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Abstract

Background: The global population of older adults (aged >60 years) is expected to triple to 2 billion by 2050. Proportionate
rises in older adults affected by loneliness and social isolation (or social connectedness) are expected. Rapid deployability and
socia changes have increased the availability of technological devices, creating new opportunities for older adults.

Objective:  This study aimed to identify, synthesize, and critically appraise the effectiveness of technology interventions
improving socia connectednessin older adults by assessing the quality of reviews, common observations, and derivable themes.

Methods: Following the guidelines of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), 4
databases (PsycINFO, PubMed, Embase, and MEDLINE) were searched between February 2020 and March 2022. Weidentified
reviewswith adults aged =50 yearsin community and residential settings, reporting outcomesrelated to theimpact of technologies
on socia disconnectedness with inclusion criteria based on the population, intervention, context, outcomes, and study
schema—review-type articles (systematic, meta-analyses, integrative, and scoping)—and with digital interventions included.
Grading of Recommendations, Assessment, Development, and Eval uations (GRADE) was used to measure the strength of outcome
recommendations including the risk of bias. The reviews covered 326 primary studies with 79,538 participants. Findings were
extracted, synthesized, and organized according to emerging themes.

Results:  Overdl, 972 publications met the initial search criteria, and 24 met our inclusion criteria. Revised Assessment of
Multiple Systematic Reviews was used to assess the quality of the analysis. Eligible reviews (3/24, 12%) were excluded because
of their low Revised Assessment of Multiple Systematic Reviews scores (<22). Theincluded reviewswere dedicated to information
and communications technology (ICT; 11/24, 46%), videoconferencing (4/24, 17%), computer or internet training (3/24, 12%),
telecare (2/24, 8%), social networking sites (2/24, 8%), and robotics (2/27, 8%). Although technology was found to improve
social connectedness, its effectiveness depended on study design and isimproved by shorter durations, longer training times, and
the facilitation of existing relationships. ICT and videoconferencing showed the best results, followed by computer training.
Social networking sites achieved mixed results. Robotics and augmented reality showed promising results but lacked sufficient
data for informed conclusions. The overall quality of the studies based on GRADE was medium low to very low.

Conclusions: Technology interventions can improve social connectednessin older adults. The specific effectiveness rates favor
ICT and videoconferencing, but with limited evidence, asindicated by low GRADE ratings. Future intervention and study design
guidelines should carefully assess the methodological quality of studies and the overall certainty of specific outcome measures.
Thelack of randomized controlled trialsin underlying primary studies (<28%) and suboptimal methodologieslimited our findings.
Robotics and augmented or virtual reality warrant further research. Low GRADE scores highlight the need for high-quality
research in these areas.
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Introduction

Background

The use of technology to support older adults against feelings
of loneliness and social isolation provides novel opportunities
that have growninthefield of aging, astechnology demonstrates
that information and communicationstechnology (ICT) useand
training [1] and robotics conflate in the provision of programs
and activities to facilitate social connectedness.

Social isolation and loneliness in older adults have been
extensively researched. Many studies showed that the prevalence
of these problems increases with age. For example, the
prevalence of loneliness among young adults, early to
middle—aged adults, and late to middle—aged older adults are
39.7%, 43.3%, and 48.2%, respectively [2]. The current global
population of people aged =60 years is expected to triple to 2
billion by 2050 [3]. The number of people aged >50 years
experiencing loneliness is expected to reach 2 million by
2025-2026, a49% increasein 10 years[1]. Lonelinessand social
isolation are different concepts but are interlinked and can be
considered the constructs of social disconnectedness[4]. Social
isolationis objectively defined asthe deprivation of relationships
and social interactions, whereaslonelinessis a subjective sense
of not meeting one's social needs [5]. Socially disconnected
individuals are vulnerable to socia isolation and loneliness
because they have small socia networks and low participation
rates in social activities [6]. Fafchamps and Shilpi [7] defined
social isolation as “ deprivation of social connectedness and an
inadequate quality and quantity of socia relations at different
levelsof interactions (individual, group, community and broader
social environment)” [6].

Socidly disconnected older adultsare a so vulnerableto arange
of health disorders, including infection [8], high blood pressure
[9], impaired cognitive function [10], depression [11], stress
associated elevation of hypothalamic-pituitary-adrenocortical
activity [12], cardiovascular disease[13], diminished immunity
[14], and mortality [15]. In addition, loneliness el evatesthe risk
of dementia[16] and accelerates the progression of Alzheimer
disease [10]. As the population proportion of older adults
increases, negative health outcomes are expected to rise along
with social isolation, and lonelinessis likely to increase along
with negative health outcomes [17].

Rapidly deployable technologies, along with socioeconomic
changesthat have reduced the cost of technology, haveincreased
the accessibility of technological devices, creating new
opportunities for older adults [18]. Internet-based technology
interventions for social disconnectedness have grown over the
past decade [19]. Digita communication technologies can
improve the lives of older adults by facilitating their social
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relationships. Technologies such as email, social networking
sites (SN Ss), videoconferencing, and mobileinstant messaging
(MIM) apps have been shown to improve self-rated health and
lower the incidence of loneliness, chronic illnesses, and
depressive symptomsin older adults[20]. They also supplement
the social benefits of physical interactions by reinforcing
existing connections or providing routes to new connections,
further reducing lonelinesslevels. Frequent users of technology
and the internet can also access health information and social
support for psychosocial problems. However, many studies on
technology intervention ignore confounding factors, such as
age, gender, living arrangements, economic status, education
level, cognitive status, and daily living activities[21,22], which
may influence the effectiveness of the intervention and the
robustness of the findings. The small number of high-quality
studiesin this arenalimits the generalizability of the results.

Several reviews have summarized works on technology
interventions for older adults experiencing loneliness [23,24],
but their valueis diminished by the plethora of unclear evidence,
heterogeneity of both popul ations, measures and methodol ogies,
diverse outcomes, scattered focus, and broad topics. As the
existing reviews are heterogeneous in content, lacking the
investigation of outcome measures used and discussions on
causation, they cannot reach generalizable conclusions.

For a standardized systematic report on these reviews, we must
assessthe quality of the reviews and find common observations
and derivable themes. An umbrellareview method can provide
afocus for areas where there are competing interventions and
amalgamate evidence from multiple quantitative and qualitative
reviews [25]. To our knowledge, an umbrellareview exploring
the types and effectiveness of intervention technologies for
social connectedness has not been published.

Aims

To bridge this gap in the literature, we aimed to explore the
findings and limits of current knowledge on the impact of
technology interventions on socia disconnectedness in older
adults. We also emphasize areas requiring further research. In
a comprehensive umbrella review, we synthesized the various
categories and types of the used technology interventions,
discussed their effectiveness and limitations, and finaly
explored their potential and need for further research. Finally,
we amalgamated all the evidence from the umbrellareview and
used Grading of Recommendations, Assessment, Devel opment,
and Evaluations (GRADE) to make recommendations for
interventions targeting social connectedness. This review
attempts to answer the following questions:

1. What technology interventions are used to influence social
connectedness in older adults?
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2. How effective are these technology interventions in
improving social connectedness in older adults, and what
aspects make them effective?

Methods

This umbrella review followed the standardized procedures
[12,26,27] of systematic reviews. The protocol followed the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) systematic review protocol guidelines[28]
and the Joanna Briggs | nstitute (JB1) methodol ogy for umbrella
reviews[12].
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Search Strategy

The search strategy involved controlled vocabulary searching;
phrase searching; and applying Boolean logic, limits, and filters.
A comprehensive systematic search of 4 databases (PsycINFO,
PubMed, Embase, and MEDLINE) was conducted between
February 2020 and March 2022. The reference lists were also
examined for additional reviews. The following search terms
were used: “ageing,” “aging,” “older adults” “reviews,’
“2000-22,” and synonymsfor “social isolation and loneliness,”
“social connectedness,” and “technology interventions.” Asan
example, Textbox 1 shows the search terms and search strategy
applied to the PubMed database. Search terms can be found in
Multimedia Appendix 1.

Textbox 1. PubMed database search strategy (October 15, 2021; 176 results).

Search terms used

« U (technology or computer or Internet) and Tl (review or meta-analysis or metasynthesis) and SU (older OR aging OR aging OR aged OR
elderly OR senior) and (social isolation OR loneliness OR social connectedness)

Sear ch strategy applied

o Limiters—Published Date: 20 000 101-20 211 231; Language: English; Publication Type: Academic Journal; English Language; Language:
English; Year of Publication: 2000-22; Publication Year: 2000-22; Publication Type: Peer Reviewed Journal; English; Language: English;
Exclude Dissertations Search modes—Boolean or Phrase Sort by best Match

Inclusion and Exclusion Criteria

The inclusion criteria were formulated using the population,
intervention, comparison or context, outcomes, and study

Table 1. Inclusion and exclusion criteria.

schema [29,30]. Table 1 describes the inclusion criteria under
which the studies were selected for this review.

PICOS? framework Inclusion criteria and reasons Exclusion criteriaand reasons

P—participants Persons aged >50 years, who areliving in community or residential ~ Participants aged <50 years
settings with no major neurocognitive impairments

|—interventions Interventions using any form of information and communications Nontechnology interventions, smart devices for home,
technology, smart communication devices, internet-based commu-  or teleheal th technol ogies not designed to impact social
nication systems, information systems, video games, technological  connectedness (eg, diabetes-measuring devices)
devices, and robots or technological pathways allowing for social
interaction. These interventions must be specifically targeted at
impacting or improving social connectednessin older adults

C—context Community settings, independent living, and participantsinnursing  Hospital settings, mental and physical illnesses, and
and care homes disease or illness-specific cases

O—outcomes Quantitative or qualitative outcome data or results focusing on Reviews lacking descriptions of outcome data
social isolation or loneliness or social connectedness

S—study Review articles of any type using a systematic, qualitative, or Reviews with no technology intervention, no clear out-

guantitative method, including narrative, quantitative, and qualita-
tive comparative studies. Articlesmust describe aclear intervention
and include qualitative and quantitative comparative studies

COMES, or no systematic review processes. Reviews
earlier than 2005 were not included because technology
interventions before this time would not be directly
comparable with ones of the present day

3P| COS: population, intervention, comparison or context, outcomes, and study.

Selection Process

The abstracts and titles of all potentially relevant articles were
screened. Full texts were then evaluated, and duplicates were
removed. Uncertaintieswere discussed among the research team
members to reach a consensus. Relevant data of the included
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articles were summarized in tables and checked for accuracy
by a second investigator (CH).

Analysis

The data analysis was based on a thematic synthesis with an
inductive, iterative process consisting of 3 main stages: (1) free
line-by-line review of the results, synthesis tables, and
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discussion sections of the included papers; (2) organization of
themes into related areas; and (3) the identification,
development, and refinement of detailed descriptions of factors
that impacted the effectiveness of technology interventions[31].
All measures used were specified, and the statistical results (if
provided) were summarized. The technology types were listed
along with their effectiveness, and the authors' conclusions
were also summarized.

Quality Assessment

The methodol ogical qualitiesof the reviewswere assessed using
the Revised Assessment of Multiple Systematic Reviews
(R-AMSTAR) [32] quality rating tool for reviews. The 11-item
R-AMSTAR includes 11 questions (Multimedia Appendix 2
[19,20,23,24,33-52]) whose scores are summed to give the
overal quality score of a systematic review. The R-AMSTAR
tool provides a quantifiable assessment of systematic reviews
and a measurement of their methodological quality. The
maximum possible scoreis44.15. Any review scoring <22 was
excluded asit lacked 1 or morecritical R-AMSTAR definitions.
For example, the review might not assess the scientific quality
of the studies or might apply apoor method for combining study
findings [53].

Grading of Evidence

The overall certainty of the evidence was evaluated using the
GRADE method, which analyzes the risk of bias (imprecision,
inconsistency, indirectness, and publication bias) and assesses
the quality of the included evidence, which we used to make
recommendations [54]. Initialy, we categorized the evidence
based on the inclusion or exclusion of randomized controlled
trials (RCTs), followed by the inclusion or exclusion of
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observational studies. We then considered whether the studies
had serious limitations or important inconsistencies in the
results, or whether uncertainty about the validity of the evidence
(the extent to which the partici pants, interventions, and outcome
measures are similar to those of interest) was warranted
(Multimedia Appendix 2). Limitations in study quality found
inthe R-AM STAR appraisal, important inconsistency of results,
or uncertainty about the directness of the evidence lowered the
grade of evidence. For instance, if all available studies have
serious limitations, the grade will drop by a level, and if all
studies have very serious limitations, the grade will drop by 2
levels. The quality of evidenceis also reduced by imprecise or
sparse data and an imprecise understanding of social concepts.

Results

Overview

The article elimination process is summarized as a flowchart
in Figure 1. The initial search extracted 972 publications.
Further, 91 articleswereidentified after checking the reference
lists. After excluding duplicates and irrelevant publications,
articles were screened using the population, intervention,
comparison or context, outcomes, and study schemainclusion
criteria (Table 1). The commonest reasons for exclusion were
interventions targeted at specific mental and physical illnesses
(138/972, 14.2%) and interventions not matching the
prespecified definition (95/972, 9.8%). A total of 90 full-text
reviewswere further passed through a 3-step screening process
(title, abstract, and full-text based) for eligibility and inclusion
in the qualitative synthesis of this review. Finally, 24 reviews
based on technology interventions were eligible for the
synthesis.
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Figure 1. Flowchart of the literature search following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses).
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(n=90)

Studies included in review
(n=24)

[ Included ] [

Quality Assessment

Among the 24 selected articles, 3 (12%) articles with
R-AMSTAR scores <22 were excluded because they failed a
priori systematic review processes (lacked clarity in scope or
purpose, had a priori—defined participant population, had unclear
outcomes of interest, lacked clarity on interventions, involved
nonspecific subgroup analyses, and lacked meaningful
hypotheses). The 21 remaining reviews were of moderate
quality, with none meeting all of the R-AMSTAR criteria.

Data Extraction

Data from the 21 reviews were extracted using a piloted,
standardized data extraction form that captures and summarizes
findings. As both technology interventions and extracted
outcome data were heterogeneous, they were deemed
inappropriate for a quantitative synthesis using meta-analytic
techniques. Instead, a narrative synthesis summarizing the
effectiveness of interventions was implemented. Under the
methodological considerations of umbrellareviews, the results
were reported descriptively in tabular form (Multimedia
Appendix 3 [19,20,23,24,33-49]) along with their associated
characteristics (number of articles, databases used, participants,
types of interventions, study design, measures used, summary
of results, authors' conclusions, and summary and review
methods). Multimedia Appendix 3 provides details of the 21
reviewsin this study.
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Records removed before
screening
Duplicate records (n=481)

Records excluded

Naot in-English (n=19)
Child/Parent (n=31)
Physical lliness (n=62)
Mental lliness (n=76)
Miscellaneous: Workplace,
theories, environmental,
dissertation (n=92)

Reports not retrieved (n=212)

Articles excluded on basis of abstract

Incorrect participants

Not a systematic review

Nao intervention

No outcome indicating social isolation or loneliness

Full-text reviews excluded (n=66)
Participants (n=14)

Study Design (n=16)

Intervention (n=17)

Outcomes (n=19)

Study Char acteristics

The 21 selected reviews included 16 (76%) systematic reviews
(reviews of evidence on a clearly formulated question and the
use of systematic and explicit methods to identify, select, and
critically appraise the relevant primary research), 2 (10%)
integrative reviews (reviews that summarize past empirical or
theoretical literature to provide acomprehensive understanding),
2 (10%) scoping reviews (preliminary assessments of the
potential size and scope of the available research literature),
and 2 (10%) meta-analyses (statistical analyses combining the
results of multiple scientific studies). Most of the reviews
covered the beneficial impact of technologies on loneliness,
whereas others focused on social isolation, connectedness, and
quality of life. General ICT was the most commonly applied
intervention technology. The publication period was from 2005
to 2022, but 19 of the selected reviews were published within
the last 7 years. Of the 21 reviews, 1 (5%) review focused on
assistive technology for communication. Overall, 19% (4/21)
of reviews focused on general interventions for social
connectedness but examined technol ogies such as genera ICT
and videoconferencing, and 10% (2/21) of reviews focused on
communication technologies for social connectedness in older
adults. In al, 38% (8/21) of reviewsinvestigated the impact of
genera internet and computer technologies on social isolation
and loneliness. Of 21 reviews, 1 (5%) review examined the
impact of smart technologies on social connectedness, and
another (1/21, 5%) study reported the impact of health
promotion technologies on socia isolation and loneliness. In
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all, 10% (2/21) of reviews explored the ability of general ICT
to improve the quality of life. Of 21 reviews, 1 (5%) review
examined interventionsto reduce social isolation and loneliness
during the COV1D-19 pandemic; 2 (10%) reviews focused on
the impact of SNS on loneliness, another (1/21, 5%) examined
interventions for preventing loneliness in nursing homes, and
another (1/21, 5%) evaluated the benefits of telehealth in
alleviating loneliness and increasing medication compliance.
Here, telehealth was implemented through video health care
professional visits to older adults. The 21 reviews covered a
total of 326 underlying primary studies on technology
interventions. It is worth pointing out that we were not able to

Balki et &

confirm the presence of gray literature or studies that |ooked at
technology interventionsin the reviews.

The interventions discussed in the reviews were general ICT
(1121, 52%), videoconferencing (4/21, 19%), computer and
internet training (3/21, 14%), telecare (2/21, 10%), SNS (2/21,
10%), and robotics (2/21, 10%). The reviews reported mixed
results. Positive effects of ICT on loneliness were the most
commonly reported, followed by the positive impacts of ICT
on social isolation or connectedness. Reviewing data from the
underlying primary studies in the reviews, the most effective
intervention mode for social connectedness was identified as
genera ICT, followed by videoconferencing and robotics (Table
2).

Table 2. Effectiveness versus ineffectiveness of different intervention modes on social connectedness, identified in the underlying primary studies of

the review papers (n=321).

Study intervention

Effective, n (%) Ineffective, n (%)

3D or augmented reality (N=1)
Video gaming (N=4)
Videoconferencing (N=14)
Robotics (N=22)

Telecare (N=34)

SNS? (N=61)

Computer training (N=66)

ICT® (N=119)

1 (100) 0(0)
3(75) 1(25)
11 (78) 3(22)
16 (73) 6 (27)
22 (65) 12(39)
30 (49) 31(51)
39 (59) 27 (41)
86 (72) 33(28)

3SNS: social networking site.
BICT: information and communications technol ogy.

ResultsFrom Systematic ReviewsWith M eta-analyses

Among the 21 selected reviews, only Choi et a [20] and
Bornemann [33] performed meta-analyses of homogenous data
(Multimedia Appendix 3). Choi et al [20] reported asignificant
pooled decrease in loneliness after implementing technology
interventions (Z=2.085; P=.04). However, Bornemann [33]
concluded anonsignificant decreasein londiness after reviewing
5 out of 7 studies included in the review by Choi et a [20]
(Z=.44; P=.37)—that is, the same 5 studies yielded different
pooled meta-analysis results in the 2 reviews. This divergence
indicates potential biasesin the analytic approaches; for instance,
Bornemann [33] excluded some studies included in Choi et a
[20], and some of their findings were inconsistent with the
narrative conclusions of their included studies. Bornemann [33]
guestioned the validity of some of the data acquired by Choi et
al [20]. Although this review does not cross-examine these
findings, we clarified that a study included in Choi et a [20]
should have been excluded, as it was not an ICT intervention
study. We decided that although the statistical conclusions of
Bornemenn [33] were correct, Choi et al [20] raised somevalid
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points. Multimedia Appendix 4 gives the levels of certainty in
the quality assessment of outcomes developed within the
GRADE framework. Low-quality assessments in different
categories are mainly attributable to the elements of the study
design, poor study quality, inconsistency, and indirectness.

Categories of Technology I nterventions

Of the 21 studied reviews, 14 (67%) dealt with general ICT
(which was a catch-all term defining a diverse set of
technological tools and resources used to transmit, store, create,
share, or exchange information), 4 (19%) with
videoconferencing, 3 (14%) with computer and internet training,
2 (10%) with telecare, 2 (10%) with robotics, 2 (10%) with
SNS, 3 (14%) with gaming, and 1 (5%) with 3D augmented
reality (AR). Among the primary studies, general ICTs were
the most commonly adopted interventions (with 119 studies),
followed by computer training, SNS, telecare, and robotics
(Table 3). Although some of these categories overlapped, we
differentiated them as they were distinguished in the original
reviews.
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Table 3. Freguencies of intervention categories in the primary studies (N=321).

Primary studies found in review

Frequency, n (%)

3D or augmented reality
Video gaming
Videoconferencing
Robotics

Telecare

SNS?

Computer training

IcT?

1(0.3)
4(12)

14 (4.4)
22 (6.9)
34 (10.6)
61 (19)
66 (20.6)
119 (37.1)

3SNS: social networking site.
BICT: information and communications technol ogy.

Outcome M easures Used

All the reviews reported large numbers and diverse outcome
measures of primary studies. Besides constructs of social
disconnectedness (loneliness, social support, social contact,
number of confidants, social networks, social connectedness
scales, socia isolation, and social well-being), many studies
assessed factors such as quality of life, self-esteem, stress, and
depression. Although not directly related to social
disconnectedness, these factors may affect or be affected by
social disconnectedness and may be useful to include outcome
measures alongside social connectedness. A minority of the
reviews also reported outcome measures of empowerment.

When analyzing these quantitative primary studies, the reviews
commonly applied validated tools, such as the University of
CaliforniaLos Angeles (UCLA) Londiness Scale (or amodified
version) and the De Jong Gierveld Scale [4]. The UCLA was
the most tested dependent variable. Among various other
measures werethe Social Support Scale by Schuster and Hunter
[34], Socia and Emotional Loneliness Scale [55], and
Multidimensional Scale of Perceived Social Support by Zimet
et a [56]. Social connectednesswas sometimes measured using
the holistic Social Connectedness Scale by Lee and Robin [57],
which isregarded as a comparatively reliable measure.

The definitions and uses of outcome measures differed across
the reviews. A total of 62 outcome indicators of social
connectedness were used in the primary studies. Most reviews
did not report on the lack of intervention effects (including the
absence of significance values); moreover, the primary studies
adopted a mixture of validated and nonvalidated outcome
measures, making such reporting difficult. Consequently, they
could not conclude whether the primary studies had validatable
statistically significant outcomes.

Social Concepts Used

The socia concepts used for determining outcomes varied in
range and diversity. In many reviews, the source papers did not
define socia participation or socia isolation but instead
evaluated these factors as general or neighboring concepts
[19,35-37]. Loneliness was evaluated more consistently than
social participation and socia isolation but was sometimes
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incorrectly interchanged with social isolation. Most studies
assessed loneliness on standardized scales, notably the UCLA
Loneliness Scale [35,36,38,39].

A few of the reviews highlighted that inconsistency and lack
of specific definitions hindered the grouping and evaluation of
their chosen papers[19,37,39]. Morriset al [39] described socia
connectivity as a multidimensional concept that is difficult to
define, conceptualize, and measure. They elaborated that
outcome measures, such as the UCLA Loneliness Scale and
Perceived Social Support Scale, identify only single aspects of
social connectedness.

Cattan et a [37] also noted acomplex association among social
isolation, loneliness, and living alone, which was difficult to
describe in their reviewed studies. Rarely among the review
studies, Cattan et a [37] attempted to distinguish living alone
from social disconnectedness and suggested that living alone
be measured independently as a concept of physical isolation.

Ibarra et a [40] correctly defined loneliness as “a subjective
measure referring to the ‘unpleasant’ lack of and quality of
social relationships” By contrast, isolation is an objective
measure referring to few or no social relationships, athough
their study clarified the difference between socia isolation and
loneliness.

Gardiner et a [36] and Williams et al [38] adopted the less
frequently used concept of social facilitation for creating
mechani smsthrough which older adults can interact with peers.
From an alternative perspective, they measured the facilitation
of social connections. The article by Williams et a [38] was
especialy relevant, as it examined interventions during the
COVID-19 pandemic. Facilitation may lead to effective
interventionsthat reduce social isolation and loneliness, without
violating COVID-19 shielding and social distancing measures.

In conclusion, different definitions and measurements of
loneliness, socia isolation, and social connectedness have led
to diverse findings and wide variations across and within
disciplines, defying acoherent picture of the research. Although
some of the more recent studies and reviews have addressed
this heterogeneity, reliable and succinct findings will remain
elusive without further investigations.
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Group Interventions Ver sus One-to-One

Many interventionsimplemented in theindividual papersof the
reviews were broadly divisible into group and one-to-one
interventions. In general, group interventions were more
frequently implemented than one-to-oneinterventions, although
both types were effective [24,37,40,41]. Cattan et a [37], who
reviewed 3 computer group interventions, reported that group
interventions with educational and socia activities are
particularly effective.

Theimbal ance between the group and one-to-oneinterventions
impairs comparisons between the 2 types and conclusions
regarding their comparative successes. Nevertheless, some of
the reviews pointed out the possible advantages and limitations
of these intervention approaches. Poscia et a [41] noted that
group interventions might beneficially create asense of security
and belonging, athough thereal effect of the intervention might
be obscured by interactions among the group members.
Individual interventions might create deeper, more personal
bonds and boost confidence in social engagements. Ibarra et al
[40] further observed that one-to-one interactions limited
participants' contact with family, friends, and acquaintances,
whereas group interventions encouraged them to interact with
new people and potentially expand their networks, thereby
increasing their number of new socia connections.

Overdl, group interventions appear to improve social
disconnectedness, but the insufficient number of one-to-one
interventions prevents an objective comparison and firm
conclusions of the best interaction type. However, the GRADE
assessment of the quality of evidence suggested a very low
advantage of group interventions over one-to-one interventions
(Multimedia Appendix 4).

Effectiveness of Technology Interventionsasan
Overarching Category

Technology interventions that enhance social connectedness
include general ICT, video games, robotics, and the Personal
Reminder Information Social Management system (a
custom-designed experimental SNS for older adults). Less
conclusive evidence exists for the beneficial effects of SNS
[20,24,25,37,41,42].

Overall, technologies appear to positively affect loneliness,
social isolation, and other psychosocial aspects of older adults
lives. Khosravi et a [42] examined 8 technology types and
found that most technologies, in some formats, can increase
socia connectednessin older adults.

When technologies were intended to strengthen existing
connections, their positive impacts on loneliness and social
isolation were more consistent [24,40,41]. Ibarraet a [40] found
that technologies are fundamental to long-distance interaction
and are thereby necessary for expanding social networks,
improving existing ties, and increasing social connectedness.
However, they noted that how technology is availed, the
limitations and opportunities of technology, and their effects
on the success of the intervention are all unclear. Some reviews
[20,35,43,44] included a psychosocial outcome of interest, such
as socia isolation, life satisfaction, loneliness, or depression.
It was found that interventions significantly reduce loneliness
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but are ineffective against depression [35,43,45]. Damant et al
[45] found a significant correlation between internet use and
depression, suggesting that although the literature reports a
significant correlation between loneliness and depression,
technology can exert divergent impacts on these 2 psychosocial
variables. However, Khosravi and Ghapanchi [43] reported that
technology interventions can potentially reduce depression
through engagement in social interaction, hinting that social
isolation impacts more strongly on depression than does
technology.

Choi and Lee [58] presented a detailed statistical evaluation of
8 RCT studies investigating the impacts of various technology
interventions on loneliness. They found astatistically significant
decrease in lonelinessin the intervention group compared with
the control and usua care groups (P=.07 and P<.001,
respectively). However, there were no statistically significant
differencesin loneliness among the members of theintervention
groups before and after the intervention (P>.05).

Individual reviews reported less conclusive outcomes of the
overall technology use. The results of Morris et al [39] ranged
from positive to no impact on loneliness, and Damant et a [45]
noted a negative association between “ social involvement and
participation” and older adults use of technology, thereby
indicating that the more socially involved people were, the less
they tended to use technology. They found that high internet
use was associated with high levels of loneliness. Interestingly,
Chen and Schulz [35] found a positive effect of technology on
socia connectedness, thisimpact usually diminished in studies
spanning >6 months. The time frame of studies investigating
the effectiveness of technology was also a recurrent theme in
other studies. The diminished effect is potentially linked to
fatigue from using the intervention or inconsistency in the study
approach over time.

Specifically, the following technology interventions appear to
reduce social isolation but lack rigorous statistical support for
apositive effect: robotics, telecare, and SNS [34,36,42,45].

Overall, 86% (18/21) of reviews examined the impact of
technol ogy intervention on loneliness. The reviews covered 324
primary studiesinvolving 66,565 participants. Of the 18 reviews,
15 (83%) reported apositive effect of technology on loneliness,
theremaining 3 (16%) studiesfound a0 or negative effect. From
the reviews, it can be concluded that technology interventions
exert an overall positive influence on social isolation and
loneliness (social disconnectedness), but their effectiveness
depends on the design of the study. Longer training times,
shorter study durations, and facilitation of existing relationships
tended to increase the effectiveness of the intervention. The
quality of evidence supporting the effectiveness of technology
interventions on social connectedness (GRADE assessment)
was moderate to |ow.

General ICT

This section explores the findings of general ICT interventions
reported in the reviews. General ICT is an umbrella term for
generic technology devices, services, applications, and internet
platforms [59]. ICT includes internet-based networks, mobile
phones, computers, tablets, and any software requiring an
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internet connection. Interventions in this category include
interactionsviainternet use (eg, discussionsand forums), emails,
video chats and conferencing, SNS, virtual spaces, classrooms,
and messaging services. Some reviews mentioned systems
tailored for older adults, such as the customized touch screen
video-chat system described by Ibarra et al [40]. Computers
with a mouse and keyboard as input devices were preferred,
closely followed by tablets and mobile phones (the latter
appeared as the most popular device in recent reviews). Other
interventions used customized television sets and touch screen
computers. Khosravi et al [42] and Khosravi and Ghapanchi
[43] reported studies on Personal Reminder | nformation Social
Management (a customized social networking platform). In
most of the reviews, general ICTs were regarded as a single
category, although videoconferencing and SNS were often
placed in separate subcategories.

Many of the reviewed studies found that ICT interventions not
only significantly reduce loneliness but also exert a positive
impact on other aspects of social isolation, providing social
support and connectedness, communication with family and
friends, and ICT-accessible information  sources
[19,20,35,42,43]. Some reviews hinted that ICT facilitates the
acquisition of information through the internet, either through
interactions with other people or through finding relevant
information on the web, which helps reduce loneliness
[35,38,60]. Indeed, Morris et a [39] found that social
connectedness especially benefits from technologies with
web-based programs incorporating items such as heath
information, support groups, chat rooms, or discussion boards.

Damant et al [45] alone reported on studieswith less promising
results. In a study, only a small number of older adults
maintained contact with their families via the internet. These
participants were reluctant users with the sole purpose of
keeping in touch with their grandchildren. In another study,
they found no significant correlation between internet or email
use and contact with family and other people. Both studies
revealed no significant correlation between computer use or
training and loneliness. Some of the studies reviewed by Damant
et al [45] reported exacerbated loneliness through ICT use. It
appears that ICT can positively reinforce existing social
networks but has a limited impact on building new ones.

Only 2 reviews provided a homogenous meta-analysis. Both
reviews reported positive impacts of general ICTs on social
disconnectedness. In total, these reviews included 119 primary
studies: 86 reporting a positive impact on social isolation or
loneliness and 33 reporting unclear results or no impact. The
studies agreed that increasing the frequency of general ICT use
enhances socia connectedness, improving the ease with which
older adults can interact and maintain contact with others, thus
reinforcing social connections with friends and family. The
evidence that frequent ICT use facilitates the creation of new
relationships or contactsis much weaker, further supporting, in
part, the conclusions of Damant et al [45].

Together, these results suggest that general ICT can facilitate
established connections and might supplement or replace older
communication methods. Its role in establishing new
connections is uncertain. Our results suggest that when
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considering ICT interventions (at least for older adults), it is
important to distinguish between their ability to maintain
relationships, potential ability to deepen relationships, and
inability to help create new relationships. The GRADE strength
of the ICT category, although only moderate, was the highest
among the categories because alarge number of primary studies,
including RCTs, were reviewed in this category, and there was
consensus and clarity on the outcome measures.

Social Networking Sites

Although SNS is a subcategory of ICT, it warrants its own
heading because 33% (7/21) of reviews discussed separate
finding on SNS. Thereviews gave mixed results. Whereas some
studies supported the use of SNS in reducing loneliness, a
sizable number showed no impact or even an increase in
loneliness after SNS use [19,42,46]. Both Chen and Schultz
[35] and Wiwatkunupakarn et a [46], who reviewed high-quality
RCT studies on the use of SNS, reported inconclusive impacts
of SNS on loneliness. They found some support for sites such
as Facebook, which provides games that can be played with
others over a network, thus fostering socia interaction and
aleviating loneliness. The mixed findings in these reviews
might be explained as follows: athough older adults embraced
the use of SNS to support their socia relationships and help
them overcome loneliness, they did not regard these sites as a
replacement for face-to-face contact. Participants preferred to
use SNSfor searching for and disseminating information rather
than socializing. Morris et a [39] reported positive effects of
smart technologies similar to SNS, especially when they
incorporated health information, support groups, chat rooms,
or discussion boards. Their findings support a role of SNSin
knowledge-seeking and support-acquisition scenarios, with
conseguent impact on loneliness.

These findings may partly depend on the type of SNS, as
different types of SNS support different features. For example,
Facebook may promote sociaization more effectively than
YouTube, whereas YouTube may better facilitate explicit
knowledge acquisition and information transfer than Facebook.
Ibarraet al [40] discovered that participants favored off-the-shelf
solutions, such as Facebook and About-My-Age (an SNS for
older adults). Users of these sites commented on their decreased
loneliness and easy control of the sites. The sheer volume of
users on these platforms might assist older adults in finding
relevant information, including information on how to use the
platforms, thus creating a positive feedback loop.

On the downside, SNS use raises several concerns. privacy,
lack of perceived usefulness, and possibly demographic factors
[19,47]. Newman et a [47] noted an interesting connection
between educational attainment and SNS use: SNS userstended
to be White, employed, educated, and married. They also found
atitude differences toward technology use among
sociodemographic groups based on gender (women) and age
(older people).

Overall, 61 primary studies examining SNS were found in the
reviews. 31 reporting positiveimpacts of SNS on social isolation
and loneliness and 30 reporting unclear or no impacts of SNS.
Therefore, the effectiveness of SNSisinconclusive. Theresults
suggest that older users can obtain support, acquire knowledge,
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and maintain their existing relationshipsthrough SNS. Interms
of combating socia disconnectedness and establishing new
relationships, SNSs are less effective and can be detrimental at
times. However, the effectiveness of SNS in developing new
relationships, fostering and maintaining existing ones, and
acquiring knowledge and support has not been explored in depth,
and the idiosyncrasies of SNSs must be unraveled in further
research. The strength of evidence (GRADE assessment) of the
reviewsin this category islow because of indirectness, missing
information, and publication bias.

Videoconferencing

Overall, videoconferencing appeared to exert a positive impact
on loneliness and social connectedness. The visual aspect of
this intervention seemed especially appealing to older adults
[24,34-36,38,40,44,49]. In total, 3 reviews reported on
videoconferencing between family members and their
established contacts. All reviews described a statisticaly
significant reduction in loneliness [39,41,45]; however,
videoconferencing was more effectivein facilitating established
connections than in building new ones. Moreover,
videoconferencing showed a weak impact on information
gathering. For instance, Chen and Schultz [35] reported that
videoconferencing did not significantly provide informational
support (information communication for problem-solving
assistance) or instrumental support (tangible goods, services,
and aid), which may improve social connectedness[35]. Ibarra
et a [40] mentioned 1 study in which Skype used for educational
purposes did not change participants' loneliness levels and
another study in which Skype combined with computer training
better reduced loneliness levels than did Skype alone. These
reviews suggest that videoconferencing is effective for
maintai ning established connections, such asthose with family
members, but is less effective for other purposes, such as
education and information seeking, which may indirectly impact
socia connectedness.

Gardiner et a [36] and Ibarra et al [40] mentioned the
importance of appropriate hardware and design in
videoconferencing. They reported that technical, financial, and
design issues are potential barriers to the wider uptake of this
technology.

When used in health support, videoconferencing yields mixed
results. The intervention often decreases the loneliness and
socia isolation of residents in care and nursing homes, but a
few studies have found no difference from the baseline
[34,35,43]. More clearly, participants in these settings benefit
from videoconferencing contact between family and friends,
with beneficial effects on loneliness. Interestingly, Husebg and
Storm [48] found that virtual visits by clinicians reduced the
socia isolation of residents in care homes, suggesting that
videoconferencing can enhance the perception of independence
by providing easy access to services. In generd,
videoconferencing appears to reduce loneliness in residential,
nursing, and clinical care settings, although the specific aspects
of the intervention that ensure its success have not been
elucidated.

Overdll, 14 primary studies in this subcategory were found in
the reviews. Of these studies, 11 reported a positive impact on
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socia isolation or loneliness. Owing to reviews such as by
Schuster and Hunter [34], with clear outcomesand theinclusion
of RCTs, the GRADE strength of evidence in this subcategory
was moderateto low. The use of standardized outcome measures
would have strengthened the GRADE rating.

Mobile and Instant M essaging

Among the studied reviews, only lbarra et a [40] alone
described studies on MIMs such as WhatsApp and Line
(messaging services). In 1 study, WhatsApp was used more
extensively than email by relatives; however, alack of responses
can increase the perception of londliness. Ibarraet al [40] hinted
that as WhatsApp and similar applications are easy to use and
allow the sharing of pictures, they exert a positive impact on
social disconnectedness. However, the evidence wasinsufficient
for concluding the impact of MIMs on social connectedness
and loneliness; moreover, the few primary studies suggest that
MIM explorations are only emerging at this stage. Given the
lack of information found in the reviews, the GRADE strength
of the evidence in this category was very low.

Computer and Internet Training

In total, 13 reviews evaluated the impact of computer and
internet training on various guises. All reviews found apositive
impact of these interventions on socia connectedness and
loneliness [20,24,36,39,41,43,45]. In 4 of these reviews,
loneliness reduction wasfound by the authorsto be statistically
significant [39,41,45]. However, all these studies investigated
group training, suggesting that positiveimpactswere contributed
(at least partly) by interaction with othersin the group. Indeed,
Damant et a [45] found a study in which group training
increased the perceived support of friends and another study in
which loneliness|evel swere reduced when email and web-based
forums formed part of the training regime.

Mixed results were also obtained for this category. Baker et a
[19] reviewed 2 studieson ICT training, 1 finding no correlation
between the training and social connection and the other
concluding that ICT training can enhance social networks.
Although the authors did not elaborate on this discrepancy, the
very different time frames of the 2 studies (12 months vs 8
weeks) may have affected the results. Indeed, whenever mixed
results were found, the training time appeared to be a
contributing factor, with shorter training times more likely to
yield inconclusive results [24,36,42]. Furthermore, Choi and
Lee [58] reported that in most studies, older adults enjoyed
using technol ogy and significantly increased their frequency of
use, suggesting that minimal training was required.

Unusually, among the reviews, Williams et a [38] found that
overall computer training produced no effect on social isolation.
Overdl, ICT training showed a higher ability to reduce
loneliness in longer-duration studies than in shorter-duration
studies.

As some reviews did not differentiate between the impacts of
training and subsequent use, any assumptionswould be dubious.
Morris et a [39] noted a combined result, in which interactive
web-based programs, discussion forums, and training mainly
enhanced social connectedness;, only 1 study reported
inconclusiveresults. The effect of training was often confounded
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with the effect of the mechanism (such as group-based training),
making it hard to differentiate and properly evaluate whether
computer training on its own was having an effect. The GRADE
strength of the evidence was low, emphasizing the need for
assessing the full potential of computer training in social
connectedness.

Telecare

Telecare was among the lessfrequent interventionsin the review
studies, but when included, it appeared to reduce social isolation
and loneliness [42,48,49]. Husebg and Storm [48]
comprehensively investigated tel ecare servicesfor older adults.
After reviewing 12 primary studies covering this area, they
found that virtual visitsby clinicianscan reduce social isolation
and lonelinessin older adults compared with no contact. Other
benefitsincluded self-management of medication and self-care,
which can postpone admission to long-term care or substantial
in-home care. In al areas, telecare both directly and indirectly
affected participants' perceived social isolation and loneliness.
In 4 of the studies, older adults interacted with others
experiencing similar issues. These interactions were highly
valued and enabled the development of deeply empathetic
connections [59]. By contrast, Damant et a [45] found no
conclusive evidence of enhanced social connectedness among
older adults using videoconferencing (14 studies).

Although none of the authors described the key features of
successful telecare interventions, an emergent theme from
successful primary studies was a high frequency of contacts.
Interventions designed for regular and frequent contact were
apparently more successful than interventions delivered on
demand (eg, when aresident needed clinical attention). Overall,
34 primary studies in the analyzed reviews covered this
category. The impact of telecare on social connectedness was
inconclusive, and uncertainty was further increased by the poor
reporting of the results. Consequently, the GRADE strength of
evidence in this areawas very low.

Robotics

Robotics is a cutting-edge field and was mentioned in only 6
reviews. Some studies found that a pet robot provides the same
level of benefit as animal-assisted therapy, which is known to
reduce loneliness and social isolation [35,36,42]. Ibarra et al
[40] mentioned that older adults feel embarrassed when
conversing with a virtual pet, although this discomfort might
have been exacerbated by audio problems and latency in
messages. Choi and Lee [58] provided an excellent systematic
review covering animal robots, humanoid robots, and mobile
robots. They identified a notable devel opment trend in robotic
interventions from simpler animal robots to complex,
multifaceted web-based socia platforms that offer emotional
support and promote social participation, cognition, physical
activity, nutrition, and sleep. In most of their examined studies,
robotic interventions decreased loneliness and social isolation.
Although no other study haslooked at theimpact of virtual pets
on loneliness, this seems to be a promising area that needs
further research, with the potential of virtual or robotic pets
offering a distinct advantage of social affordance compared
with animal-assisted interventions.
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Khosravi et a [42] and Antunes et a [44] examined
conversational agents designed for companionship and video
communication, enabling older adults to connect with family
members and friends and offering “talk therapy.” Overall, these
agents improved socia interaction and reduced the loneliness
of participants. With the ongoing development of
pseudo—artificial intelligence (Al) technology and the advent
of voice-assisted agents, such as Alexaand Siri, conversational
agents are promising solutions and need to be further explored.

Khosravi and Ghapanchi [43] concluded that robotic
technol ogiesincrease the perception of being socially connected
and hence, exert a positive impact on social and emotional
well-being. However, the perception of not being socialy
isolated differs from the actual reduction in socia isolation,
which depends on real person connections. On the adapted
effectiveness scale, robotic technol ogies scored 1.8 out of 3.0.

Although these reviews indicate that social connectedness can
be increased through robotics, this category is till new, and
further studies on Al conversational agents and other robotic
interventions are required. Therefore, the GRADE strength of
evidence in this category is moderate to low.

Gaming

According to Khosravi et a [42], Video gaming devices such
as Wii, which capture natural physical activities, achieve a
greater reduction inloneliness and better social interaction than
typical video games. Chen and Schultz [35] and Williams et a
[38] found that Wii strengthens socia interaction and reduces
loneliness; however, web-based gaming was outside the scope
of these studies. Choi and Lee [58] reported 3 studiesin which
video games and exercises were combined into an exercise
game, enabling communication with others. This game
reportedly reduces loneliness during exercise. However, the
GRADE confidencein the effect of gaming isvery low because
solid evidenceis lacking.

3D and AR

Similar to robotics, 3D environments have been newly
introduced as aloneliness-reduction intervention technique and
arerarely reported. Khosravi et a [42] reported that most studies
on 3D environments included a small number of participants,
suggesting aneed for further research. Although the underlying
studies reported a positive impact of 3D environments on
loneliness, the weak methodol ogy and reporting of findings cast
doubt on their validity. This category has been underexplored
and requires further research. Current developments in 3D
worlds, Facebook’ sforay into Metaverse, and AR developments
by prominent companies such as Google and Microsoft should
acceleratethe design of 3D interventionsfor older adults. Owing
to alack of evidence, the GRADE confidence in the effects of
3D environments and AR isvery low.

Usability Impact on Effectiveness of Technology

There were few reviews that examined the usability of
technology and itsimpact on the effectiveness of interventions.
Somereviewsidentified alink between usability and acceptance
of technology; more accessible devices were distinctly more
likely to be embraced by users than less accessible devices
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[19,40,48,58]. Even when usability was not aformal outcome,
the studies observed participants’ initial feelings of uncertainty
and fear of using technology. These trepidations were overcome
with time, familiarity, and sufficient training [19,40]. Ibarra et
al [40] reported that touch screen computers were especially
effectivein reducing loneliness and socid isolation, highlighting
the importance of an easily accessible system or interface.
Husebg and Storm [48] noted that when introducing technology
to older adults, a usable and simple design that considers the
likely interactions of older adults with technology is essential.
Choi and Lee [58] identified 6 studies in which the use of and
attachment to I CT interventionsincreased over time along with
the average density of social networks.

However, systematic reviews typically neglect the
human-computer interaction components of intervention
technology. Moreover, standardized measures of usability (eg,
the System Usability Scale) for intervention studies have not
been defined [19,40]. The use and adoption of technology by
older adults largely depends on the learning ability of the
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individual and the perceived difficulty of use. To ensure that
technology can effectively reduce loneliness in older adults,
these potential barriers should be examined appropriately.

Overall, the reported studies showed that whether technology
can reduce loneliness depends on its usability. An intervention
perceived as difficult to use by older adults cannot be effective.
This aspect must be further investigated to improve the success
of technology interventions.

Owing to a lack of evidence, the GRADE confidence in the
effect of usability on the success of intervention technologies
isvery low.

Summary Recommendations

On the basis of the results, Table 4 summarizes the key
recommendations extracted for technology interventions
targeting social isolation, connectedness, and loneliness.

We have aso summarized the key recommendations for study
design targeting social isolation, connectedness, and |oneliness
in Table 5.
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Category

Key recommendations

Certainty of evidence

General ICT?

Videoconferencing

MIME

Computer and internet training

Telecare

Robotics

Gaming

3D and augmented reality

Simpletechnol ogy interventions can be more successful than complex ones. Usabil-
ity isapotentially important outcome.

ICT isnot recommended for increasing either the quantity or quality of communica-
tions or helping to establish new relationships. It is recommended for maintaining

and enhancing existing relationships and access to services (such as health-related
services).

SNSis not recommended as an intervention for loneliness and isolation as SNS use
has often been shown to worsen loneliness.

SNSisuseful in knowledge and support acquisition scenarios, which can themselves
reduce loneliness. Research showsthat SNSs are generally more successful in these
scenarios than in making new connections.

Privacy isanimportant concern among older adults and needsto be considered when
designing an intervention.

Usability is potentially a very important theme and needs to be factored into the
study design.

Videoconferencing reduces loneliness by providing social support and improving
the existing conditions in health care-type situations.

Financia investment (eg, cost of computer hardware) needs to be considered when
planning a videoconferencing intervention.

MIM is recommended for rapid deployment asit is easy to use, and applications
such as WhatsA pp additionally allow the sharing of pictures, which can improve
social connectedness.

MIM can replace email, but designers must be wary because any lack of responses
can increase the perception of loneliness.

Longer training periods are recommended with shorter-duration studies (as highlight-
ed above) as they have been the most effective.

For reducing loneliness, group-based training is more effective than one-to-one
training.

The study design should reflect whether the training or use of the intervention
causes reduction in loneliness.

RCT are particularly important in the study design asthey determine precise effect
sizes.

Frequency of contact combined with telecare solution influences the success of an
intervention. I nterventions designed for regular frequent contact are more successful
than interventions delivered on-demand; for example, when aresident needsclinical
attention.

Videoconferencing groups such as group counseling can help to reduce feelings of
anxiety, isolation, and loneliness and provide emotional and social support; however,
designers must understand that some participants do not immediately feel at ease
with others, especially in a group setting.

Pet robots can provide the same advantages as animal-assisted therapy in reducing
loneliness and social isolation; study designs can mimic previous studiesin thisarea.
Conversationa agents provide companionship through social interaction, enabling
older adults to connect with family members and friends (socia presence). These
agents can be effective and are recommended for intervention studies.

RCTs are recommended in the study design of robotic interactions, especially as
this areais understudied.

Video gaming devices such as Wii, which capture natural physical activities, are
recommended as they reduce loneliness and provide better social interactions than
typical video games.

Too few of the existing studies provide robust recommendations, and further longi-
tudinal and cross-sectional RCT studies are needed in this area.

Moderate

Low

Moderate low

Very low

Low

Very low

Moderate low

Very low

Very low

4 CT: information and communications technol ogy.

bSNS: social networking site.
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°MIM: mobile instant messaging.

dRCT: randomized controlled trial.
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Category Key recommendations Certainty of evidence
Group vs one-to-one «  Studiesshould be designed as group-based interventions, asthey appear to better facilitate Very low
social connectedness than one-to-one interventions.
Effectiveness of technology «  Certain types of technologies (information and communications technology and video- Moderate low
interventions conferencing) are particularly suitable asinterventionsfor social isolation and loneliness.
«  For best results, studies should be designed to strengthen existing bonds, especially the
connections between family members (eg, grandchildren).
Freguency of use «  Frequency of useisencouraged (greater use increases the effect size). Very low
Training «  Training, especidly in the use of technology, is encouraged asit improvesthe success ~ Very low
of the study.
Duration «  Shorter-duration studies are recommended (shorter studies achieve better results than Low
longer-duration studies).
QOutcome measures «  Theimpact of intervention is stronger on socia isolation than on loneliness, and studies Low
should be designed to look further on how to impact loneliness. Use of standardized
measures such as University of CaliforniaL os Angeles Loneliness Scale and the L ubben
Socia Network Scale is recommended.
Mechanisms «  Mechanismsby which interventions reduce social isolation through the design of studies, Very low
including the gaining of social support, engagement in activities of interest, the making
of new connections, and search for new information, should be clearly defined at the
outset.
Usability « Intervention studies should adopt standard measures of usability (eg, System Usability ~ Very low
Scale) because the adoption of technology by older adultslargely depends on learnability
and perceived difficulty of use. These barriers often prevent technology from reducing
loneliness in older adults.
: : analyzed reviews, different studies adopted a vast diversity of
Discussion y g Y

Principal Findings

This umbrella review, as highlighted in the analyzed reviews,
found that different studies adopted avast diversity of outcome
mesasures and nonstandard definitions of loneliness and isolation
[20,33,35,39,42], and therefore, heterogeneity, lack of clarity,
and lack of consistency across reviews have influenced the
interpretations of their findings. The strengths of the evidence
for effectiveness ranged from very low (robotics, telecare, 3D
or AR, and video games) to moderate (ICT). These low ratings
were attributed to the poor overall quality of evidence, study
design, and outcomes. However, our umbrella review showed
that despite the heterogeneous quality and diverse scope of
existing reviews, which prohibit the drawing of generalizable
conclusions, technology can effectively target social
disconnectedness in older adults [61,62].

An umbrella review following the JBI methodology [12,26]
was warranted because the types of reviews, levels of evidence,
and outcomes of different reviewsrangewidely in quality, from
meta-analyses to qualitative syntheses, and the availability of
a wide range of reviews allows our umbrella review to
comprehensively consolidate the current state of evidence on
interventions for social connectedness. As highlighted in the
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outcome measures and nonstandard definitions of loneliness
and isolation [20,33,35,39,42], and therefore, heterogeneity,
lack of clarity, and lack of consistency across reviews have
influenced the interpretations of their findings. Many of the
review authors included social isolation and loneliness
interchangeably when sel ecting their intervention studies, failing
to recognize that each condition is a component of socia
disconnectedness. This confusion weakens the recognition of
differing results, as loneliness is generally more resistant to
interventions than social isolation. Although some loneliness
measures (eg, UCLA and De Jong Gierveld Scale) have been
regularly adopted, the L ubben Social Connectedness Scale was
applied in only 9 of the primary studies. This scale, which
assesses an individua’s psychol ogical sense of belonging, might
better reflect the interaction among different dimensions of
social connectedness than commonly adopted measures[39,60].
Most of the primary studies devel oped their measures or used
less common measures, such asthe Self Anchoring Scale, Socia
Network Structure, Social Supportive Behavioral Scale, and
Social Connectedness Index.

Thedesigns and qualities of the reviewed primary studiesvaried
widely. Several reviews included RCTs and pilot, qualitative,
and quantitative studies. In addition, the studies reviewed by
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Khosravi et al [42] were conducted across the health domain.
The primary studiesin each review aretypically nonoverlapped,
indicating that the reviewers searches did not capture all
relevant studies and sometimes omitted important studies and
assessments of biasrisk.

Thefindings of many underlying primary studiesin thereviews
were compromised by poor study designs, leading to conflicting
information. For example, when reviewing the effects of
computer and internet training on loneliness, Chen and Schulz
[35] reached an inconclusive verdict, Choi et al [20] reported a
significant impact of the intervention, and Bornemann [33]
demonstrated no significant effect of theintervention. Moreover,
the effect size calculated by Bornemann [33] differed from the
more accurate calculation by Choi et al [20], athough both
reviews shared 5 primary studies in their meta-analyses.

The reviewers generally agreed on the effectiveness of
group-based interventions. Reviews examining the designs of
the reviewed studies noted group-based interventions yielded
positive effects on social disconnectedness [24,36,37,40,41].
The different effects of group interventions can be attributed to
the social interaction value of being in a group rather than the
actual intervention [36,37]. When theintervention was delivered
over a longer duration, the effect of the group activity
diminished over time, and theintervention becameless effective.
Interventionswith a participatory, productive, and collaborative
focus [36], especially educational [37], appeared to realize an
effective group-based intervention.

The reviews varied in scope, from assessments of the
effectiveness of interventions, such as videoconferencing, to
overviews of studies published inthefield. Theinclusion criteria
and quality assessments of the primary studies also differed
among the reviews, diminishing confidence in their findings.
Our study confirmed a low quality of evidence in this field,
whereasimproved technology interventionsfor older adultsare
increasingly demanded by both policymakers and health
professionals. Although the existing guidelines can encourage
standardization of systematic reviews, these guidelines were
largely ignored by researchers; accordingly, the strength of the
reviews is diminished, which in turn led to the quality of
evidence GRADE scores aso being generally low.

The scope of the reviews varied from a specific focus on the
effectiveness of a targeted intervention (such as computer
training) to an overview of the published studies in the field.
The inclusion criteria for the primary studies and their quality
assessment depended on tools used for rating rigor and bias.
Such variations cast doubt on the conclusions of these reviews.
This review confirms the lack of high-quality evidence in the
field and highlights the failure to adhere to the existing
guidelines. Standardization of systematic review reporting is
expected to strengthen confidence in the review conclusions.

Unlike their younger counterparts, older adults often lack the
skills, functional capacity, and accessibility to adopt digital
technology [63], which hasled to the so-called “digital divide”
among populations. However, these expansive categories are
not mutually exclusive to older adults. In resource-restricted
settings, they also incorporate gender differences, age, economic
status, cultural practices, and educational qualifications [63]
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and can play an important role in reducing the existing digital
divide between younger and older adults. Most of the reviews
did not adequately consider these differences, presuming a
general dearth of resourcesfor older adults. Also important are
the usability and design of theintervention, which were notably
absent in the primary studies. The individual circumstances of
older adults (including finances, environment, and access to
resources) may influence the success of interventions. When
usability was examined (as in some reviews), it was done
without the use of standardized usability measures, but usability
did influence the effectiveness of the intervention; therefore,
further exploration of thisareaisvitally important.

To improve the quality of results, interventions should be
tailored to match the specific needs of older adults, and sufficient
training should be provided for using the interventions. This
tailoring requirestheinvol vement or participation of participants
in training in a variety of formats [24,41]. As usability issues
can reduce the effectiveness and uptake of an intervention,
neglecting usability asan outcome measure reduces confidence
in aholistic discussion of the effectiveness of an intervention.
Thus, the potential impact of technology on social connectedness
in older adults requires further investigation.

Comparison With Prior Work

Our umbrellareview is one of the few works that have looked
at technology interventions for social connectedness for
loneliness, following a well-established systematic approach
such as the JBI umbrella review method. In examining other
works, we came across reviews that focused on interventions
generally [64-67] as opposed to technology interventions, which
we noted was a tendency to bundle technology interventions
with other common interventions, such as cognitive
enhancement work groups, adult day center attendance,
gender-based socia groups, activities such as befriending and
mentoring programs, and animal-assisted therapy. The problem
with this approach is that it dilutes attention away from the
different types of technology interventions and how they
individually affect social connectedness and compares them as
a category to other types of interventions. The falacy of this
approach for technology interventions is that it only presents
high-level evidence and comparisons of diverse interventions,
preventing readers from understanding the deeper nuances that
make certain technology interventions more successful than
others. Indeed, many of reviews of reviews are scoping reviews
[66,67], corresponding to amore expansive inclusion criterion,
which limits more substantive findings about specific
interventions and rather presents a broader scope of general
findings. Our umbrella review, on the other hand, by focusing
specifically on technology interventions, extends the
understanding of specific technology interventions by reporting
and rating the evidence. By doing so, we were able to identify
current evidence gaps related to the understanding of the types
of technologies, study design, and their impact on social
connectedness, loneliness, and isolation. We were also able to
identify weaknessesin thereviews and areas for future research.

Strengths and Limitations

Most of the reviews demonstrated a need for stronger evidence
on the effectiveness of technology interventions that reduce
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loneliness. Weak methodologies have limited the ability of
reviews to establish conclusive remarks on their effectiveness
[35,42]. Many outcome measures have greatly limited
comparisons, which affected the interpretation of the results.

The present review may also have been biased by accepting
only English-language publications. However, many of the
shortcomings and limitations of thisumbrellareview stem from
the underlying problems of the primary papers included in the
reviews. Among the common shortcomings were small-scale
implementationswith small sample sizes, low levelsof evidence,
and short periods of assessment.

Another recurring limitation was the inconsistent definitions of
social concepts. Socia concepts such as loneliness, social
isolation, and social connectedness were formally defined, but
the authors did not use these definitions consistently; instead,
they were often used interchangeably, inherently confounding
measurements of these outcomes. The reviews were generally
heterogeneous in focus (eg, addressing loneliness and
depression) and discussed various interventions and syntheses
of outcomes (eg, meta-analyses, qualitative reviews, and mixed
methods). Accordingly, the present review interchanges the
terms social connectedness and social disconnectedness to
describe combinations of singular aspects such associal isolation
and loneliness. Neverthel ess, the methodol ogy was the greatest
limitation. Finally, the absence of gray literature in the reviews
may have increased publication bias and led to the lack of
inclusion of evidence for interventions that are not typically
indexed in bibliographic databases. Future systematic reviews
should consider including gray literaturein theincluded studies.

The methodological limitations of the reviewed studiesimpaired
theinternal validity and usefulness of the reviews for technical
and policy decision-making, as highlighted by the reviewers
[20,24]. The reviews reported on diverse methodologies,
including the use of nonstandardized outcome measures, which
broaden the perspective but risk biasing the conclusions.
Furthermore, as interventions vary widely in nature, direct
comparisons are difficult, and the definitions of technology
interventions are rather narrow in some studies [39].

The reviewed quantitative studies collected their data with
guestionnaires using scales developed for the study purpose.
Thereliability and validity of these nonstandardized scales are
difficult to evaluate. Most reviews pointed out the suboptimal
methodological quality of studiesin thisfield, particularly the
scarcity of RCTs (<28% of studies) and the dominance of
quasi-experimental studies, which challenge the delivery of
robust conclusions.

Therefore, the results of this review should be interpreted with
caution.

Suggestions for Future Research and Policy
Implications

Various technology interventions in different formats offer
many ways to engage older adults. However, usability was
rarely discussed in the reviews and was not assessed as an
outcome measure. Although the existing guidelines encourage
the standardization of systematic reviews, they have not been
followed with the required rigor. Equally, the underlying
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primary studies of the reviews failed to address causation in a
rigorous study design, and their heterogeneity limited their
generalizability. It appearsthat there is a need for more studies
on the multidimensional impact of technology on social
connectedness, along with the assessment of other measures
that may beinteracting with technology use (such as educational
attainment, psychological resilience, and age-friendliness of
environments). Roboticsisarelatively new technology that has
emerged to be promising, but there are very few studiesin this
domain. Research on mobiletechnology interventionsfor social
isolation is also encouraged as mobile phone technology
provides opportunities for increasing the uptake of technology
interventions targeting loneliness in older adults. Our results
on the grading of evidence reveal ed that the strength of evidence
was generally low to very low, indicating that the efficacy of
the interventions is unclear and that more rigorous research is
needed.

Our review providesinsightsinto strategiesto reduce loneliness
and isolation for older adults using technology interventions,
with implications for future research, policy, and practice.
Attention to social connections needs to be incorporated into
existing preventative effortsfor chronic diseasesin older adults.
Chronic illnesses develop slowly over decades. Since social
connectedness is known to impact multiple mechanistic
pathways in both the development and progression of disease,
it warrants attention in primary, secondary, and tertiary
prevention efforts. Given the lower economic costs of
technology interventions for individuals, families, employers,
and the broader health care system, we urge health care and
health policy professionals to prioritize the investigation of
technology interventions for social connections in prevention
efforts.

Conclusions

Thisumbrellareview consolidates the state-of -the-art knowledge
on the types of technology interventions that influence social
connectedness in older adults and their effectiveness. The data
were collected from thelast 2 decades. Technology purportedly
enables long-distance interactions, allowing older adults to
become socially connected, obtain support, expand their social
networks, and strengthen their existing ties. Some important
themes that would improve the effectiveness of technical
interventions for older adults emerged from the literature,
namely group interventions, short-duration training and study
programs, the use of general ICT, and videoconferencing. These
implementations are more effective for maintaining existing
connections than for building new ones. Certain technologies,
such asrobotics (including virtual pets), Al-based conversational
agents, and MIMs, show promising potential but have been
underexpl ored.

We attempted to determine which technology interventions can
effectively improve socia connectedness. The following
conclusions emerged from our study. Reports on the
effectiveness of computer and internet training on loneliness
and social isolation provided mixed and inconclusive results.
Genera ICT and internet-mediated communicationswere shown
to reduce loneliness and social isolation in most studies,
although the results apparently depend on the frequency of use
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and the time frame of the study, with shorter studies being more
successful than longer ones. ICT interventions help socially
isolated older adults through arange of mechanisms, including
gaining social support, providing connections to the outside
world, introducing new friends, and boosting self-confidence.
All of these mechanisms must be studied hand in hand to gain

Balki et &

a complete understanding of these processes. Finaly, in our
GRADE eval uation, most of the evidence wasrated as moderate
low to very low, reflecting methodological issues, the small
number of RCTS, diverse outcome measures and definitions,
and mixed results. Such low scores highlight the need for
high-quality research in this area.
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