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Objective: This trial aims to investigate the efficacy, safety, and potential mechanism of a multimodal intervention on
cognitive function in individuals with MCI living in a community.
Methods: In this single-blind, randomized controlled trial, 120 participants with MCI were randomly assigned to either
the intervention group or the control group. The intervention group received the multimodal intervention, while the control
group received regular health education. Neuropsychological tests and magnetic resonance imaging (MRI) were conducted
at baseline and after the 12-week intervention.
Results: Fifty-nine and fifty-seven participants respectively in the intervention and control groups completed the trial. The
intervention group shown improvements in primary outcome, Mini-Mental State Exam (MMSE) total score (mean difference
–0.96, 95% CI [–1.58, –0.34], p = 0.003), and secondary outcomes: MMSE recall (–0.39, 95% CI [–0.71, –0.07], p = 0.019),
MMSE language (–0.26, 95% CI [–0.44, –0.07], p = 0.007), Auditory Verbal Learning Test instantaneous memory (–3.30,
95% CI [–5.70, –0.89], p = 0.008), Digit Symbol Substitution Test total score (–2.91, 95% CI [–5.67, –0.15], p = 0.039),
digit span forwards (–1.25, 95% CI [–1.93, –0.56], p < 0.001), and Digit Span Test (–1.33, 95% CI [–2.33, –0.34], p = 0.009)
compared to the control group. Improvements were observed in structural and functional connectivity related to language,
concentration, executive function, memory, and recall functioning via MRI in the intervention group.
Conclusions: The multimodal intervention improved cognitive function in individuals with MCI in cognitive performance
and neuroimaging.

Trial registration: ClinicalTrials.govNCT05483790

Trial registration date: July 24, 2022

Keywords: Alzheimer’s disease, behavior therapy, clinical trial, cognitive dysfunction

INTRODUCTION

The 2022 Revision of World Population Prospects
estimated that the percentage of people aged 60 or
older in the world population would be over 22%
by 2050.1 As the population aging, the number of
individuals with dementia is also increasing. Demen-
tia is a neurological disorder encompassing a varies
of symptoms and is the leading cause of disability
among people over 65 years.2 This condition poses
substantial burdens on families, society, and the econ-
omy. In fact, the financial burden of dementia is
comparable to that of heart disease and cancer.3 Mild
cognitive impairment (MCI) is an intermediate state
between normal aging and dementia.4 The prevalence
of MCI in adults older than 60 years is about 20%,
and approximately 5–17% of MCI may progress to
dementia annually.5

To date, pharmacologic therapeutics for demen-
tia have shown limited efficacy,6 then non-pharma-
cological interventions in delaying or preventing
the conversion from MCI to dementia have been
emerged in several previous studies.7 Non-pharma-
cological interventions mainly included cognition-
oriented intervention,8 exercise intervention,9 and
mind and body practice.10 The multimodal non-
pharmacological intervention program with two or
more types of interventions has been recommended

for treating people with dementia.11 Previous tri-
als have indicated that multimodal training could
improve cognitive functions and moods in individuals
with MCI.12,13 However, these effective interven-
tions are not yet widely deployed, and research
evidence was mainly obtained from studies in high-
income countries. There is a need to verify their study
results in different populations with diverse culture
and economic background.

Here we report a randomized controlled trial aim-
ing to investigate the efficacy, safety, and potential
mechanism of a multimodal intervention on cognitive
function in individuals with MCI living in a commu-
nity.

MATERIALS AND METHODS

Study design

This single-blind, randomized controlled trial was
conducted in urban Shanghai, China, from July 2019
to December 2021. This study was approved by
the Ethics Committee, School of Public Health,
Fudan University (IRB # 2020-07-0840). The written
informed consent was obtained from each participant.
Trial registration: ClinicalTrials.govNCT05483790.
Trial registration date: July 24, 2022.
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Study participants

Study participants were recruited from the commu-
nity residents living in Xinzhuang Town, Minhang
District, Shanghai. The inclusion criteria included
1) aged ≥50 and ≤75 years; 2) with at least 6
years of education; 3) with a diagnosis of MCI
according to the Peterson criteria:14 1) cognitive con-
cern or complaint by the subject or the proxy, with
Clinical Dementia Rating (CDR) = 0.5; 2) objective
impairment in at least 1 cognitive domain based on
performance 1.5 SD below the mean using the norms
of Chinese population;15 3) essentially normal func-
tional activities (determined from CDR and Activity
of Daily Living (ADL); and 4) absence of demen-
tia (by DSM-IV). The exclusion criteria included:
1) diagnosed neurological diseases causing cognitive
decline, i.e., cerebrovascular disease, central nervous
system infections, etc.; 2) diagnosed central nervous
system diseases, i.e., brain tumor, epilepsy; 3) diag-
nosed psychiatric disorder; 4) severe disorders which
may affect the safety, i.e., severe cardiac, renal, lung,
liver or other diseases; 5) with problems of vision,
hearing, or speaking, and were not able to cooperate
the evaluations; 6) using pharmacologic therapeutics
for cognitive impairment; 7) concurrent participation
in other intervention trials.

The eligible participants completed questionnaires
to collect demographic and lifestyle characteristics
(e.g., age, sex, education level, ethnicity, marital sta-
tus, weight, and height, drug history, daily activities,
smoking habits, alcohol consumption, medical disor-
ders, family history of dementia, etc.) at the baseline.

Randomization and blinding

Participants were randomly assigned by a 1:1
ratio to the intervention group and the control
group. The randomization method was con-
ducted by a biostatistician at Fudan University
School of Public Health using an online program
(http://www.graphpad.com/quickcalcs/index.cfm).
A local health worker enrolled participants and
assigned them to the two groups based on the
randomization. Outcomes were assessed by inves-
tigators who were not involved in the intervention
activities and were blinded to the group assignment.

Trial procedure

The trial is conducted by local health workers, who
were trained by a team comprising neurologists and

geriatrics experts from Huashan Hospital. The train-
ing manuals, demo videos, education resources (such
as PowerPoint files and materials) and standardized
health education study materials were also distributed
to them.

As shown in Fig. 1, a multimodal interven-
tion program (with schedule) was conducted in the
intervention group for 12 weeks, including cog-
nitive training, physical exercise, healthy lifestyle
education, and computerized interaction training.
Throughout the 12-week period, the control group
only received 30-min health education through book-
lets, home visits, or phone calls once every week.
The multimodal intervention program included the
in-person training course (90-min, once per week
for 6 weeks), computerized interaction training (30-
min, 3 times per week for 6 weeks), and homework
(30-min, every day for 12 weeks).

The in-person training course started with a 10-min
period of reminiscence and discussion. Subsequently,
cognitive training activities were conducted for
25 min, followed by a 15-min healthy lifestyle educa-
tion. After a 10-min break, physical exercise training
was administered for 15 min. Finally, participants
summarized the all-training activities, either through
writing or discussion, and planed their homework
during a 15-min wrap-up session.

The cognitive training encompassed memory-
related training (i.e., picture recall, categorization,
cueing, repetition, association, sentence forma-
tion, story construction, utilization of the Roman
room method, face-name association, and verbaliza-
tion to aid retention) and attention-related training
(i.e., character-picture association, idiom-picture
association, and spot-the-difference tasks were incor-
porated). The physical exercise included finger exer-
cises, elastic band exercises, Tai Chi/Baduanjin with
guidance. The healthy lifestyle education included
guidance on nutrition, sleep, stress management, and
mood adjustment by teaching problem-solving skills,
such as managing stressful life events and handling
anger and frustration. Additionally, the interven-
tion provided information and support to facilitate
lifestyle changes and included discussions and prac-
tical exercises, such as tools for assessing dietary
behavior.

The instructor-supervised, computer program-
based computerized interaction training three times
weekly included spatial cognition (i.e., participants
manipulated identical cubes or two-dimensional fig-
ures in different orientations using a control handle),
left and right brain balance tasks (i.e., replicating

http://www.graphpad.com/quickcalcs/index.cfm
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Fig. 1. Interventions in the intervention and the control group.

graphics from one computer screen to another using
action tracking or screen touching technology), clock
imitation exercises (i.e., participants mimicked the
movements of hour and minute hands to match
the time displayed on the computer screen), and
automatic teller machine simulation (i.e., wherein
participants performed transactions like cash with-
drawals, money transfers, and balance checks using
a computer interface similar to an ATM, while also
recalling passwords and transaction amounts.

The every-day homework encompassed activities
such as calligraphy practice (2 days per week) and
physical exercise (the other 5 days per week). Partic-
ipants were asked to complete their homework within
approximately 30 min and share pictures or videos of
their homework in a WeChat group each day, allowing
for assessment of their adherence.

The quality control of the trial was conducted
through regular supervision calls to confirm the

adherence to the trial protocol. Participants who
attended at least 80% of the activities were considered
as good adherence.

Assessment of cognitive function

Cognitive functions were evaluated by neu-
ropsychological tests at the baseline and right
after the 12-week program finished. The Mini-
Mental State Examination (MMSE) assesses various
domains including orientation, instantaneous mem-
ory, attention, computation, recall, language and
visuospatial.16 The Montreal Cognitive Assessment
(MoCA) measured cognitive domains of visual
perception, executive skills, language, attention,
memory, and orientation.17 The Auditory Verbal
Learning Test (AVLT) and the Logic Memory Test
(LMT) reflected the memory function, the Trail
Marking Test A (TMT-A)18 and the Digit Sym-
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bol Substitution Test (DSST) reflected the executive
function, and the Digit Span Test (DST) reflected the
concentration function.19

The primary outcome of this trial was the change
in MMSE total score from baseline to the end of the
12-week program. Secondary outcomes included the
changes of MMSE sub- scores, MoCA, AVLT, LMT,
TMT-A, DSST, DST from baseline to the end of the
12-week program.

Assessment of safety

Adverse events were monitored throughout the
study. At each session, trained workers asked par-
ticipants and their caregivers if any adverse events
had occurred since the last session. They also
observed events during the sessions and inquired
about adverse events during follow-up visits. Severe
adverse events were defined as those resulting in
death, persistent or significant disability or incapac-
ity, immediate life-threatening situations, or requiring
hospital admission or medical intervention to prevent
any of these severe adverse events.

MRI acquisition

The magnetic resonance imaging (MRI) scan
was administered at baseline and right after
the 12-week program. The brain MRI protocols
included the acquisition of 3D T1-weighted structural
images, resting functional MRI (rfMRI) images, and
diffusion-weighted imaging (DWI).

We used an MR-790 3T scanner (Unite Imaging
Ltd, Shanghai, China) with a 32-channel head coil
at the MR Lab of the Neurosurgery Department of
Huashan Hospital, Fudan University. The parameters
for the acquisition of T1 weighted images were as
follows: a 3D fast spoil gradient echo sequence with
TR/TE/TI = 8.1 ms/3.4 ms/1060 ms, flip angle = 8,
and water excitation to suppress the fat of scalp
and orbit, field of view (FOV) = 256 × 240 mm,
matrix size = 320 × 300, 208 sagittal slices, voxel
size = 0.8 × 0.8 × 0.8 mm, acceleration factor = 2
(parallel imaging), scan time = 6 min 39 s.

Both rfMRI and DWI were acquired using a single
shot echo planner imaging sequence. The parameters
of rfMRI: TR/TE = 700 ms/33 ms, FA = 52, echo
spacing = 0.55 ms, BW = 2350 Hz/Pixel, FOV = 210
× 210 mm, matrix size = 84 × 84, 63 axial slices,
voxel size = 2.5 × 2.5 × 2.5 mm, multiband fac-
tor = 7, phase encoding = PA (posterior - anterior),
number of volumes = 700, scan time = 8 min 22 s.

A double-echo gradient echo field map was
acquired for correct the distortion from suscepti-
bility difference: TR = 700 ms, TEs = 4.92, 7.38 ms,
bandwidth = 800 Hz/Pixel, FA = 10, the geometric
parameters were as same as the rfMRI’s, scan
time = 58 s. The parameters of DWI were: TR/TE =
5640/82 ms, bandwidth = 2000 Hz/pixel, FOV = 210
× 210 mm, matrix size = 140*140, 99 axial slices,
voxel size = 1.5 × 1.5 × 1.5 mm, phase encod-
ing = PA, multi-shell, directions = 32, 64, b
values = 1000, 2000 s/mm², number of b0 = 2,
scan time = 10 min 59 s. In addition, two other b0
images with an anterior-posterior phase encoding
direction were acquired to correct susceptibility
distortion.

For the T1 MRI images, the CAT12 toolbox
was initially used to perform quality control and
exclude subjects with quality scores of “C+” or
lower. Then, the recon-all command of FreeSurfer
6.0.0 was utilized for brain extraction, tissue seg-
mentation, cortical reconstruction, and brain region
labeling for each subject’s brain images. The image
processing steps involved skull stripping, normaliza-
tion, removal of the non-brain structure, brain tissue
segmentation, and surface reconstruction. The brain
images of each subject were nonlinearly aligned to
the MNI152 template using the ANTs alignment
toolkit for subsequent analysis of BOLD fMRI and
DWI images. For rfMRI images, the AFNI toolkit
was primarily used for processing. The first 5 time
points of the rfMRI data were discarded. Head motion
correction was performed, and assessment metrics
measuring the degree of head rotation and displace-
ment in all three directions were generated. Second
step, the images of each subject were corrected for
temporal layers, the images of the intermediate time
points were aligned with the T1-weighted images,
and head movement outlier time points in the tempo-
ral dimension were detected and interpolated using
adjacent time points. The images were temporally
corrected and aligned with the T1-weighted images.
Head movement outlier time points were detected
and interpolated. Regression analysis was conducted
to remove the mean signal of white matter and
ventricle, as well as head movement parameters as
noise regressors. The data were band-pass filtered
between 0.01 and 0.1 Hz. The whole-brain mean
BOLD signal was adjusted, and the images were
aligned to the MNI152 space using the alignment
results of the T1-weighted images. Functional con-
nectivity between all brain regions were calculated
based on the DK+Aseg partitioning template. DWI
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Fig. 2. Flow of participants through the study.

images were processed using the FSL toolkit. The b0
images were aligned with the T1-weighted images,
and corrections were applied for eddy currents and
head motion. Outliers were detected and replaced.
Probabilistic fiber tracking of DWI images was per-
formed using the DK+Aseg parcellation template,
resulting in a probabilistic white matter connectiv-
ity matrix for each brain region. Graph-theoretical
metrics were extracted from the connectivity matrix
to evaluate brain regions related to language, con-
centration, executive, memory, and recall functioning
networks.

Statistical analysis

The sample size was determined to allow to detect
a significant statistical difference based on the 90%
statistical power from a calculation formula. This
trial was designed to provide greater than to detect
a 1-point increase in MMSE as significant at the
two-sided α value of 0.05, and an estimate of the
standard deviation of 1.6 for MMSE scores.20 Con-
sidering a 10% dropout rate, sixty participants each
were required for the intervention group and the con-
trol group.

We conducted analyses using intention to treat
principles. The student-t test was used to compare
changes of neuropsychological test scores and MRI
parameters. MRI parameters (additional corrections
for multiple testing, false discovery rate) between
the intervention and control groups. Changes were
calculated as the scores minus the baseline scores.
The spearman correlation test was utilized to analyze
associations among changes in neuropsychological
and MRI parameters in both groups by adjusting age
and sex.

The statistical analyses were conducted using Stata
software version 15.0, and a significance level of
p < 0.05 was considered statistically significant.

RESULTS

The flowchart of participants enrollment is shown
in Fig. 2. Among 120 randomized participants, 59
participants in the intervention group and 57 partic-
ipants in the control group completed the trial and
the assessment of the cognitive function and safety.
Thirty-one participants (52.5%) and 30 participants
(52.6%) in the intervention group and control group
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Table 1
Baseline characteristics of participants

Intervention group Control group

(n = 59) (n = 57)
Age, y, mean (SD) 66.3 (4.4) 67.8 (5.1)
Sex

Female, n (%) 36 (61.0) 35 (61.4)
Male, n (%) 23 (39.0) 22 (38.6)

Years of Education
<12 y, n (%) 7 (11.9) 7 (12.3)
≥12 y, n (%) 52 (88.1) 50 (87.7)

Marital status
Married/cohabiting, n% 55 (93.2) 52 (91.2)
Single, n% 4 (6.8) 5 (8.8)

Lifestyle factors
Body-mass index, Kg/m2, mean (SD) 25.0 (3.3) 24.1 (2.8)
Current smokers, n (%) 6 (10.2) 10 (17.5)
Current alcohol drinking, n (%) 18 (30.5) 9 (15.8)

Medical disorders, n (%)
Hypertension, n (%) 25 (42.4) 23 (40.4)
Diabetes, n (%) 13 (22.0) 12 (21.1)
Hypercholesterolemia, n (%) 16 (27.1) 14 (24.6)
History of myocardial infarction, n (%) 0 (0) 1 (1.8)
History of stroke, n (%) 2 (3.4) 0 (0)

Family history of dementia, n (%) 2 (3.4) 6 (10.5)

completed the MRI scan. Table 1 shows the demo-
graphic characteristics of the intervention group and
the control group at baseline. Participants in the inter-
vention and control groups were all Chinese. There’s
no statistical significance of the baseline character-
istics between the intervention group and control
group.

As shown in Table 2 and Fig. 3, significant
improvements of cognitive functions were shown in
the intervention group after the 12-week interven-
tion. Compared to the control group, improvements
were observed in MMSE total score (mean differ-
ence –0.96, 95%CI [–1.58, –0.34], p = 0.003), MMSE
recall (–0.39, 95%CI [–0.71, –0.07], p = 0.019),
MMSE language (–0.26, 95%CI [–0.44, –0.07],
p = 0.007), AVLT instantaneous memory (–3.30,
95%CI [–5.70, –0.89], p = 0.008), DSST total score
(–2.91, 95%CI [–5.67, –0.15], p = 0.039), digit span
forwards (–1.25, 95%CI [–1.93, –0.56], p < 0.001)
and DST (–1.33, 95%CI [–2.33, –0.34], p = 0.009)
compared to the control group. No adverse events
related to the intervention were reported from the
participants.

Figure 4 showed the changes of structural con-
nectivity in DWI after the 12-week intervention.
Compared to the control group, the intervention
group exhibited heightened interactions in several
regions, including the left thalamus proper-left isth-
mus cingulate cortex, left caudal middle frontal
gyrus-left pars opercularis inferior frontal gyrus,

left lateral orbitofrontal cortex-left precuneus cor-
tex, and left pars orbitalis inferior frontal gyrus-left
insula. These regions were associated with functions
of language, executive, memory, and recall. Results
remained significant after correction for multiple
comparisons (false discovery rate).

Figure 5 showed the changes of functional
connectivity in resting state. The intervention
group demonstrated improved functional connectiv-
ity associated with concentration, executive function,
memory, and recall compared to the control group.
The connectivity regions included brain stem-left
frontal pole and right inferior temporal gyrus (ITG),
left para hippocampal gyrus-bilateral caudal mid-
dle frontal gyrus and right temporal pole, left para
hippocampal gyrus-right temporal pole, cerebellum
cortex-left banks superior temporal sulcus.

As showed in Fig. 6, after adjusting for age and
gender, the spearman correlation analysis results
revealed significant positive correlations between
changes in neuropsychological and neuroimaging
variables in the intervention group. Specifically, the
change in the left caudal middle frontal gyrus-left
pars opercularis inferior frontal gyrus was corre-
lated with the change in MMSE language (r = 0.473,
p = 0.020), while the change in the left caudal
middle frontal gyrus-left para-hippocampal was cor-
related with the change in MMSE recall (r = 0.495,
p = 0.014). Additionally, a positive correlation was
observed between the change in the left caudal
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Table 2
Main estimates of intervention effect (cognitive function)

Intervention group (N = 59) Control group (N = 57)
Outcomes Baseline 12-week Change from

baseline
Baseline 12-week Change from

baseline
Difference of changes
between 2 groups [95% CI]

p

MMSE
Total MMSE score 28.4 (1.6) 28.4 (1.5) 0.7 (1.5) 29.1 (1.0) 28.2 (1.7) –0.3 (1.9) –0.96 [–1.58, –0.34] 0.003
Orientation 9.9 (0.2) 9.8 (0.6) 0.0 (0.3) 9.9 (0.2) 9.9 (0.4) 0.1 (0.7) 0.07 [–0.12, 0.26] 0.461
Registration 2.9 (0.4) 2.9 (0.3) 0.1 (0.3) 3.0 (0.1) 3.0 (0.0) 0.1 (0.3) –0.03 [–0.15, 0.08] 0.586
Computation 4.5 (0.9) 4.5 (0.8) –0.1 (1.0) 4.5 (0.8) 4.1 (1.3) –0.4 (1.6) –0.34 [–0.81, 0.14] 0.165
Recall 2.4 (0.8) 2.4 (0.9) 0.4 (0.9) 2.7 (0.6) 2.4 (0.9) 0.0 (0.9) –0.39 [–0.71, –0.07] 0.019
Language 7.8 (0.7) 7.9 (0.3) 0.2 (0.6) 8.0 (0.3) 7.9 (0.4) –0.1 (0.3) –0.26 [–0.44, –0.07] 0.007
Structure imitation 0.9 (0.3) 0.8 (0.4) 0.0 (0.3) 0.9 (0.3) 0.9 (0.3) 0.0 (0.3) 0.00 [–0.12, 0.12] 0.984
Total MoCA score 24.8 (3.9) 23.5 (3.6) 0.8 (2.7) 25.6 (3.1) 24.5 (3.4) 1.1 (2.6) 0.24 [–0.73, 1.21] 0.626
AVLT instantaneous memory 32.4 (6.7) 32.0 (8.6) 5.0 (7.3) 37.4 (6.9) 33.8 (8.6) 1.7 (5.7) –3.30 [–5.70, –0.89] 0.008
AVLT delayed recall 11.8 (3.1) 11.3 (3.6) 1.2 (3.5) 13.0 (2.8) 11.5 (3.9) 0.2 (2.0) –1.01 [–2.06, 0.04] 0.059
LMT immediate recall 10.7 (4.2) 8.2 (4.7) 0.5 (4.3) 11.2 (4.4) 9.0 (5.2) 0.7 (3.5) 0.23 [–1.22, 1.68] 0.755
LMT delayed recall 9.4 (4.1) 7.5 (4.4) 1.8 (4.7) 11.2 (3.9) 7.9 (5.2) 0.4 (3.3) –1.39 [–2.90, 0.11] 0.069
TMT-A total(s) 55.2 (22.1) 58.4 (23.9) –5.5 (21.1) 49.6 (18.4) 54.6 (25.9) –3.8 (20.3) 1.71 [–5.89, 9.32] 0.657
DSST total score 35.0 (10.6) 34.7 (10.6) 4.5 (7.8) 39.5 (11.8) 36.3 (11.4) 1.6 (7.2) –2.91 [–5.67, –0.15] 0.039
DSST wrong number 0.2 (0.9) 0.6 (2.6) –0.2 (0.9) 0.1 (0.3) 0.5 (2.5) –0.2 (0.8) –0.02 [–0.34, 0.29] 0.883
DSF 6.9 (2.3) 6.8 (1.7) 0.5 (2.1) 7.4 (1.5) 6.1 (1.4) –0.7 (1.5) –1.25 [–1.93, –0.56] <0.001
DSB 4.1 (1.7) 3.8 (1.3) 0.0 (1.7) 4.1 (1.3) 3.8 (1.6) –0.1 (1.1) –0.07 [–0.60, 0.46] 0.792
DST 11.0 (3.8) 10.6 (2.6) 0.5 (3.3) 11.5 (2.4) 9.8 (2.5) –0.8 (2.0) –1.33 [–2.33, –0.34] 0.009

SD, standard deviation; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; AVLT, Auditory Verbal Learning Test; LMT, Logic memory test; TMT-A, Trail Making
Test A; DSST, Digit Symbol Substitution Test; DSF, digit span forwards; DSB, digit span backwards; DST, digit span test. p value calculated by difference of changes (12-week scores minus the
baseline scores) between two groups.
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Fig. 3. Outcomes of MMSE total and sub-scores in the intervention
and control group.

middle frontal gyrus-left pars opercularis inferior
frontal gyrus and LMT Delayed recall (r = 0.468,
p = 0.021), as well as between brain stem-right ITG
and DST (r = 0.438, p = 0.032). No significant cor-
relation was found between neuropsychological and
neuroimaging variables in the control group.

DISCUSSION

The findings of this 12-week randomized con-
trolled trial indicated that the multimodal intervention
led to enhancements in both cognitive function
and neuroimaging. Participants in the intervention
group exhibited improvements across diverse cogni-
tive domains, including overall cognition, language,
concentration, executive, memory, and recall func-
tion.

The SMART study21 recruited individuals with
MCI aged 55 or above who received 6 months
physical exercise and cognitive training. Improve-
ments were observed in global cognitive function,
along with sustained benefits in executive func-
tion and overall cognition over 18 months. The
FINGER study22 was a 2-year multidomain interven-
tion included nutritional guidance, physical exercise,
cognitive training, social activity, lifestyle interven-
tion. It targeted individuals aged 60–77 years at
risk of dementia and demonstrated certain and sig-
nificant intervention effects on overall cognition,

executive functioning, processing speed, and the pre-
vention of cognitive decline. The COCOA23 trial,
a 2-year prospective randomized controlled trial,
also involved participants with early-stage AD aged
over 50 years, who received telephonic personal-
ized coaching for multiple lifestyle interventions.
Multimodal lifestyle interventions have been proven
effective for ameliorating cognitive decline and
exhibited a larger effect size than pharmacological
interventions. The multiple clinical studies men-
tioned above shared many similarities with our study.
All participants in the studies have either been diag-
nosed with MCI or are at risk of developing dementia.
They all incorporated exercise and cognitive training,
resulting in either improvement or maintenance of
cognitive function. Our study participants and those
in the SMART trial were diagnosed as MCI, with a
risk of developing dementia. Meanwhile, participants
in the FINGER and COCOA studies were at risk of
dementia or in the early stage of AD. Our study is
comparable to SMART, FINGER, and COCOA, as
all these studies suggested that multimodal interven-
tions could improve cognitive function in individuals
with pre-dementia conditions. Despite the relatively
shorter duration of 12 weeks in our study, we still
observed improvements in cognition.

It is worth noting the style and content of
the intervention program in our study. The inter-
vention comprised components targeting memory
strategies, concentration training, and incorporated
computerized cognitive training, which have been
demonstrated to have moderate effects on overall cog-
nition, attention, and memory function.24 The core of
non-pharmacological intervention lies in their non-
drug nature and their ability to tailor to individual
capabilities. The multimodal non-pharmacological
intervention approach, which encompassed various
components and focused on cognitive training, under-
scores the importance of considering age and learning
abilities when developing interventions to improve
cognitive function. This intervention has demon-
strated promise in improving cognitive function and
served as a cost-effective alternative to pharmacologi-
cal treatments. Furthermore, some cohort studies25,26

also supported the notion that individually tailored
multimodal interventions or a precision medicine
approach to treat cognitive decline in Alzheimer’s
disease and MCI may be effective, especially with
continued optimization over time.

To further investigate the potential mechanism
of the intervention, structural and functional MRI
were performed before and after the intervention.
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Fig. 4. Changes in structural connectivity (diffusion-weighted imaging) after the intervention. a) language; b) executive; c) memory; d)
recall; L, left; R, right. The intervention group showed improved in structural connectivity compared to the control group. The marked color
of connecting line in the figure indicates the F value.
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Fig. 5. Changes in functional connectivity (resting state) after the intervention. a) concentration; b) executive; c) memory; d) recall; L, left;
R, right. The intervention group showed improved in functional connectivity compared to the control group. The marked color of connecting
line in the figure indicates the F value.
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Fig. 6. Correlations between neuropsychological tests and neuroimaging in the intervention group. L, left; R, right; MMSE, the Mini-Mental
State Examination; LMT, Logic memory test; DST, digit span test. After adjusting for sex and age, the results remained significant.

The results revealed significant intervention-induced
improvements in both structural and functional con-
nectivity associated with language, concentration,
executive, memory, and recall. Within the con-
nectivity regions, the left caudal middle frontal
gyrus, ITG, and para-hippocampal were found to
be associated with multiple cognitive domains. The
frontal gyrus is implicated in various cognitive
functions, such as orientation, memory, concentra-
tion, and execution.27 The middle frontal gyrus
was the cortical focus for both the storage of
semantic memory and the processing components
of working memory. Moreover, a study28 sup-
ports the contention that frontal gyrus damage is
a common pathology in Parkinson with cognitive
dysfunction. The ITG is implicated in visual object
recognition, decision-making, the ventral visual path-
way, language processing, and impulsivity.29,30 The
anterior-temporal system, including the temporal
pole and the orbitofrontal cortex, is involved in
object memory. The para-hippocampal cortex, which

is part of the posterior-medial system, is differen-
tially engaged in cognitive processes and memory
encoding and retrieval.31,32 Neural function operates
at multiple scales, ranging from individual cell con-
nections to local anatomical areas and larger brain
regions connected through neural pathways. Fur-
thermore, dynamic changes in functional networks
can lead to a reshaping of the physical structure of
brain networks through plasticity.33 The intervention
enhancing the connectivity between regions related to
cognitive as mentioned above, may potentially con-
tribute to reshaping the brain structure. The changes
in brain structure and brain function resulted in signif-
icant improvements across a wide array of functions
related to language, concentrate, executive, memory,
and recall processing. Correlation analysis further
confirmed the consistency between neuropsycholog-
ical performance and brain neuroimaging. In general,
the nature of changes in brain connectivity and their
associations with various cognitive and psychiatric
conditions is intricate. Further research is needed
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to better understand the underlying mechanisms of
brain connectivity changes in cognitive impairment
and their implications for cognitive function.

However, it is important to acknowledge the limi-
tations of this study. First, due to the limited sample
size and the fact that MRI data is not the primary
outcome, we only adjusted age and sex as the back-
ground variables. After adjusting for age and sex, the
spearman correlation analysis results still revealed
significantly positive correlations between changes
in neuropsychological and neuroimaging variables in
the intervention group. Future large-sampled studies
with MRI as the primary outcome would allow for the
adjustment of background variables in the analysis of
MRI data. Additionally, only half of the participants
completed the MRI data collection due to health-
related reasons and lack of time. The MRI completion
rates were similar (52.5% in the intervention group
and 52.6% in the control group). Overall, the rel-
atively small sample size may cause insignificant
correlations between changes in neuropsychologi-
cal and neuroimaging variables, although we found
some positive correlations in the intervention group
adjusted for age and sex. Future studies with larger
sample size are needed to explore the potential mech-
anism of the intervention effect on cognitive function
based on the analysis of MRI data. Finally, the short
follow-up time and the use of only one time point for
outcome assessment during the intervention are addi-
tional limitations of our study. Future studies should
include longer follow-up periods to observe the long-
term effects of the multimodal non-pharmacological
intervention and incorporate multiple assessment
points to strengthen the conclusions.

In conclusion, the current study contributes to
the growing body of research supporting the effec-
tiveness and safety of the multimodal intervention
in improving cognitive function and exploring the
potential mechanism in older individuals with MCI.
Continued research and exploration in this area can
further refine and optimize these interventions for the
well-being and cognitive health of older adults.
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