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ABSTRACT

Aim: This study aimed to evaluate the efficacy of a non-pharmaceutical multimodal intervention program con-
sisting of physical exercise, cognitive stimulation, and health education in a group setting to slow the progression
of mild cognitive impairment (MCI).

Methods: A single-arm interventional study was conducted on 27 patients with MCI. To evaluate the efficacy of
the intervention program, a pre-post analysis was performed using EuroQol-5 Dimension (EQ-5D), Mini-Mental
State Examination (MMSE), Cognitive Function Instrument (CFI), 5 Cog test, depression, and physical perfor-
mance before and after the 8-month intervention. Additionally, propensity score and the semi-Bayes analyses
were performed to compare the intervention program with standard medical care, using the external control
patients’ data for MMSE scores.

Results: Twenty-four patients completed the intervention program. During the study period, although EQ-5D and
MMSE scores remained unchanged (mean change 0.02 [95 % confidence interval (CI): —0.004, 0.04], 0.5 [-0.2,
1.3]), CFI and the subcategories of 5Cog (attention and reasoning) improved (mean change —1.23 [-2.24,
—0.21], 4.3 [0.9, 7.71, 3.0 [0.4, 5.6]). In the additional analysis comparing changes in MMSE scores, patients
who underwent the intervention program had less decline than the external control patients (mean change —1.7
[-2.1, —1.3]) with an observed mean difference of 2.25 [1.46, 3.03], and propensity score-adjusted difference of
2.26 [1.46, 3.05]. The semi-Bayesian approach also suggested that the intervention slowed the progression of
MCL

Conclusion: A non-pharmaceutical multimodal intervention program could contribute to slowing cognitive
decline in patients with MCI.

1. Introduction

with MCI and dementia have become a pressing challenge in many
countries, including Japan [4].

Mild cognitive impairment (MCI) is an intermediate stage between
normal cognitive function and dementia, the concept of which was
proposed by Petersen [1]. The prevalence of MCI increases with age and
is reported to be 15-25 % in people aged >65 years [2,3]. With an
unprecedented increase in elderly population, social burdens associated

Currently, non-pharmaceutical therapeutic strategies, including
physical exercise, cognitive stimulation, and combination programs, are
being vigorously investigated to prevent the progression of MCI [5-7].
For instance, Barnes et al. reported improvement of global cognitive
function in inactive older adults after a 12-week physical and mental
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activity intervention [6]. Further, Kajita et al. reported that a multi-
modal intervention program consisting of physical exercise, cognitive
training, dual-task training, and nutritional education was beneficial for
improving or maintaining the cognitive and physical function of
community-dwelling elderly individuals at high risk for MCI/dementia
[7]. Furthermore, several systematic reviews and meta-analyses have
shown that combined cognitive and physical exercise programs may be
more effective than cognitive or physical exercise alone, since they could
affect a variety of underlying conditions related to dementia [8,9].

However, the simultaneous implementation of non-pharmaceutical
therapies, such as exercise and cognitive training, could be difficult
for a large number of patients compared to pharmacologic therapies, in
part due to the high burden on training providers. Indeed, whether non-
pharmaceutical therapy programs are acceptable in practice is crucial,
and the community-based intervention programs in a group setting
could serve as a solution, because they can be simultaneously provided
to more patients with less labor, reducing the burden on the program
provider. However, there is insufficient evidence regarding the meth-
odologies and efficacy of non-pharmaceutical interventions in group
settings, for the maintenance of cognitive function.

In this study, we explored the efficacy of a multimodal intervention
program in the form of group activities comprising physical exercise,
cognitive stimulation, and health education lectures, to slow the pro-
gression of MCIL.

2. Materials and methods
2.1. Study design

This single-arm, prospective study of a non-pharmaceutical inter-
vention program to prevent cognitive function decline, was performed
by enrolling patients diagnosed with MCI at the Center for Memory and
Behavioral Disorders, Kobe University Hospital, between November
2017 and September 2018. The diagnosis of MCI was based on the Na-
tional Institute on Aging and Alzheimer’s Association “Guidelines for
Diagnosis of MCI” [10], and was performed by neurologists specialized
in the neuropsychological assessment of dementia/MCI.

The inclusion criteria were as follows: 1) aged 50-85 years, 2)
spending at least 10 h a week with a partner, 3) consent to visit the
outpatient clinic regularly and undergo cognitive function and other
questionnaire-style tests, and 4) no complications or paralysis requiring
restrictions on exercising.

The study protocol (UMIN000044224) was approved by the ethics
committee of the Kobe University Graduate School of Health Sciences
(approval number 595). The study conforms to the provisions of the
Declaration of Helsinki and was conducted in accordance with Japan’s
“Ethical Guidelines for Medical and Health Research Involving Human
Subjects.” Written informed consent was obtained from all the patients.
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Additionally, this study was conducted in association with the “Kobe
Project for the Exploration of Newer Strategies to Reduce the Social
Burden of Dementia” [11], which was a collaborative research project
between Kobe University and the World Health Organization.

2.2. Intervention

The participants underwent a series of intervention programs (three
times/month) lasting for 8 months (Supplement 1).

The intervention program was conducted in a group setting. One
class consisted of 30 min of physical exercise, 20 min of lecture, and 40
min of group work, the detail of which is described in Fig. 1. For physical
exercise, the participants underwent aerobic exercise and muscle
training while their pulse rate was measured to control the exercise
intensity to suit each individual under the supervision of a research
assistant. During the lectures, participants were educated by a research
assistant on lifestyle factors thought to mitigate MCI progression,
including exercise, diet, nutrition, sleep, intellectual activity, and oral
healthcare (Supplement 2). Group work was conducted at the end of
each class under the supervision of the research assistant, wherein the
participants reviewed and discussed the lecture of the day and their
daily lives to increase their understanding of their disease and therapies.

2.3. Evaluation measures

Health-related quality of life (HR-QoL), cognitive performance,
depression, and physical performance were evaluated in all patients
before and after the 8-month intervention.

In this exploratory study, the primary outcome was set to be HR-QoL
as assessed by the EQ-5D-5L, to comprehensively evaluate the efficacy of
the multimodal intervention in patients with MCI. The EQ-5D-5L is one
of the most frequently used non-disease-specific instruments for evalu-
ating HR-QoL [12], and several reports have shown that EQ-5D scores
are lower in patients with dementia and MCI than in healthy controls
[13,14].

As other outcomes, cognitive performance was assessed using three
measures; Mini-Mental State Examination (MMSE) [15], Cognitive
Function Instrument (CFI) [16], and the 5-Cog Battery for Detecting
Cognitive Impairment and Dementia [17]. The MMSE is a standard
measure of cognitive function, widely used across the world. The CFIis a
questionnaire developed as a screening test for detecting earlier
impairment of activities of daily living (ADL) due to cognitive decline; it
is a simple tool for assessing functional abilities in earlier stages of
cognitive decline [18,19]. The 5Cog is a tool for simple screening of
cognitive functions in the Japanese population and correlates well with
other established tests, such as A Quick Test of Cognitive Speed, Trail
Making Test, Wechsler Adult Intelligence Scale (3rd edition), and
Wechsler Memory Scale [17]. Additionally, the state of depression was

8 months

Intervention program

it t11 111 111 111 111 111 111

Physical training (30min)
- aerobic exercise

Lecture (20min)
- exercise

- muscle training - diet discussed their daily lives, and the
- measuring the pulse rate - nutrition state of the disease, and reviewed the
to recognize the exercise - sleep lecture ofthe day under the
intensity - intellectual activity supervision of a research assistant.
- oral health

Group work (40 min)
Patients and their study partners

Fig. 1. Timetable of the therapeutic program. The participants attended 24 classes that lasted 90 min/day, 3 days/month, for 8 months. One class consisted of 30 min

of physical exercise, 20 min of lecture, and 40 min of group work.
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evaluated using the Geriatric Depression Scale (GDS) [20]. Also, phys-
ical performance was evaluated with grip strength and the timed up and
go test (TUG) [21].

2.4. External control data

To further investigate the efficacy of the intervention program on
cognitive performance, MMSE, age, and sex data were collected from
patients with MCI who were diagnosed at the Kobe University Hospital
between 2016 and 2018 and who received standard medical care, to be
used as the external control. Data from all patients who underwent
MMSE evaluations twice, at diagnosis and after 6-8 months, were
analyzed. The use of such external control data was approved by the
ethics committee of Kobe University Hospital (approval number
180334-15) and opt-out consent approach was adopted according to the
Ethical Guidelines for Medical and Health Research Involving Human
Subjects of Japan.

2.5. Statistical analyses

The number of subjects was planned to be 50 based on feasibility.
Because this was a highly exploratory study, with no available prior
information regarding the effect size of intervention in EQ-5D-5L, no
statistical power analysis was conducted.

Baseline characteristics of subjects are shown as mean (standard
deviation [SD]) and median (min, max) for continuous data, and fre-
quency and proportion for categorical data.

The main analyses of changes from baseline were performed for
subjects who received the intervention. For primary and secondary
outcomes, the mean changes in variables between before and after the
intervention, and their 95 % confidence intervals (CI) were estimated.
One-sample paired t-tests were performed with a two-tailed significance
level of 5 %.

As an additional post hoc analysis, we attempted to compare the
change in MMSE scores in patients who received the intervention with
those in the external control group. The adjusted mean difference of this
change was estimated using a linear regression model. The change in the
MMSE score was the response variable (Y), and the group variable (x =1
for the current study patients or x = O for external control patients) and
propensity score (PS) consisting of two measured baseline variables —
sex (z1) and age (z) — as explanatory variables were included in this
model:

Yi=a+px+re +e,

where a, 5, and y were parameters, e; was the estimated PS with pa-
EW(?+/7\;ZH+/7\;22()

e , and ¢ was the error
1+EXP((1 +V121i+}/222i)

rameters o', v}, and y;, € =

following N(u;,62). Since the adjustment for age and sex alone could be
insufficient in a comparison with the external control group, an addi-
tional analysis was conducted using the semi-Bayes method based on the
data augmentation prior (DAP) to obtain conservative estimated values.
A DAP enables approximate Bayesian analyses using the usual fre-
quentist statistical software. When a DAP is applied to a mixed-effects
model, a partial Bayesian regression called a semi-Bayes analysis can
be performed. For the semi-Bayes analysis of #, we assumed the prior

distribution of N (ﬁo, 0/2}>. To lead the posterior distribution of g, we

needed to calculate the following:
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2
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wherew = 62/ aﬁ. To obtain the posterior mode of this distribution of j3,
we had to obtain # to maximize the above probability p(Sly); to
accomplish this, we used the weighted least square method that is
implemented by statistical software to conduct linear regression ana-
lyses. This semi-Bayes method, based on the DAP, can be applied by
adding a single row of data to a dataset with weights for a weighted
regression analysis. This additional row consists of the value of f, as the
response variable, one as the group variable, zero for the intercept term
and other variables as the explanatory variables, and a weight value as
the size of the prior information. For this DAP analysis, the value of j,
and the weight, w, required specification. The value g, was set at
0 because we needed to estimate the shrinkage mean differences of the
change in MMSE score toward no effect to obtain the adjusted mean
differences as a conservative estimate. Weight w is equal to the effective
sample size of the prior information. If w is set to 0, the prior information
is not used; if the w value is large, the estimate of  is changed to f,. The
influence of the strength of the prior information could be estimated
using this method, as different weight values lead to different estimated
values of §. As described above, the w value was related to oy, which is
referred to here as the SD of the prior distribution of the adjusted dif-
ference. To estimate o4, we first obtained & by fitting the above
regression model to the dataset before inserting the additional row and

then calculated /6%/w. The details of the semi-Bayes method are

described in section 14.8 of Gelman et al. [22]. This method may be
applicable to various situations where the setting of a parallel control
group is difficult owing to ethical issues and the rarity of the patients.

All statistical analyses were performed using R software version
4.1.2.

3. Results
3.1. Patient characteristics

Twenty-seven patients were enrolled in the intervention group
(Fig. 2). Because one patient withdrew consent and two patients did not
complete the 8-month intervention, the remaining 24 patients (age: 74.5
+ 6.0 years, male: 50 %) were included in the analyses. The mean (SD)
of MMSE and CFI at the baseline were 23.9 (3.3) and 4.44 (3.36),
respectively (Table 1). As a reference, external control data were ob-
tained from 44 patients (age: 75.9 + 6.0 years, male: 43.2 %).

3.2. Primary and secondary outcomes

The EQ-5D score did not change after the intervention compared to
that before the intervention (mean change 0.02 [95 % CI: —0.004, 0.04],
n = 22), while the CFI score improved (mean change —1.23 [95 % CI:
—2.24, —0.21], n = 22). As the standard measure of cognitive function,
MMSE did not noticeably decrease (mean change 0.5 [95 % CL: —0.2,
1.3], n = 24) (Table 2). Moreover, among the subcategories of the 5Cog

|Assessed for eligibility n = 27 |

Excluded from analysis n= 3
Withdrew consentn =1

Did not complete intevetion n = 2

Analysed n = 24 | IExternaI control n = 44 |

Fig. 2. Twenty-seven patients were initially enrolled in this study. Because 1
patient withdrew consent and 2 patients did not complete the 8-month inter-
vention, the remaining 24 patients (age: 74.5 + 6.0 years old, male 50 %) were
included in the analyses.
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Table 1
Subject characteristics.
Intervention External
control
(n=24) (n=44)
Age (years)” mean (SD) 74.5 (6.0) 75.9 (6.0)
median (min, 73.5 (61.0, 87.0) 76.0 (53.0,
max) 84.0)

Sex (Male(%)) 12 (50.0 %) 19 (43.2 %)

EQ-5D" mean (SD) 0.92 (0.10) -
median (min, 1.00 (0.75, 1.00) -
max)

MMSE® mean (SD) 23.9 (3.3) 25.7 (2.1)
median (min, 24.0 (16.0, 29.0) 26.0 (21.0,
max) 29.0)

CFI" mean (SD) 4.44 (3.36) -
median (min, 4.75 (0.00, 12.50) -
max)

5Cog” _

Attention mean (SD) 41.3 (10.0) -
median (min, 40.0 (17.0, 58.0) -
max)

Memory mean (SD) 31.0 (8.1) -
median (min, 29.5 (20.0, 55.0) -
max)

Visuospatial mean (SD) 53.0 (5.5) -

function
median (min, 54.0 (35.0, 62.0) -
max)

Language mean (SD) 37.8 (9.6) -
median (min, 37.0 (19.0, 58.0) -
max)

Reasoning mean (SD) 42.8 (8.7) -
median (min, 41.0 (32.0, 64.0) -
max)

GDS* mean (SD) 3.8(3.2) -
median (min, 3.0 (0.0, 10.0) -
max)

Grip strength (kg)" mean (SD) 26.10 (9.29) -
median (min, 23.65 (13.25, -
max) 43.75)

Timed up & go mean (SD) 6.85 (2.37) -

(second)”
median (min, 6.14 (4.38, 12.56) -

max)

Values in parentheses are percentages unless indicated otherwise.
SD: standard deviation, EQ-5D: EuroQol-5 Dimension, MMSE: Mini-Mental State
Examination: CFI: Cognitive Function Instrument, GDS: Geriatric Depression
Scale.

2 values are mean (SD).

test, the attention score and the reasoning score tended to improve after
intervention (mean change 4.3 [95 % CIL: 0.9, 7.7] and 3.0 [95 % CI: 0.4,
5.6], respectively; n = 22). Additionally, as measures of depression and
physical performance, GDS, grip strength, and TUG were similar before
and after the intervention.

3.3. Additional analyses

Among the external control patients who received standard care, the
mean (SD) MMSE score was 25.7 (2.1) initially and 24.0 (2.3) after 6-8
months, with a mean decline of —1.7 [95 % CI: —2.1, —1.3, n = 44].
When the decline of MMSE score was compared between patients who
received the intervention and external control patients without inter-
vention, patients with intervention had a smaller decline in score than
that of the external controls (observed mean difference 2.25 [95 % CI:
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1.46, 3.03]), and the difference persisted after adjusting for age and sex
(propensity score-adjusted mean difference 2.26 [95 % CI: 1.46, 3.05]).
Fig. 3 shows the adjusted mean difference of the change in MMSE
score for the prior belief of no effect using the semi-Bayes method, in
which 6 = 1.58. As observed in Fig. 3, the adjusted mean difference of
change in MMSE [95 % Bayesian confidence interval (credible interval)]
was 2.12 [1.33, 2.91] when the weight was 1, and the smaller the
weight, the closer the mean difference was to 2.26, which was the
propensity score-adjusted mean difference. The shrinkage mean differ-
ences with several prior SDs showed positive values of the estimated
effect for most, even in a conservative condition; 0.13 [95 % credible
interval: —0.10, 0.36] at 0.1 of the SD of the prior distribution.

4. Discussion

The major findings of the current study are as follows: 1) a non-
pharmaceutical multimodal intervention program consisting of phys-
ical exercise, cognitive stimulation, and health education lectures can
have a favorable effect on the maintenance of cognitive function in
patients with MCI; 2) based on the changes in MMSE scores observed in
this study, the intervention program could slow the progression of MCI
compared to external control with standard care, as evidenced by pro-
pensity score analysis and semi-Bayes method analysis.

4.1. Characteristics of subjects

In this study, the baseline characteristics of our study patients were
similar to those of general patients with MCI in Japan [23,24], and to
those of external control patients who received standard care outside of
this study. These findings would allow for the extrapolation of our
findings to the general patients with MCI in our country.

Based on feasibility, the number of subjects was initially set as 50.
However, we could only recruit approximately half the number of pa-
tients, predominantly due to the greater than expected difficulty, in
finding eligible patients who could spend at least 10 h/week with the
study partner, which reduced the robustness of our findings.

4.2. Adherence to the intervention

Because compliance and adherence to the intervention are essential
to achieve meaningful improvements, various types of support strategies
were previously examined; group-based intervention is thought to be a
useful strategy for dementia and MCI [25,26]. In the current study, 24
(88 %) of the 27 patients who enrolled, completed the 8-month inter-
vention. This percentage appears to be higher compared to that in
similar studies assessing non-pharmaceutical interventions for MCI
[25]. In our intervention program, the intensity of the exercise was
personalized according to patient characteristics to achieve better
compliance, and active incorporation of group work was adopted for
adherence. This approach may have contributed to the relatively high
completion rate observed in this study.

4.3. Efficacy on cognitive decline

In this study, the MMSE score remained unchanged over the 8-month
intervention. In addition, a tendency toward improvement was observed
for CFI as well as for attention and reasoning in the 5Cog test (Table 2). It
is generally known that cognitive function progressively declines in
patients with MCI. For instance, in Japan-Alzheimer’s Disease Neuro-
imaging Initiative (ADNI) [23], a multicenter longitudinal observational
study on Alzheimer’s disease, the MMSE score declined by 1.52
points/year over 3 years in patients with late amnestic MCI, with a
greater change in the first 6 months. In light of this observation, the
current intervention program could have contributed to the mainte-
nance of cognitive performance in patients with MCI, although we could
not directly compare it with concurrent controls.
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Table 2
Mean change of outcomes.
Pre Post Change t-value p-value
n mean (SD) n mean (SD) n Mean Change [95 % confidence interval]
EQ-5D 24 0.92 (0.10) 22 0.93 (0.10) 22 0.02 [-0.004 to 0.04] 1.72 0.100
MMSE 24 23.9(3.3) 24 24.4 (3.8) 24 0.5 [-0.2 to 1.3] 1.50 0.147
CFI 24 4.44 (3.36) 22 3.11 (3.09) 22 —1.23 [-2.24 to —0.21] —2.51 0.020
5Cog
Attention 24 41.3 (10.0) 22 46.1 (10.1) 22 4.3 0.9 to 7.7] 2.62 0.016
Memory 24 31.0 (8.1) 22 32.2(9.3) 22 1.4 [-0.4 to 3.1] 1.64 0.117
Visuospatial function 24 53.0 (5.5) 22 51.2 (9.3) 22 —1.6 [-6.5 to 3.3] -0.67 0.509
Language 24 37.8 (9.6) 22 39.4 (9.7) 22 2.0 [-1.5 to 5.6] 1.20 0.245
Reasoning 24 42.8 (8.7) 22 45.8 (8.3) 22 3.0 [0.4 to 5.6] 2.44 0.024
GDS 24 3.8(3.2) 22 3.6 (3.0) 22 —0.4 [-1.1 to 0.4] —1.00 0.329
Grip strength (kg) 24 26.10 (9.29) 24 25.67 (9.23) 24 —0.43 [-1.47 to 0.62] -0.85 0.407
Timed up & go (second) 24 6.85 (2.37) 24 7.09 (2.42) 24 0.23 [-0.03 to 0.50] 1.81 0.084

*Values are mean (SD).
SD: standard deviation, EQ-5D: EuroQol-5 Dimension, MMSE: Mini-Mental State Examination: CFI: Cognitive Function Instrument, GDS: Geriatric Depression Scale.
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horizontal axis is the standard deviation (SD) of the prior distribution of the adjusted difference, and the weight which is the inverse of the squared of the SD of the
prior distribution. The mean of the prior distribution of the adjusted is zero in this semi-Bayes analysis because it is considered that the mean difference of changes in
MMSE scores between the intervention and the external control affects the unmeasured confounders and the estimated adjusted mean difference in suspected bias by
systematic error. As we cannot know the size and direction of the bias, we set the mean of the prior distribution to zero, that is, no effect. The smaller the value of the
SD of the prior distribution, the stronger belief of the no difference between the two means. The weight is calculated using SD of prior distribution, which indicates
the number of additional subjects for the prior belief of no effect in this analysis. When the weight was 1, the adjusted mean difference of changes in MMSE score was
2.12 [95 % credible interval: 1.33 to 2.91], and the smaller the weight was <1, the closer the mean difference was to 2.26, which is the propensity score-adjusted
mean difference. At 0.1 of the SD of the prior distribution, i.e., 251 of the weight, the adjusted mean difference of change in MMSE score was 0.13 [95 % credible
interval: —0.10 to 0.36]: At 0.5 of the SD, i.e., 10 of the weight, the adjusted mean difference was 1.36 [95 % credible interval: 0.68 to 2.04].

Additionally, some studies have reported that HR-QoL, depression,
and physical performance are associated with cognitive decline. How-
ever, in this study, EQ-5D scores did not change after the intervention
(Table 2). Because EQ-5D is a comprehensive measure based on
subjectivity, more disease-specific measures might have been appro-
priate for assessing HR-QoL in patients with MCI, particularly for
detecting slight changes in HR-QoL in patients with early MCI. In
addition, no changes in depression and physical performance were
detected before or after the intervention (Table 2). However, the sample
size of this study was inadequate, limiting the implications of these
findings.

4.4. Comparison to external control data

To further address to the effects of our intervention program on
cognitive function, an additional post hoc analysis was performed using
external control data. We found that patients who received the inter-
vention had less decline in MMSE than those who did not, and the dif-
ference persisted after adjusting for age and sex using propensity score
analysis. These findings support the beneficial effects of our intervention
program on the maintenance of cognitive function in patients with MCI.
To reinforce this finding, the mean shrinkage difference in the change in
MMSE score toward zero was estimated using the semi-Bayes method
(Fig. 3). Since the value of the prior SD was unknown, it was
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hypothesized as 0.36, which was the standard error of change in MMSE
score in the intervention patients, resulting in the adjusted difference of
1.00 [95 % credible interval: 0.39, 1.59] (Fig. 3). Even when half the
standard error value was used, the positive adjusted difference persisted.
Taken together, these findings suggest that our intervention program
could aid in slowing the progression of MCI, which is in line with pre-
vious studies on non-pharmaceutical multimodal interventions for pa-
tients with MCI [8,9].

4.5. Limitations

This study has some limitations. First, the effects of the intervention
could not be accurately estimated because there was no concurrent
comparison group. Under such conditions, we conducted propensity
score and semi-Bayes method analyses using external control data.
Although these were not preplanned analyses, the derived results may
reinforce the authenticity of our findings. Notably, such an approach can
be applicable to single-arm studies of different environments or other
disease areas, when the setting of concurrent control is difficult due to
various reasons, extending the potential utility of our analyses. Second,
because of the difficulty in finding study partners who could attend
every class, as required by the eligibility criteria, the sample size was
smaller than initially expected; therefore, studies with larger sample
sizes are required to increase the reliability of our findings. Third,
although our intervention program appeared to have some efficacy for a
certain group of patients with MCI, it may not be optimized to exert
maximum effects. Even under such conditions, the intervention program
conducted in this study may be feasible in a community setting and is
likely to have a certain effect to slow the progression of cognitive
decline; it should therefore be tested in larger studies with confirmatory
designs.

5. Conclusions

The 8-month non-pharmaceutical multimodal group-based inter-
vention program consisting of physical exercise, cognitive stimulation,
and health education lectures could contribute to slowing cognitive
decline, which may have potential utility for maintaining cognitive
performance in patients with MCI. Further studies with concurrent
controls are required to clarify the effects of the intervention programs.

Role of the funding source

The multimodal intervention program conducted in this study was
provided by the NPO Dementia Prevention Net Kobe, the conduction of
which was financially supported by the "Kobe Project for the Exploration
of Newer Strategies to Reduce the Social Burden of Dementia", a
collaborative research project between Kobe University and the World
Health Organization, Switzerland. This study utilized the data accu-
mulated through the activity of the NPO, and did not receive monetary
support from any organizations.

CRediT authorship contribution statement

Satoshi Nakagawa: Writing - original draft, Data curation,
Conceptualization. Hisatomo Kowa: Writing — review & editing, Su-
pervision, Resources, Project administration, Methodology, Investiga-
tion, Data curation, Conceptualization. Yumi Takagi: Writing — review
& editing, Visualization, Software, Methodology, Formal analysis, Data
curation. Yasumasa Kakei: Writing — review & editing, Supervision,
Conceptualization. Tatsuo Kagimura: Writing — review & editing, Su-
pervision. Shoji Sanada: Writing — review & editing, Supervision. Yoji
Nagai: Writing — review & editing, Supervision, Methodology, Funding
acquisition, Conceptualization.

Contemporary Clinical Trials Communications 40 (2024) 101326
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgments

We express our sincere gratitude to Takashi Omori for supervising
the statistical methods. We are grateful to the NPO Dementia Prevention
Net Kobe (Yonemi Ito, Chair) for conducting group therapy classes. We
also acknowledge the Alzheimer’s Disease Cooperative Study for
providing permission to use the CFI questionnaire.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.conctc.2024.101326.

References

[1] R.C. Petersen, G.E. Smith, S.C. Waring, et al., Mild cognitive impairment: clinical
characterization and outcome, Arch. Neurol. 56 (3) (1999) 303-308, https://doi.
org/10.1001/archneur.56.3.303.

[2] R.C.Petersen, O. Lopez, M.J. Armstrong, et al., Practice guideline update summary:
mild cognitive impairment: report of the guideline development, dissemination,
and implementation subcommittee of the American academy of neurology,
Neurology 90 (3) (2018) 126-135, https://doi.org/10.1212/
WNL.0000000000004826.

[3] K.M. Langa, D.A. Levine, The diagnosis and management of mild cognitive
impairment: a clinical review, JAMA 312 (23) (2014) 2551-2561, https://doi.org/
10.1001/jama.2014.13806.

[4] H. Okamura, S. Ishii, T. Ishii, A. Eboshida, Prevalence of dementia in Japan: a
systematic review, Dement. Geriatr. Cognit. Disord. 36 (1-2) (2013) 111-118,
https://doi.org/10.1159/000353444.

[5] T. Ngandu, J. Lehtisalo, A. Solomon, 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, Lancet 385 (9984) (2015) 2255-2263, https://doi.org/10.1016/
S0140-6736(15)60461-5.

[6] D.E.Barnes, W. Santos-Modesitt, G. Poelke, et al., The Mental Activity and eXercise
(MAX) trial: a randomized controlled trial to enhance cognitive function in older
adults, JAMA Intern. Med. 173 (9) (2013) 797-804, https://doi.org/10.1001/
jamainternmed.2013.189.

[7] H. Kajita, K. Maeda, T. Osaki, et al., The effect of a multimodal dementia
prevention program involving community-dwelling elderly, Psychogeriatrics 22
(1) (2022) 113-121, https://doi.org/10.1111/psyg.12790.

[8] C.M. Smart, J.E. Karr, C.N. Areshenkoff, et al., Non-pharmacologic interventions
for older adults with subjective cognitive decline: systematic review, meta-analysis,
and preliminary recommendations, Neuropsychol. Rev. 27 (3) (2017) 245-257,
https://doi.org/10.1007/s11065-017-9342-8.

[9] E.G.A. Karssemeijer, J.A. Aaronson, W.J. Bossers, et al., Positive effects of
combined cognitive and physical exercise training on cognitive function in older
adults with mild cognitive impairment or dementia: a meta-analysis, Ageing Res.
Rev. 40 (2017) 75-83, https://doi.org/10.1016/j.arr.2017.09.003.

[10] M.S. Albert, S.T. DeKosky, D. Dickson, et al., The diagnosis of mild cognitive
impairment due to Alzheimer’s disease: recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines
for Alzheimer’s disease, Alzheimer’s Dementia 7 (3) (2011) 270-279, https://doi.
org/10.1016/j.jalz.2011.03.008.

[11] Y. Nagai, S. Kojima, H. Kowa, et al., Kobe project for the exploration of newer
strategies to reduce the social burden of dementia: a study protocol of cohort and
intervention studies, BMJ Open 11 (6) (2021) e050948, https://doi.org/10.1136/
bmjopen-2021-050948.

[12] EuroQol Group, EuroQol-a new facility for the measurement of health-related
quality of life, Health Pol. 16 (3) (1990) 199-208, https://doi.org/10.1016/0168-
8510(90)90421-9.

[13] K. Kameyama, A. Tsutou, H. Fujino, The relationship between health-related
quality of life and higher-level functional capacity in elderly women with mild
cognitive impairment, J. Phys. Ther. Sci. 28 (4) (2016) 1312-1317, https://doi.
org/10.1589/jpts.28.1312.

[14] H.Y. Liu, W.C. Tsai, M.J. Chiu, et al., Relationships between cognitive dysfunction
and health-related quality of life among older persons in taiwan: a nationwide


https://doi.org/10.1016/j.conctc.2024.101326
https://doi.org/10.1016/j.conctc.2024.101326
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1159/000353444
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1001/jamainternmed.2013.189
https://doi.org/10.1001/jamainternmed.2013.189
https://doi.org/10.1111/psyg.12790
https://doi.org/10.1007/s11065-017-9342-8
https://doi.org/10.1016/j.arr.2017.09.003
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1136/bmjopen-2021-050948
https://doi.org/10.1136/bmjopen-2021-050948
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1016/0168-8510(90)90421-9
https://doi.org/10.1589/jpts.28.1312
https://doi.org/10.1589/jpts.28.1312

S. Nakagawa et al.

[15]

[16]

[17]

[18]

[19]

[20]

population-based survey, Am. J. Alzheimer’s Dis. Other Dementias 34 (1) (2019)
41-48, https://doi.org/10.1177/1533317518813548.

M.F. Folstein, S.E. Folstein, P.R. McHugh, "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician, J. Psychiatr. Res. 12 (3)
(1975) 189-198, https://doi.org/10.1016/0022-3956(75)90026-6.

S.P. Walsh, R. Raman, K.B. Jones, P.S. Aisen, For the alzheimer’s disease
cooperative study group. ADCS prevention instrument project: the mail-in
cognitive function screening instrument (MCFSI), Alzheimer Dis. Assoc. Disord. 20
(4 Suppl 3) (2006) S170-S178, https://doi.org/10.1097/01.
wad.0000213879.55547.57.

M. Sugiyama, M. Jjuin, K. Ito, et al., The five cognitive tests as a good assessment
tool for screening mild cognitive impairment in community-dwellers, Gerontol. 55
(Suppl 2) (2015) 189, https://doi.org/10.1093/geront/gnv550.18.

R.E. Amariglio, M.C. Donohue, G.A. Marshall, et al., Tracking early decline in
cognitive function in older individuals at risk for Alzheimer disease dementia: the
Alzheimer’s Disease Cooperative Study Cognitive Function Instrument, JAMA
Neurol. 72 (4) (2015) 446-454, https://doi.org/10.1001/jamaneurol.2014.3375.
T. Osaki, Y. Yamamoto, H. Kowa, et al., Preliminary evaluation of the Japanese
version of the Cognitive Function Instrument in a memory clinic, J Japan Society
for Dementia Prevention 11 (2) (2021) 2-8.

J.I. Sheikh, J.A. Yesavage, Geriatric Depression Scale (GDS): recent evidence and
development of a shorter version, Clin. Gerontol. 5 (1986) 165-173, https://doi.
org/10.1300/J018v05n01_09.

[21]

[22]

[23]

[24]

[25]

[26]

Contemporary Clinical Trials Communications 40 (2024) 101326

D. Podsiadlo, S. Richardson, The timed "Up & Go": a test of basic functional
mobility for frail elderly persons, J. Am. Geriatr. Soc. 39 (2) (1991) 142-148,
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x.

A. Gelman, J.B. Carlin, H.S. Stern, D.B. Dunson, A. Vehtari, D.B. Rubin (Eds.),
Bayesian Data Analysis, third ed., Chapman and Hall/CRC, Boca Raton, 2013,
pp. 376-378.

T. Iwatsubo, A. Iwata, K. Suzuki, et al., Japanese and north American alzheimer’s
disease neuroimaging initiative studies: harmonization for international trials,
Alzheimer’s Dementia 14 (8) (2018) 1077-1087, https://doi.org/10.1016/j.

jalz.2018.03.009.

H. Shimada, H. Makizako, T. Doi, K. Tsutsumimoto, S. Lee, T. Suzuki, Cognitive
impairment and disability in older Japanese adults, PLoS One 11 (7) (2016)
e0158720, https://doi.org/10.1371/journal.pone.0158720.

V. van der Wardt, J. Hancox, D. Gondek, et al., Adherence support strategies for
exercise interventions in people with mild cognitive impairment and dementia: a
systematic review, Preventive Medicine Reports 7 (2017) 38-45, https://doi.org/
10.1016/j.pmedr.2017.05.007.

C. Di Lorito, A. Bosco, V. Booth, et al., Adherence to exercise interventions in older
people with mild cognitive impairment and dementia: a systematic review and
meta-analysis, Preventive Medicine Reports 19 (2020) 101139, https://doi.org/
10.1016/j.pmedr.2020.101139.


https://doi.org/10.1177/1533317518813548
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1097/01.wad.0000213879.55547.57
https://doi.org/10.1097/01.wad.0000213879.55547.57
https://doi.org/10.1093/geront/gnv550.18
https://doi.org/10.1001/jamaneurol.2014.3375
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref19
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref19
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref19
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref22
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref22
http://refhub.elsevier.com/S2451-8654(24)00073-5/sref22
https://doi.org/10.1016/j.jalz.2018.03.009
https://doi.org/10.1016/j.jalz.2018.03.009
https://doi.org/10.1371/journal.pone.0158720
https://doi.org/10.1016/j.pmedr.2017.05.007
https://doi.org/10.1016/j.pmedr.2017.05.007
https://doi.org/10.1016/j.pmedr.2020.101139
https://doi.org/10.1016/j.pmedr.2020.101139

	Efficacy of a non-pharmaceutical multimodal intervention program in a group setting for patients with mild cognitive impair ...
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Intervention
	2.3 Evaluation measures
	2.4 External control data
	2.5 Statistical analyses

	3 Results
	3.1 Patient characteristics
	3.2 Primary and secondary outcomes
	3.3 Additional analyses

	4 Discussion
	4.1 Characteristics of subjects
	4.2 Adherence to the intervention
	4.3 Efficacy on cognitive decline
	4.4 Comparison to external control data
	4.5 Limitations

	5 Conclusions
	Role of the funding source
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


