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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
data using 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: =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 DTIscompared with that of usual care or non-DTlsat follow-up
at 3 months (SMD 0.02; 95% CI -0.36 to 0.40; P=.92), 4 months (SMD -1.11; 95% CI -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].
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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® ormedi- method tion methods
(review- cal con- or data
s 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
Tsal et Medium Quasi-ex- Nursing Base- Male=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  ta 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 femae=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- Basdline:  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; end of 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
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Study, Quality Research Settings Participants Main Sam- Samplesize Partici- Re-
coun- of evi- design heath  pling pant attri- search
try dence® ormedi- method tion methods
(review- cal con- or data
s 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
Larss High Random- Living Range: Mae=6;fe- Notreport- Loneli- Ran- 30 15 15 2(1pa- UCLA
son et ized, inordi- 61-89, male=24, ed(proba ness dom- base- base- ticipant loneli-
a crossover nary mean (3maes bly al ized line, line, eachfrom ness
(2016) trial housing 71.2; and 12 fe-  Swedes) (after 14fol- 14fol- interven- scale
[50], without groupl maleseach recruit- low- low-  tionand [51],the
Swe- any (inter-  ingroup 1 ment) up up control Swedish
den home vention [interven- groups);  version
careser- orcon- tionorcon- atrition (20
vices trol trol group] rate=6.7% items,
group):  and group score
range 2 [control range
66-89,  orinterven- 20-80)
mean tion [52]
73.4; group])
group 2
(control
or inter-
vention
group):
range
61-76,
mean
69.0
Czga High Multiste Living Base Basdine:  Basdline:  Social Ran- 300 150 150 56 (45a UCLA
etd random- ininde- line to- fe- White=54% isola- dom- (150in base- base- 6 months loneli-
(2018) izedcon- pendent tal sam- male=78% and non- tion, so- ized eachin- line line; andl1la ness
[45], trolledtri- housing ple (number White=46%; cia sup- terven- 134 118 12-month scale
United a inthe mean not report- PRISM or  port, tion fol- fol- follow- (score
States commu-  76.15 ed), interven- loneli- [PRISM]  low- low- up); attri-  range
nity (SD male=22% tion group: ness, group up up tion 20-80)
7.4), (number non-White and and con- rae=187% [51]
range.  notreport- or Hispan-  well-be- trol
65-98; ed); ic=8% ing [Binder]
inteven- PRISM or  (n=12); group)
tion interven- Binder
(PRIS\/Id tion group:  group:
System) female non-White
group: 79.3% or Hispan-
mean (n=119); ic=10%
76.9 Binder (n=15)
(SD (control)
7.3); group: fe-
control ?661'7?’/
. . 0
Binde?) (115
group:
mean
75.3
(sb
7.4)
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Study, Quality Research Settings Participants Main Sam- Samplesize Partici- Re-
coun- of evi- design heath  pling pant attri- search
try dence® ormedi- method tion methods
(review- cal con- or data
s 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
Mor-  High 2 (condi- Receiv- Femade: Follow-up: Notreport- Wel-be- Ran-  97base- 53 44 21 (9ex- UCLA
ton et tion: ing care mean total=76; ed ingand dom- ling; 76 base- base- perimen- loneli-
a training, inown 80.71 female=50, social ized follow- line; line; tal group; ness
(2018) con- homeor (SD male=26 support up 44fol- 32fol- 12con-  scale
[53], trol)x2 support-  8.77); low- low-  trol (score
United (popula-  edhouss male: up up group); range
King- tion: ingin data not atrition  20-80)
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.

https://www.jmir.org/2021/6/e24712 JMed Internet Res 2021 | vol. 23 | iss. 6 | €24712 | p. 7
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Interventions, outcomes, measurements, results, and conclusions of included studies.

Shah et a

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
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 allevi-
(210 (using ei- goup=5058 gup4rB 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 gup=4663 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):
a 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); (sb 597 (SD 2.77), feeling of
a video or no control 3.91); no end of study: lonelinessin
(2012 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-  pants were
tal lonelinessde-  feelingmod-
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)

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

RenderX

JMed Internet Res 2021 | vol. 23 | iss. 6 | €24712 | p. 8
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Shah et a

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.
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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].

SE

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
questions, rating options, scoring methods, total scores, and
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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
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, clinica 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 foll ow-up measurements at 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
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[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
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 SMDswith 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.
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Studiesvaried in the proportion of male and femal e participants
(female: mean 66%, SD 16%; range 46%-81%; male: mean
25%, SD 9%; range 19%-42%). Only 2 studies reported on
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.
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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.

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

Shah et a

meta-analysis, which showed a very small reduction in
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 Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Jarvis etal 2014 231 148 13 247 21 16 27.4% -0.08 [-0.82, 0.64] [ E—
Larsson etal 2016 4243 7.4 14 4183 882 14 267% 0.06 [-0.68, 0.80] [ —
T=aietal 2010 47.33 134 21 4663 9.08 I8 45.9% 0.06 [-0.81, 0.62]
Total (95% CI) 48 58 100.0% 0.02 [-0.36, 0.40] r
Heterogeneity: Tau?= 0.00; Chi*= 010, df= 2 (P = 0.95); F= 0% I2 |1 7 1| é

Test for overall effect Z=010(F = 0.92)

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 loneliness in favor of the intervention (SMD

Favours [Intervention] Fawvours [Control]

-1.11; 95% CI -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 §td. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C|
Jarvis 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 0.6 44 212 062 32 534% -0.40 [-0.86, 0.08]
Total {95% CI) 57 48 100.0% -1.11 [-2.60, 0.38]

Heterogeneity, Tau®*=1.03; Chi*=8.64, df=1 (P=0.003), F=88%
Test for overall effect Z=1 46 (F=0.14)

Meta-analysis for Follow-up at 6 Months

A meta-analysis 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;

4 -z 0 2 4
Favours [Intervention] Favours [Control]

95% Cl —0.54 to 0.32), but it was not statistically significant
(Z=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 etal 2016 42 734 14 395 1042 14 248% 0.27 [-0.48,1.01] I e —
Total (95% CI) 148 132 100.0% -0.11 [-0.54, 0.32] -*-—
Heterogeneity: Tau®= 0.05; Chi*=1.88, df=1 {P=0.21); F=37% 52 51 D 15 é

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

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

Favours [Intervention] Favours [Contral]

blinding of participants and personnel; and a low risk of bias
was observed, especialy, 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 analysis in 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
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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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