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Objective: We sought to assess cognitive benefits of a community-based multi-
domain intervention for improving cognition among older adults at risk of cog-
nitive decline (COMBAT). Design: A two-armed cluster-randomized controlled
trial. Setting and Participants: Community-dwelling older adults aged
60 years or older and were at risk of cognitive decline (n = 209).
Intervention: In this 9-monitb intervention study, 10 community bospitals in
Beijing, China, were randomized (1:1) to receive either a multidomain inter-
vention of meditation, cognitive training, exercise, and nutrition counseling or
usual care. The intervention was delivered with weekly 1-bour group training
sessions and weekly home bomework. Measurements: Primary outcome was
change in cognition as measured by a composite Z score of seven cognitive tests.
Secondary outcomes included subjective cognitive abilities, positive and nega-
tive affective experiences, physical activity, and dietary babits. Assessments
were administered at baseline, end of the intervention, and 1 year after com-
pleting the intervention (1-year follow-up). Results: Immediately after the
intervention, the intervention group showed significant enbancement in cogni-
tive performance (p = 0.026). The between-group difference in the Z score of
change of cognition was 0.20 (95% CI: 0.053, 0.35), with a Hedges’ g of 0.40
5% CI: 0.29, 0.50). However, this cognitive benefit was not significant at
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Cognitive Benefit of a Multidomain Intervention

1-year follow-up. Conclusion: This multidomain intervention was effective to
improve cognition for at-risk individuals. Long-term effects on cognitive func-
tion and individual differences in response to the intervention deserve furtber
investigation. (Am ] Geriatr Psychiatry 2023; 31:197—209)

HIGHLIGHTS

e What is the main finding of this study?

¢ What is the meaning of the finding?

e What is the primary question addressed by this study?
We investigated the effects of a 9-month community-based multidomain intervention of mindfulness medita-
tion, cognitive training, exercise, and nutrition counseling on improving cognition compared to controls for
Chinese older adults having risks of cognitive decline.

Multidomain intervention had immediate benefits on improving cognitive performance measured by objec-
tive assessments and subjective cognitive abilities relative to the control, and the benefits on subjective cog-
nitive abilities were retained for 1 year after the completion of the intervention.

Multidomain intervention that targeted multiple predictors of cognitive decline can have immediate benefits
on improving cognitive performance for older adults at risk of cognitive decline. Long-term effects on cogni-
tion and individual differences in response to the intervention deserve further investigation.

OBJECTIVE

hina has the largest population of patients with

cognitive impairment, and the prevalence of
dementia and mild cognitive impairment has been
increasing over the last few decades.' Since there is
currently no effective cure, great efforts have been
made to identify preventive measures to maintain
cognitive functions. Recent studies suggested that
about 35%—55% of dementia cases, especially in low-
and middle-income countries, are theoretically pre-
ventable through elimination of potentially modifi-
able risk factors.” Several factors have been identified
as predictors for cognitive declines, such as low edu-
cational attainment, hypertension, obesity, diabetes,
physical inactivity, smoking, depression, and social
isolation.” This provides a great potential for imple-
menting preventive intervention to reduce risk of cog-
nitive decline.

Due to the multifactorial nature of cognitive
impairment, a few multidomain intervention studies
that targeted several modifiable risk factors simulta-
neously have been completed in Europe,” © and sev-
eral ongoing trials worldwide are being planned as
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well.” Those studies showed mixed results on the
effectiveness of multidomain intervention on improv-
ing cognition or reducing the incidents of dementia.
For instance, the FINGER trial in Finland showed that
after a 2-year intervention in cognition, exercise, diet,
and vascular risk monitoring, at-risk individuals had
more improvement in cognitive performance relative
to a care-as-usual control group.” Some small-scale
trials also found supporting evidence for a positive
effect,” """ but two large-scale intervention studies in
the Netherlands and France failed to find an overall
effect.”” Although more trials are needed to prove the
efficacy, emerging evidence supports the potential of
multidomain intervention to prevent dementia or
slow down cognitive decline. Of note, similar inter-
vention studies are currently not available in China.
Inspired by the FINGER trial, we developed a clus-
ter-randomized trial of community-based multido-
main intervention for improving cognition among at-
risk older adults (COMBAT) in Beijing, China. We tar-
geted older adults aged 60 years or older from com-
munities, with risk factors associated with cognitive
decline identified in the literature.”'""'> We made sev-
eral adaptations to the intervention program. Specifi-
cally, we incorporated a mindfulness meditation
training component because it can reduce negative
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emotions like depression, which has been shown to
link to cognitive decline.'>'* However, no multido-
main intervention studies have ever included emotion
management as one training module.” In fact, a ran-
domized controlled trial found that learning emotion
regulation strategies before cognitive training can
significantly reduce levels of anxiety for community-
dwelling older adults with subjective memory
complaints.”” Therefore, adding the mindfulness
meditation component could potentially benefit
at-risk individuals. In addition, the intervention train-
ing was delivered with two components, weekly
group sessions led by instructors and at-home
self-monitoring completed as homework. Previous
studies have suggested that adherence decreased
with increased intensity of intervention programs,'®
which might hurt the efficacy. Thus, the combined
delivery method may lower the difficulty for older
adults to attend in-person training, such as time com-
mitment and participation effort, while keeping the
intensity of practice at a relatively frequent pace by
doing self-monitoring homework.

Therefore, the COMBAT study was a cluster-ran-
domized controlled trial of a community-based multi-
domain intervention of mindfulness meditation,
cognitive training, physical exercise, and nutrition
counseling, aiming to improve cognitive function for
community-dwelling older adults having risks of cog-
nitive decline.

METHODS
Study Design and Participants

The COMBAT study was a cluster-randomized
controlled trial among community-dwelling residents
in Beijing, China. The study protocol was approved
by the Institutional Review Board of the Institute of
Psychology, Chinese Academy of Sciences, Beijing,
China. All participants gave written informed consent
at screening and baseline visits. The trial was regis-
tered at Chinese Clinical Trial Registry (www.chictr.
org.cn), number ChiCTR1900025487. The reporting
follows the guidelines of the CONSORT extension for
cluster randomized trials.'”

Community regional hospitals (the cluster units)
were recruited through a partnership with the Beijing
Chaoyang District Center for Disease Control and
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Prevention. Eligible hospitals were required to have
at least 5,000 older adults registered and available
places for conducting the intervention. Among 41
available hospitals, 10 hospitals were eligible and
finally enrolled, and there was no geographical over-
lapping in the communities they served.

The intervention targeted at-risk older adults, that is,
those who only showed slight or no impairment in cog-
nitive performance but had identified risk factors for
cognitive decline.”'"'* Screening assessment was con-
ducted in person at community hospitals, including a
neuropsychological battery, self-report of medical his-
tory, and taking a blood sample to test for APOE &4
genotypes. Inclusion criteria were (1) age older than 60
years; (2) having subjective cognitive complaints as indi-
cated by the self-rated Ascertain Dementia 8-Item Ques-
tionnaire (AD-8) score greater than or equal to 2" (3)
possessing at least 2 of the listed well-recognized risk
factors:*'""'* educational level below primary school,
physical inactivity, depressive symptoms as indicated
by Center for Epidemiologic Studies Depression Scale
(CES-D) score greater than or equal to 16,"” smoking, or
having hypertension, diabetes, heart disease, or cerebral
infarction; and (4) having risks of cognitive decline as
indicated by either carrying APOE ¢4 allele, the Mini-
Mental State Examination (MMSE) score greater than or
equal to 26, or Paired Associative Learning Test
(PALT) score greater than or equal to 6.5 (Meanscreening-
Sample — 0.2 SD).*! Exclusion criteria were previously
diagnosed dementia; substantially poor cognitive per-
formance (MMSE score < 18); severe depressive symp-
toms (CES-D score of > 28); and severe loss of vision,
hearing, or communicative abilities.

Randomization and Blinding

Cluster randomization was used to prevent con-
tamination between participants going to the same
community hospital, and assignment to either the
multidomain intervention or usual care (i.e., control
group) followed a 1:1 ratio. An independent
researcher who was not involved in this study used
computer-generated randomization procedure to con-
duct group allocation. Participants were blinded to
the study design. Although at cluster level, allocation
was not blinded to doctors and nurses at community
hospitals, outcome assessments were administered by
trained interviewers who were blinded to allocation
and not involved in intervention activities.
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Procedure

The intervention group received a multidomain
training program consisting of mindfulness medita-
tion, cognitive training, physical exercise, and nutri-
tion counseling for 9 months (protocol is illustrated in
Supplementary Fig. S1). The intervention was deliv-
ered with weekly group sessions at the community
hospitals and self-monitoring homework that aimed
to help participants practice what they learned on
daily basis. Each group session usually took 1 hour,
and homework was checked weekly by instructors.

Mindfulness meditation was delivered as one group
session instructed by trained research assistants from
the research team at the beginning of the intervention
program, and then was practiced for 5 minutes repeti-
tively at the beginning of each of the weekly group ses-
sions. Participants were also required to practice it
everyday as part of their homework. Cognitive training
included 20 group sessions led by research assistants
and weekly homework. The group sessions involved
two sessions on educational information of age-related
cognitive changes, 11 sessions on mnemonic strategies,
four sessions on how to use smartphones, and three
sessions on playing games involving the use of execu-
tive functioning, attention, and memory. Physical exer-
cise training included two group sessions and daily
homework. The group sessions were guided by
licensed fitness instructors for doing aerobic exercise,
strength, and balance. Nutrition counseling was con-
ducted by physicians from the community hospitals,
which involved one group session of educational lec-
ture and two individual visits tailored for each partici-
pant, aiming to facilitate healthy dietary habits and
risk management of cardiovascular diseases.

Due to the coronavirus disease 2019 (COVID-19)
pandemic, the intervention was suspended for 15
weeks from January 2020 until May 2020, during
which seven 10-minute review sessions were deliv-
ered through the Internet (WeChat application) or
telephone to encourage participants to keep practic-
ing. The last six group sessions (all about cognitive
training) were transformed as an online format deliv-
ered through WeChat application or telephone using
the same scripts. Also, participants were mailed with
training materials and homework, and were con-
tacted via WeChat or telephone by instructors
weekly, so that they can keep up with the training
schedule even during the pandemic.
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Participants in the control group received usual
care without any intervention components. All out-
come assessments were administered at baseline, end
of the intervention, and 1 year after completing the
intervention.

Outcomes

A comprehensive battery was administered at the
baseline, end of the intervention, and 1 year after
completing the intervention (1-year follow-up). The
primary outcome was change in cognitive perfor-
mance measured by a composite cognitive Z score of
seven cognitive tests, that is, MMSE, Montreal Cogni-
tive Assessment (MoCA),”” immediate, short-term
and long-term delayed recall of Auditory Verbal
Learning Test (AVLT),” recall of the easy and hard
pairs of PALT, trail making test (shifting score B-A),**
digit span backwards task from the Wechsler Adult
Intelligence Scale,”” and category fluency test.”®

Secondary outcomes included domain cognitive Z
scores for global cognition (MMSE & MoCA), epi-
sodic memory (AVLT & PALT), and executive func-
tioning (trail making test, digit span backwards task,
and category fluency test). Additional outcomes were
subjective cognitive abilities, including cognitive com-
plaints as measured by AD-8, everyday memory abil-
ity as measured by Prospective and Retrospective
Memory Questionnaire,”” and memory control beliefs
as measured by Memory Controllability Inventory®®;
positive affective experiences as measured by a com-
posite Z score of Satisfaction with Life Scale,” Index
of Well-Being,” and Attitude toward Own Aging
scale’; negative affective experiences as measured by
a composite Z score of CES-D, Generalized Anxiety
Disorder 7-Item Scale,”” and UCLA Loneliness 8-Item
Scale™; physical activity as measured by Physical
Activity Scale for the Elderly”; dietary habits as mea-
sured by a healthy diet scale;”” and social network
size as measured by Lubben Social Network 6-Item
Scale.™

Statistical Analysis

The sample size was estimated based on a power
analysis for cluster trials using Power And Precision
four to detect a difference in change of the overall cog-
nition between the intervention and control group.”
With an « of 0.05, a medium effect size of 0.4, and the
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TABLE 1. Baseline Characteristics of Participants Included in the Modified Intention-to-Treat Analysis

Characteristics Intervention (n = 86) Control (n = 106) t/x2 p Value
Age 69.7 (6.0) 73.1(5.7) 3.96 <0.001
Male, n (%) 22(25.6) 36 (34.0) 1.92 0.209
Education (y) 8.0(3.7) 9.0 (3.5 1.58 0.056
APOE ¢4 allele, n (%) 19 (22.1) 19 (17.9) 0.52 0.471
Cognition* —0.016 (0.66) 0.055 (0.53) 0.83 0.408
Global cognition® 0.085 (0.81) —0.020 (0.86) 0.87 0.388
Episodic memory" —0.043 (0.83) 0.090 (0.65) 1.25 0.215
Executive function” —0.042 (0.66) 0.034 (0.63) 0.81 0.420
Subjective cognitive complaints 3.73(1.57) 3.45 (1.59) 1.22 0.223
Everyday memory 58.77 (9.95) 55.31 (10.80) 2.28 0.012
Memory control beliefs” 0.079 (0.56) —0.044 (0.69) 1.33 0.174
Positive affect” 0.27 (0.55) —0.25 (091 4.90 <0.001
Negative affect” —0.15 (0.74) 0.14 (0.70) 2.83 0.005
Physical activity 120.61 (60.01) 119.27 (59.90) 0.15 0.878
Dietary habits 21.55(2.92) 20.87 (3.3 1.49 0.138
Social network size 16.91 (6.44) 17.04 (6.04) 0.14 0.885

Note. n: sample size; Data are mean (standard deviation), unless otherwise specified. Means were compared with t tests (df = 190), and propor-

tions were compared with x2 test (df = 1, N=192).

*Scores are composite Z scores of the tests included in each outcome, with higher scores indicating better performance.
PScoreisa composite Z score, with a higher value indicating a higher level of negative affective experiences.

consideration of intraclass correlation of 0.02, to
achieve a power of 0.8, a minimum sample size of
n = 90 per group (i.e., intervention & control) was
required. For five communities per group, 18 partici-
pants per community were needed. Based on similar
studies in local communities,'”'” we assumed a drop-
out rate of about 15%, thus, a size of total 105 partici-
pants were needed for each group.

Analyses were conducted based on modified inten-
tion-to-treat (mITT) principle, such that participants
who dropped out from the program were invited
back at the end of the intervention and follow-up,
and their data were included in analyses as long as
they had at least one postbaseline assessment.*° Nat-
ural log-transformation was performed on scores
with skewed distributions in order to normalize the
data. Z scores for tests at each time point were stan-
dardized to the baseline sample mean and standard
deviation. Composite Z scores were obtained by aver-
aging the individual component Z scores for corre-
sponding outcomes or domains.

To examine the effects of the intervention on pri-
mary and secondary outcome measures, we used lin-
ear mixed-effects models with maximum likelihood
estimation. To account for participant variability, ran-
dom effects of intercepts and slopes for participant
were assessed, and they were retained in the models
if they were significant. Random effects for clusters
(i.e., community hospitals) were also tested, however,

Am J Geriatr Psychiatry 31:3, March 2023

they were never significant (Wald Z-test value < 1, p
>0.1, intraclass correlation < 0.02) and ultimately
dropped from all models. Time was treated as a cate-
gorical variable (baseline versus end of intervention
versus follow-up). Models included fixed effects of
group assignment, time, and the interaction of group
and time. Sensitivity analyses were conducted with
all cluster-randomized participants. Participants’
baseline age and years of education, as well as varia-
bles that had group differences at baseline, were con-
trolled as covariates in all analyses for examining the
effects of the intervention (see details in Table 1).

Significant fixed effects were determined based on
likelihood ratio tests (), using a criterion of p <0.05.
Post-hoc tests were conducted to compare least
squares means of interaction effects, and p values and
confidence intervals (Cls) were presented with Tukey
adjustment for multiple comparisons. Effect size was
estimated using Hedges’ g statistics. All statistical
analyses were conducted using SAS software version
9.4 (SAS Institute Inc.).

RESULTS
Participant Flow and Adherence

As shown in Figure 1, between November 2018
and April 2019, 2,136 individuals were screened,
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FIGURE 1. Flowchart of participants.

Clusters assessed for eligibility (41 communities)

»| 31 communities were not enrolled due to
” ineligibility or declined to participate
c \4
£
s Participants assessed for eligibility (10 communities, 2136 participants)
=
w
Not enrolled (n = 1927 participants)
.| Not meeting inclusion criteria (n = 1743)
7| Had exclusion criteria (n = 58)
Declined to participate (n = 126)
Cluster-based random assignment (10 communities, 209 participants)
A4
5 Intervention communities 5 Control communities
s
=
©
S 4 \ 4
Multidomain Intervention (99 participants) Control (n = 110 participants)
Retained (n = 81) Retained (n = 103)
Dropped out (n = 18) Dropped out (n = 7)
12 for health-related problems 1 for health-related problems
2 due to lack of time or motivation 6 due to lost of contact
4 for other reasons
\4 A4
Completed post-intervention assessment at nine ) . .
months (n = 79) Completed post-intervention assessment at nine
. . months (n = 103)
Not assessed but completed intervention (n = 2)
=
g v v
a Completed 1-year follow-up assessment (n = 81) Completed 1-year follow-up assessment (n = 87)
b Retained (n = 75) Retained (n = 84)
< Dropout returned (n = 6) Dropout returned (n = 3)
Lost to follow-up (n = 18) Lost to follow-up (n = 23)
4 for health-related problems 8 for health-related problems
1 due to lost of contact 7 due to lost of contact
11 due to lack of time or motivation 7 due to lack of time or motivation
2 deceased 1 deceased
A4
Analyzed with modified intent-to-treat (5 Analyzed with modified intent-to-treat (5
2 communities, n = 86 participants) communities, n = 106 participants)
—: Excluded from analysis (discontinued study and Excluded from analysis (discontinued study and
S: had no post-intervention and follow-up visits) (n = had no post-intervention and follow-up visits) (n =
13 participants) 4 participants)
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FIGURE 2. Estimated mean change of Z score in (A) cognition (primary outcome measured by seven cognitive tests), (B) global cog-
nition, (C) episodic memory, and (D) executive functioning in the modified intent-to-treat sample, from baseline to end of interven-
tion and 1-year follow-up (1 year after the completion of the intervention), for the intervention and control group. Error bars

represent the standard errors of the mean change scores.

Control

A Intervention

0.3

0.2 l

0.1

v o)

0.6

0.5 T

0.4
0.3

Cognition

0.2

Z Score Change in Global

o
H—

@)

0.4

03 T

=
o
€ 0.1 =
]
=

Z Score Change in Cognition

Baseline

End of Intervention 1-Year Follow-up

Z Score Change in Episodic

(W)

0.2

0.1

o
—

Z Score Change in Executive
Functioning
o
=

Baseline End of 1-Year
Intervention Follow-up

and the final sample consisted of 209 at-risk older
adults from 10 community hospitals. The interven-
tion started in September 2019 and was completed
in June 2020, and the 1-year post-intervention
follow-up was completed in August 2021. The
mlTT analysis included a total of 192 participants
(91.9% of all enrolled participants) and excluded 17
participants.

Am J Geriatr Psychiatry 31:3, March 2023

The overall retention rate at the end of the inter-
vention was 88.1%, with the intervention group hav-
ing a relatively lower retention rate (81.8%) compared
to the control group (93.6%), (1, N = 192) = 6.37,
p = 0.01. The overall rate for coming for the 1-year
follow-up assessment was 80.4%, and there was no
difference between the intervention (81.8%) and con-
trol group (79.1%). Of those who completed the
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FIGURE 3. Estimated mean change of Z score in subjective cognitive abilities (left panel: subjective cognitive complaints, memory
control beliefs, everyday memory), affective experiences (middle panel: positive affect, negative affect), and lifestyle factors (right
panel: physical activity, dietary habits, social network), from baseline to end of intervention and 1-year follow-up (1 year after the
completion of the intervention), for the intervention and control group. Error bars represent the standard errors of the mean

change scores.
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Effects on Secondary Outcome Measures

Figures 2B-D and 3 present the effects of interven-
tion on secondary outcomes. Overall, there were
several immediate benefits of the multidomain inter-
vention, as indicated by significant group x time
interactions found in episodic memory (c*(1,
N = 192) = 3.83, p = 0.05), subjective cognitive com-
plaints (c*(1, N = 192) = 9.98, p <0.001), positive affec-
tive experiences (c*(1, N = 192) = 8.17, p = 0.004),
negative affective experiences (cz(l, N = 192) = 9.26,
p = 0002), level of physical activity (c*(1,
N = 192) = 449, p = 0.034), and social network size
(*(1,N =192) = 7.77, p = 0.005). Specifically, as indi-
cated in Table 2, the intervention group showed
improved episodic memory abilities, fewer subjective

Am J Geriatr Psychiatry 31:3, March 2023

cognitive complaints, more positive affective experi-
ences, fewer negative experiences, maintained levels
of physical activity, and maintained social network
size, relative to the control group. At the 1-year fol-
low-up, some benefits of the intervention were
retained for subjective cognitive complaints, memory
beliefs, negative emotions, physical activity level, and
social network. The benefits on other outcomes were
no longer significant at the follow-up.

Sensitivity Analyses with All Cluster-Randomized
Participants

Sensitivity analyses were conducted with all clus-
ter-randomized participants, with missing values
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imputed using the Markov chain Monte Carlo
method with five imputations. The baseline partici-
pants characteristics are presented in Supplementary
Table S1. As indicated in Supplementary Table S2,
results from linear mixed-effects models investigating
the effects of intervention on primary and secondary
outcomes showed the same pattern with those from
the mITT approach.

CONCLUSIONS

The COMBAT study was the first clinical trial of a
multidomain intervention conducted in metropolitan
communities in China, aiming to improve cognitive
abilities for at-risk older adults. Findings showed that
this community-based intervention had immediate
efficacy in improving overall cognitive performance,
episodic memory, subjective cognitive abilities, affec-
tive experiences, and lifestyle factors. These sup-
ported the view that interventions targeting multiple
factors could benefit cognitive function among com-
munity-dwelling older adults at risk of cognitive
decline, which was consistent with the WHO guide-
lines.” Even though the current study targeted at-risk
individuals in the communities rather than patients in
clinical settings, the intervention effect (between-
group difference of Z score of 0.20, Hedges’ g of 0.40)
was clinically meaningful. As pointed out in the liter-
ature, an effect size of 0.20 in nonpharmacological
cognition-focused intervention is comparable with
those of clinical trials with pharmacological treat-
ments for cognitive impairment.”

It is important to highlight that the immediate
effects on improving cognition were largely attenu-
ated at the 1-year follow-up, suggesting the long-term
effects could be hard to achieve without continuous
training. This issue is critical to intervention studies,
and future research should pay more attention to
evaluating the long-term effects and considering
approaches to maintain the training effect. In the cur-
rent study, the lack of benefits at follow-up might be
due to the relatively low intensity and short duration
of current study, compared to other multidomain
intervention trials.”” As there is no consensus on the
optimal dosage of multidomain intervention, this
speculation deserves further careful investigation.
Alternatively, booster training sessions can be pro-
vided, so that the intervention effect can be
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maintained with relatively low training intensity.
However, we noted that the effects on subjective cog-
nitive abilities were maintained. These could still
imply that this trial had some lasting effects, since
subjective cognitive abilities are usually associated
with objective cognitive abilities,*’ and the complaints
serve as an early indicator of cognitive impairment.*'
In addition, relative to the control group, the interven-
tion group had less significant decline in some life-
style factors (i.e., physical activity and social
network) at the follow-up. Although we were not
able to draw a firm conclusion on the long-term
effects, possibly the benefits of multidomain interven-
tion could persist to some extent.

The target of this study was at-risk individuals,
who were identified with the use of several risk fac-
tors from various aspects, such as demographic infor-
mation, lifestyle, neuropsychological test scores, and
APOE &4 genotypes. However, it should be noted that
we did not give clinical diagnoses during screening
but used MMSE and PALT scores, so it is possible
that some participants might already had early signs
and pathological brain changes. This could be
improved in future studies with more sophisticated
screening criteria.

One of the strengths of this intervention was the
incorporation of mindfulness meditation. Though the
underlying mechanisms are not fully understood, the
involvement of meditation training might help older
adults reduce negative affect, which would lead to
positive changes in physiological systems (e.g., hypo-
thalamic pituitary adrenal axis) and brain regions,”
and could ultimately benefit cognitive function. Thus,
future studies of multidomain lifestyle interventions
would consider having emotion management train-
ing component, such as meditation, stress manage-
ment, or emotion-based therapies, and further
investigate its contribution to cognition improve-
ment.

Another strength was the combined delivery
method (group training & self-monitoring home-
work). Although it was a relatively novel approach
for conducting intervention trials, it has demonstrated
a good potential to be adopted for future studies. This
combined method might be more suitable when
intense in-person training is hard to achieve, for
instance, during the pandemic. Even with the occur-
rence of an unexpected catastrophe (i.e., COVID-19)
that threatened study implementation,”  the
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adherence was good as more than 80% of participants
completed the intervention and returned for post-
tests, and participants were highly satisfied with both
in-person and online format of training.

The potential limitations of our study deserve dis-
cussion. First, the number of clusters was limited,
which could lead to the different baseline characteris-
tics for the intervention and control group. Second, a
usual care group was used as the control, but the
more ideal design would be to use an active control
for a better comparison to examine the cognitive ben-
efits of the intervention group. Third, there was a dif-
ferential retention rate for the intervention and
control group, which would need further examina-
tion. Furthermore, the lack of maintenance of training
effects on cognitive performance by the 1-year follow-
up suggested that it may be necessary to extend the
intervention duration and include booster sessions.
The intervention curriculum, especially on cognitive
training, may be further modified for training cogni-
tive skills that can be applied in daily activities, and
assessment should include more measures for cogni-
tive performance in real-life scenarios. Lastly, more
investigations are needed to explore the individual
differences in response to the intervention. One
approach would be to examine how training gains
can be moderated by participant characteristics, such
as demographic profiles, adherence to training, and
baseline performance. Another approach would be to
design “precision intervention,” that is to develop
personalized training programs that are tailored to
each person’s needs.

In summary, this intervention study demonstrated
the short-term efficacy of community-based multido-
main intervention to improve cognition among Chi-
nese older adults who were at risk of cognitive
decline. The long-term effects of multidomain inter-
ventions on cognitive function and cognitive
impairment risk warrant further investigation.
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