
the general effectiveness of specific TBIs (eg, computerized
cognitive behavioral therapy [cCBT] [1,4]). Additionally, there
is no systematic review examining the effectiveness and
acceptance of TBIs in the acute treatment phase regarding
different application formats, even though the evidence base is
available [11]. TBIs can be deivered as stand-alone
interventions (TBIs replacing face-to-face [f2f] treatment), as
blended treatments (combining TBIs and f2f treatment), or as
part of stepped (eg, TBIs are used as a low-threshold initial
treatment option for people with mild-to-moderate depressive
disorder) and/or collaborative care models (TBIs may be

https://www.jmir.org/2021/6/e24584/

provided alongside different treatment components, such as a
TBI offered in addition to a care manager and genera
practitioners’ care; see section Application Formats of TBIsfor
details). Blended treatments are usually conducted within a
superiority (providing afull TBI alongside afull f2f treatment)
or noninferiority (replacing some elements of f2f treatment by
providing a TBI instead) trial design addressing different
research questions (dose-response research focus vs cost-utility
focus). A recent initiative considering both patients and
clinicians emphasi zed top 10 research prioritiesin digital mental
health [12]. One priority was to determine how treatment
outcomes can be maximized by combining treatment options
(eg, psychotherapy) with digital mental health interventions (ie,
blended treatments). Considering application formats is of
interest from the perspective of patientsand clinicians, asit may
help to determine effectiveness and acceptance of TBIs in a
more differentiated manner, which may be relevant to inform
clinical practice.

Second, the vast majority of research syntheses in this field
included mixed populations based on symptom severity cutoff
scores or the presence of diagnoses, providing valuable
information on the effectiveness of interventions. To the best
of our knowledge, thereisonly one systematic review evaluating
internet- and mobile-based interventionsin people with formally
diagnosed depression; however, it islimited to waitlist control
group comparisons [13]. In light of a comprehensive evidence
base for TBIs in acute treatment [11] and the necessity of
diagnosesto initiate treatment in mental health care, we focused
only on studies requiring diagnosis of depression with the aim
of determining the effectiveness and acceptance of TBIs.
Additionally, high-quality evidence (RCTs) in clinical samples
with diagnosed depression is the preferred source of evidence
for the development and updating of clinical treatment
guidelines such as the German [1] and United Kingdom [4]
guidelines for depression.

Finally, to date there is no clarity regarding whether treatment
effects achieved by TBIs are stable over time, since most
reviews have focused on posttreatment intervention effects and
have not considered long-term outcome data (for example,
Karyotaki et al [14]).

By focusing specifically on different application formats, on
people diagnosed with depression, and on long-term
effectiveness of TBIs, we hope to provide a comprehensive
evidence base that may be more useful to inform routine care
than already existing evidence syntheses.

In summary, our main aim is to investigate posttreatment and
long-term effectiveness and acceptance of TBIs delivered to
people with diagnosed depression in the acute treatment phase,
addressing the following research questions:
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1 How effective and acceptable are TBIs delivered as
stand-alone interventions compared to f2f treatment,
attention placebo, treatment as usual (TAU), waitlist and
no-treatment controls, and other TBIs?

2. How effective and acceptable are TBIs delivered as blended
treatments (TBI plus f2f treatment) compared to f2f
treatment (including psychotherapy, medication, TAU)?

3. How effective and acceptable are TBIsdelivered as stepped
and/or collaborative care approaches compared to TAU?

Methods

The study was part of a larger research synthesis project
(comparative effectiveness of Technology-Based Interventions
in Different Steps of Depression Care [TIDECA]) that was
prospectively registered with International Prospective Register
of Systematic Reviews (PROSPERO) [CRD42016050413] and
described in the study protocol published elsewhere [15].

Search Strategy

The search was not limited by date, language, or publication
status. We contacted first authors of all included publications
for additional information on further (un)published trials and
specific study information (see Kéhnen et al [15] for detailson
the literature search/strategy).

Selection Criteria

See study protocol [15] for more details on eligibility criteria
Our inclusion criteriawere (1) at least 80% of sample having a
diagnosed unipolar depression (assessed by criteria of aformal
classification system or by conducting a diagnostic interview
[eg, F32.x, F33.x, or F34.1 according to the International
Satistical Classification of Diseases and Related Health
Problems, 10th Revision]) with any comorbidities in the acute

Kéhnen et d

treatment phase for depression and consisted of adults aged 18
years and older, (2) intervention was at least partly delivered
through technical devices (eg, telephone, smartphone,
computer), (3) intervention was based on an explicit
psychotherapeutic theory, and (4) study was an individual or
cluster RCT.

Our exclusion criteria were (1) participants were solely
diagnosed by applying cutoff scores on symptom severity scales
or when they had a depressive episode in the course of abipolar
disorder, (2) concurrent conditions (either somatic or mental)
were the focus of theintervention, or (3) intervention provided
solely psychoeducational content, patient decision aids, or
depression management tools or focused exclusively on
medi cation adherence.

Application Formatsof TBIs

Since we placed a special focus on application formatsin this
review, they are presented visually in Figure 1. We applied a
rather broad definition for blended treatments, since weincluded
all studies that provided any type of f2f treatment tailored to
depression (eg, psychotherapy, medication, depression specific
general practitioner care) in addition to TBIsirrespective of the
study’sdefinition/label. In contrast, trials concurrently providing
TAU inaddition to TBIswere not considered blended treatments
(but considered for the comparison TBI vs TAU) if TAU
consisted of systematically offered generic treatments (eg,
genera practitioner care for all participants) that were not
specifically tailored to depression. Since RCTs for blended
treatment may be delivered in different designs (eg, superiority,
noninferiority) resulting in content-related heterogeneity of
interventions (eg, fewer therapeutic contacts), we decided to
conduct meta-analyses separately.

Figure 1. Illustration of potentia application formats of technol ogy-based psychological interventions.
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Selection Procedure

The study flowchart ispresented in Figure 2. Electronic searches
yielded 20,603 records. After deduplication, 15,546 records
were screened by title and abstract. Two reviewers (MK, SL)
independently screened thefirst 100 recordsfor inclusion. Since
the interrater reliability for this sample was found to be high
(98%), only onereviewer (MK) screened the remaining records
inthe course of thetitle/abstract screening. The second reviewer

Kéhnen et d

(SL) assessed publicationslabeled unclear by thefirst reviewer.
Selected full-text articles (n=901) were subsequently assessed
for inclusion by 2 independent reviewers (MK, MD).
Discrepancieswere resolved by discussion with athird reviewer
(SL). In total, 241 publications representing 143 trials (83
completed studies and 60 ongoing studies awaiting further
classification) fulfilled all inclusion criteria for the TIDECA
study [11]. Of those, 78 completed studies assessed the acute
treatment phase.

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.
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Data Extraction

SeeKohnen et a [15] for detailed information on extracted data
and extraction procedure.

Quality Appraisal

Risk of bias was independently assessed by 2 reviewers (from
a group of 5 reviewers: MK, EW, MD, SL, TS) following
Cochrane guidance (including the following domainsfor RCTs:
random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, sel ective outcome reporting, and other
bias) [16]. In line with a previous operationalization [17], we
specified the domain other bias using the following 3 categories:

https://www.jmir.org/2021/6/e24584/
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insufficient treatment adherence, alegiance bias, and attention
bias. Selective outcome reporting was categorized as unclear
risk (trial registration or study protocol were missing or there
was a deviation in one secondary outcome) or high risk (there
were deviations in one primary or =2 secondary outcomes that
could not bejustified by the study authors). Disagreementswere
resolved by discussion or by consulting another reviewer (SL).
Interrater reliability for risk of biasratings was calculated to be
74%.

Data Analysis

M eta-anal yses were computed applying random effects model s
[18] since we assumed that heterogeneity regarding the sample,
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treatment, and methodological features of the included studies
would be best captured by assuming that moderately diverging
study-specific effect estimates are distributed around a grand
mean [19]. Results were visually displayed as forest plots.

Continuous data (posttreatment and long-term depression
severity) were analyzed as standardized mean differences
(SMDs). Dichotomous data ([any] dropouts) were analyzed
using the risk ratio (RR). We calculated 95% confidence
intervals for all estimates. In addition, we computed 95%
prediction intervals (Pls) for meta-analysis (when possible)
capturing the range in which the effect of a new study (in a
different setting) is expected; Pls can be very imprecise when
only afew studies are considered [20].

Studies with multiple treatment groups were considered by
combining data from interventional study arms (ie, pooling of
means and standard deviationsfor continuous dataand summing
up sample sizes and people with events for binary data) when
possible to avoid a unit-of-analysis error [16].

In cases of missing or unclear data, we contacted the
corresponding authors. Intention-to-treat (ITT) analyses were
used when reported by the included studies. When ITT data
were not reported, we used the analysis defined as primary by
the authors of the trial. Data on dichotomous outcomes were
excluded from data analysis if there were no events in either
study arm, since the direction and magnitude of apotential effect
isnot indicated [16].

We assessed statistical heterogeneity in the included studies by
using a Cochran Q test and quantified it using the 12 statistic
[21]. As defined in the study protocol [15], we considered 12
values of 50% or more as indicators of relevant statistical
heterogeneity requiring further exploration. If indicated, we
explored heterogeneity either quantitatively by meansof apriori
(see Kéhnen et al [15]) and post hoc subgroup analyses (if the
number of studies was sufficient [>10]) or narratively (if only
a few studies were available [<10]). We tested for possible
reporting biasesand small-study effectsusing visual examination

Figure 3. Risk of bias assessment across included studies (n=78).
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of funnel plots (when useful). Possible control interventions
and comparisons of interests were prespecified in our protocol
[15] and used to structure our results section. All meta-analyses
were computed by using Review Manager 5.4 (Cochrane
Collaboration); descriptive data (eg, mean age of included
participants) and Pls were calculated using Excel 2013
(Microsoft Corp).

Results

A table summarizing all meta-analytic results can be found in
Multimedia Appendix 1.

Study Char acteristicsand Quality of Included Studies

Overall, the selected studies (n=78) included 13,180 participants
ranging from 14 to 1089 per study. The mean age of participants
was 45.15 (SD 12.01) years, and two-thirds (8029/11981,
67.01%) were female. TBIs in the included studies were
delivered as stand-alone interventions (61/78; 78%), blended
treatments (12/78; 15%), collaborative care (3/78; 4%), or
stepped caretrials (2/78; 3%). Duration of TBIsranged from 1
week to 52 weeks, with most interventions lasting between 6
weeks and 12 weeks (median treatment length of 8 weeks).
Interventions of 8 weeks' duration were the most frequent
(26/89; 29%) in theincluded studies (see Multimedia A ppendix
2 [22-99] for basdline diagnoses). TBIs were based on 13
therapeutic rationaleswith most (83/101, 82.2%) based on CBT
approaches (see Multimedia Appendix 3 for details). Concerning
the applied technical medium, most TBIs were delivered via
the internet (55/101, 54.5%), followed by telephone (12/101,
11.9%), offline computer programs (8/101, 7.9%), and
videoconferencing tools (3/101, 3.0%). Additionally, 22.8%
(23/101) of interventions applied more than one technical
medium (internet-based treatment plus telephone support was
most frequently [17/101, 16.8%] combined). The most common
source of risk of bias was nonblinding of participants and
personnel, selective reporting, and other bias (especially dueto
insufficient treatment adherence; Figure 3; see Multimedia
Appendix 4 [22-99] for details).
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Stand-Alone | nterventions

TBI Versus Face-to-Face Treatment

There were 6 RCTs comparing TBIs with f2f treatments
[23,32,36,58,66,84]; 4 delivered therapi st-administered treatment
via videoconferencing [32,36,58] or telephone [66], and 2
delivered guided internet-based [23] or computer-based
treatment [84]. There was no significant difference in

Kéhnen et d

posttreatment (SMD —0.09, 95% Cl —0.34t0 0.17; 12=16%; 95%
Pl —0.80to 0.62) or long-term depression severity (2 monthsto
12 months; SMD —0.23, 95% CI —0.47 to 0.01; 12=0%; 95% PI
—0.76 to 0.3) between TBI and f2f interventions. There was no
statistically significant difference in dropout rates between
interventions (RR 0.85, 95% CI 0.63 to 1.15; 12=17%; 95% Pl
0.44 to 1.65; see Figure 4).

Figure 4. Forest plots on technology-based psychological intervention versus face-to-face-treatment.

a) Post-treatment depression severity

T8I F2F Psychotherapy Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Andersson 2013 136 101 32 179 8.8 33 229% -0.45 [-0.94, 0.04]
Choi 2014 13.68 7.48 56 1408 746 63 37.9% -0.05 [-0.41, 0.31]
Luxton 2016 13.82 12.02 45 11.74 12.08 42 29.7% 017 [-0.25,0.59)
Selmi 1990 583 262 12 636 408 12 95% -0.15 [-0.95, 0.65]
Total (95% CI) 145 150 100.0% -0.09 [-0.34,0.17]

Heterogeneity: Tau®= 0.01; Chi*F= 357, df=3 (P =0.31); F=16%
Testfor overall effect. Z= 0,66 (P = 0.51)

b) Long-term depression severity

-4 -2 0 2 4
favours [TBI] favours [F2F]

T8I F2F Psychotherapy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Andersson 2013 96 8 25 125 7.3 28 19.2% -0.37 [0.92,017] - T
Choi 2014 1108 801 56 1416 7.86 63 431%  -0.38[0.75,-0.02] —
Luxton 2016 14.76 12.89 42 15 1261 36 28.8% -0.02 [-0.46, 0.43] -
Selmi 1990 492 2.3 12 454 266 12 89% 0.15 [-0.65, 0.95] T
Total (95% CI) 135 139 100.0% -0.23 [-0.47,0.01] ’
Heterogeneity: Tau®= 0.00; Chi*= 2.69, df= 3 (P = 0.44); F= 0% 5‘4 '2 5 é 45

Testfor averall effect: Z= 1,89 (P = 0.06)

c) Dropout rates from treatment

favours [TBI] favours [F2F]

TBI F2F Psychotherapy Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Andersson 2013 2 33 1 36 1.6% 2181[0.21, 22.96)
Choi 2014 7 56 9 63 9.6% 0.88 [0.35, 2.20] e
Egede 2015 23 120 26 121 27.0% 0.89 [0.54,1.47] — .
Luxton 2016 19 62 14 59 20.8% 1.29[0.72, 2.33] -1
Mohr 2012 34 163 53 162 41.0% 0.64 [0.44, 0.92] ——
Selmi 1980 0 12 i} 12 Mot estimable
Total (95% Cl) 446 453 100.0% 0.85[0.63, 1.15] <
Total events 85 103

it 2 — . 2 = - - B - - } 1 L L
Heterogeneity: Tau*=0.02;, Chi*=482 df=4 (P=031); F=17% 005 0= : 20

Test for overall effect: Z=1.07 (P =0.28)

TBI Versus Treatment as Usual

There were 12 RCTs testing TBIs against TAU
[34,35,39-41,51,57,63,64,72,74,92], 8 of which explicitly stated
that TAU was aso administered in the TBI condition
[34,35,39-41,57,74,92]. TBIs were delivered either with
[39-41,51,63,72,74,92] or without [34,57] guidance or they
were therapist-administered [35,64]. TAU consisted of care by
ageneral practitioner [34,40,41,57,92], a heterogeneous mix of
treatment options depending on resources and routines
[51,63,72,74], care by community-based outpatient clinics and
any non-Veterans Affairs facilities [64], and antenatal [39] or
postpartum care [35]. Depression severity at posttreatment, with
considerable heterogeneity (SMD —0.44, 95% CI —0.73t0-0.15;
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favours [TBI] favours [F2F]

12=86%; 95% PI —1.48 to 0.60, and in the long term (6 months
to 12 months; SMD -0.24, 95% CI -0.41 to -0.07; 12=48%;
95% Pl —0.70 to 0.22) was statistically significantly lower in
the TBI condition (see Figure 5). Data on dropout rates were
either not usable or missing. Prespecified subgroup analyses
exploring heterogeneity for posttreatment depression severity
were not conducted, astoo few studies were available. Further
exploration of heterogeneity did not reveal any specific source
of variation. However, heterogeneity may be explained by the
rather broad TAU condition, which consisted of various
treatment options depending on the specific health care context
where the intervention was delivered. Visual inspection of the
funnel plot was not suspicious (Multimedia Appendix 5).
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Figure5. Forest plots on technology-based psychological intervention versus treatment as usual .

a) Post-treatment depression severity

TBI TAU Std. Mean Difference $td. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Dennis 2020 7.27 514 104 124 436 100 11.2% -1.07 [-1.36,-0.78) -
Forsell 2017 14.3 46 21 211 B4 18 7.4% -1.21 [-1.90,-0.52)
Gilbody 2015 9.99 635 347 917 634 179 121% 0.13[-0.05,0.31] ™
Graaf 2009* 19.75 11.041 190 214 11 95 116% -0.15[-0.40,0.10] -
Kivi 2014 13.23 1094 30 1446 9.88 35 94% -0.12 [-0.61,0.37) T
Milgrom 2016 145 122 21 23 75 22 8.0% -0.83[-1.45,-0.20] EE—
Maohr 2011 15.43 551 40 17 5.68 41 9.9% -0.28 [-0.72,0.186) T
O’Mahen 2014 11.05 471 37 1426 511 34 95% -065[1.13,-017] —_—
Pfeiffer 2020 1.1 47 108 117 41 128 11.5% -0.14 [-0.38,0.12) =T
Watkins 2012 9.36 839 33 13 6.25 37 95% -0.49[-0.97,-0.01] I
Total (95% CI) 931 689 100.0% -0.44 [-0.73, -0.15] <
Heterogeneity: Tau®= 0.18; Chi*= 62.94, df= 9 (P < 0.00001); F= 86% 1_4 2 ; 2 4=

Test for overall effect: Z= 2.94 (P=0.003)

b) Long-term depression severity

favours [TBI] favours [TAU]

TBI TAU Std. Mean Difference $td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dennis 2020 6.79 54 101 977 469 96 17.7% -0.59 [-0.87,-0.30] -
Gilbody 2015 775 582 318 845 628 166 251% -0.12 [-0.30, 0.07] -
Graaf 2009* 16.305 1107 176 175 111 91 19.9% -0.11 [0.36,0.15] —-r
Mohr 2011 1362 B6.36 39 1481 50 37 10.0% -0.21 [-0.66, 0.25] B
O’Mahen 2014 8.26 55 31 11.14 6.35 29 8.2% -0.48 [-0.99, 0.03] |
Pfeiffer 2020 106 51 101 112 44 118 19.0% -0.13[0.39,0.14) —=r
Total (95% ClI) 766 537 100.0% -0.24 [-0.41, -0.07] [
Heterogeneity: Tau®= 0.02; Chi*= 9.67, df= 5 (P = 0.09); F= 48% I p t i

Test for overall effect: Z=2.79 (P = 0.005)

-2 0 2 4
favours [TBI] favours [TAU]

Note. *multiple treatment arms were summarized.

TBI Versus Attention Placebo

Twelve RCTs tested TBIs against attention placebo controls,
which consisted of online psychoeducation [24,37,48,76],
participation in an online discussion forum [49], unspecific
telephone support calls [32], neutral tasks [42], tasks without
training contingency [27,54], symptom monitoring plus short
check-in telephone calls [81], daily mood diary [44], and a
walking and wellness control condition [83]. Depression severity
was significantly lower at posttreatment in the TBI group than
in the attention placebo group, with substantial heterogeneity
(SMD -0.51, 95% CI —0.73 to —0.30; 12=66%; 95% Pl —1.22 to
0.20). Follow-up depression severity was significantly lower
in the TBI group (1 month to 12 months, SMD —-0.23, 95% ClI
—0.40 to —0.07; 12=21%; 95% PI —0.56 to 0.10). Dropout rates
did not differ statistically significantly between groups, with
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substantial heterogeneity (RR 1.39, 95% Cl 0.73t02.63; 12=69;
95% Pl 0.56 to 3.43; see Figure 6). Quantitatively exploring
heterogeneity for posttreatment depression severity by using
prespecified subgroups (technology of intervention delivery,
amount of therapist guidance) was not conducted, as the study
characteristics were strongly unevenly distributed. It may be
possiblethat heterogeneity was driven by applying broad criteria
for attention placebo controlsresulting in arather heterogeneous
collection of control conditions. Heterogeneity for dropout rates
may be explained by thelargest study [24], which clearly favors
the attention placebo condition (online psychoeducation) over
the TBI condition resulting in low overlap with the other studies
inregard to dropout rates. Removing this study from theanalysis
decreased heterogeneity (12=23%) and did not alter the direction
of the effect (RR 1.09, 95% CI 0.69 to 1.72). Visual inspection
of thefunnel plot (Multimedia Appendix 5) was not suspicious.
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Figure 6. Forest plots on technology-based psychological intervention versus attention placebo.

a) Post-treatment depression severity

TBI Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Arjadi 2018 13.14 416 120 144 446 145 11.7% -0.29[-0.53, -0.05) -
Blackwell 2015 2216 10.86 76 2258 11.03 74 10.6% -0.04 [-0.36, 0.28) -
Choi 2014 13.68 7 56 1893 7.02 38 9.0% -0.74 [-1.17,-0.32) —
Flygare 2020 185 1.8 40 2112 N7 35 86% -0.23[-0.68, 0.23) T
Hirsch 2018* 11165 4.6066 42 1694 357 18  6.7% -1.32[-1.92,-0.71) I
Hur 2018 10 7.09 17 16 1032 17 57% -0.66 [-1.35, 0.03) —
Johansson 2012a 6.24 5 46 1087 4.8 46 8.9% -0.94 [-1.37,-0.51) I
Johansson 2012b* 14.89 9.89 70 2167 95 39 93% -0.69 [-1.09,-0.29) -
Lang 2012 19 1073 13 2592 966 13 4.9% -0.66 [-1.45,0.14) T
Reins 2019 13.75 7.52 B5 1647 945 66 10.2% -0.32 [-0.66, 0.03) ™
Rosso 2016 917 6.92 37 1405 534 40 8.4% -0.79[-1.25,-0.32) I
Schuver 2016 18.06 10.86 18 1569 8.2 16 5.9% 0.24 [-0.44, 0.91) 1T
Total (95% ClI) 600 548 100.0% -0.51 [-0.73, -0.30] L 4
Heterogeneity: Tau?= 0.09; Chi*= 32.14, df= 11 (P = 0.0007); I*= 66% F t 1 {

-4 -2 0 2 4

Test for overall effect: Z= 4.64 (P < 0.00001) favours [TBI] favours [Placeba)

b) Long-term depression severity

TBI Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arjadi 2018 103 382 112 1169 42 144 3271%  -0.34 [-0.59,-0.09] -
Blackwell 2015 16.84 1225 76 17.35 1269 74 195% -0.04 [0.36, 0.28] -
Choi 2014 11.08 6.77 56 1549 685 39 12.9% -0.64 [-1.06,-0.22] —_
Flygare 2020 153 11.8 39 163 137 24 93% -0.08 [0.59, 0.43] -1
Hirsch 2018*% 9.165 5.0567 42 11.22 722 18 8.0% -0.35 [[0.91, 0.20] I
Reins 2018 13.44 919 65 1433 848 66 17.6% -0.11 [-0.45, 0.24) -
Schuver 2016 17.26  11.23 18 165 803 16 56% 0.08 [-0.60, 0.75] -1
Total (95% CI) 408 381 100.0% -0.23 [-0.40, -0.07] L
Heterogeneity Tau?=0.01; Chi*=7.63, df= 6 (P = 0.27). F=21% }_4 ‘2 5 % 4’.
Test for overall effect: Z= 2.73 (P = 0.006) favours [TBI] favours [Placebo)
c) Dropout rates from treatment
TBI Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arjadi 2018 39 1589 9 154 195% 4,20[2.10,8.37) e
Blackwell 2015 9 76 § 74 151% 1.75([0.62, 4.99] -
Choi 2014 7 56 3 389 124% 1.63[0.45, 5.90] e
Flygare 2020 13 48 12 47 19.7% 1.06 [0.54, 2.08] e
Reins 2019 16 65 13 65 201% 1.23[0.65, 2.35] i
Rosso 2016 3 37 10 40 13.2% 0.32(010,1.09 |
Total (95% CI) 441 419 100.0% 1.39[0.73, 2.63] -
Total events a7 52
- 2 - . == - - R = —~ - + +
Heterogeneity: Tau*= 0.42; Chi*=16.33, df= 5 (P = 0.006); I*= 69% 0005 01 10 200

Testfor overall effect Z=1.01 (P = 0.31) favours [TBI] favours [Placebo]

Note. *multiple treatment arms were summarized.

95% Pl 0.04 to 35.12; see Figure 7). Heterogeneity for
posttreatment depression severity (12=73) may be explained by
a potential outlying study [45], which was identified in the

TBI Versus Waitlist Controls
Twenty RCTs tested TBIs against waitlist controls. TBI arms

of included  studies applied guided courseof the search update yielding the largest effect in favor
[25,29,31,38,46,47,55,65,70,73,84,85,88,89,91],  unguided of TBIs (SMD —2.96, 95% Cl -3.62 to —2.29) for this
[2545,62,65,77,95], or therapist-administered  [50,91] comparison. Excluding this study resulted in decreased

interventions. All but one study, which examined an offline
computer program [84], used internet-based treatment.
Depression severity was significantly lower at posttreatment in
the TBI group compared to waitlist controls, with substantial
heterogeneity (SMD —1.01, 95% Cl —1.23 to —0.79; 12=73%;
95% Pl —1.91 to —0.11). Follow-up depression severity was
significantly lower in the TBI group, with considerable
heterogeneity (2 monthsto 8 months; SMD —0.74, 95% Cl -1.31
t0—0.18; 12=79%; 95% Pl —7.24 t0 5.76). Dropout rates did not
differ between groups (RR 1.13, 95% CI 0.66 to 1.92; 12=0%;
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heterogeneity (12=41%) and did not alter the direction of the
effect (SMD —0.89, 95% CI —1.04 to —0.74). Heterogeneity for
long-term depression severity (12=79) may be explained by an
ol der study from 1990 [84], which had ashorter long-term time
period (2 months) compared to the other studies (providing
6-month and 8-month long-term data [50,62]). Excluding this
study resulted in decreased heterogeneity (12=0%) and did not
alter the direction of the effect (SMD —0.47, 95% Cl —-0.70 to
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—0.25). The funnel plot (Multimedia Appendix 5) was

Kéhnen et d

asymmetrical in the visual inspection.

Figure 7. Forest plots on technology-based psychological intervention versus waitlist.

a) Post-treatment depression severity

TBI Waiting list Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Berger 2011* 195 11.97 50 285 94 26 56% -0.80[1.29,-0.31] -
Carlbring 2013 16,65 8.04 40 2343 767 40 5.8% -0.85[1.31,-0.40] —_—
Choi 2012 796 476 25 10.03 366 30 5.3% -0.49[-1.03, 0.05] I
Faorand 2017 92 528 45 18.56 6.96 27 5.3% -1.55[-2.10,-1.01] —_—
Jannati 2020 818 15 38 1505 29 37 46% -296[-362,-229) —
Johansson 2013 5.89 28 28 1059 6.4 29 52% -0.93[-1.458,-0.39] _—
Johansson 2019 6.2 36 27 111 26 27 48% -1.54 [-2.15,-0.93] _—
Kessler 2009 145 112 113 22 135 97  B6.9% -0.61 [-0.88,-0.33] -
Lappalainen 2015 1334 675 18 1785 7.34 20 46% -0.62[-1.28,0.03] E—
Meyer 2015 10,08 6,37 60 1364 614 72 B5% -0.57 [[0.92,-0.22] -
Nystrom 2017 496 429 112 926 645 53 B5% -0.86 [1.20,-0.52] -
Perini 2009 9.59 582 27 1411 41 18 48% -0.85[-1.47,-0.22] e
Ren 2016 8.35 449 34 11.73 355 1 4.4% -0.77[[1.47,-0.07) —_—
Selmi 1990 583 2862 12 1383 474 12 29% -2.02[3.03,-1.00
Srnith 2017 895 477 33 1314 491 48 58% -0.86 [-1.32,-0.39] _—
Titov 2010 7.44 426 87 1298 444 40 B1% -1.28 [-1.68,-0.87] I
Titov 2011 767 597 18 1215 493 20 45% -0.81 [-1.47,-0.14] —_—
Vernmark 2010* 11.26 6.32 56 166 79 28  58% -0.77 [-1.23,-0.30] I
Williams 2013 515 445 20 1059 66 22 47% -0.94 [-1.58,-0.30] I
Total (95% Cl) 843 658 100.0% -1.01[1.23,-0.79] <
Heterogeneity: Tau®= 0.17; Chi*= 65.99, df= 18 (P < 0.00001); F=73% f4 52 g é 45
Test for overall effect: Z= 893 (P = 0.00001) favours [TBI] favours [Waiting list]
b) Long-term depression severity
T8I Waiting list Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Kessler 2008 147 116 109 222 152 101 422% -0.56 [-0.83,-0.29] -
Mever 2015 11.28 6.04 54 1339 659 62 391% -0.33 [0.70, 0.04] —H
Selmi 1990 492 2.3 12 155 6.76 12 187% -2.02[-3.04,-1.01] e —
Total (95% CI) 175 175 100.0% 0.74[1.31,-0.18] S
Heterogeneity: Tau®=0.18; Chi*= 9.44, df= 2 (P = 0.009); F= 79% '_4 -2 o -2 41
Testfor overall effect: Z= 2.57 (P = 0.01) favours [TBI] favours [Waiting list]
¢) Dropout rates from treatment
TBI Waiting list Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Nystrom 2017* 13 122 5 85 29.3% 117[0.44,313)
Ren 2016 13 47 4 19 30.8% 1.04 [0.40, 2.70]
Williams 2013 10 38 7 31 389% 1.17[0.50, 2.70]
Total (95% CI) 207 101 100.0% 1.13 [0.66, 1.92]
Total events 36 16
" . . . - - - CE - L 1 1 1
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df= 2 (P =0.98), F=0% N 05 02 1 : 20

Test far overall effect: Z=0.44 (P = 0.66)

favours [TBI] favours [Waiting list]

Note. *multiple treatment arms were summarized.

TBI Versus No-Treatment Control

Three RCTstested unguided TBI s against no-treatment controls
[22,82,90], defined as a comparator where study participants
did not receive any offer or encouragement for making use of
immediate (eg, TAU) or delayed (eg, waitlist) treatment
possibilities. There was no significant difference between TBls
and no-treatment controls at posttreatment (SMD —0.84, 95%
Cl —1.80 to 0.12; 12=86%; 95% Pl —12.55 to 10.87; see Figure
8). Dataon dropout rateswere only available for one study [22],
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indicating that dropout rates did not statistically differ between
conditions. Long-term data were not reported. Heterogeneity
(12=86) may be explained by an outlying, small-sample study
with alarge Cl [82] favoring the TBI condition clearly, which
might have been due to the provision of a more intensive TBI,
as the TBI is either longer or needs a more active user
engagement when compared to the other trials' interventions.
Excluding this study resulted in decreased heterogeneity (SMD
—0.34, 95% CI -0.72 to 0.04; 12=0%) and did not change the
direction of the effect.
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Figure 8. Forest plot for technology-based psychological intervention versus no-treatment control.

a) Post-treatment depression severity

TBI no treatment control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agyapong 2017 208 117 35 249 156 38 356% -0.35[-0.81,0.11] — T
Sandoval 2017 14.5 37 25 23.2 52 20 31.8% -1.93 [-2.65,-1.21] ——
Torkan 2014* 23.42 1077 26 2692 1149 13 326% -0.31 [-0.98, 0.36] —
Total (95% CI) 86 71 100.0% -0.84[-1.80,0.12] -
Heterogeneity: Tau®= 0.61; Chi*= 14.68, df = 2 (P = 0.0006); F= 86% B R 5 1 2

Test for overall effect. Z=1.72 (P=0.09)

favours [TBI) favours [no treatment]

Note. *multiple treatment arms were summarized.

Comparing Different Types of TBIs

Overall, 21 studies compared different TBIs competitively, 12
of which [25,34,40,42,49,65,68,70,80,88,90,91] compared
multiple (2 or more) TBIswith acontrol group (eg, TAU). Thus,
certain arms of these studieswere suitablefor other prespecified
comparisons (eg, Gilbody et al [40] for TBI vs TAU). Nine of
them compared TBIls versus another TBI
[30,33,56,60,75,86,93,96,98] without having a further control
group. For these studies, meta-analysis was not computed, since
research foci of studies were too heterogeneous—they
investigated different types of guidance (eg, telephone support
vs email support) [56,75,98], treatment approaches
[30,33,60,86,96], or delivery modes [93].

Other Comparisons

Two studies were identified during the search update that could
not be matched to our comparisons[71,94]. One study compared
a guided web-based CBT tool (iFightDepression) against an
active control intervention receiving progressive muscle
relaxation provided via a download link [71]. Another study
investigated a TBI in combination with and without transcranial
direct current stimulation [94].

https://www.jmir.org/2021/6/e24584/
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Blended Treatments

11 RCTs tested blended treatments against different f2f
treatments. Six RCTswere identified combining TBIswith f2f
psychotherapy versus f2f psychotherapy alone. In these trials,
TBIs were delivered in addition to outpatient psychotherapy
[26,52,97], inpatient psychotherapy [99], and psychotherapy
treatment sessions where the setting was not specified [59,87].
Two RCTs were identified comparing a TBI in addition to
medication versus medication alone [53,61], and 2 RCTstested
a TBI with f2f TAU against TAU [28,68]. Additionally, we
identified one RCT [69] where blended treatment (f2f CBT and
internet-based CBT) was provided alongside TAU (psychiatric
treatment) compared to TAU. Overdl, 8 superiority
[26,28,53,61,68,69,97,99] and 3 noninferiority trials[52,59,87]
applying blended treatments were identified.

Noninferiority Trials

Therewas no statistically significant difference between groups
concerning posttreatment depression severity (SMD 0.10, 95%
Cl -0.21 to 0.42; 12=45%; 95% Pl —2.91 to 3.12), long-term (6
months) depression severity (SMD 0.03, 95% CI —0.23t0 0.29;
12=0%), or dropouts (RR 0.55, 95% CI 0.28 to 1.09; 12=54%;
95% Pl 0to 663.21; see Figure 9).
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Figure 9. Forest plots for blended treatments (noninferiority trials).

a) Post-treatment depression severity

TBI + F2F Treatment F2F Treatment

Kéhnen et d

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Kooistra 2019 295 17.2 36 211 154 29 258% 0.51 [0.01, 1.00]
Ly 2015 713 5.78 4 721 6.27 46 32.2% -0.01 [-0.43, 0.40]
Thase 2019 8.4 56 77 9.2 63 77 420% -0.05 [-0.37, 0.27]
Total (95% CI) 157 152 100.0% 0.10 [-0.21, 0.42]
Heterogeneity: Tau®= 0.03; Chi*= 3.65, df= 2 (P=0.16);, F= 45% 5'4 _% 1 é 4%
Test for overall effect: Z= 0.66 (P = 0.51) Favours [TBI + F2F] Favours [F2F]
b) Long-term depression severity
TBI + F2F Treatment F2F Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ly 2015 7.2 6.13 36 749 6.06 41 33.2% -0.05 [-0.48, 0.40]
Thase 2019 79 59 77 75 4] 77 BB.8% 0.07 [-0.25, 0.38]
Total (95% CI) 113 118 100.0% 0.03 [-0.23, 0.29]
Heterogeneity. Tau®= 0.00; Chi*= 017, df=1 (P=0.68); F=0% =_4 12 5 i 4v
Testfor overall effect: Z=0.22 (P=0.83) Favours [TBI + F2F] Favours [F2F]
c) Dropout rates from treatment
TBI + F2F Treatment  F2F Treatment Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kooistra 2018 10 53 27 43 41.9% 0.34[0.18, 0.63] ——
Ly 2015 3 46 5 47 17.6% 0.61([0.16, 2.42) —_—
Thase 2019 14 77 16 77 405% 0.88[0.46,1.67] —a—
Total (95% CI) 176 173 100.0% 0.55[0.28, 1.09] e
Total events 27 48

. 2 - . R - — B I + } }
Heterogeneity Tau*=018; Chi*=4.31,df=2(P=012), F=54% 0.01 01 10 100

Testfor overall effect. Z=1.71 (P = 0.09)

Superiority Trials

Depression severity was significantly lower at posttreatment in
blended treatment groups compared to f2f treatment controls,
with substantial heterogeneity (SMD —0.27, 95% Cl —0.48 to
—0.05; 12=53%; 95% PI —0.88t0 0.34). Treatments did not differ
significantly concerning long-term (4 months to 15 months)
depression severity (SMD -0.28, 95% ClI —0.56 to —0.01;
12=42%; 95% Pl —3.13 to 2.57). There were no data available
for dropouts concerning superiority trials (see Figure 10).
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Favours [TBI + F2F] Favours [F2F]

Heterogeneity (12=53%) for posttreatment depression severity
may be explained by an outlying, small-sample study [69]
favoring the blended treatment condition more clearly, which
might have been due to the provision of a more intensive
treatment regimen, since patients received blended treatment
(internet-based TBI combined with f2f CBT) in addition to TAU
consisting of f2f psychiatric care. Excluding this study resulted
in decreased heterogeneity (SMD —0.22, 95% Cl —0.40t0-0.03;
12=37%) and did not change the direction of effect.

JMed Internet Res 2021 | vol. 23 | iss. 6 |€24584 | p.96
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 10. Forest plots for blended treatments (superiority trials).

a) Post-treatment depression severity

TBI + F2F Treatment F2F Treatment

Kéhnen et d

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Berger 2018 196 13.78 51 257 1419 47  13.8% -0.43 0.83,-0.03] —
Bowers 1993 133 81 ] 93 37 8 3.2% 0.86 [-0.26, 1.99] -]
Lam 2013 125 91 43 128 8.4 51 14.0% -0.03 [-0.43,0.36) -
Mantani 2017 836 615 80 10.24 619 83 171% -0.30 [-0.61,0.01) —
Montero-Marin 2016 1684 1039 153 17.91 11.06 86 18.9% -0.10 [-0.36, 0.18) —=r
MNakao 2018 9.4 51 20 155 6.3 20 75% -1.04 F1.71,-0.38] E—
Wright 2005 9.1 6.3 15 88 6.6 15  B.7% 0.05[-0.67,0.76) . e—
Zwerenz 2017a 1869 1038 108 2334 1066 107 187% -0.44 |F0.71,-017) -
Total (95% CI) 481 417 100.0% -0.27 [-0.48, -0.05] L 2
Heterogeneity: Tau®= 0.05; Chi*=15.01, df = 7 (P = 0.04); F=53% 5_4 '2 ;) é 45
Testfor overall effect Z=2.41 (P =0.02) favours [TBI + F2F] favours [F2F]
b) Long-term depression severity
TBI + F2F Treatment F2F Treatment Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Berger 2018 1841 123 18 22 15 26 16.9% -0.27 [-0.88,0.33]
Mantani 2017 7.m 6.09 81 839 4572 82 404% -0.08 [-0.39,0.23]
Montero-Marin 2016* 1146 1081 128 16.72 1097 74 427% -0.48[-0.77,-0.19) -
Total (95% Cl) 228 182 100.0% -0.28 [-0.56, -0.01) L 2
Heterogeneity: Tau®= 0.03; Chi*= 3.47, df= 2 (P=0.18); F= 42% E,q. t T é 44

Test for overall effect: Z= 2.00 (P = 0.05)

-2
favours [TBI + F2F] favours [F2F]

Note. *multiple treatment arms were summarized.

Collaborative Care Approach

Three RCTswere identified applying TBIs, which were tested
against usua care arms [43,79,80], in the context of a
collaborative care approach. TBIs delivered in the context of

Figure 11. Forest plots for collaborative care approaches.

a) Post-treatment depression severity

collaborative care trials yielded lower posttreatment (SMD
—0.20, 95% Cl -0.36 to —0.04; 12=0%) and long-term (12
months: SM D —-0.23, 95% CI —-0.39t0—0.07; 12=0%) depression
severity compared to usua care arms (see Figure 11).

Collaborative Care Usual care §td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Hunkeler 2012 3 1.37 a7 31 1.9 51 164% -0.08 [-0.47,0.32)
Richards 2013 1.1 7.3 230 127 B8 275 836% -0.23 [-0.40, -0.05) [ |
Total (95% Cl) 277 326 100.0% -0.20 [-0.36, -0.04] L 2
Heterogeneity, Tau®= 0.00; Chi*= 0.46, df= 1 (P = 0.50); F= 0% =_4 2 ) 2 4%

Test for overall effect Z= 2.47 (P = 0.01)

b) Long-term depression severity

favours [collaborative] favours [usual care]

Collaborative Care Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hunkeler 2012 285 1.1 40 311 1.08 46 148% -0.14 [[0.57, 0.28)
Richards 2013 10 71 235 117 68 263 852% -0.24 [[0.42,-0.07) .
Total (95% CI) 275 309 100.0% -0.23 [-0.39, -0.07] *
Heterogeneity: Tau®= 0.00; Chi*=0.18, df=1 (P = 0.67); F= 0% 1_4 -2 3 i 41

Test for overall effect: Z= 2.76 (P = 0.006)

Stepped Care Approach

Two RCTsusing TBIsin the context of astepped care approach
were identified in the course of the search update. The studies
weretoo heterogeneousfor evidence syntheses, since one study
tested a stepped care approach (first step: internet-based
treatment, second step: telephone-based treatment) against
telephone-based treatment al one [67], and the other study tested
an internet-based intervention against a waitlist control group
as afirst step within a stepped care approach [78].
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favours [collaborative] favours [usual care]

Discussion

Principal Findings

Our study found that when compared to different control
conditions, TBIs were more effective not only when delivered
as stand-alone interventions but also when they were delivered
as blended treatments or in collaborative care trias for people
with diagnosed depression. Dropout rates did not differ between
TBI and control conditions; however, assessment of TBI
acceptance was limited due to underpowered comparisons. In
addition, relevant statistical heterogeneity was acommon finding
for most meta-analytical comparisons. We included 78 RCTs
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comprising different application formats (stand-alone
interventions [61/78, 78%], blended treatments [12/78, 15%],
and stepped care [2/78, 3% or collaborative care trials [3/78,
4%d), interventions, technologies for intervention delivery,
clinical populations, and control groups.

Stand-Alone I nterventions

TBIsshowed comparabl e effectsto f2f treatments. Our findings
arein line with a previous meta-analyses that found equivalent
overal effects when comparing internet-based CBT to f2f
treatment for mental disorders and somatic conditions on
posttreatment symptom burden for studies on depressive
symptoms specifically and for dropouts rates [100]. However,
both results should be interpreted with caution, since both
evidence syntheses were based on alimited number of studies.

When TBIs were tested against TAU controls, we found
medium-to-small effectsfavoring TBI s concerning posttreatment
and long-term depression severity. TAU was heterogeneous
and consisted mostly of a mix of treatment options depending
on the resources and routines of health care providers, general
practitioner care, or care delivered in outpatient clinics. In
addition, two-thirds of the studiesincluded for this comparison
also provided TAU inthe TBI condition. Our resultsarein line
with 2 previous meta-analyses that found asmall effect favoring
TBIsin comparison with TAU [101,102].

TBIs vyielded beneficial medium-to-small effects on
posttreatment and long-term depressi on severity when compared
to attention placebo controls. To our knowledge, there is no
previous meta-analysis available on this issue. However, the
results are comparable to those comparing f2f psychotherapy
with placebo [103] and pill placebo control groups [104].

We found alarge effect in favor of the TBI group compared to
waitlist controls for posttreatment and long-term depression
severity. Our findings are in line with the only existing
meta-analysis investigating TBIs in people with diagnosed
depression [13]. This is not surprising, as there was a high
overlap between the included studies. However, we were able
toinclude more RCTs (+10) for the comparison of TBIsversus
waitlist controls dueto broader inclusion criteriaand an updated
literature search. Thus, our analysis emphasizes the robustness
of the previous findings. However, the funnel plot on
posttreatment depression severity was asymmetrical, with an
emphasis on small studies depicting large differences in favor
of TBIs compared to waitlist controls. Nevertheless, thisis not
aclear indicator of reporting bias because there are other sources
(eg, heterogeneity, poor methodological quality) causing funnel
plot asymmetry [16]. Between-study heterogeneity seems
plausible to partly explain asymmetry, since we applied broad
digibility criteriaand suspicious studies differed from the others
in terms of population (postpartum depression) or publication
year (1990), potentially resulting in more elevated differences.

Finally, TBIs did not result in lower posttreatment depression
severity scores than no-treatment controls. This was not
reasonabl e to expect, since no-treatment controlsare comparable
weak control groups, such aswaitlist controls, whichyield large
effectswhen compared to TBIs[13]. Moreover, based on study
reports, it cannot be ruled out that people alocated to the
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no-treatment control group made use of other health services
for depression complaints (eg, care by a general practitioner),
thus questioning whether true no-treatment controls were
applied.

Blended Treatments

We identified a small effect favoring blended treatments
delivered inasuperiority trial design compared to f2f treatments
concerning posttreatment depression severity. Meta-analysis
on blended treatments delivered in anoninferiority trial design
(ie, substantial shortening of f2f contacts) did not reveal
differences in posttreatment or long-term depression severity
or on dropout rates compared to f2f treatments. To the best of
our knowledge, thereis no previous meta-analysisinvestigating
the effectiveness and acceptance of blended treatmentsin people
with depression. Additionally, despite extensive discussionson
their potential usefulnessfor mental health care [105,106], there
is no uniform definition of blended care/treatment as they are
operationalized in different ways and rationales for blended
treatments are often missing [105]. This was also the case in
our study, since the concept of combining a TBI with an f2f
treatment was usually explained insufficiently or not at all. In
the included studies, it appears that blended treatments were
implemented based on the motto more is more (intensification
of the therapeutic dose by providing add-on treatment following
a superiority trial design). Nevertheless, future studies could
define and investigate more sophisticated variants of blended
treatments, since there are many useful possibilities to enrich
onsite therapy by, for example, fostering preprocessing and
postprocessing of sessions or for diagnostic purposes in
everyday life (eg, self-monitoring) [106].

Collaborative Care Approach

TBIsdelivered in the context of collaborative care yielded small
effects on posttreatment and long-term depression severity when
compared to TAU controls. However, findings should be viewed
with caution, since only afew studies have been avail able until
now, and investigated collaborative care approaches are
heterogeneous. The identified posttreatment and long-term
effects on depression severity are comparableto reported effects
investigating collaborative care approaches without TBIs in
comparison to usual care[107,108]. However, we do not know
if and how much the technol ogy-based component is involved
in the effectiveness of these interventions, since collaborative
care approaches are complex. Testing collaborative care
approaches with and without a TBI component may help to
determine the add-on benefit of this element and may be
concurrently useful for a comparative cost-benefit analysis.

Strengthsand Limitations

Our review was conducted in linewith Cochrane standards [ 16]
and reported following PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines [109].
Additionally, studies were selected according to prespecified
criteria[15]. We conducted a highly sensitive literature search
considering key databases, databases of grey literature, and
clinical trial registries without limiting the literature search to
language. However, because of the extensive literature search,
we deviated from the study protocol by omitting the forward
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and backward reference search. We structured and synthesized
evidence using prespecified comparisons defined in the study
protocol covering different application formats of TBIsin the
acute treatment phase.

We applied broad inclusion criteria[15] contributing to observed
heterogeneity regarding interventions, technologies for
intervention delivery, psychotherapeutic rationales, and clinical
populationsin the included studies. Unfortunately, we were not
able to explain statistical heterogeneity quantitatively (eg, by
subgroup analyses) for most comparisons, since often only a
few studies were available. However, we tried to explore
heterogeneity narratively in these cases. In addition, when
heterogeneity of the included studies is present (ie, 12% 0), the
Cl covers a narrower range than the Pl of the respective
comparison. Thus, pooled effects (SMDs) should beinterpreted
with caution: It may be that even if the pooled effect is
significant (ie, Cl not crossing null), the corresponding Pl covers
the null effect, meaning that in a new study conducted in a
different setting (eg, different population), null treatment effects
or effectsin the other direction (harmful) may occur [20,110].

Although some information on dropouts [11] or treatment
adherence [111] is addressed by most RCTs in this field, a
comprehensive assessment of TBI acceptance wasonly partially
possible, since data on dropouts were either missing or not
usable (eg, data were only provided for one arm) or
meta-analytic cal culations were not possi ble (when no dropouts
occurred in both study arms).

Considering therisk of biasratingswhen interpreting the results,
we found that the most common source of risk of bias was
nonblinding of participants and personnel, followed by selective
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reporting and other bias. However, blinding of study participants
israrely possiblein trialson TBIs.

Conclusions

TBIsdelivered as stand-al one interventions, blended treatments,
or in collaborative care trials yield mostly beneficial effectsin
people with diagnosed depression. By investigating different
application formats of TBIs, people being diagnosed with
depression, and the long-term effectiveness of interventions,
our results may be especially helpful to inform routine care.
Given the potentia transferability of our findings to routine
care, we think that our findings may represent effectiveness
(effectiveness under routine care), rather than efficacy
(effectiveness under ideal conditions) of findings. Additionally,
our results show a very consistent image of TBIs (it works),
despite the clinical and methodological heterogeneity of the
included studies.

However, there are still open questionsthat need to be addressed
in future research. Even though dropouts are by far the most
reported indicator for treatment acceptance/patient safety in
studies with TBIs [11], data were often not usable for data
synthesis resulting in underpowered comparisons for
safety/acceptance assessment. Therefore, our findings with
regard to this outcome should be interpreted with caution.

Additionally, safety assessments of TBIs considering different
types of safety measures in people with diagnosed depression
have not yet been conducted. Thus, to obtain a more
comprehensive impression of the safety of TBIs, we suggest
including al indicators according to Rozenthal et a [112] to
evaluate negative events: (severe) adverse events, dropouts,
nonresponse, novel symptoms, and unwanted events.
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Abstract

Background: Given the high level of interest and increasing familiarity with virtual reality among adolescents, there is great
potential to use virtual reality to address adolescents' unique health care delivery needs while in hospital. While there have been
reviews on the use of virtual reality for specific health conditions and procedures, none to date have reviewed the full scope of
virtual reality hospital interventions for adolescents who are often combined with children as a homogenous group, despite the
fact that adolescents experience virtual environments different from children.

Objective: Theaim of thisreview wasto systematically identify available evidence regarding the use of virtual reality interventions
for adolescent patients in hospital settings to evaluate effectiveness, suitability, and safety and identify opportunities for future
research.

Methods: PubMed, PsycINFO, Medline, and Scopus databases were searched using keywords and phrases. Retrieved abstracts
(n=1525) were double screened, yielding 276 articlesfor full-text screening. Of these, 8 articles met inclusion criteria. Datawere
extracted to a standardized coding sheet, and a narrative synthesis was performed due to the heterogeneity of the studies.

Results: Four RCTs and 4 single-case reports were identified for inclusion, all of which aimed to reduce pain or anxiety. The
scenarios targeted were burn pain, venipuncture, chemotherapy, preoperative anxiety, and palliative care. Three out of 4 RCTs
found significant reductions in pain or anxiety outcomes measures when using virtual reality compared to standard care or other
distraction techniques; however, only 1 study combined self-reported experiences of pain or anxiety with any physiological
measures. Single-case reports relied primarily upon qualitative feedback, with patients reporting reduced pain or anxiety and a
preference for virtual reality to no virtual redlity.

Conclusions: Virtua reality can provide a safe and engaging way to reduce pain and anxiety in adolescents while in hospital,
particularly when virtual reality softwareishighly immersive and specifically designed for therapeutic purposes. As VR becomes
more accessible and affordable for use in hospitals, larger and more diverse studies that capitalize on adolescents’ interest in and
aptitudefor virtual reality, and onthefull range of capabilities of thisemerging technology, are needed to build on these promising
results.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020198760;
https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42020198760

(J Med Internet Res 2021;23(6):€24967) doi:10.2196/24967
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Introduction

Interestinthe use of virtual reality (VR) in the health sector has
increased steadily over the past decade; recent advances have
made VR technology more immersive, flexible, portable, and
affordable. VR hasbeen studied in the treatment of awide range
of clinical conditions, including pain management [1-3],
rehabilitation [4], anxiety [5], phobias [6], and posttraumatic
stress disorder [7].

Theterm VR has been used in health research to refer to avariety
of simulated experiences between an individual and a 3D
computer-generated environment, including videogames using
astandard monitor [8]. However, VR isnow mostly considered
to require immersion [9,10] in a 3D environment that provides
the user with the illusory experience of being in a place other
than where they physically are (known as presence) [11,12].
This is usually achieved with a stereoscopic head-mounted
display, often with motion tracking that allows the user to
actively determine their field of view (by moving their head)
to interact with the environment.

The ability of VR to modul ate subjective experience lendsitsel f
to use by patients in hospital settings, where it may be used to
offer respite from stressful or confining environments, such as
hospital wards or emergency departments, or as a distraction
from chronic or procedural pain or anxiety [13]. While there
have been reviewsinto particular applications of VR for specific
health conditions or in-hospital procedures (eg, burn
management [14], procedural pain [1]), to date there has only
been 1 systematic review, which included only RCTs, on the
full scope of immersive VR use in hospital settings [13].
Furthermore, reviews[1,13-15] havetypically combined results
for patient groups ranging from young children to older adults
and have not taken into consideration differences in levels of
enthusiasm, aptitude, nor predisposition toward VR between
these populations [16]. Brain-imaging research has suggested
that young children’s brains process virtual environments
different from the manner in which adolescent and adult brains
process virtual environments [17-19].

VRisparticularly appealing to adolescents; arecent US survey
found that 73% of adolescents aged 11 to 15 years arefairly to
extremely interested in VR [20]. Adolescents, defined by the
World Health Organization as aged between 10 and 19 years
[21], are developmentally distinct from young children and
adultsin terms of neurocognitive and physical maturation [22],
yet studies of the use of VR for pediatric patients to date have
primarily used samples that combined adol escents with young
children [23-26], which makes it difficult to determine
adol escent-specific outcomes.

Hospitals may be particularly stressful environments for
adolescents, who are at avulnerable stagein their devel opment
[27]. Their health issues require different responses from the
hospital system than those young children [28,29] or adults[30]
require, because they are affected by the physical, emotional,
psychological, and sociocultural stages of adolescence as they
develop their identity and autonomy [31]. For example,
adolescents with chronic health conditions have preferences
and concepts of care that differ from those of adults [32,33].
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Adolescents al so have more awareness and knowledge of their
health than younger children yet may not have the emotional
or cognitive resources to deal with their situation as well as
older populations [34]. Furthermore, adolescents present
hospitals with unique medical and psychological challenges,
such as those related to the onset of mental health disorders
[35], and difficulties in ensuring compliance [36], especially
when adolescents perceive their dignity to be violated [37]. It
is for these reasons that a growing body of research has
advocated for specialist physician training and accreditation in
adolescent medicine [38,39] and for adolescents to be studied
as adevelopmentally distinct group separate from children and
adults [30].

Given the high level of interest and familiarity with VR among
adolescentsand VR’ sincreasing affordability and accessibility,
there is great potential to use VR to address the unique health
care delivery needs of adolescents while in hospital, both as
inpatients and outpatients. It is, therefore, important to
understand how VR has been used in the treatment of
adolescentsin hospital settingsto date and whether their interest
inthistechnology trandatesto its enthusiastic use for therapeutic
purposes, so that researchers and physicians can leverage the
potential health benefits of VR for this population.

To date, no systematic review has been conducted on the overall
use of VR in hospital settings among adolescents. This
systematic review is therefore needed to determine how VR is
currently being used to improve the well-being and experiences
of adolescentsin hospital; evaluate the effectiveness, suitability,
and safety of such interventions; and identify opportunities for
future research.

Methods

Search Strategy

This systematic review was performed using PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
[40]) (Multimedia Appendix 1). PubMed, PsycINFO, Medline,
and Scopus databases were searched using the following search
phrase: (virtua reality OR VR) AND (adolescen* OR child*
OR pediatric* OR youth OR teen*) AND (hospita* OR
inpatient OR treat* OR surg*). Searcheswere conducted in May
2020 and restricted to English-language articles published in
peer-reviewed journals between January 2005 and May 2020.
This review (and protocol) was registered (PROSPERO;
CRD42020198760).

The database searchesyielded 2214 records (549 from PubMed,
216 from PsycINFO, 592 from Medline, and 857 from Scopus),
from which 689 duplicates were removed. Manual searches of
previousreviews, key journals, and referencelists of key articles
were conducted; however, no additional recordswereidentified.

Eligibility Criteria
Record Type

AsVRresearchin hedthisstill initsinfancy and recent reviews
of restricted populations have identified mostly exploratory and
feasibility studies [41,42], empirical studies of all research
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designs (including single-case reports) wereincluded, to ensure
the review was comprehensive.

Participants

Studies with atarget popul ation of adolescents, defined as aged
between 10 to 19 years[21], were included.

I ntervention Hardware

Thisreview wasrestricted to studiesthat used immersive forms
of VR delivered through a head-mounted display. Becauseit is
not always possible for patients using VR in health settings to
move their head, this review included VR studies that were
immersive but not necessarily interactive (ie, passive forms of
VR such as prerecorded immersive VR videos were included).
Although Cave Automatic Virtual Environment systems, which
use projections to display the VR environment on walls of a
special-purpose room, are considered immersive, they are far
less affordable and widely used than head-mounted displays
[10,43] and are seldom available in hospital settings. Studies
using Cave Automatic Virtual Environment systems were,
therefore, excluded, along with studiesthat used nonimmersive
hardware such as computer monitors.

I ntervention Settings

Studieson interventionsthat took placein hospital settingswere
included. Participants could be either inpatients or outpatients.

Screening Process

The screening process involved 2 stages: (1) title and abstract
exclusion and (2) full-text exclusion. All records were
independently screened by 2 reviewers (BR and JK) in both
stages to establish relevance for inclusion. Any discrepancies
between reviewers' decisionswere resolved by discussion with
the authors who were not involved in selection (AC and KS)
until mutual agreement was reached.

Data Extraction

Data from studies included in the review were extracted by 1
reviewer (BR) to a standardized coding sheet, which was then
checked by asecond reviewer (JK). Dataextracted for synthesis
werereference source (first author surname; year of publication),
methodol ogy (health problem or procedure under investigation;
study design; risk of bias assessment), participants (country;
attrition rate; sample size, age, and gender characteristics),
intervention details (treatment conditions; VR equipment and
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software), and findings (primary outcomes, ie, impact on
physical or psychological measures; usability outcomes, ie,
measures of engagement, acceptability).

Risk of Bias Assessment

Risk of bias was assessed independently by 2 reviewers (BR
and JK) for RCTs, using the Cochrane Collaboration tool [44],
and for single-case reports, using the Methodological Quality
and Synthesis of Case Series and Case Reports Protocol [45].
Any discrepancies between reviewers were resolved by
discussion. Given that it is not possible to blind participants or
personnel to a VR intervention condition, the questions about
performance bias and detection biaswere not assessed for RCTs.
An additional domain—whether any confounder variables at
baseline were accounted for—was included under other risks.
For case reports, causality questions (“were other alternative
causesthat may explain the observation ruled out?’; “wasthere
a challenge/rechallenge phenomenon?’; “was there a
dose-response effect?’) were not applicable to this study and
were not assessed.

Data Analysis

Given the small number of studies included in this review and
the heterogeneity of their aims, research design, and outcome
measures, quantitative meta-analysis was not possible. A
narrative synthesis approach was used to describe the findings
of this systematic review.

Results

Study Selection

Theliterature search yielded 2214 records. Of the 1525 records
that remained after duplicate removal, 1249 were excluded
because their titles and abstracts indicated that they were not
about virtual reality interventions for adolescent patients in
hospital settings, leaving 276 articles to be assessed for
eligibility based on inclusion criteria.

During the second stage of screening, 68 articleswere excluded
based on record type; 126 were excluded because the target
population was not limited to adolescents; 68 articles were
excluded because theintervention did not take placein hospital
settings, and 6 were excluded because they did not use
immersive VR. A total of 8 studies were included (Figure 1).

JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.109
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Selection flowchart.

Ridout et &

Additional records identified
through other sources (n=0)

Records excluded

(n=1249)

Articles excluded with reasons:
(n=268)
- Record type (eg, review,

commentary) (n=68)
- Not adolescents (n=126)

- Not hospital setting (n=68)
- Not immersive VR (n=6)

=
2 Records identified through
g database searching (n=2214)
£
"g v v
J—
Records after duplicates removed (n=1525)

_%"

§ Records screened at title >
> and abstract level (n=1525)

n

b A 4

:E Articles screened at full- -
o) text level for eligibility "
= (n=276)

A 4

E Articles included in the

= review (n=8)

&

=

]

Health Problems/Procedures and Study Designs

Detailed characteristics of the included articles (n=8) are
provided in Multimedia Appendix 2. Four studies[46-49] were
RCTs and 4 studies [50-53] were single-case reports. Of the
RCTs, 2 studies[46,49] compared VR to standard care, 1 study
[47] compared VR to standard distraction (TV, music, books),
and 1 study [48] compared VR to 2 control groups—standard
care and passive distraction (watching a movie). The study
design of 1 RCT [46] was incorrectly described as
guasi-experimental and the control group was described as
waitlist; however, private communication with the authors
confirmed that while on the waitlist, the control group received
the same standard care as the intervention group but without
the VR component (G Manshaee, PhD, email communication,
August 9, 2020). Given thisinformation and the fact that group
assignment was randomized, we classified the study asan RCT.

Three studies used VR for distraction from burn pain (2 RCTs
[47,48], 1 case report [50]), 2 studies used VR for distraction
from pain and anxiety during chemotherapy sessions (1 RCT
[46], 1 case report [51]), 1 study [49] used VR for distraction
from pain and anxiety during venipuncture, 1 case report used
VR to reduce preoperative anxiety [52], and 1 case report used
VR to improve well-being in palliative care [53].

Three of the RCTs [46,48,49] compared pretest and posttest
measures of outcome variables (1 study also included 7-day
and 1-month follow-ups[46]), while 1 RCT [47] measured burn
pain intensity, observed pain behaviors, and objective
physiological indicators (heart rate and oxygen saturation) at 3
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time points: baseline, during dressing removal, and during
dressing application. Two case reports [50,51] compared
outcome variables measured with and without VR, while the
other 2 case reports [52,53] only recorded qualitative
assessments of the patients’ VR experiences.

Risk of Bias Assessment

Therisk of biasfor the RCT studies (Multimedia Appendix 3)
was low for most studiesin most domains. Baseline confounding
variableswere adequately accounted for in 2 RCTs[47,49], but
there was a high risk of biasfor thisdomainin 1 RCT [46] and
an unclear risk in the other RCT [48]. All of the case reports
were assessed as having some risk of methodological bias
(Multimedia Appendix 4). None of the case reports described
clear selection methods, and 2 case reports [52,53] did not
adequately ascertain outcomes (ie, results were qualitative or
broadly descriptive only).

Participant Characteristics

Studies were conducted in the United States (n=5), Australia
(n=1), Iran (n=1), and Canada (n=1). The RCTs investigating
VR for burn pain had similar sample sizes (28 participants [48]
and 41 participants[47]) and gender distributions (approximately
one-third of participantswerefemale). Inthe RCT investigating
VR and chemotherapy [46], all the participants were female
(samplesizeof 30). The RCT investigating VR and venipuncture
had a large sample size (143 participants) and an even gender
distribution [49]. The overal attrition rate in RCTs was
negligible, with 2 studies [46,47] reporting no attrition. In the
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other 2 studies, attrition occurred primarily due to participants
withdrawing or rescheduling prior to their procedures.

The age range for al included studies fell within the World
Health Organization definition of 10 to 19 years[21], with the
exception of 1 RCT [49], which also included 16 participants
(16/143, 11.2%) aged 20 or 21 years who were defined as
adolescents in the study because they were being treated at a
Children’s Hospital. The age distributions of 2 RCTs were
similar (range 11-17 years, mean 13.1 years [47]; range 10-17
years, mean 13.5 years[48]), while 1 RCT [46] had an agerange
of 14 to 18 years (mean 14.9 years). In the case reports, 3
patients were aged between 10 and 12 years (2 males [50,52]
and 1 female [53]), and 1 patient was a 17-year-old male who
was morbidly obese [51].

VR Software

Most studiestested VR programsthat were specifically designed
for therapeutic purposes. SnowWorld (University of Washington
Harborview Burn Center and Firsthand Technology Inc), the
first VR software created specifically for pain distraction during
burn wound redressing [50]; Bear Blast (AppliedVR Inc), a
fast-paced interactive game designed for pain distraction, for
venipuncture [49]; and Ocean Journey, a passive (ie,
noninteractive) VR therapy film, for chemotherapy [46]. In 1
case report [53], the patient, who was in palliative care, was
provided with a range of 360° videos (Wishplay), designed to
allow patients to have experiences beyond the limitations of
their illness or disability, which included a figure-skating
experience custom-made for the patient.

Three studies used off-the-shelf software not designed for
therapeutic purposes. 1 case report on a patient undergoing
chemotherapy used Ocean Descent (Sony Interactive
Entertainment); 1 RCT on burn pain used age-appropriate
interactive VR games (Chicken Little for 11- to 13-year-olds;
Need for Speed for 14- to 17-year-olds) [47]; and 1 case report
used Oculus Roomsto connect the patient suffering preoperative
anxiety to their parent (who was located in the preoperative
area) and allowed them to play a virtual board game together
whilethe patient was transported to the operating table and until
they lost consciousness from the anesthesia [52]. This case
report was the only study included that used software that
allowed virtual interaction with other users.

The VR session length in half of the studies [46,50-52] was
between 20 and 30 minutes, in line with recommendations for
VR session length [54]. The exceptions were the study with
venipuncture [49], in which the session length was |ess than 5
minutes due to the short procedure; the palliative care study
(5-10 minutes per video) [53], and the 2 studies with burn wound
care [47,48], in which session length varied greatly depending
on the length of time required to remove and apply dressings
(2-100 minutes). A facilitator waspresent in all sessionsto help
guide the adolescent participants, with the exception of the
palliative care study [53], in which the patient was first guided
to ensure tolerability, and then left to usethe VR device at their
own leisure for approximately 4 weeks.
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VR Equipment

Studies used a variety of immersive VR devices (Multimedia
Appendix 2). The studieswith patients with burn wounds, which
were the oldest studies included, each used different VR
headsets connected to desktop computers with user control via
joystick or trackball (ie, no head tracking): Kipping et a [47]
excluded patients with burn wound locations that would impact
their ability to wear a head-mounted display, while Jeffs et a
[48] and Hoffman et a [50] used head-mounted displays on
custom-built adjustable arm devicesto allow patientswith burn
wounds on the head to be included. The other studies used
widely available consumer head-mounted displays with head
tracking capabilities (Oculus Go, Oculus Rift, Sony PlayStation
VR), including 3 studies [46,49,53] that utilized smartphones
as the display and processor (Samsung VR Gear, Merge VR
Goggles, Google Daydream).

Primary M easures and Outcomes

Therewasamost nocommonality inthe measures used to assess
primary outcomes (Multimedia Appendix 2), with the exception
of the use of avisua analog scale to assess pain in RCTs for
venipuncture [49] and burn pain [47].

Gold and Mahrer [49] found that using VR for distraction during
venipuncture resulted in significantly less procedural pain and
procedural anxiety (each measured with visual analog scales),
and significantly better affect (measured with the Facial Affect
scale) for VR than that for standard care, when controlling for
baseline pain. Secondary analyses revealed that patients with
high anxiety sensitivity benefited the most from VR [49].

Kipping et al [47] measured burn pain intensity (with avisua
analog scale) and observed pain behaviors, heart rate, and
oxygen saturation, but the only significant difference between
VR (using off-the-shelf interactive games) and standard
distraction wasfewer pain behaviors observed by nursesduring
dressing removal for the VR condition. Jeffs et al [48] found
that procedural pain while using SnowWorld was significantly
lower for VR (and was the only condition in which procedural
pain was reduced compared to preprocedure pain) than that for
passive distraction or standard care (adjusted for age, sex,
preprocedure pain, state anxiety, opiate use, and treatment
length). A patient with burns undergoing occupational therapy
also reported lower pain when using SnowWorld than that
experienced in standard occupational therapy sessionsthe days
before and after the VR session [50].

Sharifpour et al [46] found that, after 8 weekly 30-minute
chemotherapy sessions while watching the noninteractive VR
film Ocean Journey, patients reported lower pain intensity, pain
anxiety, pain catastrophizing, and pain self-efficacy compared
to the standard care control group. These effects were
maintained for subsequent weekly chemotherapy sessions
without VR, at 7-day and 1-month follow-ups. One case report
with chemotherapy [51] did not measure pain or anxiety directly;
the use of VR during a monthly lumbar puncture procedure
(injection of intrathecal chemotherapy) reduced the amount of
analgesics and anxiolytics required by the patient by
approximately half compared to the amount required in the

JMed Internet Res 2021 | vol. 23 | iss. 6 [e24967 | p.111
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

previous 4 monthly procedures without VR, and procedure and
recovery were significantly faster (42% and 30%, respectively).

Two case reports [51,52] did not use quantitative measures. In
1 study [52], staff reported that the patient remained calm and
showed no signs of distress or anxiety while using VR during
transportation to the operating therapy and while being
administered anesthesia. In the other study [51], the patient in
palliative care reported that using VR distracted them from their
pain and loneliness and had a positive impact on their mood.

Usability Measures and Outcomes

Three of the RCTs [47-49] used quantitative usability or
engagement measures, but there was no commonality among
them. Kipping et a [47] found self-reported presence (with a
visual analog scale) while using VR to be positive but with
room for improvement (mean 6.1 out of 10). Jeffs et a [48]
found that engagement, using a nonstandard question about
perceived ability to pay attention to the distraction (either VR
or passive distraction) rated on a 5-point scale, demonstrated a
significant negative correlation with both anxiety and procedural
pain reduction in both groups, though a direct comparison
between VR and passive distraction groups was not performed.
The venipuncture RCT [49] measured usability using 2
investigator-developed Likert-type scae measures and a
qualitative questionnaire: results indicated a high level of
immersion and satisfaction with the VR game, and 92% of
participants reported no feelings of sickness during the VR
session. Jeffs et a [48] was the only other RCT to mention
side-effects, with none reported. The chemotherapy RCT [46]
did not report any usability or engagement data.

All casereportsfound the VR experiencesto be both immersive
and fun, with no feelings of sickness or discomfort reported;
however, only 1 study (the patient in paliative care [53])
confirmed an absence of side-effects. The only usability issues
that were reported were from the patient suffering preoperative
anxiety (orientation disturbance) within Oculus Rooms:. while
the patient was being moved during transportation to the
operating room (although the patient was able to quickly correct
the orientation without assistance); and poor Wi-Fi connectivity
[52].

Discussion

Principal Findings

The aim of this systematic review was to identify studies that
investigated the use of immersive VR using head-mounted
displays to improve the well-being and experiences of
adolescents in hospital settings. We chose this age group and
setting for the following reasons: First, it is often assumed that
adolescents will be enthusiastic users of therapeutic digital
technol ogy because they are engaged users of similar technology
for social and leisure purposes; however, thereislittle research
evidenceto date to support that thisis areasonable assumption.
Second, adolescents are often viewed as chalenging or
hyperemotional in binary (pediatric or adult) health care settings
[35,36,55]. Part of this hyperemotionality is related to
neurocognitive development [56] and may be better managed
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with distraction or immersion using VR than by traditional
models of care used for younger and older populations.

We identified 8 eligible articles (4 RCTs and 4 case reports),
all of which aimed to reduce pain or anxiety. The number of
articles was low, but not unremarkably so, given that research
with adolescents in hospital settings is often stalled around
consent and risk issues [57], and in studies, adolescents are
often combined with young children or adults [57]. The health
problemsand procedurestargeted were burn pain, venipuncture,
chemotherapy, preoperative anxiety, and palliative care. While
the lack of large RCTs precluded any meta-analysis, most
[46,48,49] found significant reductions in pain or anxiety
outcomes measures when using VR compared to those when
using standard care or other distraction techniques. There was
little commonality in the measures used to evaluate primary
and usability outcomes, with only 1 study [47] combining
self-reported pain or anxiety with physiol ogical measures. Risk
of biaswas generally low for the RCTs but was relatively high
for the single-case reports due to their study design and unclear
selection method. Caution needs to be exercised when
interpreting these findings, particularly for the case reports.

VR was well received by adolescents, who generally found it
to be safe, fun, immersive, and engaging. The attrition ratesin
the RCT studies were very low compared to those of other VR
studies [54], which supports the view that adolescents find VR
more engaging than other populations, whichishighly relevant.

A wide range of head-mounted displays were used, including
headsetsthat utilized smartphones as the display and processor.
Studies [48,50] aso demonstrated the efficacy of using
custom-mounted head-mounted displays combined with hand
controllers for patients who are undergoing treatments that
prevent them from moving their head. Consistent with the
findings of previous studies with pediatric patients [58-61],
there were very few reports of side-effects associated with VR
use; however, only 1 study [49] in this review quantitatively
measured feelings of nausea.

Therapeutic M echanisms of VR Use by Adolescents

The synthesis of findingsfrom thisreview present an up-to-date
account of the evidence base for VR use by adolescents in
hospitals. There are sound reasons why VR might be generally
an effective therapeutic intervention for pain, anxiety, and other
distress associated with necessary health care situations, aswell
as some reasons why VR in these health care situations might
be particularly advantageous for adolescents.

The mechanism by which VR reduces the experience of pain
and anxiety has mostly been attributed to active distraction.
That is, it directs the patient’s attention away from their
treatment or condition by requiring them to interact with the
VR environment. The neuromatrix theory of pain[62] suggests
that the perception and experience of pain can be altered by
cognitive, sensory, and affective experiences. VR interventions
that actively distract by engaging cognitive resources (by being
engaging and interactive), offer high sensory stimulation (by
being immersive), and lead to positive affect (by being
enjoyable) can therefore reduce the neurological resources
available for processing pain [63,64]. Studies have shown that
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adolescents are more sensitive to pain and likely to become
more emotionally dysregulated when faced with situations that
are unfamiliar [65], so active distraction using VR may be
particularly beneficial for adolescents, especially in hospital
settings.

It has previously been demonstrated that active distraction using
VR is particularly effective in reducing burn pain [14,66],
especially when using SnowWorld, agame specifically designed
for burns patients. Consistent with these findings, 2 studies
[48,50] inthisreview that used SnowWorld reported areduction
in adolescents experiences of pain. In contrast, a study [47]
that used off-the-shelf VR games for burn pain found that they
were not significantly better than using standard distraction
methods and induced only a moderate level of presence.
Previous studies [67-69] have shown that the level of presence
or immersion experienced by patients in VR interventions is
directly correlated with thelevel of pain reduction. Kipping and
colleagues [47] noted that any savings realized from using
off-the-shelf VR software are likely to be at the expense of
effectiveness.

While passive or lessimmersive scenarios have been shown to
provide little relief from severe pain, for example, in patients
with burns [70], these scenarios have been effective in
chemotherapy. Sharifpour and colleagues [46] demonstrated
that watching a passive VR film during weekly 30-minute
chemotherapy sessions was not only effective in reducing
adolescents' scores on a range of pain and anxiety measures,
but also that this effect was maintained for subsequent weekly
sessionswithout VR. These findings suggest amechanism other
than active distraction in this study. It has been shown that VR
can lead to increased cognitive control over pain, by facilitating
relaxation and changing the way peoplethink about pain[71,72],
specifically by reducing pain catastrophizing, and increasing
pain self-efficacy (ie, the ability to tolerate and control pain).
This would fit with the concept that situations facilitating
mastery and self-control are positive learning experiences for
adolescents [73]. This suggests that the use of VR in the
management of pain during chemotherapy, chronic pain
associated with cancer, or other medical conditions may provide
lasting benefits, even afterward when one is not using a VR
device[74].

The patient in the palliative care case report was also
experiencing chronic pain, but reported another therapeutic
mechanism—immersive VR helped as a distraction from the
loneliness and boredom associated with long-term
hospitalization and waiting for health care attention [53]. With
emerging research showing that VR use in palliative care
settings is acceptable and well tolerated [75,76], more studies
are needed to investigate expanding the use of VR to settings
beyond distraction and relieving boredom, such as connecting
adolescentswith their peersand family to shareaV R experience
or play VR games together. I solation from friends and peersis
one of the most frequently reported negative aspects of
hospitalization for adolescents[27,30]. Using VR to play games
with friends or communicate with family via home-to-hospital
live streaming [ 77] would therefore be particularly suitable for
improving the mood and well-being of hospitalized adolescents,
especidly given their high level of enthusiasm and
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predisposition toward VR [16,20] and VR's emerging
acceptability for use in these settings [26].

Implications for Future Research

The studiesincluded in this systematic review suggest that there
is tremendous potential for immersive VR to improve the
well-being of adolescents in hospital settings. While the
evidence base for this specific population is not yet established,
the inclusion of case studies in this review demonstrates
feasibility for several new applications of VR for adolescents
in hospital settings and provides researchers with directionsfor
potential interventions for the future.

This review also highlighted a number of methodological
concerns that researchersin thisfield should seek to addressin
future studies. Theseincludeinconsistency across studiesin the
selection of primary outcome and usability measures, a lack
physiological measures to complement subjective measures,
and the difficulty in replicating studies due to the wide use of
customized software and hardware.

Another contribution of this adolescent-specific review is the
identification of several gapsintheliteraturefor this population.
The studies included in this review focused on pain and
pain-related anxiety, however, recent studies in nonhospital
settings have shown great potential for VR to be used to reduce
other kinds of psychological distressin adolescentsin arange
of circumstances[78-82]. Emergency departmentsare ahospital
environment that adol escents are more likely to use than other
age groups [83], but also one that adolescents find particularly
distressing dueto long waits, loud sounds, bright lights, privacy
intrusions, and exposureto the distress of others[84]. VR could
therefore be effectivein not only dealing with acute procedural
pain while in emergency [15], but also in blocking out
distressing stimuli for a calming experience that could assist
them in regulating their emotions [79]. A recent study has
demonstrated that VR use in the emergency department can
significantly reduce levels of anxiety and anger in adults [85];
therefore, future studies should test whether these findings are
also true in adolescents.

There is aso opportunity for greater use of VR to connect
adolescents in hospital with others in rea time. Gupta and
colleagues [52] demonstrated the feasibility of using Oculus
Rooms to connect with a parent to relieve preoperative anxiety,
but there are many other situations in which hospitalized
adolescents are separated from their family and peers (eg,
isolation rooms, palliative care, because of visiting hours
limitations or having travelled from rural and remote areas).
While the use of VR headsets that use smartphones as the
display and processor (eg, Samsung VR Gear) is declining due
totheincreasein development and affordability of al-inclusive
head-mounted displays (eg, Oculus Quest 2) [86-88], the use
of either type of head-mounted display may be well-suited for
hospitalized adolescents, who could potentially use their own
smartphones to connect with others in VR, if given access to
reliable Wi-Fi and the right software apps.

Future studies should seek to expand on the findings of the case
reportsincluded in thisreview, by empirically investigating the
feasibility of using VR to connect adolescents with others to

JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.113
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

not only distract from pain and anxiety, but also improve
well-being by relieving distress and boredom when hospitalized
or waiting in emergency departmentsfor extended periods. The
potential for VR to improve pain self-efficacy and to better cope
with chronic pain should a so be explored.

Limitations

This systematic review was limited to studies on the use of
immersive VR to improve the well-being and experiences of
adolescentsin hospital settings. Assuch, studiesthat combined
adol escents with other populations such as younger children or
adults were excluded. Searches were also limited to English
language publications and excluded grey literature and
conference papers, as we were concerned with identifying the
state of peer-reviewed research. Given the small number of
studies identified, and the heterogeneity of aims, research
designs, and outcome measures, it was not possible to conduct
ameta-anaysis.

While 8 studies may seem to be alow number for a systematic
review, this is not uncommon when reviewing novel uses of
emerging technology in specific settings and populations
[89-92]. Given that VR devices have only recently become more
affordable and portabl e (indicated by half of theincluded studies
being published from 2018 onward), and hence more suitable
for wide implementation in hospital settings, it is likely that
more research in this areais currently in progress and has yet
to be published. Alternatively, the challenges of undertaking
novel research in busy hospital settings cannot be discounted
as areason for the low number of studies that were found.

The strengths of this review include a clear research question,
prospectively registered protocol, thorough search strategy with
more than 1 assessor, and the inclusion of all research designs
to capture applications of VR at various stages of development.
No prior reviews have specificaly investigated the full range
of immersive VR use to improve the in-hospital experiences of
adolescents.

Ridout et &

Conclusion

Thiswasthefirst systematic review of published studies on the
use of immersive VR toimprove thewell-being and experiences
of adolescents in hospital settings without confounds from
younger children and adults. Thisis an important contribution
to the field of VR headlth research, given that adolescents are
developmentally distinct from other age groups, and present
hospital swith unique challenges and health care delivery needs
for which VR may be auseful and appealing tool. Studiesvaried
intermsof quality and design, from RCTsto single-case reports
that support the feasibility of potential interventions for the
future. Overall, there was support for the effectiveness of VR
in hospitals to reduce pain and anxiety in adolescents,
particularly when VR software was highly immersive and
specifically designed for therapeutic purposes.

There were examples of both active and passive distraction
mechanisms being effectively used by VR interventions,
although the latter is currently underutilized for adolescentsin
hospital settings. There was also alack of RCTs investigating
the effect of VR on adolescents in hospital without combining
resultswith younger children, who processvirtual environments
differently. Future studies should use larger sample sizes and
RCT designs, evaluate physiological and psychological outcome
measuresin addition to self-report measures, and address current
gapsintheliterature by empirically investigating the use of VR
torelieve psychological distressin adolescentswhilein hospital,
connect adolescents with friends and family to improve their
well-being, and hel p adol escents devel op skillsto better tolerate
and control chronic pain.

The use of VR in the health sector has enormous potential,
especialy for use with adolescents, who have a keen interest
and aptitude toward this emerging treatment modality. As VR
technology continues to improve and become more affordable,
the evidence base for its effectiveness in relieving adolescent
pain and distressin hospital settings should continue to grow.

Acknowledgments

This project was supported by the Wellbeing Health & Youth Centre of Research Excellence in Adolescent Health, funded by

the National Health and Medical Research Council.

Conflictsof Interest
None declared.

Multimedia Appendix 1
PRISMA checklist.
[DOCX File, 29 KB - jmir_v23i6e24967 appl.docx ]

Multimedia Appendix 2
Study characteristics.

[XLSX File (Microsoft Excel File), 14 KB - jmir_v23i6e24967 app2.xIsx |

Multimedia Appendix 3
Risk of bias - randomized controlled trials.

[XLSX File (Microsoft Excel File), 10 KB - jmir_v23i6e24967 app3.x1sx |

https://www.jmir.org/2021/6/e24967

JMed Internet Res 2021 | vol. 23 | iss. 6 [e24967 | p.114
(page number not for citation purposes)


jmir_v23i6e24967_app1.docx
jmir_v23i6e24967_app1.docx
jmir_v23i6e24967_app2.xlsx
jmir_v23i6e24967_app2.xlsx
jmir_v23i6e24967_app3.xlsx
jmir_v23i6e24967_app3.xlsx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ridout et &

Multimedia Appendix 4
Risk of bias - case reports.
[XLSX File (Microsoft Excel File), 10 KB - jmir_v23i6e24967 app4.xIsx |

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ChanE, Foster S, Sambell R, Leong P. Clinical efficacy of virtua reality for acute procedural pain management: asystematic
review and meta-analysis. PL0S One 2018 Jul 27;13(7):e0200987 [FREE Full text] [doi: 10.1371/journal.pone.0200987]
[Medline: 30052655]

EijlersR, UtensEMWJ, StaalsLM, de Nijs PFA, Berghmans M, Wijnen RMH, et a. Systematic review and meta-analysis
of virtual reality in pediatrics: effects on pain and anxiety. Anesth Analg 2019 Nov;129(5):1344-1353 [FREE Full text]
[doi: 10.1213/ANE.0000000000004165] [Medline: 31136330]

Malloy KM, Milling LS. The effectiveness of virtual reality distraction for pain reduction: asystematic review. Clin Psychol
Rev 2010 Dec;30(8):1011-1018. [doi: 10.1016/j.cpr.2010.07.001] [Medline; 20691523]

Howard MC. A meta-analysis and systematic literature review of virtual reality rehabilitation programs. Comput Hum
Behav 2017 May;70:317-327. [doi: 10.1016/j.chb.2017.01.013]

Carl E, Stein AT, Levihn-Coon A, Pogue JR, Rothbaum B, Emmelkamp P, et al. Virtual reality exposure therapy for anxiety
and related disorders: a meta-analysis of randomized controlled trials. J Anxiety Disord 2019 Jan;61:27-36. [doi:
10.1016/j.janxdis.2018.08.003] [Medline: 30287083]

BotellaC, Fernandez-Alvarez J, Guillén V, Garcia-Paacios A, Bafios R. Recent progressin virtual reality exposure therapy
for phobias: a systematic review. Curr Psychiatry Rep 2017 Jul 24;19(7):42. [doi: 10.1007/s11920-017-0788-4] [Medline:
28540594]

Deng W, Hu D, Xu S, Liu X, Zhao J, Chen Q, et a. The efficacy of virtual reality exposure therapy for PTSD symptoms:
asystematic review and meta-analysis. JAffect Disord 2019 Oct 01;257:698-709. [doi: 10.1016/j.jad.2019.07.086] [Medline:
31382122]

Levac DE, Miller PA. Integrating virtual reality video gamesinto practice: clinicians experiences. Physiother Theory Pract
2013 Oct 30;29(7):504-512. [doi: 10.3109/09593985.2012.762078] [Medline: 23362843]

Wiederhold B, Bouchard S. Advancesin Virtual Reality and Anxiety Disorders. Boston, MA: Springer US; 2014.
Howard MC. Virtua reality interventions for personal development: a meta-analysis of hardware and software. Hum
Comput Interact 2018 May 15;34(3):205-239. [doi: 10.1080/07370024.2018.1469408]

Slater M, Usoh M. Presenceinimmersivevirtua environments. 1993 Presented at: |EEE Virtual Reality Annual I nternational
Symposium; September 18-22; Washington, DC. [doi: 10.1109/vrais.1993.380793]

Skarbez R, Brooks, Jr. FP, Whitton MC. A survey of presence and related concepts. ACM Comput Surv 2018 Jan
12;50(6):1-39. [doi: 10.1145/3134301]

Dascal J, Reid M, IsHak W, Spiegel B, Recacho J, Rosen B, et al. Virtua reality and medical inpatients: asystematic review
of randomized, controlled trials. Innov Clin Neurosci 2017;14(1-2):14-21 [FREE Full text] [Medline: 28386517]

Scapin S, Echevarria-Guanilo ME, Boeira Fuculo Junior PR, Gongalves N, Rocha PK, Coimbra R. Virtual reality in the
treatment of burn patients: a systematic review. Burns 2018 Sep;44(6):1403-1416. [doi: 10.1016/j.burns.2017.11.002]
[Medline: 29395400]

Pancekauskaite G, Jankauskaité L. Paediatric pain medicine: pain differences, recognition and coping acute procedural
pain in paediatric emergency room. Medicina (Kaunas) 2018 Nov 27;54(6):94 [FREE Full text] [doi:
10.3390/medicina54060094] [Medline: 30486427)

Burch A. VR and consumer sentiment. Touchstone VR. 2016. URL: https.//touchstoneresearch.com/
vr-and-consumer-sentiment/ [accessed 2020-01-14)]

Baumgartner T, Valko L, Esslen M, Jincke L. Neural correlate of spatial presencein an arousing and noninteractive virtual
reality: an EEG and psychophysiology study. Cyberpsychol Behav 2006 Feb;9(1):30-45. [doi: 10.1089/cpb.2006.9.30]
[Medline: 16497116]

Baumgartner T, Speck D, Wettstein D, Masnari O, Beeli G, Jincke L. Feeling present in arousing virtual reality worlds:
prefrontal brain regions differentially orchestrate presence experience in adultsand children. Front Hum Neurosci 2008;2:8
[FREE Full text] [doi: 10.3389/neuro.09.008.2008] [Medline: 18958209]

Deutsch J, McCoy S. Virtual reality and serious games in neurorehabilitation of children and adults. prevention, plasticity
and participation. 2016 Presented at: Section on Pediatrics of the American Physical Therapy Association; November 9-10;
Denver, CO p. S23-S36. [doi: 10.1097/pep.0000000000000387]

Yamada-Rice D, Mushtag F, Woodgate A, Bosmans D, Douthwaite A, Douthwaite |, et a. Children and virtual reality:
emerging possibilities and challenges. DigLitEY. 2017. URL: http://digilitey.eu/wp-content/uploads/2015/09/

CVR-Fina -PDF-reduced-size.pdf [accessed 2020-01-14]

Adolescent health. World Health Organization. 2020. URL : https.//www.who.int/heal th-topi cs/adol escent-heal th/ [accessed
2020-01-14]

Meeus W. Adolescent Development: Longitudinal Research into the Self, Personal Relationships and Psychopathol ogy.
New York, NY: Routledge; 2019.

https://www.jmir.org/2021/6/e24967 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.115

(page number not for citation purposes)


jmir_v23i6e24967_app4.xlsx
jmir_v23i6e24967_app4.xlsx
https://dx.plos.org/10.1371/journal.pone.0200987
http://dx.doi.org/10.1371/journal.pone.0200987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30052655&dopt=Abstract
http://europepmc.org/abstract/MED/31136330
http://dx.doi.org/10.1213/ANE.0000000000004165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31136330&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2010.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20691523&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2017.01.013
http://dx.doi.org/10.1016/j.janxdis.2018.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30287083&dopt=Abstract
http://dx.doi.org/10.1007/s11920-017-0788-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28540594&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2019.07.086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31382122&dopt=Abstract
http://dx.doi.org/10.3109/09593985.2012.762078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23362843&dopt=Abstract
http://dx.doi.org/10.1080/07370024.2018.1469408
http://dx.doi.org/10.1109/vrais.1993.380793
http://dx.doi.org/10.1145/3134301
http://europepmc.org/abstract/MED/28386517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28386517&dopt=Abstract
http://dx.doi.org/10.1016/j.burns.2017.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29395400&dopt=Abstract
https://www.mdpi.com/resolver?pii=medicina54060094
http://dx.doi.org/10.3390/medicina54060094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30486427&dopt=Abstract
https://touchstoneresearch.com/vr-and-consumer-sentiment/
https://touchstoneresearch.com/vr-and-consumer-sentiment/
http://dx.doi.org/10.1089/cpb.2006.9.30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16497116&dopt=Abstract
https://doi.org/10.3389/neuro.09.008.2008
http://dx.doi.org/10.3389/neuro.09.008.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18958209&dopt=Abstract
http://dx.doi.org/10.1097/pep.0000000000000387
http://digilitey.eu/wp-content/uploads/2015/09/CVR-Final-PDF-reduced-size.pdf
http://digilitey.eu/wp-content/uploads/2015/09/CVR-Final-PDF-reduced-size.pdf
https://www.who.int/health-topics/adolescent-health/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ridout et &

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Piskorz J, Czub M. Effectiveness of avirtua reality intervention to minimize pediatric stress and pain intensity during
venipuncture. J Spec Pediatr Nurs 2018 Jan 20;23(1):€12201. [doi: 10.1111/jspn.12201] [Medline: 29155488]

Schmitt Y S, Hoffman HG, Blough DK, Patterson DR, Jensen MP, Soltani M, et al. A randomized, controlled trial of
immersive virtual reality analgesia, during physical therapy for pediatric burns. Burns 2011 Feb;37(1):61-68 [FREE Full
text] [doi: 10.1016/j.burns.2010.07.007] [Medline: 20692769]

Huay, Qiu R, Yao W, Zhang Q, Chen X. The effect of virtua reality distraction on pain relief during dressing changesin
children with chronic wounds on lower limbs. Pain Manag Nurs 2015 Oct; 16(5):685-691. [doi: 10.1016/j.pmn.2015.03.001]
[Medline: 25972074]

Flujas-Contreras J, Ruiz-Castafieda D, Gomez |. Promoting emotional well-being in hospitalized children and adol escents
with virtual reality: usability and acceptability of arandomized controlled trial. Comput Inform Nurs 2020 Feb;38(2):99-107.
[doi: 10.1097/CIN.0000000000000586] [Medline: 31895058]

Massimo L, Rossoni N, Mattei F, Bonassi S, Caprino D. Needs and expectations of adolescent in-patients: the experience
of Gadlini Children'sHospital. Int JAdolesc Med Health 2016 Feb;28(1):11-17. [doi: 10.1515/ijamh-2014-0070] [Medline:
25720045]

Kullgren KA, Sullivan SK, Bravender T. Understanding the unique needs of hospitalized adolescents and young adults
referred for psychology consults. Clin Pediatr (Phila) 2018 Oct 07;57(11):1286-1293. [doi: 10.1177/0009922818774339]
[Medline: 29732921]

Sawyer S, Ambresin A, Bennett K, Hearpes S, Romaniuk P. Towards and adolescent friendly hospital. The Royal Children's
Hospital. Sydney, Australia: Centre for Adolescent Health, The Royal Children's Hospital; 2011. URL : https://www.
rch.org.au/upl oadedFiles/M ain/Content/cah/2012%20A dol scent%20Report.pdf [accessed 2020-04-01]

Sturrock T, Masterson L, Steinbeck K. Adolescent appropriate carein an adult hospital: the use of ayouth care plan. Aust
JAdv Nurs 2007;24(3):49-53. [Medline: 17518166]

Jamalimoghadam N, Yektatalab S, Momennasab M, Ebadi A, Zare N. How do hospitalized adolescentsfedl safe?aqualitative
study. J Nurs Res 2019 Apr 01;27(2):e14. [doi: 10.1097/jnr.0000000000000285] [Medline: 30102645]

Farrant B, Watson P. Health care delivery: perspectives of young people with chronic illness and their parents. J Paediatr
Child Health 2004 Apr;40(4):175-179. [doi: 10.1111/j.1440-1754.2004.00333.x] [Medline: 15009544]

Jedeloo S, van Staa A, Latour M, van Exel NJA. Preferencesfor health care and self-management among Dutch adol escents
with chronic conditions: a Q-methodological investigation. Int J Nurs Stud 2010 May;47(5):593-603. [doi:
10.1016/j.ijnurstu.2009.10.006] [Medline: 19900675]

Shulman EPR, Smith AR, SilvaK, Icenogle G, Duell N, Chein J, et al. The dual systems model: Review, reappraisal, and
reaffirmation. Dev Cogn Neurosci 2016 Feb;17:103-117 [FREE Full text] [doi: 10.1016/j.dcn.2015.12.010] [Medline:
26774291]

Moses T. Determinants of mental illness stigma for adol escents discharged from psychiatric hospitalization. Soc Sci Med
2014 May;109:26-34. [doi: 10.1016/j.socscimed.2013.12.032] [Medline: 24695363]

Michaud P, Schrier L, Ross-Russel R, van der Heljden L, Dossche L, Copley S, et al. Paediatric departments need to improve
residents training in adolescent medicine and health: a position paper of the European Academy of Paediatrics. Eur JPediatr
2018 Apr 21;177(4):479-487. [doi: 10.1007/500431-017-3061-2] [Medline: 29270826]

Jamalimoghadam N, Yektatalab S, Momennasab M, Ebadi A, Zare N. Hospitalized adolescents' perception of dignity: a
qualitative study. Nurs Ethics 2019 May;26(3):728-737. [doi: 10.1177/0969733017720828] [Medline: 28805113]

Kanbur N, Akgiil S, Merrick J. Adolescent health and medicine: aglobal perspective on training adolescent health
professionas. Int JAdolesc Med Health 2016 Aug 01;28(3):229-230. [doi: 10.1515/ijamh-2016-5001] [Medline: 26115490]
Sawyer S, Farrant B, Hall A, Kennedy A, Payne D, Steinbeck K, et a. Adolescent and young adult medicine in Australia
and New Zealand: towards specialist accreditation. Int J Adolesc Med Health 2016 Aug 01;28(3):253-261. [doi:
10.1515/ijamh-2016-5006] [Medline: 26115493]

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Ann Intern Med 2009 Aug 18;151(4):264-9, W64 [FREE Full text] [doi:
10.7326/0003-4819-151-4-200908180-00135] [Medline: 19622511]

Naylor M, Ridout B, Campbell A. A scoping review identifying the need for quality research on the use of virtual reality
in workplace settings for stress management. Cyberpsychol Behav Soc Netw 2020 Aug 01;23(8):506-518. [doi:
10.1089/cyber.2019.0287] [Medline: 32486836]

Tuena C, Pedroli E, Trimarchi PD, Gallucci A, Chiappini M, Goulene K, et al. Usability issues of clinical and research
applications of virtual reality in older people: a systematic review. Front Hum Neurosci 2020 Apr 8;14:93. [doi:
10.3389/fnhum.2020.00093]

Slater M, Sanchez-Vives MV. Enhancing our lives with immersive virtual reality. Front Robot Al 2016 Dec 19;3:74. [doi:
10.3389/frobt.2016.00074]

Higgins J, Altman D. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated March 2011).:
The Cochrane Collaboration; 2011. URL : handbook.cochrane.org [accessed 2020-06-30]

Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality and synthesis of case series and case reports. BMJ
Evid Based Med 2018 Apr 02;23(2):60-63 [FREE Full text] [doi: 10.1136/bmjebm-2017-110853] [Medline: 29420178]

https://www.jmir.org/2021/6/e24967 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.116

(page number not for citation purposes)


http://dx.doi.org/10.1111/jspn.12201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29155488&dopt=Abstract
http://europepmc.org/abstract/MED/20692769
http://europepmc.org/abstract/MED/20692769
http://dx.doi.org/10.1016/j.burns.2010.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20692769&dopt=Abstract
http://dx.doi.org/10.1016/j.pmn.2015.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25972074&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31895058&dopt=Abstract
http://dx.doi.org/10.1515/ijamh-2014-0070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25720045&dopt=Abstract
http://dx.doi.org/10.1177/0009922818774339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29732921&dopt=Abstract
https://www.rch.org.au/uploadedFiles/Main/Content/cah/2012%20Adolscent%20Report.pdf
https://www.rch.org.au/uploadedFiles/Main/Content/cah/2012%20Adolscent%20Report.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17518166&dopt=Abstract
http://dx.doi.org/10.1097/jnr.0000000000000285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30102645&dopt=Abstract
http://dx.doi.org/10.1111/j.1440-1754.2004.00333.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15009544&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2009.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19900675&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1878-9293(15)00129-2
http://dx.doi.org/10.1016/j.dcn.2015.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26774291&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2013.12.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24695363&dopt=Abstract
http://dx.doi.org/10.1007/s00431-017-3061-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29270826&dopt=Abstract
http://dx.doi.org/10.1177/0969733017720828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28805113&dopt=Abstract
http://dx.doi.org/10.1515/ijamh-2016-5001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26115490&dopt=Abstract
http://dx.doi.org/10.1515/ijamh-2016-5006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26115493&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-151-4-200908180-00135?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622511&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2019.0287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32486836&dopt=Abstract
http://dx.doi.org/10.3389/fnhum.2020.00093
http://dx.doi.org/10.3389/frobt.2016.00074
handbook.cochrane.org
http://ebm.bmj.com/lookup/pmidlookup?view=long&pmid=29420178
http://dx.doi.org/10.1136/bmjebm-2017-110853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29420178&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ridout et &

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

Sharifpour S, Manshaee G, Sajjadian |. Effectsof virtual reality therapy on perceived pain intensity, anxiety, catastrophising
and self-efficacy among adolescents with cancer. Couns Psychother Res 2020 Mar 28;21(1):218-226 [ FREE Full text] [doi:
10.1002/capr.12311]

Kipping B, Rodger S, Miller K, Kimble RM. Virtua reality for acute pain reduction in adolescents undergoing burn wound
care: aprospective randomized controlled trial. Burns 2012 Aug;38(5):650-657. [doi: 10.1016/j.burns.2011.11.010] [Medline:
22348801]

JeffsD, Dorman D, Brown S, FilesA, Graves T, Kirk E, et al. Effect of virtual reality on adolescent pain during burn wound
care. J Burn Care Res 2014;35(5):395-408. [doi: 10.1097/BCR.0000000000000019] [Medline: 24823326]

Gold J, Mahrer N. Isvirtual reality ready for primetimein the medical space? arandomized control trial of pediatric virtual
reality for acute procedural pain management. J Pediatr Psychol 2018 Apr 01;43(3):266-275. [doi: 10.1093/jpepsy/jsx129]
[Medline: 29053848]

Hoffman HG, Meyer WJ, Ramirez M, Raberts L, Seibel EJ, Atzori B, et al. Feasibility of articulated arm mounted Oculus
Rift Virtual Reality gogglesfor adjunctive pain control during occupational therapy in pediatric burn patients. Cyberpsychol
Behav Soc Netw 2014 Jun;17(6):397-401 [FREE Full text] [doi: 10.1089/cyber.2014.0058] [Medline: 24892204]
Thomas JJ, Albietz J, Polaner D. Virtua reality for lumbar puncture in amorbidly obese patient with leukemia. Paediatr
Anaesth 2018 Nov 04;28(11):1059-1060. [doi: 10.1111/pan.13505] [Medline: 30284748]

Gupta A, Joseph Thomas J. Use of virtua reality as a surrogate for parental presence during anesthetic induction: a case
report. A A Pract 2019 Dec 15;13(12):454-456. [doi: 10.1213/XAA.0000000000001114] [Medline: 31703005]
Weingarten K, Macapaga F, Parker D. Virtual reality: endless potential in pediatric palliative care: a case report. J Palliat
Med 2020 Jan;23(1):147-149. [doi: 10.1089/jpm.2019.0207] [Medline: 31170022]

Benbow AA, Anderson PL. A meta-analytic examination of attritionin virtual reality exposure therapy for anxiety disorders.
JAnxiety Disord 2019 Jan;61:18-26. [doi: 10.1016/].janxdis.2018.06.006] [Medline: 30646997]

Findlay S, Pinzon J, Goldberg E, Frappier J. Issues of carefor hospitalized youth. Paediatr Child Health 2008 Jan;13(1):61-68
[FREE Full text] [doi: 10.1093/pch/13.1.61] [Medline: 19119356]

Guyer AE, Silk JS, Nelson EE. The neurobiology of the emotional adolescent: from theinside out. Neurosci Biobehav Rev
2016 Nov;70:74-85 [FREE Full text] [doi: 10.1016/j.neubiorev.2016.07.037] [Medline: 27506384]

Steinbeck K, Baur L, Cowell C, Pietrobelli A. Clinical research in adolescents: challenges and opportunities using obesity
asamodel. Int JObes (Lond) 2009 Jan;33(1):2-7. [doi: 10.1038/ij0.2008.263] [Medline: 19065147]

MorrisL, Louw Q, Grimmer-Somers K. The effectiveness of virtua reality on reducing pain and anxiety in burn injury
patients: asystematic review. Clin JPain 2009;25(9):815-826. [doi: 10.1097/A JP.0b013e31818a2909] [Medline: 19851164]
Ravi D, Kumar N, Singhi P. Effectiveness of virtual reality rehabilitation for children and adolescents with cerebral palsy:
an updated evidence-based systematic review. Physictherapy 2017 Sep;103(3):245-258. [doi: 10.1016/j.physi0.2016.08.004]
[Medline: 28109566]

Indovina P, Barone D, Gallo L, Chirico A, De Pietro G, Giordano A. Virtua reality as a distraction intervention to relieve
pain and distress during medical procedures. Clin J Pain 2018 Sep;34(9):858-877. [doi: 10.1097/A JP.0000000000000599]
[Medline: 29485536]

Faber AW, Patterson DR, Bremer M. Repeated use of immersive virtual reality therapy to control pain during wound
dressing changes in pediatric and adult burn patients. J Burn Care Res 2013;34(5):563-568 [FREE Full text] [doi:
10.1097/BCR.0b013e3182777904] [Medline: 23970314]

Melzack R. Pain and the neuromatrix in the brain. J Dent Educ 2001 Dec;65(12):1378-1382. [Medline: 11780656]
Hoffman HG, Chambers GT, Meyer WJ, Arceneaux LL, Russell WJ, Seibel EJ, et al. Virtual reality as an adjunctive
non-pharmacol ogic analgesic for acute burn pain during medical procedures. Ann Behav Med 2011 Apr 25;41(2):183-191
[FREE Full text] [doi: 10.1007/s12160-010-9248-7] [Medline: 21264690]

Li A, Montafio Z, Chen VJ, Gold JI. Virtual reality and pain management: current trends and future directions. Pain Manag
2011 Mar;1(2):147-157 [FREE Full text] [doi: 10.2217/pmt.10.15] [Medline: 21779307]

KozlowskaK. Functional somatic symptomsin childhood and adolescence. Curr Opin Psychiatry 2013 Sep;26(5):485-492.
[doi: 10.1097/Y CO.0b013e3283642ca0] [Medline: 23867659]

Ahmadpour N, Keep M, Janssen A, Rouf AS, Marthick M. Design strategies for virtual reality interventions for managing
pain and anxiety in children and adolescents: scoping review. IMIR Serious Games 2020 Jan 31;8(1):e14565 [ FREE Full
text] [doi: 10.2196/14565] [Medline: 32012042]

Hoffman HG, Seibel EJ, Richards TL, Furness TA, Patterson DR, Sharar SR. Virtual reality helmet display quality influences
the magnitude of virtual reality analgesia. J Pain 2006 Nov;7(11):843-850. [doi: 10.1016/j.jpain.2006.04.006] [Medline:
17074626]

Gutierrez-Maldonado J, Gutierrez-Martinez O, Cabas-Hoyos K. Interactive and passive virtual reality distraction: effects
on presence and pain intensity. Stud Health Technol Inform 2011;167:69-73. [Medline: 21685644]

Johnson S, Coxon M. Sound can enhance the analgesic effect of virtual reality. R Soc Open Sci 2016 Mar;3(3):150567
[EREE Full text] [doi: 10.1098/rs0s.150567] [Medline: 27069646]

https://www.jmir.org/2021/6/e24967 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.117

(page number not for citation purposes)


https://doi.org/10.1002/capr.12311
http://dx.doi.org/10.1002/capr.12311
http://dx.doi.org/10.1016/j.burns.2011.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22348801&dopt=Abstract
http://dx.doi.org/10.1097/BCR.0000000000000019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24823326&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsx129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29053848&dopt=Abstract
http://europepmc.org/abstract/MED/24892204
http://dx.doi.org/10.1089/cyber.2014.0058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24892204&dopt=Abstract
http://dx.doi.org/10.1111/pan.13505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30284748&dopt=Abstract
http://dx.doi.org/10.1213/XAA.0000000000001114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31703005&dopt=Abstract
http://dx.doi.org/10.1089/jpm.2019.0207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31170022&dopt=Abstract
http://dx.doi.org/10.1016/j.janxdis.2018.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30646997&dopt=Abstract
http://europepmc.org/abstract/MED/19119356
http://dx.doi.org/10.1093/pch/13.1.61
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19119356&dopt=Abstract
http://europepmc.org/abstract/MED/27506384
http://dx.doi.org/10.1016/j.neubiorev.2016.07.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27506384&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2008.263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19065147&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0b013e3181aaa909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19851164&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2016.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28109566&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29485536&dopt=Abstract
http://europepmc.org/abstract/MED/23970314
http://dx.doi.org/10.1097/BCR.0b013e3182777904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23970314&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11780656&dopt=Abstract
http://europepmc.org/abstract/MED/21264690
http://dx.doi.org/10.1007/s12160-010-9248-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21264690&dopt=Abstract
http://europepmc.org/abstract/MED/21779307
http://dx.doi.org/10.2217/pmt.10.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21779307&dopt=Abstract
http://dx.doi.org/10.1097/YCO.0b013e3283642ca0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867659&dopt=Abstract
https://games.jmir.org/2020/1/e14565/
https://games.jmir.org/2020/1/e14565/
http://dx.doi.org/10.2196/14565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012042&dopt=Abstract
http://dx.doi.org/10.1016/j.jpain.2006.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17074626&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21685644&dopt=Abstract
https://royalsocietypublishing.org/doi/10.1098/rsos.150567?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1098/rsos.150567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27069646&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ridout et &

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

Phelan I, Furness P, Fehily O, Thompson A, Babiker N, Lamb M, et al. A mixed-methods investigation into the acceptability,
usability, and perceived effectiveness of active and passive virtual reality scenariosin managing pain under experimental
conditions. J Burn Care Res 2019 Jan 01;40(1):85-90. [doi: 10.1093/jbcr/iry052] [Medline: 30247616]

Shiri S, Feintuch U, Weiss N, Pustilnik A, Geffen T, Kay B, et al. A virtual reality system combined with biofeedback for
treating pediatric chronic headache--a pilot study. Pain Med 2013 May 01;14(5):621-627. [doi: 10.1111/pme.12083]
[Medline: 23659372]

Loreto-Quijada D, Gutiérrez-Maldonado J, Nieto R, Gutiérrez-Martinez O, Ferrer-GarciaM, SaldafiaC, et al. Differential
effects of two virtual reality interventions: distraction versus pain control. Cyberpsychol Behav Soc Netw 2014
Jun;17(6):353-358. [doi: 10.1089/cyber.2014.0057] [Medline: 24892197]

Casey B, Galvan A, Somerville LH. Beyond simple models of adolescence to an integrated circuit-based account: a
commentary. Dev Cogn Neurosci 2016 Feb;17:128-130 [FREE Full text] [doi: 10.1016/j.dcn.2015.12.006] [Medline:
26739434]

Gupta A, Scott K, Dukewich M. Innovative technology using virtual reality in the treatment of pain: doesit reduce pain
viadistraction, or istheremoreto it? Pain Med 2018 Jan 01;19(1):151-159. [doi: 10.1093/pm/pnx109] [Medline: 29025113]
Johnson T, Bauler L, Vos D, Hifko A, Garg P, Ahmed M, et al. Virtual reality use for symptom management in palliative
care: apilot study to assess user perceptions. J Palliat Med 2020 Sep 01;23(9):1233-1238. [doi: 10.1089/jpm.2019.0411]
[Medline: 31895637]

Niki K, Okamoto Y, Maedal, Mori I, Ishii R, Matsuda Y, et a. Virtual reality use for symptom management in palliative
care: apilot study to assess user perceptions. J Palliat Med 2019 Jun;22(6):702-707. [doi: 10.1089/jpm.2018.0527] [Medline:
30676847]

Bakker A, Janssen L, Noordam C. Hometo hospital live streaming with virtual reality goggles: aqualitative study exploring
the experiences of hospitalized children. IMIR Pediatr Parent 2018 Dec 13;1(2):€10 [FREE Full text] [doi:
10.2196/pediatrics.9576] [Medline: 31518293]

Bossenbroek R, Wols A, Weerdmeester J, Lichtwarck-Aschoff A, Granic I, van Rooij MMJW. Efficacy of avirtual reality
biof eedback game (DEEP) to reduce anxiety and disruptive classroom behavior: single-case study. IMIR Ment Health 2020
Mar 24;7(3):e16066 [FREE Full text] [doi: 10.2196/16066] [Medline: 32207697]

Hadley W, Houck C, Brown L, Spitalnick J, Ferrer M, Barker D. Moving beyond role-play: evaluating the use of virtual
reality to teach emotion regulation for the prevention of adolescent risk behavior within arandomized pilot trial. J Pediatr
Psychol 2019 May 01;44(4):425-435 [FREE Full text] [doi: 10.1093/jpepsy/jsy092] [Medline: 30551157]

Kahlon S, Lindner P, Nordgreen T. Virtual reality exposure therapy for adolescents with fear of public speaking: a
non-randomized feasibility and pilot study. Child Adolesc Psychiatry Ment Health 2019;13:47 [EREE Full text] [doi:
10.1186/s13034-019-0307-y] [Medline: 31890004]

Kahlon S, Lindner P, Nordgreen T. Virtual reality exposure therapy for adolescents with fear of public speaking: a
non-randomized feasibility and pilot study. Child Adolesc Psychiatry Ment Health 2019;13:47 [EREE Full text] [doi:
10.1186/s13034-019-0307-y] [Medline: 31890004]

RoweLS, JourilesEN, McDonald R. Reducing sexual victimization among adolescent girls: arandomized controlled pilot
trial of my voice, my choice. Behav Ther 2015 May;46(3):315-327. [doi: 10.1016/j.beth.2014.11.003] [Medline: 25892168]
Jenkins B, Katz I. Adolescents and young adults' use of Emergency Departments: an evidence check rapid review brokered
by the Sax Ingtitute for the NSW Kids and Families. Sax Institute. 2015 May. URL : https.//www.saxingtitute.org.au/
wp-content/upl oads/A dol escents-and-young-adul ts-use-of -emergency-departments.pdf [accessed 2020-06-30]

Gerson R, Malas N, Feuer V, Silver G, Prasad R, Mroczkowski M. Erratum: This Article Corrects. "Best Practices for
Evaluation and Treatment of Agitated Children and Adolescents (BETA) in the Emergency Department: Consensus Statement
of the American Assaciation for Emergency Psychiatry”. West J Emerg Med 2019 Jul 2;20(4):688-689 [FREE Full text]
[doi: 10.5811/westjem.2019.4.44160] [Medline: 31316711]

SikkaN, Shu L, Ritchie B, Amdur RL, Pourmand A. Virtual reality-assisted pain, anxiety, and anger management in the
emergency department. Telemed J E Health 2019 Dec 01;25(12):1207-1215. [doi: 10.1089/tmj.2018.0273] [Medline:
30785860]

Robertson A. Phone-based VR is officially over. The Verge. 2019. URL: https.//www.theverge.com/2019/10/16/20915791/
googl e-daydream-samsung-ocul us-gear-vr-mobile-vr-platforms-dead [accessed 2020-06-30]

Mosso Vazquez JL, Mosso LaraD, Mosso LaraJL, Miller |, Wiederhold MD, Wiederhold BK. Pain distraction during
ambulatory surgery: virtual reality and maobile devices. Cyberpsychol Behav Soc Netw 2019 Jan;22(1):15-21. [doi:
10.1089/cyber.2017.0714] [Medline: 30256662]

Cipresso P, Giglioli IAC, RayaMA, Riva G. The past, present, and future of virtual and augmented reality research: a
network and cluster analysis of theliterature. Front Psychol 2018;9:2086 [ FREE Full text] [doi: 10.3389/fpsyq.2018.02086]
[Medline: 30459681]

Ridout B, Campbell A. The use of social networking sitesin mental health interventions for young people: systematic
review. JMed Internet Res 2018 Dec 18;20(12):€12244 [FREE Full text] [doi: 10.2196/12244] [Medline: 30563811]
Rollin A, Ridout B, Campbell A. Digital health in melanoma posttreatment care in rural and remote Australia: systematic
review. JMed Internet Res 2018 Sep 24;20(9):e11547 [FREE Full text] [doi: 10.2196/11547] [Medline: 30249578]

https://www.jmir.org/2021/6/e24967 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.118

(page number not for citation purposes)


http://dx.doi.org/10.1093/jbcr/iry052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30247616&dopt=Abstract
http://dx.doi.org/10.1111/pme.12083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23659372&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2014.0057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24892197&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1878-9293(15)00125-5
http://dx.doi.org/10.1016/j.dcn.2015.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26739434&dopt=Abstract
http://dx.doi.org/10.1093/pm/pnx109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29025113&dopt=Abstract
http://dx.doi.org/10.1089/jpm.2019.0411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31895637&dopt=Abstract
http://dx.doi.org/10.1089/jpm.2018.0527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30676847&dopt=Abstract
https://pediatrics.jmir.org/2018/2/e10/
http://dx.doi.org/10.2196/pediatrics.9576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518293&dopt=Abstract
https://mental.jmir.org/2020/3/e16066/
http://dx.doi.org/10.2196/16066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32207697&dopt=Abstract
http://europepmc.org/abstract/MED/30551157
http://dx.doi.org/10.1093/jpepsy/jsy092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30551157&dopt=Abstract
https://capmh.biomedcentral.com/articles/10.1186/s13034-019-0307-y
http://dx.doi.org/10.1186/s13034-019-0307-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31890004&dopt=Abstract
https://capmh.biomedcentral.com/articles/10.1186/s13034-019-0307-y
http://dx.doi.org/10.1186/s13034-019-0307-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31890004&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2014.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25892168&dopt=Abstract
https://www.saxinstitute.org.au/wp-content/uploads/Adolescents-and-young-adults-use-of-emergency-departments.pdf
https://www.saxinstitute.org.au/wp-content/uploads/Adolescents-and-young-adults-use-of-emergency-departments.pdf
http://europepmc.org/abstract/MED/31316711
http://dx.doi.org/10.5811/westjem.2019.4.44160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31316711&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2018.0273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30785860&dopt=Abstract
https://www.theverge.com/2019/10/16/20915791/google-daydream-samsung-oculus-gear-vr-mobile-vr-platforms-dead
https://www.theverge.com/2019/10/16/20915791/google-daydream-samsung-oculus-gear-vr-mobile-vr-platforms-dead
http://dx.doi.org/10.1089/cyber.2017.0714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30256662&dopt=Abstract
https://doi.org/10.3389/fpsyg.2018.02086
http://dx.doi.org/10.3389/fpsyg.2018.02086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459681&dopt=Abstract
https://www.jmir.org/2018/12/e12244/
http://dx.doi.org/10.2196/12244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30563811&dopt=Abstract
https://www.jmir.org/2018/9/e11547/
http://dx.doi.org/10.2196/11547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30249578&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Ridout et &

91. Larsen C, Oestergaard J, Ottesen B, Soerensen J. The efficacy of virtual reality simulation training in laparoscopy: a
systematic review of randomized trials. Acta Obstet Gynecol Scand 2012 Sep;91(9):1015-1028 [FREE Full text] [doi:
10.1111/j.1600-0412.2012.01482.x] [Medline: 22693954]

92. Donker T, Petrie K, Proudfoot J, Clarke J, Birch M, Christensen H. Smartphones for smarter delivery of mental health
programs: a systematic review. J Med Internet Res 2013 Nov 15;15(11):e247 [EREE Full text] [doi: 10.2196/jmir.2791]
[Medline: 24240579]

Abbreviations

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
VR: virtual redlity

Edited by G Eysenbach; submitted 13.10.20; peer-reviewed by | Bell, V Rocio; commentsto author 02.12.20; revised version received
09.12.20; accepted 15.04.21; published 28.06.21.

Please cite as:

Ridout B, Kelson J, Campbell A, Seinbeck K

Effectiveness of Virtual Reality Interventions for Adolescent Patients in Hospital Settings: Systematic Review
J Med Internet Res 2021;23(6):€24967

URL: https.//www.jmir.org/2021/6/e24967

doi:10.2196/24967

PMID: 34185015

©Brad Ridout, JoshuaKelson, Andrew Campbell, Kate Steinbeck. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 28.06.2021. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as this copyright and license
information must be included.

https://www.jmir.org/2021/6/e24967 JMed Internet Res 2021 | vol. 23 | iss. 6 [€24967 | p.119
(page number not for citation purposes)

RenderX


https://doi.org/10.1111/j.1600-0412.2012.01482.x
http://dx.doi.org/10.1111/j.1600-0412.2012.01482.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22693954&dopt=Abstract
https://www.jmir.org/2013/11/e247/
http://dx.doi.org/10.2196/jmir.2791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24240579&dopt=Abstract
https://www.jmir.org/2021/6/e24967
http://dx.doi.org/10.2196/24967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34185015&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH De Croon et al

Review

Health Recommender Systems: Systematic Review

Robin De Croon®, PhD; Leen Van Houdt*, MSc; Nyi Nyi Htun®, PhD; Gregor Stiglic?, PhD; Vero Vanden Abeel€’,
PhD; Katrien Verbert', PhD

1Department of Computer Science, KU Leuven, Leuven, Belgium
2Faculty of Health Sciences, University of Maribor, Maribor, Slovenia

Corresponding Author:

Robin De Croon, PhD

Department of Computer Science
KU Leuven

Celestijnenlaan 200A

Leuven, 3001

Belgium

Phone: 32 16373976

Email: robin.decroon@kul euven.be

Abstract

Background: Health recommender systems (HRSs) offer the potential to motivate and engage users to change their behavior
by sharing better choices and actionable knowledge based on observed user behavior.

Objective: We aim to review HRSs targeting nonmedical professionals (laypersons) to better understand the current state of
the art and identify both the main trends and the gaps with respect to current implementations.

Methods: We conducted a systematic literature review according to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and synthesized the results. A total of 73 published studies that reported both an
implementation and evaluation of an HRS targeted to laypersons were included and analyzed in this review.

Results: Recommended items were classified into four major categories: lifestyle, nutrition, general health care information,
and specific health conditions. The majority of HRSs use hybrid recommendation algorithms. Evaluations of HRSsvary greatly;
half of the studies only evaluated the algorithm with various metrics, whereas others performed full-scale randomized controlled
trials or conducted in-the-wild studies to evaluate the impact of HRSs, thereby showing that the field is slowly maturing. On the
basis of our review, we derived five reporting guidelines that can serve as areference frame for future HRS studies. HRS studies
should clarify who the target user isand to whom the recommendations apply, what is recommended and how the recommendations
are presented to the user, where the data set can be found, what algorithmswere used to cal cul ate the recommendati ons, and what
evaluation protocol was used.

Conclusions: Thereis significant opportunity for an HRS to inform and guide health actions. Through this review, we promote
the discussion of ways to augment HRS research by recommending a reference frame with five design guidelines.

(J Med I nternet Res 2021;23(6):€18035) doi:10.2196/18035

KEYWORDS

health recommender systems; recommender; recommendation system; health; health care; patient; layperson; systematic review;
eHealth; evaluation; recommender technique; user interface; guidelines; mobile phone

poor decisions related to their health for distinct reasons, for
example, busy lifestyles, abundant options, and a lack of
knowledge [2]. Practically, all modern lifestyle health risksare

Research Goals
directly affected by people’s health decisions [3], such as an
Current health challenges are often related to our modemway  nheqithy diet or physical inactivity, which can contribute up

of living. High blood pressure, high glucoselevels, andphysic (4 three fourth of all health care costs in the United States [4].
inactivity are all linked to a modern lifestyle characterized by \10qt risks can be minimized prevented, or sometimes even

sedentary living, chronic stress, or ahighintake of energy-dense (o ersed  with small lifestyle changes. Eating healthily,
foods and recreational drugs[1]. Moreover, people usually make
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increasing daily activities, and knowing whereto find validated
health information could lead to improved health status [5].

Health recommender systems (HRSs) offer the potential to
motivate and engage users to change their behavior [6] and
provide people with better choices and actionable knowledge
based on observed behavior [7-9]. The overall abjective of the
HRSisto empower people to monitor and improve their health
through technology-assisted, personalized recommendations.
As one approach of modern health care is to involve patients
in the cocreation of their own health, rather than just leaving it
in the hands of medical experts[10], we limit the scope of this
paper to HRSsthat focus on laypersons, for example, nonhealth
care professionals. These HRSs are different from clinical
decision support systems that provide recommendations for
health care professionals. However, laypersons also need to
understand the rationale of recommendations, as echoed by
many researchers and practitioners[11]. This paper also studies
the role of a graphical user interface. To guide this study, we
define our research questions (RQs) as follows:

RQ1: What are the main applications of the recent HRS, and
what do these HRSs recommend?

RQ2: Which recommender techniques are being used across
different HRSs?

RQ3: How are the HRSs evaluated, and are end users involved
in their evaluation?

RQ4: Isagraphical user interface designed, and how isit used
to communicate the recommended items to the user?

Recommender Systemsand Techniques

Recommender techniques aretraditionally divided into different
categories [12,13] and are discussed in severa state-of-the-art
surveys|[14]. Collaborativefiltering isthe most used and mature
technique that comparesthe actions of multiple usersto generate
personalized suggestions. An example of this technique can
typicaly be found on e-commerce sites, such as “Customers
who bought thisitem also bought...” Content-based filtering is
another technique that recommends items that are similar to
other items preferred by the specific user. They rely on the
characteristics of the objects themselves and are likely to be
highly relevant to a user’'s interests. This makes content-based
filtering especially valuable for application domains with large
libraries of a single type of content, such as MedlinePlus
curated consumer health information [15]. Knowledge-based

https://www.jmir.org/2021/6/€18035
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filtering is another technique that incorporates knowledge by
logic inferences. This type of filtering uses explicit knowledge
about an item, user preferences, and other recommendation
criteria. However, knowledge acquisition can also be dynamic
and relies on user feedback. For example, a camera
recommender system might inquire users about their
preferences, fixed or changeable lenses, and budget and then
suggest a relevant camera. Hybrid recommender systems
combine multiple filtering techniques to increase the accuracy
of recommendation systems. For example, the companies you
may want to follow feature in Linkedln uses both content and
collaborative filtering information [16]: collaborative filtering
information is included to determine whether a company is
similar to the ones a user already followed, whereas content
information ensures whether the industry or location matches
the interests of the user. Finally, recommender techniques are
often augmented with additional methods to incorporate
contextual information in the recommendation process [17],
including recommendations via contextual prefiltering,
contextual postfiltering, and contextual modeling [18].

HRSsfor Laypersons
Ricci et al [12] define recommender systems as:

Recommender Systems (RSs) are software tools and
techniques providing suggestions for items to be of
use to a user [13,19,20]. The suggestions relate to
various decision-making processes, such as what
items to buy, what music to listen to, or what online
news to read.

In this paper, we analyze how recommender systems have been
used in health applications, with afocus on laypersons. Wiesner
and Pfeifer [21] broadly define an HRS as:

a specialization of an RS [recommender system] as
defined by Ricci et al [12]. In the context of an HRS,
a recommendable item of interest is a piece of
nonconfidential, scientifically proven or at least
generally accepted medical information.

Researchers have sought to consolidate the vast body of
literature on HRSs by publishing severa surveys, literature
reviews, and state-of-the-art overviews. Table 1 provides an
overview of existing summative studies on HRSs that identify
existing research and showsthe number of studiesincluded, the
method used to analyze the studies, the scope of the paper, and
their contribution.
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Table 1. Anoverview of the existing health recommender system overview papers.

DeCroon et d

Review

Papers, n

Method

Scope

Contribution

Sezginand Ozkan 8
(2013) [22]

CaleroValdezetal 17
(2016) [23]

Kamran and Javed 7
(2015) [24]

Afolabi et a 22
(2015) [25]
Ferretto et al 8

(2017) [26]

Hors-Fraile et a 19
2018[27]

Schifer et al 24
(2017) [28]

Sadasivam et al 15
(2016) [29]

Wiesner and Not reported
Pfeifer (2014) [21]
Cappellaet a Not reported

(2015) [30]

Systematic review

Survey

Systematic review

Systematic review

Systematic review

Systematic review

Survey

Systematic review

Survey

Survey

Provides an overview of the litera-
turein 2013

Stresses theimportance of theinter-
face and HCI? of an HRS?

Provides an overview of existing
recommender systems with more
focus on health care systems

Research empirical results and
practical implementations of HRSs

Identifies and analyzesHRSs avail-
able in mobile apps

I dentifies, categorizes, and analyzes
existing knowledge on the use of
HRSs for patient interventions

Discusses HRSs to find personal-
ized, complex medical interventions
or support users with preventive
health care measures

Research limitations of current
CTHCE systems

Introduces HRSs and explains their
usefulnessto personal health record
systems

Explores approachesto the develop-
ment of arecommendation system
for archives of public health mes-

Identifying challenges (eg, cyber-attacks, difficult
integration, and data mining can cause ethical is-
sues) and opportunities (eg, integration with per-
sonal health data, gathering user preferences, and
increased consistency)

Providing a framework to incorporate domain
understanding, eval uation, and specific methodol -
ogy into the development process

Proposing a hybrid HRS

Presenting anovel proposal for the integration of
arecommender system into smart home care

Identifying HRSs that do not have many mobile
health care apps

Proposing amultidisciplinary taxonomy, including
integration with electronic health records and the
incorporation of health promotion theoretical
factors and behavior change theories

Identifying challenges subdivided into patient and
user challenges, recommender challenges, and
evaluation challenges

Identifying challenges of incorporating recom-
mender systemsinto CTHC. Proposing a future
research agenda for CTHC systems

Outlining an evaluation approach and discussing
challenges and open issues

Reflecting on theory devel opment and applications

sages

3HCI: human-computer interaction.
PHRS: health recommender system.
®CTHC: computer-tailored health communication.

As can be seen in Table 1, the scope of the existing literature
varies greatly. For example, Ferretto et a [26] focused solely
on HRSs in mobile apps. A total of 3 review studies focused
specifically on the patient side of the HRS: (1) Calero Valdez
et a [23] analyzed the existing literature from a human-computer
interaction perspective and stressed the importance of a good
HRS graphical user interface; (2) Schéfer et al [28] focused on
tailoring recommendationsto end users based on health context,
history, and goals; and (3) Hors-Fraile et a [27] focused on the
individual user by analyzing how HRSs can target behavior
change strategies. The most extensive study was conducted by
Sadasivam et a [29]. In their study, most HRSs used
knowledge-based recommender techniques, which might limit
individual relevance and the ability to adapt in real time.
However, they also reported that the HRS has the opportunity
to use a near-infinite number of variables, which enables
tailoring beyond designer-written rules based on data. The most
important challenges reported were the cold start [31] where
limited dataare available at the start of the intervention, limited
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sample size, adherence, and potential unintended consequences
[29]. Finally, we observed that these existing summative studies
were often restrictive in their final set of papers.

Our contributions to the community are four-fold. First, we
analyze a broader set of research studies to gain insights into
the current state of the art. We do not limit the included studies
to specific devices or patientsin aclinical setting but focus on
laypersons in general. Second, through a comprehensive
analysis, we aimtoidentify the applications of recent HRS apps
and gain insights into actionable knowledge that HRSs can
provide to users (RQL), to identify which recommender
techniques have been used successfully in the domain (RQ2),
how HRSs have been evaluated (RQ3), and the role of the user
interface in communicating recommendations to users (RQ4).
Third, based on our extensive literature review, we derive a
reference frame with five reporting guidelines for future
layperson HRS research. Finally, we collected and coded a
unique data set of 73 papers, which is publicly available in
Multimedia Appendix 1 [7-9,15,32-100] for other researchers.
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Methods

Search Strategy

This study was conducted according to the key steps required
for systematic reviews according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [101]. A literature search was conducted using the
ACM Digita Library (n=2023), |EEExplore (n=277), and
PubMed (n=93) databases. As mentioned earlier, in this
systematic review we focused solely on HRSs with afocus on
laypersons. However, many types of systems, agorithms, and
devices can be considered as a HRS. For example, push
notificationsin a mobile health app or health tips prompted by
web services can also be considered as hedth-related
recommendations. To outline the scope, we limited the search
termstoinclude arecommender or recommendation, asreported
by the authors. The search keywords were as follows, using an
inclusive OR: (recommender OR recommendation systems OR
recommendation system) AND (health OR healthcare OR
patient OR patients).

In addition, a backward search was performed by examining
the bibliographies of the survey and review papers discussed
in the Introduction section and the reference list of included
studiesto identify any additional studies. A forward search was
performed to search for articlesthat cited the work summarized
in Table 1.

Study Inclusion and Exclusion Criteria

As existing work did not include many studies (Table 1) and
focused on a specific medical domain or device, such asmobile
phones, this literature review used nonrestrictive inclusion
criteria. Studiesthat met all thefollowing criteriawereincluded
in the review: described an HRS whose primary focus was to
improve health (eg, food recommenders solely based on user
preferences [102] were not included); targeted laypersons (eg,
activity recommendations targeted on a proxy user such as a
coach [103] were not included); implemented the HRS (eg,
papers describing an HRS concept are not included); reported
an evaluation, either web-based or offline evaluation;
peer-reviewed and published papers; published in English.

Papers were excluded when one of the following was true: the
recommendations of HRSs were unclear; the full text was
unavailable; or a newer version was aready included.

Finally, when multiple papers described the same HRS, only
the latest, relevant full paper was included.

Classification

To address our RQs, all included studies were coded for five
distinct coding categories.

Study Details

To contextualize new insights, the publication year and
publication venue were analyzed.

Recommended | tems

HRSs are used across different health domains. To provide
details on what is recommended, al papers were coded
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according to their respective health domains. To not limit the
scope of potential items, no predefined coding table was used.
Instead, all paperswereinitially coded by thefirst author. These
resulting recommendations were then clustered together in
collaboration with the coauthorsinto four categories, as shown
in Multimedia Appendix 2.

Recommender Techniques

This category encodes the recommender techniques that were
used: collaborativefiltering [104], content-based filtering [ 105],
knowledge-based filtering [ 106], and their hybridizations[107].
Some studies did not specify any agorithmic details or
compared multiple techniques. Finally, when an HRS used
contextual information, it was coded whether they used pre- or
postfiltering or contextual modeling.

Evaluation Approach

This category encodes which evaluation protocols were used
to measure the effect of HRSs. We coded whether the HRSs
were evaluated through offline evaluations (no users involved),
surveys, heuristic feedback from expert users, controlled user
studies, deployments in the wild, and randomized controlled
trials (RCTs). We aso coded sample size and study duration
and whether ethical approval was gathered and needed.

I nterface and Transparency

Recommender systems are often perceived as a black box, as
therationale for recommendationsis often not explained to end
users. Recent research increasingly focuses on providing
transparency to the inner logic of the system [11]. We encoded
whether explanations are provided and, in this case, how such
transparency is supported in the user interface. Furthermore,
we also classified whether the user interface was designed for
a specific platform, categorized as mobile, web, or other.

Data Extraction, Intercoder Reliability, and Quality
Assessment

The required information for all included technologies and
studies was coded by the first author using a data extraction
form. Owing to the large variety of study designs, theincluded
studies were assessed for quality (detailed scores given in
Multimedia Appendix 1) using the tool by Hawker et a [108].
Using this tool, the abstract and title, introduction and aims,
method and data, sample size (if applicable), data analysis,
ethics and bias, results, transferability or generalizability, and
implications and usefulness were alocated a score between 1
and 4, with higher scoring studies indicating higher quality. A
random selection with 14% (10/73) of the paperswaslisted in
a spreadsheet and coded by a second researcher following the
defined coding categories and subcategories. The decisions
made by the second researcher were compared with the first.
With the recommended items (Multimedia Appendix 2), there
was only one small disagreement between physical activity and
leisure activity [32], but all other recommended items were
rated exactly the same; the recommender techniques had a
Cohen k value of 0.71 (P<.001) and the evaluation approach
scored a Cohen k value of 0.81 (P<.001). There was moderate
agreement (Cohen k=0.568; P<.001) between the researchers
concerning the quality of the papers. The interfaces used were
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in perfect agreement. Finaly, the coding data are available in
Multimedia Appendix 1.

Results

Study Details

Theliterature in three databases yielded 2340 studies, of which
only 23 were duplicates and 53 were full proceedings, leaving

DeCroon et d

2324 studies to be screened for eigibility. A total of 2161
studies were excluded upon title or abstract screening because
they were unrelated to health or targeted at medical professionals
or because the papers did not report an evaluation. Thus, the
remaining 163 full-text studies were assessed for eligibility.
After the removal of 90 studies that failed the inclusion criteria
or met the exclusion criteria, 73 published studies remained.
The search processisillustrated in Figure 1.

Figure 1. Flow diagram according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. EC: exclusion

criteria; IC: inclusion criteria

Additional records identified
through other sources (n=7)

Data cleaning (n=76)
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Full text excluded (n=90)

* |IC1 Health recommender: 13
* IC2 Laypersons: 37
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* IC6 English: 1

* EC1 Details on recommended items: 6
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All included papers were published in 2009 or later, following
an upward trend of increased popularity. The publication venues
of HRSsarediverse. Only the PervasiveHealth [33-35], RecSys
[36,37,109], and WI-IAT [38-40] conferences published 3
papers each that were included in this study. The Journal of
Medical Internet Research was the only journal that occurred
more frequently in our data set; 5 papers were published by
Journal of Medical Internet Research [41-45]. The paperswere
first rated using Hawker tool [108]. Owing to a large number
of offline evaluations, we did not include the sample score to
enable a comparison between all included studies. The papers
received an average score of 24.32 (SD 4.55, max 32; data set
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presented in Multimedia Appendix 1). Most studies scored very
poor on reporting ethics and potential biases, as illustrated in
Figure 2. However, there is an upward trend over the yearsin
more adeguate reporting of ethical issues and potential biases.
Theauthorsalso limited themselvesto their specific case studies
and did not make any recommendationsfor policy (last box plot
is presented in Figure 2). All 73 studies reported the use of
different data sets. Although all recommended itemswere health
related, only Asthana et a [46] explicitly mentioned using
electronic hedlth record data. Only 14% (10/73) [7,47-55]
explicitly reported that they addressed the cold-start problem.
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Figure 2. Distribution of the quality assessment using Hawker tool.
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Recommended Items

Overview

Most HRSs operated in different domains and thus
recommended different items. In this study, four nonmutually
exclusive categories of recommended items were identified:
lifestyle 33% (24/73), nutrition 36% (26/73), general health
information 32% (23/73), and specific health condition—related
recommendations 12% (9/73). The only significant trend we
found is the increasing popularity of nutrition advice.
Multimedia Appendix 2 shows the distribution of these
recommended items.

Lifestyle

Many HRSs, 33% (24/73) of the included studies, suggest
lifestyle-related items, but they differ greatly in their exact
recommendations. Physical activity is often recommended.
Physical activities are often personalized according to personal
interests [56] or the context of the user [35]. In addition to
physical activities, Kumar et a [32] recommend eating,
shopping, and socializing activities. One study analyzesthe data
and measurements to be tracked for an individual and then
recommendsthe appropriate wearabl e technologiesto stimulate
proactive health [46]. A total of 7 studies [7,9,42,53,57-59]
more directly try to convince users to alter their behavior by
recommending them to change, or alter their behavior: for
example, Rabbi et a [7] learn “a user’'s physical activity and
dietary behavior and strategically suggests changes to those
behaviors for a healthier lifestyle.” In another example, both
Marlin et a [59] and Sadasivam et a [42] motivate usersto stop
smoking by providing them with tailored messages, such as
“Keep in mind that cravings are temporary and will pass.”
Messages could reflect the theoretical determinants of quitting,
such as positive outcome expectations and self-efficacy
enhancing small goals[42].

Nutrition

The influence of food on hedlth is aso clear from the large
subset of HRSs dealing with nutrition recommendations. A
mere 36% (26/73) of the studies recommend nutrition-related
information, such as recipes [50], meal plans [36], restaurants
[60Q], or even hel p with choosing healthy items from arestaurant
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menu [61]. Wayman and Madhvanath [37] provide automated,
personalized, and goal-driven dietary guidance to users based
on grocery receipt data. Trattner and Elsweiler [62] use
postfiltering to focus on healthy recipes only and extended them
with nutrition advice, whereas Ge et a [48] require usersto first
enter their preferences for better recommendations. Moreover,
Gutiérrez et a [63] propose healthier alternatives through
augmented reality when the users are shopping. A total of 7
studies  specifically  recommend  healthy  recipes
[47,48,50,62,64-66]. Most HRSs consider the health condition
of the user, such as the DIETOS system [67]. Other systems
recommend recipes that are synthesized based on existing
recipes and recommend new recipes [64], assist parents in
making appropriate food for their toddlers [47], or help users
to choose allergy-safe recipes [65].

General Health I nformation

According to 32% (23/73) of the included studies, providing
accessto trustworthy health careinformation isanother common
objective. A total of 5 studies focused on personalized,
trustworthy information per se[15,55,68-70], whereas 5 others
focused on guiding usersthrough health care forums[52,71-74].
In total, 3 studies [55,68,69] provided personalized access to
genera health information. For example, Sanchez Bocanegra
et al [15] targeted health-related videos and augmented them
with trustworthy information from the United States National
Library of Medicine (MedlinePlus) [110]. A total of 3 studies
[52,72,74] related to health care forums focused on finding
relevant threads. Cho et al [72] built “ an autonomous agent that
automatically responds to an unresolved user query by posting
an automated response containing links to threads discussing
similar medical problems” However, 2 studies [71,73] helped
patientsto find similar patients. Jiang and Yang [ 71] investigated
approaches for measuring user similarity in web-based health
social websites, and Lima-Medina et a [73] built a virtua
environment that facilitates contact among patients with
cardiovascular problems. Both studies aim to help users seek
informational and emotional support in a more efficient way.
A total of 4 studies[41,75-77] hel ped patientsto find appropriate
doctors for a specific health problem, and 4 other studies
[51,78-80] focused on finding nearby hospitals. A total of 2
studies [78,79] simply focused on the clinical preferences of
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the patients, whereas Krishnan et a [111] “provide health care
recommendations that include Blood Donor recommendations
and Hospital Specialization.” Finally, Tabrizi et a [80]
considered patient satisfaction as the primary feature of
recommending hospitalsto the user.

Specific Health Conditions

Thelast group of studies (9/73, 12%) focused on specific health
conditions. However, the recommended itemsvary significantly.
Torrent-Fontbona and Lopez lbanez [81] have built a
knowledge-based recommender system to assist diabetes patients
in numerous cases, such as the estimated carbohydrate intake
and past and future physical activity. Pustozerov et a [43] try
to “reduce the carbohydrate content of the desired meal by
reducing the amount of carbohydrate-rich products or by
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suggesting variants of products for replacement.” Li and Kong
[82] provided diabetes-related information, such asthe need for
a low-sodium lunch, targeted on American Indians through a
mobile app. Other health conditions supported by recommender
systems include depression and anxiety [83], mental disorders
[45], and stress [34,54,84,85]. Both the mental disorder [45]
and the depression and anxiety [83] HRSs recommend mabile
apps. For example, the app MoveM e suggests exercisestailored
to the user's mood. The HRS to aleviate stress includes
recommending books to read [54] and meditative audios [85].

Recommender Techniques

Overview

The recommender techniques used varied greatly. Table 2 shows
the distributions of these recommender techniques.

Table 2. Overview of the different recommender techniques used in the studies.

Main technique® Study Total studies, n (%)
Collaborative filtering [59,69,76] 3(4)
Content-based filtering [15,32,54,63,72,86,87] 7(10)
Knowledge-based filtering ~ [9,38,44,50,57,64,66,68,79,81,82,84,88-91] 16 (22)

Hybrid [7,29,34,36,37,39-41,43,46-48,53,55,56,61,65,67,69,70,73,74,77,78,80,85,92-96,111] 32 (44)
Context-based techniques [33,35,58,97] 4(5)

Not specified [45,83,98] 34

Comparison between tech- [8,49,52,60,62,71,75,99] 8(11)

nigues

#The papers are classified based on how the authors reported their techniques.

Recommender Techniquesin Practice

The majority of HRSs (49/73, 67%) rely on knowledge-based
techniques, either directly (17/49, 35%) or in ahybrid approach
(32/49, 65%). Knowledge-based techniques are often used to
incorporate additional information of patients into the
recommendation process[112] and have been shown to improve
the quality of recommendations while alleviating other
drawbacks such as cold-start and sparsity issues [14]. Some
studi es use straightforward approaches, such asif-elsereasoning
based on domain knowledge [9,79,81,82,88,90,100]. Other
studies use more complex agorithms such as particle swarm
optimization [57], fuzzy logic [68], or reinforcement algorithms
[44,84].

In total, 32 studies reported using a combination of
recommender techniques and are classified as hybrid
recommender systems. Different knowledge-based techniques
are often combined. For example, Ali et al [56] used a
combination of rule-based reasoning, case-based reasoning, and
preference-based reasoning to recommend personalized physical
activities according to the user’s specific needs and personal
interests. Asthana et a [46] combined the knowledge of a
decision tree and demographic information to identify the health
conditions. When health conditions are known, the system
knows which measurements need to be monitored. A total of 7
studies used a content-based technique to recommend
educational content [15,72,87], activities [32,86], reading
materials [54], or nutritional advice[63].

https://www.jmir.org/2021/6/€18035

Although collaborative filtering is a popular technique [113],
it is not used frequently in the HRS domain. Marlin et al [59]
used collaborative filtering to personalize future smoking
cessation messages based on explicit feedback on past messages.
This approach is used more often in combination with other
techniques. A total of 2 studies[38,92] combined content-based
techniques with collaborative filtering. Esteban et a [92], for
instance, switched between content-based and collaborative
approaches. Theformer approach isused for new physiotherapy
exercises and the latter, when anew patient isregistered or when
previous recommendations to a patient are updated.

Context-Based Recommender Techniques

From an HRS perspective, context is described as an aggregate
of various information that describes the setting in which an
HRS s deployed, such as the location, the current activity, and
the available time of the user. A total of 5 studies use contextual
information to improve their recommendations but use a
different technique; a prefilter uses contextual information to
select or construct the most relevant data for generating
recommendations. For example, in Narducci et al [75], the set
of potentially similar patients was restricted to consultation
requests in a specific medical area. Rist et a [33] applied a
rule-based contextual prefiltering approach [114] to filter out
inadequate recommendations, for example, “if itisdark outside,
all outdoor activities, such as ‘take a walk, are filtered out”
[33] before they are fed to the recommendation algorithm.
However, a postfilter removes the recommended items after
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they are generated, such as filtering outdoor activities while it
israining. Casino et a [97] used a postfiltering technique by
running the recommended items through a real-time constraint
checker. Finaly, contextual modeling, which was used by 2
studies [35,58], uses contextual information directly in the
recommendation function as an explicit predictor of a user’'s
rating for an item [114].

Location, agenda, and weather are examples of contextual
information used by Lin et al [35] to promote the adoption of
a healthy and active lifestyle. Ceron-Rios et a [58] used a
decisiontreeto analyze user needs, health information, interests,
time, location, and lifestyle to promote healthy habits. Casino
et al [97] gathered contextual information through smart city
sensor datato recommend healthier routes. Similarly, contextual
information was acquired by Rist et a [33] using sensors
embedded in the user’s environment.

Comparisons

A total of 8 papers compared different recommender techniques
to find the most optimal algorithm for a specific data set, end
users, domain, and goal. Halder et al [52] used two well-known
health forum data sets (PatientsLikeM e [115] and HealthBoards
[116]) to compare 7 recommender techniques (among
collaborative filtering and content-based filtering) and found
that ahybrid approach scored best [52]. Another exampleisthe
study by Narducci et a [75], who compared four
recommendation algorithms: cosine similarity as a baseline,
collaborative filtering, their own HealthNet algorithm, and a
hybrid of HealthNet and cosine similarity. They concluded that
aprefiltering technique for similar patientsin a specific medical
areacan dragtically improve the recommendation accuracy [75].
The average and SD of the resulting ratings of the two
collaborative techniques are compared with random
recommendations by Li et a [60]. They show that a hybrid
approach of acollaborative filter augmented with the calculated
health level of the user performs better. In their nutrition-based
meal recommender system, Yang et al [49] used item-wise and
pairwise image comparisons in a two-step process. In
conclusion, the 8 studies showed that recommendations can be
improved when the benefits of multiple recommender techniques
are combined in a hybrid solution [60] or contextual filters are
applied [75].

Evaluation Approach

Overview

HRSs can be evaluated in multiple ways. In this study, we found
two categories of HRS evaluations: (1) offline evaluations that
use computational approaches to evaluate the HRS and (2)
evaluationsinwhich an end user isinvolved. Some studies used
both, as shown in Multimedia Appendix 3.

Offline Evaluations

Of the total studies, 47% (34/73) do not involve users directly
in their method of evaluation. The evaluation metrics also vary
greatly, as many distinct metrics are reported in the included
papers (Multimedia Appendix 3). Precision 53% (18/34),
accuracy 38% (13/34), performance 35% (12/34), and recall
32% (11/34) were the most commonly used offline evaluation
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metrics. Recall has been used significantly more in recent
papers, whereas accuracy aso follows an upward trend.
Moreover, performance was defined differently across studies.
Torrent-Fontbonaand L opez | banez [81] compared the “amount
of timein the glycaemic target range by reducing the time below
the target” as performance. Cho et a [72] compared the
precision and recall to report the performance. Clarke et al [84]
calculated their own reward function to compare different
approaches, and Lin et al [35] measured system performance
as the number of messages sent in their in the wild study.
Finally, Marlin et a [59] tested the predictive performance using
atriple cross-validation procedure.

Other popular offline evaluation metrics are accuracy-related
measurements, such as mean absol ute (percentage) error, 18%
(6/34); normalized discounted cumulative gain (nDCG), 18%
(6/34); F, score, 15% (5/34); and root mean square error, 15%
(5/34). The other metrics were measured inconsistently. For
example, Casino et a [97] reported that they measure robustness
but do not outline what they measure as robustness. However,
they measured the mean absol ute error. Torrent-Fontbona and
Lopez Ibanez [81] defined robustness as the capability of the
system to handle missing values. Effectivenessisalso measured
with different parameters, such as its ability to take the right
classification decisions[75] or in terms of key opinion leaders
identification [41]. Finally, Li and Zaman [68] measured trust
with aproxy: “evaluate the trustworthiness of a particular user
inahealth care social network based on factors such asroleand
reputation of the user in the social community” [68].

User Evaluations

Overview

Of the total papers, 53% (39/73) included participantsin their
HRS evaluation, with an average sample size of 59 (SD 84)
participants (excluding the outlier of 8057 participants, as
recruited in the study by Cheung et al [83]). On average, studies
ran for more than 2 months (68, SD 56 days) and included all
ageranges. Thereisatrend of increasing sample size and study
duration over the years. However, only 17 studies reported the
study duration; therefore, these trends were not significant.
Surveys (12/39, 31%), user studies (10/39, 26%), and
deploymentsin thewild (10/39, 26%) were the most used user
evaluations. Only 6 studies used an RCT to evaluate their HRS.
Finally, although all the included studies focused on HRSs and
were deding with sensitive data, only 12% (9/73)
[9,34,42-45,73,83,95] reported ethical approval by a review
board.

Surveys

No universal survey was found, as al the studies deployed a
distinct survey. Geet al [48] used the system usability scaleand
the framework of Knijnenburg et al [117] to explain the user
experience of recommender systems. Esteban et a [95] designed
their own survey with 10 questions to inquire about user
experience. Ceron-Rios[58] relied onthe | SO/IEC (International
Organization of Standardization/International Electrotechnical
Commission) 25000 standard to select 7 usability metrics to
evaluate usability. Although most studies did not explicitly
report the surveys used, user experience was a popular

JMed Internet Res 2021 | vol. 23 | iss. 6 [e18035 | p.127
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

evaluation metric, as in the study by Wang et al [69]. Other
metrics range from measuring user satisfaction [69,99] and
perceived prediction accuracy [59] (with 4 self-composed
guestions). Nurbakova et al [98] combined data analytics with
surveys to map their participants psychological background,
including orientationsto happiness measured using the Peterson
scale [118], personality traits using the Mini-International
Personality Item Pool [119], and Fear of Missing Out based on
the Przybylski scale [120].

Single-Session Evaluations (User Studies)

A total of 10 studies recruited users and asked them to perform
certain tasks in a single session. Yang et al [49] performed a
60-person user study to assess its feasibility and effectiveness.
Each participant was asked to rate meal recommendations
relative to those made using atraditional survey-based approach.
In astudy by Gutiérrez et al [63], 15 users were asked to use
the health augmented reality assistant and measure the qualities
of the recommender system, users behaviora intentions,
perceived usefulness, and perceived ease of use. Jiang and Xu
[77] performed 30 consultations and invited 10 evaluators
majoring in medicine and information systems to obtain an
average rating score and nDCG. Radha et a [8] used
comparative questions to evaluate the feasibility. Moreover,
Cheng et a [89] used 2 user studies to rank two degrees of
compromise (DOC). A low DOC assigns more weight to the
algorithm, and a high DOC assigns more weight to the user’'s
health perspective. Recommendations with a lower DOC are
more efficient for the user’s health, but recommendations with
a high DOC could convince users to believe that the
recommended action isworth doing. Other approachesused are
structured interviews [58], ranking [86,89], asking for
unstructured feedback [40,88], and focus group discussions
[87]. Finaly, 3 studies[15,75,90] evaluated their system through
a heuristic evaluation with expert users.

In the Wild

Only 2 studiestested their HRS into the wild recruited patients
(people with a diagnosed health condition) in their evaluation.
Yom-Tov et al [44] provided 27 sedentary patients with type 2
diabetes with a smartphone-based pedometer and a personal
plan for physical activity. They assessed the effectiveness by
calculating the amount of activity that the patient performed
after the last message was sent. Lima-Medina et a [73]
interviewed 45 patients with cardiovascular problems after a
6-month study period to measure (1) social management results,
(2) health care plan results, and (3) recommendation results.
Rist et al [33] performed an in-situ evaluation in an apartment
of an older couple and used the data logs to describe the usage
but augmented the data with a structured interview.

Yang et al [49] conducted afield study of 227 anonymous users
that consisted of atraining phase and a testing phase to assess
the prediction accuracy. Buhl et a [99] created three user groups
according to the recommender technique used and analyzed log
data to compare the response rate, open email rate, and
consecutive log-in rate. Similarly, Huang et a [76] compared
the ratio of recommended doctors chosen and reserved by
patients with the recommended doctors. Lin et a [35] asked 6
participants to use their HRSs for 5 weeks, measured system
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performance, studied user feedback to the recommendations,
and concluded with an open-user interview. Finaly, Ali et al
[56] asked 10 volunteers to use their weight management
systems for a couple of weeks. However, they do not focus on
user-centric evaluation, as* only aprototype of the[...] platform
isimplemented.”

Rabbi et al [7] followed a single case with multiple baseline
designs [121]. Single-case experiments achieve sufficient
statistical power with alarge number of repeated samplesfrom
asingleindividual. Moreover, Rabbi et al [7] argued that HRSs
suit this requirement “since enough repeated samples can be
collected with automated sensing or daily manua logging
[121]" Participants were exposed to 2, 3, or 4 weeks of the
control condition. The study ran for 7-9 weeks to compensate
for the novelty effects. Food and exercise log data were used
to measure changesin food calorieintake and calorielossduring
exercise.

Randomized Controlled Trials

Only 6 studies followed an RCT approach. In the RCT by
Bidargaddi et a [45], a large group of patients (n=192) and
control group (n=195) were asked to use a web-based
recommendation servicefor 4 weeksthat recommended mental
health and well-being mobile apps. Changesin well-being were
measured using the Mental Health Continuum-Short Form [122].
The RCT by Sadasivam et a [42] enrolled 120 current smokers
(n=74) and control group (n=46) as a follow-up to a previous
RCT [123] that evaluated their portal to specifically evaluate
the HRS algorithm. Message ratings were compared between
the intervention and control groups.

Cheung et al [83] measured app loyalty through the number of
weekly app sessionsover aperiod of 16 weekswith 8057 users.
In the study by Paredes et al [34], 120 participants had to use
the HRS for at least 26 days. Self-reported stress assessment
was performed before and after the intervention. Agapito et a
[67] used an RCT with 40 participantsto validate the sensitivity
(true positive rate/[true positive ratet+false negative rate]) and
specificity (true negative rate/[true negative rate+fal se positive
rate]) of the DIETOS HRS. Finally, Luo et a [93] performed
asmall clinical trial for more than 3 months (but did not report
the number of participants). Their primary outcome measures
included two standard clinical blood tests: fasting blood glucose
and laboratory-measured glycated hemoglobin, before and after
theintervention.

Interface

Overview

Only 47% (34/73) of the studies reported implementing a
graphical user interface to communicate the recommended health
items to the user. Asillustrated in Table 3, 53% (18/34) use a
mobile interface, usually through a mobile (web) app, whereas
36% (14/34) use a web interface to show the recommended
items. Rist et al [33] built akiosk into older adults homes, as
illustrated in Figure 3. Gutiérrez et a [63] used Microsoft
HoloLens to project healthy food alternatives in augmented
reality surrounding a physical object that the user holds, as
shown in Figure 4.
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Table 3. Distribution of the interfaces used among the different health recommender systems (n=34).

Interface Study Total studies, n (%)
Mobile [7,34,35,40,44,48,56,58,66,69,77,78,82-84,86,88,97] 18 (53)

Web [9,15,37,41,45,49,61,70,73,75,79,85,90,95] 14 (41)

Kiosk [33] 13

HoloLens [63] 13

Figure 3. Rist et a installed akiosk in the home of older adults as a direct interface to their health recommender system.

al studies, as shown in Table 4. Showing stars to show the
] ) relevance of a recommended item are only used by Casino et
A total of 7 studies [33,34,37,63,79,88,97] or approximately 4 [97] and Gutiérrez et a [63]. Wayman and Madhvanath [37]
one-fourth of the studies with an interface included g gy used bar charts to visualize the progress toward a health
visualizations. However, the approach used was different for  gog. They visualize the healthy proportions, that is, what the

Visualization
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user should eat. Somewhat more complex visualizations are Rist et al [33] visualized an example of how to perform the

used by Ho and Chen [88] who visualized the user’SECG zones.
Paredeset a [34] presented an emotion graph asan input screen.

recommended activity.

Table 4. Distribution of the visualizations used among the different health recommender systems (n=7).

Visualization technique Study Total studies, n (%)
Bar charts Wayman and Madhvanath [37] and Gutiérrez et a [63] 2(29)
Heatmap Ho and Chen [88] 1(14)
Emotion graph Paredes et al [34] 1(14)
Visual example of action Rist et a [33] 1(14)
Map Avila-Vazquez et al [79] 1(14)
Star rating Casino et a [97] 1(14)
Transparency Rabbi et al [7] showed tailored motivational messagesto explain

In the study by Lage et al [87], participants expressed that:

they would like to have more control over
recommendations received. In that sense, they
suggested more information regarding the reasons
why the recommendations are generated and more
options to assess them.

A total of 7 studies [7,37,41,45,63,66,82] explained the
reasoning behind recommendations to end users at the user
interface. Gutiérrez et a [63] provided recommendations for
healthier food products and mentioned that the items (Figure
4) are based on the users’ profile. Ueta et a [66] explained the
relationship between the recommended dishes and a person’s
health conditions. For example, a person with acne can see the
following text: “15 dishes that contained Pantothenic acid
thought to be effective in acne alot became a hit” [66]. Li and
Kong [82] showed personalized recommended health actions
in a message center. Color codes are used to differentiate
between reminders, missed warnings, and recommendations.

https://www.jmir.org/2021/6/€18035

why activities are recommended. For example, when the activity
walk near East Ave is recommended, the app shows the
additional message:

1082 walks in 240 days, 20 mins of walk everyday.
Each walk nearly 4 min. Let us get 20 mins or more
walk heretoday [ 7]

Wayman and Madhvanath [37] first visualized the user's
personal nutrition profile and used the lower part of theinterface
to explain why the item was recommended. They provided an
illustrative example of spaghetti squash. The explanation shows
that:

Thisproduct ishighin Dietary_fiber, which you could
consume more of. Try to get 3 servings a week [ 37 ]

Guo et al [41] recommended doctors and showed a horizontal
bar chart to visualize the user's values compared with the
average values. Finally, Bidargaddi et a [45] visualized how
the recommended app overlaps with the goal set by the users,
asillustrated in Figure 5.
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Figure5. A screenshot from the health recommender system of Bidargaddi et a. Note the blue tags illustrating how each recommended app matches
the users' goals.
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Discussion

Principal Findings

HRSs cover a multitude of subdomains, recommended items,
implementation techniques, evaluation designs, and means of
communicating the recommended items to the target user. In
this systematic review, we clustered the recommended items
into four groups: lifestyle, nutrition, genera heath care
information, and specific health conditions. There is a clear
trend toward HRSs that provide well-being recommendations
but do not directly intervene in the user's medical status. For
example, amost 70% (50/73; lifestyle and nutrition) focused
on no strict medical recommendations. In the lifestyle group,
physical activities (10/24, 42%) and advice on how to potentially
change behavior (7/24, 29%) were recommended most often.
In the nutrition group, these recommendations focused on
nutritional advice (8/26, 31%), diets (7/26, 27%), and recipes
(7/26, 27%). A similar trend was observed in the health care
information group, where HRSs focused on guiding users to
the appropriate environments such as hospital s (5/23, 22%) and
medical professionals (4/23, 17%) or on helping users find
qualitative information (5/23, 22%) on validated sources or
from experiences by similar users and patients on health care
forums (3/23, 13%). Thus, they only provide general information
and do not intervene by recommending, for example, changing
medication. Finally, when HRSs targeted specific health
conditions, they recommended nonintervening actions, such as
meditation sessions [84] or books to read [54].
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Although collaborative filtering is commonly the most used
technique in other domains [124], here only 3 included studies
reported the use of acollaborativefiltering approach. Moreover,
43% (32/73) of the studies applied a hybrid approach, showing
that HRS data sets might need specia attention, which might
also be the reason why all 73 studies used distinct data sets. In
addition, the HRS evaluations varied greatly and were divided
over evaluations where the end user was involved and
eva uationsthat did not evolve users (offline evaluations). Only
47% (34/73) of the studies reported implementing a user
interface to communicate recommendations to the user, despite
the need to show the rationale of recommendations, as echoed
by many researchers and practitioners [11]. Moreover, only
15% (7/47) included a (basic) visualization.

Unfortunately, this general lack of agreement on how to report
HRSs might introduce researcher bias, as a researcher is
currently completely unconstrained in defining what and how
to measure the added value of an HRS. Therefore, further debate
in the health recommender community is needed on how to
define and measure the impact of HRSs. On the basis of our
review and contribution to this discussion, we put forward a set
of essential information that researchers should report in their
studies.

Considerationsfor Practice

The previously discussed results have direct implications in
practice and provide suggestions for future research. Figure 6
shows areference frame of these requirements that can be used
in future studies as a quality assessment tool.
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Figure 6. A reference frame to report health recommender system studies. On the basis of the results of this study, we suggest that it should be clear
what and how items are recommended (A), who the target user is (B), which data are used (C), and which recommender techniques are applied (D).

Finally, the evaluation design should be reported in detail (E).
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Define the Target User

As shown in this review, HRSs are used in a plethora of
subdomains and each domain hasits own experts. For example,
in nutrition, the expert is most likely a dietician. However, the
user of an HRS is usually alayperson without the knowledge
of these domain experts, who often have different viewing
preferences [125]. Furthermore, each user is unique. All
individuals have idiosyncratic reasons for why they act, think,
behave, and feel in acertain way at a specific stage of their life
[126]. Not everybody is motivated by the same elements.
Therefore, it is important to know the target user of the HRS.
What is their previous knowledge, what are their goals, and
what motivates them to act on arecommended item?

Show What s Recommended (and How)

Researchers have become aware that accuracy is not sufficient
to increase the effectiveness of a recommender system [127].
In recent years, research on human factors has gained attention.
For example, He et a [11] surveyed 24 existing interactive
recommender systems and compared their transparency,
justification, controllability, and diversity. However, none of
these 24 papers discussed HRSs. Thisindicatesthe gap between
HRSsand recommender systemsin other fields. Human factors
have gained interest in the recommender community by
“combining interactive visualization techniques with
recommendation techniques to support transparency and
controllability of the recommendation process’ [11]. However,
in this study, only 10% (7/73) explained the rationale of
recommendationsand only 10% (7/73) included avisualization
to communicate the recommendations to the user. We do not
argue that all HRSs should include a visualization or an
explanation. However, researchers should pay attention to the
delivery of these recommendations. Users need to understand,
believe, and trust the recommended items before they can act
onit.

To compare and assess HRSs, researchers should unambiguously
report what the HRS is recommending. After al, typical
recommender systems act like a black box, that is, they show
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suggestions without explaining the provenance of these
recommendations [11]. Although this approach is suitable for
typica e-commerce applications that involve little risk,
transparency is a core requirement in higher risk application
domains such as health [128]. Users need to understand why a
recommendation is made, to assess its value and importance
[12]. Moreover, health information can be cumbersome and not
always easy to understand or situate within a specific health
condition[129]. Users need to know whether the recommended
item or action is based on a trusted source, tailored to their
needs, and actionable [130].

Report the Data Set Used

All 73 studies used adistinct data set. Furthermore, some studies
combine data from multiple databases, making it even more
difficult to judge the quality of the data[35]. Nonethel ess, most
studies use self-generated data sets. This makes it difficult to
compare and externally validate HRSs. Therefore, we argued
that researchers should clarify the data used and potentially
share whether these data are publicly available. However, in
health data are often highly privacy sensitive and cannot be
shared among researchers.

Outline the Recommender Techniques

The results show that there is no panacea for which
recommender techniqueto use. Theincluded studies differ from
logic filters to traditional recommender techniques, such as
collaborative filtering and content-based filtering to hybrid
solutions and self-developed agorithms. However, with 44%
(32/73), there is a strong trend toward the use of hybrid
recommender techniques. Thelow number of collaborativefilter
techniques might be rel ated to the fact that the eval uation sample
sizeswereasorelatively low. Unfortunately, some studies have
not fully disclosed the techniques used and only reported on the
main algorithm used. It is remarkable that studies published in
high-impact journals, such as studies by Bidargaddi et al [45]
and Cheung et a [83], did not provide information on the
recommender technique used. Nonetheless, disclosing the
recommender technique allows other researchers not only to
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build on empirically tested technologies but also to verify
whether key variablesareincluded [29]. User dataand behavior
data can be identified to augment theory-based studies [29].
Researchers should prove that the algorithm is capable of
recommending valid and trustworthy recommendations to the
user based on their available data set.

Elaborate on the Evaluation Protocols

HRSs can be evaluated using different evaluation protocols.
However, the protocol should be outlined mainly by theresearch
goals of the authors. On the basis of the papersincluded in this
study, we differentiate between the two approaches. In thefirst
approach, the authors aim to influence their users’ health, for
example, by providing personalized diabetes guidelines[81] or
prevention exercises for users with low back pain [95].
Therefore, the end user should always be involved in both the
design and evaluation processes. However, only 8% (6/73)
performed an RCT and 14% (10/73) deployed their HRS in the
wild. This lack of user involvement has been noted previously
by researchers and has been identified as a major challengein
the field [27,28]. Nonetheless, in other domains, such as job
recommenders [131] or agriculture [132], user-centered design
has been proposed as an important methodology in the design
and development of tools used by end users, with the purpose
of gaining trust and promoting technology acceptance, thereby
increasing adoption with end users. Therefore, we recommend
that researchers evaluate their HRSs with actua users. A
potential model for a user-centric approach to recommender
system evaluation is the user-centric framework proposed by
Knijnenburg et al [117].

Research protocols need to be elaborated and approved by an
ethical review board to prevent any impact on users. Authors
should report how they informed their users and how they
safeguarded the privacy of the users. Thisis in line with the
modern journal and conference guidelines. For example,
editorial policies of the Journal of Medical Internet Research
state that “when reporting experiments on human subjects,
authors should indicate IRB (Institutional Rese[a]rch Board,
also known as REB) approval/exemption and whether the
procedures followed were in accordance with the ethical
standards of the responsible committee on human
experimentation” [133]. However, only 12% (9/73) reported
their approval by an ethical review board. Acquiring review
board approva will help the field mature and transition from
small incremental studies to larger studies with representative
users to make more reliable and valid findings.

In the second approach, the authors aim to design a better
algorithm, where better is again defined by the authors. For
exampl e, the algorithm might perform faster, be more accurate,
and be more efficient in computing power. Although the F;
score, the mean absolute error, and nDCG are well defined and
known within the recommender domain, other parameters are
more ambiguous. For example, the performance or effectiveness
can be assessed using different measurements. However, ahealth
parameter can be monitored, such as the duration that a user
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remains within healthy ranges [81]. Furthermore, it could be a
predictive parameter, such as an improved precision and recall
asaproxy for performance [72]. Unfortunately, this difference
makesit difficult to compare health recommendation algorithms.
Furthermore, thisinconsi stency in measurement variables makes
it infeasible to report in this systematic review which
recommender techniquesto use. Therefore, we argue that HRS
algorithms should always be evaluated for other researchersto
validate the results, if needed.

Limitations

This study has some limitations that affect its contribution.
Although an extensive scope search was conducted in scientific
databases and most relevant health care informatic journals,
some relevant literature in other domains might have been
excluded. The keywords used in the search string could have
impacted the results. First, we did not include domain-specific
constructs of health, such as asthma, pregnancy, and iron
deficiency. Many studies may implicitly report healthy
computer-generated recommendations when they research the
impact of anew intervention. In these studies, however, building
an HRSisoften not their goal and, therefore, was excluded from
this study. Second, we searched for papersthat reported studying
an HRS; nonincluded studies might have built an HRS but did
not report it as such. Considering our RQs, we deemed it
important that authors explicitly reported their work as a
recommender system. To conclude, in this study, we provide a
large cross-domain overview of health recommender techniques
targeted to laypersons and deliver a set of recommendations
that could help the field of HRS mature.

Conclusions

This study presents a comprehensive report on the use of HRS
across domains. We have discussed the different subdomains
HRS applied in, the different recommender techniques used,
the different manners in which they are evaluated, and finally,
how they present the recommendationsto the user. Onthe basis
of this analysis, we have provided research guidelines toward
a consistent reporting of HRSs. We found that although most
applications are intended to improve users’ well-being, thereis
a significant opportunity for HRSs to inform and guide users
health actions. Although many of the studies present alack of
a user-centered evaluation approach, some studies performed
full-scale RCT evaluations or elaborated in the wild studies to
validatetheir HRS, showing thefield of HRSis s owly maturing.
On the basis of this study, we argue that it should always be
clear what the HRS is recommending and to whom these
recommendations are for. Graphical assets should be added to
show how recommendations are presented to users. Authors
should also report which data sets and algorithms were used to
calculate the recommendations. Finally, detailed evaluation
protocols should be reported.

We conclude that the results motivate the creation of richer
applications in future design and development of HRSs. The
fieldismaturing, and interesting opportunities are being created
to inform and guide health actions.
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Abstract

Background: Digital self-management support tools (DSMSTs)—electronic devices or monitoring systems to monitor or
improve health status—have become increasingly important in cancer care.

Objective: Theaim of thisreview isto analyze published randomized clinical trials to assess the effectiveness of DSMSTs on
physical and psychosocial symptoms or other supportive care needs in adult patients with cancer.

Methods: Five databases were searched from January 2013 to January 2020. English or Dutch language randomized controlled
trials comparing DSM STs with no intervention, usual care, alternative interventions, or a combination and including patients
aged =18 years with pathologically proven cancer in the active treatment or survivorship phases were included. The results were
summarized qualitatively.

Results: A total of 19 publications describing 3 types of DSM STswere included. Although the content, duration, and frequency
of interventions varied considerably across studies, the commonly used elements included an assessment component, tailored
symptom self-management support, an information section, a communication section, and a diary. Significant positive effects
were observed on quality of lifein 6 (out of 10) studies, on anxiety in 1 (out of 5) study and depression in 2 (out of 8) studies,
on symptom distressin 5 (out of 7) studies, on physical activity in 4 (out of 6) studies, on dietary behavior in 1 (out of 4) study,
and on fatigue in 2 (out of 5) studies. Moreover, significant negative effects were observed on anxiety in 1 (out of 5) study and
depression in 1 (out of 8) study. Most interventions were web-based interventions; 2 studies used mobile apps, and 1 study used
agameasaDSMST. The overal quality of the studies was found to be good, with 13 out of 19 studies classified as high quality.

Conclusions: This review suggests that DSMSTs have a beneficia effect on the quality of life. For effects on other patient
outcomes (eg, anxiety and depression, symptom distress, physical activity, dietary behavior, and fatigue), the evidenceisinconsistent
and limited or no effect is suggested. Future research should focus on specific tumor types, study different types of interventions
separately, and assess the effects of specific interventions at different stages of disease progression.

(J Med I nternet Res 2021;23(6):€20861) doi:10.2196/20861

KEYWORDS
web-based intervention; digital self-management support tool; chronic patient groups; review; digital health; ehealth; mhealth;
cancer patients; mobile phone
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Introduction

Care for patients with cancer extends over a prolonged period,
starting with the diagnostic phase, foll owed by a phase of active
treatment and, subsequently, the follow-up phase (in the curative
setting), or the supportive care phase (in the palliative setting).
Considering the definition of chronic patients by the World
Health Organization (patients who require “ongoing
management for years or decades covering a wide range of
health problems”), in some cases, patients with cancer may be
considered as chronic patients [1].

Currently, people with a chronic condition are expected to play
amore activerolein their health care, which involves symptom
management, adherence to treatment regimens, commitment to
appropriate lifestyle changes, and the ability to deal with the
psychological and physical consequences of their condition
[2,3]. Studiesrelated to chronic patients have demonstrated that
self-management programs may be associated with reductions
in anxiety and unscheduled physician visits and increases in
self-efficacy [4-6].

Self-management of chronic diseaseischallenging for patients,
and support from heath care professionals is needed.
Self-management support is defined asthe systematic provision
of education and supportive interventions by health care
professionals to increase patients skills and confidence in
managing their health problems, including regular assessment
of progress and problems, goal setting, and problem-solving
support [6]. Nowadays, it is offered through face-to-face contact
and viadigital tools.

Digital self-management support tools (DSMSTSs) can be any
type of electronic device (eg, website and app) or monitoring
system (eg, smartwatch) that is applied by physicians in their
health care practice or by individuals to monitor or improve
their health status. Such tools can be used to stimulate apositive
health behavior change, assist individuals to lead a healthier
lifestyle, or support the diagnosis and treatment of diseases[7].
DSM ST's provide the meansto facilitate communication between
health care providers and patients, to transfer information, to
improve some clinical outcomes (ie, physical outcome and
functional status) among users, and to facilitate patient
self-management, thusimproving patient empowerment [6,8,9].

Although the population of patients with cancer is growing
owing to the aging population and improved cancer care,
complaints, needs, and preferences of patients with cancer can
vary individually over different subjects and time [10], placing
health care budgets under increasing strain. As aresult, health
authorities are seeking to lessen the burden by using technology
to support a move toward self-care and outpatient long-term
monitoring. With the rapid development of medical technology
in health care, the use of DSMSTSs to support patients with
cancer will likely become increasingly important and could
represent a helpful intervention to enhance psychological
well-being (eg, less symptom distress and anxiety) and physical
well-being (eg, increasing physical activity [PA]). Despite the
projected proliferation of interventionswith DSM STsto manage
treatment-related symptomsin patientswith cancer, the evidence
is lacking and the effectiveness of these tools is still unclear.

https://www.jmir.org/2021/6/e20861
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Previously, researchers reviewed DSMSTs for patients with
cancer and found promising results [11-15]. However, these
reviews included studies that were primarily focused on cancer
survivors[11-13,15] or focused only on a single outcome, that
is, patient empowerment or fatigue[12,13,15], or asingledigital
medium, that is, mobile health [14]. The effects of DSMSTs
from a broader perspective, including effects on physical and
psychosocial symptoms or other supportive care needs, have
not been reviewed before. Therefore, the overall objective of
thisreview isto analyze published randomized clinical trialsto
assess the effectiveness of DSMSTs on physical and
psychosocial symptoms or other supportive care needsin adult
patients with cancer.

Methods
Eligibility Criteriafor Article Selection

Study Design

Eligible studies were randomized controlled trials (RCTS) in
English, performed in adult patients with cancer (=18 years),
published between January 2013 and January 2020, and
comparing quantitative physical and/or psychosocial outcomes
of DSMSTs with another intervention or usual care. Patients
with cancer were defined as individuals diagnosed with any
type of cancer, irrespective of disease stage, treatment phase,
type of treatment, and time since diagnosis. When studies
reported on mixed populations, only studies that reported data
for patients with cancer separately were included.

Digital Self-Management Support | nterventions

Digital  self-management support was defined as
self-management provided by DSMSTSs. To be classified as a
self-management support intervention, the intervention should
meet criteria 1l and 2:

1 Self-management support targeted at physical or
psychosocial symptoms or other supportive care needs of
patients: Self-management support is defined as the
systematic provision of education and supportive
interventions by health care professionals to increase
patients skills and confidence in managing their health
problems, including regular assessment of progress and
problems, goal setting, and problem-solving support.

2. A digital tool isused [5].

Programs that were not primarily designed to support or
rehabilitate (eg, treatment decision aids and health behavior
changeinterventions) were beyond the scope of thisreview and
were excluded. Programs focusing exclusively on education
were only included if the education aimed to support or
rehabilitate patients with cancer (eg, group-based,
individual-based, structured, and unstructured). Cancer
self-management education was defined as an ongoing process
of facilitating the knowledge, skills, and confidence necessary
to enable effective self-management of the biological, physical,
and psychosocial effects of cancer and itstreatment [16]. Studies
describing interventions without access to the internet or a
website were excluded.
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Outcomes

Physical parameters related to activity level, dietary behavior,
and fatigue and psychosocial parameters (eg, anxiety and
depression, quality of life [QOL], and symptom distress) were
the outcomes of interest.

Selection Method

To identify potentially relevant studies, CINAHL, Embase,
PsycINFO, Cochrane Network, and PubMed databases were
searched for eligible RCTsfrom January 2013 to January 2020.
The review began in 2018. Due to the rapid development of

Textbox 1. Medical subject headings and keywords used.

Adriaans et d

medical technology in health care, only studies from the last 5
years were included. During the time of writing this paper, the
search was continually updated until January 2020, while
maintaining the years 2013 and 2014, given the relevance of
the included studies. The search strategy consisted of Medical
Subj ect Headings combined with text wordsfor cancer (Textbox
1) inaBoolean search. A medical information specialist checked
the final search syntaxes. DJIMA and MJHMVB screened the
titles, abstracts, and full texts. Interresearcher reliability was
checked using a 20% random sample of abstracts and full texts.
Consensus was reached through discussion.

Medical Subject Headings

Keywords

«  cancer, neoplasm*, malignancy, malignancies, tumor

« self-management, self-management support, self-care, support, supportive care, health services needs and demand, patient education as topic,
patient-centered care, health education, action plan, management plan, decision support techniques, continuity of patient care, patient decision
making, computer assisted patient decision making, computer assisted decision support system, decision aid*, patient education, patient participation,
physician-patient relations, patient information, medical information, decision support, decision tree, decision, decid*, consumer health information,
interactive health communication, app, digital health, mobile technology, web based, computer, telemedicine, eHealth, health technology,
educational technology, mHealth, mobile phone, smartphone, mobile apps, internet, telecare

Data Extraction

Thefollowing information was extracted from each publication:
study characteristics (country of origin, year of publication,
aim, and sample size), patient characteristics (age, gender, and
type of disease), intervention characteristics (content, duration,
and frequency), and outcome measures (instruments used and
effectson physical and psychosocia outcomes). Thefirst author
independently extracted the data, and another author checked
the data extraction for 20% of the studiesto determineinterrater
reliability. Consensus was reached through discussion.

Quality Assessment

The methodological quality of the studies was evaluated, but it
did not serve asan eligibility criterion. We used the CONSORT
(Consolidated Standards of Reporting Trials) list developed by
the CONSORT group to identify the problems arising from
inadequate reporting of RCTs[17]. Items were scored using a

https://www.jmir.org/2021/6/e20861

tick mark. The tick marks indicate “yes’ as an answer to the
question, resulting in a maximum quality score of 37. For the
gualitative synthesis, we counted the overall scores and
classified them into 3 quality categories: high quality
(CONSORT score >25), moderate quality (CONSORT score
13-25), and low quality. (CONSORT score <13)

Two reviewers (DIMA and MJHMV B) independently reviewed
the papers and independently assessed the methodological
quality. In case of disagreement, consensuswas reached through
discussion.

Results

Selection of Publications

Figure 1 outlinesthe search process. A total of 6047 references
were identified through the search. Screening titles, abstracts,
and full textsyielded 19 eligible studies.
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Figure 1. Flowchart of included studies. RCT: randomized controlled trial.
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Study Char acteristics

A total of 19 publications were included (Figure 1); 3
publications were based on the same study, assessing different
outcome measures [18-20]. The sample sizes ranged from 39
to 752 patients. All studies had a pre- and posttest design to
measure the outcome differencesin the groups. One study used
2 experimental groups [21], examining an internet-based
patient-provider communication service with or without the
additional use of aweb-based illness management system, and
another study used 2 experimental groups[22]: an unsupervised
group that used a mobile app to record data or a supervised
group that used the app and reviewed datawith aphysician. All
other studies used a single experimental and control group (eg,

https://www.jmir.org/2021/6/e20861

RenderX

control group assigned to a waiting list and received the
intervention after the active treatment group, control group
receiving written formats, and control group receiving usual
care).

Quiality of Included Studies

Table 1 presents the methodological quality of the studies.
Allocation concealment was described in 9 studies [18-26].
Blinding of participants, personnel, and outcome assessors was
adequately described in 8 studies [18,19,22,24,26-29]. Two
studies explicitly described anonblinded approach [21,30]. Out
of 37 points, one study achieved 33 (89%) points and had the
highest score [29]. A total of 13 studies were of high quality
and 6 were of moderate quality [31].
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Table 1. Quality of randomized controlled trials. To make them comparative, overall scores are counted (n, %; maximum score 33; n=37).
Checklist item e el i sl co/ il = il v Wl < A o R N 2 R 7 v ol =l s 7l 2

la ldentification asarandomized t 0O ad a O a O O 0 0 0 0 ] xu 0O O O O X
trial in thetitle

1b. Structured summary of trial X X X X X X X X X X X X X X X X X X X
design, methods, results, and con-
clusions

2a. Scientific backgroundandex- O 0O O 0O 0O O O O O O O O O O O O O O O
planation of rationale

2b. Specific objectiveorhypothee- 0 O O 0O 0O O O O O O O O O 0O O O O O O
ses

3a Descriptionof trial design,in- X O O 0O X 0O X 0O O X O O O X 0O 0O O O X
cluding allocation ratio

3b. Important changestomethods 0 X O O X X X X 0O X X X X X X X 0O X X
after trial commencement

4a. Eligibility criteriaforpartici- 0 O O O 0O 0O O O O O O O O O O O O O O
pants

4b. Settingsand locationswhere O X 0O 0O 0O 0O O O O O O O 0O X 0O X 0O O O
the data were collected

5. Interventions for each group o o o o o o o o o X X X X X O X o o o
with sufficient details to allow
replication

6a Completely definedprespeci- X O O O O O X X X 0O 0O O O X 0O 0O 0O X O
fied primary and secondary out-
come measures

6b. Any changestotrial outcomes X X X O X X X X @O X X X X X X X 0O X X
after the trial commenced

7a. How samplesizewasdeter- O O X X X X X O X X X X X X X X X X X
mined

7b. Explanation of any interim X 0O O 0o o o X 0o o o o o o X o o X o oo
analyses and stopping guidelines

8a. Methodusedtogeneratethe O O O 0O 0O 0O X O O O O O 0O O 0O X O X O
random allocation sequence

8b. Type of randomization o o X 0O o o o o o @O

9. Mechanismusedtoimplement O X O
the random allocation sequence

10. Who generated therandom al- X ad d O O X X X X X X X X X 0 X X X X
location sequence, who enrolled

participants, and who assigned

participants to interventions

11a Who wasblinded after assign- [ X X 0 X X 0 X X X O O 0 X 0 X X X O
ment and how

11b. Description of similarityof O 0O X g X o0 o b o o o o o x X X 0 0 O+
interventions

12a. Statistical methods used to a ad d O O O 0 0 0 O 0 0 0 X 0 0 0 0 0
compare groups for primary and
secondary outcomes

12b. Methodsfor additiondandy- X O O O 0O O O O 0O O ©0 O 0O O o0 0O O O X
Ses

13a. For each group, thenumbers 0 0O 0O 0O 0O O O O O O O O O O O O O O O
of participantswho wererandomly

assigned, who received intended

treatment, and who were analyzed

for the primary outcome
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Checklist item P2 a1 G v.e el v il > U v S < A < o I 7= Gt O L % A s Al < il s R 7 .=
13b. For each group, losses and o o 0o o b X 0o o o o b o o oo oo o oo oooX

exclusions after randomization,
together with reasons

14a. Datesdefiningtheperiodsof X 0O 0O 0O 0O X X O O O 0O 0O 0O X 0O O O O X
recruitment and follow-up

14b. Why thetrial ended or was X X X g X X X g X X X X X X X X X X X
stopped

15. A tableshowing basdlinedemo- [ d d g g g a g a O O O O X O O O O O
graphic and clinical characteristics
for each group

16. For each group, number of o 0O 0O b X 0 0o X O o b o b X o o o o o
participantsincluded in each anal-

ysis and whether the analysis was

by original assigned groups

17a Foreachprimaryandsec- O O O 0O 0O O O O O O O O O O O 0O O O O
ondary outcome, results for each

group and the estimated effect size

and its precision were noted

17b. For binary outcomes, presen- X X X X X X X X X X X X X X X X X X X
tation of both absolute and relative
effect sizesis recommended

18.Resultsof anyotheranalyses O 0O O 0O 0O O O O O O 0O O 0O 0O X X O X X
performed

19. All important harmsorunin- X X X 0O X O O O O O 0O 0O 0O 0O X X 0O 0O O
tended effects in each group

20. Trial limitations O O O O O a a X O O

21. Generalizability of thetrid o o o o o O o o o o
findings

22. Interpretation consistentwith 0 O O 0O O O O O O O O O O O O 0O O O O
results, balancing benefits and

harms, and considering other rele-

vant evidence

23.Registrationnumberandname O 0O O 0O 0O O X O O O O O X X 0O O O X X

of trial registry
24. Where the full trial protocol o o o o b o o X O o ob o o oo oo o oo XX
can be accessed
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Checklist item

P2 a1 G v.e el v il > U v S < A < o I 7= Gt O L % A s Al < il s R 7 .=

25. Sourcesof fundingandother 0O 0O 0O 0O 0O O O
support and role of funders

o o o o o o o o o o o o

97 (37).
b30 (81).
€28 (76).
433 (89).
€5 (68).
27 (73).
923 (62).
ha8 (76).
128 (76).
127 (73).
k29 (78).
129 (78).
m28 (76).
M5 (41).
028 (76).
P22 (59).
29 (78).
22 (59).
519 (51).
tReported item.
YUnreported item.

Description of Participants

The 19 studiesincluded 5186 patients. Eleven studiesincluded
patientsin the active treatment phase [21-25,27,28,33-36] . Eight
studiesincluded patients who had finished active trestment and
were in the curative setting, in the follow-up phase, or in the
paliative setting, in the supportive care phase
[18-20,26,29,30,32,37]. Nine studies were related to DSMSTs
for patients with breast cancer [21,22,24-27,29,32,34]. Six
studies were related to patients with cancer in genera
[18-20,23,33,37]. Two studies included 129 newly diagnosed

https://www.jmir.org/2021/6/e20861

RenderX

patients with cancer, of whom 92 weretreated for breast cancer
[35], and 625 cancer survivors, of which 138 were treated for
breast cancer [30]. Two breast cancer studiesfocused on patients
undergoing chemotherapy [22,24]. Of the remaining studies, 1
study focused on 261 patients with primary cancers that had
metastasized to the liver and 1 study on 285 patients with
nonsmall cell lung cancer [28,36]. The mean number of
participants was 273 (range 39-752), of which 70.99%
(3682/5186) were female. Some studies included only female
participants. The mean age of the subjectswas 54.2 years (range
42.35-61.7; Table 2).
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Table 2. Characteristics of included studies: population, intervention and comparison descriptions, and study design (N=19).
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Referenceand  Population Stageof care Intervention Technological components  Comparison Length of Follow-up
country process intervention
Borgsundeta 167 patientsre- Activecan-  Web-based self- Assessment componentto  Care as usua Minimally 6 Baseline, 2
[21], Norway  cently diag- certrestment management monitor and report symp- months months, 4
nosed with support system  toms, problems, and priori- months, and 6
breast cancer and e-messages  tiesfor support along physi- months
cal, functional, and psy-
chosocial dimensions? tai-
|ored symptom self-manage-
ment supportb; information
section®; communication
section®; and diary®
Ruland et a 325 patients Activecan- Web-based self- Assessment componentto  Information 1year Baseline, 3
[25], Norway  withbreastcan- certreatment management monitor and report symp-  sheet with rele- months, 6
cer (surgery support system  toms, problems, and priori-  vant internet months, 9
plus additional tiesfor support along physi- sites that could months, and 2
treatment) or cal, functional, and psy- be useful to months
prostate cancer chosocial dimensions? tai-  them
lored symptom self-manage-
ment supportb; information
section®; communication
section®; and diary®
Ryhdneneta  300newlydiag- Activecan- Web-based pa  |nformation section® Usual care: oral  Average 9 Just before
[27], Finland nosed patients  cer treatment  tient education and written pa-  months surgery, 1 day
with breast can- tool tient education after surgery,
cer material when meeting
the oncologist
for thefirst
time, beforeand
after
chemotherapy,
before and after
radiotherapy,
and 1 year after
breast cancer
diagnosis
Beatty et al 60 patientswith Activecan-  Self-guided, Tailored symptom self- Information-on- 6 weeks Basdine, imme-
[23], Australia  cancer cer treatment - web-based c0g- - management support? ly version of diately pogtinter-
nitive behav- CCOf; con- vention, 3
ioral therapy tained the same months postin-
6 information tervention, and
topicsasthein- Gmonths
tervention but postintervention
no worksheets,
activities, relax-
ation or medita-
tion exercises,
or journal
Berry etal [33], 752 ambulatory Activecan-  Web-based, Assessment componentto  Screening for From the Before anew
United States  adult partici- certrestment self-reportass  monitor and report symp-  symptom or start of a therapeutic regi-
pants with vari- sessment and toms, problems, and priori- QoL9 new thera- men, 3-6 weeks
ouscancer diag- educational in-  tiesfor support along physi- peuticregi-  after starting
noses tervention cal, functional, and psy- mentill 2-4  treatment, 2
chosocia dimensions? infor- weeksafter  weeks|ater, and
ation section ) treatment 2-4 weeks after
mation |(;n ; communica- ended treatment ended
tion section; and diary®
Urecheta [35], 129newlydiag- Activecan- Web-basedin- Tailored symptom self- Wait-listcon- At least 8 Baseline,
Switzerland nosed patients  cer treatment  tervention on management supportb trol weeks postinterven-
with cancer (92 stress manage- tion, and 2-
treated for ment month follow-
breast cancer) up
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Referenceand  Population Stageof care Intervention Technological components  Comparison Length of Follow-up
country process intervention
Steel et al [28], 261 patientsdi- Activecan- Web-basedself- Assessment componentto  Usual care 6 months Baseline and 6
United States ~ agnosed with cer treetment  management monitor and report symp- months

hepatocellular, support system  toms, problems, and priori-
cholangiocarci- tiesfor support along physi-
noma, gallblad- cal, functional, and psy-
der, neuroen- chosocial dimensions? tai-
docrine, and lored symptom self-manage-
pancregtic carci- b. : .
nomaor other ment support”; information
primary cancers section® communication
that have metas- section; and diary®
tasized to the
liver
Gustafsoneta 285dyadscon- Activecan-  Web-based in-  |pformation section®and ~ Trainingonus-  25monthsor  Baseling, 2
[36], United : ofi h  certreatment tervention _ .4 ingtheinternet 13 months  months, 4
States :tsgggé\: ﬁCALﬁ commuinication section andalistof in-  after patient months, 6
IB, or IV—pa- ternet sites death, months, and 8
tients and a pa- about lung can- whichever ~ monthséfter the
tient-identified cer was less intervention
primary caregiv-
er
Egbring et a 139 patients Activecan- Mobileapp, su- Assessment componentto  Usual care 6 weeks Day 1, day 21,
[22], Switzer-  withbreastcan- certreatment pervised, and monitor and report symp- and day 42 dur-
land cer undergoing unsupervised toms, problems, and priori- ing their
chemotherapy tiesfor support along physi- chemo-thergpeu-
cal, functional, and psy- tic intervention
chosocial dimensions®
Foley etal [34], 39patientswith Activecan- Mobile app Information section® Not specified 2 weeks At enrolment, 1
Ireland breast cancer cer trestment day before
undergoing surgery, 1 day
surgery postsurgery,
and 7 days post-
surgery
Kimetal [24], 76patientswith Activecan- Mobile game Information section® Usual careta 3 weeks Baselineand af -
Republicof Ko- metastatic cer trestment brochure with ter 3 weeks
rea breast cancer side effects of
planned to re- chemotherapy
ceive
chemotherapy
Galiano-Castil- 81 patientswith Finished ac- Web-based tai- Tailored symptom self- Basic recom- 8 weeks Baseline, 8
loetal [26], breast cancer  tivecancer  loredexercise  management support® and ~ Mendations weeks, and 6
Spain after complet-  treatment program . . 4 (written format) months
ing adjuvant communication section for exercise
therapy
vanden Berget 150 female Finished ac- Web-based self- Assessment componentto  Care as usua 4 months Baseline, 4
a [29], the breast cancer tivecancer  management monitor and report symp- months, 6
Netherlands survivors 2-4 treatment support system  toms, problems, and priori- months, and 10
months before tiesfor support along physi- months

baseline assess-
ment

cal, functional, and psy-

chosocial dimensions?, tai-
lored symptom self-manage-

ment supportb; and informa-
tion section®
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Referenceand  Population Stageof care Intervention Technological components  Comparison Length of Follow-up
country process intervention
Leeeta [32], HS9patientswith Finishedac- Web-basedself- Assessment componentto  Intervention:a 12 weeks Basdlineand 12
South Korea breast cancer tivecancer  management monitor and report symp-  50-page educa weeks

who had re- treatment exerciseand di- toms, problems, and priori- tional booklet
ceived curative et intervention  tiesfor support along physi- on exercise and
surgery and support system  cal, functional, and psy- diet
completed pri- chosocial dimensions? tai-
tr:]:gnf:rrllc\;evrith lored symptom self-manage-
- b. - A
in 12 months ment support”; information
before the section®; communication
iudy:odilalgnose section®; and diary®
age O-111 can-
cerswithin 2
yearsbeforethe
study
Vander Houtet 625survivors  Finished ac-  Web-based Assessment componentto  Wait-list con- 6 months Basdline, 1
a [30], the diagnosed with  tivecancer  eHealth app monitor and report symp-  trol group (ac- week postinter-
Netherlands head and neck  treatment toms, problems, and priori- cessto app after vention, 3
cancer, colorec- tiesfor support along physi- 6 months) months, and 6
tal cancer, cal, functional, and psy- months
breast cancer, chosocial dimensions? tai-
;?:r?]l; rz)lryrzgh lored symptom self-manage-
= b. : .
Hodgkin lym- ment support™; information
phoma section®; and communica-
tion section®
Willems et al 462 patients Finished ac- Web-based self- Tailored symptom self- Accessto the 12 months  Baseling, 3
[20], the with cancer tivecancer ~ management management support® and  intervention months, 6
Netherlands from 21 differ-  treatment support system . formati tion® was postponed months, and 12
ent Dutch hospi- Information section until after the months
tals 12-month mea-
surement
Kaneraet a Sameinterven- Finished ac- Web-based self- Tailored symptom self- Accesstothe 6 months Basdline, 3
[18], the tionasthatused tivecancer ~ management management support® and  intervention months, 6
Netherlands by Willemset  treatment support system . formati tion® was postponed months
a [20] Information section until after the
12-month mea-
surement
Kaneraet a Sameinterven- Finished ac- Web-based self- Tailored symptom self- Accessto the 12 months  Baseling, 3
[19], the tionasthatused tivecancer ~ management management support® and  intervention months, 6
Netherlands by Willemset  treatment support system . formati tion® was postponed months, and 12
a [20] Information section until after the months
12-month mea-
surement
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Referenceand  Population Stageof care Intervention Technological components  Comparison Length of Follow-up
country process intervention

Bantum et a 352 cancer sur- Finished ac- Web-based self- Assessment componentto  Delayed-treat- 6 months Basdlineand 6
[37], United vivors tivecancer  management monitor and report symp-  ment control months

States treatment support system  toms, problems, and priori-  condition

tiesfor support along physi-
cal, functional, and psy-

chosocial dimensions? tai-
lored symptom self-manage-

ment supportb; information
section®; communication

section®; and diary®

8An assessment component to monitor and report symptoms, problems, and prioritiesfor support along physical, functional, and psychosocial dimensions,

currently and over time.

bTailored symptom self-management support to self-manage symptoms and problems the patient experiences.
CAn information section, which included information about various aspects of cancer such as exercise, nutrition, coping, and symptom management

and also provided access to other reliable and relevant web sources.

dcommunication section, with fellow patients or with health care providers, using discussion centers, an SM S text messaging function, or email as a

communication tool.

Diary, where patients could keep personal notes.
fcco: cancer Coping Online.

9QOL: quality of life.

ANSCLC: nonsmall cell lung carcinoma.

Intervention Characteristics

The intervention characteristics for both the intervention and
control groups are described in Table 2. The degree of detail
provided about the interventions varied greatly across studies.
There was a large variation in the duration, frequency, and
content of the interventions. The mean duration of the
intervention was 39.5 weeks (range 2 weeks to 25 months). A
tota of 37% (7/19) interventions focused only on the
psychological well-being of patients[27,29,30,33-36], 1 focused
only on physical headth [32], and 11 focused on both
[18-26,28,37].

Thetechnological component was mainly aweb-based approach
(16/19, 84%) [18-21,23,25-30,32,33,35-37]; in 2 studies, a
mobile app was used [22,34], and 1 study used a mobile game
as a DSMST [24]. Of the 16 studies that used a web-based
approach, 1 study sent email remindersin an attempt to maintain
or improve adherence [29].

Although the content of the interventions differed, 5 key
components of DSMSTs were identified (Table 2). A total of
5 of the 16 web-based approach studies used al 5 key
components in their DSMSTs [21,25,28,29,32,37] to increase
self-management (support): (1) An assessment component to
monitor and report symptoms, problems, and priorities for
support along physical, functional, and psychosocial dimensions,
currently and over time (eg, improving diet, increasing exercise,
and stress management via relaxation therapy); (2) Tailored
symptom self-management support to self-manage symptoms
and problems the patient experiences (eg, in the study by
Bargsund et a [21], patients could choose symptoms and

https://www.jmir.org/2021/6/e20861

problems they were experiencing from a predefined list, rate
the burden of these symptoms and problems, and indicate where
they needed help); (3) Theinformation section, which included
information about various aspects of cancer such as exercise,
nutrition, coping, and symptom management and al so provided
access to other reliable and relevant web sources; (4)
Communication section, with fellow patients or with health care
providers, using discussion centers, an SMS text messaging
function, or email as a communication tool. Communication
with fellow patients was often used for social networking,
providing feedback, and encouraging each other, whereas
communication with health care providers was often used for
difficult questions and support; (5) Diary, where patients could
keep personal notes. The 2 studies that provided a mobile app
only offered 1 of the 5 key components. One offered tailored
information and the other offered an assessment component
(Table 2) [22,34]. One study, using a mobile game, offered
patient education as a key component to increase the
self-management of patients with breast cancer [24].

Outcomes of Included Studies

The measurement instruments used and the corresponding
outcomes of the studies are presented in Table 3. Psychosocial
outcome measures, such as QOL, anxiety and depression, and
symptom distress, were the most commonly used outcome
measures, mostly using validated (eg, The European
Organisation for Research and Treatment of Cancer QOL
Questionnaire Core 30, Functional Assessment of Cancer
Therapy-Fatigue, Hospital Anxiety and Depression Scale
[HADS]) questionnaires.
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Table 3. Intervention outcomes.

Referenceand  Outcomesand  Results
country measurement
instruments
Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior

Bargsundetal  Anxiety,depress __e o Anxiety: o Interven- — — —
[21], Noway  gon, (HADSY), interven- tion+com-
and symptom tion+com- munication
distress munica- sarvice<con-
tion ser- trol
M SASd) vice<con- (P=.001)
trol « Interven-
(P=.03) tion+com-

. Interven- munication
tion+com- service ver-
munica Sus commu-
tion ser- nication ser-
viceversus vice: NS
communi-
cation ser-
vice: NS'

o Depres
sion: inter-
ven-
tion+com-
munica-
tion ser-
vice<con-
trol group
(P=.03)

. Interven-
tion+com-
munica
tion ser-
viceversus
communi-
cation ser-
vice: NS

o Depres
sion: com-
munica
tion ser-
vice<con-
trol
(P=.03)

Ruland et a Symptomdiss .« Interven- .  Depres . Interven- — — —
[25], Norway  tress (MSAS), tion=con- sion: inter- tion<control

depression trol ven- (P=.04; only

(Center for Epi- (P=.18) tion=con- on global

demiological trol symptom

Studies-Depres- (P=.16) distressin-

sion Scale), dex)

self-efficacy,

and socia sup-

port

Ryhénen et al QOL (QOL- « Interven- .«  Anxiety: — — — —
[27], Finland  cg9) anxiety tion=con- interven-

trol tion=con-
(STAIM), and

: (P=.82) trol
side effects (P=64)
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Referenceand  Outcomesand  Results

country measurement
instruments
Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior
Bestty et a Distress(PSS- « Interven- — « Interven- — o Interven- —
[23], Australia SRi; DAS§), tion>con- tion=control tion>control
K trol at 3- at 3-month o At3-month
Z—IE%%?IE: oLo- month fol- follow-up follow-up
| low-up (d=-0.52;
C30),andcop- . Interven- P=.02)
ing (mini- tion>con-
MAC™) trol at 6-
month fol-
low-up for
globa
QOL
(d=-0.43)
o Trendto-
ward asig-
nificant
groupxtime
interaction
for global
QOL
Berryetal [33], Symptomdis — — e TheSDS15 — — —
United States  {yeqg (SDS-15" score was
score) reduced by
an estimated
1.53 points
(P=.01)in
theinterven-
tion group
users com-
pared with
the matched
control
group.
Urecheta [35], QOL (FACIT- « Interven- « Interven- «  Interven- — — —
Switzerland F9), anxiety or tion>con- tion=con- tion<control
depression trol trol (P=.03)
distress (dis- after thein-
tressthermome- tervention
months, in-
terven-
tion=control
Stedl et a [28], « Interven- .« Interven- — . Interven- — —
United States tion: QOL tion: de- tion: NS
increased pression
(Cohen decreased
d=0.99) (d=0.71)
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Referenceand  Outcomesand  Results
country measurement
instruments
Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior
Depression
(Center for Epi-
demiological
Studies-Depres-
sion), pain
(BPIP), fatigue
(FACTY instru-
ment), HRQOL
(FACT-G"), and
caregiver stress
and depression
(CQOLC®and
Center for Epi-
demiological
Studies-Depres-
sion scale)
Gustafsoneta Symptomdiss — — . Interven- — — —
[36], United tress (ESAS) tion<control
States o  Significant
differences
at 4 months
(P=.03;
d=0.42) and
6 months
(P=.004;
d=0.61)

o Similar but
marginally
significant
effects were
observed at
2 months
(P=.05;
d=0.39) and
8 months
(P=.06;
P=.43)

Egbring et a Daily functionad — — — — —
[22], Switzer-  activity
land

(ECOG")
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Referenceand  Outcomesand  Results
country measurement
instruments

Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior

o Decreased;
All groups
fromfirst to
second visit

o Increased,;
Interven-
tion: super-
vised from
second to
third visit

o Decreased;
Interven-
tion: unsu-
pervised and
control

. Interven-
tion: super-
vised from
first (medi-
an 90.85,
IQR 30.67)
to third visit
(median
84.76, IQR
18.29;
P=.72)

Foley etal [34], Anxietyandde- — « Control<inr — — — —
Ireland pression tervention
(HADS) 7 days
postopera-
tive
(P=.03,
anxiety;
P=.02; de-
pression)

Kimeta [24], QOL (WHO « Interven- .«  Anxiety: — — — —

Republicof Ko- oo -BREFY tion>con- interven-
rea Scale), anxiety trol tion=con-
(Spielberger (P=.01) trol
State-Trait anxi- (P=.21)
ety scale), and +  Depres-
depression sion: inter-
W ven-
(BDIT) tion=con-
trol
(P=.99)
Galiano-Castil- QOL (EORTC- — — . Fatigue — —
loetal [26], QLQ-C30) and . Interven-
Spain fatigue (R- tion<control
PFSY) (P<.001)
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Referenceand  Outcomesand  Results

country measurement
instruments
Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior
Interven-
tion>control for
global hedth
status (P=.001),
physical func-
tioning
(P=.001), role
functioning
(P=.003), and
cognitive func-
tioning
(P=.007), and
arm symptoms
(P=.003),
Bergetd [29], Distress(SCL- — — « Interven- — — —
the Netherlands 90Y) tion<control
(P=.02)
Leeeta [32], HRQOL « Interven- — — . Interven- « Moderate- .«  Overdl diet
South Korea (EORTC-QLQ- tion>con- tion<control intensity quality: in-
C30), exercise trol (P=.03) aerobic exer- terven-
and intake of (P=.02) cise: inter- tion>control
Fruit and vegetar vention>con- (P=.001)
bles, diet quali- trol «  Appetite
ty (DQI?), stage (P<.QOl) Ioss_: inter-
of change for « Physica vention>con-
exercise, andfa- functioning: trol (P=.03)
. interven- o  Fruitand
tigue (BFI®) tion>control vegetables
(P=.02) consump-

.  Stageof tion: inter-
change for vention>con-
exercise: in- trol (P=.03)
terven-
tion>control
(P<.001)

Van der Hout et HRQOL « Interven- — — — — —
a [30], the (EORTC-QLQ tion>con-
Netherlands including tu- trol over
mor-specific time
symptomswith- (P=.05)
in the tumor
groups)
Willems et a Emotionaland « Emotional « 6 months. — o 6 months: — —
[20], the social function- and social interven- interven-
Netherlands ing (EORTC- function- tion | for tion: ade-
QLQ-C30), de- ing partici- crease for
pression « 6 months: pants who participants
(HADS), and interven- received <56 years
fatigue (CIS®) tion 1 so- chemother- (d=0.44)
cial func- apy e 12 months:
tioning in (d=0.36) interven-
men « 12months: tion=control
(d=0.34) interven-
e 12months: tion=con-
interven- trol
tion=con-
trol
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Referenceand  Outcomesand  Results
country measurement
instruments
Anxiety and Distress
QoL? depression (symptom) Fatigue PAP Dietary behavior
Kaneraet al PA e Moderate o Interven-
[18], the (SQUASHX) PA interven- tion>control
Netherlands and dietary be- tion>control (P=.02)
havior (Dutch (P<.001) o After multi-
Standard Ques- o After multi- ple testing,
tionnaire on ple testing, significance
Food Consump- significance expired
tion) expired
Kaneraet a Moderate PA — — — — « Interven- o Vegetable
[19], the (SQUASH) and tion>control consump-
Netherlands vegetable con- (P=.00) tion: inter-
sumption « Ageonly vention=con-
(Dutch Stan- significant trol (P=.12)
dard Question- moderator
naire on Food (P=.00)
Consumption)
Bantum et a Fatigue (BFI), — « Depres- — « Interven- o Interven- o  Fruitand
[37], United exercise(Godin sion: inter- tion=control tion>control vegetablein-
States Exercise Ques- ven- (P=.56) (P=.02), in- take: inter-
tionnaire), fruit tion=con- crease of vention=con-
and vegetable trol strenuous trol (P=.24)
intake (Block (P=.69) exercise
Food Frequency (32-51 min
Questionnaire), per week
and depression compared
ad with a
(FHQ™9) steady 29
min per
week)
e Interven-
tion>control
(P=.01), in-
crease of
stretching
(31 minat
basdline to
46 min per
week in the
intervention
group com-
pared with
26 min at
baseline to
25 min after
6 monthsin
the control
group)

8QOL: quality of life.

BpA: physical activity.

®HADS: Hospital Anxiety and Depression Scale.
dMSAS: Memorid Symptom Assessment Scale.
®Not available.

Ns: nonsignificant.

9QOL-CS: Quality of Life Cancer Survivor.
NSTAI: State-Trait Anxiety Inventory.

IPSS-SR: Posttraumatic Stress Scale-Self-Report.

IpAss: Depression Anxiety Stress Scale.
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IEORTC-QL Q-C30: The European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30.

Mmini-MAC: mini Mental Adjustment to Cancer Scale.
NSDS-15: 15-item Symptom Distress Scale.

OFACIT-F: Functional Assessment of Cancer Therapy-Fatigue.
PBPI: Brief Pain Inventory.

9FACT: Functional Assessment of Cancer Therapy.

'FACT-G: Functional Assessment of Cancer Therapy-General.
SCQOLC: Caregiver Quality of Life Index-Cancer Scale.
'ESAS: Edmonton Symptom Assessment Scale.

UECOG: Everyday Cognition.

YWHO QOL BREF scale: World Health Organization Quality of Life-BREF Scale.

WBDI: Beck Depression Inventory.
*R-PFS: Piper Fatigue Scale-Revised.
YSCL-90: Symptom Checklist-90.
“DQI: Diet Quality Index.

#@BF|: Brief Fatigue Inventory.
®C|S; Checklist Individual Strength.

ESQUASH: Short Questionnaire to Assess Health-Enhancing Physical Activity.

adPHQ: Patient Health Questionnaire.

A total of 10 studiesreported QOL [20,23-28,30,32,35], whereas
6 of them reported positive outcomes [24,26,28,30,32,35]. A
few studies (4/9, 44%) used The European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire
Core 30to measure QOL . Four studies observed that the overall
health-related QOL improved to a significantly larger degree
compared with the control group [24,28,30,35]. Two of these
studies [24,30] were of high quality, including 76 and 625
participants, respectively. One study, including 81 patientswho
finished active treatment, with 8 weeks of access to an
internet-based taillored exercise program, found that
health-related QOL improved to a significantly larger degree
compared with the control group on the subdomains global
health status, physical functioning, role functioning, cognitive
functioning, and arm symptoms[26]. One study, which reported
on 59 patientswith breast cancer who finished active treatment,
only found a statistically significant differencein the subdomain
physical functioning [32]. Four studies[20,23,25,27] found no
statistically significant differences in the overal QOL or
subdomains of QOL. Three of these studies included >300
patients each, of which 2 studies were of high quality.

Anxiety was reported in 5 studies, whereas depression was
reported in 8 studies. Four studies[21,24,34,35] reported anxiety
and depression. Four studies used the HADS [20,21,34,35] to
report anxiety and depression. Willems et al [20] used only the
depression subscales of the HADS. Two other studies also
reported depression using different questionnaires[28,37]. One
study only reported the outcomes of anxiety [27]. Two studies
reported significant differencesin anxiety levels[21,34], and 3
studies reported significant differences in depression levels
[21,28,34]. One of these studies, including 167 patients with
breast cancer in active treatment with access to a web-based
self-management support system with e-messages, observed
significantly lower anxiety (P=.03) and depression (P=.03)
levels in the intervention group than in the usual care group
[21]. This study was classified as high quality. Another study,

https://www.jmir.org/2021/6/e20861

classified asmoderate quality and including 261 active treatment
patients, reported areduction in depression (Cohen d=0.71) for
theintervention group when compared with the usual care group
[28]. In contrast, another moderate quality study, including 39
patients with breast cancer with access to a mobile app for 2
weeks, reported significantly lower anxiety (P=.02) and
depression (P=.03) levels in the control group than in the
intervention group [34]. Of the studiesthat found no significant
differences in anxiety, 2 studies were of moderate quality,
whereas 1 was classified as high quality, including 76 patients
who completed active cancer treatment. Of the studiesthat found
no significant differences in depression, 2 studies were of
moderate quality, whereas 3 [20,24,25] were classified as high
quality. One of these studiesincluded 76 patientswho completed
active cancer treatment and 2 of these studies included 325
patients, during their active cancer treatment.

A total of 7 studies reported symptom distress
[21,23,25,29,33,35,36], of which 6 were classified as
high-quality studies. One study [35] was classified as moderate
quality. All studies used a web-based approach. One study
(including 167 active treatment patients), using 2 experimental
groups [26] and examining an internet-based patient-provider
communication service with and without the additional use of
a web-based illness management system, found significantly
lower symptom distress in the web-choice intervention group
than in the control group, but no statistically significant
differences were observed between the 2 intervention groups
[21]. Inaddition, 2 other studies, including 150 and 752 patients,
found significantly less distress in the intervention group
[29,33]. Another study, including 325 patients, found significant
group differencesin symptom distress[25]. One study included
285 active treatment patients and their primary caregivers|[36].
These caregivers reported lower patient physical symptom
distressin theintervention group than in the control group. One
study found that distress was significantly lower immediately
after theintervention in theintervention group than in the control
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group. However, distress did not change significantly from
immediately after the intervention to the follow-up 2 months
later [35]. One study, including 60 patients, found no statistically
significant groupxtime interactions [23].

Five studies reported fatigue [20,26,28,32,37], of which 2
reported a decrease in fatigue after 8 and 12 weeks of a
web-based intervention [26,32]. One of these studies, including
81 patients, was classified as high quality. Three others found
no significant changes after an intervention of 6 months
[20,28,37], of which 1 was classified as high quality, including
462 patients.

Six studies reported results on PA [18,19,22,23,32,37]. Four
studies observed significant effects; 2 studies were classified
as high quality [19,23], whereas 2 were classified as moderate
quality [32,37]. In 1 study, 139 participants were randomly
assigned to an unsupervised group (intervention), a supervised
group (intervention), or a control group [22]. The intervention
groups showed no significant differences from the first to the
third visit. On the other hand, another study including 352
patients who finished active treatment with 6 months of access
to a web-based self-management support system, showed an
increase in strenuous exercise in the intervention group
compared with the control group [37]. Another study found that
moderate-intensity aerobic exercisefor at |east 150 minutes per
week significantly increased in theintervention group compared
with controls [32]. In the study by Beatty et a [23], 60
participants received either the 6-week intervention Cancer
Coping Online (n=30) or the 6-week web-based attention control
(n=30). The Cancer Coping Online participants had significantly
higher physical functioning than the controls at 3 months of
follow-up (d=—0.52; P=.02). The study that found no significant
effect [ 18] was similar to astudy that found a significant effect,
with the only difference in follow-up time (6 months vs 12
months) [19].

Four studies reported dietary behaviors [18,19,32,37]. One
study, including 59 patients with 12 weeks of access to a
web-based self-management exercise and diet intervention
support system, showed a greater improvement in overall diet
quality in the intervention group (P=.001) [32]. Another study,
including 352 patients who finished active treatment with 6
months of access to a web-based self-management support
system, reported no significant changes in fruit and vegetable
intake [37]. Both studies were classified as moderate quality.
Two high-quality studies of 462 patients, who completed active
treatment, found no significant changesin dietary behavior and
vegetable intake in particular [18,19].

Discussion

Principal Findings

In this paper, we have systematically reviewed published RCTs
to assess the effectiveness of existing interventions with
DSMSTs on physical and psychosocia symptoms or other
supportive care needs in adult patients with cancer. A total of
19 publications covering 17 unique studies were included in
thisreview. The RCTsvaried in terms of content, duration, and
frequency. Nevertheless, we identified 5 elements that were
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common for the majority of the interventions: an assessment
component, tailored symptom self-management support, an
information section, a communication section, and a diary.
Significant positive effects were observed on QOL in 6 studies,
on anxiety in 1 study and depression in 2 studies, on symptom
distressin 5 studies, on PA in 4 studies, on dietary behavior in
1 study, and on fatigue in 2 studies. In addition, significant
negative effects were observed on anxiety and depressionin 1
study. Other studies reported no significant effects on these
outcomes (4 studies on QOL, 3 studies on anxiety, 5 studieson
depression, 2 stud