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Abstract (200/200) 20 

Up to 40% of dementias may be preventable via risk factor modification. This inference has 21 
motivated the development of lifestyle interventions for reducing cognitive decline. Typically 22 
delivered to older adults face-to-face, the COVID-19 pandemic has necessitated their 23 
adaptation for remote delivery. We systematically reviewed randomized controlled trials of 24 
remotely delivered lifestyle interventions (≥4 weeks duration and delivered >50% remotely), 25 
for adults aged ≥60 without dementia, examining effects on objective cognitive measures. 26 
Comparators were active (face-to-face or remote) or passive. Ten studies (n=2,967) 27 
comprising multidomain (k=4), physical activity (k=3) or psychosocial (k=3) remote 28 
interventions were included. Data were synthesized using robust variance estimation meta-29 
analysis. The pooled estimate comparing the effect of remote interventions versus 30 
comparators on cognition was not significant (g=-0.02; 95%CI [-0.14, 0.09]; p=.66); 31 
subgroup analyses by type of intervention or comparator also yielded non-significant effects. 32 
Most studies had low risk of bias. Current evidence to support remote lifestyle interventions 33 
is limited. Included studies were conducted pre-pandemic, and evaluated individual, rather 34 
than group interventions. Future studies may exploit the greater digital connectivity of older 35 
people since the pandemic. Group formats, more frequently efficacious than individual 36 
interventions in face-to-face dementia prevention trials, may be a rational approach for future 37 
remote trials.  38 

1. Introduction 39 
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Worldwide, approximately 50 million people live with dementia, and prevalence is expected 40 
to increase threefold by 2050 (Nichols et al., 2019). While current medications improve 41 
neuropsychiatric symptoms, as well as functional and cognitive outcomes in dementia, there 42 
is currently no cure (Yiannopoulou and Papageorgiou, 2020). There has thus been 43 
increasing interest and investment in the prevention of dementia through the identification 44 
and modification of risk factors. Livingston et al. (2017) proposed a life-course model of 45 
potentially modifiable dementia risk factors, focusing on those with the best evidence. The 46 
model was recently updated, and now includes 12 modifiable risk factors (Livingston et al., 47 
2020); it is estimated that, collectively, these account for around 40% of dementias 48 
worldwide. The availability of high-quality epidemiological data and modeling has informed 49 
the development and evaluation of lifestyle interventions designed to modulate risk factors. 50 
Whilst the prevention of dementia is frequently the primary objective, the sample sizes and 51 
extended follow-ups required to statistically power clinical outcomes are expensive and 52 
impractical. The majority of trials thus feature surrogate endpoints, including 53 
neuropsychiatric, functional and/or cognitive measures.   54 

The body of literature describing face-to-face non-pharmacological (including lifestyle-based) 55 
trials for reducing cognitive decline is substantial, and is the focus of a number of recent 56 
reviews. Some syntheses focused on specific groups of older adults, for example subjective 57 
cognitive decline (SCD; (Bhome et al., 2018; Smart et al., 2017)), while others evaluated 58 
evidence relating to multiple populations (Kane et al., 2017; Whitty et al., 2020). Given the 59 
different rationales, included studies and synthesis methods across these reviews, it is not 60 
surprising that they presented varying conclusions, although the best currently-available 61 
evidence may be for physical activity interventions (Kane et al., 2017; Whitty et al., 2020). 62 
Whilst these reviews identified the interventions most likely to confer benefit, the majority of 63 
the included interventions were delivered in-person. The face-to-face delivery of 64 
interventions, especially those that are group-based (a typical format for lifestyle 65 
interventions, which are the focus of this review), has been curtailed by the COVID-19 66 
pandemic. We therefore conducted a systematic review of RCTs of remotely delivered 67 
lifestyle-based interventions for older adults without dementia to assess their impact on 68 
cognition. 69 

2. Methods 70 

In line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 71 
(PRISMA) recommendations (Moher et al., 2009), this review was registered with 72 
PROSPERO in April 2020 [CRD42020182170]. Our research question was: ‘How 73 
successfully have remote psychosocial or lifestyle interventions positively impacted cognitive 74 
function or dementia risk in people without dementia aged ≥ 60 years, relative to 75 
comparators?’ 76 

2.1 Study inclusion and exclusion criteria 77 

We included randomized studies where all participants had a minimum age of 60, given that 78 
this age group are at increased risk of dementia. Both healthy and/or clinical samples were 79 
eligible; the latter could comprise individuals with physical or mental health diagnoses, or 80 
cognitive impairment (without dementia). As we wanted to identify interventions with the 81 
potential to prevent dementia, we excluded studies that did not exclude participants with 82 
dementia, and/or did not screen for dementia at baseline. 83 

Our eligibility criteria required interventions to be lifestyle-based, that is, involving the 84 
application of environmental, behavioral and/or motivational principles, including self-care 85 
and self-management (Egger et al., 2017). Moreover, interventions had to be primarily 86 
delivered remotely (> 50% of the sessions involving facilitator-participant interaction had to 87 
be remote). Our primary rationale for specifying this criterion at 50% was to maximize the 88 
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number of eligible studies given the nascence of the field. This low threshold would also 89 
enable the comparison of remote-only versus ‘blended’ (i.e. incorporating a nontrivial face-90 
to-face component) intervention approaches via moderator analyses. The proportion of each 91 
intervention that was remote versus in-person was assessed at the full-text stage; where this 92 
was not clear, we planned to contact the corresponding author for clarification, although in 93 
practice this was not required. To be eligible, remote interventions had to have a minimum 94 
duration of four weeks. We specified this on the bases that four weeks seemed a reasonable 95 
minimum period to permit a meaningful change in participants’ lifestyles, and following 96 
earlier work which judged lifestyle interventions of < 4 weeks duration to be inefficacious 97 
(Whitty et al., 2020). Remote interventions must have included some form of interaction or 98 
personalisation (e.g. feedback from a facilitator or algorithm). The latter was stipulated in 99 
order to maximize the commensurability with previous reviews of face-to-face interventions. 100 

We excluded studies of pharmacological interventions and brain stimulation therapies; these 101 
interventions were not considered to implicate environmental, behavioral, or motivational 102 
(i.e. lifestyle) mechanisms. We also excluded studies of computerized cognitive 103 
interventions, which target specific cognitive functions via repeated training (Huntley et al., 104 
2015). Our rationale for excluding cognitive interventions was that they do not directly map 105 
on to a change in lifestyle or the mentally stimulating activities linked to reduced dementia 106 
risk (e.g. more education, occupational complexity and cognitively taxing leisure activities; 107 
see Fratiglioni et al. (2020)). Trials of dietary supplements were also excluded, on the basis 108 
that these typically supply participants with supplements directly; these interventions thus do 109 
not require a substantial change in participants’ lifestyles. Moreover, nutritional patterns are 110 
more important in the etiology and amelioration of lifestyle-related diseases than 111 
supplements (Lentjes, 2019). Whilst exclusively dietary interventions (including intermittent 112 
fasting diets) were eligible for inclusion in this review, no eligible studies of this type were 113 
identified during screening. 114 

We included randomized studies that compared a remote intervention to a comparator, 115 
including passive or active (whether face-to-face or remote) control groups. Eligible 116 
outcomes were objective cognitive measures and rates of progression to dementia. All types 117 
of standardized neuropsychological or laboratory-based cognitive tests were eligible. These 118 
could be administered in pen-and-paper or computerized format. To be included, outcomes 119 
had to measure cognitive performance objectively; self-reported measures were thus 120 
excluded. We used the framework of Lezak et al. (2012) to code outcomes into cognitive 121 
domains. The framework subsumes the following domains: attention, perception, episodic 122 
memory, construction, executive function, concept formation and reasoning, and language 123 
(all outcomes could be coded into one of these domains, although no outcomes from the last 124 
two domains were included). Cognitive tests used to screen for mild cognitive impairment 125 
(MCI) and dementia, for example the mini-mental state examination (MMSE; Folstein et al. 126 
(1975)), were also included; these constituted the ‘cognitive screening’ domain. Notably, the 127 
majority of dementia prevention trials utilize cognitive function endpoints, as the 128 
measurement of incident dementia is often impracticable (Andrieu et al., 2015). 129 
Nevertheless, the link between changes in cognitive function and reduced or delayed 130 
progression to dementia remains unproven, and studies reporting salutary cognitive effects 131 
should thus be regarded as proof-of-concept trials requiring confirmation from studies using 132 
clinically-defined endpoints (Andrieu et al., 2015). 133 

2.2 Search strategy 134 

Systematic searches of the following databases were conducted: Embase (1980-2020), 135 
MEDLINE (1946-2020), and PsychINFO (1806-2020). These databases were combined 136 
using the OVID interface and searches were restricted to human studies published in 137 
English. Additional records were identified via forwards and backwards citation searches of 138 
eligible studies (e.g. screening the forward citations of trial protocols identified in the original 139 
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searches). Our search strategy combined a number of search term strings with ‘AND’. Each 140 
string reflected an aspect of our eligibility criteria, with these seeking to capture (i) 141 
randomized studies (random* OR randomized control* OR randomised control* OR RCT OR 142 
cluster random*); (ii) studies of adults aged ≥ 60 years (old* OR adult OR elder* OR senior* 143 
OR geriatric*); (iii) remotely-delivered interventions (online* OR internet* OR digital* OR 144 
electronic* OR tele* OR mobile* OR computer* OR video* OR email* OR self-guide* OR 145 
computer-based* OR m-health OR mhealth OR distance* OR remote* OR e-health OR 146 
ehealth OR app*); (iv) lifestyle interventions (non-pharma* OR psycho* OR lifestyle* OR 147 
social*); and (v) studies where the rationale was the improvement of cognition or reduction 148 
of cognitive decline (cognition* OR cognitive* OR dementia*). 149 

2.3 Procedures 150 

The web platform Covidence (Veritas Health Innovation (Melbourne)) was used for 151 
deduplication, and to coordinate multiuser title-abstract and full-text screening. Each record 152 
identified through electronic searches was independently screened (CC, NLM, HM, SZ) in 153 
duplicate at both the title-abstract and full-text stage. At both stages, discrepancies were 154 
resolved by a third author (EA, or NLM where she was not previously a reviewer). 155 

All data were independently extracted by two authors (BM and PR) and discrepancies were 156 
resolved by discussion, with involvement of a third author (NLM) if necessary. Cognitive 157 
outcomes were coded into the relevant domain during data extraction. Outcome domain 158 
coding followed clinical-academic convention, and was informed by a number of relevant 159 
frameworks (Diamond, 2013; Lezak et al., 2012; Petersen and Posner, 2012). 160 

2.4 Synthesis and analysis 161 

The final number of studies, reporting of effects, and degree of bias (see ‘Results’) were 162 
amenable to quantitative synthesis. The measure of effect size was Hedges’ g, the 163 
standardized mean difference (SMD) corrected for small sample size (Borenstein, 2009; 164 
Morris, 2007). Please see the supplementary materials for the precise formula used for the 165 
calculation of g. Effect sizes were transformed where necessary to ensure these operated in 166 
the same direction; higher scores indicated better cognitive function. Two studies (Dodge et 167 
al., 2015; Lee et al., 2014) reported effects as regression coefficients. These were converted 168 
to SMDs using published formula (Lipsey, 2001). 169 

2.4.1 Accounting for dependencies 170 

The majority of studies reported more than one cognitive outcome; these could include 171 
multiple measures of the same domain; multiple measures from different domains; and/or 172 
multiple score types derived from a single outcome measure. Conventional meta-analysis 173 
models all effect sizes independently (i.e. treating each as if it was derived from a unique 174 
study); the use of this method for clustered data is inappropriate, as it gives rise to estimates 175 
with spuriously narrow confidence intervals. We thus conducted a random-effects meta-176 
analysis with robust variance estimation (RVE; Hedges et al. (2010)). RVE accommodates 177 
effect sizes nested within studies (without underestimating confidence intervals), and also 178 
adjusts for the assumed correlation between related outcomes measured using the same 179 
participants. The RVE meta-analysis was conducted with the ‘robumeta’ 2.0 package in R 180 
4.0.3. As per the ‘robumeta’ default, rho (within-study correlation between outcomes) was 181 
set to 0.8, and sensitivity analyses varied rho from 0-1 to ensure consistency in results 182 
(Fisher and Tipton, 2015). The primary RVE meta-analysis combined all outcomes from all 183 
studies, and was interpreted as the effect of remote interventions on overall cognitive 184 
function. Heterogeneity for the model is reported using Tau2, which represents between-185 
study variance, and I2, which estimates the proportion of observed dispersion in effect sizes 186 
due to ‘real’ variation, rather than randomness. Planned subgroup analyses calculated 187 
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pooled effect sizes for separate cognitive domains. The validity of p-values for RVE meta-188 
analytic estimates is contingent on the associated degrees of freedom (d.f.). Where d.f. < 4, 189 
p-values are unreliable, and are thus not reported (Fisher and Tipton, 2015). A full forest plot 190 
of all the effect sizes is included in the supplementary materials. A ‘compact’ forest plot, 191 
displaying the unweighted mean effect size for each study, is also included to display the 192 
data more intelligibly. This was based on univariate random effects meta-analyses produced 193 
using the R package ‘metafor’ 2.4-0. Whilst averaging effect sizes within studies for 194 
univariate meta-analysis is not optimal for quantitative synthesis (Matt and Cook, 1994), we 195 
used this method for data visualization only. All other quantitative syntheses utilized full RVE 196 
models. 197 

2.5 Risk of bias 198 

For this evidence synthesis, we utilized the Cochrane risk of bias tool version 2 (Sterne et 199 
al., 2019). The revised tool is structured into five domains of bias: (1) the randomization 200 
process; (2) deviations from intended interventions; (3) missing outcome data; (4) 201 
measurement of the outcome; and (5) selection of the reported result. Each domain could be 202 
rated as being at ‘low’ risk of bias, to have ‘some concerns’, or to be at ‘high’ risk of bias. 203 
These risk of bias judgments were also made for each study overall. For the assessment of 204 
bias due to deviations from intended interventions, we specified the ‘effect of interest’ as the 205 
effect of assignment, rather than adherence, to intervention (Sterne et al., 2019). We thus 206 
prioritized effects derived from intention-to-treat (ITT) analyses for the quantitative 207 
syntheses; only studies utilizing ITT analyses could achieve a ‘low’ rating for this domain. 208 
Risk of bias judgements were made by two authors independently (TW and SZ), who 209 
discussed and resolved discrepancies jointly. Where agreement could not be reached, the 210 
senior author (NLM) made the final judgment. 211 

2.6 Evaluating publication bias 212 

The clustering of effect sizes within studies precluded the use of traditional methods for 213 
detecting publication bias (e.g. Egger’s test, funnel plot). We thus utilized methods 214 
appropriate for clustered data (Mathur and VanderWeele, 2020) operationalized in the R 215 
package ‘PublicationBias’. This approach establishes how robust a meta-analysis is to 216 
potential publication bias through the use of a sensitivity analysis. This departs from 217 
conventional assessments of publication bias, which attempt to identify the severity of 218 
publication bias from the sample of studies under review. Under the current approach, all the 219 
available effect sizes are meta-analyzed, constituting the unadjusted primary meta-analysis. 220 
A separate (sensitivity) meta-analysis combines only the non-significant (i.e. ps ≥ .05) effect 221 
sizes. The latter estimate is essentially corrected for ‘worst case scenario’ publication bias 222 
(whereby significant effect sizes are infinitely more likely to be published than non-significant 223 
ones). Comparing the two meta-analytic estimates reveals the degree to which non-224 
significant effect sizes are systematically smaller than effects overall. In cases where there is 225 
a notable discrepancy, results are considered to be sensitive to the effects of potential 226 
publication bias (Mathur and VanderWeele, 2020). 227 

3. Results 228 

3.1 Study selection 229 

The literature search across three databases yielded 4,156 records. A further 10 records 230 
were identified via screening the forward citations of trial protocols captured by the original 231 
literature search. Following the removal of 60 duplicates, 4,106 records were reviewed at the 232 
title-abstract stage. Of these, 129 were reviewed at the full-text stage, with 10 studies 233 
included in the final synthesis (see Figure 1). 234 
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3.2 Study characteristics 235 

The 10 eligible studies included 2,967 participants (1,464 in remote interventions and 1,503 236 
in comparators; see Table 1). Study sample sizes varied considerably from 16 to 2,283 237 
(median n = 78). Publication year ranged from 2012-2020. Four studies took place in North 238 
America, three in Asia, one in Europe, one in Australasia and one in Europe/Australasia. 239 
Eight studies randomized participants at the individual level, while two studies (Anderson-240 
Hanley et al., 2012; Lee et al., 2014) utilized cluster randomization. 241 

3.3 Participant characteristics  242 

Across studies, the mean age of participants ranged from 64 to 81 years (median 74 years), 243 
and the proportion that were female ranged from 48 to 88% (median 75% female). Five 244 
studies reported mean participant education in years (range 5-18 years; median 12). Four 245 
studies included sample ethnicity data, with three reporting predominantly white participants, 246 
and one predominantly Malaysian participants. Seven studies recruited older adults from the 247 
general population, while three studies sampled from specific clinical populations (major 248 
depressive disorder; primary anxiety and/or mood disorder; or multiple sclerosis). 249 

3.4 Intervention characteristics 250 

The 10 studies described various remote interventions; these were categorized as 251 
multidomain (k = 4), physical activity (k = 3) or psychosocial approaches (k = 3; see Table 252 
2). The multidomain interventions included a care management program promoting physical, 253 
social and cognitive activity (Lee et al., 2014); a coach-supported virtual platform to improve 254 
cardiovascular health (Richard et al., 2019); a nurse-led intervention providing cognitive 255 
restructuring and supporting lifestyle changes (Roh et al., 2020); and a web-based health 256 
management portal (Vanoh et al., 2019). The physical activity interventions included two 257 
based on exergaming (Anderson-Hanley et al., 2012; Gschwind et al., 2015) and one using 258 
square-stepping exercises (Sebastião et al., 2018). The three psychosocial interventions 259 
comprised mindfulness training (Wahbeh et al., 2016), cognitive behavioral therapy (CBT; 260 
Wuthrich et al. (2019)) or social interaction between participants and trained 261 
conversationalists via webcam (Dodge et al., 2015). The remote intervention modalities (i.e. 262 
the primary means by which interventions were delivered) included telephone (k = 3), 263 
website (k = 3), video call (k = 2) and computer application (k = 2). The duration of 264 
interventions varied from 6 to 78 weeks (median 15 weeks). The proportion of interventions 265 
that was delivered remotely ranged from 67% to 100% (median 99%). 266 

3.5 Comparator characteristics 267 

The included studies’ comparators were categorized as active interventions (with these 268 
subcategorized as remote (k = 4) or face-to-face (k = 2)), or minimal intervention 269 
comparators (k = 4). The latter category comprised the dissemination of health information 270 
(e.g. via pamphlet or website) without further input, or a weekly phone call to monitor social 271 
activity levels. Lee et al. (2014) was the only study to include more than one comparator. For 272 
this study, we included the face-to-face active comparator in the primary analysis, to ensure 273 
a rigorous evaluation of the remote multidomain intervention. However, for the subgroup 274 
meta-analysis of minimal intervention comparators only, we also included the treatment as 275 
usual group from that study. Amongst the remaining three multidomain studies, two used 276 
minimal intervention comparators (Richard et al., 2019; Vanoh et al., 2019), while one 277 
utilized a remote active comparator (Roh et al., 2020). All three studies of remote physical 278 
activity interventions utilized remote active comparators (Anderson-Hanley et al., 2012; 279 
Gschwind et al., 2015; Sebastião et al., 2018). Of the two remote psychological 280 
interventions, one featured a remote (Wahbeh et al., 2016), and the other a face-to-face 281 
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active comparator (Wuthrich et al., 2019). The only remote social intervention utilized a 282 
minimal intervention comparator (Dodge et al., 2015). 283 

3.6 Participant adherence 284 

Participant adherence was not reported by all studies and, where reported, varied in format. 285 
Furthermore, some studies reported two types of adherence data, relating to participant-286 
facilitator consultations, and participants’ engagement with intervention activities, 287 
respectively (this distinction was sometimes inapplicable). Of the four studies of remote 288 
multidomain interventions, only one (Richard et al., 2019) reported adherence data; 289 
participants assigned to an 18-month cardiovascular risk reduction intervention logged in to 290 
the online platform an average of 1.8 times per month, representing 42% of the 291 
recommended amount (comparator website: 0.7 times). All three physical activity 292 
interventions reported adherence data. Anderson-Hanley et al. (2012) reported that 293 
participants completed 79% (comparator bike: 82%) of prescribed cycling during an 294 
exergaming intervention. Gschwind et al. (2015) reported that 23% of participants achieved 295 
the recommended minimum amount of training in an exergaming intervention to prevent falls 296 
(comparator data not reported). Older adults with Multiple Sclerosis taking part in a square-297 
stepping intervention (Sebastião et al., 2018) engaged with 100% of weekly phone/webcam 298 
calls to monitor compliance (stretching-based comparator: 100%). Face-to-face meeting 299 
attendance was lower, with only 53% of square-stepping participants attending all six 300 
meetings (comparator: 70%). Both psychological interventions reported adherence data. 301 
Wahbeh et al. (2016) reported that individuals taking part in a remote mindfulness 302 
intervention attended an average of 71% (health education comparator: 79%) of sessions 303 
and completed 56% of assigned home practice (comparator: 81%). An RCT comparing 304 
work-at-home to face-to-face CBT (Wuthrich et al., 2019) reported that adherence in the 305 
work-at-home arm was good, with 79% of older adults attending 15 of 16 sessions (face-to-306 
face comparator: 85%). The only trial of a remote social intervention (Dodge et al., 2015) 307 
reported that the mean proportion of sessions attended was 89%, indicating high adherence 308 
(comparator data not reported). Thus, of the seven studies reporting remote intervention 309 
adherence data, five also reported data for comparators. In the majority of these cases, 310 
adherence between the remote intervention and comparator appeared approximately equal, 311 
although the cardiovascular risk reduction platform was accessed more regularly than the 312 
comparator website in Richard et al. (2019), and participants in the remote mindfulness 313 
group accrued less home practice than controls in Wahbeh et al. (2016). 314 

3.7 Outcomes 315 

None of the included studies assessed language function, or non-visual modalities of 316 
perception. Included outcomes thus represented the following cognitive domains: executive 317 
function, episodic memory, attention, cognitive screening, construction, or visual perception. 318 
Three studies included computerized cognitive tests alongside conventional pen-and-paper 319 
approaches; the remaining seven studies solely administered conventional tests. No 320 
included study administered outcome measures beyond the post-intervention visit, or 321 
evaluated intervention effects on dementia incidence. However, one trial of a remote 322 
multidomain intervention versus minimal intervention comparator (Richard et al., 2019) 323 
calculated a dementia risk composite primarily reflecting cardiovascular factors (see 324 
Kivipelto et al. (2006)); the improvement on this measure was significantly greater in the 325 
remote intervention compared to the comparator. 326 

3.8 Risk of bias 327 

All studies were assessed for risk of bias according to the Cochrane risk of bias tool version 328 
2 Sterne et al. (2019). Across the ten studies, the number of each type of judgment for 329 
overall risk of bias was: ‘low’ risk of bias (k = 6), ‘some concerns’ (k = 3), and ‘high’ risk of 330 
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bias (k = 1). Please see supplementary Figure S2 for the summary figure. Considering the 331 
separate domains of bias, all studies bar one received a ‘low’ risk of bias judgment for the 332 
domain ‘Randomization process’. The rationale for judging Anderson-Hanley et al. (2012) as 333 
having ‘some concerns’ was that baseline age and education were not balanced between 334 
arms. All studies except one were considered to be at ‘low’ risk of bias for the domain 335 
‘Deviations from the intended interventions’. The analysis reported by Vanoh et al. (2019) 336 
was ‘per-protocol’ (i.e. it only included the 83% of participants who completed the study); this 337 
trial was thus judged to raise ‘some concerns’. The remaining nine studies utilized ITT 338 
analyses, although the use of this term was inconsistent (see Abraha and Montedori (2010)). 339 
Of the studies utilizing ITT, five had retention in excess of 96%, and missing data were not 340 
imputed. Three studies did not impute missing data but attempted to contact discontinued 341 
participants at follow-up; two of these included 89% of the randomized sample in analyses 342 
(Gschwind et al., 2015; Richard et al., 2019) and one included 47% (Lee et al., 2014). One 343 
study had 80% retention and missing data were imputed (Anderson-Hanley et al., 2012). All 344 
studies bar one received a ‘low’ risk of bias judgment for the domain ‘Missing outcome data’. 345 
The reason for the ‘high’ risk of bias judgment for Lee et al. (2014) was low retention (see 346 
above). Eight studies were judged to be at ‘low’ risk of bias for the domain ‘Measurement of 347 
the outcome’. Both Lee et al. (2014) and Wuthrich et al. (2019) were judged as giving rise to 348 
‘some concerns’ for this domain, because the MMSE was the only outcome measure in 349 
either study; this measure is insensitive to change in interventional studies (Posner et al., 350 
2017). All studies were considered to be at ‘low’ risk of bias for the domain ‘Selection of the 351 
reported result’. 352 

3.9 Quantitative synthesis of results 353 

The primary RVE meta-analysis, estimating the effect of remote interventions versus 354 
comparators on overall cognitive function, included 64 effect sizes from the ten studies. The 355 
pooled estimate of g did not significantly differ from zero (g = -0.02; 95% confidence interval 356 
(CI) [-0.14, 0.09]; p = .66; see Table 3). Two forest plots present this result graphically. The 357 
full forest plot (visualizing all 64 effect sizes) is included in the supplementary materials (see 358 
Figure S1). We present a more compact forest plot in Figure 2. Whilst all other analyses 359 
utilized RVE meta-analysis for clustered data, the compact forest plot presents the 360 
unweighted mean effect size within each study, with the summary effect derived from a 361 
univariate random effects meta-analysis. Whilst averaging effect sizes within studies is not 362 
optimal for quantitative synthesis (Matt and Cook, 1994), we include a forest plot of mean 363 
effects here as a visual aid. 364 

Across individual cognitive domains, the only analysis achieving the requisite 4 d.f. was for 365 
episodic memory (k = 8; ES = 18; g = -0.02; 95% CI [-0.31, 0.27]; p = .84). All of the pooled 366 
effect size estimates for the remaining cognitive domains did, however, yield 95% 367 
confidence intervals including zero. Full details of these meta-analyses are reported in the 368 
supplementary materials (see Table S1). Lastly, we conducted separate subgroup meta-369 
analyses of the different remote intervention types (i.e. multidomain, physical activity and 370 
psychological; the single remote social intervention was not included). In-keeping with the 371 
other analyses, the estimated difference between remote interventions and comparators was 372 
not significant for any subgroup. For all meta-analyses described, rho (within-study 373 
correlation between outcomes) was set to 0.8, and sensitivity analyses varied rho from 0-1 374 
(in all cases, varying rho did not substantively affect results). 375 

Given that the included remote interventions could be categorized as multidomain (k = 4), 376 
physical activity (k = 3) or psychosocial (k = 3) interventions, we also conducted subgroup 377 
meta-analyses of these separately. Due to the small number of studies included in each 378 
subgroup, all of the meta-analytic estimates had < 4 d.f. and thus the associated p-values 379 
were not reliable (see Table 3). Even so, all of the estimates had 95% CIs comfortably 380 
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spanning zero, suggesting that the results for separate remote intervention types were 381 
comparable to the main analyses. 382 

Given the variability in the type of control group, subgroup meta-analyses were also 383 
conducted for separate types of comparator (see Table 3). As encountered above, the small 384 
number of studies for each comparator type resulted in unreliable p-values for all but one of 385 
these analyses (see Table 3). The meta-analysis of the subgroup of studies utilizing a 386 
minimal intervention comparator yielded a substantively unchanged estimate relative to the 387 
primary analysis, although a reliable p-value was not available. A meta-analysis of just the 388 
six studies featuring active comparators yielded a negative, small, non-significant effect size. 389 
Further subdividing active comparators as face-to-face (k = 2) or remote (k = 4) also yielded 390 
pooled effect sizes with 95% CIs approximately centered on zero (with unreliable p-values), 391 
although the estimate for the two studies utilizing face-to-face comparators was somewhat 392 
negative (g = -0.53; 95% CI [-7.67, 6.61]; d.f. < 4). Taken together, these results suggest 393 
that the type of comparator had limited bearing on the estimated efficacy of remote 394 
interventions. 395 

3.10 Publication Bias 396 

The trial by Wuthrich et al. (2019) was excluded from the assessment of publication bias, as 397 
the remote intervention arm in that RCT appeared to be the comparator. This, in conjunction 398 
with the fact that the results of that study favored the (intended) primary face-to-face arm, 399 
suggests that any publication bias acting on that study may have operated in the ‘opposite’ 400 
direction from the remaining nine studies. Our assessment of publication bias thus focused 401 
solely on these nine trials. Following Mathur and VanderWeele (2020), we calculated a 402 
sensitivity meta-analysis of only the non-significant effect sizes (this representing ‘worst case 403 
scenario’ publication bias). The resulting estimate (k = 9; ES = 60; g = -0.00; 95% CI [-0.03, 404 
0.02]; d.f. < 4) was substantively unchanged from the primary meta-analysis result, 405 
suggesting that the present results are robust to publication bias. 406 

4. Discussion 407 

This is the first systematic review and meta-analysis to evaluate the effect of remotely 408 
delivered lifestyle interventions on cognition in older adults without dementia. The ten eligible 409 
studies included multidomain, physical activity, psychological or social interventions. 410 
Combined, their effect on cognition did not significantly differ from comparators. Subgroup 411 
meta-analyses of separate comparator types, remote intervention types, and cognitive 412 
domains supported this result. Previous reviews of non-pharmacological interventions for 413 
reducing cognitive decline in older adults have predominantly included face-to-face studies. 414 
They concluded that evidence for efficacy was mixed, although more promising for some 415 
intervention types (Kane et al., 2017; Whitty et al., 2020). It remains to be established 416 
whether the current, contrasting results reflect the remote delivery modality and/or factors 417 
specific to the current pool of studies (e.g. trial methodology, intervention characteristics). 418 

Across the ten studies, just over half used an active comparator (either face-to-face or 419 
remotely delivered). Two studies utilized a face-to-face active comparator (Lee et al., 2014; 420 
Wuthrich et al., 2019). Whilst one of these reported little difference between the remote 421 
intervention and comparator (Lee et al., 2014), results from the other clearly favored the 422 
face-to-face intervention ((Wuthrich et al., 2019); see Figure 2). However, in both studies, 423 
the amount of contact time with intervention facilitators was greater in the face-to-face 424 
compared to the remote arm. Thus, whilst the results of Wuthrich et al. (2019) favored the 425 
face-to-face intervention, attributing this to the in-person modality is precluded by the 426 
confounding with contact time. 427 
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Four of the original studies specified cognition as the primary outcome, with the remainder 428 
being unclear or specifying a physical or affective endpoint. As a result, some studies may 429 
have been underpowered for the included cognitive measures. A broad screening tool for 430 
dementia (i.e. the MMSE) was the only cognitive outcome available in two studies (Lee et 431 
al., 2014; Wuthrich et al., 2019); this measure lacks adequate sensitivity to change in 432 
interventional designs (Posner et al., 2017). Other studies included cognitive tests with low 433 
test-retest reliability (e.g. Stroop; see Strauss et al. (2005)). Whilst meta-analysis can 434 
overcome low statistical power in original studies, including reliable and sensitive cognitive 435 
outcomes in future remote intervention trials will increase the likelihood of identifying 436 
relevant effects. 437 

Intervention duration, subtype of remote delivery (e.g. telephone, video call), and adherence 438 
of participants to the intervention protocol varied widely between studies; each of these 439 
factors has the potential to impact efficacy. Interestingly, all of the efficacious (face-to-face) 440 
interventions identified by a previous review (Whitty et al., 2020) had a duration of at least 441 
four months; only three of the current ten remote interventions met or exceeded this. 442 
Moreover, none of the interventions included in this review were group-based. This is in 443 
marked contrast to the majority of face-to-face lifestyle interventions included in previous 444 
reviews ((Kane et al., 2017; Whitty et al., 2020); cf. the FINGER RCT (Ngandu et al., 2015)); 445 
we speculate that group-based remote interventions may be more efficacious than individual 446 
approaches, although the evidence required to test this hypothesis is currently lacking. 447 

4.1 Strengths 448 

This review has a number of strengths. It is timely given the increasing adaptation of 449 
interventions and clinical services for remote delivery in the wake of the COVID-19 450 
pandemic. We solely included objective cognitive function outcome measures, which, in 451 
contrast to subjective measures, are not susceptible to self-report biases. The type of meta-452 
analysis conducted, RVE, was purposely selected for its appropriate handling of within-study 453 
effect size clustering, thus removing the need to simplify or average the data. The method 454 
used to assess the sensitivity of results to potential publication bias was also selected for its 455 
appropriate treatment of clustered data. Studies were assessed for risk of bias according to 456 
the latest version of the Cochrane tool, and were found to be at predominantly low risk of 457 
bias overall.  458 

4.2 Limitations 459 

The most salient limitations are the small number of studies, as well as the between-study 460 
variability in populations, interventions and comparators. The limited number of original 461 
studies resulted in some of the subgroup meta-analyses being reported without p-values, 462 
and precluded the planned comparison between remote-only and ‘blended’ intervention 463 
approaches. Two studies solely administered the MMSE, which lacks adequate sensitivity to 464 
change in RCTs. We combined outcomes across cognitive domains for some analyses. A 465 
previous meta-analysis corroborated the view that tests generally measure more than one 466 
cognitive domain (Agelink van Rentergem et al., 2020), providing empirical support for the 467 
present analytical approach. Moreover, syntheses of the effects of other non-468 
pharmacological interventions on cognition also included pooled analyses (Mewborn et al., 469 
2017; Sherman et al., 2017). Nevertheless, this approach does not yield a true measure of 470 
overall cognitive function, and thus should be interpreted with a degree of caution. No 471 
included study administered outcome measures beyond the post-intervention visit, or 472 
compared dementia incidence between trial arms. Whilst the lack of a difference between 473 
arms on cognitive outcomes in the short-term suggests longer-term effects would not have 474 
manifested, this remains a limitation given the overarching research rationale of dementia 475 
prevention. None of the included studies recruited individuals with subjective or objective 476 
cognitive impairment (i.e. SCD or MCI), groups at increased risk of dementia (Mitchell et al., 477 
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2014; Mitchell and Shiri-Feshki, 2009). Given the assumed importance of secondary 478 
prevention strategies for reducing dementia incidence, the present lack of studies in these 479 
populations is a limitation. Lastly, the methodological decision to only include English 480 
language publications may have resulted in research written in other languages to be 481 
overlooked; however, recent work suggests that the negative impact of this inclusion 482 
criterion is likely minor (Dobrescu et al., 2021). 483 

4.3 Recommendations for future studies 484 

The growing movement towards remote delivery of interventions promises to yield rapid 485 
growth in the evidence base over the coming years. Based on the early evidence reported 486 
here, we offer some recommendations for future trials. Firstly, all participants included in this 487 
review were cognitively intact older adults. The future inclusion of individuals with SCD 488 
and/or MCI, groups at increased risk of dementia, will be vital to improve the evidence base 489 
for preventative strategies in these populations. Moreover, including people with SCD and/or 490 
MCI would increase the sensitivity of studies to detect interventional effects on cognition. 491 
Regarding outcome measures, the inclusion of cognitive tests that are reliable and sensitive 492 
to change (e.g. NIH Toolbox; (Weintraub et al., 2013)) would increase the likelihood of 493 
identifying effects, should these exist. Investigators are encouraged to include follow-up 494 
assessments of cognition and to record dementia incidence in trials; this will maximize the 495 
relevance of the evidence to the overarching initiative of prevention. Whilst one study in this 496 
review favored a face-to-face over a remote intervention (Wuthrich et al., 2019), no cost-497 
effectiveness data were available in this (or any) study. Future studies and reviews 498 
comparing face-to-face and remote interventions are encouraged to consider the respective 499 
health economic profiles of these delivery modalities, in addition to efficacy. 500 

Compared to face-to-face, remotely delivered interventions are more scalable, more 501 
accessible to geographically isolated individuals, and might be easier for some people to 502 
integrate with their daily routine (Rincker et al., 2020). Nevertheless, remote delivery 503 
typically requires fast and reliable digital infrastructure, access to which varies by country. 504 
Moreover, technological access and fluency is lower in older individuals compared with the 505 
general population (UK Office for National Statistics, 2019). Providing participants with the 506 
option of remote or face-to-face delivery, and/or adopting a ‘blended’ approach, may 507 
maximize inclusivity. Practical help, which could include provision of devices (e.g. Wi-Fi 508 
enabled tablets) and technological assistance, would further mitigate the negative impact of 509 
digital inequality on healthcare access (Watts, 2020). It is noteworthy that all included 510 
studies were published prior to the COVID-19 pandemic. It seems likely that the recent 511 
increases in ‘social technology’ use (most notably, video calls) may result in a greater 512 
proportion of older adults being able and willing to participate in remote interventions in the 513 
future. Given the variability in participant adherence to the interventions reported here, 514 
researchers are also encouraged to consider ways to support and promote engagement, 515 
such as group-based sessions, personalized goals, and collaborative exercises. 516 

4.4 Conclusions 517 

This review of remotely delivered lifestyle interventions found that their effect on cognitively 518 
intact older adults’ cognitive function did not differ from comparators. Notably, these results 519 
were based on ten methodologically varied studies. Whilst the evidence is limited at present, 520 
large-scale trials are ongoing and will consolidate the knowledge base going forward 521 
(Cooper et al., 2020; Kivipelto et al., 2020). As further evidence accumulates, the early 522 
findings summarized here will need to be updated. 523 
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Table 1: Study characteristics 
Study Setting and population Total sample 

size* (% Female) 
Ethnicity 
(%) 

Education  Cognitive domains (measure names) 
assessed  

Multidomain Interventions 

Lee et al. 
(2014) 

Older adults recruited from geriatric mental health 
community centers# in Korea. Mean age of 
intervention group was 77 yrs, for comparator 
group 78 yrs. 

174 (78%) NR 21% of the intervention 
group and 36% of the 
comparator group were 
illiterate; the remainder had 
varying amounts of 
education. 

Cognitive screening (MMSE) 

Richard et al. 
(2019) 

Community-dwelling older adults with/at increased 
risk of cardiovascular disease, recruited from 
Holland, France and Finland. Mean age of 
intervention group was 69 yrs, for comparator 
group, also 69 yrs. 

2283 (48%) White 98% 
Other 2% 

Intervention/Comparator 
education: Basic (30%/27%); 
Post-secondary non-tertiary 
(31%/30%); Tertiary 
(40%/43%). 

Executive function (Stroop, Category fluency); 
Episodic memory (RAVLT); Cognitive 
screening (MMSE) 

Roh et al. 
(2020) 

Older adults with Major depressive disorder 
recruited from mental health centers in Korea. 
Mean age of intervention group was 74 yrs, for 
comparator group, also 74 yrs. 

77 (75%) NR Mean education for both 
intervention/comparator 
groups was 5 yrs. 

Executive function (Digit span backwards, 
Stroop); Episodic memory (SVLT) 

Vanoh et al. 
(2019) 

Community-dwelling older adults recruited from 
the Klang Valley, Malaysia. Mean age of 
intervention group was 67 yrs, for comparator 
group 69 yrs. 

50 (58%) Malaysian 88% 
Indian 12% 

Mean education for 
intervention group was 13 
yrs, for comparator group 11 
yrs. 

Episodic memory (RAVLT, Visual 
reproduction); Attention (WAIS-III Coding, 
TMT-A); Cognitive screening (MMSE); 
Construction (Clock drawing); Perception 
(WAIS-III MR) 

Physical Activity Interventions 

Anderson-
Hanley et al. 
(2012) 

Older adults recruited from independent living 
facilities in the USA. Mean age of intervention 
group was 76 yrs, for comparator group 82 yrs. 

79 (78%) NR Mean education for 
intervention group was 13 
yrs, for comparator group 15 
yrs. 

Executive function (Category fluency, Color 
Trails, Letter fluency, Digit span backwards, 
Stroop); Episodic memory (Figure recall, Fuld, 
RAVLT); Attention (LDST); Construction 
(Clock drawing, Figure copy); 

Gschwind et 
al. (2015) 

Community-dwelling older adults recruited in 
Germany, Spain, or Australia. Mean age of 
intervention group was 75 yrs, for comparator 
group, also 75 yrs. 

153 (61%) NR Mean education for 
intervention group was 12 
yrs, for comparator group 11 
yrs. 

Executive function (ANT, Digit span 
backwards, TMT-B, VST); Attention (ANT, 
WAIS-III Coding, TMT-A) 

Sebastião et 
al. (2018) 

Older adults with Multiple sclerosis recruited from 
a research register, word-of-mouth or 
advertisements in the USA. Mean age of 
intervention group was 64 yrs, for comparator 
group 65 yrs. 

25 (88%) White 100% No breakdown by trial arm, 
but 35% of whole sample 
had a Master's degree. 

Episodic memory (BICAMS CVLT, BICAMS 
BVMT); Attention (BICAMS SDMT) 

Psychosocial Interventions 

Dodge et al. 
(2015) 

Older adults recruited from retirement 
communities and/or senior centers in the USA. 
Mean age of intervention group was 81 yrs, for 
comparator group 80 yrs. 

83 (76%) NR High school or greater: 98% 
of intervention group, 95% of 
comparator group. 

Executive function (Category fluency, 
Cogstate 1-back, Cogstate 2-back, Letter 
fluency, Stroop, TMT-B); Episodic memory 
(Word list); Attention (Cogstate Detection test, 
TMT-A); Cognitive screening (CAMCI, MMSE)  
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Wahbeh et al. 
(2016) 

Community-dwelling older adults recruited in 
Portland, USA, via an informational talk, 
advertisements or clinical referral. Sample grand 
mean age was 76 yrs (data for separate groups 
NR). 

16 (50%) White 88% No breakdown by trial arm, 
but sample grand mean was 
18 yrs of education. 

Executive function (Letter fluency, Flanker 
task, WMS-III LNS); Episodic memory 
(RAVLT); Attention (Simple RT) 

Wuthrich et al. 
(2019) 

Mental health outpatients with a Primary anxiety 
and/or unipolar mood disorder recruited in Sydney, 
Australia. Mean age of intervention group was 72 
yrs, for comparator group 73 yrs. 

27 (74%) NR Intervention/Comparator 
education: Secondary 
(31%/23%); Diploma 
(31%/31%); University 
(38%/46%). 

Cognitive screening (M-ACE) 

Attention network test (ANT); Brief international cognitive assessment for multiple sclerosis (BICAMS); Brief visuospatial memory test (BVMT); California verbal learning test (CVLT); Computer 
assessment of mild cognitive impairment (CAMCI); Letter digit substitution test (LDST); Matrix reasoning (MR); Mini-Addenbrooke’s Cognitive Examination (M-ACE); Mini-mental state 
examination (MMSE); Not reported (NR); Reaction time (RT); Rey auditory verbal learning test (RAVLT); Seoul verbal learning test (SVLT); Symbol digit modalities test (SDMT); Trail-making test 
part A (TMT-A); Trail-making test part B (TMT-B); Victoria Stroop test (VST); Weschler adult intelligence scale-III (WAIS-III); Weschler memory scale-III Letter number sequencing (WMS-III 
LNS); Years (yrs); * = primary meta-analyzed sample only (i.e. only participants in the remote intervention and main comparator arms, with available outcome data); # = For centers to be 
included, at least 50% of service users had to fulfil the inclusion criteria of (1) ≥ weekly attendance; and (2) ≥ 60 yrs of age; and not meet the exclusion criteria of (1) significant hearing or visual 
impairment; (2) diagnosis of a neurological disorder; (3) serious mental illness; (4) taking psychotropics; or (5) history of substance abuse. 
 
 
Table 2: Intervention and comparator characteristics, by remote intervention type 

Study Trial arm Intervention 
name 

Intervention description Intervention 
type 

Intervention 
duration 

Session characteristics 
n sessions (%) x duration 

Multidomain Interventions 

Lee et al. (2014) Primary Manualized 
bimonthly 
telephonic care 
management* 

Manualized health education delivered individually by nurses via 
telephone. Recommendations included engaging in physical, cognitive, 
and social activities; reducing alcohol/tobacco consumption; and following 
a healthy diet. 

Multidomain 18 months Remote: 9 (100%) x 10-15 
mins 
Face-to-face: 0 (0%) 

Comparator Manualized 
face-to-face 
care 
management# 

Identical to the primary arm (see above), except nurses delivered the 
intervention face-to-face. 

Face-to-face 
active 
comparator 

18 months Remote: 0 (0%) 
Face-to-face: 9 (100%) x 15-
20 mins 

Richard et al. 
(2019) 

Primary Healthy ageing 
through internet 
counselling in 
the elderly 
(HATICE) 

Virtual, individually-accessed platform to improve cardiovascular health, 
focusing on smoking, blood pressure, cholesterol, diabetes, weight, 
physical activity, and nutrition. Incorporated a personalized risk profile, 
goal setting, and support from a coach. 

Multidomain 18 months Remote: Flexible (100%) x 
flexible mins 
Face-to-face: 0 (0%) 

Comparator Non-interactive 
health website 

Static, individually-accessed website with limited general health 
information; did not include personalisation or coach input. 

Minimal 
intervention 
comparator 

18 months Remote: Flexible (100%) x 
flexible mins 
Face-to-face: 0 (0%) 

Roh et al. 
(2020) 

Primary The gold medal 
program 

Individually-delivered, nursed-led telephonic intervention encouraging 
physical activity, healthy diet and social activity; and also including brief 
cognitive restructuring for depression. 

Multidomain 12 weeks Remote: 12 (75%) x 10 mins 
Face-to-face: 4 (25%) x 40-
50 mins 
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Study Trial arm Intervention 
name 

Intervention description Intervention 
type 

Intervention 
duration 

Session characteristics 
n sessions (%) x duration 

Comparator Supportive 
therapy 

Individual, face-to-face, monthly therapy sessions and a weekly 
telephone call. 

Remote active 
comparator 

12 weeks Remote: 12 (75%) x 10 mins 
Face-to-face: 4 (25%) x 40-
50 mins 

Vanoh et al. 
(2019) 

Primary WESIHAT 
("Healthy senior 
citizens") 2.0 

Web-based, individually-accessed health education website comprising 
(1) estimation of risk of memory decline; (2) lifestyle modification guides; 
and (3) biochemical test results. 

Multidomain 6 months Remote: 96 (97%) x 30 mins 
Face-to-face: 3 (3%) x 240 
mins 

Comparator Healthy eating 
pamphlet  

Provided with individual dietary counselling utilizing a pamphlet of 
recommendations based on the Malaysian food pyramid. 

Minimal 
intervention 
comparator 

6 months Remote: 0 (0%) 
Face-to-face: NR (100%) x 
NR mins 

Physical Activity Interventions 

Anderson-
Hanley et al. 
(2012) 

Primary Cybercycle 
exergame 

Initial 1-month familiarization phase followed by individual virtual cycle 
tours competing against the participant's personal best time. 

Physical activity 3 months Remote: 65 (NA) x 45 mins 
Face-to-face: NR (NA) x NR 
mins 

Comparator Control bike Initial 1-month familiarization phase followed by individual sessions on a 
static exercise bike reporting standard feedback (e.g. heart rate and 
mileage). 

Remote active 
comparator 

3 months Remote: 0 (0%) 
Face-to-face: NR (100%) x 
NR mins 

Gschwind et al. 
(2015) 

Primary iStoppFalls 
exergame 

Tailored and targeted exercise program to reduce falls in older people, 
completed individually. Consisted of balance sessions and muscle 
strength sessions, and provided participant feedback. 

Physical activity 16 weeks Remote: 96 (NA) x 55-60 
mins 
Face-to-face: ≥ 2 (NA) x NR 
mins 

Comparator Educational 
booklet 

Individuals were given a booklet consisting of healthy lifestyle and falls 
reduction advice. 

Minimal 
intervention 
comparator 

16 weeks Remote: 0 (NA) 
Face-to-face: 0 (NA) 

Sebastião et al. 
(2018) 

Primary Square stepping 
exercise 

Individuals were given a mat and pedometer for practicing step patterns 
at home. Included twice-monthly face-to-face instruction sessions, and 
weekly monitoring via Skype calls. 

Physical activity 12 weeks Remote: 12 (67%) x 7 mins 
Face-to-face: 6 (33%) x 45 
mins 

Comparator "Stretching for 
people with MS" 
illustrated 
manual 

At-home, light intensity stretching and minimal muscle strengthening 
program. Included twice-monthly face-to-face instruction sessions, and 
weekly monitoring via Skype calls. 

Remote active 
comparator 

12 weeks Remote: 12 (67%) x 7 mins 
Face-to-face: 6 (33%) x 45 
mins 

Psychosocial Interventions 

Dodge et al. 
(2015) 

Primary Video-chat 
communication 

Daily one-to-one conversation sessions via webcam, each lasting half an 
hour. 

Social 6 weeks Remote: 30 (100%) x 30-35 
mins 
Face-to-face: 0 (0%) 
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Study Trial arm Intervention 
name 

Intervention description Intervention 
type 

Intervention 
duration 

Session characteristics 
n sessions (%) x duration 

Comparator Weekly 
telephone calls 

Weekly one-to-one telephone calls to assess control participants' social 
engagement activities. 

Minimal 
intervention 
comparator 

6 weeks Remote: 6 (100%) x NR 
mins 
Face-to-face: 0 (0%) 

Wahbeh et al. 
(2016) 

Primary Internet 
mindfulness 
meditation 
intervention 

Structured individual mindfulness-based intervention. Sessions included 
(1) discussion on stress, relaxation, and mind-body interaction; (2) 
meditation instruction/practice; and (3) addressing difficulties with 
mindfulness practice. 

Psychological 6 weeks Remote: 6 (86%) x 60 mins 
Face-to-face: 1 (14%) x NR 
mins 

Comparator Internet health 
education 

Health videos/podcasts covering: 1) diet; 2) exercise; 3) sleep; 4) brain 
health; 5) mood; and 6) community involvement. Completed individually. 

Remote active 
comparator 

6 weeks Remote: 6 (100%) x 60 mins 
Face-to-face: 0 (0%) 

Wuthrich et al. 
(2019) 

Primary Low-intensity 
CBT 

Work-at-home CBT and motivational interviewing-informed intervention 
targeting emotional, health and lifestyle factors linked to cognitive decline. 

Psychological 16 weeks Remote: 16 (100%) x 15 
mins 
Face-to-face: 0 (0%) 

Comparator Face-to-face 
CBT 

Face-to-face, individual CBT and motivational interviewing targeting 
emotional, health and lifestyle factors linked to cognitive decline. 

Face-to-face 
active 
comparator 

16 weeks Remote: 0 (0%) 
Face-to-face: 16 (100%) x 
60 mins 

Not reported (NR); Not applicable (NA); Multiple sclerosis (MS); Cognitive behavioral therapy (CBT); WargaEmasSihat [Malay for “Healthy senior citizens”] (WESIHAT); * = corresponding to 
Group B in Lee et al. (2014); # = corresponding to Group D in Lee et al. (2014). 
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Table 3: Primary and subgroup meta-analyses for overall cognitive function 
Type K (N ES) ES (g) 95% CI d.f. p-value Tau2 I2 

Primary analysis 

All studies 10 (64) -0.02 [-0.14, 0.09] 6.0 .663 0.03 47.38 

Intervention type 

Multidomain 4 (19) -0.01 [-0.07, 0.05] 1.8 * 0.01 29.93 

Physical activity 3 (26) 0.07 [-0.34, 0.48] 1.6 * 0.04 37.95 

Psychosocial 3 (19) -0.28 [-2.14, 1.58] 2.0 * 0.46 75.10 

Comparator type 

Minimal intervention  
comparators# 

5 (31) 0.06 [-0.18, 0.31] 2.2* * 0.01 31.72 

Active comparators (all) 6 (34) -0.10 [-0.41, 0.21] 4.2 .439 0.07 58.32 

Remote active 
comparators 

4 (32) 0.02 [-0.14, 0.18] 2.4* * 0.04 38.91 

Face-to-face active 
comparators  

2 (2) -0.53 [-7.67, 6.61] 1* * 0.54 83.88 

Effect sizes operate so that positive values indicate improvement. Number of studies (K); Effect size (ES); Hedges’ 
standardized mean difference (g); Confidence interval (CI); Degrees of freedom (d.f.); Between-study variance (Tau2); 
Proportion of observed dispersion due to real variation in effect sizes (I2); # = additionally includes the treatment as usual 
group from Lee et al. (2014); * = where d.f. < 4, p-values are unreliable, and are thus not reported here.
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart 

 

Number of studies (k). 
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Figure 2: Compact forest plot of within-study mean effect sizes, grouped by remote intervention type 

 
 
This figure plots within-study mean effect sizes and the univariate RE meta-analytic estimate for these effects across studies (produced using the ‘metafor’ R package). The meta-analytic 
estimate shown on the plot above is comparable to that derived from the ‘full’ RVE meta-analysis of the individual effect sizes (RVE model: g = -0.02; 95% CI [-0.14, 0.09]; p = .66. Univariate RE 
model: g = -0.01; 95% CI [-0.08, 0.06]; p = .82). Confidence interval (CI); Random effects (RE); Hedges’ standardized mean difference (g); Robust variance estimation (RVE). 
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