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AB S TRA C T

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-month intervention study, 10 community hospitals 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-hour group training

sessions and weekly home homework. 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 habits. 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 enhancement 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

(95% CI: 0.29, 0.50). However, this cognitive benefit was not significant at
KEY WORDS:

Multidomain intervention

cognitive decline

prevention

cluster-randomized controlled trial

community-based
, XZ, ZZ, JL, JF, QS, JL), CAS Key Laboratory of Mental Health, Institute of Psychology, Chi-
artment of Psychology (XL, ZM, XZ, ZZ, JL, JF, QS, JL), University of Chinese Academy of Sci-
er for Disease Control and Prevention (XH, XW), Beijing, China; Chinese Center for Disease
na; and the Aging Research Center (CQ), Department of Neurobiology, Care Sciences and Soci-
ersity, Stockholm, Sweden. Send correspondence and reprint requests to: Juan Li, Ph.D., Insti-
es, 16 Lincui Road, Beijing 100101, China. e-mail: lijuan@psych.ac.cn
rk and are joint first authors.
Psychiatry. Published by Elsevier Inc. All rights reserved.

197

mail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
 se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

mailto:lijuan@psych.ac.cn
https://doi.org/10.1016/j.jagp.2022.10.006
https://doi.org/10.1016/j.jagp.2022.10.006
http://www.sciencedirect.com
http://www.ajgponline.org


Cognitive Benefit of a Multidomain Intervention

198

Descargado para Lucia Angulo (lu.maru26@g
2023. Para uso personal exclusivamente. No
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 further

investigation. (Am J Geriatr Psychiatry 2023; 31:197−209)
HIGHLIGHTS

� 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.
� What is the main finding of this study?

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.

� What is the meaning of the finding?

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

C 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.1 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.2 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.2 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,3−6 and sev-
eral ongoing trials worldwide are being planned as
mail.com) en National Library of
 se permiten otros usos sin autoriz
well.7 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.6 Some small-scale
trials also found supporting evidence for a positive
effect,8−10 but two large-scale intervention studies in
the Netherlands and France failed to find an overall
effect.4,5 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.2,11,12 We made sev-
eral adaptations to the intervention program. Specifi-
cally, we incorporated a mindfulness meditation
training component because it can reduce negative
Am J Geriatr Psychiatry 31:3, March 2023

 Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Liu et al.
emotions like depression, which has been shown to
link to cognitive decline.13,14 However, no multido-
main intervention studies have ever included emotion
management as one training module.3 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.15 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,16

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.17

Community regional hospitals (the cluster units)
were recruited through a partnership with the Beijing
Chaoyang District Center for Disease Control and
Am J Geriatr Psychiatry 31:3, March 2023
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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.3,11,12 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 e4
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;18 (3)
possessing at least 2 of the listed well-recognized risk
factors:2,11,12 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 16,19 smoking, or
having hypertension, diabetes, heart disease, or cerebral
infarction; and (4) having risks of cognitive decline as
indicated by either carrying APOE e4 allele, the Mini-
Mental State Examination (MMSE) score greater than or
equal to 26,20 or Paired Associative Learning Test
(PALT) score greater than or equal to 6.5 (MeanScreening-
Sample − 0.2 SD).21 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.
199
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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.
200
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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),22 immediate, short-term
and long-term delayed recall of Auditory Verbal
Learning Test (AVLT),23 recall of the easy and hard
pairs of PALT, trail making test (shifting score B-A),24

digit span backwards task from the Wechsler Adult
Intelligence Scale,25 and category fluency test.26

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,27 and memory control beliefs
as measured by Memory Controllability Inventory28;
positive affective experiences as measured by a com-
posite Z score of Satisfaction with Life Scale,29 Index
of Well-Being,30 and Attitude toward Own Aging
scale31; negative affective experiences as measured by
a composite Z score of CES-D, Generalized Anxiety
Disorder 7-Item Scale,32 and UCLA Loneliness 8-Item
Scale33; physical activity as measured by Physical
Activity Scale for the Elderly34; dietary habits as mea-
sured by a healthy diet scale;35 and social network
size as measured by Lubben Social Network 6-Item
Scale.36

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.37

With an a of 0.05, a medium effect size of 0.4, and the
Am J Geriatr Psychiatry 31:3, March 2023
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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 e4 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 cognitiona 0.085 (0.81) �0.020 (0.86) 0.87 0.388
Episodic memorya �0.043 (0.83) 0.090 (0.65) 1.25 0.215
Executive functiona �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 beliefsa 0.079 (0.56) �0.044 (0.69) 1.33 0.174
Positive affecta 0.27 (0.55) �0.25 (0.91) 4.90 <0.001
Negative affectb �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 (3.31) 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).

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

Liu et al.
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,10,15 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.4,6 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
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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 (c2), 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 (CIs) 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,
201
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FIGURE 1. Flowchart of participants.

Cognitive Benefit of a Multidomain Intervention

202 Am J Geriatr Psychiatry 31:3, March 2023

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
2023. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



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.

Liu et al.
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
mITT 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
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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%), x2(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 £ time
interactions found in episodic memory (c2(1,
N = 192) = 3.83, p = 0.05), subjective cognitive com-
plaints (c2(1, N = 192) = 9.98, p <0.001), positive affec-
tive experiences (c2(1, N = 192) = 8.17, p = 0.004),
negative affective experiences (c2(1, N = 192) = 9.26,
p = 0.002), level of physical activity (c2(1,
N = 192) = 4.49, p = 0.034), and social network size
(c2(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
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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
205
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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.38 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.39

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.3−7 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
206
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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,40 and the complaints
serve as an early indicator of cognitive impairment.41

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 e4 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,42

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,43 the
Am J Geriatr Psychiatry 31:3, March 2023
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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.

AUTHOR CONTRIBUTIONS

Study conception and design: Z. Ma, X. Zhu, Z.
Zheng, Z. Wang, Z. Yin, C. Qiu, and Juan Li. Acquisition
of data: Z. Ma, Jing Li, J. Fu, Q. Shao, X. Han, and X.
Am J Geriatr Psychiatry 31:3, March 2023

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
Wang. Analysis and interpretation of the results: X. Liu,
Z. Ma, X. Zhu, and Juan Li. Preparation of the manu-
script: all authors prepared the manuscript (X. Liu wrote
the original draft, and all authors reviewed the final manu-
script). Study supervision: Juan Li.

DATA STATEMENT

The data has not been previously presented orally or by
poster at any scientific meetings.

DISCLOSURES

The authors would like to sincerely thank all partici-
pants of the COMBAT study, all study nurses, physicians,
fitness instructors, and research assistants for their effort
in doing the field work. They are very grateful for the
support and cooperation of the participating community
regional hospitals at Zuojiazhuang, Panjiayuandier, Baliz-
huangdier, Jinsong, Donghu, Guanzhuangdier, Xiaohong-
men, Sanlitun, Balizhuang, and Jiuxianqiao. Furthermore,
they would like to thank all other members of the COM-
BAT study group for their cooperation in data collection
and management.

This work was supported by National Key Research and
Development Program of China (grant numbers
2018YFC2000300, 2018YFC2001701, 2020YFC2003000,
2016YFC1305900, 2017YFB1401203), the National Nat-
ural Science Foundation of China (grant numbers
32071079, 31861133011, 31671157, 31711530157),
Youth Innovation Promotion Association of the Chinese
Academy of Sciences (grant number 2020089), Beijing
Municipal Science & Technology Commission (grant
numbers Z171100008217006, Z171100000117006), and
the Scientific Foundation of Institute of Psychology Chi-
nese Academy of Sciences (E2CX3715CX).

The authors have no conflicts of interest to declare.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article
can be found, in the online version, at https://doi.
org/10.1016/j.jagp.2022.10.006.
207

 Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.jagp.2022.10.006
https://doi.org/10.1016/j.jagp.2022.10.006


Cognitive Benefit of a Multidomain Intervention
References
1. Jia L, Du Y, Chu L, et al: Prevalence, risk factors, and manage-

ment of dementia and mild cognitive impairment in adults aged

60 years or older in China: a cross-sectional study. Lancet Public

Health 2020; 5:e661–e671;doi:10.1016/S2468-2667(20)30185-7

2. Mukadam N, Sommerlad A, Huntley J, et al: Population attribut-

able fractions for risk factors for dementia in low-income and

middle-income countries: an analysis using cross-sectional survey

data. Lancet Glob Health 2019; 7:e596–e603;doi:10.1016/S2214-

109X(19)30074-9

3. Kivipelto M, Mangialasche F, Ngandu T: Lifestyle interventions to

prevent cognitive impairment, dementia and Alzheimer disease.

Nat Rev Neurol 2018; 14:653–666;doi:10.1038/s41582-018-

0070-3

4. Andrieu S, Guyonnet S, Coley N, et al: Effect of long-term omega

3 polyunsaturated fatty acid supplementation with or without

multidomain intervention on cognitive function in elderly adults

with memory complaints (MAPT): a randomised, placebo-con-

trolled trial. Lancet Neurol 2017; 16:377–389;doi:10.1016/

S1474-4422(17)30040-6

5. Moll van Charante EP, Richard E, Eurelings LS, et al: Effectiveness

of a 6-year multidomain vascular care intervention to prevent

dementia (preDIVA): a cluster-randomised controlled trial. Lan-

cet 2016; 388:797–805;doi:10.1016/S0140-6736(16)30950-3

6. Ngandu T, Lehtisalo J, Solomon A, et al: A 2 year multidomain

intervention of diet, exercise, cognitive training, and vascular

risk monitoring versus control to prevent cognitive decline in at-

risk elderly people (FINGER): a randomised controlled trial. Lan-

cet 2015; 385:2255–2263;doi:10.1016/S0140-6736(15)60461-5

7. Kivipelto M, Mangialasche F, Snyder HM, et al: World-wide FIN-

GERS network: a global approach to risk reduction and preven-

tion of dementia. Alzheimers Dement 2020; 16:1078–1094;

doi:10.1002/alz.12123

8. Diamond K, Mowszowski L, Cockayne N, et al: Randomized con-

trolled trial of a healthy brain ageing cognitive training program:

effects on memory, mood, and sleep. J Alzheimers Dis 2015;

44:1181–1191;doi:10.3233/JAD-142061

9. McMaster M, Kim S, Clare L, et al: Lifestyle risk factors and cogni-

tive outcomes from the multidomain dementia risk reduction

randomized controlled trial, body brain life for cognitive decline

(BBL-CD). J Am Geriatr Soc 2020; 68:2629–2637;doi:10.1111/

jgs.16762

10. Zhu X, Yin S, Huo L, et al: A multimodal intervention to improve

cognition in community-dwelling older adults. Am J Geriatr Psy-

chiatry 2022;doi:10.1016/j.jagp.2022.01.011, [Epub ahead of

print]

11. Amieva H, Jacqmin-Gadda H, Orgogozo JM, et al: The 9 year cog-

nitive decline before dementia of the Alzheimer type: a prospec-

tive population-based study. Brain 2005; 128:1093–1101;

doi:10.1093/brain/awh451

12. Gallassi R, Oppi F, Poda R, et al: Are subjective cognitive com-

plaints a risk factor for dementia? Neurol Sci 2010; 31:327–336;

doi:10.1007/s10072-010-0224-6

13. Khalsa DS: Stress, meditation, and Alzheimer’s disease preven-

tion: where the evidence stands. J Alzheimers Dis 2015; 48:1–12;

doi:10.3233/JAD-142766

14. Russell-Williams J, Jaroudi W, Perich T, et al: Mindfulness and

meditation: treating cognitive impairment and reducing stress in

dementia. Rev Neurosci 2018; 29:791–804;doi:10.1515/

revneuro-2017-0066

15. Yin S, Zhu X, Li R, et al: Alleviated anxiety boosts memory training

gain in older adults with subjective memory complaints: a
208

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
randomized controlled trial. Am J Geriatr Psychiatry 2021; S1064-

7481(21):00321–00323;doi:10.1016/j.jagp.2021.05.006

16. Coley N, Ngandu T, Lehtisalo J, et al: Adherence to multidomain

interventions for dementia prevention: Data from the FINGER

and MAPT trials. Alzheimers Dement 2019; 15:729–741;

doi:10.1016/j.jalz.2019.03.005

17. Campbell MK, Piaggio G, Elbourne DR, et al: Consort 2010 state-

ment: extension to cluster randomised trials. BMJ 2012; 345:

e5661;doi:10.1136/bmj.e5661

18. Galvin JE, Roe CM, Powlishta KK, et al: The AD8: a brief infor-

mant interview to detect dementia. Neurology 2005; 65:559–

564;doi:10.1212/01.wnl.0000172958.95282.2a

19. Roberts RE, Vernon SW: The Center for Epidemiologic Studies

Depression Scale: its use in a community sample. Am J Psychiatry

1983; 140:41–46;doi:10.1176/ajp.140.1.41

20. Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A prac-

tical method for grading the cognitive state of patients for the cli-

nician. J Psychiatr Res 1975; 12:189–198;doi:10.1016/0022-3956

(75)90026-6

21. Huo L, Wang B, Li J: Revision of the norm of the verbal paired

associative learning test in Chinese older adults. Chin Ment Health

J 2014; 7:512–517, http://ir.psych.ac.cn/handle/311026/14471

Retrieved October 16, 2016

22. Nasreddine ZS, Phillips NA, B�edirian V, et al: The Montreal Cog-

nitive Assessment, MoCA: a brief screening tool for mild cogni-

tive impairment. J Am Geriatr Soc 2005; 53:695–699;

doi:10.1111/j.1532-5415.2005.53221.x

23. Guo Q, Sun Y, Peimin Y, et al: Norm of auditory verbal learning

test in the normal aged in China community. Chin J Clin Psychol

2007; 15:132–134

24. Reitan RM: Trail Making Test: Manual for Administration and Scor-

ing. South Tucson, AZ: Reitan Neuropsychology Laboratory, 1992

25. Gong Y: Revision of Wechsler’s Adult Intelligence Scale in China.

Acta Psychologica Sinica 1983; 15:362–370

26. Strauss E, Sherman EM, Spreen O: A Compendium of Neuropsy-

chological Tests: Administration, Norms, and Commentary. 3rd

ed. New York: Oxford University Press, 2006

27. Smith G, Della Sala S, Logie RH, et al: Prospective and retrospec-

tive memory in normal ageing and dementia: a questionnaire

study. Memory 2000; 8:311–321;doi:10.1080/09658210050117735

28. Lachman ME, Bandura M, Weaver SL, et al: Assessing memory con-

trol beliefs: the memory controllability inventory. Aging Neuropsy-

chol Cogn 1995; 2:67–84;doi:10.1080/13825589508256589

29. Diener E, Emmons RA, Larsen RJ, et al: The satisfaction with life

scale. J Pers Assess 1985; 49:71–75;doi:10.1207/s15327752

jpa4901_13

30. Campbell A: Subjective measures of well-being. Am Psychol

1976; 31:117–124;doi:10.1037/0003-066X.31.2.117

31. Lawton MP: The Philadelphia geriatric center morale scale: a

revision. J Gerontol 1975; 30:85–89;doi:10.1093/geronj/30.1.85

32. Spitzer RL, Kroenke K, Williams JB, et al: A brief measure for

assessing generalized anxiety disorder: the GAD-7. Arch Intern

Med 2006; 166:1092–1097;doi:10.1001/archinte.166.10.1092

33. Hays RD, DiMatteo MR: A short-form measure of loneliness. J

Pers Assess 1987; 51:69–81;doi:10.1207/s15327752jpa5101_6

34. Washburn RA, Smith KW, Jette AM, et al: The Physical Activ-

ity Scale for the Elderly (PASE): development and evaluation.

J Clin Epidemiol 1993; 46:153–162;doi:10.1016/0895-4356

(93)90053-4

35. Cheng K, Li L, Ruan L, et al: Relationship between dietary

balance index and metabolic syndromes among population
Am J Geriatr Psychiatry 31:3, March 2023

 Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/S2468-2667(20)30185-7
https://doi.org/10.1016/S2214-109X(19)30074-9
https://doi.org/10.1016/S2214-109X(19)30074-9
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.1038/s41582-018-0070-3
https://doi.org/10.1016/S1474-4422(17)30040-6
https://doi.org/10.1016/S1474-4422(17)30040-6
https://doi.org/10.1016/S0140-6736(16)30950-3
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1002/alz.12123
https://doi.org/10.3233/JAD-142061
https://doi.org/10.1111/jgs.16762
https://doi.org/10.1111/jgs.16762
https://doi.org/10.1016/j.jagp.2022.01.011
https://doi.org/10.1093/brain/awh451
https://doi.org/10.1007/s10072-010-0224-6
https://doi.org/10.3233/JAD-142766
https://doi.org/10.1515/revneuro-2017-0066
https://doi.org/10.1515/revneuro-2017-0066
https://doi.org/10.1016/j.jagp.2021.05.006
https://doi.org/10.1016/j.jalz.2019.03.005
https://doi.org/10.1136/bmj.e5661
https://doi.org/10.1212/01.wnl.0000172958.95282.2a
https://doi.org/10.1176/ajp.140.1.41
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
http://ir.psych.ac.cn/handle/311026/14471
https://doi.org/10.1111/j.1532-5415.2005.53221.x
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0023
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0023
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0023
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0024
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0024
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0025
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0025
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0025
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0026
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0026
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0026
https://doi.org/10.1080/09658210050117735
https://doi.org/10.1080/13825589508256589
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1037/0003-066X.31.2.117
https://doi.org/10.1093/geronj/30.1.85
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1207/s15327752jpa5101_6
https://doi.org/10.1016/0895-4356(93)90053-4
https://doi.org/10.1016/0895-4356(93)90053-4
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0035
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0035


Liu et al.
aged 45-60 years old in Hefei city. Food Nutr China 2016;

22:82–85

36. Lubben J, Blozik E, Gillmann G, et al: Performance of an

abbreviated version of the Lubben Social Network Scale

among three European community-dwelling older adult popu-

lations. Gerontologist 2006; 46:503–513;doi:10.1093/geront/

46.4.503

37. Spybrook J, Hedges L, Borenstein M: Understanding statistical

power in cluster randomized trials: challenges posed by differen-

ces in notation and terminology. J Res Educ Eff 2014; 7:384–406;

doi:10.1080/19345747.2013.848963

38. World Health Organization: Risk Reduction of Cognitive Decline

and Dementia: WHO Guidelines in 2019: Geneva. https://apps.

who.int/iris/bitstream/handle/10665/312180/9789241550543-

eng.pdf?ua=1.

39. Kurz AF, Leucht S, Lautenschlager NT: The clinical significance

of cognition-focused interventions for cognitively impaired older
Am J Geriatr Psychiatry 31:3, March 2023

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of
2023. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
adults: a systematic review of randomized controlled trials. Int

Psychogeriatr 2011; 23:1364–1375;doi:10.1017/S10416102110

01001

40. Horn MM, Kennedy KM, Rodrigue KM: Association between sub-

jective memory assessment and associative memory perfor-

mance: role of AD risk factors. Psychol Aging 2018; 33:109–118;

doi:10.1037/pag0000217

41. Mitchell AJ, Beaumont H, Ferguson D, et al: Risk of dementia and

mild cognitive impairment in older people with subjective mem-

ory complaints: meta-analysis. Acta Psychiatr Scand 2014;

130:439–451;doi:10.1111/acps.12336

42. Innes KE, Selfe TK: Meditation as a therapeutic intervention for

adults at risk for Alzheimer’s disease - potential benefits and

underlying mechanisms. Front Psychiatry 2014; 5:40;

doi:10.3389/fpsyt.2014.00040

43. van Dorn A: COVID-19 and readjusting clinical trials. Lancet

2020; 396:523–524;doi:10.1016/S0140-6736(20)31787-6
209

 Health and Social Security de ClinicalKey.es por Elsevier en marzo 20, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0035
http://refhub.elsevier.com/S1064-7481(22)00546-2/sbref0035
https://doi.org/10.1093/geront/46.4.503
https://doi.org/10.1093/geront/46.4.503
https://doi.org/10.1080/19345747.2013.848963
https://apps.who.int/iris/bitstream/handle/10665/312180/9789241550543-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/312180/9789241550543-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/312180/9789241550543-eng.pdf?ua=1
https://doi.org/10.1017/S1041610211001001
https://doi.org/10.1017/S1041610211001001
https://doi.org/10.1037/pag0000217
https://doi.org/10.1111/acps.12336
https://doi.org/10.3389/fpsyt.2014.00040
https://doi.org/10.1016/S0140-6736(20)31787-6

	Cognitive Benefit of a Multidomain Intervention for Older Adults at Risk of Cognitive Decline: A Cluster-Randomized Controlled Trial
	OBJECTIVE
	METHODS
	Study Design and Participants
	Randomization and Blinding
	Procedure
	Outcomes
	Statistical Analysis

	RESULTS
	Participant Flow and Adherence
	Baseline Characteristics
	Effects on Primary Outcome Measure
	Effects on Secondary Outcome Measures
	Sensitivity Analyses with All Cluster-Randomized Participants

	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	DATA STATEMENT
	DisclosureS
	SUPPLEMENTARY MATERIALS
	References



