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Abstract

Background and Objectives: Social isolation is a risk factor for cognitive decline and dementia. We conducted a randomized controlled clin-
ical trial (RCT) of enhanced social interactions, hypothesizing that conversational interactions can stimulate brain functions among socially
isolated older adults without dementia. \We report topline results of this multisite RCT (Internet-based conversational engagement clinical trial
[I-CONECTI]; NCT02871921).

Research Design and Methods: The experimental group received cognitively stimulating semistructured conversations with trained interview-
ers via internet/webcam 4 times per week for 6 months (induction) and twice per week for an additional 6 months (maintenance). The experi-
mental and control groups both received weekly 10 minutes telephone check-ins. Protocol modifications were required due to the coronavirus
disease 2019 pandemic.

Results: A total of 186 participants were randomized. After the induction period, the experimental group had higher global cognitive test scores
(Montreal Cognitive Assessment [primary outcomel; 1.75 points [p = .03]) compared with the control group. After induction, experimental group
participants with normal cognition had higher language-based executive function (semantic fluency test [secondary outcomel; 2.56 points
[p=.03]). At the end of the maintenance period, the experimental group of mild cognitive impairment subjects had higher encoding function
(Craft Story immediate recall test [secondary outcomel; 2.19 points [p = .04]). Measure of emotional well-being improved in both control and
experimental groups. Resting-state functional magnetic resonance imaging showed that the experimental group had increased connectivity
within the dorsal attention network relative to the control group (p = .02), but the sample size was limited.

Discussion and Implications: Providing frequent stimulating conversational interactions via the internet could be an effective home-based
dementia risk-reduction strategy against social isolation and cognitive decline.

Clinical Trials Registration Number: NCT02871921
Keywords: Alzheimer's disease and related dementias, Behavioral intervention, Cognitive reserve, Semistructured conversations, Social interactions,

Epidemiological evidence indicates that social isolation (small Kallianpur et al., 2023; National Academies of Sciences,
social networks, lack of social contact, and support) is a risk Engineering, and Medicine, 2020; Penninkilampi et al., 2018;
factor for cognitive decline and dementia (Evans et al., 2019; Poey et al., 2017; Shen et al., 2022). The Lancet Commission
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on Dementia Prevention suggested that 4% of incident de-
mentia could be prevented by reducing social isolation, high-
er than 2% and 1% reductions estimated, respectively, for
reducing physical inactivity and diabetes (Livingston et al.,
2020). There may be a significant public health impact in de-
veloping interventions that mitigate the negative impacts of
social isolation on cognitive functions. These interventions
need to be readily scalable for efficient community health care
systems implementation (National Academies of Sciences,
Engineering, and Medicine, 2020). Developing such interven-
tions, however, is challenging, partly because social isolation
involves multiple components potentially affecting cogni-
tion. Another obstacle to developing effecting interventions
is that the biological mechanisms underlying the association
between social isolation and declining cognition are poorly
understood.

In epidemiological studies, for example, examination of
social activities as potential protective factors against inci-
dent dementia or Alzheimer’s disease (Bennett et al., 2006;
Evans et al., 2019; Fratiglioni et al., 2004; Penninkilampi
et al., 2018; Poey et al., 2017) was mostly based on social
engagement without standardized definition of social activi-
ties. Some activities not typically categorized as social activ-
ities, such as running and walking (generally considered as
physical activities, Dodge et al., 2008) or playing games (con-
sidered as cognitive activities, Klaming et al., 2017; Park et
al., 2007), may be social activities. The umbrella use of social
engagement in observational studies makes it difficult to pin-
point crucial aspects of social engagement that might mitigate
cognitive decline.

Additionally, social isolation (or social connectedness)
might affect cognition in several ways. Larger social networks
might provide tangible support (e.g., care and transportation
for medical treatments) and/or intangible support (e.g., emo-
tional support with resulting diminished anxiety; informa-
tion and encouragement for healthy lifestyles; Amieva et al.,
2010; Ashida & Heaney, 2008; Kelly et al., 2017). Perry et al.
(2021) differentiated “social bonding” and “social bridging”
to characterize two types of social connectedness. The former
represents family or close friends’ networks with a sense of
belonging and emotional bonding within small social units,
whereas the latter represents a larger and broader network
with peripheral, irregular, or heterogeneous ties not necessar-
ily generating emotional bonding. Perry et al. (2021) showed
that the latter is associated with higher cognitive function,
implying that cognitive stimulation stemming from inter-
actions with various social groups is more important for
maintaining cognitive function than emotional bonding. This
conceptually important study was based on cross-sectional
data, potentially confounded by reverse causation. Whether
increasing peripheral social interactions that enhance social
bridging can improve cognitive functions is unexamined.

Multidomain interventions aiming to examine potentially
synergistic effects of modifying multiple lifestyle factors
gained popularity in recent years (e.g., Andrieu et al., 2017,
Kivipelto et al., 2020). However, focusing on single elements
of social engagement is critical to clarifying mechanisms
of protective effects of social connectedness on cognitive
functions. Single-component approaches may also provide
improved scalability and ease of implementation.

We conducted a series of randomized controlled trials
(RCTs), hypothesizing that increasing social interactions,
specifically conversational interactions—a single crucial
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component of social interactions—can enhance cognitive
functions. Following encouraging results from a pilot study
(Cerino et al., 2020; Dodge et al., 2015), we conducted a
Phase II study (Internet-Based Conversational Engagement
Clinical Trial [I-CONECT]; www.i-conect.org; Clinical Trials.
gov: NCT02871921). The study protocol was published pre-
viously (Yu et al., 2021).

The primary aim of the I-CONECT was to examine
whether frequent and stimulating conversational interac-
tions could lead to improved cognitive functions and whether
the effect might be mediated by improved emotional well-
being. We hypothesized enhanced compensatory neural activ-
ities, that is, improved cognitive reserve or scaffolding (Park
& Bischof, 2013; Stern, 2012), as an underlying biological
mechanism for the efficacy. The secondary aim was to assess
whether the improved cognitive test scores could be trans-
lated into improved functional outcomes.

Here, we report the topline results of [[CONECT, present-
ing the results for the primary aim. The study outcomes pre-
sented include changes from baseline to the month 6 (M6)
and 12 (M12) assessments in:

(1) Primary outcome: global cognitive function mea-
sured by the Montreal Cognitive Assessment (MoCA;
Nasreddine et al., 2005).

(2) Secondary outcomes: episodic memory measured by the
Craft Story Immediate and Delayed Recall tests (Craft et
al., 1996), and language-based executive cognitive func-
tions measured by the semantic fluency test (Category
Fluency Animals; Lezak et al., 2012).

(3) Variables for a potential mediator and biological mech-
anism: emotional well-being measured by the NIH
Toolbox Emotion Battery (NIHTB-EB) (Babakhanyan
et al., 2018; a mediator) and resting-state functional
MRI (rsfMRI)-derived connectivity of four large cog-
nitive networks (a biological mechanism) including
dorsal attention network (DAN), default mode network
(DMN), salience network (SN), and executive control
network (ECN).

Analyses were stratified by cognitive status (mild cognitive
impairment [MCI] vs normal) based on differential efficacy
found in the prior pilot study (Dodge et al., 2015).

I-CONECT was designed with several features to isolate
the impact of social interactions from other potential com-
ponents. First, to increase interaction novelty and to reduce
the confounding effects of emotional bonding, we rotated
conversation partners assigned to each participant. Second,
we deployed user-friendly devices allowing participants with-
out any internet/webcam experience to rapidly engage in
video-based conversations. This eliminated cognitive stimu-
lation secondary to learning device use. Third, we used semi-
structured conversations with standardized daily themes and
picture prompts, facilitating participants’ organizing and
articulating their thoughts to conversation partners (Radecki
et al., 2019; Spreng et al., 2020).

We targeted this Phase II RCT to the socially isolated older
old because (a) they have a higher risk of cognitive decline
yet are seldom included in clinical trials; (2) we hypothesized
that subjects with social isolation are more likely to benefit
from this intervention than those without isolation as these
activities are novel to them (Park & Bischof, 2013). To make
the RCT feasible for older-old subjects, we used conversations
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that can be initiated with little motivation, are likely to have
high adherence, are sustainable, and can reach the home-
bound through internet/webcam.

Method

Participants

[I-CONECT is a multisite Phase II intervention study.
Participants with normal cognition (NC) or MCI were
recruited from Portland, OR, and Detroit, MI. Participants
were required to provide written informed consent. Study
approval was obtained from the Institutional Review Board at
Oregon Health & Science University (IRB STUDY00015937)
using a single IRB process. This report adheres to CONSORT
standards.

Inclusion/exclusion criteria

Key inclusion criteria included: (1) age 75 or older, (2) con-
sent to receive magnetic resonance imaging (MRI; if safely
and comfortably able to receive MRI), (3) socially isolated,
defined by at least one of the following: (i) score <12 on the
six-item Lubben Social Network Scale (LSNS-6; Lubben et
al., 2006), (ii) engages in conversations lasting 30 min or lon-
ger no more than twice per week, per subject self-report, (iii)
answers “Often” to at least one question on the Three-Item
UCLA Loneliness Scale (Hughes et al., 2004). Key exclusion
criteria included (1) dementia and (2) moderate-to-severe
depressive symptoms, operationally defined as a 15-item
Geriatric Depression Scale (GDS-15) score >7 (Yesavage et
al., 1982). Additional criteria and recruitment sources are
listed in Supplementary Table 1 (Yu et al., 2021).

Cognitive assessment and clinical diagnosis of normal versus
MCI

A thorough cognitive assessment with validated neuropsy-
chological tests was administered at baseline, M6 (endpoint
of induction) and M12 (endpoint of maintenance), using the
National Alzheimer’s Coordinating Center (NACC; https://
naccdata.org/) Uniform Data Set version 3 (UDS V3; Dodge
et al., 2020; Sachs et al., 2020; Weintraub et al., 2018). The
cognitive test battery, detailed screening, and diagnostic
procedure were described previously (Yu et al., 2021) and
included in Supplementary Table 1. A consensus meeting was
held among the study neurologists and neuropsychologists
to clinically determine each potential participant’s cognitive
status grouping (NC, MCI, or dementia) based on a standard-
ized approach used in National Institute of Health (NIH)-
funded Alzheimer’s Disease Centers across the United States
(Albert et al., 2011; Jack et al., 2011; McKhann et al., 2011).
Those determined to have dementia were excluded.

Randomization

Randomization was conducted by an independent data
manager. Participants were randomized in a 1:1 ratio to the
experimental or control groups balancing age, sex, years of
formal education, and cognitive status (MCI/NC) and MoCA
score. A minimization algorithm was used for randomization

(Schouten, 1995).

Masking

Experienced, trained research associates conducted base-
line, M6, and M12 follow-up assessments. Assessors were

not allowed to discuss any issues with participants revealing
whether the subject was in an experimental or control group.

Intervention Approach

The experimental group engaged in 30-min semistructured
conversations with trained staff 4 days/week for 6 months
(induction), followed by twice per week for an additional 6
months (maintenance). Both intervention and control groups
received a phone call once per week (approximately 10-min
duration) to assess changes in health and social activities. This
weekly phone call also served to retain control group partic-
ipation. Conversation sessions (audio and video) and weekly
calls (audio) were recorded and stored in a HIPAA-compliant
archive. Recruitment was conducted between July 2018 and
December 2020.

Standardization of interviewer skills

Several standardization strategies were used and reported
earlier including monitoring word counts generated by the
interviewer vs. participant, and periodic assessments of
changes in negative and positive effects of participants using
the International Positive and Negative Affect Schedule Short
Form (PANAS) (Crawford & Henry, 2004; Watson et al.,
1988), immediately before and after the 30-minute conversa-
tion across interviewers.. ( Supplementary Table 1).

Conversational materials

Conversations were semistructured with prespecified topics
and crafted questions to promote natural conversations. Over
150 themes were developed, with topics including historical
events, philosophical ideas, social issues, leisure activities,
and travels. For every session, conversational staff presented
three subtopics under one theme. For example, under a theme
“Defining moments of the 20th century,” participants could
select from three topics, such as the Great Depression, the
JFK Assassination, and the Vietnam War (see Supplementary
Appendix A for sample PowerPoint slides of the picture and
prompts). By allowing participants to select a topic, we aimed
to enhance a sense of autonomy and increase motivation to
participate in conversations.

Outcomes
Primary outcome

Change in global cognitive function measured by the MoCA
from baseline to Mé.

Secondary outcomes

Changes in language-based executive function measured by
semantic fluency (Category Fluency Animals test), and epi-
sodic memory measured by Craft Story immediate (learning/
encoding) and delayed recall (episodic memory) scores from
the NACC UDS V3 (see Supplementary Table 1).

Potential mediator variable

Changes in psychological well-being

This is measured by the NIH-Toolbox emotion battery
(NIHTB-EB; Babakhanyan et al., 2018). NIHTB-EB includes
four general domains: negative affect (anger, fear, and sad-
ness), psychological well-being (positive affect, general life
satisfaction, and meaning and purpose), stress and self-
efficacy (perceived stress and self-efficacy), and social rela-
tionships (social support, companionship, and social distress).
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Three domain scores, negative affect, social satisfaction, and
psychological well-being, were calculated with 17 subscale
scores weighted by factor loading (Babakhanyan et al., 2018;
Yu et al., 2022).

Biological mechanism
Resting-state fMRI

To explore underlying mechanisms of trial efficacy, we exam-
ined pre- and post-trial changes in brain network intrinsic
functional connectivity (iFC) measured by rsfMRI. We specif-
ically focused on four large-scale brain networks supporting
a broad array of cognitive processes including social func-
tion (Feng et al., 2021): DAN, DMN, SN, and ECN. See
Supplementary Table 2 for the fMRI protocol.

Post-COVID Protocol Modification

Recruitment sites issued the first stay-at-home order for the
COVID-19 pandemic in March 2020. Our internet interven-
tions and video chats/phone check-ins were able to continue
without interruption during the pandemic. However, as with
other clinical trials, new recruitment and post-trial assess-
ments, including MRI, were halted after the order. Due to the
potential high risk of COVID-19 infection among our par-
ticipants (aged 75+), protocol modifications were necessary.

Prepandemic cohort analyses versus ITT analyses

We modified our assessment protocol from in-person to tele-
phone cognitive testing (T-COG) after the adoption of T-COG
by NACC. T-COG includes the modified MoCA without
visual items. This modality change was expected to affect
cognitive test scores. Additionally, we were concerned that
the COVID-19 pandemic might amplify trial efficacy due to
heightened social isolation experienced by the control group,
limiting the generalizability of study results. Because of these
concerns, the research group and the Data Safety Monitoring
Board (DSMB) agreed to limit analysis of the primary out-
come to participants completing the M6 assessment before
March 18, 2020, the date of the stay-home orders issue. We
call this analysis “prepandemic cohort analysis.”

To control for pandemic-related effects on the outcomes,
the DSMB suggested that for secondary and exploratory out-
comes, those who enrolled after March 18, 2020, or those
whose assessments used different modalities across baseline,
M6, and M12 assessments, analysis be conducted by includ-
ing a covariate indicating pre- versus post-COVID-19 pan-
demic times. This latter analysis was limited to secondary and
exploratory outcomes as MoCA (primary outcome) differed
in total scores between in-person and telephone MoCA, while
Semantic Fluency and Craft Story tests (secondary outcomes)
can be reasonably assumed to be similar between the two
modalities.

Additional modifications after March 18, 2020

These included (1) MRI assessments were discontinued. (2)
NIHTB-EB was collected by mailing hard copies with pre-
paid return envelopes. (3) Due to staff retention costs during
the pandemic, when no new recruitment and endpoint
assessments occurred, and difficulty in conducting in-home
assessments even after the full research hiatus ended, it
was necessary to prioritize completing M6 assessments for
all existing participants, but not possible to complete M12
assessments scheduled after June 15, 2020. (4) Subjects were
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required to provide their own internet connection to partici-
pate in the trial during the pandemic, as we could not safely
have vendors enter homes to install new connections. An
internet stipend was provided. (5) Sample size: we aimed to
conduct the analyses separately by ancestry, aiming to ran-
domize 160 White and 160 Black participants. With a 10%
drop-out between each assessment, we projected 144 and 128
completers at M6 and M 12, respectively. With 50% MCI (tar-
geted MCI/NC: 72/72 at M6, 64/64 at M12), these sample
sizes gave 80% power to detect Cohen’s d of 0.67 at M6 and
0.71 at M12 at o= 0.05 (two-tailed) within each ancestral
group. Due to the low participation of Black participants (dis-
cussed later), we were unable to conduct ancestry-stratified
analyses.

Statistical Analyses

For the primary outcome, we conducted a modified intention-
to-treat (ITT) analysis using the prepandemic cohort, includ-
ing those with MoCA assessed in-person at their homes at
baseline and at M6 assessments. A separate linear regres-
sion model was run by cognitive status (MCI/NC) with M6
MoCA scores as the dependent variable, a randomization
group (control vs experimental) being a dependent variable,
controlling for MoCA baseline scores. For the larger analyses,
where all randomized subjects were included for the second-
ary outcomes, we conducted I'TT analyses combining in-home
and remote-assessed cognitive tests. We used a mixed-effects
model repeated measure (MMRM). The pre- versus post-
COVID-19 pandemic indicator was included as a control
variable. R and SAS9.4 were used for the analyses.

fMRI analyses (exploratory outcome)

To assess differences between experimental and control
groups in network iFC, we tested separate ANCOVA mod-
els for each of four networks using JASP (JASP Team, 2021),
with network connectivity at M6 as the dependent variable.
We controlled for age, in-scanner head motion, and network
connectivity at baseline. As network iFC is an exploratory
outcome measure, we used an alpha-threshold of 0.05, with-
out correcting for the number of models.

Results

Baseline Sample Characteristics

One hundred eighty-six participants (86 NC and 100 (52.8%)
MCI) were randomized into the experimental (z = 94) or the
control group (7 = 92; Figure 1). Although we achieved 93%
of the target sample size (149 out of 160 targeted) for White
participants despite the pandemic, we could recruit only
23% of the target (37 out of 160) for Black participants. The
majority of dropouts occurred before the start of the weekly
call and intervention; 31 participants withdrew (25 exper-
imental; 6 control) mainly due to unanticipated conflict in
time commitments during the 1-year trial period. After start-
ing the weekly call and intervention, an additional 14 par-
ticipants withdrew (5 experimental; 9 control). In total, 141
participants remained in the M6 follow-up (9.9% withdrawal
between baseline and M6). One participant skipped the M6
assessment, but remained in the study and participated in the
M12 assessment. Between M6 and M12 follow-up, 3 par-
ticipants withdrew (1 experimental; 2 control). Sixty-seven
participants (31 experimental; 36 control), with M12 assess-
ments scheduled after June 15, 2020, were not invited for
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Contact Attempted
N=29,664
Telephone Screenings
N=1,139
[
Eligible
N=394
[
Consented/Screened
N=265
Randomized/Enrolled
N=186
Control Group Experimental Group
N=92 N=94
Withdrawn N=6 Withdrawn N=25* |
Activated Activated
N=86 N=69

Withdrawn N=9

Completed M6
N = 77 (including 1 missed)

——— Withdrawn N=2

Follow up Survey
after M12 N=38

Follow up Survey after
M6 N=32

Withdrawn N=5

Completed M6
N=64

Withdrawn N=1

A Completed M12
M12 not offered Completed M12 sy o*fiered - pN=32
N=36** N=39 B
Withdrawn N=4 Withdrawn N=1 Withdrawn N=2 Withdrawn N=2
v v v y

Follow up Survey
after M6 N=29

Follow up Survey
after M12 N=30

*Most reasons for withdrawal were intervention time commitment concerns such as anticipated trips and family gatherings during the trial period, followed by internet installation
difficulties. **After the COVID-19 pandemic and the resultant research hiatus, based on the DSMB recommendation, the study was modified not to provide M12 if the assessment

dates fell after June 15, 2020.

Figure 1. Study recruitment and retention flow chart. COVID-19 = coronavirus disease 2019; DSMB = Data Safety Monitoring Board; M6 = Month 6

Assessment; M12 = Month 12 Assessment.

the M12 assessments and were informed of protocol mod-
ifications (see earlier). Those completing M6 assessments
and noncompleters did not differ in baseline characteristics,
including cognitive test scores. Demographic characteristics
and cognitive test scores at M6 did not differ between par-
ticipants whose M 12 assessments were discontinued after the
pandemic and those completing M 12 assessments.

Table 1 presents baseline sample characteristics of random-
ized participants by cognitive status (MCI/NC) and group
assignment (experimental/control groups). No demographic
variables or cognitive test scores differed by randomization
group, consistent with successful randomization.

Intervention Efficacy

The primary outcome analysis was based on the pre-COVID
cohort. Among those with MCI (n = 31), the intervention
group’s mean MoCA score was 1.75 points higher than that
of the control group at M6 (p =.03, Cohen’s d =0.73). To
assess the clinically meaningful implication of this difference,
we ran a linear regression model with all randomized par-
ticipants at baseline and examined the association between

age and MoCA total scores, controlling for MCI status. The
coefficient for age was -0.16 (standard error [SE] = 0.056,
p =.005) and MCI was -2.91 (SE =0.531, p <.001), imply-
ing that 1.75 points are approximately equivalent to 10 years
of age difference (i.e., 1.75/0.16 = 10.93) in MoCA scores in
this cohort. No group difference was found in those with NC
(n = 25; Table 2A).

Sensitivity analysis

We conducted a sensitivity analysis with multiple imputations in
which we imputed missing items in the Blind MoCA (visuospa-
tial items, total of 8 points) based on the associations between
the visuospatial items and other cognitive and demographic vari-
ables observed among those with the full MoCA. We applied the
same regression models used in the prepandemic cohort analyses
to all participants with M6 assessments (N = 140). Among MCI
participants, the MoCA at M6 was 1.17 points higher among
the experimental group, compared with the control group
(p = .03, Cohen’s d = 0.70; Table 2A). There was no significant
difference among those with NC. The detailed multiple imputa-
tion approach is in Supplementary Table 4.
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Table 2. Primary and Secondary Outcomes
Outcomes NC MCI
A.Primary outcome—treatment effect at 6 months NC (n=25) MCI (n=31)
using those who completed in-home assessment before Con/Exp =15/10 Con/Exp =18/13
COVID-19 pandemic (prepandemic cohort) based on B | B )
linear regression model under modified ITT? Estimate SE p Value Estimate SE p Value
Total MoCA score (reference: control group). 0.14 0.86 .87 1.75 .76 0.03
Sensitivity analysis based on multiple imputations NC (N =66) MCI (N =74)
Con/Exp =35/31 Con/Exp =41/33
Total MoCA Score (imputed missed items in telephone 0.70 0.47 .14 1.17 .56 0.03
MoCA) (reference: control group)
B.Secondary outcomes—ITT using all randomized NC (n =86) MCI (n =100)
participants, based on MMRM?" Con/Exp = 43/43 Con/Exp =49/51
Estimate SE p Value Estimate SE p Value
Category fluency (Animal naming)
COVID-19 0.15 0.71 .83 0.19 0.63 44
Group x 6 months 2.56 1.19 .03 0.69 0.93 46
Group x 12 months 1.10 1.29 40 1.14 1.31 .39
Craft Story (Immediate recall) (Paraphrase scoring)
COVID-19 -0.47 0.50 .36 -1.05 0.54 .05
Group x 6 months -0.63 0.82 45 -0.66 0.80 41
Group x 12 months 0.62 1.02 S5 2.19 1.05 .04
Craft Story (Delayed recall) (Paraphrase scoring)
COVID-19 -0.84 0.52 11 -1.07 0.55 .06
Group x 6 months -0.26 0.77 .74 -0.10 0.79 .90
Group x 12 months 0.10 1.00 92 1.64 1.10 .14

Notes: Con = Control Group; Exp = Experimental Group; COVID = coronavirus disease; COVID-19 = coronavirus disease 2019; MCI = participants
with mild cognitive impairment; NC = participants with normal cognition; MoCA = Montreal Cognitive Assessment; SE = standard error. The results with

p-value < 0.05 were bolded.

A[TT: intention to treat. Each outcome was modeled separately. The full model included baseline cognitive test score and the group allocation.
"MMRM: Mixed Model for Repeated Measures. Each outcome was modeled separately. Group: experimental group (control group as a reference). The full
model included cognitive status (MCI vs normal), a COVID pandemic indicator (pre- vs post-COVID outbreak), group, time, and group by time interaction.

For secondary outcomes (B), multiple comparison adjusted p value is .016.

Secondary outcome analyses were performed with all
available data for 186 participants (ITT cohort) at baseline,
M6, and M12 using MMRM. The MMRM models included
baseline cognitive measure, a pre- versus post-COVID-19
pandemic indicator, group assignment, assessment time
points (M6 and M12), and group x time interaction term.
For participants with MCI (N = 100), the intervention group
had higher Craft Story immediate recall scores by 2.19 points
than the control group at M12 ( =2.19, p =.04). Among
those with NC (N = 86), the intervention group had bet-
ter semantic fluency score than the control group at M6 by
over 2 points (f = 2.56, p = .03; Table 2B). The post-COVID
pandemic indicator showed a negative effect on Craft Story
immediate recall (§ = -1.05, p = .05) among the MCI, but not
among those with NC.

NIHTB-EB Outcomes

The analysis included 134 participants with Toolbox emo-
tional battery data at both baseline and M6 (64 NC and 70
MCI). The sample size was lower than the number of ran-
domized participants because some did not return the mailed

hard copy battery after in-person assessments were halted.
Those completing the battery and those with missing data did
not differ in age, sex, and education at baseline.

Both intervention and control groups had increased social
satisfaction scores at M6 and M12 (Table 3 and Figure 2B),
but there was no difference between groups (experimental/
control). The COVID-19 pandemic negatively affected the
social satisfaction of both groups among MCI (5 = -4.88,
p =.03), but did not affect participants with NC.

fMRI Results

Among those with MRI at baseline (7 =50), 15 subjects
completed M6 MRIs and were included in this analysis.
Due to the small sample size (less than 10 participants for
each group), we combined both cognitive groups (NC =6,
MCI = 9) for this exploratory outcome. Participants in the
experimental group (7 =6) showed increased connectivity
within the DAN at M6 relative to the control group (F = 7.28,
p =.02), controlling for age, in-scanner head motion, and
DAN connectivity at baseline. We did not find differences in
network connectivity between the randomization groups in
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Table 3. Mixed Model for Repeated Measures (MMRM) Results for NIH-Toolbox Emotional Battery (NIHTB-EB)

Variables NC,N=64 MCL N=70
Con/Exp =34/30 Con/Exp =39/31
Coef. SE p Value Coef. SE p Value

Negative affect
Time—ref: baseline

6 months -2.627 1.409 .062 -0.835 1.080 440

12 months 0.009 1.715 996 1.440 1.301 .268
Group—ref: NC -3.618 2.271 A11 -2.210 2.221 .320
Time x Group

Group x 6 months 1.804 2.135 .398 0.338 1.668 .839

Group x 12 months 0.445 2.626 .865 -0.707 1.880 .707
Post-COVID indicator -0.200 1.984 920 2.973 2.199 176
Social Satisfaction
Time—ref: baseline

6 months . 1.136 .004 2.918%* 1.065 .006

12 months 4.785%* 1.088 .000 2.790* 1.281 .029
Group—ref: NC 1.969 2.569 444 0.764 2.386 749
Time x Group

Group x 6 months -1.286 1.686 446 -1.474 1.644 .370

Group x 6 months -1.548 1.647 .347 -1.538 1.891 416
Post-COVID indicator 2.896 2.236 195 -4.879* 2.356 .038
Psychological well-being
Time—ref: baseline

6 months 1.788 1.298 168 -0.166 0.964 .863

12 months 0.802 0.876 .360 -0.250 1.300 .847
Group—ref: NC 3.347 2.270 140 -1.203 2.284 .598
Time X Group

Group x 6 months -0.027 1.996 989 0.201 1.460 .890

Group x 6 months 0.820 1.304 529 0.499 1.936 797
Post-COVID indicator 1.795 2.200 415 0.083 2.186 970

Notes: Coef = coefficient; Con = control group; COVID = coronavirus disease; Exp = experimental group; Group = experimental group (control group as
a reference); MCI = participants with mild cognitive impairment; NC = participants with normal cognition; SE = standard error. All models controlled for
age, sex, year of education, and a COVID pandemic indicator (pre- vs post- COVID outbreak). P-value < 0.05 was bolded. The coefficients for age, sex and

education were not shown here. Full model information available upon request.

*p<.05.%*p <.01.#** p < .001.

DMN (F = 0.005, p = .945), ECN (F < 0.001, p = .977), or SN
(F=0.300, p = .597).

Project-Related Adverse Events and Acceptability of
the Intervention

Tiredness was reported by one participant during the screen-
ing assessment and by one participant after one of the video
chat sessions. One of the exploratory outcomes examined
whether the intervention showed efficacy on medication
adherence (results not reported here). Participants were pro-
vided with low-dose (250 mg) vitamin C tablets to be taken
daily. Two participants experienced stomach pain after taking
the vitamin C pill, assessed as project-related adverse events.
No other intervention-related adverse events were observed.
Adherence was high. Ninety-one percent of the experimen-
tal group completed over 80% of the total video chat sessions
scheduled to occur between baseline and M6; out of a total
potential of 96 sessions per participant for the first 6 months
of the intervention, the mean number of completed sessions
was 83.1 (standard deviation [SD]=10.3). Eighty-four

percent of the experimental group also completed over 80%
of the total video chat sessions scheduled for the second half
of the intervention (M6-M12); Out of a total potential of
46 M6-12 sessions for the experimental group, the mean of
completed sessions was 43.7 (SD = 4.6). Within the control
group, 91% and 95% completed over 80% of 24 weekly calls
between baseline and M6 (mean 22.4; SD = 1.0) and M6 and
M12 (mean 23.0; SD = 1.8), respectively.

At the end of the intervention, many of the participants
requested continued conversational interactions with the
interviewers. We created a nonprofit organization providing
conversational engagements using the same materials used in
the trial, supported by volunteer interviewers (https://www.
iconnectfoundation.org/). Participation in this service is free
of charge and open to any individuals aged 60 and older
desiring conversational engagement.

Discussion

I-CONECT provided up to 1 year of conversational inter-
actions via a user-friendly video chat platform. Despite a


https://www.iconnectfoundation.org/
https://www.iconnectfoundation.org/

The Gerontologist, 2024, Vol. 64, No. 4

A MoCA Total Score - In-Person
3
—— MCl intervention group

—$- MCI control group

—#— MClI Intervention group
—$~ MCI Control group

score from

Adjusted change score from baseline

Craft Story Immediate Recall

Animal Naming Category Fluency

—#— NC Intervention group
—3$- NC Control group

score from
-

-1
Baseline 6 month Baseline 6 month

B Social satisfaction - Normal cognition

—&— NC Intervention group
4.+ NC Control group

Adjusted change score from baseline
w

-1
Baseline 6 month 12 month

Adjusted change score from baseline

12 month Baseline 6 month 12 month

Social satisfaction - MCI

—&— MClI Intervention group
4-- MCI Control group

Baseline 6 month 12 month

Figure 2. Changes in primary and secondary outcome measures. MCI: mild cognitive impairment. NC: normal cognition. Solid? line: intervention group.
Dotted line: control group. (A) Cognitive outcomes. (B) Emotional outcomes (NIH-toolbox emotion batteries): Social satisfaction. Both intervention and
control groups improved social satisfaction at M6 and M12 compared with the baseline (p < .01).

reduced sample size partly due to the COVID-19 pandemic,
we found evidence of efficacy. Among participants with MCI,
global cognition as measured by MoCA was significantly
higher at M6 by 1.75 points (Cohen’s d = 0.73) in the exper-
imental group compared with the control group. Sensitivity
analyses with imputed full MoCA scores showed similar out-
comes. 1.75 points is approximately the difference produced
by a decade of age difference in MoCA scores in this cohort.

For the secondary outcomes, semantic fluency (language-
based executive functions measured by category fluency test)
and story immediate and delayed recall (learning/encod-
ing and episodic memory), we combined in-home and
telephone-assessed cognitive test scores due to the similar-
ity of the assessment modalities (telephone vs in person)
for these tests. We used all randomized subjects under ITT,
controlling for pandemic impact. This post-COVID DSMB-
specified analysis showed higher semantic fluency scores at
M6 among those with normal cognition, and story imme-
diate recall scores at M12 among those with MCI. The
magnitude of effects among those with normal cognition
in semantic fluency scores is similar to the results of our
Phase I study (Dodge et al., 2015), confirming the reproduc-
ibility of the earlier result. For emotional well-being, both
experimental and control groups had similar improvements
in social satisfaction. Exploring the underlying biological
mechanisms of the intervention, resting-state fMRI showed
that DAN connectivity increased among the experimental
group in comparison with the control group. This result
needs to be interpreted with caution because fMRI analy-
ses were limited in sample size due to the pandemic-related
research hiatus.

Targeting Socially Isolated Older Old

It has been hypothesized that cognitive reserve would be
more enhanced when the activities are new to subjects (Park
& Bischof, 2013). We targeted socially isolated participants,
hypothesizing that they would most likely benefit from this
intervention because the activity is novel. As both social iso-
lation and age are risk factors for cognitive decline, targeting
this underserved group has high public health importance.
The older old is the fastest-growing population in the world,
particularly in high-income nations, with higher likelihood of
social isolation due to health conditions and limited mobility
(Kannan & Veazie, 2022). Delaying dementia incidence even
for a year could have a significant impact on dementia prev-
alence (Brookmeyer et al., 1998). To enhance feasibility of
this intervention for older-old subjects, we used conversations
that can be initiated with little motivation. This intervention
can be tested among other age groups and extended to other
risk factors for cognitive decline, such as depression, closely
tied to social isolation.

Social bridging Versus Social bonding

Both experimental and control groups improved to similar
extents in emotional well-being in the domain of social satis-
faction, but only the intervention group exhibited improved
cognitive functions. Thus, improvements in cognitive func-
tions observed in the experimental group are not explained
or mediated by improved emotional well-being. This result
partly coincides with the theoretical framework and empir-
ical cross-sectional results of Perry et al. (2021) suggesting
that social bridging and not social bonding is critical for
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sustaining cognitive functions. It is possible, however, that
undetected effects of weak social bonding via video chats
might have influenced cognition among the experimental
group. Assessments detecting subtle emotional changes sec-
ondary to social bonding might be used in the future studies
to address this question.

Brain reserve, Cognitive Reserve, and Underlying
Biological Mechanisms

In cross-sectional studies, social isolation or perceived iso-
lation is associated with brain structure abnormalities (vol-
umes and thickness), including lower total brain volumes,
gray matter volumes, and greater white matter lesion volumes
(Lewis et al., 2011; Salinas et al., 2022; Shen et al., 2022; van
der Velpen et al., 2022; Kanai et al., 2012). Social isolation
is also associated with abnormal connectivity (Spreng et al.,
2020). These cross-sectional results suggest that those with
social isolation have lower brain reserve, likely to make them
susceptible to accelerated clinical manifestations from patho-
logical insults.

Cross-sectional associations cannot identify causal direc-
tions; it is possible that underlying age- or disease-associated
brain changes lead to impaired management of larger social
networks or to reduced motivation for social interactions.
Some longer-term social stimulation studies showed poten-
tially beneficial structural changes. In a well-known behav-
ioral intervention study aimed at enhancing intergenerational
interactions (Carlson et al., 2015), cortical and hippocam-
pal volumes showed intervention-specific increases reaching
significance in men (p’s <.04) after 2 years of intervention.
Another study conducted in Japan showed reduced atrophy
in hippocampal volume among an intervention group 6 years
after trial completion (Sakurai et al., 2018).

Although we did not hypothesize that short-term cognitive
stimulation modifies brain structures or pathological progres-
sions, we hypothesized that it might enhance compensatory
neural activities and aid in maintaining cognitive functions
against age- and pathology-related insults. This concept was
theoretically framed by Park and Bischof (2013) as “scaffold-
ing,” similar to the closely related cognitive reserve theory
proposed by Stern (2012). We examined rsfMRI network
connectivity as a potential neurobiological mechanism and/or
indicator of cognitive reserve. The network iFC analyses iden-
tified the DAN as a candidate for further exploration. The
DAN facilitates voluntary direction and maintenance of visu-
ospatial attention and was likely engaged by our intervention,
leading to the improvement in global cognition and encoding
indicated by story immediate recall scores among the MCI. In
the context of cognitive aging, prior work observed disrupted
DAN function in older adults with cognitive impairment or
dementia (Li et al., 2012; Wang et al., 2019; Wu et al., 2022;
Zhang et al.,, 2015), suggesting that intervention-related
increases in DAN connectivity may bring these individuals
more in line with their cognitively normal peers. In a recent
dietary intervention, MCI participants receiving a ketogenic
drink, which targeted enhanced brain metabolic processes
through absorption of ketone bodies, demonstrated increased
iFC in DAN at a 6-month follow-up relative to placebo, with
increased iFC associated with improvements in attention-
related cognition (Roy et al., 2022). Our results suggest the
DAN as a neurobiological system modifiable through inter-
vention in older adults, meriting further investigation as a
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potential mediator of the effects of social engagement on cog-
nitive functions.

Similar to our pilot feasibility study (Dodge et al., 2015),
in which most participants had normal cognition, we found
improvements in the language-based executive function mea-
sured by the semantic fluency test among those with normal
cognition. In Alzheimer’s disease, semantic fluency is dispro-
portionately impaired, with phonemic fluency ability less
impaired (Cerhan et al., 2002; Henry et al., 2004). Also, a
validated test battery developed to detect preclinical subjects
(i.e., those without clinical symptoms with Alzheimer’s dis-
ease pathology) improved its detection ability by adding a
semantic fluency test (Papp et al., 2017). Therefore, semantic
fluency tests may be sensitive to subtle changes in cognitive
function and able to capture intervention efficacy more effec-
tively among those with normal cognition.

Limitations and Future Directions

This study has limitations. Sample size for the primary out-
come was substantially reduced as we were only able to use
those with completed M6 assessments prior to the pandemic.
However, sensitivity analysis with imputed MoCA scores
supported our primary analysis result. For the secondary
outcomes, we used a conventional Type I error rate without
adjusting for multiple comparisons. These results should be
interpreted cautiously. Our original goal was to examine the
sustainability of efficacy after maintenance stimulation, but
with the research hiatus during the pandemic and resultant
uncertainty in time and budget, we discontinued M 12 assess-
ments for half of the participants. We believe that since this
sample selection was based on timing of participant enroll-
ment, not drop-out, selection bias is minimal. We lack racial
and ethnic diversity in our participants. During the pan-
demic, we had to limit participants to those with existing
internet services. These factors limit the generalizability of
our findings.

This RCT provided evidence that social interactions, spe-
cifically stimulating conversations, could enhance cognitive
function in later life and suggests a novel approach for home-
based behavioral interventions. We hope to use our conversa-
tional materials and related platform as a practical treatment
for social isolation and mitigation of associated cognitive
decline. Reproducibility, feasibility, and efficacy of this inter-
vention platform in health care systems need to be confirmed.
Additionally, even though our study showed high adherence
once the intervention started, the frequency and the amount
of interactions can be perceived as burdensome, especially as
we expand this intervention to more vulnerable patient popu-
lations in health care systems. We need to monitor adherence
in future studies carefully.

How social interaction affects cognition is yet to be identi-
fied. For future studies, we plan baseline characterization of
brain structures, as well as personality, to determine optimal
beneficiaries from this intervention. Responder analysis might
provide additional information on the underlying biological
mechanisms and aid in developing personalized interven-
tions. As suggested in a recent editorial (Breitner et al., 2022),
behavioral interventions that affect symptomatic features to a
significant extent (even without modifying pathology) are as
important as pharmacological interventions targeting patho-
logical changes, and may shed light on disease mechanisms
affecting neural plasticity.
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