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Abstract

Background Limited social networks in older adults are linked with increased dementia risk. However, there is a lack
of knowledge on whether socially-based behavioural interventions (i.e., programs designed to increase individual’s
social opportunities, engagement or networks) can improve cognitive function, as well as the role of applied behav-
iour change techniques (BCTs) in effective interventions. This systematic review and meta-analysis aimed to (i) quan-
tify the effectiveness of social-based behavioural interventions in improving cognition in older adults, and (ii) identify
which BCTs increase social activity behaviour of older adults.

Methods Six electronic databases were searched with restrictions for age (>65 years) and English language

from inception to July 2023 (PROSPERO:CRD42021283382) for articles reporting social-based behavioural randomised
controlled trials and using a measured outcome of cognitive function. Behaviour change techniques were mapped
to the BCT V1 model and risk of bias was assessed. Pooled effect sizes from eligible studies were synthesised using
RevMan.

Results We identified 9528 records and included 15 studies (N=1785 participants). Meta-analyses showed that social-
based interventions had a medium effect on global cognition (d=0.80, 95% Cl 0.58 to 1.02, p<0.01), but not executive
function. The most frequently used intervention components were social-based communication (e.g., chatting, boost-
ing social engagement), group arts-based tasks (e.g., knitting, music, craft) and guided reminiscence. The BCT demon-
stration of behaviour predicted significant cognitive effects and explained 94.6% of inter-study variation.

Discussion Findings carry implications for developing comprehensive strategies to promote social initiatives sup-
porting cognitive health, particularly in addressing the challenges faced by older adults.
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Background

Increase in life expectancy and population ageing is a
global phenomenon [1]. An increasingly high number
of older adults, especially women, are living alone [2].
About half of those 60 years and older are at risk of being
socially isolated and approximately 30% of the oldest old
(aged 85+ years) may experience some degree of loneli-
ness [3—6]. Social isolation, particularly among older
adults living alone, has been linked to poorer eating hab-
its, challenges in instrumental activities of daily living,
and a heightened vulnerability to a range of health issues,
including recent illness and falls [7-9]. Additionally, indi-
viduals experiencing social isolation face an elevated risk
of various adverse health outcomes, such as depression,
cardiovascular diseases, diabetes, cardiovascular death,
and non-cardiovascular death [10].

Albeit less widely recognised, social isolation among
older adults is associated with an increased risk of
dementia and cognitive decline [11-14], attributed to
factors such as diminished cognitive stimulation, height-
ened loneliness and depression, chronic stress, inflamma-
tion, and impaired neuroplasticity [15, 16]. Consequently,
addressing social isolation and enabling social engage-
ment may present important strategies for mitigating
dementia risk and maintaining cognition in older age. We
aimed to examine evidence that intervening to enhance
social engagement could improve cognition in older
adults.

Social isolation and loneliness are distinct but interre-
lated concepts. While loneliness is the subjective feeling
of being lonely, social isolation is typically defined as the
objective lack or limited extent of social contact (e.g.,
varying due to marital status, living alone or with others)
[17, 18]. The prevalence of social isolation varies across
different studies. Recent evidence showed higher rates in
middle and high-income countries and urban areas [10].
However, previous studies have shown prevalence values
ranging from 20% to 34% in European countries [19], 31%
in Japan [20], 24% in the USA [21], 14% in Australia [22],
and 15% in Brazil [23].

The significant prevalence of social isolation among
older adults, coupled with its documented adverse
effects on health and wellbeing, emphasises the imper-
ative to address social isolation as a public health
concern. Despite the robust evidence supporting inter-
ventions targeted at mitigating social isolation and the
implementation of strategies to enhance its impact
(e.g., [24-30]), a substantial gap persists in under-
standing the characteristics and effectiveness of inter-
ventions aimed at improving cognition among these
individuals. Therefore, elucidating the mechanisms by
which social isolation influences cognitive function
and exploring the potential efficacy of interventions
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targeting both social isolation and cognitive decline
are necessary avenues for future research in geron-
tology and public health. However, bridging the gap
between evidence-backed interventions and their effec-
tive implementation is compounded by the challenge
of recruiting socially isolated individuals which neces-
sitates thoughtful approaches to ensure the success of
intervention strategies.

Empirical studies have identified preliminary efficacy
of social-based behavioural interventions in ameliorat-
ing social isolation and loneliness across individual,
community and societal dimensions [31-33]. These
interventions often encompass methodologies or pro-
grams crafted to alter or influence individual behaviours
within social environments or contexts [34-37]. For
instance, social-based behavioural initiatives strategically
use social interactions, norms, and networks to stimulate
behavioural change, advocate healthier decision-making,
or tackle targeted issues such as chronic health outcomes,
environmental sustainability, or community engage-
ment [38—40]. They frequently rely on mechanisms such
as social support, peer influence, social norms, or com-
munity resources to facilitate constructive behavioural
transformations and augment overall wellbeing [40, 41].
Individual-focused interventions, encompassing both
face-to-face and digital modalities, include social skills
training, peer support, social activity groups, befriending
services, and cognitive-behavioural therapy [26, 42, 43].
Community-level interventions target enhancements in
transportation, improvements to the built environment’s
accessibility, and digital inclusion [44, 45]. At the societal
level, interventions concentrate on augmenting social
cohesion and mitigating marginalisation [31].

Central to these interventions are active components
strategically designed to induce behavioural change,
which are often encapsulated within Michie et al’s [46]
hierarchical international taxonomy of 93 Behaviour
Change Techniques (BCTs), facilitating consensus in
reporting behavioural change interventions and contrib-
uting to enhanced clarity and standardisation in inter-
vention research. Building on the established role of
BCTs in addressing risk factors associated with chronic
health conditions such as diabetes [47-49], BCT tax-
onomies have also been specifically tailored for modify-
ing unhealthy habits, such as smoking [50] and alcohol
consumption [51]. Despite the wealth of information on
BCT applications in varied health contexts, a gap exists
regarding the identification of BCTs employed to encour-
age older adults to enhance social engagement and the
potential cognitive benefits that could be derived from
such interventions.

Therefore, this review aimed to identify the effec-
tiveness of social-based behavioural interventions on
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cognition in older individuals while offering a compre-
hensive synthesis of the BCTs embedded within these
social programs.

Methods

Registration

We used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocol (PRISMA-P) [52]
to guide reporting (see Additional file 1, Supplementary
Table 1). This protocol was registered on the PROS-
PERO database (CRD42021283382) before the search
commenced.

Inclusion and exclusion criteria

Randomised controlled trials were eligible for inclusion
if they involved reported use of a social program (inter-
vention) compared to usual care, active/passive control
or no intervention (comparator), and included at least
one measure of cognition (outcomes). In cases where
the age range was not explicitly stated, we took an inclu-
sive approach and included studies where the mean age
of participants was over 65 years. While there may have
been studies with mixed age groups or only reported
mean or median age, articles were included if the focus
was on older adults to maintain consistency and rele-
vance to our research question.

Due to the broad definition of “social” interventions,
articles were included if the main component contained
any type of social-based interventions focused on allevi-
ating loneliness and/or targeted improvement in social
behaviour. This may include but was not restricted to
structured reminiscence individual or group therapy,
social group gatherings/excursions, psychodynamic ther-
apy, mindfulness therapy, cognitive-based interventions,
videoconference program, peer support network, laugh-
ter therapy, broad public health campaigns (e.g., media
campaigns), web and smartphone applications. That is,
interventions were included that contained some element
of contact and participation with other people (beyond
the research team). Interventions were also considered
social-based behavioural programs if they explicitly artic-
ulated social aims or incorporated components designed
to modify social interactions, norms, or networks. This
might therefore encompass interventions building social
engagement, promoting peer support, facilitating social
interactions, or targeting social norms.

Studies were also only included if cognitive perfor-
mance was one of the measured outcomes. Studies were
excluded if it included populations with a previous his-
tory or symptoms of dementia (e.g., Alzheimer’s disease),
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or mild cognitive impairment. There were no restrictions
on gender type, occupation, or living arrangements.

Search strategy

A systematic search of six electronic databases MED-
LINE, EMBASE, PsycINFO, PubMed, Ovid and CINAHL
was conducted with the assistance of a trained librarian
from inception to 9 August 2022, and an updated search
was conducted on 7 July 2023 to capture any new pub-
lications from the original search timepoint for review
finalisation. Search terms were based on a combination
of descriptors including MeSH terms for social isolation
(social alienation OR social isolation OR social distance
OR isolation OR loneliness OR social connectivity OR
social environment), older adults (aged OR older adult*
OR older person*OR aged, 80 and over OR geriatric OR
older senior) with an intervention focus (intervention*
OR program* OR education* OR treatment* OR behavio*
therapy OR health promotion*). Search criteria targeted
peer-reviewed articles in English, restricted to older
adults and to randomised controlled trials. The complete
search strategy for one database is shown in Additional
file 1, Supplementary Table 1. In addition, reference lists
of eligible papers were screened for relevant articles.

Study selection

Potential studies were exported into Rayyan with dupli-
cates deleted by the primary author (JS). The initial
screening of article titles and abstracts was conducted for
the first 500 articles by three researchers (JS, VC, MA)
to verify eligibility and calculate inter-rater reliability
(95%). All discrepancies were discussed with the larger
research team and resolved by consensus. The remain-
der of the papers were screened at title and abstract level
by two researchers (VC, MA) independently. Inclusion
of full text articles was completed independently by two
research members (VC, MA) and checked by the primary
author (JS). All steps of paper identification and selection
are presented in the Preferred Reporting Items for Sys-
tematic Reviews and Meta- Analysis (PRISMA) diagram

(Fig. 1).

Data extraction

Data from eligible studies were extracted independently
by three reviewers (VC, MA, MJRP) and verified by the
primary author (JS). We used a pre-designed data extrac-
tion sheet to allow standardised reporting of results
across studies, including information on: (1) study char-
acteristics (e.g., study design, year, country, population
group), (2) participant characteristics, (3) assessments
used, (4) outcomes, and (5) study findings.
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[ Identification of studies via databases and registers ]

Records removed before
screening:
Duplicate records removed
(n=7)

Fig. 1 PRISMA diagram

BCTs coding and assumptions

Coding of the behaviour change techniques identified
in the eligible studies was completed using established
BCT taxonomies [46] and strategies described in previ-
ous research [53]. BCTs were coded where there was
clear evidence of their application in the interventions
described. The coders (VC and MJRP) received training
from the research team members who are experienced
in using BCT taxonomies and in the development of
interventions for health promotion (FM) and implemen-
tation science (JS). Coders rated BCTs as either present
or absent in the intervention arms separately with two
rounds of separate coding required to achieve a suitable
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inter-rater agreement (first round, 84%, second round
95%). Discrepancies were brought to the research team,
resolved through discussion until consensus was met,
and updated accordingly. During the coding process,
all interventions were scored for the presence of BCTs
using the definition that BCTs aimed to modify par-
ticipants’ behaviour. For instance, a program aimed at
enhancing social interaction among older adults may
include established BCTs such as providing social sup-
port, setting social goals, and facilitating group discus-
sions. These would be scored as present within this
intervention because they are intended to influence
individuals’ behaviours towards engaging in more social
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interactions, the target of the intervention. Furthermore,
in instances where interventions were described as provi-
sion of education or information without further detail,
it was presumed that any informational session within
an implementation intervention would encompass, at
the very least, two BCTs: offering information on conse-
quences and instruction on behaviour execution. How-
ever, additional BCTs were identified if observed. Finally,
when interventions were described as providing "train-
ing" without further detail, it was inferred that, unless
explicitly stated otherwise, any intervention featuring a
training session would incorporate instruction on behav-
iour execution. A list of BCTs and their definition, as well
as resulting codes from each study is provided in Addi-
tional file 1, Supplementary Table 2.

Risk of bias

Study rigour was measured through risk of bias ratings of
included studies which was conducted by three members
(JS, VC, MJRP) of the research team using the Cochrane
tool for assessing Risk of Bias in randomised trials (RoB2
tool, [54]) and confirmed by the primary author (JS) for
further validation. The risk of bias tool covers the fol-
lowing domains of bias: (a) selection bias which includes
sequence generation and allocation concealment, (b) per-
formance bias which detects the blinding of participants
and personnel, (c) blinding of outcome assessment, (d)
attrition bias, and (e) reporting bias to determine level
of bias (using a traffic light system of high, low or some
concern). At the end, the overall risk of bias was set as
low if the study was judged to be at low risk of bias for all
domains [54]. A study was rated as some concerns if the
study was judged to raise some concerns in at least one
domain for this result, but not to be at high risk of bias
for any domain. Studies with high risk of bias were those
judged to be at high risk of bias in at least one domain, or
the study was judged to have some concerns for multiple
domains in a way that substantially lowered confidence in
the results.

Data analysis

Studies were grouped by intervention type and cogni-
tive outcomes. Outcome measures that were assessed
in at least two eligible RCTs using the same interven-
tion (c¢f. control condition) were included in a separate
meta-analysis [55, 56]. Reported outcome measures
that were continuous in nature were translated to a
standardised effect size (Hedges’ g=(m;-m.)/sd,.).
RevMan (v5.3) was used to produce d and SE,, and for-
est plots, and estimates of the pooled effect and het-
erogeneity index I* across the four outcomes (whereby
50-90% was considered as representing substantial
heterogeneity). RevMan uses study sample size to
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weight effect sizes in a meta-analysis. Given the use of
various outcome measures and intervention designs, it
was improbable for our included studies to have shared
an identical true effect size and thus a random-effects
model was adopted. We reported on data closest to
the intervention’s endpoint. Statistical significance of
meta-analysis was set at p<0.05.

To investigate heterogeneity in main effects analyses,
moderator effects of BCTs were explored using restricted
maximum likelihood random effects meta-regressions.
Univariate meta-regressions were carried out to examine
the association between individual BCTs that were pre-
sent (vs. not) and the effect of the number of BCTs used.
Meta-regressions were only performed when there was
evidence of substantial heterogeneity (*>50%), > 10 tri-
als per analysis [57], and at least four trials using a BCT,
to minimise the impact of single trials.

Results

Overview

Database searches returned 9528 eligible studies for title
and abstract screening, with fifteen articles ultimately
deemed eligible from full-text screening and included in
our final synthesis which is described from hereon [58—
72] (Fig. 1).

Fifteen trials with 1,785 participants (range 20-348)
were included in this review. Participants across the trials
had a mean age of 76 years (range= 68.0-83.5 years), and
the majority were women (70.6%, n=1261). Studies were
conducted in the United States (n=2), Japan (n=4), China
(n=1), Finland (n=1), Denmark (n=1), Ireland (n=1),
Australia (n=1), Brazil (n=1), Spain (n=2) and Germany
(n=1) (Table 1). The interventions took place mostly
in the community (n=9, 60%) [59-72]. Table 1 further
describes summary characteristics of included trial popu-
lations and detailed information about each trial included
in this analysis, including all reported outcomes.

Interventions

Table 2 describes the summary characteristics of each
intervention group. Social-based behavioural programs
all aimed at building social connections, cognitive stim-
ulation, and emotional well-being in older adults. The
most common program types included reminiscence
activities (e.g., group reminiscence approach, reality ori-
entation; n=4, 26.7%) [59, 61, 63, 65], arts-based group
endeavours (e.g., group choir music, quilt making, activi-
ties and discussions around art and therapeutic writing,
photography; n=4, 26.7%) [58, 68, 72] and social-based
communication (e.g. video chats, assignment of a com-
munication robot; n=4, 26.7%) [60, 64, 67, 69], followed
by cognitive-based group tasks (e.g. board games and
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Table 1 Summary of included studies (n=15)
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Author /Year Participant mean Sample Size Total Time points data Outcome(s) Outcome(s) measure
Country age (SD), Gender (% retention collection
female) rate
Ahessy 2016 [58] 83.5 years (SD=4.9) IntN 20 90% Weekly Global cognition MMSE
Ireland 86% female Con N 20 for 12 weeks Quality of life CSDbD
CBS
Akanuma 2010 [59] 78.0 years (SD=4.9) INtN 12 - 0, 3 months Global function MMSE
Japan 77-88% female ConN 12 Depression GDS
Behavioural condition  BRSE
Metabolic function CT/MRI
Dodge 2015 [60] 80.5 years (SD=6.8) Int 1N 24 100% 0,2, 12 weeks Executive function Letter fluency (F, A, S),
USA 75.9% female Con1N25 Learning and memory TMT-A, TMT-B, Category
Int2N 17 Depression fluency (Animals),
Con2N17 Stroop test
Word list acquisition,
Word list delayed recall,
One, two back accuracy
GDS-15
Gudex 2010 [61] 82.3 years (SD=9.7) IntN 171 68% 0,6, 12 months Global cognition MMSE, SIB-S
Denmark 68% female ConN177 General functioning GBS
Agitated Behavior CMAI
Quiality of life ADRQoL
lizuka 2018 [62] 76.7 years (SD=4.5) Int1N27 88.8% 0, 12 weeks Global cognition MMSE-J, MoCA-J
Japan 75% female Int2N 26 Wellbeing WHO-5-J
ConN 28 Visual working VMST
memory DST
Verbal working LM /LM I
memory TMT-A, TMT-B, CF
Immediate/delayed
memory recall
Executive function
Meléndez-Moral 79.8 years (SD=9.3) IntN 17 - 0, 3 months General cognition MMSE
2013 [63] 83.3% female ConN 17 Depression GDS
Spain Self-esteem RSS/RSES
Life satisfaction PGCMS
Well-being RS
Mortimer 2012 [64] 69.5 years (SD=5.8) Int 1N 30 89 % 0, 20, 40 weeks General cognition DRS
China 66.6% female Int2N 30 Executive function CDT, Stroop Test (color-
Int 3N 30 Confrontation naming  word), TMT-A, TMT-B,
Con 1N 30 Visual selective CFT, WAIS-R
focused attention BNT
Visual memory Bell cancellation Test
Immediate &delayed  ROCF
memory AVLT
Whole brain volume MRI
Number of steps Pedometer
Nakatsuka 2015 [65] 81.5 years (SD=3.9) Int 1 N 45 74.8 % 0, 12 weeks Global cognition MMSE, CDR
Japan 54% female Int2N 38 Executive function WE, TMT-A
Int 3N 44 Depression GDS
Wellbeing QoL
Physical ability 6-meter walk time
Enjoyableness PRO
of the intervention
Park 2014 [66] 71.6 years (SD=7.3) Int 1N 29 85% 0, 12 weeks Processing speed Digit-comparison tasks
USA 73.9% female Int 2N 35 Mental control with three, six, and nine
Int 3N 42 Episodic memory items
Con1N36 Visuospatial process-  Cogstate Identification
Con 2N 39 ing Flanker Center Letter,
Con3N40 Arrow and Symbol tasks

CANTAB (VRM) / HVLT
(immediate, delayed)
CANTAB (SWM), SPM
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Table 1 (continued)
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Author /Year Participant mean Sample Size Total Time points data Outcome(s) Outcome(s) measure
Country age (SD), Gender (% retention collection
female) rate
Pena 2014 [67] 68.0 years (SD=6.4) IntN 22 95% 0, 3 months Patients’premorbid IQ  TAP
Spain 39% female ConN 22 Global cognition MMSE
Parkinson'’s disease UPDRS
Depression GDS
Neuropsychiatric NPI-Q
symptoms WHO-DAS Il
Functional disability LARS
Apathy
Pitkala 2011 [68] 80.0 years (SD=3.6) Int 1N 24 88% 0,3,6,12 months Global cognition ADAS-Cog
Finland 73.6% female Con1N24 Depression 15D
Int 2 N 46
Con 2N 46
Int3N 47
Con3N48
Tanaka 2012 [69] 734 years (SD=4.9) IntN 20 85% 0, 4, 8 weeks Global cognition MMSE
Japan 100% female Con N 20 Depression GDS-15
Tesky 2011 [70] 72.0 years (SD=7.0) Int 1 N74 78% 1,12, 32 weeks Global cognition MMSE / ADAS-Cog /
Germany 73% female Int2N 56 Executive function CDR/ SDS
ConN78 TMT
Vidovich 2015 [71] 75.0 (SD=5.8) Int N 80 80% 0,10, 52, 104 weeks Global cognition MMSE
Australia 43% female Con N 80 Memory CAMCOG-R
Attention CVLT-II
Executive function WAIS-R, COWAT
Zimmermann 68.2 years (SD=3.8) Int N 10 70% Weekly for 12 weeks Depression GDS-15/ NEUPSILIN
2014 [72] - ConN 10 Global cognition MMSE
Brazil Attention WAIS-III
Communication MCEB

Executive function

FDG-PET scans

Abbreviations: 15D 15 Dimensions Measures of Health Related Quality of Life, ADAS-Cog Alzheimer’s Disease Assessment Scale, ADRQL Alzheimer Disease Related
Quality of Life, AVLT Auditory Verbal Learning Test, BNT Boston Naming Test, CAMCI Computer Assessment of Mild Cognitive Impairment, CANTAB Cambridge
Neuropsychological Test Automated Battery, CCI Charlson Comorbidity Index, CDR Clinical Dementia Rating, CDT Clock-Drawing Test, CFT Category Verbal Fluency,
CMAI Cohen-Mansfield Agitation Inventory, Con Control Group, DRS Mattis Dementia Rating Scale, DST The Digit Span Test, GBS Gottfries-Brane-Steen scale, GDS-15
Geriatric Depression Scale, Int Intervention Group, LM The Logical Memory | (immediate) Il (delayed), MMSE Mini Mental State Examination, MoCA The Montreal
Cognitive Assessment, MRl Magnetic Resonance Imaging, NEO Big-5 Personality Inventory, O Objective Measure, PRO Patient-Reported Outcome, QOL Quiality of Life,
RCT Randomized Controlled Trial, ROCF Rey-Osterrieth Complex Figure, S Self-reported Data, SD Standard Deviation, S/B-S Severe Impairment Battery — Short Form,
SPM Raven'’s Standard Progressive Matrices, SWM Spatial Working Memory, TMT-A Trail Making Test A, TMT-B Trail Making Test B, VMST Visual Memory Span Test, VRM
Verbal Recognition Memory Task, WAIS-R Wechsler Adult Intelligence Scale, WF Word Fluency, WHO-5-J Five Well-Being Index Japanese version

puzzles; n=2, 13.3%) [62, 65] and education or social
awareness building programs (n=2, 13.3%) [70, 71]. All
except for one study [60] delivered group interventions
face-to-face.

On average, the interventions lasted 28 weeks (range
6—48 weeks), with an average retention rate of 84% (range
68—100). Apart from three studies [61, 63, 69], all studies
had interventions that were delivered at least once every
week.

Outcomes

The majority of the studies measured global cogni-
tive function using self-reported tools (n=14; with the
clinician-administered Mini-Mental Status Examina-
tion most commonly reported (MMSE, n=11)). Several
of the studies also assessed executive function (n=7),
which often used the Trail Making Test (TMT-A (n =
3); TMT-B (n=2)). Two studies measured quality of life

using self-reported measures (e.g., Quality of life Face
Scale Score).

Figures 2 and 3 present the results of the random-
effects meta-analysis estimating the mean change from
pre-intervention to post-intervention for global cogni-
tion and executive function. Of the studies included, 10
provided sufficient data for inclusion in the meta-analysis
for global cognition, and 6 for executive function. Over-
all, social-based behavioural interventions significantly
improved global cognition (d = 0.80, 95% CI: [0.58, 1.02],
k = 10, p < 0.001) with moderate heterogeneity (I>=45%)
(Fig. 2). Social-based behavioural interventions had no
significant effects on executive function (d = 0.62, 95%
CI: [-0.88, 2.11], k = 6, p = 0.42) (Fig. 3).

In the three studies that scored acceptable in five or
more risk of bias dimensions [62, 69, 71], two reported
beneficial changes in global cognition [62, 71].
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Behaviour change techniques

Table 3 shows the BCTs coded for each of the 15 stud-
ies. Out of 93 possible BCTs, we identified 20 BCTs
(21.5%) targeting changes in the social behaviour of par-
ticipants. Out of 16 possible BCT categories, 12 catego-
ries (75%) were coded, with ‘Associations, ‘Reward and
threat, ‘Scheduled consequences, and ‘Covert learning’
not included. The most commonly applied BCTs target-
ing behaviours included: 1) goal setting (15/15, 100%); 2)
action planning (15/15, 100%); 3) instruction on how to
perform a behaviour (15/15, 100%); 4) demonstration of
the behaviour (8/15, 53.3%); 5) monitoring of emotional
consequences (6/15, 40%); 6) credible source (6/15, 40%),
and 7) adding objects to the environment (6/15, 40%).
The average number of BCTs used in each study were 6
BCTs (range 3-15).

A number of BCTs were identified in the five studies
that showed benefits on global cognition. Major differ-
ences found between identified BCTs in effective com-
pared to non-effective interventions indicated that most
popular BCTs of feedback and self-monitoring of behav-
iour were associated with positive intervention effect
(Table 3). Goal setting of behaviour, action planning,
demonstration of behaviour and having credible sources
were also identified, however these were also present in
non-effective interventions. Demonstration of outcome
(BCT6) was significantly associated with outcome effect
(b=-0.602; 95% CIL: —1.195 to —0.009). This model pre-
dicted 94.6% of the variance (Table 4).

Methodological quality

The overall risk of bias was high for 14/15 studies
(93.3%) (Fig. 4). The risk of bias was judged low for selec-
tive reporting in 11 of the studies (73.3%). Four studies
(26.7%) were judged to be at a high risk of bias related to
the lack of random sequence generation, 6 (40%) were
judged to be at a high risk due to lack of concealed alloca-
tion and blinding of participants and personnel, 4 (26.7%)
were judged to be at a high risk of bias related to lack of
blinding of outcome assessment, 2 (13.3%) were judged
to be at a high risk due to having incomplete outcome
data, and 4 (26.7%) were assessed as susceptible to other
potential sources of bias. Out of the 15 studies, only 1
(6.7%) had consistent low risk of bias in all six categories.

Discussion

This systematic review and meta-analysis provided
a comprehensive examination of behaviour change
techniques applied in social interventions resulting in
improved cognition in older adults. Three BCTs were
identified to be present in all 15 studies (goal setting
of the behaviour, action planning and instruction on
how to perform a behaviour), however only the BCT of
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comparison of behaviour was associated with improved
cognitive outcomes. Our analysis highlights the poten-
tial of interventions that increase social engagement
to improve cognitive health among older adults, and
emphasises a role for behaviour change techniques in
achieving positive cognitive outcomes.

Effectiveness of interventions: global cognition

Our findings suggest that social intervention programs
can positively impact on global cognition, but not spe-
cifically on executive function. Multiple studies that
investigated the impact of social activity on global cog-
nition suggest that social intervention programs may be
useful for promoting brain health in older adults. This
is likely due to a boost in neuroplasticity affecting large-
scale brain network connectivity and function, confer-
ring generalised global cognitive benefits [73]. Larger
social networks and greater levels of social support have
also been associated with positive effects on global cog-
nition [74]. However, there is a dual effect where higher
levels of engagement promote positive cognitive out-
come and better cognitive functioning is related to liv-
ing a more engaged lifestyle [75, 76]. Having said this, in
order to conduct a meta-analysis as we have done here,
it was necessary to group interventions by common out-
comes, rather than by the characteristics of the interven-
tions themselves, particularly given the small number of
studies identified that addressed our research question.
Future work could seek to delineate the unique contri-
butions of social interventions on a range of cognitive
domains.

Social interactions are hypothesized to increase cog-
nitive reserve through two pathways: bridging (provide
cognitive stimulation via doing activities with others)
and bonding (reduced stress via close relationships) [70].
It may be that certain types of social interactions have
an influence on specific cognitive domains. The lack of
association between social interventions and changes in
specific cognitive domains may be related to differences
in types of studies and the outcomes they included. For
instance, only five studies assessed executive function,
with most comprising of informal conversation groups.
The only study to show a change in executive function
was an arts based program which may have promoted
planning skills [72]. Future research is needed to iden-
tify whether specific cognitive domains are influenced by
specific kinds of social interventions.

Whilst social activities show an improvement in global
cognition and increased brain volume, studies have high-
lighted that social intervention programs do not seem
to affect specific cognitive domains such as memory,
attention, or executive function [74]. A potential reason
behind the contrasting outcomes observed between the
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Social behavioural intervention Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sD Total Weight 1V, Random, 95% CI IV, Random, 95% CI A BCDETFG
Ahessy 2016 26.3 4.04 19 2347 4.18 17 7.4% 0.67 [-0.00, 1.35] 9222200
Akanuma 2011 15.1 37 12 14.1 36 12 57% 0.26 [-0.54 , 1.07] SR 27200072 2
Dodge 2015 28.9 13 49 273 19 34 17% 1.01[0.54 , 1.47] g (X EX X K
lizuka 2018 17 15 25 15 15 22 8.0% 1.31[0.67 , 1.95] p—— X X X X X X )
Mortimer 2012 46 6.7 30 0 6 30 10.3% 0.71[0.19, 1.24] —_— 22272000
Nakatsuka 2015 254 25 44 242 22 38 124% 0.50 [0.06 , 0.94] i 27200006
Pitkala 2011 295 44 17 25 33 18 17.8% 1.15[0.88 , 1.43] — 2 9007200
Tanaka 2012 29.2 12 18 29 15 16 7.4% 0.14[-0.53 , 0.82] ! " [ EEX XX
Vidovich 2015 91.4 4 77 88.4 3.1 79 15.9% 0.84[0.51, 1.16] — 000000
Zimmermann 2014 20 0.1 6 197 0.5 8  34% 0.73[-0.38 , 1.83] ] 272000 2 ?
Total (95% CI) 397 374 100.0% 0.80 [0.58 , 1.02] &
Heterogeneity: Tau? = 0.05; Chi* = 16.28, df = 9 (P = 0.06); I* = 45%
Test for overall effect: Z = 7.13 (P < 0.00001) S 0 } 3
Favours control Favours intervention
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Fig. 2 Forest plot of social interventions and effects on global cognition
Social behavioural intervention Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETFG
Dodge 2015 26.4 1.3 49 486 188 34 16.9%  -1.48[-1.98,-0.99] —-— 97202007
Mortimer 2012 1 22 30 13 2 30 16.9%  -0.14[-0.65,0.37] . 22272000
Nakatsuka 2015 7 29.2 4 863 387 38 17.0%  -0.45[-0.89,-0.01] . 2700088
Tesky 2011 47 1.2 74 41 1.2 78  16.7% 4.97[4.33,5.62] 0?2 ?272@®72 2
Vidovich 2015 43 14.8 77 44 14 78 17.1%  -0.07[-0.38,0.25] e (XK X R
Zimmermann 2014 53.1 1.7 7 413 14 6 15.6% 0.96 [-0.22, 2.14] i 2720002 2
Total (95% Cl) 281 264 100.0% 0.62 [-0.88 , 2.11] ?
Heterogeneity: Tau? = 3.39; Chi? = 265.53, df = 5 (P < 0.00001); I> = 98%
Test for overall effect: Z = 0.81 (P = 0.42) 5 ) ) 5 P!

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Fig. 3 Forest plot of social interventions and effects on executive function

influences of social support and engagement in social
activities or networks could stem from the distinct role
that social support plays in managing stress. Research
indicates that social support contributes to building resil-
ience against the detrimental effects of stress, which may
have a buffering effect, helping to preserve cognition in
older age [74]. In contrast, merely participating in social
activities or having a broader circle of family and friends
might not encompass the necessary social and emotional
backing that is instrumental in reaping stress-alleviating
advantages or the advantages of cognitive stimulation

Favours control Favours intervention

provided by doing activities which promote the use of
specific cognitive skills.

BCTs and social behaviour

The BCT “demonstration of behaviour” is considered a
key element within behaviour change interventions and
is often observed in various systematic reviews spanning
different fields [77-80]. This BCT involves the provision
of real-life examples or models of the desired behav-
iour, which serves to illustrate the achievable outcomes
and establish a reference point for individuals. Usually,
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Table 3 Behaviour change techniques identified in the included studies

c
' (]
Codes BCTs identified targeting - g 5 EE': % © s 5 g
participants HEEEEEEEE R A I E IR EE EE R R
SR|2R|8R|3R| 2R| 232858 | 5788 ER| FRIBR 2R/ 5Re
1. Goals setting and pl.
(1.1) Goal setting (behaviour) 15
(1.2) Problem solving 3
(1.4) Action planning 15
(1.5) Review behaviour goal(s) 2
2. Feedback and monitoring
(2.2) Feedback on behaviour - 3
(2.3) Self-monitoring of behaviour 2
(2.6) Biofeedback 2
3. Social support
(3.1) Social support (unspecified) 2
(3.3) Social support (emotional) 1

4. Shaping knowledge
(4.1)

Instruction on how to perform a
behaviour
5. Natural consequences

(5.4) Monitoring of emotional -I | - - - ‘ - | | | 6
consequences

6. Comparison of behaviour

(6.1) | Demonstration of the behaviour | | | 8

8. Repetition and substitution

(8.6) Generalisation of a target | | | | .I | - ‘ | | | | | | 2
behaviour

9. Comparison of outcomes

(9.1) | Credible source | | | - | | | | 6

11. Regulation

(11.2) I Reduce negative emotions | | | | | | | | I ! | | | | 1

12. Antecedents

(12.1) Restructuring the physical 2
environment

(12.5) Adding objects to the 6
environment

13. Identity

(13.4) | Valued self-identity | | | | | | | | | - | | | | 1

15. Self-belief

(15.1) Verbal persuasion about 2
capability

Total 5 3 4 9 7 5 8 12 6 3 15 6 4 4 3

Table 4 Results from meta-regression analysis of social-based
behavioural interventions

Study characteristics B t 95% Cl p-value
Intercept 0607 4042 0.252-0.962 0.005
BCT6: Comparison -0418 —-2.869 -0.762--0.073 0024
of behaviour

BCT12: Antecedents 0150 1.115  -0.169-0469 0302
Adjusted R? % 94.6

Abbreviations and symbols: BCT Behaviour change technique, 8 Estimated meta-
regression coefficient, C! Confidence interval, Adj. R* Adjusted proportion of
between study variance explained by predictors

demonstrating the behaviour in a tangible way offers a
clear visual representation that can stimulate motivation
and provide a sense of attainability. Previous systematic

reviews have consistently highlighted the presence and
impact of this BCT. In health interventions, such as exer-
cise promotion or dietary changes [81-84], presenting
role models or showcasing individuals who have suc-
cessfully adopted the desired behaviour has been found
effective in motivating others to follow suit. The human
tendency to learn from and emulate others’ actions
amplifies the potential of this technique. However, the
effectiveness of behaviour demonstration hinges on fac-
tors such as relatability and authenticity of the models,
as well as individual perceptions [85, 86]. Overly ide-
alised representations might lead to feelings of inad-
equacy or disbelief and can negate the intended impact
[87, 88]. Future social-based programs should consider
how behaviour demonstration could be carried out, and
provide tangible, relatable examples of desired actions
to bridge the gap between intention and execution. By
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Fig. 4 Risk of bias summary

providing real-world instances of successful behaviour
adoption, interventions can tap into social influence
dynamics and inspire individuals to be more socially
engaged.
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The effectiveness of goal setting has been established
in various domains, and its presence and impact have
also been documented in multiple systematic reviews
across multiple contexts [81, 82, 89, 90]. However, we
were unable to identify its role in our current review. The
efficacy of goal setting is likely contingent on factors like
goal specificity, realism, and individual characteristics
[91, 92] and these varied in the included studies. Research
indicates that overly ambitious goals can lead to frus-
tration and non-compliance, while overly simple goals
might not challenge individuals adequately [93]. Moreo-
ver, goal setting might not be equally effective across all
social conditions; its impact could vary depending on fac-
tors such as the complexity of the targeted behaviour and
the individual’s level of commitment [94—96]. As such, its
integrative role in future programs suggests its versatil-
ity and potential applicability in combating social issues
such as isolation or engagement. As social interventions
strive to bolster connectivity and improve mental well-
being, goal setting could provide a structured approach
for individuals to establish and pursue social participa-
tion objectives. Nevertheless, identifying BCTs can sup-
port the assessment of interventions that target several
outcomes [97]. Whilst the quantity of BCTs is not neces-
sarily associated with better outcomes, combinations of
BCTs might increase its effectiveness [97].

Implications

Our review highlights a need for future interventions
to prioritise robust BCT components and to acknowl-
edge the potential impact of social interactions for pro-
moting cognitive health among older adults. While the
current meta-analysis offers new insights, the average
duration of interventions remains short in nature (mean
23 months) and necessitates larger, longer-term trials.
These lengthier trials would permit a more comprehen-
sive understanding of the sustained effects of social-
based interventions and facilitate additional explorations
of the variability in outcomes and effectiveness of BCTs
over extended periods. Such trials also need to be more
robust in design to ensure compliance with randomisa-
tion sequences, blinding and full, not selective, reporting.
Furthermore, given the observed variability in outcomes
across demographic (e.g., gender and language) compo-
sitions, there is an additional implication for tailoring
interventions based on demographic and cultural char-
acteristics. Finally, we note that many studies did not
include specific pre and post measures relating to social
outcomes (e.g. social network size), and future research
could examine whether the extent to which there are
improvements in cognition is associated with measurable
improvements on social measures. Policy and practice
changes may need to incorporate specific considerations
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in the design and implementation of social interven-
tions in order to enhance the efficacy of interventions
and contribute to more equitable mental health out-
comes among older adults.

Limitations

This review had a limited number of studies suitable for
meta-analysis and synthesis. By only including studies
published in English, there is a possibility we limited the
number of available interventions for this review (e.g.,
latest study was in 2018). Furthermore, the inclusion of
studies where cognition served as a secondary outcome
rather than the primary focus is an additional limitation.
In these instances, the interventions may not have been
adequately powered to detect significant effects on cog-
nition, as their design, sample size and power calcula-
tions may have primarily targeted other outcomes. This,
in combination with multiple BCTs used and a variety of
outcome measures, makes it difficult to allocate an effect
size to a specific BCT. Further, because social interven-
tions contain multiple modules with interactive com-
ponents, it is difficult to attribute an improvement in a
particular study outcome to one specific BCT. Addition-
ally, it is important to recognise the limitations inher-
ent in the use of specific instruments (e.g., TMT-A) as
a proxy for executive function. Whilst we included sev-
eral tests to measure a composite outcome for execu-
tive function, this was done to broaden the scope of
assessment and increase the variability in the measures,
thereby strengthening the overall analytical robustness.
This decision aligns with the methodological imperative
of enhancing the precision of effect size estimates and
ensuring the reliability of the findings. As such, because
of the emerging nature of this research field, which is
very much in its infancy, the meta-analyses and meta-
regressions were substantially underpowered, and we
found that the majority of included studies had a risk of
bias. This should also be taken into consideration with
the fact that many studies contained small sample sizes
and are likely at risk of type 1 error. Future work should
seek to replicate these findings in larger trials and imple-
mentation studies.

Conclusion

There are a limited number of social-behavioural trials
investigating the effectiveness of BCTs for the improve-
ment of cognitive and mental health. The evidence
to date supports the use of social interventions for
improving global cognition in older adults, with com-
parison of behaviour being associated with positive
changes. There is insufficient evidence linking social
interventions to changes in specific cognitive domains,
perhaps related to the discrepancy across interventions
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in the outcome measures they included. Moving for-
ward, the findings advocate for the incorporation of
social strategies into future interventions, emphasising
their potential to yield clinically meaningful benefits for
global cognition. Given these results, future research
to identify the longer-term effects and sustainability of
these approaches is warranted, which can contribute to
a more comprehensive understanding of the enduring
impact of social-based interventions on cognitive out-
comes in older adults.
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