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Abstract

The first generation who engaged with digital technologies has reached the age where risks of
dementia emerge. Has technological exposure helped or harmed cognition in digital pioneers?
The digital dementia hypothesis predicts that a lifetime of technology exposure worsens cognitive
abilities. An alternative hypothesis is that such exposures lead to technological reserve, wherein
digital technologies promote behaviors that preserve cognition. We tested these hypotheses in a
meta analysis and systematic review of studies published in Medline, Psyclnfo, CINAHL, Science
Direct, Scopus, Cochrane Library, ProQuest, and Web of Science. Studies were included if they
were observational or cohort studies focused on general digital technology use in older adults
(over age 50) and included either a cognitive or dementia diagnosis outcome. We identified 136
papers that met inclusion criteria, of which 57 were compatible with odds ratio or hazard ratio
meta analysis. These studies included 411,430 adults (baseline age M=68.7 years; 53.5% female)
from cross-sectional and longitudinal observational studies (range: 1-18 years, M=6.2 years).

Use of digital technologies was associated with reduced risk of cognitive impairment (OR=0.42,
95%CI 0.35-0.52) and reduced time-dependent rates of cognitive decline (HR=0.74, 95%CI 0.66—
0.84). Effects remained significant when accounting for demographic, socioeconomic, health, and
cognitive reserve proxies. All studies were evaluated for quality based on a standardized checklist;
the primary outcomes replicated when limiting analyses to the highest quality studies. Additional
work is needed to test bidirectional causal interpretations, understand mechanisms that underpin
technological reserve, and identify how types and timings of technology exposures influence
cognitive health.
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When it comes to cognitive aging, biology is not destiny. Some older adults show robust
cognitive functioning well into older age, even in the face of widespread neuropathological
changes®2. This resiliency against neuropathological processes in older adulthood has given
rise to cognitive reserve theory2, which contends that exposure to complex mental activities
leads to better cognitive well-being in older age. Complex mental activities are typically
measured by variables such as years of education, frequency of social interactions, and
engagement with cognitively demanding leisure activities (e.g., reading, crossword puzzles)
—some of which have been part of the human experience for centuries if not longer. Today’s
older adults, however, represent the first cohort to have navigated a fundamental shift in the
cognitive landscape: prolonged exposure to digital technologies.

The impact of the digital revolution on daily life is so pervasive that comparisons and
contrasts to “the good ole days” have become cliché. However, when one considers the
cognitive experience of an individual born in the aftermath of World War 11, the changes

are stunning. Someone born in 1945 would have entered adulthood in a world where
commerce was conducted by paper currency and checks, new knowledge was acquired by
physically searching through stacks of encyclopedias, prospective remembering required
memory processes to be self-initiated, navigation to new areas required paper maps, and
letters were written by hand and sent via post, with days to weeks in latencies between
responses?. This same individual is now approaching their 80’s and lives in a world where
shopping occurs on the internet with credit cards, new knowledge is acquired by typing a
question into a search engine, prospective memory is supported by digital calendars with
automatic reminders, navigation is facilitated by GPS devices that are installed in most cars
(or phones), and text- or video-based communications can occur instantaneously with people
across the world. What is the cognitive impact of such dramatic changes in the environment?

One possible answer is that people’s natural, everyday uses of digital technologies
weaken their cognitive abilities across the lifespan. This concern arises in part from
studies that linked passive screen time to weaker cognitive abilities, mostly in children
and adolescents®>~8. In addition, increased dependence on technology for maintaining
semantic knowledge (i.e., the “Google Effect”?), autobiographical memories??, spatial
memory!L, and prospective memory planning2, might accelerate cognitive decline if such
cognitive offloading3 decreases the amount of practice/engagement with one’s own intrinsic
cognitive abilities (seel# for conceptual elaboration). Furthermore, given that older adults
are at greater risk for cognitive control difficulties'>16, device-driven distractions could
hypothetically worsen the real-world impacts of normal age-related cognitive deficits1’~
20 According to the digital dementia hypothesis?1~23, the interaction amongst these

three factors—passive screen time, offloading of cognitive abilities onto devices, and
susceptibility to distractions—should increase rates of dementia in older adults, especially
those with greater lifetime exposures to these technologies.
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A different viewpoint is that exposures to digital technologies can protect against cognitive
decline (technological reserve hypothesis). Stern and colleagues? recently defined reserve
as “a property of the brain that allows for cognitive performance that is better than expected
given the degree of life-course related brain changes and brain injury or disease.” The
technological reserve hypothesis builds on this definition by specifying that a technology-
enriched environment can facilitate reserve through several pathways including increasing
complex mental activities, social connection, and digital compensation/scaffoling2>:26,
According to the technological reserve hypothesis, greater digital engagement should be
associated with a net benefit to cognitive and functional outcomes, relative to expectations
based on age, brain injury, or disease.

Several lines of evidence have emerged that support the technological reserve hypothesis.
For example, while early studies found that older adults showed significant difficulty
learning new technologies2’ more recent studies have shown that older adults with a range
a cognitive abilities are capable of learning to use modern commercially-available digital
technologies?829. This ability to learn new technologies in older adulthood was particularly
highlighted during the COVID-19 pandemic when video calling and virtual meetings were
widely adopted amongst older adults3, behaviors that in and of themselves can broaden
and reinforce social connection31:32 minimizing mental health impacts that can contribute
to cognitive decline33. Furthermore, digital leisure activities such as computerized gaming
have increased in older adults and such activities seem to be associated with benefits, rather
than harms, to cognition in later life34. Finally, developing evidence shows that cognitive
offloading to digital devices can allow older adults to compensate for age-related declines in
cognitive control, memory, and navigation abilities, increasing functional performance even
in the face of cognitive decline3. In integrating these broad literatures, older adults who had
greater lifetime engagement with digital technologies may on average show better cognitive
well-being, operationalized as better cognitive test performance and lower rates of dementia
in older age.

Epidemiological trends have suggested that cognitive decline and incident dementia rates
have decreased since the 1990s in both the United States and Europe36-37. This is an
interesting trend because this time period corresponds to internet commercialization and
the proliferation of home computing. Yet, there has been limited work to attempt to
quantitatively dissociate the digital dementia and technology-facilitated reserve viewpoints,
in part because understanding technology’s influence on cognition over time is inherently
challenging. For example, digital exposures have differed across countries, age groups,
education levels, occupations, and socioeconomic status levels, factors that have led to a
“digital divide”38:39, Even though this divide is narrowing in recent years*0:4!  its existence
has implications for understanding the cognitive impact of technology use because sample
characteristics, such as the age of the population studied and wealth disparities across
countries, are both associated with lower technology exposure on average38 and increased
risk for developing dementia®2. Therefore, determining whether natural exposures to digital
technologies is associated with cognitive functioning requires accounting for such sample
factors. Another general challenge is that the design of individual studies could potentially
bias interpretations of technology’s impact on cognition if the sample is non-representative
or if the design relies on online surveys and tablet- or computer-based data collection?3;
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these approaches could systematically exclude older adults who have not crossed the digital
divide. Evaluating the impact of study design characteristics is thus necessary for contrasting
theoretical viewpoints in the literature.

In the current study, we employed a meta-analytic framework to investigate whether
general/natural engagements with everyday digital technologies was cross-sectionally and
longitudinally associated with worse or better cognition in middle aged and older adults.
We tested whether outcomes were moderated by sample or study design characteristics.
Furthermore, we investigated whether the influence of technology exposure might be
attributed to non-causal factors by examining whether adjusting for education, occupation,
an active lifestyle, social support, socioeconomic factors, or health/co-morbidities weakened
the association between cognition and technology use.

Study Search Results

Figure 1 illustrates the study search results. Titles and abstracts were screened in

eight databases: Medline (through PubMed), PsycInfo, CINAHL, Science Direct, Scopus,
Cochrane Library, ProQuest, and Web of Science. These databases were searched for
published observational and cohort studies on cognition in relation to natural uses of digital
technologies in middle-aged adults and older adults (=50 years at baseline). The age range
(=50 years) was selected because middle-aged adults in this literature would still constitute
“digital pioneer” adults who did not have internet access during childhood. Furthermore,

in longitudinal studies, some of these middle-aged individuals would have crossed into
traditional “older adulthood” cutoffs (=65 years) at their follow-up timepoints.

During title and abstract screening (k=26,002) and full text screening (k=592), we excluded
case studies, studies that combined computer usage with standard household technology
usage (e.g., microwaves, televisions), studies focused on specific digital performance metrics
(e.g., keystroke speed, mouse movements), studies focused on researcher-developed apps,
and digital-based interventions (e.g., computerized cognitive training, video game training,
mobile fitness, eHealth delivery, and digital psychoeducation3*44-52) because these study
types do not provide unambiguous tests of the digital dementia hypothesis. For example,
digital intervention studies focus on training older adults to engage in uses of digital
technology that are already known to be beneficial in non-digital formats (e.g., physical
exercise, cognitive training, healthcare access); such approaches are therefore incongruent
with testing the digital dementia hypothesis, which contends that people’s natural uses of
computer, smartphone, and internet-based technologies increase rates of cognitive decline.

The search process yielded 136 full-text articles that met inclusion criteria®3-188, Table S1
details the 79 studies that were included in the systematic review but not the meta-analysis
due to reporting data from the same cohort/time-point as other included studies (k=59), not
reporting complete analyses in English (k=3), or reporting variables, samples, or effect sizes
in a manner that was statistically incompatible with odds ratio (OR) or hazard ratio (HR)
meta-analysis approaches (k=17).
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The final OR/HR meta-analytic sample of 57 studies included 411,430 middle-aged or
older adults with an average age of 68.7 years at baseline assessment. Approximately half
of participants were female (53.5%). Twenty studies employed a longitudinal design, with
an average duration of 6.2 years (sa=4.0). The primary endpoint was dementia or MCI
diagnosis in 26.3% of studies and cognitive testing in 73.7% of studies (see Table S2 for
detailed study characteristics including cognitive endpoints, demographics, and covariates).

of Technology Use with Cognitive Outcomes

We extracted the maximally covariate-adjusted effect sizes from studies whenever possible
(for all individual study covariates and notes on effect size conversions, see Table

S2). Greater use of everyday digital technologies was associated with reduced odds for
cognitive decline, operationalized as lower cognitive test scores and reduced mild cognitive
impairment or dementia diagnoses (pooled OR = 0.42, p<.0001, 95% CI 0.349-0.516, k=54;
Figure 2a). The subsample of studies that reported HRs—a metric of time-dependent rates
in longitudinal studies—similarly found that technology use was associated with decreased
rates of cognitive decline (pooled HR=0.74, p<.0001, 95% CI 0.66-0.84, k=7; Figure 2b).
Across both the OR and HR meta-analyses, 51 of the 57 studies had 95% confidence
intervals that indicated technology usage was associated with significantly decreased risk
for cognitive impairment. Similarly, amongst the papers in the supplemental section, 71 of
the 79 studies reported that technology usage was associated with reduced risk for cognitive
impairment following covariate adjustment (Table S1). None of the 136 papers that were
systematically reviewed reported that technology use increased risk for cognitive impairment
in middle-aged or older-aged adults. Risk for publication bias was minimal (Supplemental
Figures S1, S2).

In terms of type of technology assessed, computer use (k=18, OR=0.536, p<.0001, 95% ClI
0.456-0.630), internet use (k=23, OR=0.416, p<.0001, 95% CI 0.295-0.588), smartphone
use (k=11, OR=0.514, p<.001, 95% CI 0.428-.618), and mixed/multiple uses of digital
technologies (k=7, OR=0.252, p<.001, 95% CI 0.167-.380) were each associated with
reduced risk of cognitive impairment (Supplemental Figure 3). The three meta-analyzed
studies on social media use in older adults showed inconsistent findings for cognitive
outcomes (OR=0.384, p=.069, 95% CI 0.137-1.08). In terms of longitudinal and cross-
sectional designs, the association between technology use and reduced cognitive decline was
observed for both longitudinal studies (k=17, OR=0.461, p<.001, 95% CI 0.307-0.692) and
cross-sectional studies (k=37, OR=0.410, p<.0001, 95% CI 0.342-0.493; Q=.27, p=.606;
Supplemental Figure 4).

Figure 3 indicates that an average of 72.6% (56=9.4%) of rated study quality features

were observed in the meta-analyzed literature (NHLBI rating tool). The majority of the
studies included controlling for confounding variables in reported outcomes, employing a
validated measure of cognition, and measuring different types or levels of technology usage.
Some weaknesses in the literature were also identified, including that few studies blinded
experimenters to the technology or cognitive outcome data, studies often only measured
technology usage once, and some studies had moderate attrition at follow-up.
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Results of Meta Regression and Sensitivity Analyses

Of the 57 meta-analyzed studies, all but three?8:80.103 provided information necessary to
calculate OR effect sizes, which were used for meta-regression analyses. Table 1 (Model

1) demonstrates that sample characteristics—including sample size, country-level income
(defined by World Bank classifications), gender, and age—were not significantly associated
with effect sizes (Supplemental Figure 5). In follow-up analyses, we examined whether
effects were driven by studies that included a large proportion of middle-aged adults; strong
effect sizes were still observed in the 38 studies that had an average baseline age =65 years
old (OR=.41, p<.0001, 95% CI 0.31-0.53) as well as the 16 studies that had an average age
between 50 and 65 years old (OR=0.46, p<.0001, 95% CI 0.36-0.59).

Table 1 also shows the meta-regression on study design characteristics (Model 2). Effect
sizes were not significantly moderated by the type of cognitive outcome measure (diagnosis
or cognitive test), the type of sampling methodology (representative probability sampling
versus convenience sampling), study quality ratings, year of data collection, or whether

the study was conducted entirely face-to-face versus required some technology usage for
data acquisition (e.g., online questionnaire, in-person tablet responses; Supplemental Figures
6-8).

Conceptually, technology use might be a proxy for socioeconomic status, engagement

in other cognitively engaging activities, overall health behaviors, and/or greater social
engagement. If the association between technology use and cognition was strictly a
manifestation of one of these four constructs, then the studies that adjusted for such factors
should show null effect sizes, or at least reduced effect sizes. However, a meta-regression
indicated that adjustment for socioeconomic factors, cognitive reserve proxies, health
factors, and social support did not significantly predict variance in the effect sizes (Table

1, Model 3). Figure 4 demonstrates that technology use was associated with better cognition
in the studies that adjusted for socioeconomic factors (k=15; OR=0.483, p<.0001, 95% CI
0.389-0.603), cognitive reserve proxies (k=30; OR=0.479, p<.0001, 95% CI 0.361-0.635),
health factors (k=22; OR=0.462, p<.0001, 95% CI 0.327-0.652), and social support (k=12;
OR=0.458, p<.0001, 95% CI 0.365-0.575). We further confirmed that technology use

was still predictive of better cognition in studies that controlled for education (OR=0.488,
p<.0001, 95% CI 0.368-0.648), studies that controlled for occupation (OR=0.469, p<.001,
95% CI 0.306-0.721), and studies that controlled for reading, playing games/puzzles, or
similar lifestyle activities (OR=0.492, p=.016, 95% CI 0.276-0.878).

A final set of analyses were conducted to evaluate the combined impact of key covariates
and features of a strong study design. For this analysis, we included only the studies that
used probability sampling methodologies and controlled for age, gender, and education. We
observed similar, large effect sizes amongst this subset of studies for both OR analyses
(k=18, OR=0.442; p<.001, 95% CI 0.299-0.654) and HR analyses (k=3, HR=0.62; p<.001,
95% CI 0.55-0.70). When further restricting analyses to those with NHLBI study quality
ratings greater than 70%, we continued to observe large effect sizes for OR analyses (k=15,
OR=0.459; p<.001, 95% CI 0.296-0.711) and HR analyses (k=2, HR=0.62; p<.001, 95% CI
0.55-0.70).
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Discussion

Technology engagement was associated with reduced odds of cognitive decline in middle
aged and older adults. There was no credible evidence from the longitudinal studies, or the
meta-analysis as a whole, for widespread digital “brain drain”22 or “digital dementia”2123
as a result of general, natural uses of digital technology. The magnitude of the association
between technological engagement and positive cognitive outcomes (95%CI: 0.35 to 0.52)
was similar to or stronger than several previously documented protective factors for
dementia such as blood pressure reduction (OR=0.87)189, physical activity (OR=0.65)1%,
increasing years of education (ORs = 0.38-0.53)191, and other cognitively stimulating
leisure activities (OR=0.69)192. In the following sections, we consider both non-causal
and causal explanations for technology-cognition associations, processes through which
technology may facilitate reserve, and limitations that should be addressed in the coming
years to advance theory and practical applications.

There are potential non-causal explanations for why frequent technology exposure would
be associated with better cognitive functioning. Prior work has indicated that younger
people, those with higher incomes, and those with more years of education are more likely
to engage with digital technologies®® and these same factors are associated with better
cognitive outcomes*2. In addition to demographic considerations, adoption of emerging
technologies has been related to perceived usefulness, perceived ease of use, self-efficacy,
existing skills, occupational experience, physical health, social support, mentally active
lifestyles, contextual influences, and potentially other factors that could be independently
associated with preserved cognitive abilities’>193-195_ Fuyrther, as with any literature, one
must be cautious not to draw strong conclusions if the quality of the individual studies is low
or if there is evidence of significant publication bias.

To these ends, our systematic review and meta-analysis suggests that the technology-
cognition association is unlikely to be explained solely by non-causal factors. Regarding
demographic or lifestyle confounders, approximately 90% of the studies evaluated in the
systematic review statistically controlled for variables such as age and education. Likewise,
many individual studies in the OR meta-analysis controlled for socioeconomic status
proxies (27.7%), cognitive reserve proxies (55.6%), social support proxies (22.2%), and/or
comorbidities/physical health proxies (40.7%). We did not observe credible evidence for
moderation of effect sizes in relation to controlling for such proxies.

With regard to methodological rigor in the reviewed studies, though there was some
variability in the quality of studies (as there is for any literature), many studies included
large sample sizes (median N=2,579), controlled for several potential confounding variables
(median = 7 variables controlled), used representative sampling methodologies (52.6%

of studies), and avoided requiring technology for study enrollment/completion (70.2% of
studies were solely face-to-face)19. Publication bias appeared minimal and the strength of
effect sizes persisted when limiting to studies that met several quality metrics (probability
sampling, control of key covariates, and high quality rating scores). Therefore, while

the correlational designs in this literature cannot eliminate non-causal explanations, such
accounts seem unlikely to solely explain technology-cognition relationships.
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If non-causal factors are unlikely to be the sole explanation for technology-cognition
associations, then the following questions must be considered: a) does better cognition
increase technology use with age, b) does technology use foster better cognitive

outcomes, or ¢) do both occur84? There is certainly evidence in the literature that

better cognitive functioning—especially intelligence and executive functioning—influences
rates of technology adoption and abandonment, particularly if the technology is difficult

to learn or perceived as not useful29.57,80.143.144.197-201 Thjs general pattern is the
foundation for work on digital biomarkers292.203 in which in-home digital monitoring66:202,
smartphone use metrics54204 and online financial activities?%° are being used to

predict risk for cognitive decline. Though correlational studies form the basis for this
cognition—technology use interpretation of the literature, it nevertheless seems reasonable
to infer that people with lower cognitive abilities will have more difficulty learning new
digital tasks (or analog tasks) than people with moderate to high cognitive abilities2%6,

The reverse direction also merits consideration though: technology engagement may
facilitate behaviors and mental processes that afford some protection against cognitive
decline. Support for this interpretation emanates from several of the study designs covered
in this literature review: 20 of the analyzed studies used longitudinal designs in which
technology exposure at baseline strongly predicted a cognitive outcome an average of

6 years later (OR=0.46). Nearly all the longitudinal studies in this literature (95%)
controlled for education at baseline. The longitudinal studies also have controlled for
cognitive test measures at baseline (60% of studies®4:56-59.62,63,65,74,79.119) " exc|uded
participants from enrollment or analyses if they had MCI or dementia at baseline
(559°6.:57.59,61,65,67,68,71,73,74,77,79) 'or even conducted sensitivity analyses after excluding
individuals who developed MCI or dementia within the first 1-5 years of the study period
(25%°457.78.80) Technology use continued to predict better future cognitive outcomes even
following these adjustments.

A bidirectional interpretation of technology exposure and cognitive functioning may best
explain the collective literature. For example, in a large, nationally representative sample
(Health and Retirement Study), Choi and colleagues®* modeled the relationship between
cognition and internet use over four years using cross lagged analytical approaches!®2:179,
These models included autoregressive factors and they found that cognition at time 1 was
independently associated with technology use at time 2, but also that technology use at time
1 was independently associated with cognition at time 2; thus, a bidirectional relationship.

Such bidirectional relationships are common across the dementia prevention literature. For
example, decreased walking speed presages cognitive decline in a host of neurodegenerative
diseases?%7, but the reverse causal direction is also present: regular walking leads to better
cognitive performance and slower rates of cognitive decline2%8, Whether such bidirectional
influences occur simultaneously versus serially/cyclically is unknown and requires further
investigation.

Possible Factors Contributing to Technological Reserve

The technological reserve hypothesis postulates that engagement with digital technologies
promotes better cognitive outcomes than would be expected based on someone’s
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age, brain injury, or disease stage. There are at least three possible pathways that

could link digital engagement to better cognition: cognitively-complex stimulation,

social connection, and compensatory behaviors. Engaging in cognitively-complex
activities has long been recognized to lead to better cognitive outcomes!37 with

age, a notion which is at the core of reserve theories?119. We identified

21 articlest6.71.76,80,81,86,88,89,92,94,95,97,98,103,147,149,152,153,168,172 i, this literature that
compared technology use relative to other potentially cognitively-protective activities such
as reading, playing games and puzzles, arts and crafts, music engagement, and social
activities. In these studies, digital activities rated as comparable to or more strongly
associated with positive cognitive outcomes than other activities. Why might this be? One
possibility is that technology exposures lead to more dynamic cognitive stimulation than
analog exposures?9%-211 For example, both paper-based crossword puzzles and digital
word games involve engaging with cognitively-complex information (the puzzle), but the
digital exposure also involves coping with evolving hardware/software interfaces that change
appearance and functioning over time, troubleshooting device or internet connectivity
issues, and filtering out competing distractions (e.g., text messages, advertisements).

Such additional layers of cognitive complexity may explain why older adults who were
randomized to learn to use computers, tablets, social media, or apps (known as digital
inclusion interventions) showed significant gains in episodic memory, processing speed,
or global cognition relative to controls?12-226_ Not all digital inclusion programs have
observed this pattern though102.171.227-229 sjgnaling a need for mechanistic studies to better
understand the precise processes demanded by different types of technology exposures,
which could inform targeted interventions with rigorous matching of control groups.

A second possible pathway by which technology engagement might protect against
cognitive decline is by facilitating social connection. Better social connectedness (and its
inverse, decreased isolation) is a well-documented correlate of cognitive functioning in
older adults23°, Digital social facilitation was associated with decreased loneliness and
depression during the COVID-19 pandemic39, heightened feelings of social support and
well-being across six months in a randomized design231, and also direct improvements to
cognition3L. In addition, one study from our systematic review indicated that the cognitive
benefits of internet use were strongest in older adults who lived alonel06. However, the
reviewed studies on social media use and cognitive outcomes in older adults showed mixed
results (nonsignificant in pooled analysis), which may reflect that digital social activities
can coincide with a decrease in face-to-face social activities?32. Additional work is therefore
needed to understand how, when, and for whom digital social connectedness benefits well-
being and cognition.

A third possible pathway is technology use could promote compensatory behaviors, forming
a “digital scaffold”26 that facilitates better functional outcomes in older adults while general
cognitive functioning declines. Digital compensatory behaviors are increasing in older
adults233-235 and have been a focus of interventions to support daily prospective memory
tasks such as remembering to pay bills on certain dates or taking medications at set times
each day®. Digital scaffolding also has implications for understanding clinical diagnoses
and disease progression. For example, measurable cognitive impairment is present in both
mild cognitive impairment and dementia diagnoses, but a dementia diagnosis is indicated in
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part when cognitive changes lead to a loss of independence with daily tasks?36. A testable
hypothesis, therefore, is that a technology-enriched environment provides scaffolding to
allow individuals with mild cognitive impairment to maintain independence23” longer for
some activities, delaying a diagnostic conversion to dementia or otherwise mitigating

the impact of cognitive impairments on everyday functioning?9238. As clinical practice
continues to move toward an individualized, precision medicine approach, it will be
necessary for the field to identify for whom, and for how long, such digital scaffolding

is effective.

While the current meta-analysis showed a consistent, strong positive association between
natural uses of digital technologies and overall cognitive well-being, there is no simple
answer239 to whether technology is “always good” or “always bad” for the aging brain. For
example, moderate screen time might lead to complex and dynamic cognitive stimulation,
but excessive passive screen time shows potential for cognitive harm (°:6:21.240) while
number of hours of screen time has not been widely studied in older adults, one study
observed a U shaped association between technology use and cognition in older adults®’:
moderate internet usage was significantly associated with better cognitive outcomes
(consistent with the current meta-analysis), but excessive rates of internet usage showed
non-significant trends for worse cognitive outcomes (see alsol70:183), In addition, digitally-
enabled social connections improve feelings of loneliness in some older adults26:105,

but they may also increase exposure to socially driven misinformation?4! or reduce

the frequency of face-to-face relationships242. Moreover, while digital exposures create
opportunities for compensation and digital scaffolding, they can also create new risks for
older adults such as digital scams/exploitation?43 and distractions while driving or walking
across the road244. Therefore, the overall meta-analytic finding should be interpreted to
mean that the net effect of the potential costs and benefits has been positive. To this point,
we note that the current review focused on “digital pioneers,” that is, the group of middle
aged and older adults who were first exposed to computers, internet, and smartphones during
adulthood. It is unknown whether the current findings will hold in future decades for people
who were initially exposed to digital technologies during childhood or as the types of
general digital technology exposures change®:6:21.245,

There are limitations to acknowledge to guide future investigations. Though the total number
of participants across studies was high (N > 400Kk), the total number of studies available for
OR meta-regression (k=54) provides modest power for moderation analyses. Further, and as
noted above, the cross-sectional and longitudinal studies in this literature lend themselves
to correlational interpretations, so technology-cognition associations may be explained in
part by non-casual factors. At the level of typical individual studies in the literature,

digital exposures were often captured by retrospective recall (which limits understanding

of use patterns?46:247) and without information on the date when the computer, internet,

or smartphone devices began to be used (which limits understanding of how much digital
exposure is needed to produce cognitive benefits). Some cognitive reserve proxies have also
not been widely studied in the technology-cognition literature (<5 studies), such as general
intelligence3, interest in acquiring new complex skills, and type of occupation?48-250,
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It is also important to point out that the majority of the studies were from moderate

to high income countries. Particular attention should be paid to studies of technology

trends in lower-middle and low income countries3?® which are expected to show the largest
increase in dementia incidence in coming years?®! but are also predicted to have a rapid
expansion of technological infrastructure driven by mobile technologies?%2. If accessing new
technologies is too difficult or too costly for older adults then such digital expansion is likely
to perpetuate or accentuate digital health disparities?3,

In closing, the generation that brought the digital revolution to the world is now reaching the
age where neurodegenerative disease and cognitive decline emerge. The data from 411,430
digital pioneers indicated that natural uses of digital technology were associated with

better cognitive outcomes, consistent with the viewpoint that technology exposures facilitate
behaviors and mental processes that contribute to reserve. Theoretical and applied questions
remain, with the state of the field indicating the need to consider complex interactions
between aging, neurocognitive processes, and types of digital exposures. With greater
mechanistic understanding of these interactions, clinicians, researchers, and engineers can
help guide future generations of older adults in using emerging technologies in a manner
that optimizes cognitive outcomes and minimizes harms, as was generally observed for the
digital pioneers.

Literature Search and Selection Criteria

Systematic review and meta-analysis of the literature was conducted in accordance with

the 2020 PRISMA statement.2>4 Medline through PubMed, Psycinfo, CINAHL, Scopus,
Cochrane Library, and Web of Science databases were searched through June 2024 for

the following search terms: (“older adults” OR aging OR “mild cognitive impairment” OR
dementia) AND (Computer OR smartphone OR internet OR email) AND (cognition OR
cognitive) AND (prevention OR protection OR risk). ProQuest and Science Direct databases
were also searched through June 2024 using the terms “Cognition” AND (“older adults” OR
dementia) AND (computer use OR smartphone use OR internet use) AND (prevention OR
risk). When possible, database search results were limited to peer-reviewed, research article,
or journal article types (CINAHL, Science Direct, Scopus, Web of Science, ProQuest),
articles published in English (Science Direct, Scopus, ProQuest), and articles published with
middle-aged or older adult groups (PsycInfo, CINAHL). An initial search and screening
was conducted using Excel in June 2023; an updated search and screening in July 2024
used Covidence to remove duplicates across databases. Screening was conducted in two
phases—title/abstract screening and full text screening—by two independent reviewers who
met to discuss and resolve differences at each stage, specifically with respect to the search
inclusion/exclusion criteria. In the few cases of continued disagreement during title/abstract
screening (<1%), the title/abstract was included in the full text review; there were no
unresolved disagreements at the full text review stage after discussion. During full-text
review, additional studies were identified through backward and forward citation tracking.

Inclusion criteria included a) an observational or cohort study design (digital based
interventions were excluded to focus on natural uses of digital technology); b) an objective
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cognitive measure or diagnosis outcome (mild cognitive impairment or dementia); c)
identification of a digital technology use as an independent variable, defined by general
computer, smartphone, internet, social media, or mixed/multiple uses (in contrast to specific
app use, videogame or “brain game” use, examples of which are reviewed elsewhere255.256;
d) the technology variable was separately reported from household technologies like
microwaves, sedentary/leisure activity variables, and other cognitive reserve measures
(rather than only reported as a composite); ) the technology variable reflected digital device
usage rather than anxiety/technophobia scales; f) the sample (or a sub-sample) consisted of
adults aged =50 years old at baseline; g) the study was published in a peer-reviewed journal
(excluding dissertations and theses); and h) an English language record was available for
review.

Initial analysis of studies that met inclusion criteria indicated that many research reports
were derived from the same parent studies; only one cross-sectional and one longitudinal
study per parent-study database were selected for the main analysis, except for cases in
which the papers reported on distinct technology exposures that were included in the parent
study. Further, there was significant heterogeneity in the statistical methods employed to
analyze technology use data, though the majority clustered into ORs or HRs. Studies that did
not report or allow sufficient information to derive an OR or HR are described in Table S1.

Data Extraction and Study Quality Evaluation

Data extraction and quality ratings were performed by two study authors independently
who met to discuss and resolve any inconsistencies (10.01% of entries). Study quality
ratings were systematically evaluated with a modified version of the NHLBI study quality
observational and cohort cross sectional quality assessment tool?%’. Each study was rated
on clearly stating the research objectives, defining the study population, recruiting from

the same population and applying inclusion/exclusion criteria equally, measuring the
exposure of interest (technology) prior to the outcome (cognition), examining different
levels or categories of technology usage (if corresponding analyses were reported), defining
technology usage clearly and consistently for all participants, defining cognitive outcome
measures clearly and consistently across all participants, blinding/masking the cognitive-
outcome assessors to technology usage, and controlling for potential confounding variables.
For longitudinal designs, we also rated whether the study assessed/reported technology
usage more than once over time and if attrition was minimized to <20% at follow-up. We did
not include ratings for the NHLBI items on participation rate of eligible persons, choosing
instead to evaluate sampling methodology of probability sampling versus non-random
convenience samples. We also did not include ratings of having a sufficient timeframe

to expect to see an association because studies in this literature questioned participants
about current digital usage rather than the timeframe in which they began using the digital
technology. Each item was rated as yes, no, cannot determine, or not applicable and

study quality ratings were the proportion of “yes” responses (accounting for denominator
differences when removing items that were not-applicable to a given study).

In addition to the systematic study quality ratings, the authors independently extracted
information on several study features that might influence outcomes. These variables
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included sample size, baseline age, gender (percent female), longitudinal duration, type of
technology studied, whether baseline cognition/cognitive status was controlled for, and type
of cognitive outcome (diagnosis versus cognitive scale). We used Scimago journal rankings
to extract information on where studies in this literature were published (Supplemental
Figure 2). To characterize the context in which the study was performed, we extracted data
on the income level of the country where the study was conducted following World Bank
definitions of upper income, upper-middle income, lower-middle income, or low income;
the year that data collection began; and if all study methods were face-to-face with paper-
and-pencil (versus online or participating on a tablet/computer). We also recorded whether
each reported/derived outcome controlled for known proxies of socioeconomic status (e.g.,
household income), cognitive reserve (education, other cognitive leisure activities, baseline
cognition, exercise/physical activity), health (smoking, drinking, depression, mobility status,
medical comorbidities, body mass index, and self-rated health), and social support (social
support indices, marital status, and living alone status).

Data Analysis

Individual studies in this literature have employed several different statistical methodologies
for their primary analyses (i.e. ORs, HRs, path analyses, regression analyses, correlational
analyses, etc.). To maximize the inclusion of studies for our meta-analysis, we used the
following methodology for estimating effect size. First, whenever reported, we extracted

the odds ratio (OR) values that were maximally adjusted for covariates. If an adjusted OR
was not available, information from the study report was used to derive an unadjusted OR
from other effect size measures; these are described as derived OR throughout Table S2.

All ORs were also converted such that higher ORs (>1.0) indicated that technology usage
was associated with increased risk for cognitive decline and lower ORs (<1.0) indicated that
technology usage was associated with protection against cognitive decline.

Seven studies reported their primary outcomes as covariate-adjusted hazard ratios (HR). HR
and OR statistical approaches differ fundamentally: ORs focus on associations between two
variables over the course of the study period, while HRs focus on time-dependent rates in a
longitudinal study2°8. Therefore, HR values cannot be directly combined with OR values in
meta-analyses or meta-regressions (e.g., HR = 0.80 is not the same effect size interpretation
as OR = 0.80;2%9). In our review, 7 studies reported HR as their primary outcome, but four
of these studies also reported sufficient information to derive an OR. Therefore, we reported
two top line analyses: one analysis for ORs which included 54 of the 57 studies meeting
inclusion criteria and a second analysis for HRs that included all 7 of the adjusted HR
findings. Because seven studies would be too small for conducting a meta-regression, we
limited meta-regressions to the OR values.

For studies with multiple cognitive endpoints or subgroups of technology use, outcomes
were pooled for the primary analysis. Effect size direction was reversed for non-diagnostic
cognitive outcome measures in which higher scores indicated better cognition so as to
align with the direction of diagnostic variables (lower dementia rates indicated better
cognition). If a study reported effect sizes specifically for a middle-to-older aged sample
(any group with mean age of 50 or higher), that effect was entered into the analysis. Notes
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on transformations of effect sizes for included studies are described in Table S2. Overall
effect sizes were weighted by the inverse of each study’s variance.

To test the role of moderators on effect sizes, three meta-regressions were undertaken to
evaluate the impact of sample characteristics, study characteristics, and conceptual factors.
Sample characteristics included average age at baseline, percentage female, sample size,
and income level of the country where the study was conducted. Study characteristics
included use of a cross-sectional versus longitudinal study design, the year data collection
began, NHLBI study quality ratings, type of outcome (cognitive versus diagnosis), and
whether data collection was solely face-to-face with pencil-and-paper or required the use
of digital technology. Conceptual factors included dichotomous variables for whether each
study’s reported or derived effect size adjusted for socioeconomic status proxies, cognitive
reserve proxies, health factors, and social support factors. These variables were regressed
on the reported/derived ORs to determine if the presence of such adjustments moderated
the observed effect size. All analyses were two tailed tests and conducted using the
Comprehensive Meta Analysis v4 software260.261,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

Support provided by the National Institutes of Health (RO1AG082783; MKS, JFB), National Science Foundation
(1920730 and 1943323; MKS), and Alzheimer’s Association (AARG-22-924771; JFB). The funders had no role in
study design, data collection and analysis, decision to publish or preparation of the manuscript. The authors thank
Ivy Grossberg, Rachel Jillson, and Ashlyn Thompson who as research assistants aided the initial article search.

Data Availability:

The review was not registered to PROSPERO but raw data extracted from publications as
well as processed effect sizes are available at the Open Science Framework (https://osf.io/
avénu/).

Code Availability:

Analyses were conducted with Comprehensive Meta-Analysis Software with data files
available; no custom code was utilized.

References

1. Snowdon DA Aging and Alzheimer’s disease: lessons from the Nun Study. The Gerontologist 37,
150-156 (1997). 10.1093/geront/37.2.150 [PubMed: 9127971]

2. Stern Y et al. Whitepaper: Defining and investigating cognitive reserve, brain reserve, and brain
maintenance. Alzheimer’s & Dementia 16, 1305-1311 (2020).

3. Stern Y Cognitive reserve in ageing and Alzheimer’s disease. Lancet neurology 11, 1006-1012
(2012). 10.1016/S1474-4422(12)70191-6 [PubMed: 23079557]

4. Johnson JA Myths about digital technology and older adults. Nature Aging 2, 1073-1076 (2022).
10.1038/s43587-022-00319-4 [PubMed: 37118536]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.


https://osf.io/av6nu/
https://osf.io/av6nu/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

14.

22.

23.
24. Stern Y et al. A framework for concepts of reserve and resilience in aging. Neurobiol Aging 124,

Page 15

. Madigan S, Browne D, Racine N, Mori C & Tough S Association Between Screen Time and

Children’s Performance on a Developmental Screening Test. JAMA pediatrics 173, 244-250 (2019).
10.1001/jamapediatrics.2018.5056 [PubMed: 30688984]

. Christakis DA, Ramirez JSB, Ferguson SM, Ravinder S & Ramirez J-M How early media exposure

may affect cognitive function: A review of results from observations in humans and experiments
in mice. Proceedings of the National Academy of Sciences of the United States of America 115,
9851-9858 (2018). 10.1073/pnas.1711548115 [PubMed: 30275319]

. Hu BY, Johnson GK, Teo T & Wu Z Relationship Between Screen Time and Chinese Children’s

Cognitive and Social Development. Journal of Research in Childhood Education 34, 183-207
(2020). 10.1080/02568543.2019.1702600

. Hancox RJ, Milne BJ & Poulton R Association between child and adolescent television viewing

and adult health: a longitudinal birth cohort study. Lancet (London, England) 364, 257-262 (2004).
10.1016/S0140-6736(04)16675-0 [PubMed: 15262103]

. Sparrow B, Liu J & Wegner DM Google effects on memory: cognitive consequences of

having information at our fingertips. Science (New York, N.Y.) 333, 776-778 (2011). 10.1126/
science.1207745 [PubMed: 21764755]

10. Henkel LA Point-and-shoot memories: the influence of taking photos on memory for a

museum tour. Psychological Science 25, 396-402 (2014). 10.1177/0956797613504438 [PubMed:
24311477]

. Coughlan G, Lacz6 J, Hort J, Minihane A-M & Hornberger M Spatial navigation deficits -
overlooked cognitive marker for preclinical Alzheimer disease? Nature Reviews. Neurology 14,
496-506 (2018). 10.1038/s41582-018-0031-x [PubMed: 29980763]

. Prathap V & Singh S Impact of Digital Addiction and Cognitive Offloading on Prospective
Memory of Young Adults. Indian Journal of Health & Wellbeing 12, 439-445 (2021).

. Risko EF & Gilbert SJ Cognitive Offloading. Trends in Cognitive Sciences 20, 676-688 (2016).
10.1016/j.tics.2016.07.002 [PubMed: 27542527]

Marsh EJ & Rajaram S The Digital Expansion of the Mind: Implications of Internet Usage for
Memory and Cognition. Journal of Applied Research in Memory and Cognition 8, 1-14 (2019).
10.1016/j.jarmac.2018.11.001

. Healey MK, Campbell KL & Hasher L Cognitive aging and increased distractibility:
costs and potential benefits. Progress in Brain Research 169, 353-363 (2008). 10.1016/
S0079-6123(07)00022-2 [PubMed: 18394486]

. Thompson KR et al. Distracted driving in elderly and middle-aged drivers. Accident; Analysis and
Prevention 45, 711-717 (2012). 10.1016/j.aap.2011.09.040 [PubMed: 22269561]

. Small GW et al. Brain health consequences of digital technology use. Dialogues in Clinical
Neuroscience 22, 179-187 (2020). 10.31887/DCNS.2020.22.2/gsmall [PubMed: 32699518]

. Hartanto A, Lee KYX, Chua YJ, Quek FYX & Majeed NM Smartphone use and daily cognitive
failures: A critical examination using a daily diary approach with objective smartphone measures.
British Journal of Psychology (London, England: 1953) 114, 70-85 (2023). 10.1111/bjop.12597

. Scarampi C & Gilbert SJ Age differences in strategic reminder setting and the compensatory role
of metacognition. Psychology and Aging 36, 172-185 (2021). 10.1037/pag0000590 [PubMed:
33539150]

. Lino TB et al. Impact of using smartphone while walking or standing: A study focused on age and
cognition. Brain sciences 13, 987 (2023). [PubMed: 37508919]

. Manwell LA, Tadros M, Ciccarelli TM & Eikelboom R Digital dementia in the internet generation:

excessive screen time during brain development will increase the risk of Alzheimer’s disease

and related dementias in adulthood. Journal of Integrative Neuroscience 21, 28 (2022). 10.31083/

J.Jin2101028 [PubMed: 35164464]

Ward AF, Duke K, Gneezy A & Bos MW Brain Drain: The Mere Presence of One’s Own

Smartphone Reduces Available Cognitive Capacity. Journal of the Association for Consumer

Research 2, 140-154 (2017). 10.1086/691462

Spitzer M Digitale Demenz. Droemer Knaur (2012).

100-103 (2023). 10.1016/j.neurobiolaging.2022.10.015 [PubMed: 36653245]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 16

Benge JF & Scullin MK Implications for technological reserve development in advancing

age, cognitive impairment, and dementia. Behav Brain Sci 43, e157 (2020). 10.1017/
S0140525X20000126 [PubMed: 32772985]

Wolff JL, Benge JF, Cassel CK, Monin JK & Reuben DB Emerging topics in dementia care and
services. Journal of the American Geriatrics Society 69, 1763-1773 (2021). 10.1111/jgs.17341
[PubMed: 34245585]

Czaja SJ & Sharit J Age differences in the performance of computer-based work. Psychology and
aging 8, 59 (1993). [PubMed: 8461116]

Mace RA, Mattos MK & Vranceanu A-M Older adults can use technology: why healthcare
professionals must overcome ageism in digital health. Translational Behavioral Medicine 12,
1102-1105 (2022). 10.1093/tbm/ibac070 [PubMed: 36073770]

Wilson SA, Byrne P, Rodgers SE & Maden M A Systematic Review of Smartphone and Tablet Use
by Older Adults With and Without Cognitive Impairment. Innovation in Aging 6, igac002 (2022).
10.1093/geroni/igac002 [PubMed: 35243008]

Benge JF et al. Internet-Enabled Behaviors in Older Adults During the Pandemic: Patterns of Use,
Psychosocial Impacts, and Plans for Continued Utilization. Work, Aging and Retirement, waac026
(2022). 10.1093/workar/waac026

Dodge HH et al. Web-enabled Conversational Interactions as a Means to Improve Cognitive
Functions: Results of a 6-Week Randomized Controlled Trial. Alzheimer’s & Dementia (New
York, N. Y.) 1, 1-12 (2015). 10.1016/j.trci.2015.01.001

Morris ME et al. Smart technologies to enhance social connectedness in older people who live
at home. Australasian Journal on Ageing 33, 142-152 (2014). 10.1111/ajag.12154 [PubMed:
24730370]

Lara E et al. Are loneliness and social isolation associated with cognitive decline? International
Journal of Geriatric Psychiatry 34, 1613-1622 (2019). 10.1002/gps.5174 [PubMed: 31304639]

Bavelier D et al. Brains on video games. Nature reviews. Neuroscience 12, 763-768 (2011).
10.1038/nrn3135 [PubMed: 22095065]

Scullin MK et al. Using smartphone technology to improve prospective memory functioning:

A randomized controlled trial. Journal of the American Geriatrics Society 70, 459—-469 (2022).
10.1111/jgs.17551 [PubMed: 34786698]

Wolters FJ et al. Twenty-seven-year time trends in dementia incidence in Europe and the

United States: The Alzheimer Cohorts Consortium. Neurology 95, €519-e531 (2020). 10.1212/
WNL.0000000000010022 [PubMed: 32611641]

Gerstorf D et al. Today’s Older Adults Are Cognitively Fitter Than Older Adults Were 20 Years
Ago, but When and How They Decline Is No Different Than in the Past. Psychological Science 34,
22-34 (2023). 10.1177/09567976221118541 [PubMed: 36282991]

Charness N & Boot WR A Grand Challenge for Psychology: Reducing the Age-

related Digital Divide. Current Directions in Psychological Science 31, 187-193 (2022).
10.1177/09637214211068144 [PubMed: 35754678]

Lu X, Yao Y & Jin Y Digital exclusion and functional dependence in older people:

Findings from five longitudinal cohort studies. EClinicalMedicine 54, 101708 (2022). 10.1016/
j.eclinm.2022.101708 [PubMed: 36353265]

Hong YA & Cho J Has the Digital Health Divide Widened? Trends of Health-Related Internet Use
Among Older Adults From 2003 to 2011. The Journals of Gerontology. Series B, Psychological
Sciences and Social Sciences 72, 856-863 (2017). 10.1093/geronb/gbw100 [PubMed: 27558403]
Benge JF et al. The smartphone in the memory clinic: A study of patient and care partner’s
utilisation habits. Neuropsychol Rehabil 30, 101-115 (2020). 10.1080/09602011.2018.1459307
[PubMed: 29661059]

Kivimaki M et al. Association between socioeconomic status and the development of mental and
physical health conditions in adulthood: a multi-cohort study. The Lancet. Public Health 5, e140-
€149 (2020). 10.1016/S2468-2667(19)30248-8 [PubMed: 32007134]

Salathé M et al. Digital Epidemiology. PLOS Computational Biology 8, €1002616 (2012).
10.1371/journal.pcbi.1002616 [PubMed: 22844241]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Page 17

Kléppel S, Brill E, Frisoni GB, Aarsland D & Klusmann-WeiRRkopf V Value-based motivational
strategies combined with technology to encourage a lifestyle that helps to prevent dementia. The
Lancet Healthy Longevity 5, e443—e446 (2024). [PubMed: 38824958]

Zhan J, Liu C, Wang Z, Cai Z & He J Effects of game-based digital interventions for mental
disorders: A meta-analysis. Journal of Affective Disorders 362, 731-741 (2024). [PubMed:
39029672]

Wild D, Kydd A & Szczepura A Implementing digital skills training in care homes: a literature
review. Nursing older people 28 (2016).

Zuschnegg J et al. Effectiveness of computer-based interventions for community-dwelling people
with cognitive decline: a systematic review with meta-analyses. BMC geriatrics 23, 229 (2023).
[PubMed: 37041494]

Taylor B, Barboi C & Boustani M Passive digital markers for Alzheimer’s disease and other
related dementias: A systematic evidence review. Journal of the American Geriatrics Society 71,
2966-2974 (2023). [PubMed: 37249252]

Ha J-Y & Park H-J Effects of mobile-based cognitive interventions for the cognitive function

in the community-dwelling older adults: A systematic review and meta-analysis. Archives of
Gerontology and Geriatrics 104, 104829 (2023). [PubMed: 36215779]

Tsai YIP, Beh J, Ganderton C & Pranata A Digital interventions for healthy ageing and cognitive
health in older adults: a systematic review of mixed method studies and meta-analysis. BMC
geriatrics 24, 217 (2024). [PubMed: 38438870]

Richard E et al. Healthy ageing through internet counselling in the elderly (HATICE): a
multinational, randomised controlled trial. The Lancet Digital Health 1, e424—e434 (2019).
[PubMed: 33323224]

Sturnieks DL et al. Exergame and cognitive training for preventing falls in community-dwelling
older people: a randomized controlled trial. Nature medicine 30, 98-105 (2024).

Abdelsalam EA, Elfiky ER & Ibrahim EE Smartphone Use and Its Relation to Cognitive
Impairment and Depressive Symptoms among Elderly People. Assiut Scientific Nursing Journal
10, 196-204 (2022).

Almeida OP et al. Older Men Who Use Computers Have Lower Risk of Dementia. PLoS ONE 7,
e44239 (2012). 10.1371/journal.pone.0044239 [PubMed: 22937167]

Amini R, Chee KH, Mendieta M & Parker S Online engagement and cognitive function among
older adults. Geriatrics & Gerontology International 19, 918-923 (2019). 10.1111/ggi.13749
[PubMed: 31368165]

Berner J et al. Maintaining cognitive function with internet use: a two-country, six-year
longitudinal study. International Psychogeriatrics 31, 929-936 (2019).

Cho G, Betensky RA & Chang VW Internet usage and the prospective risk of dementia: A
population-based cohort study. Journal of the American Geriatrics Society 71, 2419-2429 (2023).
10.1111/jgs.18394 [PubMed: 37132331]

Krug R. d. R., d’Orsi E & Xavier AJ Associagdo entre 0 uso de internet e a fungéo cognitiva de
idosos, estudo longitudinal populacional Epifloripa Idoso. Revista Brasileira de Epidemiologia 22,
€190012 (2019). 10.1590/1980-549720190012 [PubMed: 30892475]

d’Orsi E et al. Is use of the internet in midlife associated with lower dementia incidence? Results
from the English Longitudinal Study of Ageing. Aging & Mental Health 22, 1525-1533 (2018).
10.1080/13607863.2017.1360840 [PubMed: 28795579]

Ferreira N, Owen A, Mohan A, Corbett A & Ballard C Associations between cognitively
stimulating leisure activities, cognitive function and age-related cognitive decline: Associations
between lifestyle factors and cognition. International Journal of Geriatric Psychiatry 30, 422—-430
(2015). 10.1002/gps.4155 [PubMed: 24989949]

Geda YE et al. Engaging in Cognitive Activities, Aging, and Mild Cognitive Impairment: A
Population-Based Study. The Journal of Neuropsychiatry and Clinical Neurosciences 23, 149-154
(2011). 10.1176/jnp.23.2.jnp149 [PubMed: 21677242]

Howard EP et al. Short-Term Lifestyle Strategies for Sustaining Cognitive Status. BioMed
Research International 2016, 1-8 (2016). 10.1155/2016/7405748

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Page 18

Ihle A, Bavelier D, Maurer J, Oris M & Kliegel M Internet use in old age predicts smaller cognitive
decline only in men. Scientific Reports 10, 8969 (2020). 10.1038/s41598-020-65846-9 [PubMed:
32488153]

Jin'Y, Jing M & Ma X Effects of Digital Device Ownership on Cognitive Decline in a Middle-
Aged and Elderly Population: Longitudinal Observational Study. Journal of Medical Internet
Research 21, 14210 (2019). 10.2196/14210 [PubMed: 31359864]

Kamin ST & Lang FR Internet Use and Cognitive Functioning in Late Adulthood: Longitudinal
Findings from the Survey of Health, Ageing and Retirement in Europe (SHARE). The Journals of
Gerontology: Series B (2018). 10.1093/geronb/ghy123

Kesse-Guyot E et al. Cross-Sectional and Longitudinal Associations of Different Sedentary
Behaviors with Cognitive Performance in Older Adults. PLoS ONE 7, e47831 (2012). 10.1371/
journal.pone.0047831 [PubMed: 23082222]

Krell-Roesch J et al. Quantity and quality of mental activities and the risk of incident

mild cognitive impairment. Neurology 93, e548-e558 (2019). 10.1212/WNL.0000000000007897
[PubMed: 31292224]

Kurita S et al. Computer use and cognitive decline among Japanese older adults: A

prospective cohort study. Archives of Gerontology and Geriatrics 97, 104488 (2021). 10.1016/
j.archger.2021.104488 [PubMed: 34332236]

Li Y, Han WJ & Hu M Does internet access make a difference for older adults’ cognition in urban
China? The moderating role of living arrangements. Health & Social Care in the Community 30
(2022). 10.1111/hsc.13493

Li W, Yue L & Xiao S Association Between Internet Use, Cognitive Function, and Globus Pallidus
Volumes: A Study Among the Elderly in Chinese Communities. Frontiers in Public Health 10,
886974 (2022). 10.3389/fpubh.2022.886974 [PubMed: 35646776]

Lu Y et al. Dietary Intake of Nutrients and Lifestyle Affect the Risk of Mild Cognitive Impairment
in the Chinese Elderly Population: A Cross-Sectional Study. Frontiers in Behavioral Neuroscience
10 (2016). 10.3389/fnbeh.2016.00229

Mariano J, Marques S, Ramos MR & de Vries H Internet use by middle-aged and older adults:
Longitudinal relationships with functional ability, social support, and self-perceptions of aging.
Psychology and Aging 36, 983-995 (2021). 10.1037/pag0000643 [PubMed: 34498895]

Morikawa M et al. Association of social isolation and smartphone use on cognitive functions.
Archives of Gerontology and Geriatrics 101, 104706 (2022). 10.1016/j.archger.2022.104706
[PubMed: 35490476]

Ng TP, Lim ML, Niti M & Collinson S Long-term digital mobile phone use and cognitive decline
in the elderly. Bioelectromagnetics 33, 176-185 (2012). 10.1002/bem.20698 [PubMed: 25929484]
Park S & Kim B Readiness for utilizing digital intervention: Patterns of internet use among

older adults with diabetes. Primary Care Diabetes 14, 692-697 (2020). 10.1016/j.pcd.2020.08.005
[PubMed: 32839128]

Qi S, SunYY, Yin P, Zhang H & Wang Z Mobile Phone Use and Cognitive Impairment among
Elderly Chinese: A National Cross-Sectional Survey Study. International Journal of Environmental
Research and Public Health 18, 5695 (2021). 10.3390/ijerph18115695 [PubMed: 34073323]

Quialheiro A et al. Can internet use reduce the incidence of cognitive impairment? Analysis of the
EpiFloripa Aging Cohort Study (2009-2019). Preventive Medicine 154, 106904 (2022). 10.1016/
j.ypmed.2021.106904 [PubMed: 34863810]

Raichlen DA et al. Leisure-time sedentary behaviors are differentially associated with all-cause
dementia regardless of engagement in physical activity. Proceedings of the National Academy of
Sciences of the United States of America 119, 2206931119 (2022). 10.1073/pnas.2206931119
[PubMed: 35994664]

Slegers K, van Boxtel MPJ & Jolles J Computer use in older adults: Determinants and the
relationship with cognitive change over a 6year episode. Computers in Human Behavior 28, 1-10
(2012). 10.1016/j.chb.2011.08.003

Sommerlad A et al. Leisure activity participation and risk of dementia: An 18-year follow-up of
the Whitehall 11 Study. Neurology 95, e2803-e2815 (2020). 10.1212/WNL.0000000000010966
[PubMed: 33115773]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Page 19

Su N et al. The Relationship between the Lifestyle of the Elderly in Shanghai Communities and
Mild Cognitive Impairment. 29 (2017).

Tun PA & Lachman ME The association between computer use and cognition across adulthood:
Use it so you won’t lose it? Psychology and Aging 25, 560-568 (2010). 10.1037/a0019543
[PubMed: 20677884]

Wu Y-H, Lewis M & Rigaud A-S Cognitive Function and Digital Device Use in Older Adults
Attending a Memory Clinic. Gerontology and Geriatric Medicine 5, 233372141984488 (2019).
10.1177/2333721419844886

Choi EY, Wisniewski KM & Zelinski EM Information and Communication Technology Use in
Older Adults: A Unidirectional or Bi-directional Association with Cognitive Function? Computers
in Human Behavior 121, 106813 (2021). 10.1016/j.chb.2021.106813 [PubMed: 33986562]

Green CP, Mao L & O’Sullivan V Internet usage and the cognitive function of retirees. Journal of
economic behavior & organization 190, 747-767 (2021).

Hartanto A et al. Cognitive, social, emotional, and subjective health benefits of computer use in
adults: A 9-year longitudinal study from the Midlife in the United States (MIDUS). Computers in
Human Behavior 104, 106179 (2020). 10.1016/j.chb.2019.106179

Huxhold O, Hees E & Webster NJ Towards bridging the grey digital divide: changes in internet
access and its predictors from 2002 to 2014 in Germany. European Journal of Ageing 17, 271-280
(2020). [PubMed: 32904732]

Krakovska O et al. Healthy memory aging - the benefits of regular daily activities increase with
age. Aging 13, 2564325652 (2021). 10.18632/aging.203753 [PubMed: 34915450]

Krell-Roesch J et al. Association Between Mentally Stimulating Activities in Late Life and the
Outcome of Incident Mild Cognitive Impairment, With an Analysis of the APOE e4 Genotype.
JAMA Neurology 74, 332 (2017). 10.1001/jamaneurol.2016.3822 [PubMed: 28135351]

LaMonica HM et al. Examining Internet and eHealth Practices and Preferences: Survey Study
of Australian Older Adults With Subjective Memory Complaints, Mild Cognitive Impairment, or
Dementia. Journal of Medical Internet Research 19, e358 (2017). 10.2196/jmir.7981 [PubMed:
29070481]

Li W, Sun L & Xiao S Prevalence, Incidence, Influence Factors, and Cognitive Characteristics of
Amnestic Mild Cognitive Impairment Among Older Adult: A 1-Year Follow-Up Study in China.
Frontiers in Psychiatry 11, 75 (2020). 10.3389/fpsyt.2020.00075 [PubMed: 32184742]

Ling L, Tsuji T, Nagamine Y, Miyaguni Y & Kondo K [Types and number of hobbies

and incidence of dementia among older adults: A six-year longitudinal study from the Japan
Gerontological Evaluation Study (JAGES)]. [Nihon Koshu Eisei Zasshi] Japanese Journal of
Public Health 67, 800-810 (2020). 10.11236/jph.67.11_800 [PubMed: 33361687]

Morikawa M et al. Information and Communication Technology Use for Alleviation of Disability
Onset in Socially Isolated Older Adults: A Longitudinal Cohort Study. Gerontology 69, 641-649
(2023). 10.1159/000528134 [PubMed: 36587607]

Roberts RO et al. Risk and protective factors for cognitive impairment in persons aged 85 years and
older. Neurology 84, 1854-1861 (2015). 10.1212/WNL.0000000000001537 [PubMed: 25854867]

Shin SH, Park S, Wright C, D’Astous VA & Kim G The Role of Polygenic Score and Cognitive
Activity in Cognitive Functioning Among Older Adults. The Gerontologist 61, 319-329 (2021).
10.1093/geront/gnaa073 [PubMed: 32564085]

Takeuchi H & Kawashima R A Prospective Study on the Relationship Between Driving and
Non-occupational Computer Use With Risk of Dementia. Frontiers in Aging Neuroscience 14,
854177 (2022). 10.3389/fnagi.2022.854177 [PubMed: 35651532]

Wang T et al. Prevalence, Incidence, Risk and Protective Factors of Amnestic Mild Cognitive
Impairment in the Elderly in Shanghai. Current Alzheimer Research 14, 460-466 (2017).
10.2174/1567205013666161122094208 [PubMed: 27875948]

Williams BD, Pendleton N & Chandola T Cognitively stimulating activities and risk of probable
dementia or cognitive impairment in the English Longitudinal Study of Ageing. SSM - population
health 12, 100656 (2020). 10.1016/j.ssmph.2020.100656 [PubMed: 32984495]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin Page 20

99. Woods SP, Thompson JL & Benge JF Computer use: a protective factor for cognition in aging
and HIV disease? Aging Clinical and Experimental Research 35, 1711-1720 (2023). 10.1007/
540520-023-02449-0 [PubMed: 37278938]

100. Xavier AJ et al. English Longitudinal Study of Aging: can Internet/E-mail use reduce cognitive
decline? The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences 69,
1117-1121 (2014). 10.1093/gerona/glu105 [PubMed: 25116923]

101. Yu X, Mu A, Wu X & Zhou L Impact of Internet Use on Cognitive Decline in Middle-Aged and
Older Adults in China: Longitudinal Observational Study. Journal of Medical Internet Research
24, e25760 (2022). 10.2196/25760 [PubMed: 35072642]

102. Zhang S, Boot WR & Charness N Does Computer Use Improve Older Adults’ Cognitive
Functioning? Evidence From the Personal Reminder Information and Social Management Trial.
The Gerontologist 62, 1063-1070 (2022). 10.1093/geront/gnab188 [PubMed: 34940841]

103. Wu Z et al. Lifestyle enrichment in later life and its association with dementia risk. JAMA
Network Open 6, €2323690-e2323690 (2023). [PubMed: 37450299]

104. Augner C Digital divide in elderly: Self-rated computer skills are associated with higher
education, better cognitive abilities and increased mental health. The European Journal of
Psychiatry 36, 176-181 (2022).

105. Calhoun D & Lee SB Computer usage and cognitive capability of older adults: Analysis of data
from the Health and Retirement Study. Educational Gerontology 45, 22-33 (2019).

106. Kim YK & Han SH Internet Use and Cognitive Functioning in Later Life: Focus on Asymmetric
Effects and Contextual Factors. The Gerontologist 62, 425-435 (2022). 10.1093/geront/gnab149
[PubMed: 34614179]

107. Levy H, Janke AT & Langa KM Health literacy and the digital divide among older Americans.
Journal of general internal medicine 30, 284-289 (2015). [PubMed: 25387437]

108. Macdonald B & Hilir G Internet adoption in older adults: Findings from the health and
retirement study. Cyberpsychology, Behavior, and Social Networking 24, 101-107 (2021).
[PubMed: 33170035]

109. Shi J. g., Liu M, Fu G & Dai X Internet use among older adults: determinants of usage and
impacts on individuals’ well-being. Computers in Human Behavior 139, 107538 (2023).

110. Silbert LC et al. Less daily computer use is related to smaller hippocampal volumes in cognitively
intact elderly. Journal of Alzheimer’s Disease 52, 713-717 (2016).

111. Kurita S et al. Cognitive activity in a sitting position is protectively associated with cognitive
impairment among older adults. Geriatrics & Gerontology International 19, 98-102 (2019).
10.1111/ggi.13532 [PubMed: 30276939]

112. Atlas A, Muru-Lanning M, Moyes S, Kerse N & Jatrana S Cell phone and technology use by
octogenarians. Journal of primary health care 12, 35-40 (2020). [PubMed: 32223848]

113. Bernstein JPK et al. Passively-measured routine home computer activity and application use
can detect mild cognitive impairment and correlate with important cognitive functions in older
adulthood. Journal of Alzheimer’s Disease 81, 1053-1064 (2021).

114. Bertocchi FM, De Oliveira AC, Lucchetti G & Lucchetti ALG Smartphone use, digital addiction
and physical and mental health in community-dwelling older adults: a population-based survey.
Journal of medical systems 46, 53 (2022). [PubMed: 35716194]

115. Bordone V, Scherbov S & Steiber N Smarter every day: The deceleration of population ageing in
terms of cognition. Intelligence 52, 90-96 (2015).

116. Cansino S et al. Mediators of episodic memory decay across the adult life span. Scientific Reports
8, 2610 (2018). [PubMed: 29422554]

117. Doi T et al. Cognitive activities and instrumental activity of daily living in older adults with mild
cognitive impairment. Dementia and Geriatric Cognitive Disorders Extra 3, 398-406 (2013).
[PubMed: 24348501]

118. Fazeli PL, Ross LA, Vance DE & Ball K The relationship between computer experience and
computerized cognitive test performance among older adults. Journals of Gerontology Series B:
Psychological Sciences and Social Sciences 68, 337-346 (2013). [PubMed: 22929395]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

Page 21

Ghaiumy Anaraky R, Schuster AM & Cotten SR Can Changes in Older Adults’ Technology Use
Patterns Be Used to Detect Cognitive Decline? The Gerontologist 64, gnad158 (2024). [PubMed:
37974489]

Hatzifilalithis S, Chrysochoou E, Pavlidis G & Vivas AB Online social networking and cognitive
performance in older adults: A Greek-Canadian study. Psychology: the Journal of the Hellenic
Psychological Society 22, 43-53 (2017).

Hopkins EG et al. Network of mental activities, cognitive function and depression in older men
and women. Journal of Psychiatric Research 162, 113-122 (2023). [PubMed: 37148602]

James BD, Boyle PA, Yu L & Bennett DA Internet use and decision making in community-based
older adults. Frontiers in Psychology 4, 605 (2013). [PubMed: 24578696]

Khoo SS & Yang H Social media use improves executive functions in middle-aged and older
adults: A structural equation modeling analysis. Computers in Human Behavior 111, 106388
(2020).

Kim H & Kim J The impact of senior citizens’ use of online social networks on their cognitive
function. International Journal of Research Studies in Educational Technology 3 (2014).

Lee J & Kim G Self-reported sensory impairment and social participation among Korean older
adults: mediating roles of cognitive function and digital technology use. Aging & mental health,
1-9 (2024).

Lin L et al. Mobile device use and the cognitive function and depressive symptoms of older adults
living in residential care homes. BMC geriatrics 20, 1-8 (2020).

Liu X, Wang X, Zhang H, Pei M & Li N Relationship between digital exclusion and cognitive
impairment in Chinese adults. Frontiers in Aging Neuroscience 15, 1194348 (2023). [PubMed:
37465320]

Ramos H, Alacreu M, Guerrero MD, Sanchez R & Moreno L Lifestyle variables such as

daily internet use, as promising protective factors against cognitive impairment in patients with
subjective memory complaints. Preliminary results. Journal of Personalized Medicine 11, 1366
(2021). [PubMed: 34945838]

Raven MC et al. Mobile phone, computer, and internet use among older homeless adults: results
from the HOPE HOME cohort study. JMIR mHealth and uHealth 6, 10049 (2018). [PubMed:
30530464]

Shimokihara S et al. Smartphone Proficiency in Community-Dwelling Older Adults is Associated
With Higher-Level Competence and Physical Function: A Population-Based Age-Specific Cross-
Sectional Study. Journal of Applied Gerontology, 07334648241261885 (2024).

Sundararaman V & Kumari GS Digital technology usage and cognitive functioning in older
adults. Indian Journal of Gerontology 35, 126-136 (2021).

Yuan M et al. Joint associations of smartphone use and gender on multidimensional cognitive
health among community-dwelling older adults: a cross-sectional study. BMC geriatrics 19, 1-10
(2019). [PubMed: 30606112]

Yildirim E & Ogel-Balaban H Cognitive functions among healthy older adults using online social
networking. Applied Neuropsychology: Adult 30, 401-408 (2023). [PubMed: 34310244]

Yeung DY, Chow LC, Ho AKK & Chung EKH The effect of information and communications
technology use on the well-being of older Hong Kong Chinese adults. Educational Gerontology
49, 710-725 (2023).

Xia X et al. Effect of Internet Use on Cognitive Function of Middle-Aged and Elderly Adults in
China: Evidence from China Family Panel Studies. Journal of Alzheimer’s Disease Reports 8,
387-397 (2024).

Wang Y et al. Digital exclusion and cognitive impairment in older people: findings from five
longitudinal studies. BMC geriatrics 24, 406 (2024). [PubMed: 38714939]

Almeida-Meza P, Steptoe A & Cadar D Is Engagement in Intellectual and Social Leisure
Activities Protective Against Dementia Risk? Evidence from the English Longitudinal Study

of Ageing. Journal of Alzheimer’s Disease 80, 555-565 (2021). 10.3233/JAD-200952

Anatiirk M, Suri S, Smith SM, Ebmeier KP & Sexton CE Leisure activities and their relationship
with MRI measures of brain structure, functional connectivity, and cognition in the UK Biobank
cohort. Frontiers in Aging Neuroscience 13, 734866 (2021). [PubMed: 34867271]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

Page 22

139. Anderberg P, Skéar L, Abrahamsson L & Berglund JS Older people’s use and nonuse of the
internet in Sweden. International journal of environmental research and public health 17, 9050
(2020). [PubMed: 33291654]

140. Bakrania K et al. Associations between sedentary behaviors and cognitive function: cross-
sectional and prospective findings from the UK biobank. American journal of epidemiology
187, 441-454 (2018). [PubMed: 28992036]

141. Cansino S et al. Predictors of source memory success and failure in older adults. Frontiers in
Aging Neuroscience 11, 17 (2019). [PubMed: 30804777]

142. Chen Q, Ji H & Shang Q The association between the diversity of online activities on
smartphones and cognitive function among middle-aged and elderly Chinese adults. BMC Public
Health 24, 547 (2024). [PubMed: 38383336]

143. Czaja SJ et al. Factors predicting the use of technology: findings from the Center for Research
and Education on Aging and Technology Enhancement (CREATE). Psychol Aging 21, 333-352
(2006). 10.1037/0882-7974.21.2.333 [PubMed: 16768579]

144. Elliot AJ, Mooney CJ, Douthit KZ & Lynch MF Predictors of older adults’ technology use and
its relationship to depressive symptoms and well-being. J Gerontol B Psychol Sci Soc Sci 69,
667-677 (2014). [PubMed: 24304556]

145. Geda YE et al. Computer activities, physical exercise, aging, and mild cognitive impairment: a
population-based study. Mayo Clin Proc 87, 437-442 (2012). [PubMed: 22560523]

146. Gil-Peinado M et al. The A-to-Z factors associated with cognitive impairment. Results of the
DeCo study. Frontiers in Psychology 14, 1152527 (2023). [PubMed: 37408963]

147. Hamer M & Stamatakis E Prospective study of sedentary behavior, risk of depression, and
cognitive impairment. Medicine and science in sports and exercise 46, 718 (2014). [PubMed:
24121248]

148. Hong JW, Nam YJ, Hong S & Roh HW Mediating effect of depressive symptoms on
the relationship between digital literacy and cognitive function in older adults. Frontiers in
Psychiatry 14, 1248347 (2023). [PubMed: 37810594]

149. lvleva V, Kairys A & Jurkuvénas V Internet Use, Leisure Activities, and Memory Performance
Among 65+ Residents of Baltic States. Socialiné teorija, empirija, politika ir praktika, 84—99
(2023).

150. Jia Z, Gao Y, Zhao L & Han S Longitudinal relationship between cognitive function and health-
related quality of life among middle-aged and older patients with diabetes in China: Digital
usage behavior differences. International Journal of Environmental Research and Public Health
19, 12400 (2022). [PubMed: 36231699]

151. Jiang Y & Yang F Association between internet use and successful aging of older Chinese
women: a cross-sectional study. BMC geriatrics 22, 536 (2022). [PubMed: 35764930]

152. Kamin ST, Seifert A & Lang FR Participation in activities mediates the effect of Internet use
on cognitive functioning in old age. International psychogeriatrics 33, 83-88 (2021). [PubMed:
33190668]

153. Katayama O et al. Differences in Subjective and Objective Cognitive Decline Outcomes Are
Associated with Modifiable Protective Factors: A 4-Year Longitudinal Study. Journal of Clinical
Medicine 11, 7441 (2022). [PubMed: 36556055]

154. Kaye J et al. Unobtrusive measurement of daily computer use to detect mild cognitive
impairment. Alzheimer’s & Dementia 10, 10-17 (2014).

155. Kim YK & Ang S Older adults with functional limitations and their use of telehealth during
COVID-19. Research on Aging 45, 609-619 (2023). [PubMed: 36562247]

156. Kim YK, Ang S & Fingerman KL Older adults’ and family caregivers’ technological
arrangements on risk of institutionalization. Work, Aging and Retirement 10, 51-56 (2024).
[PubMed: 38196826]

157. Kim J & Cha E Predictors of cognitive function in community-dwelling older adults by age
group: based on the 2017 national survey of older Korean adults. International Journal of
Environmental Research and Public Health 18, 9600 (2021). [PubMed: 34574523]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

Page 23

158. Krug R. d. R., Xavier AJ & d’Orsi E Factors associated with maintenance of the use of
internet, EpiFloripa Idoso longitudinal study. Revista de Sadde Publica 52, 37 (2018). [PubMed:
29641661]

159. Lee J & Tak SH The effects of digital literacy and the frequency of contact with children or
grandchildren via ICT on the cognitive function of the elderly. 3 = = 14 8 40, 413-428 (2020).

160. Levine DM, Lipsitz SR & Linder JA Changes in everyday and digital health technology use
among seniors in declining health. The Journals of Gerontology: Series A 73, 552-559 (2018).

161. Li P et al. Association Between Daily Internet Use and Incidence of Chronic Diseases Among
Older Adults: Prospective Cohort Study. Journal of Medical Internet Research 25, e46298 (2023).
[PubMed: 37459155]

162. Liang C, Subramaniam P, Mohd Ridzwan Goh NS, Kok Wai T & Moustafa AA 21 edn 2822
(MDPI).

163. Liu J, Peng J, Chen M & Zhang T Mediating and Moderating Effects of Internet Use on Urban-
Rural Disparities in Health Among Older Adults: Nationally Representative Cross-Sectional
Survey in China. Journal of Medical Internet Research 25, e45343 (2023). [PubMed: 37768721]

164. Lu T, Wang L, Zheng Y, Liu H & Liu J Entertainment activities and the risk of Alzheimer’s
disease: a Mendelian randomization analysis. Frontiers in Aging Neuroscience 16, 1419317
(2024). [PubMed: 38894851]

165. Martino P et al. Predictores del rendimiento neurocognitivo en una gran muestra de adultos
mayores argentinos. Neurologia Argentina 15, 183-190 (2023).

166. Muurling M et al. Assessment of social behavior using a passive monitoring app in cognitively
normal and cognitively impaired older adults: observational study. JMIR aging 5, e33856 (2022).
[PubMed: 35594063]

167. Oh E-A & Bae S-M The relationship between the digital literacy and healthy aging of the elderly
in Korea. Current Psychology 43, 16160-16169 (2024).

168. Park S, Choi B, Choi C, Kang JM & Lee J-Y Relationship between education, leisure activities,
and cognitive functions in older adults. Aging & mental health 23, 1651-1660 (2019). [PubMed:
30350714]

169. Paolillo EW et al. Examining Associations Between Smartphone Use and Clinical Severity in
Frontotemporal Dementia: Proof-of-Concept Study. JIMIR aging 7, €52831 (2024). [PubMed:
38922667]

170. Resor J, Cooke S & Katz B The role of social communication technologies in cognition and affect
in older adults. Ageing & Society 43, 24-52 (2023).

171. Slegers K, van Boxtel M & Jolles J Effects of computer training and internet usage on cognitive
abilities in older adults: A randomized controlled study. Aging clinical and experimental research
21, 43-54 (2009). [PubMed: 19225269]

172. Sun Y et al. Cognitive Activities, Lifestyle Factors, and Risk of Cognitive Impairment, with
an Analysis of the Apolipoprotein Epsilon 4 Genotype. Gerontology 69, 1137-1146 (2023).
[PubMed: 37276850]

173. Umemuro H Computer attitudes, cognitive abilities, and technology usage among older Japanese
adults. Gerontechnology (2004).

174. Wan X, Lighthall NR & Roque N Predictors of technology use: Evidence from elite older adults.
Activities, Adaptation & Aging, 1-22 (2023).

175. Wang K, Chen XS, Kang S-Y, Smith BD & Gu D Older adults’ online activities and cognition:
Investigating the psychological mechanisms and age and gender differences. Social Science &
Medicine 352, 116988 (2024). [PubMed: 38820692]

176. Wu H et al. Different types of screen time, physical activity, and incident dementia, Parkinson’s
disease, depression and multimorbidity status. International Journal of Behavioral Nutrition and
Physical Activity 20, 130 (2023). [PubMed: 37924067]

177. Xu C et al. Associations between Recreational Screen Time and Brain Health in Middle-Aged
and Older Adults: A Large Prospective Cohort Study. Journal of the American Medical Directors
Association, 104990 (2024). [PubMed: 38642587]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

Page 24

178. Yang S et al. Variety and duration of different sedentary behaviors, inflammation, genetic
susceptibility, and new-onset dementia in the older population. Journal of the American Medical
Directors Association 24, 1396-1404 (2023). [PubMed: 37451311]

179. Yu D & Fiebig DG Internet use and cognition among middle-aged and older adults in China: A
cross-lagged panel analysis. The Journal of the Economics of Ageing 17, 100262 (2020).

180. Yuan S et al. Associations of screen-based sedentary activities with all cause dementia,
Alzheimer’s disease, vascular dementia: a longitudinal study based on 462,524 participants from
the UK Biobank. BMC Public Health 23, 2141 (2023). [PubMed: 37919716]

181. Yuan M et al. Associations between modifiable lifestyle factors and multidimensional cognitive
health among community-dwelling old adults: stratified by educational level. International
Psychogeriatrics 30, 1465-1476 (2018). [PubMed: 29444740]

182. Yue L, Chen W. g., Liu S. c., Chen S. b. & Xiao S-f. An explainable machine learning based
prediction model for Alzheimer’s disease in China longitudinal aging study. Frontiers in Aging
Neuroscience 15, 1267020 (2023). [PubMed: 38020780]

183. Zhang C, Wang Y, Wang J & Liu X Does internet use promote mental health among middle-aged
and older adults in China? Frontiers in Psychology 13, 999498 (2022). [PubMed: 36457930]

184. Zhou Y et al. WeChat usage and preservation of cognitive functions in middle-aged and older
Chinese adults: indications from a nationally representative survey, 2018-2020. BMC Public
Health 24, 1783 (2024). [PubMed: 38965535]

185. Zhou W, Cho Y, Shang S & Jiang Y Use of digital health technology among older adults with
Cancer in the United States: findings from a National Longitudinal Cohort Study (2015-2021).
Journal of Medical Internet Research 25, e46721 (2023). [PubMed: 37256672]

186. Zhuang Z et al. Leisure-Time Television Viewing and Computer Use, Family History, and
Incidence of Dementia. Neuroepidemiology 57, 304-315 (2023). [PubMed: 37717571]

187. Zhou Y et al. Association between social participation and cognitive function among middle-and
old-aged Chinese: A fixed-effects analysis. Journal of Global Health 10 (2020).

188. Tan WY, Hargreaves CA, Kandiah N & Hilal S Association of Multi-Domain Factors with
Cognition in the UK Biobank Study. The Journal of Prevention of Alzheimer’s Disease 11, 13-21
(2024).

189. Peters R et al. Blood pressure lowering and prevention of dementia: an individual patient
data meta-analysis. European Heart Journal 43, 4980-4990 (2022). 10.1093/eurheartj/ehac584
[PubMed: 36282295]

190. Santos-Lozano A et al. Physical Activity and Alzheimer Disease: A Protective Association. Mayo
Clinic Proceedings 91, 999-1020 (2016). 10.1016/j.mayocp.2016.04.024 [PubMed: 27492909]

191. Meng X & D’Arcy C Education and Dementia in the Context of the Cognitive Reserve
Hypothesis: A Systematic Review with Meta-Analyses and Qualitative Analyses. PLOS ONE
7,e38268 (2012). 10.1371/journal.pone.0038268 [PubMed: 22675535]

192. Yates LA, Ziser S, Spector A & Orrell M Cognitive leisure activities and future risk of cognitive
impairment and dementia: systematic review and meta-analysis. International Psychogeriatrics
28, 1791-1806 (2016). 10.1017/S1041610216001137 [PubMed: 27502691]

193. Neves BB & Vetere F Ageing and digital technology. Designing and Evaluating Emerging
Technologies for Older Adults, 1-14 (2019).

194. Zhang S & Boot WR Predicting Older Adults’ Continued Computer Use after Initial Adoption.
Innovation in Aging, igad029 (2023). [PubMed: 37197443]

195. Venkatesh VV & Davis FD A theoretical extension of the technology acceptance model: Four
longitudinal field studies. Management science 46, 186—-204 (2000).

196. Roberts | & Ker K How systematic reviews cause research waste. The Lancet 386, 1536 (2015).

197. De Graaf M, Ben Allouch S & Van Dijk J in Proceedings of the 2017 ACM/IEEE international
conference on human-robot interaction. 224-233.

198. Freese J, Rivas S & Hargittai E Cognitive ability and Internet use among older adults. Poetics 34,
236-249 (2006).

199. Berner J, Aartsen M & Deeg D Predictors in starting and stopping Internet use between 2002
and 2012 by Dutch adults 65 years and older. Health informatics journal 25, 715-730 (2019).
[PubMed: 28747085]

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

Page 25

200. Wieczorek M et al. Cognitive functioning and sustained internet use amid the COVID-19
pandemic: longitudinal evidence from older adults in Switzerland. Scientific Reports 14, 18815
(2024). [PubMed: 39138356]

201. Heponiemi T et al. Predicting internet use and digital competence among older adults using
performance tests of visual, physical, and cognitive functioning: longitudinal population-based
study. Journal of Medical Internet Research 25, e42287 (2023). [PubMed: 37145836]

202. Beattie Z et al. The Collaborative Aging Research Using Technology Initiative: An Open,
Sharable, Technology-Agnostic Platform for the Research Community. Digital Biomarkers 4,
100-118 (2020). 10.1159/000512208 [PubMed: 33442584]

203. Kourtis LC, Regele OB, Wright JM & Jones GB Digital biomarkers for Alzheimer’s
disease: the mobile/ wearable devices opportunity. NPJ digital medicine 2, 9 (2019). 10.1038/
s41746-019-0084-2 [PubMed: 31119198]

204. Rauber J, Fox EB & Gatys LA (arXiv, 2019).

205. Wild K et al. Online monitoring of financial capacity in older adults: Feasibility and initial
findings. Alzheimer’s & Dementia (Amsterdam, Netherlands) 14, e12282 (2022). 10.1002/
dad2.12282

206. Parikh PK, Troyer AK, Maione AM & Murphy KJ The impact of memory change on daily life in
normal aging and mild cognitive impairment. The Gerontologist 56, 877-885 (2016). [PubMed:
26035897]

207. Beauchet O et al. Poor Gait Performance and Prediction of Dementia: Results From a Meta-
Analysis. Journal of the American Medical Directors Association 17, 482-490 (2016). 10.1016/
j-jamda.2015.12.092 [PubMed: 26852960]

208. Abbott RD et al. Walking and dementia in physically capable elderly men. JAMA 292, 1447-
1453 (2004). 10.1001/jama.292.12.1447 [PubMed: 15383515]

209. Small GW, Moody TD, Siddarth P & Bookheimer SY Your brain on Google: patterns of cerebral
activation during internet searching. The American Journal of Geriatric Psychiatry 17, 116-126
(2009). [PubMed: 19155745]

210. Yoshida D et al. The relationship between atrophy of the medial temporal area and daily activities
in older adults with mild cognitive impairment. Aging Clinical and Experimental Research 24,
423-429 (2012). [PubMed: 22395286]

211. Rolls ET, Feng R & Feng J Lifestyle risks associated with brain functional connectivity and
structure. Human brain mapping 44, 2479-2492 (2023). [PubMed: 36799566]

212. Chan MY, Haber S, Drew LM & Park DC Training Older Adults to Use Tablet Computers: Does
It Enhance Cognitive Function? The Gerontologist 56, 475-484 (2016). 10.1093/geront/gnu057
[PubMed: 24928557]

213. Givon Schaham N, Buckman Z & Rand D TECH preserves global cognition of older adults
with MCI compared with a control group: a randomized controlled trial. Aging Clinical and
Experimental Research 36, 1 (2024). [PubMed: 38252189]

214. Myhre JW, Mehl MR & Glisky EL Cognitive benefits of online social networking for healthy
older adults. Journals of Gerontology Series B: Psychological Sciences and Social Sciences 72,
752-760 (2017). [PubMed: 26984523]

215. Sautter SW, Ord AS, Azher A, Chidester A & Aravich PF Benefits of computer engagement in
older adults with dementia. Gerontology and Geriatric Medicine 7, 2333721421992996 (2021).

216. Krug R. d. R. et al. Cognitive cooperation groups mediated by computers and internet present
significant improvement of cognitive status in older adults with memory complaints: a controlled
prospective study. Arquivos de neuro-psiquiatria 75, 228-233 (2017). [PubMed: 28489142]

217. Ordonez TN, Yassuda MS & Cachioni M Elderly online: effects of a digital inclusion program
in cognitive performance. Archives of Gerontology and Geriatrics 53, 216-219 (2011). [PubMed:
21131070]

218. Lee H, Lim J-A & Nam H-K Effect of a digital literacy program on older adults’ digital social
behavior: a quasi-experimental study. International journal of environmental research and public
health 19, 12404 (2022). [PubMed: 36231707]

219. Sénchez-Nieto JM, Martinez-Maldonado M. d. I. L., Montero-Ldpez Lena M & Mendoza-NUfiez
VM Effect of a mental stimulation program of computer and internet learning on cognitive

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

Page 26

functions and wellbeing in older community-dwelling mexicans. Brain Sciences 9, 151 (2019).
[PubMed: 31252613]

Klusmann V et al. Complex mental and physical activity in older women and cognitive
performance: a 6-month randomized controlled trial. Journals of Gerontology Series A:
Biomedical Sciences and Medical Sciences 65, 680-688 (2010).

Vaportzis E, Martin M & Gow AJ A tablet for healthy ageing: the effect of a tablet computer
training intervention on cognitive abilities in older adults. The American Journal of Geriatric
Psychiatry 25, 841-851 (2017). [PubMed: 28082016]

McConatha D, McConatha JT & Dermigny R The use of interactive computer services to enhance
the quality of life for long-term care residents. The Gerontologist 34, 553-556 (1994). [PubMed:
7959116]

McConatha JT, McConatha D, Deaner SL & Dermigny R A computer-based intervention

for the education and therapy of institutionalized older adults. Educational Gerontology: An
International Quarterly 21, 129-138 (1995).

Quinn K Cognitive effects of social media use: A case of older adults. Social Media+ Society 4,
2056305118787203 (2018).

Silveira M. M. d. & Portuguez MW Effects of Computer Use on Cognition, Emotional State,
Quality of Life and Motor Skills of the Elderly. Psicologia: Teoria e Pesquisa 35, 3522 (2019).
Rute-Pérez S, Rodriguez-Dominguez C, Sanchez-Lara EM, Pérez-Garcia M & Caracuel A Does
Including Facebook Training Improve the Effectiveness of Computerized Cognitive Training? A
Randomized Controlled Trial. Clinical Rehabilitation 38, 783-792 (2024). [PubMed: 38291625]
Vaccaro R et al. Effect of a social networking site training on cognitive performance in healthy
older people and role of personality traits. results from the randomized controlled trial ageing in a
networked society-social experiment (ANS-SE) Study. Experimental aging research 48, 311-327
(2022). [PubMed: 34605378]

Djabelkhir L et al. Computerized cognitive stimulation and engagement programs in older

adults with mild cognitive impairment: comparing feasibility, acceptability, and cognitive and
psychosocial effects. Clinical Interventions in Aging, 1967-1975 (2017). [PubMed: 29200836]

Ferguson L et al. Impact of community-based technology training with low-income older adults.
Aging & Mental Health 28, 638-645 (2024). [PubMed: 37702149]

Sachdev PS Social health, social reserve and dementia. Current Opinion in Psychiatry 35, 111-
117 (2022). 10.1097/YC0O.0000000000000779 [PubMed: 35084381]

Czaja SJ, Boot WR, Charness N, Rogers WA & Sharit J Improving Social Support for

Older Adults Through Technology: Findings From the PRISM Randomized Controlled Trial.
Gerontologist 58, 467-477 (2018). 10.1093/geront/gnw249 [PubMed: 28201730]

Robbins R et al. Digital Communications Technology Use and Feelings of Anxiety, Depression,
and Loneliness Among Older Adults During the COVID-19 Pandemic. Journal of Applied
Gerontology, 07334648231169086 (2023).

Denny KG et al. A randomized control trial of a behavioral intervention for older adults
with subjective cognitive complaints that combines cognitive rehabilitation strategies and
lifestyle modifications. Neuropsychology, Development, and Cognition. Section B, Aging,
Neuropsychology and Cognition 30, 78-93 (2023). 10.1080/13825585.2021.1965530

Tomaszewski Farias S et al. The Everyday Compensation (EComp) Questionnaire: Construct
Validity and Associations with Diagnosis and Longitudinal Change in Cognition and Everyday
Function in Older Adults. Journal of the International Neuropsychological Society: JINS 26,
303-313 (2020). 10.1017/S135561771900119X [PubMed: 31668159]

Benge JF et al. Digital Methods for Performing Daily Tasks Among Older Adults: An Initial
Report of Frequency of Use and Perceived Utility. Experimental Aging Research 0, 1-22 (2023).
10.1080/0361073X.2023.2172950

McKhann GM et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations
from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer’s & Dementia 7, 263-269 (2011). 10.1016/
j.jalz.2011.03.005

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Benge and Scullin

Page 27

237. Moyle W The promise of technology in the future of dementia care. Nature Reviews Neurology
15 (2019). 10.1038/s41582-019-0188-y

238. Kiselica AM, Hermann GE, Scullin MK, Benge JF Technology that CARES: Enhancing dementia
care through everyday technologies. Alzheimer’s & Dementia (2024).

239. Sanders T et al. An umbrella review of the benefits and risks associated with youths’ interactions
with electronic screens. Nature Human Behaviour, 1-18 (2023).

240. loannidis K et al. Cognitive deficits in problematic internet use: meta-analysis of 40 studies. The
British Journal of Psychiatry 215, 639-646 (2019). [PubMed: 30784392]

241. Brashier NM & Schacter DL Aging in an era of fake news. Current directions in psychological
science 29, 316-323 (2020). [PubMed: 32968336]

242. Lee E-J & Cho E When using Facebook to avoid isolation reduces perceived social support.
Cyberpsychology, Behavior, and Social Networking 21, 32-39 (2018). [PubMed: 28650208]

243. Burton A, Cooper C, Dar A, Mathews L & Tripathi K Exploring how, why and in what contexts
older adults are at risk of financial cybercrime victimisation: A realist review. Experimental
gerontology 159, 111678 (2022). [PubMed: 34973345]

244. Sanjani FM, Bahram A, Bahmani M, Arvin M & van der Kamp J The effects of texting, sitting
surface stability, and balance training on simulated driving performance and perceived workload
in young and older drivers. Motor control 25, 1-18 (2020). [PubMed: 33004684]

245. Paulus MP et al. Screen media activity and brain structure in youth: Evidence for diverse
structural correlation networks from the ABCD study. Neurolmage 185, 140-153 (2019).
10.1016/j.neuroimage.2018.10.040 [PubMed: 30339913]

246. Coughlin SS Recall bias in epidemiologic studies. Journal of Clinical Epidemiology 43, 87-91
(1990). 10.1016/0895-4356(90)90060-3 [PubMed: 2319285]

247. Parry DA et al. A systematic review and meta-analysis of discrepancies between logged
and self-reported digital media use. Nature Human Behaviour 5, 1535-1547 (2021). 10.1038/
s41562-021-01117-5

248. Opdebeeck C, Martyr A & Clare L Cognitive reserve and cognitive function in healthy older
people: a meta-analysis. Aging, Neuropsychology, and Cognition 23, 40-60 (2016).

249. Livingston G et al. Dementia prevention, intervention, and care: 2024 report of the Lancet
standing Commission. The Lancet 404, 572-628 (2024).

250. Kiviméki M et al. Cognitive stimulation in the workplace, plasma proteins, and risk of dementia:
three analyses of population cohort studies. Bmj 374 (2021).

251. Mukadam N, Sommerlad A, Huntley J & Livingston G Population attributable fractions
for risk factors for dementia in low-income and middle-income countries: an analysis
using cross-sectional survey data. The Lancet. Global Health 7, €596-e603 (2019). 10.1016/
$2214-109X(19)30074-9 [PubMed: 31000129]

252. Scott N, Batchelor S, Ridley J & Jorgensen B The impact of mobile phones in Africa.
Commission for africa 19 (2004).

253. Heaslip V, Richer S, Simkhada B, Dogan H & Green S Use of Technology to Promote Health
and Wellbeing of People Who Are Homeless: A Systematic Review. International Journal of
Environmental Research and Public Health 18, 6845 (2021). 10.3390/ijerph18136845 [PubMed:
34202242]

254. Page MJ et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ (Clinical research ed.) 372, n71 (2021). 10.1136/bmj.n71

255. Bonnechere B, Langley C & Sahakian BJ The use of commercial computerised cognitive
games in older adults: a meta-analysis. Scientific Reports 10, 15276 (2020). 10.1038/
541598-020-72281-3 [PubMed: 32943742]

256. Mansor NS, Chow CM & Halaki M Cognitive effects of video games in older adults and their
moderators: a systematic review with meta-analysis and meta-regression. Aging & Mental Health
24, 841-856 (2020). 10.1080/13607863.2019.1574710 [PubMed: 30784296]

257. National Heart, L., and Blood Institute. Study Quality Assessment Tools, <https://
www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools> (

258. George A, Stead TS & Ganti L What’s the risk: differentiating risk ratios, odds ratios, and hazard
ratios? Cureus 12 (2020).

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Benge and Scullin Page 28

259. Higgins JP, Li T, Deeks JJ in Cochrane Handbook for Systematic Reviews of Interventions
version 6.3 (updated February 2022) (ed Higgins JP, Li T, Deeks JJ) (2022).

260. Borenstein M in Systematic Reviews in Health Research 535-548 (John Wiley & Sons, Ltd,
2022).

261. Comprehensive Meta-Analysis Version 4 (Biostat, Englewood, NJ, 2022).

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Benge and Scullin

Page 29
Records identified through Additional records identified
database searches through backward and forward
(k= 29,001) citation tracking (k = 178)
Duplicates removed
(k=3,177)

Titles and abstracts reviewed for eligibility
(k = 26,002)

|

Full-text articles assessed for eligibility
(k=592)

Studies included in narrative synthesis

l

Studies incuded in OR/HR meta-analysis
{k=57)

Figure 1. Flowchart of search methodology
Depiction of study identification and selection process

Nat Hum Behav. Author manuscript; available in PMC 2025 August 08.

Records excluded after
title/abstract screening
{k = 25,410)

Excluded from i
Systematic Review: ;
Incompatible study design, ‘
incompatible sample type, or|
incompatible outcome |
measures (k = 456) 1

|

{k=138) —

Excluded from
OR/HR Meta Analysis:
Data reported from
cohort/time-point that was
already included (k = 59),
insufficient information
available in English (k = 3),
or incompatible effect
size/samplefoutcome data
(k=17)




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Benge and Scullin

A) Almeida et al, 2012 =
Abdelsalam et al, 2022 =
Amini et al, 2019 =

Atlas et al, 2020 =

Berner et al, 2019 =4
Bernstein et al, 2021 =
Bertocchi et al, 2022 =
Bordone et al, 2015 =4
Cansino et al, 2018 =

Cho et al, 2023 =

de Rosso Krug et al, 2019 =4
Doi et al, 2013 =

d'Orsi et al., 2018 =

Fazeli et al, 2013 =

Ferreira et al, 2014 =

Geda et al, 2011 =
Ghaiumy Anaraky et al, 2024 =
Hatzifilalithis et al, 2017 =4
Hopkins et al, 2023 =
Howard et al, 2016 =

Ihle et al, 2020 =

James et al, 2013 =
Jinetal, 2019 =

Kamin & Lang, 2020 =1
Kesse-Guyot et al, 2012 =
Khoo & Yang, 2020 =

Kim & Kim 2024 =
Krell-Roesch et al, 2019 =
Kurita et al, 2019 =

Kurita et al, 2021 =

Lee & Kim, 2024 =

Li et al, 2021 =

Li et al, 2022 =

Lin et al, 2020 =

Liu et al, 2023 =

Luetal, 2016

Mariano et al, 2021 =
Morikawa et al, 2022 =

Ng et al, 2011 =4

Park et al, 2020 =

Qi et al, 2021 =

Quialheiro et al, 2022 =4
Ramos et al, 2021 =

Raven et al, 2018 =
Shimokihara et al, 2024 =
Slegers et al, 2012 =
Sundararaman et al, 2021 =
Tun & Lachman, 2010 =
Xia et al, 2024 =

B) Yeung et al, 2023 =
Yildirim, 2023 =

Yuan et al, 2019 =

Wang et al, 2024 =

Wu et al, 2019

Odds Ratio Total =

Page 30

Decreased Increased
Risk Risk
<« —>

Almeida et al, 2012 =

Cho, et al, 2023 =

d'Orsi et al, 2018 =
Krell-Roesch et al., 2019 =
Raichlen et al, 2022 =
Sommerlad et al, 2020 =
Wu et al, 2023 =

Hazard Ratio Total =

0.1

Ratios

Figure 2. Forest plot of studiesincluded in the meta-analysis
Odds ratio forest plots (k=54) (A) and hazard ratio forest plots (k=7) (B) of the relationship

between technology usage and the cognitive outcome variable. Ratios are plotted on a
log-10 scale, with values lower than 1.0 indicating that technology usage was associated
with protection against cognitive decline (decreased risk). Error bars reflect 95% confidence

intervals.
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Figure 3. Percentage of responsesto study quality elements
Structured ratings of study quality using a modified version of the observational and cohort

cross sectional quality assessment tool from the National Heart, Lung, and Blood Institute.
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Figure 4. Effect sizesas a function of potential moderators
Derived effect sizes in relation to whether the converted effect size was adjusted for (A)

socioeconomic status (SES) proxies (k=15 adjusted, k=39 not adjusted); (B) cognitive
reserve proxies (k=30 adjusted, k=24 not adjusted); (C) health and comorbidities (k=22
adjusted, k-32 not adjusted); and (D) social support variables (k=12 adjusted, k=42 not
adjusted). Odds ratios are plotted on a log-10 scale. The center bar indicates the mean value
and the error bars reflect 95% confidence intervals.
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Study Characteristics (Model 2), and Conceptual Factors (Model 3). Analyses were two-tailed, without

correction for multiple comparisons.

Table 1:
Meta Regressions of Odds Ratio Converted Effect Sizes in Relation to Sample Characteristics (Model 1),

Effect Estimate  SE 95% ClI Z-value p
LL UL
Model 1: Sample Characteristics
Intercept 0.20 0.75 -1.27 1.66 0.26 .79
Baseline Age <0.01 0.01  -0.03 0.01 -0.86 .39
Percent Female -0.01 0.01 -0.02 0.01 -1.04 .30
N of Sample? <0.01 <0.01 <0.01 <0.01 -1.55 12
Lower Middle Country Income -0.06 0.39 -0.82 0.70 -0.15 .88
Upper Middle Country Income -0.15 0.19 -0.51 0.22 -0.79 43
Model 1 Test: Q =4.94,df =5, p = 0.42
Model 2: Study Characteristics
Intercept 36.24 3493 -3222 104.70 1.04 .30
Year Data Collection Began -0.02 0.01 -0.05 0.02 -1.08 .28
Study Quality Proportion 0.43 1.23 -1.99 2.85 0.35 73
Outcome was a Diagnosis -0.16 0.47 -1.08 0.76 -0.34 74
Study used Probability Sampling -0.14 0.22 -0.57 0.30 -0.61 .54
Technology used during Data Collection -0.03 0.22 -0.46 0.40 -0.15 .88
Model 2 Test: Q =3.81,df =5, p=0.70
Model 3: Conceptual Factors
Intercept -1.02 0.14 -1.28 -0.75 -751 <01
Adjusted for Socioeconomic Factors 0.08 0.24 -0.40 0.57 0.34 74
Adjusted for Cognitive Reserve Factors 0.39 0.28 -0.15 0.94 1.43 15
Adjusted for Health Factors -0.16 0.30 -0.75 0.43 -0.53 .60
Adjusted for Social Factors -0.08 0.25 -0.57 0.40 -0.34 73

Model 3 Test: Q =2.85,df =4, p=0.58

Note. Number of studies with odds ratio effect sizes = 54 CI = confidence interval; LL = lower limit; UL = upper limit.

a - - .
Coefficient and upper/lower limits round to zero because of large sample sizes
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