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Behavioural interventions targeting health risk factors within rural areas are often not tailored to effectively ad- 

dress the needs and socio-environmental barriers to access and behaviour change faced by these communities. 

Little is known about the underlying behaviour change mechanisms that contribute to reducing dementia risk for 

communities living in regional and rural areas. This systematic review and meta-analysis aimed to summarise 

the effectiveness of behavioural interventions targeting late-life single modifiable dementia risk factors (physical 

inactivity, poor diet, social isolation and depression) and the mechanisms used to contribute to behaviour change. 

Six databases were searched to identify regional and rural behavioural interventions targeting modification of 

late-life dementia risk behaviours between 2000 and 2024. Behaviour change techniques (BCTs) and outcomes 

for each intervention were extracted. Where possible, meta-analyses were performed to assess the effectiveness 

of the behavioural intervention on outcomes related to dementia risk. Out of 42,529 articles, 49 studies were in- 

cluded: 22 on physical inactivity, 6 on poor diet, 9 on social isolation, and 12 on depression. Many BCT categories 

were applied (M = 14.8, SD = 10), with high use of goals and planning (49/49 interventions; 100 %), shaping 

knowledge (47/49 interventions; 95.9 %), social support (43/49 interventions; 87.8 %) and comparison of out- 

comes (38/49 interventions; 77.6 %). Social isolation interventions used the most BCTs (M = 18.3; SD = 8.5), 

followed by depression (M = 17.6; SD = 10.7), physical inactivity (M = 16.0; SD = 11.5), and poor diet (M = 5.2; 

SD = 3.1). Although effectiveness was limited across interventions, apart from cognitive behavioural therapy for 

depression (SMD − 0.39, 95 % CI − 0.55 to − 0.24), future programs targeting dementia risk factors would benefit 

from incorporation of BCTs. Simultaneously, consideration of the socio-environmental context, accessibility, and 

community involvement in rural and regional areas may improve the sustainability of interventions. 
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. Introduction 

The global population is ageing rapidly, and in many countries de-

entia prevalence is a persistent concern [ 1 ]. Consequently, prevention

fforts are a priority for many national and international policy agen-

as. The World Health Organization (WHO) key action plan [ 2 ] and the

ustralian National Dementia Data Improvement Plan 2023–2033 [ 3 ]

im to aid governments in providing resources and guidelines to edu-

ate communities on ways to minimise their risk of dementia [ 2 , 4 , 5 ]. A

ey tenet of these plans is to promote evidence-based dementia research

o develop cost-effective and sustainable interventions that target key

odifiable dementia risk factors [ 6 , 7 ]. 
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.1. Current evidence for multidomain interventions and dementia risk 

actors 

Modifiable risk and protective factors for dementia have been identi-

ed [ 8 , 9 ] as well as their relative contribution to lifetime dementia risk

ccording to each life stage. Physical inactivity, depression and obesity,

nd high alcohol intake have important impacts in midlife whilst so-

ial isolation, air pollution and visual loss have impacts on dementia

isk in later life [ 9 ]. There have been concerted efforts worldwide to

nvestigate multidomain lifestyle interventions that address these de-

entia risk factors simultaneously (e.g., FINGER trial [ 10 ], Body Brain

ife [ 11 ]). Many trials have demonstrated positive effects in modifying
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ementia risk [ 12–15 ] with a meta-analyses indicating high certainty

vidence that such interventions can reduce dementia risk and moder-

te evidence for improvements in cognition [ 16 ]. Despite their contribu-

ions to risk reduction, the extent to which multidomain interventions

an impact cognitive outcomes remains inconclusive, with various tri-

ls showing no improvements in global and domain-specific cognition or

ncident dementia [ 16 , 17 ] (e.g., PreDIVA [ 18 ], MAPT [ 19 ]). Research

as been heavily focused on multidomain interventions and their im-

act on cognition [ 16 , 17 , 20 ], which makes it challenging to draw con-

lusions about which multidomain program components are associated

ith any benefit. We therefore aimed to review the extent of single do-

ain interventions and their impacts on behaviour change related to

pecific risk factors, particularly among individuals with multimorbidity

 17 , 21 ]. 

.2. Current evidence for multidomain interventions amongst at-risk 

ommunities 

Variations in multidomain program findings might stem from inter-

ention factors, as well as individual, environmental, and societal influ-

nces. Considering the nascent stage of this field, multidomain interven-

ions for dementia have only emerged in the last decade [ 20 ], highlight-

ng the need for additional exploration. There have been very few em-

irical multidomain dementia prevention efforts in populations that are

t increased risk of dementia, such as in low- and middle-income coun-

ries (LMICs) [ 22 ], underserved communities [ 23–26 ], and areas outside

ajor cities [ 27–31 ]. Of the limited research available, a successful Ba-

inese brain health education program adapted from a Japanese-style

ealthcare program has been implemented and found to improve phys-

cal fitness and brain function [ 32 ] and a coach-supported mHealth in-

ervention (PRODEMOS) was moderately effective at reducing presence

f risk factors in adults living in lower socioeconomic areas in the UK

 12 ]. Many other preventive efforts for dementia and cognition are still

n the developmental phase [ 24 , 30 , 33 ]. 

.3. Socio-environmental context and tailoring risk reduction interventions 

or rural communities 

At-risk populations often have a high prevalence of certain chronic

onditions and dementia-related health risk factors such as physical in-

ctivity [ 34 , 35 ], poor nutrition [ 36 , 37 ], obesity [ 38 ], smoking [ 39 ] and

ypertension [ 38 ]. Currently, two-thirds of global dementia cases are

ithin LMICs [ 40 ] and depending on the country, rural areas have a

igher prevalence of dementia or are significantly disadvantaged by

he cumulative effects of dementia and cognitive impairment [ 41–44 ].

he design and implementation of public health interventions are pre-

ominantly based on the needs and socio-environmental context of

etropolitan populations [ 28 ]. Whilst piloting interventions in these

opulations may produce favourable outcomes, there is a lack of con-

ideration of the geographical isolation, limited transportation, reduced

ccess to health services, health-care capacity issues, and community

alues and support that influence intervention outcomes to different ex-

ents depending on the rurality of specific contexts [ 39 , 45 , 46 ]. These

hallenges can often create resistance and hesitation towards interven-

ions encouraging behaviour change and ultimately higher rates of mor-

idity, mortality and acute health care crises remain. Prioritising pre-

entive interventions tailored to the needs of rural populations and ex-

rapolating the mechanisms used within these interventions that lead to

avourable outcomes is important for addressing these disparities and

mproving overall health outcomes, including reducing the risk of de-

entia. 

.4. Incorporating behaviour change theory for single domain risk reduction

Behaviour change theory and implementation science are essential

or understanding the mechanisms of any benefits associated with mul-
2

idomain interventions [ 47 ]. Michie and colleagues [ 48 ] developed a

axonomy of 93 Behaviour Change Techniques (BCTs) organised into

6 categories as an ‘intervention design tool’ to help identify what inter-

ention functions are likely to be effective in changing behaviour [ 49 ]

 Fig. 1 ). Appendix I provides a link to Michie and colleagues full list

f BCTs, BCT definitions and examples [ 49 ]. For example, action plan-

ing is a BCT found in the goals and planning category. Practical ap-

lication of this BCT may be planning to attend an exercise class, at a

pecific time and an agreed number of days per week. Further, credi-

le source is a BCT within the comparison of outcomes category and

ould include a presentation of information given by a well-known pro-

essional on depression and how to adopt CBT techniques to empha-

ise their effectiveness and importance in recovery. Mechanisms for be-

aviour change have been tested for several outcomes related to mod-

fiable risk factors for dementia including physical inactivity [ 50 , 51 ],

eight management [ 51 , 52 ], dietary intake [ 51 , 53 ], and depression

 54 , 55 ]. Recent reviews suggest that isolated BCTs and certain combina-

ions of BCTs can increase the efficacy of interventions, although find-

ngs remain mixed for different health conditions. For example, “goal

etting ” and “feedback on behaviour ” were most effective for promot-

ng physical activity amongst overweight and obese adults in the long-

erm [ 51 ]; “habit formation ”, “salience of consequences ” (i.e., making

ndividuals pay more attention to information about consequences of

ehaviour) and “adding objects to the environment ” (i.e., providing

tems that will help facilitate behaviour) were effective in improving

ietary intake [ 53 ] and weight management [ 52 ]; providing education

bout health benefits of behaviour, instruction and demonstration, “ac-

ion planning ” or intention formation (i.e., encouraging people to de-

ide to change or set a goal), and “social comparison ” (i.e., sharing in-

ormation about another person’s performance and comparing it with

heir own experience) were effective in improving depression outcomes

 54 , 55 ]. 

Despite the opportunity to improve intervention effectiveness, BCTs

dopted within multidomain lifestyle intervention studies for demen-

ia prevention cannot necessarily be generalised to different sociodemo-

raphic groups or geographical contexts with disparate access to services

nd resources. To date, BCTs have not been systematically identified

rom interventions aimed at modifying dementia risk factors in older

dults residing in rural and remote areas. 

This systematic review and meta-analysis addressed this gap by ex-

mining interventions implemented in geographically isolated commu-

ities to target four modifiable dementia risk factors: physical inactivity,

oor diet, social isolation and depression [ 9 , 56 ]. This review aims to i)

dentify effective behavioural interventions that target these four sin-

le modifiable health risk factors for dementia independently of each

ther; ii) classify the applied behaviour change techniques (BCTs) for

ach risk factor and iii) describe BCTs used in effective behavioural in-

erventions in improving outcomes (reducing risk) in regional and rural

ommunities. 

. Method 

The planning and reporting for this review followed the Pre-

erred Reporting Items for Systematic reviews and Meta-Analyses

PRISMA) guidelines [ 57 ] and was pre-registered on PROSPERO

CRD42021278021). A PRISMA checklist can be found in Appendix II. 

.1. Data sources and search strategy 

The search strategy aimed to identify local, national and interna-

ional behaviour change interventions or programs aimed at modifying

ate-life risk behaviours for dementia (i.e., physical inactivity, poor diet,

ocial isolation and depression). It was developed by the research team

n consultation with a clinical librarian and was undertaken in Novem-

er 2021, with the search updated in November 2023. The six electronic

atabases included were MEDLINE, Embase, PsycINFO, Web of Science,



L. Dodds, K. Deckers, C.B. Harris et al. The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100093

Fig. 1. Behaviour change technique taxonomy (BCTTv1) categories adapted from Michie et al., The behaviour change technique taxonomy (v1) of 93 hierarchically 

clustered techniques: building an international consensus for the reporting of behaviour change interventions (2013) [ 49 ]. 
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umulated Index to Nursing and Allied Health Literature (CINAHL) and

he Cochrane Library. To maintain consistency in the quality and rele-

ance of included studies to current practices and technologies, we also

imited the date range of our articles to 2000 onwards. 

Search terms for each risk factor were combined with descriptors

f middle aged and older adults (e.g., aged OR elderly OR older adult∗ 

R geriatric OR aged 80 and over OR older senior∗ OR middle-age∗ ), rural

r underserved populations (e.g., rural OR remote OR nonmetropolitan

R underserved OR region OR province) and intervention-based search

erms (e.g., program∗ OR intervention∗ OR behave∗ intervention OR health

romotion∗ ). An example of risk factor search terms for physical inactiv-

ty are Exercise/ OR Exercise movement techniques/ OR Exercise therapy/

R Sedentary behaviour/ OR physical activity OR exercise∗ OR physical

nactivity or sedentary behave∗ OR sport∗ or athletic participation OR ex-

rcise behave∗ OR walk∗ OR fitness . A complete outline of search terms

ncluding database specific MeSH terms and keywords/specifiers can be

ccessed in Appendix III. 

.2. Inclusion and exclusion criteria 

A predefined eligibility criteria was generated to determine the in-

lusion of articles. Studies were included if they were (i) peer-reviewed

rticles, (ii) available in English language, (iii) used behaviour change

echniques to target adults aged 55 years and over in a rural or remote

etting, and (iv) evaluated the effectiveness of a program in improv-

ng a dementia risk factor of physical inactivity, poor diet, depression

r social isolation. Categorisation of remoteness was defined based on

ountry-specific population density. Age range was set at 55 years or
3

lder due to the lower life expectancy for older adults living outside of

ajor cities [ 58 ]. 

We limited studies to interventions including RCTs, quasi-

xperimental, and mixed method studies that were targeting be-

avioural modification in relation to each risk factor, individually (e.g.,

tudies with a main behaviour change component targeting physical in-

ctivity, as well as a primary outcome measure of physical activity e.g.

teps/day, physical function were included in studies targeting physi-

al inactivity). Studies were still included if they measured secondary

utcomes related to other risk factors like depression or social isolation.

nterventions that used standardised assessments to measure risk factors

r indicators of these risk factors were included (e.g., cardiovascular fit-

ess as an indicator of physical activity), whereas qualitative study de-

igns without objective outcome measures were excluded. Articles were

lso excluded if the intervention was pharmacological or delivered in a

linical or healthcare setting (e.g., hospital or primary care practice). 

.3. Study selection 

All potential studies were exported into a reference manager (End-

ote version 20) and duplicates were removed. A mobile and web-based

pplication for systematic reviews (Rayyan) was used to screen titles and

bstracts and identify studies that satisfied the eligibility criteria. The

rimary author (LD) removed duplicates and conducted initial screening

f titles and abstracts for inclusion. At least 2 reviewers were assigned to

ach risk factor and 5 % blinded double-coding was conducted between

ach of the two reviewers assigned to that risk factor (LD, JS, VC, AM,

C, SMS, JWK, DP, EW, SW, TW) to ensure inter-rater reliability. The
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a  
esults were in high agreement ranging from 95 to 98 % for each set of

rticles included for each risk factor. Manual searching of reference lists

or included articles was conducted. Selected full-text articles were then

btained for final screening completed by the primary author (LD) and

ndependently assessed against the inclusion criteria by one reviewer

JS). In case of discrepancy between LD and JS, then discussion was

onducted with CH. 

.4. Data extraction 

Data extraction was completed by the primary author (LD) accord-

ng to pre-defined data extraction fields and verified by an additional

eviewer (JS). Study characteristics (e.g., author, year of publication,

ountry), methodology (study design, intervention details, assessment

ools used), recruitment and attrition rates, sample characteristics (e.g.,

ample size, age, gender), primary and/or secondary study outcomes

mean or mean differences before intervention and at first follow-up

imepoint) and behaviour change techniques were extracted. 

.5. Coding behaviour change techniques 

The primary interest of this review was the use of behaviour change

echniques within interventions targeting dementia risk factors of phys-

cal inactivity, poor diet, social isolation and depression. Behaviour

hange techniques within each intervention were identified and cate-

orised according to Michie et al.’s BCT taxonomy (v1) [ 49 ]. 

At least two coders independently coded all interventions using

CTv1 definitions and examples. Adopting the approach from Presseau

 59 ] and Samdal [ 51 ] and colleagues, BCTs were coded if there was

lear evidence that it had been used to target either physical inactiv-

ty, improvements in diet or food consumption, social isolation or de-

ression depending on the risk factor the paper had been assigned to.

oders were experienced in applying BCT taxonomy and designing inter-

entions within health services (KD), aged care (CH), gerontology (KD,

S) and public health (JS, LD). Throughout the initial coding process,

oders updated the coding manual if further assumptions were made

o provide clarity when discussing with the research team. After ini-

ial coding, a summary report was created using Excel to present BCTs

y study and identify discrepancies to be discussed with the research

eam. Coding inconsistencies were reviewed and deliberated upon in

iscrepancy-resolution meetings to ensure agreement was reached and

he coding manual updated. 

.6. Coding assumptions 

BCTs were coded if they were used to alter the behaviour of partici-

ants in the intervention group. Two primary assumptions were made.

irstly, if specific behaviours were not clear, BCTs were coded at a gen-

ral behavioural level and if certain elements within intervention provi-

ion that were mentioned without further details provided, we assumed

he following BCT codes as a minimum for the specific intervention com-

onents. For example, education-focused interventions included instruc-

ion on how to perform the behaviour; training-targeted programs included

nstruction on how to perform the behaviour and Cognitive Behavioural

herapy included action planning, instruction on how to perform the be-

aviour, and social support (emotional) . 

.7. Analysis 

Narrative and descriptive synthesis were conducted, where possible,

o quantify the proportion of studies within each risk factor with BCTs

oded in a specific category, the average number of BCTs coded across

tudies for each risk factor, as well as the most frequently used BCTs in

nterventions for each risk factor. 
4

.8. Risk of bias 

The Cochrane Risk of Bias tool version 2 (RoB2) [ 60 ] was used to

ssess overall risk of bias for each study which used a randomised con-

rolled trial design. The tool was independently completed by two re-

earchers (VC and LD). Inter-rater reliability was moderately high with

6.5 % agreement between researcher decisions. Discrepancies were re-

olved through discussion and checked by an additional researcher (JS).

or each of the 5 domains of bias, a quality rating of unclear, low, or

igh risk was determined using signalling questions. Research team pro-

ided comments for each domain as support for decisions made. 

.9. Certainty of the evidence 

We used the Grading of Recommendation, Assessment, Development

nd Evaluations (GRADE) approach to rate the certainty of evidence in

 areas. Apart from Risk of Bias, inconsistency, indirectness, impreci-

ion and publication bias ratings were assessed based on the GRADE

eries guidelines [ 61–66 ]. Reasons for each decision to downgrade are

rovided in Appendix IV. 

.10. Meta-analysis 

Randomised controlled trials with similar interventions (behavioural

nterventions targeting rural, regional or remote adults over 55 years of

ge) and primary and/or secondary outcome data were combined using

 random-effects model to pool effect sizes along with 95 % CIs using

he RevMan Web 2020 computer program [ 67 ]. This model accounts

or variations within study populations, methods and interventions im-

lemented. Heterogeneity across studies was determined using the I2 

tatistic in which values above 50 % indicated substantial heterogene-

ty. Risk of small-study bias was assessed visually using Funnel plots

Appendix V). Outcomes for each factor are listed as: physical inactivity

rials (physical function), social isolation (loneliness), depression pro-

rams (depression). Outcomes across RCTs within poor diet interven-

ions were not homogenous and a meta-analysis could not be conducted.

tandardised mean differences were selected as an alternative to simple

ean differences, in light of the diversity in measures adopted in each

tudy. These were used to calculate effect sizes (Cohen’s d) for contin-

ous outcomes using available means, standard deviations and sample

izes. Where data was not available authors were contacted, however if

o response was provided within 1 month after 1 reminder email, this

tudy was excluded from the meta-analysis. 

. Results 

From 42,529 records, 166 full-text articles were assessed for eligi-

ility and 49 unique studies were identified (physical inactivity = 22,

oor diet = 6, social isolation = 9, depression = 12). The PRISMA flow

iagrams for each risk factor are provided in Fig. 2 . Of the 49 studies,

hysical inactivity had 10 RCTs and depression had 8 RCTs, followed

y social isolation and poor diet with 2 RCTs each. However, some RCT

tudies did not have comparable outcomes and thus did not proceed

ith a meta-analysis (e.g., physical inactivity [ 68–71 ], poor diet [ 72–

4 ], and depression [ 75 ]). 

.1. Study and intervention characteristics 

Table 1 summarises the characteristics of each study (i.e., age, gen-

er, sample size, attrition rate, data collection time points, and out-

omes). Table 2 summarises intervention characteristics (i.e., interven-

ion components, duration, format, and setting). A detailed summary of

ll outcomes for each intervention is available in Appendix VI. 

For physical inactivity, there was a total of 2720 participants, mean

ge ranged from 67 to 84, proportion of females ranged from 0 to 100 %,
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Fig. 2. PRISMA flow diagrams for risk factors physical inactivity, poor diet, social isolation and depression. 

5
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Fig. 2. Continued 
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Table 1 

Summary of study characteristics. 

Author (year) Country Study design 

Sample 

Size 

Mean age 

(SD) % Female 

Attrition 

rate 

Data 

collection 

points 

Evidence 

of benefit 

Physical 

inactivity 

( N = 22) 

Akihiro et al. [ 76 ] Japan RCT I: 23 

C: 34 

I: 73.6 (4.9) 

C: 74.2 (5.1) 

I: 52.3 % 

C: 50.0 % 

0 % 2 Yshort 

Cai et al. [ 77 ] China RCT I: 34 

C: 30 

66.9 (4.2) 

I: 65.8 (4.2) 

C: 68.0 (4.1) 

63.9 % 

I: 55.6 % 

C: 72.2 % 

I: 5.6 % 

C: 16.7 % 

2 Yshort 

Cruz-Ferreira et al. [ 78 ] Portugal RCT I: 32 

C: 25 

I: 71.1 (3.9) 

C: 72.8 (4.5) 

100 % 0 % 3 Yshort 

Harris et al. [ 71 ] UK Mixed Methods; RCT I: 150 

C: 148 

NA I: 54 % 

C:53 % 

6.0 % 3 Yshort/long 

Jeon et al. [ 79 ] Republic of 

Korea 

RCT I: 31 

C: 31 

I: 69.32 

(4.46) 

C: 69.16 

(4.05) 

100 % I: 11.4 % 

C: 11.4 % 

2 Yshort 

Johnson et al. [ 80 ] Canada RCT I: 40 

C: 29 

81 (8.0) 

I: 80.7 (7.9) 

C: 79.7 (9.4) 

83 % 

I: 85 % 

C: 79.3 % 

24 % 

I: 27.5 % 

C: 10.3 % 

2 Yshort 

Kleinke et al. [ 68 ] Germany RCT I: 85 

C: 81 

70.8 (4.8) 

I: 70.4 (4.6) 

C: 71.2 (5.0) 

58.4 % 

I: 58.8 % 

C: 58.0 % 

I: 16.7 % 

C: 22.1 % 

3 N 

Lee et al. [ 69 ] Taiwan RCT I: 102 

C: 101 

I: 71.3 (6.4) 

C: 71.3 (5.7) 

I: 37.3 % 

C: 46.0 % 

I: 10.8 % 

C: 7.0 % 

2 Yshort 

Mcmahon et al. [ 81 ] USA RCT I: 16 

C:14 

83.6 (4.7) 93.3 % 7 % 2 Yshort 

O’Brien et al. [ 70 ] USA RCT I: 14 

C: 10 

69.0 (8.0) 100 % I: 14.3 % 

C: 10.0 % 

4 N 

Britten et al. [ 82 ] UK Mixed methods; 

Quasi-experimental 

685 75.8 (9.4) 86 % 29.2 % 4 Yshort/long 

Jang et al. [ 83 ] Republic of 

Korea 

Quasi-experimental I: 11 

C: 11 

I: 72.5 (4.3) 

C: 68.6 

(1.85) 

36 % 

I: 45 % 

C: 27 % 

9.1 % 2 Yshort 

Jindo et al. [ 84 ] Japan Quasi-experimental 59 70.1 (3.5) 87 % 22 % 2 Yshort 

Jones et al. [ 85 ] USA Quasi-experimental 237 71.5 (9.2) 81 % 68.8 % 3 Yshort/long 

Joo et al. [ 86 ] Korea Quasi-experimental 14 69.5 (5.89) 0 % 0 % 3 Ylong 

Kim et al. [ 87 ] Korea Quasi-experimental I: 94 

C: 130 

I: 75.4 (5.9) 

C: 74.7 (5.7) 

I: 94.7 % 

C: 88.5 % 

NA 2 Ylong 

Mcnamara et al. [ 88 ] Australia Mixed Methods; 

Quasi-experimental 

7 NA 50 % 14.2 % 2 Yshort 

Park et al. [ 89 ] Republic of 

Korea 

Quasi-experimental 46 73.41 (8.77) 82.6 % 0 % 2 Yshort 

Paschoa and Ashton [ 90 ] USA Mixed Methods; 

Quasi-experimental 

17 73 100 % 26 % 2 Yshort 

Sowle et al. [ 91 ] USA Quasi-experimental 265 NA 83.4 % 42 % 2 Yshort 

Strand et al. [ 92 ] USA Mixed Methods; 

Quasi-experimental 

46 NA 87 % 32.4 % 3 Yshort 

Yeh et al. [ 93 ] Taiwan Mixed Methods; 

Quasi-experimental 

68 73.9 (9.1) 66.2 % 20 % 2 Yshort 

Poor diet 

( N = 6) 

Goni et al. [ 73 ] Spain RCT I: 365 

C: 355 

59.7 (10.7) 24 % 11 % 3 Ylong 

Seangpraw et al. [ 74 ] Thailand RCT I: 90 

C: 85 

NA I: 53.3 % 

C: 57.6 % 

0 % 3 Yshort 

Al-Nimr et al. [ 72 ] USA Quasi-experimental 25 72.2 (5.8) 73.9 % 0 % 2 Yshort 

Hamirudin et al. [ 94 ] Australia Quasi-experimental 79 85.5 (5.8) 52.9 % 13.90 % 2 Yshort 

Sachdeva et al. [ 95 ] India Quasi-experimental 30 NA 0 % NA 2 Yshort 

Shahar et al. [ 96 ] Malaysia Quasi-experimental I: 24 

C: 23 

I: 65.3 (3.5) 

C: 67.8 (4.7) 

I: 63.6 % 

C: 60 % 

I: 8.3 % 

C: 13 % 

2 Yshort 

Social 

isolation 

( N = 9) 

Li et al. [ 97 ] China RCT I: 30 

C: 30 

I: 65.2 (2.6) 

C: = 65.6 

(2.7) 

I: 60.0 % 

C: 66.7 % 

6.30 % 3 Ylong 

Shapira et al. [ 98 ] Israel RCT I: 64 

C: 18 

I: 72.1 (5.3) 

C: 71.7 (6.8) 

I: 81 % 

C: 78 % 

17 % 2 Yshort 

Ashida et al. [ 99 ] USA Mixed Methods; 

Quasi-experimental 

27 74.62 (NS) 81.5 % 10 % 2 Yshort 

Banbury et al. [ 100 ] Australia Mixed Methods; 

Quasi-experimental 

45 73 (7.2) 56 % 0 % 2 N 

Kikuchi et al. [ 101 ] Japan Mixed Methods; 

Quasi-experimental 

I: 11 

C: 6 

I: 76.2 (6.9) 

C: 81.7 (3.1) 

I: 63.6 % 

C: 36.4 % 

0 % 2 Ylong 

Kim et al. [ 102 ] South Korea Quasi-experimental I: 39 

C: 38 

I:74.7 (5.3) 

C: 76.6 (5.5) 

83.1 % 6.10 % 2 Yshort 

Kim et al. [ 103 ] South Korea Quasi-experimental 10 82 (5.9) 100 % 37.50 % 2 Yshort 

Oetzel et al. [ 104 ] New 

Zealand 

Mixed Methods; 

Quasi-experimental 

I: 62 

C: 54 

I: = 68.2 (7.3) 

C: 71.5 (7.5) 

I: 65.2 % 

C: 70.3 % 

32.80 % 3 Ylong 

Willard et al. [ 105 ] Netherlands Quasi-experimental 47 74 (6.2) 46.8 % 7.80 % 2 Yshort 

( continued on next page ) 
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Table 1 ( continued ) 

Author (year) Country Study design Sample 

Size 

Mean age 

(SD) 

% Female Attrition 

rate 

Data 

collection 

points 

Evidence 

of benefit 

Depression 

( N = 12) 

Brenes et al. [ 106 ] USA RCT I: 70 

C: 71 

NA I: 82.9 % 

C: 80.3 % 

I: 25.0 % 

C: 19.0 % 

3 Yshort 

Chen et al. [ 107 ] China RCT I: 1232 

C: 1133 

I: 74.4 (8.1) 

C: 4.6 (8.34) 

I: 67 % 

C 66 % 

I: 6.9 % 

C: 5.9 % 

5 Yshort/long 

Chojak [ 108 ] Poland RCT I: 50 

C: 50 

75.6 (7.6) 80 % I: 0 % 

C: 0 % 

2 Yshort 

Haringsma et al. [ 109 ] Netherlands RCT I: 61 

C: 58 

64.2 (7.2) 69 % I: 13 % 

C: 0 % 

4 Yshort/long 

Oh et al. [ 75 ] South Korea RCT I: 82 

C: 78 

I: 74.9 (5.4) 

C: 73.5 (5.9) 

I: 61.0 % 

C: 56.4 % 

I: 0 % 

C: 21.8 % 

2 Yshort 

Scogin et al. [ 110 ] USA RCT I: 70 

C: 64 

75.4 (7.1) 82.8 % 25 % 4 Yshort/long 

Wang et al. [ 111 ] China RCT I: 130 

C: 160 

I: 71.6 (7.7) 

C: 73.4 (6.9) 

I: 63.6 % 

C: 63.5 % 

I: 15.4 % 

C: 43.8 % 

2 Yshort 

Xie et al. [ 112 ] China RCT I: 40 

C: 40 

I: 80.0 (4.0) 

C: 71.9 (3.7) 

I: 57.5 % 

C: 60.0 % 

I: 7.5 % 

C: 10 % 

3 Yshort 

Hollister et al. [ 113 ] USA Quasi-experimental 56 69.3 (7.4) 80.4 % 0 % 6 Yshort/long 

Kim et al. [ 103 ] South Korea Quasi-experimental 10 82.0 (5.9) 100 % 37.50 % 2 Yshort 

Sarkar et al. [ 114 ] India Quasi-experimental 263 NA 62.4 % 7.90 % 2 N 

Wu and Chao [ 115 ] Taiwan Mixed Methods; 

Quasi-experimental 

29 NA NA 25.60 % 2 Yshort 

RCT, Randomised Controlled Trial; I, Intervention group; C, Control group; NA, Not Available; Y, Intervention was effective (i.e. at least one outcome significantly 

improved at follow-up); N, Intervention was not effective (i.e. no outcomes significantly improved at follow-up); short , significant short-term outcome ( ≤ 6 months); 
long , significant long-term outcome ( > 6 months). 
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o

ith a total of 22 interventions implemented across these studies rang-

ng from 6 weeks to 12 months in duration. Most were conducted in

 group setting ( N = 15/22) and in-person at a community or recre-

tion centre ( N = 15/22). Interventions were predominantly educational

nd psychosocial, incorporating a structured program of resistance and

erobic-based training in which participants were guided or instructed

y a health professional (e.g., public health/gerontological nurse) or a

rainer ( N = 15/22). Other interventions were creative and recreational-

ased (e.g., creative dance, exergaming) ( N = 5/22), app-based (e.g.,

itbit) ( N = 5/22), and peer and youth trainer-led ( N = 3/22). 8 in-

erventions touched on topics in addition to physical activity such as

utrition, wellbeing, mental health, falls prevention, peer support and

otivation. There were 54 primary outcomes and 35 secondary out-

omes across studies with majority of studies measuring short-term ( ≤ 6

onths) ( N = 21/22) compared to long-term outcomes ( > 6 months)

 N = 6/22). 

For poor diet, there was a total of 1076 participants, mean age ranged

rom 60 to 86 and proportion of females ranged from 0 to 74 %. Six inter-

entions were identified, and more than half were 12 weeks in duration

4/6 studies, range = 12 weeks–2 years). Almost all interventions were

elivered or informed by a registered dietitian or nutritionist ( N = 5/6),

ere delivered in a group and/or individual setting ( N = 4/6) with ma-

ority offering individual or at-home program options ( N = 4/6). Most

nterventions ( N = 4/6) involved nutritional counselling and provided

articipants with additional resources in the form of online materials

webpage or app), printed resources (flipchart, workbook, diet check-

ist) or physical resources (olive oil, meals on wheels, cooking demon-

trations and placemats). A total of 14 primary outcomes and 2 sec-

ndary outcomes, with 5 studies that measured outcomes in the short

erm only ( ≤ 6 months), and 1 study in the long-term ( > 6 months) were

ound. 

For social isolation, there was a total of 486 participants, mean age

anged from 66 to 82, proportion of females ranged from 47 to 100 %,

ost were conducted in group settings ( N = 6/9) at a community or

enior centres ( N = 4/9) and adopted both online and in-person for-

ats ( N = 4/9). Whilst all focused on social support promotion, other

lements included an emphasis on local context and cultural influences

 N = 6/9), as well as practical application and conversation ( N = 5/9),
8

hilst others were predominantly informational or instructional, incor-

orating lectures and modules ( N = 3/9). Interventions primarily ran

rom 4 weeks to 13 months, measured 26 primary outcomes and no

econdary outcomes typically at short-term follow up time points ( ≤

 months) ( N = 7/9) compared to long-term observations ( > 6 months)

 N = 3/9) with 1 study measuring outcomes at short and long-term time

oints. 

For depression, there was a total of 3747 participants, mean age and

roportion of females ranging from 64 to 82 and 56–100 %, respectively.

ost interventions used Cognitive Behavioural Therapy ( N = 7/12),

nd interventions included activities that provided psychosocial sup-

ort (e.g., self-help groups, case management and connection to com-

unity services, music storytelling, gardening, and beauty program for

erception of ageing) ( N = 9/12). Almost all interventions were deliv-

red by a professional (e.g., psychologist, social worker, primary health

are worker) ( N = 10/12) whilst the remainder of studies enlisted assis-

ance from university students to deliver the interventions ( N = 2/12).

ntervention duration was 8 weeks through to 12 months and most were

onducted in-person in a group setting at a community or recreation cen-

re ( N = 6/12). In contrast, majority of the individual intervention for-

ats ( N = 2/3) were delivered over-the-phone. There were 26 primary

utcomes and 17 secondary outcomes, with most measuring short-term

utcomes ( ≤ 6 months) ( N = 11/12) compared to long-term outcomes

 N = 5/12) ( > 6 months), and 3/12 studies included assessments at both

imepoints. 

.2. BCT categories 

There was an average of 14.8 BCTs (calculated out of the 93 BCTs)

resent (SD = 10.0) per study, which captured all 16 BCT categories.

ig. 3 presents the proportion of interventions that used each BCT cate-

ory according to each risk factor. Almost a quarter of (21/93; 22.6 %)

CTs were not present in any of the interventions. The most commonly

ccurring BCT categories across risk factors included goals and planning

49/49 interventions; 100 %), shaping knowledge (47/49 interventions;

5.9 %), social support (43/49 interventions; 87.8 %) and comparison

f outcomes (38/49 interventions; 77.6 %). 
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Table 2 

Summary of intervention characteristics. 

Risk factor Author (year) Description of intervention content Control group 

Intervention 

duration 

Format Setting 

Group Individual 

At-home or 

distance 

delivered 

Community 

or senior 

centre 

Physical 

inactivity 

(N = 22) 

Akihiroet al. [ 76 ] Nurse-led exercise program Usual care 3 months X X 

Britten et al. [ 82 ] Exercise dance program – 12 months X X 

Cai et al. [ 77 ] Psychologist and physical 

trainer-led physical activity group 

sessions, peer-led walking, and 

mobile application-based feedback 

and support 

General health 

information 

3 months X X X 

Cruz-Ferreira 

et al. [ 78 ] 

University dance teacher-led 

creative dance program 

Usual care 24 weeks X X X 

Harris et al. [ 71 ] Individualised physical activity 

plan, pedometers behavioural 

strategies, physical activity 

handbook and diary provided 

Usual care 3 months X X 

Jang et al. [ 83 ] mhealth app; wearable device; 

walking program; coaching by 

community health centre staff

– 13 months X X 

Jeon et al. [ 79 ] Research assistant/investigator-led 

exercise program 

Usual care 12 weeks X X 

Jindo et al. [ 84 ] Instructor led exercise program and 

recreational activities 

– 11 weeks X X 

Johnson et al. [ 80 ] Physiotherapist led exercise 

program, dietary advice, nutritional 

supplement, social support with a 

home support worker 

Usual care 6 months X X 

Jones et al. [ 85 ] Trained instructor-led exercise 

program, DVD exercises 

– 16 weeks X X 

Joo et al. [ 86 ] Exercise program (stretching, 

strength training, aerobic exercise, 

new-Sports activity) 

– 12 months X X 

Kim et al. [ 87 ] Villager-led walking sessions; 

physical exercise specialists and 

community health practitioner-led 

gymnastics sessions 

Usual care 7 months X X 

Kleinke et al. [ 68 ] Researchers posted automatically 

generated physical activity 

monitoring and feedback letters 

Usual care 3 months X X 

Lee et al. [ 69 ] Public heath nurse-led exercise 

program, individual contact via 

phone and face-to-face for 

motivation and reinforcing 

behaviours 

Usual care 6 months X X 

Mcmahon 

et al. [ 81 ] 

Gerontological nurse 

practitioner-led exercise program; 

behavioural strategies; mHealth 

app 

General health 

information 

8 weeks X X X X 

Mcnamara 

et al. [ 88 ] 

Exercise physiologist-led exercise 

program, cardiovascular and 

resistance exercise, balance and 

falls prevention 

– 9 weeks X X 

O’Brien et al. [ 70 ] Physical activity and diet intake 

monitoring and feedback with peer 

support 

General health 

information 

12 weeks X X 

Park et al. [ 89 ] Weekly instructor led exercise 

program 

– 8 weeks X X 

Paschoa and 

Ashton [ 90 ] 

Exercise program; behavioural 

strategies 

– 6 weeks X X 

Sowle et al. [ 91 ] Youth-trainer led exergaming and 

interactive games, newsletter 

– 8 weeks X X X X 

Strand et al. [ 92 ] Youth-trainer-led exergaming, 

newsletter, cookbook, physical 

activity guidelines and instructional 

DVD 

– 25 weeks X X X X 

Yeh et al. [ 93 ] Nurse-led exercise program; 

recreational activities, interactive 

entertainment games 

– 12 weeks X X 

( continued on next page ) 
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Table 2 ( continued ) 

Risk factor Author (year) Description of intervention content Control group Intervention 

duration 

Format Setting 

Group Individual At-home or 

distance 

delivered 

Community 

or senior 

centre 

Poor diet 

( N = 6) 

Al-Nimr et al. [ 72 ] Dietitian-led counselling, physical 

therapist-led exercise program 

– 12 weeks X X X X 

Goni et al. [ 73 ] Phone contact with dietitian; 

web-based intervention on 

Mediterranean diet, dietary 

recommendations, web page, 

mobile app, and printed resources 

Usual care 2 years X X X 

Hamirudin 

et al. [ 94 ] 

Dietician delivered individualised 

clinical dietary advice 

– 12 weeks X X 

Sachdeva 

et al. [ 95 ] 

Nutritional counselling via lectures, 

discussions, demonstrations and 

visual aids 

– 3 months X NA NA 

Seangpraw 

et al. [ 74 ] 

Guidebook for behaviour 

modification guidelines a 

dietician-led diet program with 

self-efficacy, group education 

meetings, group activity training 

sessions, and an individual checklist 

Usual care 12 weeks X X X X 

Shahar et al. [ 96 ] Dietitian-led group counselling 

sessions with nutrition education, 

talks, cooking classes, exercise 

demonstrations and resources 

– 6 months X X X 

Social 

isolation 

( N = 9) 

Ashida et al. [ 99 ] PrepWise program, disaster 

preparedness training program led 

by an experienced disaster 

preparedness educator 

– 1 month X X 

Banbury 

et al. [ 100 ] 

Telehealth literacy project led by 

experienced health promotion 

professional 

– 6 weeks X X 

Kikuchi 

et al. [ 101 ] 

Social Activity Program that 

Encourages Interaction 

(SAPEI)-Facilitator led face-to-face 

activities at the senior citizen club; 

communication app (Kikoeru) and 

pedometer 

– 13 months X X X X 

Kim et al. [ 102 ] Integrated healthcare program led 

by researcher 

Usual care 12 weeks X X 

Kim et al. [ 103 ] Multi-component program (3 parts) 

led by National Social Prescribing 

Network, delivered by experts, 

participants and university student 

volunteers. Involved music 

storytelling, a self-help group and 

gardening. 

– 10 weeks X X 

Li et al. [ 97 ] Chinese traditional festival 

activities-Group Reminiscence 

Therapy (CTFA-GRT) program led 

by team of healthcare experts 

Usual care 8 months X X 

Oetzel et al. [ 104 ] Tuakana-teina/peer education 

orientation programme for 

life-transitions of kaum ātua-peer 

educators (tuakana) 

– 12–16 

weeks 

X X X 

Shapira et al. [ 98 ] Online guided group sessions led by 

a clinical social worker. Involved 

learning cognitive and behavioural 

techniques 

Usual care 4 weeks X X 

Willard 

et al. [ 105 ] 

Online Community Care Platform; 

calendar for local activities and 

events, service wayfinding 

– 4 months X X X 

Depression 

( N = 12) 

Brenes et al. [ 106 ] Clinical psychologist and social 

workers delivered telephone 

Cognitive Behavioural Therapy 

sessions 

Non-directive 

support 

therapy 

(NST-T) ∗ 

4 months X X 

Chen et al. [ 107 ] Chinese Older Adult Collaborations 

in Health (COACH) integrated care 

intervention; primary care provider 

(screening), ageing worker 

(education, goal setting, behaviour 

change strategies) and hospital 

psychiatrist (medication 

administration and review). 

Enhanced 

Care-as-Usual † 
12 months X X 

( continued on next page ) 
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Table 2 ( continued ) 

Risk factor Author (year) Description of intervention content Control group Intervention 

duration 

Format Setting 

Group Individual At-home or 

distance 

delivered 

Community 

or senior 

centre 

Chojak [ 108 ] Psychologist or social therapist led 

Acceptance and Commitment 

Therapy (ACT) program. 

Positive 

Psychology 

Intervention 

(PPI) ‡ 

12 weeks X X 

Haringsma 

et al. [ 109 ] 

Health care professional led Coping 

with Depression course (CWD) 

Usual care 10 weeks X X 

Hollister 

et al. [ 113 ] 

Clinician led Case Management 

with Problem Solving Therapy 

(CM-PST) 

– 12 weeks X X 

Kim et al. [ 103 ] Multi-component social prescribing 

program delivered by experts, 

participants and university student 

volunteers. Involved music 

storytelling, a self-help group and 

gardening. 

– 10 weeks X X 

Oh et al. [ 75 ] Community Mental Health Staff

(CMHS) led individual case 

management community visits and 

group-based intervention 

Usual care 12 weeks X X X X 

Sarkar et al. [ 114 ] Problem solving therapy (PST) and 

Brief Intervention (BI) counselling 

– 12 months X X X X 

Scogin et al. [ 110 ] Cognitive Behavioural Therapy led 

by students or clinical social worker 

Minimal 

support §
12 weeks X X X 

Wang et al. [ 111 ] Solution-Focused Group 

Counselling (SFGC) led by local 

healthcare worker-led 

Usual care 6 months X X 

Wu and Chao 

[ 115 ] 

Beauty program led by experienced 

beauty training instructor and 

collaboratively developed and 

informed by beautician, registered 

nurse, occupational therapist and 

reviewed by health promotion 

expert 

– 15 weeks X X 

Xie et al. [ 112 ] Facilitator (post graduate nursing 

student) led Modified Behavioural 

Activation Treatment (MBAT) 

Usual care 8 weeks X X 

NA, not available. 
∗ Supportive and reflective communications only, no advice, suggestions or coping methods. 
† Provided anti-depressant treatment guidelines when patients screened for depression. 
‡ Practicing gratitude, building awareness of the most positive aspects of oneself, and identifying strengths of character and relaxation training. 
§ No Cognitive Behavioural Therapy; brief weekly telephone calls from project staff, monitoring of participants. 

Fig. 3. Number and proportion of interventions that used each BCT category according to each risk factor. 
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Fig. 4. Average number and frequently occurring BCTs used within each risk factor. 
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.3. BCTs 

Out of the 93 BCTs, the most commonly applied BCTs were “instruc-

ion on how to perform the behaviour ” (47/93; 50.5 %), “action plan-

ing ” (46/93; 49.4 %) and “credible source ” (38/93; 40.9 %). Physical

nactivity interventions had the most BCT categories coded with a total

f 67/93 (72.0 %) BCTs adopted, followed by social isolation (54/93;

8.0 %), depression (49/93; 52.7 %) and diet (12/93; 12.9 %) inter-

entions. Fig. 4 demonstrates the average number of BCTs coded across

nterventions for physical inactivity, poor diet, social isolation and de-

ression as well as the most commonly used BCTs across studies. Pro-

rams reducing social isolation had the highest average of BCTs applied

n their interventions (M = 18.3; SD = 8.5) followed by interventions tar-

eting depression (M = 17.6; SD = 10.7), physical inactivity (M = 16.0;

D = 11.5) and poor diet (M = 5.2; SD = 3.0). Across all risk factors,

ost commonly used BCTs included “action planning ”, “instruction on

ow to perform the behaviour ” and “credible source ”. 

.4. BCTs and effectiveness 

Overall, across all interventions, there were 4 studies out of the

otal 49 studies that reported no significant change in outcomes as a
12
esult of their interventions; 2 targeting physical inactivity [ 68 , 70 ],

 for social isolation [ 100 ] and 1 addressing depression [ 114 ]. There

ere few obvious differences in BCTs identified in studies considered

ot effective compared to those that did report significant outcomes.

owever, 3 out of 4 studies [ 68 , 100 , 114 ] had fewer than the aver-

ge number of BCTs applied compared to the effective interventions

or each risk factor. We then examined patterns for each risk domain

eparately. 

Two ineffective physical inactivity interventions [ 68 , 70 ] lacked key

ehaviour change techniques. Both were missing the commonly used

demonstration of behaviour ”, and Kleinke’s intervention did not in-

lude “adding objects to the environment ” [ 68 ]. O’Brien’s study, in con-

rast, had a higher use of techniques in the reward and threat category

ompared to similar, effective interventions [ 70 ]. 

All interventions targeting diet had at least one significant outcome,

hus no patterns were identified in frequency or type of BCT use and

ffectiveness. 

As for reducing social isolation, there was no identifiable difference

etween BCTs applied in the single ineffective intervention [ 100 ] com-

ared to effective interventions. However, when considering the inter-

ention characteristics in Table 2 , Banbury and colleagues’ [ 100 ] inter-

ention was 1 of only 2 studies to deliver an online only intervention
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ithout face-to-face interaction. Intervention content heavily differed

etween these 2 online studies. 

Within interventions targeting depression, the single ineffective

tudy [ 114 ] was the only one that did not apply the “action planning ”

CT, while other common BCTs like “instruction on how to perform

he behaviour ” and “credible source ” showed no differences. Sarkar

nd colleague’s intervention [ 114 ] focused on group social activities,

ncluding health education, games, and TV viewing, unlike effective

nterventions that typically used Cognitive Behavioural Therapy (e.g.,

 106–109 , 111 , 112 ] and was only offered to select participants, with low

ompletion rates. 

.5. Risk of bias 

Across 15 available RCT studies, risk of bias was assessed as low

ith some studies reporting some concerns. Main concerns were pri-

arily related to the nature of lifestyle interventions, where controlling

or allocation concealment and performance bias was challenging. How-

ver, these studies either addressed baseline differences in their analysis

lan or had clear protocols for intervention delivery. Three studies were

ssessed as high risk due to blinding outcome assessment bias. Akihiro

nd colleagues [ 76 ] had the highest risk of bias which was a result of a

andomisation difficulties due to recruitment issues, control group expo-

ure to an intervention of a similar nature (i.e., a nurse-led community

xercise class), and a lack of assessor blinding. 

.6. Meta-analysis 

The meta-analysis of 6 RCTs [ 76–81 ] indicated that physical

nactivity-based interventions for adults over 55 in rural areas may

ave little to no effect on physical function compared to usual care,

ut based on the GRADE criteria [ 62 ], the evidence was highly uncer-

ain (SMD 0.01, 95 % CI − 1.12 to 1.14) ( Fig. 5 a). For social isolation

 Fig. 5 b) the meta-analysis of 2 RCTs [ 97 , 98 ] showed low-certainty ev-

dence that behavioural interventions may result in little to no differ-

nce in loneliness (SMD − 4.95, 95 % CI − 12.92 to 3.01). Regarding

epression ( Fig. 5 c), the meta-analysis of 7 RCTs [ 106–112 ] provided

oderate-certainty evidence that Cognitive Behavioural Therapy likely

educes depressive symptoms in this population (SMD − 0.39, 95 % CI

 0.55 to − 0.24). Significant heterogeneity was observed in the meta-

nalyses for physical inactivity and social isolation, suggesting potential

ariability in some studies and caution is advised in interpreting these

esults. 

. Discussion 

This review identified BCTs within interventions targeting modifi-

ble dementia risk factors independently in rural and regional older

dults. We found a limited number of empirical behavioural interven-

ions focusing on improving physical inactivity, poor diet, social isola-

ion and depression for this population. Most interventions were short-

erm ( ≤ 6 months), and few measured long-term outcomes ( > 6 months).

ur synthesis identified shared BCT categories such as goals and plan-

ing (49/49 interventions; 100 %), shaping knowledge (47/49 inter-

entions; 95.9 %), social support (43/49 interventions; 87.8 %) and

omparison of outcomes (38/49 interventions; 77.6 %) as well as com-

only applied BCTs such as “instruction on how to perform the be-

aviour ”, “action planning ” and “credible source ”, across the 49 in-

erventions. Inconsistent outcome measures across studies limited the

eta-analyses, which indicated that physical inactivity interventions

ad minimal impact on physical function (very low-certainty), social iso-

ation interventions had little to no effect on loneliness (low-certainty)

nd interventions incorporating Cognitive Behavioural Therapy for

epression significantly improved depressive symptoms (moderate-

ertainty). 
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.1. Physical inactivity interventions 

Our finding that behavioural interventions targeting physical func-

ion were not effective is unexpected given previous research findings

rom the general adult population [ 50 , 51 , 116 ]. The commonly used

CTs identified in our review, such as “action planning ”, “demonstra-

ion of behaviour ”, and “adding objects to the environment ”, aligned

ith those proven effective in prior physical inactivity interventions for

dults [ 116 ]. A recent systematic review further supports these specific

echniques for improving diet and physical activity in the long term

mong individuals with chronic conditions [ 117 ], highlighting their

ole in enabling self-sustaining change and habit formation alongside

prompts and cues, ” “goal setting ” and “self-monitoring ” [ 118 ]. Despite

his alignment, the studies in our review did not yield effective outcomes

n the meta-analysis. This discrepancy may stem from several factors.

irst, many studies had small sample sizes and employed inconsistent

utcome measures, complicating comparative analysis (e.g., step count,

ait speed). Second, the populations studied were relatively healthy and

hysically active at baseline, which could attenuate the observed effects

f the interventions. Third, most programs had short durations; 19 out

f 24 interventions lasted less than six months. While shorter programs

ay initiate behaviour change, they are insufficient for maintenance

nd achieving significant changes in objective outcomes such as anthro-

ometric measures (e.g., BMI, waist-to-hip ratio) and physical function

e.g., Timed Up and Go) [ 118 ]. Additionally, certain combinations of

CTs and intervention components have been found to influence physi-

al activity which we were not able to investigate in our meta-analysis.

or example, “action planning ” with “self-monitoring ” [ 50 ] compared

o “action planning ” alone, reduced exercise levels, and interventions

hat were person-centred and focused on building autonomy have been

ssociated with behaviour maintenance [ 51 ]. 

.2. Poor diet interventions 

In the narrative synthesis, behavioural interventions targeting diet in

ural communities demonstrated significant improvements in anthropo-

etric outcomes including reductions in weight, waist circumference,

lood glucose and cholesterol levels. However, a meta-analysis was not

easible due to substantial variation in measures and outcomes, coupled

ith limited literature on dietary behaviours in rural areas [ 119 ]. In

ontrast to physical inactivity interventions, which often require longer

urations to show significant effects, dietary interventions in our review

emonstrated significant impacts on objective measures despite shorter

ntervention periods (3 months in 63 % of the programs). This finding

uggests the potential efficacy of dietary changes for rural older adults

ompared to having the dominant component of interventions focused

n physical inactivity [ 120 ]. Previous reviews have frequently explored

he impact of BCTs in interventions targeting both diet and physical

ctivity simultaneously [ 51 , 121 , 122 ] with one review reporting a com-

ination of BCTs being twice as effective at addressing physical activity

nd healthy eating than the studies that did not do this [ 122 ]. There is

owever, very limited research that examines diet and exercise inter-

entions separately in rural settings, perhaps reflecting the perception

f a higher likelihood of achieving positive outcomes when modifying

oth diet and physical activity behaviours concurrently [ 120 ]. However,

his could mean BCTs that are specifically effective for changing diet as

pposed to physical activity may have been overlooked. In our review,

hysical inactivity interventions tended to use more BCTs than poor diet

nterventions (M = 16.0 vs. M = 5.2) and apart from “action planning ”

he categories and types of BCTs used were inconsistent. Samdal and

olleagues highlight that BCTs which tap into self-regulation explain in-

ervention effects for both types of interventions especially in long-term.

uture trials of exercise and nutrition interventions in rural and regional

reas could adopt BCTs unique to each risk factor that can facilitate

elf-regulation and motivation to increase the likelihood of intervention

ffectiveness. 
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Fig. 5. Meta-analysis, a) Physical inactivity interventions, b) Social isolation interventions, c) Cognitive Behavioural Therapy interventions. 
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.3. Social isolation interventions 

To our knowledge, there was no existing review exploring BCTs

ithin behavioural interventions that target social participation, social

solation or loneliness for rural and regional older adults. This was sur-

rising given that understanding how to form and maintain a strong

ocial fabric to reduce loneliness is valuable in a post COVID-19 pan-
14
emic context, especially amongst older adults who continue to be at

igher risk of social isolation [ 123 ]. However, the lack of studies ex-

loring underlying mechanisms may be due to the difficulty in delineat-

ng outcomes commonly measured in social isolation interventions with

ental health and wellbeing outcomes (i.e., loneliness, self-efficacy, life

atisfaction, depressive symptoms, stress). The present meta-analysis

f behavioural interventions for social isolation indicated no evidence
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or impact on loneliness. This is inconsistent with a recent review on

nterventions targeting social isolation and loneliness amongst older

etropolitan-based adults which despite high between-study hetero-

eneity, found a medium effect size overall and larger effect sizes for

on-technology interventions [ 124 ]. 

Much of the behaviour change literature on social isolation is rooted

n social prescribing, a growing initiative that links individuals to

ommunity-based opportunities aimed at enhancing health and well-

eing, particularly in offsetting loneliness and supporting pandemic re-

overy [ 125 ]. Key BCTs in effective social prescribing interventions in-

lude “social support (unspecified) ”, “credible source ” and “social sup-

ort (practical) ” [ 126 ]. While only one study in rural and regional adults

sed social prescribing [ 103 ], the most frequently adopted BCTs and

ategories for social isolation in our review (i.e. “social support ”, “goals

nd planning ” and “comparison of outcomes ”) are not fully aligned with

reating grass-root opportunities, as is common in social prescribing in-

erventions [ 126 ]. 

.4. Depression interventions 

Behavioural interventions targeting depression provided the most

ertainty of evidence across risk factors. This result is likely due to the

ncorporation of Cognitive Behavioural Therapy methods (e.g. Modified

ehavioural Activation treatment (MBAT) [ 112 ], Acceptance and Com-

itment Therapy [ 108 ], Coping with Depression (CWD) course [ 109 ]).

ooted in cognitive theory [ 127 , 128 ], Cognitive Behavioural Therapy is

tructured to identify maladaptive thought patterns and teach practical

kills for everyday applications. It has shown to be effective in treating

sychological conditions like depression, anxiety, and mood and person-

lity disorders as well as managing chronic conditions, pain, and fatigue

 129 ]. 

In our review, “action planning ” and “instruction on how to per-

orm the behaviour ” were frequently identified and have demonstrated

ffectiveness within the broader literature. Specifically “instruction on

ow to perform the behaviour ” has promoted health in older migrants

 54 ] and improved quality of life in older adults when combined with

goal setting ”, “problem solving ” and “social support ” [ 130 ]. Interest-

ngly, the one intervention that failed to improve depression outcomes

dopted “problem solving ” and “social support ”, but lacked “action

lanning ” [ 114 ], which has been incorporated into primary care for

lmost 2 decades and has been shown to increase the likelihood of be-

aviour change when planning details such as setting, frequency, and

ntensity are considered [ 131 ]. It has also been successfully applied to

ultiple behaviours that contribute to improvements in depression out-

omes such as exercise and diet [ 50 , 116 ]. Implications of our findings

uggest that future research should investigate which combinations of

CTs that make-up Cognitive Behavioural Therapy (i.e., those that ad-

ress cognitive, emotional and affective process in a structured manner)

re most effective in transforming intentions into practical steps not only

o achieve improvements in depressive outcomes but general health be-

aviours and dementia risk as an outcome. 

.5. BCTs and MoAs and risk factors for dementia 

BCTs enable behaviour change either by increasing factors that fa-

ilitate wanted behaviour or inhibit unwanted behaviour. Behaviour

hange theory suggests that selecting BCTs based on the types of im-

licit processes within individuals and groups through which they have

heir effects, notably Mechanisms of Action (MoAs) will lead to a bet-

er understanding of how and why the intervention may be effective or

ot [ 132 , 133 ]. For example, if the MoA to target is subjective norms,

CTs “social comparison ” and “information about other’s approval ” are

trongly linked to changing an individual’s perception on norms [ 134 ];

f the MoA is environmental context and resources, adopting the BCTs

prompts/cues ”, “adding objects to the environment ” or “restructuring

he physical environment ” are best suited [ 133 ]. 
15
Across all interventions in this review, despite whether it was effec-

ive or not, “action planning ” was the most frequently occurring BCT,

ollowed by “instruction on how to perform the behaviour ” and “cred-

ble source ”. Within the published intervention literature, these BCTs

ost frequently occur with MoAs behavioural regulation (having the

ehaviour, cognitive and emotional skills to change behaviour), knowl-

dge (awareness that the behaviour exists), and general attitudes and be-

iefs (the evaluation of that person, group or issue on a positive to nega-

ive scale), which could suggest that similar MoAs may be present across

hese 4 dementia risk factors [ 132 ]. However, according to an expert

onsensus study, the BCTs “action planning ” and “credible source ” may

ot be the most effective tools for targeting these MoAs since no defini-

ive links to behaviour change could be identified [ 133 ]. Rather, MoA

ehavioural regulation was linked to BCTs “problem solving ” and “re-

ucing negative emotions ”, whereas there were no BCTs directly linked

ith general attitudes and beliefs MoA [ 133 ]. Therefore, in order to

acilitate behaviour change, irrespective of which risk factor or health

ehaviour is being targeted (e.g., in multidomain interventions), under-

tanding the MoA required to initiate and sustain behaviour change and

dopting appropriate BCTs may produce better outcomes. 

Further research should seek to establish whether these MoAs dif-

er according to contextual or socio-environmental factors (i.e., socioe-

onomic status [ 135 ], ethnicity, remoteness and population density)

hich may influence intervention design to address existing health dis-

arities among disadvantaged populations (e.g., food insecurity and diet

uality in rural and regional older adults [ 136 ]). For example, in our

eta-analyses, social isolation interventions were not effective at reduc-

ng loneliness. BCTs involved in social prescribing may be a favourable

ourse of action for adults indicating they are lonely, however lone-

iness is also linked to neighbourhood disadvantage, reduced access

o services, including transport, as well as open green spaces [ 137 ].

imilarly, physical inactivity interventions did not improve physical

unction and previous research indicates distance, reduced walkability

nd facility access, and neighbourhood safety concerns are key barri-

rs to reducing physical inactivity. Therefore, an alternative interven-

ion pathway to address social isolation and physical inactivity may be

hrough the MoA, environmental context and resources. Operationalis-

ng this involves Regulation BCTs such as “restructuring the physical

nvironment ”, and “avoiding/reducing exposure to cues for the non-

esirable behaviour ”. In a rural-specific context this may involve zoning

r re-allocating road space for pedestrians, town planning for 15-minute

eighbourhoods, improving access to communication technology and

nternet facilities, or investment in better transport services [ 138 , 139 ].

hilst these types of interventions using BCTs targeted at MoAs on a

ocio-environmental level may be a useful step in reducing dementia

isk factors in rural areas, more documented evidence of effectiveness

n rural communities is firstly necessary as it involves significant polit-

cal, financial and human capital commitment [ 140 ]. Simultaneously,

CTs linked with individualised MoAs (e.g., BCT “behavioural prac-

ice/rehearsal ” and MoA, beliefs about capabilities [ 132 ]) should not

e ignored in future interventions for dementia risk, especially when

argeting high-risk populations. 

.6. Strengths and limitations 

To our knowledge, this is the first review to identify interventions

argeting single risk factors for dementia amongst rural and remote older

dults. The small number of studies reiterates the differences in access to

hese types of behavioural interventions for improving lifestyle amongst

egional populations. The extrapolation and synthesis of BCTs across risk

actors can be used as a theoretical guide to improve future intervention

esign and delivery as well as encourage standardised reporting of BCTs

or replication in the literature. 

However, there are several limitations. Firstly, there were only a

mall number of comparison studies for each risk factor meta-analyses,

ost of which had small sample sizes (1/15 studies > 1000 participants)
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nd very low to low certainty of evidence (2/3 outcomes). While a

trength of this study is extrapolating BCTs targeting single risk fac-

ors independently to identify what is commonly used and which BCTs

ay work better than others for specific risk factors, more studies could

ave been included if certain combinations of risk factors (i.e., physi-

al activity and depression) or other outcomes affiliated with dementia

e.g., cognition) were investigated. Second, due to the small number of

tudies it was only possible to conduct a narrative synthesis of BCTs

nd direct associations with individual BCTs or clusters of BCTs were

ot examined. Third, coding the BCTs was difficult at times as coding

ssumptions were restricted to explicit details. Only one intervention

eferenced the BCT taxonomy directly which is a commonly cited lim-

tation in intervention implementation [ 141 ]. Where referenced, other

tudies and websites were consulted to obtain further details. Adoption

nd direct signposting of the BCT taxonomy is recommended in the de-

ign and implementation of future interventions [ 49 ]. 

The limited effectiveness of interventions may also be attributed to

heir poor applicability within rural and regional areas. Traditionally,

 “one size fits all ” approach has been applied to all regional areas but

ariations in community characteristics creates unique barriers to im-

lementing physical inactivity, poor diet, social isolation and depres-

ion interventions [ 28 , 142 ]. These include individual level preferences

e.g., older adults are less likely to desire change because their be-

avioural patterns are more ingrained, they receive less support from

amily and friends and are not exposed to alternative social norms

ecause of their isolation [ 143 , 144 ]), geographic barriers (e.g., trans-

ortation availability and costs, safety concerns, internet and technol-

gy accessibility, neighbourhood walkability, distance from large-chain

upermarkets [ 143 , 144 ]), incompatibility with existing familiar sched-

les (e.g., loyalty to local grocers), and lack of infrastructure (limited

ealthcare staff, allied health, specialists and facilities) to support pro-

ram integration into the community. Only 7/47 studies assessed feasi-

ility and acceptability [ 81 , 83 , 85 , 100 , 102 , 104 , 105 ], whilst some others

riefly mentioned program satisfaction, engagement (e.g., [ 80 , 115 ]),

nd strategies to produce higher retention rates in rural areas [ 106 ].

uture studies could seek to create locally relevant and sustainable in-

erventions by forming community connections and involvement early

n and implementing BCTs known to enhance retention and long-term

ngagement in programs targeting risk factors for dementia (e.g., an-

ecedents, and reward and threat BCT categories for diet and physical

ctivity interventions [ 145 , 146 ]). 

. Conclusion 

The current review and meta-analysis identified BCTs within inter-

entions targeting four single modifiable risk factors for dementia in-

luding physical inactivity, poor diet, social isolation and depression.

onsistencies amongst BCT categories and the frequent use of BCTs “ac-

ion planning ” and “instruction on how to perform the behaviour ” align

ith previous literature and could indicate their usefulness in interven-

ions targeting single or multiple dementia risk factors among rural and

egional adults. However, the meta-analyses were limited and conclu-

ions about effectiveness of interventions are weak due to the small num-

er of studies, limited power, and insufficient exploration of longer-term

utcomes. This suggests that further investigation of BCTs that influence

easibility and acceptability outcomes, in addition to tailoring interven-

ion design with and for each regional community, may be useful. By

onsidering the socio-environmental context, such tailored approaches

ould enable greater engagement, sustainability and impact in reducing

ementia risk. 
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